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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

dvances in Materials Technology: 
MONITOR 

Issue Number 9 1987/2 

Dear Reader, 

This is the ninth issue of UNIDO's state-of-the-art series in the field of 
materials entitled Advances in Materials Technology: Monitor. This issue is 
devoted to SOLAR CELLS MATERIALS and is addressed to a select target audience of 
policy makers, scientists, technologists and industrialists in developing countries. 

In each issue of this series, a selected material or group of materials will 
be featured and an expert assessment made on the technological trends in those 
fields. In addition, other relevant information of intere~t to developing 
countries will be provided. In Lhis manner, over a cycle of several issues, 
materials re~evant to developing countries could be cov~red and a state-of-the-art 
assessment made. 

This issue on SOLAR CELLS MATERIALS contains information on UN!DO's wurkshop 
on the establishment of a Consultative Group on Solar ~nergy Research and 
Applications (COSERA). Several papers on SOI.AR C~LLS HAT~RIALS were prepared for 
that workshop. An overview of these articles is provided in an article "Solar 
Cells - Materials and Production" speciallly written for this Monitor by 
Hr. T.J. Coutts, Principal Scientist of the Solar ~nergy Research Institute in 
Golden, Colorado, USA. In addition, his paper on "A Review of Economic and 
Technological Requirements of Solar Cells: Status and R:3earch Directions of 
Polycrystalline Thin-Film Devices'' is also published. 

The other 2rticles in this Monitor are "State-of-the-Art in Photovoltaic 
Research and Application", which gives a review of the state-of-the-art of single 
and polycrystalline solar cells and "Volts from the Blue" referring to the 
development and cost of thin-film photovoltaic cells. 

THE ADVANCES IN HATERIAL:i TECHNOLOGY: MONITOR is not an official document and has 
been reproduced without formal editing. Opinions expressed in it do not 
necessarily reflect the views of the United Nations Indust~ial Development 

• Organization (UNIDO). Mention of the names of firms and coaaercial products does 
not imply an endorsement by UNIDO. Copyrighted material reproduced in these pages 
may be quoted only with permission of the journals concerned. 

Compiled by Development and Transfer of Technology Oivision, Department for 
Industrial Promotion, Consultations and Technology, UNIDO, P.O. Box 300, 
A-1400 Vienna, Austria. 
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The current awareness section includes again information ~n new products, new 
processes and applications. This is followed by information on marketing. Readers 
will also find useful lists of Solar-Photovoltaics and S~lar Materials Research 
Institutes in developing and developed countries and of United Nations and other 
organizations which are active in the field of Solar-Photovoltaics. 

The "face" of our Monitor will change in- the future, which hopefully will help 
our readers to distinguish more easily the Advances in Materials Technology: 
Monitor frOlll our other Monitors. Our "Dear Reader" will then move on to t:he second 
page, t:ogether with comaents and suggest:ions from readers. Already with our last 
issue we have omitt:ed the date and instead put t:he year and t:he number ot the 
quarter. 

At this point we would like to emphasize our appreciat:ion for all your 
coaaent:s and suggestions that we receive from our readers. We always welcome them 
and your news on developments of new materials. 

Department for Industrial Promocion, 
Consult:ations and Technology 

• 



• 

• 

• 

I 11 

- iii 

OONTENTS 

State-of-the-art in photovoltaic research and application 

Consultative group on solar energy research 

Solar cells - materials and production 

A review of economic and technological requirements of solar 
cells: status and research directions of polyc~ystalline 
thin-film devices 

Volts from the blue 

Current awareness 

Harke ting 

UNIIX> activities in the field of solar photovo· -~.tics 

List of United Nations and other organizations active in 
the field of solar photovoltaic~ 

List of solar photovoltaics research institutes in developing 
countries 

List of solar materials research institutes in dev~loping 
countries 

List of solar photovoltaics research institutes in developed 
co1.0ntries 

List of solar materials research institutes in developed 
countries 

Public3tions 

Pa~t events - future meetings 

1 

7 

7 

9 

17 

20 

32 

35 

35 

36 

41 

43 

53 

55 

~7 



• 

• 

STATE-oF-TllE-ilT I• PllOIOW>l.TAIC 
llSEA&CR AllD APPl.ICATIOll 

l. Introduce ion 

The photovoltaic effect, kn°"" in seaiconduccors 
for ... re chan a century (l), became of interest for 
c~rcial •olar ener&r conversion vith the invention 
of the hicher efficiency (6 per cent) Si and 
CdS/Cu2S solar cells (2,3( in 1954 and their first 
successful deployment in satellites, startinc vich 
Vancuard I in 1957. ibis vas foll...,.d in rapid 
succession vith larcer and larcer .. 1ti kW-panels, 
iaade mostly fr09 Si sincle crystals vith typically 
"'10 per cent panel efficiency, uhich vas reached in 
1961 and iaaintained for the next decade vith best 
cell efficiencies near 12 per cent and production 
c~st [4( dropping frooa > $500 irl in 1951 to 
vlOOS w-1 in 1971. 

At that ti~ there vas little commercial 
interest excert for a modest space procra..e .arket 
of <.100 klly- • The only other solar cell 
materials vith procise vere sin~le crystal CaAs of 
sli~htly hig.~er efficiency fl°"" by SOiie USSI space 
crafts and the CdS/CuzS polycrystalline thin-fil• 
cell, further developed by the Cle.rite-croup (5(. A 
..,re extensive coaaericial use except for use in 
conc~ntrators of CaAs vas impeded since it is 
substantially more expensive than Si. The initial 
development of CdS/Cu2S vas discontinued because of 
incoaplete understandinc of cell decradation and 
suspected efficiency li•itatioa near 10 per cent. 

As a result of comprehensive studies sponsored 
by NSF and NASA and by the National kadeay of 
Science, it became evident in 1972 that a substantial 
reduction in production cost to approach $1 w-l and 
an increase of efficiencies beyond 10 per cent for 
thin-fila and beyund 20 per cent for sincle crystal 
cells were feasible (6(. With siptificant covernment 
support .. inly in the USA, Japan and Western Europe, 
rapid procress vas -..de and essentially all technical 
coals set in 1972 have been achieved and surpassed 
(thin-fil• efficiency 12 per cent, single crystal Nil 
efficiency 21 per cent for Si and AlCaAs) (7). The 
econo•ic goal seems to be within reach and larce 
quantity solar pane ls currently se 11 for "' $5 w-1 
Life expectancies of better Si-panels are well in 
excess of 10 years. 

Fnrthe.- conservative projections suggest single 
crystal efficiencies in excess of 25 ~er cent, 
thin-fit• efficiencies > 15 per cent, life 
exp<"ctancies > 25 years (for sincle crystal cells) 
and production cost vell below $2 w-1 for single 
crystal panels and well below Sl w-1 for thin-filn 
panels in 1985 dollars. 

This cives photovoltaic large-scale terrestrial 
solar energy conversion a realistic potential beyo3d 
the presently alrea~y available .. rket1, tihich have 
absorbed in excess of 5~ MW and produced revenue• in 
excess of il billion durina the last five years. 

In the following 1cctiona va vill liat cha 
recent achievements in RiD for the different types of 
soler cell• and panels, review present producrion 
.. thoda, •nd aiva a thort overview of deploy.an: 
exparicnc~ and future .. rkcta. 

2. Solar call tzpca and .. tcrial• 

Th• photovolt•ic effect in llOdarn solar calls is 
baaed on the separation of axe~•• car11cra in th• 
builL•in field of a .iunction within a 
... i-conducror. The axe••• (ever t~ar .. 1 
aquilibriU1W) carriers are created bJ ab.orbed 
sunlicllt· Their teparation create• a photo-c•f which 
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.. kes the solar cell act like a battery aad permits, 
throu&h aa external circuit, the extractioa of al.oat 
all of these excesa cakriera (the collactioa 
efficiency approach•• l ia better cells). 

Different cell type• caa be distiacuiahed oy: 

(&) llov th~ built-in field is establisbed 
(t.o.o- or beterojunctiooa, or :.c:buttky 
barriers); 

(ii) llav the li&ht is aba.ubed ldi.rect or 
indirect baad cap .. terials); 

(iii) The type of the cell desicn (front- or 
back-vall, or aaltijuau:tioo cells); and 

(iv) the crystal state of the device (sin1le or 
polycrystalline, or -rphous). 

Presently there is no clear-cut preference of 
the iar&e variety of possible devices, except for 
properly chosen band cap l/ (see ficure l), •ince 
there are ecoa .. ic trade-Of fa and aev candidates .ay 
be f-4 vith pr-isiq futures. Exa.J lea are the 
CdS/CulnSez cell, which - sh-• :Oest efficiencies 
near 12 par ceat, aod the C<ITa cell vith efficieocies 
in excess of 10 per ceat; yet both cells -re 
unltDOVll 2/ oaly a decade •Co· llovever, the larce 
a.ount of ciaterial raaearcll necessary before one can 
hope to optimise .. terial treac....t and eel. desi1n 
is in essence an ec0008ic barrier for rapid 
expansion. therefore the first pr09is1na cancli~~te, 
sin1le crystal Si, is still the forerunner in 
technolo&Y develo,..at aad has the larcast .. rket 
share. 

2.1 Sillcle rryatal Si rolar cells 

Silicoa is ap indirect baad-cap material 
requirinc a relatively thick (cypical1y ~.7 .. J ~~11 
to absorb moat of the active li&ht in the solar 
•rectn•. the 1-tr:r and baad .,del of a typi.:al 
n pp•-si solar cells is ahovn in ficure 2. ay 
increatinc the •inority carrier di!fution len1tb to 
values vell in excess of the cell thickness and 
reducinc reco.binatioo at the back contact by usin& a 
back turface field (usins an Al back contact vith 
Al-diffusion into a thin layer durin& a 15 •inure 
hut treatment at 500-aOOC'C) one obtains cells 
efficiencea of typically 14 per cent (12). ly 
reducinc the thickness of the froot n•-1ayer and 
the density of racoabinatioa centers there and in the 
p-n juncti~n, the blue/violet response vas raised and 
the efficiency i•provad beyond 15 per cent Ill). 
Further substantial iaprov.,..nta of the current vcre 
achieved by etchinc the front surface to reduce 
reflectivity (velvet effect (1~)) with efficiencies 
in axe••• of 17 pe~ cent. After almost a decade vith 
little further procraaa, Craan and co-workers 1151 
have pushed the efficiency of tile ainsle crystal 
Si-cell wall aoove 2~ per cent by further reducins 
the racOllbination at the front surface (by 
introducina a thcnuilly 1rova Sil>z layer 

l/ It should ba noted Chae cha prcaaatly 
achiaYed hi&h••C efficiency of Si solar calla i.• 
sub1caacially hi&har Chan Clae lf per cane predicted 
frOl8 an obYioualy too conacrvaciva model by Lofcraki 
in 19S6. lecrer ra&111c a•t&.ataa bJ Wolf 19) put 
this ... i_ afficiat1cy for Ii co 22 per enc ahd 
efficiencies in a11ea•1 of 21 ear cent for Mil have 
bean au11aaced more rccancly 110). 

!/ A forer111111ar of chi• call, Che C4Te/Cv:zTa 
call, h_,var, vaa already DOtacl by CuHno 1221 io 
1963 and achieved afficiancia1 in a11c••• of 
7 par cane ac that ti ... 
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(ficure JA)I, by separatinc the front electrode 
throuch a thin SiOz layer (ficure lB), or by 
reducing the contact surface throuch such a layer 
(figure lC), thereby increasing the open circuit 
voltage to 694 "'1 (AKO, 25°C). When surface etching 
is also applied to reduce reflection, Creen (15) 
achieved zn.9 per cent efficiency at Ntl vith 
indication that still hi~her efficiencies can be 
expected r~alistically. 

2.1.l Si-.aterial [Bl. Presently there are tv<> 
trends discerntble: to develop and produce lov-cost 
rav Si .. terial >lhich is useful for cells vith modest 
efficiency (in the 10-16 per cent ranee), an~ to 
develop ultra-hich efficiency devices irrespective of 
the present c~st of the rav .. terial; however, 
ass,..ing that a reasonable modification of the 
.. terial production process could yield the ~ecessary 
.. terial without addin& sicnificantly to the cast. 

Al: this ti- s-iconductor-srade Si is used to 
produce Si-solar cells. this Si is .. de by the 
Si-ns process in a quantity of a fev tbousUMI 
•tric tons y l/ at a price in e&cess of $70 k&-1 
Several alte....;tive processes have been studied, 
capable of producin& solar srade -Si (a .. terial vith 
slightly hi&her i..,..rity concentration, but capable 
of yielding modest efficiency so~ar cells) at a cost 
of less thaa $20 ks-1. 

One of the processes is based on Silane 
rectification and is already developed through pilot 
(100 •t y-l) and production plant (1200 at y-ll 
by the Union Carbide Corp. Another 1200 at ,-
plant is in construction and a lOOO at y-1 plant is 
in desip. The flov diasr- of the Silane proce."Js is 
shoun in fisure 2; it is capable of producirJ. ,:.lar 
cell crade silicon at a cost belov $20 kg-1. 

The rationale behind the development of solar 
grade silicon is the insensitivit" of .. diam 
efficiency solar cells ('baseline; cell) in respect 
to soae typical iapurities. Ficure 3 indicates that 
certain iapurities, e.g. Cu and Al in a-type and P 
and Cu in p-type .aterial, can be tolerated in excess 
of l ppa vithout aajor cell desradation. Other 
ele..ents have to be avoided aore carefully (e.,. 
transition aetals). 

lt is expected that solar srade Si vill becom 
available in the near future and, because of the 
lover pr~uction cost, price flexibility can be 
expected in due course. 

2.l.2 Si crystal/sheet growth. !/ Substantial 
reduction in production coat can be achieved by 
i•provi':l& the sin&l• crystal crouch process. For 
instance, in an advanced Csochralaki crovth systea of 
the Haaco Division of the ltayex CorporstiOft, 
sutC111Sted grovth froa ISO k& inaot/crucible vith 
2.2 k& h-~ IChrou&hput lS c• rods can be produced, 
yielding IS per cent efficient solar cells. A 
furlChar cost reduction can be achieved by using 
polycrystalline Si for solar cells, which lhov 
llOderate efficiencies in the 1-lS per cent range 
(typical 10 per cent for larce qutntities) vben the 
crsin aise excesds • fev ,.. di-tar •nd sr•in 
boundaries •r• •ppropriately pasaiv•t•d (u1u.ally by 
H7 traat .. nt). Ex .. pl•• are th• ingot cas1ting by 
Saais, lnc. and the ingoc-c••tins-by-•-ha•t-exch•nger 
.. ,hod of Crystal Syst .. 1, lnc. lolCh .. chods •re 

1/ Ac an en i .. u4! 11H of S .. cric tons Mlfl, 
• •~blcsntial fraction of this produccion vould be 
needed for solar cells in 1916 vith - projected 
production r•t• of SO HWy-1 vorld vidc. 

2/ Ex••plea listed here contain only .. carial 
svail'ible in the open literature. 
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capable oe proclucinc up to lS per cent efitcient 
solar cells. ~e Semix process presently prO.Suces 
20 x 20 x lS c• se•icrystalline blocks vitn 
dl per ceot insot yield at 2.l kc h-1. the ~ry•tal 
Systems process produces sli&htly larser blocks of 
l4sl4xl7 c-1 vhich are> 9S per cent sinsle crystal 
at 1.9 k& h-1 vith .,.gs per cent yield. 

Process variability, DOft-UniformilCJ of &rai3s, 
and non-uniformity of i,...urities still influence 
adversely the yield of cells vith •cceptable 
efficiencies from polycry~talline .. terial. 

All of these rods or blocks needs to be saved 
into thin vafers. SeYeral .. tbocls are presently 
beinc developed. The beat present acbieveaents are a 
slicing of 17 vaf~rs froa a lS ca rod and 20 vafers 
fro. a 10 x 10 ca• cast block yer c• lenstb at • 
rate of 0.4 and 1.2 wafer ain- respectively at 
9S per cent yield. 'Ibe fiaisbed vefer ares per 
kilosr- of incot is U.7 acul l.O .2 k&-1 
respectively. Surface ...... and resultins lo•••• 
fro. ICbe necessary etcbin& to reaove 1tbese ..... &ed 
l•yers are additional cost faclCors Yhicb present • 
ll•ndicap to tbe •bove hated -tbods. 

Major advance• can be achieved by direct crovtb 
of Si-sheets. Several •tlaocl• to produce sucb sheets 
are b&.inc develo;>ed; same results are available in 
the open literature •nd are listed belov. 'Ibe 
ed&e-def ined f ila-fed ribboa srOVICb developed by the 
Mobil Solar Enercy Corp. bas •cbieved a respectable 
40 ca2 ain-1 crouch of 10 ca vide ribboo. 
Si-luneous -11:i-ribb011 grOVICh of three ribboos at 
10 ca vidth or five ribbons at S c• vidtb vitb 
O.lS .. ribbon thickness and yield 80 per cent cells 
vith ,.12 per cent efficiency. Hore recently a 
nonacon crovth technique vas developed in llhich a 
bollov, pol'J&OGSl shaped tube of lSO .. di-ter is 
croun vith oine flat aides, each one SO .. vide and 
O.l .. thick, and later cut into rect•n&ul•r blanks. 

'Ibe dendritic -b &rOVICb develord by che 
Westingbouse Corp. can produce ll c• •in-1 for 
short ribbon lengtbs, vbicb yield sa.evbat higber 
efficiencies \best achieved: lo.9 per centJ. 

A Si-oa-cer•ic pick-up froa a h11uid surface 
dev•loped by lloneyvell produces au cal •1n-l 
grovth rate vitb sbeeu of <o.l ... tbickneaa aa.a 
cell eff;ciencies of 10.S per cent. 

Still aaother .. thod is beins developed by tne 
..._era Materials Corp., in Yllich a crystal sbaelC u 
picked up from the -i•ca• of a Si -lt and vhich 
nas achieved a -cb larcer throughput of 
450 ca2 ••n-1, but •t a larcer ribbOll thickne•• 
of 0.64 .. (pull 1peed IS ca ain-1) acul ribbon 
vidlCh of lS ca. lest cell efficiency is 
12.9 per cent. 

Other .. thod• are vieoroualy beinc developed and 
judced proaiaing by !Cha involved industry. lt can be 
expected tbac vilCh further r•search s...S 4evelo""'nt 
an iaproved productiOft reliability (acceptable yield) 
can be achieved and increased efficiaaciea in cha 
17(+) per cent range can be oblC&ined. 

2.1.3 Cell and eenel production. Cell lad 
panel procluctiOft contunt a larca nuaber of ·''·•P• 
vtlich add co•IC• sod reduce overall yields • 
Streaalininc (redu~tion in 1tep1) and autaa.tion are 
l>ein1 developed. A typical exaaple is 1iven in 
fi1use 4 for the c011venti011Sl and a aore advanceJ 
procluclCion se11uence containins aoae co1t ••ti .. C•• in 
1980 dollara. 

a.cent advance• are related to the 19al of 
i•proving Cha aetallisatiOft •od overall pr11ces• · 
yield. they also include further i•proveaent in 
li11uid-dopant processing and th•nsal pul•e aiffu1ion 
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to produce ai ... ltaaeously the n·p and p-p• 
juactioas. Laser annealinc of ion implanted dopants 
and·aicrova.re povere4 plaa .. ayateaa are ua..i, the 
latter to passivate (SiOz) aad to produce 
antireflective c~atinc (SiK). Kev .. ans to produce 
the top electrode, includiac laser pyrolysis of 
.. talln-orcanic liquid films at the cell surface and 
printinc vith nevly developed inlta <•·C· llo-Sn) are 
bein& developed (narrowest linevidth 3,4-a). llev 
interconnectiai autoaatic equip.ant usinc ultrasound 
is employed. Double chaaber vac- 1-ioati- is 
ased. Further developaent of autoaati- in call 
production is in proire••· 

A 'Str ..... n' process aaalysi• predicts 
feasibility of a S2 v-1 lov-cost cell SAd aodule 
fabrication, and, ..i.en fully autoaated, a possible 
$0.70 y-1 cost (in 1985 dollars). 

the updated coals established in 1913 of hich 
efficiency 15 per cent Si ....rules at a cost of 
S90 .-2 vith JO years deployed panel life ae .. to 
be realistic, altbouch not vitbout additional 
substantial effort in research and davelo,..ent, but 
aot requirinc a technolo&y breakthroush. 

the tread in the dewelo,..eat of c.,....rcially 
available Si-solar cell panels is shovn in ficura 5 
vhich clearly shov the .ajor advances achieved duriac 
the lzst decade, aost sico'ficantly in sales price 
from an averace of S30 v-l in 1975 to i5 y-1 in 
1985 Call in 1980 dollars), llOdule efficiency (edce 
to edse) from 6 to 10 per cent averace, and packinc 
factnr froa 55 to 85 per cent. Sicnificant further 
progress is expected ..i.en hich efficiency cells vil~ 
be used for production units, ~oostinc the present 
averase ll per cent encapsulated cell efficiency 
potentially vell above 15 per cent. 

2.2 The S1110rphous Si-cell 

A substantial i.,rova.e~t of the cost efficiency 
of solar cells is expect~d by usinc uoorphous, 
hydro,enated, or fluorinated Si as the active cell 
mater1al (20,21). It has a .,ch steeper optical 
absorption edce (behavinc like a direct band-cap 
.. terial) at an enercy C"'l.4 eV) better .. tched to 
the optical spectrum of sunlicht, as shovn in 
ficure 6. 

The .. terial can b~ easily deposited on a larce 
variety of !lllltarial actin& as the base electrode. 
The deposition is done in a ca• dischars• aad permits 
via chances in the sas composition a rather si.,la 
chance in doo;ns and ch .. ical ca.,osition of th• 
deposited layer. It re,uires typical deposition 
t&11peratur~• of 200-300 C, i.e. t&11peraturea vhich 
are lov enou&h for rhe use of inexpensive 
substrates. the band &•P can be chanced betv .. n "11 
and 2.8 av by chansins the hose .. terial fr..,. Si co 
SiC, SiCe or SiSn, usin& •ixtures of silane and 
11&thane, Cek4 or Sn(CH3)4, or aiailar 
fluorinated co.pounds vith possibilities to produce 
stacked cells or vindov layers virh relative ease. 

Only 10 years a~o the use of aaorphovs Si of 
efficienr (~II per c•nt) solar celh VH shown by 
Carlson and Wronski (23). Consequently, th• 
develop11enc of such cell• proceeded rapidly 
C ficur• 7). 

The .. raraal can be .. de n- end p-type by dopin& 
si•ilarly co crystalline S~. Hovever, the o(.·Si 
solar cell is distinsuished by several principrl 
features frCMa the crystalline Si cell: 

(i) It is about 1000 ti .. • thinner since it• 
absorption cocfficien: is substantially 
hi.char; 
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Cii) It• .. in resioo of seoeratiac ainority 
carriers cootaioa a aubataatial elect1ic 
field C.V1o4 V c•-1) to •••i•t 
collection; 

(iii) lt• b...a aap lies closer to the optimua 
value Caear 1.5 eY) for solar eaer17 
convenion; 

(i•) The carrier -*ility ia £ l c:aZ v.-1. 
i.e. only"11/l.xkJ of the carrier ..,Dility 
io crystallille Si; aod 

(v) tllere i• cell clqrallatioo Ricla requuu 
careful ..... 10,_.t of c-rci.ally viable 
solar cell ,....1 •• 

2.2.l Producti- of oC.-si cells, econc.~c•l 
asrcta. The product10D of tbe oc.. -s1 cell .. a 
thio-fil• cell ia iDaeaaitive to aubatrate atnac:ture 
aod caa be fully aut-ted. A typical cell 
croaa-section ia sbova io fi&ure 8. 

Usina • •ariety of •obatrataa, fro. staioleas 
steel to pol,.ide fil .. (361 to hybridi..-tion on 
already foniad uaits such u r-f shiqlea, nas the 
poteotial to reduce the balance of sy•t .. coat to 
hiahly attractive levels. 

Present operatioa of production lines ia several 
coapaoies has eocered a learoin& curve which proaises 
a hi&h probablity for full-scale c-rcialitatioo 
after f reexina of ao attractiwe loos-life-expeccancy 
cell desieo vith • reasonable efficieocy 
(1\110 per ceat). 

lt ia therefore expected that the o(-::;i cell 
production lioe vill swiftly expaad fro. the pruent 
conammer application .. rket to the laraer scale solar 
.. rket which is preseatly do.ioated by aae 
crystallioe Si sol.-r paaels, 

It is also expected that the production coat of 
these solar cells caa be reduced to belov iO.SS y-1 
(l98S dollars). 

2.3 Other pro.icioJ solar cells 

It is coo Hrly to judp vhether the ioherent 
li•itation in the preseat seaeracion of Si 
cryscallioe and amorphous Si calla justifies •isoroua 
further deYelo,..ot .f alternative .. tarials. Th••• 
li•itations relate to; 

(i) A too-lov baad sap io Si, 11-itios its 
... 1... efficieacy; 

(ii) the iadirect sap optical absorption, 
requirias a rather thick crystal sheet of 
Si; 

(iii) 'Iha lov llO~ility of both carriers in 
~-Si; alld 

(1v) i'hotoch .. ical reactions at room temperature 
ia 0(.-Si. 

Utnar .. tarials, such as CaAs and CclTa, have 
advant•&•• in respect to the ai.o.e listed 
li•itatioos, su11estins the poteatial of hi&h•r 
effici81'cies and exceasi•• life axpect-.cy. Ho...ver, 
both cOllpOoCICI• contaio al ... nts of very 11-ited 
supply (Ca 9°' Ta). 

Preseac claYelo,..nc of Gala is j119cified since 
it cao ha operated at hilltar ce.pcrocuraa and hill' 
li&ht ioten•ity, .. kios tlaa coll attrocti•• aa a 
r•c•i•er in crucentratora with concentration ratios 
up to lO<IO (Variao). 4 co•t c1111pari•oa (311 •hovs 



that aooch CaAs cells vith aa efficiRDCy of 
25 per cent caa coat bet- tl.50 ar' SlO per mJ. 
to support aa array cost of il.lO If" , while for 
the aa.e erray coat the price of Si coaceatrator 
cells of 20 per cent e£ficieacy -at be rriucri by a 
factor of 12 belov the abowe-projecte<I coat for 
CaAa. The preaeat state of the art peraita an 
installed array field •ubayat .. , coat aear i7/V vitb 
appr-i-tdy 17 per ceat of the aubayst- coat 
allocated for the solar cell (JI(. -

the hichest preseatly achie.,.. efficiency for 
aincle lf&-dopri Alc.As/CaAs cell i• reported by 
H ... ker et al. (39) at 26 per ceat ia a coaceatrator 
de pl..,_~ 

the developoaeat of thia-fil• CaAa is another 
possibility if surface ar.d craia bouadary passivation 
caa be achieved. A hich recombiaation velocity at 
these surfaces is a .. jor dr8"1>ack of the CaAa which 
is circumnavicated by uaiac aa Ale.As viadov ia 
hicbly efficient siacl• crystal cells. Preseatly the 
thia-fil• polycrystalline cell ha• • disappoiatiaaly 
lov efficiency vhile thia fil• aiaale crystal cell• 
still require CaAs substrate (epi:axy), yieldiaa 
20 per cent efficient cells or, bei~ thinned by 
etchiaz, require a thickaeas oflll70/4• vith 
efficieaciea ia the 16 per ceat raace. 

A poteatially iaterestiaa approach i• a process 
ltnova as Cl.EFT (cle•vace for lateral epitilllial fil• 
transfer). Here lateral crovth oa a properly 
orieated, mostly .. sked CaAa substrate can be used to 
fora CaAa sincl• crystal sheets which can easily be 
cleaved from tne substrate (ficure 9) after it is 
boaded to class, and cells of 17 per ceat efficieacy 
vitb only 5ft• thickaess have bcea produced (40). 

As a direct bead-cap .. terial vith • hi&h 
electroa mobility, the .. terial bas sufficient 
potential to varraat further research and dCYelo,..at 
(see Proceediaas of the l&th IEEE Photovoltaic 
Specialist Conference). 

The CdTe solar cell is another, potentially 
hi&hly efficient cell which, as a siaal• crystal 
cell, has already shovn ia excess of 13 per ceat 
efficiency. the Kodak aroup has reported 
10.9 per ceat efficiencf for a polycrystalliae 
thia-fil• CdS/CdTe device at Nil while, for a 
sliahtly thicker, sintered CdS/CdTe, heterojuaction 
cell, the Matsushita aroup (441 report& an active 
area effi~iency of 12.8 per ceat. 

Probl ... vith a rapid develo,..nt of this cell 
relate to difficulties to .. ta a hi&hly p-type 
.. terial and to produce &ood oh•ic contacts on th• 
p-CdTe. 

Other possibilities include heterojuaction 
cells, such as CdS/CuinS•2· Such a cell vas 
developed by Kichelsoa et al. at lloeinf Aerospace Co. 
and yielded 11 per cent""CiiiYarsion afficieacy. It is 
deposited by avaporatioa of th• C08pOll&lltS ia a 
multi-layer thin-fila structure (fiaure 10). 

This •tructur• ha• the potential of obtainina 
cell efficienci•• ia axe••• of 15 per ceat and 
excellent loaa-ten1 •tability (42). 

finally, the tread to develop hiahar efficient 
calls has •parked ••versl research efforts co stack 
calls of different band ISP• on cop of a.ch ocher 
vith ch9 1osl of approachiaa JO par ceat coaver•ioa 
efficiaaciu. '"" thouJb the ••t INMfic fr• tlla 
added call is apactad co Ila of cha order of ooly 
10 par enc, eniap ia clla depl.,.aac scruccure 
could Mlw Cha effort cou-.tf.ccive. Careful 
•Cchia1 of currnu liaic • cw ceninal device in 
ucarial Hlaccion. fehd' caninal dawices are •r• 
flexible ia dasip aad •1 N ..... pr•isi•a co 
•urp••• •i•al• call affic~anc••· 

- "' -
Stackiaa of AlG.u/IO&Aa oa top of Si baa 

resulted in 22 per cent coanreioa efficieacy. The 
proareaa i• alov aa tbe caabiaetioa of t- celh 
poses -Y cecbaoloaical probl- due to 
iaterrelatioa of treat.eat• (43). 

• 2.4 Coaaercial .. r!tets of solar panels 

As the first introduced cOll8ercially available 
solar panels, the Si paaels bawe bee.,.. the panels 
vith by far the laraest sbare of preseat deployment. 
hlov ve vill list a o...i.er of e....,1 .. of aucb 
deplo,.aat. 

Tbe .... rket developed rapidly froa oaly a fev kW 
deployed io 1~74 tc sbipoaeots of aore tbaa 25 l'IW ia 
1914 vith tbe follovio1 di•tributil'DS: 

a-te deplo,.eat II llW 
Coas.-r products 1 l!J 
Utility arid power S .., 
Uff-arid power l Ill 
Cowe~at ate 2 tfll 

Preseatly a total ia excess ot lUU dW of 
Si-solar cell paaels are installed, prowidia& ... ?le 
uperieoce of .. rkatability eccl perfor.aace and 
offeriaa tile b.,ia for a broader public avareoe••· 

Kost ecoaoaical toclay i• tbe use ia rasote areas 
where previously bacterie• or diesel-powered 
aeaerator• vere ..,loyed. 
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Consrltati.,. croup "" solar eetrsY research to 
be Ht up br Ul!CIIJO 

Eleven experts representina developed and 
developina countries aet at UllIIJO from 
1-10 December 1'16 to coosider the establishment of a 
Consultatiwe Croup on Solar Enersr lesearch and 
Applicui°" (COSERA). 

.:OSERA is bein& set up to promote the 
effectiveness of solar enersr research in dewelopiag 
countries and the transfer of research results into 
industrial production, c ....... rcialization and 
videspread use. The experts 91et at a vorkshop 
intended as a preliminarr actiwitf t~ viden 
consultacions vith donor •&encies •ad institutions in 
developina countries. 

la a vorld vhere energr resources are fast 
becoming scarce, solar enersr is renewable, abundant 
and videlr available in dewelopins and developed 
c-tries. 

Seweral initiatives hawe been oaade at the 
resional level, and there has been s- ••sure of 
international co-operatioo, a 1ood deal of it by 
other international bodies, but there is still a lack 
of concerted effort at the cloi.al level, in 
~articular in strenstheninc the tecbnological 
capabilities of developinc countries for enersr 
research and applications, eventuallr leadin& to 
local .. nufacture. It is for this reason that the 
Coosultatiwe Croup is to be established. 

lac--.tiona. The experts envisase COSEV. 
as an institutional croup of scientific 
eata•lishments, donor orsanizatioas and fiaaacin& 
aseacies interested in haraessina solar eaargy for 
development needs in various part• of the vorld. 
COSEllA vould act as the catalyst that vill 
co-ordinate the efforts of the .any institutfons 
throuchout the vorld. 

As part of its first phase of operation, the 
expert -.eting recC111mended that COSEllA should: 

Assist in sattinc up and strengthening links 
between the interested parties, such as donor 
asancies, Cover111Sents, inclustrr, scientists 
and citizen croups; 

Ensure the sllOOth flow of funds and 110bilize 
110re funds for the llOSt promiainc activities 
in the field; 

Pr0110ta closer iatesration of the results of 
solar anar&r research, davalop11&nt aad 
application• in tba ellMlr&Y plana of countries 
01" reaioaa; 

Strencthan national capabilities at all 
levels <•·I· decision .. kara, plaanara, 
scientists, industrialiets, the public) in 
harncssina eolar allMlr&J af factivaly for 
specific national needs. 

The .. atiaa srraesad that it va• important, at 
the pre•ent •t•a•, for COS&aA to be pcojecc­
orianted. It should cot1aidar proposals for 
rec--4ation to fulldina •ancias a• wll H propoa• 
projects that it conaidara to have hi&h priority to 
interastad parti••· 

One• COllllA has ban established, it could -• 
into ocher plla•••, the .. parta pointed out. tlleaa 
could include: 

lupporciaa trainina and lallovr 4avalop11ant; 

let,ina up and 1tr•n1theain1 .. chani• .. co 
axchana• a•periancas and infol'lMICion; 

- 7 -

Providia& support for the pulll1cat&Oll of 
directories, sui~ anol information .... 
C011mercially ezpluitable tecaaoioaies; 

Settinc up and strcncthenins e&istia& centres 
at resional and iat•rnstioaal levels. 

The e11:perta pointed -t that COSliJIA llGUld not be 
an inter1over111SeDtal body, -r -ld it '°dictate" 
Yhat aeecls to be d-. Its .. in purpose 11GUld be to 
har110aize action on solar •narc>' and to function with 
a •ini..,. of legal or bureaucratic constraints. 

Th• experts rec-nded that ClllDO si.-ld take 
the necessary foll...-.ap action throuah a task force 
and orsanize a ... etiq before the end of 1917 in 
order to establish COSEIA. 

Finally, the e11:perts atreased that the 
videspread 11&e of solar thermal technolociea vill 
enable developina coaatriea to redace their 
dependence Oil imported f-•il fnela, to i.,r_ tneir 
balance-of-trade aituatiOll aubataatially ... to 
.. iataill the health of their eavirOlll9Cllt. 

••• 
The followina article OD aolar cells .. terials 

and proclactiOll vas prepared by 11r. T.J. Cotatts* 
specially for thia iaaac of the Ad•ancea ia llatar&a&s 
Tacbnol017: llOaitor. Va publish it tosethar vith 
tbe paper written by tne s- autllor: •• revi- oi 
economic and tecbaolosical r-.uir ..... ts of aolar 
cells: •tatua and reaearcb directiOllS of 
polycryatalline thin fibs deYicaa•. This peper as 
veil H tvo 110re- discusaed ia llr. T.J. Coutts' 
article vera used as tba bec11&round .. terial for the 
llllIDO Vorltshop on the Eatablislment of a Coaaultatin 
er-p Oil Solar Eaarsr leaearcb and Applicatioaa/ 
COSEllA. Due to limited space ve are not in a 
position to pullliab th•"• doc-ca but hope tbat 
Kr. Coucta' article vill prcwida you vith soma 
info .... tioa on their sist. Copies of the tvo 
doc-ats .. y, howavrr, ba oi.tained oa request. 

Solar cells - .. cerial• and production 

At present, t~a s~oup IV a .. iconductor Si is by 
far the llOst vidaly reaearchad .. tarial in the 
alectroaica industry. It ia also the utedal vith 
vhic:b by far the 110at uperiaaca baa ken sai.aad in 
the field of photo•oltaics. Hovaver, there are sound 
funcl-ntal reasoaa to suppose tbat Si -ld not be 
an ideal .. tarial for photOYolcaic (PY) cot&Yersion. 
tllat it ia ao videly 11&ad ia due aolalJ to the fact 
that aucll a vealtb of eaperieaca ..., i.-laac• frOll 
the elactroaica industry ia a•a&lallle. Tiie utr ... ly 

• Principal lciaatiac, Solar Maar&J a.search 
lnatituta, 1617 Cola llYd., C:Oldaa, Colorado il0401, 
USA, and editor of clla ..... i .. SOLA& CILLS. 

•• ra•i- of •~ic ..., tachlloloaical 
requir .... ts of aolsr calla: status ..a rasaarch 
4irectioaa of polycryatalli .. thin fibs daYicas", 
Doc. lo.: lllllDO/lfCT.16(IPIC,) 

- •1o1ar call •tarula slld fabrieacioa 
cechtloloaias• by 1.w. liar, Profaeaor, U.i••rsity of 
Dalavsra, ...,.,,, DC lt7H, USA. 
Doc. lo.: UlllDO/lPCT.lt(l.SC.) Pl•••• also refer ~• 
Mr. liabr'• •rticla "ltata-of-clla-art ia pllot.,,oltaic 
raH.rch and applicatio•" on papa 3-6. 

"ltudy on ... rplloua 1ilic0ft aolar cell•" •Y • 
Arun ltada•, Gla1taclllalar lac., 124•1 v. 4fth -'••-· 
Wllaat aidaa, co. IOOJJ, UM. 
Doc .... 1 lllllPU/ll'CT.ll(•HC,) 



hiah purity aail cryst•lli""" perfection of .odern Si 
-an that solar cells based Oil Si are still -D&st 
the hishest efficiency coavtrters of any .. terial 
ued. All of this e1tplains why -re operatin1 
e1tperience has been 1ained vith siD&le crystal Si 
than vith all other solar cell .. terial• c.,...ined. 

la addition to all of this, it i• a plentiful 
.. ter!al aad the rcsc....,cs for its reri....ent are 
nevtr likely to bee- exhausted. H-vtr, it is not 
vithour probl-s. Fr- the pcrspecti- of a 
developed country, it is ob~ious that the drivia1 
force bebiad the developeent of any alteraati- means 
of 1eaeratins electricity is cost c....-titiveaess. 
Altholl&h there are .. ny rural or re90tc environments 
ia which Si-based PV &•nerators are ecoaomically 
attractive in c.,...risoa vith diesel scnerat-r$ ~r 
srid line e1ttensioas, for expansion into tu 
potentially l•rser d011Cstic .. rket it is necessry 
that the price drops to ar....,... i40-7S/..Z. For 
llOdules vith a convtrsion efficiency of eptical to 
electrical enersy around ll-17 per cent this would 
i .. ly aail electricity cost of about 6.Sf/ldllt 
(expresse4 ia 1982 dollars). lt is hi&bly ~\le 
that .odules based on siqle crystal Si solar cells 
vill ever acbie- the tarset cost, so despite their 
attributes, it follovs that tbe future of PV ia the 
industrialised countries ... st depend on alteraati­
cheapcr .. terials and 1-r cost productioa 
techniques. In the three key papers in this issue 
(by Coutts, Boer and Madan), these aspects are 
discussed in greater detail. 

Fr .. the perspectivt of a developin& country, 
the drivins force is still essentially ecoaoaic but 
is more subtle. Shortase of capital can, in .. ny 
cases, introduce au extra optioa bcyopd si.,le cost 
c...,arisons; that is, not to purchase any 
electricity generatin& syst-. Since this vuuld mean 
toleratius a lover quality of l'fe than vould be the 
case vith electrification, it is clearly an 
undesirable option. 

We shall see that the alternative .. terials are 
all to be used in thin fil• fora. For the developed 
countries, this iaplies lover materials and 
production costs than for sinsle crystal Si. For the 
developing countries, althoush these factors are 
i.,ortant, an additional consideration is that the 
production of these devices relies on relatively 
low-level technolosy vhich implies that the need to 
import is obviated. Hence, if PY is to be used 
extensively in these countries, one vuuld expect 
those davicas based on thin f il .. to have the 
sraarest potential. It is these which vill be the 
subject of this edition. In the first paper, IOar 
revia.,. the properties required of solar cell 
.. teri•ls froia a physical basis. In the second, 
Coutts discus••• in more detail the aconoeic 
ars.,..nts in favour of thin fil• polycrystalline 
solar calls, reviews fabrication aethod• and their 
technical status, snd indicates problea areas and 
research directions for the future. In the third 
paper, Madan presents the case foro<-Si:H baaed s~lar 
calla, the third key option of the thin fil• 
devices. For the reader vho does not vish to proceed 
beyond this introduction, I •hall nov try to present 
a pr•cia of each of these three papers. 

Bier's paper basins vith an hiatorical 
bac:ksroulld of solar calls vhich cotm11ercislly basins 
vith their uaa in satellites. Althouch the devices 
have baan used in thia contaxt vary 1uccas•fully for 
.. ny years the probl ... vith rasard to terra1trisl 
application are ... ch 110ra severe. Althouah a solar 
call is -iaply • lsrs• ares diode and alaaentary 
solid stat• theory ia capable of axplainins .. ny kay 
features of perforasnca, more alaaant theories are 
required to explain certain non-intuitive ••pacts of 
chair lleM¥iour. ProfaHor Iller spend• •- ti• in 
di•cua1in1 the OU11arical technique• ha has davalopad 
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to sol- the trauport. conti••ity .... Poisson 
equations which, at the f...,.C8Stltal level, trvly 
explain the uaderlyi11& physics. The non-specialist 
reader .. y be sa.ewhat over.--4 by this approach and 
a.y vish to coacentrate on the sections preceedinc 
alMI folloviac the theoretical section. The 
performance of the llOdera seaeratioa of sinsle 
cry1tal Si cella ia tbca diacuaaed, .... the value of 
llOdera efficieacy-ellhaecia& tecuiques such •• 
aiaority carrier airrors, •urface texturiac and 
sbaped collector srida, is explaiaed. The se'luence 
of processes in the prcparacion of seaicoacuctor 
sr-• siacl• crystal Si i• then presented. As 
already iadicated, it .. y be tbat cells basetl on 
siD&le crystal Si vill be too -pcuawe for 
larse-scale utilisation ~• devtlopiq couatries (a 
point made by all three coatributors to tn1• special 
issue). IOcr diacusses briefly the potential of 
cells baaed oa -rpa.- Si vhicb should probably be 
of aacb sreater interest to deYl:lopiq countries. 
There are, bovever, probl- of .. sradatioa of 
efficiency (tile vell-knoola Staeltlar-Vroaski affect) 
aad these _.t be sol,,.,. before 11(-Si call• are used 
in larse vol-. To date, this probl- :iu proven 
s...,......t obdurate. Of special iaterest to a aaabcr 
of readers vill be lier's infor.atioa oa US 
Cove.....,....t-spoasored research, aad on various 
partnerships betvecn Cove~t and iadustry. The 
author thca touches brieflr oa celi.s bun on CaAs 
(less relevant to developia& countries), CdTe and 
CuinSez. The latter two of these are discQsed in 
sreater detail in the secoad of these three papers. 
Finally, Professor llOer sivcs details of .. rkets and 
break-even costs in the USA. Althou&h this 
inforaation .. Y be of seneral interest to the reader, 
as poinced ouc earlier, si~;le econoaics are aot 
relevant in the context of dewelopiac countries. 

In tbc next paper. Coutts discusses the tvo 
polycrystalline solar cells based on CulaS•z and 
CdTe. these ~re tvo ~f the thiu fila cells Ctne 
third beins.(-Si:HJ which are Deing visorously 
pursued in the USA. The paper besins vith a 
discussion of the ecoaoa1c •rc .... nts relst1a1 to 
these devices but the author concludes that there are 
too .. ftJ uncertain iaputs to the cost/benefit 
foraulations to land the results real credence. 
International and political chaqes alone can 
radically affect these calculatioas. However, the 
seneral faelins resardius the attaiaaant of cost 
tarsets is opti•istic for thin fil• cells. It is 
also pointed out that •inerals liaitstions .. , be the 
most aevare constraint on the larse-scala production 
of CulnSaz snd CdTa cells. 1his of course vill 
never be the orobl .. vith oof-Si:R calls. In acneral, 
h-ver, the author concludes that the -st iaportant 
aspects of acoaoai:s are call •fficieacy, lar&a area 
hish throu&hput .. nufacturins capability, and cell 
atability. Each of the sub•aquant ••ctions of the 
paper con1i4ers these in • .,... detail. The 
raquireaants for efficient photovoltaic conversion 
sre discussed in aaneral tar.a, and the 
non-epeciali•t .. y fillCI this easier co follov than 
I.Oar's detailed analysis. This section of the paper 
also relates to the final section in which probla .. 
and future rasesrcn diractioas are indicated. lt 
should be raaaaber•d thst the .. tarials propart1•• 
required of the s .. iconductors are rather specific 
and de .. ndins. 1hat Lhay ... ,t be scniavad over tars• 
•r••• at a hich throu&hput i1 even iaore da .. ndin&· 
Proble .. of p111hola1, non-unifor•itias in thickness 
or c...,01ition, •nd •truc:ural (i.e., 
crystallosraphic) variations, ... st sll ba solvao. 
Unfortunacely, invastication of thasa issues requires 
cor.•iderabla capital invasCMat which is not 
available durin1 the pra1enc ti .. • of budsat 
restrictions. The third area, that of device 
etability ii batter understood and, vith the tvo 
.. tarial1 considered in thi• paper, is not an 
intrinsic probl... lather, tha •robl ... ari•• due to 
de1radatiot1 of ••t•nal cowtacu and of tha call 
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ecacapsulation. Hrnce, ... re attentioa ... st ~e paid to 
these technolocical, as opposed to f...,.amental 
aspects. This vill be particularly true for 
application in developinc countries where 
enwiroamental conditions can be extreme. Finally the 
author dis:usses the aajor research areas which vill 
be followed in the future. 

The fiiul paper of the three deals vitb the 
amorphous silicon solar cell which, intenaatioaally, 
probably recei,,.s ... re attention and fundin& than the 
other devices. Since these papers ha- been written 
iD4ependently and haft not been collecti-ly edited, 
there is ine~itably some duplication. For example 
Dr. lladan again stresses the value of thin fila 
cells, and.-<-Si:R in particular ower sincle crystal 
Si. eo-wer, the poi"ts re•dily bear repetition. A 
potentially useful feature of this article is the 
listinc of co.panies actually aarketin& 
opto-electronic dewices; solar cells in particular. 

The basic physics of aaorphous sea~coaductor• is 
discussed at an el...,ntary lewel, which vill probably 
be appreciated by the non-specialist. ihe concepts 
of "90bility edge" and dancling bonds are 
introduced; these are fuad-ntal concepts of 
~iate relevance. Danclinc bonds -educe the 
quality of .C·Si and the realization tat the 
incorporation of hydrogen can a.eli .• te the problem, 
represents one of the aajor advances in this area. 
In fact, so -ch hydrogen is needed that the filas 
are recarded as a Si:H alloy. Filas of the latter 
arr usually, but not always, produced by clov 
discharce decomposition of SiK,. (Silane) and the 
tvo conductivity types achieved by adding Pll3 
(phosphine, for a-type) or 8211(, (diborana, for 
p-type). In this vay p-n junctions can be 
fabricated. However, the physics of these devices is 
still aore ~ot1plicated than crystalline silicon and 
there is still a severe lack of knowledge regarding 
loss aechanisas, and this aakes predictions of 
.. xi ... efficiency somewhat uncertain. However, a 
probable upper li•it w.3Uld saea to be about 
18 par cant. Although tha incorporation of hydrocen 
greatly iaproves the aaterials properties, these are 
still poor by ce>11parison vith crystalline Si. This 
aeans that p-n junctions with good diode behaviour 
(ve reaind the raadar that a solar cell is aerely a 
photo-active diode) cannot ba aade. Hance it is 
,ecessary to incorporate an intrinsir layer 
Ci-layer) between the p- and n- layers. This 
realization is central to the achiavaaent of 
efficiencies greater than 10 per cant, nov routine 
at laboratories throuchout tha world. Madan than 
discusses the possible increases io efficiency 
which aay result fr011 tandea or cascade calls. tn 
these, tvo or MOre calls ara stacked upon each 
other. Each cell responds best to particular parts 
of the spacer ... and, in principle, high afficiencias 
can nsult. For axa.,le, 18 per cent conversion 
efficiency is anticipat•d within tne next three 
years. As resards fundaaental issues, that of 
device stability is of predo.ainant iaportance. Tl\is 
aspect is b•ing vicorously addressed worldwide and it 
aay be that the entire future of these devices 
depends upon aolvin& the decradation probl... Ha4an 
then discusses various .. s• production techniques and 
civea illustrations of these. To the credit of the 
industry aodule efficiencies creater than 6 per cent 
have nov been achieved. 

Future trends ara finally indicated and the 
nu.bar of novel ideas suacests that this topic viii 
reaain lively r~ aany years. 

Conclusion 

the three paper• reviewed nere ahould be 
eufficient co convince, even the aoet cursory reader 
that th• field of photowoltaics has the widest 
possible rans• of subject interests. Aspects froa 
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fundaaeatal so!•d state physic• and cbeaisrry, t~ 
the ecoaoaics and politics of aineral reserwes need 
to be considered. This diweraity bas ensured my 
continued interest ower IS years and l see the 
iuture as beiaa, if anytbinc, ••en aare interestiac 
and challencina. lt i• boped that tbu review vill 
stiaulate a siailar enthusiasa a.oagst 
non-specialist readers, ..tlo aay well be able to 
infl-nce future research, .tevelopaent ao.t 
applications of photowoltaica. 

The c._..nt• and opinions expresse.l in this 
article are those of the author and eo not 
necessarily represent the •ievs of his l!llPloyers 
(The Stolar Energy Research Institute}, the 
llidvest lesearch lutitute, aor the US Depart-at 
of Eneqy. 

A review of eccnoaic aad tech""logical 
requLreaents of solar cell•: status and 
research directions of polfCry•t•lline 
th1n-f 1l~ •e•1ces 

For solar cells to aalte a large iapact on the 
prowisioa of electricity for terrestrial coas~tion, 
it seeas inewitable taat the tbin-f1la dewice VLll 
need to be successfully deYelopeca. The relat1vely 
hi&b cost of single crystal silicon aiticates acaLnst 
its ever acbiewinc cost coapetitiweaess vitb 
conventionally cenerated electricity, except perhaps 
in re ... te areas 11bere the coaparisoa would be vith 
diesel senerators. In tbe .ediua-tera future, it is 
also possible that systeas based on optical 
concentration of the solar flax onto hi&hly ef f icieat 
cascade cell• utilizin& sophisticated ternary and/or 
quaternary 111-V alloy seaic~nductors will bawe a 
substa11tial iapact. lndee.l, sucb systeas aay well 
prove to be the lons-tera preferred option provided 
that satisfactory solutions can be found to the aany 
fundaaental aod engineerins probleas. Ho.raver, the 
possible success of the concentrator •:r•teas does not 
exclude other photovoltaic &•aerators unless they 
prove to ha•• a si&nifi<ant econoaic adva~ta&•· 
Since ve are certainly not presently in a position to 
deaonstrate vith any decree of certainty vhatsoev~r 
that this vill prows to be the case, the sensible 
stratecy, for the tine bains, i• to pursue all 
practicable options. Thin-f ila polycrystalline solar 
cells have .. de •i&nificant procreas in recent ye•r• 
and three aaterials combinations have exceeded 
converaion efficiencies (whenever tnis tern is used, 
it can be presuaad that aeaaursaents have been aade 
at 21'c, using the Aal.S direct spectrua, nor,..lizen 
to lUO ... ca-2; and under the at ... apneric: 
conditions defined in llASA TM 73702 \l) of 
10 per ceLt. The three devices are .:.l~/Cu2-.s. 
CdS/CulnSa2 and CdS/CdTe; and of these research on 
tha firet (at least iL the USA) has larcely been 
discontinued because of obdurate probleas of 
stability. Of course, the efficiency of cells baseJ 
oncl('-Si:H ha• also exceeded 10 per cent (2) but th••• 
vill not be discussed here aince it is the intention 
to concentrate on polycrystalline devices and, in 
particular, on those based on C4S/CuinSe2 and on 
CdS/CdTe. In fact, ve shall be exa•inin1 the various 
criteria for viability of thin-f il• cells in seneral 
but vill atceapt to illustrate the point• by 
reference to these particular devices. Firstly, ve 
shall exa•ine the OYerall case for the expenditure of 
larse s .... of aoney on the develo,..nc of thin-fil• 
solar cells in can.e of their ecOll09ic prospects; 
next we shall discuss .itat properties are raquired of 
tne aatarial• and dewicae; thirdly ve shall disc~•• 
the present status of C4S/Cuillllez and C45/C4re 
cells; and finally, we shall point out chose 
probl ... llllich pr•••ntlJ appe.r co be the li•itins 
factor• and the re•earch direction• which are bein1 
followed in the hope of owarco.in1 tne prob! ... alld 
realisin& th• objective of technically and 
econo11ically viable pol1cry1tallin• solar cell• tor 
l•rse-acala ter,eacrial ucilisatioa. 



The econaaics thin-fila soiar cells 

'Ihin-fila solar cells have several econoaic 
stren&ths and weaknesses vhich are cenerally balanced 
against each other in a costs/benefits analysis to 
shov that the technolo&y either is, or is not, likely 
to achieve cost-competitiveness vith either aethoda 
of cenerating electricity. Ve shall briefly eitaaine 
these arguments. 

'Ihe arguments are usually baaed on a comparison 
vith the costs associate~ vith the production of 
single crystal cells. The actual cost of an 
individual cell depends on a nuaber of factors, saae 
of vhich can be estimated vith reasonable accuracy. 
For example, having decided on the particular 
fabrication technique, one might then esci .. ce the 
throughput of cells (aiecers2, per year), the 
capital cost and lifetime of the equipment, the 
efficiency of the cells, the labour co~t. and vhecher 
single or dovble shift operation vould be required. 
In addition to these aore leas vell-lulovn ouabera, 
vould be less tangible factors such as the prevailing 
discount rate (vhich £S subject to large 
fluctuations), whether or n6t the capital vaa td be 
borrowed and the duration of the loan, .. intenance 
costs, and the cost of the facto1-y (and whether it 
vould be rented or purchaaed). Furthermore, the 
total ai:ui of the aarket and tbe eatiaated share 
likely to be acquired by an individual coapany, plus 
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their required retuna on investment, vould af iect tbe 
decision uhether ~r not to caapete in the field. 
Despite these .. ny coaplicated factors, the claia is 
usually .. de that thin-fil• production te~hniques are 
capable of yieldins devices at a coat >Illich vill 
ulti .. tely lll'der-cut the coal of electricity 
cenerated by silicon solar cells. Kore iaportant is 
whether or not the thin-fila cells vill under-cut the 
coat of conventioaally- or diesel-ge.'"lerated 
electricity and, •&•in, to predict the coat of enercy 
from these sources at saae date in the future is 
iapossible. Previous calculations have often assumed 
a different rate of inflation of enercy to that of 
aoney (3), usually the for.er bein& asa..,..d creater 
than the latter. In recent years, the reverse has 
be .. n the case, and this quirk of international 
econo.'lic forces alone would have been sufficient co 
spoil .. ny a hitherto praaisinc lookin& 
costs/benef ita analysis. Possibly even aore 
iaportant than all the above vacaries is tbe 
influe-u:e of political policy; i.e., crants, 
tax-credits etc. These CllD ch•!l&e not only tbe cost 
projections but .. y have the effect of stiaulatinc a 
.. rket. Altbou&b it is perfectly reasonable for • 
utility coapany or a conauaer to specify vllat the 
unit coats should be (because if that ficure is not 
attained, the product, i.e., the electricity, vill 
reaain non-caapetitive) it is llUCh aore difficult for 
a aaoufacturer, potential or otherwise, to predict 
vith any certainty whether (or vbe~I that tarcet vill 

Table 1. Princi2al solar cells under develo~nt 

Kasa of rare elea•nt 
Approxi .. te required per CWp 

Seaiconductor(a) Type of lare DensitJ aaxi- per a thickness Mode of 
involved cell el-nt (ltp .- ) efficiency (tonnes) Operation 

Si single 2200 20 20.7 Flat plate 
crystal or lov 

concentration 

amorphous 11 l2.0 
thin-f il• 

CdS/CuzS chin-film Cd 8650 10 60.6 Flat plat 

CdS/InP sins le Cd 11650 15 62.11 Only feasible 
crystal and vit.b cone en-

InP t.rat.ioa 

all thin Ia 7310 5 57.6 
fila 

ITO*/InP 1in&l• Ia 7310 16 50.4 Oaly fea1ible 
cry1tal vit.h concea-
InP, thin t.ration 
fila ITO 

CdS/CulnSe2 thin-fil• Cd 100 11 36.7 flat plate 
Ia 7310 13.6 
Se 12.3 

CdS/CdTe chin-fil• Cd 8650 11 51.1 flat plate 
Te 6240 11.1 

GaA1/G&xAl1-xA•** sia&l• Ce 6095 23 37.1 Vary hi&h 
crystal concaat.radon 
thin-f;.la 5 flat plate 

• ITO • lndiua tin oxide (0.2 • thickne•• fil•, 200 • thickne•• cry1cal a•• .... d). 

** x c1ken a• 0.2. 



[-------------~~--------~-~-------~ ---

be achieved. Despite these cautionary c-nts, 
there are .. ny exa.,las of lov-cost, large volume 
thin-fila production lines, and it seeas aore likely 
than not that cha target f icuras based on cha 
aconoaic constraints vill be achieved. lf there is a 
liaitation, it is the obvious one of achieving a 
sufficiently high efficiency coincidaPt vith lov 
production costs. Previous studies have shown that 
unless a particular ainimua efficiency is exceeded 
(the absolute value of vhich varies froa 
time-to-tiae~ the calls :ha.selves could be zero cost 
but the systea as a vhole YOUld remain non-viable 
because of excessive, area related, balance-of-systea 
costs. 

ln the abuvc list of paraaeters influencing cell 
costs, ve have not included a contribution froa the 
cost of the aaterials. Generally, ve utilize fil .. 
which are only of the order of one or tvo aicroaetars 
thick so that even very large areas, which vould be 
required to generate sign1f icant aaounts of 
electricity, do not represent a large part of the 
total cost. Possibly aore important, however, is 
the actual availability of soae of the .. terials 
used. In Tabla 1, ve shov an •ssessaent of several 
types of solar cell, inclu~ing the tvo ve have cited 
£S being of special interest here, and have 
calculated the .. ss of the aineralogically 
scarce element required, per unit generating 
capacity, per aicroaeter thickness. Th~ 
calculation is based, very simply, on the 
approxi .. te .. xi..,.. efficiency of the 
particular device, observed to date at the 
lsboratory level (4). 

In Table 2 ve shov a s ....... ry of aineral 
reserves, resources and refinery capacity for 
the various scarce elements itemized in Table l. 
Although the techniques of predictin& the extent 
of reserves •re notoriously prone to inaccuracies 
(much less those of predicting resources), these 
data at least give us an idea of potential problem 
areas. Clearly, the estimates of the total vorld 
reserves of indium and tellurium suggest that the 
l1m1ted availability of these cogether, vith a 
fairly restricte~ refinery capacity, aay vell 
constitute a problea if the CdS/CulnSe2 and 
CdS/CdTe cells are ever to be produced in large 
v~lume. With telluriua, the problem is less severe 
because much of the resour~e• could be converted 
into ra1erve1, given the necessary economic 
1timulu1. With indium, however, ve have a much 
aore 1evere ~roblem since both the resources and 
the annual vorld refinery capacity are extremely 
limited. 

There is considerable contention in the 
photovoltaic c01111Unity about tha accuracy of these 
estimates and it is not our purpose hare to cC1911Cnt 
on this. As vith the financial ar1uaent• prc1entad 
earlier, they are intended to be cautionary only. 
If indeed they vere proved in ti .. to be accurate, 
then undoubtedly they would con1titute a aost 
important aconoaic arguaent for soae and against 
other cells. Hence, th• cost of the alcacnts 
involved in the tvo most successful polycrystalline 
solar calla may wall be liaited to 1-2 par cent 
of the total call cost, but their availability 
may prove the dominant decisive factor in the lon& 
t11r•. 

In teras of material costs, that of the 
s>.t.strates would be expected to d-inatc over that of 
the ser.iconducton (8). If, for axaapla, va consider 
an array generatin& l CWp with a convar1ion 
efficiency of 10 per cent, then the required area 
would be 107a2. Clearly, if the substrates for 
this var• to be glaaa, the cost and production 
proble•• would be severe. Hence there i1 an active 
effort to develop low-cost aubatrat••· However, 
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aacapaulation vill i ... vitably be requirad aDll since 
glass baa bean the -t aucceaaftal aatarial uaed to 
date for thia parpoaa. it aay be difficult to find 
a raplacaaent. Poaaibly, thin glaaa fil .. could 
prove to be auccaaaful ia thia context, and these 
have been aucce11fully deposited by llF apatterina in 
the paat. 

Tabla 2. World aineral statistics (S) 

leaervea 
Material (toaa x l'l) 

Si ualiaitad 

Cd 754-

Sc 168 

Te 39 

In 2 

Ca 110 

Other 
&esourcas 

Ctoaa a 103) 

ualiaited 

ll 142 

461 

109 

2 

55 

Aaaual 
froductiOll 
Capacity 

(l9a0) tona 

2479* 

29510 

2547 

406 

65 

29 

* This figure ia tbe actual 1980 production 
level of polycrystalliaa silicon (Source: 
Hone1on (6)). The r-inias val .. aa in columi 4 of 
the table are the predicted 1980 refinery capac1tie1, 
the data being extracted froa several articles in ()J. 

** As an indication of tba uncartaintiaa in 
•ineral forecaatin& ••• (7). 

Thia concludes our diacusaioa of tbe aconoaic 
case for solar cell•. lt is apparent that the case 
is not a& clear •• soae of the protagonists of this 
technology iaply. future fuel prices vill determine 
vhat the proper targets should be for production 
costs, allcl production experience vill determine 
vhcthar they can be -t. Since the Ions-term 
solution to anery shortage probleas is likely to 
involve a •ix of technologiaa, it ia only prudent to 
continue devclo,..nt eYCll of those which, like 
photovoltaic•, are surrounded by acon-ic 
uncertainties. To s ..... extent, I believe, that the 
econoaics will taka care of th ... elvcs; it is far 
more i•portant, for the tiac, to conr.entrate on 
iaprovi~J device efficiencies. 1his will be the 
subject of the next section. 

What arc the qualities required of thin-fila 
solar cells? 

To .. k• this tachaolo1y a success, there .... c be 
several rcquir ... nta fulfilled which, in the last 
aaalyaia, all aaouac to raduciaf th• coat of the 
eaar11 1enaratad over the lifet1- of the cells. ln 
one seas• this is aiaply a detailed extension of the 
aconoaic diacuaaion of the previous section but here 
ve identify three key topics which are presently 
being attacked. These are cell efficiency, the 
ability to produce lar1a area• vith a high 
throughput, and cell stability. All the cconoaics of 
the cells are inherent in these three factors bu~ 
rather than diacuasin1 thcaa, which •• has already 
bean explained invol••• 1111eh &••in& into crystal 
balls, we shall concentrate on what is aaedad to 
aneure high aff iciency and what Che lillitationa are, 
on vhat development of high Chrou&hput techniques ia 
bain& undertaken and what special probl ... need to ba 
addressed, and finally on what practical axperien(e 
~· available of the stability of Cha two davicaa of 
interest. 
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Effici.aicJ 

the efficieacJ of • solar cell (9) is depea4ent 
on the properties of the absorber. of tlae viDllow 
l.,er. of the j9DCti- between them. - losses at the 
external electrical c-tacts and - c:ptical losses. 
Aas-inc that vith careful desip the latter t­
losses can be ... e ver, -n. ve shall coaceotrate 
- the properties required of the tvo •-ic-iuctors 
and - their interface. 

In brief, the properties required of the 
absorber arc that it should (10); 

(i) Have a band-cap s-Wcre aromul l.S cY 
siacc this is near the opti... for 
photowoltaic conwersioa; 

(ii) llaYc a larce optical absorpti- coefficient 
for all vavelcncths less than that 
corres,-dinc to that of the baod-cap; 
this ensures that ainiaal thiclulesses are 
required llbich aioiaizes the aatcrials 
requir-ot; 

(iii) !..ave as loq a aiaoritJ carrier diffusi­
leqth •• possible; tbia easures that the 
photoeenerated carriers diffuse to the 
juacti- aad are ._pt across it b)' the 
internal field before recoabinati- can 
occur. 

Siailarl1. the properties of the vind- layer 
(assuaioc that ve are dealinc v1th beterojllftCtioas) 
are that it should: 

(i) llaYe •• larce a band-cap aa possible so 
that it traasaits freelJ aero•• the solar 
•pectr-. TJpical viad- la1ers are iadi .. 
tin oxide (vith a band-cap of about 3.7 eV) 
and CdS (vith a band-cap of about 
2.42 eV). ClcarlJ, the latter cuts off at 
a loncer vavelencth than de•irable; 

(ii) Rave as lov a resistiwity •• possible. 
This enables the thickness to ilc reduced 
without the fila presentinc a larce 
resistance to the later~l flov of current 
to the crid lines. Also, the spacinc of 
the crid lines can be incre~•ed for lov 
reaist1v1tJ vind- layers. vhich reduces 
the shadinc losses; 

(iii) le straichtforvard to fora ohaic contacts; 

(iv) Rave l•rK• dieacter. vertical 1r•in•. or 
have paHive 1rain boundar~••· ln this 
vay. it is possible that tha perforaanca of 
polycrystalline devices can approach that 
of sin&l• crystal calls. 

Fi1ura1 1 and 2 •~ the absorption spectra of 
several a .. iconductors inc:ludin& those under special 
considarstion hara. Aa racarda th• intarfaca. there 
are •&•in several criteria vhich should be used to 
1uid• the choice of the two .. tarial• (11). Theta 
are H foll-•: 

(i) There ahould not be a ••var• ai ... tch of 
tha alactron affinitia• of the vind- and 
abtorbar layer•. Such a ai,..tch can lead 
to a ditcontinuitJ in the ad&•• of the 
conduction and/or valance b~nd• and this 
can iapada the aovaaant of photo&anaratad 
carrier• aero•• the junction; 

(ii) There thould not be a larse cryttallosraphic 
•hutch bet-•n the two fila•. The 
pratanca of ait .. tch cau••• racoabinacion 
centre• which lead to incra•••d raver•• 
taturation currant, and a raducad 
fill-factor and open circuit volt•&•; 
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(iii) nae c-ffi.cinta of tbaraal axpaui- of 
tl\e ~ .. teriala alJIOoll• be aa eearly equal 
aa poaaU1la. Since O:epoaition of -
aaaicCIGlloM:tor onto the other ia at alawate4 
taaperature (e.1. a aullatrata taaperature 
of about no·c ia .... for tllie •epoaiti­
of C4S onto C.IaSa7) strain cu be caused 
upon c-lins .... this acain cauaea 
interface states _.ich iacrease the reverse 
saturation c~rrent; 

(iv) t1ac t- .. terials should idcallJ be 
--reactiwe. 1bia -ans that the)' sb-ltl 
oot react ch-icallJ. a• •bould not 
interdif fuae. Alt.bou&h such effects arc 
nearly iapossible to awoid oa u atoai~ 
scale, the)' are actually ,....esirable 
because tbe, saec•t•. or at least reduce, 
tbc value of dc•icn criteria. 

In principle. there are ... y aaterials 
coabinationa wbicb -t tbaae critari.• llotll 
inolivi•ually .... aa a coaltiaation !Mat in practic&. 
-r'J f- Jial• efficieat ._icea. ~IMr suiuliaes 
cu be _ .. to .. fi.e the 8CCUHrJ optical and 
electrical properties of tbe ca•pa•e-ts of a v~ 
layer llieterojUllcti- Hlar call. the -i&r-tic 
pllotocarrnt of -i. a device c- r ... ily Illa ai.- to 
be (to a pod first approsiamtion) 

.Ji. • r. [l - r: (-G)J 
+CJ: (l) 

vbere I: i• coastant dapaMlaat - the pbot- n- at 
the jwtion. -C. is the optical absorption coefficiint 
for the particular va-la11&tb r .. iati-. V is the 
width of the depletion rqion betveea the tvo 
saaicoacluctor•. and L is the aillority carrier 
diffuaion 1-ctll (in 1-ral. for electrons. since -
virtuallJ alvaJ• coasidar p-typa absorbers and n-type 
vind- layers). To ensure a•l. - siaply require 
that the producu-<V and/or9'L are lar&• for the 
absorber. Since the fl- 1-r•te• exec•• 
electron/bola pain in the absorber, it foll_. tbat 
ve vish aa ...c:b of the deplati- f iald to be located 
therein aa pouiblc. lleaca. a further dcsisn 
rcquir ... nt ia that the absorber be aucb less heavily 
doped than the vindov layer. The actual vitltn of tile 
depletion layer (and hence the required dopin& of tile 
absorber) should be of the order of 1/-c. For t)'pical 
abtorber• aad useful vavaleqtbs this quaatity is 
-u.lpa; and to obtain value• of V of tllis aa1n1tuda 
or 1reatcr require• the dopin& density of tile 
absorber to be 1016-1017 ca-3. Althou&h values 
le•• than tbi• rans• lead to larsar value• of V and, 
theoretically, hi&her collection efficiency, in 
practice they can also lead to the problea of 
a•c•••iva series raaistaaca lo••••· Since ve vish 
-•t c.t the depletion field to appear acroH tM 
absorbc r. . , incraaH the drift coaponnt of the 
colleL'· 11\otocarreat, va can also •pacify the 
iapurity uoceatracion of the window layer. It is 
also posaibla to iaprova tba •••isn ~Y craatin& 
1radad iapurity profilaa vbich have cha effect of 
aKCandin& the depletioo re&ion (11). 

Aa•-i•& Chat the siapla plloto-dioda equation 
ran be appliad. th• o,..-circuit volcasa of a solar 
call·can be written, to a &ood approxiaation. •• 

Yoe• ~·1~1 
• ;so 

where A ia the diode idaality factor, k, T and a ara 
respectively loltsaann'a con1c .. t, absolute 
taap1ncure and alaccroaic claarsa, aad J 0 u tlle 
reverse aaturacioa current. It follov• froa Chi• 
aquation that Cha ratio (J&)J0) should b1 al 
lar1• •• possible. The afficiancy of • call i• sivan 
by 

'\ • Jr. • Yoe • r (J) 



'*•re F is the fill-factor of the cell. F also 
........ - ... iaiziac (JL/.10), ia the abseace of 
losses due to series aad shuat resistaace, aad heace 
- •ini•iziac J 0 • Tbus, the latter quantity 
closely influences tvo of the three par ... ters 
10,,.rainc dewice efficiency. Since for .. ny dewices 
JL approaches the theoretical li•it for the 
particular absorber/viadow l~yer c...a.inatioo, macb of 
the r ... iainc potential for efficiency i.prow ... nt 
lies ia reducinc .10• Thero are niae possible 
contributions to .10 (ll) but, for heterojuactions, 
tho most siaoificaat is ofteo foua4 to be due to 
recOllbioatioo wia iatorfaco states. In fact, tbs 
ra,,.rse saturatioa curreot (or rather it• reductioo) 
is pr ... ably tbe siacl• most i11POrtaat tarcet for 
.. wice i11pr-t. To miaiai,... .J0 requires tbat 
the wol- of the fil- is free of an eacessi,,. 
.... ity of recOllbioation centres, that the ioterfaca 
is as free of ••feet states as possible, ... that the 
contacts are oot probl ... tic. Also, it is aecassary 
to eoaure that interdiffusion ... cbeaical reactions 
at the iaterfaca are .U.i..al. A larse wariety of 
aoalytical tecbaiquea is .... to iawesti&ate these 
prHl- ... tbese vill be disc-an io the ...,.t 
paper. 

So far .,. haYe diac .. aed considerations relatiD& 
to tbe possible ca11petitiweness of solar cells, the 
awailability of .. terials, aad the fuada.ental 
pbysical desica criteria. la this section ve shall 
return partly to the economic aspects ia the sense 
that ... shall coasitlar ubat -•ns are bein& -iaed 
for larse-scala production of dawices. Howewer, tbe 
Deed to deposit larae areas of fil• vitb wary 
specific properties, wery quickly, raises a number of 
separate probleas Yhich are not of an economic 
nature. CdS/CuiaSe2 cells are usually fabricated 
entirely b/ vacuuc depositioa,the most vell triad 
bawinc been developed by the lloeins Corporation 
(12). This technique consists of thre~source 
deposition of the CuinSoz and a sincle source for 
the CdS, as seen in f icure ). Tbe substrates are 
usually of very li•itad area aad deposition is 
usually quite slov. Tbe coastn.ctioa of a typical 
cell is shoun ia fiaure 4. Althoucb efficiencies 
hawe reached 11 per cent for these s .. 11 area cells, 
to c011Dercialize thea vill require rapid throu&hput 
of larse areas, vhilst still .. intainin& bich 
efficiencies. Exactly the s ... c011Deats caa be ...Se 
of the CdS/CdTe cells; these have also exceeded 
10 per cant coawersion efficiear~ and shov crest 
potential. 

Ve shall now consider vhat the requireeeata are 
of the larse area processes aacl shall thea .. ntioa a 
fev of the techniques beins esaained. 

Production rat.s 

For photovoltaic• to .. ke a sip1ificant i.,act 
on electricity supply in the USA it vould appear chat 
they eventually naad to be introduced at a rate of 
around 10 Gii of 1eaaratin1 capacity per year. Thia 
••ns that than should probably be arouacl 20 such 
.. chinos each vith a capacity of about SO NW (13). 
For s device efficiency of lS per cant aacl aa area 
utilisation of 10 per cant, this would require an 
output of 4.2 x 10) a2 per year. Ass.,.ins 
S000

2
hours of operation per year, chis corresponds to 

ao. par hour, or 2.2cra/sac. for • width of l •• 
If tho lensth of the deposition resion i• 100 c• 
Cas•u•ins a batch coater), then tho coatins duration 
vill be abouc SO seconds, so that if the required 
thickn••• of the ab1orbor i• 5000 A, tho dopo•ition 
race vill ba about S,SOO A/ain. Althou1h this i• 
readily ettainablo, it ..,st be rallOllbared that all 
Che required fila properties .,st bo .. intained 
chroushout the production •chodula. 

II I 
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Poteatial probl­

(i) PillbolH 

'Ille fihis .... c be piabole-free otbervise sbor~s 
vill be formed ubicb caa s.,,.roly decrade device 
performance. Ybe oricila of pialaoles i.s •sually 
particulate aatter ... tbia caa be due to iaadequate 
substrate cleaains or to fallins debris froa vitbin 
the deposition syst... Heece, sreat care v~ll aaed 
to be paid to the cleaaliaeaa of the s,..strates aad 
tbe interior of the depositioa syate1a ... this vill 
need to be incorporated Oil a iru..;:iae basis to awoid 
loss of yield. 

(ii) 'Dlicllaeaa .....-..aifoiraities 

Mbate-r tba .. tllod of depoaitiOll .... , tbare is 
inevitably a distri .. tioa of t• .. terial emitted 
from tba •-rce(s) ... lleaco of film tbiclmeaa. For 
tlle oaorller layer tlaia cOllld h • i.llportant 
c-i•eratiOll a'-e it: is -t aaly -••Airy to 
-·re tba daiclm&•• ia creator tbaa - aiaimm 
walue, .. t also t:bat it ia -e: mrcaasiYely tbick 
'*ich ..... 1• rea•lt iD .. tariala ... tac• Slld loss of 
ti.me. 

For c..,.... semicoaoluctors it is aeceaaairy to 
aaiataia tbe req•ired compooitiOll across tba eatire 
substrate area to easure consistency of electrical 
and optical properties. Vllea two or -re el-ts 
are beiac eYaporated, it .. Y be possible to reou.:.a 
departures froa sc:oicbi-tiry ~Y .. i._ .. ,,.ral 
carefully distributed aources of each .. cerial. la 
the case of sputter depositioa, tbe probl .... Y be 
lasseaed by usiac lars• srea tarsets. 

Ciw) Aa1le of incideace effects 

It is knova for awaporatioa chat the srains of a 
polycrystalline fil• tOIMI to alien themselwes tovsrds 
tbe wapour sere... In the caaa of evaporation from 
several spatially distributed aources, tbo problea 
can be expected to be -r• coaplicated. lt is aot 
difficult to see that the propartiaa of fil .. of 
•aryinc sraia ali&lllleDt aad surface texture vould be 
very unpredictable. Ia all the aboYa cases, the 
effects would be to lead to a distribution of fila 
and, hence, of cell properties. It is aot difficult 
to ahov that the effect of tbia is to desrade tho 
o•erall perforoanca to that of tba poorest areas. 
Virtually aothia& is kGOllD about tbeso effects in 
larce-acala productioo. Altboa&b the allova c .... ats 
b.I•• ben aimed specifically at vac- dopositioa, it 
is certain that tha .... pTobl ... vill arise ia all 
•thoda. 

llathoda rraaentlr uadar ilnroatiaation 

Tb• probl .. of larsa area rapid dapositioa, is 
already beias iavostisated aad several .. thoda are 
beia& considered. ror avaporaltion of Culnlef, 
(usins open boats _.. lnudan effuaioa cell• 
thorciup 1tudiaa have bua made of tba probl ... 
ariain1 in acalias up froa laboratory scale. Tho 
probl ... are not siaply ~• of scale but inwolva 
aon-linaar •ifferential aquacioa• (14). 'Jh• 
difficulties of acolo-up havs ban usefully 
illustrated by analO&Y vith laboratory aacl production 
scale sanecic aacinaarias. loactiva .. paatroa 
sputtorins is also ullller consideration (13). This 
aethod in•olvas sputcarin& f roa two .. tel tarsats 
(copper and iadi1111) in a partial proseura of Hzlo. 
Other .. chods vith cha pocaacial for larsa area 
coatins of CulnSaz include alloy platia&, clo•• 
spaced vapour transport, aad olactrodepoaition. fn 
cha c••• of C4To dapo•itioa cha .. thoda bains 
invo•tis•tod include ch .. ical vapour cranaporc, 
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electrodepositioa, and hot-vall evaporatioa. 
Althonch sul:stantial prosress bas been ..... research 
bas been too li•iced to expluit the potential fully. 
In ter .. of area the larsest successful CdS/CulnSe2 
cells fabricated so far are approxi .. tely 100 c•2 
vitb aa efficiency of 6.2 per cent; for CdS/CdTe, 
deYices of up to 4,000 e:-2 ba- been producH vitb 
an effici-cy of S per c-t. A s-ry of tbese is 
sb- in f~sure S. Altb-&ft these results are 
otremely promi.sias, -ch -re effort aeria to be 
..... Careful studies of the physics of srovt::h of 
tbe fit .. have in ieaeral not been .. de and certainly 
the relatioaahip of tbe srovt::b parameters to tbe 
.. vice physics is an unexplored area. 

Device st..,ilitr 

It is of sr••~ U.,.,rtance that solar cells 
.. intain their electrical output, vitbout de&radins, 
for about tven~y years, if the •1•t- ecOftOISics are 
to st•y competitive. llaay macbani ... of desradatiou 
can occur. Since several interfaces are inYolved ia 
tbe oleYice structure, ch-ical reactiGns or 
iaterdiffusion can take place and these vill 
certainly affect device perform.ace. lloveYer, 
de11;radation of the external coutacts appears to be 
the cause of such instabilities as bave been 
observed. CuinSe2 devices have sbovn excellent 
stability after exposure to simulated sunli&ht for 
OYer 9,000 hours in controlled environment. However, 
degradation of the front contacts of unencapsulated 
cells has been observed durins outdoor testins, and 
chis appears to be due to accack of the al...,.inium 
grids by water vapour and chlorine. The solution to 
this probleai probably lies in the developoenc of 
adequate encapsulation, or of more sophisticated arid 
structures. As yet, no studies on che stability of 
CdTe based ce~ls have been sponsored by DOE/SER[. 
However, tv~ of the companies involved in 
aanufacturing devices (Kodak, Katsushica) have 
performed preli•inary studies. The former has 
obtained some rvidence of contact decradation whilst 
the latter has not observed any decradation of 
perfor.ance on their screen printed cells. Ve .. y 
conclude from this that proble .. of stability appear 
to be •iai .. l cC1111parcd vith other cells, for eaa•ple 
CdS/Cu7S, and chat such instability as is evident 
is due to dcsradation of aspects of the cell other 
than the two 1cmiconducton. This is -•t 
encoura1in1, since the latter problems tend to be 
inherent, whilst the former are techaolocical and do 
not present a fund ... ntal li•itatioa. 

Problem areas and .. ;or research directions 

Ci> Lov Yoe in CdS/CulnSaz cells 

Eapirical ly, it ha.; us11al ly bar\ fo1 nd that the 
open circuit volt•&• of cells is approxi .. taly 2/3 
cha anar&J cap of cha absorber. This is the case for 
.. ny absorb•~•. but cha rule certainly does not apply 
to CuinS•z for which cypi~ally Yoe • 400-450 •V, 
i.e., lass than 1/2 £1. The reason for this is 
uncertain other than that it is dua to axcassivaly 
larca values of J 0 • However, as va have already 
pointed out, chara ara .. ny possible csusas of this 
and the particular contribution has never bean 
isolated. Since it also li•ita cha fill-factor to 
lass than 70 par cent, it is vitally i•portant that 
this probl .. be addra•1ad. Recently, there has been 
con•iderable diacu1sion about the nature and location 
of the active electrical interface in th••• call1. 
&llC data imply that the davicaa are actually buried 
homojunctiona Calthoush the .. chJni••<•> by which 
type convar1ion occura ia <•re) atilt very .,ch under 
diacu••ion). sP.ctral r••pon•• •• ,. however tend to 
contradict chi• thaory. If indeed cha buried 
homojunction .aclel i• correct, then ve would expect 
Yoe to ba •ubatantially lover th•n if the 
heterojunction 1111dal •ppli••· linca improv ... nt of 
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the dewice effici-cy larply depends o.-. improvin& 
Yoe• it is critical that tbis issue be r•solved. 
If Voe c-ld be improored to uarar 600 _. then an 
efficieac:y appr-cbiq lS per cent c-ld h achieved. 

To resolve tbia probl .. vill necessitate 
imprOYin& our lmGvledp of the defect cb .. iatry aad 
the role of extriaaic dopins of CulDSe2• These are 
ftmd-tal iss-s ... ich are arisin& at a time vhen 
the device is already beill& c-rciali&ed. That 
tbey b.- not been raaol-d already ia prob..,ly due 
to tvo reaaons. Firatly, atrai&htforvard tecbaolosy 
enabled relatively bich efficieacies to be acbieYed 
vitbout there appearin& to be a need to atuay tbe 
.. tarials at the fulldaloental level. SecODdly, 
CuloSaz is unuaual aa an electrouic L1terial, 1n 
that ita ouly eYid-t applicatiou ie ill solar cclb. 
lleace the ve•ltll of backsrouod information avail.Ole 
for .. ny -tariala does not exist for CulaSe;z. The 
future of this -t~ial probably depends on tnis 
aituatiou beill& remedied. 

(ii) Controlled contacti!IJ to aad eatriasic 
dopr.n& of p-CdT• 

Sinsl• crys~ls of CdTe can be doped a-type or 
p-typa vitb an excess of Cd or Te respectively. 
Extrinsic a-type dopin& vitb indiua of both sinsle 
crystals and fit .. is also po•sible. le is also 
possible to produce lov resistivity p-cype crystals, 
but extremely difficult to produce bi&bly conductive 
p-cype polycrystalline thin-fil.:s. In 1eneral, the 
impuritiea tend to •e1r•1•te at tbe crain 
boundaries. It app-ars that oaysen incorporation 
durin& procesains or after depo•ition iaprove the 
conductivity. This observation is rather siailar co 
that of the affects of junction -vement in 
CdS/CulnSe2 cells. To produce p-typa filu 
reliably and reproducibly requires ... ch .. re effort 
in chis area. 

Tbe contactins probl... to p-type CdTe can be 
• ...,..rized as follows: 

- Lov reaiativity C<lU,lic•) n-cype filu of 
C4Te can ba produced aad tbese perm1t vary 
thin tulllltl junctions of lov contact 
rasistanc:a to ba aada with certain .. cals. 
Such iov resistivitiea caanot ba achieved for 
p-typa fil .. ; 

The electron affinity of n-typa Cd'Ia is about 
4,3-4.S eY vhicb i1 al-•t equal to its vork 
function for de1anarata, lov reaiativity 
.. tarial. For p-typa .. carial, the vork 
function is approximately 6.0 av. Ohmic 
coutact to r-typa .. tarial requires .. tals 
vith a work-function around 4.4 av; for 
p-typa .. cerial a .. cal vith work function 
craatar than about S.I eV is required. Many 
of cha formsr are available, vhilst there are 
none of the latter. 

Tha contact ra1i1tance batvean a .. tal and a 
s .. iconductor is 1ovarnad by cha hai&ht and cha vidth 
of th• potential barrier betvaan the two. A• 
explained, it is difficult to .. k• either s .. 11 for 
p-typa CdTe. Since there are quite savara lo•••• 
a11oc1atad with poor quality contacts, asain this is 
an area which vill certainly receive conaiderabla 
attention. 

(iii) l>aYelop!!nt of p-tzpe vindov-larar' 

All vindov-layer• pr~ ... tly •vailabla ara n-ty~a 
and carteialy there ia no p-typa a .. icOllductor with • 
b•nd'"l•P appro•chias that of .. cari•l• like ITO and 
ZnO. Thi• i• a •omavhat li•itin1 •ituation aiaca.ic 
ra110••• Cha poe1ibility of .. ,1orin1 tha potantial of 
vindcitrleyar hetarojunctiooa uaia& n-typa abaorbar1. 
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loth C4Te •nd CuinSe2 •re •v•il•ble ia a-type fora 
•D4 .. y h8Ye •dv•at-ce• owe• the p-t:rpe •baorber•. 
llavewer, the .. terida ..itich cu be .. .te p-type, 
hi&laly coa4uctiwe •nd tr•aaai.aaiwe h.awe • b8nd-s•P 
lea• the ewea th•t of C4S C-.,2.5 eY) so tb8t 
•baorptioa loasea •e•r the ..,......_ of the aol•r 
spectra. uould be prohibitive. It ia possible th•t 
.. teri•la such as C..C.S2 vith its bud-sap of 
2.1 eV .. y be suit•ble or, iadeed, other •lloy 
syat- could be denloped. llovewer, to d•te little 
effort hes beea devoted to this topic. 

(iv) Rese•rch into c•scade cells 

thin fil• cells h•we just the SUie possibility 
of being gr- in t•nd- or cascade fora as do the 
ternary 111-V •lloy devices. Opti .... devices, 
theoretically, vould utilice a top-cell vith an 
absorber band-gap of about 1.6-1.I eV and a bottoo 
cell vith •n absorber band-gap of 0.9-l.l eV. this 
is shova diagr .... tically in figure 6. Several 
.. teri•ls possibilities exist including Cul.S.2. 
a-Si:R, llgCdTe, for the lover •bsorber, •nd a-Si:C:H, 
CdTe for the upper •bsorber. Also, the .. teri•l 
CuCaSe2 should be nearly ide•l ,.rticularly froo 
the poiat of viev of ccmp.cibility ia CulnSez. 
there •re •lso other •lloya b8Sed oo C4Te vllicb have 
gre•t potential. Vith •ny of these syat ... the 
produccioo proble.a are severe aiace it ia nece•••ry 
to .. iotaio high-q,..lity .. teriala properties 
throoghout the deposition of .. ny l•yera and over 
f•irly vide t...,erature r•ngea. Hovewer, the very 
higlt potenti•l efficieacies •r• attractiwe aod 
c•sc•decl thia-fil• ayat ... h.awe .. ch ro offer. 
leaearch io this area is cooparatiwely limited at 
preaenc u4 afficieociea appear to be limited by poor 
quality cootacta to CdTe (in a CdS/CuJDSe2:CdS/CdTe 
cell). A typical device construccioo is abovn in 
fisure 1 aucl, in tbia coofiauracioo, efficiencies of 
several per cent have been recorded (15). 

(v) Advanced depoaitioo research 

the .. jor obstacle to investigating large-scale 
production technoloaiea is 'heir coat. Hence, far 
more effort h•• been devotee! to improving the 
efficiency of a .. 11 area devices th8D to studying the 
hose of probl ... aaaoci•ted vith large area 
deposition. Presumably a• cha ... 11 area 
af f iciencies and the prospects for c.,...rcialiaacioo 
improve, more attention vill ba given co scale-up 
probl.... Perhaps the .. in point to be r..ellbared is 
th•t tha efficiency of l•rga sr••• vill alv.ya be 
less th•n th•t of a .. 11 areas and so the .. ceriala 
quality .... t be superior for the former, if 
efficiencies are to be .. intained. Virtu•lly no 
reae•rch h•• been done on the nucleation and grovth 
of the absorber fil•• CulnSe2 •nd CdTe and, not 
surprisingly, the fit .. and calls tend to ba ao.ao.ilat 
ill-defined. this situation .... t chana• before Iara• 
area deposition can be .... practicable. 

Conclusioos 

Alc:bouglt .. ny ec-ic studies h8Ye been •de of 
cha probable coat-c011patitivenass of solar calls, it 
is our baliaf that there are too .. ny variablas for 
thasa calculations to be raliabla. If indaad thara 
is an acOllOl9ic rascriccion, for cha c:hin-fil• d9Yicas 
basad on C:Vlnh2 and CdTe, ic: vvuld ba cha 
availability of Ia and Ta. 

Si.,la c:haorac:ical considarationa illdicac:a that 
the .. jor iaprov-•cs to ba .... vitb Culttla2 
calla ara with Yoe and the fill-factor, both of 
which clapend on raclucioa J0 • Vith Cha Cd'ra cell 

- u -

-b of the poteatial ilip~t in perfo~nce 
vill rely oa improviq the c-tact to tM p-type 
..t~rial. 

For tba caacada cella. operaciooal devices have 
already been ~traced IHat tllere are coeaidarable 
prol>l-. Coatactiq Claa CdTe ia qain probl-cic, 
but there ia tha a .. icioaal difficolty of avoiding 
intercliffuaioa of tile varioua fi!.a and of providia& 
tranapar .. t t-l j-ti-. Optimiaatioa of either 
cha cvo or four coatact taclllli.- -t ba achieved. 
Finally. DllCla -re dat:ailad at:odiea of fit. and 
device propert:iea ...,. to ba ...... .,,.. at: cha 
laboratory scale, if the laqe area hiah tbroogbput 
productioa techaiques are ever to ha aucceasful. 
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f11UR 1. Tbln-FlllR ttelefOlunCllon Soler Cells: OplilMI Use ol 
. lhe w.r Spectrum. 

Shown .,. the absOfPlion coefficien~ or CdTe and 
CulnSea: transmission curves for various heterojunction 
partners (window rnaterialS) under study: and photon 
flux denSity (linear in energy. •V) lor the AM 1_5 Global 
Spectrum. --- - ... .. 

Figure 2. Absorpllon Coelftdenls of Various Thln-FUm Semi­
conductors. 
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Figure 3. TluH Source De.,os!lion of CulnS.:t-
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Figure 4. CdSICutnS.1 Cell Structure Showing Deposition 
T...,.,...... and lhe Relative Composition or 
a........ During Deposition (Boeing) • 
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Figure 5. Large.Area Polycrystalline Thln·f"Jfm CdTe and 
Culn5e1 Cells. 
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Figure I. lso-Ellciency Cunes for Two-Cell. Four T .......... Cell 
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n.e idea of t•naina •-liatat iato "!lectricity 
iaapirea •i•i- of a -ri• fr~ fr- apetllleoce .. 
scarce ... pollati11& fuels. lat alttaoapa solar 
cell• - alao called plaotO'IJOltaic (PY) ._.iceo llecaaae 
tlaq 1-rote a woltap ..._ upo•n to lipt - laaft 
niatn for -re tlaaa tlazwe 41a:..._. tlleir taip coat 
has -cil recntl7 renrictn ~ -ial7 to-" 
e:ucic aoes •• .-riq opacecraft. C-n:ial 
aaccess i• - c-ina, .._t ia laH •~tic f- tllaa 
-· oao:e iaaai_.. Tile .Ja,.... •• ncoaaiabs tltot 
tlaen is -ra ~ ia c- proolacto tltaa ia 
spaceship•, are torai11& -t .uu- of PY-..ai..­
vatcloea a .. cal~alat,ra a ... cit .... solar cello vill 
- appear - 18r1er pr-.Cto. -" ao •attary 
ctaaraera. TYa. a .. aat-'tila •aar-fa. 

Solor alectricit7 ia atill npeaai.... PY call• 
coat roaaftl7 $10 per vatt of ae-eratiaa capacit7. 
........ 1 t~ ~• tllaa a c~ioaal ,..,.r pl-t. 
lat i• coatraot to otller ,_r -re••• tha "f•l" 
coat• -thiaa _. tlaera an .. -ill& part::o to break 
dova. ltoreo•ar, PY tacla-log -rko wll oa n7 
acola, so capacit7 caa be mipaaclacl otep by •tap. 

'the co•t of rY calla laao droppacl atouala so that 
they can aov c011pCta vitta •ia•al aaaaratora for ,....r 
ot re-ta aita• - •uch as c....aicotioaa rala7• aacl 
vater .....,. - that are aot la-keel up to • utilit7 
1rid. Solar cell• ara eapecioll7 artracti•e in third 
world countria•, where there are fever central 
aanerarina olanta ancl vhera fuel price• can be 
exorbitant. In India, for exaapla, clie•el coat• S4 a 
aallon. 

Solar power'• drop in co•t - a tenfold reduction 
over the p••t decade - •t.,.. fr08 a radical shift in 
photovoltaic technolo&7• 1 .. aatad at lell 
L.boratorie• in 1954, solar calla .,.ra for ,..ny year• 
.. de al .. at ncluaival7 of tlaa • .,.. ultrapare and 
••penaiva for. of ailicH cryatola ao ubi'9itoaa in 
•icroclectronica (vhara tlla , ... cit7 of .. torial per 
davica i• -.ch ... 11ar). lut tlla Japanaaa have 
da.onatratecl that for .. 1117 applicatioaa, aapecially 
vhara it ir _, that '-Port•t co a-arace larp 
-nu of ,_r par ••uara foot, cllaapar ... laH 
refined ,..tariala ara parfactly ....... c.. 'llMly caa 
ao onto laH apenaiva ••otracaa, N cllur..• oat 
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Figure 7. Two-Junction. Four· Terminal Optiully Sta':led Puly­
Cll• .... • CdTe/CulnS.1 Solar Cell 
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-re rapi•ly at 1-••r toleraacaa, ... cower arLu 
...eta laraar t ... t .... a feasible for cryatalli .. 
ailicoa awicaa. Fartlaa.,..ra, thay caa ba 
....,factarn vith atrai1htforvar•, bi&hly 
c-trollable proceasea tlaat are easily iatecratn 
iato a coati- pl'IMhlctioe line. Althouala tloe 
performeace of tltaaa 1-r-cost n device• 4oea not 
,at approah tlaat of the Mot c-rcial crystalli .. 
devices - vhicla tranofor19 iato electric pciuer up to 
lS per caat of tile solar -r&Y tlaat otrike• thaa -
- are coai111 cloaa, ... 1-pr--u are occurriac 
at ... ily. 

Tile leadiaa 1-on approac:lt i-lve• thia 
fil .. of •.,.icooclactor tltat ara -ly O.S-SO •icroaa 
thick; -...1k• crystal "9'icea, •Y c-traat, -•ure 
1S0-2SO •icr-. 'llaia fil• aoak •P li&bt H much .. 
100 time• batter tlaaa ... lk cryatala, tberny rnaciaa 
the ....,.c of .. terial ......,., ... tbey offer le•• 
electrical raaiatanca, ai.ply bacaaH tlle electroaa 
paH tlaroap lea• •tenal oa chair vay to tu 
coatact. 

thin-fil• PVa can be .. da fr.,. a •ariety of 
.. ,.rial•, •ucb .. c ... i ... tallurida .... aalli ... 
arsenide. lut the favorite, which drives virtually 
all tha aolar-,-red vatcllea aad calculator• nov oa 
the .. r1tet, ia .,..rplaoaa (noa-cryatalliae) •ilicOG. 
la l91S, over I .. a-att::o worth of ... rphoua •ilicoa 
PY device• wre produced, accordina to 
Edvard S. Sabi•ky, .. naaer of the a .. rphou• silicon 
proar .... at the Solar Eneray Research Institute 
(Colden, Colo.). Utilities are •hovina intare•t as 
veil. Alab ... Power, for exa.,le, plan• to build an 
axpari .. ntal povar pl•nt in which a .. rphous silicon 
•olar cell• 1enerate 100 kilovatta. 

Amorphoua silicon is 40 ci .. • .. re 
liahc-absorbent than c'"7•tallina ailicon; hanca far 
la•• .. cerial ia naadad to produce uaeful ,....r. lut 
c ..... rcial ... rphoua davica• are only 4-6 par cant 
officiant. llhila aavaral laboratories in the US and 
Japan have reported ... 11 -rphoua calla roted at 
10-12 par cant, thia ia still only about half •• 
afficiant aa tho bear ainale-cryatal ailicoa calls. 

tlucll of tlM vork oa rain•& .,..rplloua nlicon'• 
parfor.anca iavolva• allO)'i•a vitll otllar aatariala. 
la ••y aolar call, alactricity i1 aenaratad oaly by 
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tltoae pllotoas with ~ -ru to lift • elctet.-­
fr .. tiM! ••lr.x:a baad (ia which state it ia ti&htly 
liakd to the at .. ic imcl.,.s) iato the co .. 11Cti-
ha .. ; plilotona with aaers7 lover tlta this "baadcap• 
•al..., pass throoa&h the .. ta.-ial with ao affect. 
~rpllo:os »ilicoa has a ralati-ly ai&h ••aolc•P -
l.~ alactroo1-.rolt~ (aV) - rasaltiac i• • hi&hel" 
YOlt•&•· A cruci.1 •i••••aataca, boveYer, is that 
Cloe call p....iuca• a 1- C•rraac, siaca it raspoads 
.. 1y to hi&h-eM.-17 ,i.otoas (that is, pbocoaa t-•rcl 
the bl ...... of the spec:tnm). n.. ...ch aora 
a....Saat .-n aad ye 11- photoas lack the eaaqy to 
..... the eltttroas conducti ... 

Alloyiac amo.-phous silicon wich another .. ta.-ial 
caa chance its band&•P 8441 thus broadea its resr-sa 
to cowe.- 11t1-re of the solar spectnia. la -. 
particalarly pro.isiac approach, two o.- three calls 
are stacked - oa ::op of aaotha.-, Pach alloyed to 
•taaa• it to a diffa.-eac portioa of the spec:tnia. 
Tbe top call .. y coataia aa al..aat sach as carlooa 
that increases the uadcap, ... the bott- layers 
coal~ coataia huul-cap-red11Ci111 ... stances such as 
car.aai-. the silicoa-carboa alloy iatarcepu the 
hi11t-eaer11 (blae aad •iolet) photoaa; the r-iU.r 
•f tlle •-li&ht passes thr-&h to ile absorbed ia the 
silic..-ce.-..~i.,. soae. 

s..clt ._luj-tioas• c• he prMac .. either hy 
passiaa tlMt ... strata fr- - depositioa c....._r to 
the -st (tha -lithic tecluai.,._) or 1-y fahricatia& 
i .. i•i• ... 1 cells separately aad tloea stackiac them 
aechaaically. llloaolituic calls lead t...._al••• 
better to coati-• .... prodactioa, hat 1affer fr­
• sewere coastraiat: with praseat fabricatioa 
tecluai.,..s, a moaolithic .. ltijuactioa i• liaited to 
a aiacl• pair of electrical contacts, - at the top 
... - at tu bott-. the probl- vith sacb a 
seriaa hookup is that the ouptput of the stack caaaot 
exceed the -l~est curreat producn by aa iadiYidual 
cell. Desi111&r• must therefore adjuat layer 
chickaessas so that each ccli produces rouchly the 
• .,. currear vhea asposed co typical suali&ht 
coaditioas; aay ast.-a cur.-eat vill siaply be vastad 
as heat. 

!'fechanically stacked cells caa each carry their 
ovn sat of contacts, a.oidiaJ the aaad for curraat 
.. tcbiac. the additioaal coatacts block •-
sual i&h~. how.Ya.-, and also co.plicata assembly 
because they ra .. ar the dawica .. r. f~sci'a. These 
prohl- could be sol•n vith the use of aor• 
traasparant contact .. tarials sad vith rafina .. nts in 
ass ... ly techniques. 

Kultijuactions are raar-sibla fo.- tha hi&h 
perfo .... acaa of HYaral laboracory daYicaa. Eaarcy 
C:O....raiOll DaYicas (ECD - Troy, Nicb.), for • ...,1a, 
bas rapori::ad s 13 per c-t -it COllPri•iaa a stack of 
three calla. Tha top two calla, coasiatiaa of 
a .. lloy .. -r.,i.- silicon, trap ••t of die blua 
li&ht. The lover-... r11 rad photoas pass '-"•rd 
-w,.•u aad are oaorbed ia • lliotto. recioa of 
ailicon-1e .... ni11111 alloy. ICD'a next •Cap vill be to 
... yet another layer belov the p-i- a1l07, witb 
a sti l1 1-r bandpp to catcb more of tlN 
lonc-vndeactb lipt. 

'nlera are also vay• to soap ap ... ices vitbout 
asiac ... 1cijuactioo.a. Saayo, ~or • ...,1., baa 
attaiaed 11.S per c .. c effic~•ac1 ia a 
ain1la-juacti011 PV by taxcuriaa tlae top layer of tha 
cell co llake it more ab•orbent, and by •kins Che 
boct- coatsct reflectiYa; as a result, iaci .. nc 
lishc i• trapped. In tha VI, lolarex (loc:kYil1e, 
IW.), a aubaidiarJ of Amoco, ha• report .. a 
10.4 per cane de"ica uain1 a "supcrlattica"; two 
.. teriala vich differanc bsnd .. p• are deposited in 
extr ... ly thin e1ternscinc layers aeer tha cop 
•urf•c• of the cell. Althou1ll hi1h-quality Allerican 

- .. -
.end Ja~1,.sa F:ototypa• are &~rally ao larcer tt~n 
a sqaare .:eaciaacar, ••••r•' US compaaia• are "°"' 
raportiac aqaare-f-t protot1pe• ii. tbt 7-1 par ceo.t 
raac•· 

lait there ia a dark cl ... ia the pictara: 
-~ da.icaa loae up to balf their efficiency 
after a fav weeks or 80Dtba of &Jt?O•ure to the sun. 
After this pluaca, afficiaacy appears co retoa10. 
coo.scant inolefio.itely. Tbis effecc bas aor. .... are• 
the •at c- use of aaorphoa& silicoo calla, 
because vaccbas and calculators draw ••ry little 
power; aYea the output of a ucraded call u 
ao.oup. Yet cba .. tarial's iastabilicy bas beta the 
.. ia obstacle to it• •• ia .--ce areas, ""era a 
speat call could he bard to replace. 

Opiaiooa difrer as to tbe caaaa of -rpbous 
silic011'a 1astability, but the pra••iliac •iav bl ... s 
the f..._cal character of tlle .. tarial. la 
crystalli.Jle silic ... e-ry at:oa is acroaclJ' hoaded co 
four other at- to fona aa or11eretl, di.-..-shapad 
lattice. la the ........... atate, by coatraat, cha 
siUcoo-silicon boalla are -"er, and the •C­
ass- a more jlllllblad arrac-t, vitla ...,. tlaacliac 
...... n.esa dafecci- ._.. trap alec:croas, 
retlaciai tlle curr-t tllat raaclau tba cell'• 
coo.tacta. '!he prabl- pts -raa oYar ciae, it is 
tboasllt, Mc-• •--rci,... elect.-oas bruit ..... 
bonds • ...._..ile, hoveYar, •-lipt haata ltba 
.. terial, accelaratiac tbe fo...atioa of boall•. 
EfficiencJ' e .... taslly reaclles .,.uilihri .. ""-
this t!Nnaal healioe balaacas ltha boad-hreakiaa 
affect. 

Happily, -1cijuactioa call• •- s-Wat aora 
stable tban siaala-juactioa cells. One r ... oa i• 
that tba i.atrochactioa of all07a or Hpaats Ito fora 
tba different layer• appareacly relieYaa acres••• 
chat vooald otherviae break weak bosda. Also because 
-ltijuac:tioa dawicas uaa tllinaer layers of .. terial, 
electroas are lass apc to aacountar • •aaclinc bond 
oo. their sborc j-raey to the circuit c0111tact. And 
when tbay do, the elactroaa are less likely to be 
trapped, tbaaks to the 11ctr• iateo.se electric field 
that da"alopa ia a tbiaaer layer tbao. ia a thicker 
slice at the ss .. Yolt•&•· Coasaquancly, the cradual 
io.cra••• in broken bonds has a coaparatiYa1y aaall 
affect oa the cell's output. ECI> r•c-tly reported s 
triple-juactioa cell that retained 9S per cent of its 
oriciaal 11 per caat afficieacy after aaYaral aontbs 
of castiac. 

Another probl- is .. aafacturinc: production of 
all a.rpbou• silicon calla, tolletber ... ltijuaccion or 
aot, ia still a bots:laaack. Ia tbe c-Yeacioaal 
process, ail•- ... (Silfto) ia dac011poaed i.y but 
aad radio-freq-1 di•cbarce ia tbe preaeace of s 
aubacrate. Tbia "11- diacbarc•" cecluaique is alov, 
boveYer, •• wU as •ubjeclC to defects. llbile 
•naral altensatiYea are be 111 nudiad, aoae .. _ 
capable of aol•iac tba speed ... quality pro~l- at -·· 

Ic is po•aibla, for ....,1., co accelerate tha 
proce•• bJ' 11ain1 disihM (li2 .. > • vllicb coataias 
twice aa muca silicon as ailaae tloe•; -forcuaately, 
COllllel'Cially aYailable di•ila .. i• of ...... quality, 
beaidas baiaa ..... apeui•• tban •i1-. ICD clai• 
that a 20-fold increase ia depositioa ralCe, 1:0 
0.01 •icroa per aecOllll, is poesi•l• Illy boo•cinc cha 
diacll•rc• freq-1 iato tlle •icr-•a rf1i.M. the 
•icrowne tachaiqua is expcr'-acal, "-Yer, &ad 
still Ila• a relaciYaly bi&ll "fact raca. Otb#r 
c011p&aiaa .. , scrap 11ov •i.cllars• alcosacller. Sanyo 
and Chronar (Princatoa, l.J,) are inYastiptinc 
pllotoche8ica1 Yspour depoai1:ioa, udnc the enarcy of 
li&llt co excil:e at088 and mo1aculaa. 'nli• c•ntlcs 
.. thod Ila• been ahovn 1:0 &I.Ya hi&her-quslity 
.. cerial, •ut ic is still •lov, 
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S..ch probl~ .. ~-~ s,..r,•• interest ia 
alteroati•1u to -rphou~ sir •c-. the atro::>ae•t 
c-.petitor is copper ir.di,.. direleaide \CulaSe~). 
first de.aloped as a PY .. te~ial ia 1980 at llo<ti~­
la addition to bein& extremely stable. it iathe ..,st 
li&ht-absorbeat PY .. terial knova; aear'y 
99 per cent of incident •isible liabt is abtorbed 
vithin the first half aicroa. Another adYaataae is 
that the electr-s ia Cula5e2 • ...._ eaeraiud by 
fallin& photons, remain coaolucti•e • relatiYely loaa 
tiae before retarnin& to the •aleace ba... Thaa. 
larae proporti-s of liaht-aeaerated chars• carrier• 
reach the contacts and coatribate to the electrical 
-tput. 

Althouah capable of aeaeratiaa fairly larae 
currents. copper iui ... diseleniu ia hamperecl by 1-
YOltaae -iaa to a bandaap of oay 1.0 eY. Larply 
because of the i- -.vltaa•. efficieec:y aaiu baYe 
been si- in c-iaa. Recent reports illllicate that 
tlM .. terial vill be ••t iasefial in conjactioa vith 
other, hiaher-batldaap .. terials. Arco Solar 
(Chatt-rth. Cal.). for ---.1e, has 4-atrated a 
12.S per cent de•ice by stackin& ...,rphoiaa silicoa on 
CulaS&i• C.dai,.. sulfide coiald also aer._ as a 
hip-bandaap coapanioa. 

It uy be possible, hoveYer, to iacreu• the 
b ... aap (hence the YOltaa•> of copper iadi­
diaeleaide itself. Accordiaa to - theory. the 
cause of the ut~rial's 1- baad1ap is a lopaid .. 
bondiaa arrange.ant; the copper-aeleai ... bond ia 
shorter than the iadi .... aeleai ... -· this as,_atry 
.. , be loveriaa the baadaap b7 up to half aa 
electron-.olt. Laboratories at loeiaa and elsewhere 
are vorkina oa alloyiaa the .. terial vith aalliua ia 
the hope of eveaina out the boada and thus raiaiaa 
the bandgap to l.J-l.4 eV. 

The second .. jor problea vith copper iadiua 
diselenide ia its coaplicated fab,icstioa process. 
At least three different gases are needed to fora the 
compoiand. The process .. at be rapr.ated -ny ti••, 
adjiaatina the proportion of copper and aeleaiua to 
.. tch the function of the layer beia1 deposited. 
loeiaa has reported little proaress in acalin1 up its 
fi•e-year-old cheaical ••pour deposition systc;a, but 
proaising alternatives are emeraiaa. In a process 
called reacti•• •puttarin1, • atreaa of hiah-eaer11 
particles jars copper and indiua atoas looae froa a 
tar1et. Th• ejected atoas pa•• throiaah h7droaen 
aalenide aa•. where they react to fora CulaSez oa a 
substrate. Arco Solar is thoiaaht to be uaia1 this 
technique, vhi:h is well 1uited to continuou• 
production of lar1e-•r•• calla. 

Another altarnati•a, alectrodapositioa, is 
already v.11 established in battery produccioa aad 
other iadustriH. Copper is el.actroplat .. onto a 
aubatrate, follovad lay iadiua; finally, the Dix is 
expo••• to hydrogen aalenide. 1he •ircua is eatr ... 
control: "You can literally count at-,• say• 
Yijay Kapur. whose yaar-old fins, International Solar 
Ela~tric Technoloai•• (Ia1lavood, Cal.) i• nov 
cry&n& to coia.ercialiaa ttia process. Aicer oal7 a 
f- aontha of work, the company produc .. CvlnSe2 
calla vich a re1pectabl• 7 per cant afficienc7, 

The leader in CulnSe2 ra1earch is nov Arco 
Solar, which ha• reported efficiencies of 
ll.1 par cent for ... 11 laboratory davica1 and baa 
built aquare-foot prototype• working at 
7.1 par cane. Th••• modules contain 11 aaorphous 
ailicon calla laid out oa • ain1la lsr1a copper 
indi1111 disalenide davica. Innovation• include 
eleccrode1 of &inc oxide chat are 110r• cransparanc 
and conductive than the tin oxide• u••d in ocher 
cell•, and • &•l - placed becwean ch• s110rphou1 
eilicon and the copper indiua diaelanida - wich • 
rafractive index chat COllJ>•n••c•• for li1hc-benclin1 
that ori1inat•• eleevhare in cha device. 1h••• 
fHciarH allow aora ~iahc co rHch th• boctOll call,, 
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boostiiaa ,_r -tput. Ultimately, Arco Solar 
expects to aoie.a efficiencies of 20-24 per cent. 
says research •ice-president Cllarles Cay. 

Of the other .. terials attractiaa interest for 
n applicati-. the leadiq coateader is c....U. ... 
tellari•• (CdT-), wbio bas .. ither the iaatebility 
of -rpboas ailicllll •r t'lle 1- wlt .... of copper 
i .. i_ diael-i•e. lta b .... ap of 1.4 eY ....... it 
aeoaitiYe to ..,st of t1le aolar apectr.a; ia fact, 
efficieec:iea of at.at 11 ,.r ceat llawe beee reportecl. 

.. t prolhlciaa CdTe ia a -j•r cball-aa. One 
probl- is tbat depC19iti- r..,. \na llip tnperatures 
(600-700° C), ruliaa -t t1le •• .,1 •- lesa 
nued c.- lu• expeMi••> aabstr•t• uteriab. 
Other •ifficaltiu at.. froa the need for precise 
control ower the prvporti- of tile tva el-ats. A 
dewiation of -rely 1 ,.r cat ia tile ratio of 
caclaha to telluri,.. ch&aa•• tile -terial fr­
a-type, vbere electr- <aeaatiYely cbaraed) are the 
~t curreat carriers, to rtJ,., mere electr­
waca11eiea, or llolea (poaitiwely cbaraed), are 1D tbe 
ujority. A n cell ...... both a ... p na&- ia 
order to pradac:e electricity c ... •a aolar cell 
primer-); CdTe ia usually.-. p-type, •ilea 
traoapareat top layer of cad8i- a•lf i•e aerwu •• 
the a-type resioa. UDfort-tely, control o .. r tba 
ratio is hampered by a larae differ.ace ia ••.-r 
prHaure lletwsea tellari- ... catlai .... 

One vay aroaad aa.e of theae fabrication 
probl- ia to use external dopant• such •• 
phosphorus aad al'aeaic to create th a a .. p :s-s; 
the Cd/Te ratio caa thea Ile adjusted solely to 
•iaiaize electrical ruiatiYity. S- aacceaa vith 
this aetbod llaa been achi..ad lay researchers at Arco 
Solar and lay Tina ::bu, professor of electrical 
easiaeeriaa at Soiathern Metlloctiat University (51111) in 
Dallas. Arco Solar has produced ... 11 Ccl'Te cells 
vith 9.1 per cent efficiency, aaAI claiaa it can reach 
~S per cent. Uhile the company baa ao 1-diate 
plans for com.erciali:satioa, a apiaoff does. Yark•• 
Electric Solar (Cbatavorth, Cal.), receat\y •tarted 
by Arco Solar alllDDUa Villi .. Yerke•, is d••alopin& • 
deposition process tbat Yerllaa claims could nn1 at 
teaparatures well bel- soo° C. He hopes to ac:arc: 
up a .... 11 pilot line this aUDIS&r, auppl7ia1 
4 x 6-iach cuat- c. lla for ape.,ialty products. 

Another tbia-fil• caodidata. a•lli ... araea1de 
(CaAa), ia better u... ... to tne solar c:ell industry 
for its hip parfos-sace ia bulk cryatalliaa fora. 
Illllead, the hish«st afficieacy ever attained by a PY 
dewice, 23 per c .. t, c- fros a c.aa call. The 
.. tarial'• baadaap of 1.4S eY is opti .. 1 - all-ins 
••aaitiYity to moat of die solar spectrum vbile 
produciq a r ... onably llip -tput wolt•&•• Whereas 
S80rpbous ailicoa and Cul.S.2 probably vill not 
Hee .. 1S per cent effic~iu for •iaal• jiaactions, 
thin filDS of GaAs coiald top 20 par cent. 

Ollc:a -•· llMMYar, the obstacle h 
fabrication. United facbaoloai•• (last Hartford. 
Coan.) tri .. arovina aiaal• thio cryatals of aalliia• 
arsenide oa a ltRrcoat, disposable aubatrate -
ordinary tabla salt. lut cllia proc••• vaa still 
batch-orint .. aad al-. la aaothu project, SMU 
tri .. depoaitins pol7cryatalliae salli1111 •r••ai•• 
onto sr•phite-coatad tunaataa. Unfortunately, che 
process raquirad t..,.ratur•• of ower 1,1000 C, hoc 
snouih to .. it away part of the aubatrate. Such 
failure• hava left CaAs •• th• dark••t horse in th• 
thin-fila race. 

For the near future, then, s110rphou• ailicon 
will likel7 continua to rule the world of thin-fila 
PY call•. despite Cha .. carial'• qua•CionaDl• 
acabilic7 aad relatively 1- afficiaacy. IOllS 
1olar-incluacr7 w•tchsra predict that the Japan•••• 
wich chair focu~ oa ••pplyi111 calla for ... a-proclucad 
con•-r producu, will achina auch •c-iH of 



scale that ...,rp1aous silicon device• vill be only 
sliahtly -n eitpensi- thaa the alas• or steel 
substrates on uhich they sit. 

Ia the US, Arco Sohr, ECD, and Chroaar have 
each opened plants that ca• ttara -t a -a-tt -rth 
of ...,rphous cells aer year. Solares i• operatiaa a 
pilot facility, boat parent c....,.oy Amoco has oot 
ILYetl the IO-abead for fDll-scale production. 
lleaDllbile, Saoyo al- has aa aDDDal pr.,.._tion 
capacity of 5 -1-tts. Earlier .Japanese efforts io 
a.o~ silicon, toeether vith the additioaal 
factories SChedDled to C- OD lioa •-, vill &iwe 
Japan a stroas advaataae io the low eod of the .. rket 
for at least the H&t fev years. 
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A solar call pri•r 

Tha photovoltaic affect, vhich uodarlias sll 
solar ralls, involve• s s .. icoaductor stoia'• 
outer-st alactrons. Silicon, th& -•t c-n PY 
.. carial, has four such "valance" alactrons, which 
can ba shared vith naiahbourina atoias to fora bonds. 
Heat or liaht can loosen th• alactroas so that they 
bac- -bile, sad hanca able to coaduct. llhcn that 
happens, th• electron lfOVas away froia its parent 
stoia, lasvina a "hole" st iu for.ar po.icioa. In 
untraatad .. tarials, a fraad electron vould •-n lo•• 
anercy and fall back into this hole without •DJ 
usaful affect, To pravanc such racOllbinacion, PY 
cells consist of junctions llUCh like tho•• in 
transistors aod other electronic co.poAants. 

Junctions are forimed by dopi111 • adding 
t.puriti•s - co chan1a the electrical characteristics 
of tha host .. carial. One side of the davica is .. da 
"11-cype" bf introducins at- chat contain one 1111re 
valanc:• deccron th• do th• at- of the host 
s•icon4uctor; tha other sida is •da "p-typ•" by 
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dopiaa vith at- havioa - f.-r electr- than the 
host. After dopioa, excess electr- - the n side 
apoata ....... aly _,,. across tba j1110Ction to fill •acant 
sites OD tbs p sills, &i•ioS tbat re&i- a -t 
•aatiwe charae; excess holes - in tbc opposite 
lliracti-, .Uiaa tbe n siu poaitivaly cuqad. Tiiie 
resultiaa chars- iabaliuoca creates an al..ctric 
pot-tial that tile n dcvica aeds in order to 
prodoce electricity. 

'Ille 11.ey to tlle pboto'llOltaic affect is the action 
of tlae elactrooa that ha'• apillad OYer to the 
p side. llbell .... cODd-•iwe by absorbina li&ht, 
electrons _.e across tbc jvacci- c-rd tbe 
positively cllaraad n side. 'rhara, electrical 
c011tacts caa dr- tbea off aa usable currant. 

Jy far tbe .. jor limitatiOll on solar cell 
efficiency is poor .. tchioa with the solar spcctrua. 
Suoli1hc consists of pbotooa that carry a vide raoa• 
of fr.,._iu aad h-• a vide raaae of eaeraies. A 
n device, bowewer, responds only to those photons 
vith •DOU&h enaraJ to lift a valence electron into 
tbe cooductiwa band. Photoas below this "bandaap" 
threshold pass throuah vitlaouc effect. Vith 
bi1bar-fra11-J' photoas, -•n'*ila, aoeqy that 
C&Caads the baailaap is -stad as heat. 

'Ibe ability of a 1-aicroa thin f ila to soak up 
aa ...ch liabt as a lOCl-aicroa slab of crystalline 
silicon, aocl thus ceaerate a coiaparable alactrical 
outp.1t, c-• fr• aootber factor; the type of 
baodaap, direct versus indirect. Crystalline silicoo 
has ao iadirecr baodgap; tllis ...aa tbat ubaa ao 
alectr- absorbs a pbotoa aod jumps froia the valence 
to tbe conducti- band, it chances aot only enercy 
but also _...t.... lo order for o•arall ..-eotua to 
ba conserved, •• electron caa .absorb a pboton only 
vheD an additional particle, callCll a pboaoo, is 
formed ia Che crynal. IJ contrast, .-rphous 
silicon aad the other thin-f ila PY iiatarials baVa 
direct baodsaps, in vlaicla electrons _... batva8'\ 
baods without chanaio& -c.... kc-• they do not 
dapaad on phonon for.atioo, tlae•• diract-banda•P 
.. terials are 100 to 1,000 tU..s as li&ht-absorbant 
as bulk ailicon. 

Solar cell parfor.anca caa be rated vith values 
otbar than efficieoc:,.. One Dseful yardstick is tbs 
"fill factor". lf a wire connects Cha call' s t­
teraiaals, -i- curraot fl-• Cit is called 
short-circuit currant). lf tlaa wire is cut, tlaa 
voltaaa bat-n tlaa t- taraiaals 1oas to its .... i_ 
value (open-circuit •oltaaa). Drawina lines at these 
c- values Oii a curraot/voltase plot for.a a box. 
a.cause current tillas volcaaa aquals power output, 
deai111era ~ld like both ••luaa co r_.in lailh unclar 
all circuit conditions. Tlaa fill factor reprasants 
cha portioa of this theoretical box that is filled by 
the call'• actual parfor.aac:a curve. Thus a fill 
factor of 100 par cent is ideal. la reality, 
hovavar, currant falls off as volt•&• risas to its 
open-circuit value; a fill factor of 8(1 par cant is 
considarad excallant. (Source: Hi&h T..:hoolo17, 
July 1986, p. 28) 

1. ~ 

1.1 :t-orrl!ou• silicon 

Aalorphoos solar call s•t• efficiency record 

Ao unpracedantad aner17 cocaveraioo efficiency of 
12.2 par caot in •olar cell• .... of proprietary 
..orphoua-.aterial allOJ• Ila• ,..,, reported bJ 
ltawford I. OYshioskJ, prasident of lner1y Conver1ioo 
Device• Inc:. 

Th• efficiency hiah waa achievad in a call 
consietins of cnraa excr ... ly chin, varcicallJ 
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•t.c:lte4 sabcell• ..... of proprietary flaori .. te4 
... rp11oua .. teriala, aacll •oaltcall •aaaitiwa to a 
•iffenat col-r ia the •pec:t..-. The cells -" 
produc .. by So-ic• Solar s,.t .... a partaarabip of 
ECi> .... Scandainl Oil Co. (Ollio). 

A .. jor ad•aacaae of ... ltilayer cell• i• 
au:ellaat •tability, •a1• OYabiulr.1. "Iba 
triple-cell claaisa baa proYeta ia -r laboratories to 
rataia owar 90 par cent of its efficieac:y owar a 
211-yaar period. Other bieb-tfficiency ... rpa.-. 
aolar calla lose as ...cb as balf of their efficiency 
after oaly 24 hours of illuai .. tioa.• 

Ea>, in ica joiat Yeaton vitb Solaio, ia alread7 
.... factarinc 1-fc-vide bJ •P to 1,000-fc-lonc 
continuous-scrip sclar cells vitb afficianciaa ia cba 
I par cent ranee, OYshinslty c-ci-a. This is 
achiewad vith two-la7er calls. 

Lookinc to the future, 0Ysbiaslt1 sa1s tbac •frae 
the start of -r vork in pbotowolcaica, ve ban 
coasisteatly beea able co daplicate laboratory 
results in our laree-area oparatioaa. For tbia 
reason, ve expect co continue achiewinc hieber 
efficiency." (Source: Machine Desieo, 
10 October 191S, p. 2) 

Staiole•• steel coil for a-Si PY 

Japan's fira Takasaeo Taltko baa dewaloped a vay 
to .. as-produce staioles• steel coil• used ia .. tine 
... rphous silicon photowoltaic cells. A aav surface 
processinc technique ia used to eiwe the cells a 
surface r-ehness of less than 1,000 aoestroa. 

the oev •thocl .. kes it easier aad -re 
practical to use the nev substrate .. terial, the 
ca.pany says. The .. terial vi 11 be for SUS-430 and 
SUS-304 in thickneaaes of O.l-0.2 aa and 0.2-0.S aa, 
vith a ataadard uaiaa vidth of 200 aa. Other 
vidtha of 400 .. sod 760 aa ara alao awailabla. 

To aupply .. cerial in coil fora, PY cell 
production processes vera speeded op, and included 
np-r deposition aad coilinc by cont;.--• 
proceasiac. The d ... atic price par .. tric too is 
about 2,000,000 yen Ull,100). (Source; Soiar 
EnareJ Iotelli1aoca laport, 25 February 1916, p. 63) 

Amorphous aoperlattica solar calla l!y optical CVD 

AISorphous silicon (a-Si) ia the -st likaly 
candidate for low-cost, laraa surface area solar 
calla. Rovewer, a .. jor drawback ia their lov 
photoelectric conwersi- rate. 

Tha lesaarch Centre of Sanyo Electric has 
dewelopad a l..r.nata ..,..ldin& .. thocl for .. kins solar 
cells with alternatine 2.S ... layers of a-Si aacl 
aaorphou• silicon carbide (a-SiC). In this aethocl, a 
sub•trate ia fir•t placed in a vacu• c"-ber and 
hasted to 200-lOO"C, than, di•ilaae aa•, the raw 
.. tarial for the •-Si layers, and a ai&tura of 
di•ilana ca• and acetylene aa•, the raw .. carial for 
the a-SiC layers are alternately introducu. An 
optoch .. ical reactioe ia induced on the •ubstrate by 
ultrawiolet lieht froa a low pressure .. rcury vapour 
1.., outsilie the challbar. 

The fini•hed fila has a definite 2.S ... periodic 
.cructura, and h., .been confirmed CC' be a hip 
quality •uperlattice fila with few surface defects. 

Althou&h tti. •olar cell• produced u1in1 chi• 
1uparlatcica fil• aouldin1 tachllOlOIJ ha•• th• 1aae 
p•i-a 1cructur1 a• ordinary a-Ii 1olar call• .... a1 
1ix-lay1r 1uparlattica fil .. , th• a ancl i I,yar1 1r1 
.... bf plH• ch•ical v.pour dapo1hioo (CVD) ancl 
ooly th• windatr"•ida p-l•J•r i1 .... by opcical CVD 
Cri1ura). 
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As a re1•lt, thi1 aolar call caa .cilize t._ 
300-500 - abort _,..leaatll ..... of lia"t •ictt ia 
abaon.4 "7 tile p-layer of _.iaary a-Si aolar calla, 
... laaa a ,..toelactric c...,.raioa ratio of 
10.5 par c .. t •- vith a nrface area of .. 1,. 
1 al-. 

s_,. ia t._ -ri••• l..._r ill tlle applicati­
of .... rlauice fi1- for 10lar celll. the coapaay 
baa -:holaD thil approedl Mc:- "7 .Uilla -rphoua 
.. carial1 iato ..,.rlattica fila, tile •l•ctrical 
propertie1 of ti.a iatarface ceaditioaa caa lie areatly 
i..prowM ... allo llac-• -rplleaa .. tariala hawe a 
hiah de&ne of 1tn.ctaral freedoa ullich acc-4ates 
ooa-uaiforaitie1 ia the lattice atn.cture, allovinc 
auparlatticaa to lie made easily • 

'Iba probl- ia ...._ther tba pbot-lectric 
c-nraioa rate caa lie iacraaad to aear that of 
st.eked or other aolar calla a .. ••- if it caa, 
...._tbar -f.c:t .. rinc c-u caa lie upt balov c:bose 
for •iaale-cry1tal 1ilicoa. 

Suparlattice 1cructura p-layer 

m~ I 
. l 11 l ii 
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Structure of the p-layer Suparlattice Solar Cell 

(Source: JE'RO, Ja-ry/llarch 1917) 

••• 
?ha la1aarch Ceatra of Saayo Electric h•• 

further deYeloped a new aotoaobile auoroof that 
incorjiorat•• •• ... rphoua 1ilicoD 1olar battery. The 
AISorc- Suaroof produce• 10-20 V of ,_,, -sh to 
run the car"• weatilator. lay extra pover caa ba 
used to cbara• tba battery. The •olar call is 
saadviclutd bet,.... a protacti•• f ila aad raioforced 
1laa•. The alidina 1uaroof wa1 iacrocluced ia 
early 1916. 

••• 
IA ~riaeatal car ~iif on wr:pbou• •i.licon 

Hlar ce~baa al.o lien uo•e~ad by Layo 
Elaccnc. 'l'ha car, uncler davalopaaat for S yun, 
can roa for 22.5 ail•• vbaD fullJ char&•d a .. b•• a 
330 lb load capacity, • IS apb .. aiaa 1paed aad 
recharaa• in •is yaar•. 

••• 
Kat1u1hita lattary ladu1trial ancl Sbova 

Al-ini- (both 0Hlta, Ja,.a) haY• 1ucc .. lf111ly 
aouoted •• ... rphoua 1i.icoa pbotowoltaic call - •• 
al-ini- 1Ul>1traca, offarlaf a po11i"l• li&btar 
v.ijiE, i0111er co•t ilodula. a V!ln'k doaa at 
llat1u1bita'1 Tachool011 Laboratory, a 0,3-mm thick 
1luaiai- 1ub1traca va1 taYal.,.... for a-Ii, forain1 
t ... PII atructura •ia pl•&• cbaafcal ••pour 
clepo1ition. 'Illa aev call .,., ala.t.rical fHcurH 
lika call• with 1caiala11 11a1l or alaa1 1ubatr•t••· 
The .i-i•i- sultscraca ia a110cle-oaidiMd, forain1 • 
6-10 aicroa al111111aa filll, after which cbr­
alactrod•• ara formed an the fila'• 1u1faca u1ia1 
alactroo llum n. poracio.i. PII .cruccun a-Iii call• 
are DaJSC •••a oo ,... al11111ioi11111 place u1ioJ pla ... 
CVD. A protactin craaa,.raoc concluccin 1>11i•• hl• 
applied co ti.• 1uri:acc co.,i.c .. cha call. kc•aH 
•l-i•i- r•.u .. are raMUJ Chao ck poiyllid•, 
ralia of otkr ·'•ll•, Che - cell ii l•H pr- co 
nduced effici.acy fr- lleac kildup ia outdoor uH. 
(Source: lolarlaul, • J-ry ltl7, p. 6) 



'Ille Electronic TechaoloSf Cetaeral Research 
Institute has dcvclope4 a .. tcri•l enablina the 
efficiency of ..... rphooas solar cell to be srcatly 
i11proved, toecthcr vith Kitsui Toatsu Chemicals, 
•ippoa Class, Central Class, Hattori Seiko, and 
Shi.asu Seisakuaho. ly c...binina the c-veotioaal 
..orphous silicoa vith this new .. tcrial called 
...,rp1aous silicon ser.aaiua, it viii be possible to 
realise a rc-lutioaary ... rp"-a llOlar cell, vhicb 
can coavert -re than 15 per cent of optical ener&J 
into electricity. the aev .. terial is an ...,rplaous 
thin fila allOJ ... e of silicon_. pr.aai .... 
Utilisins its OES (optical eaission systea), it is 
possible to precisely control pl .... and to produce 
thin fila alloy at a speed as bi&b as Z A per 
second. ly accuaulatina the ...,rphous silicon thin 
fila and the ...,rphoua silicon seraaai- thin fila, 
it is possible to produce a bi1b-efficieacy =ell, in 
vhicb sbort--velcnstb li&bt is con-rtc4 into 
electricity at the ...,rphous silicon layer, aDd loq 
va•clcnstb li&ht at the ...,rphous silicon 1cr.aai ... 
layer. (Source: Chea. Ec:T. • £aa. l.c•iev, 
.January/February ifi6;-Yo1:t; llo. 1-Z (195)) 

Rish coa..crsion efficiency ..orp!aous solar cell 

Mitsubishi Electric Corporation bas suciccdcd in 
.. aufacturiq a prototype larse area (100 ca ) 
..orpbous solar cell vitb a three-layered taaclca 
construction that has a photoelectric conversion 
efficiency as hip as 9.6 per cent. It vas 
.. aufacturcd as part of the Photo•oltsic Povcr Systca 
Tcchnol0&1 .. D Project under the Sunshine Project, 
iaplcacntcd by the A1cncy of Iaduatrial Science and 
Tcchaolo11 of the Ministry of International Trade aad 
Industry. 

Tbc three-phase taad- construction solar cell 
consists of three 1-iaatcd solar cells havin1 
differcat va•clen1th areas, thereby utilisin& tbe 
sunli1ht's vidc apcccrua of li1ht 80st effccti•Lly. 
It is characterised by a hi&b photoelectric 
conversion ef f icieacy and aiai .. l cell deterioration 
by optical irradiation, and '.lhile its construction is 
complicated, it features excellent productiYity vhen 
.. nufacturcd by the plas .. chcaical •apour deposition 
(CVD) proceH. 

Conventional types of solar cells fail to 
utilise the lon& vavelcnsth portion of solar encr&y, 
.. kia1 Chea incapable of usin1 their full potential, 
but this aaorphous solar cell features ~ bi1h 
photoelectric cacrsy conYcrsioa efficiency because of 
cha uae of aa i.,roYcd ...,rphous silicon-ser.ani­
(a-SiCc:R) aacerial chat absorbs loa1 vavalen1th 
optical enersy. 

lesides chis solar call tcchnolo&J, the co.pany 
is .tso ensspd in the trial production of a power 
syscea 11aOrphous solar cell .oclule. (Kicsubishi 
Electric Corporation Public lelatioas Dept., 
2-) lfaruaouchi 2-ch-, Chiyoda-ku, Tokyo) 

(Source: _:!!!!2, April 1986, p.8) 

roH develops 1111hanc-t for a•rphou! silicon celb 

Fuji llaccric Co., Tokyo, says it has developc4 
a vay co .. kc •r• eff ici1111t -rphous silicon 
photoYolcaic call•. The tachaoloay C9ploys plas .. 
che•ical vapour deposition co apply 1•raaniua in the 
I layer of a solar cell's r-1-• •truccura co lover 
Cha anarsy band sap of cha layer co 1.4 alaccron 
voles. 

Fuji ••y• ic produced an 11.5 par cent 
effici•nt, l-1q-c• Cest call lasc pear usin1 Chis 
"radial separation plasu CVD" procH• and is saakin1 
co batter Chi• co 14 par cant on • 9odula .. aaurin1 
)0-c• x 40-c•. The c.-,any has not said vhen such • 
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aodulc aipt H a•ailulc, bat it ia Hpectcd to 
rcacll n-u per c .. t pertaapa by this ... t-. 
Karltetins coul• start in late 1911. 

n. co.paDy •-is •P&radina the techaolo&y in 
.. aafacturins a 10-C. x 10-C. -rplaous silicoa 
cell. Officials arc coafidcat they can produce a 
hi&h-cfficicacy •••ice of this sise usins tile ncv 
process. (Source: Solar Enerp lntelli1cnce lcport., 
5 Aucust 1916, p.Z50) 

Ia•iaa researcllcrs to achieve 1-1 per cent in 
a-nhcoa Iii lffO: DlliS 

lllllli- reaurclllers vill ..,,_lop the ccclaaolO&J 
for .. kin& larsc-arca aaorploou8 silicoa pbotovoltaic 
cells by 1'90, at the end of tile Sc•ntll Plan, 
predicts llalaeslnrar Dayal, secretary o! tile Depart-at 
of lloa-Coa-ti-1 Eaaru Sources (DIES) in an 
article ia 'Illa Riuu aevapaper of lladras, Iadia. 

At a -tiq orsaaized ~ tlae Iadi- Scicacc 
Writers Atsociatioe, A. I:. larua of Calcutta'• Indian 
Associacioe for Cultintioa of Science (IACS) noted 
rescarcll vill soon yic .. a-Si efficincies of 
1-1 per cmt oe cell surfaces -asuria& l ft. sq., up 
froe the correat 4-5 per cat oa l ca a l cm. 
Ef ficicacies alaewllare arouall tlac vorld arc hi&ber -
Eacru Conversion Devices, TrOJ, Hieb., and the Solar 
Eacrsy lesearch Iutitatc, Coldn, Colo., arc stable 
at 1-9 per CCDC • 

the IACS work is part of a aulci-institutioaal 
pro1r- of DllES aad include• the .. tioaal Physical 
Laboratory, llev Dellli; UaiYersity of Poona, Pune; 
the Indian Inscicuce of Science, Bandalore; and 
IIT Dcbli. 5- Rsl-10 crore• of the tat.al 
lsZ1 crorcs allocated to DllES vill be spent on a•D of 
a-Si photovoltaic cells, say Dayal. 

llcanvllile, cha ncvspapcr reports, a 
l-.e1avact-per-year pilot plant vill soon be ready. 
Tile de•i1a and process tccbaolo1J vas developed ia 
India, althou1h the equipment and s- of the 
sophisticated coeponcats vill be iaportcd. u•yal 
pointed out that devclopaaat of a-Si tcchnolo1y has 
been accepted as - of the national tech...-lo&y 
aissioas, but is not clear ubether DllES vill receive 
adJitional funds to co.plcce the project. (Source: 
Sol•r Eoar&r Iatelliacace Report, 14 October 19&6, 
P• 323) 

France ud Cenl&Dy co co-oreraca in wirphous silicon 
research 

French and West Canaan ra•carchcrs vill 
co-operate in desi&nin& a •ystaa co i>rotluce aaorphous 
silicon uterial for photovoltaic cells, and display 
and seuin& device•. The effort is bein1 conducted 
H pare of the European Eureka hi&b-Cechaolo11 
research proara.... 

'Iba researchers ••y they hope co desisa and 
build a •y•t- able co create aaoush cells in one 
year to produce a c111111lative 1 peak .. savact of 
power. The work will be parfo~d by Prance'• Sol••• 
and Wast Cansany'• tlcHcncuicc-a..11tov-11oh• (KllJ. 

Ac present, Sol ... - a joint subsidiary of 
Total Oil, a pacrol&Ull corporation, and Saine Cooain, 
a class .. nuf accurar - i• Cha oolr co.pany in li.uropc 
workina on a•rphou• silicon for use in •olar calls. 
Kii ha• expertise in the .. nufaccurinc of cry1talline 
silicoo photovoltaic•· (Sm1rca: Solar laer1J 
lntelli1aaca laport, S &uau1t 1986, p. 2SO) 

Chroaar dedicates it• 100-lVP a-Si PV plant for 
XiaSw rover 

Chronar Corp., Princeton, •.J., USA, has 
officially dadicatcd th• world'• fir•t atlOrphous 
1ilicon photovoltaic power plane, a ll,761 sq. fc 1 



100-kil-•tt (peak) 1eaerat- locat..t at Alai.­
Paooer Co.'a Alabaster, Ala., aeaeral acrwicc• 
co.plu. Co,..tructi- of Lhc plant required 
approai.ately aia 110atha. It ia capable of 
aeneratins CftCMl&h ,_er to serwice the avcraa• needs 
of 2S homes, a.roaar says. 

The l.S acre i ... tallati- is arraq..t i• ciaht 
r-s of paaels conacctc.t ia series to proolucc 
2SO-SOO wolta. Each ~ ia co.poaa<I of 22 mollules 
c-.ectecl t-scther ia ll pa-l juacti- boacs. Each 
mollale c-taias 16 of the cooapaay'• l-ft a 4-ft solar 
paaels ia parallel ..taich proclucc ap to 4S ..,.res. 
The paaels, --factur..t at a.roaar's U.S factory ia 
Port .Jer.ia, •.Y., arc fixetl at a tilt appropriate 
for top oatpat durins the -r peskin& time. 

'l1lc uait aut ... tically tunas - ar suarisc ....t 
off at ...... _.. The AC-outpat -ltap of the 480-Y, 
tbrce-pha9C i.,,.rter - a 12-pulae utilit:r-iateracti .. 
.. it vith a co.pater -itoriq _. mui- r-r 
trackia& systua - is traasfo~ to 12,000 Y for 
•istri•utioa to the utility arid. The fial• CQ 

prodwcc oftr O.S •1-tt-hoan per day, Chroaar 
says. (Source: Solar Eaerar Iatellif,!ftc• a.port, 
1 iuly 1916, P• 206) 

Amorpboo! solar cell by laser proceasiaJ 

The Se.icoaductor EaerJY lcscarch 1 ... titute has 
developed a laser procassiq techaolo&r for cuttio& 
oaly tbc outermost layer of a tbia .. cal f il• for.d 
- the &lass ..... strata. 17 utiliziq this tacboique, 
it vill be possible to produce an a.orphoas aolar 
cell vith a larse area of 40 ca a 60 .... (Source: 
a.-. EcODG!f 6 Ens. a.Yi-, October 1915, P• JS) 

A-ailicoa !!I tri11cr boom in solar calla 

Solar cell tcchnolo&r aiaht dr ... tically chaos•, 
a UoiYCrsity of Utah physicist believes, if cells 
vere aadc out of a.orphoas ailicoa i ... tcad of pu.,.c 
silicoa crystals. 

Io the auo-drcoched vest, for e....,le, aaya 
P. Crais Taylor, solar cells "could becoae a 
reliable, ecoooaical alteniatiwe to eocr17 deriYcd 
froa coal or oil, vith the potential of creatin& a 
-l:i-bhlioa-dollar-a-year iadustry". He feel• that 
"the technoloaical iaportaoce of this research ••• 
froa the deYalopmcnt of sophisticated solar cells to 
thin fila trsasistors aad lasers, should be 1reat". 

Silicon is £iraady .... in •-icon.iuctors nd 
s .. 11-di&Mtar solar calls to conoluct al~:tricity, he 
ao::as. Althoa&h -rphous silicon isn't u JOOd as 
pure crystals in -Dy respects, it can be aade 
t'.1iaaer, in laraar pieces, ia fever steps an.i 
cheaper. 

"S..llar is better for solid state dCYicas," 
said Taylor, "'but if you're not concerned vith 
aiaiature electronic circuits and fast svitchioa 
ti .. s, then lsrae sreaa .. Y ha•• important 
implications." lo the case of solar cells, laraar 
would be better, ha feels. lvt intensi•a production 
•thocls and prollibitin costs hna upt the dnicas 
... 11, liaitin& their use to the recreational 
.. rkat. llaoy scientists are ... rkina tr ..... solar 
call da•ices froa aaorphovs silicoa. ~, avaporatins 
the substance oa al••• or stainless steal, the 
producr. can be diYidad into soy sisa needed. 
Allorphovs oilicon obsorbs liaht llatter thaa 
cryotsllioe oilicon, Toylor osys, and its efficiency 
is • "respaccobla" 6 par cant. 

Moruc captured at ISi efficiaac1 

"If vs covld iacraosa that efficiency to about 
lS par cant, than it's claor that aeorphovs silicoa 
would capture aa iaportant fraction of the solar call 
.-r .. rkat. le could -nt to uny billioas of 
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.. ll•n a :rear if it t11ru out to be a viol• 
alter.ati,,. to coal, oil or odler for:mis of ... r&r.• 

lut LD&rc are l'Ol'dblocb. "-orpbous silic­
displays seYaral UDStai.le ... litias, ""-ich eppear to 
be a &•Deric property of the .. terial•. For ca...,lc, 
eapoaue to li&Jat t .... to ... r-. tbe .. teriel. 
cbu&i.. its pllysical propertiu _. rc4uciq its 
cffici-,. The strwctural claaa&e• arc sulltla aad 
difficolt to fill&. 

lesurchen are usins the latut tccbaiques of 
electron spin rcsoaaacc, auc:lcer ....-tic resoooace 
aad luar li.pt to pral»e the ata.ic stn:ct11re. '"ro 
set rid of these iastnilitieo,• Taylor sai•, '\it 
ha- to ..... rat_. Wat they an _. vhy they occur. 
Ve kDOv 'vby' ia a-eral, ... t - don't kDOv aooas!a of 
the details to •-r the f11100ti- of h- to act rid 
of~.· 

The 1977 llobcl Prize ia playsics was &iYCD to 
Philip v. Aadenaa _. llwill F. Mott for dascribiq 
dioorier ia crystellbe -lids. "lut this resurcb, • 
Taylor aaid, ·-1y ana ,.. a partial soluti- to t"• 
probl- of iutai.ilitias La; a-Si. [a a ftry simple 
scase the probl- is vmderotood, but -t ia a way 
that relates to real .. tcrials. ..r are the 
i:sstai.ilitics UDdarstood.• Taylor's reseal'Cla is 
supported by tbc .. tioool 5ciaaca r ...... c.ioa, tbe 
Solar Eaer11 .. surch [astit11te sad the Office of 
laYal lescarch. (S-rca: Solor £aersz Iatclli&cncc 
lcport, lS April 1916, p. lZO) 

1.2 Polycrystalline silicon 

A batter vaz to b11ild efficient solar cells; 
ilt-Lo,_.t of tbc VniYaraitz of £rlaapr!irobcra, 
fld 

A aev breed of photowoltaic cell (vlaose cost 
vill CYeat ... Uy be half that of conYeatioaal .. •ices) 
aokaa a qusat- lup in c-r•i- afficieacy onol 
proaisas a drutic imprcrremeat ia price-par-vatt 
perforaaoca. Usia& i.....-i- polycrystalliae 
silicon u its base .. tarial, tile cell is about 
14 par cent afficiaat - oo.e 4 par cent batter thaa 
coaveatioaal polysilicOD solar calls. 

!he call coasists of a 1.S-.. layer of silicon 
dioxide arOVD oato a p-dopad silicoa substrata, onto 
which a arid cif •1-iai- contact• is .. posited. u 
al-ini .. back coatoc:t cOYars the cell' a eat ire 
bottoa. 'Iha key step is the pl•- cbmcal-vapoar 
depositiOD of aa SO---tbick silicon oitricle fil•. A 
aac:haaical ... 11:, rather than aa expansive 
pbotolitboarapbic ... 11:, is used to cruta tbs •~•l 
coatacts, vhich at jvsc. a,._. vida per.it cvrrnt 
deuiti•• •• hip .. 35 a/cal. 

leapiDf cool. Ia ordias~ solar calls, 
t..,.rstv1as ~f 80re than IOO"C are r••vir~ for • 
diffusion process that tokes OYar an "-r to ..... the 
r• jvoction. lloraover, if ioa i.aplaatatioa is ... . 
with a conventional call, a hip-t..,.ratvre step is 
•&•in r••uirad - thia ti.as to actiYate the dopant• 
anol to -•l .S-p that ioa ._.u._.t cauaas to 
the cryotal lottica. !has• procaosas vltiaataly ha•• 
• oeaaci•• affect oa tbs call'• afficia1Wy • 

!banks co its silicoa aitride fil•, the aav call 
reqviras ao such steps. ror operation, ells fil• DUst 
have a hiab coacentratiOD of po•itiva chars•• at its 
boct- - the side foci• tlle nbstrata. !bas• 
chorps sat vp a daplatioa n&iOD in the sullstrata as 
veil •• a resioo vit!t a hf.ala alactraa coacaatratioa na•• the sv~strata •urface. 

To achina the hip coacaatratioa of pooitiv9 
chars••• the raaearchers dip cha cell iaco a solution 
coatainiq nsi•• 'Illa rapoa with CN hip alectroa 
coacaatratioll, aNvC 10 to 50 • thick, forma •• 
induced ra j1111eti ... 
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This region changes, or inverts, the cell's typ~ 
of co~duction - say, froa hole to electr~n 
conduction - hen•:e it is called the inversion layer. 
The positive cesiua ions greatly increase electron 
density in the inversion layer, thereby enhancing the 
layer's conductivity. 

The nitride fila also protects the delicate 
silicon surface and the aetal co~tacts froa 
corrosioa, cont••ination, and acracches. Moreover, 
the fil• retards reflection, ensuring that aa auch 
light as possible reaches the silicon. A textur~d 
pyraaid surface collects scattered li1ht and further 
cuts down reflec~ion. 

Light penetrating the cell between the contacts 
produces hole-electron pairs, vhich are separated by 
the depletion region's electric field. The holes 
diffuse toward the back contact while the electrons 
travel throu1h the high-conductivity inversion layer 
to the contacts above. Current then flows throu1h 
the external circuit, its streu1th depending on the 
ligh~'s intensity. 

Continuin& oevelopment work on the 
silicon-nitride inversion-layer cell could lead to 
polyailicon versions vith efficiencies up co 
17 per cer.t and sinsle-crystalline types with 
19 per cent efficiencies. (Extracted froa 
Electronics, 7 August 1986, pp. 38 and 42) 

Polycrystal silicon for solar c~ll 

Osaka Titaniua Co. Led. ha• teat-.anufactured 
polycrystal silicon with a conversion efficiency of 
12.9 per cent (10 ca2) aa a .. terial for a aolar 
cell. It has iaproved the conversion efficiency by 
about l points by bundling saall sin1le crystals to a 
polycrystal and by rea·ving impurities. (Source: 
Chea. Economy 6 Ens. Review, October 1985, p. 35) 

~01ycrystal type solar cells 

The Agency of Industrial Science and Technology 
will set about development work on production 
technol~ for polycrystal type solar cells with hi&h 
efficiency in fiacal 1987 under the Sunshine 
Project. The agency vill c011aiasion llokusan to 
develop aheet shape substrate production technology 
snd Hitachi, Sharp Corporation and ~yocera 
Corporation to develop high-efficienct cell 
technology. Interaediate evaluation of the 
developaent and research will ba aade at the end of 
fiscal 1988. 

Under the Sunshine Project, amorphous type and 
crystal type solar cells are being developed with the 
object of reducing the power generation cost of solar 
cells to that of the existing power generation 
systems. The production coat of the present crystal 
silicon solar cell ia 41,100-1,300/W, bec•~•e of a 
difficulty in reducing the ~y•t•l producticn coat. 
The production of the •-rp •. oua ail icon solar cell, 
which cost i• lover than th• crystal type, has been 
given priority in recent years. However, the 
amorphous type is inferior to the crystal type in 
light-electricity conversion rate. So, the agency 
has decided to develop the polycrystal silicon solar 
cell which has a higher conversion rate than that of 
the a110rphous one. 

lf the conversion rate is i•proved by 
1 per cent, the cost of the solar cell will lover by 
•70/W. Accordingly, if the conversion rate of the 
polycrystal type is set at lS per cent or hisher, the 
cost can be reduced by lt20/W or 110re. Since studies 
on aa11-production effect• and panel production have 
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been continued vith respect to the crystel silicon 
solar cell. the prod'..ICtion coat vill drop to "'55~/W 
or lower, ao even with iaproveaent of the conversion 
efficiency, its coat competitiveness vith the 
existing ~lectric power sources caa be raised. 
(Source: a.ea. Econ-1 6 Ens. aewiev. June 19116, p. 32) 

2.1 Galliua arsenide 

A study recently released fr- ~iser Research 
Inc.• Weabiqton, o.c •• USA, titled "the Guide to 
Soviet Gslliua Arsenide TechnolOI)'"• report• that the 
Soviet Union has deweloped an extensiYe theoretical 
and experiaental foundation for the applications of 
CaAs. 

Soae of the beat research today, says the 
report, takes place at the Joffe Institute in 
Lenincrad. '\'here, the late D. K. Kasledov, the 
Soviet father of GaAs, and his associates first 
investisated the electrical. optical, aasnetic ana 
other pbysical properties of CaAs crystals. 

Particularly important past Sowiet dewelopioent1 
include a aetbod of laser pulse anaealins of 
seairaductor wafers. vhich vaa adopt•d by 
U.S. manufacturer•• and an early apprLciation of the 
optoelectronic properties of CainAaP. CExtrected 
fr- Seaiconductor International. February 1987, 
p. 24 

Thin, lightveigt.t GaAlAs soler cell for satellites 

Sharp Corporation has developed a nev 
&•lliu.-aluainiua-arsenide solar cell that is 
extreaely thin and light. 

GaAlAs solar cells have a hi&h conwersion 
efficiency of 17.6 per cent, auch higher than that of 
the 13.S per cent of sin&le crystal silicon solar 
cells. Bovever, since the specific sravity of GaAlAs 
is aore than double that of silicon, electricity 
generation per er• is only 0.14 Wp, compared with 
1.03 Wp for sin1le crystal ailicon. 

lasecl on the fact that only the surface of the 
CaAlAs wafer plays a part in electricity 1enerat1on, 
the coapany atteapteo to reduce the weight of the 
wafer by aakins it thinner. 

A solar cell with a wafer consistins of layers 
of salli,., aluainiua ano arsenic vas fabricated and 
the wafer side etched with aa etchin& •sent 
consistin& of hydrosen peroxide and an aqueous 
a11110nia solution. ln about 16 ainutea, the thickness 
of a 2 ca solar cell was reduced from 300 aicrons to 
SO aicrons. The thickness tolerance was kept within 
S aicrons. The 1olar cell side was not etched since 
it was coated wit~ va~. 

Th• solar cell'• conversion efficiency was 
confir11ed to be exactly the 1aae aa that of an 
ordinary GaAa waier, considerebly increa1in1 output 
per sraa from 0.14 Wp to 0.74. 

While this perfor .. nce atill falls short of the 
perforaance of ailicon crystal vafers, it none the 
less aark• a nry hi&h conversion rate per unit lrH, 
••kins it hishly pre111i1in1 for u11 in aatellites. 
(Sharp Corporation Public lelationa Sect., 
22-22, Naasike, Abeno-ku, Osaka) 

(Source: .:!!!!!!!• February 1986) 



Catliua arsenide solar cell nears .. xirua 
theoretical eff1c1ency: 

A world record for photovoltaic efficiency -
23.7 per cent - has been recorded for oae-aun calliua 
arsenide solar cells produced by Spire Corp. The 
previous record vas 22.2 per c~nt. One-sun •~lar 
cells, vbicb do not require lenses to concentrate 
sunli&ht, are useful for supplyin& electricity to 
power repeater stations, navicatiooal buoys, pump• 
for deep wells, and remotely-located refriieration 
units for medical supplies. Currently, calliua 
arsenide solar cells are too expensive for co...rcial 
.. rketa, but iaproved efficiency over silicon solar 
cells .. y expand their use beyond current space-based 
applications. 

The flat-plate, O.S c,;. cells are layered vith 
galliua arsenide by ..etalorcanic cbeaical vapour 
deposition. Spire, under fundin& by the Department 
of Energy, vill continue to work toward reaching the 
.. xi .... theoretical efficiency of 28 per cent to 
ll per cent conversion of sunlight ener&y to 
electricity. Spire is also inveati&atin& high 
effici•ncy, radiation resistant indiua phosphide 
solar cells under NASA funding. Various aspects of 
the design of both types of cells are patentable, and 
Spire is interested in licensing arrange.enla. 

Spire also offers ion implantation services for 
galliua arsenide and indiua phosphide wafers. Like 
doping, ion i•plantation activates seaiconductora -
but ion implantation offers advantages of 110re 
unifor•, controllable layering. Available ion 
species include bydrocen, .. gnesiua, zinc, seleniu•, 
titanium and others. Special high-dose, lov 
temperature, and larce-area i•plants are also offered. 

(Solar Cella: Electronic Materials Div., Spire 
Corp., Patriots Park, Bedford, MA 01730. Ion 
Implantation: Ion l•plantation Div., same address.) 
(Source: Inside R&D, 25 February 1987, p.7) 

2.2 Indi,.. ph011phorus 

Solar cell f~r satellite• 

The Nippon Telegraph and Telephone ~ublic 
Corporat~on's Ibaraki TelecOtm1Unications Research 
Institute has developed a photovoltaic cell which is 
highly resistant to radiation and has a high capacity 
to convert solar energy into electricity. 

The cell is made of indium-phosphorus compound 
semi-conductors. The .. terial is being highlighted 
as the next generation semiconductor stuff to replace 
silicon. 

The nevly developed semiconductor is capable of 
converting 18 per cent of solar energy into 
electricity - a vorld record conversion rate. It is 
also highly resistant to radiation and has a longar 
l>fe than the gallium arsenide cells nov in use, 
according to the Institute. 

It is expected that the semiconductor vill 
become the power source of a large c11t1111unications 
satellite with a life expectancy of 10 years or 
more. (Source: Asia-Pacific Tech Monitor, 
January-February 19SS, p. 3S) 

3. Nev ... cerials and technologies 

Nev materials boost photovoltaic cell efficiency: 

Lu,..ioid, a plastic, and Lepcon, a &lass 
designed by researchers at Photother• could turn 
70 per cent to 80 per cent of the energy front 
sunlight they receive into electriciLy. Most 
photovoltaic cells produce only lS per cent 
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efficiency. It's this sort of hi&h effi~iency that 
.. Y help push pbotowoltaics into head-oa c~tition 
vith conventiooal means of electricity production. 

Lu8eloid coasi•t• of cheap filalike abeets of 
plastic covered vith cmuluctive polymen. llae 
ce111paay voa't reveal .._. of cb-icals used to 
produce l.ulleloid, but bere'• bow Lu.&loid vorks: 
When •unli&bt bits Ue&ta of the polymer, -rgy 1.a 

the ligbt tranefera to electrona in tbe polymer, 
which escape at -• encl in the fora of electricity. 
Altbougb the plastic vill have to be replaced eYery 
year, it'• ao iaexpenaive that electricity would 
still co•t oaly three or four c&ata/kWb • 
C:O...rcielly aeaerated electric power runs about 
10 ceau/kWb. And 110at pbotOYOltaic cell• produce 
eaergy for .._t $1/kllb. l.ulleloid vill be developed 
and licensed by Pbototbera. 

Lepcon, vbicb vaa a preliaiaary design to 
X.-loid, coaaiats of glaH pa•h cOYered vitb array 
of aillions of Al or Cu atrip•, each le•• tban a 
•icron vide. It vorlta oa tile - preaiae as 
i.-loid, but Lepcon nenr ba• to be replaced. 
(Source: Inside ll6D, 24 Sept811ber 1986, pp. 6 and 7) 

An efficient thermal energr storage .. terial is 
beinf deYdope4 at the Solar l:aergy leaearch 
Iastttute (SEU, Colden, Colo.). llae 
polyalcohol-baaed .. terial ab•orb• large ..ount• of 
solar energy during the day and releaaea it iato a 
buildiag at ai&ht. It ba• the unu•ual property of 
being able to •tore 110re energy below ita .. tting 
point thaa at its .. 1ting poiat, obYiatiag tbe aeed 
to .. it aad freeze .. terial for an eAergy storage 
cycle. SEU •cientiat Dayid llenaon aaya tbat the 
..terial ha• a beat •torage capacity tbat is many 
ti-• g~eater than that of ... ODry or coacrete. As a 
result, a mucb a .. ller veight i• needed to store 
solar beat. Uatil nov, storage baa been the veak 
liak in tbe uae of molar eneru. (Source: 
Envir-tal Sci-Tecbaol., Vol. 21, llo. 3, 1987, 
P• 223) 

M81rltJpe •olar cell 

A group beaded by Profe•sor T•ub011Ura at Osaka 
University bas developed a baaic technique for a vet 
type photocell vbicb can coa•ert aolar li&ht eneray 
into electric energy by i ... rsins seaiconductor 
,..tter in liquid. Thia techaique provide• a 
possibility of prou-cing a cell vitb an energy 
conversion efficiency co.parable to that of the 
current •ilicon solar cell. The group vill atart the 
development of a nev process •olar cell. (Source: 
Chea. ko!!0!7 6 Ena. &eYiev, October 198S, p. 3S) 

Fasce-, cheaper photovoltaic •ilicon 

An argon inductive pla ..... icing technique, 
developed at Electricitf de France, allova ultrapure 
photovoltaic •ilicon to be obtain~d 100 tims• faster 
than ~y the present aone .. 1cin& .. tbods. lars of 
.. talluraical-grade silicon 80Ye at 8,000-9,000° l 
throu&h a pla• .. &•nic fluid containina oxyaen. The 
layer of ala& for.ad oa the aurfaca and wbich 
contaiaa th• .i.epuriti•• - .. ialy boron - "•igraces" 
to the end• of the bar. The purification factor 
reaches 20,000 in jun four ruu and can be 
controllad by the a110unt of oxygea ia the plas .. genic 
fluid. Preaant aona .. icing techniques require 
silicon bar• "Illich are already hi&Jily purified: up 
to 99. 9 per ce. · c in cerca in ca•••. Hera, a 
98 per t.·nt prepurificacioa ia eaou&Ji. AA overall 
yi•ld of IO per cent ia accaiaed, ver•ua only 
20 par cent vith ch .. ical technique•. Par kilogr .. 
of photovoltaic •ilicoa, anersy coa•uaptioa i• four 
ti .. • la•• (SO co 100 kWh). 'lhe proc••• being tested 
in the laboratory purili•• •ilicoa bar• havina a 
cro•s-•eccion of 10 cri'. A 100-kW plane would 
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an- naa~ of 20 -tric It- of ailic- per 
,.ar. 'lllia tecluli.- -1• offer ,..tocell 
-fac1t11ren l:M O..C. to •• Mtalliaqical-arede: 
ailic• directlJ' aa r- •terial. (S..rce: Scietieea 
... -Teaai••• i• rr-11, rnr.al'J' 1'14, P· 6'J 

4. !pplicati ... 

So•iet·-lar c-tral ncei-r ff&iu l!!!r•ti!c 
electnc1.1:7 

'lbe S--amtt (electric> Sowiet aolar .,-r 
pl•t Miaa .. ilt i• tbe Cri.ea .... atart.,. to f-4 
electrici1:7 to tlle uti-1 sr1'. So fari llalf of 
die 1-~ loeli-tau, eacla -u•riac 25 • .... 
c..,..ter-cootrolln to track tlae -· ... _ .._ 
iutall ... 

1lae complete plaat vjll U.. 20 circlea of 
airror• coverina 40,000 • to focus tlle •-"• raJ'• 
•a .. iler IO• alloft tlae &nMmli - a t-r. Vater 
ia tlae .. iler vill be laeat .. to 2S6•c (493"F), 
pr-..Ciac at._ to •ri- a -tioaal tllrlti•. 
Sarpl•• llot -ter ia bpt ia iualate<I -•aela _..r 
pre•••re for releaae u at•- - clOlldJ' .. ,,,. 

'lbe pl-t, - tlae Aoru of tbe Sea of A&oY •ar 
t .. •illap of..,.__,, ..... - 2,300 -.ra of 
... 1i ... t per ~r. 'Ille coat of electricitJ' fTilla die 
pleat ia expect.. to be appr-iaatolJ' tvico l:H 
aftr••• .. t t:laia ia •- .. accopta:.le for a project 
... ip..a to teat .., toclaaolO&J'. 

Pl... are al~ .,.._ wrr to .. il• a bigor 
plaat rat..a at - 300 IWe ia UsHkiataa, ... re 
-li&'at totals 3,000 llovra ,, .. r1,,. 'llai• s-ator 
will ...,,_ 72,000 .. lioatata _.. a Miler placn - a 
:ZOO-. t-r. 'lbe ooit Ifill proclace j•t 100 Ille at 
firat, villa a lCIO-lllle foaail fMl ~Imp •J'at-. 
lllanlaen ia Udteltiataa, • -1ar-pc-.r.,. 
-tallaqical works ia hi.Ila ... ilt - Taallbat. 
(5-rce: Solar laorp latelli1we laport, 
25 ....... r 1"6, p. 372, vrittoa bJ' .Ja41it:la Perera) 

auHiau look to •pace for solar .-r plaot• 

ausaiaa expert• calculate t ... t it ia poa•ible to 
baild •olar ,_r atatiOD8 ia •pace to pr°"i .. 
electriciltJ for the S..iet aatioul arid. '?beJ' 
hlioYO theJ' cao de•ipa a -'iaa-•ised atatioo vitla a 
capmcitJ of 100,000 to 500,000 kilowatt•. 

'!be •tati.,.. would coa•ert the aua'• eaar&J iato 
electricitJ ia tlle vaJ ao•t •pacacraft do '°'8J'. lut 
it would thea be coovert .. to r .. iovaYea ... 
trauaitted to srOWMl-baHd recoiYi.11& n•tioaa, vbicla 
i• tara voald recoa•ert it to electricitJ'- Tbe idea 
VH first propoHd bJ' ao Aaericao acieatiat. 

Accordias to Yuri Zaitaev, tlae depar~tal be .. 
ia tlae lpmce laHarclt lanitute of t:laa Soviet Ac....,, 
of Scieace•, oae quarte~tre of aolar paoel battery 
produce• bat .... • 140 to 170 vatt•. 

le ••timatea that ao orbital power •tatioo 
c•pable of aaaaratias 500,000 kilclvatt• voald ..... a 
-• •11ual to t ... of tltoaaad• of t-. lt could be 
built bJ' arraa1i•1 aolar batterie• ill ,. .. 1. of about 
five ••uare kiloaetrea eacla. 'Ille ... elo,_at of 
CDlltiaaoua atripa of .. 1ar call• are r .. ucias tllat 
•a• •ad tbe con•; furtlaer teclnlical prOgl'eH would 
aaka tbe ec--ic• ...... re attrmcti••· 

Aaotlter project uader atMJ' ia tlle l°"iet UaioD 
raliea OD turbo-seaerator• to CODYert .. lar aaar&J' 
iato alectricitJ'. Giaat airrora i• apace would trap 
aolar r•J'•, be- tltaa to a lleli- Miler Dll eartb, 
beatiD& tbe sa•, t.ta•cta -11• tba tun the blaclea of 
a saaerator to produce electricitJ'. 

lotlt those .. tltoil• re11uire coavar•ioa of a .. r&J' 
into a fora capable of tr .... abai .. fr• •pace to 
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lartll. 'tllat, accodiac to tile .... iaaa, c-1• h 
._ ia t.o •J'•: by laaer b.-a or 
a..,.r-bip-fre,-J' (SllP) ra•iatioo. 

'llae ... aatap of laaor ..._ liea U. i:llo 
feuibililtJ' of ..._lopias a -ry aarrow rAJ', ""icla 
-1• _.. coaparatiftlJ' -u trauaitti.aa ... 
recoiviaa .,n,_.t. ..t a sreat -t of ••r&J' 
-u be loat olariac tlM ~r•i- proceaaea. 

Oa t:laa ol:Mr ..... tlae Siii' r .. ieti-. •iclll tlae 
luaaiau prefer at tllia atap, Ila• .. probl- paa•iac 
t!aroa&ll tlae ataoa,..re a .. c-rai- loaHa are _., 
-uer. 

..t, to -re tbe lli ... effici.eDcy of -ru 
t~fer ia tile Siii' ..,... ... , wt of l:H -ru flw 
-u .._ to be coacaotrateil ia a .. rrow aaale. 
'llaat ...,.1• ro,airo aerial• ia •,.ce al: leeat 
100 ti.a&• "isser tlaat uiati.11& .... oa Eartb vbicb, 
ia tan, -1• .,... to M aa laqe :.• tlae pouer plaDt 
iD ...... 

'llae a.aaieaa llaaft -~ -t t:laat tlae -t 
efficiaot -J' of placiaa ,-r atati- ia •pac• 
-u be to u...i.lo tlaea ia a -rlartb orbit aDd 
cbeD - diem to a s-tati~ positioa. 'lbat 
-1• eaaltle tllea to paorato olectricitJ' r-.1 the 
clock • 

Soviet acieatiata llave calcwlatd tllat apace 
,_r •tati- -u 11ec... ec-1callJ' riable ODlJ' 
if tbe coat of placiD& - kiloar- of ceqo iato 
orbit c-u be bpt to bel- SO r.-laa. 'tllat ia 
._t $50, ... aboat ... taot:la of toclq'a coata. 

Geller idaaa - Soviet drawiac lloarcla iaclude 
si•t airrora ill • seoatat~ry orbit to direct 
,_rfal li&'at ..._ c-ru rroUDd-111.... aaoaora aacl 
aolar calla, vbicll -1• c-rt aolar -ru iato 
electricitJ'. 'Daere is .,,.. a plea to uae aolar 
reflector• to lipt iadi•idual t-. (Source: 
'llae T'-9, p. 11, 9 Decealler 1915, article vrittn llJ' 
Ldrw Viaa...> 

J ... ica tiislit aolar teat laboratory vitb laelp fr°'! 
DFiiiii 

J ... ica bu _rel .. a cOdtraci: to DS&T 
LaMratorie• lac. - a lfev &i•ar, Aris., •olar 
exposure teatiDs fmcilitJ' for aoler ca.poaaat•, 
•J'•t... ... .. tariala - to coaault oa Ula do•isa aad 
c~i••iooi•& of a Solar Te•t Laboratory for tbe 
J-ic .. lureau of Staadaru. 

'llae project ia apoaaored by the J ... icao 
"i•i•try of "i•iaa, laor&J' ... Touri .. ..,. fUDlled ia 
part bJ' t:laa Uaited State• ApacJ' for lDtaraatioaal 
Dnelo,_at. lta objecti•e la to pr..,ido tacuical 
•upport for t:lae J ... icao aolar illcluatry aad furtber 
a.plora ltU potoatial for •olar eaarsJ applicatioa• 
ia J-ica acl t:lae Cadltbeao luiD. 

'llae - facilitJ, locatd ill ltiDsacoa, will 
iaclude aa outd-r aolar collector teat •taacl aad 
atapatioa rack, iadoor tlae~l ayat- teat beach 
aD4 data .C!UUitiOD aad rnucti• ••ui .... t. 'llae 
laorai:ory ia clua for coaplacioo ia aid-1916, DlltT 
8aJ'•• Per-1 fr- tlle U.I, fin will 8uperviH 
iutallatioo, traill tacllaical ataff, allcl pr•-t a 
aerie• of tacllaical ._iura for tlae J ... ic• aolar 
-•itJ' - t:laa deaip illplicatiou of tlla teat 
data. (lourca: Solar &aerp latdlie•• aaron, 
11 rataruary 1tl6, ,. S6> 

'Ille n.111111 laaulatioa Laboratory at LfsbJ', 
o.-rk ia U..olve4 ill l:lle llltarutioul IMrlJ 
ApocJ''• Solar laatias ...a Cooli.D& rrosr-· ,. 
part of tlle W -'-• tlae laboral:Orf' • , ... , PadarHD 
ha• led ao iDYHtipti- of larse dtrbuilt roof 
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collectors. U1ias 1tock al ... iai,.. aaol •e1igas that 
save oa ia1tallatioa labour. hi1 groap haa •rivea 
,..,. tile co1t of roof-iatearate4 collectors to the 
raaae of US$10 per square foot. 

A SS-unit solar de,,.lo,.eat i• beia& .oaitored 
to test the tharaal perfo .... aca of wari-• 1--aaeray 
1cheme1, iacludina heat-recowary weatilators, 
iasulatina aad reflactina 1hutter1, superiasulatioa, 
1uaspacas •• theraal -••. Tastirt a -
thermosiphon solac vater heater that blaads vith the 
skia of the buildiaa is also part of tile lov-eaeqy 
house project. (SGurce: Asia-Pacific Tech. llooitor, 
!larch-April 1916, p. 42) 

Solar pc!V'l!r rewieved 

The latest vorld dewelop11eat1 ia solar pover 
techaolo&J vere recently rewieved at an iatenaatioaal 
tvo-day coafereace ia the m, atteaoled by delegates 
fr- couatries ia Africa aad Asia. the eweat, 
eatitle4 Applicatioos of Photo-l~aics. -• hel• oa 
12 •-' 13 S.pt...._r at llevcastle Polytechnic ia 
aocth-east Ea&l••, h- of the llevcastle 
Photowoltaics :\pplicatioas Centre. 

Amoa& tbe speaker• vas Mr. s. c. lajpai. of th~ 
Uabersicy of Souto. •igeria, wbo discuaaed the 
cost-cffectiweaesa of the phot.-ltaic eaeray plants 
vlaich it is hoped to establish ia •igeria before che 
year 2000. 

The conference, it vas seated, iateaded to look 
at both terrestrial and space applicatioas of the 
solar panel. Countries vithout a national 
electricity grid staad to gaia substantially fr­
usiag solar ,-r. la•- paru of the vorld. the 
poiat is - beiag reached where it is cheaper to use 
solar povec than diesel engine geaecatora. (Source: 
Africaa Tech. lewiev, Septellber 1985, p. 10) 

Storiag the scarce sun's heat 

Finland's research has concentrated on a1sessin1 
just hov 18Uch solac radiation it sets and on storing 
it for use during •he fierce wint~rs. At Helsinki 
Uaiwersit~ of Technoloay, the Solar tnersy Croup has 
deweloped .. in-fraiae computer 110dels to judae 
seasonal heat 1tora1e choices. Computer vork 
su11ests that seasonally stored solar energy aight be 
delivered for as little as 6 cents to 7 cents 
per kWh - about the price of conventional fuel in 
Finland today. 

the saae croup is analysin1 perfonaance rssults 
froa the Xerava Solar Villase, a prototypa solar 
district heatin& project. (Source: Asia-Pacific 
Tech Monitor, March-April 1986, p. 44 

Salt pond~ and PY concentrators 

The ~ngineerin& Departaent at tha University of 
Readina, not far fr- London, is vorkins on 
... 11-,cale photovoltaic syste .. and salt-sradient 
ponds. The ai• is to lover the cost of PY syneaa so 
that thly can be economically ssnsibla for vatar 
puapin& in the third world. They have teated 
conventional ons-sun calls under focused sunlight and 
found it worth vhila to use concentration ratios of 
up to 10. Nev inaiahts have bean gained about 
the coaplex behaviour of 1alt sradient ponds. 
(Source: Asia-Pacific Tsch. Monitor, 
March-April 1986, p. 43) 

Hacsuahita ha• developed a new f ila-c1~e solar 
cell that offer• 6-9X aora pow•r in low l1g t 
C'Oiiciiciona than conventional solar cell1. 
Sunc1r•• 11, produced usina 1creen printi~s 
techniques, offers en•rgy conversion efficiency of 
12.8 par cenc/0.8 c•2, allowing it to pow•r • 
pock•t calculator with a li&ht sourc1 as low as • 
aat:h. It will elso drive the celculator froa an 
aircraft reading li&ht, or the do.., li&ht of a car. 
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Ft1tt1re applicati- iac:l.C-e ,-ria& roa41 aigaa, 
irrigati- ,_,. ... •t<MH clocb. (5-Re: Fill 
!!!!_. 12 April 1986. P• 19) 

lwte 'rillqe ,....r 
&ccoriilla to Ta-lloo Yiclaar-a.... cllief of tM 

Eaer&J I-try Dawel.,_.t Office at tile 
Cowe~at's lliaiatry of l.llllaatry ia 'Dlail-. lU 
SCIO-vatt photowoltaic arrays llaYe already .. _ 
iaatalled as part of tile effort. The i41ea is to gi10a 
remote willagaa ceatral pcNer aooarcea. la syateas 
boailt 10 far. willasers "ria& their ..,. batteries to 
a aolar atatioa - the n arraJ' - for c .. qi.Bg. Thea 
they .... tha batteriea to .-r n-reac-t lighu. 
ruios •. tape playen or teln"i•i-. lach of 10 
vorltia& atatioas ha• coat ..._t DS$5.ooo. (Source: 
Asia-Pacific Tech. llollitor. llan:la-April 1986) 

Solar thermal acoadiea 

la the remote tava of &lice Spriags. Allatralia, 
a priwate coapaay. &oaatralim Solar ....... . 
produced electricity froa solar ........ Tlae 
l.600 ,,;z ...... ia tied i.ato a 20 ldl Orgnic laaltiae 
Cycle aaai- (OIC). Ita -tpat ,-r: aa 
air-c-'iti-iq at.a.I, a _.__.,,. i.-stead. vater 
,._.. ud irrigatioa for a willayan ia the parched 
c-trysi ... 

Aoaatralia's praaier raaaaRla group CSIIO'• 
Harry Salt bq• vorkiq - a -11 rockbad for tbe 
&r-p'a test llooaae UMI tha apara-ta and Ca.ptater 
DOllelliq poiatatl to a S-iac:h-tlaick slab ner a 
6-iach deep roclllled aa a useful atorqa •1•t- for 
-11-iaa .. lat .. llouaaa ia aild cliaatu. (Source: 
Asia-Pacific Tech. lloaitor, llanla-April 1916) 

Thia fila solar electric -"'"lu replace aad claarae 
6atter1ea 

Thia fil• silicoa solar electric (photowoltaic) 
nodules function a• priaary battery replac ... ats ia 
such products aa radios, calc,.lators, and amok• 
detectors. Other cODDOn applications include battery 
char1in1 ia reaota coatrola, iaatruaeata, tools, and 
portable coaputers, •• vell •• products vith a liquid 
crystal display. Photowoltaica produce electricity 
fr- sualight or normal iadoor li&htiag. Pover can 
be built into a product iadepeadeat of electric cords 
or batteries. (Atlantic Solar Paver Inc., 
64SS Vashiaaton llv~ •• laltimor1, MD 21227, USA) 
(Source: Machina Deaian, 6 March 1986. p. 240) 

Solar povar pack on vhaela 

With all the advanc..aat• and develOJllllats in 
llOdara tachaoloaiaa, eaersy aeads of .. ny raaota 
rural arus, of evaa daveloped couatriaa, away lroa 
the pover srida ara •till aot .. t aatisfactorily. 
The .. in probl- aac:-ter .. are the haaYJ coat aaa 
dilf icultJ ia fuel traasport ower lona diatanca aad 
.. iatanaar.a of dieael power .. paeratora. 

Solar syac ... hava bee• u .. d to a certain c1tant 
to .. et the naads of viii•&•• aad 11011Sdic tribal 
araas. Hara •&•in, protactias the axpensiva 
photovoltaic •y•t .. s froa raia and duaty viads is of 
i ... naa iaportanca. Sariva's Solar leaaarc:h Cantre 
in Perth, Australia, has dOAa aoae vork tovards thi• 
and. 

A prototype solar pack va• davalopad for f iald 
trial• and usa by a rural cOllDUl'lity neat Hillstre••· 
Thay alreaJy had an adaquaca water aupply povsrad by 
windaill, so their Solar pack unit vas able to 
provide extra refriseratioa capacity. The basic 
power sarvicas for thi• aboriainal coaaunity vers 
identified as: 

CotlllUnicationa: raliabl• power for very hi&h 
fraquency for flyin& doctor and other vital 
c-nicaciona; 



- Water: ,....inc for a potable water store; 

- aefriseration: chilled and frozen storas• 
for bulk .eat, .-esetables and dairy products, 
aaol tor ..eclicatioa aaol vaccines; 

- A~ea li1htin1; 

Battery chargias for vehicle use; 

- TY/Video: pover for a c-aal set. 

The uait, called a 'survival package', is a 
lov-.aiateaaace, eaersy eff icieat solar pack bousecl 
ia a second-hand, iasulatecl carso container. the 
coatainer forwis a robu•t, transportable shelter for 
the electrical equi,..ent. 

Tbe pbotovaltaic array is filled to the r-f of 
the coatainer aad coaaists of 7SO vatts of Mobil 
Solar Corporatioa ribbon solar cells. The container 
also bolds a 19 kWh battery bank, Dunlop lead-acid, 
tulhalar traction type. Sy•t- YOltqe is 24 V DC. 

Aa electronic coatroller preveata over-chaqinc 
of the battery baak durins pe•iods of uc:ess solar 
radiati-, llhile also ensurinc that non-eHeatial 
lo ... are discoaaected duriaa periods of poor solar 
radiatioa. The desip load for the syst- is 4 to 
S kllh per day. 

Tbe .. in power supply is prOYided ia the DC fora 
vbicb the solar cells producr aad the batteries 
store. !latching the d-.ad aad supply is thus -•e 
~asier, as fev readily available appliances run 
oa DC. This avaids a repeated probl- vitb 
c-nities' diesel senerators, vbich tend to get 
overloaded in attempts to pover -DJ appliances. 

The prototype bas fr~r chest-type refrigeration 
units vitb a total capacity of 600 litres. The 
equipaent is highly efficient vitb its high level of 
insulation. lt uses 1/4 of the eneray tbaa a 
domestic refrigerator takes to do the .... job. Tbe 
-in storage battery aad the refrigeration equipaent 
are fixed penaaaeatly to the valls and floor of the 
container and beace caa be transported vitbout 
further llOdification. The internally 80unted 
transceiver and inverter equipaeiat are packaged 
separately and stored vitbin the container for 
transport. The container is aonaally -•tad on tvo 
4.5 • lengths of 203 x 76 .. steal c-channela and 
bolted to the container sides to •~sure stability ia 
high vind speeds. During transport, these channels 
are stored vithia the container and are fixed to the 
floor. (&xtracted froa Asia-Pacific Tech. Koaitor, 
Karch/April 1986). 

Indian village eet• ener11 exaaple 

The little village of lthandia has ehova that 
ladia could eave aillione of dollar• in its caapaign 
to provide energy to ra80te are••· To date, eay• 
Dr. •anubhai Alain, aephaeis ha• been on large-scale 
eneray project• that require heavy iaveetaent• ia 
ainiag, transportation and other develo,.ant costs. 
lthandia, he arguss, has shown that 80dast local 
sche .. 1 are just as efficient and .,ch chaaper. 

Allin is head of the Gujarat Inergy Davelopaant 
Agency (C&DA). The agency vas founded to halp 
villages astablieh non-c09llarcial source• of energy. 
It took it1 .. nc1ate • step further, creating an 
integrated 1yat .. de1i1ned to provide all the 
village'• anergy by u1ing a coabination of 
... 11-1cale collection .. thode. 

Say• Dr. Allin, an industrialist and elactrical 
engineer, "Hare ia a ca•• study of decentralisation 
to be cloHly as .. inad. Hera production and 
utilisation of 911ar1y based on locally available 
renevable ra1ource1 of enaray are in the hand• of the 
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village c ......... ity itself SL. not in the bands of 
gowe.--nt.. lf t.be villagers of lhanclia succeed, 
this experiaeat rsa chance tbe face of India.• 

One of the source• of energy is solar energy. 
lthandia caa nov have its C-'llll public health centre. 
The cent.re has a refrigerator run on photovalt.aic 
cells, a 250-litre aolar bot water ayst .. •ad a solar 
still for distilled vater. Tbe village also aov 
boasts • coaaunity centre vitb solar-potiered 
television aad r•dio sets. 

(Extracted froa Action for DeveloP114!11t, 
lovnber/Decnber 1986, vrittan by s. Mutbiab) 

Solar eaer17 for district hospitals 

Electrical power aupply bas alvaya beea a 
probl- in liaaidougou, • district tovn in Guinea, 
600 ka east of Conakry. At -•t, there is povar for 
a fev hours in tbe avaniaa. 'Iha fuel supply for 
diesel generators is also unreliable, apart froa the 
.. iatenanc:e probl ... for aucb generators. Thu• tbe 
district. hospital vith 150 b•~• bad to be run alaoac 
entirely vithout AAY povar ~upply. 

Durina 1984 tha hospital vaa furaisbad vith 
aolar-povered equipaaat vhicb vas coasi~ered 
essential for tba hoapital. A photovoltaic aolar 
geaerator vith a aaaillua power output of 770 watts 
supplies eaaray for tvo operatina tbaatre laapa, one 
refriaerator (45 litres) an4 tvslve fluoraacaat laapa 
of 20 vatta each. A auf ficieat battery capacity of 
350 Ab peraita tbe ayatea to work continuously day 
aad aight. lt baa an ... r1eac1 atoraa• unit for 
48 houn should there not be -ab aunlipt for tvo 
consacutiYa days. 

lnstruaant aad dreaaina steriliser• are 
esaential equipaaat for tba operation uait. For Chia 
purpoae a solar ace .. ateriliaar (autoclaYa) vaa 
deaignad uaiaa solar vacuua tube• for ac ... 
pnaration. The daaip ia uaiqua and a lint 
prototype va1 built for the ho1pical. A aolar 
hot-air inatruaanc aceriliaar haa also bean daaianad 
and a prototype built to be tasted at the hospital. 

Thi• equi,.ant for the Ki11idougou hoapital and 
its teat run ia part ot a project ""ich ia analysing 
th• enarsy raquir ... nta for hospitals at iaolatad 
location• in davalopiaa couacdaa alld which ia 
lookina for vays to uaa raaavabla anaray aourcas. 

la May 1985 a tint a-ry of the aparianca 
gained ia lbaidoupu vaa ucla. The phocovolcaic 
power 1aaaratioo for liJllt, oparatiag theatre i .. p• 
and a refriaerstor 1hoved Yary aatiafactory reault1 



and tbc syst- nav ensures a 24-bour paver supply for 
the operation unit at the hospital. Tbe apecial 
lov-pouerecl bulbs for the operatiac theatre lamp vith 
3 ~ 15 vatts proved sufficient in li&htia& streactb. 

The solar-pouered autoclawe vith 
hi&h-perforaance vacuua collectors ia recularly 
used. A kero•e- burner c .. be uaed should there not 
be enouch sualicht. tbere ia, bovewer, still rooa 
for iapraYet1ent. the distiller vbich provides the 
fen vater is not effici .. t and opentia& the 
a .. toclawe viri• several lewers requires s-
experi .. ce. These deficiencies resulted in 
i.,r0Yet1ents vbich vill be incorporated into the 
secoa<l prot3type. 

I~,, 
t ,, ........... , ... ~ ......... 

.. __ 
-·­........... 

~ .......... , ..... ...-..... 
-­·­·--

the bot-air sterilizer prototype vent throuch 
several test runa aad reached a temperature of l60°C 
under ccod sunlight conclitioaa. The •ini ... 
sterilizin& temperature should be 140°C. Except for 
•inor i.,rov ... nts necessary for the haadlia& of the 
sterilizer, the desicn can be rec0!9lleaded for use. 
The desicn is suitable for local .. nufacturinc. 
(Extracted from CATE, 4/15, pp. 52-53, vritten by 
Walter Jahn, GT2/CATE Sect. 213, resp. for 
IMI Projects) 

TelCYision runs vith solar pover 

The time has c- for the solar p-r to .. ke 
ini:oads into the r-t• rural areas vbere it sbo11ld 
ri&htly belonc. Atte.pta to .. ke solar photovoltaic 
pover ~teful for .. ny ._•tic requir ... nts are beinc 
.. de throuchout the world. A solar photovoltaic 
(SPY) powered television ayst .. has been developed as 
a result of o- such attempt by the Central 
tlectronics Li•ited (CEL) of India. 

The CEL ••Y• that its solar television syst•• is 
an ideal choice for rC90tcly located and inaccessible 
unelectrified villaae• in 90at of the developina 
countries. The syst .. ia •••Y to install, operate 
and uintain. 

Th• syst .. consists of a Sl c• size black and 
vhite or colour television set, tvo or .ore .. tched 
solar photovoltaic ...Sule&, support fra .. str11cture, 
scorac• batteries and an electronic concroller. The 
aysc .. is desicned to operate the television sac for 
a period of four hours every d~y, irreapective of the 
environaental conditions. le it clai .. d co operece 
aucce11f11lly even for three contecutive totally 
aunl••• dayt. le is alto postible to furnith tpecisl 
televition •Y•t .. • receivinc 1i1nals tr .. ••tellit••· 

Th• IPV povered black and vhice calevi1ion 
•Y•t .. • can be locally inttalled for about Ult1200 
to Ultl,SOO/tytte•. Tiie ayac .. it ideally tuiced for 
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.. ss educatioa, eaterteU....t, iaformatiOll 
diss .. inatiOll Oil acricultllre, weather forecast, ate., 
ia r-te and iaaccessi.ble areas. Tiie tecbaolo&J of 
,......facturi.q the CEL SPY televi.aioo syst ... is vell 
prowea by tbe fact that for the paat several years, 
.ore tbaa 250 such syst ... are operatiq successfully 
all over India. Tiie SPY .od•l•• and the coatrol 
electroaics are available froo all leao&iac ::>PY 
,......facturera, iacllldinc CEI.. Televiaioa aets, 
batteries aad other hardvare are expected to be 
available locally. The t~baoloCJ of -facturiac 
the products ie offere4 oa liceeae .... the 
eqineerinc, pl .. t iaatallacioa a .. start-up oo a 
turnkey basis. (Soun:e: .Appropriate TechaoloCJ 
Doc-atati- lalletia, Yol. XIll, •· 4, 
lulrLiust 1916) 

Licht• 10 •olar var 

The Solar Licht froo tbe 'lbielacll Eqi-rio1 
Associates, lac. of Dode lal .... USA, ia a 
photovoltaic power lichtiac ayet- that prowi ... up 
to 15 tao.rs of li.cht viellout recberai.aa· It -rka by 
colleclia& electricity froo CH •- .... rinc tile <lay 
aad storiac it to provi .. l,IOO 1- of 1-
pressure aodiam licht at oicht. 

'lbe ataadard .odel iacl-"e• - 40-vatt 
pbotovolta•c pa-1, oae battery, coatrols aad 
.ouatinc hardvare for .,... pa-1. tbe S.-lar Licht can 
be set to curia itself oa at aight aad aut09&tically 
tllrn itself off at a pre-set ti.ea. 

Other models feature tvo or liar .. pllOtovoltaic 
panels aad additioaal batteries to provide 1111re liaht 
bet-ea recharaia& or to acc_..te operatiOll up to 
three successive day• of no euali.cht. AA optioaal 
i.., rated 35 vettl at 4,800 lumeas is alto 
available. Another option provides povtr to aa 
electrical outlet located 54 iac:hes above the base. 
This .odel iac:lude• the ataadard liaht for all-aiaht 
ill-iaatioa, or reduced lichtiac hours coobiaed vith 
the operation of other electrical devices. (Source: 
Asia-Pacific Tech. Monitor, January-February 1985, 
P• j)) 

Photovoltaic ,...,inc 1111it 

The firac photovoltaic p1111pinc Ullit io Greece 
has became operatioaal oo tba re.ate isl ... of 
ltarpatho• in the touch Aapan Saa. Tile 10-kil-att 
photovoltaic arra:r power• a a .... raible ceacrifucal 
pump. Scorac• is provided ia tbe fora of tlllD larc• 
taoks vbara vater i• fed co aaarby fields for 
irrication purpotea. 

The U11it, -" by a local fanliac c:o-cpenei.va, 
..at fiaaacad by the Hellenic Dnalo,_.t lank UtTllA) 
and the Kuropaan C-oity. Total cost reacbed 
SO •illioo Greek drac .... a Ct37S,OOO), of which 
40 per ceat vH contributed by the " H part of the 
de.onttracioo proer ..... of cbe loercy Diractorac• 
(DG 17) and 60 par cear by ~TIA, 

Syac .. daaica and ia•callatioa ~•ra handled by 
Ciceroi llclla1 Iaclu1tria1, a unit of JP Greece. The 
solar fiald, coasiscia1 of 309 rv .odulea, each rated 
at 32 Vp, vaa .. nufacturad by IP Solar Sytt.., Ltd. 
of th• United Kincdo. for a cote of 13 aillioa 
drach .. s Ct97,500) or t9.70/Wp. 

The .. in •:rat .. feadia1 the pu11p features 
273 1111dulas. Another 36 11Ddule1 form Cha auxiliary 
sy•t••, which feed• the secoadary circuits, includinc 
the .. asurinc ayst .. , th• ca.pucer, the control• and 
li1ht• for cha buildinc. 

The .. in 1y1c .. 80dulea are arranced in aeccio•• 
containinc •even 80dul•• cODDactad in ••ri••· Three 
adjacent aactioas are connactad io aerie• to for• • 
tubarray of 21 llOdulat, vitb • nominal ta ... ioal 
YOltap of 330 VDC. 



Eada nc:tioa ie ..,,.rt .. •1 a salY .. iu<I •t-1 
fr-rlt. TIMt bcliuti .. of tbe _..le• i• 
n· t-n. •-tla. tile &~ .... re t• eoler arr•7• 
ere _t.,. i• rodty _. ro.sla. ftia laae '-a t..._ 
iato -iAeratioa ia tu ... ip of tile • ...,.rt•, a• 
wll u ia tbe ..,. t._ f ..... tioa of tM etr11et.n ie 
loltilt. 11ae metallic atr11etare i• electricallJ 
&.......,. u a protec:ti .. aaaiaat lipt.i ... 
(S..rce: Iaterutioaal Solar IEae!Jl latelliJeece 
~· l tlarcla HU) 

n. foll-i-a article -rise• the c~t 
etat-, ia terms of tbe teclaaical perf-. _. 
ec-'c Yi••ility, of .-t-ltaic .. ter .... u.. 
Thie i• ..... - eipt years of practical 
eaperince. Teclaaical pn'tl- ..._ ..._ laqelJ -re-. altbou&ll ~ ... e ... t ... ltaic ,.... are -t 
JOC: ia vi.deepre.1 -e tun i• a ...,. for impr-4 
roatiae s7st- eelecd ..... prOYiei .. of -iat-e 
Nc:k-.p. 

Solar ....,iy: •• Uf!late 

Tloere II.as .. _ a &ood ... 1 of i1ttereet ill solar 
water .... ias for _.,. :r.ars. nae UllDP ... tile 
Vorl• ...... •...-r..i • -jor &loloal solar .-.iq 
•-trati ...... .,,.1 .. ti .. prasr- fn. 1'71 to 
ltll. (l) Dais iacl .... fiel• trials, la'°rator}' 
testia& .... ecoaomic aaal1eis. 'Ille project ...... 1 .. 
reli .. la tecllllical .... ec .... ic ••t• froa .. icll tile 
appropriateness alld Yia•ilitJ of eolar ,....ill& 
•J•t- llas been assessed. Dlariaa tile course of tile 
project, alld ia -jor part as tu direct result of 
it, -n pllot-ltaic {I'\') ,..... U... .._ deYelopcd 
to tile stap where tile best caicr. -t all t._ 
techaical alld user prere,...isites for vide-scale 
iatrodacti... There are - UDJ t,.,.s of n .....,. 
c.,...rciallJ aYailable ..... re tbaa l,000 n ,..... • 
.. .,. bee• supplied worldwide ia -•1 successfol 
d-astratioas of tile techDOloSJ• The final ootpot 
of the Vorld laalt project vas a .......... OD Solar 
Pu.pi•&· (2) the resulte reported bel- are based OD 
aa update report receatlJ coapleted foe tile World 
laalt. (]) 

Since tile &lobal eolar pa.piaa project, 
i .. rov-ats have occurr .. , ia teras of tile 
perforaaDCe, efficieacJ alld cost of solar ,...s. 
Photovoltaic pumps can be used ill aaDJ applications 
vhere cODYentional pu8pift& is &-rallJ ... loJed • lt 
is nov i ... rtaat that iaforaatioll Oil the perforaaace 
and costs of PV pueps is provided to decision .. 1ters 
and prospective institutional bu1ers of vater ,....in& 
equi,..nt. This is n- happeaias, for es ... le ill the 
UllDP Photovoltaic lnfor .. tion Prasr .... (4) and the 
US Depart .. nt of Ener11 COlECf activities. (5) 
UWESCO has al10 sponsored an evaluation of 
photovoltaic 1yst .. appliances for developin& 
countries and the present paper has been prepared as 
~art of on-coin& activitie1. (6) 

The five principal confi1urations of PV pumps 
that are used at present are a1 foll-•; 

Ci) Suti.ersed motor/p1111p unit, vith 
centrifu1al puap, often consistin1 of several 
iapeller• and then termed 't1Ulti-•c•1•'· The nu.lier 
of sta1•• is • function of the lift required. 

(ii) Suti.er1ed centrifu1al p119p (alternatively 
a rotatin1 positive displac ... nc pump of the 
pro1ressive cavity type) driven by the sheft fr- • 
.. tor llOVnted ac 1round level. 

(iii) Su ... r1ed reciprocatin& positive 
displac ... nc puiap (also knovn as a jack puep), driven 
by a ahaft fr .. • 90tor driven crank or bea• 
('noddin& donkey') at sround level. 

(iv) Ploatin1 .otor/puiap unit vith cencrifusal 
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(y) Sarface _ .. -•r ,... ~t, vitll a 
Hlf-.rimiaa c..k. ll:e ,... ..,. M c-trihaal or 
,..itive •iepl--a:. Peoitive •iaplac-t ,..... 
tan. .. tter Hlf-.r&.ia& pr911ertia .. t ere s-rall7 
las effic~ for low ..._. ..-:iea. 

-.en an _,. 9q• of .. fiailia tM eiaa or 
ntilia of a n ,.... U..H iacl ... tM ,.a 
.-t-ltaic arrar .-r _. ,.a ..,...--lie .-r. 
Perfo~e Tarin vi.tit .. 1ar u.,.t _. it ia tM 
nerap .. 1- ef -ter .. li..rn per ~ tllat i• of 
-t iatereet to poteatial -n. 'Ille pcaferretl 
•tlMlol of nfarrilia to l:M capecity of a ,... i• 
tllenfon tM .. u,. .. 1- of -ter .. li..rn at tM ••iaa .... _. ... ip .. ilJ -lar irr .. iatiea. 

It ie c-2.eat to -a.er a •ily la7*"-lic 
-ru -.1,,.1eac u tM p~t of .. n, _,.c ... 
..... i.e. r/~ a ...... - • '~· .. .._.. l 
pre-ta tJie capacitJ raace ef a Hlectiea of 
n ,_.. c ... iAer .. to .. •off-tM-allelf" a7au­
b...,. .. a aolar irr .. iati .. of 5 ,,,./.,Z/~. tile 
iaforaatiea ia baaM .... ta ...,li .. .,,. .-. tllaa 
40 of tile prbci.-1 ..,,1iere. Of c-rse it i• 
poeai•l• to .. aip a n ,... to -t ..,. _,.t ... 
Ile .. ~i~te oatai• tlaia r..-, '°t tMae 
He- apecial ._i.pa, .... u •iacwa ... •run,. 
later, •£P-cqacity, ·~ .,.ee- an -tlJ 
- ec-U. C-rcially avail8'le a,..t_ raap 
froa a,..c- vi.tit a .. ilJ oatpat of u little .. 
10 al~~ at mr .. -re• .... (15 Vp array) to 
100 • /~ at IO .etru .._. (lS Wp l"I array). 
11ae preHDtati-~ ia Fipre l iacladea t .. 
przseatatieo of llJ•reolic .... "SY ~ivalOllt li .. • 
<• /~) .... aleo •nroamta array pan -u• (Vp). 

Altbou&la clle d-r qeaciea U... f i-ed the 
iutallatioa of a laqe __..r of n •J•t­
vorlthride, _r .. perforaaace Oil •Jet- ia tbe 
field i• atill liait... la llali -.re .. re tllaa 
80 n ,..,. h&Ya .... iaatalled ..ell -perieace II.as 
be ... &•iaed. A at .... r• eval .. tioa •t .... ola&J bes 

bee• developed. (7) laiciallJ pr .. 1 ... vere 
experieac .. vi.tb earl1 iutallatioaa bat •Jet ... 
illstalled siace 1982 nave beea f ..... co be reliable. 
Oae aipificat factor &iva to tbe iaprovd 
reli .. ilitJ llas .. _ tlla cllaqe froa •J•t ... vicll 
surface _t .... core .... sullaersed ,..... to tllat of 
DC .... AC • ...._raible .. cor ,_, .. ca. Slaaft: .... baa.I 
beariaa .. iaceitaace vaa oftaa a probl... Failaru of 
c....-t• .. ,,. almoat: al-ya lteaD ,..,, -•r or 
.,-r coadici-iaa failuru. Pr°"'- vitb tbe 
PV arr&J .. ,,. ..... fev. 

Statiacical data oa reliability (au.:h •• •a• 
t:iae lletveCll failures and percaacage ti .. operat:i•&) 
are al90st aoa-esietCll~, but cha esperieace of 
eatablislled acer• hes been that receac inacallatioa• 
of equi,..at supplied bJ tha more esperienced 
.. nufacturer• have beCll very reliable. Probl ... 
esperieaced vith early eleccroaics for brusbl••• 
DC .. cora and AC .. tors are DO looser pr••-'· Often 
the probl- c .. c have arisaa could aasilJ have beea 
put ri&ht if aoaeooe vith a little cechaical creiaias 
had been available. TJpical failure• are not a 
probl .. of PV puap• •• such, but cheJ do illustrate 
the probl ... of iatroducin1 technical equipment into 
rurel areea. 

Consideracioo 

Oae probl .. still not eaciralJ overcoae i• tnac 
of puap• ruaaias •rr· s ... inacallaci .... have •••n 
..de vber• tha peak ,_. ovcpvc ac - can be 
sreacer than Cha •orell~l• 1ield or recovery rate auch 
chat drJ runnias occura. lacenc probl ... h••• al•o 
been experieaced vich ••lrJ' .. r11 installaLioaa in 
place• where the near cable baa aince droppe41. llanJ 
•J•C ... are ficced vitb floac avicclle• or 110Cor 
OYer-apaed proteccioa ltuc chaae hav• DOC alv•1• 
proved effective and burains ouc of motor• haa then 
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ecc11rn4. It .-.u IM ...... iaetl tbc: vie:• prof19r 
~i•rati .. ef ti. MnlMtl• er wll curacteriatics 
MIC• pnlll..a caa easilr lie a ... i•e<I. 

t1- 'er tec"8ical facc:ers .,..rci .. frwm fiel• 
e...-rietoc• are t.._ U.,.rt.eece ef reliable perf~e 
ef ti.. ... •r•t-.... t• f~ lack ef acc•rate 
aelar ... -&:er r•-rc• ••ta, er iapr.per -• ef •-=• .. ta ....._ awailallole. tlaar i .. iwi ... 1 syat..a 
.._ e ... iltite<I ,..r perfel'988Ce re-lti• fr- errer• 
ia t.._ae ltaaic .. ta. Accarate iaferuti .... dae 
•ert• te ti.. vater taltle ... its ....... 1 wariati .. 
ia particwlarly iapertaa&:. Fen-.c:el:r. u 
experieace vit• •J•t ...... ii•• .. ia a ceooatr:r er a 
rqi ... -lar ... vater re~e iaf-ti .. vil 1 
ltec:- -re •-ilaltle _. htter ..._r•t .... 

t1- 'er iuc:itati-l factera an c:be 
i._l_ ef dae ..,.__r _. c:i.e -ilaltilitJ ef 
c:ec: ... ical ..,,.n. t1- aU.,licit:r ef ti.. PY arra:r 
_. ti.. at .... ri c:ec ... 1~ ef ,... • .._ iteea • ...._ 
te lie easily _..rat_. Illy a-1 .... -n _. 
.... t-c-r:r tec ... ical ers-iaatieaa. Ianit•ti-1 
tarrien are primarily a f..cti .. ef l.ck ef 
..,..rieece. Ac•i•. tlaia pnlll- vill •uuaiala as c:lle 
......,r ef a:rat ... ia a -rr &.creases. '!lac 
traiaU& _. i-1~ ef ti.. ...-..er laas ..._ 
..._ - _, eccasieas l:o 1le die •llisle -n 
&..,ort .. t facter ia ti.. .. iac:-•, tr .... l•alaooti• 
_. --a-t of a n ,_.Us .,.t-. 

la ... iti• to c:be fieH .. c:a much .. .r.i •ata 
haft ..._ collec:te<I • dae perforuec• of n ,...,. 
frwm la ... rat•r:r &:•ati• .,...,r coatrelln ... 
repr .. acallole teat c_.itioas. 

"-•• • measurn perfoa.a11ee tbe efficieacies 
o~ c ~~• ..,&:or/,.., aultsyat ....... ia aolar ,....s 
"-"• .. ••riwed a .. are prenac:M ia Tabl• l. 

·.h• efficieacr of the •11111-•:r•t- ia •• important 
pan-ter required for •:rat .. aiai... n.. 1-r &:he 
SJ•t.,. •ffici..u:y the laraer the PY array size 
re~aired for a specified application ... location. 
Sab-ayst .. performance continues to U.,rowe vith the 
introduction of uv deaiau. Whereas the PV solar 
,....s of tbose teste• in 1980 ••rina Phase l the 
UllDP/Vorl• lank project bad aweraae •ailr 
efficieacies of arouad 2S p•r ceat at 1 • h• ... 
in l91S , ... srsteaa vere t:rr.icallJ 40 per cent 
•fficint. 

lasad on the surway of c,,_.rciallr awailable 
s:rst ... (3) the PY array sizes specif ia• br 
.. nufacturers are prasentM in Fisura 2 a• a function 
of ,....,.. vater ....... 

leferancaa 

l. lalcrov/I. T. Pover 0 "S..ll-acala Solar Povera• 
"-Pi•& s,n ... ; The Tec:h-Ioa:r Its Ee-in aa<I 
Aclwa.c-ac". llain leporc. UllDP Project Cl.O/I0/003 
aucutn by the World lanlt u- 1913). 

2. J. P. lenaa aft4I v. I. Cillatt "Solar Vatar 
fUapin1; A Handbook". IT Pultlicati-•, Ult. (191S). 

3. I. T. Pouer. "Solar r .... rad Puapin& Syac ... ; 
Their Parfor.anca Coats and rc-ica". Contract 
leport to the Vorld laalc 0 VHll.ia1ton DC, US. 
CJuly 1916). 

4. UllOP Photovoltaic Inforaation Proar .... 
(Con•ultanca; (. T. Pover) Vork•ho,. and Seainera 
hal• in Nairobit (Kanya) and Chain1-Kei (Thailand), 
April 1916. laport to ba i•auad bf llNDP, 1916. 

5. US Dapart .. nt of !naray C...ittea on lanevabla 
!nar11 C:-rca end Trade (COll!CT) Sohr Puapin1 
Cuida in Prap•r•tivd (Sa .. ia l.eboretoria1) 
"Photovoltaiu: lnvutin1 in Davelo,..nt" 
Conference to ba hald .. v Orla•n•, US Hey 19•7. 

- Jl -

6. a. lldlelia, 11. a. Starr _. A. hrriclt •aa 
IE_l .. ti• ef ~ltaic Anlicar.i- f­
...,,.1.,iq c-triea•. c..tr.ct n,on t• ~ 
C.i-e 1986). Al- r.o lta ... lialle4 ltJ IT .... licec:ieu 
(llt). 

1. I. T. •-r 1-. "E•al .. timc tile Tadlaical ... 
"-ic hrf-• of ... t-lr.aic .... Pc 
Syn ... : A llao.leleaJ'". Coatract .... n fer USAID 
(llay ltaS) • 

(lllodl ef r.i.e .. cerial pnaaate4 ia &:Ilia paper ia 
ltuH .. a repon prepan4 ltJ I. T. '-r fer c:lle 
V.rl• '-" ar. ti.. 7tla ._..._ Plaet-ltaic S.lar 
Em.rp C..fer_. ia Spaia ia Octeloar. ~ ue 
._ to aicUn Deailr. ... t11a UerH ._.. 1:.ecu 
Dapan..at fer tlleir .._Ip ia tile preparati• of tlaia 
•t .. J. _. fer tlleir panliaai .. c:e - -terial fna 
it. 'Ille ...n - wicla tlae paper ia ..... i• _, tilat 
of tlaa aatlaor .._t tlaat of laia coll...-. 
Aatlaoay Darrick • .Jaffn:r ii:-. Sarab Lancaalaire .... 
llattlaav a.r.acla.) 

(S-rc.: Africa. Teclaaical 11.awi-. •rcla 1M7) 
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eoa.umer &oodS paver phOtOYOltaiCS 

The aarltet for photowoltaic {PY) cells - deYices 
that conYert suoli&ht to electricity - is curreotly 
ua.tersoiac a shift in applicatioas, tecbnolosies, and 
leadi11& players. tfulti .. &avatt installations that 
produce power for sale to utilities accouated for 
less than 10 per cent of last year'• $170 aillion 
-rld aarket - d- fr- 40 per ceat ia 1913, 
accordin& to Paul Maycock of PhotoYOltaic Eoersy 
Systeas (CasaDO¥a, Va.), a aarket aoaly1i1 fiTII. 
About 60 per cen~ of the 198S .. n.t vent to 
co.muaicati~ns relay stations, vater puapina, reaote 
re1ideace1, alld other off-&rid applications. 
Consumer electronics such as solar calculators, 
watches, and battery char1er1 accounted for 
2S per cent of sales; this f11t-1rovina sec-ant 
could claia almost half of a projected $480 aillion 
-rld aarket by 1990. 

Io 198S, Japan had 44 per cent of the aarket, 
aakin& it the leadia& producer of PY celh. The US 
clai .. d JS per cent of the aarket. Atlantic 
Richfield's Arco Solar (Chatavorth, Cal.) is the 
vorld'a 11r1est PY aanufacturer, vith 20 par cent of 
the aarket. the other aajor producers are Sanyo and 
Fuji of Japaa and Amoco'• Solare• (lockYille, ltd.), 
each vith 10-lS per cent of the .. rket. Other 
sisnificant US aanufacturers include Motorola and 
Shell's Solavolt lntarnstiooal (l'hoenix), Pilkinston 
Croup's Solec International (Havthoroe, Cal.), 
Chronar (Princeton, M.J.), !nersy Conversion Devices 
(Troy, Mich.), Mobil Oil'• Mobil Solar (Walthaa, 
Ma11.), and Spire (Bedford, Ma11.), a producer of PY 
fabrication aqui.-nt. 

A number of factors lie behind the1e chens••· 
Crovth in the utility-besed PY .. rkat, located al1101t 
entirely in the US, peaked in 1983 ancl ha1 been 
droppins ever since. At an aver•&• price of $9-$12 
per peak vatt, solar systenia are several ti .. 1 110re 
expenaivl than conventional pover sources, accordins 
to Robert Stale of Stratasies Unliaited (Mountain 
View, Cal.). Ha predict• that unless 1olar cells 
becoae aor• efficient and cheaper to .. ke, 
lar1e-1cale PY ener11 vill reaain uncoapetitive for 
1oae ti... ~nothar drawback is that federal solar 
tax credits, used to 1ub1idi11 PY inttallations, 
expired at tha and of 191S and are unlikely to be 
renewed. 

- l1 -

Lookiq fartller ._ tile roa4, J-• Cald-11, 
president of Arco Solar, belie•ea tbat "vithin fi­
yean, PV •-facturen aboald be able to cut prices 
ia half. 'that vill lead to a tea-fol• srovth ia the 
.. rltet, particularly for utility and off-srid 
applicatioea.• Z.Oltaa Ki••· presideDt of Chroear, is 
also optiaistic about the curreat iaterest of utility 
compaaiea, alt lust ia reaearcla-acale PY plaata • 
"Vtilitiea are ..,.re tllat photOYOltaic power could 
bee- aon ec-Lcal ia the late lHOa, eapecially 
aa electrici1t7 rates conti- to rise. so they vaat 
to aaiotaio tlaeir uperi- vitll PY,• he .. ,. •• 
'°Falliq oil price• vill aot affect thia picture • 
aiace oely I per c•t of us electricity ia s-r•te4 
hJ' oil.• la lH>. Qa~ sold a lCIO-kH-tt PY 
ayst- to Al.._ r-r and Li&tat .... Arco Solar 
sol• a ~il0111Stt ayat98 to ta.. Electric Utility 
Dept. of tlae CitJ' of Allatia {Tea.). 

lle.-taile, " fi~ are t11raiq to more 
c0111erciall7 wia~le aarlreta, particularly for 
coaa-r praol111:ta. 'De snviaa importance of the 
coaa-r aector ia triaerio& • nift fr­
aiaclrcr,.stal ailicoo, the iMuatr,. 1t .... P1 0 to 
-rplloga tilicoo. Siqlrcr,.atal ailic- •-ices 
•~ nlatiwe17 effici•t ... darule, aaltiq tla­
most auitable for the ou~oor aarbt for ,-r 
pl•ta, c-icatiou eflUi,...t, and off-arid 
locatioaa. la 1915, this -terial captured 44 per 
cent of tlle vorld -n.t, 6- fr- 50 per ceat in 
1913, accordi•& to Maycock. 

AllOrphoua silicoo cell• are leaa efficieat ancl 
haYe yet to prOYe tlaeir darahilitJ' io outdoor 
applicatiou, kt their lipt -i&ht aod 1- cost 
.. 1te th- suitable for coas-r products. lo 191S. 
amorphous silicon coutituted JS per ceat of the 
aarket, up fr- 14 per c-t ia 1913. Japanese 
companies took an early lead in c...arcialisins 
amorphous silicon, kt such US fir.a as Cbroaar, 
Eaersy Conweraioa Dewicea, Arco Solar, aocl Solarex 
haYe also moYed iato this field. "The race nov," 
says Stele, "is to de•elop nev coaair.aer product 
applications for tbia aaterial •• the -rket for 
solar calculators aad watches becoaes saturated." 

Dewelopia& nation• represent another potentially 
larse, but probleaatic, aarket for PY 1yst.... At 
•illa&e• and re110te wites vith no ace••• to 
electrical 1rid1, PY dewicaa coul• pover vater puaps, 
refri1erator1, c...unicationa facilitie1, and 
irrisatioa syat.... But fiaaacial probl- stand in 
the vay of 1uch third vorld applicatioaa. "'rbe 
barrier here is not ao llUCh fallina oil prices," says 
Arco Solar'• Caldvell, "•• lack of foraisa exchanse, 
hi&h inflation, and uacertain aYailability of 
financin&• llha1l PY call pricH coae d-, 
international aid •1aacie1 aay be more villin& to 
finaace PY iaports." 

t-- ' 
;. World pholDvollllc ..... ,. mllllonll ' 

(Excerpt from tha article "VOLTS HOM TH& ILU&" vhic:h 
appeared in Hiah Technolo11, July 1916) 

!uraka·to include !urope-vida aaorphou• silicon 
llilfil 

Tvo lriti•h ce111pania1 are 1upportins 
Ma11er1chaitt-lolkov llohm of th• fedaral Republic '' 
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Cer.aay aM Sol- of Fr-ce in a bropeaa-vi•e 
YRatan to aiaka -rpboaa ailicoa, • ••iaordered• 
fora of tlae el....at particularly aaeful ia aolar 
celb. 

n. -t•n ia - of 10 tecbaol0&7 projecu 
-• at tlae enll of lMS ....aer Eanlta, tbe 
paa-Earope- neearda proar- bac~ '1' 18 lleat 
l!arope- c-triea. 

-.....na Bip Yac.a of Cr-lay, S..a•, &ida ia 
part of the llOC aroap, ... Pl- Tecbaol0&7, baaed 
ia Vriast- Mat 8riatol, ... ,,. joi_. forcu to 
._,,.lop a r-ae of loarllvare to .ab -rp•aH 
ailicoa. nae .... i,..at will prol>ably - .... ia 
Eoareka. 

Tlae .. terial ia dif fereat fraa tlle 
iaoaocryatalliae ailicoa aor.ally ued ia the 
•-icoaductor lluaiaesa. Ia tbe latter, at- of 
ailicoa are arranaed resalarly ia aa Ol'Clered lattice 
fr-rk. Ia-~ ailic•, ia c-traat, tbe 
ataas are spread anewenly tbrouahout the .. terial. 
Prnictiq the positions of ilUli•idual •t- is 
therefore difficult, which iacreases tbe probl ... of 
tanaiaa it into iatesrated circuits. 

Ia theory, hove•er, -rph-s silicoa caa be 
producet' -re easily .... cheaply thaa tbe better 
k1DOVD fora of the el-at. To .. u tbe latter, 
crystals are ••posited fro. -ltea silicon usin& 
expensive -chines called crystal pullers. 

To -i.e the -rphous yariety, at- fr.,. a s•s 
such as silane (silicon hydride) are deposited on to 
a substrate such as class or stainless steel. 

eo.paaies in Japan aad tbe US, for iastance 
Mippoa Steel aad Ener&~ CoaYersion DeYisors, hawe 
pioneered applications of a.orphous silicon. 

Ia particular, this fora of the .. terial has 
becu.e useful in photoYoltaica, the coaYersioa of 
aualiaht to electricity in ailicoa solar cells. 
Cella -d• fraa the -rphous fora of the -terial 
caa be turned out chearly. 

So far, hovever, little act1Y1ty in a.orphous 
silicon production has taken place in Europe. This 
is in spite of the fact that -•Y of the scientific 
principles behind production were first investisated 
at two British research centres: STL (the research 
labor•tory of STC, the telacOllSIMtftications company) 
and Dundee University. 

The two Ult c-panies -y also help the European 
project by collaboratin& in further research, tor 
instance in h.>V to increase the efficiency of solar 
cells .ade fr ... a190rphous silicon. (Extracted iroa 
financial Times, 23 Dacember 198S) 

Joint venture for solar cell 

Showa Shell Oil has sisned a contract with Arco 
Solar, a 100 per cent subsidiary of Atlantic 
Richfield, to introduce the anoorphous solar cell 
technoloay developed by Arco Solar and to establish 
Showa-Arco Solar, a j~int venture for producina and 
.. rketina solar cell products. Arco Solar, the 
world's laraest solar cell -nufacturer, has rich 
experience in larae-scale thin-fil• solar cells. 
St.ova Shell Oil intends to .. ke the new cell 
available not only for cons.,..r use but also for 
portable senerators and laraa-scale power ceneration 
in the future. 

A solar cell which convert• •olar li&ht directly 
into electricity i• now dr•winc auch attention •• a 
practic•l electric power •ource in reaote •re••· 
Arco Sol•r developed in 1914 • Jena1i• 1111dule 
(30 • 30 ca) larce-1iae thin fil• •ol•r cell, •nd is 
the first to heve opened the w•y to c01D11ercialiaation 

I I I 
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of tbia fila tecbaol0&7. lt ia - c-tnKtiaa • 
fully aatmaatic thia fila aolar cell c09merciel plaat 
(l0,000 W) ia Loa .&aplu. n. plaat ia to Ille 
camplete<I ia lta&. tben i• a pl.. to i.atroduce a 
plant of tile •- type iato .Japaa after camploeti- of 
tbeallove. 

lleaaollaile, Sb9wa Sbell .... t&r.p nlatL.a witJa 
Arco Solar ia lHO, _. bu -tacbln<I ... -n.tn 
p~ta atiliaiac .la,_.. aolar cella. Tiie 
utablia.._t of a - joiat ,,_bare witb .I.Ro Solar 
ia aiaff to atilisa ice Clai.a fila tactaaolau ... 
aodalea for laq.-.cale olactric .-r ia Japaa, ... 
at tlloe - tm to wafoH aarbtha actiri.tiu i• 
Aaia ... Oceaia. 

'Iba .. n.t of aolar cell• lut yur i• utiaatn 
at 6,000-7,000 W, INt a rapW i.acnue ill•--' ia 
aaticipated. 111ec- tlleir uaoa an expa911ill& fr­
c-- ue to lltatter:y badt-wp .-r •-re•• for 
yacbta, -tor boat•, ... pri•ate aircraft, ... 
farther to laq.-.cale ,-r ..-ration plaata. 
aapoaclina to thi• trenll, Arco Solar ia ..,,.lopill& a 
JO x 120 ca tbia fila molar cell. nae -1 
taroover of ~ Sbell' • -rplloaa aolar cell• last 
year vu aboat ..SOO aillioa. bot aales ;tre expected 
to sreatly iacreaae dae to tecllaolo&J' iatroductiota 
and tlae establia...._t of joint veatares. 'Die capital 
of tbe ...., c...,...y ia ... 54 ailli.OD, of vbicb 
75 per cent ia borae by Sbova Sbell, ... 25 per cent 
by Arco. (Source: Cbea. EcO!!O!f aad Ea&· 11.aYiev, 
Juae 1916, p. 33) 

American Cyaaaaid iaveata ia solar calla 

~ • _.,. to build up its electronic cbeaicals 
busiaeH, .laericaa Cyaaa.id bu •&reed to pay about 
131 oillioa for Cbeaebruaab-l'ollda' 7S per cent atalte 
io Applied Solar E:•raY Corp. (ASE:C), a $10 aillioa/ 
year producer of apacecrafL solar cell• and 
custOll'"de•i&JICd pboto4etector• for medical product• 
aacl iodu•trial applicatiOlll. n. 7S per ceat equity 
ba• beea purclaa•ed ia late 1914 by St•uffer Cbeaical, 
vbicb - aloa& vitb its AS&C boldin& - vu acquired by 
Cb••ebrou&lt-ro.d• ia March 1915. ASIC ia baaed It 
City of Indutr:y, Calif., and t:Jae re.aiaia& 
2S par ceat of iu atock ia publicly --'· lt will 
au .... t Cyaaaaid'• Electroaic Cbeaicals Dept., which 
already .aka• orsaao-aetallic clopaau for 
... icoaductor• used ia •olar cells, .. dical 
electroaic equipaeot aad optoelectroaic devic1.S. 
eo...ate Villi•• L ... rry, pre•ident of Cyaaaaid's 
Venture Cb-icals Div. (vbicb ves recently foraed to 
develop srowth opportDDities ia clleaical•), "Thi• 
acqui•itioo reprasaat• botb aa exci:io& aav area for 
our cheaicala busioea• aad • aiaoif icaot srowth 
opportunity for Cyaaaaid." (Source: Cbaa. Week, 
2 April 191S, P• S) 

The lraail Tracie aod Illdu•try aa1aaioe reports 
that Hehoclsaaaics put 1u reveauas for pbocovoltaic 
exports in 1986 at oearly 13 •illioo, •loost double 
that of 1915. The coapaoy ha• •isned contract• for 
tr1nsferrinc its sinale-cryst•l silicoo techooloay co 
Arsentina and India. IIUlia i• buyinc 350,000 wafers 
for Sl.OS oillion. 

Five-re•r solar ther .. 1 1o•ls 

The US Depart .. nt of &nercy ha• •et what it 
calls "hichly a.biciou•" lona-tera coals for .!!!.!!. 
theraal alectricity 1eneratin1 esui:i;nt in it• 
five-year re1earch 8Dcl deveio,..ot p ao for 
1916-1990., •• ~plan cover•: central receivers, 
parabo~ic dish•• and p•rabolic Crouch•. 

Por cantral raceivar1, the fiv.-year plan ••'' 
an •nnual •y•t•m-ef f ici•acy coal of 20 per ceac by • 
1990 and 22 par caot loortera; • •y•tea c•pital 
paak con - iacludiac ioclirect co.ca, llOS981iHd to 
turbioa or proc••• capable of baadlioc peak field 
char.al output - of •1,aoo i• 1990 •Del 11,000 



laartH• (bot• ia 1'84 dollars); a capacity factor 
of 0.5 bot• ia 1'90 ... laartera; ... a ayat­
-ru coat (also i• ltl4 dollars) of 111(/111111 i• 19'0 
a-4 ~/'tlflh loaa tel'll. 

For diahea, the eoala are: ayat ........ 1 
efficie-y, 17 per ceat ia 1'90 aDll 21 par ceat loaa 
tens; ayat .. capital coat of S2, 100 ia 19'0 aad 
&l,JOO loaa tal'll; capacity factor of 0.26 ia 1'90 
aa4 ia tlae loaa tel'll; ... ayat .. eaeqy coat of 
1~,... ia 19'0 aad V/kllh 1-a tel'll. 

Coals for parabolic tr!!&••· aas..iac a •H oaly 
for thermal eaerp -tput, are: syat .. a,....l 
efficiency, 35 per ceat ia 1990 aa4 56 per ceat loa& 
tel'll; ayst .. capital cost, SS90ildlht ia 1990 
Sl10/IDlht loac tel'll; capacity factor, 0.24 ia 1'90 
ad lone tera; ancl syat .. eaercy coat, $23/..at• ia 
1990 and $9/..atu lone tera. 

The Depart-at of EaercJ athls that ayst .. coals 
are lewelized ia real dollars; loaa-tena values 
leveli&ed ia aoainal dollars. ass ... ia& 1 per ceat 
iaflatioa, are 11,f/kUhe and $14/..atu. The plaa 
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aotes the St/..at• p~ea• beat loartena taraet is 
tlae 1.-liud coat of .. livered -ru ia the l"Oa 
... ia .reri."4 fraa carreat foeeil hel coats of 
S5/ ... ~~ ia 1'84 dollars. 

Doe aoala are ..._e4 - a ....,.r of aaa,...tioas: 
a•eraae pa.it iaaolatioa of 0.95kll/••·• for both 
electric ancl tber.al ay•t-; averase -1 
iaaolacioa, 2,690 kll/••·•; plaat c-crstiOD time, 
tllret years; ec~c life, JO years for electric 
aDll 20 years for therael plaaca; ... preci.ati- time, 
10 yean electric ... fi- years cber.al, uader cb.e 
accelerated coat reco-ry aenrice; iaveatmeat t­
credit, 10 per c-t (both of tbeae are covered aa4 
c .. 111 chaaae uader the tu: bill); real, after tu:, 
diacouoc rate, 3.15 per c~at eleccric ancl ID per ceat 
themal; 1'14 baae year for prices; 20 per ceat of 
capital coat aelt aside for i .. ireclt cost aacl 
coatiaaeacies; aa4 coat of lane!, SS,000/acre for 
electric. $12,000/acre for theraal. 

A .ore detailed hreakdova c...-ria& curreat 
status ancl fat•re &0als (separated by a "::"), 
follows: 

Current Techaolcogy: :LoarTera Co!poaeat Coals 

OPTICAL llATEUALS 
c:o.:pruTOI$ 

Ceatral l.eceiwer 
Di ah 
Tr-ah 

UC!IVEIS 
Ceatral leceiver 
Dub 
Troqb 

TUllSPOllT 
Central lecei•er 
Dieb 
Trooach 

S'IOIACE 
Ceatral leceiver 
Dieh 
Trooach 

COIM:ISlOll( f) 
Central Receiver 
Dish 
Trooach 

IAl-'lfCE OF Pl.Alff 
Central Receiver 
Dish 
Troush 

svsmt<s> 
Central Receiver 
Dieh 
Troup 

OPlltL\TIONS Alll> HAillT. 
Central leceiver 
Dieh 
Trooasb 

!HIGY cosrCi> 
Central leceiYar 
Dish 
Tr ouch 

Electric<•> ·-1 Efficie-y (%) 

11::92 

55::64 
70::71 

(e)::(e) 

90::90 
17::90 
-::-

'9::99 
93::99 .. 
91::91 .. 
-::-

36::39 
23::41 .. 

llA (h): :llA (h) 
llA: :•A .. 
17::22 
13::21 
-::-

IA: :IA 
IL\: :•A 
-::-

IL\: :M 
M::•A 
-::-

Cost 
(1'84$) 

20/s •• a::lO/a •• a 

150/••·•(d)::40/a•·•(d) 
160/a •• a::llO/••·• .. 
IO/a •• a::30i••·• 
40/••·•::70/••·· 

-::-

45/••·•::25/••·· 
101 •••• ::7/sq.a 

-::-

25/kUht: :20/kWht .. .. 
600/kWe::lSO/kWe 
380/kVe::lOO/kVe 

-::-

65/eq.a::lO/sq.a 
lS/1q.a::20/1q.a . . 

2,900/kWe::l,OOO/kVe 
3,400/kWe::l,200/ldle 

-::-

12/sq.a-yr::9/••·.-yr 
8/sq.•-:vr:: 10/s•·•-yr 

-::-

0.13/kUhe::0.04/kllhe 
0,13/kVbe::O.OS/ldlhe 

-::-

Proceaa Beat(b,c) 
~l Cost 

U914S> Efficiucy (%) 

11::92 20/a •• a::lO/s •• a 

55::64 150/••·•::40/aq.a 
10::71 lliO/a •• .::130/a•·• 
44::65 200/••·•::110/••·· 

90::90 ll>/••·••:10/••·· 
17::95 40/••·•::lO/sq.a 
7S::90 40/••·•::lO/••·· 

99::99 45/••·•::25/••·· 
93::94 101 •••• ::65/s •• a 
91::91 40/••·•::30/••·• 

91::91 25/kWht::20/kVht 
-::91 -::20/kWht 
-::91 -::20/kWht 

99::99 50/kWt: :40/kWt 
99::9' 50/kVt::40/ldlt 
99::99 50/ldlt: :40/kWt 

llA: :llA 65/sq.a::20/sq.a 
•A: :llA 35/sq.a::20/aq.• 
llA: :llA l5/sq.a::20/aq.a 

41::56 100/kWt::27U/kWt 
56::61 7IO/ldlt::430/kWt 
32: :56 760/kWt::370/kWt 

llA::llA lS/••·.-Yr::9/aq • .-1r 
llA: :llA l/a •• w-yr::6/aq.a-yr 
llA: :llA lS/s •• a-1r::~/1q • .-1r 

llA: :llA 21/ ... tu::7/aalltu 
M: :llA 17/ ... cu::9/..atu 
llA::llA 30/..acu::9/..,cu 

(a) Central raceivar• uaa oil, dieh .... r-cera electric u••• vater/aceaa vith a .. aible beat craaaporc co central 
ensiae, dhh lons-t•ra electric uaea heli- (bipi-c..,.racura) vicb eaaiae at eacb focal poiac sad electric craaaport, 
sad diah heat .,., ... uee vater/aca... (b) Capacity factors are 0.5 ceacral receiver electric, 0.26 dish electric, 
0.9 central racaiver thermal, 0.21 dhb cbaraal aad 0,24 croup tberaal. (c) laclu4H prolluccioo of fuele aa4 
clleaicale. (d) Dollar• per aq. • of coaceacrator aperture. (a) llo soala for tbia opcioo. (f) llaccrlc coaveraion 
ia vich heat .. ,laea, cheraal ia vith haac escbaosera. Cs> Syataa coaca aoraaliaad co curbiaa or process capable of 
haadlias peak fiald theraal oucpuc; incluha direct aad coaciapacJ coses for l•& ceN. (II) M • aoc applicable. 
(i) laer11 coat• leveliaed in rael dollara; laac cvo lia•• ara coats of elaccricicy aad beat ia cha 1990a; ia aoainal 
dollar• Caaauaina 1 per cent inflation), the eoala are S0.11/ldlhe and t14/ ... cu. 

(lxtraccad froa Solar lncalli1e11ce a.pore, l July 1986) 
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aita-t "MaiaOft Dea Procluiu• 
Soisante-Sept Hectares 
Antananariwo, lladqaacar 

Uni•eraity eo..iaaion for llev Enerciea, Uni•ersity of 
lladacaacar (Delecation Uai•eraitaire AUll Eneqiea 
llot&Yelles, UniYeraite de Kadacaacar - DUEii) 
B.P. 566 
Anita tao 
Antananari•o 101, tladacascar 

EnwirOCN1ental Protection Society, Malaysia (Paraatuan 
Perlindunsan Alaa Sakitar Malaysia - EPSM) 
Peti Surat 3112 
.Jln. Sultan 
Petalias Jays, Malaysia 

Stander .. atri Industrial Research Institute of 
llalayaia (SIIIK} 
P.O. IOJ< 3S 
Shah Alaa 
Selansor, Malaysia 

UniYersity of Science, Malaysia (Uni•eraiti Sain• 
Malaysia) 
Minden 
Penanc, Kal•y•i• 

.... Ito Teacher Trainiac Coll•&• (Ecole lonaale 
Superieure de a ... ko) 
B.P. 241 
.... ko, Kali 

Kali Aqua YiYa 
Diocese de S•n 
A-San-B.P. l, Kali 

Solar Eaer1J Laboratory, Kiaiatry of State for 
Equi,..nt (Laboratoire d'£ner1ia So.airs, Kiniatlre 
d'Etat Charif de l'Equip ... nt - IZSO) 
•••• 134 
Baaako, Kali 

Sonelec Inc. Hydraulics aad Enar11 Authority (Sociata 
Mationale d'Eau et D'Electricita, eo..isaariat 
Hydrolosi• et Enersie) 
•.P. 355 
Mouakchott, Mauritania 

Electric Research Institute, Federal Electricity 
COlllllission, Ministry of Enarsy, Kinas and Ind~atry 
(Instituto de Inve•ticaciones Elfccrica•, C:O.i•i6n 
Federal de Electricidad, Secrecsria de Eaercia, Kina• 
a lndustria Paraaatatal - Ill) 
Aparcado Po•t•l 133 
62000 Cuarnavaca, Koraloa, Mexico 

AutOllOllOue UniYeraity of Chihuahua (Univareidad 
Autonataa da Chihuahua) 
Vicenta Cverrero y E•corsa 
Chihuahua, Chihumhua, 
Ila xi co 
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Central Licht and P-r Co., Ministry of Enercy, 
Kines aad Industry (eo.panie de Lu& J Fueru del 
Centro, S.A., Secretariat de beq(a, Minas a 
IDduatria Paraeatatal - CLFC/SEllIP} 
Melchor Oca.po 171, l).F. 17, llesico, Mexico 

Centre for Economic and Social St .. iea of tlle third 
World (Centro de Eatudioa Econo.icoa y Socielea del 
Tercer lllaDdo - CiESTlll) 
Co~l Porfirio Diu 50 
San .Jerooillo Lidie• 
D.F. 20, Mexico 

Di•i•i- of lleaotarcb ... Teclmoloeical 0...1..,....c, 
•ti-l Centre for I .. uatriel aad Tecllaical 
UcatiOft (Di•i•i- de Ianatipci6n J Deaarrollo 
T•c-16sico, Centro llaci-1 .. ~ Tlcaica 
In4ui::rial) 
A•eaida de las Cranjas 612 
D.F. llexico 16 

Ceneral Co-ordiaatiOft Office, lleaicaa Petrol-, 
Kiniatry of Eneru, lliaea ... X....try (Oficiu de 
Coordiuci6n Ceneral, Petrol- lleaf:c-, Secretaria 
de Eneqia, Mina• e lndutria Par-atatal - rllEX) 
A•enida Kari- •cional 32' 
C.P. 11311 
D.F. 17 Mexico 

Iaatitute for Material• leaearcb, •ational Aut......aua 
Uni•eraity of Mexico (lnatituto .. In..eaticaci6a en 
llaterialea, Uniweraidad Kaci_.l Auto- de Kas(co -
Illl/UUK) 
Circuito Exterior 
Ciudad Uni•eraitaria 
D.F. 04510 Mexico 

La Lacuna Institute of Tecbaolo11 Unatituto 
Tecnol6cico de La Lapaa - lTLL) 
lulHard 1e-1uci6a Torre6a 
Coabuila 27000, lle&ico 

llerida Inatitute of TecbnolOIJ (lnatituto Tacno16&ico 
de Merida - ITM) 
Calle 17, lo. 150 
Merida Yucat- 9713li, llaico 

llaican lnatitute of .. tural aa-abla ...,.ourcea 
(lutituto lla(caao de lecarao• •turale• 
lanonblu - Dllllll) 
Dr. Yerti& 724 
D.r. 03020 Mexico 

Monterrey Institute of TecbaolOIJ and AdYSllCed 
Studiaa (lnatituto Taenol6sico J da latudio• 
Superioru de Monterrey - lTISll) 
Avenid• &ucenio Caraa Sada 2li01 Sur 
KontarHJ 
64149 .,..,,o Le6o, Mexico 

School of Ea1ineerin1, Anahuac Uai•ersity (lacuala de 
In1anieria, Uoi•arsidad Aaabuac) 
i.-. Anabuac 
o.r. 010144 Mexico 

Sun Group (Grupo del Sol, S.C.) 
Ava. Ac-duci::o 402-B 
Coloaia lluipulco 
D.f. Kaaico 22 

lloh...ad V Uoiveraity (Uni•ar•it' Kollaead V) 
Avanua Ibo latouta 
Rabat, Morocco 

Uai•araity of •i ... y (Uai•erait6 de ~i ... y) 
•••• 91 
•i ... y, •ipr 

•acioaal Centre for lur11 lenarch sad Dnelo,..ac, 
UaiYeraity of •iseria 
••uklla, •iaaria 



Siaeriaa Institute of Plar.t Scieace aad Solar IEaeraY 
Techaol0&7 
l•t, Hospital load 
Alta 
i.o State, siaeria 

Cirectorate of Iaclustrial Liaison, Pakiataa Council 
of Scientific aad Iaduatrial lesearch, Ministry of 
Sciuce and Techaolou (PCSta) 
Press Centre, 2nd Floor 
Shahar.-e-C...l Ataturlt 
Karachi-0109, Pakistan 

Habib I. lhan ' As~'>Ciates 
lSl-C/2, lhalid lia Va1eed load 
larachi 029, Pakistan 

Silicon Techaoloey De.relo,..nt Centre (STDC) 
lf-15 Street 44 
Sec.tor F-111 
Isl....,bad, Pakistan 

Hydraulic a.sources and Electrification Institute, 
llatioaal C:-ission oa Eneray Unstituto de lecursos 
Ridraalicos y Electrificacioa, C...isioa llacional de 
Ene~aia - IIRE/COllADE) 
Depart ... nto de Eneraia y Tarifas 
Apartado S215 Zona 5 
Pan-, Pa..-

Departllalt of Electrical and eo...aications 
Encineering, Papua Nev Cui-• Uniwersity of Techaolo&Y 
Priwate Mail la& 
Lae, Papua llev Guinea 

Institute for Technoloaical aacl Industrial Research 
and for Technical Standards, Ministry of Industry 
(Iaatituto de Investiaacion Tecaologica Industrial y 
de Wonoas Tecnicas, Kinisterio d'Industria - ITi~."EC) 
Apartado postal 145 
Li- 100, Peru 

Econoaic Development Fo1mdation (EDF) 
P.O. lox 170 MCC 
Makati 
Metro Manila 

Energy Research and Develo....-nt Centre, Philippine 
National Oil C0111pany, Ministry of Energy (ERl>C/PNOC) 
P.O. Box 1031 :1.c.c. 
llakati 
lfetro Manila 

Department of Renewable Energies, National Laboratory 
of Industrial and Technological En1ineering 
(DEparta111ento de Energias Renovaveis, Laboratorio 
Macional de Engenharia e Tecnologia Industrial -
LHETI) 
Estrada Do Paco Do Lu•iar, 22 
1600 Lisboa, Portugal 

Molecular Physics Centre of the Lisbon Universities, 
National Institute of Scientific Research, Ministry 
of Education and Scientific Re1earch (Centro de 
Fi1ica Molecular da• Univer1idades de Lisboa, 
ln1tituto Macional de lnve1tigacio Cientifica, 
Hini1terio da Educacio e lnvesti19cio 
Cientifica - CFMUL) 
Cooaplexo lnterdisciplinar 
Av. Rovi1co Pae• 
1000 Lisboa, Portu1•' 

Daa Oliva• s .. inar, Nev Univer1ity of Lisboa 
(Sa•inario Dal Olivas, Univaraidade Nova de Lisboa) 
Quinta do Cebeco 
Lisboa 6, Portugal 

r1culty of Science and Technolo1y, University of 
Coirabra (Faculdade de Cianci• e Tecnoloaia, 
Univeraidade de Coiabra) 
t.ar10 Marques de Ponhal 
Coi•br1 3000, Portugal 
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la1earcb Ceatre for Solid Pl>yaics (Ccatro de Fiaica 
de Materia Coodeuada - CFKC) 
Aw. Prof. C- Piato 
Lisboa Codex 1699, Portuaal 

Portuaue•e Solar Ener17 Society, Portucuese Secticn 
of ISES (Socieda<le Portucaesa de Eneraia Solar, 
Sociedade Interaaci-al de Eaeraia Solar - lSES) 
llua da Juaqueira 299 
llOO Li1boa, Portu1al 

ltorea Institute of EaeraJ aad leaourcea, 
Miaistry of Scieace and Techaolou (lIEI) 
P.O. lox 339 Daejeon 
a.-sa-. a.public of ro.-ea 

Centre for Ener1y Research and Application• in 
a..anda, llational Uniwersity of llvanda (Centre 
d'Etudes et d'Applicati-• de l'Ene.-1ie au a..anda, 
Universite llationale du Rwanda - CEAEI/UMR.) 
lotte Postale 117 
lutare, a..anda 

U..iversity of the South Pa~ific 
P.O. lox 190 
Apia, s-a 

Saudi Arabian .. tional Centre for Science and 
Tecbnolou (SAllCST) 
P.O. lox 6016 
Riyadh, Saudi Arabia 

Uniwersity of Petrolaua and Minerals 
UPll lox llo. 31 
llhahran, Saudi Arabia 

Colleae of En1inearia1, Ministry of Riper 
Education (IAU) 
P.O. lox 9027 
Jeddah, Saudi Arabia 

U..iversity of Riyadh 
P.O. lox 2454 
Riyadh, Saudi Arabia 

lndu1trial Society for Applications of Solar Ener1y 
(Societe lndustrielle des Applications de l 'i'.1er1ie 
Solaire - SillAES) 
l.P. 1277 
llakar, Senegal 

National Centre of Plannin1 for Scient1f ic and 
Technological Research lCentre lfational de la 
Planification de l• Recnerche Sc:ientifique et 
Tecnnologique - S~RST) 
Daku 
Senegal 

Faculty of Enaineerin1, National University of 
Singapore (NUS) 
Kent Ridie Caapua off Cle.anti load 
Singapore 0511 

Enar1y Studies Centre (Centro de Ettudios de la 
Energia - CH) 
29, Calle Ausustin de Fox• 
Madrid 16, Spain 

Electrical Indu1trial laaaarch Aa1ociation 
(A1ociaci6n de lnvasti19ci6n Industrial Electric•) 
Franci1co Cerva1, l 
Madrid 20, Spain 

Cetlon Patrol•..,. Corp. 
11) Galla Ro1d 
Coloabo, 3, Sri Lanka 

Dai:-.. rt-nt of .. n1inaarin1, llnivauity of Sunn•• 
University COlllplax, luildins 11 
Lay1va1 
Pan11aribo, 
Surina11a 



Faculty of Mechanical and Electrical la1ineerin1, 
University of Damascus 
P.O. lloz 86 
Damascus, Syrian Arab hpublic 

National £nerlY Information Centre, National £ner1Y 
Ad•inistration, Ministry of Science, Technolo17 and 
£ner11 (NEIC) 
Ra.. I Road 
lan1ko1t 19500, Thailand 

l!lational Research Council of Thailand (NICT) 
lan1khen 
Bangkok 10300 
196 Phaholyothin Road, Thailand 

Acade•ic IA!source Centre, Chulalon1korn Uniwersity 
Phyathai Road 
lan1kok, Thailand 

£nerlY Technolo1y Pro1ra....e, Kins lloa1kuts Institute 
of TechnololY Thonburi (IHITT) 
lana-d, Rasburana 
Bangkok 10140, Thailand 

En1ineeri111 Institute of IA!search and Development, 
Faculty of £n1ineerin1, Chulalongkorn Uni•ersity 
(EllD) 
Phyathai lload 
lanpok 5, Thailand 

Faculty of £ngineerin1, Prince of Soa&khla Uni•ersity 
Raad Tai 
Son1khla 90112, Thailand 

School of £ner1y and Materials, Kins t1oa1kuts 
Institute of Technology Thonburi (ICKITT) 
lana-d, Rasburana 
lan1kok 10140, Thailand 

Thailand Institute of Scientific and Technolosical 
Research, Ministry of Science, Technolo1y and Ener1y 
(TISTal 
196, Pahonyothin load 
llangkhen 
lan~kok 10900, Thailand 

Econo•ic Planning Unit, Ministry of Economy 
(Planification Econoaique, Miniscere de l'Economie) 
Tunis, Tunisia 

Rural Engineering Research Centre (Centre de 
Recherche du Cenie Rural - CRCR) 
P.O. lox 10 
Ariana, Tunisia 

State Enterprise for Petrole ... Operations (Entreprise 
Tunisienne d'Activites Pecrolieres - !TAP) 
11, Av. Khereddine Pacha 
Tunis, Tunisia 

Tunisian !lectdcity and (;as Co., 1!iniatry of Ec-y 
(Societe Tunisienne de l'Electricite et du Gas, 
Ministers de l'Economie - STEC) 
38 Rue Kaul Ateturk 
1021 Tunis, Tunisia 

All-Union Institute for Scientific and Technical 
lnforution, Acadeay of Sciences USSR (Ysetoyusny 
In1titut Mauchnoj I Tekhnicheskoj lnfon.at1ii -
YI MIT I) 
laltijskeje ul., 14 
Moscow A-219, 
Union of Soviet Socialiet Republic• 

ln1titute for High Te•peretures, Section of Physical 
and Technical Prob le•• of the Power lndust.ry, Acede.-y 
of Science• USSR (ln1titut Yisokih T .. peratur - lYTAN) 
Korovin1koye Road 
Koacov 127412, 
Union of Soviet Socieli1t Republics 
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Depart.Rat of Aaricwltaral Eaai•-riaa &ad t.nd 
Pla-iq, Faculty of Aaricaltare, Foreatry ..... 
Veteriaary Scieaca, llDinnity of Der es Sala­
c/o Sub Post Office - Ullinreity 
tloro1oro, United Republic of Taotania 

Taazaoia llational Sciaatific .. search Couacil, 
Ministry of Planaias and Ec:CIDOmic Af faire 
laraza LA 
P.O. lox 4lU2 
liYUkoui Fr-t 
Der es Sala-, U.ited Republic oi Taaxaaia 

Tanzania Petroleum lla•alop111tnt (TPO) 
Der es Salaaa, United lepublic of Tauaaia 

Solar EaarlY lesaarcl! and lleasur-nt Ceatra, 
Depart•nt of Applied llath-tica aD<I Physics 
Uniwarsity Iastitute of Tachaoloay (Centro de 
£studios y lladicioaas de la Eaersi• Solar 
Daparta.ento de llat ... tica Aplicada y Fieica 
Iaatitnto U.iwersitario de Tecaoloaia - CEllEaSOL) 
A•enida •ic-or lolat Peraza 
Aparitado 40.347 
Saata llDDica, Caracas 104, V-•-la 

Appropriate TechnolftlY lnfor.ati- Unit, Caatra of 
leaaarcb on Social Action (l>erYica d'Iaf-ion de 
Tachaoloaia Approprifa. Cenlae d'Etwlae pour 1 'Action 
Sociale - CEPAS) 
•••• 5717 
~inahaaa-co.be, Zaire 

lllllOllCOOP 
1.P. 187 
Mbuji-Mani 
Kasai-oriental, Zaire 

University of Zallbia 
P.O. lox 32379 
Lusaka, Zambia 

Power and Minin1 Sector (PllS) 
Lusaka, Zallbia 

Soler Ener1y Society of Zillbabve, International Solar 
EnerlJ Society (SESOZ/ISES) 
P.O. lox HP 119 
Mount Pleasant 
Harare, Zillbabve 

LIST OF SOI.Al. ._..TDIALS USIUCB lllSTITUTES 
I• DIVEl.OPlllC COUllDIES 

Soler Ener17 Croup, llosario Institute of Physics 
(Grupo de Enar1ia Solar, Iastituto de Fisica 
llo1ario - GKS-Ifut) 
Avanida Palla1rini 250 
2000 llo1ario, Araentina 

Institute of Tachaoloaical .. search of the State oi 
sio Paulo, Secretariat for loeluatry, eo..arca, 
Science and TacnaolOIJ' of the ltete of sio Paulo 
(lnstituto de Peequisaa Tacaol6ait•• do Eatado de 
sio Paulo S.A., S.crataria de IOC14atria, Colllrcio, 
Cifocia • Tacnoloaia do Eetado de sio PMulo -
1n/s1ccr> 
Caixa Postal 7141 
05501 Sio Paulo - IP, lrasil 

loler ln•rlJ Laboratory, Federal Uaiversity of 
Pereiba (Leborat6rio de lner1ia lolar, llnivarsided• 
Federal de Perafbe - L&l/UFPI) 
Cidede llni•ersic•rie 
Joao fe1aoa - Pl 
58000 Pera(ba, Brazil 

Research Daparc .. nt, University of Chile (Grupo de· 
lnvesti .. cion, llniversidad de Chile) 
Av. lcuedor 3469 
lantiep, Chile 



Shaapai Institute of Eneru. Chinese Aca4.-y of 
Scieaces 
1960 Loac Hua load 
Shaa&hai, People'• lepublic of Chia• 

leijiac Solar EaercY lesearch Institute 
•a Y11an load llo. ) 
Bai Diaa Qu 
leijiac, People'• lepublic of China 

Shaapai Institute of Ceraaica, Chinese Academy of 
Scieaces 
165 Chaq-aia& Soad 
Shaap.i 200050. P-ple 's Republic of Chiaa 

Solar Cell Research Croup, Department of Physics, 
Xian Jiaotoa& Uaiveraity (CTUSC) 
Xian, People's lepublic of Cbiaa 

laatitute for Eaperimeata and leaearch, Faculty of 
Eaciaeering, National University of Colombia 
(Instituto de Eaasyos e Iaveaticaci6a, Facu~tad de 
laceaieria, Uaiveraidad .. cioaal de Colombia - IEl) 
Apartado afro 5115 
locota, ColOllbia 

Department of luildia& Physics and Emriroa..eat, 
General Orcaaizatioa of Housiac, luildin& and 
Planaia&, Ministry of Iadustry and Hineral Wealth 
(COllBPl) 
P.O. lox 1770 
Cairo, qypt 

lo&bane Scieatific Research Centre, Central 
Co-ordinating for Research aad Ooc...eatatioa of 
Cuiaea, Kinutry of Hi&her Education and Scientific 
lesearch (Centre de lecherche Scientifique de 
logbane, Inatitut Central de Co-ordiaation de la 
lecherche et de la 0oc ..... ntation de Cuinee, Hiniatlre 
da l'Ensei&Dellaftt Superieur et de la lecherche 
Scientifique - CEaESCOl) 
l.P. 511 
Conakry, Guinea 

Industrial Develo....,,c Centre (Centro de Desarrollo 
Industrial - C>l) 
Apartado Postal 703 
Tecucicalpa, lloculuras 

Iadiaa Copper lnfor.ation Centre (lCIC) 
271 c ... c Street 
Calcutta 700 016 
West lenpl, India 

Centra for llev and lenevable Sourcea of EAaru, 
Coll•&• of !n1inaerin1, .Anna University 
(CEllRISl/CEC/AU) 
Cuiady 
Madras 600 025, India 

Centre for Studias in Decentralised Industries 
Vaikunthbhai Hahta S..rak Trust 
lllOI International House, Sch floor 
171 lackbay lecl ... tion, ao.bay 20, India 

Centre of ln•r11 Studies, lnclian Institute of 
Tachnolou (llT) 
Haus IOlaa 
•av Delhi 110 016, India 

l. P. Shroff and AuociatH 
17 lencOOYar Mansion 
Wadia StrHt 
Tardeo, lollbay 400 034, 
India 

Solar S..r11 latarpri1e1 
17, Jamrilhr• 
1/a. ... janaad Coll•sa 
Allll9Cllab8d JIO 015, 
India 

Ill 
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Solar Eneru Society of Gujarat 
c/o v. A. Sarabbai 
C:O..Uaity Scieace Centre 
Gujarat University Callpua 
llanuapura, AhMdabad llO 009, Iadia 

Acency for the A11e1amient and Application of 
Tecbaolo11 (ladaa Peackajian Daa Peaerapaa 
Teltnoloci - IPP ~LOCI) 
Jla. tbamria llo. I 
Jakarta, Iodoae1ia 

Italian C:O..isaioa for leaearch aad Developmient of 
.. clear ... Alternative Eaar11 Sources, Hiaiatry of 
Enercy Ceo..itato Baaioaale per llicerca e Sviluppo 
Eoer1ia Kucleare e Eaerci• Alteraatiwe, Kiaiatero de 
Enercia - EllEA) 
125 Viale le1iaa Karperita 
1-0019$ to.a, Italy 

Solar Enaru C-ter, llational Council for llic:ientihc 
llesearch \Centre Sur l't:aarcie Solaire, Coaae1l 
.. tional de la leche"che Scieatifique) 
P.O. lox 11-1281 
leirut, Lebanon 

University c:o..iasioa for llav Enerciea, University of 
Hada&ascar (Deleptioa Uaiveraitaire Aux Eaarcies 
.....,,eltes, Univerait• de Hadacascar - DUEii) 
l.P. 566 
Ankauo 
Antananarivo 101, Mada1ascar 

le&ional School luildinc Centre for Latia America and 
the Caribbaaa (Centro lecional de Conatrucciones 
Eacolarea Para America Latina y El Cariba - CX>llESCAL) 
Apartado Poatal 41-511 • 
D.F. 11000, Hexico 

Uaiveraity of Niuoey (Universitl de Nimaey) 
l.P. 91 
Nia-,, •ic•r 

.. tioaal Centre for Eaeru leaearch aad Devalo,.ent, 
University of •icaria 
laultlta, •iceria 

•icarian lastituta of Plaat Sciaaca and Solar iaar1y 
Tachnolo11 
149, Hospital load 
Alla 
i.o Scace, •ipria 

Directorate of Industrial Liaiaoo, Pakistan Couacil 
of Sciaatific and Iadustrialslesaarcb, Kiaiatry of 
Science and Tachaolou (PCSI&) 
Pr••• C-tre, 2nd Ploor 
Shahare-a~ul Ataturlt 
K.rachi-0109, Pakiataa 

Silicoa Techaolo11 Davalo,..at Ceatre (STDC) 
H-15 Street 44 
i;ac:tor r-1/1 
lsla .. bad, Pakistan 

Institute for Tachnoloaical aad Industrial Research 
and for Technical Standards, Hiaistry of Industry 
(Inatituto de lnveatipcion Tacaoloaics ladustrial y 
de 11o ..... Tacnicaa Miniaterio d'lndu1tria - ITillTEC) 
Apartado postal 145 
Li .. 100, Peru 

.. tional Docu.aatatioa Cantre for A&riculture, 
rorutry, and lural DeYalo,...t, University of tbe 
Philippi• .. at Lo1 laloa (llADOCUOllD/UFUJ 
UPU Likary Collasa, Lapaa 3720, Philippine• 

Milb•r Tacbaical laatituce, Techaical Uaivar1ity of 
Li1llcla (1 .. titultO lluperior Tacaico, Uaivaraicladc 
Tacaica 4a Lia~) 
Aveaida loYiaco Faia, 1096 Lialloa Code•, rorcuaal 



Centl't for Eaer&Y Research and Applications ia 
lvanda. llatioaal University of lllraada (Centre 
••Et ... es et •'Applications de l•Eaersie au .... !Ula. 
Uaiwersite Katioaale du lvaada - CEAEl/Um) 
lolte Postale 117 
.. tare. lvanda 

Electrical Industrial Research Association 
(Aaociacioa de In.,..sti1acion Industrial Electrica) 
Francisco Gerwas. 3 
Madrid 20. Spain 

llational En1ineeri111 Research and 0. .... 10,.eat Centre 
of Sri Lanita (IEU) 
ZP/171 IDI Industrial Estate 
£kale 
Ja-Ela. Sri Lanita 

Faculty of Mechanical and Electrical Eagineerinc. 
University of ca .. scus 
P.O. lo1t 86 
Da .. scus • Syrian Arab Republic 

Academic Resource Centre. Chulaloa1korn University 
Phyathai Road 
kapok, ntailarul 

Energy Techaolou Prosr-. ltiq lfon&kut• Institute 
of Technology Thoabun (IOIITT) 
l'lfta-ti. bsburana 
laackok 10140. Thailand 

School of Efter&Y and Materials. ltiq llon&kuta 
Institute of Technolo1y 1boaburi (ICKITT) 
Bans-ti, bsburana 
lan&kolt 10140, Thailand 

C.M. ltrsyzhanowaki State Scientific and Technical 
Inatitute on Enersetics, Ministry of Eneraetics and 
Electrif icatioa (EllIN) 
Leninski pr. 19 
tfoscov 117098, Union of Soviet Socialist Repub~ics 

(Source: UllESCO, second edition. 1986, 
"InternatiOiii'fliirectory of Nev and Renewable Eaersy 
Information Sources and Research Centres") 

LIST or SOLA&-PllOTOYOl.TAICS USEHCH 
IWSTITUTES D DnzLOPZD CXJUllDIES 

EnarltJ lnfor .. tion Centre, Department of Minerals and 
Ener11 (ElC) 
139 Flinders Street 
Melbourne 
Victoria 3000, Australia 

Ener&Y lnfor .. cion Centre, Ener1y Authority of 
llev South Wales 
33 Playfair Street 
The Rocks 
Sydney 2000. Australia 

Outlook Alternatives 
lbll 9010 
Wanpratta 
Victoria 3678, Australia 

Australian Mineral Dcvalopeent l.aboratori•• 
(AMDCL) 
Fleminston Streat 
rr-u1. 
I.A. 5063, Australia 
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(Dfpar-t 4e ftlysi.-e as llatfria-, U..iwenitf tie 
Lpa) 
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{leyeriech•• Scaatliches Forschuncsinstitut fuer 
C.och••i•) 
Concordiastrasse 21 
D-1600 lalllters, Federal a.public of Cer•any 

lloaia Solar he. (lloaio Solar Qllll - as) 
latlastriestrasse 1-10 
D-115'1 l.Orraca, Federal le,...lic of c;e....,.,. 
C-•lt~ Fina i• qric•lt..n, Ilea-able Eaet'Q aoe 
Eawi~t Procecti-, 8-r Eqiaeeriq 
(Wirtacllaft ... lofrastr.ltt..r Pl...-aa&•••llscaatt, 
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Fetleral A&eacY for r..yaics all<! Techoics. Federal 
Kioistry of Ec41DC19ics (l'llysi!Lalisclr-Teclaaiache 
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80 Vashingtoa Street 
Hartford, CT 06115 
United States of America 

Conservatioo and lanevable Energy Inquiry and 
Referral Service, Solar America Inc. (CAREIRS) 
p .o. lox 1900 
Silver Spring, 1111 20907 
United States of America 

Data Raductioo Center for Photovoltaica, Eaginearing 
Technology Applications, Boeing Coaputer Services 
(DaC/ICS) 
565 Andover Park West 
Tultvila, WA 98188 
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Division of State Energy, Viaconsin State Depart .. nt 
of Adainistratioo 
P.O. loll 7868 
Madison, VI 53707 
United States of America 

Da.eatic Technolou Institute 
P.O. lox 2043 
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CUC/DOE) 
San Francisco Oparatioea Office 
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United States of America 
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Florida (FSEC) 
300 State ao.. 401 
Cape Caaavaral, FL 32920 
United States of ._.r~ca 

Caorgia Solar Coalition 
P.O. lox 5506 
Atlanta, CA 30307 
United Stat.. of Allerica 

Havaii Eaeru Extauioo Senica, 
Hawaii State Depar-t of Pla-ins 
and Ec-ic Davalopaeat 
P.O. lox 2359 
Hoaolulu, HI 96804 
United State• of Allcrica 

Hawaii llatural Eoer11 Institute, 
University of llavaii at Kanoa (1111£1) 
2540 Dole St. 
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United Stat•• of America 
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Universit7 of Alsba .. in Huntsville 
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United Stat•• of Amcrica 
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University of Cali£ornia at Livermore 
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Cleveland, OH 44135 
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Missouri Ener11 Extensioo Service, Division of 
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P.O. lox 176 
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United States of America 

.. tional Academy of Sciences (MAS) 
2101 Constitution Ave. 
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United States of America 

.. tional Technical Infor.atioo Service 
U.S. Depart-nt of C-rce (KTIS/DOC) 
5215 Port loyal Road 
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United States of America 
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United States of America 
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U.S. Depart-nt of Energy (OSTl/DOE) 
P.O. lox 62 
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United States of Allerica 
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121 S.V. Sal.on Street 
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United States of America 
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20th and Race Streets 
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United States of Allerica 
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Denver State Public Library (DPL) 
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United States of America 

Renewable Energy Institute (REI) 
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Alexandria, VA 22314 
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United States of America 
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United States of America 
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United States of America 
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P.O. lox 1135 
Marcus Hook, PA 19061 
United States of Alacrica 

Technical lnfor .. tion Service, Alacrican Institute of 
Aeronautics and Astronautics (AIAA) 
SSS V. S7th Street 
New York, NY 10019 
United States of Alacrica 

Tennessee Valley Authority (TVA) 
400 Vest Su .. it Hill Drive 
Knoxville, T'f 37902 
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Unit~ Eaer&Y Corp. lUEC) 
420 Lincoln C...t~r Drive 
Foater City, CA 94404 
United States of ._.rica 

Virsin Islands Eaef&Y Office, Virsin Islands 
Territory Governor'• Executiwe Office 
P.O. loa 2996 
St. tho.as, U.S. V.l. 00801 
United States of ~rica 

Volunteers in Technical Assistance (VITA) 
1815 N. Lynn Street, Suite 200 
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United States of America 
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Cheyeaae, VY 82002 
United States of America 

Acuru Solar Corp. 
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Pbiladelpbia, PA 19101 
United States of America 
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Comins, llT 14831 
United States of .a.erica 
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i'.O. Box 92957 
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United States of Aaeri~• 
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United States of America 
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United States of America 

Applied Physics L-:>Gratory, 
'ohns Hopkins Univer•ity 
(APL/JHU) 
'ohns Hopkins koad 
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United States of America 

Applied Science Laboratoriea, Gulf & We•tern 
lnduatrie•, Inc. 
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Walth-, MA 02154 
United States of America 
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P.O. Boa 1212 
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United States of Aiaerica 
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U.S. Depart .. nt of Defen•e (DOD) 
Office of the Chief of laaioeer• 
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Va1hington, DC 20314 
United Seate• of A9erica 
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..,rray Hill, NJ 07974 
United ltates of America 



'loo& Allen • W..ilton, Inc. 
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ltareau of llecl ... tioa, U.S. Depart.eat of tbe Interior 
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Uaitad States of America 

<:eater for Eoer&Y Research, Texas Tech University 
Lallbock, TX 79409 
Uaitad States of America 
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P.O. lox D 
Providence, KI 02912 
ua•tad States of America 

Cle ... Enec&Y Research Institute, University of Miaai 
(CUI) 
p .o. lox 24-1294 
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Depart-t of Cheaical Eoginearinc, Korth Carolina 
State Uaiveraity 
a.1eich, IC 27605 
United States of ._.rica 

Depart.eat of a. .. istry, Clarkson University 
Sci-ce Center 
Potsdaa, llY 13676 
United States of ._.rica 

Depart .. nt of a. .. iatry, University of Yirciaia 
Charlottesville, VA 22903 
Uaitad States of Allerica 

Depart-t of Electrical Eaaiaeerins 
Massachusetts Institute of Tecbaoloey (MIT) 
._ 13-3050 
11 Massachusetts Avenue 
Calibri•&•· llA 02139 
United States of America 

Depart .. nt of Electrical Encineering, Virginia 
Polytechnic Institute and State University 
340 Whittemore Hall 
llacksbur1, YA 24061 
Unitad States of America 

Depart .. nt of Materials Science and Engineeria1 
Stanford University 
Stanford, CA 94305 
United States of America 

Depart .. nt of Mechanical and Aarospaca En1iaaarin1 
Arisona State University 
Te.,e, AZ 15287 
United States of America 

Depart .. at of Physics, University of Chicsao 
5630 s. Ellis Avcnua 
Chica10. IL 60637 
United States of Allarica 

Dapart .. at of Physics, University of Pena.;yl•ania 
209 S. 33rd Streat 
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United State• of Allarica 
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United States of &.arica 
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Lockbead "issiles • Space Co. Inc. Lockhaad Corp. 
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S..-ywala, CA 94088 
United States of "-erica 

llartia-tlariatta Aerospace, Martin-Marietta Corp. 
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United States of "-arica 
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Office-of Technoloay Aasea .... t, 
u.s. CoasnH (arA) 
Vashiaat-, DC 20510 
United States of A.arica 
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Iaatitute (PllL/IHI) 
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Ua.ited States of America 

llCA Corp. 
Princeton, JU 08540 
United States of America 

Research aacl !a&ineerias, lechtel Group lac. 
50 Beale Street 
San Francisco, CA 94105 
United States of America 

leaearcla Corporation, Allericu Iastitute of 
Architects (AIA) 
1735 Nev York Avenu, Ill 
Washinston, DC 2oc.o6 
United States of America 

Research Triaasle Institute (RTI) 
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United States of America 
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United States of .i.erica 
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United States of America 
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Solar Energy Research Institute, Midvest Resear~h 
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United States of Aaerica 
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United States of America 

Solarex, Inc. 
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United States of America 
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United States of America 
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United States of America 
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United States of America 

Sunpak Program. Ovens Illinois, Inc. 
l Seagate 
Toledo, OH 43666 
United States of America 

Technology Strategy Center, Honeywell, [nc. 
1700 w. Hvy. 36 
Roseville, HN 55113 
United States of America 

Varian Associates, Inc. 
611 Hansen Way 
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United States of America 

Westinghouse Electric Corp. 
1310 Beulah Road 
P\tt•burgh, PA 15235 
United States of America 

Windvorks Inc. 
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United States of America 

Worldvatr.h Institute 
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United State• of America 

Alabama Solar Energy As•ociation, American Solar 
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United States of Aaerica 
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P.O. Box 2415271 
Coral Ca•1es, FL 33124 
United ~tates of America 

Ceorsie Solar Edersy Aaaocietion, lac., American 
Solar Energy Society Inc., U.S. Section of IS~S (ASES) 
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c/o Sol•r lnersy Laboratory 
Univer1ity of Tulia 
Tulsa, OIC 74104 
United States of America 



Photovoltaic Institute of America 
1110 Sixth Streat, NW 
Washington, DC 20001 
United States of A-.rica 

Solar Eaar17 Resource Assoc•ation of Wisconsin 
American Solar Energy Society lac., U.S. Section ~f 
ISES (ASES) 
525 University Ave. 
!ladison, WI 53703 
United States of America 

Virginia Solar Energy Association, American Solar 
Energy Society Inc., U.S. Section of ISES 
2526 Brandon Avenue, Sli 
Roanoke, VA 24015 
United States of America 

Centre for Urban Technology (Centar za Urbanu 
Tehnoloriju - CUT) 
Sava Centar 
ul. Milentija Popovica 9 
11070 Beograd, Yugoslavia 

Materials Research and Electronics Department 
Rudjer Boskovic Institute (Istrazivanje tlaterijala 
Elektronika Institut Rudjer Boskovic) 
iSijenicka 54 
41000 Zagreb, Croatia, Yugoslavia 

Boris Kidric Institute of Nuclear Sciences (Institut 
u nuklearne Hauke "Boris ltidric" - IBlt Vincha) 
P.O. llox 522 
11000 Belgrade, Yugoslavia 

Department of Engineering. University of Skopje 
(Universiteta U Skopje) 
Bulevar ltra;e Miairkov B.B. 
9100 Skopje, Yugoslavia 

Development Department, Electron Tubes Factory 
18000 Nis Veljka Vlahovica 82-84 
Electronska Industrija His OOUR-RC, Yugoslavia 

Energoprojekt-Consulting and Engineering Co. 
(Energoprojekt, Ro Projectovanje) 
Zeleni Venac 18 
11000 Belgrade, Yugoslavia 

faculty of Electrical Engineering, Edvarda lardelj 
University of Ljubljana (Fakulteta Za Elektrotehniko, 
Univerza Edvard• kardelja V Ljubljani) 
Trzaska 25 
Ljubljana, Yugoslavia 

Faculty of Electrical Engineering, University of 
Belgrade (Elektrotehnicki Fakultet. Univerzitet U 
Beogradu) 
Bulevar Revolucije 73 
11000 leograd, Yugoslavia 

Faculty of Physics, University 'liril l Metodij' 
(Fakultet Za Fizika, liril l Hetodij Univerzitet) 
Cazibsba BB 
91000 Skopje, Yugoslavia 

Federal Comaittee for Inergy and Industry, Co .. iaaion 
for Coordination and Progra ... Orientation of 
Development of Nev and Renewable Inergy Source• 
(Savezni lo•itet Zs lnargatiku I lnduatriju - SK£1) 
lulavar Avnoj-a 104 
11070 Novi leosred, Yuaoalavia 

Institute of llectro-lcon0!9J 
Prol. Brigada 37 
4100 zasreb, Yuroalavia 

ln1tituta of lndu1trial lcon011ic1 
H. Tica 16 
11000 Balcrada, Yugo1lavia 
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Institute of laaaarcb into Pura Science Applicat&OGS, 
Faculty of Technical Sciaacaa, Uaivaraity of llovi ::iAd 
(Eaucao-<lbra&ovai lastitut Za Pr~jaaa O.aovaa 
biacipliaa, Fakaltat Taluaickih .. uka, Uaivarzitat U 
..,_ Sadu) 

21000 llovi SH 
v. Vl.Jaovica br. l, Yugoslavia 

LIST OF 50LAS MADiii• s asauca lllSTl1UIES 
u DUE.LOnD COUllDI£S 

Appropriate Tachaoloey Section, Faculty of 
Eaainaarins, Uaivaraity of llelboaraa 
Parkville 
Victoria 3052, Australia 

Australian Mineral Developmeat Laboratories 
(AHDEL) 
Fleaiagtoa Street 
Frevville 
S.A. 5063, Australia 

Australian Solar Ponds 
P.O. lox 894 
Alica Springs irr 5750, Australia 

C....Oavealtb Scientific and Industrial lleaearcb 
Organization (CSIRO) 
Sox 225 
Dickson 
A.C.T. 2602, Australia 

Solar Enarsy llesearch Institute of Western Australia 
(SEaillA) 
13 Hovard Street 
Perth, Western Australia 6000 

National Institute of the Extractive Industrias 
Unstitut •atioaal du laduatriea 
Estractivaa/Matioaaal Iastituut •-r de 
Estractiebadrijvaa - lllIEX/•IEa 
200 rua du Chara 
a-4000 Litse, Balsiua 

Nuclear Research Cantre, Ministry for Eco-ic 
Affairs (Centre d'ltuda de l'IEnargie •uclaaira, 
lliaiatare des Affairaa Eco-iquea) 
loeret•n&, 200 
1-2400 Kol, lelgi-

Canadian Housing Infor.atioa Cantre, 
Canada Kortcase and Houainc Corp. 
(CHIC) 
Annex luildia1, Ground Floor 
Montreal load 
Ottawa, Oii KIA OP6, Canada 

Brace lle1earch Institute, 
MacDonald Coll•&• of llcGill University 
Ste. Anne de Bellevue 
Quebec H91 lCO, Canada 

Ontario lle1earch Fouadatioa (011.F) 
Sharidaa Park laaaarch ~aitJ 
Hi11ia1auga, Oii LSK 113, Canada 

Water1hed Inergy Sy1t ... Ltd. 
(WATllSll&D) 
97 Six Point• load 
Toronto, o• "82 213, Canada 

Canadian lolar Indu1tria1 '-•ociation, lac. 
67A Spark• Streat 
Ocr.ava, Oii llP SAS, Canada 

Slovak Technical UnivaraitJ 
(Slovan1ka YJaoka lkola Tachllicka) 
Gottvaldovo •• 17 
Braci1lava 11243, 
Cnchollovakia 



Daaish Katioaal Centre for 9uildia& Docwoeatatioa 
(lysseriets Studiesrkiv, ltuastakadeaiets 
Arkitektskole - ISA) 
Peder Skr ... gade 2D 
Dlt-1054 Klbenhava K, Demoark 

'tbe.,..l Insulation Laboratory, Technical University 
of Demaark (Laboratoriet for Variaeisolering - LFV) 
lailding Ill, 100 Landtofteuej 
2800 Lyagby 
Dlt-COpenhagen, Denmark 

At.,.ic Energy Agency (C.,..issariat a l'Energie 
At.,.ique - CEA - IIDI/IVI) 
ll/33 r,. de la FfdEratioa 
F-75015 Paris, France 

Division of Material ~ciences, University of Lyon 
(OEpartmeat de Physique des Katfriaus, UniversitE de 
Lyoa) 
LA ClllS 172 
43 Boulevard du ll Kovember 1911 
F-69622 Yilleurbanne, France 

Augsburg-Kurnberg Engine Works Corporation I.few 
TechnolOllY (Kaschinenf abrik Augsburg-Murnberg 
Aktieacesellschaft Keue Tecbaologie) 
Postfach 500620 
D-1000 Miinchen 50, Federal Republic of Germany 

9o•in Solar Inc. Cao.in Solar CKlll - IS) 
Iodustriestrasse a-10 
D-7150 1.0rrach, Federal Republic of Germany 

Federal Agency for Physics and Technics. Federal 
Ministry of Economics (Physikalisch-Technische 
lundesanstalt, lundesministeriua fur Virtschaft - PTI) 
lundesallee 100 
D-3300 Brau~schveig, Federal Republic of Germany 

Institute for Energy Technology, TUY lheinland E. V. 
(Institut fur Ene~gietechnik, TUY Rheinland E. V.) 
Poscfach 10 17 50 
D-5000 Koln l, Federal Republic of Cer .. ny 

Institute for Phys~cal Electronics, University of 
Stuttgart (Institut fur Physikalische Elektrooik, 
Universitat Stuttgart) 
Pfaffenvaldring 47 
D-7000 Stuttgart 80, Federal Republic of Germany 

Institute for th~ Theory of Electrical Engineering, 
University of Stuttcart (Institut fuer Theorie der 
Elektrotechnik, Universitat Stuctcarc) 
Pfaffenvaldrinc 47 
D-7000 Stuttgart 80, Federal Republic of Carmany 

i ... cicuce for Turbollachinery, University of Hanover 
(Institut f'ur StrOllOmgs .. schinen, Universicac 
Hannover) 
Apellstraue 9 
0-3000 Hannover, l'ederal lepublic of Carmany 

V'ursburg Technical Collage Crachhochschul• V'ursburg) 
ROncgenring I 
D-1700 V\irsburc, Federal lepublic of Carmany 

Mc:or Group Co. Led. 
P.O. los 21SO 
Tel-Aviv ZIP 60127, lsraal 

Dapart .. nt of luilding Cli .. coloSJ, luildin& a.search 
Station, Tachnion-l•raal lnscitute of Tachn~lo&J (?EC) 
Haifa 32000, lsraal 

In1cituta• for Applied le1aarch, 
Ian Curion Univar•ity of cha .. ,av (lAl/ICU•) 
P.O. 1os 102S 
He'lhal .. ltraet 
lear-Sheva 14110, l1raal 
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Koor Hetab Ltd. (Koor tlatechet a.a.) 
P.O. los JOO 
llolon sa102, larael 

Scientific Research Foundation, Hebrew Univeraity of 
Jerusal- (saF) 
P.O. Bos 374S 
Jerusalea 91036, Israel 

Structural Cheaistry Department, Weizmann Institute 
of Science (VIS) 
P.O. Bos Zb 
lchovot 76100, lsrael 

Central llesearch Institute, Electric Power industry 
(CR.lEPl) 
Oot ... chi Sida. 
1-6-1 Oot-chi 
Chiyoda-ku 
Tokyo 100, Japan 

Department of Engineerinc Science, Kyoto University 
Kyoto 606, Japan 

tletsushita Research Institute Tokyo, Inc., Matsushita 
Electric Industrial Co. Ltd. (tl&IT) 
l-10-1 Hi&Hlawc:a t-n 
lavaaaki City 214, Japan 

Kiaava lloloe1 Inat:it:ut:e for &esearcb and Daveio,..nt 
(tllln) 

2-4-5 Takeido-Hi1asbi 
Sugiaa.i-ltu 
Tokyo 168, Japan 

Solar le•earch Laboratory, Gover...aat lacluatrial 
aeaear~h I ... titat:e of lla&oya (CI&I•) 
l Hirate-cho 
Kita-tu 
llagoya 462, Japan 

Energie Andera 
Pcacbua 56 
llSU Ab Hoek van Holland, lletherlancss 

llultidiscipli118rf Eoar&y Centre, Delft Un1versicy ~f 
Techaolo1y (llultidiaciplinair £ner1ie Centrum, 
Technische Ho1eschool ta Delft) 
Stavinva& 1 
2~28 CK Delft, letherl•ad• 

Netherland• Central Or1aaization for Applied 
Scientific le1aarch ( .... rlandea Cantrala Or1anisatie 
Voor Toa1epaatnatuurvetenscheppeluk Oodersoak - TllO) 
Juliana van Stolbar&laan 141 
2S9S CL'• Cravenha&•, .. therland• 

Philip• !nerl)' Syat ... , Philip• lntarnational IV 
P.O. los 211 
S600 MD r:iodhoven, .. tharlanda 

Lincoln Collage, Uaivar1icy of Canterbury 
Canterbury, llav Z.alead 

Eoargy ••••arch end tlodarni1ation ln1titute, .. tioaal 
Couacil for Sciaaca and Tacbaolo&J, Ministry of 
f:lactric r:aar1y (ln1titutul da Carcacari Si 
tlodaraiseri laarsacica - lc ... nara> 
Id. ~r&aticianilor Sector J 
a-74S68 luclaera1c, lomania 

lletiooel Ta1cin1 laatituta (Stataae ProvbiA11an1talt) 
r.o. ~· •~7 
l-S0115 lora1, lv9dao 

!nargy !quip119nt fa1tin1 Service, Depart.eat of 
Mechanical lnginaarin& and &aaray ltudiaa, Uaivar1icy 
Coll•&a 
.. vport load 
Cardiff CP2 lTA, United lin&do. 



EneraY lleae•rch Croup. The ()pea University 
Valton Hall 
Milt- leyaes 
lucb Mlt1 6AA 
Uaitu 1tiaa•-

llevcaatle Photovalt•ica Applic•tioa Ceotre. 
llevcaatle-upoa-Tyae Polytechnic 
Elli.on Place 
llevcaatle-upon-Tyae llEl SST 
United ltiapc. 

Eaaineeriaa Library, Uniweraity of Miaaeaota 
Li ... Hall. a- lZI 
201 Church Street. SE 
Mimapolia • 191 55455 
United States of America 

Acurex Solar Corp. 
415 ClyJe Avenue 
ltouataia Yiev. CA 94042 
llaited States of America 

Altaa Corporatioa 
Joa Encinal Street 
Santa Crua, CA 95060 
United States of Americ• 

Ceoter for luildina Techooloay, lational aureau of 
Staodards, U.S. Dep•rt.ent of c:a..erce (NaS/DOC) 
auildiaa 226, Rooa 1120 
C•ithersbur1, Im 20899 
Uoited States of America 

Center for Ene1"11 Studies, lrova University 
P.O. lox D 
Providence, ii 02912 
Unit~ States of America 

Depart.eat of Chaoiatry, Cl•rksoa University 
Science Center 
Potsd .. , NY 11676 
United St•tes of Americ• 

DSET Laboratories, lac. 
P.O. lox 1850 
Phoenix, AZ 15029 
United St•tea of America 

Ener11 .... Eavir0011&11tal Diviaioa, Acurex Corp. 
P.O. lox 7SS5 
Mountain Yiev, CA 94019 
United States of America 

Eaer11 Labor•tory, University of Houston 
4100 Calhoun Street 
llouatoa, Tit 77004 
United States of America 

Eaeray Resource• Bureau, Idaho State Depart .. ct of 
Vater Resource• 
State llouse 
loiH, ID 13120 
United St•t•• of America 

Eaxon Re•earch and En1ineerin1 Co. 
Cliato~ Tovn1nip, Route 22 E•st 
Annandale, NJ 01101 
UPited States of "-':ica 

Cr-n Eneru Systea Co. Cr-n 
Allied Industries, Inc. 
445 lroadhollow load 
Melville, llY 11747 
United States of America 

leaearch Inatitute, University of Dayton 
JOO Coll•&• P•rk Avenu• 
D•yton, Oii 45469 
Uni.tad IUtH of M&l'ica 

- SS -

Sa.,.ia lational Laboratoriea/l.iftrm»re ($111.L.) 
P.O. lox 969 
Liver.ore. CA '4!50 
United States of -..rica 

School of Eaai-riaa and Applied Scieacea 
Uaiwereity of California at Loa Aaaelea (UCJA) 

40S 11il1an •--
Los Aaaelea, CA 90024 
United State• of .&.erica 

Techaoloaicel IDatitute. 
llortbveatera UaiYeraity 
2145 Sheridaa load 
Evaaatoa. IL 60201 
Uaited Statea of .t.erica 

llydroeea Eaeru 1..,.Datrial Association (HEU) 
c/o lilliaa• Corporatioa 
18600 East l7tla Street Terrace 
x ... ,...._ •• 111> 64057 
Uaited States of ._.rica 

llateriala leaearcla aa.I El-troaica hpar-t ludjer 
loakovic 1 .. titute (Iatraaivaaje llaterijala I 
Elektroaika Inatitat ludjer loakovic) 
lij-icka )4 

41000 Zaareb, Croatia, 
Yaaoalavia 

(Source: ~. SecOOll edition, l9d6. 
"International Directory of llev and laDevable ber11 
laforwation Source• aod leaearcb Ceatrea•) 

Hisb-Efficiency ... ltiple la.,.&ap Solar Cell leaearch, 
L. D. Pareaia, L. M. Fraaa, r. S. McLeod, ~. A. Cape, 
Chevron leaearcb Co •• Ric._..., Calif. 50 p., 
A.0-Al70 965/1/VDE. (A•ailable fraa .. tioaal Technical 
Iaforwation Service. 5215 Port Royal load, 
Sprin&field, Ya. 22161, USA) 

Proceedi~a of IELECOll 'IS lllediterraaeaa Electro­
tec:haica Coafernce, Madrid, Spaia, 
i=lO October, HIS, Yol. 4. Solar EaerSJ, 
Aatoa10 LUque, A. I. Cipariu-Yual, D. llobill, 
Iaatitate of Electrical a.,. Electronic Eaii-r• 
lac., llev York, •.Y •• 2l9 p •• are available aa 
AD-Al7l lOS/O fraa Elaevier Sciaace Publi•biaa Co. 
lac •• 52 Yallderbilt Ave., llevYork, l.Y. 10017. 

••• 
Tha followiaa evo publicatioaa are available 

fraa .&..ricaa Solar laer11 Society, 2030 17tb St., 
lloulder, Colo. IOJO:Z: 

Annual lleHil!f of tba Amaricaa lectioa of tlla 
lnteraacioaal Solar EaeaO!' Society rroceec1i111•, 1980, 
1oulder, COio., x. v. r, Craaory Fraata. 
a. H. Cl41111. !!..:...!.!·• 541 P• lSO fi&•• 

lle•antb Paaaiva Solar Coafereace Proceedi111a, 1986, 
IOulder, COio., 512 p. 

••• 
le•earch 011 Sinsle-Cryatal CdTe Solar Cella, Annual 
lubcoatrace laf.rt, i PebrualrJ liiS -
1 February 191~ J. M. lorrep, I. K. Chaadhi., 
Raaaaal .. r Pol1tach11ic ln•tieuta, Troy, •.Y., 11 p., 
DEl6010719/WDE. 
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Righ-T!llp•rature Co.posit• Theraal Eaer17 Stora&• for 
Solar Applications, Draft Final a.port, E. T. Ona, 
a. J. Petri, D. S. Erickaoa, Institute of Cas 
Techaoloay, Chicaao, Ill., 59 p., DE86014l61/VDE. 

Poteatial RiJb-Effici~ Solar Cella: Applicatioaa 
frca Space Photo,,..ltau leaearch, D • .J. Flood, 
Rational Aeroaautica and Space .Adminiatratioa Levi• 
a..aearch Ceater, Clewelaad, Ohio, 15 p., 
Bl6-l2627/9/VDE. 

PhotoYOltaic Systea Desilft Assiataace Ceater, Prosraa 
Description, J. V. Steweas, C. J. Jones, H. •· Poat, 
M. c. n-s, Saadia llatioaal Laboratories, 
Albuquerque, II.II., 15 p., DE.16013669/VDE. 

PhotoYOltaic Membraae (PVM) lloof Systea, 
Secoad-Qaarter Technical Progress l.epGrt, 1916, 
T. F. Fraacovitch, Single-Ply Institute of America 
Inc., Pasadena, Md., 21 p., DEl60l3?.44/VD£. 

Materials Issues io Amorphous Seaicoaductor 
Technology• Proceed101s of a s,_,.si ... held last 
April as part of the Materials llesearch Society 
Spring lleetioa io Palo Alto, Calif., presents 
controversial issues reaardioa the electronic 
structure of bydroaeoated a110rphous silicon 
(a-Si:H). Prosress vas reported io several area• of 
device technololJ', especially io iacreasinc solar 
cell efficiency, in understaodio1 a-Si interfaces aod 
in developing flat-panel displays. Tba 107 papers 
cover the topics of solar cells, 1rovth and structure 
of a-Si alloys, electronic structure aod defects in 
a-Si:R aod related alloys, photo-inducted defects, 
a-Si-Ge and a-Si-C alloys, iotarfacea, superlattices, 
thin-fila transistors and displays, pbotoraceptors 
and iaase sensors, and optical data atorase. 
Available in a 700-paae book fr- MIS, 9100 McKnisht 
Id., Ste. 327, Pittaburch, Pa. 15237, USA. 

Reteroapitazy oo Silicon. Proceedioc• of the first 
ayapoai ... of it• kiod devoted to the subject, baa 
been publish~ 1»y the Material• Research Society. 
lhe syaposiua, u international forua for thi• 
eaercinc, rapidly developinc tecbaolosy, vas held 
last April as part of the MIS Spri111 Meetinc io 
Palo Alto, Calif. 'nle 29 paper• are divided into 
topic• oo arovth of salliua-arsenicle on silicon, 
properties of CaAs on Si, heterostr""~~·~• of 
aeaiconductora and insulators on Si, device 
properties of CaAs on Si and heterostructure• of 
seaiconductora and .. tals on Si. Copies of the 
273-paca hardbound book, edited by J. C. C. Pan and 
J. K. Poate, are available fros Publications 
Depart .. nt, Materials Research Society, 9800 Kclnisht 
Rd., Sta. 327, Pittabursh, Pa. 15237, USA. 

Lov-enerfJ hrdrogen ion iaplants can help crystalline 
s1hcon 

Lov-enersy hydrosan ion iaplants in the 
fabrication of hish-efficiency crystalline silicon 
solar cells can result in hydrosen-caused effects in 
the eaitter, space chars• rasion and base of a solar 
cell, researchers at the Pennsylvania State 
University say. 

University Park, Pa., scientists S. J. Ponash, 
R. Sinsh and X. c. Ku note that in veb, Cs and Fa 
aatarial, lov-anaray hydroaan ion iaplaatatioa can 
reduce surface racoabinatioa velocity. Thay aoca 
thac ia th••• .. carials, cha iaplaacs var• found co 
paasivata apaca chars• rasion r.aco.bination cancers. 
In web calla, hyd~oaa• iaplaots also pa11ivacad cha 
baH rasion. "-var, aiailar iaprova•nC was not 
•aan in th• b••• raaion of Cs or rs call•. 
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Copiea of tbc 6G-pa&• report, "Use of 1--Eaeray 
too laplaota ia Kish-Efficiency Crystallinc Silicon 
Solar Cells, Fiaal leport, • DU60Ul64/UllE are 
available froa the .. tiooal Technical laforaati­
Service, 5285 Port l.oyal ltd., Sprioaficld, Va. 22161, 
USA. 

Denloent of a CdSe tbia fila solar cell by 
E. lickua, Comaiasioa of the Europeaa C:O..Unities, 
Brusaels, l98S, 64 p. 

Holoaraptaic tbia fila a7ateaa for ... 11:1juaction solar 
cells by v. H. Bloaa, c.....i.asion of tna European 
CQiiiii;..ities, Bruasels, 1915, 50 p. 

Productioa of aolar cells on the basis of lov cost 
a1l1coo b7 applicat1oa of LOO i..piaatatioo and 
li&ht-iod11eed traasient beatin& by A. N. Larsen, 
L. D. Nielsen, c.....i.ssioa of the European 
C:O..Unities, lruasals, 1985, 82 p. 

Investigation on ion implantation aa a technique 
auitable to fabri=ata hi&h ef ficieac7 silicon solar 
cell•, rt- 2, Ion i..plantetl, laser annealed cell by 
C. Soacin1, F. Z1suni, c-ianoa of the European 
Coaauaities, Luxeaboura, 1984, 11 p. 

Solar calls for 

lotearated thin fila aolar cell aancratora vith 
hisher output volL•&es by V. B. Blose, H. Hevia, 
Coaaissioo of the European Coaaunitiea, Brussels, 
1982, 57 p. 

Coovaraion aad cbeaical ator!fe of solar energy ia a 
photoelectrocbeaical cell by c. Lcpoutra, 
M. C. R1cb-, K. De lacker, c.-iHioo of the 
European Coaaunitiea, lruaaala, 1981. 

Alternative cbia fila solar cell• by H. Pauvels, 
C:O..i1aioo of the U.ropeaa Coaauaities, Brussels, 
1982 

Eocrf i• electri'ua at radiatioo 1olaira; 
posa1b1litie1 d application de callula1 
5hoto-voltalque• dana lea raaioaa ea voie de 
lvaiope-ot, by Lauvan, Atol, 1981, 73 p. 

Solar calla, lnatitur,ion of Electrical Enaineers, 
London, 1978, 9S p. 

Solar cell•, edited by Chatlas C. Backus, llev York, 
Inst1tute of Electrical and Electronic• Enaincera, 
1976, 504 p. 

CAAS - (CAAL) a• aolar calla to be used under 
concentrated solar lLf"t condition•, Co .. ission of 
the European Co..unit1a1, lru1sels, 1980, 29 p. 

Directory of Ult renewable anaray supplier• and 
•ervice1; 1olar, wind, v•Ye, bioaaa, bioeas1, 
s .. 11-scala hydro, 1aotharaal, tidal; including 
anarar racovarr, University Coll•&•• Cardiff. 
Formerly titled; Directory of Ul supplier• and 
auppli•• in raaawabla anar17, Enaliah, 
Nonconvantional •••ray sources/United 
linsdoa/Diractorias 1986. 

in India, 

Solar Diracto!Y, edited by Carolyn Pasko, Alla Arbor, 
Mich., Ana Arbor Sciaaca, 1975. 



PAST EVEllTS AllD FUTUU tEETIKCS 

1916 

15 lfow. Passiwe Solar .Adobe Conatruction Workshop 
and Solar 8- Tour, Albaqaerq ... , 
llev lkxico, USA (lleor Mexico Solar Ener17 
Institute, lox JSOL, Las Cruces, 
N.K. 18003, USA) 

9-ll Dec. Photowoltaic Systea De•icn 
Cape Canaveral, Florida (Florida Solar 
Energy Center, JOO State 11.oad 401, Cape 
Canaveral, Fla. 32920, USA) 

1987 

16-17 Jan. Seri Photowoltaics Safety Conference, 
Lakevoocl, Co. .!SA (Solar Energy lesearch 
Inst., Colden, Co. USA) 

28-30 Jan. International Conference oa Stability of 
Amorphous Silicon Alloy Materials and 
Dewices, Palo Alto, California. (Solar 
Energy lesearch Icstitute, 
1617 Cole Blvd. Colden, Co. 80401-3393) 

22-26 Karch Solar Energy Coafereac:e, Hoaolulu, HI 
(A.erican Society of Mechanical 
Engineers, ASllE Meeting• Dept., 
345 E. 47th St., llev York, l.Y.10017) 

4-8 Kay 19th Institute of Electrical and 
Electronic Engineers Photovoltaic 
Specialists Conferences, llev Orleans, La. 
(Solar Eaersy lasearcb Institute, 
1617 Cole llvd. Colden, Co. 80401-3393) 

8-10 Kay SOLAllUllT: Indian Trade Mart for Solar 
Energy Products, llev Delhi (Taj Trade and 
Technology Exchanse, Sales and Karltetins, 
Indian Hotels Co. Led., Kajal Hotel, 
Apollo lander, to.bay 400039, India) 

25-29 Kay Alternative Eaersy Sources, Dubrovnik, 
Yusoslavia (Inter-University Centre of 
Postgraduate Studies, Fraaa lulica 4, 
YU-5000 Dubrovnik, Yusoslavia) 

l-4 June Fifth Annual Renewable l!aersy 
Technologies SJ11po•iua and International 
Exposition/International Paver Exhibition 
Conference (RETSIE/IPEC 87) 

1-6 June Nev Materials Expo '87, lleijins, People's 
Republic of China (China Int. Convention 
Service Ltd., Harbour Crystal Centre, 
Suite 602, Tsiuhatsui East, lovlooo, 
Hons lone> 

2-S June 

2-5 June 

Heetins of the European Materials 
laaearch Society, Strasbours, France (tlllS 
Europe '87, Centre de lacherchea 
llucleaire1, Labora:oira PHAS& 67037 
Str11bourg Cadex, Franca) 

?ha Material• lasiaaarias lxhibition, 
OlJllpia, London (Ivan Ste.._., lar-vicH 
Ltd., The Hub, lluon Close, Saffron 
Walden, l11ex CllO 1111., Ult) 

10-12 June Fourth International Alueiniu.-lithi,.. 
Conferenr.e, Paris, France (loci,tl 
rransai• de "'tallursie) 

14-18 Juna International s,.poaiu.-W~rk1hop on 
Silicon Tachnolo11 Devel.,..at aad its 
role in the aun bale cOUllCriaa. 
Paarl-Continancal llocal, lavalpindi, 
Pakistan. 
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12-17 July ,,_ricaa Solar Eaaru Society 1'87 Aaaual 
llettins, Portl ... , Ore. (American Solar 
Eaeru Society, 2030 17tla Street, 
looalar, co. IOJ02) 

14-17 July Iftll '17. Die first Malaysian 
laternatimaal Plaatica aM llullMr 
Exbibitioa at tile 1'1atra llorld Trade 
Centre in Kuala a-pur. (Spoaaon• 
jointly by tile Plaatic• .... Rubber last. 
of llalaysia (Palll) _. tile .,.lter 
lleaearch Iaat. of llalayaia (UDI). 

15-16 .July PRiii b alao orgaabias: DeYelo,.eata ia 
the Pla•tica ... ll..i.ber Pr~t• 
IDlluatriu; Iaternatimaal Coafereace. 
USE Kaaas-at Sela lb<I, 
3A Jalan SS 24/1 0 T- lkgala. 
47301 Petalias .laya. Selaapr. llalayaia, 
TX: 37204 ADllSE MA) 

20-25 .July Sixth Iateraatimaal Coafereace on 
Coa1JO•ite llateriala and Secoad European 
Coafereace on Cci.posite Materials, 
1-doa, Ill:. (F.L. llattlam, Icat-YI 
Director. Ceatre for Cci.poaite Materials, 
Imperial Collese of Science aad 
Tech-lOQ'. Priace Couort load. 
i-doa SU7 DT • Ult) 

27-30 .July Fourth Iateraatimaal Coafereac:e oa 
Cooopoaite Structiar••· Paisley Colles• of 
Tech-lOQ', Paialey, licotlaad. 
(Coaference Dir •• Paisley Collese of 
Techaolou. Hip St •• Paialey, 
lleafrevahire, Scotland Pal la£) 

29-30 Jaly Tvwntietla Aaaual Techaical lleetias of the 
lataraatimaal lletallosraphic Soc.: 
lletallosraphy ia the tle•elo,..at and 
Characterisatioa of llev Material•. 
Alloys and ProceHes, Sheraton Hotel, 
llonterey. Califoraia. (Lockheed 
Ki1ailea ' Space Co., lac., 
1111 Lockheed Vay 1/151. Dept. 41/93, 
Sunnyvale, Califoraia 90486) 

12-14 Aus. •iatla Uaiversity Coafereace oa Glas• 
Science, Rensselaer Polytechnic In1t., 
Troy, l.Y., USA. (Center for Glass 
Scieace and Technology Material• Research 
Center, lltooa 107, lan•selaer Polytechnic 
Ia•t., Troy, •.Y. 1218o-3590, USA) 

16-21 Aus. IUPAC International Sympoaiua oa Poly .. ra 
for Adva&1ced Tech-losies, Jeruaal-, 
Israel. CS,..,o•i- Orsaaisera and 
Secretariat Orea, Ltd., P.O. lox 50432, 
Tel Aviv 61500 0 l•rael) 

18-20 Aus. Conference on lller&ias Techaolosie• in 
Material•. Dovacova Holiday Iaa, 
Ki-apolia • Ki.an.• USA. (Tbe llatariau 
lo&iDeariq ud Seine .. Db. of A1r:ht: 0 

lleetiqa Depc. J45 &. 47th It., llev York, •.T. 10017) 

24-27 Aus. Third Car.mica Tacllaical CoeareH and 
lsllibicioa, Ac&tark Cultural Caacar. 
lacaaltul, Taney. (&peaaored b7 cite 
CllaiNr of Tu$iala a.meal la&ineen. 
Tachaical Coaar•H of Cer•ica, GeDeral 
lecrecary of DID, lollur lokak 4/1, 
liailay, Allkara, Tvrllay) 

25-27 Aus. Coaferaaca oa .,.._atrucci•• faaciag of 
lip P•rf-• Cera.ic1 0 loac:on, llA, 
UM. (lpoaaor .. joiatlJ bJ clae AmeriQa 
C.r•ic lociacy, Ille., ... cha AMricaa 
lociaCJ for lloadaacrucci•• Tastina> 



16 Aue· 
ll Sept. 

Vorltshop C1a "llaterials Scieece a ... 
Physits of lloa-Cotawet1ti•al Eaeru 
Sources• ia llir ... ra, Trieste, Italy 
(Prof. C. Farlaa, P.O. los Sl6, I-)4100 
Triest,., Italy) 

1-6 Sept. SQ91EJ[ 1987 - lateraatiaaal Fair oa 
Miaiac, Eaerc:r aad lletallarsy, Pozaaa, 
Poland. (I. Zalevski, Pozaaa 
lateraatioaal Fiar, al. Cl0&ovska 14, 
l'ozaaa 60-734, Polaad) 

1-8 Sept. S,..osiaa OD A.lvaace4 ilaterials a_. 

1-9 Sept. 

1-9 Sept. 

9-12 Sept. 

10-19 Sept. 

13-11 Sept. 

16-21 Sept. 

Processias Techaiques for Strac:taral 
Applications, Paris, Franca. (Spoasor ... 
by the Europeaa C:-Cil of ASM (American 
Sc-c. of Metals!, 17 --• Traolaiae, 
7S009 Paris, Fraace) 

lntaraatioaal Coafaraaca Cla Science of 
Cer-ics, Caatado0l'C7, m. (Spoaaore4 by 
the AHociati- Europ{aa aa cerm.­
aad orsanize.t by tlae laatitate of 
Cer-ics, Science of Cermcs, 
14 Sbaltoo lloaae, Steke ._., SheltCla, 
Stolte---Treat ST4 111&, m) 

Third lateraati.,..l C-fereace Cla 
Adhesi'JD '17, York, Ult. (Carole Fr.alts, 
Plastics 6 !lubber last., 11 Hobart Place, 
Loiuloa SWlV mD.) 

Asiaplas '17 - Fatare Treads ia Plastic 
aaol llubber TechaolOI)', Siappore. 
(Plastics aad !lubber last., 
11 Hobart Place, Lodoa SVlV OKL, DK) 

Iateraational Eshibitioo •CllEJIISTaT• 
(Polymere), ltosc-, USSI. (the USSI 
Chamber of C-rce aad Idasuy, 
Sokoiaicneski Val, 1-a Mose- 107113, 
USA.) 

1987 International Solar Eaerc:r Society 
Solar Vorld Consress aad Eshibitioo, 
Hallburs, FllC. ( ISES Solar VeltkOD&ress 
1917 e.V., c/o Hanseatic Coasreas 
tt.nas-nt, Aa Veiher 2), 
D-2000 Hallbur& 20, federal lepublic of 
Ccnoany. Telephone: (040) 40 76 23) 

laternational Eshibition OD Metallursy. 
Foundry 6 Heat Treat•at, Shaapai, 
China. (Aclsale Exhibition Services, 
21/f, Tuns Vai C-rcial luildins, 
109-111 Gloucester load, Hoa& Kon&) 

12-25 Sepe. Conference on •ev tt.cerials alllll their 
Applications, University of Varvick, Ult. 
(Institute of Jlhysics, 

24-10 Sept. 

29 Sepe. 
1 Oct. 

47 lelarave Square, 
London SVl, Ult) 

World Materials Coasrsss, Chicaao, Ill. 
(.Allerican Society of Metals, AStl, tletals 
Par:., Ohio 4407l, USA, co-spoasored alllll 
participated by scores of societies, 
associatiODs, institutes, councils, 
federations, and other orsenizations fr1111 
all over the world) 

Po:yurethanes World Cooaress, lurosress 
Cantsr, Aachen, FIG. (Soc. of Plastics 
Industry) 

- SI -

Oct. lateraatioaal llachiaery aM Tecl9ooloSJ 
EDibiti-. Cley -• Cer-1c l ..... try, 
liaiai, Italy. (Eate AlatCICUl90 Fiere di 
li•i•i, l.P. JOO, 1-470]7 limiai, Italy) 

10-16 Oct. Materials Veek Hll, Strain Rard ... iq of 
Or .. red Alloys, Cbociaaati, Cloio, USA. 
(Spoeaore4 by 6-ricaa Society of Metals 
(ASll)) 

ll-lS Oct. Materials: ApplicatiC1as aM Services 
bpoaiti-, Ciac&-ci, Ohio, USA. 
(Coafereaca aM Eapoaitiona Dept., ASll, 
lat. llatels Park, OB 4407l, USA) 

27-ZI Oct. ~lass .,. Cermca Devel.,...ta, 
•ill- lat., .._ich, na;. (lad-trial 
lliaerals, Park ......_, Park Terrace, 
Vorceater Park, :Marre:r ICt' 711Y, ") 

1-6 ..... 

11-ll lloY. 

15-11 lloY. 

lS-20 lloY. 

24-27 lov. 

2-l Dec. 

7-10 Dec. 

7-10 Dec. 

14-16 Dec. 

lateraatioaal Plaatica ...t ....._r Fair, 
SarajftO, Yuaoslavia. (Ceatr:e 
...._rija, Ulica Iii.ca Sokolovia Wt, 
YU-11000 Sarejno) 

Sistlo latenati ... l Ferro Alloys 
C-fer..ce, !Ioele Carlo, -o. ll/latal 
hlletia he., 110 Fiftlo AYC., ..., York, 
•.Y. 10001) 

Eipt SEii ftot-ltaicr AllYUCH 
lesearclo ad Devel.,...t Pro .. ect leYi­
lleetias. llyatt lqmcy Tecla•ical 
laatitace, DeaYCr, CO, USA. 
(lol... •latro., Solar Eaera lasearch 
Inatitate, Coafereace Co-ordiaatioa 
Sectiea, 1617 Cole a..ulevard, Coldea, 
CO ICK01-ll9l, USA. 
Telaphoae: (lOl) 231-llSI) 

S,..,o•i- oo Perforaaaca of Coaiposices ia 
Severe EaYiro ..... ts, lev Tork. 
(Spoasored by America• Society of 
llechaaical Eft&iaeers Applied llecbanics 
OivisiOD, C:O.,Osite Coo.oitcee aad 
Materials CO!laittee) 

EXIEllllAT '17 - l1u:erDStioDSl s,..,..u_ -
Materials, lordeaus, fruu:a. (Sponsored 
by tbe Ceacre d'Etuclas des Sysc ... s et 
des Techaolo&iaa Avaactea, C£5TA, 
1 rue Deacartes, 7SOOS Paris) 

Specialist7 Plastics Cooferaace, Zurich, 
Svicaerlaad. (Meach lusiaesa Services, 
Seestrasse JOI, CH-1804 Au/Zarich) 

SeYeath Coosress OD Collposites io 
Kaaufacr:urias, Looe leach, California. 
(Society of 118oafactarins &osiaeers, 
P.O. loa 930, harlloro, Ml 41121, USA) 

Ioteraatiooal Coofereace OD Povller 
tletallur17 aad lelated Bisio T..,.rature 
Materials, llT loillla:r, ladia. 
<r. a...krisloaao, Coofereace Secretariat: 
tletallursical Eosiaeeriaa Dept., lIT IOllbay, 
P-ai, Bombay - 400 076 Iadia) 

"ilht.h Miaai latenacioaal Coofereace on 
Altenaacive lnerlJ' lourcea, Mi .. i leach, 
florida. (Cleao lner&J a.search Inaticuca, 
Coll•ae of 1tosioeerio1, P.O. lox 2482~4. 
Coral 141oles, Pl. lll14, USA) 

.. 
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UIUTE.D llATlOllS INDUSTRIAL DEVELOPHENT ORCANlZATlOll 
Vienna International Centre, P.O. Box 300, 

A-1400 Vienna, Austria 

Advances in Materials Technology: Kooitor 
Reader Surny 

'l'be Achrances in Materials Technology: Monitor bas nov been published since 1983. 
Although its aailing list is continuously updated as new requests for inclusion are 
received and changes of address are aade as soon as notifications of such changes 
are received, I would be grateful if readers could reconfirm their interest in 
receiving this newsletter. ~ndly, therefore, answer the questions belov and aail 
this fora to: 'lbe f.ditor, Advances in Materials Technology: Monitor, UNIDO 
Technology Progr.-e at the above address. 

Coaputer access number of .ailing list (see address label): 

Bame: 

Position/title: 

Address: 

Do you vish to continue receiving issues of the Advances in Materials Technology: 
Monitor? 

ls the present address as indicated on the address label correct? 

How aany issues of this newsletter have you read? 

Optional 

Which section in the Monitor is of particular interest to you? 

Which additional subjects would you suggest be included? 

Would you like to see any sections deleted? 

Have you access to some/aost of the journals from which the information contained 
in the Monitor is drawn? 

ls your copy of the Moniror passed on to friends/colleagues etc.? 

Please aake any other comaents or succestions for iaproving the quality and 
u•efulness of this newsletter. 

"' 
~-------------------- --- -- - -
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FOR NEW SUBSCRIBERS: 

If JOU -1• ltke to recelwe laauea of the Mva.cee ln llaterlala Technolou: 
lloclUor iD Uae l\ature • please complete the Cora bclov and Rluna it lo: 

NAME.......-....., ..... 
nTu DR POllTIClm 

UNITaD NATIO ... - NATIONe UNISe 

, ........... ,..... ............... ltU ..... kl9Y -........-.-

._,.,...,l ... UITClUDTIGl9MIM 

&dwaac:ee la llaterlal• tecluaoloa1: llanltor 
(~.. 504) . 

---'9W·-------~ .... _ ... ~_.......__._ 
, ... ..-c11111w ...................................... 

-· . - - - -
·-- - - - ·- ·-O"GANIZATIOlll - ·--- • i-- ~- -· ~ ·- - . 

STllEET ANO.._ ... A ... --
CITY AND STAB Ga f'llOV~ -
COUllTllY 

.... _ .. ....., -···, .... ..a. 

llA 

OfW 

CIWJSW I I I I 
I I I I I I I I I I IJJ 

D .... - D 

leaders• ca.ment1 

Ve should appreclata lt lf readers could take the tl .. to tell us In this 
space vhat they t•t.ak of tbenlnth la1ue of Advances la llaterlala Technology: 
Monitor. eo..eota OD the usafulneaa of the lnfor.atlon and the vaJ lt has been 
orsanlzed vlll help u1 IA preparln& future l11ue1 of the lfonltor. Ve thank JOU 
for Jour co-operation and look forward to hearln& froe you. 
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-·-
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