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WD 2004/ 088736 PCT/ GB2004/ 001313 1 | NTERNALLY

REI NFORCED BOND PADS Field of the Invention 5 The
w@r@3mss736 nventi on rel ates generally to integre€EdB2004/001313

circuits and, nore particularly, relates to

integrated circuits having a hechanically robust bond

pad. Background of the Invention 10 Integrated

circuits are forned on seni conductor substrates using

a nunber of di ff gg‘g ' igns that
create the circui §'r ene %%gﬁﬂr%g%r a%o access
circuitry associated wwth the sem conduct or.

rididbst rakerndeantbpads are formed on the integrated
circuits. Bond pads 15 provi de the neans for transfer

of electrical nals a pmand to

et RIT S LR TR e iR PrBeL Ban o Fpgirouits and,
momaompcrcltcw@rlyu mpRlatestte, 1%@1%%@5?@@1&‘7&% 3 "egRHREgaLlLlY
rokt abdna pam because aluminumis 20 sel f-passivating

and, therefore, nore resistant to degradation from
s at nospheri ¢ pressure. Al um num and nore recently,
ac E
—%ﬁ%&%ﬁm he netal |ayers within the

integrated circuit. Copper is nore preferred because

of idtSgirapsdov etk eccidteofgpedt dropeperdngnnerc eubsidates using a

nun@gif l éﬂ ¥ii FrefH gpcg@zs J].'ng h@ﬂexﬁ%‘:[ dRNtnLensbide ate CONpaIEed
to alum nu Ic:ﬁes SC ﬁ]r.rgu(:)Lt L& aé!slséglaltlgg ‘%q:\ﬁa Qﬁg%%ﬁl &Inductor

el YRB SelP- PSS V ar act uni num and
subsipeirs. obm@i eedy |aefa| et £t BPF ditegradedcoifsyf ts. Bond pads
pro@AEP CSiet Beddanfop adasd feucoiirescioduabesigsets iapd power from and to
thd BLEUALEA G £Gitl2 8%k GNSrobed N HoRANRS vl L2d)0BEhdIREi ve bumps,
etcstructures copper is used for the underlying |ayer 30
of the pad that interfaces with other layers in the
integrated circuit. A corrosion-resistant alum num
Cappintgphdy ere i of catird fometiopt eflunierchpperse portigh is
seltfhﬂés&.';rg@ﬁ%saﬂ‘ t&ﬁéi@o&@ sRak ﬁé%@ﬁtﬁftotscci@rhh}&l@ﬁpﬂﬁﬁn
atn%ortelr%rc]: res mﬁ)herl ¢ eclxrgg:seugrgcg&{i &%E)el* C)are used for the

i cal y separa e’ copper an um num Portl ons
metgf %%Y@réowﬁ@é?tté’lebb%fgﬁéﬁe RAF AT | RRPRY Fpopore preterred
bechigetdfi ¢ad iBbrocdnebddtvphigranigrebatforebyce land dudiberto
cugBBlalnibayecuitdn i etk abmpdiea thtenhaasm. Probl ens

can arise in conposite bond pad structures when test

and
Tn order to realize the advantages of the self-passivating character

of aluminum and the superior electrical characteristics of copper,
composite bond pad structures can be used in integrated circuit designs.
In composite bond pad structures, copper is used for the underlying layer
of the pad that interfaces with other layers in the integrated circuit. A
corrosion-resistant aluminum capping layer is formed on top of the copper
portion that creates an hermetic seal that protects the copper portion
from atmospheric exposure. In order to physically separate the copper and
aluminum portions of the composite bond pad while allowing for electrical
connectivity, a relatively thin barrier metal layer may be formed at the

interface.

Problems can arise in composite bond pad structures when test and:
probe operations are performed. To achieve good electrical continuity with
the bond pad, elements such as probes must exert forces that can damage or

displace portions of the bond pad surface. In addition, if the probe
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probe operations are perfornmed. To achi eve good
el ectrical continuity with 40 the bond pad, elenents
WG ah/08853¢r obes nust exert forces that can danBgEGBR004/001313
di spl ace portions of the bond pad surface. In
addition, if the probe WO 2004/ 088736
PCT/GBZOO4/001313 2 exposes the underlying copper to
t he anbi ent, degradation of the copper can occur. i
Anot her problen1that can arise with bond pad
expeERY (G BEE SRS ASPRYTe to BhEhATERF Fﬁ?’é@f""é&@? 1% i copper
cart hecdzond pad by a probe that can propagate to | ower
| ayers based on the physi cal couplings within the

i nt I ted L. Low Young: tri cerns the
% tﬁ %h arlse t%l g&%%?g %gﬁé%es cgéh tl

,ph:\@a%l §PF%%§XF€%FEﬂ % nr;jlef Peﬂﬁy PR® Wo?c%roﬁfeo%af?’gﬁroﬁ??ate to

lowear layiess Seisetli @nshhadesbedn cprpose driftbin itipr owvieggated
cirRend pad Yduﬂ&egrniotiﬁfluéa gzdel-+eicalinddd1Sindathentond pad may not
be élt%at lllpon usbllc at‘i-:x_l osg J.U%u%gq‘gg[ Qgg’ﬂ?‘%%g fon.%lesﬁo%égét:ﬂoﬂ
rgure- . o] nNposi & Do conpri si ng copper

15 alternatlvely coul d conprise al um num, dlelectrlc

s upporibustsoligt immeshard be¢rh@emowosednédr Fagegvipg bond pad
int@bpfg,num  The dielectric support structures can have

di fferent configurations as shown in Flgure 5 of the

reference. These support structures provi

mechradpE At &hi -6 n@at&FttﬁPélF?ﬁtéPFa%Jé’lFﬁ?%B ISPk H426
distheseal timi Hignré-ay er camcst fre bond erly¢ampriopise coprpyrefout20
alt@?néglvéiy dduPa d%%b@fge ApplinGal | GRe i € aduppbriStructures and
the%ogzt/ g?%.s%gié ? Iaﬁ&ndl%%ﬁs ‘1@1@ @gEﬁdc Qgﬁ%&agtfﬁtMSc Iaan have

orned on a ectric er ereli

di £ Freen éP%%tgPF%tJioéﬁe?s ﬁﬁ%‘“’r’vllﬁ %&élﬁﬁ n5gs°f ecﬁegg%ence These
supbbtt edrugturenatalvidd rechstiahl fetikeding af openinipgytface formed

petHEEMtB et iMRBARE 10368r t0d RO uhd 16 0] @obbd:C 1hayrer .
M ng-Tsung et al. U S. Patent 5,703,408, discloses a

bond pad structure in mhjch_strlg are forggqvig6
subfeagsraishUch- iFREERe 2R PH S JPEH Eor Pads 81°¢R

dispibadsl ko dehdrghdondibadbjreohicf at homd 3684 pigr EpEifidapn 2

dicABEENGENBAL: |iSedBni A QBSRcLhE: adhesinan wifa bbéningsiwiish are

fllll%;él ew:.%h Ig%atl %em%@%]{ ]hl%glng %;e)%?ﬂr'gp Séé‘eur@rikl'ye bond pad to .

apanese plication JP

th33d9§f§ér“iﬁéyﬂ?sclosure of which is incorporated by .

reference herein, discloses an irregular subl ayer

V\hix@ihlgbﬂ@lﬁ@estal. UIg egutat surdzaces,of diseokep d ayet pad
structure in which stripes are formed in a sublayer which induce an
irregular surface of the top metallic bond pad. An object of this
particular arrangement is to increase the adhesion of the various layers
that make up the bonding pad. Similarly, Mukogawa Japanese Published
Patent Application JP 3-96236, the disclosure of which is incorporated by
reference herein, discloses an irregular sublayer which induces an

irregular surface of the top layer.

Saran et al. U.S. Patent 6,143,396, Saran U.S. Patent 6,232,662,
7hao U.S. Patent 6,198,170, and Saran et al. U.S. Patent 6,448,650, all
disclose various reinforcing schemes under the bonding pad. Thus, in Saran
et al. U.S. Patent 6,143,396, a metal bond pad is supported by a layer of
dielectric and a reinforcing structure. In Saran U.S. Patent 6,232,662, a
metal bond layer is supported by an interlevel dielectric layer and a

reinforcing layer comprising metal and reinforcing dummy structures. In
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35 Saran et al. U S. Patent 6,143,396, Saran U. S

Pat ent 6, 232,662, Zhao U. S. Patent 6,198,170, and
w@aransssse al . U S. Patent 6,448,650, all di scP@OF6B2004/001313

various reinforcing schenes under the bondi ng pad.

Thus, in Saran et al. U S PFatent 6,143,396, a netal

bond pad is supported by a |ayer of 40 dielectric and

a reinforcing structure. In Saran U S. Patent

g @61? nt dl e{%[ ?l70 bongo%£¥§$&§1§%8§£€e% B¥ ;Tariarge via and

&t éve ricla rernforcing

SeV@éﬁJp riP¥PHY Ofet HieraRti 1% F?ﬁrnan&r Rf By 28¢ r%%a?fe%c |fpstly, in
SanAB 2004/ 0887 382tRCTE/ GB2B0470004 3132l 3odfidane a8, iPauppprted by a
flétl&ﬁalla&@mca Q@E}ﬁiaﬁglr{c%%gl%\;%lstﬂlm%&tﬁd: bya aflhalgﬁbyizfa
Sev ayer. r

-Gt ot EMELEY 1R R RO PR ke BT O

6, 448, 650, a metal bonding pad is supported by a

firstnediled=getsior thempasvdadnberd eveélthdi e¢ac spicivanforces
apﬂlh@@lﬂprpdblﬁgSarféﬁbQé]@gﬁh@ganhaMﬁ.rchC@imr bﬁd)tﬂ@:t the underlying

metall fa[cgal%r%fa A J%C%; i& @Q% gg A need exists for an

can FVi ve forces appl i ed by
probrng and packagrng and which will protect the
Disghderdeyphghenttwenticyer, preferably which is copper.
10 Di sclosure of the Inventijon Accordingly, it is an

Objz§ tor v%pe ﬁ?éeﬁ olbglg&nglf qn, r&%ﬁ@ ﬂﬂreni:{m{ Qgﬁgave an

bond" g h 1 s mechani cal ust to surviy ’
i gy ock SR PafSW*HFGbr%g“eﬁhﬁllﬁaﬁw{yaﬁPﬂ‘QSt P FEVAKDt Srf"rces of
prropbpechdafadkheigr.esent i nvention to have an inproved

bond pad whi ch can survive probing and packagi ng and

whi gh ;¢ o%hg 9% %%t tﬁ%r ‘isrg@a%r L ying: oetadl nlayern. mgoc_loved

These an Jec S resent 1 nvention w
borepashi bl 420 a'i?ﬁ%ﬁ*’é‘ntprélﬂri?r a?%fpérrr%agt TIH 1?%|°F6vﬁ%?§
prodestc rthpt wgier bfirncheetalvéaydron consi dered in

conjunction with the acconpanying draw ngs. 25. The

Obj'ﬁu Epﬁexj g%?égtlsogf h:%%epﬁe%gﬂt qgl@él@é’:%)q \pi/ll become more

provi I ng accaor

t
apaaﬁefanara?r raf?@lﬁﬁor%éae penderad ¢ ‘Fﬂr%‘f%ﬂne 62%he invention
congb@predsimgonausirhet valtl; the retbbicingagervifgs med on
the substrate; a dielectric layer over the netallic

| ayﬁfe’ ?Jtecltgaég t?xgeq,nvtegE gﬁa\)[é %egrﬁ) atcggex;g?it %'ﬂz%vhé’s}ﬁ%f

and east a portion of the dielectric
accordlng to a first ICz):w.spect of the :|_nvent§on, a reinforced bond pad

structure comprising: a substrate; a metallic layer formed on the
gsubstrate; a dielectric layer over the metallic layer, at least one
through via to the metallic layer and at least a portion of the dielectric
layer comprising a plurality of nonplanar dielectriq structures; a A
metallic bond laver conformally formed over the nonplanar structures of
the dielectric layer such that the nonplanar dielectric structures are
substantially reproduced in the metallic bond layer as nonplanar metallic
structures, the metallic bond layer further formed in the through via so
as to contact the metallic layer; and a ring of dielectric material

surrounding each of the nonplanar metallic structures.

According to a second aspect of the invention, there is provided a
method of forming internally reinforced bond pads, the method comprising
the steps of: forming a metallic layer on a substrate; forming a first
dielectric layer over the metallic layer; patterning a first portion of

the first dielectric layer so as to form at least one through via to the
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30 layer conprising a plurality of nonpl anar
dielectric structures; a netallic bond | ayer

w@oovhossTed |y forned over the nonpl anar struct uP€BEGBR004/001313
the dielectric layer such that the nonplanar
dielectric structures are substantially reproduced in
the netallic bond | ayer as nonplanar netallic
structures, the netallic bond |ayer further forned in

mei{zﬁ@l& hl QHQ h:tnw Q ﬂ%rgég’lt%s o% qqo%B{‘z!:@a‘%t dlél%cggcalslthgctures, a

n ectric, ma sSur un
SRR PR b G IASF LSl THE MURhCrTIPEs oA oG
confprpaklecoerpsaspre e vetalféc inopdntavsh, Otserke inenpIEGF déiplectric
structiBddadd afntbotnd RPrdushernakhyn rebnfoiecashiens: gadsectric

stm@up@st QQQ s%ggpéﬂtilgﬂgﬁﬁ r%@récﬁ%eétl%p@h@fmetgﬁl@ oA layer as

rat.e
o R PPy B 608 UnEo BT A1 TRy G  HRt B G /e "8
norfilpgar perdildn ofructhess ppéithdi @inasteimed @@@logoofa@? oflrst
didieenrial 1laﬁe<st a & ehbéoigg Bubstant i 1tthea MO0 2 00%/ B&BA36dielectric
1ayeeTh n%QianL{’ar ferBu AL IdeCulayeE aRdpd Mrugailmtgyopf

non nar diielectric structure ond porti.qn of
i qlEFG Broefiat corFPEPag et Ber ng GnBArt T Hedr tai 11 Srructuzes.
conformal |y depositing a netallic bond | ayer over the

BriR@n@datadt dine| €F tthieCdrastifigtct ures and into the through

via such that the nonplanar dielectric 5 structures

are_substantia reproduced in the, net

oy BPAn ot gy CNECR 11 (= CHICT UFEs Po 1) AR AL 2 ey
of sxeENG dibl ewifl eefayamceoieithe wcowaﬁa%ramgeﬂ F”P grhich:

structures and the unpatterned portion of the first

di eJ:"fg‘x"lEE' f :Llsa¥ ec!rosénéjecrtggfpa\(ﬂ DOes bBSE ARtk dddavicadd aefice hav1ng
ectrjc Iayer over the nonpl anar

t.he s
an ﬁﬁf%ﬁaﬁgysﬁerlﬂgﬁfre SPEEBIF6r a ring of 10 dielectric
mat eri al surroundi ng each of the nonplanar netallic
st reciutees toby ifiuseseei Pt boaterobd threcdsawiongirming the
PN = ¢ aYoTo T ¢ =T ] € NN o) N terFi%q_‘\é%ny on are described below in
detail, by way 15 of exanple only, with reference to
the acconpanyi ng draw ngs i n whi ch: Figure 1 is a
cr oBkgusect ilgnal topi BievoPT athse ittt spiekarced Heaging pad: and
Figafei Ntier falehyaregidnparcel dosdi gtpathl 20ewiofusresnetmnlly
relﬁfbiééasgsﬂlﬁgapﬁ ebetd ggo@docess for formng the
sem conduct or device o Flgure 1; Figure 6 is a top
view of the internally reinforced bonding pad; and
Bl bed degoniption of Bheydyawingsi al cross sectional view
of an internally 25 reinforced bonding pad bei ng

pr o@rrn@ﬁ:@' ded Fgﬁ,&%%| pt g8he Q{etgt@, QEavﬁaﬁg§cularly referring

to Figure 1, there is shown a cross sectional view of a semiconductor

device 10 having a reinforced bond pad structure 25. The semiconductor
device 10 includes a substrate 12 which may be semiconductor material such
as silicon, silicon germanium, and the like, or more typically, is a
previous wiring level already fabricated on the semiconductor material.
For the sake of clarity, details of any previous wiring levels are not
shown. Also included in semiconductor device 10 is metallic layer 14
formed on substrate 12 and dielectric layer 16 formed on metallic layer 14
as well as substrate 12. Dielectric layer 16 mey be comprised of two
separately formed dielectric layers 16A, 16B, if desired. The metallic
material may be aluminum or copper but preferably ls copper. The nominal
thickness of the metallic layer is usually 0.4 to 1.2 microns. The
dielectric layer 16 is then patterned to form at least one through via 20
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Referring to the Figures in nore detail, and

particularly referring 30 to Figure 1, there is shown
w@2@n0s8E3cect i onal view of a sem conductor deRCT/6B1®4/001313

havi ng a reinforced bond pad structure 25. The

sem conductor device 10 incltades a substrate 12 which

may be sem conductor material such as silicon, silicon

gerrrani um and the i ke, or nore typi cally, is a

rev r|n veI Ir ad cated e ..
P LORIRt o Pavirian eS8t TRuCERt B i pigmess o0
thfblé’ﬂal#%rb? 1&&(?1’ p1lée‘3‘F S8 ipgrlivng- 3 é‘VePé TGFECTHOt  shown.
Al so included in sem conductor device 10 is netallic

I aygrmelém‘cow@@ 19Pels lé@stmtf@réﬁyagﬁm%%e%r Lfed @¥&Formally

“orf5q Bieby BE PPESIAgEr £ Hy DE BN Teeh g oL e of che
metgd by é’Pé@ylaﬁféane?daH@@ &bt rogrlanper §1%Atr31<’6ltr¢<ftures 18 should
ve desut @ds tkhe.detiakbi€, #0efmbRIY dl.2nmicrbes alsiptaumeatietallic

bonQiOP Qﬁjtlspﬁgrt@rﬁgi% 'f§rn§é2!pp@£{e n&t{‘&LaﬁQm cﬁ%llectrlc structures
i
nonpeppArafctBade HrrectHiGugh @Va“%smtz‘@éhy Ggsv%lced” is meant
thalPCTlG32084/1001:3E3 i s Sreprddureg] birtahbt yexabtionphamness, where the

s:Ld@Ee(l)@(E%lé'rﬁv ?iaﬁﬂ'&g H{&%C%glc Eﬁﬁuétﬂkggm%sﬁaj@fbe L*Qﬁ:lcal the sides
el ec

a
et TP et S3CRPErtabEy R HRHThn SRR e
corgght Gfnkltd ?OnBlaFléF r@@lev@?wt Hler e RFTa A8 rmay] éﬁ e%fiafch the
corgbraloifuties ndfolahhe Wduatknessroftuthe 24medaldel goldgad. The
metIa@chr b&;’d ahoue 2t2h§1§19 rpl Anab - diggl 64 RbCrStaletdies ikl

ul d ea 1.5 microns, preferably 1.2
Con%aCt F SAs" 5 nc]g ayer %Lgl lic bond layer 22 is

conf ormal ly for med, t he nonpl anar dielectric
st rustly eshe 1&mpil btedb eetifiostanthoadl Inadr epraducedsi indlluges a
rmafeéﬁldhbﬁe&m a8l 21236 LL-chRk MBntOndiNBhaN Gt B A Luelctures

% quczshubeeee%e%%l%naB}éh S%R%é %:Ti-'l aléo uceé:rt%uc%'lcl:meaq rleaiac '|
add?hﬂaqn s, EhnOi I (R R %W@cm| éﬁaﬂSle%r}eééﬂﬁlcdumg

propimdlof utles bdid ey . bheveirtd oaldiecflhetsicdesterdhl tdpemay be any
dlemQM1@W§e{teg§$.ﬁlsltle S BUCIRES: 124 a8Bpsi ke §J:OEQLQQCOINO§Qde (810;)

.and t}llc%{ne%%rol}eag %f t{]%ongn%lm%%gg C((j)lr nereCt Eﬂltecw ﬁf the bond pad

S ruc ures shar
strigfficatar et Ee P%“@FF%F\?F%%“%SW%E’&% GGt T ingfe ©oF
dielrettadikiateohdl |28yey i22usirsded iinl Bidumeobigh via 20 to
rrake electrical contact with netallic |ayer 14.

I nc ! yun&e'%?y lorr?ix_;laq]@ d:{l% 8&'%%9 &%@t@&% _SL% é&%%kyﬁe géghanlcal

SUPP - ﬁen‘a}eaﬁa?d ﬁétia‘-fqruét%‘fter Getdrirére prgbing. gRadqedeirn. as
frefreentdytirapetd $heiqvprofimdi séedilic oot ekdvalk 26 mayrbe scraped

off during probing but the nonplanar dielectric structures 18 and ring of
dielectric material 26 prevent the probe from removing all of the metallic
bond layer 22. The nonplanar dielectric structures 18 and ring of
dielectric material 26 cooperate to provide a hard stop to the probe.
Referring to Figure 7, probe 40 moving in the direction indicated by arrow
42 has removed a portion of nonplanar metallic structure 24. The
cumulative total of the removed portions of nonplanar metallic structures
24 ig indicated by ball 44. As can be seen from Figure 7, the ring of
dielectric material 26 provides a hard stop beyvond which the probe 40 can
not remove any further metallic material of nonplanar metallic structure-

24.
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addition to the nonplanar dielectric structures 18, is
beneficial during probing of the bond pad. The ring
wo@boodiogd7act ri c material 26 may be any di el ectPCT/GB2004/001313
material such as silicon, nitride (SiNX) or silicon
oxide (Si02) 25 and in a thickness of about 0.1 to 0.2
mcrons. Atop view of the bond pad structure 25 with
the nonplanar netallic structures 24 and rings of
di emeftneh@amake&lealec@ﬁcl |§tfdtclta§ésr ?@edatﬂdnhgﬂc%gafsoﬁinoﬁ Qnar
e nar_ ectric structure prov
met%qg %ns?éca %gpif fe( 0 e%%ona ad sty ?lu }érlpes
Vled'ﬁiiuﬁ@mp%emtﬁ@ tlhﬁ mlﬁ%m mea%lllf:r%w@ﬁwesﬁ Hépfﬁ@née circles
(ast Beowv én| Fioguge nBt. akédtanbderd ok ayelyg@2s ey dpeteeraped shape,
thedf Enddliai Hg @E@&i Q?@o@é&t th h@?nﬁla@n@ﬁe G §h&CLY (& other cross

Sec%g. Ilflac.l.t ggxﬁ%ns §1’l9 % %rgbe SO. teha%(:ttf.l ¢ teralngl?t |q6enetrate in

be%ﬁa qhsy%ﬂ?npéanarrﬁéemw%r%@ﬁweéc%% it afvegeety e§fay the
remgicing mgtafli8Soadidel ot PT. mMat eriaabl2b foooperateicron probe tip,
thePhO¥inde sbParg H eRe tOnb P! @mectﬁ%f §£:Fdd%gréé3 1kl Qwu@a be a

maxiﬁmﬁ ro%bgbo%(?: HP anllrc]:90r|1 n E"urethgl r e(;ct | on ?(io%t eghaqy tﬁle nonplanar

renoved a i on of  honhp &

dle%ff?wu?fémf&ureﬁné %’&h%@éftel pads &Fa?maéfl %%@O%Hﬂ@edon the order
of Pof thoohsnicfrononpl andh . nBtaklite ot e tungsna4diedectric
strbadicat g ﬂaylmltted %1yA§y Q2B R a8 BE kil ABHFLMIR 1 Thi es.
Morgloj\?e:t“ nLg 1%f bé’\% eCt {-:f'lcbmr?‘za rnla%I dleqo {r%\e”rr%t?%uc%urggsr q8 spaced
as F%ﬁ taﬁ@F r?éta?ﬁf%lélﬁa%ll%ﬁ a§f tl}?@nﬁ?%ﬁﬁﬁs neea| Fhis probe
dimgtgigot ure 24. WO 2004/ 088736 PCT/ GB2004/ 001313 6 The

nonplanar dielectric structures 18, and hence also

I t [ r res .2
onch BoaalRger £ Tl AEhUE Sl R0, 1SR AL 21 T

21URGHBY aharoHet & ii%S%f"PJd%tt&r Ry Rapyige @y FEI2e7s bt (%%e bottom
of ShrwmahiviaFRQursech)s brecieangbes 87 PolggomeridNo nmidd .example,
Ta/’t‘ab\ﬁi raghaperid whey asb&hﬂlga@&nsEﬁ&l%fd&;s@rpﬁé&ﬂ:ﬂehatter,

d&%@ EPG_L Ei.a%t ﬁgul o}}l@%él%’{]rt?l§§ h%egt Ih%ngond ?d structure 25

Mensi on be'so e cann
putBt tarEe |Wgu’6€Fween t he nonpl anar d| eI ectric
structures 18 to adversely affect the renaining

metrak i nbomsy kay®rigu2ds ForrR%any) enefmdtnad b3 HHE£498 the
rellpfo%gdtﬂoﬁd palcpgtp@dpugél.%sgﬁcﬁ:]%g %fl QJD%O%%nQ:[s%Q@Ee? Referring

dielectric structures max| nmuy

FLr8h GGt PR T BREZL R THET, 11 t(tP8 J55Ef BitapPe rRaing hevel) is
conyRiypPEHEY felimefeet siubsitatgctUr Bserk@fsdouldebetmacdagsr 16 (or

sep@ﬂ'&le! diaf epOSiS h)iaﬁersom&t heeoy der corfen0idnall 0y le¥ned MRS substrate
12 Arﬁl %Q&‘ilﬂlcT §| f Bg.ef F‘E cFriQ qur é%a@g%{.[ﬂ ]ay con'ﬁentlonal

r ures, 1 imte
meazistaﬁgg%crximt Flé%ough via 20 and nonp ang{r dlelec r:Lc structures 18. As

noted previously, if metallic layer 14 is copper and the ‘metal to be
subseguently deposited in through via 20 is aluminum, then it may be
desirable to deposit barrier layer 27 at the bottom of through via 20.

Thereafter, as shown in Figure 3, a blanket layver of metallic
material is deposited over dielectric layer 16 and then patterned to
result in the structure shown in Figure 3. The metallic bond layer 22
£ills the through via 20 with metallic material 30 and fills the spaces
between nonplanar dielectric structures 18 with metallic material 28. Also
formed at this time are nonplanar metallic structures 24 which

substantially correspond in shape to nonplanar dielectric structures 18.
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Moreover, it is best to have the nonplanar dielectric
structures 18 spaced 15 as far apart as possible so

WO 20vg/08653¢ hey are | ess than the probe di mensiPer/GB2004/001313
nmetallic |ayer 14 is copper and netallic bond |ayer 22
is aluminum it would be desirable to have a barrier
| ayer 27 at the bottom 20 of through via 20. Such a
barrier layer 27 could conprise, for exanple, Tal/TaN,

Thel @bkholil A7 d&pthanngam@&ﬂEi@ aJoh@ nlé:ylégr@fls éﬁm@ortant to the
ar.r.i er

ract:i e a
prj%ﬁ ggelr?? QJtl Rirou ﬁoﬂuetr ayf}' *Bond nE heyrg%ﬁ%mfiﬁs tlées me R e bond
lavien thePe g P@sgr%eﬁé?hé%‘ raeg Rttt B Fihgurewlanah dbetgrtric
stigctytes het Redad grafwran hf thieeheickindorbehdapndngpadielectric
strbtuekUL® a2 OfssFhdthRs]l el bnhendiscdssd meBQflelErﬂngi layer

Z3g55§§bgq15|gy£§x% metal lic layer 14 (the |ast
i nt ernal MArlng'ﬁeveI) is conventionally forned on

substrate 12. Thereafter, dielectric layer 16 (or
sefmtareindi ebedtor Fiourayér s126#;tri6B)avies T0NAYetdnivenaldnyl Ly
blahfﬁﬂradp&ﬁlt&abﬁdéfaaﬁér%gtﬁé% @Q&EﬂT&%aéﬂd GetAVMEF EB%d layer 22.

Porplcﬁlseglt_’ rdl%lle@ty ﬂ'%ﬁ%r 3? %Frtﬁglﬁans dbyél Cogvt%nt I t%éei %Tarskgd

% form_throu nonp fanar d

P“‘éi?“&c? e i?seleﬂgrl%&ﬁw aFe%ﬁeoaglPaﬁctﬁﬁ refafiyy et¢hmpsr such as
reaggiviesiepepehimndrifle medizhtéd Hyearswsseguent dupstantially
remé&P@si terd ai 81 ddrE 08 gy ¥t 8220vd:S majcézh_rﬂleumye‘échﬁz”‘ ikfi@fYRIE (or

Oth@le suggacﬂlr aQ% 1&18 chle%?s'\%q 9% nly %malz.l.7 g:E’t on of I1:he

rou h vi herea
%Cgtﬁ%% 3vey & KetSUFEgRying Hhst lacrrmlenawwlap ftgructures 24.
Thegre Festtrddg ovenl ldpedtéots i€ty cieldtand tdyen Jpabterimedring of
diel@rtri@Sidlcbridl bhetiskr wetAdteas ROVR Jentid QYRS shar T8 a11ic

stn&&hggéuﬁ nggohgyﬁ{ 5L%gklls the through via 20 with
an

nmetallic nmateri al i1ls the spaces 40 between
nonpl anar dlelectrlc structures 18 with netallic
material 28. Also formed at this tinme are nonpl anar
metallic structures 24 which substantially correspond
i n shape to nonpl anar. dielectric structures 18. WO
2004/ 088736 PCT/ GB2004/ 001313 7 The net hod of
depositing netallic bond |ayer 22 is uninportant to
the present invention. Cenerally speaking, the

thi ckness of the netallic bond [|ayer 22 should be
greater than the height of the nonplanar dielectric
structures 18. As an exanple, if the height of the
nonpl anar dielectric 5 structures 18 are 0.85 m crons,
the thickness of the netallic bond |ayer 22 could be
- 1.2 mcrons.
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Referring now to Figure 4, dielectric layer 32 is
conventionally blanket deposited over dielectric

wO 2008088786 and netal lic bond | ayer 22. 10 PortPONEBRG04/001313
dielectric layer 32 are maskedg 34 and then the
unmasked portions of the dielectric layer 32 are
subjected to a dry etchant such as reactive ion
etching (RIE), indicated by arrows 36, to
substantially renove all ofuadiel ectric |ayer 32 over

metallic |ayer 22. After RIE ('or other suitable
a small portion of the 15

et chi tep),, . there is onl
1'dié?é%%??@xgéf%?gbaa?5FF“§H P otBF h“Che nonpl anar

metallic structures 24. These remaining snal

pora isghstgfcet he di el ectric layer 32 are the ring of

dielectric material 26 that surrounds each of the

no et al || structures 26 as shown in Figure

5, n‘%gg%rlz‘ﬁo%‘yﬁsg%%‘eﬁcﬁ% SOORFEAFI3 8 CLAIMS 1. A

rei nforced bond pad structure conprising: 5 a

substiiatsstrac retval | dver | aypgenefonaed m8-1 he subst pad &hréugh via
to ﬂ&eﬁh@@ilﬂ'i_@ Laxer .Qyek i&%tr@%lrlti&a |o§y\‘_el{e afd1 lc%§:§t l%}r}gr
comb N QHIMN, X}l %{, 40 9. the net a|%}lﬁ Itgy,er and a Teast &

ortion of Tha i ¢l ESFR 10 &l e TaimfrRichyres:

plurality of nonplanar diekectric structures;

amet a¢tald ipdwadl et cartbandial] Jofeaneeb-0¥RE dobflanar

StrUtNPEARE thSTHUCLU LS J%fyei‘ rk_%cgi @lxaeth:flé %okgygarsgfeqe‘ctric' :
15 structures are

n l.anar .dielectric
o e o L B AL O CER P P el 19 b dordyareass
NONSRET AITaRl et SFFREUEeT uskarmesaliive bared dllee Mohidd dyeved in
the frhrokmdy viarsredsit coheacthtmugbtanlacSoaas; tawacont act :

the nmetallic layer; and a ring of dielectric materi al

sugroundi g, of the nonplanar ..2U netallic
. iﬁ[ uct gr !(Deg.gh%?g 1e S8t o1 ¢ S8  bORE PAF3EE e £hf @ogplanar -
MeLRAF MtTURHERE n the metallic layer is copper. 25 3.
The reinforced bond pad structure of claim1l wherein

2. thendrebahidrGea BORE bAY SEAGRUPL I8 1 UM it enlN8eratiic
1ayeheinfgrgced bond pad structure of claim 1 wherein the
nonplanar ~ nmetal lic structures conprise colums or ‘

stripes. 30

3. The reinforced bond pad structure of claim 1 wherein the metallic

bend layer comprises aluminum.

4. The reinforced bond pad structure of claim 1 wherein the nonplanar

metallic structures comprise columns or stripes.

5. The reinforced bond pad structure of claim 1 wherein the nonplanar

dielectric structures have vertical sides.

6. The reinforced bond pad structure of claim 1 wherein there is a

barrier layer between the metallic layer and the metallic bond layer.

7. The reinforced bond pad structure of claim 1 wherein the ring of

dielectric material comprises silicon nitride or silicon oxide

8. A method of forming internally reinforced bond pads, the method

comprising the steps of:
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5. The reinforced bond pad structure of claim1
wherein the nonplanar dielectric structures have
WO 200088186 si des. 6. The reinforced bond pad stprCGBE@4/001313
of claim1l wherein there is a, 35 barrier |ayer 4
between the netallic layer and the netallic bond
layer. 7. The reinforced bond pad structure of claim
1 wherein the ring of dielectric material conprises
si | feovngia medel ldic $adercon soxiiderk@e 8. A net hod of
formng internally reinforced bond pads, the nethod

co I S] Stg 2004/08 736

o] 30001 G031 5L 61 Riiyen HHEral BTHYeF e

substrat e; forn1ng a first dlelectrlc | ayer over the

netzAtitpeningy er{irst patttéomioigtiae friirst querédw@icofaykheso as to
forhi fStiedbelRet Fl:GubRKBE &P 88 1108 ma@ér 'ﬁés% p(iﬂ?ajflty of

|
noniabgr%lfggléﬁ' t{* tslgrucmEt alli Csecc)ﬁ%r %orq:é.g% ncgg 5&? tﬁla%t oc}l electric

nonpl.anar |1 e ec rirc s?r UCt ures,

laYPh P StPPEFETBCE i ¢ | ayer belng unpatterned; 10
conformal |y depositing a netallic bond | ayer over the
nortrmha&ﬁraléﬁl @Jpﬁgmn@ §tnreuegm(r§e§o§@ :ia{y@]!i %;EP ettﬂehﬁ%agnar

C n ielectric structures are

Zlegt&ﬁ gnt |rt§ Fﬁre%egrrl%gug% | ntht”:ﬁ>ug 4 P 5% lI'Illea gplanar

€ ﬁFbﬁpﬁﬁiﬁﬁF ﬁﬁ?t%f?|SEb§ﬁ%nEE%%h¥e§ep?ﬂ§uﬁﬁﬁrﬁnnﬁh%imgﬁﬁﬁﬁqd bond

layeli elserenrilendmyerabher sthvetmorpl anar netal lic
structures and the unpatterned portion of the first

R P g e s S

t he secon ectric er “over the nhon

SEIYRHPART 190 s\?ff%afna?te%er%%@sftlfoar of fhen§inft dielessriq daver; and
material 20 surroundi ng each of the nonplanar
nMetrahdditgSéudse bt RS 1v K11 The dmet Mn@f dﬁl@b@l% Y_\Qﬁ%xebger the

nonﬁl@ﬁaf‘] M!ﬁfﬂ%r E'F\%%Iulrég e%g I‘ l“l:Cth{" €s rln% thleeleﬁ%f:hc materlal

erel

surroé‘ﬁ%f 5?2‘?1 %8| Bt rnPEp?PFEd‘EeGPé%lC Favec PErei cal si des.
11. The nethod of claim8 wherein there is a barrier

9. | ayes reetyeed t¢hem BBIRALLIL cthafhpaRtht Recdmtal dd: G rures

comPQBY dA¥ELs o305 dhe method of claim8 wherein the
ring of dielectric rateri al conprises silicon nitride

or silicon oxide.
10. The method of claim 8 wherein the nonplanar dielectric structures

have vertical sides.

11. The method of claim 8 wherein there is a barrier layer between the

metallic layer and the metallic bond layer.

12. The method of claim 8 wherein the ring of dielectric material

comprises silicon nitride or silicon oxide.



