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_ present -.ut,hor•~ experienctt coiice~o_-liuiinly the photovoltlaltt _ 
-:.~i~ ~of ~solar :&..rif·-~ . 'Cons~C{U~n~ly .t:hi~ colitl'~b.u~io~··reJ~ts·-
•:tal~Y- to_ ~~i~ fi*lci.,. HDve~'>"-~"'a--f~w wo'¥ds cor!~~ing ·~01~:r·. __ ; .-

J co~ver~ion res•arp. an~ . .-ppit~•~;i~ns witi help. t~ juclg~ _ltS:.· · 
' ·-·~· ~-- • ·__,. . ' ~- ,, • :: '. ~ . (· ~ ' -£. ' - -~- - ~' ' . '-~ •. J, ~ 

..;·:::,.. ~ - ~ . e: ~·( .... · ~:·- ~·- ~ - _,_ ·'""·~ --::· ~ -
\ :_.::;:;. - . --~ - __ 

~.:~~ ·, c.,1$c~1l.e!~'1l_.;~•cz~l:!J.tr~ia· .. $,l\f~~~~,~~ ~~-!~~l~~~-~~<- -· "_ ~
~ri\?~ .. <:Ai..,5~ al}; tY.J•s1:<of t~~pltlo.gl•~ _ tT• '~•i.41. -ti,:·~ c - \ 

e ,than :a. hundred .• grciup~ -of .i~~ab.le size and e~tl'ienli~. \: 
' ' ' ·- ' (" ' .- ' ,- . '. •'. ._ "' ' ' ' ' 

· idea· 'Of thesjt actiJ:i ties call·· be -ob'taine~ . fro• tbe J)Joceedin&'S" -. · ,_. 
-: - ·, - :- • .. _ - -'- ... ~ . > (~ ' - - . ·- - ~..: 

~5th ~at:-..n American· Congres~ on ~~la~. Energy. held in~Valpll11iso ... , 
• -October· f9:S6. Solar thenal _ collectQrs for water heating at 

.;i~:~~~~''' - -·~~ - -
. ·'.\~~>:-h. ,. _ .'tic level· are u5ed ·in . :i~'.\most ail li.atin American, c:ountries. 

~,;:;.-,,~-<>;.;:.:~·.: "··-·~'.3~,~:::-:··:~:\~i-?:~ ... · - - -. "-- = _ \ - :;., . -
*t~'.:,1!(: ·~~ ~-~~~}e-~:col lectors ~re aa11ufa'ctufed by laore·· than a _hundred local · 
'.~~~~::::-~·~.:·_'•:~._ .. (,,,,.,~~·.· .. ~.<-;,.le~._··,: ._. , • - _ ,.. -

~>/'- ~ ,.-~~~W'11li~s of_ variable si.ze •. Nevertheless. aapy .(,£~the• ~ntperience _ 
- ' .' - '~&-rcial diffitul ties due- to: oci)' ~ lac~ of strong .oifici'al 'backing'~ 

·.~-,' c~' .. - ~pr~gralmes for; _the use· of so~ar_ ·energy (either at a residen~i;al --
, . - .i~v~i or at an industrial one), and ii)_ insufficient mature' techmlogy. , 

_,·: '_A,·-:'p~c~al }irog~~-e for the ~pprai~al of th~ problem ·-is reco..ended. 
-

·- - -~ ,_. - \ 

\~ . : ~~Photovoltaic. (PV) technology is by origin strongly. related t.o the.' 
~ . ' - -~ . -.,._ 

semiconductor electronic industry. In.both cases research and-
---- . : - - --

' .c.Ji'yelopaent, experience a dif-ficul t st_art in-~!!t de_veloping . 
'•· -": ;c~unirie~ where well train_ed. pe0ple and speci~lists are. seldo• 

·.•xi•t•nt .~ 
. ·-r _. . 't_> _.' -:- --

f 

·The~. analysis of the -research activities in Latin M9rtcan 

universiti.es and research institutions. where llOst ot tbe extstins 

w~rt _is bei!l~ done' shows th~t in uny of :the• exists a _deficient 
. •C-t•ntific leadership. Researcher•, -~tudents and.·technicians are 
·in ieneral hi1bly 110tivated.alfdhard. ~orking people, the full 

.. _l. -
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. --

eltt.tnfial. 1>f which is not. being '!Sed beca~~e of 1:he .abe>WmntiQned . 
,,·t.,~\,,~:~. 

c:t:atio~ an~t by the lack Of clearly established--sound ctes~al'':h 

t 

the lilain inves tilent .ill la~o~atQry' e~uipl.n~ h•s b~•J!, aaae •· .· ~-' '· -~ 
-~OuP faC~- a h.avy bureaucra¢y .. f~~::. bipOJ'l:i,ng S~are: parts ~- --- :_ ~-
-1 1.Ses,. cha1.ica1 ,~e•a••ts a114 ~.i-il•r- ___ 't1l•xl>iiis~~ -anil .,_ _ _ . _ · · 

. st::. 
~ticz outt),iit/t .. ut~~~~io i~ i\n. :1o;;u.i~ai:on~~~ t.;. ::~~tt '- "'~ - ~'° -~~ 

:· if~c productio~=•s 11ea$ured by_ int:~n•ti~n&::J: publtcati~ns ,_ ·, · 

"'"C"·"·~ ,., _ : . t!h technical ieport$_·, etc., i~ "n~t -~o~nsu~ate- to th~ --
~·-(: :.:.,···,,·.:. '· · .. -" <: ~·: :~I'~~ ··-:-'" - - . ·- . . ' . " - - ' - " - . 

~1:;~?~~:,~s:l!ti;~itaents in reseal-ch facilities -and $iala:rie_s. . 

~;,~~:~~~i:~~~t0~~;- ~ __ _ _ ~ _ - . -_ J -: -- _ - , -
1'.0 ~--t- ':_'-: -;~:;o:lbithin_ this context the. ·iap~rt:an~e---of J>oth, huaan _resource~ 
' "-·· .'!<;; ". ... 

· . fo~tion and tbe. ex~stence of dynaaic purchas-ing: aechanis11S beco~ 
~· <:::_' ~·: '' .. :._ . - • , - , ~ :- ... :: ~ - ._ • ...:. - ~ -

, ,:· -·~ ,~leaf._-· Meanwhile it is the author's opinion that .the_-· 

· ',: ,;~3f1,~bili ty 0£ PY specialists and trai~e~ --technitia~ is the- ~~Y 
~- - -, - -~-- _ilj\le for the future- of photovoltaics ~n Latin Ame_ri~a. 

__ ·At pres•nt, ,_investaent: in solar industry is no--i good 
.-. - . -

bu•lneH not only in developing ceUJ)tt·les but -in ,advanced·-
,..,,.: ~ 

,t~':'DtTi.es as. wel-1. -Meanwhile_ it is also true tha~ an industrial 
effe>-rt should be aade if thee future energy needs of unkino_al"e 

-~ .. ·_to be satisfied. In industrialized countries solar PV programes 
. w•re -•s tablished SOOD afteT the fir~ t oil eris is • .their COllllOn 

-- - =--characteristic being a -s.t~ong government backing- in the fora-of~ 

·~,- . 

' - ' . 

~ a.nd prk•ts_for the production of this infant industry. 
Thete national pro1ra_.s do not exist . in Latin American countries .. 
The_ ne.c:e~si ty appea~s· fo1· the establish•nt of c.l•ar PY 
'pplic.ation pro1ralmes at national and resi.onal. level that wi 11 

_ •n~oura1e productive activities in the field as well as the 
. . 

-i._dentification-of the local. dft8TJY probJeU that •ipt be. 501 ved 
tbro~ah the use of solar PV. 



( . 

, ~:..· 

- J 

-
,.. : =;<: I 1 .. ·PY RESEARCH AND DEVELOPMi:NT ACTIVITIES : 

.c.:,~i,;,~·"~~~e :fol~owing description is c~rtai_p_ly no~ e:xhausti ve. It 'is 
-~i''"'i= on pers~_.,al cotita:cts,. visits to laborat:or-ies :i,n = differe~t: = . 

·· rie_s- ~~{ ~~e ~ an:a~ysi$ _of_ pub~ic.tions an~ ~ent.ributio~s to ··;: : 
atio~ll.1- @.nd regiolia.l PV c:onfer•nc.es.. Anyhow. it" reptesen~s 

ttr-: ~Od clesi:rlp.tion of _:the~ Ml!l ~U!ti VQtf.$ be·i·g b•l;d bt: ~lle. 
Re,.eaicli gronps vork~n1 on ·pho~o~~l tal1t· ~i(tria~~ alld _. -- ,_ - : 

s ·~ist: in:.-Brar&_il •. Mexft:o.'. Argenti=na: tf>~e»alti•~- Ve11e_zuel-·-
--CU.l1:a~ : -- - - ~ ___ ,-_.,_ ~ ... '.:,~ , o __ -o --,:-"-<. "'-~i~ ··= --·=~-~ ;_,? 

::-~"'~:this research ·~gtolip- s·tarted their PY activities in B~az_il in 
I~~g~ _By its-size and eX.,erience it/ithe. •ost · iaport!lnt··research: 
gr~liP in ,advanced 'py aaterials and -technologf:es in Latin faaeri~a~ 

_ - ;== :!"~ · gr~up has developed tecbn~logies on_ single ~rys.tal·_- solar ·cells~ 
MI~ __ sllicon solar cells and amorphous p-i-n solar cells~· The •ain 

: " _-. - _.-> ~r•lf;a-rch. a~tivi ti.es refer to amo.rphous materials of photov()ltaic _-. 
>.._~--~--c ~111;e:~est: a-Si:H. a-Si1-x.Cx~H. -a-SiNx:H, a-Sii...;xGex.:H,, a-GeNx:Hand -

- ,~---; · .. /1;NJ1$parent -ele~trodes: SnOz, Indium Tin Oxide,' et'c. In ·th~ la$~ . 
: --~~·~i-c ~ flve' :years the- Lab~ratory produced ·more t))an 25 scientific'_ 

.... '.:-" '- . - :: ,_ -~~ - - ' - - . - ' -· ~- - - -

'c _ ·• · -n1terna.tional_ publicatJons, SO communic-iions and a dozen technica~ -
,..; - - =- - - - _, - - ... . - - -

'-· 

· '.: .: - rep9!ts ._ Ot)lei: iapottani fields of work are t~lycrystalline solar 
· r ... ~ -:~ ·-:- - -- ,- - r V.~" ~ _ _ 

-~-,,c!Jls·=from up:1r~aded~laetallurgical silicon. ll>delization- e>f aystalli?e· _ 
:: -._ ... lUI~. ~'1(>rphous :-5.0lar -cells _and socio-economic aspects of solar 

·~•_rgy conversion.. The group is composed o_f five senior teSea?Chers • 
. ·i~p~ post,..graduate studen~s and three techn~~ians. It.-has strong· 
$~ienti fie- relations with American and_~airopean laboratories. and 

-
- .. c~operates with other·. research groups in Argentina. co·lombi a and 

~Brazil. 

'· _ _. 

.:._;· 

- :~'--
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-
t~"lti.croelec'tronic Laboratory. Polytechn:lc School.· Unive_r.;ity of 
·C" 
· · ·Sio Paulo.-S.P. 

started their actiriti~s in 1981 ancl is mfre. 
~ - - - - ( - .... 

ei-ing ori~nteih Tl_ie ~in,res,arcll ,a~tivi~ie~ ~~--.~~ -sil)tle .. · .::J 
~ . - . [ - ·::.. ,- -. ~~ . :. -. :-- - :-:.: - - -( _. ~ :· ~ -_ .... -:. ,:;-

:J. •. · polycry~lallin,~, and· ·•l'p"ous !i iU.t:on. cells~. •~ well as., · 
:··sparebt·.•1-eeitod~s. ·-~-Qne··:_~nivr-= reseaiicber·ai'id'.~t•n pos:t :. . -= -:.= -~ 
:te '5 tudentJ_ • engineers "cl ~ecllnitians . CC>.i5e thtl ~eaa.;-.~ the::_ ' -·
~~ -~ln$e)~JJ.tJ.¢ts -wi .. tJi (Jthtt~ •_r,.tti'lia~ research 1r0Up$;~~4,_ " 
-~~.<::.- ,;,;;.'_,··,',:. ~ .... -C;~: --.,."'_. ,·'',-··.~~:. ~F-.. \,;_:;- _: '--~ ~--,:(- ." ,: .. / ·~ . ·-:-.,,, '"" ·. ,," ·, •,.--:~L--·-•-·,:f:..::·<,,,..,:>•:?:-~~,:";:f-",;.:~-·. "· .::-,, ,_ ,··': 

·t/ UDl:~tg~y;·~.:,f ~t'i~l>iJ*l,. t:n >:PD1't~1a1. ; · stvet~i~··:Pll\lll-a~:t•n-s :···. . . 
-::..--·a··,".·..,;,..,.~-•,.-.--~.-'._'- '•-~ • ·. , ~"" ""'•-'• ·~ • - -:: 

. .t•t:~ona(tJ~re:u1J•ve""been ~roClti.6;tJ1.,.'in,-- t:'1\t -last ye•~~. , , 
. ~- . - -.~· ". " ~,., - _~.: _~-- . - - ·- - ..... "" ""- -:_ ~-

- .. 

:a~rtiten_t of-Met:iill~--gy. COPPE. University ot::Rio~de·Jan~i~.>--
~~:. - :. 

~~i~:itt~ PY activities .;f th.is gi-oup started so.e four years age). anct. ~ 
~~-f~:-;:: :c.~?i$~•btla1ly :'°efer · · co .. the study of· surfaces a,nd interfaces of 
~;';:.'-;-:;;-~;~;_,-.'-e-:_·.-~·_,-;:;;":;;:>.·~~-·' . - - - - - - - . -

?·,::~.:."; ':; :';NlO~bou5' .aterials a'1d- devices. ~-The team perf~rm resea'rch on._ 
L~-?~:._. ~-'ii•~:properties of a-Si :H "and. on the fo.rmatio~ of silicides onto 
~: ,' ,.:__ c.-~-~§~:!H' -films •. One se~ior. res·earcher and hal-f- a dozen junior 

--. ' ",· - :fctJja~cbers and .post-graduate students carry out this activity in 
-:...- -- _::. . -:-•. ·_ - ~ - -_ -- - ·- -~ - ., 
-: , • ·-'· :S-~i9~1 interaction with w~ll known. Getman rese;l_rch laboratories .. 
· - , -.aJld:"-~~razilian· grollPs. - Thei 1: acti vi tie~ are.- •~T~ _ori~nted t~ , 

_ "wtetials science than to PV devices. 

. 

-- ___ :.'4/~·J)epartment of Metalb~rgy. _}ingineering Military lns.titute,· Ric:> . . ·' ._~, . 

- .. •_·:.· 'mis 1roup s~arted as ·a _thin ·.f~l• i-esearch ·group more -t·han ten -
years _ago. It is co.Po_sed ~f one .senior rese~aTcher and nearly· · 

- hal~ a doien post:.gra('.luate stude"nts and ~echnicfans:. · The main -
--_ ac~ivity up to- no1t:ha• b8-en th~ s_tuJy· of II-VI semiconductor . 

::~llpounds and devi_res ... Recently-soile -re$tarc.-h activities on InP 
.· Jlavo been performed , -

.; . ' ' 
·~ ·:.e,,.,,,... -

' 1 
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The·r.es~arch activity.-t"elated to-photovoltaics -.:onsists- of 
-.~;\h•('8ttc•l~vc>rt o;,. the electronic structlirit of ~-Si-:8 and uaorphous 
. ,~:r__..- -•-'<·'.:!.~_ . ..._ • - - -. ' - - •. - ::: . . ' - . .:. 

on •l.loy$. ~:perforaed by. two_· $e~ior >'l'esearchtn'$ .' 
0 

'fheyc wor~·:in 
.. ·: cooi»er;tl~ii,,-i~h the ,p.y 'c~nversioa L-ab;; of UNI~.-· ·, _: ~--

-· - - - . :,._ .. ;._,_;. . - .. 

. . . 
:;.,_¢.." : .. -: :_ • .: '\ -

· .. ; ;J.1- te•·•xi•t~ . .,p~~~~'1l'RY ,..e~gin•~~ing work o~ syst,J1$. 0 
" • ~ ~ 

{~-~~~~~·~~i\ ::-·:_ 'h;·· =·"',.. ~- \_~ .. --. "'- - , < _··.. : : ',., : :""·. . .'. 
• • • - • >. :- - • - - ,.-: , ".:. - - :;: • ~ 

. -:' 
- > (_ 

'· 
_,:__ 

. ·~~?1~~":~3~/~. .,. " - " .. _ ' : <· .. •.· . 
~>·":_-.: -~-"~Pilrtaent ~:f J:ilectrj:~al: E~gineering •. Center f~r Acdvanced,~tudies ~ 

.-.: ' 

,..$,_.,, ,,,, "" - " ,;,'-- - • ~ ' - • :::._ -

~:·tt··.~~~[ __ W~;l".tiop;ll .!01-yte9h~i-~: ~n~ti_t.ut:e. Me~icoc Citi;~ D.J:;.: : ' 

f:,~,, .:~:" ·-~l'. ; . ~ ,;;;; ~~' ;.;_: . ·~ -_;_ ' . . . . - ,. . . :· . - ·._ ' . 
f:\'.~'. "',; <·:,~c:'3~1svis prob~bly the oldest-. photovoltaic g~oup_ i;n_ LatJ.J!.:..Aitierie:a. - . 
~:;...:-.,.,._ ,-r',,:'.'" ~.: .. '"".-_"- :::":'"_.,_ -- .~-- _---.---.,~--=- '.. - ~- - - ,."- • '-~ - --~ -' - ·.,:... -:--

. ~ Ttitir .:activities. started at .the end of the sixties· and have been · 

< ~- ·~rte1.1ted ~ow~~ds- the dev•lopliae~t -~f siiiglt ~rystal and poly""-rystaliine 
t:sj\l~~!l s~ia1-c~ll:-_tQchriology~,-. A small. crystalline· silicon ~olat -
,·eel.l aUJ>luf&'cturing pilot: plant -was es-ta'blished five· years ago :an'd '° 

'.+ ' • .:,.. ·-_ ',.f~.. - ·: ' ;. ~. - .. """ :. - -

, - · . the P.V 11odules P.roduced there · a.re used to power- st;m~ alone syste1115 
·· 1h :;!s~l~ted ~i'lla;e$ (mainly for -illuaination and ~communi~afion. 

--- ·:5~Jtt_llS y .. · Research work on CdS, chemically sprayed SnOz. 
"'_, .:.: - .:.- - - : - . - - - - - - . 

,_-bt4r(>genatio~ c8ffttC~S on J>Olyerystal}ine -silicpn. sol~r cells. and·- : - ·. -
: ~-a.A~ epi-Iayers_-grown· by close s-pac.ed vapor transport have been.-:-

. JI-~~~-· Some sol~r cell JD04eling -WQ-rk is also do~, and -recently an: 
. ·~·Si :J!. progr~a has s·tarted· •. The. tize of. the research t_eam -varied 

__ :.~iY.er tiile .. -. but was _normally composelt of t ltee seni~r resea~chers 
~mt half a dozen :engi_rieers. ·and .. tech~i~ians wor~ing · at tho:-pilot ~ 

- 'F~~~ ,~ ,1.@nt,. Three to four· graduate students work ,for their HSc OT" PhD 
ile,Jree in activities related to PV .. · 
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~ : __ '~ ·:.- Z. -~partaent of Physics. Cente~_-for Advanced Stu.ties. National 
:: ··- c. ~~:olytechnic Inst:itute .. Mtt~ico City. D.F·. - c 

'i'~~~ting - the 

. . d •. : 
last years so•. experiaen~al: ttsearch ·-on· CcJT• has· ;been · -

.~":; ;:..~' 

j}· . .,.; •• ~,:~"''t·~.;ll' ti4•~:#~~~~·~·~··,~~i-·.,,··.·· .. 
'e;s tfew'.;1 •1.:---~ lij~,."~J::,;'$-.J·-~ · ti -n9D:t <aj ~ijs DiL:P'V · .,. til£~l,f ft ' : 

· .. ~1i~~~~~:~~f ~·~·it .. ;~~tc.1:.~~·-~·~· t~~~· .· 
-\°~"Jani v.i.J>_ta~itnal,. pJ'OJ»erties o£·~aaorpho~ seliiconduct:-o_~...;. ~ 

lt ~htt gro~ -!!Pi). t . ~nto two._ p.,tts, ~~ ~>ne. p£· tli~ .Ovinl , t~- ~:, -. 

. -:.,; ~e.a~· Mexicit- City:·whe;e -. -ntni··Solar Energy Resea.-ch :Imiitute:-
. .. . . ~~ .. -n e.st:-~bli$hed" •.. A~pro.~iaately .. twel.ve r~searchers an~ st,~d;nts 

}:~~}\~iii~;~f>toting in bo~'h group~ .- , . . < ~ . -· . ' , _ 

-""":--.: ~·~,' -- :._ ,.- , __ ".: -
r~:,._-'-:- . - _::_,_-:~~-·:.::_,··:·: .··,_ - - _-
~--; c •. ~: :,:~aCiNTINA ~-{:-- .-- --- '-_ - -"f ~:: ·~::<.~~: ;- : 

._ 

i-~ :~ationa1 Institute_ for Cheaical Technology, ·santa Fe.-. 
- . . ~ . 

. 

~- - Atf,se·arch teaa· orhmted tovaJ"ds.-l'V aaterials and devices star:ted--
~--~t~elr act1vities five years -ago.- with pretty: goQd resea~ch facilities.

_;.:. _,cs~~lfPfk has 1>~en 4<!»•. ~n a-si :H filas -produ~ed by D~C. ·aagnetron -
t_;...,._ ' ._ .... - = -- - ' - --- . ._ _'. -- -

~ ; ~ . : -SJ.Uttering •. There is also" some theoretic:~! lfOJ"k being done on the 
= - · - . el:ectr:onic s·tructure of .a~- defects in a-Si iH as well as on th~ -

_ .. .,~lizati~n :of. p~lyc:rys~all~ne/ a~rpho~ -~ili_con hete_rojunc:tion. 
-. · ~-- bc'1i~ly the gr~up :.started a ·l1ow disc:harge-pro.duced a-Si :·fi progruae 
<-· __ -_ • 'i-,f~~operatiori ·wi~h- the Pho~-ovoltaic:c9ave_tsio'--n~i.ab:orato-ry, Uni~ailp., 

· .. IJ!•til·· ~The group -size f._s about six rese.arehers an~ stu~ts. 
:.-

. . . 

- i._' ~~plate :Energy Co11111t$sion, --Buenos Ail'es-.. 

. . . 

: · ·-A: profec:t fo-r the est1f:blish•nt of a crystalline sili:c:o!' 1olar . 
cell produc:tion plan :involvel . six researchers ·ana ensin~ers ·-

- _ - - They_-r.re involved with t~e engineerin1 aspects of Jolar cell 
procluetion~ The- proj•ct received some 1Upi>ort fro• UN but it is 
still in a p-rel ininary stase. 
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:;:_ ' \~~it~!l"rtae~t · ,0£ Physi¢. N•tional 0nive'\:Shy. Boeota. · ~ 

,s•-~cla. WO~~ :o-~~u_2s/tz~_C-il)S: S()l,at ~ells·~ '=Group siz~ un)cnC,wn; :'-

. ~;' 

·p~rt~~t'tJf -~Ph'"Ysi~ .• c Ile} :v~lle~ynive:~ity\ ·Cali. ~ 
'- ::;: ~:~ .:;, - - - .:_:~- r·; - - - - -· ' '· -

'. ~h~~~- ,,~,.l!t~"~~ ~J~t.f~ i.w ll":~ot:H iii·~.! · , ,'- ·· .• " ' 
.(ti,Ti_ _ _"Jli'l~~it-loiiilii/ ~61>1'.tfa(toil _vi th · itie-:}\ol=~i-oii.tlc -. 
_.l~•i:~,~~r~uif~~,~~-#~4~-~ .. ~~~~~l:~· "_:;~-~~- slii-if:i·ve' .· .: --~~~:~·; 
~tm•ts antl'~tuCle)l\s •. - _;:," . ': ·= ' •• : ~- ' I_,: ':' .;: 

'::: ,... - ..,,,_>.I--. ·-"'" ':'. ' ~: ... ~':: - '.. - .;:_ ~ .:~~.. ' - ..-- ~ ! "'( ; - "'--:'- '·""' -~ 

(~":_ -~ - ~ - .',,. ~ ·. 
_\, _ -- -- -- - - - "7 - .:;, 

--.·: 

-- , - -;: , .. 

'~f ~!~A'tmon Bo~ivar ~i~~ity •• ca~aCas. 
~S ,~- ~ . .:·~ 0

~$t'udies· on s-pr~y,pyrolized: ZnO and also on ·cdS/CdTe heterojmctions, _; _ ~ 
... :;:;;=~-·~Gt!i.,~size -and ~e>aposition unk~own·. -. . - ~ . . .. '': . -- . 

'- . ··---' \ - '. - - - - - - -. - . ~ 

~-- - ·. 
-'., ; 

,,,-=tr-~:~- ~~nezuelan - Institute of Scien.tific ~esearch. Caracas._ 

. . o -::,- ~7~tfiiteria1 science group 
-.,, , .C- -

~ · -_ -')1uate::rnary _ semiconductors 
,,·,~ ... } ,-'.- - - .:.·:;... - . 

wo.rking for several· years' o~ ..ternary and,: 
compounds ·of. pho-tovo~ taic interest.-

·,:~ .. '" ,_ P·htsent s~oup size· unltm>wn. r· - , 

" 

-.:::. 

, -,- ' J ._ Jnsti tute - for ~chnteal Reseai-ch · (ININTEF)-. ffabana .. 
-~~ - ,-

- '-......: ---"::.:: -;.: ;:.,.,,__ -

"'Some PV act~vity exists in this inst-itution on concentrators 
. br silicon solar cell~. No inf-0r:ination. avail~ble on group size 

~ '- . 

anct- other- activit,ies .. 

.I 
I 
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"':". 
- . .. - ·<~·:: 

::. . . Apa.rt froa the alreaclj. aentioned pilot plant aanufac1!1ring 
:~ft~{•i~jne. solar cells in tile ·National Polytechnic Institute i1-. 

,_ •... ~ .· , ·=~there. a'fe two. eth~r ~ndustrial photovoltaic ;actlirJd.es·. _one.,,., 

-~il ~nd 'one._ in Arpn:t:ina. - . 
-. :·--

< ;_ 

,. ~·. uiiii~di~.-.i·c:t-s .. A: .. ··-:, .,_7;.;: -· 

. - . 
,._,I :-- : "_- c -· .· . . '.~~ , -- ' . :: . ·---.- .... , . - .. . - ~: -. ,: -- ' - ~ - -

. :di.!l~i&a· :np~s~~~ .:en~ of0 tJa~ ""·'t ~:~"Pfti:tilnt -~n~~.~fi:al 

:~:~~:~=::::~1:~;~~;;~~~ii;~,•:. 
·.IY•'~~iQgl:e.try-.s.tal si1ieo)l.:in~f1>·;,•"4 .. ·va!Jts·;·t'#5t-fil~i••:<:~

·n ~o lj_r' ·:~ells • J~V ao~ule~. !Jnd : ·~y~ti•$ . . ,. ··· ; . - - ~ . . . 
·- - ... - . ,. .,,_ ·_-- :,_- ~ 

: .. · --

~li~n ingots :.(.Czoihralski-~ae"thod. ul> to·, .. -diamete_r)~ful(~ .. = 

, ~:;~;•.5;···;-;} ,:"" .. ~~dution capacity i 34 ~ to1_1s/years,•· ·: .: 
~~~~~~-,;'.,:4-'>;~f~>:~::,~i::A0;:~;-~ ·~ : · . , -~ ==-- ~ ~ :_ ~ ~ ~ ~- _ _ ~ - .. ~- ~ - ,__ . ~ ., ~- ~ 
~~~~~6<i 1·,::~!?:~j~icon vafe.!5 (unpolished; up"'to.8'~ diaaeter) ·full ~'!'oduction 
> '.' - '~: ~''·~~.~i-Paci,ty-: r;2 ai_llion vafer~/y~ear. > . . - -. 

, .. ,. : ?.- r\ \ :_' - - -

· ·':l-:c.Silicon wafers --(polisbed. up t~ 6" diaaetel") full production 
- _.~:;:_ c.•paci'ty: lS0.000 w~f~rs/year. o-

- _, ~._,·Pbo~o~oltaic ,c;ells and aodules, C4" diameter cells) full 
-~-- - 1.· - - ' 

,.:-~:.productioJi capac:_ity: 1 J#p/year. 
"·, ,_ 

.. :n. company: is c:urrent}.y exporting silicon wafers to the USA·• :.... 
Argentina. India and other countries~. ··To a-- iess~r extent Helio-

.,.,:7 ~ - - "" - "'.'. 

·~ 'cllninca exports also 5()lar _cells. PY aod!Jles and syst..as. 

" __ - ja_ a recen.t s t~~y __ 1in?ced by -- the Worla .... and. performed by 
. :'j ·c_Kaicl'ow and Partners_ pa· the petfonianc:e ,e:'f.:. c:o.W-rcial: PY water ---

p-in1 system, Helloclina.tca and·'a fl•ish co•any wore~ out of . 
{jz:i.,;ternatiol,al mnufacture:rs ~ tJa9 'Oftly tWC,- tJaat- sati5:fiecl _ t .... -

'(,,, ~- ,quality' req~ir~tr·JllP0••4 bf _!b, Jank._. . . ' 
'- ~ .. 

·A~ present Solartec is encapsulaU n1 •ilic.on solar· cells fi:o• 
H!liocliniatca, B-razti-, whithin a teehnolo.&Y transfer aarenent that· 

· for••••• the fal>Ticati~. in Arpn~ina of PV -~ul•t · ~nd syste• 
.. wi~'1 · (parcially) lrazilia11 ieehnolQIY .. -

'· . 
-
., ~;~-1: 

.I 
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-:., -- -

9 .. - - -
"< 

-
-

--~ -already pointed ;-o~~ thttrit 'e'"xists a 1reat _diversify of , -. _ ,, 
~~~t-tc>ns tb~t!~T)iin&~ ph~t~y~iciai:~ R'D' :iJ! 'a..t:in_ ~iitta~ c-ou~t~te_$ -~. '! .- -

~::~uenr:i.j. . tli~ ~pMii~s~ til'tdi--Qg~ t_~ il\t.11t:ls• ~hi$-'. act:iviti~h-*~e . 
. _ .. -;·-_, _·_: • -.~-:. ::-, ;,. •r ,; '• •.. : • ·- .::-; ·: (• .- , • .~ ... ::_ '-· ~, ~ 

~J.lSider the: sptc:i:f-i:c--_Ci•$e$.:~· A-tletailed, general ~\lryey -ll~t>-.. ~--·~ ~ --
ilae t9 appt"{li~• ~··i -t*$,•ir~'. ~~j,ee,iiY-e~ :i;f ·. ~h•-_dfffe~t ----:c : 

i~and the:ja~~---·'Al.ii:~~i·s,Jth·~ .... _: •itpuientte" t;,-~att': in·· t:heia---- =:c __ -

:rt?•:~-~i~~t$~~~~~~~~·~ ... 
;_: ~~:._ ...,_. - --

'::'!' . ..,;:. ,-~- ":._: ... ~ . 
- -

l.lessour~es 
., 

i{:~~;~~t~~'.Jbe lack of :PV speciali~ts is· one. :tlf tJi~--- --~l~cT defi~t,~~ies, o~ - -. -:_ .. : : 

,·c';'''~:ip:~'".\~lf!i:r~egion, preventing t~e establishment--of solid r'se~ich· -J-:r.~ups , ·-;: c:; ·- _ 
~.f-":J,~;,;~:?-. <~if-t._ might be t:he origin'-or s·upport: f9J' 10¢.ll indust.Ties .- 0Speclal ·~ 
~:~':·;<~t~-'·· ;.\jt'isia•es should be ortanlzed· with external- cooperati,on -to· . '" · · 
' . :> _ ~tlJiat:e this deficiency~ , ,_ - -

:_~ ~ ~. "'/ - -

·"' 

l~ .:scholarships for Larin ~dean, ·resea<Tche.rs all-owing their ·
~--.~training· in PV advanced technologies-•. · Thfse scholarships shQuj'd 

.,,. - ,. - - - - - - '. -.... - -_ be granted however on the.basis-of well defined PV pr~gr~nunes-in 
\,: - ,. .. " _. :>· .... ' ' 

· local labora!orie>, i 't.e; they_ sboµld bf!- ·part of a b-1-oade'i' ._ > 

--__ :_.~effort __ to. develop . py, aeti v~ ~ies • 

·'-., Z~ --..Vi~its 0:f well known PY specialis.ot·s_ tQ 4ifierent !.ati_n American -

- ··laboratories f.or .pe'(iods ranging from one to several month~. · -
... _ . - ' . - - ·-

These si:ien~ists should help in the defini f_ion of ._Sound researc;h 

'~bj~cti.y•s and/or co(,J>•rat~ in t~e re_search programmes. - The . 
·"'.5•• philosophy sho~id be applied to· prOJllO~e ~he organiiation .-_ -

._ - "" ~'f~:re1iom~l Pv meetings: where .sp~c:ific- ~iffic~lties of PV . 
·- __ ;., 1-_esearc:h could- be "is cussed.. These meetings should comb.ine -two 

,~ tY,es ·of ac~ivities :. the exchange i:>f v~8lts and news within: the · 
~gion _and the organization of short courses on_ the th.;ol"etical 
and.experimental aspects of PY materials and devices. 

-. 
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',.,.._-·~· ·-~~ ~...., 

. - ~~.:;~~-~~~[* ~: .. ?;-~~.·~::~~7~ 
':~~ 

~ 

- ~ ~ : ~: - --: 
--..:.: ~ - - -

~ - - , . 
~::c;,::-:: ·- 10~- ..:. 

. _ ~ possibilit:y ~f establ,~~hfn~ ~ retiona~ .. centre of excellencen: 
~ > < ~lth"re~earcltc:and t:!tac1'ing- activtties 'in phot:o~'.i.~a-ics should lie 

·--~~eriously conside~cl a~d encour;at~•· - Th.is teilt:re ·sh~uld be i:be 
- '- . ~ - - i . -: - -: ' '" :- :- • 

·:,'place where retearchers anti st;uclents of the,Latba_7~rican r~l!iolf could 

-~>·c·.~"~.~-~~ ~G- perfora advanced nt~earch. -~o work-on spec~fic Pf~ _ 
~c:1;r2·~?-~ ~nologieS- cfr t:1» obtain higher -degrees ... The ,.$fialy~is o:f· ~he 

. $•ii:~ ·ptaot:e'vi>ItaJ.c: _R,D •• i.*cfustri~l 'atl:ivitJ~s, in ta~ , ... ri~• -

l~a~es · ._diat ~-~·~l;l. is·~ ;bee' be~~ .Fi~tti~ate ,t~ ~ho~:t~ ~ch· a · ::c·· -~ 
t:·f•~ ... " ne. ·1.••iii~ti»W -oof -Ptii:!toY8lt~ic ·ti~veTi~oii:, .. ~ .-~unie-~• -~·~ 

·- . Coloiabia, anti: iiiJ campipas~is ~e te&i.-on:-wh~'Q tli• ~Brazilian 
.~.~:~~?~~,·~-·'.~-~""-"«,:·_ ~ - .- . - - - - .: :_ ~ ' - ·~.':: ' ~-- ---- '!~ - - - - . -. - ~-· ,',,._-:-_ - ·.~: . \"_.., ::<:' .r ·: <~ .. · 

-··- ~~:f~:~;e:.~~~roel~ctronic~ indU$try= is ~stablish•d.:i~e~ tbi~ <-Jives a .~ 
q..;"-·~..: . .--·:- ',,'.·~·":.~'·:·- - - ... - - -. ~. .:: - . ~_,_- -. - - . )_ . - _.-.. ' ~ ~ ·.~ 

.,_., '.:::>;::''~~·:·. · ··•xtra 'Opportunity for visitors to tnow"·~bout indu5trial aspects 
~::~~·-"t"_.;.~"!> :~_-- ·.:;r.·.:.:::::~-~-- ·-;;: -·- - - -- ,.. - - .. :- - -

· ·~;t:;--:::".~ ~-:~ .• :,;.Of the parent h1cJustry. ·· ' -. - 1. ~ 

~j~J~f: ~~J·~t,:~', ' . - . . . - '- - ~ . . = . ,_ . - ' . - - . , -

·::;, \--,: ,~f/.Uniied ~ations ag~nci~s t•ain~f .u&s~-~nd UJ:flOOl should· ·. 
.'.·' _., _,.-__ - ~ --~ "'----'~$tal;)lish. special progr~s for ~ilo~a~ng~funds :~ .iJ- to ·b.elp- ' ... 
. . • i . - . :': - . = ' . . - ·: ' c .. ,: . 

·~ :-:·" ~~- ,: i_,_· :-~~·t.ive researchers in the _field' to paTtic~_pate _in, i~~tiond - . . - · 
· -- ". -·PY conferen~es and 2) for the purchase of books • .Journals.· 

. ~. ·~ ·- ,c_onfe~enc::e proeeedinp ·and technical reports.. ~· 

'c.~-,~-,Jl .. ':_(:oop_eratiori _Programs·. - ~ <· 
~---c -~ · - -1 .. ~UNlDo should st,~4f the possibility of establishing pro.gr:e_.s-, __ , : · ·: 

;· ·-:-'.-- .~~~t~ help- selected re~ea;ch laborato;ies that have diffi~ult.i•S: . ~-' -

~-

·, 

.-:.- .' 

'·-= 

.· ( 

:~ 

- - ~: ~ ... 

" --~ -~----. · :,;i,tb- equipment aainten~nce and with'- tile purc:has• oi: '_ tnixp;n5i~~ '_ · -
:_-.. _ 'i-t~.S U.ke electro'nic component~. spec:i~l· ·. g~s-es-. -~rtz-, ·, ~-' -. , . -·. . .- ,, -> 

~>·--= c~mi~al reagents·. etc;.:: The local uriavai~abiltiy-.o{ tb~se ... ' .. 
• ' - ~

1

- ~- ··10.ods oft~n provo~es - the_ f;o'91ple~- stop of the J!~$e~rch a~tivity . - · ·. -
:>:~ ~-' . >~·for lol)g peri~~s-'Qf tiu·~ The aJIOunts needed yary ~fro•: . ' -:. 

_ · "-· :_'·laboJ"atori: to laboratory but ~hey. ao: not exceed -10,~ooo to -· -· 
;: '.~zO ,ooo -US ~dollar~/year .• -

z .. The Unite-cl-Nations .syste• should sttuly __ the- poss_ibil~ty of 
.pr~_~ting -~·research joint ventures" between laboratories in the 

,_- third W~r~d t(n_d-advanc_ed laboratories: in- the indus_trlalized 
~ountries. ''As an. example -~e can i.u1ine a research ~aboratory 

- ·c in L~tin. Amert<:~ coflaboratin1 with two or three J uropean _l~~ups 
:.-_in a specific PV research pro,;:ia-- being sponsored by the 
; ·· Buroi>ean .. Communities. 
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