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~ SELF-ALI GNED DI ELECTRI C AND ELECTRODES AND METHOD THEREFOR s This invention
was nade with Governnent support under Agreenent No. F33615-96-21%$38

awar ded by DARPA. The Government has certain rights in the invention

BACKGROUND OF THE INVENTION io 1. FIELD OF THE | NVENTI

. invention generally relates to electrical circuits and t e| r fabrl catl on.

More particularly, this invention relates to a process for is formng a

m croel ectronic assenbly with photodefined integral capacitors having

- self-aligned dielectric and el ectrodes. 2. DESCRI PTION OF THE PRI OR ART 20

| nt egral capacPHOBOD&FINEZD IMTEGRIMEC@(RAQITQRdNt'HdIiSELFa-MIGNE&aI |y

fabricated by f ubstrate to
define a bottom(aeﬂ%ﬁgfé Rgﬁ?oo& I ng a Q‘w‘{?mﬁ@o?ﬁég%ﬁgﬁer) | ayer of

dielectric material on the substrate and over the bottomelectrode to form

a capaci tor diel ect I iThis A0EN{d)? ot ALYt GBYERRERSUIPLR! ddekng the

dielectric to 2s forma seco ctlvereglon etc

ot herwi se PSTeINABUNG O 8éf 15862 §e8 averded oy DARPYs The quﬁmment he

capaci t ancRagkeain mgiagimthe piveatioer is given by C = KEA/'t where Kis the
dielectric constant or relative permttivity of the dielectric 30 materi al,

Eis the permttivity of free space (a physical constant), Ais the area of
the capacitor (that is, tBACKGROYNDNOEHBEINVENTDONtrode overl aps the
bottomgﬁl ectrode), and t is the thickness of the dielectric. Fromthe above
equat i

i , a high dielectric constant and a small dielectric thickness are
desi rabl e ﬂgﬂ.g.bg@_ﬁ_%ﬂﬁm}ﬂﬂtance per unit area. 21 MAY 2003

However, each of these approaches presents difficulties. is well known
that the dielectric ﬁ' nstant of pol material s t |caII | ess t han
four) can be increasd@eRresent inkgnt 99'6‘?'9 ,rela,tqsnt ‘étl'i'Fé‘ é'éﬁuﬂ ts @nsk,

fibers or ﬂieir})ﬁ{bﬁbétj)zore Morelp@ﬁ'ﬂldu‘rarﬂy tthigdheerstion t%{?atieélt(?é dbee@{md I)ead
rmn63|um | opal e S SucC I 1.V | el e i C
o ors ™ Bt & michasi 8 dits SsRERbY Wb Hh R fHne e atalitanatibr

const r uct i baging sEifealignedfdielecttanand eledtradesepresented in Figures 1 and 2 by
dielectric layers identified by reference nunbers 112 and 118), it is
general | y undesi rallol_e_ to have ttl;eldi electric material that forms the

capacitor &i 1l ARdgi ons of a circuit board because
t he

20 Integral capacitors for hybrid microelectronic circuits are typically
fabricated by forming and patterning a conductive region on a substrate to
define a bottom electrode, depositing a thin (20 to 50-micrometer) layer of
dielectric material on the substrate and over the bottom electrode to form a
capacitor dielectric, and then plating or otherwise metallizing the dielectric to

25 form a second conductive region that is etched or otherwise patterned to
define a top electrode. As is well known, the capacitance of an integral
capagcitor is given by

C = KEA/t
where K is the dielectric constant or relative permittivity of the dielectric

30 material, E is the permittivity of free space (a physical constant), A is the area
of the capacitor (that is, the area by which the top electrode overlaps the
bottom electrode), and t is the thickness of the dielectric.

From the above equation, a high dielectric constant and a small
dielectric thickness are desirable to achieve a high capacitance per unit area.
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. planarize well o

io dielectric ceramic filler increases parasitic capacitance between ot her
_circuit features. A second difficulty presented by ceramc-filled resins,
especially at high ceramic volunme fills (e.g., about 30 to 60% is that

t hey cannot be electroplated as easily as pure resins for the formation of
capacitor top electrodes. 1s Additional difficulties ari?fr&ﬁ?@vﬂﬂ@
.dielectric thickness is reduced. The thickness of a dielectric layer over
features (e.g., capacitor electrodes) on a circuit board can be difficult
to control because dielectric thickness is stropngly influenced by the

- di mensi ons eWeKRr, 83Ch Of HiRpe BRRIGAEREHPEISERS gifiaUiiess; iswell kaop that

deposi t ed. the didlachR dorRlaritio?polyraey Malerizds RpidhRYy R&E!than lrmg::taﬂab% t fands to
poorly over

I t . g..,. el 114
oo 1 eat Unieanes DY NG Hboddial i cardirlic Paliies, DRrs Rnblelletsh Suhr
bet ween ad]arium titanse ior deard titadatesdepéd Jead miagnesium nigbate: aBatpldying

etal oo e AR R D AR GRE koo, realileS 4 PeBaffibmibeical
narrow f eatroulilalyes cirseit cndstraatiinsablwugh eftemdese {and aapapresentedanues,
e.g., less I*igﬁféhslp%d@r S¥9|écléétﬁHLé efré’icﬁéiﬁi'ﬁga% f@ferbﬂ&é%ﬁ{be‘?é‘ﬁa}g'irﬁf S on a
circuit boar t. z_at requires a w 3, range o (;gpac_l tor val ues an ence

el ectrode st Bsit ingenerally gindesicablefoinavadhe sigleetriacealgriabinat ferprsciheor

t ol erances c@da%ﬂ_ér é@l&tﬁ@%k&éen@fvntdiﬁeldié‘gﬁéﬁé’éﬁé/ cﬁéuiﬁbb@r‘@i E&étfk% tpapaci tor
el ectrodes (ﬁel ative t even if a

_ _ o.3§ each other. As.ill|ustrat e&)l n Fi %}L{ée 2, _
uni f or M0t hiFRIGEYIC egfpmic Hlleripcredsesiparasitic caraditancereiwespRtReteiicUter e | s
a tendency features.e sembmdndiffizulty presented dyroeparaisfiteeirdsing, kg pboiatly at

el ectrode 12 | ect 2 ! i rs.the
capaci tancé'a&ﬂigfﬁfh%?veogﬂ@tgif@'%qgfgl't %%0@;%;1&%@?’5 Lsrq@? Eﬁeﬁérﬁ\cﬁ I?(? capaci tance
equat i on alrieetfoplatedapeasiyahs puteirasinsg for trg farmatooyd aapacior op art has
resorted tq,88kh one of the electrodes (e.g., the bottom el ectrode 124 of
Figure 2) larger than the other. (e{e%' , . the tOE el ectrode 126 of Figure 2)
to previdnt el ectrode MditiPngFiicuitiegaArisgounen theydicleqtnethigknessiise capacitor

val ue. s AqedudeddThe thickness of Helislestricalyer dvier fedtatdm(e. g tapavier abl e for

f ' i nt I itors.th it di el ecty f i f

thi ckness. deTRafIR Y kEhTL baRta BHEBe HGHEEs Shaf b ss igRtenac t ance

density, cdpiwkness is strengly idiuientcet dystherdimensiinsaidhe paticasd feskures

i nterl ayer o‘i}é‘?Wrﬁc? tHe ic j eJdﬁeHW@Eé@Ne@é%nﬁF&ﬁ%@uﬂe{Wﬁ%‘“ on

provi des a nmethod for nmanutacturing a mcroel ectronic assenbly to have

al i gned@Ocoriglectricdayai! 2 fgnds to Rlapagzewell gven adadTov fratuie e8ssi ng and

di mgns! ona!e|§étecs@ef)t1er4,wt t@&orlif bee'{ mv%féauréﬁ 1'OI &, WigH tHecwsartltuauzef ul for |
roduci ng ipteqral, capacitors e_desir I 0cessi and di gensi ona

Char act or; e BEEHEPESS kBhvarhboPeath af BT e 6% PadBoBSPEMIRE: 1 cal

char act er i s singld capaditer eterinoideor Ehis Thusestwo gratflemsi Firstvibere nageneral |y

Cail .. . . " s
o PO SRR 0 e RPN B R etfE g0 2
second 2ond#Taw éathiak1 b nSesrndiidasiable toleragess fos qapasitor wjues &g.t he

Z_eclondt condesd thah 10%ehare giffidiaNnto SERRSfdranteyRslTapacitorssdn & @cait bebrd he
lelectric

ayer, . which.jn turn s repgoved to expose a, first region of the
i Tot b onddbaY EauirsSa Widgkande of| Gpardnnvanes eromance eletida §285 L coony
region of the first cAmocthet difficuigyiarachéewingacceptable ¢capavitoetaidramnces 2s

Fogion of ibeSanafetif ok dfichly 8 aidlihg e Rabeitrdedfisiaaietone "
first regi eachostheneAsdiusiated in Rigireli2eewen ifixuhifgren thicknessdohar enoved by
using the q a'c)fbf‘&ie'léﬁfﬁé 198 Cdgﬁyrf'é §cﬁ§\é@d,‘%§l‘e lstsﬁg%r{?)%hgﬂ?ﬁre %I@Eﬁb&éng second

regi ons of these |ayers are extensive, ers are

. €. r
accur at el y misPligement.1as represaiied dydhe bptiom eb@_trpdﬁgf&a%m elestindeefine a
capaci tor, 12 VGueR niSaligrmenchlfc?stifd éaphcitai@elthfdtigh@dusfieh Bfitieonduct | ve

| ayers define capacitoy, electrodes, and the secopd regjon of .the djielectric
| ayer def | FRPASHBERERA ( by M6 GRRAGENGE AUBHOR REOKB) AP ARarERkRaINtRbs. 3
21 MAY 2003 According to this invention, the first regions of the
conducti ve
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and dielectric layers are preferably renoved by etching the conductive

. layers and photodefining the dielectric layer. For the latter, the
dielectric layer is preferably formed of a positive-acting photosensitive
dielectric material, and the first region of the dielectric layer is
renoved by using the second region of the second conduct%yqﬂhpxgm3as a

. phot omask. Al so preferred is that the second conductive layer is a netal
foil that can be lanminated directly to the dielectric layer, as opposed to

bei ng plated or otherw se deposited. In view of the above, this invention
makes possithe®riofeddias rqs@”@ﬁﬁ@(ﬁ‘@‘ﬁﬂ@ ofetaf tae pleckiodgsda-oi Bedatian  and

el ec;tr) Fdes elé@tréd@ﬂzmlf ﬂguré draet thHrﬁth@aclﬂhbﬁ%d‘ 8! ml%itdwelécfrbeé QQBQﬁt roni g
. asse C a 0O gcC e cit ances
IR N R TS R e R A A o Y

el ect r odes.cdpacitar valael ar, alignment between conductive and diel ect r| C

1 yers) Sas o sk, witt@rHoRe todR g A8uRine Tl g BER pYRIERIE, o6 s
a result offotrhmgdhtdgfaltcapaciiermtglaﬁpmmjcedobamcttbedlfeie@mcscohnmﬁrwe | ayer

ahi 1@ St yRABLE 8hASth e WRhoad: B GRePld BIRbRT b SaRaEfi T oudhen

and plate t r| C rode, ceramc content
of the di eIQ&ﬂS!thCa@aQﬂ@ft@ﬁ"ﬁ@@ﬁ@fﬂeﬁ&@ﬁﬁs‘mﬁ@ and semwddnﬁlmftlmr@@lﬂyehe top
el ectrode agbrshe dielectric. The invention further enables the use of

hi gh-k ceramcs in the dielectric without increasing parasitic capacitance
becausé® he dielectric containing the high-k ceram c can be precisely
limted to SUMMARYCOFOTHEANVENTIEON t, interconnect |ines can be fornmed

Covant Sges of i o1 rUERPTR THerBer oLp PSS 2 BRuIEL aAR B0 1 owi ng

det ai | ed dgsicrogiecioonic BRsEmMbly-eOR T alignadtc chive\ankGHelsictricategiansand ot her
advant ages Eh Bgél?aﬁla\fﬁ%é%%’ahﬁ d}ﬂﬁﬁﬁﬁsngpcﬁg?ﬁ@teﬁef?@g efhe ifvaRtibASs

fol |l ow ng scrl tion conj.uncti on acconpanyi ng draw ng,
in whi ci: maguetdarlsi usatl ﬁoranredewasgnf@sa'.C@ﬁap'twewﬁhsth@ﬁeﬁged nt egr al
capaci tor Sﬂrbtééésulﬁ %nd'ﬂu@@ﬁ@fdﬁéﬂ@l@aﬁdctdﬂshb@a@hie‘)éd%ih thendventioh MAY 2003

Fi 3t t t f

Form ng | ntAgRe RraguehiE L8 EA AP asr iR RS EepeaBESs n° acoor dance i t h
this invention. 5 DETPhé ERtDESGRIT IrGEnibn TebeRREFERAED EVRIDY KENT A
process forg Jg%frgté%th“atﬁr%g é‘bn&@cﬂ%%gérsf ﬁg%uéfec?r}é% g} G 958 figkroni ¢

circuit boa I n accordan IS re sente | N Flgures 3
t hr oug?08. GeNdyREVA layeralithen forming 8 seaorpfépen@}ﬂcta@dawt@v thesdielgcdric
fabricated layérowhrsawgiawﬁmhe @bcﬁﬁ@@@hamtweqaperb@ tAb e aneg s b)(pééé f or med

t hi |, f
vant on” S04 a5 4R BB A LR Y e BaRGBH R Rt LS oo
physi cal aIregmnmfttherfmswbomtlwtawr@watohlaéaoemnﬂmxed NiE kg msq:)apmsst ar

di el ect t

Capac t o 5 SANATOBR AAAS bt conlibve BYEP tordtiins) Whfkr BiloyeRdBY S |

val ues.25\\higegoadiregisarafitbediglectoiaflaygry wbiqthmfturn isheovespd By taosecos® i s shown

in Figure a'e fdh%ﬁhé@e]cbﬁd doﬂdhblﬂ/eﬁfa?ew Abc@r@ih”g?ﬁj N@lnwﬁhor’{ athéﬂffrétons and
nodi ficati ons are qosm bl e,
f

atl ons an ons e
Wthi 't he TSG5RE QARG RPBUHENNG Hieleging I4Yes are Rr draoed Byuig st
board is showanlyirg) lager oolagers s brrbsk, 50 that e Wmainingskoundrregiysrofl2 and a

dielectric v n r ) c

sui tabl e mdhereiavers Y SapReRSeR, | 8BRSt peiifigRiB 3 2ohulely Hhafigy it

ci rcui t30 a eanhapther.om heiresuiting strbsturat:en definereocapacitdr dhechich the ayer of a
mul til ayer i I Féq%é ;s could
al so be use%croéH 4 |oth gﬁ%?%} B&@Eﬁ\y# sﬁ@ﬁ%?%@é&@o f or med
bott om el ecqle@ta@@eszandme smorubm@m @f me@mrmayﬁrdgﬂmes;;arceﬁamt@rnd 8, the
conduct or |d1¥l%btrf¥bét§ve@hﬁﬁ§ C@?lag,t@,léqg@{m@@g)per deposited on the substrate
10 by plating or by |am nati a copper foil, though it is foreseeable
that the conductor |ayer 12 could be fornmed by different met hods and with
different materials. A suitable thickness for the conductor layer 12 is
about five to about fifty mcroneters.
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30 The dielectric layer 14 is preferably formed of a positive-acting
_thermal | y-curabl e photoresist material, such that known photoi magi ng and
devel opnment techni ques can be enployed to pattern the dielectric |ayer 14.
Particles of various ceramic materials can be dispersed in the polyner
dielectric layer 14, with | ead nmagnesi um ni obate, |ead t;bf[ apat ebtmdl or
_barium5 21 MAY 2003 titanate being preferred. A suitable particle size
for the ceramc is about 0.2 to 5 mcroneters. Suitable thick-film polyner
conpositions for the dielectric |ayer 14 include a resin, photosensitive

“agents and har dener s Acaesdipgde this diyasiens theafirsbeegiags slitheganductivei d resin

or t solt ihd r %ﬂdrdiel‘é@]’grﬂﬁlra]yérseé@bdrt@férbEIySrehﬁﬁ/k—:-'z a by iéﬁcﬁrrfgdﬂw@ domdueavk |a\yef|§p93i : ed

. onto e surrace .0 e conqu r, ayer 1 N I gu yelj or as .a | am nate
00" for m 1 néng Mhatsdetning Sy Hlelectieliens FOR 1S tatter dheSigeBls IagsTse

t Eer o Fl astpreferaisly fiormeéd of amsuwbrp;timgsjth?mmr&tmmmm.uau_eds

- thereo X . rl e a
phot of migedps St aRagRRAg ole e Yald: 15 relBied B0 Usid el ctindentdot’s

pol ymer i ndhegecpny sondlictivedpyen e photomaskmAlscsprefiereed fs thatthweut

q i ) : . . _ . to thi

ovent i on. SeRENGEBNALPRE Bfefis 4 Rfbtéh Bl 85t ceh bEKRRInathq dfEdfAoliRe ©, LIL7

of the cir &liglecksiclayerups oppesad te eingrlatadprethervisprdapesiteds of the

thick-film polymer aligeidyef HeBbove, IHRIiAvaitR hak8s pBesiBI intditadeposi ti on
and phot oi ma IS proc

I N . S§es. FQr the apove reasons,, epoxi.e ar e
o Pedbor aBatlersivth sSTeRanee Siaietths apd e erindas Pothebmulpe v th a
preferred eppagitbadsanclosfuraidd om abaichgelochomit aissbblyg \ezichadditg f rom

Ci ba- Gei p LEC .P i | i.guid. i t b
coat ed. ont @ AaEed iR ABR Obly e Eopitibed oyl B8 ARV R Brby L Tor m
t hi.-ckness (dieletkicalsf wnifoouthicknesbetiween dligned atectradas. dngartieeac,i cul arl y

. on S . . . .
Fnce e SAUHGH Lo USSRl ASES Bekd sdbl f cifing
mat eri dbs RACH la¥eryring 88 oved¥ingdayerder yerRasEs masks Whilgtunifes ar e

typical l'y nRicRneswéOmhensitleckit iskrhigvedads & pesiif biBertigleeriRding Ve ZS

terials, allow pt.abl t . hi gh ' I fills.
mother aairested Bn B8 dFetpoouBle BYBE SO U Pausal, fof ngflion' ' °
negat i veactalsgeliminatestre need tulromghepi artoplate theedieeckiafbowhertpd r om dust
particles %‘I‘éét&ﬂieeéBf{ﬁHff’ fhe @‘énﬁ?cé%npf)ﬁ?ﬂ%%gl gfr'o%%?%ﬂrﬁédé itefsnt s,
sel ective 30 exposure of the dielectric |la % appropri ate

er
el ect r ghagd@dbepign; katwesndas t%elféﬁitfpéﬁr?é@y the dieleetrice| heptnyepEoRNi cal | y
pattern t hqudhél 66dIeS thewiss of RighHeebmimsics in tHiedidicdtee With6ul inkRIasing exposed
to electrona nef.l c_radiatian beco r Ilatl.vel sol ub(be t ertain

devel oper s PAIRTTIG CARBRSE P aeE 16 SFeIeitic Gobtaifingithe ighik Cehéinis gan,

rel ativel y benpreciselyelimiéd ¢o thexpapanitoy. pvsed srauitdinte@bnhBat IB@83Ian be
positive-aghl Y = CLM L erials are partially
cured. A SSHFQ%? ybt%%gg%#fé% Mftgﬁhggraplggﬁﬁ%ﬁ?ar%ét he dielectric | ayer 14
when f@med of the PHIBErLROjafs apd advpstagesafibisdpyertiosr willihsubetiero”

nai nt ai ned Jppredhid frémth f@lidWhQ%eltéﬁ'RJd @Yddrptigaposi tion, exposure and

partial curing of the s dielectric |layer 14, a | am nate copper foil 16 is
applied to the surface of the dielectric |layer 14, as shown in Figure 4)
which wi || BRIEFEDESCRIPTHONOF BHECORAWING S t he top el ectrodes 20 shown in

Figure 8. The foil 1 r ' acsaficial,. pabl e of
protecting the coppe?”?%gﬁgﬁegghﬁﬂhﬂﬁ%ﬁ&%ﬁéﬂﬁ%@kﬁh@r@%ﬁ{%érg)é'ﬁgescri bed
bel ow. 30he reaner appareat frosythe foowingtdeseripfien sdken ini conjuncliopawitibthepl at ed
onto the fqg . af J@amnating the foil 16 to the dielectric

| ayer 14. %ég(r)érg)éérﬁ?feng{%ﬁ%n e'@?gq'{:ﬁ‘ t he copper foil 16 is about ten to
about fifty nicronet driguresntiand @ ateceross-sertionaldiews showing istegrak i ci al
layer 18 i saphelibr Sthycuicd iARREbrdftaWith HEbAGSartCary OVi de adequate
protection to the foil 16. is Figure 5 represents the result of etching the
foil 16 to define the top electrodes 20. Etching of the foil 16 first
requires application and patterning of a tenporary photoresist, and then
wet etching of the sacrificial layer 18 and the foil 16. The etchant used
to renove the exposed portions of the fqgil 16 nust not attack the
underlying dielectric layer 14. Cupric chloride 20 will etch both the tin
sacrificial |layer 18 and the copper foil 16; alternatively, ammonium

bi fl uoride can be used for the tin sacrificial |layer 18 and ammoni um

hydr oxi de for the copper foil 16. It is foreseeable that other etchants
could be used. FromFigure 5, it can be seen that the el ectrodes 20 cover
two limted regions of the dielectric |layer 14 while exposing the 2s

Y b1 N ~ M T o o o o o o b




21 MAY 2003 insoluble (polynerized). As represented in Figure 6, the
_exposed regions of the dielectric |layer 14 can then be renoved by a
sui t abl e devel oper, e.g., gamm butylactone (GBL) if PROBELEC is used as
the material for the dielectric layer 14, wth the polynerized regi ons of
the dielectric layer 14 remaining as a result of being rgl giiwelgysi nsol ubl e
.to the devel oper. As can be readily appreciated fromthis process, the

el ectrodes 20 establish the widths and | engths of their respective

derl yi i . the dj el ic | d. t her,ef he wi dth
and | engt s of the caiatuERch &b Biafe cBShsodionkl b iR G Arefoti. cou

of a secondtepscior $orefingyntebrat lcapacitdrs witteselt-aligned 82ckredes ims et ch nasks

. for the co A ke as aresult of this etch defines the
bottom el e%t%géiyggcé%g{tﬁgvgggéﬁi tors 32. The conductor |ayer 12 is etched

with a suitable etchant that attacks the layer 12 but not the sacrificial

- layer 18 pratpjl RBTHONOFPH E'PF'RREBW%%IMEN‘F of the

conduct or T 2 ) renoved is during
et ching. For a condudt Brogegsder fopmingiintegrpl aapaciiorean & mubiaa and a

sacrifici almibesctichit eiré@tibSard intaccBrdadedlitie s divittioh s réfreSeffedP | S
anmoni um hyd n. .It,is foreseegable

t hat ot her '%F?ﬁ%%?e tg%id-lcgg‘ teEb‘gc Sﬁ%ﬁéa&?%%ﬁ%@ya&%apf ?%ﬂfbtpé%ﬁgt ed from
gglt Zr Pnr Oggam fé&&a&ﬂtth?u@mdnyﬂm?hwea offcapheitdrstdan @b”mmltamaemsiwi aLei -
Cer o adbr ndGes Riint' 5y ol EARSrf B MRl Yo SebhicERce Tt €
el ect r odes iv@ndion. 26 willkbetioshe appant fonuthe follbwing deseriptiono acturate

m sal | 9Ny BELVERDNAER SPEFSAREIIRPAhiBdd BrHEEAGLagBRl oY N« he

etch step shown I n the sacrificla | s Is stripped from
the top el &igleeides apd elastrodas With thys dtvantienc sueh that iegral sapacitersg@n: r ayed
i.nt tFi gurg %efébﬁﬁﬁt@ﬂdomtbmﬂragé@'(ﬁ)drﬁ&cﬂteé(blbbbéittéﬁoé%ﬁalaf@s.cWhiltte%at)m i Ed and
patterned over e _capaci tor and . 1 zation or at nakes
Pont actls o PRRIPS o sor 38 cAParibRe aeds SBowPin Fin B £tBetd T 1'ayer
26. 30 Wi Iskilledrin timy arttwib @ pheecidtechatiesriatidnscandmoedifications pee possible,
enbodi nment i, & t o)k r . . ane
ki 1 ed 1 n SPRuchivaABABhE Bhd Blingaliite i WinHe SeBBe BERRS BRGNS 4 be
used. Accordingly, tRefegigetodfiguts 3 theediiquisboasd inshewn asihawindal y by the
foll ]9vw ?9 gLB5FEte 10 8R4 vmgah a%%tdx}'&ﬁir I?%ergiziaﬁ@@,diél'ecﬂri[c hléyammavf@f c
manuf act uri n circu oar d, met’hod conpr.i si ng the’.stepns of:
rovi aehg Pe8ndofade Thersbstters &F BBk cny SUTALIS Sroteial P RARGR and second
regi ons; amppihjecyiringibedrddPWB),|aafjexibleccitcd, &icesamioordilidon/subbsisete, orsai d
dielectric b, N e ackl 4 1 leal ;
appl yi ng o LOUEr FABRARTR S ofs ARtIpIATLRL, BbUBRNASFATINE BBRIEeSS
first regi @mddﬂatﬂﬁﬁl%@@dd@hﬁbhgwedv@acﬂyéﬁ the cenguacter @VﬁrﬂgtWIH&ﬁ on of the
and cover | B R B o S S e and
ovel off no Hales b er 116 sarybicterleny 145 watsabhghancorsaenesialy
g _onfluct | ve dnathersubstratephd by asting or by harminatior of 'araipfp!ee@‘bib thadgh ités 15I

ielectric et rst i . ayer
and curi ngf{’%égé%é%r;‘ﬁéf@%l %cwr&g%c{c%rﬁéy%{:’ fe‘?é(g@glcg:e {og@gg;ﬁg@.g%fé;ﬂmﬂﬁ%é% he
first regi @ndofith differemtomatesiadticAiswitabe/bickness for the conductor layer 12 is

about five to about fifty micrometers.

30 The dielectric layer 14 is preferably formed of a positive-acting
thermally-curable photoresist material, such that known photoimaging and
development techniques can be employed to pattern the dielectric layer 14.

Particles of various ceramic materials can be dispersed in the polymer

dielectric layer 14, with lead magnesium niobate, lead titanate and/or barium




2. The nethod actor ding to claim1l1l, wherein the step of renoving the first
20 region of the second conductive layer is an etching step. 3. The nethod
according to claim1l, wherein the step of renoving the first region of the
first conductive layer is an etching step that enploys the second regi on of
the dielectric layer as a mask. 25 4. The nethod accordipg 8, ¢J@sm 1,
.wherein the second conductive layer is a netal foil conprising a copper

| ayer and a tin layer. 5. The method according to claim4, wherein the step
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and photoimaging of the dielectric layer 14. According to this invention, the

dielectric layer 14 serves as a permanent dielectric layer of the circuit

structure, such that the dielectric properties of the thick-film polymer also

preferably remain stable throughout the deposition and photoimaging

15  processes.

For the above reasons, epoxies are particularly suitable as the
resin for the dielectric layer 14, with a preferred epoxy-base composition being
commercially available from Ciba-Geigy under the name PROBELEC®.
PROBELEC is a liquid resin that can be coated onto the conductor 12 to yield

20 a dielectric layer 14 of uniform thickness (preferably about ten to about forty
micrometers), particularly since the conductor layer 12 is unpatterned at this
point in the fabrication process. An advantage of positive-acting
photosensitive materials such as the positive version of PROBELEC is that
they are typically more photosensitive than negative-acting photosensitive

25 materials, allowing acceptable photospeeds at high ceramic volume fills.
Another advantage of positive-acting photosensitive materials over negative-
acting materials is reduced pinholes due to shadowing from dust particles
during exposure.

Due to the presence of photosensitive agents, selective

30  exposure of the dielectric layer 14 to appropriate electromagnetic radiation
can be performed to precisely photochemically pattern the dielectric layer 14.
Regions of the dielectric layer 14 exposed to electromagnetic radiation
become relatively soluble to certain developers, while unexposed regions of
the dielectric layer 14 remain relatively insoluble. After exposure, preferred



phot osensitive material contains a dispersion of ceramc particles. 10. The
. nmethod according to claim9, wherein the ceramc particles ara 20 forned
fromat |east one material selected fromthe group consisting of |ead
magnesi um ni obate, lead titanate and bariumtitanate. 11. The nethod actor
ding to claim1, wherein the step of r enoving the fir st; neg oneaf the
dielectric layer is acconplished by selectively exposing the first region
of 25 the dielectric layer to electrommagnetic radiation at a frequency, a
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the dlelectrlc layer 14, exposure of the dielectric layer 14 to appropriate

electromagnetic radiation can be performed using the electrodes 20 as

photomasks to precisely photochemically pattern the dielectric layer 14 to

yield capacitor dielectrics 22 shown in Figure 8. Because the dielectric layer

30 14 is formed of a positive-acting photosensitive material, irradiation at a

frequency, propagational direction and intensity sufficient to activate the

photosensitive characteristics of the dielectric layer 14 material yields a

relatively more soluble state in the exposed regions of the dielectric layer 14,

while the portions of the layer 14 covered by the electrodes 20 remain
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10| | ' @0-#10% | & () - -FigdrédT PépresBhts the%&sdhit of a second etch step by which

10 the dielectrics 22 serve as etch masks for the conductor layer 12, which as a
result of this etch defines the bottom electrodes 24 of the capacitors 32. The
conductor layer 12 is etched with a suitable etchant that attacks the layer 12
but not the sacrificial layer 18 protecting the foil 16, so that only those portions
of the conductor layer 12 left exposed by the dielectrics 22 are removed

15 during etching. For a conductor layer 12 and foil 16 formed of copper and a
sacrificial layer 18 formed of tin, a suitable etchant for this step is ammonium
hydroxide, which attacks copper but not tin. It is foreseeable that other
etchants could be used. As again can be readily appreciated from this
process, the widths and lengths of the bottom electrodes 24 are determined

20 - by their respective overlying dielectrics 22, which in turn were defined by the
top electrodes 20. As a result, the capacitor electrodes 20 and 24 and
dielectrics 22 are self-aligned, so that misalignment between the electrodes
20 and 24 is avoided.

Following the etch step shown in Figure 7, the sacrificial layer 18

25 is stripped from the top electrodes 20, and build-up of the circuit continues.
As portrayed in Figure 8, a second photodefinable dielectric layer 26 can be
applied and patterned over the capacitors 32, and metallization 28 formed that
makes contact to the top electrodes 20 through vias 30 in the dielectric layer
26.

30 While our invention has been described in terms of particular
embodiments, it is apparent that other forms could be adopted by one skilled
in the art. For example, materials other than those noted could be used.
Accordingly, the scope of our invention is to be limited only by the following
claims.
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5 providing a substrate with a first conductive layer having first and
second regions;
applying a dielectric layer to the first conductive layer, said dielectric
layer composed of a positive-acting photosensitive material;
applying a second conductive layer to the dielectric layer;

10 removing a first region of the second conductive layer to expose a first
region of the dielectric layer, a second region of the second conductive layer
remaining and covering a second region of the dielectric layer;

irradiating and developing the dielectric layer using the second region of
the second conductive layer as a photomask to remove the first region of the

15 dielectric layer to expose the first region of the first conductive layer and curing
the second region of the dielectric layer; and

removing the first region of the first conductive layer.

2. The method according to claim 1, wherein the step of removing the first
20 region of the second conductive layer is an etching step.
3. The method according to claim 1, wherein the step of removing the first

region of the first conductive layer is an etching step that employs the second region of

the dielectric layer as a mask.

25
4, The method according to claim 1, wherein the second conductive layer
is a metal foil comprising a copper layer and a tin layer.
s. The method according to claim 4, wherein the step of applying the
30 second conductive layer to the dielectric layer comprises laminating the copper layer to

the dielectric layer, and then plating the tin layer on the copper layer.
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layer to form the second conductive layer.

7. The method according to claim 4, further comprising a step of removing

the tin layer after the step of removing the first region of the first conductive layer.

8. The method according to claim 1, further comprising steps of:

10 forming a second dielectric layer that covers and surrounds the second
regions of the first conductive layer, the dielectric layer and the second
conductive layer; and then

forming a contact to the second region of the second conductive layer
through the second dielectric layer.

15
9. The method according to claim 1, wherein the positive-acting

photosensitive material contains a dispersion of ceramic particles.

10.  The method according to claim 9, wherein the ceramic particles are
20 formed from at least one material selected from the group consisting of lead

magnesium niobate, lead titanate and barium titanate.

11.  The method according to claim 1, wherein the step of removing the first

region of the dielectric layer is accomplished by selectively exposing the first region of

25 the dielectric layer to electronmagnetic radiation at a frequency, a propagational
direction and an intensity sufficient to activate photosensitive characteristics of the
dielectric material thereby yielding a soluble state in the first region of the dielectric

layer and an insoluble state in the second region of the dielectric layer.

30 12.  The method according to claim 1, wherein the second regions of the first
and second conductive layers define first and second capacitor electrodes, respectively,
and the second region of the dielectric layer defines a capacitor dielectric between the

first and second capacitor electrodes.

10
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<=>? @ABCDEFGHI J KL MNOBRsgRahM\WoYidiveJacting photosensitive dielectric material to the first
and second regions of the copper layer to form a dielectric layer thereon, the
photosensitive dielectric material containing ceramic particles in an epoxy-base
matrix;

10 laminating to the dielectric layer a copper foil having a sacrificial layer;

etching a first region of the copper foil through the sacrificial layer to
expose a first region of the dielectric layer, a remaining portion of the sacrificial
layer and a second region of the copper foil remaining and covering a second
region of the dielectric layer;

15 exposing and developing the first region of the dielectric layer using the
remaining portion of the sacrificial layer and the second region of the copper
foil as a photomask, the first region of the dielectric layer being removed to
expose the first region of the copper layer, the second region of the dielectric
layer remaining and covering the second region of the copper layer;

20 removing the first region of the copper layer using the second region of
the dielectric layer as an etch mask so that the second regions of the copper
layer, the dielectric layer, and the copper foil are coextensive;

removing the remaining portion of the sacrificial layer from the copper
foil;

25 forming a second dielectric layer that covers and swrrounds the second
regions of the copper layer, the dielectric layer and the copper foil; and then

forming a contact to the copper foil through the second dielectric layer.

14.  The method according to claim 13, wherein the second regions of the
30 copper foil and the copper layer define first and second capacitor electrodes,
respectively, and the second region of the dielectric layer defines a capacitor dielectric

between the first and second capacitor electrodes.
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