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Yz

G¢nemwméednwd&d ovol tai k panel deki géenek hegcrelerinde el ek
ve kullanélan yenilenebilir enerjisden eml ek tkrail ki ¢ rge;
modg¢l ¢der . Bir- ok g¢neya gdirdecek larsfatovoltagkkhad dnd le¢ i d leu kbtiurr ud ru
Mod¢l de el ektrik sretimi, - ok kat manl & vyar é il et ke
cretiliremaGeén eikg cegkeeener ne gel di Ji Zzaman bu katmanl ar
olturrake | ekt ri k akékéné meydana getirir. G¢gnek e€E@KEnemé
o kadar y¢ksek olur. Bu -al éxkmade,kif adraklad aeké&né&myd
el ek k ¢retim performanséna etkisi MATLAB progr am

Il & bir Kekilde etkisi arakteéereéel mékteéer . Bu - &
a-eé korhiary ak ekkoiylud arak bu alanda -al ékan arackt
génecx enerjisi uygul amal ar énda - ok baral é
nén arteéerél masé yaneé seéklaargémedka hgzxaletl elr
Brm sonu-laré ile deneysel -al ekma keya:
de edilirken akém dejerlerinde biraz fa
kaynakl anmaktadeéer
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I nvestigation of Busbar Effect on Performance of Solar Cells

Abstract

The transformation of solar radiation into electricity in the solar cells gfttb&ovoltaic panel is the most
commonly used and renewable energy production method. A photovoltaic system is thef ekt

module. Many solar cells are combined with solder to foph@tovoltaicmodule. Electricity generation

in the module is proded by solar cells consisting of muléiyered semiconducting material. When the

surns rays reach their cells, the electromotive force between these layers occurs and the electric current
flows. The higher the intensity of solar radiation, the higher thetdt current flow. In this study, the
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effect of the number ofusbarin the solar cell on the electricity production performance of different solar
radiation valueswas modeled using MATLABrogram and the effect was investigated in detail with
experimental results. With this study, it is aimed to clarify the effect of tsbayof solar cells on
electricity generation and to direct the researchers working in this area. In addition, rirersigy
applications, it will be possible to increase the electricity production performance by passing to very
coherent solar cells, as well as to reduce the negativity that occurs in the solar cells ovBotiime.
simulation and experimental result® aompared; it is showed that the voltage values are nearly close but
the current values are approximately different. This difference is related to the resistance characteristics.

Keywords: Solar Cell, Electrigproduction Efficiency, BusbafBB), Renevableenergy

1.GKRKKk pangé | er i ni n 2y allhak évke r % ml i ol m
' n sajlar. Bu, ayneé boyuttaki gé
Genek hetiplewe, PNtipiPalhgkl! genex
il etken mal zemel erden F{\ a 1 !ileg.‘ekl
iletkenler sayesinde dnek neli
enerjisine d°ng,Kt(;r¢',I¢',ﬁ._ Ge h Q?k@h
malzemé e r taraféndan e mi f h
el ektronlaré atomlar éngd, onl ar én
akékéna izin vererek e [ sajl ar

I k §qgtodlar) elektrik( vol t aj ) hal.i
i Kl e mi fORW)N okt &i k ol art
Genegmgzgenek [pealnel gor g
tayfénén -ojunu, ul tr
tayfénén yakl akék yar |

ryisine doeng¢gkteéereér.

G¢é¢nek panell erinde h¢c
i - i n (BlsBarBB) denilen elektrik iletenrice
bir baker veya al ¢ mi
Lehi mlenerek g¢nek hgc
baralar ( BB) ; génex he¢gcer el
h¢crelerinden t opl anfan

ak é&ma do°ng¢kt ¢r éa (ign,wneer
£

iletir.paGgheérrinde mé ' : . 4 |
mi ktaréna bara boyutu gtrir Tn—go utl ar é
dejikken ofduipk allcanmnk 5§57 eEEEakaTﬂé (BBY"gehek pane
ol abilir G¢egnek (BB tipkl |_er i de EE
- - ada I S
o 3k zzzienKKe:k;'H;d':V;;;i@.nﬁ%%i@' SRR
s aj[l-ar k1 e eKeneynremltcédetlhde K e
J incelenmiktir. Bu -al @ékmada 2
Kl ave baralar hg,creleregnr;agrr_afs:'gnrd:an daei1 e%n?( kg_ﬂrpe?tﬁlnm—h"'r‘
A : = a¢ <
SL;;tla;uraKo;?grgs:n;:(?h)?’zlg.dkeé‘kegi renvdé'rilmesplr ogreirné MAITeL A
ayné voltaj i-|n(vola|keemcbear}zte[éijrﬁn 6n1alare yapél meék
amperdir) y ¢ kseellarréen k Irb%m{e beaKr né_r% kKiddeti (?ejerl
h¢crelerinin birIeKtirEqar%esliz‘nrgteérl'(_ﬁl' aneqe?nrhesyese(,neﬁc
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kekiFlarxkx.l  BlBar gl¢e@mek he¢egcreleri

2.G! NEKH! CRELERKNKN YAPI|SI

I
VE ¢ALI KMA PRENSKBK — T.':
Rs +
Bir g¢nek hdler g8st e kiekdgdag i gi|lbi
birlekim yeri éméjralmhdy )| i PongZa n tyj
iletken diyotlu bir k a a]‘%dér. Bir génecx
h¢gecresi ayrécatipmet;uaréabae'é én | p
ile temas direnci p, ve cisimlerinin direnci n,

tabakanén (st met al ll(@ksﬂﬁl“r‘rﬂéigbneerﬂash dridLiNnCrhodel i

nedeniyle seri idenci Ry i | e gesteri

baze akemlar, PV h¢cresini i alat_e_ neden
sézénté akéeméena da ne%u(raa%a’.‘g"bl F’En § 8 aKilé{r}&an ¢
. e N ld, , adkleym)e unI e r ' oygunl
direncini R, ol ukt uydej erR gemel.
) - . } } . S éen}e, apkaer el ] d en- yol uy
yéiéksektdtehe Ri de¢kekt er . % b i e &
seri ve kont -@iTekehrddeal Su.§ ”’?46)“15 € Boltzntadn
: _ . " 2abifl TBEx10% D ) Tomyaykalenen
gé¢nhek hgcresinin akémé A e voI arase a ki
h . . . . . elving nde ki c ile E5] earvaes elnh dias e
ili kkiyi y°net ebBrxi ttléeke a ant i
. . eJn K (,zeltme f dlkterfiel ldr¢ r Exkit
verilmektedir. . A .

Kirchhoffu n y agastéerréi r .

L=l AR . VIR ;) Diyot doyum skem&lE]a olan ba
=l - Loe -1- R, (1) Ex i ©2ileifade edilebilir:
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T [q%(ig)] uygul amal ar & dGel b kleinn maekktnaod éor|

I, =1, ()%™ T T (20 h¢crekubras&l an baralaréen artt
ST beyl ece kayépl ar én azalteéelarsae
hedefl enmektedi rdan BBB) ama-1 a !

Burada, Gy ar e il etkenin baotubarl hjccreherjigsgindingzde gy

Tonomi nal secakl ekniri t(ddkB, IKetl wsaanemendaki en beyek
3ileverilen nominal doy mSOLARWORL® dé& TRINA BOUAR dilikKii r -no k

nomi nal kokul l aré belibfihbk cretici 5BB ©°n taraf K C
h¢crelerini iretmeye bakl amécxk
| = I ile baralar araséendaki mesafe
o,n_F 3 b°ylece dahi |l i diren- kayép
e -1 m¢ mk ¢ nd & é 6§ BBek h¢cresindeki
artat edas genel perfor mansé 2B
BuradaVcPV mod¢l ¢nén a-&k hdgevyee eydhid@aine dveeha i vyi oldUJ
mod¢l ¢n  keéesa determakvoltajk B if a Vsfay¥bséenéen artmasée diren-
ol arak tanéemlaner -atlaklaréen azalmaséna da ka
. . Mi kro -atlakl ar tipik ol aI<
Nssembo'é'_b_r d'Z'dek'ol%%rt'u]Uﬁ_éﬁiku@u&ub&rmaﬁw@%fﬁ P'
Mod ¢l ¢n ékektan cretk'ﬂ'-%rk efKkFMEne@cRELr e d_iIi ml e
IrEa_dyiel_syonun_a dOJrusaI Boq(_ahghe |aé,|e%‘°3r3 AN asyé§°6¢ne
Ki t4ég kr e sécakl éktan ektar'Kléelna'Krt'éréldé] nda mi Kkro -a
génex hg,cresinin uzun vadel i
|pv:[|scKi(T Tn)]g (4) yéksektir Ayr écadahameel i y et yo°
G, -ubuklbk Juwbutkasar éem, pahal é
macunlkk ul | anél masénda azal maya vy
Ki, késa devre akém/s&dcakl ek kat sayéseéne, G, W/ m
cinsinden gg¢pewnt @nsigdpré vRKTG
nomi nal gé¢nek E@Kéenéme te‘ra—rld|r. ©)
SLKTERAT; R ¢ALIkMA$<onu ile il gildi yapélan -al e
génex h¢gcresinin tasar é mé -
Literategr -aIeKmaIareneﬁektro@f;tkéndéy”a'ngdéan ol ke Rikz deey | | a
yenilenebilir enerji Igggta@lélmargerlilnee i Hahhi fbaizr-gok
-al ékma bulunmaseéna ratTarTﬂet”éK@Q']h%'ﬁt @Jlea{se)fdrﬂl'e{‘r, -
perfor mansé et ki edentth%raqleanenéhglzglibgl,eém@nggiénakr
-al ekmaya rastlanmameR(é>p6[3|a Bgua h a- @Iéq(Ksr@aknéhnécre Ve
ama-1| ar éndlalnenbiizrdiekde ag aktHeryngcq I]q na g belatymaét zia-mam
géenek hegcrel ediaméea lglellggﬁgg|b|ama§| gg,mg,K mi kt ar é
ve araktérél masena gl attk§ mi Kstanulmaq;soekn Npbaradan
sajlanmasedeér. S°mlzeMe0ﬁy§pe|kbqr,q1I,q1reonn temas i-in ge
yapéséneén incelenmesi A N BSYaR& sSt€rmddar%eNekkr an bas
h¢crelerinde oluxkan mi %19,@63'3\/ta|raakn|aéﬁkPhPKk'mé'f‘é Vull a k
éséenn et ki si -al ékel masé ;¢9eqie@d,:; 1AleBNhAraRamnRi§izdier .
G¢negmezde yaygeén olarakkdometal BaRgbtesiNdasdreme k
veya 3 baralé g¢nex h|cGYdfaﬁ?n|nRE'tC,"k“ét'larﬁléridnaakﬁiardée{z-alrr
Bunun yanée séra esnek Wel N K &/ IéCb@H|e9kLHPKIBﬁF%“eme
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pedl eri ile dejJiktireraerkalielj@wnaabiyangaslmekdiirmedi-ri chPr
sajl andeéjecaetr . @gémegkacr el grinniemi yl e belirlenmicktir. Bu
tasaréménda °nemli Yknhede higmeehbrzaspon nce hat

maliyetlerini d¢ K ¢rd¢ fleksografile baskey n €k a peasnatnedsai ni n ° 7z ¢
verimlilif7]i arttéerdéejeargarregldmg letnedigre.st ¥amekanr .bi %o
dijer -alékmada -ok ba(BEM®M) gdgmrenel piallléenrairmikn haiyrr é mo &
tasar é me incelenmiktiif 9]v.e Bilr ttearmndafia drea] yap®&Mubani B
-a&lméal ar il e ilgili [Ayramt &l ébianagdiilzi kampébmEat érh¢gcr
Birbirine baj | é g¢é¢nexk h¢credefro mmans ytoompul adanz egld anjid eakyié ¢ 8 n e m|
direncini azal t mak i izel | bh&d &@lraméret ks asyi & sgé®nsétner i | m
dejiktirilerek uydguwlsantharkééer mabggnbnou lkepcrbegyeé¢k et ki

arakt éef&] méeBuér al ékmadhi rcii dhiarz.é n Bamtuinthiam bi rl i kt e e
verimlilijini belirl emk&]iiktiimil krsea, ybttubmodal eVMB|
dayal e bir sim¢gl asyonbapjrloagnrtaénséé uiy-giun anmékteayésé

Ayr éca, sim¢gl asyonl ar gereklii I[ u bagreal¢adrme, K ghi p Bhist el i
ci hazeéen °n yan met ambdasyaagn ivei rh¢gcmeet agdzeri ndeki
t¢e¢keti minde bir azal harenedennyl®enenmal i ggteki | er i d
tasarrufunda y ¢ kls eskhip bl ar apot ahregi yieki tarafa bajl e
ol dujunu ortaya koymuxkpgiulri.ndOgpktii nti zremoendei klammiikk bsitrr e s

h¢cre yapésé i-in, yetbeirrl i FEMr mbon e ¥ & starilmektesiol niuz- d sayr ogén
i -in gereken A@6 nndichirnBaiil enaeé,tell erindeki gerilnm
génecx h¢gcresi i -in 7p r orsge s iArmgd e Mma csuarurna oda sécak
indirgenebildifli g°st esréeirlamiémtdiar .pl Aytniek zdaermhamdremsyon
verimlilé&f&lnatliel dairjtit gkpopymmkkAdm dee . £EgphkeP yakl akémén
yéze tasarémé i -in yayigEBer ol alriark Rwml | gagl ame tia |l Ibeaxrtai
tasaréméndan daha fazlaoa¢ibkatyiéemahtbha®r2ae ék&kdidd adagreobi de
°n taraf t asar[4.mSerekli add é malamémntaeérpot ansi yelini ge° s
kabl ol arén sayéseéné vehg¢gceroenseitnrdieskiini ba@ampdlian are edgascé
bir mod¢l de nédrer s &krait € Ikéanpd ga-maer i nkl emi ni n avant aj l
°zetl emek i -in i ki dikyoontulumumbodel € 6 ]day@°lrét bkier bek

sim¢gl ataganém bek -SBR)racdmne(l Lk, verimalakéwvendeaemnmi
oluktujudye-(rl29BBIQg) gl rle¢ dalhanlaar I°an kar k@hakt er él m
g ¢ m¢ K met al i (~73 mg )4 kveyh IBma néere,k ab@l dned deenrdlae | ehi m
mal i yet d¢eker . E k i KI eomjeunblauskd ne@jed ddlamak sfea £Ilna k al

metalizasyordS5 BB t asar € mé, evaridhlfils %0r1i5y eolr am@ywta art mékt éer .
i -in2G%verim el de et mekt |ie-siiha ,lb¢ ¥ B BB B b ikae kadas | a %3 0
potansi yel g°3ftiekr i3 BB kg & doril¥ie® mi kt i r.yeBul i-la-lie k ha d a
il e kadxkjecémkd coEl al gohat aeai emméhé K o%1 @yt k k dbmulamuekt ur

olan 4S5 BB e nd ¢ BtSrFi yhe¢lcrelsg ¢ neki np? hl er i tasareml ar é V ¢
sonu- sunul muet ggnekoklpoarbalr arl in, mod ¢ | perfor manseé
Fleksagrafik bir rulod ¢ z makinede ifemelark&d la&kt ér él mécxk vV e dej el
testl eri ger-eklextiribkdi kmmi k [&k. tRerdeygscenle &b id® ratni |
rulo ve elastomeri k | awmear| geaviandbasskd ypl aktail pmr &g -
kull anél mékt ér . Ar a kngoat enbeerddéwmé € moe d6f dbdikbavikgesir
y°nt e mi uygul anméxk3t3re mrBiuanlua mau | d @alndiu rarkg faktor g k a
geni klije ve 8 em y¢sgkamoaldliiljlerkadar kalrx®| Behe&akl mécx
par makl ar é ger - 4dI6I0Ok t ggtom Igreil ketnidri.r mé O @ zal t €1 mas é, K
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(JSsSC) arttéreéel maseée, Abeéeki rdevnrneesivoéet aijzéi n( VVO&Lndi Jin
Dol dur ma fakto°r¢gneén maeh-aifcaiz a t eerda d meis-ii n vekul | anél a
End¢gstrivyel bir Al-BSRRrd&al dywgzamay falkd R e%di6Aht alse@a®a mut
gé¢nek hegcresinin emplakand 4 § 4 mmaenkn a ibtatr &€ rbéalknkansaé dhéerr.  bi r
tekni kIl er i kul | &@angdzlabirak ogt aj & ¢Gmre %819t éamgd a k i pin kont
azaltél magé g%aj eBak®i itbiiem mel i di r . G¢evenilir Il ehi
-al ékmada -o0ok baral & gs¢ganjelkanakecr esie milnkhiznglee nsee - ivei ‘
emitorl ¢ modg¢l | er i nc enetalizasyogtia skha €Ekm&@In@n ° aptyi¢nziezyasy ot
metalizasyonu ve tam aBgmbayunh acrrkea etrairinaafmit&(sNMBBh U iar
ayréntélé bir genel bak@&kéwmadad mui{itljue Hochofeni. kirt}i-r bar al
ve ¥n yan veyrae nmbrbk ag ¢tneeraadfid@rsdyao nbiarl an é Prosese wuyar
yasték grubu ¢zerinde pilmd Hemojea rbie riel &aplanthg Kassae del b i t i Ki
yakl akek 162 MP a t el kenyu mlnaankdséirmmam v e ekdgnkesel en | eh
ger il i mi dejerleri belkaymrakl| Buanra B &l olgamalxmsesi nko
géhnhecx pilidadle bharyglké badnhamt é-iilngr eok Pnemlidir.
tasar eméeneén mo d ¢l owearniemmhMdvake t J eni ni%g0 160 Il ehi ml i pe
attérdejé vV e uz wmlum ughawmme si nin merkezine ait bek |
azaltél maséndan kaynakséayned € k@ w & e toir t7dNgnjanéye lkamlyoal raarka k 5
h¢gcre tasar e me i -in ©°yernil meokltaendaikrl.ar Ayaorétcayabi r t
-ékar mékt éer . Bu al anl amo ds¢i BB, knad| ¢naet | laky aas | kv ey ak Ipaewé
met al k a pd raormgarna&@meé kuD3 aq/ed mekd@&@ma de¢e¢kKek seri direr
Sim¢gl asyonl ar -okajblaamdéeénsasar amarenavang®ster mekte
etkin parmak yapékkan daoryégzuan laurjéu ng iabkié sku svuer |saerrai edni r
duyarl é@ ol maséné bekl enmekthediirl emi Kkt i r. Son ol ar ak

stringer il e isretilen i ki ac
Bara temas geometrisimMmedibant pvve, g d¢li r @m@da k  gor ¢
taraféndan cretilen YR emlki geiil «i kK1 280 i o pma k s €
arttérél masée, daha wuzu®e-ptairinia kdfrélnmékkutiéltfanél maséneé
gerektirir. Metalizasyonk al énl éJ & sabit tutulursa

parmak direnci §L0dcaKhpEREORMANSE ANALKZK

metall ekmeyi muhafaza etmek i-1in, ontak bakKéna
baral ar én sayéseéene abber ak_Kng dyd e r(%l uIéJKéném
gor ¢l megkt gr. Bununl a |rl|mils- ’deap bé?PiMr‘ ﬁ éé)}é’lsé
birden fazla ba eﬁr'h'eomakk&an‘fetﬂ.mT%Speroag 'ame ile teorik
geometrisini ifade edglpesSAQN- v%'aEBFaUelka&FreKd’@aree_ys
esnasénda ayné Kkutup bkaaraKIea|rae Dfe%reky'maekétf!ﬁlmbﬁﬁw takeéer .
Ka-énel maz el ektrik odigreank laedlimndeekmie b ay@ vled@icenda
de¢kewklerinden dolayé, pddlerinin bW CuRé@ rryl @jrr i @ asedalijer
belirgin bir potansiyehbramétradniib@ll ¢jra em@idjeine k@iemdz da r y
A kngévoltaj karakteristikleri genellikle voltaj Far k| é éKéneéem Kiddetine gor e
° | - ¢ mg i -in ayr é duyuMAT_KABnbekkat eEm kadk@eéhdka&akl| méexk
ol - ¢l ¢ ol dujundan, bikekbdeakpaer Eor rraomsumuanvaée i zi ni I
sayéseé sonwuoelt akij la & & aket neeryi ssetli | vielngMAELAR k benzetimi

Keklini ve dolayéseéeyl ®°doll menk tfeadktro.r s begnewneel i - al ¢
o] -¢cde etkilator DelT8spescienkd @ je@abidt ut ut BP nuete, gen
sim¢glasyonlar yoluyla heéehiemliine t sadgklearbar akaréone e
temasén dolum faktor ¢nah!l addgmemy € rp.ir kekil de
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Gerilim (V)
(9)
, Esnek-144 mwW/cn?
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2
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Ed
1
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0 : : : : : : :
o 2 4 [ 8 10 12 14 16 18 20
Gerilim (V)
(h)
keki IMASTLAB programé il e ya@ &nekd6 mwentzl® Esnek-14donu- 1 ar é
mW/cn?

2BB-3BB-4 B B vV e esnek p a n @dndyselp eir-fionr my a p € b akeKil Batei ver il mi
benzetim -al ékmal ar & d &0d enyWéce lile 86arhW¥animeardaas &rudd adé] B R e |

eKek Kiddetl erine g° réex € nyéamp € k méd d3BB4BB-Epcktea v 2B @B r &

karkeéel akt ér mak i-2ie‘n|<é1nz§4tnn®'+e BH&crneW/ecrmh ni n deneysel

Kiddetl erindeki benzetviemi Isminkt-ilra.r € Bwer i¢gl-mi kpterrf.or n
k e k @dé 148mWi/crhile 126 mW/cthar as émallaé| déj énda deafiinden vk e m Kie
dej i kKen ékék -BBEBdBB&Esnek madmr e 2BBESE i ncelendijinde é
baral é g¢é¢nex h¢crelerbayasédeacyslla pertfeok mahsguj u
anali zi v e raiell2dimkVicihite 106k e k d t e 7 i deji ki minde bil e bar

mW/icnf ar asénda deji ken kéwals | akniddéed eétnida gBbara sayésé a
2BB-3BB-4BB-Esnek b ar al & gée¢nekarhédree lgerrignime kt edi r .
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60,0 60,0
50,0 50,0
40,0 40,0
30,0 30,0
20,0 20,0
i o
0.0 - - 0,0
T (=C) Isc (A) Voc (V) Max. Gig  Max. Giig  Max. Gilig
(W) noktasinda noktasinda
akim (Ipm)  gerilim
(A) (Vpm) (V)
m2BB m3BB w4BB mFlexible
Isik siddeti (142 mW/cm?)
60,0 60,0
50,0 50,0
40,0 40.0
30,0 30.0
200 20,0
o [l ___. 1 m
0,0 - - - 0,0
T («C) Isc (A) Voc (V)  Max. Giig  Max. Giig  Max. Giig
(W) noktasinda  noktasinda
akim (Ipm)  gerilim
(A) (Vpm) (V)
m2BB ®3BB w4BB mFlexible
Isik siddeti (140 mW/cm?)
60,0 60,0
50,0 50,0
40,0 40,0
30,0 30,0
200 200
| | m i
0,0 - - — 0.0
T («C) Isc (A) Voc (V)  Max, Giig  Max, Giig  Max, Giig
(W) noktasinda noktasinda
akim (Ipm)  gerilim
(A) (Vpm) (V)
®2BB ®3BB w4BB m®Flexible
Isik siddeti (138 mW/em?)
60,0 50,0
50,0 40,0
40,0
u
20,0 A
o I ___. 1 m
0.0 - - — 0.0
T (=C) Isc (A) Voc (V)  Max, Giig  Max. Glig  Max. Giig
(W) noktasinda  noktasinda
akim (Ipm)  gerilim
(A) (Vpm) (V)
®2BB ®3BB w4BB mWFlexible
Isik siddeti (136 mW/em?)
600 50,0
50,0 40,0
40,0 30,0
xe
s I 1 i
0.0 = - 0,0
T («C) Isc (A) Voc (V)  Max. Giig  Max. Giig  Max. Giig
(W) noktasinda  noktasinda
akim (Ipm)  gerilim
(A) (Vpm) (V)
m2BB m3BB w4BB ®Flexible
kekilbsl®BmwWicriek éném ki ddet
i M¢ h Mi m Fak. Dergi si,

Isik siddeti (144 mW/em?)

T (<)

T (+C)

T (:0)

T (:C)

T (:C)

33(1),

Féerat

Isik siddeti (134 mW/em?)

Isc (A) Voc (V)  Max. Giig  Max. Giig  Max. Giig
(W) noktasinda noktasinda
akim (Ipm)  gerilim
(A) (Vpm) (V)
m2BB m3BB w4BB mFlexible

Isik siddeti (132 mW/cm?)

Isc (A) Voc (V) Max. Gig  Max, Giig  Max. Gii¢
(W) noktasinda noktasinda
alkim (Ipm)  gerilim
(A) (Vpm) (V)
m2BB m3BB =4BB mFlexible

Isik siddeti (130 mW/cm?)

Isc (A) Voc (V) Max. Gig  Max, Giig  Max. Giig
(W) noktasinda noktasinda
alkim (Ipm)  gerilim
(A) (Vpm) (V)
m2BB m3BB =4BB mFlexible

Isik siddeti (128 mW/cm?)

Isc (A) Voc (V)  Max. Giig  Max. Giic  Max. Giig
(W) noktasinda  noktasinda
akim (Ipm)  gerilim
(A) (Vpm) (V)
m2BB m3BB ®4BB mFlexible

Isik siddeti (126 mW/cm?)

Isc (A) Voc (V)  Max. Giig  Max. Giig  Max. Giig
(W) noktasinda  noktasinda
akim (Ipm)  gerilim
(A) (Vpm) (V)
H2BB ®3BB W4BB ®Flexible
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Isik siddeti (124 mW/cm?) Isik siddeti (114 mW/cm?)
50,0 50,0
40,0 40,0
30,0 30,0
20,0 200
i m = ]| i
0.0 - - 0,0 = =
T («C) Isc (A) Voc(V)  Max. Giig  Max. Giig  Max. Giig T («C) Isc (A) Voc (V)  Max. Giig  Max. Giig  Max. Giig
(W) noktasinda noktasinda (W) noktasinda noktasinda
akim (Ipm)  gerilim akim (Ipm)  gerilim
[&Y] (Vpm) (V) (A) (Vpm) (V)
®2BB m3BB w4BB mFlexible m2BB m3BB w4BB mFlexible
Isik siddeti (122 mW/cm?) Isik siddeti (112 mW/em?)
50,0 50,0
40,0 40,0
30,0 30,0
20,0 20,0
1 m - i i
0.0 - - 0,0 - i
T (=C) Isc (A) Voc (V)  Max. Giig  Max. Gig  Max. Glig T (:C) Isc (A) Voc (V) Max. Gig Max. Giig  Max. Giig
(W) noktasinda noktasinda (W) noktasinda noktasinda
akim (Ipm)  gerilim akim (Ipm)  gerilim
Ay (Vpm)(V) (A) (Vpm) (V)
H2BB W3BB m4BB ®Flexible m2BB m3BB ®4BB ®Flexible
Isik siddeti (120 mW/cm?) Isik siddeti (110 mW/em?)
50,0 40,0
35,0
40,0 %g’g
30,0 .
20,0
20,0 15,0
10,0
i g il
0.0 = - 00 [—— -
T («C) Isc (A) Voe (V)  Max. Giig  Max. Gig  Max. Giig T (=C) Isc (A) Voc(V) Max.Glig Max. Giig  Max. Giig
(W) noktasinda  noktasinda (W) noktasinda noktasinda
akim (Ipm)  gerilim akim (Ipm)  gerilim
(A) (Vpm) (V) (A) (Vpm) (V)
®2BB m3BB w4BB mFlexible W2BB ®3BB w4BB ®Flexible
Isik siddeti (118 mW/cm?) Isik siddeti (108 mW/cm?)
50,0 40,0
35,0
40,0 30,0
30,0 25,0
200 2
10,0
i G 11|
0,0 - — 0 [Rpp— [E——
T («C) Isc (A) Voc(V)  Max. Giig  Max. Giig  Max. Giig T (:C) Isc (A) Voe (V)  Max. Gig  Max. Giig  Max. Giig
(W) noktasinda  noktasinda (W) noktasinda noktasinda
akim (Ipm)  gerilim akim (Ipm)  gerilim
(A) (Vpm) (V) (A) (Vpm) (V)
H2BB ®3BB W4BB ®Flexible m2BB ®3BB ®4BB ®Flexible
Isik siddeti (116 mW/cm?) Isik siddeti (106 mW/cm?)
50,0 40,0
35,0
40,0 30,0
3
10,0 .
: m [
0.0 o - 00 [pp—— —
T (<C) Isc(A)  Voe(V) Max. Giig Max. Gig Max. Gig T (:C) Isc(A)  Voc(V) Max.Giig Max. Gig  Max. Gig
(W) noktasinda  noktasinda (W) noktasinda  noktasinda
akim (Ipm)  gerilim akim (Ipm)  gerilim
(A) (Vpm) (V) (A) (Vpm) (V)
u2BB W3BB w4BB mFlexible E2BB W3BB w4BB #Flexible

k e k i124106 mW/crié k émiednd et i de] i-3BB-4BB-Esekpefformans arRlEi
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