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r15S030009 INTERNALLY REINFORCED BOND PADS Field of the
invention 5 The present invention relates generally to integrated circuits
and, more particularly, relates to integrated circuits having a mechanically
robust bond pad. Background of the Invention 10 integrated circuits are
formed on semiconductor substrates using a number of different
processing operations that create the circuit elements. In order to access
circuitry associated Withr #é&23ermiGsAtiteteES iSsWat@PBond pads are
formed on the integrated circuits. Bond pads provide the means for

ri etransferrof electrical signals and power from and to the semiconductor
substrate via probes, bonding wires, conductive bumps, etc. Bond pads
are typically formed of alumlnum because aly{nlnum |s 20

ge [ circuit d,
self- Basszvatlng and therefore more Fesistant'to 8egrad%t|on rom oo

T Stosphenic’ pﬁessrtfr“ea%lﬁm?ndﬁrtegﬁd THor&recently, Copper ard°Geat i for 1Y
“ObTE miekdl Rifers within the integrated circuit. Copper is more preferred
because of its improved electromi.gration performance and ability to
9} 0 current density as compared to aluminum. 25 In order to
realrze the advantages of the self--pa=vating character of aluminum and

the superior electrical characteristics, of copper, .camposite bond.pad | . .

téructuresi%an be used in integrated circuit deelgn In composﬂe bond

Ziga structures, coppercis Uised for *-he Linderlying Tayer 30 of the' pad that

it facas With Gther |13§ETS In the htbGatéd & F%W bfrddipnzrdsistant <+ o~
SUbaldmifiunt CdppingPlayet iSTotRTed o top ot fie eopher: Portion thapd pads
rrogigates amhermetic seadthat profeets=tite copperiportionand power from and to

the semiconductor substrate via probes, bonding wires, conductive bumps,

etc.

Bond pads are typically formed of aluminum because aluminum is
self-passivating and, therefore, more resistant to degradation from
atmospheric pressure. Aluminum, and more recently, copper are used for the

metal layers within the integrated circuit. Copper is more pre

H\

erred
because of its improved electromigration performance and ability to

support higher current density as compared to aluminum.

in order to realize the advantages of the self-passivating character
of aiuminum 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 laver
ol the pad that interfaces with other layers in the integrated circuit. A
corrosion-resistant aluminum cepping 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

Fh

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. Tc achieve good electrical continuity with
the bond pad, elements such as probes must exert f[orces that can damage or

displace portions of the bond pad surface. In addition, if the probe
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FIsUfeon atmospheric exposure. In order to physically separate the copper
and aluminum portions of the composite bond pad while allowing for
electrical 35 connectivity, a relatively thin barrier meta?. layer may be
formed at the interface. Problems can arise in composite bond can
structures when test and probe operations are performed. To achieve
good electrical continuity with 40 the bond pad, elements such as probes
P tst eXert Torced that %‘?ﬁ%rarﬁ%g&%rad?nggc“e poTtioHE of the Bondpadrr="
“AT diface. In addition, if the probe FIS030009 2 exposes the underlying
copper to the ambient, degradation of the copper can occur. Another
problenndhat carl arisenwithcbond pad structures contcerns:the rbphysicalns the
ohydoree exerted-0n.thebend-padby.a prebe,that.canpropagale o lQWek o
Lowdpyers hased n the phvsical couplings withinuthe intsgraled dieuil.Low
e = QNG5 moduls digleptrics’ ynderlying the bond pad may ot beablefo .
support such stress resulting from ‘fhe force prope?’gat?on. ODV%riOus - ¥y nes
e Yolfitibhs Have beBRProposed forimprovint BBnt palCiftediity Bohiet et
al. U.S. Patent Application Publication US 2001/0051426, discloses in
Figtrei2e compositeshdndepad=compnisingrcéppertbutv alternatively €ould
int€gmpyise aluminum), dielectric support structures and then a'final layer of
aluminum. The dielectric support structures can have different

configuatiqns as shown in Eigurg p-of the reference. .These, suppart; 51,05,

aie gégécetur%sl pr,owdg @eachanlcas!islyetlglzgg of éhe interface formed between

__the aumgnﬁrlrlgfér)/er andctlr%oﬁn erlying CBEpe? a E?.Siﬁgwféj%?%. SRS
2t pafEnt’Application Pubiication S 2002/0068385; " tisciodes An"anchored® ==
thepond Ped in WhKicHPa 5oHE-Fal isTenféd Gif&ric support structures can have

different configurations as shown in Figure 5 of the reference. These
support structures provide mechanical shielding of the interface formed

between the aluminum layer and the underiying copper layer.

Ma et al. U.3. Patent Application Publication US 2002/0068385,
disclioses an anchored bond pad in which a bond pad is formed on &
dielectric layer wherein the dielectric layer has via openings which are
filled with metal. The metal-filled via openings secure the bond pad to

the dieleciric layer.

Ming-Tsung et al. U.S. Patent 5,703,408, discloses a bond pad
structure in which stripes are formed in a sublayer which induce an
irregular surface of the top metallic bond pad. An obliect 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 J? 3-896236, the disclosure of which is incorporated by
reference herein, disclcoses an irregular sublayer which induces an

irregular surface of the top layer.

Saran et al. U.S5. Patent 6,143,396, Saran U.S. Fatent 6,232,862,
Zhao U.5. Patent 6,198,170, and Saran et zl. U.3. Patent 6,448,650, all
disclose various reinforcing schemes under the bonding pad. Thus, in Saran
et al. U.3. Fatent 6,143,3%0, a metal bond pad is supported by a layver 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 dumny structures. In



dielectric layer wherein the dielectric layer has via openings which are
filled with metal. The metal-filled via openings secure the bond pad to 25
the dielectric layer. Ming-Tsung et al. U.S. Patent 5,703,408, discloses a
bond 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 30
zhao RAHICUAL grrangementis tq,increase the adhesion of the,vatoys 1ayers s o ang
Severa@t make ugithelbondlngrpad Slmllarly J\/Iuko ? d]a&)aqes§ PubI| h%g

Pat enlyAp Ilcatlon %Pn%t% 6 |sc osure of which'is Incorp porated

SaTaN efbréhice herein “didtioded i w?egufar §u69ayké?n\%?@n ?ﬁl&iucés %?Ppor“ed by @
tirstregifiab Surtace oftfie toplayet: 35 S&ran etal S Patént'6,1433896, °Y @
reinf@arand)i8yPatent 6, 2321662, - Zhvao WS Palent 619817 Band- Saran at

al. U.S. Patent 6,448,650, all disclose various reinforcing schemes under

the bending:pad.Thus, inSaran-etal. USPatent 6,143,396, ametale rorces

0oL i20N4, pad is,supparted by.a layer of. 40 dielegtric and g reinforcing, qer:ying

Structure. In SaraQ U.s, P@tent 6,232,662, a metal bond layer is
metal 12 oies]

supﬁ;ortecf f)y an mtgrleverdlelsectrlc Iayer and a reinforcing layer

comprising metal and reinforcing dummy structures. In 3 Zhao U.S.
D2sclpayest 811981707 ah6Rding pad is supported by a large via and several

layers of alternating segments of metal and dielectric. Lastly, in Saran et

alkh i S.cPatent 6,448,650:a metal bonding:pad issuppested by:a fitst present
inver@ielectig, then an.ntegleveldielectric and -finally by:a feinfercinglayetrus: o
survGRMArising alternating die ?cgglgiqggimgtgl A need exists for an improved

bond pad that can survive forces applied by probing and packaging and

WP%ICh will pr%ect thg underlylng meta’ dlayer preferanbly which is copper. .
D .Clo.saur{g‘% ﬁ)é Iﬁ é‘?ﬁlon the embodiment of the resant inventlon @]

have an improved bond pad which can survive probing and packaging and which

v, in

can also protect the underlying metal layer.

These and other objects of the embodiments of the present invention
will become more apparent after referring to the following description of

the invention considered in conjuncticn with the accompanyving drawings.



Accordingly, it is an object of the embodiments of the present invention to

have an improved bond pad which is mechanically robust. to survive the

forces of probing and packaging. It is another object of the embodiments

of the present invention to have an improved bond pad which can survive

probing and packaging and which. can also protect the underlying metal

!aﬁ/@r-aTlﬂ§§§ta@‘Q§Q,tB@r9@]%@@ anm@mgpdmggés of t@%m@&@@t a reinforced
bond g&xgné@zﬂdc‘%’!ﬁQGS&HB%_@B(&%D%&%%@L@J Jreferring 1o the followipg .o o tne

ubs:3538TRLON, Of the invention considered in conungtion Withe o oo crrougn
=" accompanying drawings: 3a In a first aspect of the ‘\(nvénﬁonf"jfljaiere IS ?

viE Yovided @ feintorded bontf pad ‘strictiire ToMphsiiy: St sibstrate; ot ¢ tever
comprmetafliclayérformed oA tieasabstizte! adielectiictayeF overtie metaflietailic
bond |gyer; at leastonelthrough=via tothre metallicdayer-and-at least:amportionot  the
dieleofthe dieleetric dayer camprising a plurality-ef-spaced-apart dielectiicures axe
subs SHUetures; a.metallic joand layer confarmallyiformed overihe - apars metaliic

struciRACed-apart strictures of the, dielectric layer sych that the %@%%%I%aa%ét so as

dielectric structures are substantiall reprgducgfd in metallic bond layer as
to contact, the F@t“l}lc %a %r; a? a é:ﬂra L%ﬁ o3l rﬁngs %f dl%HECtrlc

spaced.-apart metallic struc ures, the metallic bond layer further formed in
maten il thigiigh'via So 85 %o Eontacttiie metalfeidyer and s plurality 6ffingst ™0
spacegf-diglebtiie t matetidiwhereita ring of dielectric material surrounds each

of the spaced-apart metallic structures. In a second aspect of the

inventions; thete is provided arnethad of: ferming: internally reinfesced hond.a o=
sorriPRASthe method comprising the, steps;Of: forming a metalliclayeronade steps
-z: Substrate, foroing afirst dielectric, layer.over the mefallic gayer, . i crectric

patternln%a first portion oOf the first dielectric layer so as to form at least ,
layer ovar 2 met iiﬁc Lﬁ?ﬁr' gazternfnq* a ﬁ*rstfspoztiﬁn of, the first

-~ one through. via to the metallic layer and a plurality of spaced-apart

31 el ofi e 27E sthictires; " SBEBnA” poftion of e fitst diettric layer Beifig" 11
1ayeﬁm©%ﬂﬂteﬁ1e@%‘é:@#b?ﬁ1aﬂﬁ spaced-apart dielectric structures, a second
portion of the first dielectric laver being unpatterned; conformally
depositing a metallic bond layer over the spaced-apart dielectric
structures and into the through wvia such that the spaced—-apart dielectric
structures are substantially reproduced in the metallic bond layer as a
spaced-apart metallic structures; forming a second dielectric layer over
the spaced-apart metallic structures and the unpatterned portion of the
first dielectric layer; and removing substantially all of the second
dielectric layer over the spaced-apart metallic structures except for a
plurality of separated discrete rings in dielectric material wherein each

ring surrounds a spaced-apart metallic structure.



depositing a metallic bond layer over the spaced-apart dielectric

structures and into the through via such that the spaced-apart dielectric

structures are substantially reproduced in the metallic bond layer as a

spaced-apart metallic structures; for@ing a second dielectric layer over

the spaced-apart metallic structures and the unpatterned portion of the

first dielectric layer; and removing substantially all of the second dielectric

lalfer bver the siFaced-apart ifetallicestrifttureS Exeepeior & "plitality grthod of
formiggparatedrdiscretes Fimtys redielectticontateriah whesgin@actnring ing the steps
of : StfeURds arspaced-aparstanetallic structure.+4 ; Infa third;aspect:afitheielectric
layerinventionythere-siprovided.a methed-of.forming internally reinforcad bend £: vt
aic1Ra0s, the methad camprising the steps _pf: forming.a metallic layeron a1
1aye SUbstrate; forming a first dielectric_layer over the metallic layer; patterning_ .

yL a first portion of the lfirst‘ djef}ectr‘ic Ia§/er SO as to?orm at least one through

POrENGR 13 the Thetallic Tayet and A pirality Sf spacetapait tefddnies  consormatly
deposdiiictured, al§EEORE” potiiBh of théefirst tigfectficday &P beifigihRpattefnédectric
strucconformally layer over the spaced-apartdidleetric:-"de positiy araretaliice Lectric
strudhondsstruciurestand-inia the thraughwiasueh thatthespaced-aparti 1ayer as
space@iei%gcrjcc @é@éqtyfgs @If@u%l‘égg@)tiai}lyrﬁ%@dgngcj&lmedm@gﬁcrb@ngayer over
the lQ¥ELAS, spaceg-apart metallic siructures; fomgmgf?ﬁ%%@%gmn of the

. Jayg.r ove the spaced-apar,t metallic structyres and the un altterned : :
first Tele 1C favers ‘and removing sSubstantial . I, the second
portion of the first dielectric layer; and’removing substantia y all of the

dlelegddond  didtectri€iayer fidinthe pated apart netaliid Stiticturés st'asto®*P°%°
the gqiose *ihie spacedlapartietalit Sfrubtiifds exceptfop a pfurdiity of separated
discregparateds distretésringsofediekectricamaterialin wherein @achinng surrounds  a
spacasHFounds.a: spaced-apart.metallic structure. Brief descriptions of the

drawings

Brief descriptions of the drawings

Embodiments of the invention are described below in detall, by way of

exampie only, with reference toc the accompanving drawings in which:

Figure 1 1s a cross sectional view of a semiconductor device having

an internally reinforced bonding pad;

Figures Z to 5 illustrate & preferred process for forming the

semiconductor device of Figure 1;
Figure & is a tep view of the internally reinforced bonding pad; and
Figure 7 is an enlarged partial cross secticonal view of an internally

reinforced bonding pad bkeing probed.

Detalled description of the drawings

Referring fo the Figures in more detail, and particularly referring
to Figure 1, there 1s shown & cross secticnal 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 1like, or more typlcally, 1s a
previous wirlng level already fabricated on the semiconductor material. For

the sake of clarity, details of any previous wiring levels are not shown.



Embodiments of the invention are described below in detail, by way of
example only, with reference to the accompanying drawings in which:
Figure 1 is a cross sectional view of a semiconductor device having an
internally reinforced. bonding pad; Fggiures 2 to 5 illustrate a preferred
process for forming the semiconductor device of Figure 1; Figure 6 is a
top view of the internally reinforced bonding pad; and Figure 7 is an
Also erlafg@8 martial CrossSectibhaldiewdf ah inferhafy’ téfforced bohdimgmes on
substad<éingprobed! Petailed descriptidn ofthecdrawings Referring 16 the well as
substiguresiin mere detail, ang-particularly eeterring tocFigure.d, therisely formed
die1cSHOWR a GkRSS sectignal syjiew of a.sgmicondugcior,devige 10.havipg.a pay be
alumiGll qfogcegolgg@d pad sfruciure, 25. The semiconductar, device 10 includes, - ..
metald subftrate 2 WhICherayOb? semLco;uductor mate,nal scych as S|I|chn

usuda
silicon germanium, and the like - of fore ‘typically, isa Previous wirin

then I%%T%Wéegdﬁab?lﬁ%t@a Shiithie S8Michridtictof atSrial. For the sake of
clarity, details of any previous wiring levels are not shown. 4a 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 may be comprised of two separately
formed dielectric layers 16A, 16B, if desired. The metallic material may be
aluminum or copper but preferably is 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 FISO030009 5 and a
p'_uralit_y of nonplanar dielectric structures 18. The thickness of the
dielectric layer 16 is nominally 0.5 to 10 microns.

er 16 is
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risoAgquetallic bond layer 22, preferably aluminum, is then conformally 5

formed over the nonplanar dielectric structures 18. The thickness of the

metallic bond layer 22 above the nonplanar dielectric structures 18 should

be about 0.4 to 1.5 microns, preferably 1.2 microns. Since the metallic

bond layer 22 is conformally formed, the nonplanar dielectric structures

18 will be substantially reproduced in the metallic bond layer 22 to form 10
1S foRplriar e tallic StrUcies 24> 8 "<Gbataritidiiy Féproduce {8 e of
the thatthetgenetralshape isreprodaced Buf not eXactiyzrFhat is, where the

sides of the nonplanar dielectric structures 18 may be vertical, the sides

of thewvenplanasdnetallic-structufes 24-may be siceed, Alsorwhere-the vrz11y
forn?é:?fn@\réroﬁcm N&ﬂﬁ'@x@@ @FA@QH&?%”&@%@%&@@Xb%‘tSQaCerl’éQ’?e%s of the
meta olrpc:ergo%fc%tqeaygrnelgnaat{omeet ||g;C g%%l{:cflélztgi 243;@%% Q:%éogngfcqu-ggg 18 should
~metallic bond layer 22 also fills through via tho“matke electrical contact
e With metdllicTlayer 14T 38ty the EompittedTelnfordett boHe pad suiittare +©
boendg38RE|des B PO g ot diefectic matstialors diotind théstonplarsar wetures
18 whetallie strbetures 24 yltrasdeentoimd tratthis rirg ofcdieléetric naateriakorm
nonGyriar additionito thewnoenplanar dielectde:struettiresil 8:is beneficial s meant
=na@lUiRg gprabing of the benckpagd e ring of dielectric: material 26 MayLHe «ne
s1a@y diglectric, material.sueb. as silicon nitride (Sjhs) or silicon oxide (Sic2) . .

¢ 45.3nd,n a thickness of about 0.L o 0.2 micrans. A op view of the bond

=4

ad’ structure 25 with the nonplanar mietallic structures 24 and fings of
“orifibectricmateria 76 8 iftistratédin Figlre s The dntietyifigTienplaiar
corifigfectfictsttuttires: 18 pfevitle: ifeERARTEAI- 30 Shppoirtt6 thesbend- pads
metstidcturer25 during Probing. Inladditiorras freguentty heppensstheical
conoverlying-metallic bord jayer 22 may be scraped off during probing but
the nonplanar dielectric structures 18 and ring of dielectric material 26

prevent the probe fram.remaving.all of the metallic .bond layer,22, The .. .

riné“gyﬂg{gyégk4?%”§%§g}ggyr§§ %gégy%rqgéogonplanar metallic structures

24. It has been found that this ring of dielectric material 26, in

addition To the nonplanar dielectric structures 18, is beneficial during
proping of the bond pad. The ring of dielectric material 26 may be any
dielectric material such as silicon nitride {SiN,) or silicon oxide (310,)
and in a thickness of about 0.1 to 0.2 microns. & top view of the bond pad
structure 25 with the nonplanar metallic structures 24 and rings of

dielectric material 26 is illustrated in Figure 6.

The underlying nonplanar dielectric structures 18 provide mechanical
support to the bend pad structure 25 during probing. In additicn, as
freguently happens, the overlying metallic bond layer 22 may be scraped
ol during probing but the nenplanar dielectric structures 18 and ring of
dielectric material 26 prevent the probe from removing all of the metallic
bond layer 22Z2. The nonplanar dielectric structures 18 and ring of
dielectric material 26 cooperate to provide a hard stop to the proks.
Referring to Figure 7, probe 40 moving in the directicn indicated by arrow
42 has removed a portion of nonplanar metallic structure 74. The
cumulative total of the removed peortions of nonplanar metallic structures
24 1s indicated by ball 44. Rs can be sesn from Figure 7, the ring of
dielectric material 26 provides a hard stop bevond which the probe 40 can
not remove any further metallic material of nonplanar metallic structure
24.
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rrso3dodeelectric material 26 cooperate toprovi..de 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 is indicated by ball 44. As can be seen from Figure 7, the ring of. 40

dielectric material.. 26 provides a hard stop beyond which the probe 40

can” NAtTEMOVE afy furthér métalfic matarial of WohpIarfs fmietalferrianar
netagfriett e V24 FIS030009°6 FHe Avnplanar diclecticostruehires 185 g s -
viewhéntecalstnonplandre metallierstructures. 24, can-take any formrsueh@s cles
(2s ealumns.or silipess) Viewed fipradthe-top.thesponplanar mpetallic:strugtures
they24rCANDE Lirgles. (@s shown in, Figute ) rectangles.or polygons: ]NQ .
sec:MAter their shape, 5.they shiould be spaged closer together thanthe .,
b AMBLET (01 other cross, sectional dimension) 0. _ the probe so that the

probe’ Cannor peretrate ifi “betiween tie Honplahar disfsehic strictures 18°
renatd A ersely affedttte reifainmg Métdlfié Borfd layér 22. Forexatipks oot tir.
the api8anicrorrprebediphahecnphmiral spacingtof the nomplarar dielectridd be 2
max istructdres 48 should hees 1 0mmaximaumi of abottelé nicronsdcuthernttisiznar
die1peeferable that thenonplanar cdielectric struciyres 18 showdbe made s crder
oz csmallas pessible, on theorder, of.0.5.10,1 micrans,in width . The size of
<eruig PONPlanar dielectric stryctures 18 is limited only by lithography and

etch caP%lbiIitles. ‘Moreover, it is best t0 have the nonplar(fgpa?e”léctrlc

"o eSHhittures 18 Shaced ..  AS far apart Bs P6ssibie So-iong s they Hietleds °Paced
28 fharfthe probé dimensichn. retallic et is<opperand tetahié bond
damefagierr22 is aluminum, it would be desirable to have a barrier layer 27 at

the bottom 20 of through via 20. Such a barrier layer 27 could comprise,

thﬁX@HﬂﬂELic layer 14 is copper and metallic bond layer 22 is
aluminum, it would be desirable to have & barrier layer 27 at the bottom
of through via 20. Such a barrier layer 27 could comprise, ifor example,
Ta/TalN, TaN, Ti/TiN, W or & combination therecf. As & practical matter,
the barrier layer 27 would be present throughcut the bond pad structure 25

as shown in the Figures.

Referring now To Flgures Z through 3, the method for forming the
reinforced bond pad structure 25 of Figure 1 will ke discussed. Referring
first to Figure 2, metzllic laver 14 {the last internal wiring level) is
conventiconally formed on substrate 12. Thereafter, dielectric layer 16 (or
separate dielectric layers 16A, 16B) i1s conventionally formed on substrate
12 and metallic layer 14. Dielectric layer 16 is patternsd by conventional
means to form through via 20 and nonplanar dielectric structures 18. As
noted previousiy, if metallic layer 14 is copper and the metal to be
subsequently deposited in through via 20 is aluminum, then it may ke

degirable to deposit barrier layer 27 at the bottom of through via 20.

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

substantially correspond in shape to nonplanar dieleciric structures 18.
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rrsad/d@aN, ' "aN, Ti/TiN, W or a combination thereof. As a practical matter,

the barrier layer 27 would be present throughout the bond pad structure

25 as shown in the Figures. 25 Referrjng now to Figures 2 through 5, the

method for Forming the reinforced bond pad structure 25 of Figure 1 will

be discussed. Referring first to Figure 2, metallic layer 14 (the last internal

wiring level) is conventionally formed on substrate 12. Thereatfter,
The giefeificlayet 6 (ot sepiirate Hicksetic kyersE6As 18R iprtant to the
preggrvemtienallyforfved o sSubstrate 80,12 and metalliedayerd4. bielecttie bond
Laylayer lénis.patterned: by-conventionalnmeans 40 farm thrpughmias2Q:and r i
strfonplanar«dielectric stuictures;18.As noted.praviously, if metallic layer 14 -
s -[5.0PREn and the, metal.co be, subsequently deposited in throygh via 204s
25 g{l}gménbgén,é'g epnj]t may be desirable to deposit arrier faver 57 at the

Bottom of fhrougﬁ via'20. 35 Thereafter, as shown in Figure 3, a blanket

layer of metallic material is deposited over dielectric layer i.6 and then

patferfed i69resultin hevstracture showhrihFigure:33T he metallictbond 1 1y
blatayer 220 dills-the throughaviac20 withametallic material=30 and ditls theyer 22.
ror spaces4:betweern nonplanar diglectricsstuctures 48 with metallic. s keq
porm;@_%rielfjghélétgﬁli@malmlégi@i are %%Bleaali%n%%t?;l'li%%y%%tt&(s?@%uch as

ich substanti spond.in_shape to_nonplanar dielectric_structures
e SRl coteshesd o Shepe o Torplane el ety
T Uhimportaht T the” presentinverition. Gelarally Speakiiig “the thickieds bf -

““Ifffe Thetafficb8htf 1a§ef ZF shouldBe giedtér tiafthe hefghit 6P tié the
diehpiplanardiglectic sStruetures: 184S arcexample;df the fidight ofithectures 24.
TheponEanar dielectric Sestructures 18 are §.85«mierans sthe-thickness af theng o=
cicmetallic bond Jayer222-¢cauld:ber- 1.2 MICLABS. of the nonplanar metallic

structures 26 as shown in Figure 5.



Referring now to Figure 4, dielectric layer 32 is conventionally blanket
deposited over dielectric layer 16 and metallic bond layer 22. 10 Portions
of dielectric layer 32 are masked 34 and then the unmasked portions of
the dielectric layer 32 are subjected to a dry etchant such as reactive ion
etching (RIP), indicated by arrows 36, fo substantially remove all of
dielectric 'layer 32 over metallic layer 22. After RIP (or other suitable
etching step), there is only a small portimnsof the LJ dielectric laver 32 left
surrounding the nonplanar metallic structures 24. These remaining small
portions of the dielectric layer. 32 are the ring of dielectric material 26 that
surrounds each of the nonplapar metallic structures 26 as .shown in
Figdre S. 20 8 CLATMS T ATeinforced bond pad strucitire comprising: a
a susibstrate; a metallic layer formed on the substrate; a dielectric layer over
the meatallic layer gt least-one throtigh vidstorthe metallic layer and at
least %%réi%gtzlth%‘}_cggl%@ @y@%@@[ﬂ%ﬂ§gﬁg@gu@iWE&;§t onhe through via
__.Spaced-apart dielectric structures, a metallic bond layer conformally, . .
“° Yormed agtveelrctr?ea $pacec -a?L)!Carf “structures, %ﬁ ?ﬁ'eocﬁ e%é){étrcij(:l Iggféc r such that
comphesépacedapait dilettricPafitittares ard - Substantiafy réprodtited in
metallic:bend: layeras spacedoapart-meétallic stractures, the metallic bond
st rulayerfurther farmegdin-the threpgh via so-as {o-eentaciihe metallialayet:ric
=209 2 plurality of rings of dielectric material wherein a.ripg.af ,dielectfic p. coq-

material surrounds each of'the spaced-apart metallic structures, 2. Th

PaTRiAfdTEet Bont 4d Sthictre®of Elaim 1 witgiein the” metalfizayeris™ = =
apataifforeet-HoRt Ead irietre ol &ldint Twirstein the” metaficiay
thr@gppema so as to contact the metall;c layer; and

a plurality of rings of dielectric material wherein a ring of

dielectric material surrounds each of the spaced-apart metaillic structures.

2. The reinforced bond pad structure of claim 1 wherein the
metalliic laver 1s copper.
3. The reinforced bond pad structure of claim 1 wherein the

metallic bond layer comprises aluminium,

4. The reinforced bond pad structure cof c¢laim 1 wherein the

spaced-apart metzllic structures comprise columns or stripes.

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

spaced-apart dielectric structures have vertical sides.

6. The reinforced bend pad structure of claim I wherein there

is a barrier layer between the metallic laver and the metallic bond layer.

7. The reinforced bond pad structure of claim 1 wherein the
plurality of rings of dielectric material comprise silicon nitride or

silicon oxide.

8. A method of forming internally relinforced bond pads,

the method comprising the steps of:



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

layer comprises aluminium. 4. The reinforced bond pad structure of claim

1 wherein the spaced-apart metallic structures comprise columns or

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

spaced-apart dielectric structures have vertical sides. 6. The reinforced

bond pad structure of claim: | 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 plurality of rings of dielectric material

comprise silicon nitride or silicon oxide. 8. A method of forming internally

reinfoscedrbondrpads! ithe ayethod cormprisingthe steps of: 9 forming a

metalliclayer-on a substeate;: fetming & first diclectricdayer oversthe: ;

metallic layer; patterning g first portion of the firstdielectic laverse astas o

form at least one ;Ehrough via tg th;—% meta}_lgf Iggegaagq: a ng@l'tyfjaziw of
forngshcdBeapart Qielattie sttéturés A second portioh of the first dielectric ;
spadayerdeinglimpatiaried -coRtorrRally dep6eithg & Méralfé bdtid Taysr overect+°
1 aydhesspages-apadrt rdielectric structures and into the through via such that

the Sc%%‘fggﬁ%;@?\ft &é&%@@t{mtgy%rﬁéﬁr@ %@hgt@@g}auy<5$@fogu@quiarbaa1eapart

~ metallic bond layer as spaced-apart metallic structures;.fo, [ ,

dle]ﬁ%%&?icsi%{:fecrtggeé? tﬁ%gsﬁgégd%%a%th metallic structu rzﬂsh ga%?ﬁ?e%&%&?qmm
die \pApBtteried Portioh oF tha First eefectit BT AT Tefoviighetat tic pond
1aysthstaniiadhsaliei thensecohid-dielectricayer over the spaced-apart

metallic,stryctures-exgept for a-plurality of separated sgiscretefings ietallic

strgéeclfrcégicarrpaat‘teg@alu\.lr\{gaefg%ienrgg‘&hpgggi%‘ﬂrrgy%% af%?@‘ge(gi'electric layer; and
removing substantially all of the second dielectric layer over the

spaced-apart metalllic structures except for a plurality of separated

discrete rings in dielectric material wherein each ring surrounds a spacedw

apart metallic structure.

9. The method of claim 8 wherein the spaced-apart metallic

structures comprise columns or stripes.

10. The method of claim 8 wherein the spaced-apart dielectric

structures have vertical sides.

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

between the metallic laver and the metallic bond iayer.

12. "he method of claim 8§ wherein the ring of dielectric material

comprises silicon nitride oxr silicon cxide.



apart metallic structure. 9. The method of claim B wherein the
spaced-apart metallic structures comprise columns or stripes. 10. The
method of claim B wherein the spaced-apart 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’haterial comprises silicon nitride or
silicon oxide. 9a 13. The method of claim B wherein each of the
spaged-aparL metallic styclures comprises.g base porlipn and 8100 p...:
portion an each rng of dielectric material surrounds only the base
negortioh & @ACHGE tReTspated-apatfmerdlie Stracthrest T4 PPRE Riethst &f<"
rirdan &wherair in the stepiofstemoving, dhey ring: of dielectricimateriatisn of
on §usr£9};‘£'<§jl2§ agdmgjtg ntact gwlt}ré t%%%h 'of the spaced-apart metallic
strictures. 15. A" method of fBrming internally reinforced bond pads, the
method comprising the steps of: forming a metallic layer on a substrate;
forming a first dielectsicdayeroverthegetalliclayes, pattermningaadirsty, the
« poripn.of the first dielectric layer so a5 0, form af least an through viado
“the ‘metafiic fayer and a plurality of ‘spacedrzapart dielectric structures, a
theetond pericn ofthie fikst dieletttic fayer being unpatterned; conformally
depositing a metallic bond layer over the spaced- apart dielectric
strugiyres gnd Info the through via sueh thathe, spaced:apart dielectic ...
structures are su%stantlally reproducec? in the’ metallic bond Fayer as
e Sppcedragariretalic 2netgies;

forming a metallic laver on a substrate;

Fal

forming a first dielectric laver over the metallic layer:;

patterning a first portion of the first dielectric layer so as to
form at least one through via to the metallic layer and a plurality of
spaced~apart dielectric structures, a second portion of the first
dielectric layer being unpatterned;

conformally deposiiting a metallic bond layer over the spaced-
apart dielectric structures and into the through wia such that the
spaced-apart dielectric structures are substantially reproduced in the
metallic bond layer as spacedwapart metallilc structures;

forming a second dielectric layer over the spaced-azpart metallic
structures and the unpatterned portion of the first dielectric layer:
and

removing substantially all of the second dielectric layer from
the spaced-apart metallic structures so as Lo expose the spaced-apart
metallic structures except for a plurality of separated discrete rings
of dielectric material in wherein each ring surrocunds a spaced-apart

metallic structure.

i6. The method of claim 8 wherein in the step of removing, the
ring of dielectric material is surrcunding and in contact with each of

the spaced-apart metallic structures.
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forming a second dielectric layer over the spaced-apart metallic
structures and the unpatterned portion of the first dielectric layer; and
removing substantially all of the secogd dielectric layer from the
spaced-apart metallic structures so as fo expose the spaced-apart
metallic structures except for a plurality of separated discrete rings of
dielectric material in wherein each ring surrounds a spaced-apart metallic
structure. 16. The method of claint85@Rh&?8in in the step of removing, the
ring of dielectric material is surrounding and in contact with each of the
spaced-apart metalliggteieiines. RARSIRAS BINT ERINALLY
REINFORCED BOND PADS Disclosed is a reinforced bond pad structure
having qongianar dielec;fric structures and a metallic bond layer

~ contormaliy formed ovel thé fionplanar diefectric shtctires sTharrianer

AL S ST AT digTECRTE STTcrBst e SubstihtianF feprodaesd ihvthe ristalice:

- the gord layer sélasaerform s honpianas métallicstrdetres Surounding-eachures

are ofithecponpianar metalliccstiuctures:isnatring of dietectric material:whicliorn
nongrevidesa hard-stop-during=probingaf.the bond pad S@n@&l@n@ﬂ%ﬂl@ metallic
st r@PQunt of bond.pad that; can.-besremoved; during: probing.; se 5 hare stop
during probking of the beond pad so as to limit the amount of bend pad that

can be removed during probing.



