-1- THE FABRI CATI ON OF A SOLAR BATTARY This invention relates to solar -,
cells. More specifically, this invention relates to a nethod of fabricating.
series-connected solar cells and series-connected 10 tandem junction sol ar
cells. Background of the Invention-Rhotovoltaic devices, i.e., solarcells,
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photolltho I's not readily adaptable to a |arge”sc cont 1 nuous
pr oceSSiLe§ olar radiation lmnlnglng on a solar cell and

adsorbed by an active region of semiconductor material
generates electrons and holes. The electrons and holes are
scparated by a built-in electric field, for example, a

20 rectifying junction, in the solar cell. This separation of
electrons and holes across the built-in electric field
rasults in the generation of the photovoltage and photo-
current of the cell.

, As the area of the solar cell increases, the series

25 redistance of the solar radiation incident electrode of the -
solar cell also increases and requires larger and more
complicated, grid electrodes to withdraw the current generated
during illumination of the solar cell with sunlight.
Fabricating solar cells in long narrow strips and series-—

30 connecting the strﬂszalleviates the need for complicated
grid patterns. However, heretofore the fabrication of thin
strips of series-connected solar cells or the series-
connection of tandem jﬁnction solar cells required extensive
photolithographic and chemical etching procedures. The

35 photolithographic and chemical etching procedures often
crecated pinholes in the semiconductor materials which
resulted in the shorting out and degradation of portions of
or the entire solar cell. 1In addition, photolithography is

not readily adaptable to a large scale continuous processing
40



~2- and-greatly increases the cost of fabrication of series-connected solar
cells. Thus, it would be highly desirable to have a nethod of fabricati
serigs-connected 5 solar cells or series-connected tandem junction solar
cells without nunmerous |iquid processing steps. Summary of the |nvent or
met hod of fabricating a series-connected = tandem junction
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The strips are parallel with and adjacent to the previously
formed laser scribing strips. Thereafter, a back metal

20 contact is applied across the strips of transparent

D)

conductive oxide and semiconductor material and finally
either laser scribed or sectioned parallel and adjacent

to but disposed from the earlier two laser scribings so as
to fabricate a device which is connected in series.

25 Individual panels of series-connected solar cells and
tandem junction solar cells can be connected in parallel so
as to provide any desired voltage and current. The semi-
conductor materials, transparent conductive oxides, and
back electrodes used in the fabrication of the solar battery

30 should be selected so that either a single laser is required
to scribe each successive layer with decreasing power or
lasers of differing wavelength which can scribe one layer
without affecting the other layers. Alternatively, for
example, very short laser pulses of about 10 to about 20

35 nanoseconds and large pulse rates of about 0.2 to about
S5 MHz can be used to scribe one layer without scribing other
layers.

Brief Description of the Drawings

FIGURE 1 illustrates a cross-section of a tandem
40 junction hydrogenated amorphous silicon solar battery
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5 can be used to scribe one |layer wi thout scribing other |ayers. Brief

ption of the Drawings FIGURE 1 illustrates a cross-section of a
t 40 junction hydrpgenated anorphous silicon solar battery - 3-
fa ated according to the invention froma plurality of tandemjunction
solar cells. FIGURES 2a through 2f illustrate the process of 5

fabricating a series of interconnected solar cells according to an
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can be fabricated with nodifiers in addition to hy ydrogen and the sil anes
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sem soaduﬁtaqatryatcefrIﬁ{ﬁemﬁn@ét&dstaﬁd& jothb il rdc B¢l dderdi ke can be

| gye ach tandem juncjton solar cell 20, 21, and 22
FEP X anléen JunctloA iar battery 10 lncorporates a series of .

tandem junction solar cells 20, 21, and 22 connsected in

" series on a substrate 32. For example, the sclar cells are
fabricated with materials in accordance with U.S. Patent No.
4,064,521 or British Patent Specification 2060251 (U.S.
Applicaticn,Serial No. 070,513, filed August 28, 1979) cr
U.S. Application Serial No. 109,637, filed January 4, 1980,
orBritish Patent Specification 2047463 said Application and

ol

20

U.S. Patent and said British Specificatiors keing incorporated

by reference herein. Alternatively, the amcrphcus silicon
25 can be fabricated with mcdifiefs in addition to hydrcgen and
the silanes such as the halogens, evaporated or sputtered
silicon or other semiconductor materials such as CdS, CdSe,
CdTe, Cuzs, and the like can be employed.

Each tandem junciton solar cell 20, 21, and 22

30 comprises a strip of transparent conductive oxide 34 (TCO)
as an incident electrode and two or more active layers 28
and 42 of semiceonductor material separated by a tunnel
junction 40 e.g., of cermet material. The active layers
have regions 38a, 38b, and 38c and 42a, 42b, and 42c of
35 differing conductivity type. The semiconductor layer cr
layers and tumnel junctions are collectively referred tc as the active
regicn 43. The active regicn 43 has a rectifying juncticn either
within the regicn, jie., 3PN junction, or at a surface, i.e.,'a Schottky
barrier. The active region of.43 can be a layer of semiconductor

40 material or a plurality of semiconductor layers as described



30 . conprises a strip of transparent conductive oxide 34 (TCO as an

i nci dent el ectrode and two or nore active |ayers 38 and 42 of senicon or
nBterlaI separated by a tunnel junction 40 e.g., of cernet materi

The active |ayers have regions 38a, 38b, and 38c and 42a, 42b, and 4 c’

35 dlfferlng conductivity type. The senvbbnductor | ayer or | ayers and
tunnel junctions are collectively referred to as the active region 43. The
active region 43 has a rectifying junction either within the re
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finished sggar cell ructure 10, the fabrlcatlon rocedure can be
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anor phous S'ligggrsgkittQ%Ftﬁ %ht at one frequency can scribe one
material, for example, amorphous silicon, but not another
material such as the TCO.

20 Having described the finished solar cell structure
10, the fabrication-procedure can be illustrated according
to FIGURES 2a through 2f, The process will be illustrated
by the description of the fabrication of a hydrogenated
amorphous silicon solar battery.

25 FIGURE 2a illustrates a substrate 32 such as a
glass, plastic, and the like. FIGURE 2b illustrates the
substrate 32 coated with a transparent conductive oxide
34 (TCO) as the incident electrode of a material such as
indium tin oxide, tin oxide, and the like. The TCO is

30 deposited by evaporation or sputtering or other methods
known in the art. Alternatively, the glass substrate 32
coated with a transparent electrode material such as indium
tin oxide is commercially available. The transparent
conductive electrode material 34 should have a thickness

35 of about 6.5 nanometers and a sheet resistivity of less
than about 150 ohms per square, preferably less than about
100 ohms per square.

Referring to FIGURE 2c¢, the substrate 32 containing

the TCO layer 34 is laser scribed into strips. The laser can
40



25 FIGURE 2a illustrates a substrate 32 such as a gl ass, plastic,
~aQd the like. FIGURE 2b illustrates the substrate 32 coated with a
f ansparent conductive oxide 34 (TCO as the incident el ectrode of a
erial such as indiumtin oxide, tin oxide, and the Iike. The TCOis 30
p)osi ted by evaporation or sputfiflng or other nethods known in the art.
I ernatively, the glass substrate 32 coated with a transparent el ectrode
material such as indiumtin oxide is commercially avail able. The
t r anBBapBlt leseducaPAPlE &F rRRLBERSr the %qosﬂééﬁalﬂéve Borhi ckness 35 of
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radlé#gha §$ fgggm%éngne%ggé opera ¥££é %f §¥¥%Eeggn§g ﬁéghrgverage
pomePGGfSaboaﬂ cap ket usedth a pulse rate of about 36 kil ohertz and a

scribing rate ehe3l@rell, Cé%‘txlrﬁﬂﬁaﬁl@a §§C?ﬂduﬁ2“2§e ypgd. Thereafter,
as illustrated in FILGJRE 2d, the 10 actij ve, reﬂlon I S de805|ted on the

i h@i AEFLVEl ECTLSTe 4k r"-lspéepﬂﬁa‘-tﬁﬂ)s‘?‘? dfRe 3bn¢ @%FBOF%?FE§° ffle TCO | ayer 34
and sheipsti veheesubettatieor32 ammﬁ&asﬂ:@seneswcobmdyagasn, apdral l el and

adj acent _to.the pre i bin to the trans enpt _el ectrode as
1 OERpEBLVE R g et YRGS (s L 1Seak  HRREREH! a8a gy 00, o um
YAG paseilleperat ragjacemqolﬂcsd:heatpreﬁuﬁﬁs ksd:n:hhmg,dawactbbthg rate of 20
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SCri rogenat I con, cernet down to the TCO strips
315bﬁ¥aﬁE@ebhﬁoégW5tmaﬁIQE?ter cw neod¥m4mmu%aGa;éaernopeegREnzf a back

el echtodepulse rate of 36 kilohertz, a scribing rate of 20
centimeters per second and adjusted power of 1.7 watts is
sufficient to scribe hydrogenated amorphous silicon, and
a cermet down to the TCO strips 34 but not through them.

20 ﬂf:' As illustrated in FIGURE 2f, a back electrode
material of titanium, aluminium, indium or like material is

angle evaporated onto the solar cell strips for example at an
angle of from about 30° to about 45° with respect to a
perpendicular drawn from the substrate 32 such that the

25 material forms strips 46 which interconnect the individual
cells in series. Finally, contacts 50 and 52 are connected
to the solar battery structure by methods known in the art.

Alternatively, the back electrode material can be

evaporated, sputtered, or deposited by other means known in

30 the art completely across the back of the strips of semi-
conductor material as illustrated in FIGURE 3a and thereafter
laser scribed parallel to the laser scribing which formed
the groove illustrated in FIGURE 2e. The groove is adjacent
to the groove in FIGURE 2e as illustrated in FIGURE 3b. A

35 CW neodynium YAG laser scribing with a similar pulse rate and
speed but with a power of about 1.3 watts is sufficient to
scribe the back electrical contact forming a groove in same,
but not scribe the semiconductor or TCO layers. This

fabrication technique is applicable to semiconductor materials
40



material of titanium alumnium indiumor like material is angle

evaporated onto the solar cell strips for exanple at an angle of from about,
[err]..to about 45 with respect to a perpendicular drawn fromthe substrate@
32 such that the 25 material forns strips 46 which interconnect the !
i ndividual cells in series. Finally, contacts 50 and 52 are connected to ‘
the solar battery structure by nmethods knows~in the art. Alternatively, the
back el ectrode material can be evaporated, sputtered, or deposited by ot her

means known in 30 the art conp Ieteu%aacross the back of the stri of sem -
conduct or mat e¥h@reashpe| Laderale SRR E EERESSAVARY t‘-ﬁersé%f'fft“é’r"q% scri bed
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the back el ectpisaln5ant 864 LANT N ALIOOKES | By AByobUL 1ROLHICHR ddifructor

sem conduct or ayers: rication techniqué i§ appllca
semi conduct or %t@kh@rsma@erlal@ ageerusadeln aferminghthe petiyve wWeagidmn have

sufficiently highowe18tezhel Sheld#® r@asrlsst_ch.u@{@y ﬁﬂéﬂ LRhat chBe B#Cknhe act:.ve
el ectrical 5 contact contactlngéan wal adj acent sem ¢onductor Strip

does not shdPt eItORNBUEE| PE, S teléeﬂwm:eth Wo‘i’éb‘éﬂh%—%d%ﬁé?ﬁﬁé‘&éﬁ Qqﬁ%‘iﬁh “the
cermets and thettike. aké bbgngemganﬁhugéglég ot her naterlals are used in

formng the active regiog,have a low |late sheet . resistivity then the
edge of the active 10 regh& st tb’e %h"l"’e;gea té C&ui grcﬂteeléc}?lfl%he

before the strfpilawéngonmaMgﬂhsrwarleSlsThe bavanﬁaamtmdd et uchder
ot o YIS S OGN 8 ik e ol i (RSO L Lhe
Modi fi cati ohB qEﬁgﬁlﬁgg|@ﬂg;qyﬂﬁcnﬁpdlflcatlons which would be obvious
to one of ordinary skill in the solar cell art are
contemplated to be within the scope of the invention.
EXAMPLE I '
A 3" by 3"(7.6cm by 7.6cm)glass substrate coated
20 with indium tin oxide (ITC) having a thickness cf about 250
nanomcters and a resistivity of about 10 ohms per square,
manufactured by Triplex Glass Company, Ltd., Kings Norten,
Birmingham England was laser scribed with a Q-switched
neodynium YAG CW laser at a power of 4.5 watts with a pulse
25 rate of 36 kilohertz, a scribing rate of 20 centimeters per
second, and a lens focal length of about 27 millimeters. The
laser scribing formed a groove with a width of about 0.002
centimeter between strips of indium tin oxide about 0.5cm
wide. The underlying glass slightly melted in spots to a
30 depth of a few hundred angstroms. After the laser scribing,
the conductivity across the scribed area was measured and
found to be slightly conductive. The slightly conducting
area was removed by immersing the substrate in a solution of
one part concentrated hydrochloric acid in two parts water
35 for about 45 seconds.
Thereafter, the active semiconductor region
comprising Ptsio2 cermet abait 15 nanometers thick N
containing about 12 volume percent of platinum, a P doped
layer of hydrogenated amorphous silicon about 36 nanometers
40 thick, an undoped layer of hydrogenated amorphous silicon



to one of ordinary skill in the solar cell art are contenplated to be
within the scope of the invention. EXAMPLE | A 3" by 3"(7.6cm by

recm gl ass substrate coated 20 with indiumtin oxide (ITO having a
t\yhckness of about 250 nanoneters and a resistivity of about 10 ohns per
' yare, manufactured by Tripl ex-@-ass Conpany, Ltd., Kings Norten

Bi r m ngham Engl and was | aser scribed with a @ sw tched neodyni um YAG CW

| aser at a power of 4.5 watts with a pulse 25 rate of 36 kilohertz, a
scridbowgtrs9e nénfietepsi nhtieks pmﬁ.semmnhleﬂuyerlaﬁuN?cmmﬁedength of _

abo 1] | L oet I s riqhd f 0 Lth a width of
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partq £réd abgdahyleechlischarae dn & indepHeraaditBbning about 45
secoéﬁ?ﬁgThereagter the gctiv £ con ctor _.r.egion,C [lsl Pt Si Q2
cor MALHERRL HACHARBRe 8PS SHEEREIGH CHANS AP MO OHIAR: pet Rent of
plGtdewmet avds +fdoped byyeosplutipedioge e & amd [Fiolis. silicon about 36
“3“0”‘“ ers 40 'i‘ﬂécgcti‘{}eugﬁ.m%gn ?%%xofréﬁi &Wtﬁféﬁjﬁ p:gguﬁhé' licon
-7- about 590 nanoneters thick, and a fin ayer o op ydr ogenat ed
anmoRFRNACE$ 1Y cBan 8EcRafohaSeKs tohEORTWEF R YREH IR T AFEHe substrate and
t he &doii PSndictse 84LbA Prrd2leY HRithAdsgiladd fron) the Faigpiailo.
4,167,051, ingorporat herein by reference, The anorphou ilicon was
depdd T SHF OB dFBendPges Heano AF o R st 1 con
hMavegers amdl sufoedl elengtihcbifvidiBy middiifmedresrs Wit (a ceimitamas f or med by
COSRUILLL | NG OT okl 20Hib8HE! rate as recited previously. The
width of the scribed groove was about 0.003 centimeter. The
scribing depth was down to the ITO but not through it.
Thereafter, the strips and active region and
20 transparent substrate were coated with a back electrode of
titanium to a thickness of about 100 nanometers. The cell
was scribed for a third time forming a groove in the back
electrical contact parallel and adjacent to previous scribings,
with the laser operated at a power of about 1.3 watts, a -
25 focal length of about 75 millimeters and previously recited
pulse rates and scribing speeds. Copper strips were
attached to the ends of the electrodes by means of silver
epoxy cement. PFinally the electrical shorts and shunts were
removed by the application of a 5 volt reverse bias to each
30 cell.
The cell fabricated according to the procedure was
tested with a light having an intensity equivalent to AM1
sunlight. A solar battery consisting of 12 individual
solar cell strips had a voc of 9.3 volts, about 0.775 volt
35 per cell, a short circuit current J . of about 5.3 milliamps
per centimeter square, a fill factor FF of about 0.51, and
an efficiency of about 2.1 percent.
EXAMPLE II
A series-connected solar battery was fabricated in

40 ;ccordance with the procedures outlined in Example I, however,



The active sem conductor region was scribed by the previously nentioned
| aser to formgrooves in the active sem conductor region parallel but

displaced fromthe initial |aser scribing. The |aser was operated at a
power of 1.7 15 watts and a focal length of 48 millinmeters with a simlar
pul se rate and scribing rate as recited pt@&viously. The width of the
scri bed groove was about 0.003 centineter. The scribing depth was down to
the | TO but not through it. Thereafter, the strips and active region and 20
transparent stbst kack wontapateetal tvaa badkus| andr btewas evaporatedooato

thi ckness of %‘B@Utac]élQré‘ax;ég;‘Fér?réf e $&hicdRGuetoPadvick 81bRG %ikthMhe

form ng a groqve.in the | ectrical contact parallel and adjacent to
previ ous scP’Bﬂﬁi¥quH¥tQK% &rs e TRARR 2T BRF at TEOBBRE WBFSahBGR L1 SSTRECs 1y

25df ocal b| engh:heog.xﬂti(ﬂﬂ u7§3.uf§t |d | Tepd Spwdrtt pdrslﬂ\élfﬂshattﬁcphedlmbﬂsanﬁat es
and scri bi ng speeds strips werge attache

ol ectrodes by Hegrens B e BAL dadts “FrRtbed HiceBRcBrirostRassd o
and shunts wepr@orpivusd sil itdon aptexial on dfterSatbachingeedechiradetso amdch
30 cell. The ¢ éE%#E C e

l'i ght havin a%h{lorﬁlggslt%%t (;Q-:Cq!l.w va e%f%ﬁmg uef‘g ﬁg%g\ ?'ag Eof ?rwstllﬁga
consi sti ng 19f 102 inddiviiduiad starip qells s‘??ﬁ‘%c‘ﬁ%@ an[éer}esf eghsmépés an
abﬁut 0.775 V@bbnf@x&?!uz@'x}ol&g?é“éfl'f?l?C\'rkf[)it§grée§ho£'€rEir@%x%b@%&'r@n?c
mllianps per i_met.er. .square | act or

CF i croncy. of Obdu® B Ak Be S oaRHISTeR sanatedeonnbitsatestar oF
battery was fabiSilgatasd ian 4&Ffictieranoef W19 péecentcelancexposkedned ian
Exanple |, ho di and it was
evapor at ed on;‘%l%h lghtl\%lemﬁg‘;‘?on g’f’&({)ﬁe&ge n%%n%bgﬁgrh@ev#{c% along with
the 5 indidtin oxide. Thereafter, EXAMREEWEEIE |aser scribed in

A 7.6cm x 7.6cm glass substrate coated with indium

tin oxide having a resistivity of about 10 ohms by square
was laser scribed in accordance with the procedure outlined
in Example I.
20 Thereafter, a tandem junétion structure, comprising
a platinum cermet, a layer of amorphous silicon, a tunnel
junction, and a second layer of amorphous silicon, was
deposited on the substrate and the strips of indium tin
oxide. The cermet was about 7.5 nanometers thick. The
first layer of amorphous silicon, having a P-type region was
about 30 nanometers thick, an intrinsic region about 76

25

nanometers thick, and anN-type region about 38 nanometers
thick, was deposited on the platinum cermet. A tunnel
junction of a platinum cermet about 7.5 nanometers thick
30 was deposited on the amorphous silicon layer. The second
layer of amorphous silicon, having a P-type region, and an
intrinsic region, and anN-type region with thicknesses of
30 nanometers, 408 nanometers, and 45 nanometers, respectively,
was deposited on the tunnel junction. The amorphous silicon
35 regions were deposited by the glow discharge and the platinum
cermets were deposited by the cosputtering platinum and
Si02. These layers were scribed to form a groove parallel
and adjacent to the previous scribing with a laser operating

under the conditions outlined in Example I at a power of
40



" the indium usi ng a | aser power of 1.3 watts parallel and adjacent to the
grooves | aser scribed in the hydrogenated anorphous silicon material. After
taching el ectrodes and renoving the electrical shorts, the solar cells
rising 10 10 individual strig_cells connected in series exhibited an

n-circuit voltage of 7.9 volts, a short circuit current of 4.6 m|llianps
per centineter squared, a fill factor of 0.51, and an efficiency of 1.9
per ceng WK'@‘E‘S?XpﬁﬁédsEQigeEe%obbﬂlgt wadW RE-Rtdi asidng PardPLE 1 AML sun.
15 —_— EXAMPLE |11 A 7.6cmXx 7.6cmglass_substrate _
coat'tid-ihi te | TP uAFPPYeBx B dRRIFAGES AESFIHGUAY Yoo abBtAeAb Thns by
sfua eldmsndamseetarr thédki Rageeovndarda wialsh eviepquaestivire angle ned in
Exanpl e Osno s after, a_t Junct.i r ure, conprising
a p{ggtian%onﬁlge%?retvf.lghlﬁf/;erggéfe‘ %r%ortgﬁogse%%ﬁr&&é:lr{éla; ?{t}noﬁ&ejaj%ncti on, and a
secavbd e of adinbl patsaseti don FIGIREd@fosi (GaPReAT 19t hsierke and the
str 'aq_stéghéci‘dté‘g%ﬁé Ne P&LH20adhByCReERl WS AUy epbRANOMEiErs thick. The

25 first layer am)rahous silicon, having a P-type region was about 30
nanGRAEES Y9 kEempved PYnshe pBEILIFAHIGR °% $F PI3F ck, and
aro\~igJeadegi on about 38 nanoneters thick, was deposited on the platinum

t. At l i |l ati t, about, 7.5 t hi ck
30 was deposi { LU GHCERE ARBFBABLSCETHORSS 170y &S S L by 2o of
anorihoieontadl tpwibhviwg anPtapden sgirdiicadiy diox i riotsal ofgi on, and
anN-4y/ R& 1 £9) O“rH‘étHeG?békﬂsasgﬁ 8 _e%ogl%’?ﬂﬂ{é Qfo%taégﬁ?&?@f?é ers, and 45
on unctT on

nanonmeters, respectively, was depoSite the tunn . The
anmoMsHioiss vshen conpPesed ePohd IREr 8aydpss ianed e nsHct |y abeaeh ailbk- and t he
pl ati num cernmets were deposited by the cosputtering platinumand [err].
These | ayers were scribed to forma groove parallel and adjacent to the
previous scribing with a | aser operating under the conditions outlined in
Exanple | at a power of 40



-9- 1.7 watts. The scribed grooves were adjacent to and parallel with the
| 'TO grooves as depicited in FIGURE 2e. Thereafter, 5 a 100 nanoneter thick

Fayer. of tin was evaporated in angle of about [err ' ect toth
per peidi cul ar fromthe substrate, as illudbrated i ,m, ﬂU’,(Fopper 3‘)
strips were atgpghpd.to the el ectrode by neans of st L g !The s S

were renoved by the application of a reverse bias 10 voltage. The sol ar
battery consisted of 10 cells in series horizontally with two in tandem

vertically for a total of, 20 GRligoa THE €8¥i-GeaNAGAY %rhﬁiﬁé:&’ééﬁm tage
of 11.8 volts when exposed to |light having an intensity of about AML..

-10- CLAI MBs FOPRIHSHIAMEF of fabricating a solar battery 5 conprising:
scribing a transparent el@eipdele @ntaahEpagparerl stidddaiien W tirdAspirent

means for sufficient power to.forma plurality..of transparen cLiRde:
strips; fabri 55&5‘%&& 3R e 1REGT & ag u%%s%%fclgﬁ%%%?%‘?%&%n%?gr igaﬁg on sai d
substrat e andofaitd-arrspasparteneletbcodedetstipisps; scribing said active

region with the | aser m 95@“‘@' aﬂngcﬁgjv%(:%tgito% tcn?o% | ISt i SERERELEL SO

as to scribe through s IVEé regron an orm7strips acti1ve region
but 15 not jphBatesigdarasntsal@csvbgbratfdani: sedshicansnpzrnt elerpsode
active regiongiRigRf.i es with a back electrode. 2. The method according to

claim1 wherein said 20 transparent el ectrode, and said acf}ai Ve_regi on, .are
sel ected such that the |S&EeRIRGAN32+EgEFFEYea T§TEQATe W iddher et 02€Er | B Eai d
transparent elg@ebindeahdad- sednt @a6t4neefirst scribing so as to ccribe through

said active region and form strips of active region but
15 not the transparent electrode; and
interconnecting said strips of active region-in’

series with a back electrode.

2. The method according to claim 1 wherein said
20 transparent electrode, and said active region,
are selected such that the laser means requires a greater
power to scribe said transparent electrode than said active
region .,

25
3. The method according to claim 1 or 2 wherein said

active region is a semiconductor material selected from the
group consisting of hydrogenated amorphous silicon, evaporated
silicon, sputtered silicon, Cds, CdSe, CdTe, and Cu,S.

30

2

-~

4. The method according to claiml,Z or 3 wherein the
active region is a plurality of layers of semiconductor

material.

35 5. The method according to claiml,2 or 3 wherein the

active region is hydrogenated amorphous silicon.

40



25 3. The nethod according to claim1 or 2 wherein said active

Is a sem conductor material selected fromthe group consisting of

h enat ed anorphous silicon, evaporate silicon, hlicon, CdS,
CdSe, CdTe, and Cu2S. 30 4. The yret hod accordi n%l“ﬂlﬁﬂﬂjmﬁu@or 3 wherein
the active region is a pl uralit'ill f |ayers of seni terial. 35

5. The nethod according to claim1,2 or 3 wherein the active region is
hydr ogenat ed aporphous silicpn. 40 .. -11 - 6. . The nethad according to
.claim5 wherei ?%ﬂ')t h&?‘ICa 'thr?e‘gnasccl%r%l%%n%?nﬁgﬁ%f“yr%eygetréad‘nne"ocﬁ/ni um YAG _

| aserasart reay 3sl & glohtixiucasip\vedcéned neofyrdlbDuYAG 188ermieni oigger s. 7. The

met hod cordin |l gl el aj IS operated in a
Qgsvh\]np)t%kﬁgdgﬁo eggﬁlgal%rr%lﬁgeqﬁlon c?% efb?ga%gé?ggg%%q%dhertz. 10 8. The
met hod according to claim7 wherein the scribing is perfornmed by said | aser

means operating at dPHRMH fhutafng ¥8tE3alkt SChHRE A ddiansparent
el ectrode material, and about 1.7 wattS to scribe said active region. 15 9.

The YREIPHI™ERDAE| PRPTESSL 138 fh S5WEtohegy medqyREr 2inerehitoRcE? e regi on
con f s@Soatphyr aliilbhedft4.ayers of hydrogenat ed anor phous silicon. 20

10. The nethod according to claim9 wherein each pair of adjacent |ayers
o}ohydrogenated anor phous silicon arc separated by a tunnel junction. 11.
The met hod accerdi mpet metddn ddcob@irgntsacdaim U rdimcihen is a

cer rrsecgribing is performed by said laser means operating at a power of

aboult 4.5 watts to scribe said transparent electrode material,
and about 1.7 watts to scribe said active region.
15
9. The method according to claim .5,6,7 or § wherein said
active region comprises a plurality of layers of hydrogenated
amorphous silicon.

20 10. The method according to claim 9 wherein each
pair of adjacent layers of hydrogenated amorphous silicon arc
scparated by a tunnel junction.

11. The method according to claim 10 wherein said

25 tunnel junction is a cermet.

12. The method according to any preceding claim wherein
said back electrode is fabricated by angle evaporation.

30 13. The method according to any preceding claim further
comprising the fabrication of the back electrode across the
strips of active region and the transparent electrode followed
by the laser scribing of said back electrode parallel and

adjacent to the scribing of said strips of active region.
35
14. The method according to claim 13 wherein the transparent

electrcde, the active region and the back electrode are selected such that

the laser means can scribe said back electrode with a lower power than is

required to scribe szid active region and said active region requires a
40 lower power for scribing than said transparent electrode.



12. The nethod according to any precedi ng cl ar mwher ein sar d back /\
el-ectrode is fabricated by angl e -azapor ati on.

according to any preceding claimfurther Conprllgmwm ’Mﬂﬁchatl on

back el ectrode across the strips of active regi nspar ent

el ectrode foll owed by the |laser scribing of said back el ect¥ ode par al |

and adj acent to the scrishi n*grrethcshraqcendrmgs@fclam|Mewme;@|mnat 38agy safhe

net hod accordi g,gag}g% +ect ) g@graejan %Eg;ﬁﬁ%ﬁd?t at?%]es%}lé@% tbhes active

regr on and the are se ecte aser neans can

scri be sabd bagfridlbte rhydeam Bhe Sardesd ohrsert Reans smidags ddahs fcri be

said active regign-angdk %&Efjer%%'f&%qﬁéﬁél% r&ﬁa“'tfé‘:?sp%rél@t | WEErJRaVBE i nigOT
scribing than said transparent el ectrode. 15. A _nmethod accordj ng

to claimi, whepahifgched yathe dagRr EPANSTAPLM t@?e%‘itrlﬁﬂeregﬁensaﬁnﬁ the pgEive
region are sel p&diRfl bOirRPulaffect&LbyDedd eift fRRUsEiBifS [thBeekdagphrars
means emtting, light of respective different frequencies, the transparent
el ectrode bei nﬁeq}r‘? fected by the Iight for scribing the active region, and
the active region bei ng unaffected by the light for scrrbr ng t he

transparent region. ho a; h

battery s&éstantr aIIy als6 herer'reﬁ ore %éré}g?l%%é Q re ere Q gur’Zs 1
and 2a to 2f, epthem'ﬁambeﬁorasnesgdmedeﬂlﬁy rEFeflangs t&aFagulresbl aﬁd 2aAtQ;é’Ifar
battery made by the hqd C 1 aim The text of the
specification ﬁ%lgj Sge% ?’é’p?o uceeépgg & g‘(’:o%yr ngcjt e applicants original
typescript. It may contain a few amendments which are difficult to read.

The original typescript;cOnk bR GakRESE maaENdTRRL By RE bR Reetasingn the

prem ses of the, Patent O fice
claim.

'.!'ne text of the specification has bean reproduced by photocopying the applicants original
typesczript. It may contain a few agendments which are difficult to read. The original
typescript containing these amendments may be inspected on the prenu.ses of the Pgtent Office



