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PCT/ AU95/ 00812 METHOD OF MANUFACTURI NG A MULTI LAYER SOLAR
CELL WO HE1738ict i on ~The present invention PETAWSS/00812
generally to the field of solar electricity generation and in '
particular the invention provides an inproved rre; hod of 5 manufacturing
a silicon or alloy nmultilayer solar cell and an fnproved sol ar cell

achi eved by the use of that nethod. Background of the Invention -
The assignees of the pfoJETHCODOF MANUFACTURING ANIUITTLAYER SUIZR DELEN
application No PM4834, which is I ncorporate erern by reference, dirsclose

a 10 multil aymgm| | having signi f i cant advant ages over prior art
sol ar cells. wever, fabricatio thls 0 ul.d he  ,

chal | enging with convent¥ Bregen mven%orh P I%ELP M@ho %’h?lieﬁﬂwlty
provides a novel r@ﬂé&‘@ﬁél’t‘ EFPQ ’Fﬂrﬂeglg@]‘}.ﬁe in entlon @?&Hﬁ%&ﬁﬁ 13@51‘3%&?&&0 of

whi ch aneliorates Sone or a I cu tres nventi ona
approaches whi lse rlﬁhﬁhfﬂdﬁ@ﬂh?@ siivan bagiisyahultilayerisdlat eyt andedd imprdved solar cell

;S; ;ggtn?r |envent i on %&i’t&é y the tllgee °If gtnftnleﬁl%t hod of rranuf\afslt Lflt ngsgect the
mul tilayer sem co uttd b the! Jr&{oﬁ’i hul tijunction solar cell
i ncl udi ng the steg@%——%&——@vmg directly or indirectly onto a
substrate or superstr ake assignéed oft theqiresent applidatiosy i MeiPealiBh Alifstralian patent
sem conductor material to forma nultilayer structure

application No PM4834, which is incorporated herein by reference, disclose a

10  multilayer solar cell having significant advantages over prior art solar cells.
However, fabrication of this solar cell would be challenging with conventional
approaches. The present invention provides a novel manufacturing method and
resulting solar cell which ameliorates some or all of the difficulties of
conventional approaches while retaining the adizantages of the multilayer cell

15 structure.

Summary of the Invention

A first aspect the present invention provides:

a method of manufacturing a multilayer semiconductor structure for a
multijuncﬁon solar cell including the steps of:

20 forming directly or indirectly onto a substrate or superstrate a plurality of
layers of amorphous semiconductor material to form a multilayer structure
wherein adjacent layers are characterised by differing doping levels or dopant
types;

forming a nucleation surface adjacent to at least one of the amorphous
25 layers; and
processing the multilayer structure by heating to a predetermined
temperature to thereby cause solid phase crystallization of the amorphous
layers adjacent to the n_ucleatiori layer, the crystallization nucleating from the

nucleation surface.

30 " A second aspect of the present invention provides:

SUBSTITUTE SHEET (RULE 26)



'mhereih adj acent | ayers are characterised by differing doping |evels or ¢

dopant types; - formng a nucleation surface adjacent to
at | east one of the anorphous 25 layers; ‘and ~ processing the
mul ti MQ¥1738& ycture by heating to a predetermn ned PCT/AUSNPMBt ure to "
t hereby cause solid phase crystallization of the anorphous | ayers
adj acent to the nucleation layer, the crygtallization nucleating fromthe

- nucl eation surface. 30 A second aspect of the present invention .
provi des: a\thb 8{0/d df3BBnufacturing a multilayer semiconductor structure for a
PCT/ AU95/ 00812 - ' 2

a method of nudtijinction solgr sethinciuding the eteipsmfduct or structure for a
mul tijunction sglar, cell includi e steps of: - fqQrm.ng
directly or indigrEay igsatly or ‘é’t&ﬁ&&ﬁft o, %@PF&F@Pars,Sﬁﬁ?émqwlwof

| ayers of a Seni ' i ko r cture
s uherein ayboasof antRBhoas Cniindi! el foofi FHIKIARY SnBhb® V(!
dopant 5 whergiteadjacent layers are chiacdcterisedibyaliffering doping tevdle bpdopayter

adj acent to at |east one of the anor phous | ayers as a nucl eati on
| ayer of cr {¥Res | ine or polycrystalline = sem conductor material; and
10 Procegsiig'd St deliBbndhEtsr 146 fYfadkift'th'M 163t 3nkcqRE S M ned

amorphous layers as a nucleation layer of c:ySta_lline or polycfystalline
semiconductor material; and . B _

10 processing the multilayer structure b_y heating to a predetermined ‘
temperature to thereby cause solid phase crystallization of the amorphous
layers adjacent to the nucleation layer, the crystallizétion nuéleatihg from the
nucleating layer. N |

A third aspect of the present invention provides:

15 a method of manufacturing a multilayér semiconductor structure for a

multijunction solar cell including the steps of:
forming directly or indirectly onto a substrate or superstrate a plurality of
layers of amorphous semiconductor material to form a multilaver structure
| wherein adjaéén’i 1ayer§ are characterised by differihg doping levels or dopant

20 types, -

| forming a separate semiconductor _lajer_ ad)'a_cent'to at least one of the
émorphous layers as a nucleation layer of ax_n_oi'phous semicon&uctor material
conditioned to be readily cryétallized; proceséing the multilayer structure to
cause the nucleation layer to crystallize, and - |

25 further procéssing the mulﬁlayer structﬁre by heating to a predetermined
temperature to thereby cause solid phase crystallization of the amorphous
layers adjacent to the_ nucleation layer, the crystallization nucleating from the
nucleation layer. | | )
~ Afourth aspect of the preseht invention providés a semiconductor

30  structure comprising a substrate or superstraté, a plurality of amorphous layers



tenperature to thereby cause solid phaée crystallization of the anorphous
| ayers adj acent to the nucleation |ayer, the crystallization nucleating

fromthe WO096/17388| eati ng | ayer. - A third aspectpef’atiésnosiz
present invention provides: 15 a nmet hod of manufacturing a

mul tilayer sem conductor structure for a - dinultijunction solar cell

I ncl udi ng the steps of: forming dirkectly or indirectly onto a
substrate or superstrate a plurality of | ayers of anorphous

sem conduct or Nt @f sami¢shdtitor tatetihl forfid oh the sebstrate or supééieraté br formed over
adj acent layers are characterised_by dlfferlng dopi ng Ievels or dopant

It ype ts . onequrmommatesnpdm tayessfompertiion dhf subﬁram@ram?emuﬁeﬁand a
east one o e ous | ayer i on er_of ,anorphous
seni conduct or mat @,uic(ljﬁahng s a@oﬁ&ﬂ%&iﬁ xbﬁgealﬁ ong of @é@%‘?@@&s layers.
processing the multil W%ﬂ%h&%?ﬁﬂ’cf]exﬁéhts of the lﬁs?éiﬁﬁ) tﬂ@b%ﬁ Qﬂrfa%‘rﬁéa‘tﬂe

crystallize, and I processing the yer struc

heating to a p$ edédmnéﬂ aed first surfateoper whicle theoanbepledys hyum:%dbrﬁeahasat
crystallization of the ?£ous | ayers adj acent to, the nucleation

| ayer, the cryst aPRF 35? BV%WWW‘% yers or intgrmediate the fosmpation of the
A fourth aspect OLHI hg{lgﬁggr I nvention provides a sem conductor 30
structure conprising su e or superstrate, a plurality of anorphous

| ayers WO 96/ 17318%referred embodiments of the invention the semiconductor material
PCT/ AU95/ 00812
will be silicon or an alloy of silicon and germanium. However the invention is
10  also applicable to other semiconductor materials.
In one embodiment, the amorphous silicon nucleation lajrer is conditioned
to be readily crystalized by way of a high doping level, typically greater than
10.1% of the solid solubility of the dopant in the crystalised material (e.é. in the
range of 5x10"- 3x10*! cm™ or higher for phosphorous in silicon) such that
15 onset of nucleation will occur more rapidly than in other surroundiné layers
upon heating of the structure.
Preferably the solid phase crystallization step will cause crystallization of
substantially all of the amorphous silicon layers to occur. |
In one form of the invention, the nucleation layer comprises a
20  polycrystalline layer formed directly onto the substrate or superstrate and over.
which the plurality of amorphous layers are formed. The polycrystalline layer
may be formed in the crystalline state or may be formed by depositing an
amorphous layer and crystallizing that layer using solid phase crystallization
techniques, in which case the deposited amorphous layer will be formed with
25 characteristics, such as high doping level, preferably in the range of 3x10™ -
3x10*' cm™®, which enhance its ability to be crystallized at low temperature.
In another form of the invention, the nucleation layer is formed
intermediate the plurality of layers of amorphous silicon, the nucleation layer

being formed as an amorphous layer conditioned to crystallize before the other



'3 of sem conductor nmaterial formed on the substrate or

superstrate or fornmed over one or nore internediate |ayers forned
on the substrate or superstrate, and a -nucl eating surface formed
adj ac¥R Y38’ | cast one of the anorphous | ayers. PCT/AU9S/00813 vari ous °
enbodi nents of the invention the nucl eation surface my be 5 f or med

as a first surface over which the anorphouk |ayers are forned, a | ast
surface formed over the anorphous | ayers or internediate the formation of

t he e : g | ef er ' fs of the
I nvention t ﬁ@%@%@%%&%%b%‘%% earticgystalhzauqn_irvi\}_ ﬁ:{e %@e& {T?X%gg‘%glezi al I oy of
silicon and gigivapdiyfionHhsavetlestion layegntion is. 10 also applicable to
ot her sem conductor material s. I n one enbodi nment, the

anor phlogs Zi L i cdn amfhemmbﬁdita?yoﬁ téxed@ﬁantipaneﬂl?rality of nuslessianclayersy
0 106 o1« ne 288 edps BrrtrBlolf Hte sENEorelft Byelayed Bhim the Fampigder
(e.g. insthefthe _amorphaas@ayy‘;s.wameétiﬂg 18y béing| loé@ieiﬁrihlex‘ﬁﬁedih&her for

phosphorous in silicon) such that onset of nucleation wll occur
nor e rapi d puctessivennucleatioplayersnthergby sgparating the multfleyehstaudtuce ixtot he

structure. Preferably the ssplid phase crystallization step

will cause IRYRREIPPPS-sachlayer sroup compriging one of fmers eayroRdicton taisrb ue

silicon | ay‘are?intiﬂgﬁffé%{stone rectify%g junc_t*dh ehd fd?h%ﬁ étﬂfcthfﬁfe”t ion, the
po 0

nucl eation |ayer conprises a ycrystalline |ayer rmed directly
onto the substr Qtheotechniques wdiieh amay be ased to form thé nucldatingdeyeminclyden|
anor phous | ayers_are fornmed. The pgl ycrystalline | ayer, , . (’Ey be
formed 1% the c@yst SrPViRE 9RAAMIIPhAYS S @Wﬁauw&ésdmmg mical

anor phous | ayer and ﬁﬁﬁ#i‘%ﬁ&iﬁ& P%esmg@ ‘éﬂdggrtoﬁvgh'ng ?é"l?lgialder of the

crystallization ecrniques; 1-n cas eposi anor phous

layer. will be fornedaydsssing sifane.CThe deyerrgrowincasing diilase Wild erybesilisg at
~ level, preferably in the range of 3x1‘0[erg,é - 3x10[err] cnferr],
whi ch enhance its aléitemperatursaneseythag| 100,cdower than thenjasess grawn with

silane allowing the layer grown with disilane to be crystallised first

15 and to act as the nucleation layer for the c_rystal_lisétion of the other
layers which will take place at a higher temperature (around 800°C); -
b) growing a layer of -amorphou_s-Silicqh-Germanium alloy (Si,Ge,.,)
wl_iic:h will crystallise at a temperature more than 100°C lower than
surrounding amorphous silicon layers to form the nucleation layer for
20 . subsequent crystallisation of the amorphous silicon layers which will
take place at a higher temperature (_around.600°C); |
c) directly growing a micro-crystalline silicon layer insitu using Plasma
Enhanced CVD (PECVD) using silane {SiH,) h_ighly'diluted with
Hydrogen (H,) or Hydrogen plus Silicon Tetraﬂuoride (SiF,). The
25 micro-crystalline layer will then act as the nucleating layer for the
remainder of the amorphou_s silicon layers;
d) using laser crystéllizatiqn techniques to crystallise a thin surface
region of a stack of amorphous silicon layers, after completion of
formation of the stack. The -qrystallihe top layer will then act as the

30 nucleation layer for the underlying amorphous layers;



I n another formof the invention, the nucleation |ayer is fornmed
i nternmedi ate the plurality of Iayers of anorphous silicon, the nucleation

| ayér WOgit formed as an anor phous | ayer conditi oned tRCT/AYS/Q0BI2 ze
before the other WO 96/ 17388 .
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anor phous | ayers, such that cryst allization in the other | ayers nucl eat es
outwardly fromthe nucleat] n_anet her nt of

t he invention, a plur aq)l ty'” rﬁzél"‘iélﬂ%mlpéeépgml annea(f%gelqsggquafgg

anor phous | ayers conditi Oflﬁ?sfaﬂxé‘artibﬁ QéEt%ﬂaﬂ&%qﬂnhﬁﬁrfaeg‘i‘é%éﬁrofast&k ef

t he anorphous | ayers, a dielTectric |ayer ‘being | ocated internedi ate

successi ve nucl eation | aymorphmﬁ@bbcmmeas,lafggrtdmphhpnlcafjermeuondmhestack

i nt |
!sgmpcpn_ductor ?g%rgro#ps asef%HB’ k’H}/Hﬁ“ rl%IL‘Ie Hg‘ gg%t f?Pﬁén%lﬂHﬁs'l‘HStead
the finished sgructure. ger&nstall%ﬁfd’n,k@%ﬁ%tﬂﬂﬁ% a"‘f& shome?@gﬁ cd Bf a

formthe nucleating |ayer grow ng one a

silicon layer using disil mkofmﬁl‘plmwéxlxcon layers; Vapour
Deposi tion Process (CVD) and gro the mai_nder of
| ayers using silane. e 4888 adk Qﬂ\g &;@I(EWQW)I ﬁOI' ér@lsqfaqelﬂoge(latthe order

o et o AL e Aol 4 BB
and to act as the nucl eat igthihdapdr dfdrystatlins ¥ilicon isfoithed agfa nibdestidielayer
10 during the RTCVD process. The remaining amorphous layers are
formed at a lower temperature (below 500°C) and then crystallised at
a higher temperature {abcut 600°C).
1t will be recognised that techniques a, b, c, f and g can be used to form surface
layers or buried layers of crystalline material while techniques d and e can be
15  used to form surface layers only. '
Brief Description of the Drawings
Embodiments of the invention will now be described by way of example
with reference to the accompanying drawings in which: '
Figure. 1 illustrates a supporting substrate or superstrate onto which has
20 been deposited a thin dielectric layer;
Figure 2 illustrates the substrate or superstrate of Figure 1 after deposition
of a silicon seeding layer; ' |
Figure 3 illustrates the substrate or superstrate of Figure 2 after deposition
of a stack of alternating polarity amorphous silicon layers or silicon alloy layers
25  over the seeding layer;
Fxgure 4 illustrates the serm-conductor structure of Figure 3 after
crystallization of the multiple layer stack;
Figure 5 illustrates a completed section of a solar cell module using the

structure of Figure 4;



“layers which will take place at a higher tenperature (around 600[err]C); 4
b) grow ng a | ayer of anorphous Silicon-Germaniumalloy (Si[err]Ge[err]-Xx)
which will crystallise at a tenperature nore than 100[err] C | ower .t han

sur r olW@i%8373%or phous silicon layers to formthe nucl eatPEHADISAO81Z or 20 °
subsequent crystallisation of the anorphous silicon |ayers which wll

take place at a higher tenperature (aroundgOO[err]C); c)
directly growing a m cro crystalline sili con Iayer insitu using Plasna
Enhanced CVD (PECVD) usjng sil an? g % |Iut ed w tg_ :
Hydrogen (H2) or Figye strates gifirstsiag éﬁﬁaﬁl atiee ppprogch whereby the

m cro-crysta £ | ayer for the

remai nder of L{xh@?éﬁt@}’l%%‘gﬁssltéscl{{%?&ﬁ@ﬁ%gﬁ?ité&fn H&%lrﬁﬂaﬁpﬁ) ' using |l aser

crystallization FraieiZiRitiates theitehttuze of Figlire 6Saftéréystallization has
region of a stack of anorphous silicon |ayers, after conpletion of

formation of oc¢usTed dBla, selonteddgyaral | ine top layer will then act as the 30

gg} iﬁtgg;) 0 |8?2/er F{ Are tBhfflusr@ra\(%ésl 't fxrgt ﬂamg)é P&' Ousthle%)éftemauve approacgal/glvz %?1

e) as for fhe QHEkYS féiﬂné@%ﬁl Hiee®c RYBRMIchEs sxnébﬁfaioﬁae 1ﬁ osed
crystallisation, to crystallise a thin surface region of a stack 0f
anor phous sili cohehmgan rBgicms ehomrfdrdhen‘rcrpftaﬂmatmn propeftiesjantd ack;
" Figure 9 illustrates the stack of Figure 8 after the crystalization step
Detailed Description of the Preferred Embodiment _
10 Referring to the drawings, Figures 1, 2, 3, 4 and 5 illustrate five stages in ‘
cell construction using a first method embodying the present invention.
Cells manufactured in accordance with this method will typically undergo
the steps of:
(a) deposmng a thin dielectric layer 11 onto a substrate or superstrate 12;
IS {(b) depositing a thin, doped silicon seeding layer 13 onto the dielectric
layer 11 with deposition conditions or subéequent'processing conditions or
both chosen to give large grain size in the thin layer; '
(c) depositing, at low temperatures in amorphous form, successive layers
14,15,16,17 of alternating polarity silicon miaterial with an appropriate
20 profile of dopant impurities incorporated into each layer;
(d) crystallization of the deposited stack of layers 14, 15, 16, 17 by
heating at low temperature with the crystallization nucleating from the
said seeding layer; |
(e} completion of cell processing to produce cell contacts 27 and
25 1nterconnectlons (not shown). ' '
Referring to Figure 1 in more detall the supportmg substrate or superstrate
12 provides the mechanical strength to support the overlying thin active
regions. The thin dielectric layer 11 deposited over the substrate or superstrate
12 serves to isolate the deposited layers from the substrate froin optical,

30 metallurgical and/or chemical perspectives. Typically the substrate will be



f) as for d) but using netal induced crystallisation techniques, instead
of laser crystallisation, to crystallise a |ayer on the top

surface of a0 96/17388 . stack of anorphous silicon | ayePET/AUIS/O0812

g) using a Rapid Thermal CVD (RTCVD) for a-brief period (in the order

of seconds) during formation of a stack of anorphpus |ayers such that

a thin layer of crystalline silicon is formed as a nucleation |layer 10

during the RTCVD proce The rerai:ni ng am)rph | ayers - are
formed at a | ower rsiafﬁewi in empsat%b@c{i ellsmfeﬁndixyslxgmrﬁ@@ma surface,

Fechni ques a b o BWERH Cesd KBRS ﬁ&astsgoﬁo%ﬁg@sﬁééeppo%erﬁgé’%@& fbsen.
buried layers of Cmdﬁémlahiv@hr @é@ﬁbﬁa%ﬁ%b&%@ﬁﬁtﬂbléﬂﬂa@rﬁﬁ%&?u aFeramic
used to formsurface | ayers onl rief Description of the Draw ngs

Enbodi ments of t he oraneda, isrwhid cmwtwmbgmpm@fwemyMsmme@fthecell

wi th reference othe n avmn

illustrates a s pport i 36%8‘{?3@ #5@@ ﬁglg)ﬂygrmllgﬁeﬁggsanlyzg?e fifst"

been deposited a tlﬂ'egoﬁiit&ll é’rld}'sbﬁﬁf‘d’mduc ormat ral. Figure 2 illustrates

the substrate or superstrate of Figure 1 a%ter eposition of a

silicon seeding |ayer; Turning to Figure Bi this il Stratesithe sulestratb or supetstrate 1pand -
tion of, a stack of Iternat|n

superstrate of Fig 2 af er dep '
pol arity annrphousléé;lFFE?ﬁl 3ygyddo %?flﬁsgmeﬁﬁr Qﬁpwhpaﬁr%see mg fayevas afiretype

Structore of Fi gur Epof pg ebbRfrfaed deddiBhi Pl give 1ieieBlred IR UiRln gigg, This
st ack; 10 la)"_drgnﬁy be dristadlizedt &sitds deppsiedd; bransy bereposited Ph ainorphous

cel | rodul e using th structure of Fiqure 4;
form and then crystallized with further processing. Typically, in the latter case
this seeding layer would be doped with phosphorus at a level in the range of
3x10™ - 3x10* cm™®, to enable crystallization to occur at low temperature and
relatively quickly while growing large grain size.

15 The structure illustrated in Figure 3 shows the structure of Figure 2 after
deposition of a stack of alternating polarity layers 14, 15, 16,17 of amorphous
silicon or silicon alloy incorporating n-type or p-type dopants in the alternating
layers. Typically, these layers will have doping levels in the range of 10%-10%°
cm™, _

20 Optionally this structure may also include interposed intrinsic layers 21,
22, 23, 24 which may have a thickness ranging from close to zero to several

~ Iicrons.
Figure 4 shows the structure of Figure 3 after crystallization of the
multiple layer stack.

25 ~ The junction regions of the multilayer cells are parti'cularly important to
the properties of the completed cells. The properties of these regions can be
controlled by introducing lightly doped or intrinsic layers between successive
doped layers. These layers control electric field distributions through the
completed cell as well as dopant redistribution during the crystallization

30 process.
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Figure 6 illustrates a first stage in an alternative approach whereby the
enti rg’orﬂﬁflf’?qsayer stack is first deposited in anor phousPEHARPS/00812 ¢
Figure 7 illustrates the structure of Figure 6 after crystallization has
occurred in a selected | ayer; 5 Figure 8 illustrates a first
stage in another alternative approach in i ch the stack is forned

with dielectric |layers such as, silicon dioxide interposed
bet ween regi ons (estadlization togive the,desired grain sizenf pan or dasgennan be

Figure 9 ill t n t : Figure 8 after the crystalization step.
et ai ed DedtHIREY brEnllating ofifedaye atipw Bigrifirs. FoReanamiaihg i o
t he drawi ng ' %?% i ; b o d'lﬁ%f@&ﬁl fa sl . '
cell const rag"{%:%n s?lr%d gg 1P|“rggltﬁﬁrg’rgfI &h%%réﬁrébo yl ng tﬁ?e%gﬁegisgﬁﬁzﬁ\r}gﬁnf%gm
Cel | s manuf graiw side aftenheatidgat §50°C lot 5 hotes.hod wi || typical ly undergo

the steps of: . (a) quogitin a thin dielectric layer 11 onto a
substrat® or supdHiematively, grystallization with emwitheup maltingds feasible bybigher

oLt on seedlgel EL denfihCoklndh®l Gibk e mgnoraper . 11 L
oLt S1eaen L0 Lol cn d Goltbl il il rmed by s ()
14, 15, 16, 17 appreddieisriiustrgtesbimFigure 5, lin evhrichesuehicaystallizedamubtipleodupet e
20  PiQvers S briplboed. [ Bebordante With AiRtalian patont aeplication PM4834
' 10 two sets of grooves 28 have been formed in the multiple layer stack 13, 21, 14,‘
22, 15, 23, 16, 24, 17 with the opposing surfaces 29, 30 of each groove converted
to the desired doping polarity, surface 29 having n-type doping and surface 30
having p-type doping. Metal is then formed in the grooves 28 to form contacts
'27. In the regions shown, grooves of one cell overlap, or are in close proximity
15 with, grooves of another cell, to allow interconnection between the two cells in
these selected areas during the.cell metallization step. This provides series
interconnection of adjécent- cells. _
“Although, in this example, groove formation is shown after crystallization
of the multilayer stack, grooves could be formed before crystall-izétion, or even
20 earlier if techniques such as Selecti've'deposition onto the starting substrate or
superstrate are employed. -
In this and other embodiments made in accordance with the invention,
" one or more of the deposited layers can be an alloy of silicon and germanium to
impart advantageous properties to the completed solar cell. These
25 advantageous properties arise from the ability of the layers alloyed with
germanium to respond to the longer wavelengths in sunlight. |
Dopant densities within the layers are carefully controlled to promote
’cdntrolled nucleation from the designated seeding layer rather than from the

non-designated layers.



(d) crystallization of the deposited stack of layers 14, 15, 16, 17 by
heating at | ow tenperature with the crystallization nucleating fromthe

sai € seedi nGvO a¢/E1388 (e) conpletion of cell procexIAgpsioos12
produce cell contacts 27 and 25 I nt erconnections (not shown).
Referring to Figure 1 in nore detail,the supportpng substrate or

superstrate 12 provides the rrechanl cal rength to support the
overlying thin active . regions. The thin dielectric layer 11

deposi ted over the subthesteding andotimriayers may, foreiimiﬁ \bsdé o mtédhﬁlﬁg[plasma
the deposited | ayers from the substrate from opti cal met al | urgi ca

and/ or cheni cal pedssisted chemical yapaun @mm@umqtheémhmqw such as gputtering,

96/ 17388
PCT/ AU9S/ 0082 vacuum evaporation. or vapour deposition from silicon source gases such as

glass and in sone ¢iilade/sihire, dicklonddilam®, dachiorasildire, siltdtn fe‘tfdth\lfdnﬁ'dle or
surface, I n which case_a a}ass havi ng good transm ssion_pro erties

shoul d be chosén. mixtures thereef ceurgspansding ssgnaax@nmynmum dopants

Tormpart of the conpedtaLdt BF Mife pmafler ufhtifiEh 3 gasdl contﬁﬁnﬁﬁiﬁe rlopfts such
embodi rent . the segyliibaraiy/QShdsbhifie BPERAE Deobitfor! bf fibsequent prolRaRg!

| ayer. of semi-conductor nateria Turning to Figure 2 thi
il lustrates the sutonditionsare shpsnn;to ahnun&teqmsmble nucleatio sites froni wyjithin the

of Figure 1 after g [P os?tltabtdI lg?relgsf soaﬂisa%%q;cT at{oaxl%lls from t%fe sréanng layer.
10 Referring to Figures 6 and 7, two stages are illustrated in the manufacture
- of solar cells by a second method according to the present invention.
Accérding to this second method the seeding layer can be deposited in

amorphous form anywhere within the multilayer stack by choosing the
properties of this layer so that it is the first layer to crystallize upon heating the

15 deposited layers and so that it crystallizes to give large grain sizes. Heavily
doped layers possess these dual properties, particularly layers doped with
phosphorus. .

In a cell made according to this alternative approach Figure 6 illustrates

the stage following the stage of Figure 1 in the previous embodiment, whereby

20 the entire multilayer stack of p-type, n-type and intrinsic layers 31, 32, 33, 34,
35, 36, 37, 38, 39 is first formed in amorphous form, or converted to this form
after deposition. During formation, one layer (say n-type layer 33) is doped ata
higher level than the remaining layers such that upon heating of the stack this
layer will crystallize first, providing the seeding layer from which nucleation

25 will then spread. Optionally more than one seeding layer can be provided
within the stack, however this can lead to grain boundary problems if care is
not taken. The properties of these seeding layers, including doping level, are
selected to encourage crystallization in these layers prior to the other layers i
the stack.



silicon and appropriate treatnments to give the desired |large grain size.

Thi s 10 layer may be crystallized as it is deposited, or may be
deposited in anor phous formand then crystallized with further
proceOMY17388, b cally, in the latter case this PETUAUSSOD_Iger woul d°
be doped with phosphorus at a level in the range of 3X10[err] -
3X10[err] cnierr], to enable crystallizatijgn to occur at |ow tenperature
and : relatively qU|ckIy while growing |large grain size. 15

The structure illustrated in Figure 3 shows the structure of Figure 2 after:

deposi tion of aEgu&?@hMSt@yﬁaﬂm@quamn&xm&l}@s@eqted lager 3% | 17 of

Sopente i (Grstalizhaf Bfhyt afthid ffdr 3o ProbBERleR T 3tiatdnl Iaess uhki s  °
have dopi ng ywRYR $tatRc l‘ll%@ﬂe(}?f:oﬁé)fchﬂidﬂaﬂlﬂﬁé icell mterconne&iﬂt?w&ld th

Optionally this structure may also include interposed intrinsic layers

22, 23, 24 vprochedray before cz, also @k hefare; gragiveg formatian coeld ocamrearlier inethe al
m crons. Figure 4 shows the structure of Fi gure 3 after
crystal | Pzat5egNeBfe he mul tiple layer stack. The

junction regi 0”?&%{'{&?@ }%itr &9 %b's%id’s%r@@flh&ﬁ&eﬁr #Mph‘lﬁ&ﬁﬁﬁ@i

the properties o cerls roperties o ese regions can

be - Couidy cellschly byMrdtmeﬂm agrordiyig Hoythéqueslezwlmvehnbﬁs iIn thisytisd
se layers control electric

bet ween successi ve | a erfs
field distr .raeﬂ;qﬂqsmwd}gr% ﬁ% 4, a@eﬁﬁm%‘evw 37,52, 18} $4.:85. BSp 8
- redistributign 5aighngs 16 637 6336 ForRld, Yach giBup BpRRRES from its neighbouring

10 group by a dielectric layer, 71, 72, 73, 74. This structure enables crystalhzatlon‘

to proceed rapidly in each group, while the inclusion of non-crystalline

dielectric layers such as silicon oxide, silicon nitride or silicon oxynitrides.
within the amorphous stack will keep the various crystalizing regions
separated. The dielectric layers will remain non-crystalline during the
15  crystallization process due to the higher temperatures required for these to
crystallize. These dielectric layers form boundaries between each of the sub-
regions in which crystallization is occurring, preventing crystallographic
defects such as grain boundaries which might otherwise occur if the growihg
crystals from each sub-region were allowed to impinge on those of another sub-
20 region. Additionally, by doping these dielectric layers during deposition,
diffusion of the dopants from these dielectric layers during subsequent thermal
and other processing treatments can be used to advantage to dope neighbouring
regions, giving additional layers in the stack and/or reducing carrier
'recombination along the associated interface and grain boundaries. Treatment
25 in a hydrogen ambient has been shown to accelerate diffusion at the
temperatures of interest.
Figure 8 shows the stack with dlelectnc layers such as silicon dioxide
interposed between regions chosen for their crystallization properties. In this
case, the silicon dioxide layer is doped with a p-type dopant in silicon, such as

30 boron.
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Crystal | | agbiogi7ds® Qgi ve the desired grain size of 3[err]m orpépagsdodasy be
achi eved by extended heating of the |ayers at |ow tenperature. For exanple,
| ayers deposited as previously described were found to recrystallize to
give 3[err]m grain size after heating bt 550[err]C for 15 hours.

5 Alternatively, crystallization with or without nelting is feasible

by hi gher t PR &x%mr' W : i mf
| aser pul ses. &0y cogrrp et egﬂ?gﬁgg%fﬂg@g; %%s‘{g?%% SO Aal?g%glﬁfd the
nmodul e formed byrdléase of the dopamty from ithe dielectrits lagee dThis magbecericouraged)ifoh

such crystallized rruliei | e doped ers are enployed. In agcordance

| ay . g
with Australian P8R Jrsecefia bmdma@@:«mnglenio Gragve ormation;apd well connestion

24, 17 with t no SEBR e BlieRtde BBRe! 3psd s héfhrs graors Iyt ot odd

to the desired d@gqi@g'i@%éigéq‘yen@rface 29 having n-type doping and surface
30 havi ng p-type doping. Metal is then fornmed in the grooves 28 to

form contacts It will be appraciatedi hynpersoasskilladoio the art thatenwmerous
overlap, or are in,close Ximity .15 wih, opves .of apother,cell 0
21 Fow | nt er connetAHEHOBREANER Hotticatons ey be matle’fd' e ifvefin A8 shbfrm in. e
during the cell {ﬁé&-i i ; i i S 8hi 8iri

i nt erconnecti on aﬁ%: gﬁ%&@ﬁtg@xtﬂéﬁﬁdé}f&ﬁhﬂ?%xtﬁﬁgggﬁfnﬁ onr stcr?ipg ogxtgﬁpl e,
groove formati oninvensionves fdadly desaritzdd.i Theipresent embodinfenits arentherefores to be

t ack, | d,be .f. d bef - talli ion, or 20
Seck, 0Teotge Coul e B e £ 8 ki 5 8Tt gt
substrate or altho ets bl gnd%ﬁ iﬁ!fﬁhqnﬁguaﬁons as being plahBr bfid HfANd

ot her enbodi nents ma I accordance with the 1 nven
: - approximately equal thickness this is for convenience and clarity in the

description of the principles of the invention. 1t is well known, however, that
substantial advantages will accrue from pattered or rough interfaces and by

15  designing for different thicknesses within the layers shown.



one or nore of the deposited | ayers can be an alloy of silicon and
germaniumto | npart advant ageous properties to the conpl eted sol ar
cell. These 25 les arise fromthe ability of the

| ayers Wi th _germani umto respond to the PERIPSAMBIZ| engths °
in sunlight. Um"”mmmm' ties within the layers are carefully
controlled to pronot e, ¢ el KE LUL | ed nygl eation fromthe designated
seeding | ayer rather than fromthe non- desi gnated | ayers. - - WO

96/ 17388

PCT/ AU95/ 008 [GLAIMS | o 9

The seedi ng and of W affifac ' AR i

assi st ed chefnﬂcalAeg%tglk}ra cgrex%om t géll?ﬁ%rg&g'?ﬁ%@yﬁgg%m ques‘fczgrcﬂé;qr&k&%m
sputtering, multijunctisasolarcepincduding thersteppofir deposition fromsilicon
source gases such, as, . di sil.ane. silane, dichlorosilane i
trichl orosilane. formingairestly sripdiregily opto a substratg oF supersimate @ pluralityof

cdoi ng. ol 1 AP ERYNTHHPARAR YRREM AR SRS to foppy  (UNERU Abctull
di borane, phaghéieis adjacent ldyers BRPeharachitised iy @ifsien dopimClevelst dopant

conditions are chosen to eli'mi nate possible nucleation sites fromwthin
t he dypesii ted llayers so that nucleation is fromthe seeding | ayer.

10 Ref erri to Figures.6 and 7, two Stag are illustrated,in the
manutacture. | forR asfigiatiah 8ack adidBeRt fHiRH one of e dStphbs
pr esent invqui,ém;and , .

10 processing the multilayer structure by heating to a predetermined ‘

temperature to thereby cause solid phase crystallization of the amorphous
layers adjacent to the nucleation layer. the crystallization nucleating from the
‘nucleation surface. _ '
2. The method as claimed in claim 1, wherein the nucleation surface is

15 formed by forming a separate semiconductor layer adjacent to at least one of the
amorphous layers as a nucleation layer of crystalline or polycrystalline
semiconductor material. "
3. The method as claimed in claim 2, wherein the crystalline or
polycrystalline nucleation layer is formed by forming a semiconductor layer of

20 amorphous semiconductor material conditioned to be readily crystallized, and
processing the multilayer structure to cause the nucleation layer to crystallize.
4. The method as claimed in claim 3, wherein the amorphous silicon
nucleation layer is conditioned to be readily crystallized by way of a high
doping level, the doping level being higher than that of adjacent amorphous

25 layers. | _
5. The method of claim 4 wherein the high doping level is within 0.1% of the
solid solubility of the semiconductor material. | |
6. The method of claim 5 wherein the semiconductor material is silicon and

the doping level is in the range of 5x10"7-3x10*' cm™ (i.e. atorms per cubic

30 centimetres).



Aécording to this second nethod the seeding | ayer can be deposited in

armor phous form anywhere—wi-thin the nultilayer stack by choosing the
properti esw@de/ifags | ayer so that it is the first layer to C IS Js}uﬁﬁz“pon

heati ng t he

15 depo

*

| arge grain sizes. Heavfﬂmﬂ"um"mgmsloa;g?ts ipz)sg(r'-,‘?s(zt?lr.i{é-isée?iualo e

properties, particularly | ayerLs dopéd %ith 13 phosphor.us.
In a cell nmade according to this alternative approach Figure 6 illustrates

t he st fol | ow t f Fi 1,i.n Lh ' . di t,,. .
whoroby - 20 Ot antERAAHARR H¥g)aiated T piajfh b FpBestt e huER A feveh s in the
| ayers 31, 32, 31%ng§‘bf3x10“-3xﬁ?’3c§ﬁ’,. 37, 38, 39 is first fornmed in

anor phous form

or converted to this form after deposition. During

formation, one |&yerTheapethodygseclaimed iapyionedufithe preceeding claims)ivdierein the
| evel than the re

| ayer will cryst%‘qaiﬁgbggislt"%%gsﬁ iﬁﬁigg%ﬁﬁggbggﬁ%?&@hmgmsntq%%ﬂﬁ? iasirers

nucl eati on 25
can be provided

are'formelhen spread. Optionally nmore than one seeding |ayer
within the stack, however this can lead to grain

boundary probl eng. i f Themethed as claimed it ahglone. of digims 267, witerein theesecleation

seedi ng | ayers,
crystallization
st ack.

PCT/ AUQ5/ 00812
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I n¢cl udj ng doping level, are sel ected to_encqurage
surfageds ormed 8§ alopdlayensuriace formed qyar the mmorphous laysrs.

VO 36/ #1i8 $fethod as claimed in any one of claims 1 to 7, whereifothe nucleation

surface is formned as an intermediate layer in the formation of amorphous layers.
11. The method as claimed in any one of claims 3 to 7, wherein a plurality of
nucleation layers are formed as amorphous layers conditioned to crystallize

before the remainder of the amorphous layers, a dielectric layer being located

~ intermediate successive nucleation lavers. thereby separating the multilayer

15

20

25

30

structure into layer groups, each iaver group comprising one or more
semiconductor layers defining at least one rectifying junction in the finished
structure.

12. The method as claimed in claim 11, wherein the nucleation surfaces are
formed as first layers over each dielectric layer and over which the émorphous
layers of the respective layer group are formed. .

13. The method as claimed in claim 11, wherein the nucleation surfaces are
formed as top layers over the amorphous layers of the respective layer group
and over which the respective dielectric layer is formed. _

14. The method as claimed in claim 11, wherein each of the nucleation
surfaces is formed as an intermediate layer of the amorphous layers of a
respective layer group. | |

15. The method as claimed in any one of the preceeding claims, whersin the
semiconductor material is silicon or an alloy of silicon and germanium.

16. The method as claimed in any one of the preceeding claims, wherein a
subsequent solid phase crystallization step is provided to causes crystallization

of substantially all of the amorphous' silicon layers to occur.’



Figure 7 shows crystallization starting in the selected |ayer 33.
Crystallization starts at this |ayer and propagates to adjacent | ayers
until t - whol e stack crystallizes. G oove formation and cel |

i nt er comeet 81 wopd—then proceed as before ar, RCIAWSOMRore,
groove formation dolHi8 SHEEYT BE inthe @5 sequence

Referring to Figuije 8 A0 ¢s are il|pstrated i of
solar cells by a thi 8R Daccorl ng to t pr esent nmuﬁlmﬂmuﬂmﬁm
third met hod groups 41, 43, 44, 45 of anor phbus® | ayefs 57,* 52,
53, 54, 55, 5617.57A semicondus®yr skAiCtam: ccﬁhpn@ﬁ]g ®subsataror shpemﬁhte,e@Ch

e L B ATE ol o L o
rapidly in ea%&ﬁ%@ﬁr beR i€ of T&éd&éd f’BnQ%Prﬁ ) %}géxjg?&ﬂa}e layers formed

dielectric layers such as”silicon oxi I con n| ri

oxynitrides on the subgtidte drhmpemrﬂhpand atmmiemﬂxg sudace Idtated adjadent to at
crystali zi ng regi ons aratfed. The dielectric layers will remain

non- cryst aPl i nleaﬁmmgf ;lweamo Oou§ &¥-1i zation process due to the hi gher
temper at ures 0L fQEnLSASIfned in clainf 1Y ShibiA % syl fhsle ¢

| ayers form bouridari es ween eac

crystal | i zati afudleatiés ldyeryf, crpﬁta‘ll@ﬂé iR ?owmtallixwéé}ﬁiﬁoﬁxductor matéhﬁl%&éted
such as grain boundaries which ht ot herw se occur if the grow ng

crystal s fromaéiawexgdg atdgasimnneqa the aroaephaus layetsrig provided@scthefnualeation
sub- re%l op Addi tionally, by doping these dielectric |ayers during
deposi t | on aCe. (i ffusi on of the dopants fromthese dielectric | ayers ‘
during sugequgnt Tl*&%ﬁ‘ﬁl:ture as clauﬁ@dj iR chiiin £F O&rﬁéﬁ-‘xﬂg surfitle Bi'Y

used to advantage to dope nei ghbouring glons, giving a tlonal

| ayers in the micleitiomddyear Qfamorpigmsaaemmonductor matsﬁabobndatomﬂ talbmg t he

associ at ed |nter ce and n boun t nent i n a hydrogen
ambi ent has bé@ﬂ &WP‘PB ’élfé'Péﬂ a}Ps‘i"é‘ﬁeévo't‘ﬁBrh“ t enper at ur es

~of interest. 2p The stmctfrb%&ﬂaﬁn@&'?x‘i"élzﬁﬁ?l@tv@ﬁgrem the & hfforphoud SYfcbR

such as silicon dioxid
nucleation layer is conditioned to be readily crystallized by way of a high

15  doping level, the doping level being higher than that of adjacent amorphous
layers. .
21. The method as claimed in claim 20, wherein the high doping level is
~ within 0.1% of the solid solubility of the semiconductor material.
22. The method as claimed in claim 21, wherein the semiconductor material is
20 silicon and the doping level is in the range of 5x10"- 3x1021 cm™ (i.e. atoms per
cubic centunetres) _
23. The structure as claimed in claim 22, wherem the hlgh doping level is in
the range of 3x10™ - 3x10*! cm™
24. The structure as claimed in any one of claims 17 to 23, wherein the
25 nucleation surface is provided as an underlying surface over which the
amorphous layers are located. | | '
25. The structure as claimed in any one of claims 17 to 23, wherein the
nucleation surface is provided as a top surface located over the amorphous

layers.

" This Sheet Has Been Re

R i



in‘terposed bet ween regions chosen for their cryétal lizati-on properties. In
this case, the silicon dioxide |layer is doped with a p-type dopant
in siliconwewgivses 30 Dboron.. WO-96/ 17388 _ PCT/AU95/00812

PCT/ AU95/ 00812 _ . it e . 11
Figure 9 shows the stack H","Jj,“"jmﬁﬂgjym the crystallization step and the
rel ease of the dopants from tae wdl el e | ayeyrs. This nay be encouraged,

f or exanpl e, by use of a hydrogen anmbient. G oove fornmation and

el comeet o g e RSB BBl L SO e
wi |l be appreci atﬁﬂcl&ﬁ?aﬁrﬁﬁ‘ﬁﬁeqwﬁaeﬂ RstatCindéimédiate i1 ¥ie stﬁucture of
nodi y be own I n

vari ati ons and/ or I catl ons nmade to the 1 nvention as s

t he speci dmorphvdusilayers.s wi t hout departing fromthe spirit or scope
of the inventiﬁn as broadly described. Th resent enbodi nments e, ..
therefore, to be 27- 16 eé%ﬁ‘éf@r@oéiﬁﬂn Fnngﬁ’é‘@t‘gf‘Q%lm? 1840 23 whereinp phirality

trictive. k =T L Oys s .
| FTustrat | ons s SoRRG eBHaRJpvers odphonol os TR 18y Lokiilifed g crystalize

this is for convepéfors thefsinainderof theaitephous layerslesdielgutiierlapér bidifig located
principles of the invention. It is well known. however, that

substantial advaniveunediate sueesssivernusleation layess, dherabygepamting themultilayey
15 designing: forgdl 35 §ifo faef SRAZRCEacH taYfel ghdlfp LOMPTRIRE'SME or more
' semiconductor layers defining at least one rectifying junction in the finished

10 structure.

28. The method as claimed in claim 27, wherein the conditioned amorphous
layers are located as bottom layers immediatly adjacexit to each dielectric layer
and over which the remaining amorphous layers of the respective layer group
are located.

15 29. The method as claimed in claim 27, wherein the conditioned amorphous
layers are located as top layers immediatly adjacent to each dielectric layer and
under which the remaining amorphous layers of the respective layer group are
located.

30. The method as claimed in claim 27, wherein the conditioned amorphous

20 layers are located as an intermediate layer of the amorphous layers of a
respective layer group.

31. The structure as claimed in any one of claims 17 to 30, wherein the
semiconductor material is silicon or an alloy of silicon and germanium.
- 32. A semiconductor device formed by applying solid phase crystallization to

25  the structure as claimed in any one of claims 17 to 31.

33. A semiconductor device formed by the method as claimed in any one of

claims 1 to 16.



"o 96/ 17388 - T
PCT/ AU/ 95/ 00812 CLAI V5 1. - A method of manufacturing a

mul ti | aygy¥o s@ivzgoNnduct or structure for a - mul tij unctl;‘_ﬁn @8{ 2ceI I

i ncluding the steps of: formng directly or 4 onto a
substrate or superstrate a plurality of 5. layers of anorphous

sem conductor material to forma nultilayer structure wherei n

adj acent | ayers are characterised by'tw*ferlng doplng Ievels or dopant
types; form ng a nucl eation S | east one
of the anorphous | ayers; and y the nmultilayer
structure by heating to a predeterm ng ’ her eby
cause solid phase crystallization g Iayers adj acent
to the nucleation |layer. the crystal edt-ag fromthe

nucl eati on surface. 2. The éd in claim1, wherein
the nucleation surface is 15 fornﬁbuwy forn1ng .a separate sem conduct or
| ayer adj acent to at |east one of the anor phous | ayers as a

nucl eation layer of crystalline or polycrystalline - sem conduct or
mat eri al . 3. The nethod as clainmed | ) herein }Qe

crystalline or

Z =Y =2 = g -2




'%olycrystalline nucl eation layer is fornmed by form ng a sem conductor |ayer

of anor phous sem conductor material conditioned to be readily
crystal I [ \ processing the multilayer struct e the
nucl eat i ‘ﬁg%ﬁﬁ}g#}gt o crystallize. 4. The net hod as%@#ﬁ%@%ﬁ claim
3, wherein the anorphous silicon nucl eation.layer is conditioned to
be readily crystallized by way of a high2/4 dopi ng | evel, the doping
| evel being higher than that of adjacent "anorphous 25 | ayers.
5. The nethod of claim4 wherein the G0 ',»srhnthln 0. 1% of
t he solid solubility of the”Se NOyeF LB | 3)gq 6. The
met hod of claim5 wherein the s uct mat srlg) Als/ ¢con and
the doping level is in the ra X tnlerr] (i.e. atons
per cubic 30 centinetrd%], 96/ 5
PCT/ AU95/ 00812 7.1 [he fethod ¥s _clh g8 67 wherein the
high doping level is in thepf. /. raag 0| o /&'&O[err] cnferr]
8. The method as clainmed in a 59f7 , Wherein the
nucl eation surface is forned | (7. tgg anor phous
| ayers 5 are formed. N ' —
} e ./\3
P 7 dPe” Bl
| 7. L
N
7
Figure 4 2q /4122 z
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9 The method as claimed in any one of clainms 1 to 7, wherein the

nucl eati on surface is forned as a top |layer surface f or med over the
anor phous ‘*’8)68'?@8 10. The method as clained in any o&_en 9§do

to 7, wherel € nucl eation surface is formed as an 1n erne ate
Iayer in the formati on of anorphous | ayers. 10 11. The nethod as
claimed in any one of clains 3 to 7, mhﬁéfin a plurality of

nucl eation layers are formed as anDrpho ayers conditioned to crystallize
before the remai nder of the anor phous | ayers er being

| ocat ed i nt ernedi ate successive n <"

separating the nmultil ayer stru uf' h | ayer
group conprising one or nore 15 s . | Nom @t | east
one rectifying junction in the finighe strugt e 12. The
method as claimed in claim1l, where ) yfee 3??

formed as first |ayers.over each diek oAV O34 he

anor phous | ayers of the redp¢EEN@-EavalRip” a HABd. 20
13. The method as clainmed in claimfl), wherein the n | ol suidftaces are
formed as top layers over the anorphus Tayers of tn e S ’ygelayer
group - and over which the regpectrve di el ectrijcAs :

14. The method as claimed in cl ai m | EERraRiEE ;:gfrgh € ftion
surfaces is formed as an internedi —gyret—ot—tre—af0r oyl ayers of a
25 respective | ayer group. 1% 1! ) ] 1 2efedA ndily one of
the preceeding clainms, wherein theN P <o cam condudgr -wdterial is
silicon or an alloy of silicon and ge¢F nani - --------}F-26. The nmethod as
claimed in any one of the preceedi ng tHairms, —werer a subsequent

solid phase crystallization step is peruﬁen to causes crystallization 30
of substantially all of the anorphous silicon |ayers to occur. -
' ' 3

S

24
3%

Z -0 -Z—- v -2

Figure 7



17. A semiconductor structure conprising a substrate or superstrate, a
plurality of anorphous |ayers of sem conductor material |ocated on the

substratqw8gﬂ@ﬁﬁgrstrate or | ocated over one or. nore interqﬁgggéﬁ%% ers

f or med he substrate or superstrate, and a nucleatin e

| ocated adjacent to at 5 |east one of tﬂfhannrphous | ayers the anorphous

| ayers bei ng characterised by adj acent | ayers having different dopant

| evel s or dopant types. 18. The structure as claimed in claiéfh 17,

wherein a surface of a separate nucl eapd ' stdllé>e or

pol ycrystal line sem conductor material | 4 a?LIeast

one of the anorphous |ayers is provid =38, Tt Face.

19. The structure as clainmed in cl g riz tlaxreparat e

nucl eation | ayer of anorphous segij u rma | a¥ D be

readily crystallized is provi#&da ' o4 25 297 The

structure as clainmed in claim219(1 r x|l i ces 15

nucl eation layer is conditioed 4N ]Jbe readily cryst €4~ ;ﬁ-a.high

dopi ng | evel, the doping | evel q : A% aﬂprphous

| ayers. 21. The structumXed asydgrarmed T crar m e ir’ I gh

doping level is wi thin 0. 1% of s/

semi conductor material. 20 22§ T gy m 21,

wherein the sem conduct or na&é{iaw ' = . Q@Lfg | evel is
i ] ! - pd—¢bic

in the range of 5x10[err]-3x10[
centinetres). & ST

Figure 8
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23. The structure-as—elat-wed in claim?22, wherein tHE A 99 §op{i 990 @vél 25
I n the range of 3x1 rr] 3x10[err] cnferr]. 25 24. The structure as
clained i gmmnmil ll I“%‘Ers 17 to 23, wherein the REQE$VEDi bri SPF 4955
I's provi dediReas! Teay . I g surface over whi t he anor phous | ayers
are | ocated. 25. The structure as clained in any one of clains 17 to
23, wherein the nucl eation surface is provided as a top surface

| ocat ed over tha7andy semicondOctdrayrricture compri¥iigbsdbsififte or superstrate, a

PCT/ AU95/ 00812 . 26, Thf structure as clained |n anyeqcl)ne f
claims 17 to 23Plwpebityphamesphous layers,oksesmicosdustarimatenial logated gadhgs an

| nternmedi ate | a¥§l§st}ﬂetoq%@%f§i?attb' oF l&iate% pver 3{1%{(}? _@?ﬁﬁ%ﬂ}fﬁi‘ﬁe layers formed

27. The structureas cla dIn-anyone _ erel
plurality Sonahe RubkRate AisupRYStidtepard R e@eh@sudady lutatsl adjuesiit to at
conditioned to crystallize before the remai nder of the anorphous

layers, a di®l elaast one g she puiosghous layees the amorphonsclayers baiag sheasterisast by
pucteal]on | S fect Bl ARG HAB R oaRHL B Bfdopanttpedl [ 1 10
layers definingigt frhastruebere’ &Célainiédsn cliifd § 2'wherdiR@ surficetdh separate
nucleation layer of crystalline or polycrystalline semiconductor material located
adjacent to at least one of the amorphous layers is provided as the nucleation
10 surface.
19. The structure as claimed in claim 17, wherein a surface of a separate
nucleation layer of amorphous semiconductor material condifioned to be
readily crystallized is provided as the nucleation surface.
20. The structure as claimed in claim 19, wherein the the amorphous silicon
15 nucleation layer is conditioned to be readily crystallized by way of a high
doping level, the doping level being higher than that of adjacent amorphous
layers.
21. The structure as claimed in claim 20, wherein the high doping level is
within 0.1% of the solid solubility of the semiconductor material.
20 22. The structure as claimed in claim 21, wherein the semiconductor material
* is silicon and the doping level is in the range of 5x107-3x10* cm™® (i.e. atoms
per cubic centimetres).
23. The structure as claimed in claim 22, wherein the high doping level is in
the range of 3x10" - 3x10*' cm™. ' |
25 24. The structure as claimed in any one of claims 17 to 23, wherein the
nucleation surface is provided as an underlying surface over which the
amorphous layers are located. _
25. The structure as claimed in any one of claims 17 to 23, wherein the

nucleation surface is provided as a top surface located over the amorphous

ey

30 layers. —
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10 structure:’ 28. The method as ¢
conditioned a

i mredi atly adj

| ayers are | ocated as bottom | ayel

L
PO cach BPRPEFEI LIS ANIRY over

lained in claim?27,

Yy )U
w,Ju &

remai ni n nor ph v tﬁé
| eat g, INTERRAHSNAL SFTiCa font R NSARE o i Fhril? Ehoperamion Baty ecn
condi (snmdnmmrr&mmmaﬂm.ion 6: | ayersjareg (i@mmut,mhm [ mrpcﬂvo Dg§/17388 1/
adj aclent qﬁﬁﬁ gygypctrlc | ayer anflaAg under which the renaining
anor phous layers”of the respective | yer| ¢ bugnatiensl Publication Date:oc at e (§.June 1996 (06.06.96)
30. EEr od—as crarmed T crarm 27,  Whgrer n tne condlrtironedanor pnous
20 I Dfersutional Ayphidatah Nemban | NtRETHDEL/0081Q A(uyMgmfed Sthes mwrausul BG.BROBY, CA,
respective |ayer gro 20 ) E W
any o itng Dete’ 51 Degpatb o 011z o9 et LRI, b
silicon or an alloy of silicon and”ger manifum sx,sx,-n’;"m-ﬁr smmg;usdm;mr
devi clasd) erieragiDdiye appl yi ng solid phase c_ry< t al | Tétent (ATNBR, GH, DE2BK, BS/FR, GB, GR, IE, rr.LU.
struclture %9@ d i%"PWé??é@#z%i 17 t MGAL, T, SE), OAMY g&“ (?’FB’ARC;OCG&%
sem cjonduct or vice forned by the t hod as<ﬂgﬁ EP ’ pe
cl ai 7#Ahﬁu$ﬁﬁnmdnmmmd&ma1nwuUw.mumm:ﬂ}
LAR PTY. LIMITED [AU/AU]; 82-86 Bay Street, Botany,
NSW 2019 (Auy Published
With international search report.
(72) Inventors; and '
(75) Inventors/Applicants (for US only): GREEN, Martin, An-
drew [AU/AU] Unit 4, 13-17 River Road, Wollstonecraft,
NSW 2065 (AU). WENHAM, Stuart, Ross [AU/AU]; 8
Rouse Place, lllawong, NSW 2234 (AU). SHI, Zhengrong
{AU/AU]; 10 Blandford Avenue, Waverley, NSW 2024
(AU).
(74) Agent: F. B.RICE & CO,; P.O. Box 117, 28a Montague Street,
Balmain, NSW 2041 (AU).
(54) Title: METHOD OF MANUFACTURING A MULTILAYER SOLAR CELL /
(57) Abstract | |
A semiconductor structure and method of forming
the structure, where a supporting substrate or superstrate 7
(12) provides the mechanical strength to support overlying Pl
thin active regions. The thin dielectric layer-(11) deposited _ ‘i@ﬁ-’-’ - 4
over the substrate or superstrate (12) serves to isolate s’ |
the deposited layers from the substrate from optical, o — 16
metallurgical and/or chemical perspectives. A seeding N B et e o 3
layer (13) is then deposited, the seeding layer being of n- : —
type silicon with appropriate treatments to give the desired I 15
large grain size. This layer may be crystallized as it is Pi A _—— T
deposited, or may be deposited in amorphous form and then . <y
crystallized with further ing. A stack of altemnating i ; — 14
polarity layers (14, 15, 16, 17) of amorphous silicon or N E !
silicon alloy incorporating n-type or p-type dopants in the " <% 13
alternating layers is then deposited over the seeding layer. / 1
Solid phase crystallization is then performed to give the P '-’ B
desired grain size of 3 um or larger which can be achieved ’ "
by extended heating of the layers at low temperature. ! > \ ‘
: N § T




