| NTERLAYER DESI GN FOR PHOTOVOLTAI C CELLS BACKGROUND 5Technical Field
The disclosure relates to a photovoltaic device. Mre particularly,
the disclosure relates to an interlayer of a photovoltaic cell.
Description of Related Art 10Fromthe past century to date,
petrochem cal enelNVEREAMER DESIGNEOR PEIGTQYOLAAICCERLLSuUr |ife.
Pet rochem cal energy includes gas and oil. Unfortunately, the
abundance of petrochem cal fuel is |imted and has becone rare to be
a scarce resource. Thus, scientists have challenges to find ways of

renewabl e energy com ng from nat H[Fﬁfs such as sunlight, w nd,
rain, istides and geother nal hea%léewﬁa oday, the environnentally

cl ean and renewabl e energy is desirable. For exanple, hydroelectric
power is a clear resource of energy. The production of hydroelectric
power is_through_the use of the gravitational force of falling or

f1 owi hg heckpicaliglyl t ur bi nes convert wind energy into nore useful 20
el ectric power. However, solar energy is still a type of clean energy
and nore poweihaldisclosure RHiatesviol & ghotaelltass (eviceol Moregidrigularny the
phot ovol tai c devices that convert the sunlight energy directly into

el ect ri cdpewRurdyelpeetio \wi ihtdrayef bea phofhveaaicaddlii onal phot ovol taic
devi ce has a transparent el ectrode, anorphous 25silicon |ayers

(p-layer, i-layer, and n-layer), and a transparent el ectrode on a

Description of Related Art
10 From the past century to date, petrochemical energy is still the major
energy source in our life. Petrochemical energy includes gas and oil
Unfortunately, the abundance of petrochemical fuel is limited and has become
rare to be a scarce resource. Thus, scientists have challenges to find ways of
renewable energy coming from nature resources such as sunlight, wind, rain,
15 tides and geothermal heat.
Today, the environmentally clean and renewable energy is desirable.
For example, hydroelectric power is a clear resource of energy. The
production of hydroelectric power is through the use of the gravitational force of
falling or flowing water. Wind turbines convert wind energy into more useful
20 electric power. However, solar energy is still a type of clean energy and more
powerful.
Photovoltaic cells (or solar cells) are photovoltaic devices that convert
the sunlight energy direcily into electric power by photovoltaic effect. A
conventional photovoltaic device has a transparent electrode, amorphous

25  silicon layers (p-layer, i-layer, and n-layer), and a transparent electrode on a
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gl ass substrate in sequential. Upon exposure to light, the

sem conductor p-n junction converts the optical energy into

el ectrical energy output. I n conventional technology, a
transparent adhesive is usually used as an interlayer to connect

| ayers oflaaspubistrate irasequattial.or Uponrexpbspteotolight! #he sealitanduatorSp-a
t andem phot ovol tai ¢ device. However, it is hard to find an ideal

transpar giictigH Renlies IHPSpIRAF BRELFSNRAEIBoIRALhERYRAS@NCY Lo the

needed wavel ength range of |ight "and enough bi ndihg strength, not to

menti on ot her e L .

i gh st st vl goNertRRnLSEHbGIT R ams R4 Eh 33nEN0E LR S0 88
Accor di ngl i n,one aspect, the present .invention is directed to a
Fandem Bidravts HRndeRgalersi ol bhdpeRtaje SRl ek cBipedaidot el et
cells. The interlayer has a transparent portion covering an active
ar ea andadandemerhcteveitaie demicels I'E)@Kﬂéllef-ri isahamhtoatind @8 lae@latransparent
surroundi ng the active area. The active area is responsible for
absor bi ngdhegjite that geasesses poibt goen temsparency toNtten neleded nvavélaggth
directly contacting the bottom photovoltaic cell and the top

phot ovol tfige eellight tdMe Ereigp diedihg P&trdrighlh, At thanenti@ lotyaT abdiional
refractive 1 ndex between the refractive i ndexes of a directly

cont act i gy @HRlnts ! ARSPA 866 m?a@eﬂg?dcﬁﬁeé& NS rQLAG, RUREIAN 'réi?{i)égive

cell and irectly contaCting upper transparent [ayer 1n the

phot ovol t%i o ggl | . According to an enbodi nent of this

i nvent i off! CEFE“di rect | y contacting upper transparent |ayer can be a
| ower transparent el ectrode of the top photovoltaic cell.

Accottling to anot her embodi ment of this invention, the directly
contacting upper transparent |ayer can be a sem conductor |ayer of
the top photovoltaic cell when t h&UMMARY| ectrode is made of netal
fingers. According to another enbodi ment of this invention, the
directly Accordingly, in one aspect, the present invention is directed to a tandem

solar cell having an interlayer between two photovoltaic cells. The interlayer
has a transparent portion covering an active area and an adhesive portion

15 covering a non-active area surrounding the active area. The active area is
responsible for absorbing light to generate photocurrent.

When the interlayer directly contacting the bottom photovoltaic cell and
the top photovoltaic cell, the transparent portion of the interlayer has a refractive
index between the refractive indexes of a directly contacting lower transparent

20 layer in the bottom photovoltaic cell and a directly contacting upper transparent
layer in the top photovoltaic cell.

According to an embodiment of this invention, the directly contacting
upper transparent layer can be a lower transparent electrode of the top

photovoltaic cell.



5 contacting |lower transparent |ayer can be a upper transparent

el ectrode of the bottom photovoltaic cell. Accordi ng to anot her
enbodi nent of this invention, the directly contacting | ower
transparent |ayer can be a sem conductor |ayer of the bottom

phot ovol t ai ¢ gebbrdMigntd hanotpper erlbedimenle ofs thisddnedntivel athd | digectsy.
10 In another aspect, this invention directs to a photovoltaic cel

havi ng agohicBihy AiflerafshsbarsRNEYRF @3h b ONtseRM¥Siductor layePSTohdi i

an enbodi ment o¢ tiﬁl s 1nvention, “the interlayer is betweén and

di tl t . hot [t ai
0 oot oA AR AR e S G g o v 1 ©
nbodi t of this,i ti the interl i,s, bet di t
SN SR AT b K

transparent front cover when the upper electrode is made of netal

fi nge¥ s. contacting fower trangieargntiayer 608 henatuner Aransparasit elesitiglegehihieal
description and the follow ng detail ed description are by exanples,
and are bottemdetowli@ioeekle 20 further explanation of the invention
as clainmed. Many of the attendant features will be nore readily

appreci at ed aacbbmirg;arrﬁ) basstes beibogimendesrsttaigd iRyertRingr e ediréctiyne
follow ng detail ed description considered in connection with the

accompanihfcfhia I\ggrfg%%%rgﬁt (st BLR BB dSmidba M IelePof the poftbr

1is atop vie erlayer in a phot aic cell or a

NS IR R TR TC B T O
havi Tg aint elrrla %g{heel}ca%%[agti, r’}ﬁistigvgr?tioen i?g(i:trsrﬁtgta ?)Lo%or\]/io taiicne/eel\lnrtlsinﬁrrllg an
interlayer and a transparent front cover.

According an embodiment of this invention, the interlayer is between and
directly contacts an upper transparent electrode of the photovoltaic cell and the
transparent front cover.

15 According to another embodiment of this invention, the interlayer is
between and directly contacts a semiconductor layer of the photovoltaic cell and
the transparent front cover when the upper electrode is made of metal fingers.

It is to be understood that both the foregoing general description and the
following detailed description are by examples, and are intended to provide

20 further explanation of the invention as claimed. Many of the attendant features
will be more readily appreciated as the same becomes better understood by

reference to the following detailed description considered in connection with the

accompanying drawings.



Fig. 2B is a cross-sectional diagramof a tandem photovoltaic cel
having an interlayer according to another enbodi nent of this

I nvention. Fig. 2Cis a cross-sectional diagramof tandem

photovol taic cell having 10plural interlayers according to yet

anot her enbodi ment of BRIEF DESERIPTIONFDE THE DRAWINGSs- sect i onal

di agram of a photovoltaic cell according to yet another enbodi nent of
this invention. DETAILED DESCRI PTI ON 15The detail ed description

provi ded bel ow i n connection with the appended draw ngs is intended

as a descriptj r.ese les: 1S '
represent t heF%If;ESf %P@Eleﬁwﬁmﬂ%gﬁﬁfﬁ@ %fé@%ﬂ?ﬁeleg%lpgaﬁéﬂgg: 8l or
constructed or utilized. The descriptiqgn sets forth the functions of
Che: exanphatodhiteienelfieattibods S eBbolretah i RtgRand oper ati ng
t he exanple. 20 However, the sane or equival ent functions and,
sequehces mayFige 28ci8npl sronegepionals diageam efxantgndem photovoiigicopangly
to an enbodi nent of this invention, an interlayer between |ayers and
a phot ovbhaviaga intdrlayer abetrdéento: aw epthodovent efitbisdevéntidm a t andem
solar cell is provided. Instead of using a transparent adhesive to be

the conventi PRAI2E Bt & Eladsassctiankl diagran ofta aRUEn shotaveltao call hasinge
are used for the new interl ayer. Fig. 1 i1s a top view diagram

of an i nLghh@psyer ®R916 YRbiRIrerfisddimeht 87 MROIA¥RliIGRI ¢ panel
accordi néﬁtlo anyeen%boc%irrregt o? tlﬁrs [ nvelmé?]on. In Fig. 1, the
Fig. 2C is a cross-sectional diagram of tandem photovoltaic cell having
10 plural interlayers according to yet another embodiment of this invention.
Fig. 3 is a cross-sectional diagram of a photovoltaic cell according to yet

another embodiment of this invention.

DETAILED DESCRIPTION

15 The detailed description provided below in connection with the appended
drawings is intended as a description of the present examples and is not
intended to represent the only forms in which the present example may be
constructed or uiilized. The description sets forth the functions of the example
and the sequence of steps for constructing and operating the example.
20 However, the same or equivalent functions and sequences may be

accomplished by different examples.
According to an embodiment of this invention, an interlayer between
layers and a photovoltaic cell or between two photovoltaic cells in a tandem

solar cell is provided. Instead of using a transparent adhesive to be the



5 interlayer 100 has two portions: a transparent portion 110 and an
adhesive portion 120. The transparent portion 110 covers an active
area, which are responsible for absorbing light to generate

phot ocurrent. The adhesive portion 120 covers a non-active area,

whi ch sucoeerdipnahint@ddyerea &@gparent nedtorial, anthen adhesivetare lusgdrior the
applied in a photovol taic panel having photovoltaic cell 10 arrays
thereon, nkhanfPRyaet i ve areas are not limted by the peripheral area
of the photovoltaic panel shown in Fig. 1. Fig. 1 is only an
exenplary dia - ACC, i-ng! y; esi r-uc e

interl ayer 10gfqa}nrq ﬁéﬁi’d\égﬂ’ %’ggtﬁldg ﬂgﬂﬁﬁ%ﬁ%”r{g %@?f%ﬁéﬁt geilmpr a
good tran rency and enough bj ndi ng ,strengfh,.  as. wel] as other

90a t 1 onBVG LA 4T SCatingoin an b Pt o i ventiaRor i ke 1. the
transparent portion 110 and the adhesive portion 120 are nade of

i nsul at i ifgemaasr 180 hasntwg gortionss & deansparant appiar eht0 gt ap adhesive
covers the active area occupied by the photovoltaic cells, the

ref ract i pertiomd#20.of Thadranspasgrdr pottiopot 10 movédd ansatiéwet ared, owhiebt anche
followi ng requirenents to increase the light utilization efficiency.

't is weldsponeite fdradborbihgUighs RIMYERE@aYS bRotocdReABt ETHahshagive pbaiIND
various wavel ength ranges of |light. Therefore, the follow ng

descr | beqoonidenl d ABHIJATBNR A hiBR SEf RAS PSR MV AEEHY,

ranges of the seniconductor materials 1 n the photovoltaic c

phot ovol t ai anel . i t I.:al f .
Seni condtielr Pt avEY 3 raited i i PLoRPla ntif devila piftovaliag o
t he transparent gortion 110 is better to §5 tch fnhe refractive

| ndetbs BITaVRIaIPPRCRIEBAGG 3TRgS AR aPt RCH Blthe PeriRherl e of the
| ayers for the absorbed wavel ength range of the sem conductor |ayer
t o r educgheloyoltaic| panelosh@#n tinel ignc‘i.del?»g. I ¢honlyriee ssemplagy oliagiaen.
"matching refractive index" is described belowin the exanples. In
addi ti onActtelinglanbg ddsigreael stirudthee of tresiptariayer po00tin dvig. 11 @an sldoetipler
to 5 be greater than 80%in the absorbed wavel ength range of the

i nci dent tHd @iKing P&qlifsn &Rl FUTbCTMsga¥Rsy Bhd telnaughcmmaﬁg tstiepigfit!ds
Thus, the transmttance of the incident light can be greatly

i ner easeq iy, CAGSL AGiAn4ITBHIRARERIs AR LERdHioRBPMaydhe T equi rerrent s

above. For exanp e transparent portion 110 can

be et hyl ene vinyl ,,acget at e A .. ROl VI N butvral (PVYB

Topolyat hy' enBotbBofenararelt patief s the it dve 8Pk 120 prsergece

In Fig. 1, since the adhesjve portion 120 usually cevers h?e

peri pher &f insuating: Matefiad: oloFidaile SigRihe HBBSRAEYt PAEIOR hif cgvers the

strength needs to be good enough, but also the waterproofness needs

to be gosadivncuga cccupietiry the phntovtaie ogllsotine mefrastve dnderlaf, thehe

material of the adhesive portion 120 15can be ionomer, poly(aryl ene

et her ni trahéparent ppaioyut H ikabetter to meet the following requirements to increase
the light utilization efficiency. It is well known that various semiconductor

20 materials can absorb various wavelength ranges of light. Therefore, the

following described optical requirements are based on the absorbed wavelength
ranges of the semiconductor materials in the photovoltaic cell or photovoltaic
panel. Depending on the material used for the semiconductor layer in a
photovoltaic cell, the refractive index of the transparent portion 110 is better to

25 match the refractive indexes of the directly contacting upper and lower

5



Fig. 2Ais a cross-sectional diagramof a tandem photovoltaic cell
having an interlayer according to an enbodi ment of this invention. In
Fig. 2A, the four-term nal tandem photovoltaic cell includes a top
photovol taic cell 200a and a bottom photovoltaic cell 200b. The

i nter | aygandférenhdayarg fohehé raspbsd waveléngihrtange adfl thearséniibenductor
adhesive portion 120 as described above in Fig. 1, is disposed

bet ween tR@rt@P rédHO RS t Riflechsh | of28RA |ﬁzﬂgehthﬂgﬁpt t ‘Pﬁépﬁ@aﬂ‘f@ Al the
cell 200b°in this enbodi nent

phot ovol & aisiel or2000. RRMEN daldnphas. &f.ﬁﬂ%éeayg@reaate 210, a

first elec seni con I'ayer and a second

25el ectrode 240 from't 0 botfom bottom ovoltaic.c 200b

sequential ly Hh@dﬁ'?'PHi ﬁ’gﬂ é?@ﬁﬁ“ﬁ?&@ Z@J(;%e 1?11 ﬁ?tq

260, a fourth electrode 270, a reflectin é 280 and a second
@@?@‘ gapgan

subst¥ at be Zweater dhan 88% i ths absarbea v ge o éhe jncident light for

sem conduct or |ayer 230 is greater than the band gap of the second
sem condthe semicanduct?6tayes tiéhe ppofpioliaicaetlai Thuogl the2G0smtianas of the
bott om photovoltaic cell 200b can be a single junction or a

mul ti -] upeidedt IRt EMPIBAigPedtB) incrdhiesy thie chbbsihg S& NiréRspstrehtomatenalr
230 and/or the second semgg éagjuctor Iayedr]'eZGO |sgonl y athin film

flﬁ.cﬂ as ﬂ{e@aﬁﬁg tﬁ@'r@ uﬁérﬂém%l aﬁ@@ﬂn pog;axgﬂaﬂ@'thb%éﬁhﬁﬁf% ﬁﬁ@em

|con t anor phous si[licon

film the to t ovol t ai cel | t

phot ovol bRItEReAID: S¥orpe SinvEnaioy BtelE il | Pt Rlbys, pve)
sem conductor | ayer 230 and/ r t he secopd sem condu IS | ayer 260 has
mul t il ep9bre¥hvﬂ¢nerrt@re%hJ6ﬁlaé% RELhabnapitnate PoYeeiRRdPENIn 11 m a Ge
thin filmand a GalnP2 thin film the top photovoltaic cell 200a

and/ or the boin ig.photiooelthaiashesivie potipni 820G ugualty cpverstthenperiheral
15The first el ectrode 220, the second el ectrode 240, the third

el ectr oderezb0ba pinstovbieait qaneh edteostly dte WAdingr strergyiialneedseidebefgoand
transpar ent conductive material, such as a netal oxide or a conplex

et al éﬁ@ugﬁ%t@&@'th@%ﬁéﬁsr@éﬁe@@ ridelid, toCEED%oEH?Q%ugﬁa@)Oéndure the
ZnPb206, Cdi'nZ04, My1ln204, ZnGa04, AgSb03, CuAIO02, CuGa02, or

Ay, cac iRy @“@&2&"6@5""%5‘92%%%"? Rb5 S Sd20

7 tlﬂ’lgof 0 B onBkh s ahiE ofih i Gle) Bh RelimbRpant ”El)ﬁdu?? rever:

mat eri al , such as a netal, the reflecting _|ayer 280 in Fig. may be
onmitted. Fig. 2A’is a cross-sectional diagram of a tandem photovoltaic cel[ having

an interlayer according to an embodiment of this invention. In Fig. 2A, the
four-terminal tandem photovoltaic cell includes a top photovoltaic cell 200a and
a bottom photovoltaic cell 200b. The interlayer 100, having the transparent
20 portion 110 and the adhesive portion 120 as described above in Fig. 1, is
disposed between the top photovoltaic cell 200a and the bottom photovoltaic
cell 200b in this embodiment.
In Fig. 2A, the top photovoltaic cell 200a sequentially has a first substrate
210, a first electrode 220, a first semiconductor layer 230, and a second

25 electrode 240 from top to bottom. The bottom photovoltaic cell 200b



The reflecting |ayer 280 in the bottom photovoltaic cell 200b can
direct the incident |ight back to the second sem conductor |ayer 260
and the first sem conductor |ayer 230 to further increase the |ight
utilization efficiency. In Fig. 2A, since the interlayer 100 is

di sposedsbqugwtaiy thss & dhird eledinidevRb0Ri & seebhd 2ebsicamduditreladyet 260 a
photovoltaic cell 200b, it is the second el ectrode 240 and the third

el ect r odgy, 2B0BICHBle P I—éﬂé&ﬂﬁ@; 45§ertﬂﬁ) | 8P bl StPnd1EbstrHie 290 from

refractive | ndexes of the interl ayer 0, the second el ectrode 24

and the i tr vel
Ther ef or{OrEJ fog b§#t ﬁ" fﬂ% 8?9@@ #haec I?s\?ese?ﬂ %')?&o ton{ Ea}%frgajr?s%a rgre]uiter
portion tch the refractive indexe contacting upper
Bnd | oveaT BRGRICRP Pék%&r%eceﬂgéem'ﬂ%n Saver 28 oae 240 and the
third el ectrode 250b ), n, is better to be between n20 a

Accordli ngl y, WheropPhadeialtaie calb 200 andionthe betters FEJ@T@!RIEEIG p@" #208nd
n3.. However, if a transparent insulating naterial with the

refracti zan ib@daxsing[et jungtiord ®rt & enabigurectioagphoterelaic i celinoWheraithe irst,
the difference between the refractive index ni and n2. (or n30) is

better tgelgdnesstorhaner0230 and/dr iB&RcOHRd semtidbndictoBlayeFB0aE MY @,
ZnO is usually used as a material of the transparent contacts in

' E:e)t at of Ty 4oy ??néﬁiiﬁﬁ?"”éﬁ? ePRRe By AL e R TR i g sTR
Gxanpt o. 1,3 “glﬁﬁlﬁcori”@ﬂﬁ? 8 B ek S p B aédoe PRétovotaic

four-term nal tand phot ovol tai c ceII havi n n.interlayer accordjng
to. aiiot NG| SABBdATEAT 6P Eeifa; PRSI ol 0D e SR Tundion Gl

four-term nal tandem photovoltaic cell includes a top photovoltaic
cel | 200Whendthe first semigsinsiustos|laysrc2¥band/eode sgeend seigangaictor dayer

25havi ng the transparent portion 110 and the adhesive portion 120 as
descr i beg60 &bs\multipleRhin fillns, issichiaspo semibiettivaaf a GeAsdhinpfilot, avBe tthinc
cell 200a and the bottom photovoltaic cell 200c in this enbodi nent.

In Fig. @& dnbeat@ainPhahiyainaie &) bhelNaitaieasanoed landm@stie bottsin
substrate 210, a first electrode 220, a first sem conductor |ayer

230, andpR,RGERAE cell 200b is a multi-junction cell.

15 The first electrode 220, the second electrode 240, the third electrode
250b, and the fourth electrode 270 are usually made of a transparent
conductive material, such as a metal oxide or a complex metal oxide. The
metal oxides can be PbQO,, CdO, T,0s, Gas03, ZnPb,0Og, Cdin.0O4, MginzOy,
ZnGa04, AgSbO3, CuAlQ,, CuGaO,, or CdO-GeO,, for example. The complex

20 metal oxide can be AZO (ZnO: Al), GZO (Zn0O: Ga), GAZO (Zn0O: Ga, Al), ATO
(SnO,: Sb), FTO (SnO;: F), ITO (In03: Sn), BZO (BaO: Zr), or BaTiOs3, for
example. However, if the fourth electrode 270 is made of non-transparent
conductive material, such as a metal, the reflecting layer 280 in Fig. 2A may be

omitted.



5 electrode 240 fromtop to bottom The bottom photovoltaic cell 200c
sequentially has a third el ectrode 250c, a second sem conductor |ayer
260, a fourth electrode 270, a reflecting | ayer 280, and a second
substrate 290 fromtop to bottom Unlike the third el ectrode 250b
made of a traWspakésttire ke 280einnthieehdttdmi phdfoepltaticell ROObheard direct
el ectrode 250c is nmade of netal fingers, io which is not transparent

to |ight pwﬁTii i@d13" fghtt b&cie iRk Pecbh8 Edthicdnalie®t ags 260 cand i First2B

is finge e to i'ncrease the transparent area of 1he photovoltaic
cell in Ej f ! - el 40 and
t he secoE%’g‘%"&ﬁ%&%'c%%oéd%\f%%@?gpﬁB%'B"‘&fe:ae‘st?{} ﬁﬁ?@ﬁﬁ@@gﬁ #lﬁg%t e&? terlayer
100. The refractliyve jinhdexes of th 5in l.ayer 100 he second

el ectrode 240?%rf'-dgt ’sél%‘ﬁd?@%rﬁ"&f GEt{)&;I'ﬁyS}Sp%@da gwgen {89 topng
n2s, respectively. Therefore, in order to let the refractive index nl

of the tpheyaltaint celo2®iaandithenbotiomplwtewlicie cell 00Rd dxissthef segand

contacting upper and |lower transparent |layers, ni is better between
n2, and sRstrodecdtdianglthe thitd ele@tods @ablbtthabdFectly costasetheintedapdr
to n2c and n2s. 20 However, if a transparent insulating materi al

W th theqpef r IRE | refrabMidte ndBxeki GTothehmitai)ées T08) Uhe esiRBhdi SleB@bde 240
avail able, the difference between the refractive index ni and n20 (or

n2s) is t t 1.-0.5 n o] :
I'n addi t?@an,tﬁlétth?g aFétgé%ogg?EI%Et i g AIRE Bl s otAREN & THESgfore, in
al so nmade_of lLic fingers, |ikecthe fhi | ectrode Oc_i.n Fia.
6 Thenorder 1S 16k 1 rplepEBle” s 1 B, bl &t Bobils D Bt
sem conductor, | ayer 260 that directl contact the interlayer 100,
Ther & or ESTractive iadaxss 9B, GRNACtHO wiikeria drnsparantdavergdl-enthene
interlayer 100 is determ ned by the refractive indexes of the first
seni condset@d eegtode 33 0aant theethirdcelratredei2§0hdubt isrbetigyde besbetween
Moreover, it is also possible that only the second el ectrode 240 is

made 5of nyedrad hi,c fingers. Then, it is the first sem conductor | ayer
230 and the third electrode 250b that directly contact the interlayer

100. Therefor ﬂccéﬂa%o%ﬁfw% hyeedisl ey raf, i REebéttaness egbalte .l afdIk)
inthe interlayer 1 is determned by the refractive indexes of the

first semGaRaNcE o rhAYSHreAtRsAMiNG Ratdd diftl B FARRGEIRIex meeting

15 the above requirement is not available, the difference between the refractive
index n; and ngg (or nge) is better to be less than 0.1 — 0.5 when ny equal to nac.
For example, ZnO is usually used as a material of the transparent contacts in
photovoltaic cells. The refractive index of ZnO is about 1.97. Thus, the
material of the transparent portion 120 can be naphthalate polyester (PEN),

20 which has a refractive index of 1.75, for example. |
Fig. 2B is a cross-sectional diagram of a four-terminal tandem
photovoltaic cell having an interlayer according to another embodiment of this
invention. [n Fig. 2B, the four-terminal tandem photovoltaic cell includes a top
photovoltaic cell 200a and a bottom photovoltaic cell 200c. The interlayer 100,

25 having the transparent portion 110 and the adhesive portion 120 as described

8



ioln Figs. 2A and 2B, since the elenment with the sane reference
nunber neans the sanme or simlar things, the related detail
descriptions of the elenents with the sane reference nunber are
omtted here. Fig. 2Cis a cross-sectional diagram of tandem
phot ovol bbobee drelfighayindigpoged! betnieen! thgetop plestorditaig dedl 9@0a @madt ther
enbodi nent of this invention. In Fig. 15 2C, the nunber of the

st acked BBR&MVMdtétr&ta?@béWZ@@@ln thid @r%bbaﬁﬁ’éﬁt‘ photovoltaic cell is
increased to nore than two. For exanple, when the nunber of the

phot ovol tai ¢ ﬁflrlrgﬁ]zﬁgﬁ’hé% BR6R3EH: F8 H0ESeahbRud MBI RRALABRlSR) ©

cell is a six ovo tarc ce

phot ovol EXc % TSl PRCEPEe 0. %rsf?ﬁaq%nﬁégn%tf SLEA554 238 socond

photovoltaic cells 200 can be any one of_the ﬁhot ovol taic cell 200a,
200b, 5 206lectiodeoRAr frean | Wi dasbettomne dbey Sotfest hwiavyiai ovell 12008

cells. The only difference is that only the photovoltaic cell 200
f ar t hest sequert@llyigs aithird ddedctraded 2500,sa aecpnd Feentiod nduntoh tyev &60aiac
cell, has a reflector. The requirenent of the refractive index of the

t r anspar gifrtoelelctrofie 2541 G edfldding i 1aye 280,eind @0sécomdl Sghgirite a8oneemby
the two transparent | ayers directly contacting the interlayer 100 as

di scusseg,ahg ﬁ g@ﬁ’ld tb}ﬁ‘ﬁ EMHe! #Rird'€&Bctrode e%?(fﬁ Ymade! 8f & tranesparent

cross-sect’l ona |agram o a photovoltaic c according to

"o i spotae BEhaBiaL fign 2K: i it cifhick 2500 b ahf ANEids.

photovoltaic cell 200b. The front er_can_ be nade as artz,
or alfrahéisdy amototragﬁr%reﬁbt%tlgﬁt “Thedeloie: B ﬂ?ﬁﬂeo\‘?g *t%.t%'rfiaf&be
sequentially has a third el ectrode 250b, a second sem conductor |ayer
260, a f86P¢ i Eige&fr sdngerdike fo insreasa thegtra@@r@reaiaweaaqfdha phetviedaic

substrate 290 fromtop to bottom 10Accordingly, it is the
t ranspar eell if Fign2Bcover 300 and the third el ectrode 250b that
directly contact the interlayer 100 in Fig. 3. Therefore, the

refractive i nga%rebrd, eistth@eRane Redi®ide 240 A6 thd sebBnd Beaiit@¥RIctd00
is determ ned by the refractive indexes of the front cover (nf) and

the thi r% el t@@&ﬁt&& thq theSlied e'ry100' 13 RS ﬂﬁﬁtﬁ%é}é% of the

refractrv EX (0] ranspar ent p tIOI’l ITB.tC

refractrv |ndex thec nta nd | owe trans nt

| ayerS, " el i, the e 4etdd Sk 248 R @ﬂe Sl arhly L\%f?éda%?r
equal to n3 ni is better equal to rif and pg&

t ranspar A9 ATAgH Br RGYrRescFaSRECYl¥: tﬁaereé@rﬁa@t 7 9clek ﬂa%é@t%tW@he
above requirenent is not available, the difference between the
refract i inedexnoesf the dranspargnir pcm:etom 180 poatchr theo re¢feaciivehileges of thes

contacting upper and lower transparent layers, n; is better between ny; and nas.
Accordingly, when ny. egual to ny, n; is better equal to ny. and nys.
20  However, if a transparent insulating material with the refractive index meeting
the above requirement is not available, the difference between the refractive
index n; and ny, (or nys) is better to be less than 0.1 — 0.5 when ny; equal to nys.
In addition, it is also possible that the second electrode 240 is also made
of metallic fingers, like the third electrode 250c in Fig. 2B. Then, it is the first

25 semiconductor layer 230 and the second semiconductor layer 260 that directly

9



20when nf equal to n3c. Furthernore, if the third electrode 250b is
replaced by the third el ectrode 250c made of netal fingers (not shown
in Fig. 3), it is the transparent front cover 300 and the second

sem conductor |ayer 260 that directly contact the interlayer 100 in
Fig. 3. toetaef thee inteHayareld@ct Therefordethefrefractivier mospasfethe 2apsparenn
110 in the interlayer 100 is determnes by the refractive indexes of

the trapsppmenio fd & irﬁé’r‘f%ferm BNEeteRAInRACIHN thes RETHABVE URASKed 8 e
260. The determ ni ng nmet hod has been di scussed above, and hence

omtted : ' ' ' ' n
interl ayﬂfsrtgfa Fnd%?ntjjrué:ﬁ%ﬂg{{gjrm eé{%q malt:“l ??%n@%t%#? ﬁggéttalp%&% gggéan
adhesive portipn. The.t.ransparen r{io overs Hacti.ve, a S

occupi ed by phBTE9YT: iis A pessibiatahenl RB sEnd destieCe iy made
non-active areas. Therefore, the interlayer structure provided b%/_
this #i sef sgiglic Jingeecollipm it isethe finst sgmiernducierelayar g?‘ogﬁﬁbthe hird
transparency and enough binding strength, as well as other additional

r equi r enelectrofier 266hv émati dirattly ntantbaly dhe FerdaweredDal s dhetefere, the
transparent portion and the 10adhesive portion can be individually

chosen t gefrauti9eeffidxy ofedie ithshapadeistl poelish M EMENHhS ther intdrRayeet 108 is
areas and non-active areas.
determined by the refractive indexes of the first semiconductor layer 230 and
the third electrode 250b.

10 In Figs. 2A and 2B, since the element with the same reference number
means the same or similar things, the related detail descriptions of the elements
with the same reference number are omitted here.

Fig. 2C is a cross-sectional diagram of tandem photovoltaic cell having
plural interlayers according to yet another embodiment of this invention. In Fig.

15 2C, the number of the stacked photovoltaic cells 200 in the tandem photovoltaic
cell is increased to more than two. For example, when the number of the
photovoltaic cells 200 is increased to three, the tandem photovoltaic cell is a
six-terminal device. The photovoltaic cells 200 and the interlayers 100 are
alternatively stacked to form the tandem photovoltaic cell in Fig. 2C.

20 In Fig. 2C, each of the photovoltaic cells 200 can be any one of the
photovoltaic cell 200a, 200b, 200c, or other variations of the above-described
photovoltaic cells. The only difference is that only the photovoltaic cell 200
farthest to the light-incident side, usually the bottom photovoltaic cell, has a

reflector. The requirement of the refractive index of the transparent portion

25‘ 120 of the interlayer 100 is also determined by the two transparent layers

10



Al'l the features disclosed in this specification (including any
acconpanyi ng cl ai ns, abstract, and draw ngs) nmay be repl aced by
alternative features serving the sane, equivalent or simlar purpose,
unl ess expressly 15 stated otherw se. Thus, each feature disclosed is
one exangirectinkcyntaicting abeeinterlaeri 30 ek diguusstidenaboose, andithas omitted

features. WHAT IS CLAIMED I S: 1. A tandem photovoltaic cell,
conpri si Rgre.@ | ower photovoltaic cell; 5an upper photovoltaic cell
above the {omer photovol taic cell; and an interlayer disposed

et ween 1Ne PIET BILRNRLIAkEnErlibof draEpHBRGIAEBLR Wakb A EPLLr

the interlayer having a transparen orthon covering

and an adhesi ve porfion, coyverin non-actiye are urraoundi ng the
Rctive apBaeRRENEIdmEREORHYS MoRRR: | B Tk dofls bre AT HssripRped
i ght to generate 10phot ocurrent. 2. The tandem phot ovol taic
cel | »f bfhyeana tiansgparent: fient eeves pideand fbe thodtenp phetryvoitaicesslhg@eb.
has a refractive index between the refractive indexes of a directly

cont act i mbelfmmt covernospdeemade of glass) quiadz] onertragrspacand|plaste watdrigdhnd
a 15 directly contacting upper transparent |layer in the upper

phot ovol ThECh&RIn pMigdvdlee icBll e200Ry s&quBritRly Inascanthratélpstréde 250hea
phot ovol taic cell and the upper photovoltaic cell. 3. The

L gpf‘e(rpogggcls@gggémic%naﬁt{or%yé}' AN LiouNRCEIBERodd1 278 PR FEGHMOBIYPLERT C
and a second substrate 290 from top to bottom.

10 Accordingly, it is the transparent front cover 300 and the third electrode
250b that directly contact the interlayer 100 in Fig. 3. Therefore, the refractive
index of the transparent portion 110 in the interlayer 100 is determined by the
refractive indexes of the front cover (ns) and the third electrode 250b (ns).
Similarly, in order to let the refractive index of the transparent portion 110 match

15 the refractive indexes of the contacting upper and lower transparent layers, n; is
better to be between nf and ni.. Accordingly, when n; equal to na;, n; is better
equal to n; and ng.. However, if a transparent insulating material with the
refractive index meeting the above requirement is not available, the difference
between the refractive index n; and ns (or ns.) is better to less than 0.1 — 0.5

20  when ns equal to nae.

Furthermore, if the third electrode 250b is replaced by the third electrode
250¢ made of metal fingers (not shown in Fig. 3), it is the transparent front
cover 300 and the second semiconductor layer 260 that directly contact the

interlayer 100 in Fig. 3. Therefore, the refractive index of the transparent

25  portion 110 in the interlayer 100 is determines by the refractive indexes of the

11



an upper transparent substrate; a first transparent el ectrode bel ow
t he upper substrate; a first sem conductor |ayer below the first
transparent el ectrode; and a second transparent el ectrode
bel ow the first sem conductor |ayer, 25wherein the second transparent

el ect r oderanspareat diorgcddver 300 anti the se@mtd Iseydeonductor layed.260he The
tandem photovol taic cell of claim2, wherein the upper photovoltaic

cell CO”HéLe?f‘rﬁmn nHeRBH Ha@%%@pd@&uss%a%d\@t 8hd Penbek oRtitted ABFRAr ent

el ectrode he upper substrate; a first sem conductor |ayer

bel ow the fir i\%ﬁégoﬁﬁg%%nalsglogg @ d 9o %Qgp inter] Iay@r %ﬂr?ﬁhr%ﬁtaﬂ'nade of

fingers bel ow Sefm con

SO e ot Mol ST SRR e PR et Rl
cel 5C Onggtll\?ee?areas occupied by photovoltaic cells, and the adhesive portion covers
non-active areas. Therefore, the interlayer structure provided by this
disclosure can decouple the linking requirements of good transparency and
enough binding strength, as well as other additional requirements for
conventional interlayer. The materials of the transparent portion and the
10 adhesive portion can be individually chosen to more easily meet individual

requirements for the active areas and non-active areas.
All the features disclosed in this specification (including any
accompanying claims, abstract, and drawings) may be replaced by alternative
features serving the same, equivalent or similar purpose, unless expressly

15  stated otherwise. Thus, each feature disclosed is one example only of a generic

series of equivalent or similar features.

12



a lower substrate; a fourth electrode on the |ower substrate; and a
second sem conductor |ayer on the forth electrode; and 15a third
transparent el ectrode on the second sem conductor |ayer, wherein the
third transparent electrode is the directly contacting upper |ayer.
6. The t WidAMISOLAWMEDASe cell of claimb5, wherein the |ower
photovoltaic cell further conprises a reflecting | ayer between the

| ower substrate and the 20fourth el ectrode. 7. The tandem
photovol taic cell of claim2, mherein t he | ower photovoltaic cel

conpri ses: gngpﬂ%néémﬁ%fo%vecita?cs W}IS _ctrode on the | ower

substrat e; a seco sem conduct on the forth el ectrode;
and a se ond net al }ﬂj S on the second sem conduct or | ayer,
wherein the s@ %‘P{ﬁr Rty 9?’? layer is the directly contacting
upper | ayer. )
5 an upper photovoltaic cell above the lower photovoltaic cell; and

an interlayer disposed between the lower photovoltaic cell and the upper
photovoltaic cell, the interlayer having a transparent portion covering an active
area and an adhesive portion covering a non-active area surrounding the active
area, wherein the active area is responsible for absorbing light to generate

10 photocurrent.

2. The tandem photovoltaic cell of claim 1, wherein the transparent

portion of the interlayer has a refractive index between the refractive indexes of

a directly contacting lower transparent layer in the lower photovoltaic cell and a

15 directly contacting upper transparent layer in the upper photovoltaic cell when
the interlayer directly contacting the lower photovoltaic cell and the upper

photovoltaic cell.

3. The tandem photovoltaic cell of claim 2, wherein the upper
20  photovoltaic cell comprises:

an upper transparent substrate;

a first transparent electrode below the upper substrate;

a first semiconductor layer below the first transparent electrode; and

a second iransparent electrode below the first semiconductor layer,

25 wherein the second transparent electrode is the directly contacting upper layer.

13



58. The tandem photovoltaic cell of claim?7, wherein the | ower
photovoltaic cell further conprises a reflecting | ayer between the
| ower substrate and the fourth el ectrode. 9. The tandem
photovoltaic cell of claiml, further conprising at |east an

10i nt er nedi at e photovoltaic cell between the | ower photovoltaic cel
and t he upper photovoltaic cell. 10. The tandem photovol taic

cel I of clai m9, Ther thRferk OPRbicvLAGICA RACORdclaithed, awdierélhS Bes €dpper
bet ween the internediate photovoltaic cell and the upper 15

phot ovol &’%ﬁ’é’pg%}%} r”_(%%cegﬁ%g: t he i nternmedi ate photovoltaic cell and

the | owe aic wherein the second interlayer has a
second transparent portion cov rir} _the active area and a second
adhesi ve port AdPHES I@Inﬁﬁare(lﬁguﬁ ctive area. 2011. A photovoltaic
cell, conprising: a lower substrate; a first electrode on the |ower
substfate; a &disicioanrrarent ¢legterdebelondhpiupper stbglratéde; a second
transparent el ectrode on the sem conductor |ayer; 25a transparent
front cover ahdirst ¢dmicendocidr tayenbpametiie feseitansmrenteldctrode; and

a first metal fingers below the first semiconductor layer, wherein the first

semiconductor layer is the directly contacting upper layer.

10 5. The tandem photovoltaic cell of claim 2, wherein the lower photovoltaic
cell comprises:
a lower substrate;
a fourth electrode on the lower substrate; and
a second semiconductor layer on the forth electrode; and
15 a third transparent electrode on the second semiconductor layer, wherein

the third transparent electrode is the directly contacting upper layer.

6. The tandem photovoltaic cell of claim 5, wherein the lower photovoltaic
cell further comprises a reflecting layer between the lower substrate and the

20  fourth electrode.

7. The tandem photovoltaic cell of claim 2, wherein the lower photovoitaic
cell comprises:
a lower substrate;

25 a fourth electrode on the lower substrate; and

14



an interlayer disposed between and directly contacting the second
transparent electrode and the transparent front cover, the interlayer
having a transparent portion covering an active area and an adhesi ve
portion covering a non-active area surrounding the active area,

wher ei n t he aatsecendrsemitenduciadppaseibthe footh elbstords;mmd | ght to
generate photocurrent, and wherein the transparent portion has a

refractive i ngdeseddpyvhenl Efihﬁefseéﬁ awé is‘é@oh@@@hﬁéonﬁucld}elag@@%rein the
transparent electrode and the transparent front cover

phot ovol Lak g, £& %ﬁwcoﬁﬂﬁ@fo‘r?é is A F rqo%%ﬁmgﬁ};ﬁ] ?zpfe'rVSt el ectr ode

on the | ower su a sem con ayer st el ectrode;
a second el ectrode nade of netal f| ngers on the sem conductor |ayer;

a transparent front cover above the second transparent el ectrode and
15 an interl ager di sposed between and directly contacting

seni conduct or 8 dpe tanrgrm phetavelaicrallaficlair it Waere the 'ﬁ&emhetqvaila!c
havi ng a transparent portion covering an active area and an adhesi ve

portion celduitmer eomprisex i kaefleatieg 1ayerr betmtiengthehlowert substrateand the
wherein the active area is responsible for absorbing light to

gener at efquiti dlettreg@at , and wherein the 20 transparent portion has a
refractive index between the refractive indexes of the sem conduct or
| ayer and the transparent front cover.

9. The tandem photovoitaic cell of claim 1, further comprising at least an
10 intermediate photovoltaic cell between the lower photovoltaic cell and the upper

photovoltaic cell.

10. The tandem photovoltaic cell of claim 8, further comprising a second

interlayer disposed between the intermediate photovoltaic cell and the upper

15 photovoltaic cell or between the intermediate photovoltaic cell and the lower
photovoltaic cell, wherein the second interlayer has a second transparent
portion covering the active area and a second adhesive portion covering the

non-active area.

20 11. A photovoltaic cell, comprising:
a lower substrate;
a first electrode on the lower substrate;
a semiconductor layer on the first electrode;
a second transparent electrode on the semiconductor layer;

25 a transparent front cover above the second transparent electrode; and

15



10

15

20

an interlayer disposed bhetween and directly contacting the second
transparent electrode and the transparent front cover, the interlayer having a
transparent portion covering an active area and an adhesive portion covering a
non-active area surrounding the active area, wherein the active area is
responsible for absorbing light to generate photocurrent, and wherein the
transparent portion has a refractive index between the refractive indexes of the

second transparent electrode and the transparent front cover.

12. A photovoltaic cell, comprising:

a lower substrate;

a first electrode on the lower substrate;

a semiconductor layer on the first electrode;

a second electrode made of metal fingers on the semiconductor layer;

a transparent front cover above the second transparent electrode; and

an interlayer disposed between and directly contacting the
semiconductor layer and the transparent front cover, the interlayer having a
transparent portion covering an active area and an adhesive portion covering a
non-active area surrounding the active area, wherein the active area is
responsible for absorbing light to generate photocurrent, and wherein the
transparent portion has a refractive index between the refractive indexes of the

semiconductor layer and the transparent front cover.
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