2100514 SCLAR CELLS HAVI NG-FI LM FORNED | NTEGRAL COVERS Thi's invention
relates:to S‘ol.arcells having #ilm5 formed integral covers fornezriwstg
sel eéct'ed - conpo- S|t|ons and having a coefficient of expansion s &
‘that{ of the solar cell. Solar cell coversl have heretofore been provi ded for
protiecting solar cells from high energy. partlcle 10 . radiation in space.
SucH.sol'ar cell covers have typically been conprised of thin sheets of
fusdd-silica which. are cemented over ‘the tops of the cells. In-order to
pr evenw degradation of the adhesive, it has been: necessary-to provide an .
ul trja-violet light blocking 15 -filter on the cover. Covers having these
_capcbllltles are described in the United States Patent No. 4293732. For
spade power systems there is a continuing need for |ightweight .solar cel
arrgys.: As the requirenments for power per - satellite increase, there is an
I ncrfeasing. 20 need for lighter weight arrays. Although at the present
timg it is possible to manufacture: relatlvely thin (i.e., a 2 mmsolar cel
haviing hi gh. perfornance here does -_nhot ex ght melght
cover w th proven perf [ﬁ%ﬂég§ ?%f kﬁéﬁﬁ%ﬁliﬁéggﬁétsolar cel
ralbped;

Unl ¢ss .a neM/type sol a

This.inﬁention relstes to solar'cells haviné film.

5 'formed 1ntegral covers formed from selected .COmDO’ '
sitions and hav1ng a coeff1c1ent of expan51on SLmllar
to that of the solar cell.

' Solar cell covers have heretofore been provided
for_protect;ng solar_cells from hlgh energy partlcle_
10 radiation in space. Snch'solar cell covers have
typically been comprised of thin-sheets of fused.sllica-
whiCh are-cemented over the tops of the'cells. In order
to preVent degradation.of the'adheSive, itphas been
: necessarylto provide an ultra—violet lighthblocking
'5l5.. filter on the cover.' Covers having these capahilities
are described in the United States Patent No. 4293732.
For space.power systems there is a contlnulng need
_ror llghtwelght solar cell arrays. As the requlrements '
'for power per satelllte increase, there is an. lncrea51ng
20 . need. for lighter weight arrays.. Although at the oresent
' time 1t is p0531ble to manufacture relatlvely thin (1 e.,

a 2 mm solar cell hav1ng hlgh performance), there does




future saPelllte prograns nay be faced with the prospect.5 -~ of cenenting a /
"4 to 6 mm thi ck cover to a 2. mmthick cel'l in order to provide the required. I.
;_ceII |{fetim. Numerous attenpts have heretofore ‘been nmade to deposit
‘covers directly to the surface of the solar cell. However, no cost

" effective nanufacturlng process has 10 ener ed whi ch prOV|des a real
. sojution .to the probl em There is, therefore; mneed for a new and |nproved

'nLntegraI solar cell cover. In one aspect the present i nventi'on provides a

- 'so| ar_tel | - construct he Woke RxdeE Sayt WRlhiceldved wimndodéhm

~integral with the solar cell and covering the surface of the cell and -
fofmed froma conpos performaiid Foig pilotaudliorg Jhevtighk ansliglit Nsol ae cell.
--COTpOSItIOﬂ having a coefficient of expansion simlar to that of the solar =
~ce|ll. I')n one enbodi nnilesise apmese ntyden\seritdwrecgliiovides adf@evebbped el |

- .copstruction wherei-n the filmis formed of a conposition selected from :
- [efr]: Si O+tA1203 or AfNt8reNsasydildte pﬂugnamaumaylhnlfanedmwrthoemélpreapect'

3 4 of expansion. simlar to that of the solar cell. The term"A -Si-0-N
_quaternary systeBl iofusementingherdircat & mef eghiak tdmf@onlm)sati!arm thigk
anﬁ/or Si with 0 and/.or N from which the solar cell cover i's forned. Qur

“copendi ng applicati ofelid. 180085y @pumnqudanthe)reyumrﬁﬁmpelhjhsfehlme-

_'apparatus and process for _
' Numerous attempts have heretofore been made to depos1t

SN

' covers.dlrectly to the surface of the solar cell.

.if% S __'. _ However, no cost effective. manufacturlng process has

: l 1o emerged Wthh prov1des a real solutlon to the problem._

| There is, therefore, a need for a new and improved
_.1ntegra1 solar cell cover.

In one aspect the present 1nventlon provrdes a ’

_solar cell eonstructlon whlch c0mprises a solar cell

15 and a film integral with the solar cell and covering the
A o _surfece of the cell and formed from'e.composition |
}ﬁ' 'p :_._,':.mcomprlsing Al and/or Si with © and/or N, the comn051tlon-
1 _,hav:ng a coefflclent of expan51on similar to that of the solar cell.

In cne embodlment the present inventlon prov1des a

R,

20 ' solar cell constructlon whereln the film 1s formed of a

comp051tlon selected from-8102+313N4, S_r02+A1203 or

lé lg;: _'  _;' A1N+Sl3N4 systems,,the composition'having é coefflcient
of expan31on srmllar to that- of the solar cell.-

_é, -_; ) ; 7-..: ' - The term "Al- Sl—O-N quaternary system" is used

| ',25- hereln;to-refer t0'the compositions of Al and/or Si with

'-[;Q'ahd/or N from which the.solar'cell'cover is formed.
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form

s
ng a. nrxed oxi.de andor nrtrrde -and/ or sulphlde thin filmon the

surface of ah article to he coated. 5 - This apparatus and process nay be'

used

to formthe solar - cells of the ‘presént invention. At least in

preferred embodi nents, the invention clarmdd—=i n our copending appllcetlon'

conpr
may b
is pl
artig
‘conpq

sulphur-contarnrﬂﬂ’to%%ﬁﬁ

i ses. a cont ai ned pl asma source in a cavity in which an RF-10 = field

e gernterated to ionise gas and forma plasma. The article to be coated
aced outside .the cavity which has an exit directed towards th

15" Into the cavi®YriSorPerdangadrediprtirigNone 8Rdr8 S%HQEQhkicatlon

nent of the thin frlgh for_instance 15 .oxygen, nitrogen or a

Road comor 11 o SR o PLRE BahiS Bhar PR g lE, %?pf#ehf S n
Thirbauced nt of ChRiRah e %6 BhfcBhEaste: o6 28 REsIFdehabe e 1 ol e
ol ol whi f‘a‘%%o%h%%af%@ PR Sy T R e o e o
e forned, Batecern4 PR GaRe0disag appl i cation:may be
At least in preferred embodimente, the'inventionl
_ﬁcleimed in our copending applicatiOn.oOmprisee a
”;5 1eontained plasma sonrce in a cavity in which an RF
f{? 10 field may be'genetated to ionise ges and form a piasma.

The article to be coated is placed ocutside the
cavity which has an exit directed towards the article.

Into the cavity is fed a'gas compriéing the non- -

metalllc component of the thin.film, for instance
15 ) oxygen, nltrogen or a sulphur-contalnlng compound..
This gas 1s“formed into a plasma and caused to exxtl
. ftom the:oavity to impinge on the eurface of the
:-artiele.tofbe.coeted. o |
| A gas eomprising the metallic or semi-metellic7
- 20 ”oomponent'of the thin film material, for'instance.a
is either introduced into.

mixture of AlCl., and SiH

3 4’

'_the cavity or dlrected out of a nozzle adjacent the
'artlcle to be c0ated. In any event, the two gases
react to form ‘the thln £film materlal whlch is dePOSLted 

25_“ on the artlcle.

The thlckness of a solar cell cover rorned by the

O) TRi81Pss ahs aPBARES UEn A5%a PFOSSHE HRF 2 used to
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.“The iknventsi on and- above-di scussed method and 5 apparatus are further
-descrlbed bel ow by way . of exanple only and with reference to the —
:acconpanylng drawi ngs, in which: Figure 1 LS4ﬁJ$ChenBtIC i l.lustration of an__'
apparatus i ncorporating the present. i nvention-and.10 - showi ng one nethod
for formng an integral ‘solar. cell cover by dep05|t|on of silicon dioxide"

and al-umi num oxi de' by ‘@ pl asma-activated in-cavity oxidation of a silicon-

~ conpound and an -al UfleRUEC @FP WA cIPTIR P App 1 dahRsfRthoy i hd UsE r BLE 8he
s:n1|ar to 15 Figure 1 'showi ng the formation of an I'ntegral sol ar cel

cover by depositionagf 150l pEQN aBA0 S aNGAAAHT FHIT 0 ¥ifs byn@Xéfbd@iment
oxidation of a silicon compound and an alun1nun1conpound in a plasma-
.activated oxygen di s€hghge invandidh. Figure 3 is another schematic-
~i{lustration'sinilar.to Figures 1 and 2 showing a nethod and apparatus for
fpr nng an integral sol arheelinvemtdiorbyrichebtepsal is s odd gié tlood ahaxi de
and al uni num oxi de by ‘evaporation of solid silicon dioxide in a E
. pl asma-activat e8 | napparatosy e duntﬁeno@e&hnmbeﬂthnlnwnhynwnywmﬁ -5-
f,ln t he hethod whi ch-is utilized :

o example only and w1th reference to the accompapylng

.'ag”lbO'[err]' and such a solar cell forns one enmbodiment of the invénfion.é§§

S o draw1ngs, in which:
Figure 1 is a schematic illustration of an

-Lr ' ". _ apparatus lncorporatlng the: present 1nventlon and

7 T

1o show1ng one method for formlng an 1ntegral solar cell
._cover by depos1t;on of silicon d10x1ae and alum;num
. oxide by a élasma—activated.in-cavity oxidation of a
silicon oompouno and an aluminum.compound; |
- Flgure 2 is a schematic illustration 51mllar to.
15 Flgore 1 show1ng the formatlon of an 1ntegral solar
cell cover by deposition of silicon dioxide and
aluminum oxide by external oxidafionlof a eiiicon_
'*compound and an aluminum compound in a plasma-
.actlvated oxygen dlscharge, ~and
20 - Figure é is another schematic 1llustratlon similar
- leFigures 1 and 2 show;ng_a_method and apparaeus for
. ,forming-an_iﬁtegral.solar celi_oorer'by the deposition'
'of-silicoh dioride and aluminum oxide By eﬁaporarion.
- of SOlld 3111con dlox1de in a plasma—actlvated in- e

25 cav1ty 0x1dat10n of an alumlnum compound




. . M . ' . .
for fornihd'a mi xed- oxide/nitride filmfrommterials selected fromthe.
‘Al -Sii-O:N gquaternary systemon articles such as solar cells by use of a
plasna- 5 activated source,.the source is provided with a cavity and with
neans for generating a radi'-o frequency fle%d withinthe cavity. At least =~
‘one of the .constituents for the filmis sel’ected as a conpound vapor. ThiS:
conmpoéund vapor is chemically reacted with at |east .10 one ot her
constituent to formthe.filmwith the tenperature of the article preferablyj
bei n§ ‘i ntai ned at a tenperature of less.than approxi mat €l y 400 C or even
belo$/150 C.- The apparatus ‘11 having a contained plasma-15 - source
incokporating the present invention-as shown in Flgure 1is simlar to _
pl astra activated sources such as those disclosed in United States Letters -
Pat ept .3, 801,355 and 3,922, 214. 1nl t the pmethddd whtibha iscontdilierd] 2 '
provided with a side wal | 13 and top 20 .and bottomwall's 14 and 16.
Thus| as shown, ¢be €8Rhahdea inaxeanob@.dlelyntﬂt&lf&y Midfm Fdmosekeanthls
cyli pder which forms a cylindrical cavity 17. The container or cylinder 12
i's pFovided w t hsalkepeapeiiond the Al -gug-thigia tdmmadya s tiem drschar ged as
‘héref nafter described. It is also provided with a bottom hole 19 which is
“conngct ed to pi palﬁglale\shlsa:dchl asutsloI]Jaz:ed:e‘ldrs Gnadisx ol a@mw gases | nto
t he

"5 activated source, the source is provided with a cavity
" and with means for generating a radio frequency field -
within the cavity.' At least one of the constituents

for the fllm is selected as a compound vapor. This

compound vapor is chemlcally reacted w1th at least

h 10 one other constltuent to form the film with the

".temperature of the artlcle preferably being maintained
at a temperature of less than approx1mately 400 C or.
even below 150° C. |
- The apperatus 11 having a contaihed'plesma
-."15 . source incorporating the present invention as showh
‘in Figure 1 is siﬁiler'to plasma.ectivated sources.
.such_as_those disclosed in United States Lettersh.
' Petent 3,801,355 and 3, 922'214: It is pfovided with
. '.a contalner 12 prov1ded w1th a side wall 13 and top
‘_20 and bottom walls 14 and 16. Thus, as shown, the
| .contalner 12 can be in the form of a closed end
'cylinder which torms a cyllndrlcal cav1ty 17. The
'contalner or cytinder 12 is prov1ded with a top

openlng 18 through whlch the plasma is dlscharged as




l

:caV|ty 17 5 . The container 12 is forned of . material so that it wll _
- seérve as asnhon- evaporatlng cavity, .that , it will not be evapor at ed by )
“the plasma which is formed in.the caV|ty "The material which is utilized

i$ an insulating. mat eri al ~whi ch has rel atively gigh 10 mel ting and

~boiling points. By way of exanple, the container. or. cylinder 12 can be

_forned of - a boron-nitride which has . very high nelting and boiling points soy_
that it is very difficult to evaporate the boron nitride fromthe wall or o

" td deform the cavityheheRearker dedwasmaen founds timic fused: auar kzchoans a“'_ |

relatlvely i nexpensive satisfactory material for the formation of the

caVI ty for | ow power bpiasibho 1BAdi® WHIRAL NS et ded Std Nbipdhgedli whechhe
§V|ty i'n a:-suitable manner such as by capacitive. 20 coupling or : :

inductive coupling wikl wtidWzdd fdroswmiddt Bty iseldeted tgasdusntbhehe has
gbeen provided a helically wound induction coi|] 22 which surrounds the
ylindrical contalnecaﬁatqnd7Wh|ch I S connected to a suitable source 23 of - -
power. By way of 25 exanpl e, the RF source 23 can have a power -
cépabl lity of 5 60 6 KW afthe focerhadmeyr df2 13 6fddmed Ryf material so that

._-_;-Z'TZZ333IZZ:ZZZZZZZZZ;;Z;;H;;;;;;;;.Zi[ﬁ&“';{a;&;’t};;E;J;;QJ;E:?;;;Z;SF“
-eyanple a1l-1/2 KNVfron1the RF generator to the coil 22, i's :
N o it will not be evaporated by the plasma which is
.-formed in the cav1ty. The materlal whlch-ls utllized_
is an insulatlng material which has relatively high
_ 10 . -meltlngrand boiling points. By way of example, the -
| 'oontainer or cylinder 12 .can be formed of a boron .
lnitride wﬁich has_very high melting and boiling points
so-that.it is very.difficult'to_evaﬁorate the boron__ :
nitride from the wall or to deform tne cavity Shape..
15 It has been.found that fused quartz forms a relatively.
'inexpensive satisfactory material for the formation of
:.:*tnelcavity for 1ow-power plasmas. o
. Radio frequency energy is 1ntroduced into the
_.cavity in a sultable manner such as by capac1t1ve
-20_. coupling-or 1nduct1ve coupling-well_known to_those |
| '.skilled in ﬁhe art. Thus, there has been .provided a
c_hellcally wound inductlon co;l 22 whlch surrounds
the cyllndrical container-l? and whlch is connected R
to a sultable source 23 of RF power. By way of i' “

- 25 example, the RF source 23 can’ have a power Cdpablllty

of 5 to 6 KW at a frequency of 13.6 Miz. By




l.; N
p055|bke to operate the plasna generator shomn in Flgure 1 mnthout causi ng
evaporation of the.silicon.5  dioxide of which the cavity is formed whereby
t he S|J|con di‘oxi de or fused silica cavity serves as a non- evaporatlve

caV|tm A vacuun1chanber 26 i.s. forned«by. hou3|ng 27. The housing 27 is

provi ded wi th an opening 28, not 10 ~shown in Figure |, which is connected .

to a Qwtable sour ce of vacuum ( not -shown) for evacuatlng the chanber 26
and aljso, for evacuating the.cavity 17 provided within the container 12,

The "hausi ng. 27 Cqsrdam@mdﬁ a selatsoelpalowheoweli,r ascd@micdampble can be' 15 '

mount ¢d therein or-alternatively the housing 27 can be mounted or -
associfated with thel DrEwi firomlfhenRPuUgbnerwhprt tat thiee caidm®2, 26c issin
connu$|cat|on wi.th-the cavity 17 through the . opening 18 provided.in the

cont ag ner 12. - 20 possibléktosopenatehbihr) pilesmrogeted aticrhishawre dmwusi ng 27

tofpe_n1t the introduction of one or nore-solar cells 31 on which an
i ntegial solar cefigeowel wstn-gube09n5vne‘eévap9m'@r¢lm &f ddd sidilcor of a

conventional type and will not be described in detail. 25 -~ In
utilizi-ng t hed appdiexide wf cwhichshbanchwitygdse formedondierahy frhwi de a
m xed oxi de. and/ or nitride thin filmto forman integral solar cover for

t he solar-cell 3151%@§@m,@}gxaﬂg or fused silica cavxty serves as a

' non—evaporatlve cav1ty.

i o ,...:a 3 A vacuum chamber 26 is formed by housing'27.
gﬂf,. . 'The hou31ng 27 is provxded with an openlng 28, not
#i'"' .10 -shown in Flgure 1, whlch is connected to a suitable
| source of vacuum (not shownl for evacuatlng ehe

chamber 26 and also- for evacuatlng the cav1ty 17

prov1ded w1th1n the container 12. The houSLng 27 can

‘-be such a size [-To) that the entlre container 12 can be

15 mounted therein or alternatively the housing 27 can

 be mounted or associated with:the container 12 inlsuch |
“aewaf'thau'the chamber-26'is in c0mmunication with
. the cavity 17 through the opening 18 prov1ded in the
'contalner 12. |
‘20 ',:Means (notJShowul.is ?rovided-within the housing -
| '?27_£o pexmit the introduction of one or more solar
- cells 31 ou'which an integral solar.cell.cover is to
be prov1ded. Such solar cells 31 are oi a conventlonal
]type and will not be descrlbed in detall.. |
.ﬂ25 f_ - In utilizing the apparatus which is shown'in_

Figure 1 in order to_pfovide_a mixed oxide and/of

| A o R e Aot i e
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‘sélecfed fromthe Al - Si-C>N'quaternary system One-or nore constituents are /
introdyced «into the 5 .apparatus as a conpound vapor and are chemically
1reacted to the required oxide or nitride. within the plasma activated source
~oriat thhe solar cell substrate whi | e mai nt ai ni ng the solar ceII substrate
Catya tenperature which is below [err] or everr~b8low [err]. ~ Thus, ‘as
~shown in Figure %, alumnumtrichloride [err] ‘and si | ane [err] are
“introduced with oxygen [err] as a mxed gas t hrough the piping- 21 and
_|ntroduced into the cavity 17. Operation of the RF power source 23 creates
airadio frequency fi@itaBie thim filmcteafory an ibtpenpiespRarg#OWEN hin
_the cavity.to create a plasnma. _ The pl asma causes_a_chenical reaction to.
take place Wi thin. thd&aakhs: %Q)li}%a@e%%e”srIaﬂ'éeﬁhﬂlﬁhérﬁl umi num :
‘triichloride are oxidized.  The silicon-and the al umi num containing 20 _
“‘prioducts are in the\ﬁﬁ*ﬁ o1 nf xem VP$IAb§§§”9TthBﬁt8¥9§§H SM&HﬁPetFEEM |
t:Hr ough.- t he ‘opening 18 into the chanber 26 so that é i ke the
~ bgttom si de or surfaéENﬂD¥?mF%QﬁE&tE%¥FSc%?@rl@Er° @hén§PI| n and. t he
~-alium num cont ai ning conpound va ors 25 n_conbi natign wi.th_th tivated.
‘oXygen strike the sol3HPTEARTUS, %Lﬂ)s‘t’?’é\?‘éun‘?hgﬁpﬂfl Fnaeﬁ’é?i Fhﬁ“ﬁﬁ?&

- fizl mof silicon dioxide r and al um num gQxi d Al12031.wi.t.h t he.ax n
phasna aldlng and en % é]to e requlre8 oxgdg or 'nitride w‘% ﬁ“¥h

jé- o - : -plasma actlvated source or at the solar cell substrate
b - while malntalnlng the solar cell substrate at a.
_temperature whlch lS below 400 C or even below 150 C.
10 Thus, as shown  in Flgure 1, alumlnum trichlorlde
(A1C131 and SLlahe CS;H4) are lntroduced w1th
oxygeh_(ozihas'a miXed gas through-the_plping_Zl
" and introducedtinto'the.cavity“l7.- Operation of the
.RP powerfsource 23'creates a radio frequency field
15' within the cavity 17 to ionize the gas within the
. cavity to create a plasma. The plasma causes a
chemical reactlon to take place within the cavity so
1that the s1lane and the alumlnum trlchlorlde-are
okidized. The . 51licon and the alumlnum—containlng
20 products are in the vapor form and will pass with an
| - oxygen plasma stream through the openlng 18 into the.
t_chamber 26 so that they will strlke the bottom 51de |
7 or surface of the solar cell cover 31._ As the
'“silicon and the alumlnumrcontalnlng-compound vapors

25  in combination with the activated oxygen strike the

) solar cell_or substrate, they will depoeit'a mixéd-
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piping 21, the | eng@h30f tine that
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tthe materials which are deposited upon the solar cell are fully -

ed,-or in.other words, are 5 in fully oxidized conditions at the.

éf deposi‘tion. "The pressure dlfferegilal Ct he pressure-in the chamber
:less than in the cavity .17) nakes -pdssi bl e a sustained plasma '

.on in the high pressure region w.thin the source while naintaining 10

antlally collision free paths for the nol ecul es in the vapor streamto
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dle to run such. apparatus continuously or for 20 l'ong peri ods of

whi ch parti guhar vdlands.d tmalfy LR AAEd NUOHISL P RSERES REradFhaze 1ol

ng. Al'though the appar-atus has "been described in

nction @i thihhEulngyiodiad 2d iRttt ortd e St Simé con sol ar cel s,
ame apparatus can be utilized 25 for .pl.aci ng covers on gallium

i de (. GaAs) dieposditdloniel IThe presyulss dDf fewmentallegthdaprensatet he
solar ceIIs or the substrates, deposition tenperatures

' in the chamber 26 is less. than in the cavity 17) makes
| possible a-sustalned plasma reaction rn.the hlgh

pressure region within the source’while maintaining

- 10 substantially colllsion free paths for the molecules
o in the vapor stream to the substrate. |

When the naterials for the comblnatlon of

chemlcal reactions are selected such that prematare
:_thermal decompositlon and solid, product depos1tlon
:15. -will not occur within the cavity nor within the gas
supply'piping 21, the length of time that the
c_epparatus cap operate in a steady state condition
_-Would be substaﬁtially unlimited. Therefore, it'is_
possible'to run such apparatus.continuously-orlfor
26' long periods of time.which particularly.len@s_itself_
to,continuous'operations such.as'roll coeting.'
~ Although the apparatus has been described in
:lconﬁunction with-thefproviding of integral covers on "
fr51licon solar cells, the same apparatus can be utilized
25 for plac1ng covers on galllum arsenlde (GaAs) in

'l.solar cells. 1In order to prevent degradatlon of the




" Will*be such that the substrate t enper at ures may be mai ntai ned belon/[err]

~.-or even [err] “tf desired, .various deposition parameters can be varied -

. such as.'5.  the'ratio of the react ant gases, the total reactant gas

s pressure and the RF power. It is desrrable“%o mat ch closely as- possible
the thermal expansion of the cover to .the ttérmmal expansion of the -
_substrate. In changing froma.silicon substrate to a galllunrlo ar seni de
fsubStrate it will be necessary to nodify the reactant gas ratio to favor -

L el o8 G ot Bl e B s
TP T ot o macn 191 he AR A tesr,ybd%seatrs ephblpLesbl beom

ujan increase in the [err fati'o to prono EposT tT0
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Hit is desirable to dgResidysSi ’Eg&s%&%.% it %f?%ﬁar?!ﬁéer?ar eHthEX EF‘.
nt al ne .

“the cover layer transparency S been e integral so

'_-..GOVGVS can be degosi ¢p@ tr%ttlfbedieft'l'{eecréamfé‘ﬁ@ sddf ﬁ%(é‘r@o\?al'ﬂehﬂﬁaﬁ'tder

25 of several mmor even_thicker, to provide the deSired radi ation

~drotection. It shgelsdpaeseweezsema FwdolgNTE hes desirable to

match closely as poss1ble the thermal expanSLOn of

-.4

- ‘*; f: _ _f' the cover to the thermal expan51cn of ‘the substrate.
In changlng from a silicon substrate to a galllum
1o' .arsenlde suostrate, it will be necessary to modlfy
 the reactant gas ratio to favor the dep051tlon of a
- mixture which has a hlghervcoeffic1ent of thermal
'pexpansiOn. For.example; in the aluminum oxide
GAlz 31 and sxllcon dloxide (SlO ) fllm, matchlng to
15 a gallium arsenide substrate will result from an
:.increase in the AlCl3 S:.H4 ratio to promote the
. rdep051tlon of a more alumlnum—rlch glass." o
R During the dep051tion of such materlals*and'as
_ ;they are modified to match the seﬁioonductor -
2Qn: substrates thermomechanlcally, it lS desirable to
-'dep031t simultaneously on witness- plates to verlfy
that the cover layer transparency has been maintalned
The integral solar cell covers can be dep051ted _
- to the desired thlckness, for example, in the oraer.
25 of several m or even thlcker, to prov1de the |

 desired radlatlon protectlon.
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appar atus and nethod have been described in conjunction with Figure |, that
the material $ used could be introduced in a vapor form -It also should be
5 ' appreciated that it would be possible to forman aerosol of the-liquid
and to:forma gas in the plasma wthin theltavity. Alternately, a liquid
or powder conpound could be introduced into the cavity and evaporated at-
t he rgfatfvely l-ow power. limts 10 of the source w thout evaporating.
the caontainer forming the cavity. Another aEparatus for thin-filmcoating -

Fs showf. i n Fi gure- 2 ik whewld hHee spparaciated Ghay silvbraoh &hehat shown

in FigUre 1 with the exception that certain 15 - portions as, for, exanple, -

t he vdcuum chanb@PRARAL HotaBR drethRdnhavenbernsdefsgdbeendnocamipnction
i nventji on, oxygen and _gas or an oxygen, containing gas mixture is introduced
b CERAT 15

throuéh.thé pi pi 1 Figure ythe MREPELALIENUSRFGERYWHLD% i s formed

and di¢scharged 20, -, t hyough fhe top opeping 18_so the o ones into. -
cont -aét. ‘Wi th the jﬂb?’f?ﬁ{ﬁ%g%el%fatﬁgp‘égl Prgel | T 1_a'i§\p £ é%g%ﬂi?etine_ one or -

of th ISt t ts ted ip C i ith Figure 1 _
ot rofiuiced ad 1 AN RERR bt URULAPr! BPFSRB2E 85 RSEDER shown)

which s Locat ed uts)de of e £AYLLY ARaPeb Wbl 4 UGS AUy forming a

vacuum chanber o _
IRRR ¢ ' plasma within the cavity. Alternately,'a liquid or

'~ powder compound could be introduced into the cavity .

i

'fp-_' - -and evaporated at the relatively low powerhlimits
'%’-g 10 of the source without.evaporating'the-contéiner

'ffdrming the cavity.
| ;'Another'apparatus for thin—fiim_ébating is ‘shown
in'figure 2 in which the-appafatus is Qery similar to
| thét;sﬁown in Figure 1 with the exceptioﬁ that certain
15_ éqftions as, for example, the vacuum chamber have not
‘been shown. In this eﬁquiment of the invention,
oxyéén and gas or an oxygen contaihing.gas_mixture'
is intfoduced'fhrough the piping 21 into the éaviﬁy |
17 whérein aﬁ oxygen plasma is formed and discharged.
'20. _through-the tép'oﬁening 18 SO.the oxygen comes into |
 ¢ontact-with:the bottom side of the solar cell 31.
At the same time §ne br more pf the conStituents |
'Selecteé in conhection with Figure 1 aré introduCedfﬁ
as :eéctive gasés~tﬁrbﬁghfan'auxiliary néz;;e (n@t' 
: -25'1'$hown1_which is located”outside'of the cavity 17 but

_“within[thé housing forming a vacuum chamber and

0




adjacent "t he surface of’ the substrate or solar cell which'is to be covered.
The oxygen plasma; mhlch i.s generated within the source then chemcally -
‘react's with the vapors at or near the surface of the sub- 5 strate
-causi ng themto deconpoese or to oxidize to form.adadixed filmof the
materials in the sanme manner -as herei nbef ore described in conjunctlon wi th
Figure 1 to provide a cover on the solar cell 31. 10 . -1t shoul d

be; appreci ated that as a&fhcagtoxygen trogen can be used as the active .
species“to formnitrides wthin the sgggé08f8?h€ epﬁébéﬁtamcve&tgwlarIAQ1,_

“allso shoul.d be appr eci attetch hag +& pb i.lane in the nmethod shown in
‘canjrunction 15° with Figure 1, it naygﬁegﬁsérraghﬁ PBYQEhIpiasmadwhﬁgmegg;s

nmgterial because. of thegerencetney witisi, ¥€|ch is very reactive with
oqygen, to.form[err] Powder within thqug%l urﬁﬁlE%encehem193$$ybkeaghgse

ug the top opening 18. thhebhmtba§5¥55§ﬂ) & it. 20 is only necessary
td select a less rsact ive silicon corrpounc?)"ts)ucétg’é tt%t?‘a’éfmomfhbhelsggte

(TECS) -[err] It also sﬁ&@ﬁ@ebeampﬁm@pwgkﬁﬂt&h aratus can be utilized
far generatlng a plasna using an inert 25 QE%KQP QﬁgﬁﬁthldmﬁeUﬂm

awwth t he princi pal dlsgaﬁanﬁa edelﬁglﬁ =Y cess because of the 13
p p L fO\Whle Rﬁ% €rials in the same manner

as
herelnbefore descrlbed ln conjunctlon w1th Figure

l to pxov1de a cover on the solar cell 31

e | 10 - It should be apprec1ated that as well as'

o inv | .
E entlon. It also shoulo be apprec1ated that in

©  place 1
P of sil ane 1n the method shown in conJunctlon :

15 w1t
| h Flgare 1, it may be desirable to utlllze a

dlff
erent - materlal beCQuse of the tendency of sil
ane,

owde
P r within the cav1ty Whlch could pos51bly close.
;.up the top ooenlng 18.

_ _ To av
o 0id such a problem, 1t

is only n
v ecessary to select a -less reactive Silicon -

~ co
_ mpound such as. tetraethylorth031llcate (TEOS)
;tc2H5014sl._ |

25 ¢
. _gas such as argon or hellum with the prlncxpal

L S dlsadvan .
I T tage belng a slower process because oF th

H
W e ey g 2
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-couplihg'geonetry in the gas flow. Wen an inert gas plasma is utilized,
‘the reactive agents are suppli-ed in vapor form In both of the types of
the- apparatus shown in Figures 1 and 2, |t can be 5 seen that a .
non- ewaporatlng type cavity is utilized. f anot her apparatus which is
shown jin Figure 3, vapor is formed fromTi 3 con di oxi de powder - i ntroduced
into tthe plasma. Hi gher power i s ‘provided in the formation of the plasm
withig the 10 cavity to cause evaporating of ‘the [err]. In addition,

auxi | idary gasses are.supplied through the p;plgghrntomggﬁ SAVihkri7, thus :
as shdwn, oxygen %4 ﬁﬁﬂﬁiﬁh#ﬁﬁWTTﬁ%:£awT e Are Tntroduced and gas is formed -

hé whi_ch 1 lid -
i'n the cavity whigc ' ﬂgkbfse%dﬂl%{%%é‘e @P{ép{?éé‘étg% BgeRkst Beesol i

[err]: so that tﬁ%?% |s ovide e’.cavity oxl atlo of .t he al um num

compolind 10 provide, i el 4y 0 s  er£h B5en!BE LRb Eypeecmasses

through the openln oxygen plasma to inpinge upon the bottom

surfate of the sgl dagga : szosh&ghfﬁ{n@fg &b Ui eaRf bheisi agomedi oxi de '
In S

and tne alun1nun1OX| e nanner- her el hbefore descrlbed In the
apparatus sh b QHES o ndnddhfordben&Feepl! sabave heentdndaed.

surroundi ng the -container 12 formed in the cavity 17. 1t should be

appreciated 25 that pf flesiked apfaseihs wRNcheipr showed iat Fagthrfef e¥ent

Ioca%1on as for exanple, ‘bel ow t he cont ai ner

¥
4
b

oo vapor is formed from 51llcon dlox1de powderxr
introduced 1nto the plasma. ngher power is
'provided in the formation of the plasma within the
‘10 cavrty to cause evaporating of the §i0,. In'addition,-

auxrllary gasses are supplled through the piplng

| into the cavrty 17 thus as shown, oxygen and
.”“alumlnum trlchlorlde are introduced and gas is Formed
“ - in the CaVitY which is combined_w1th_the evaporatrng
15 of the eolid Sioi, so that-there is provided in the
cav1ty oxrdatlon of the alumlnum compound to provide
" the aluminum oxide (Al 0 ) and the S:LO2 whlch passes
through the opening 18 with the oxygen plasma to
impinge upon the bottom surface of the solar cell 31
20  to form a mixture of ‘the sillcon dloxlde and the
| :_alumlnum ox;de in the manner herelnbefore descrlbed.
| In the apparatus shown in Flgures 1 2 and 3, the
" RF coils have been shown surroundlng the contalner 12
formed in the cav1ty 17. It shourd be appreciated
25.: that if desrred 'RF coils can’ be provrdea at a

"dlfferent locatlon, as- for example, below the. contalner

PR -f e s g o g A e v S v e A, 2 e i s s




<14- M2’ *Wien this is the case, a qux concent r at or (not shown) wel | kno
- "to those skilledin the art can be utilized for transferring flux to the
~ Level of the ‘cavity to forn1the pl asma herei nbefore 5 descri’bed. ‘Fromth
. foregoing it can be seen that it has been posskgie to deposit i ntegral
~solar cell covers whose conposition falls int Al -Si -O N quat ernary
. gystem hbrnally thé coating conpositions are 10 sel ected on the basis
. of optical transnmittance and ther no- mechani cal conpatibility with the

" dubstrate. A table of i £ i.Gients. Qfs L
subsirare, A table of agne eagll IGIANS o gaE! o FS celnlaribabeton

_?ABLE .15 + Materia

fg!S.terr]; ' ﬂ. " (not snown) wéﬁfzﬂﬁgﬁﬂ(toktﬁtéel%ﬁgiaﬁd i thf art
. 2.69 AN ' 0P, C b
"sel ected: fron1the [err]nﬁkieﬁﬁi ize foﬁ éﬁ %$$19°s$§e Eevel

B .
Starting materials enmglroye %ﬂﬁiﬁ'ﬁ@%&'ﬁiﬁrtl’@%ﬁs@ heﬁéﬂﬁﬂ@ﬁ@k@' i cs.

(le.g., trlethylalun1nun) The pl asma-activated ‘source, . as. here|nbefore C

eQescrlbed o 5 - descrlbed. L

| | | From the foregoing it can. be seen that it has

-been possible to depos;t 1ntegral solar cell covers

- whose oomposition falls in.the.Al—Si~O;N quaternary :
_EH - o systeﬁ. .Normally; the.coating compositions are

| | 10 ..selected on the basis of optlcal transmlttance and

| -thermo—mechanlcal compatlblllty with the substrate.

- A table of the coefficients of expansion are set -

PPV AL R W

. forth_below: '

TABLE I

15  Material ' Coeff. of Thermal Exp.
| . | - pen/%C
- 81 S | Lo  7f-~'.-,_4 2
$10, (fused silical . . o.5
o ALy _-'. R P S
AlN- | . S : 4,89
A composition can be selected from the Sio2 + 513N4
i ." _ _:jj : SiO2 + A1203 or AlN S Sl3N4 systemsr Startlng

materlalc employed can include hydrldes or
- 25 organometalllcs (e.g., triethylalumlnum}._ The

plasma—activated source, as'hereinbefore-desc;ibed,

A ot e
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-15- is enployed to deposit t hese. selected material's to prOV|de m. xed fllns
whi ch. are fully reacted at high rates. - As hereinbefore pointed out; to
-obt ai ni t he ‘desired f|In1conp05|t|on one or nore of .the constituents 5 ig4 ¥
i ntroduced into the ‘apparatus as a conpeupg vapor and chen1ca||y reacted to\

.the r qU|red oxi de or n|tr|de.e|ther Wi thin the solar cell .at- the sol ar
céll substrate. The: sol ar’ cell substrate can be readily . nalntalned at-a
t enper:at ure belom1400 Cso 10 ‘that .its performance will- not be degr.aded

by thésappl | cati D9 @bpldged nt@gaabosetatnegbl sedéeted RBAEAWSH ilsOWo
.tenpeﬁatures can be maintained onthe substrate, the nethod apparatus

‘parti éul arly | erprov16€|fﬁli@dCﬁﬂlmQUQHSChOhkeCﬁ&&&ygreacsheehtn’&h.e_;h al

whi ch} - cannot withstand high tenperatures. The nethod and apparatus = .
*herelébefore descatdmd hasehareimbefcoé pdmanedgestbntbhebtaﬁnatmen of thin
film oatings. In general, | ow deposition tenperatures can be utilized to -
perm coatlng cdesiredsﬁbkmreomposuthoas phasbrcmounki olf taencbnsittiisteants

hi gh heat, as for exanpl'e, coating tenperatures noré O than approxi mately
lerr]i The 5 at elofinbeedugedi thto heher apparabksshed andomppandt wapog :
-Si gni |cantly hi gher than that which can be obtai ned by sputtering. 25: The

pl asnfe. source canube:@smucebhylneeg§¢§ b9 the ysgudted ﬁ@ﬁdévéebratlng

_cavit .or by supplyln
L nitride elther within the solar cell or at the
solar cell substrate. The solar cell substrate can
'_be readlly malntalned at a temperature below 400 C so
";'lO _that its performance will not be degraaed by the
“..__appllcatlon of the lntegral solar”cell'cover. Because-
'dlow temperatures can be malntalned on the substrate,
_the method apparatus partlcularly lends 1tself to
;3cont1nuous roll coatlng on sheet materlal whlch
'.lSd» cannot ‘withstand high temperatures.'
' The method and apparatus herelnbefore descrlbed
'n_have a number of advantages in ‘the fornatlon of thln
.fllm coatlngs. In general, low-dep051tlon | | |
: ptemperatures.can.be utilized-toapermit coating.on
"JZO :_substrates.such'aS'plasties-Whieh cannot'withStand'
'“high heat, as'for”example;.eoating.temperatures more i_
:than'approsimatelf-ldé—léooc. The”rate-of coating:
with the present method and apparatus is srgnlflcantly )
l“ehlgher than that whlch can be obtalned by sputterlng.--
'7253hdmhe.plasma sctrce_can be_ased cont1nuously by-the
use of a non—evaporatlng cavlty or by supplylng

fpowdered materlal to’ the cavrty

N
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f-pomdered material to the cavity. -16- C
_g sol ar- ceII ‘constructi on whi
s with:the "sot ar + cel |

'ﬁ conposi ti on conpr|3|ng Al “and/or Si with 0~ a¥fdror tloh
"having a coefficient of expansion sinilar -to that. ‘ml 4" mmmgm '
',;solar cell construction as clained i-n daim1 wherei*n thet m4

z (
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L M. SCAM- I
ch conprises. a solar cell and a f|In1|ntegra
and coverlng t he surface of - tﬁ‘*tef#*and-%ofﬁed—%ro

or med o
'a conposition 10 selected: fron1[err] [err] or [err] systens. :3. A solar
ce“Lyqonstructlon as claimed in Cla|n11 substantially as herelnbefore o
des

bed. -The text of the speC|f|cat|on has been-reproduced by
phot ocopyi ng the ap@LAEM8s original typescript. It nay contain a few
‘tamendments. which are difficult to read.

The ‘original typescript containing
:these arrendrrents rray be ihspettsalan edbl pramstesciion héhiah coomprises

a solar cell and a fllm 1ntegra1 with the solar cell e. 

and coverlng the surface of the cell and formed from’ f
'1a comp051tlon comprlslng Al and/or Si w1th 0 and/or

N, the compdsition having a coefficient of_expan31on
ﬁ_similar tO'ﬁhat ef the solar cell.

.-23'-A solar cell censfruction ae cieimed in.Claiﬁ

_l wherein the fiim is'formea of-a-compoSition
1o

selected from 5102+513N4, 5102+A1203 or A1N+513N4

systems.
3. A solar cell construction as claimed in .
-_c1aim l'substantially_as hereinbeforeedescribed;

" Tae 'l'-ut of the sped.ficaﬁ.on has been repc:cduced vy photocopnng the applieants original_
typescript. It may contain s few amendments which are difficult to read.

The oxiginal
typeaczipt e:mtaimg these anendments may be i.nspected on the prem.ses of the “a.tent O.t‘..‘::.ce




