SYSTEM AND METHOD FOR - REI NFORCI NG A BOND PAD TECHNI CAL FI ELD OF THE

| NVENTI ON This invention is related in general to the field of

sem conduct or devi ces and processes. More particularly, the invention is
related to systemand nethod for S reinforcing a bond pad. B{JONEY
BACKGROUND OF THE I NVENTION . A well known problem area in sem conduct of
processing is the process of attaching a solder, wire or. other bonding

el enents to a bond pad on a sem conductor integrated 5 circuit. These bond
pads are typically disposed above one or nore |ayers or stacks of brittle
and/or soft dielectric ~materials, typically oxide of silicon and some
organic materials, for planarization and insulation purposes. Some
dielectric materials, such as hydrogen silsesquioxane 10 (HSQ,

ae.rogels, organic polyimdes , and parylenes are advantageous for their
| ow di el ectric. constants conpared to silicon oxides, but are weaker
structurally and - nechanically. During the bonding process, nechani cal

| oading and is ultrasonic stresses-applied by the bonding capillary tip to
the bond pad often result in.fracture df the underlying dielectrics,

def ormation of the underlying netal o

SYSTEM AND METHOD FOR
REINFORCING A BOND PAD

TECHNICAL FIELD OF THE INVENTION
This invention is related in general to the field of

semiconductor dewvices and processes. More particularly,
the invention is related to system and wnethod for

5 reinforcing a bond pad.



structures, and delamnation of the layers in the nmetal structures. These
bondi ng failures may appear as craters 20 in the bond pad and underlying

| ayers as the bonding capillary tip iss pulled away fromthe ' .
However ,  these defects often are not apparent during ~ondin§q?ggpw%agq$
mani f est thensel ves during subsequent bond pull and shear tests,
reliability tests such is 25 thermal -.cyde or thermal shock, or upon
deprocessing and cross-sectioning.'Fu?ther,,meakneés of the bond pad
structure may also reveal itself during wafer probing prior to bonding.

Agai h, the. stresses exerted by the probe tips, typically 30 fornmed of a
hard net al sudE£§§§EEHQ§EEEE§LE§E§EEB§e | ocal i zed fractures in the pads,
despite the fact thafetihedowiptobtontaeda Wt Bemi @abbctet drocaksmmaum on
t he bond pads., 3 2005_sSuch _f f.ures ang.as .ruch of Liapility hazard
as those. causl.esd%gﬁr‘?rr?ﬁeﬁ%nog]ﬁg££%1§ i %i,%\lgle?y,,_-_ % fe® o%%?%reb?g?%%# es have
been addressezteampntsaltoerd njordnitiedg qFar AnBeBESONHGERT asintEIGRERASONI C
Pomer anﬁ puI&?Iw%ygjOﬁg§SQQQkaga?§mn§{Q@giealﬁpﬂﬂhﬁ@b¢iampvelaﬂ@ing
orce, shape of the honding capillary.tip, etc. ch tine.is spent
experi ment i ng % FRE® g"i‘ryﬁﬁﬁt%lf S?%Fi‘fn‘i}fsl b&ﬁgt%%n%%dr{g’ﬂt%i g%ét t "3%88?8?‘%& t hough
general gui delnategielspatapitdly setgei mfs siddceD. ebdf isguearreasihave been
devel oped, thehapding k8l |diLgs i ARNShSIAL idssidiloal piEddsesl.gnsbheant | evel
to continually .~ -~~~ """ SR s .
_ 'dlelectr;c materials, such as- hydrogen s;lsesquloxane
10 (HSQ)[ aerogels, organic polyimides, and parylenes are
advantageous for their low dielectric constants compared to
silicon  oxides, but are weaker structurally and

mechanically. _
During the bonding process, mechanical lcading and
is ultrasonic stresses applied by the bonding capillary tip to

the bond pad often result in fracture of the underlying
dielectfics, deformation  of the underlying retal
structures{ and delamination of the layers in the metal
structures. These bonding failures may appear as craters
20 in the bond pad and underlying layers as the bonding
capillary tip is pulled away from the bonding pad.
However, these defects often are not apparent during
bonding but would manifest themselves during subseqguent
bond pull and shear tests, reliability tests such as.
25 'thermal cyde or thermal shock, or upon deprocessing and
cross-sectioning.
Further,  weakness of the bond pad structure may also
reveal itself during wafer probing prior to bonding.
Again, the stresses exerted by the probe tips. wypically
30 formed of a hard metal such as tungsten, «i&in Ccause
localized fractures in the pads, despite the fact that they

make contact with a soft metal, aluminum, on the bond pads.
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parameter settings and comblnatlons thereof Although

. general . guldelines of parameter setpoints and
' conflguratlons have beeén developed, the bonding failures

per51st,at a sufficiently significant level to continually

‘threaten the reliability of integrated circuit devices.

Yet the failure levels are low such that bonding failures

‘become apparent only after several tens of thousands of

devices are bonded.

Recent technological advances in semiconductor
processing do not alleviate the situation. New dielectric
materials with lower dielectric constants are being used to
increase circuit speeds but they are.mechanlcally weaker
than the conventional plasma enhanced chemical vapor
deposition (CVD) dielectrics. Decreasing bond pad
dimensions necessitates the increase of vertical bonding

force or forces attributable to the use of ultrasonic

‘changes
equency.

reliabl esway 49t rRESYRN tpoRer Thilt HiAGet REvOLSH, T BBREIN u@m@beaa:mﬂe bondi ng

IIy and
of t he

energy to form effective bonds. Inaccessibility of higher.

bond parameter settings for fear of damage to the bond pads

also results in 1longer bond formation time, and
consequently,- lost throughput. All these uiqnificent
changes point to a trend of more severe failures and

increase in their frequency.



conprising: a bond pad; at least two dielectric layers disposed under the
bond pad; and a reinforcing patterned structure disposed in at |east ane
of the dielectric layers; wherein said at |east two dielec éﬂd%
include a weak organic dielectric |ayer and a nonweak dielectric |ayer
bet ween the weak dielectric layer and the bond pad. In accordance with
anot her aspect of the present |nvent|%n there is provided a reinforcing
system for a bond pad conprising: a bond pad; at |east one dielectric

| ayer di sposed under the bond pad; and a reinforcing patterned structure
di sposed in the at |east one dielectric layer; wherein the reinforcing

patterned simueRyr 6rifis yg@snTebt €rnating | ayers of weak dielectric |ayers
and nonweak dietectric tayers having parallel lines oriented generally

per pendi cul ar! mc%galm@,an@ﬁ@@ ikn @cql@édanf& Wht hréaq_taba@otm aspect of
the present invention, there is provided a bond pad reinforcing system

conpri si ng:pmevénel est r ménshbok dhsposedruetdes arboptbipadandandonaiingt al
reinforcing patterned structure disposed in the 0 O NOV 2005 4a dielectric
stack; and f@hidneen tuhereeilnfrar cpads pattersigdaséd uabore iare udes malkber nati ng
| ayers of weak dielectric |ayers and nonweak dielectric |ayers having
paral | el |igtesictorpbhi eddguaehaticaliar pealdi didlectyioi tdavanse another. In
accordance with a further aspect of the present invention, there is

provi ded a met R8d ¥°GPTERRGH orftithg2d Bopect of the present invention,

there 1is provided a reinforcing system for a bond pad
comprising: a bond pad; at least two dielectric layers
disposed under the bond pad; and a reinforcing patterned
structure disposéd in at least one of the dielectric layers;
wherein said at least two dielectric layers include a weak
organic dielectric layer and a nonweak dielectric layer
between the weak dielectric layer and the bond pad.

In accordance with another aspect o¢f the present
invention, there is provided a reinforcing system for a bond
pad comprising: a bond pad; at least one dielectric layer
disposed under the bond pad; and a reinforcing patterned
structure disposed in the at least one dielectric layer;
wherein the reinforcing patterned structure includes
alternating layers of weak dielectric layers and nonweak
dielectric layers having parallel 1ines oriented generally
perpendicularly with one another.

In accordance with yet another aspect of the present
invention, there 1is provided a bond pad reinforcing system
comprising: a dielectric stack disposed under a bond pad; and

a metal reinforcing patterned structure disposed in the



pad in a sem conductor integrated circuit, conprising the steps of:
formng a reinforcing |layer; patterning the reinforcing layer in a

predeterm ned area into a predeterm ned pattern having a pl [ “win
vacant areas; formng a weak dielectric |ayer above the pag?gﬁﬂggy2ﬂU5

reinforcing layer, filling the vacant areas therein; formng a nonweak
dielectric |ayer above the weak dielegtric |ayer; and form ng a bond pad
on the nonweak dielectric |ayer above t'Re patterned reinforcing layer. In

anot her aspach .af fhe present javentipn,, the, reintercing, PalheLnad,

structure may be a joined or interconnected structure.” I'n yet another

aspect of (&g REGSENind1NERL | O ddlR 13g0 NN 200955 {EhRT Qi1RGLPAE L er ned
structure may conprise disjoined or non-interconnected and repeating

el ements. Adwehnisal aAsMantaos ofedthecpnasent Havensi earksi1éhe1iheproved
structural integrity of bond pads so that forces exerted during bonding
and probi ngpdennetl gamge 1vhgeondiicpadr Bndrithdent yamsgehsbruct ures. These
techni cal advantages are possible wi thout changi ng bondi ng or probing
par aneters, whilch asyomdeciceasei ocesFutrhheughputectThef resul tprieseat nore
reliable integrated circuit and decreasing 10 bonding failures. 3 0 Nov
2005 BRI EF iDESEGREPTI Ohhedfe THE IBRAWIRIESa2 method for reinforcing a bond

pad in a semiconductor integrated circuit, comprising the
steps of: forming a reinforcing layer; patterning the
reinforcing layer in a predetermined area into a predetermined
pattern having a plurality of vacant areas; forming a weak
dielectric layer above the patterned reinforcing layer,
filling the wvacant areas therein; forming a nonweak dielectric
layer above the weak dielectric layer; and forming a bond pad
on the nonweak dielectric layer above the patterned
reinforcing layer.

In another aspect of the present invention, the
reinforcing patterned structure may be a joined or
interconnected structure. In yet another aspect of the present

invention, the



For a-better understanding of the present invention, reference may be made
to t'he acconpanying drawings, in which: 5 FIGURE 1 is a cross-sectional

vi ew of an enbodi nent of a bond pad reinforcing structure acgo 1@ to the
teachings - of the present invention; FIGURE 2 is a plan view§d5 aglﬁﬂﬁﬁ
pad reinforcing structure in FIGURE 1 according to the teachings of the

10 present invention; FIGJRE 3 is a cress-sectional view of another

enbodi ment of a bond pad reinforcing stPucture according to the teachings
of the present invention; FIGURES 4A and 4B are plan views of the bond pad
i's. reinforcing structure in FIGURE 3 according to the teachings of the

pr esent |nventIQﬂPfOFF@nﬁEP&the§nadc$?ﬁﬂ§t§é%tm%ﬁuﬁ°m9Féﬁ$cﬁl§98ﬁn% other

enbodi nent of @ GRdepashdRitaEoLkd &Qpé&fﬂﬁj léflaméﬁﬁordl ng to the teachl ngs
of the present inv GURE e n
reinforcing struc%u%%qpﬁ'?gdﬁk@ng g%éﬁ$§%ﬁ %§“¥ﬁ @?g%gﬁmﬁ 99 gh he
present |nventlmprovaﬂdsEtﬁEﬁﬂiSl?aﬂﬂegna@yfgftbﬂﬂd pREA %@eﬁk@tOfOV@ﬁ%lng

enbodi megt s of . the Jopd, pag Ho%@ﬁ&r&wgrgmww Qo8Ca&AYNGhe BEnd O the
t eachi ngs of the present Lnvention

X o J%ETA g{ﬂ)d@gSQR PTICN OF
THE | NVENTI mﬁ%aﬁ SRy LR HOFIRERT S of Pﬁ% presEBAEaT 7SR fre
) are possible without changing bondlng -or’ problng
: parameters, Whlch may decrease process throughput.. The
result is a more reliable integrated circuit and decrea51ng

16 .. bonding failures.



illustrated in FIGURES 1-11, |ike reference nunerals being used to réfer
to like and correspondi ng parts of the 5 various drawings. Referrin
FIGURE 1, a reinforcing structure 10 for a bond pad 12 accorcﬁﬁgNt{]i tZﬁ{]ﬁ
t eachings of the present inventionis shown. A center portion 16 of bond
pad 12 is exposed and uncovered froma protective oxide layer 14 -for 10
receiving a ball bond (not shown) , typi gal Iy constructed fr.om al um num
gol d; copper, sol der, like materials. Bond pad 12 is typically a
mul ti-layered stack construct ed of alum num and one or nore | ayers of

titaniumnitride and t| tam u[g ng_r' ﬁxaﬁt(;g. Under |l ying bond pad 14 is one
or 15 nore i ntEPRE ne or nore dielectric stacks
- 20-22, each constr Eofe&l aft teul thdrstdnélmgtaf ¢hel ByRTRt EATANFRTr et al

dielectric |aygls skagke20a20aa88Y0 1 BRE uggc@nga@ymﬁ@r diagigfd, d 80 di sposed
in at least one. eQJ];en Ee Fﬁr’\t e?m&*t3L ﬁgad?e l'ectric stacks 20-22. FIG ?RE 2 shows
20 a plan vi eWhdchi ei nf or ci ng grid 30, which has a regular repeating

pattern with a pl uratirey 10is \a)k:flsss&rsetzamml vigwead. antenhoddnenhecd ayer of
the internetal, di fih%a%c{ g&qu%'i;r%%aééu&\h]( Nc8a&lindi € agld ikeabRYess or stack

20-22'is 25 cons hanically and structurally weak dielectric
material, suctPfadhexperseny R 87 | sesqui oxane . (HSQ, Aerogel s, organic
pol yi mi des, paryl eltzesuatarm itshe plhbkevidkhese ttlieebend rpasi nEtiefpatnar e

hereinafter r e'ft_'errurc d.19 gﬁml Ily a@a}g@% dielggt rgegcm,gg | & Sgnd=ach

i nt er net al
10 present invention.

FIGURE 3 is a chSSesectiona; view of another -
embodiment of a bond pad reinforcing structure according to
the teachings of the present invention;

FIGURES 4A and 4B are plan views of the bond pad

15 reinforcing structure in FIGURE 3 according to the

teachings of the present invention;

' FIGURE 5 is a cross-sectional view of yet another
embodiment of a bond pad reinforcing structure according to
the teachings of the present invention;

20 FIGURE 6 is a plan view of the bond pad reinforcing
structure in FIGURE 5 according to the teachings of the

present invention; and
FIGURES 7-11 are further plan views of varying

‘embodiments of the bond pad reinforcing structure according .

25 - to the teachings of the present invention.



30 dielectric stack 20-22 -may include, for exanple, a first dielectric
| ayer - 32, a weak dielectric llayer :34, and a second diel ecsrd MJ ﬁé §6.
Dielectric layers 32 and 36 may be TECS (tetraethyl orthosvIt Q/ gJany
other oxide 3 0 NOV 2005 8 material formed by a suitable nethod. it may be
seen that by providing areinforcing structure 30 of .a predetern ned
hei ght, the thickness, t, of weak dielegtric |layer 34 atop reinforcing
structure 30 is greatly reduced. Further, reinforcing structure 30 is a
joined or interconnected grid structure with a.plurality of voids or
vacant areas 40. -for ' containing and a ' ing a large portion of weak
diel ectric maPEFRLIEDIRESCRAFSION QF o rl“‘d% %in?orci.ng structure 30
provi des support ane peefwmedadnisiiisagth ofothd Prepewly FPFERt YR ri C
stacks 20-22 598 tadtiAletur e cr-aase1 e dareirdrns sunkeral atieyingg and

g fTa

ot her bondin Il'ures causing wi re bonding. -lt cen ., f.rom
FI GURES 1 andugeth&f r&LRFortd njg&lest??fgt GPEE S glﬁ%mzra??y%gl aq_'r?aer with a
t hi ckness | essakheus dtbwidkes.desired thickness of internetal dielectric

stacks 20 22. Furt %%r.;:{,gi]g%%f&@& StrUCLUIBr3@ihg Srmienabl yo minmensi oned
Al N

to fit generally w not significant ext endi_.ng, beyond an area

| -
defined by boAdbead p2d Mherqasidéndt ﬁﬁnt%ﬁetgﬁwgﬁcpﬁggpﬁy Fe3% used,
rei nforcing stinueitibg 20 s3whor Rasdhtent psnetanl 1di ef duindi padtBEKs20- 22 may

be aligned direct]y aboye QNG.ANPINET pR3callaWd: oRladQayRES sottor
10 receiving a ball bond (not shown), typically constructed
from aluminum; gold, copper, solder, or like materials.

'Bond pad 12715 typically a multi—layefed stack constructed

of aluminum and one or more layers of titanium nitride and
titanium, for example. Underlying bond pad 14 is one or

15 more intermetal dieletrié layers or.one Or more dielectric
stacks 20-22, each constructed of multiple dielectric

layers. Each intermetal dielectric layer or stack 20-22

- may inclﬁde a reinforcing grid 30 disposed in at least one

of the intermetal dielectric stacks 20-22. FILIGURE Z shows

20 a plan view of reinforéing grid 30, which has & regular
repeating paﬁtern with a plufality of voids or vacant

areas.
At least one layer of the intermetal dielectric

materials within each dielectric layer or stack 20-22 is

25 constructed of a mechanically and structuraily weak
. dielectric material, such as oxide, hydrogen silsesquioxane
(HSQ), Aerogeis, organic polyimides, parylenes, and the

like. These dielectric materials are hereinafter referred

to generally as weak dielectric materials. Each intermetal

3¢ dielectric stack 20-22 mayrinclude, for example, a first
dielectric layer 32, a weak dielectric layer 34, and a

second dielectric layer 36. Dielectric layers 32 and 36

may be TEOS {tetraethyl orthosilicate) or any other oxide



with one another: It i.s contenplated by the teachings of ‘the present’

i nvention that any nunmber , i ncluding one, of reinforcing structures or

| ayers may be used to achi eve 25 inproved structural i nt egr 8ty NOY 2005
robustness. It is also contenplated by the teachings of the present.
invention that internmetal dielectric layers or stacks 20-22 ma, include
reinforcing structures of different patterns,. altlough such designs may
requi re additional expense to use diffefent 30 nasks to pattern etch the
different netal reinforcing structures. Bond pad reinforcing structure 10
rmay be constructed by- forming a layer of netal or any suitable conductor
or -3 0 NOV 2008térisdnfeomeittvor ohifpriddenetiiched TENPER RS §28F Bd start of

each internetal, gighachsi s ﬂe%%refng shagktur0 3320fT£169rerdélth:ﬁI£édlg | ayer
is then pattern.etched into . the desired glécc{ern suc o gg g{ld pattern
e

shown in FI GUREESAE 'aﬁBezthlcéiﬁ‘ﬁ§€QU'é‘nt°fdf"’8 lrelgcﬁﬁf%rlad’l Hen forned
above the pat&eﬁnedr¢fnqﬁsﬁnndmgrbawer3ssughaa$yarsdwgkb di Erstheic | ayer

or X1 deg ayer 32k dhaleailip Laver o:iﬁ?d%}dm%i:%de@é‘é& 3685 shown.

Note tha weak or ned %%a numnb er of net hods,
i ncl udi ng “spi ﬁtéw:tursl us‘ﬁlh %m%aﬁééﬁtlél?érr%hqls PEp SRR R0 (F/D) , and
vapor condens&bhmmuﬁef Bhd i R@chnbdAIRGS 3, 14Age ambrdBon arndt heealenbodi ment

of bond pad rel nE.ecr:‘gJ.lJ.Q:g mattrégggiyrﬁl 7t%ei£§i§homcoéd99§'fb p%inforcing
. structure 30 provides support and mechanical strength to
10 intermetal dielectric stacks 20-22 to sqbstantlglly
decrease the incidents of cratering and other bonding
failures causing by wire bonding.

It may be seen from FIGURES 1 and 2 that reinforcing

structure 30 is generally plénar with a thickness less than

15 the desired thickness of intermetal dielectric étacks 20-
22, Further, reinforcing structure 30 1is preferably
dimensioned to fit generally within and not significantly
extending bevond an area defined by bond pad 12. When more

than one reinforcing layer is used, reinforcing structure

20 30 for each intermetal dielectric stack 20-22 may be
aligned directly above one another, as shown, or oe offset

with one another. It is contemplated by the teachings of

the present invention that any number, including one, of
reinforcing structures or layers may be used to achieve

25 _improved structural integrity and robustness. It is also
contemplated by the teachings of the present invention that
intermetal dielectric layers or stacks 20-22 mg, include
reinforcing structures of different patterns, altl ough such
designs may require additional expense to use different

30 masks to pattern etch the different metal reinforcing

structures.
Bond pad reinforcing structure 10 may be constructed

by forming a layer of metal or any suitable conductor or



72 is disposed bel ow a protective overcoat of oxide 74 and 15 partially
exposed for wre/solder/flip-chip/wedge bonding. Two internetal

direl ectric stacks 76 and 78 underlying bond pad 72 include r
structures 80 and 82. Reinforcing structures 80 and 82 |nclugépgﬂpg ggp?ng

and non-interconnected pattern such as the crucifix pattern 20 shown
arranged in a regular manner. It may be seen that reinforcing structure 80
and ‘82 may be slightly offset from ones another as shown. The sem conduct or
integrated circuit. may include one, two, or nore than two internetal

di-el ectric. layers or stacks with the crucifix reinforcing 25 structure

al t hough' onl ys%ﬁ@c&ﬂcﬁl&GQ%fhﬁf@cﬁéteﬁ&n@cﬂ%ﬂhmkneﬁbodtn’elm gfetthet

reinforcing stru tur acge dln th chi.n gi @hegﬁresq&g i nvention
is shown in EF §rﬁﬁﬁ£% |ﬁg%¥%§§ sg%%?%nggn 3

respectively. rEnné@rmﬁnﬂ l@were@ﬁrﬁhﬁnspa€%§m96tﬁhﬁd9§“§bthﬁm§??¥§§@a bond pad
92, which is %Eﬁéﬁ{ ! )éuE@V&r efe b?ha pAtREACENAMG OMEFUHRESIL. additaer net al

di el ectric st s 96 n reinf orci t r d 102
respectléely Fﬁﬁ?ﬁQﬁ ﬁd Z??%%%hF@ lﬁnaF%tgg%%t%#ﬁ&H gﬁoa@%%%% 10

di el ectric st aekt8snéchctaicddsrpimal lalers ebntloras iy $i19de MWRLeR B ori ent ed
preferably pe&%@g' oyl %&u{ev\ﬂlwepaiza' l@lax rinbeteinglijanessaf aminforcing

structure 102 i nt ernet al electrlc st.ack: 0 | t er met al
.5 dlelectrl(:Q§Eﬁﬁk%a¥ﬁ¥ éﬁséﬁ1fﬁﬁﬁﬂuct5? ?rﬁ3§;’wF35 é?%%nf %QQ Yayd

34 may be formed by a number of methods, including spln—on,
10 plasma enhanced chemical vapor deposition (CVD), and vapor
condensation. '

Referring to FIGURES 3, 4A, and 4B, another embodiment
of bond pad reinforcing structure 70 is shown. A pond pad
72 is disposed below a protective overcoat of oxide 74 and
15 partially exposed for wire/solder/flip—chip]wedge bonding.
Two intermetal dielectric stacks 76 and 78 underlying bond
pad 72 include reinforcing structures 80 and 82.
Reinforcing structures 80 and 82 include a repeating and
non-interconnected pattern such as the crucifix pattern
20 shown arranged in a regular manner. It may be seen that
reinforcing structure 80 and 82 may be slightly ofiset from
one another as shown. The semiconductor integrated circuit
may include one, two, -0r mMOre than two intermetal
dielectric layers or stacks with the crucifix reinforcing

25 structure although only two are shown herein.
| Yet ancther embodiment of the reinforcing structure
according to- the teachings of the present invention is
shown in FIGURES 5 ana 6 in cross—-section and plan views,
respectively. Intermetal dielectric stacks 9% and 98
30 underlie a bond pad 92, which is partially covered by a
protective overccoat 94. Intermetal dielectric stacks 96
and 98 include reinforcing structures 106 and 102
respectively. Reinforcing structure 100 in intermetal



have reinforcing lines oriented alternately with respect to one another to
provi de i nproved nechanical stability and strength. It is further

contenpl ated by the teachings of the present invention to. pq)? N@V%US
reinforcing lines 10 oriented in a manner other than 900 in alternating

| ayers. Referring to FIGURE 7, an alternate enbodi nent 110 of the present
i nvention according to the teachings of the present invention is shown.
Rei nforcing structure pattern 110 incll@des reinforcing lines formng a
plurality of 15 interconnected or unconnected nested rectangles or squares
underlying the bond pad. FI GURE 8 shows yet another alternate enbodi nent
112 of possi hiieleetrforetaug P tioralsdascorth Hglt oretRECFehi Hgesof the
present. '“Ve“RJhQE' Rl Q%Pénq:leﬁgpée% MGL Y SelpendYi1201y Ralcudpagaplairal ity of
nest ed unconnecte circ pses under |l yi n thte bondlogad as shown.
A variation orfeifferfias ed igiefcl Qfst FELREREIPID PETURTY er'ténnéted or
Crossw se reinfnteeratdlesdied ectrit esmckels‘lsl.psaccermm«zl Agtesnetisdt ure 114,
as shown.in F'G%BEC% % ktshﬂl[ %%reﬁi‘&émcgér'1%t@g§ét§é:d~'|célﬁrc9£t eldyi pti cal
spi ral r2i nf orei ng s Futture i'n_Fl QU be .seen that

t he t eachi ngs hage rHafprsinghilingsy SFLpBHY ﬁllF‘I"l’"é}atEE)ﬁt‘é’rﬁﬂ a8 ée%'hyt t ested or

spiral, eithergneoRpeehad Qr p@BGQﬂI@GCﬂu@dQV@@FﬁGC@HhB@&brﬁu&l@e@ltf agmd he
r ei nf or ci ng structuy pattern. 30 Ref F Llacaih&l fsorcing
tﬁg{}gﬁg ted.ga ur&er c%h&%ﬂggl %d i)?‘UBEe acti &'é

‘ structure 118 I'hg connec oneyco pattern js shown.
 Rature has showe tFresente ingaeytonbtet PYRTIGe Iods ZUpEPFotng Lines

10 orlented in a manner other than 90° in alternating layers.
| Referring to FIGURE 7, an alternate embodiment 110 of

the present invention'according to the teachings of the
present invention is shown. Reinforcing structure pattern
110 includes reinforcing lines forming a plurality of

15 interconnected or unconnected nested rectangles or squares
‘underlying the bond pad.

FIGURE 8 shows yet another alternate embodiment 112 of
possible reinforcing patterns according to the teachings of
the present invention. Reinforcing structure 112 may

20 include a plurality of nested unconnected cizcles or
ellipses underlying the bohd.pad, as shown. A variation op
the nested circle structure 112 is an interccanected or
crosswise reinforced nested circle or ellipse r=:.nforcing
structure 114, as shown in FIGURE 9. A further variation

25 is a circular or elliptical spiral reinforcing structure

.116 shown in FIGURE 10. It may be seen that the teachings
of the instant invention further contemplates any wested or
spiral, either connected or unconnected, configuration used
for the reinforcing structure pattern.

30 Referring to FIGURE 11, a reinforcing structure 1138
having a repeating connected honeycomb pattern i3 shown.

Nature has shown that the honeycomb structure has superiar



3 0 NOV 2005 11 10 pattern may al so have connected or

I n general, the-

pattern may be regul ar and repeating, such as the «crucifix

honeyc ,
nested configurations. would therefore [|ayers. the relnfochdQIH%Hbdﬂﬁkp

and

may take on a variety of patterns. structural integrity and strength and
substantially fortify the weak dielectric It may be seen from above that
al so be used. The reinforcing structure pattern preferably grid, The
unconnected reinforcing el ements. Nonrépeating patterns may occupies the
entire or a substantial- area under the bond pad and allows t
dielectric material to fill the vacant areas between Hg

of the reinforstirngtstaluciutegrifor tanst , sSEFRRIEHNRS t FOut

structure may ga%stgmaaqgef@&metﬁet@dkzaaemmct heyeor.r espondi ng net al

relnforCLng

It may be seen ~from above that the
structureAmay take on a variety of patterns.

e rei

f thed

he weak-

sFeBrci ng

In general,

5 the- pattern may bé regular and repeatlnq, such as the grid,
' cruc1f1x, honeycomb, and nested configurations.

pattern may also have connected or unconnected reinforcing

‘The

elementsf Nonrepeatlng patterns may also be used. The
relnforC1ng structure pattern preferably occupiés- the
10 entlre or a substantial area under the bond pad and allows

the weak dlelectrlc material to Ffill the vacant areas
between the reinforcing lines of the reinforcing structure.
"Further, the composition of reinforcing structure may be

the same as the metalization in the corresponding metal

15 layers. For example, the reinforcing structure may have a

titanium nitride/titanium nitride/titanium bottom layer, an

aluminum middle layer, and a titanium nitride top layer.

Reinforcing structure may also be constructed of other

conductive or semiconductive materials.

20 It may be understoocd that the reinforcing structure of

the instant invention is applicable to strengthen any bond

péd with underlying weak dielectric layers so that it may

withstand stresses and forces imparted during any wire,

solder, or other bhonding processes, such as
25 bonding, ultrasonic  bonding, thermosonic
' thermocompression bonding, solder bumnp or
bondings, and- pre-bonding wafer probe operation.
Accordingly, the teachings of the present invention
includes any structure constructed substantially within the

30 ‘bond pad that mechanically reinforces the underlying

brittle and/or soft dielectric structures.

particularly advantageous when the reinforcing str

flip-chip

honding,

said

I

bump

£ is

ucture is

i nes



15 layers. For exanple, the reinforcing structure may have a 20 titanium
nitride/titaniumnitride/ titaniumbottomlayer,. an alum num nmiddle
| ayer, and a titaniumnitride, top layer. Reinforcing Struc%?f?Jﬁ?V”arﬁo
be constructed of other conductive or sem conductive materi‘al’s. Tt ﬁﬁ# be
understood that the reinforcing structure of the instant invention is
applicabl'e to strengthen any bond pad with underlying weak dielectric
| ayers so that it may withstand stres$és and forces inparted during any
wire, solder, or other bonding processes, such as flip-chip 2S bonding,
ul trasoni ¢ bondi ng;, thernosonic bondi ng, thernoconpression bonding, sol der
bunp or sai d bampridsohditngs, eahsltproe-Usyadi Bephedleiesgiy oBeeH petatidbn.
Accordinglé, b%@%éfﬁ%&@}?g§cﬂﬁﬁﬁlhﬁeﬁﬁﬁﬁﬁgbﬁﬁébﬁmﬁbgﬁatéiruﬂnudes anyrstructure
constructed substantia within the, .30 bon it hani y

AESS P stiaramory GRS il Ll

rei nforces the undert§idy HEEE PelBetric structures- It is

‘particul arly addarttsagévarsagherhaviecbeai deorcieg strdrftiadde i howld O vV 2005

12 conprd sed gt afhHsebbd drd¥ermididtiont] eadkungess tdubaugtutcipalt erni ng,
such as the interconnecting netal. 1 nes. Ath ugh‘s%%gga#teq§QQ|gents of
the present i hbarthosnatinng i pdiddeamonges? 1BR&n Er ot i det ai |, it
shoul d be undeastodatibatheraintwichsyt chaageng Subst itautteapsings of
transfornatlogﬁe fE%EJEn%atiﬁUEhtiXBI'q&&9“§p;fﬁﬁj ahlieratd@nse s the

inﬁrention being set forth by the appended claims.-



can be made therein wi thout departing fromthe teachings of the present

i nvention, the spirit and scope of the invention being set forth by the
appended claims. 3 0 Nov 20P~ 13 In the dains: 1. A reinforcilg Nyt 2Ap%or
a bond pad conprising a bond pad ; at least two dielectric |ayers diSposed
under the bond pad ; and a reinforcing patterned structure di sposed in at

| east one of the dielectric layers ; wherein said at |least two dielectric

| ayers include a weak organic dielectric |ayer and a nonweak dielectric

| ayer between the weak dielectric Iayeﬁaand the bond pad. 2. The
reinforcing system as set forth in clam1l, wherein the reinforcing
patterned structure is constructed of reinforcing lines of a nmateri al
stronger thdmthe@aindi el ectric layer. 3. The reinforcing system as set
forth in claiml or 2, wherein the reinforcing patterned structure is
constructed of interconnecting netalization [ine . 4. The reinforcing
system as set fadrth freipfosging systemgier 3 beiitepad gompEsing éi nf or ci ng patt er ned
structure occupi ggofdpapstantial area under the bond pad. 5. The
reinforcing system as set forth in any one of the preceding clains,

wherei n the rei nPbleastiyo giglectse lryarss disnesedruadenibe Qﬂ@gpap&'@éﬁt areas filled by

the dielectric hayifforcify paliBfel StriétQfeC HiBSostd i Sibashens 6 thé @felddtricn any one -
of the preceding clains, wherein the reinforcing patterned structure

i ncl udes a dﬁyieﬁ?pattern . 7. The reinforcing system as set forth in any
one of the cl ai hdreln®safl at least two dielectric layers include a weak organic dielectric

layer and a nonweak dielectric layer between the weak dielectric layer and the bond

pad.

2. The reinforcing system, as set forth in claim 1, wherein the reinforcing
patterned structure is constructed of reinforcing lines of a material stronger than the

dielectric layer.

3. The reinforcing system; as set forth in claim 1 or 2, wherein the reinforcing

patterned structure is constructed of interconnecting metalization line .

4. The reinforcing system, as set forth in claim 1, 2 or 3, wherein the

reinforcing patterned structure occupies a substantial area under the bond pad.

5. The reinforcing system, as set forth in any one of the preceding claims,
-wherein the reinforcing patterned structure includes vacant areas filled by the

dielectric layer.

6. The reinforcing system, as set forth in any one of the preceding claims,

wherein the reinforcing patterned structure includes a grid pattern .

7. The reinforcing system, as set forth in any one of the claims 1 to 5,

wherein the reinforcing patterned structure includes a repeating crucifix pattern .

8. The reinforcing system, as set forth in any one of the claims 1 to 5,

wherein the reinforcing patterned structure includes a honeycomb pattern .



wherein the reinforcing patterned structure includes a repeating crucifix

pattern . 8. The reinforcing system as set forth in any one &f Chat
| to 5, wherein the reinforcing patterned structure incl udes§zg mgyzmﬁs

pattern . 3 0 NOV 2005 14 9. The reinforcing system as set forth in any
one of the preceding clains, wherein the reinforcing patterned structure
includes a plurality of connected structural elenents. 10. The reinforcing
system as set forth in any one of the1yreceding clains, wherein the
reinforcing patterned structure includes a plurality of repeating
structural elenents. 11. The reinforcing system as set forth in any one
of the clainms | t9 8, Thewsinfoeicingt dysterreiasfsef forthgn pay bae ok thegireceslingr daiinac| udes

a plurality qf repeati nQN-=. i r C. t . A
el nt or i ny ‘S ERE I TSRE bankiiel sORNEI hates'd DRl o EhRERE S
di el ectric legneentsli sposed under the bond pad; and a reinforcing patterned
structure disposed in the at |east one dielectric layer; wherein the
reinforcing patterned structure includes alternating |ayers of weak

di el ectric | ayer §0and The reiefalcing stest. missel b ang ¢ne gf él?rFHP‘P@l'ngl ¢laims,

oriented gen@iAlih Yhe REFORRAL! ﬁﬁ'eﬁfeg)’séf‘% I e pRRIdEN At NGty 1P regedlRg dtrbdthal

rei nforcing system conprising : ielectric stack di sposed under a bond

pad ; and a Sfefls y ej nforcing patterned structure disposed in the
dielectric stack; and wherein the reinforcing patterned structure includes

alternating | ayers of _weak _dielectric | agers and nonweak di ?I_ect_lri 08I ayers
havi ng paral | el IlinesTh¢ reipfoeingaYrigmy p§ set forth in any one of the claims 1 1o 8,

wherein the reinforcing patterned structure includes a plurality of repeating non-

interconnected structural elements .

12. A reinforcing system for a bond pad comprising :

a bond pad;

at least one dielectric layer disposed under the bond pad; and

a reinforcing patterned structure disposed in the at least one dielectric layer;

wherein the reinforcing patterned structure includes alternating layers of weak
dielectric layers and nonweak dielectric layers having parallel lines oriented generally
perpendicularly with one another .

13. A bond pad reinforcing system comprising :

a dielectric stack disposed under a bond pad ; and

a metal reinforcing patterned structure disposed in the dielectric stack;

and

wherein the reinforcing patterned structure includes alternating layers of weak
dielectric layers and nonweak dielectric layers having parallel lines oriented generally

perpendicularly with one another.

14. A method for reinforcing a bond pad in a semiconductor integrated circuit,
comprising the steps of:

forming a reinforcing layer;

patterning the reinforcing layer in a predetermined area into a predetermined

pattern having a plurality of vacant areas ;



perpendicularly with one another. 14. A nethod for reinforcing a bond pad
in a sem conductor integrated circuit, conprising the steps of: formng a
reinforcing layer; patterning the reinforcing |ayer in a predeterm ned area

into a predetermned pattern having a plurality of vacant aregsi
formng a weak dielectric | ayer above the patterned reinfor cm@ INQW;Z:UUS

filling the vacant areas therein; formng a nonweak dielectric |ayer above
the weak dielectric layer; and formng a bond pad on the nonweak
dielectric layer above the patterned reggnforcing layer. 15. The nethod, as
set forth in claim14, wherein the patterning step conprises the step of
patterning the reinforcing layer with a repeating and interconnected
pattern . 16. Thisrmiaghkodsakatielswdic lbpsrt dbave thed @itierribd reinfoedirg laydrhfdlingat t er ni ng

step conprise e step of patterning the reinforcing layer with a
repeating ahhc?v%ccy%'?[alrnqseg%e?iect ed pattern . 17. The nethod, as set forth in
clai m 14, wher ei forming goanmvenk dietpcliicdqyer cabpe theageakhdielsttdp layér; pad fasmimgng t he

reinforcing |ayeg wii &ﬁ@oﬁﬁﬁ&ﬁgpwﬁﬁéﬁgﬁéﬁpa%'ﬂ@e nmet hod, as set forth

in any one of the cla conprising the step of
repeati ng t pettare¢dhfeinfercing ldyayer forning, patterning, and dielectric |ayer
formng steps at |east one tine prior to formng the bond pad thereon.

15. The method, as set forth in claim 14, wherein the patterning step
comprises the step of patterning the reinforcing layer with a repeating and
interconnected pattern .

16. The method, as set forth in claim 14, wherein the patterning step
comprises the step of patterning the reinforcing layer with a repeating and non-

interconnected pattern .

17. The method, as set forth in claim 14, wherein the patterning step

comprises the step of patterning the reinforcing layer with a nested configuration

18. The method, as set forth in any one of the claims 14 to 17, further
comprising the step of repeating the reinforcing layer forming, patterning, and dielectric
layer forming steps at least one time prior to forming the bond pad thereon.





