2139776 SENSI Tl ZI NG BATH FOR CHALCOGENI DE RESI STS The invention pertains to
litho phi ¢ processes for produci ng devices such as, e.g., masks, or

sem gondb¢ctor devices, and involves 5 sensitizing baths for :2139@?2'@

resi gt i t hogr aphi c processes play an inportant:‘irole in the
of davi such as, e.g., sem conductor devices. During -the manufacture of
t heseNdevyces, |ithographic processes are ygsed to pattern substrates, such

as silicon wafers or processed silicon wafers 10 which are, for exanple,
whohl y or partially covered by metal, silicon dioxide, or polysilicon. That
is, a substrate is coSENSITHZING aBAT&r@quHMﬂEEHIDEeREﬁtSé'Sl al called a

resist. Sel ected DOfhd ARefioharkERS koA RNSHAATE frdcRslay iroplproRaethy

whi ch i nduces a change e exEose rtions,i.,n

relation to a g‘i'ﬂ)’éﬁeiié\ﬂéhoﬁ-ng 95 maﬂ‘g?en?" Semtendygtor d?ﬁ &for and Jnypives
portions of st hesdng$tFiingr PatheNPre@haTvbgeRidel PESisak. t he substrate are bared

by applying the dev agent or _etchant to th T

portions of the subg{%ﬁég%n i?é:ﬁsfersealjl% an @or%aﬁ’gsrlgﬁéh%ndtige %ﬁg (ftu{gd
Both organic anaf |daw'rgasnsmcma59re.aLs Meonﬂuemmsledi%or eBuring the for t he
patterning of IEé"Exﬁ'é o@%ﬁ@?& Q{ev lograpHie’ pridcesses a@?aéé‘éweal de

gl ass based mat er i a rla x b|t|n a noncr

structure and Wﬂﬁé"ﬁsﬁ"@ﬁtmﬁﬁﬁuﬁbms |5§1E‘iﬂ"fﬁ?f §eP A s%e% Ftﬁcﬁpl‘[ﬁﬁerﬁr
cormpounds  tiiger egHich! avd,udiond exampIE, t Vo 10) 2drc pgeti aldy ataveret ciye detal,e s Hicon

d I st 25 t
ol at fvel vt i re{eR] s o5 PEWETLICHT, S IS I Ag Histhafll 5°cofteg arat RO | 19
a Ge-Se gl ass |enengyisenstbiner matarial galleda resist.oniel ecied mrtiams of the
substrate. A th*&isiyﬂre @fxpd%gasﬁ‘%'asf A BEridPgy WhieH fritedfa Eﬁ@ng@e1§ethe

| ass by, for ex ass,int Ag+ -cont
go| ut i o%, or a f the expose portions ?n re%at n to gaijven r?eveﬁ'opio

15 agent or etchant. The more soluble portions of the resist are removed
and portions of the.substrate are bared by applying the developing
agent or etchant to the resist.  The bared portions of the substrate
are then treated, e.g., are etched or metallized.

‘Both organic and inorganic materials have been used as resists

20 for the patterning of substrates. Exeﬁp]any inorganic materials are

~ chalcogenide glass based materials, i.e., materials exhibiting a
noncrystalline structure and whose major constituent is sulfur,
selenium, or tellurium, or compounds thereof. Included among the
chaTcogenide glass based materials used as resists are

25 german1um-se1en1um (Ge-Se) glass layers support1ng relatively thin
layers of silver selenide (Ag,Se).
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cont ai ni‘'ng aqueous sol ution, the resulting chenical reactions with the
gl ass yielding the Ag2Se. When an Ag2Se-covered Ce-Se glass is exposed to
an‘approprlate formof energy, silver ions fromthe Ag2Se 10 m grate iAt O\
t he. exposed regi ons of the Ge-Se glass, decreasing the sol ubility of
regions to specific developers. This mgration of silver ‘ions, which i /
refierred to as silver photodoping, is i'nduced, for exanple, by W light (in-
t he mavelength range from about 15 2000 to about 4500 Angstroms[err], | ow
ener el ect r o PeLE®L 1A Ve NGe-eher gless rxmpenols revapdmated eV to about 3

kev) . and | ow SOETENG{ PO DO {10L Wl £07e WoluBeLEELLLMy g 00en,

argon, Xxenon, uam i ons W energlies ranging rrom abou eV to

about 30 keV). 141e¢s°2(ﬁ°§%¢|b?eﬁ°§m an | the sHfacRRhgthekathes slass

el ectron-hol e pgy/ gggegagﬁgpemnaftpiﬁyetge FEa s O Dped, o f OF exanple t he
absor ption of pho¢ons he electric fie d r oduced bé%%pﬁ% tron-hole

pai r generat?on‘%cc%?%?%&%%??rﬁﬂ?ﬁ?Yimﬁ ont | R%er? rdl yfrom t he
Ag2Se | ayer i nteoorhtel 25ng Gegbeous\i sdsnmkreamolﬂse npesupt Lpy\ackié yidadom t he

Ge.Se into the £ 02561 3‘?%'0 %ﬂ dgA % Rl n|n gﬁ tﬁ%zgé .a Ge-Se resist

IS exposed to ener gy, surface of the
resist is removed. This Feerone Agpierseriered G Femelasdnis rexpsRd Wic | 2

sol ution which dﬁsegﬁysﬁnéte fo@ﬁﬂ'&'fzéﬁeréf‘? égﬁﬁe: a{%&:f&. fafénn%e@e 3
and Agl 3-4._ Thereatter et

t
Govel abou 10 SRISTRt € Linter the rexeosad popion s of e G -Sergidas o 318,
158t h El ect roc@mm@dsﬁwleﬁy A&nibmtj-ldfwmwe fegiania, té%EspéaitﬂttEr
510, 1980, regacol ngy wet  deypl gRieal, ol fRapee FoUS s willy ¥e 110
ES| S S |S % ?'I

advantages of DEoTpt| on Cross- Sect! on f or
various forns cfefertey tonms mmmnqmopim et%rigyd@%d:-t r#9F beans, and

| ow - example, by UV light (in the wavelength range from about
15 2000 to about usoo Ancstroms), lov energy electron bears .

(having energies ranging fror about 1 keV to adout 3 keV),
}and lov energy ion beans (including ions such as helium,.
nitrogen, argon, xenon, and qalliLm ions with energies
- Tanging from about 10 keV to about 30 kxeV)., It is
20 helieved that silver photodopinq involves ‘electron-hole
pair generation within the Ge-Se through, for example, the
absorption of photons. The electric field produced by the
electron-hole pair generation accelerates the diffusion of
. Silver ioms downvardly £rom the Ag,Se layer into the
25 Ce-Se, with the holes moving upvardly from the Ge-Se into
s . the Agzse to provide charge compensation.
After a Ge-Se resist is exposed to energy, the
i ' Se and AgZSe remainina on the surface of the resist is
removed. This is done, for example, by immersion in a
30 KI-I, solution whi;ﬁ dissolvgi. i.e., oxidizes, the Ag,Se
‘and Se to form Se03 and AgIj . Thereafter, the Ge-Se ‘
film is either dry developed, or wet developed. (See, for
example, R. G. Vadimsky, K. 1. Tai, Abstract No. 318,
~ 158th Electrochemical Society Meeting, Hollywoed, Florida,

.35 October 5-10, 1980, regarding wet development of Ge-Se
resists).



energy ion beans. For exanple, at |east 60 percent of W 5.1ight, when
incident on Ge-Se resists, is absorbed within a thin inage'|ayer about- 10

to m t hi ck. COnsequentIy, good I%ne wi dth control (variations in line
Wi Are | ess than or equal to abBuf TO percent for linew dths of,«for -

exa ¢, 1 [err]m is achieved with Ge-Se 10 resists because I|ttIe or no .
w ght penetrates bagood the allvantaggs biyCe~Sandeshsassrs| ehelons from

t he substr [ h tLen .
dogr adati OhL P RPREFRruPH EDfpForeeLign bt viichQusBorad bETERREGy,
resists i sinbinding UXblleyotEOFEGDPVEYfe&PG$§°Q|?eslsnaﬁnérlghan 1 [erﬁF’
whi | e S'nULLQQSQUabx BGDhSV'nQoQOQQath% Wh%tgesgetselye:h£n£8o?ebveved
t hat these erties are ,dque to the so-ca ening. effect (Ta
et al, §bs¥f s \$henigncigept EPeEFF§EhEﬁF&§FSSOgFeP RgBFan théPI ywood,
E!oLida, ﬁa tﬁ;hobﬁagﬁ 1dei9889uamdrﬁm 3 nﬂ,;ﬁi&krﬁcron Opti cal .I f

I t hograp no | S 3P0 | : . rnal o
Vacuum oo eraeHashlarsoh88e 1S idh b ceRRECT (SKE1a2EBaETAn 10RO Op
have expl avhétht Are dessrtbrp erfeguypl £ about 10 pergmptefOr-Se resists
do ex“'b'tliﬂ@wﬁd!ﬁgtGQ?OES:DEQRﬁbib?S1dGS§r&EedcﬁﬁQWQd uhehrcbaseographlc

f t Kk f ty,
nd moRBCF83y=6F PREausE: LSRRGeags <R DY Lopty PepaksREes, REVPRECknoss of

an Ag2Se Iayerthhnuldabe layegrcanar thhanrelfidettionsbftohesBet han about
1onm. and shoul doRee! ehaRbY IR PAN! CLOBD reshskll ckRgRs thegs than about

5nmis undésira eca e SUC m cont al ns an I nadequat e anount of
silver to atibendastydepradatprint bejobbnenvidhberpytnglecase gyatded.On the

-other hand, a 35 thms&esa& aaoaﬁeagahaa eeosb ééa&s&s yedegefabl e because
such a Iayer of Ag2S 0. nuch i nci entlia lation that gelatlvely

Fow o 1hi TehiRot B RR FesarEs; SPRLALS; FhPRs sne1lSf Shas 1 Ma'v

simultaneously achieving ‘good:;line width control. It is
believed that these. :roperties are due to the so-called
edgeesharpeninq effect._ (Tai et ql,.lbstract No. 319,
158th Electrochemical Society Heeting, Bollywood, Florida,

20 October 5~1C, 1980; and Tai et al, 'Submicron Optical
Lithography Using an Inorganic Resist-Polymer Bilevel
Scheme," Journal of Yacuun Science Technoleagy, 1I(5),
September~October 1980, pages 1169-1175, have explained
this desirable effect). -

25 While GCe-Se resists do exhibit the advantageous

. properties described adove, their lithographic performance

is critically dependent on the thickness, thickness

uniformity, tnd.morpholoqy of the overlying Bq:Se films. &
For example, the thickness of an Ag,Se laver should be '
30 greater than about 5nm but less than about 15nm, and . v

~should ptefefahly be about 10nm, 3 thickness less than
about 5mm is undesirable because such a film contains an
1nadequate amount of silver to adequately silver photodope
the underlyinq_ce-Se glass. On the other hand, a- _
35 thickness greater than about '15nm is undesiradle because
such a layer of quse absorbs so much incident radiation
that relatively fev electron-hole pairs are formed within



the Ge-Se glass, again resulting in an inadequate siil ver photodopi ng of the
Ge-Se. Not only should the Ag2Se | ayer have a thickness ranging from abg

5 \10 about 15nm but the. thickness of 5 'the Ag2Se |ayer shoul:d be -
substanti‘al Ty unisform.(variations in thickness should be | ess than abo

per cent of the average thickness). Sigm & cant variations in thickness
(n@re"t han about 5 percent) result in undesijably |arge. variations in the -

amoint of i | v el Qo P daREd dgis trhes e fifp WriSen MBI dG Gy vted
| i nkyidth cont r | nal | 02{10 %LfrA ﬁ% | ayer shoul d have relatively few

pi nhol es (feverP %‘Hd\ﬁ/ / ? 8+ and the pinholes, if present,:
shoul d be relatively smalﬂot(smrlul (6 3,¢-00,75. ]:Bxecm e‘tasye;rrﬂid\a“ d el o gs
0.05 [err]m. r an

and/ or pinhol es v'\')r‘?ai'%eare rgalratlveq rHQJar ge ‘{? Pm dlﬁgehr%%{a%{edrég%
about 0.05 @) thedhd S |h1§ﬁje§1q we FyestantialbheniferR anount of

silver photodoRsd di¥idde wchqridﬁd&s%xﬁﬁu?@ b BSss dHa Dy O be
useful in a praoduction env r nment, the, e resi st s. must_.exhibit

reproduci bl y gob®Pe5%¢RYyr P STAS R *t A UEESG80% ng baths
mist not only wa&licitﬂjg:ﬂ&e ﬂxaytﬂrish/ﬂm anror:é(nemstesn!ﬂﬁ:t réarpees dentm abesu 1t

[ knoss of " niThnd VY AP R 40 AT %‘{e'r‘ié%{’”%“‘rf "

aver age t h|1@&n@§1§9‘f-°ﬂrm¢)c&}!ﬁ%l‘@€( G SR 19 ehe PIRAVRIRF

thi ckness of any el aéHLd, the desired 30 th| ckness shoul d be less
t han about 5 percent of the desr red t hi cknes f/%ﬁ ve reI atrve elw
pi nhol es (fewer than abofi™Hi¥n- cﬁﬂ’a‘fl er%1 ve

di ameters snmal Ifyv tginhaibesit ( e T ptrr)an d\musebvzwu x:ranmgm lepyrral eshoul d
Cconortca | "wn APl e i BRGSO IS © ©°
- cont ai ni n@hqmmmmwgmmmo 05 um). A large number of
pinholes (more than about 20/um2) and/or pinholes wvhich
are relstively large (having diameters larger than about
0.05 um),_results_in-undesirably large vaziations_in the
amount of silver photodoped into the underlying Ge-Se
20 glass., - : :
-In order to be useful in a production
environment, the. Ge-Se resists nmust exhibit reproducibly
good lithographic performance. Thus, the sensitizing
baths must not only yield quse layers whose thicknesses
25 range from about 5 to adbout 15nm, hut vhose thicknesses
‘are uniform (any variations in the thickness of an AQZSe
* layer should be less than adout 5 percent of the average
- thickness), reproducible (the difference detween the
o average thickness of any Ag,Se layer and the desired
30 thickness should be less than about 5 percent of the
desired thickness), and have relatively fev pinholes
(fever than about 20/um ') of relatively small size (having
diameters smaller than about 0.05 um). Moreover, such
_quse'layers should be formed in less than about
35 20 minutes, in order for the baths to be economical.
While the Aq+-containinq agqueous baths, and the
[Aq(CN)zl--containing aqueous.baths, do produce useful



Ag2Se layers, the latter baths are toxic and exhibit S|gnificant dip time
sens.|t|V|ty i.e., small differences in dip tine result in undesirably
A Itdlfferences in the thicknesses of the Ag2Se | ayers (a difference in \J’

Ve of, for exanple, 10 percent yields 5 - a thjckriess differénce
br .t han about 5 percent). In addfitiron, both the former and Jatter P

| nt enl G%é&hqg#é% PERc g eLehdBs¢ns! avetaxihane é)dnﬁsimgsg:ﬁswm non- uni f axf

(the I t’hi t h o
he. aver agdterioRreas] HVigynal-Fyr BBIH TALTOFRL "R LA SeoEE A o1 ¢ ens
%'I eld tlg uﬁgas‘i‘te-abﬂyaaagéal\tfmeacewidemer &l cknessegeofithb k9258 pi nhol es

nor e than ;abou PO

di aneters I1§¥§'ésr % ﬁgﬁéﬁ?)Hﬁ@gﬁcﬁmgn&’ﬁstéﬂl%ééﬂﬁggﬁlo@b xcee§1e(mgv: ggs to

t he [ AgbCNa2thickoassidiFferenee e Q‘J‘attw apauty sE‘?"CSBEI)'l nin ad ‘?’é’t"ent No.
4, 343, 887 ipaehohet Pormiek! A1d Battalk BythdSinteAninterthO prddite, AghSes, however,

S|gn|f|cantl i 0 he f f

S e R ous thl B E 1GM shAE (SALRAR, iz i g bat o).
sought t hithiélatessi vardatianscgreaser rihan pbout Semereanti of thataveragf ch yield -
si | ver Com?ml;lzrie%%go?ﬁ{'i'éTangthﬂy?rfes fo%r affd JatteMBaths! B’F'ﬁrns jefdose i

t hi cknesses  are subst an uni Torm ( vari at I Q Kk f :
Ag2Se [8yerAgeSe [layers Mawi %émt“@eﬁﬁ'@lﬁht a ge {ye %f'vé’?a’bﬁ' Pﬂ?%&ﬂé:’gses;]ess o
' ”Zlegs' ti ;’ﬁ:htaﬁ di:loﬁttZ(ﬂF )aadﬂ/fd;ren@deseraMygllagel pmhtoﬂeadhavtnm percent . *
yi S a ckness nce_l e abo I mh h h

rel ativel y $8QpLErs ﬂfgﬁﬁotr a0 390U i:o to? q") abgﬁte Egﬁtﬁrﬁ? at i {/gl y ?rtgl I
size (havi rﬁy'dimwrmesfkg(mtz]t‘hmntabmm @qmuﬁebﬂt]'lﬁr) aSACCOI’dI ng to the

.present invgn Hﬂédti}?fues' $aﬁéﬁé’wéedt 343“58'70f’s§‘u@ﬂ {rhel et e @laonlevi ce,
COITDI’I Si ng a Sste esS a | ver COITpOSI ti on

on a suBst rMBS%GBpOHBGd @e§s§°yev¥rayé?9'g§i?qﬂ$\i¥ 1d §°§ed €glass layer in an
aqueous  sergerforange ot Iaha\/rﬁﬁgtcﬂ)2¢‘l’-tudntaialtngIbad:hsb.or'rpl ex, said glass |ayer

| ncl udes a ehal cageni e el GiTENed 15nb U] ofinedor ol bt aecONt i ni g

sul fur, seleniu i um or npoun ntainn an el enent’,
. wher ei n saimksdstss dave dopg coughit| tﬂ!@% farmtga%t ISHEGRSSH on%tgﬂcver ion,

- sensitizing baths ‘which yield silver composition-containing layers, .
20 e.g., Ag2Se 1ayers, whose thicknesses are substantially uniform
(any variation in the thickness of a Angé layek is less than
about 5 percent of the average thickness), insensitive to dip time
(a difference in dip time of about 10 percent yields a thickness
difference less than about 5 percent), and which have relatively few
25 pinholes (fewer than about 20/um2) of relatively small size
" (having diameters smaller than about 0.05 um).
According to the present invention there is prov1ded a method
fdr fabricating a device, comprising a step of: forming a layer e
which includes a silver composition on a substrate-supported glass | '
30 layer by immersing said glass layer in an aqueous sensitizing bath
which includes a si1ver'comp1ex, said glass layer includes a
chalcogenide element, the latter being a material containing sulfur,
selenium, or tellurium or a compound containing such an element,
_ wherein said silver complex includes a 1igand bound to a silver ion,
35 the 1igand including first and second moieties, the first moiety

[



35 the-ligand including first and second noieties, the first noiety -
5a - being hydrophoblc and the second noi ety being hydrophlllc bot h sajd
| i gand and said:silver conplex being soluble in said bath, and said bat
has a pH within the range of substantlally 9to substantlally 13. 5 .

The enbodi ment of the invention involves~a Shew nont oxi ¢ sensiti zi ng bath .
which yi el ds si beday mmu1cmcm aemnmgmesisltvsbamgtmrapmhaeeam@ﬁ ghasses

ol 1ot 65 (1 ewer (S ani0Ea e, Fer UBTEL Py SBie 1 ane shgn, Bnd s5H 5
35 -6- size hathehas @ eﬂwn&m she: rengg |oérsuh|s&nn1abblu 90to)5upetan]tm;nand

have t hi cknesse§3 whi ch are substantially uniform (thickness variations are
smal | er than. about Erho ent,. of t av aﬁe t hi, ck ess) and rel atively
5

i nsensitive Yo dip d(ﬂe'bﬁ P e‘ihén Bigh AnYq Pf%s(ﬁ newh NOBEXERL yields a
t hi ckness di ffesensctﬁzhegsbdtha;vhmboﬁte'l&s [ﬁﬂmtbmposTbﬁorbabﬂitalim 9 FETmss oand

contains a silvgfe gmkgg o\gnbﬁ}tshg%g&%g id:g?rﬁtna?/b@? %Jﬁié{grhydrophobi C

and hydrophilic npretie ex are
soluble in the qqmmbuﬁnn-@naatmegbfaﬂmsﬂzavalf@m pinholes difewerbithamabouty a pH
rangi ng from al:zu;g,,@) fof A1Qdiveld. sma11is the pH of the bath which |argely
det-er m nes tohe t hi ckness of the silver conposition-containing filns.

.
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Detail ed Description 15 The 'invention is a nethod for
fabrigcating devices , such as, e.g., sem conductor or magnétic bubble

devi g whi ch involves the use of chal cogenide glass,resists. .In
accorldaflce with the invention, a chalgcageni de gl ass |ayer, mhlch typlcally
' i ckness of about 20 200 nm s dep05|ted onto a substrate by

conventi onal techni ques such as .evapor |on -sput ter The o
substrate ®42¢ df h@izfntﬂ c?erseseﬁcfn%: ‘g" |¢T¢£ﬂ"\/\’af‘é}d The %
substrate Aave |tr)ajaxdmssésommmmﬂa swbsmmuzlmgmbgpam of or gam c

resist, c(ggﬁ%ljﬁﬁs@’evrarq t%l‘tbn?% (Mﬂé?twmﬁa?ﬁ@l%ﬁgnt

presents a f1at p anar surface onto alcogenlde giass
I's deposit &he AveRagRi } aprdEela hbvelnsinsensitiee &ridRieni de

gl an | g d'th%Ped (faOFdiaftfdwuw ﬁ{ diﬁf&{)ﬁ?g&ﬂmﬁ%etﬁém appegasl zt 0 about ].:LO

m nutes into . an invent,i sensi tj zi ng, ba e don of a

silver conpddits “cﬁfsccﬂ?t%ﬁe SHERFT i 19T DN )H‘u’é g’fﬁ‘fé% g'f?t’ét 1as1ts

t hi.ckness dfs hhmesuds/e!nd:minsm cil vé niceppléxn vlat@egrfcrmwwt 5 nm

to about 1 di Sf@d | er than
ﬁ'i%%darﬁ‘} esi ratg’{ e)wbecaus ﬁpﬁqndlq.‘ °pﬁ:ﬁve Wbl

about 1 ni are un ey produce si conp05|t|on- »
cont ai ni ng Bathmthsdsiand Aafbskhe Sk e CORMERX AFRItSO1vRIR Ip the while

dlhp L' RS waﬁ%teﬁﬂdg%éml}ih 140 fﬂmpﬁn@f %@ﬂefﬂﬁ gtwiwrzt ﬁfmc[]ea;e lhn .
L ke, e A RSk Lp TERARY 57 B 6 o LR Bl e Path,
. 1S aqueous parth GdEcH r&xagsli vutenmtnex t/\lhectthia'iutesiesofi thegailberund to a
onet v USSR PB e, 0o (o el e) T s o
Detailed Dg;g;;gg;gg_
15 - The invantion is = method for fabricating _
. devices, such as, e.g., semidonductor or magnetic bupble'
devices, which involves the use of éhglcoqenide glass
resists. In accotdance vith the invention, a chalcogenide
glass layer, which tyrically has a thickness of about
20 200nm, is deposited onto a substrate by conventional

techniques, such as evaporation or rf-sputtering. The
substrate is, for example, a processed or unprocessed
silicon wafer. The substrﬁte also includes, for exanple,
. .a planarizing layer of organic resist, such as a layer of
25 PNMA (poly(methyl methacrylate)),‘whiéh presents a
generally flat, planar surface onto which the chalcoéenide
glass is deposited.
After being deposited onto theISubstrate. the
- chalcogenide glass is dipped for a. period of time ranging
30 from about 1 to about 10 ainutes into an inventive
sensitizing bath, resulting in the formation of a silver
composition~containing £ilm on the surface of the glass.
The thickness of the silver composition-containing £ilm
ranges from about 5 nm to about 15 nm, and is preferably
35 about 10 nm. Dip tinmes smaller than about 1 minute are
undesirable because they produce silver composition—
containing films Vhcse thicknesses are less than about



10 of the noieties being hydrophobic and the other noiety being
hydrophilic. (By way of contrast, the CN ion, the |igand enpl oyed in.the
[AGEN) 2] -1 -containing aqueous sensitizing baths, is only hydrophilic /T2 . -
Such hydr ophobi c-hydrophilic |igands are typically.organic 15'conpound~.ﬂr}

I's believed that the hydrophobi c- hydrdpﬁ?l?c nature of the ligand is -
responsi ble, at least in part, for the fact that the inventive sensitizing

??th' prOﬁucesbssImB/mm] sdfy cmtmh }aa?grzftmlm'vlgm nfiexlhfdés/el y few

ewer’ t han about err i nhol ¢ e | v.e S Si ze o
(havi ng di anet HCPEHT 12T %%f?%ﬁ‘b%ﬂ%‘ gls'b%%?% n#’.' @A%%/srsa{s”&h%ensi tizing
bat hs cont ai ni nehsek vess coin @xpei nwnkly | 4 gterizine ¢, bY cthexphpe tioml y

hydr ophi | i c may, ult in silver conposition-containing filnms having

undesi rabl y nad% %lhholes (more than about 2 25 20/[erf4nQ)OT rel atively
| arge size ($having di anetkdke |IRFEREF ST ebain o v erti)in ARty S0t

oot ot ol y ol T SLEYERELR BAAYE 13 RSO O Tcomnife | LS IeE SAILIL
refera mul tidentaje j.¢g. e |i i S ached to the silyer i a
Pore 30t han- o ihar it afes, & i e pnaa he o6 Lt A8 ¢ L U i
siFver conpl ex prideskathkel $he thbgrndi Gentalechlghniiegl ude$ea ticdempt exied
Lo produce sil \ai; dNss W&t eHdef AGipiin ol ope ORI d Uetus f S

bath to produce si preci pitates. C ver preciplitates are

undesi r abl e'Y®Ge@fusth @ HRIL ¢thRF (RPIRT dUH 4F QPRRRE € M oHR HA R T AO4REEh
local |y preventpgxity ogyddsiomici N {Hie Wiy Ve €ONPasdt) AhE TN aigdng tHid m
Ligands WhT e yqgitd Ui P el by Y BRAC & AR, PYILOBNL £ 0 Pl s o1
et hyl enedi ani neserst pzimwarkaitlasi nks dnDy phpdoepli bikak, Siyeh but anedi am ne,
[err]-al anine, ﬁUé@%éﬁ%bic-hydrophilic ligands are typically organic
h 15 compounds. It is believed ;hﬁt the hydrophobic~ :
hydrophilic nature of the liggnd.is responsible, at least
in part, for the fact that the inventive sensitizing bath
_pfoduces-silver corposition-containing films having
relatively few (fewer than aboutlzolumz) pinholes of
20 relatively small size (having diameters smaller than
about 0.05um). By contrast, sensitizing baths containing
Silve::compleXes.vhose ligands are, for example, only
hydrophilic may resvlt in silver composition-containing
"£ilms having undesirably many pinholes (more than about
25 2O/pm2) of relatively large size (having diameters larger
~ than about 0.05 um). '

- ' - While not essential to the invention, the ligand
errloyed in the inventive bath is preferadbly multidentate
- i.e., the ligand is attached -to the silver ion at more

30 than one binding site. This is advantageous because the
resulting silver complex is less likely (than unidentate
ligands) to be decomplexed to produce silver ions which
might react with other constituents of the dbath to produce

- silver precipitates.  Such silver precipitates are

35 _undesiraﬁle because they lead to defects (local .
nonhomogeneities which locally ptevenf photodiffusion) in
the silver composition-containing film. Lligands which



5 -2- an1nonethy|pyrvd|ne and pyrrblidine 2,5 dione. In the case of
etjy1ened|an1ne f of exanpl e, the methylene groups of this conpound are _
hy hObI c, the two ami no groups are hydrophilic, and chenical bonds are v
f- B .

betmeen a silver ion and the two' amino groups of ‘the 10
' enedi am ne. Ligands enconpassed8by the invention are conplexed W th
silver -ions by, for exanple adding a silver salt, e.g., AgNO3, to the .7

inventiveéyﬂ#h ﬂdf@fhdﬁﬁbrﬁﬂd|hﬁéfd?hiib@ i@ié@i@§ tbﬁanunber of
I to t

ol es of e _nunb

i 8 er f i E hould be r W/
great er trﬁhﬁ@ﬂxﬁﬁe1‘%5°F%§?55°§ﬁ%??3! PRAK gﬁﬁﬁ?tﬁ'l acivdttetPfanie
because t hayanspé, tatMﬁﬂesednbhEnppecbplbabpsnaﬂishipeoduce defects in the

o ver SoCs LASDNGRRLELTAAD by b BRSNS nel PE-R53HL By DOpEORERDL 2l 00

of the 20 rang rom a
about . (85 A#amimmeehbrbprbﬁélaﬁ,atlnéa9t19°b®§iNPa?e5né%ﬁea-|nIerEP to

produce sidy&y 68 &iéﬂaufaaiﬂénlas:fbkaﬁpmeVIaﬂethéekasaﬁeSgeéuag | east
5 nmin conmercl a reasonab ggrlo s g gen£ out 20
vinutes, 2F %t?%’?%%?? SE8.RPArpBRaRSEe 16 ot R REFDOBRERART AFFons
greater thoprdedpnildep &hcrehumdesnrabhasbe:eusermbeybeesuén an- gross
g?rsgﬁs in f%fl%g bge ngnaﬁ$HF h?Spﬁedg¥e£PﬁThe t hi ckness of the

con ai nrng e surface of a :
chalch@nlekr;ﬂewsdinnﬁnsed in the inventive bath is largely determ ned by *

the pH of the bath ptfaaﬂeé &Heod asgbaEh&Stﬁ& ieaaatioﬂ1ayée and
preferably at |east 5 bat e.al kal.ine, and preferably

have a pFi¢%%§¥ﬁ§eFrUﬁFESSiéBSEt QnFohabogPrlgxamﬂéFdlEdﬁéPﬂs Bare
undesi rabl@ipeeﬁuselthey geadAyNOg, cebpithat tavehtiher bavhtalongedbths in

the silver, composiiianiggRhal N ffle! PYeio oMOLRGVREmbB-PHs! £5Fes ot
15 1ligand to the number of moles of silver salt should be -
r .

greater than about 1:1. Ratioes smaller than about 1:1 are

i

undesirable hecause.they lead tc undesirable precipitates
vhich produce defeéects in the silver-composition containing
films. Moreover, the resulting concentration of the
20 silver ‘complex in the bath should range from about 0.001 M
to about 0.5 M. Concentrations of at least 0.001 ¥ are
needed in order to produce silver composition-containing
£ilms having thicknesses of at least 5 nm in commercially
‘reasonable periods of time (smaller than about 20 ninutes,
25 and typically about 1 to about 10 minutes). . .
Concentrations greater than about 0.5 K are undesirable
because they result in gross defects in the silver _
'compositlon-containing layer. .
_ The thickness of the silver composition- .
30 containing film formed on the surface of a chalcogenide '
glass inmersed in the inventive bath is latqély determined
by the pH of the bath provided the dipr time is at least
"4 pinute, and preferably at least 5 minutes. The bath
should de alkaline, and preferadly have a pH ranging from
35 about 9 to about 13. Acidic baths are undesirable because
they lead to precipitates vhich result in defects in the
silver composition-~containing layer. MNoreover, a pd less



-9- than about 9 is undesirable because the resulting silver

conposi tion- containing layer will have a thickness |ess than about 5 nm
ane noreover, will have an undesirably |arge nunber of pinholes. A pH
greater f han about 13, on 5 the other hand; is undesirable because so
great “a concentration of OH tends to drs8ofve the chal cogeni de gl asses.
pH\Jetmeen 9 and 13 yields a silver conposition-containing filmhaving a

t hi ckness rangi ﬁ? fE%%h%bguls5uhﬁe§993blé5h%Ebuh@ ggeckabultingreeivip 10
det'scai ne t he p P

evel nee rodyce a r C e silver
conposi ti on- coﬁ?&PﬁFﬁQiPPrﬁPPG‘SBRPSrﬁﬁ&eﬁn gié Sﬁ??a8e§8$ g“ﬁﬁ%l£ T®ni de
gl ass, control ¢aghPadeuef 5t i ahal,cageeodergl a3lahevdi ppedndésirablyeast 1

m nute, into control Le ventgi 5 ergnt pH
| evel s. It shogFﬁ 96 Hngﬁ ?ﬁa}i%ﬂglhg ro%h§§ ?QEEta%oBHQ? ?gaig &t
enpl oyed inSthshanw@hprvéabdbhiSeN@dﬁéisebﬁst@ﬁ&B“EGfﬁersrﬁhFch modi fy the -

pH of the bathconZQnQQQh&%% 6fd©®FrQ@naH @baaggaa1ﬁ501hebeua18o&en£@@ut
13) a 20 base,

. NaOH or KCH
car bonat e- sodlﬂﬁPEFGEPboﬂan hF§"§G&ea PBdtHS Béfﬂgslﬁ §gé?PFon to the
above propertieﬁmpaﬁdt&ﬁn@bdﬁtatni&wofﬂlhhhapﬁQQIpltal:&ness rangbng
conpounds whi c for efegts, i.n S|Iver FRO cogta film
the bath is prgF8Pa5 ? &tgle§§t égﬁterceﬁF aqueo%sEfg§1vo?£ b?hand goth t he
| i gand and1@hedetevaineotpeerHaleved| nerdedntenprednre ardesptieposes of the

invention, a cepskkhlest thhaeshabarléosgbgakgohncbheabalhqpfprhded P Xxi ng
t he constituent |nto the bath at. conc ntra& ns u ds no

i e
vi sual |y obser $9pp&d pPécFBPt§P§§a°Es° Be&28 §P€e§Fget8&55ﬁﬁr€°E% ete
under st andi ng ekmplesi B¥ethieorhad clogpatiet ipdalsseapleadarped , ofohontt heast

| nventive bath °§§5§§SIS@Rt%'%égtggﬁr§QH8FQEon”EEQrEhvé#g§$2”£+€§}y

pi nhol e-free Adz S on assesS I's des ed be
Preferably15thhaGéBSedﬂéﬁﬁgﬁgthaﬁelﬁﬁels-

It should be noted that the hydrophotic-
hydrophilic ligands employed in the inventive bath tend to
be natural buffers which nodify the pY4 of the dbath. 7To

" achieve a desired pH (ranging from about 9 to about’ 13) a
20 hase, e.q.; NaOH or KOH, or a buffer, e.g., sodium
: carhonate-sodium bicarbonate. is added to the bdath. -
' In addition to the above properties, and in
‘order tc avoid the precipitation of various compounds
" which form defects in the silver composition-containing
25 £ilm, the bath is preferadbly at least 50 percent agueous
(by volunme) and both the ligand and the silver complex are
solﬁble in the bath. ' For purposes of the invention,'a
ccnstituent of the bath is soluble in the bath provided
‘nixind'thé'constituent into the bath at concentrations up
30 to 0.3 M yields no visually observable precipitates.

- " As a pedagogic aid to 3 nore complete
understanding of the invention, a- ‘hypothetical explanation
of hov the inventive bath operates to yield reproducibly
uniform,_substantially pinhole~free AqZSe resists on Ge=Se

35 glasses is described below.
' " Preferably, the Ge-Se resists have the
composition Ge Se, . vhere x<1/3. It is believed that the




conposi tion GexSel-x where x<1/3. It is believed that the  -10-

chemstry of GexSel-x filns, with x<1/3, is just the superposition of the -

ﬁ? ami-stries of GeSe2 and Se. Thus, when Ge Sel-x gLasses ‘Wi th x<1/3,- ar's”
iJ,-ped into the inventive bath, congﬁlnlng, for exanple, silver conplexed 5
W th ethyl enedi am ne (ED), then the ollomnng reactlons are believed to _

occur: GexSel-x[err] (GeSe2)xSe01-3x gl GeSe2 + Aos

60H = GeERéMkERry+oZSER: ety 6ilps) Idxh ¢<2A@oEéf+du§Agz €& + 2ED -

(3) 10 supdrpdsisis =) tnt_Ebn1strdea?8s Goseg2nEEse.HBRuE OED v/

(4) Ag2secd®® SASPD B e (5) g fhat i, rthe hydroxyl

i ons reactwhﬁnhcﬁg§eQexS€ 3§5€§ee“ th x<1/3, Ppe 3 f gﬁy (2),

above) to jaLERee ve DA ,aTontlalinangSe for ihamﬁie.S&ﬁltemonsmmﬂemeMeact

| YJ“nEQr52353'1%555?333fei93%%?§8%3?<;§3 of AREEL % e el R s

(silver seheei el imvedAFRSOCEUTSi | ver selenlte) The Ag2SeO3 is soluble in
the bath (see (5), above) and if 20 Dboth the Ag2Se and the Ag2Se(3 were

si mul t aneousl y preC|p|tated onto theosurface of the Ge Seé1§ (x<1/3)

gl ass, then the ﬂ*ﬁf@ﬁl*eﬁt &leéfqd)ulsl o-3f the Ag2SeB (se above)

woul d Ieave a Ag2Se |ayer having a substantial nunber of plnholes

However , d iZrand o5t he invention
prevent th| s fr% ér?appemd%t’t ber(?}t?zé’g t )Ie’t’ | i g?n enab é t he &gZSeO?, to.

di ssol ve before the preC|p|tat|on of the Ag2Se. To understand the function

of the |igands qgR-oyedjdy %ﬂ',e“ R aspHe iAvEEBiOn, it nust (3yxst be noted
30. that prior sen5|t|2|ng at’hs ofﬁ%n produced an ionic : _

10 3se? + sag(em)”t + s0B” =

-

_2qusg +'5925e03l+ 3H20{+ GED -~ (4)
.o ‘.érni; 22 (zb)4I+ Sed2; ' (5)1

That is, the hydroxyl ions react vith the Ge _Se,_ . (§ee'

(1) and (2), above) to form Se2 ions as well as Se . The’
15 Se’” ions then react with the silver complex (see (3),
above) to fornm lqzse, and the Se undergoes a
dispiOportionation reaction (see (4), above) to fornm Agzse
(silver selenide) and Agzseo3 (silver selenite). The
o Bgzseos is soludle in the bath (see (5), adbove) and if
20 both the Rg,Se and the Ag,Se0; were simultaneously
precipitated onto the surface of the Ge Se, . (x<1/3). 2
glass, then the sulbsequent dissclution of the Agzseo3 (see
(5), abcve) would leave a Agzse layer having a substantial »
" number of pinholes. However, it is believed that the
25 1ligands encompassed by the’ invention prevent this from
happening beéause the ligands enadble the ngzseo3 to
dissolve before the precipitation of the Agzse.
' To understand the function of the ligands
empIOyed in the present invention, it must first be noted
30. that prior sensitizing baths ofter produced an ionic
mismatch betveen the bath and the surface of the




m smatch between the bath and the surface of the chalcogenide?glass. .
That is, there was little or no wetting of the surface of the chal cogeni dg~.
gl ass because chal cogeni de conpounds are typically covalent in character {_,

and t hus hydrophoblc whereas the |igands enployed in the 5 prior baths ake f~

typically ionic in character, ‘and thas HWydrophilic. - In contrast, the
Ilggnds enpl oyed in the |nvent|ve bath have at | east one hydrophoblc noi ety .

and& geast (Hrﬁh llmwdaﬂl“dd lﬂaray.et %’lthal'?priﬁ)(mdzeb vdie 11kt %@eugroups

i nc ed in et enedi of t a conpasse

I.nventi on) ar &’ ty"dil’ %ﬁ%e‘acse qlg ta'f‘ﬁqré}’ e@r &‘fqy
During the form:umen‘i@m cuuquaidas@eda rtgﬁiaqadrlxofcmgaaat t:avn:hgracter

t hi ckness of / Lass, .
it is believe at t%e at oms o h?*{g ar ophobi ri'e'll noi etla)i(c‘(y?f211 ﬁ.)n Iqlh%and
enpl oyed i Pt msrilqw«almfrm L rﬁméeaalclne j i b’dhcﬁh%atcﬁietrhe aingdd kdisobi ¢

lsurfage_ of the.y@g%'iﬁnlrtmdﬂﬂrﬁ)cegit&&%t. ) 1d1tthdy¢m®yle¢ctiﬁowey of the
i gand is expqse 0, | i eve resul.ting
hygr ophi i Ci t&'b"r "t"r?e“’rr&ﬂb% &f lspst, epopr Hs‘é’S’& o3 i 30 ¢
Ag2Se seedi ng lleayaar cires dy@mﬂiquﬁwd veRor fexampdfe,pithromeshydleiner t he
formation of t (fgi 'fnté¥£§gé' dfyHiﬂJ'EJK£k§§'ﬁ§guiﬁ Q|ffuse

e seedi n € 0 3

t hrough the Ag yer to reac the “surfac SS in order

25 to di st @@C@PS@%Q‘E bdn&h%@m%m é%?&@ml’ﬂ?@riéfoor"éerteﬁé tdee of
growt’h of addlawiwlqm%%e drSe d@mmrﬂncmtfm;%w YhieOForala® 16h O Inons

through the t rina. this diffusi rocess

‘bel i eved t hat "rf;ltsj il’“c Pior%are |hd'a§d’ ?‘q‘:&ﬁésém"r‘ro 30
groups of et hwmmdlm.rﬁnm,fcmmwlealsuﬁmecaif Rdred 6 h&xguvBace of the
AgZSe whi ch | 1) . tngy

ligand is expoq?e ﬁq%mﬂli%oeﬁsglﬁﬁagn , an mz%gg’or ngg k%gxgﬂhbgl c |l ayer
is 15 moiety of the ligand employe in the 1nvention form weak

chemiczl bonds vith the hydrobhodic surface of the
_ Ge Se,_, (x<1/3) glass. Thus, the hydrophilic moiety of
> the ligand is exposed to the bath. It is believed that
the resulting hydrophilicity of the modified glass surface
20 is responsible for the Ag,Se seeding layer being smooth
and relatively free of pinholes. '
- After the formation of the seeding layer, the
OH ions in the bath must diffuse through the Rg,Se
seeding layer to Treach the surface of the glass in order

25 to dissolve Ge_Se and thus form-morevAQZSe. Therefore,

the rate of crovt; :f additional AQZSe is dependent on the
= . diffusion rate of OH ions through the thickness of. the
_ - ' Agzse. " During this diffusion process, it is bélieved-that
v : ~ the hfdrophilic;moiety-of the ligand, e.g., the amino

30 groups of ethylenediamine, form weak chemical bonds with -
~ the surface of the ngzse, Hhi¢h is also hydrophilic. .
Thus, the hydrophobic moiety of the ligand is exposed to
thé_bath.' Consequently, an adsorbed, hydrophobdbic layer is
formed on the surface of the Ag,Se. It is believed that
35 the resulting ionic mismatch betveen the adsorted,
hydrophobic layer and the bath tends to retard the

formation of Aq:Se,-allouing the dissolution of A925e03



.forned on the surface of the AgZSe "It is believed that 35 the resulting
nN\e ‘m smat ch between the adsor bed,” hydrophobic | ayer and‘the bath tends
"ard the formati on of Ag2Se, allomnng t he di ssol ution of AgZSeCB
"before the precipitation of the Ag2Se. Thus, the -

2-)

‘to-reduce the ionic nmismatch between the bath and the surface of the

o

_hyirophoblc hydrophilic Iigands enpl 3¢el in the invention |n|t|aIIy operate

fchalcogenldgeggggsthgngr5c§ypseqmeﬂtb: Qnerabgsbo prRdEcetRe i onic nlsnatcﬁ“r

b h f h

 pinhol o- 11 chIeERRFABLFA)BREPEATRLE: 4 PIRAS, ARRLCKR EhocanAaipRRESbal e o
formation oiniktald2Sepesatet 4cdseduckatihec ivoirhalsoétchebdyPCedBthe

avol ding thg,1f LREMBLECRuPkaBLNBE! €he BRE3USGehDEe! husndy epp! oved in the

i nventive ba prevent

ornmati on of pinhole the rate of growth of the

Ag2Se Ia§erSPESGFPFH§F§n°PFﬁPPSdt°|PE°d“C§ PPnﬁPB&cbViFH%tﬂhf?EEFBﬁ“rate of

t he Ol-tI r Oneﬁéhseggbcbheflshe(av s&iaahualth)e panhﬁl ecbheeﬁuéﬁeﬁg, aThus,
initia , the e I OWS LV ul, ¢ ons .
aui ckiy o rhseter BapRYEReHE ¥ =E8uGh s, Teksl 1 HE  BERELT rothebdle
growt h of tapdAgRecsudsequees aatEheftEmcnneisnobfthbeAgﬂ elhereases

qui ckl'y reaengQFLGez%QE}Poen&oWQﬁge b2ekfie 9o sk0! ¢ aorai§ar£ gr growth

_because rel ative i ons use throughzthe3re ative I ck | ayer
of Ag2Sa0 TﬁEfHPFﬁﬁﬁteftRFBRHé§§ of the Ag2Se |ayer is Iargely det er m ned

by the concentration gecelisel ehe. naahlae 2hplbyed, in. €he fheeptiiot the
of G+ TonboFh PRevBaththa, sBEbeTeeh sEaBarRacRanshr 5 B BE BREHER: ci”
di ffuse throughhéoanSeCEaset ibAg2$§usdperﬂi@étad.diseebv§SGkiSéteﬁ and
thus forn]"BgetﬁgzgiffuggsnthQ%rof the OH  4ons through the
15 (substantially pinhole-free) AQZSe., Thus, initially, the
Agzse layer grovws relatively quickly because OH ions
quickly dlffuse through the thin seeding layer. _
_Thereafter. the rate of grovwth of the lg25e decreases as
the thickness of the Rgzse increases, qQuickly reaching the
20 .point where there is little or no further growth because
B relatively fev OH ions diffuse through the relatlvely
_ thlck layer of AQZSe. :
The ultimate thickness of the quse layer is
larqely determined by the concentration of OF ions. in the
25 bath, i.e., the pH ‘of the bath. That is, for a given
' initial thickness of ngse, the concentration of OH ions
in the bdath largely determines the numher of OH ions
.which diffuse through to the GexSe /A,ZSe interface to
_'_dissolve Ge Se1 -x and thus form more quse. The higher
30 - the 03  concentration, the more Ge %58y Vhich is
dissclved and the more quse vhich is formed, and thus the
greater the ultimate thickness of the final Ag.Se layer.
It is the diffusion~limited nature of the bath
vhich, it is believed, accounts for the fact that after a
35 pinimum dip time (of at. least 1 mihute, and preferably at
‘least 5 minutes) the thickness of the silver composition-
~ containing layer is relatively insensitive to dip time and

.o




30 the OH concentration, the nore Ge Sel-x which is dissolved and the
nore Ag2Se which'is forned and thus the greater the ultimte thicknes
thg;flnal Ag2Se.layer. It is the diffusion-limted nature of the bath’
which, it is believed, account s for the fact that :after a 35 m ni mumlig
tinme (of at least 1 minute, and preferabl\,g at least 5 mnutes) t he
t hfekness of ‘the silver. conposition- containing layer is relatively
i nSensitive to dip tine and determ ned prlnarll¥ﬁb¥ t he pH of the bath.
Beo@%se the rat desfergridmd, PsARARA1 gD they BF o 8tPon of .the -
t hi ckness of the Ag2Se Iawc“g@ tihal by tiecloR igtelwt ht bifn ther AgQBe Dayeheis

Ag2Se | f ast th I t I t

S ol ol Fvely mnitansicnond 3hel Folrslsh (b Hhe Hosa Lpvete CRERSERLLY, .
relatively thicldqlatively, tme,aulptou:ltg.omls @ fAgd®e NoaySer lhau'r:ngraw faster :
substant | al i Uiy fge TLGSY° enlilcn %t;ﬁ%n@mh%%né%qutem e

above-descri r'a ventive bath 1s onl ngthe5|s
and that the utidélatiofelhehipy aantionse e ttha Ay 1S I’r‘|1'§r| ﬁ"ﬁB

dePe“?e“t Ot“ht h%a\&lﬂt dg w&ftnwﬁlmoidlqsIﬁgic\wﬁdo&lﬂi@ns@sl&esmahnbomhe

i fvention, the inventive agueoys sensi in a nc

organi ¢ sol vent ARy %gﬁﬁag’é’i‘h%cﬁ 5% (%‘\ﬁé'tq'é’ B'%@mf 3%%3?%05% of

the invention, neans that mtuunstmhhtdnvklgyza&:thﬂtuﬂha ribevetrdeschd bed

proporti on O'Io”bga LAl Gl ' S tid'% éhe%%t ch1h) an §95'&t9&§§§l Cand
vant ss& 20

sol vents are ad ageous ecause the s and sil ver

conpl exes not sdihas Gljmsittiﬂ#twat"ér t%éﬂﬂeﬁﬁ%l%"ﬁlt\}@ﬁﬂg Pﬁépuﬂé ipor
exanpl e, nethangly and, | &Rt B-dd valliaifat fosshailsd Mygpoetesissed of no

nore than about 90 percent (ky vol une) of .the.o ni l

preferably about 50 percembi ti irﬁ%&"rr&iee ?‘ﬁ%ﬁn\é%ht Sggpercent

25 of the sol VerﬂnwﬁéaWngremise mmsxmwmmm pmediugiesatRs which

result_|r1(kqgﬁﬂé%ééh{ém35¥4é§¥ vhich is water miscible (water niSCible,
S for purposes of the invention, means that wvater and the

orqanic solvent mix when the proportion of the 1atte: to
the former is at leaet 1:1). Such organic_solvents are
advantageous because thgy dissolve ligands andfsiivet _

20 corplexes not.soluhIe'jusi in water. Useful organic solvents
include, for example, methanol and isopropyl alcohol. The
bath should be comprised of no more than_ibbut 90 percent
(by volume) of the organic solvent, ind_preferablx about
”Solpércent. Baths contaihinq more_than about 90 percent

25 of the solvent are undesirable because they_produ¢e 
‘precipitates which result in defects in the silver
'composition-containing films. B

Rhile the 1nvent1ve bath. described . above, is
stabls over periods of time of at least one day (no

30 visually observable silver-containing compounds

: precipitate out of solution over periods of at least one
day), the stability of the bath is significantly increased
(to periods of at léast one week) by the addition to the
bathlbf pyrophosphate salts and oxalate salts soluhle'in'

35 the bath. 1Included among the useful pyrophosphate and
oxalate salts are, for_exadple} sodium pyrophosphaie,
potassiur pyrophosphate, sodium oxalate, and potassium



conposition-containing filnms. Wile the inventive bath, described above, is
st over periods of tine of at |east one day (no 30 visually observable.

contai ni ng conpounds precipitate out of solution over periods of at\J
pne day), the stability of the bath is significantly ingreased (to
peN-ods of at |east one week)- by thegaddition to the bath of pyrophosphate
salts and oxal ate salts soluble in 35 the bath. Included anong the usefy+=
pyrophosphate and oxal ate salts are, for_exanple, sodi um pyr ophosphat e, o~

Dot assi um BYR3MtEsphINE, COFFERHIBLACR Lf FRLIH RLADIIALtY ~enhaneinT The W,
concentrat gQnt@f 1ihene Padl Uﬁommttmag:m teébd dt {OOPRIN €S st ange

f bout 001 M_t o) t ljmg f t h Al I | t ;
bei ng- used! e RaSHEARLEAd taads S PR RRE t1 Thing AL LR ARl s
because th€pnzren timdiifons: less dhatcradomet sC00 1N tare umae:stmu ations f
greater gl N3achlis ST ARV Wb G SE/d I AR P (3 out of

sol ution, ten cause I'n the si COI’TpOS al ni ng

layer. Aft epntq@tfroﬁ#epusoﬂr@ra% than he Fafoanatinn cmmﬁrenmmgn ayer

on the sur fza@eeofsatﬂte pralcipdenitee cqiza&ss é’oﬂﬁé’icﬁﬁ, ishd YAEEh éduggcordance
with the i Hv&nt I on theiﬁonvent i onal s of id_giom the chal cogeni de *

glass to e ehFLitY&h& ﬁ‘ﬁﬁa’r "t'%?)‘b $¥PThal cogeni de
gl ass), stri ppi ng exafssrsmh!erfmrqtdsxt u:tm-th]é SiQnver mwdﬂitﬁd'&l- from

th d

de\e/etsg:)lfoﬁg;%toﬁe ¢ n?; ﬁ%%ewnl gzs’g |asnctﬁ?or'(?pgj épeﬁéﬁeé’;&g{cﬂﬁpﬁh e asst hi n

t he gl ass. GTHGW(&&H éls fpﬁéeﬂat day pesandpngewith ithe dir eddean debyyl ass i s
transferreqpled doifvestdonalli 22 ei's owtb%tls@éﬁzé)ythé %Wﬁaé NPlas

conventional steps of etchi metal |1 zing the substrate through the
patterned &RaCESFSH ééeﬁl"&é'g'%ﬁﬁé‘ fThe FH U RRAIRIORIP (9% WhD-ti me.

chalcogenide glass), stripping excess silver composition-

15 containing material from the surface of the chalcogenide
glass, and then either dry or vet developing the
chalcoqeﬁide glass in order to delineate a pattern within
the glass. Thereafter, the pattern delineated in the

_ chalcogenide glass is transferred to the underlyind

2C subst.até hy.'fdr eiaﬁble. the conventional steps of
etching or metallizing the substrate through the patterned
chalcogenide glass.
Exanple ]

The folloving demonstrates the dip-time

25 insensitivity'of'thelinventive sensitizing bath.

' ._A film of Geo.lﬁse6.85 was§ e-beam evaporated
onto each of three, 7.62cm (3-inch) silicon wafers. The
thickness of each film was measured by dissolving all of
the film off a portion of each wafer, thus creating a step

30 whose height was measured with a profilometer. The
thickness of the Geo 15 ©0.85 film (the step height) was
found, in each case, to be about 200 nm. _

| A sensitizing bath for the germanium-selenium
~ films was preparéd by dissolving 245.5 grams of AgNO3 in

35 14 liters of water, adding 401 ml of (99 percent pure)
ethylenediamine (ED), and finally dissolving 334.5 grams
of sodium:pyrophosphate'in the solution. The sensitizing



was e- bean1evaporated onto each of t hree, 7 62cn1(3 I nch) S|I|con
The\{hlckness of s each filmwas nmeasured by dlssoIV|ng all of the f
portion of each wafer, thus creating a step 30 whose hei ght was oS O
with a profilometer. The t hi ckness of Th8 G0 15Se0. 85 film(the step”
hergbt) was found; in each case, to be about 200 nm A sensitizing bath.for

t he -ger mani um sgfan Ié@ibifaiﬁr&awm pnewrxel(bmﬁl5§@I¥kﬂgh£45a5a9§snsf0f

AgNBR_in 35 14 Ilters of wat cent
e?hylenedlan1ne Nehy, (%ﬁd'?$ﬁgf?9 U£§£0?9|§5?é§4°3 E?QEESBF §6§Fﬁﬁ$de and
pyrophosphate ia (M@dsblﬁlliwmﬂ1ﬁmmseh5|t|Z|ng bath contained 0.1M of
O(ED) s o200 xS0 2 Loy s S (e TERFY 6t 50, OLON gl et on
e .

85- covered Eskuetera@!ashtheM|Qpeueﬂnietohthseﬂs95121agnbabhthoiooneme '
mnute, the se M@feihﬁﬁéeﬂbﬂgeﬂ%fgiOvﬁéedPBBEdfQﬁté%%ﬁegbﬂﬁﬁeﬁoraﬁﬂvéhe

third wafer was pped Into t or ten mnutes

mai nt ai ned at M™% %ﬁ?fs(:!%¢dﬁbﬂdh¥1¥ﬁe%%fﬁ¥pb?ﬁg %PBE%d&PEQ thesbath (£9%val
from the bath, tléh apDiuves or The bathesasneathonized aat ¢9°a0dtBpowghsd€d.

Lol 19 convent ol o pl R FOEERRFed ST RERES cphPed PEESECTRe p bl
t hi cknessestf e#mh/!ﬁi!rIagersiﬁseﬁeﬂno&eihei:edondtendlnﬁlsnimadeie&mere
stmlarly 15 qc&ﬁ@@fti?ﬁ§feﬁli¥ ¥1drdBELARY folfiflaglly efefact Or

of 10 dlfference indip t et ween I 1 st ers) I el ded
an increase in Yypckness cRhctherhgoRhckavercfenred ppokhe. §ﬁﬁ§?d‘ FeRny a%f

only 7 percent.mésuedd i o6 abe 6 rgmflmeﬂssemeﬁeebnbﬂueﬁewb eOapesd
SeConeana Ao R R A SRl e Tur DT 0
15 measured to be, respectively, 7.3nm and 7. I*nm. Thus, 2
factor of 10 difference in dip time (betveen the first and
third wvafers) yielded enrinerease in QeZSe thickness
(thickness increased from 6.9nm to 7.4nm) of only 7 percent..
Conventional X-ray fluorescence techniques vere
20 also used to measure the thickness variations of the hq25e
" layers formed on the second and third vafers. These vere
found to be less than S percent of the average thickness,
in each case.

Exarple 2 . . o .
25 - The folloving demonstrates the dependence of
AQZSe'thickness on the pH of the inventive sensitizing
) bath. '

- A film of Ge0 15 0 85 was e-beam eVaporated
onto each of six, 7.62cm (3—inch) silicon wafers. The
BOr thickness of each of the films was measured, as in Example
1, and found to be about 180 nm.
_ Each of three sensitizing baths was prepared by
dissolving 16.98 grams of AgN03, dried at 110° C for about
orie hour, and 22.5 grams of B-alanine, in water to form a
35 one-liter solution. The pH of the first semsitizing bath
' was measured to be 6.33 (the pH of the bath was measured
with an ORION combination electrode and a (Model 611) pH



0 be | ess than 5 percent of the aver age thlckness I n each case.

2 25 The foll ow ng denpnstrates t he dependence of AEQSe
sy on the pH of the inventive sen3|t|2|ng bath. A film of -Ge015Se08+
Am evapor ated onto each .of six, "7.62cm (3-inch) silicon wafers.

t hi ckness of each of the #lﬂﬁs-mas measured, as in Exanple 1, and
found to be about 180 nm Each of three sensitizing baths was prepared by,

di-ssol vi ng 1g§9§rgrgg§fg5t§qygg x@%‘Q% %B ng[ﬁﬁﬁh thgm ahﬁgiwqg@ hour,

and 22.5 form a one- L1 ter soluti o

" The pH of thethﬁr§BC9@HS#PﬂzFﬁérﬂaﬁﬁ“ﬁé§iﬁé&ﬂu§%fﬁﬁaq&i*@ 33ePHs OF of t

bat h yﬁs ”Eﬁsseedawmﬁhnaa @BbGNaﬂgﬁbkﬁwHuua(Héummnﬂe(aﬂdhathkﬁdﬁtoﬁllé pkb

nmet er Concentrate 6 : e r ' 0] second an

third sensFPP?PH@tﬁ&?h§ggﬁ&FP¥%hg%%ké ggoﬁggsg1%2tﬂgmﬁggegzeﬁaagfusted and

measur ed (piekbeichd veRlyON9cAShianat i1@n O -ect rode and a (Mdel 611) pH neter)

to be, 5 respectivelptr 3 13 and &% 03 sB oo Rovdiad i shz5e vels cover ed
om

waf ers were then chosen at ran OndSad &% t hree wafers was then

- di pped int Gh&ndlcﬂif@te@nt“oﬁéwmt'hé“tdhleéébsé’rfs|ftl'592|trhf°§aﬁ?§elr§r RSy e
“nminutes. ThgehedRYPprldUi@T cOfa WiEfeltensd bhe DIl zumggd)atelnsitdummg these *
di ppi ng procedures, I_nt.ai ned T I,cK of the
resul ting R338§ E&Fe vfeo:;ﬁ.g 85 thg%tehr e[empvﬁaéat%re;'fbeit %@%s&rele Usi ng
conventibonskenX¥itdyinaidnddcondarischtihpsss dinpinoRroqes urese MeSeval ues  °
listed i nThl i L5l g’ %% tf’.‘lm QE. 1%he th?f.c5knessges Hithe Ridsuitidgp Tine

Ag2Se ness nm 5 m ns. 4.8 nm
12.03 5Amb§§ layer)ﬁQﬁmed on the three vafers vwere measured

‘using conventional X-ray fluorescence techniques, and
founed to have the values listed in the following table.

15 o Bath pi Dip Iipe uz Tnickness
| 6,33  S.mins. 35 mm
. 9.15 5 mins. 4.8 nm
. 12.03 5 minms. 7.0 nm

Each of the three remaining wafers was then dipped_ihto a
20 different one of the three sensitizing baths fer

‘10 minutes. The thicknesses of the resulting PQZSe layers

‘formed on these three wafers vere measured, as described

above, and found to have the values listed in the

" following table.

w!

25 Bath pH  Dio Time Ag,Se Thickpess ¢

6.33 10 mins. 3."8 nm
9,15 10 mins. 5.0 nm
12.03 10 mins. 7.3 nm -

, The above results indicate that it is the pH of
30 the inventive sensitizing bath, and not the dip time,
which largely determines the thickness of the quse layer.



Each of the three _remai ni ng mafers was then di pped into a 20 different one
of the three senS|t|Z|ng baths for 10 mi nutes. The thicknesses of the i

resDFtlng Ag2Se lrayers: formed on these three waf ers wer e nmeasur ed, “y
descri bed above, and found to have the values listed in the follomnng :
tablg, 25 o ' Bath pH Dip -Thhe.Ag2Se Thi ckness 6. 33 10 sins:

3.89m9.15 ° ‘10 nins. 5.0.nm 12,03 10 nmins. * 7.3 nm The above
results indicate that it is.the 8 H of go .the inﬁe-tlve en5|t|2|ng bat h,
and ‘ot the di g0t P%d1tA9nenh ] RAGELFSALPRP RO B O KeSRAESS Bf‘tﬁ@zﬁQZSe
layer. — -17- ilay ezddiNois@ thd chlesesist hassaktan & @m.esul ts in -a Ag2Se
| ayer whose thi kneﬁs | ess than 5 nm The foll ow ng al so denonstrates
t he dependence A&ESe t hi ckness on the pH of the inventive sensitizing
batb. A film of Ge015Se03Bendoldopdnst 8 soadeimpnBizates theodedendencef
three, 7. 62cig (U&r% 'w@ni&hbsenoﬂaiﬁespn E&etw ‘i'ﬁ%%%i% %aﬁEs.QizS.BE
films was neasured # . as.in Exanple-I, and found to be about ach
of three senS|PP£|ng bat hs was prepar ed by initially dissolving 16.98 grans
of AgNGB in 200 mi (rnllln &&ehsbfotewagg uhaEGAZpshieﬁdethglenedlan1ne
td f*'0

e then addea§=334, ¥ chRe"3alach SPRRL Tkt epP bbb By NERE

The pH |l evel s o\faﬁehes.t hr'ﬁze Hatiledknesse ofdjeaschedf dde £ilkmsnpes gealsgr[gd,

respectiveh 5 2% S L0 £ o 18f Heharioieq e RmlSSe0.
85-cover ed mafers was _t QR intc 3 er%nt one of the three
senS|t|Z|ng baths for 5 ﬁ?ﬁﬂt8§ FRe FERD: FgF&PES athsh¥as rrepared by

initlally dissolving 16.98 grams of AgNO3 in 200 ml -
(m;lliliters) of water. About 26.7 ml of ethylenedianmine
vas then added, dropvise, to each of the three AgNO; =
15 solutions. Water was then added to each of the three
baths to form a one-liter solution.' The DH levels of the
' three baths were adjusted. as in Example 2, to’ be,.'
respectively, 7. 25, 9.90, and 11.80.
- Each of the three Geo 1SSeo Bs-cOVered vafers .
20 wvas then dipped intc a different one of the three
sensitizing daths for S minutes. The temperatures of the
three sensitizing baths, during the dipping procedures,
vere maintained at 22° C. The thicknesses of the
| resultinq'aqzsé layers formed on the three wafers were
25 nmeasured as in Examrple 2, and found to have the values
listed in the following table. B '

i

‘Bath pH  Dip Iime Ag,Se Thickpess

7.25 5 'ains. 3.8 nm
9.90 S5 mins. 5.4 nm
30 11.80 5 mins. 7.3 nm



- three sensrtrzrng bat hs, durrng the di ppi ng procedures neré narntarned at
C.- “The thicknesses of the resulting Ag2Se | ayers forned 'oh the three

S were 25 nmeasured as in Exanple 2, and found to have the values .. \J/

pd in the followi ng table. Bath ptg Tinme  Ag2Se Thickness 7.25

~ S. 3.8 nm9.90 5 mns. 5. 4 nm 30 ; . 11.80 5
m ns. 7.3 nm -18 CLAI MSCLAIMSA net hod for fabrrcalrng a devicg

Comprising & Stop ohinchfedilR Apkfuftinih Wyidc! vaghiiay b /et C&fmos'“onv

on a substrate-stpporte ayer | Mer 2s5Pa¥er in an:
aqueous senkarming ﬁg’%"h‘”mcfﬂq"#é?%ée?]a’e&‘F%PSH‘dﬁﬂI@ka said glass |ayer

~includes a matmem@ereé@mﬁs 18y bt inperidignsaiadl GPds3r 1@)erC PMtapi Ni NG .
sul fur, selenruq% 05 i + ﬁi h onf nd cq tarnrﬁﬂ such an el enent ,
wher ei n sai ¥WY§PYS &F %ﬁﬁﬁ ™ 1a¢ "Idéén%lsﬂ YT CPmP18%si 5274, 91358, t he
l i gand i nclhdengini:'luéﬁs anchad cogenddereleménts, thehdatitkr béingsa matertal bei ng
hydr ophobi Cco‘n'ﬂsl'rrfi frepdsm@w R Ran er&w '{?mgaﬂ@h &ﬁ?rﬁm and and

said silver co |ng sol.ubl'e’in sald bath ‘a pH

within the S4sh i'e'!ﬂ%st"ﬂ}?f?'ﬂ'l spid) sidvey,sommlexi inqlydess a Pigantrhousdt hod )
accordi ng t alsived, 1owtne|me| T gaad didd1 g@ing FHrstSand eehénddnaréttxes, %he The $

t hod ted f
et byl edlar dirne o1&y bBIAE byt BRORIS" a8 fne BN AeafPaRTSh i aned ani ne, |
[err]-al anrfwdm@ﬂ%q:ﬂéom-saﬁﬂ ndgendandysaidi sid venrabmpyex being selubld. dione. *
20 h sail8atm! BAd sA%E Wadh hs! 2 o ﬁ'ifﬂi% tl‘M‘%ﬁé’ ofhe concentration,

o 0os £ SRR P} Py b sanE s et hod oo i e tael e oY
wherein sai d bath i Thel mefthodascdoedig 5&6 aeﬁnelr;t whérted h, sdid thalnﬁErs '
15 mu1t1dentate. : :
3. The method according to claim 1, wherein said Tigand 1s
selected from ethylenediamine, 1,2 propaned1am1ne, 1,3
propanediamine, 1,4 butanediamine, B-alanine, gTycine,
2-aminomethv1pvr1d1ne, .and pyrrolidine-2, 5 dione. .
20 . 4. The method according to claim 1, “wherein the concentrat1on '
of said silver complex in said bath is in the range from
substantially 0.001 M to substantially 0.5 M.
' 5. The method according to claim 1, wherein said bath
includes at least 50 percent water, by volume.
25 : 6. The method according to claim 1, wherein said bath
includes a water miscible organic solvent.
7. The method according to claim 6, where1n sa1d organic

solvent is methanol or isopropyl alcohol. ' . #
8. The method according to claim 1, where1n ‘the material of _
30 said g1ass layer has the compos1tion GexSep_y, where x(1/3 ' B 1

9. The method according to claim 1, wherein said bath
includes a pyrophosphate salt soluble in the bath.
10. The method according to claim 9, wherein said
pyrophosphate salt is sodium pyrophosphate or potassium
35 pyrophosphate.
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25¢ . . 6. The met hod accordl ng to claim1, \/\herel n said bath incl udes
a.wat er miscible organl c solvent. 7.  The net hod according-to claim®,
whef ei n said organic solvent is methanol or isopropyl alcohol. 8 The

met hod accor di ng to claim, wherein the material of 30 sai d gl ass | ayer .
has the conposition ‘GexSel-x, where x<} 3199- The method accor di ng to

cfghm 1, wherein sajfl bald bﬂfdaug&yra,.mepmswt inSith SApIG |0 Lhe

bat'h. 10. The et hod accor |ng rei:n sal pyrop osphate salt
i s\sodi um pyr obdyfem@n or1pte satt selue inythgbaibohat e. - - 11,

The met hod accor di nfp.t oTHd methol. acdvPdeig) £6 ad1d iR atlh wmbmﬁlemarbmat@te sal t
soluble in the b@tg 51 The temrd §fcord+”ﬂ(; o ecl ai m 11, wherein said
oxal ate salt i3%® AR SRtk P B asd BX%ﬁ at e. - 13. A
met hod of f%brl cati¥ly aA dwethad of stabyicattingld ﬁenﬁcehes@smbmlh@ﬂb/ asscri bed
wi th ref er encend, Qi bFoRE Seltrivad ﬁ%ﬂnpéﬁ?enée“ f§e§%§§5[¥3*%pg§%1 the

nmet hod according to, any one_ preced mg l'ar m 2 GJ/ BG
14, A device nrepare by the method according to any one

-preceding claim.
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