STRUCTURE AND METHOD OF FABRI CATI OF THE I NVENTION |. FIELD
OF TI-1E IWobyehysTI G ~1 The present rel ates to thefiedshi8is
semi conductor integrated circuit manufd®¥f%i ng, and nore specifically to a
pass~vation structure and its nethod of fabrication. 2. D SCUSSI ON nF
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sem conductor substrate. The devices are integrated together by alternating
conductive and insulating layers to formfunctional circuits such as

m cr opr AASKEEBOUNE H HYy¥ENJdaisited is typically a passivation |ayer
*which is an insulating | ayer which provides protection agai nst nechani cal
and chem cal damage during assenbly and packagi ng. An exanple of a
conventipnal PEIIH\EE THE SUvEaiTeaNyi s shown in Figure 1. Figure 1 shows a
“substrate 100 having forned on its outer surface a netal interconnect |ayer
102 whi ch i ncfoRi@seserdondepden Telatesaiedthentieidcehsrseiceondoptor Angegraitedht i on

| ayer 10 ' .nelud i yer. i pol yi m de
| ayer 1030 R RoplroreSaft iy B PR B R el A
openi ng hédhad of Hebrikatiomed t hrough the silicon nitride |ayer 110 and the
polyi m de layer 112 to enable an electrical contact, such as a wire bond
116, to be nmade to bond pad 104 to enable the inputting and outputting of

ext er nal, si gn@lliﬁgcﬁ@gj g&bﬁifﬁtrﬁf) Rt con nitride layer 110, which is a
hernetic | ayer, TS contact with the |lower netal |ayer J.02
to ensure thalntagratedsiunes pat medd sp oftigetdiby midienkyifrigdsuilisat aeeices
especially.in the bond d openings 114. Although such a passivag~on
st ruct ur%ycﬁ‘r %ﬁ/fr68§‘Sé‘?irsé:&@eﬂgéﬁttoﬁeéﬁ@teppo%éaﬁe“b‘go %‘b@f? e is; a@é‘?/i ce
Perform@@\ﬂcés}lﬁfee[r&egfkﬁe_ Qo PRhdkrAdtNgr EondBLAle ddd e cadacE IApe]. That
is, because silicon de" la;,~er 110 has a hlgg glelectrlc onst ant
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itride
(appr oxi watceny fon@joraiditsaagseh ot rrisSTIRIOFREHOTH inp] $aytest depositedj Bcent

nmetal feafur |04 and 106, line-to-|~ne IV ling.is Al R M\~oVG
2 8 ~uN %6%q%a§@5§fv§!‘toﬂgh%7%§g§/sfr} %%?%gﬁékggg ‘gﬁggfé\giggzaesperfornnnce
reduced. pAstetther aph ot emradasnal ahe thehdibalt dempgs duyirlgl a3esiblyicingr e shown in

Figure 1 is that 1t is difficult to deposit a silicon nitride |layer into
hi gh aspeRikagit§o gaps 11S to a thickness necessary to obtain a sufficient

hermetic seal 4T L I i L RASSI dtQfe tgiwgg, e

nmet hodol ogy |cﬁ%%nk€ggh§8gr€r§w§%sl asglangé\?\)n%/tc tprO\rQ/Si es ﬁo‘ﬁvlﬁ er(rzcl()nnect
capaci t ahgeire SUMMARY aGeibsiFrie 100MENTH O¥bAned fogr 1tpasiirsat fage astvetadt ur e and
its nethod of fabrjcati i,s described. Accor di t 0.one enbodi t of the
present | 9?9.{‘98% yﬁ"étlg?‘Ykﬁ%ﬂ“cﬁ‘éﬁ%ﬁbangﬁaaadzgga% é‘étgacweégsggg&f fom a
metal mepghelivdisod MAyERd 08Ny RICBURSILLAE & sikiedd hetkiddiiey@ct 0 &nd ay@lick s then
formed over the borid pad and the netal menber and conpletely fills the gap.

Next a spebmoride d et Hiis fayreed owpr otetdldabier AB pesheidnvnifdalrms. &
i el ect 1 L6 8aNbant OFPALER A MBMnbASH LA 1l BNESH Hifided§Er 115 0f BRI over
polyimide layer 112 to enable an electrical contact, such as a wire bond 116, to be

;wxe3eal”|: 6TL?H,.oyg, ., ., | rrfL1A~&m‘ ~08nNZOOt WAFER PASSI VAZI &NUN 2002
i
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made to bond pad 104 to enable the inputting and outputting of external signals
to the substrate. Silicon nitride layer 110, which is a hermetic layer, is formed in
direct contact with the lower metal layer 102 to ensure that no moisture path
exists to the underlying substrate, especially in the bond pad openings 114.
Although such a passivation structure provides an excellent hermetic
seal of substrate 100, device performance suffers due to high metal line-to-
metal-line capacitance. That is, because silicon nitride layer 110 has a high
dielectric constant (approximately 7.0) and because it 1s formed in gaps 118

between adjacent metal features 104 and 106, line-to-line capacitive coupling is
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I.n,anot her enbodi nent of the present invention a first dielectric |&fdedUN s2002
formed on the top surface of a bond pad of a substrate. A second dielectric
‘layer is themfomprd on the first dielectric. An opening is thenusosrasls
through the first and second dielectric layers so as to expose the top
surface of the bond pad. A barrier layer is then deposited on the sides of

t he opening and, on the top surface of,the bgnd. pad, tact. s then

{or mod o TRESBhARHeTe 168 BPTPHIE R Gk, B b PR rPaNet i

DRAW NGS tfié %‘é&ﬁvétibﬁ Audth lelHoiad i@ Fi@lredl eOEVRINE iMficWlass ideposnm
structure. Figure 2 is an illustration of a cross-sectional view of a

her net i ¢ silswrcaipeidetlapeeinpadigivatneshratio gaparidSdp & tecksess Baeessater i on.

2 8 2JI~I Y é. Qe o hV\iD 9t9/ 3- il-t23 PCT/ US98l 2.t 358 Figure 3a is an

i 11 ustrafPohTo? 5 EeENERRE i oA vi ew of a substrate having an outer nost
netalization | ayer ~ncludin~ a bond pad. Figure 3b is an illustration of a

cross-sectional view showng the formation of a fi r%ﬁ di ﬁl gc ric |l ayer over
the substrate Gusrdatés dasired gur @asevpEoRPTYItYER #R4 Meffhgfolpgy which
Cross-segt| |+ vl : i it : I j ic |layer
over 1 ho RREE aYRYE IOt 0k iG] BERTUST0R, i eRORN LAk el e 2
cross-sectional view show ng the formati on of a capping dielectric over the
subst r at f Fiqure 3c. Figure 3e is an illustration of a cross-sectional

Vi ew shommm pad opening in the substrate of Figure
3d. Figure 3f is an illustration of a cross-sectional view show ng the

formati on of a conductive barrier layer on the substrate of Figure 3e.
Figure 3g is ah Wb fenstassiva bon ofruatuoreasel Becnetbwsl ofirbricatiowingesdribed.

f ti f . b th ubstr at f Fi 3f. Fi h i ]
D1 et ot e B R B S Do aR P e G T T M2 Brs ron o
t he barrigynd %gérﬁ?g éHTbDQe%a?Ntt?ﬁinréi}rﬂatQIf refein@ibi 6 s 3grm EEDAl L&D sBRSERIAPREN OF

£
THE PRESENT | N\ | ON The present invention is a hermetic, |ow interconnect
capaci t arfbeleghds lajeriisnhen farmad evemndie pandmasbendthe gists lcaermher and t he

follow n riptd.on nunero I fi LS a4C b 1ash haferdal;
t hi cknes% gﬁé%&élgréb@se%%e apar%&%éi?%?%)r Cﬁd?egégrﬁeﬁté provilde at l%?SSgh
under st andhtith bis bHeREBFEMWnstaNt gibaten thad the [firsthdielouiolayehosdoemetio one
skilled in the art that the present invention

over the first dielectric layer.

In another embodiment of the present invention a first dielectric layer is
formed on the top surface of a bond pad of a substrate. A second dielectric layer
is then formed on the first dielectric. An opening is then formed through the
first and second dielectric layers so as to expose the top surface of the bond pad.
A barrier layer is then deposited on the sides of the opening and on the top
surface of the bond pad. A contact is then formed on the barrier layer in the

opening.

BRIEF DESCRIPTION QF THE DRAWINGS

Figure 1 is an illustration of a conventional passivation structure.

Figure 2 is an illustration of a cross-sectional view of a hermetic low

capacitance passivation structure of the present invention.
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[ hdna 279
may be practiced without these specific details. In other i nstangegz-ug&lmﬂzl‘“‘
known 3 t il J~ 1 1 G-i;,'"t W99I3-t-i'_ 3 PCT/ US98/ 2~358 sentconduct or
processes wuvsgedipment have not been explained in detail i npor/dsys tigsgnot

unnecessarily obscure the present invention. The present invention ~s a
hernmetic, |ow interconnect capacitance passivation structure and its method
of Tabricati g,/ BASSLNALAAN, SAL UPLULESd 0 ABRAL IRCE( WLl AE. RLGSEN!

i nvention is SAownh T n I'gure YOS fied on A substrate 200 vscan outer |evel
of net alanzadiieoinadti rltadlnativddayerimiudiggtabesd gach as bond pads 204 and

i nt erconnects 206 which are separated by gaps 208. A first dielectric |ayer
210 is fornmed over bond pads 204 and netal Features 206 and to a thickness
to conpl etel y:fi - fyer.s i Lh G Ls preferably
fornmed of a )r%%léH ggqgﬁingﬁgﬁggngnrdeflaa%riosée?%/&fc%)nv?} féevlg)eégg)rﬁégég%stant (less
_than 4. Gprreatibnad asfitstcbelediraxiager ovestal sutgtdiebefigure Jaayer 212 forned of
a noisture resistance material (i.e., a hernmetic material), such as silicon
nitride, is formed over the first dielectric layer 210. A capping
dielectric Lapighr23éis HGNuASaRoR Rl ¥l dFbEeseERRaPOi@RBHIRR tREal | NG
dielectric layer 212 to provide for scratch resistance and package stress

i nt er f adprgatign oflacgaalingadietastria bty e2 DYpr she bubxrae obdtigwtd 3l chip col | apse
contact (C-4) which includes a conductive barrier layer 216 and a bunp 218
is formed through dielectric 210, sealing dielectric 212, and capping
dielectric 2i4gard3gakes gleehlibaalf £LembactctWridl iendhpadngOpe Seal i ng
dielectric layer 212 and barrier |layer 216 conbine to forma hernetic seal

. of substfPEmatioo®f pearpisg dislerirsy overytae sebstraiedofskighragel ayer 212 provi de
the hernetic seal for substrate 200 first dielectric |ayer 210 can be
formed of a material which has a |low dielectric constant but which is not
resistant to Rigusd Beds paridusahion.of Bycrossrpéeionlay vidw Ishogriggpse 208 with a

| ow di el ectric constan‘% méteri al 210, there is |ow inferconnect capacitance
(1 ow capQEFRHOR XupPPRdPRdRnsnies indhasupit a8sIFigRs ¢ es, which results in
i nproved (faster) device performance. In this way the present invention
provi des a passivation structure which is both hernetic (resistance to

moi st ure pendiigaté dh)s andllwtratiorerhiabiress-wxticenkliew showapgthe ance. Fi gures

3a-3g ilJustrate .a nethod. of, fabri.cating,a pass~vatiqn structure in

2ccor darlBE PR Qe DH SR PHOERLTET SR R aT £ S ChBTis EEent i nvent i on,
a substrate 300 such as shown in Figure 3a, is provided. Substrate 300
includes on its outer surface a netalization |ayer 302 which includes at

| east one borkispael 3802 anaiblastryppediflacrosyrsedionalyie s $hoMongitheut ti ng and
out putti 4 rnraaf milose 3 WO 99/ 3.1 -1 23 PCT/ US98/ 2a358
from subpsa'?rrng?ltgﬂé&ga. BQ&‘eD Sﬁtté?glﬁgfgf‘tlez(gt?‘%h”ﬁ gi}er 302 al so includes netal
features 306 such as interconnects and capacitor el ectrodes. The

metal i zati onn%’g}ier 02 is. Ior med Erfom a | ow resistance netal k(‘)r net al, all oy
such a5 but F§ ANt BN BIUSSE0an o GRITTFaRY Y6iasame Madherepeyd!

thi cknesgy @BOP&S%P&@S&;%1aye"r0f~r9910theT§a%sEF§E@b!F?u!reﬁol ayer 302 may or nay
not include‘barrier layers and anti reflective coatingS. The individual
metal features of netalization |ayer 302 are separated by gaps 308. The

m ni mum spagGi,ng pM-dt b of. .gap SR i.ned-hy the critical

i | oREt Te—i ' f e ]3)9 on can be | ess than
0.30.m Such narrow feature spacing can create high aspect ratio gaps 308
(i.e., gaps with aspect ratio around 2.0). Aspect ratio is defined as the

gap hei ght ovEre presegapnygmrtien 1s a hermetic, low interconnect capacitance
passivation structure and its method of fabrication. In the following description

numerous specific details such as materials, thicknesses and processes are set
forth in order to provide a thorough understanding of the present invention. It
will be obvious however to one skilled in the art that the present invention

may be practiced without these specific details. In other instances well known

(9]
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Additionally, as is well known in the art, substrate 300 typically includes
a silicon substrate, devices such as transistors and capacitors, and
mul tiple | gpeossph metal and insulators used to couple devi ceSrisds@ 4358
Functional circuits. It is to be appreciated that substrate 300 need not
necessarily be a sem conduct or substrate used to fabricate integrated

circuits but n‘? be any e of substraﬁ?g such .as tho§e used in flat panel
n l{lfé \'%

di spl ay SeTRER %was%s 81t HEBFESE R VE MRS RSeE P 6t Fatieallsndef i ned
as a mighbako AR HARLITy RlschiBe Rt paaBh: iAu@ildron are formed and on
whi ch processes of the presént invention act. The first step of the present
i nvention ~s Tte porsena ifhvestioditelagodrmegtic éxyermgelt@om@q—t @pesttpatee 300 as

shown in Figure 3b. Dielectric Ia er de ited.over bond pads 304
and met £as§8f tigretrugaraagdifs S 3 ?réﬁ ré?at'sodpaé P& AL %?%PEW“‘EFH‘ gaps
308. Di ea'c@&;dalnfeelmeﬁrthél&ésémfW@%@iohqs@hom\aﬁ{ Fagu¥e 1. NB&hBA Gngss whi ch

is sufficient to conpletely fill gaps . I'n nost cases, dielectric |ayer
310 is dexﬁ@emateeaoa 05 antdhitek hessd oétme@hg@nm witick knelsides raptaddentubsch

ensures copp tef|II| of ;th WldeS
pr ef er alil § (ﬁi BFd% ﬁ%f‘e‘? 1%?”% h@g%h& eﬁrgg‘%é%%?%%ﬁgtggﬁg%g? ?\east as
| ow as sidst aiﬁlecdh@le}i@r 210 B formedi @Jee(btohdq:mnf&l-laaﬁd estsl fdaaunred 209 antin one

enbodi ment of the present invention diel §Lﬁyer 310 is. a silicon
di oxi de tPg) Bogknesp ipicomplgtaby il gmj%%.ﬁiﬁ {5 eginisPRYeE 210 5 ng a

chem str | u t ween
3504000 PSR EL BB A o R R S oaPE s T he
filling (dsshthgh 4a33rmmh zrsaetxlxoorgalpcma%Aamzihpgcmehbemcala;yanaﬂh fesumédoéaon
whi ch subsequent %g PCT/ US9812-i 358

| ayers craﬁl%éredéeﬁbsg?f\@% Tageriat U of BeTPic wswa 160 AS 5 P8R I
fluori nel Qg cNetr tﬂto_cmfst H%léd{% h@&errﬁduwcw@n@ EkREtAd G eonel AUchs 4 he
Film D electric |ayer can be doped i nsi during t deposition of
fil m 310polyimate, ernflor fmtnquinobysealorrrg drqﬁcam: éayqyn1°ltp p@vndﬁ ber spichbei at ed

that | ow K |eIec ic fi such as but | i mite agkogel,s

pol yi mi d&sy® g %Péf%n%resééﬁteﬁ%c l%fte ec OPltt%:CtI g;’égu%‘l%)s

Addi ti or@dtVolwdem@at édl%ﬁs@k@ht&lqcﬂﬁeﬂhmﬁtmﬁkiﬁﬁss‘aacfcbddhdrﬁ/eabﬁrﬁg|lz§ydrayer
dielectric filmbut may be a conposite fil mmade of several different

di el ect r?’c,6 ?Wér@lmﬂe&w is fQrreRe fc?%fﬁi’glﬁcé“ggm ealingidigleairia B ANe | ayer
312 is I tric Iayer 312
is forme [J()qué%\{gecg;rli%ﬁv\%‘ kﬁﬁzersreg%éhg ar?t?ﬁgagt n@?@%gﬁg E{)yeaﬁ%%atl on (i.
formed of a h&saieig dxerlr@dtﬂtlla&e)r 21R drad/parries 1s3aard21t60cob'ebxh|ertmefbrm af it can

prevent noisture etration r hum d anbhi ent chi erating
t enper at }i}?fé’ée“fg?ﬁzroglsfi%s%% FOLHROR2TEEARY Ty i CQ JB% Haé(ﬁ‘g?'?glz i's
formed ag dhib RS h@%%h@s@al\/\@r s%b§6rh!el 200 Pt allélgctaqcsw@zabﬂoecdmmmeecs eal .
In one e odlnent of e present invention sealing dielectric layer 312 is

a silicoaf aimatedel fwhmhﬂnsrmhbw dlidecthiconegat et ieleish 59 Mot registanbyo pl asma
enhanced CV eni str r| Sj i

subst r at B'¢¥ Hﬁ%PﬁPE{’é\ng‘ DEOTRY ﬁﬁ' S Ba‘ﬁctedaa%ws_?]le?{(}gcn nitride

llayer 3léonstaftep@ediifh @)tRe BOBW nft@iednﬁedu@@lacm:we (dewl a%far citived | i con
nitride |layer 312 can be forned th|n (less than 1, OO

stl |1
provi de &0wRlng! batvereal adjaeentonekid fepwaen wehichdeaulss in h‘é‘PFBW% ﬁ;
di oxi de be, a iC
layers, Sl pkiddnddie I LRGSR LECPfRh: BREUER r??ﬂ%&%ﬁﬂmf*ﬁ"ﬁ :
i rrportanktrh@tdte@phﬁhaﬂsltnghdnahwtcr(resxlsay\ee t@ h2oahoeeparetted tidréatrul ehi®94 and

306 and out._ of gaps 308 so that its high dielectric constant does not
i ncr ease X NB e £xHerely doroEANAHG ARt ween adj acent metal features, and

t hereby decr e@gj gﬁzw{g ?ﬁfsft é@%@tho@e?‘ftf)abﬁ%ﬁhg‘%‘paﬁnatgﬂ{ eradlir@isappi ng

dielectric liv orne over sealing dielectric layer 312. Capping
di el ect r kecdreyece 8tigh ph@\plrmkst\r/em;tsorr elNcebrdiopvioethet prespaic kegatianda

substrate 300 a als vi des scratch protection.for | ectric
R L Rk Siie Betbna. Bobiieed st Rt d B ik 3
formed bysspaki agrfsi&e% ‘?‘Qét'éhﬁa lib e4ye3 832 WiicRNAclerBodi 1Mt opk Hdaa pagsent

i nvention capping dielectric liver 314 is a photodefinabl e polyimde such
as 6 304 (and typically several hundred) for inputting and outputting data to and



tre j¥a )
2.~ ~~'~1 ~~~'~ 1V0 9913-t-:33 PCT/ U598 2a358 Hitachi phot odefmable £ 8 dil 282
polyi m de type 1708. Such a polyimde can be "spunon", as is well known in
‘the art, to.gobhhgkness of between 2.0 - 10 microns. Alternatipealysssamssng
| ayer 314 can be for exanple a CVD deposited silicon dioxide |ayer. Next, a
bond pad opening 316 is forned through dielectric layers 314, 312, and 310
down to bond pad 304 as shown in Fi gure 3e. |If d'ggal E(f:)t.ri@xlayer ‘F14 is a
phot odef ~H&B 8UBHFieniWe, | RO tROERIHT2LPE BHAT Be” ABP REWIER BB ect ri ¢
layer 314chy, fRSIGNd AN RPAYDG-ANhd Bsh QY @l QRidiksavie inbeailZaaBh
exposed portion of the capping dielectric |ayer 314 where the bond pad
openi ng 3lager $0desiforded $umh aalgy vesstsnce ewtelsot msesled oy Wehads) But motcappi ng

lrayer 314,.whjch enhances subsequent, fil m depositi ' nj 3 6.
Pat t er ned! B4 %CBPB%@HV%“&‘&y@PdﬁOAd%HF B%S ast8gar?§}s&§g g%s(%’(fnl?%trwegf‘chi ng of
seal i ng ds@beAts 3@ 0b@ierTrtlmeddlthatical 18GES 3T2 hayesr Ak ndtfinsledlei tigrier

dielectric Layer 312 is a silicon nitride |ayer it can be anisotropically
et ched bylayeasendeantomeBectivenepativigs) Tha inddvighadimetay feasuissiafi ng: SF6 and

He i ]k AM et Gher .. On | ing -gielact e : b
et chod t STBRE LR SRS e ST L) B PerR oo 4 B e R A e ot ry

whi ch et cheati (w3bf ¢apk 805 1s eeBAS My thl critital Hamemsienobf tid progassdivbxdide,
can be C4Fg + CO. The etching of diéelectric |ayer 310 can bhe a timed etch
whi ch pr ot 4as PesaantdpERngN Landtsiere thagnBRERET r eHER ARTOW BARLRECEPIL B ayer

310 from 304 | [ Lo dbgl [ ) 314 is
not a pho,?%rggﬁ%%ggﬁgn ﬁ%;?%:{??gﬁo%?gggﬁgﬂsep% a?&“tbhagg g?efﬁgtarﬁ%éﬁhggh be
formed oveérspdietaid td defireybas Bledgamtiefphit toerenéue gyp weldth.known

phot ol i t hogr aphy, techni ques, Next, as shown in Fiqure e nduct i,n
barrier |ayer ﬁ@‘it’é’“@ﬁnﬁ%‘%\)’éﬁ knpygr l’%ﬁée 3’60“&@%‘6\@6 itwlﬁ?(:@ﬁl”é&'é‘fi?sga
Barrier |ayRbnltdskid UdBEOMRh 1NQaL QP 034ERACA pREItERBPRAD g Wi iBle Glylek £

| ayer 314, along the sidewalls 317 of bond pad opening 316 and over bond

pad 304. Bamnétef ahdyiesuR1@ sfuredstoacchpiendelices dato aingHgnal deaxalst <t 331t be

contact opening 316, Barrier laver 318 is for f ] i a

t hi ckness amf%‘ﬂaﬁeé gﬁ?ﬁ?éf%ﬁ? rbereé\fé%tneﬁ%%@?ﬁg ggfar%enr%q%éﬁ%&l%g ?ﬁgﬂ%ﬁf—" ough
barrier | ayeq tsl&oﬁ@geiiﬁ&%rﬂbglwmtgcbukaryag/rbéiﬁy type ohsulsmaodswatnis of t he
present invention, barrier |ayer 318 ~s a barrier ba{?ﬁr used, for .a

control | edhess psedin als @asehe selaysc: Eon thgrpopes ettsunissen BALRHBR 4 ayer

for a G4 a . tte LWEi9h8 Fekddnt [ Y&{tioh are2 8

~~ '~ ~~SB§5H3&' % ggf‘gé;({ ?gg \%éﬁe/s[%gé%'/ %hﬂ%ﬁ@ﬁﬂs IO?ﬁ conpr i gi rllg a Ilonvvae? 300

t hi ck titdofmmdfaddmoanghash papessed, ddQBb dresait invekednwahadi um film The
a ba old diffusio

titaniumfilmagts,.as rrier against whj.l.e ni ckel
vanadi um film ﬁﬁ}“p&”%tﬁéel{?ﬁ “B‘?Jﬁf)esgﬁﬁér}‘?“?lc?nb‘(?ﬁa f3Eg asgfls.t gt Repe 310
enmbodi mentyy e[ bEghtd B)ELs HAVRIR F@@u@ A Didécthayefer816ds Hepoatddapeer
aut omat ed bondi ng (TAB) contact. A TAB barrier |ayer can be forned b

sputter déost pacy 384 dodlmetwydeatiidsd0somst irshug A MAIWET SPiASRI QM B IRFelY and

an upper d fil gget'taiumq efr acts, a [ e | d
a1 asr on aneret oflE oRtretd e B o R i et A s Da
304. An argRithSBYUEgEieRt wc&aglé@ay&s@gapg 308. 10 neysd chsesj diglacktid laylee 310
formation of barrier layer 3138 to provide a clean_| ow resistance contact

wi th bond ipa&epgsued Nesxt thickrnegemat Jzet ps thisk pednea! B HAEh PRSHERS S8 PAReshown
in Figure f?lgin Idg tQ\QE;NLeC{ggpgid[gr?nt of the present invention bunp 320 is a G4
sol der bunp. R ' ' .
Dielectric layer 310 is preferably formed of a material which has a

dielectric constant at least as low as silicon dioxide (i.e., a dielectric constant less

than 4.0). In one embodiment of the present invention dielectric layer 310 is a

silicon dioxide (Si02) film formed by high density plasma (HDP) utilizing a

chemistry comprising SiHg and Oz with a substrate temperature of between 350-

400°C. Such a process provides excellent gap filling which enables the filling of

high aspect ratio gaps 308 and provides a smooth surface on which subsequent
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4.sol der bunp can be fornmed by depositing a photoresist |ayer 322 02 g JUd I
approximately 25 mcrons onto barrier |layer 318 and then patterning the
phot or esi stwioegenri2860 defi ne | ocations where C-4 bunps are desi@wds9osR+433sl der
bunmp (PbSn) can then be forned by electroplating on those areas a barrier

| ayer 318 not covered by photo resist 3?2. Sol der bunps can be forned by

pl aci ng s e i S e | at I ppt.yi cgurrent to
Parri o 1yer Freesacphiit st Rl PP 310k Retp PRI A 16 50
can be fomnetidraogubgieghtdate appdpXddtrt ebystifOoftlor ins. Dieleafat Refer 310
enbodi ment of the present invention bunp 3 can a gzglrg%pl ated bunp used

for tape @it BAsoPgdnaadH{gurmaRye %P@éitd"bggﬁgﬂ 31@%05@ ANBEOR Bynied i n a
R e S T 0 S
Once bunpligitdhasadregslsppalyéhidies, shin-degjlassds, tdanddenes=st aplEientasilsyed ayer

or oceasor S (5opric i1 ABVOHE 6P ot COReRITH ey e b1 BEAGIEISISY el by bump
can be ot ched e o e s e T 0T s ™
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openi ngs 316 ‘and Thereby prevent noisture fromentering through the exposed
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description of the present invention should be taken as illustrative,
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Ctructure w thi BADTR BRIGHRG MeLbae rafee it HeBer B TRt gaosi vat T on
silicon nitride, have high dielectric constants, it is important to keep sealing
dielectric layer 312 above metal features 304 and 306 and out of gaps 308 so that
its high dielectric constant does not increase the capacitive coupling between
adjacent metal features, and thereby decrease device performance.
Next, as shown in Figure 3d, a capping dielectric layer 314 is formed over
sealing dielectric layer 312. Capping dielectric layer 314 provides stress relief
between the package and substrate 300 and also provides scratch protection for
sealing dielectric 312 so that scratches cannot affect the integrity of the hermetic

seal formed by sealing dielectric layer 312. In one embodiment of the present

invention capping dielectric laver 314 is a photodefinable polyimide such as
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formng a netal |ayer over said substrate, said z~netal |ayer conprising a
bond pad and @&/fii13st nmenber, said bond pad and said first nepbeuseiing
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said first nmenber, said first mat erial having a lo~nr dielectric constant,

said fir rlal a~r|un east i ni mum t hj ckness that. is suffldent
to conpll—i‘tt%&s qtpdghngbl§ Ry YfIBF Wye 1a7§)g10§hlﬁwgr?aPBLY‘5]‘§%\9%? b&aPRURT r st

mat eri alyn Sélé?is%ﬁmmtxﬁrthélarPQb@gtkﬂMsﬁBFjbéﬁwé&{ ant- tOmBoRLUr
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top surf d%fl sai d bond pad, said opening having sidewalls conprising
edges of gé'i 88tbnd material and said first material; forming a third

material overNgd d RROPSd r@ﬁ%ﬁtﬂgﬁbw Sabemsd dﬁ)&ﬂl%kﬁdi&fle&ﬂt thyapeniag2and
said top surface of said bond pad, said third erial being conduct | ve,
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Tl D S e ST st L LA o EBRPE Bhes °
- ANGSTT OB 2 il d i dTRE QP COMMT i SbAhg dielectric layer 312 is a silicon nitride layer
it can be anisotropically etched by reactive ion etching (RIE) with a chemistry
comprising: SFg and He in a well known LAM etcher. Once sealing dielectric
layer 312 has been etched through, the etch chemistry can be changed to a
suitable chemistry which etches first dielectric 310 which, in the case of silicon

dioxide, can be C4Fg + CO. The etching of dielectric layer 310 can be a timed etch

which provides over etching to ensure complete removal of dielectric layer 310
from bond pad 304 in bond pad opening 316.

If dielectric layer 314 is not a photodefinable material, then a standard
photoresist mask can be formed over dielectric layer 314 and patterned by well
known photolithography techniques.

Next, as shown in Figure 3f, a conducting barrier layer 318 is formed over
substrate 300 as shown in Figure 3f. Barrier layer 318 is formed over the top
surface of capping dielectric layer 314, along the sidewalls 317 of bond pad
opening 316 and over bond pad 304. Barrier layer 318 forms a hermetic seal
along sidewalls 317 of contact opening 316. Barrier layer 318 is formed of a
material and to a thickness which is sufficient to prevent moisture from
penetrating through barrier layer 318 and into dielectric layer 310.

In one embodiment of the present invention, barrier layer 318 1s a barrier
layer used for a controlled chip collapse contact (C-4) gold plated bump. A

barrier layer for a C-4 bump can be formed by sputter depositing a dual layer
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third material, said sidewal Kk of said opening, said top surface of said
bond padgokhlayef balpste gatdeTAR bimpragiheonthubend @adsiidd Apargen sputer al

having a_t hickness sufficient to prevent | sture .ation: form ng
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silicon di@d 6 dittet of the present invention bump 320 is a C-4 solder bump. A C-

4 solder bump can be formed by depositing a photoresist layer 322 of

(

approximately 25 microns onto barrier layer 318 and then patterning the
photoresist layer to define locations where C-4 bumps are desired. A solder
bump (PbSn) can then be formed by electroplating on those areas a barrier layer
318 not covered by photoresist 322. Solder bumps can be formed by placing
substrate 300 in a solder plating solution and applying current to barrier layer
318 so that it builds up charge to attract solder. Bump 320 can be formed to a
height of approximately 100 microns.

In another embodiment of the present invention bump 320 can be a gold
plated bump used for tape automated bonding (TAB). A gold plated TAB bump
can be formed in a process similar to formation of a solder bump with the
exception that the bump is gold plated and is formed to a height of
approximately 27 microns.

Once bump 320 has been plated to the desired thickness, photoresist layer
322 is removed by well known techniques such as by a solvent spray processor
(SSP). Next the portion of barrier layer 318 not covered by bump 320 is etched
away with any well known technique. A nickel vanadium layer can be etched
away with a wet etchant comprising H202 and H2504 and a titanium layer can

be etched away with a wet etchant comprising HF and H20O2 and H2504. The

exposed portion of barrier layer 318 must be removed in order to prevent short

circuiting of bumps 320 formed on substrate 300. If desired bump 320 can now
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invention should be taken as illustrative, rather than limiting, wherein the
scope of the present invention is to be measured by the appended claims which

follow.

Thus, a hermetic passivation structure with low interconnect capacitance

has been described.
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}: (1% g%: ?(SLb 8 formoing a#ggmgﬁlay@ oviatuidsuhstrate sl nigtal layep cabiprising a bond
10" 0¥ 2 &OO aig‘ﬁfs)t n‘%ér?\ rle%%?a/gdo é‘or(lgl pad and said first member being separated by a
gap;
forming a first material over said bond pad and over said first member, said
first material having a low dielectric constant, said first material having at least a
minimum thickness that is sufficient to completely fill said gap;
forming a second material over said first material, said second material being
thin and resistant to moisture penetration, said second material being kept out of
said gap;
forming an opening through said second material and said first material to
expose a top surface of said bond pad, said opening having sidewalls comprising
edges of said second material and said first material;
fornﬁng a third material over said second material, said sidewalls of said
opening, and said top surface of said bond pad, said third material being
conductive, said third material having a thickness sufficient to prevent moisture
penetration; and

forming a contact over said opening.
2. The method of claim 1 wherein said gap has a high aspect ratio.

3. The method of claim 2 wherein said high aspect ratio is around 2.0.
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6. The method of claim 1 wherein said first material is doped with fluorine atoms

to reduce dielectric constaht.

7. The method of claim 1 wherein said second material is hermetic.

8. The method of claim 1 wherein said second material is silicon nitride.

9. The method of claim 8 wherein said silicon nitride has a thickness of between
500 - 1,500 Angstroms.

10. A method comprising:

providing a substrate;

forming a metal layer over said substrate, said metal layer comprising a bond
pad and a first member, said bond pad and said first member being separated by a
gap;

forming a first material over said bond pad and over said first member, said
first material having a low dielectric constant, said first material having at least a

minimum thickness that is sufficient to completely fill said gap;
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providing scratch protection for said second material;

forming an opening through said third material, said second material, and
said first material, to expose a top surface of said bond pad, said opening having
sidewalls comprising edges of said third material, said second material, and said
first material, said sidewalls being tapered in said third material;

forming a fourth material over said third material, said sidewalls of said
opening, and said top surface of said bond pad, said fourth material being
conductive, said fourth material having a thickness sufficient to prevent moisture
penetration; and

forming a contact over said opening.

11. The method of claim 10 wherein said third material is a photodefinable
polyimide.

12. The method of claim 11 wherein said photodefinable polyimide has a thickness

of between 2.0 - 10.”. nicrons.

13. The method of claim 10 wherein said third material is a CVD- deposited silicon

dioxide.
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15. The method of claim 10 wherein said fourth material comprises a lower 500
Angstroms thick titanium film.

16. The method of claim 15 wherein said fourth material further comprises an upper .
4,000 Angstroms thick nickel vanadium film.

17. The method of claim 16 wherein said contact comprises a bump.

18. The method of claim 17 wherein said bump comprises an electroplated C-4

solder bump.

19. The method of claim 18 wherein said C-4 solder bump has a height of

approximately 100 microns.

20. The method of claim 15 wherein said fourth material further comprises an upper
gold film.

21. The method of claim 20 wherein said contact comprises a bump.
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23. The method of claim 22 wherein said gold plated TAB bump has a height of

approximately 27 microns.
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