.3 0 NOV 2005 SYSTEM AND METHOD FOR REI NFORCI NG A BOND PAD TECHNI CAL

FI ELD OF THE I NVENTION This invention is related in general to the field of
sem conduct or devices and processes. More particularly, the invention is
related to systemand nethod for 5 reinforcing a bond pad. B{ONQP @R05
BACKGROUND OF THE | NVENTI ON. A wel | - known problem area in sem conduct or
processing is the process of attaching a solder,. wire or other. bonding

el enents to a bond pad on a sem conductor integrated S circuit... These
bond pads are typically di sposed 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. Sone
dielectric materials, such as hydrogen silsesquioxane 10 (HSQ,k ae.rogels,
organi ¢ polyi m des, and parylenes are advantageous for their | ow
dielectric constants conpared to silicon oxides, but are weaker
structurally and - nechanically. During the bonding process, nechanical

| 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
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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 delam nation of the layers in the metal 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 bondinéqgrrqotwgﬂ@S
mani f est thensel ves during subsequent bond pull and shear tests,
reliability tests such as 25 thermal -cyde or thermal shock, or upon
deprocessing and cross-sectioning. Fur £her, - weakness 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 sudﬁﬁﬁ§§ﬂﬂﬁb§ﬁhﬁ§§dﬁﬂ@ﬁ§g§§- | ocal i zed fractures in the pads,

despite the fact thafetihedowiptobtontaeda Wt Bemi @abbctet drocaksmmaum on

t he bond pads., 3 NQV. 2005 Sugc r.act ures; are as h ifability
s the REFeat Ofsésg%r‘tnhd‘?‘ ﬁgg %Dr%'g%% "V?ﬁ”elmpg,? tehlgbgglrilﬁg _

hazard as those “Ca urin tilona

failures have demsntaddoessetiony padl taay | fig SEBREPTHSAF addtegsatedch as
ul trasonsc povdicadd. Puhsse el paay DendiyBici rpenapsisdl abhosdbng tine,
Spont. oxperi i FAEE wURES o ARBEEF RbHENiGLe U SBnBt Fei SASEREY eof
Al t hough .generatiergaildel tmebcalfl ypaxdnet ef sHtljopnt gndngong0oceptigurati ons
have been _deV%a%@?galé}h@o@%@hﬁﬂizf&iibﬂr.%ﬁ:i insulation  purposes. Some
| 7diéle§tri¢ materials, such as- hydrogen ‘silsesquioxane
10 (HSQ)[ 5erogels,'organic polyimides, and'parylenes are
advantageous fot their low dielectric constants compared to
silicon oxides, but are weaker structurally and
mechanically. '
During the bonding procesé,‘mechanical loading and
is ultrasonic stresSés 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.



persist-at a.sufficiently significant level to continually threaten the
reliability of integrated circuit devices. Yet the failure lg£xe I w
such that bonding failures becone apparent only after severéﬁﬁt&@\?@dﬁj
t housands of 15 devices are bonded. Recent technol ogi cal advances in

sem conductor “processing do not alleviate the situation. New dielectric
materials with |ower dielectric constants are being used to increase
circuit. speeds but they are nechanical |3 weaker 20 than the conventi onal

pl asma _enhanced  chem cal vapor deposition (CVD) dielectrics.- Decreasing
bond pad dinensions necessitates the increase of vertical bonding force
or forces att Supltfasicsures e amsaush of tor Z8oMRELIERN AP TLo3F ol M f ect i ve
bonds. Inaccessibbdidurialy boahiek.25 bond paranmeter settings for fear of
damage to the bond; pads . also resul ts .in J.onger..b or j on,tiye, ‘and
consequent |y, - | o&%ﬂi&ﬁﬁﬁ%&’. ' ﬁli}e t h%%néilgﬁggniffa?gg%; | c@lnégé;b%éoﬁt to a
trend of - nor e agdvessed aibwr esltemdngi nopeding | rPalRBRECTFequBREY F0 NOV 2005
4 SUWARY OF Thik b MYENT N ACed HigkY wat it | Boadneedchperatiad,i abl e way

to prevent or- mnimze the occurrence of probe _and bonding, failures where
bond pads ar e PSPELRT e Koy eCHIPIGH nﬁ?’éce'strs??éf)ﬁr a?'ibyr%gﬁd hay anrﬁucal ly

weak diel ectriceplbyerstip, etc. Much time is spent experimenting with
' parameter settings and combinations thereof. Although
o . general . guldelines of parameter. setpoints ‘ and
10 configurations have beén developéd,'the ponding failures
petsist,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 apéarent only after several tens of thousands of
15 devices are bonded.

Recent technological advances in semiconductor
processing do not alleviate the gituation. New diele;tric
materials with lower dielectric constants are being used_to
increase circuit speeds but they are.mechanically weaker

20 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
energy to form effective bonds. Inaccessibility of higher .

25 bond parameter settings for fear of damage to the bond pads

' | also results in longer bond formation time, and
consequently,- lost throughput. All these uiqnificant
changes polnt to a trend of more severe failures and

increase in their frequency.



In accordance with an aspect of the present invention, there is provided a
reinforcing systemfor a bond pad conprising: a bond pad; at |east
dielectric layers disposed under the bond pad; and a rei nf@r @\b%ﬂ\% ned
structure disposed in at |east one of the dielectric |ayers; mhereln sai d
at least two dielectric layers include a weak organic dielectric |ayer and
a nonweak dielectric |layer between the weak dielectric |ayer and the bond
pad. In accordance with anot her aspect ‘of the present invention, there is
provided a reinforcing systemfor a bond pad conprising: a bond pad; at

| east one dielectric |ayer disposed under the bond pad; and a reinforcing

patterned sihvakiUHE EiSRaFRATidvthe at | east one dielectric |ayer;
wherein the reinforcing patterned structure includes alternating |ayers of

weak diel ectri ackayeisgand opemeak s di elgetiri €od ayerseiiawieg par akbel |ines
oriented generally perpendicularly with one another. In accordance with
yet anot herpmspeact of hheipiesenhe idumdiitrente tolfergrdise pradi decdinhond pad
reinforcing system conprising: a dielectric stack di sposed under a bond
pad; and afaidtaksr eihrirer dhargl ppéder ned stituetede ahosposed iortlmer8 O N O V
2005 4a dielectric stack; and wherein the reinforcing patterned structure
i ncl udes alateusatuiayly @par weohamezkd 19i whektdiad ectajer kavard -nonweak

dielectric layers having parallel |ines
In accordance with an aspect 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



oriented generally perpendicularly with one another. In accordance with a
further aspect of the present invention, there is provided a nethod for

reinforcing a bond pad in a sem conductor integrated ci rcui&@ 'ﬂg‘pg@ g
the steps of: formng a reinforcing |ayer; patterning the i ntor ci 5?

| ayer in a predetermned area into a predetermned pattern having a
plurality of vacant areas; formng a ak dielectric |ayer above the
patterned reinforcing layer, filling tRe vacant areas therein; formng a

nonweak di lQGLLLE: | ayeloabovgat henupak, diglectidi bayery and Lorging a

bond pad on the nonwea tric layer above the patterne rei nforcing

layer. 1n apqtben-&spaidiebst g1 SsRALg! NYEION ot NGeak €1 difdlek PYC
patterned structure nay be a joined or “interconnected structure. In yet

anot her aspegleref drde RERERM qidRRkien1abBes3 ndvhh® Ya2@05ed nehas orcing
patterned structure may conprise disjoined or non-interconnected and

repeati ng elrdranes.gdhdrechni satpatdianl agey afithhenpraseer.nvention i s the
i mproved structural integrity of bond pads so that forces 5 exerted during
bondi ng and pr dhi ngecrdroicedanige tdhe.fulboner patsramd unferths ngprstenct ur es.
These technical advantages are possible w thout changing bonding or
probi ng pamayeeters, Whmoh imyprieddedse pebloed sfehr vrighprcinFhe 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 9or

interconnected structure. In yet another aspect of the present

invention, the



result is anore reliable integrated circuit and decreasing 10 bonding
fail'ures 3 0 N OV 2005 BRI EF DESCRI PTI ON OF THE DRAW NGS For a better

under st andi ng of the present invention,, reference nay be de tq.the
acconpanying drawings, in which: 5 FIGURE 1 is a CFOSS-SECP@ Ehd f
an enbodi nent of a .bond pad reinforcing structure according. to the
teachings of the present invention; FIGQURE 2 is a plan view of -the bond
pad reinforcing structure in FIGURE 1 &ccording to.the teachings of the 10
present- invention; FIGJRE 3 is.a cross-sectional view of another enbodi nment
of a bond pad relnforC|ng structure according to the teachings of the
present i nventioinfoRcQURAS 4AraRd &ﬂ§u§¢érﬁl%ﬁ¥\ﬁoéﬂgl%ﬁ H7dohBRd Pad 15

reinforcing Stﬂdﬂ”ﬂd&@rbéhdﬂd@@&ﬁuﬁi%%ﬁeﬁﬁhﬂugéu@méﬁms teachi ngs of the.
present invention; is,a _cross tio [ t;angh
enbodi ment ‘of a: boﬁdL%H‘lFé?‘n"l‘%vra& ﬁges‘ffﬁ:@ ggéaecn\éo%b 3%6% ?h E?eachl ngs
of. the presentinpnord ohru@tinEl GUREEG ity af ghend wedd of ’ﬂﬁé Bereepad
rei nforckng  SLEUGL Sukfh RN eﬁﬁﬁ%&:@b%t& hbe a&a@.ﬁa el Bébnd he
present invention; and RES ?7-T1 are fu n.vi varylng
‘ pad and underlylng structures. These ec nica advantage
are p0351b1e without <changing bonding ‘or probing
: parameters, which may decrease process throughput. The
result is a more reliable integrated circuit and decrea51ng

16 .. bonding failures.



enbodi ments of the bond pad reinforcing structure according. 25 to t he

t eachi ngs of the present invention. 3 0 NOV 2005 DETAI LED DESCRI PTI ON OF
THE 1 NVENTI ON The preferred enbodi ments of the present inventidf W/ 2005
illustrated in FIGURES 1-11, like reference nunerals being used to refer
to |ike and corresponding parts of the 5 various drawings. Referring to
FIGURE 1, a reinforcing structure.10 forf - a bond pad 12 accarding to the

t eachi ngs of the present: invention is €hown. A center portion 16 of _
bond-pad 12 is exposed and uncovered froma protective oxide layer 14 -for
10 receiving a l:al I bond (rnot Sh%ﬁ); ﬁE!Ggal |y constructed from alum num
gol d, copper, BHE nd pad 12 is typically a
“multi-layered st ackotomsﬂemteteuhdﬂfstahdmmmﬁ &hd BYRSOYC ABVentigers of
titaniumnitrigdegad. .t h&?”bé’”lua or t&Xenp! gcc&m%yg ngrdeihpadinld i s one
or 15 nore internetal dieletric [ayers or.one or nore dielectric stacks
20- 22, each coffdchict ed of nul ti ple dielectric |ayers. Each internetal
dielectrisc | ayer OFIstmch 20-222rosemsetnninaleview ofndwresibegigend S0 di sposed
in at .least o fr kéo 29:2 GRE 2 shows
20 a plan vi evnxiaeoip%e[ig Qfg%%lhﬁ)g gr‘?(ftgggé 1] SES%%QE regul a%earaépeatl ng
pattern with @hltheaPresenss iNedEonf. vacant - areas. At | east one | ayer of
the intermetal di eFgetrd @ is a plan view of the pond. .pad reinforcing

structure in FIGURE 1 according to the teachings of the

10 present invention; _ _ ,

FIGURE 3 is a cross-sectional 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.



materials wthin-each dielectric |ayer or stack 20-22 is 25 constructed of
a nechanically .and structurally weak dielectric materi al,

hydr ogen sil sesqui oxane. (HSQ, Aerogels, organic polyim degcﬁ]my)ﬁ]gF

and he |ike. These dielectric materials are hereinafter referred to
generally as weak dielectric materials. -Each internetal 30 dielectric stack
20-22 may include, for -exanple, a first, dielectric |layer 32, a weak
dielectric layer 34, and a second dielectric layer 36. Dielectric |layers
32 and 36 may be TECS (tetraethyl orthosilicate) or any other oxide 3 0
NOV 2005 8 material fornmed, by a suiéﬁgl %SITE it nmay be seen that

by. provi di ng REFBILED,PESGRI RIION O tHEo predet ermi ned_ height, the

t hi ckness, t, of. vm-&kpdémreeﬁrmddayemtsmfatlm) Preesh GrYPREIS Gt ure 30 is

greatly r educzg tgfaEQ@rl’n FIGORES Olr-C?.'lnglﬂié Lt@f'éﬁ:én@@ rivkeg@al Oi Brgichqor
| nt er connect e gri structure MJt

uralit VO r _vagant areas 40
for containi #§eandead@sRiroddt i b ?%cfggoxb%ers[r%gﬁlg \Iﬁg%g 8|¥eftglc%t ric
mat eri al 5 34 t haceous dbaeimgl.ngly, reinforcing structure 30 provides

support and WECharﬂeCf%Erf,Eg;%Bg%Egé 50 intefmfRlindi ﬂﬁfctthhrﬁ 56 aes 20-22 to
substantially decrease her boncy ng

€ incidents of craterlrlg’% ﬁ? ? Il
failures causiendopg prd el%oﬁﬁﬁoﬁgilngt taaiie et YR EP o FFORRE "and 2 t hat
rei nforcing s_h{,gml@ﬁelé(lgnowngenmr@ldt;erpbaﬂa:rommlﬁhoa hdnidckadsk? ligss t han

exposed and uncovered from a protectlve oxide layer 14 for
10 receiving a ball bond (not shown), typlcally constructed
from alumlnum, gold, copper, solder, or like materlals
'Bond pad 12 is typically a multl layered stack constructed
of aluminum and one or more lavers of tltanlum nitride and

titanium, for example. Underlying bond pad 14 is one or

15 more intermetal dleletrlc layers or.one oOr more dielectric
stacks 20-22, each constructed of multiple dielectric
layers. Each intermetal dielectric layer or stack 20-22

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

of the intermetal dielectric stacks 20-22. FIGURE 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
gaterials within .each dielectric layer or stack 20-22 1s
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



15 the desired thickness of internmetal dielectric stacks 20 22. Further,
reinforcing structure 30 is preferably dinensioned to fit generally w t hi n
and not -significantly extending beyond an area defjned by gcﬁ'lcN@é{dé@

Waen nore than one reinforcing layer is used, reinforcing structure 20 30
for each internetal dielectric stack 20-22 nay be. aligned directly above
one -anot her, as shown, or. use offset wth one another. It is contenplated
by the teachings of .the present invent®on that any nunber, -including one,
of reinforcing structures or layers may be used to achieve 25 inproved
structural integrity and robustness. it is also contenplated by the
teachings of wheepiradséntméchiantei onitdide nethat-nel il " d%eSfrRctyers or

stacks 20-22 gp pidahyfs a MRIREELELRNY sihuci 89 of diffekeninpaid erns,
alt! ugh such d%5| ui-re add'tm@wﬁgg nse {0 usg di fferent 30
t

masks to. patt@Pﬁgfétt'cl’thh@"’cﬁkf"géFenF et 4P2 Fhg 1ot u?&® Bond pad
reinforcing stedatorcink) sayadtereonst risctedatby frodwtedy a Faybkrenf netal or

any sui tabl e GRUgHELOn oL A NOUPQ0%, SEThERUIShOE: GlnricRdat gi i ned

‘thlckness at nt ernetal diel ectric |ayer l t ack’

20-22. The rétaRgiugenyi thyerlusal beh Palrsih ot REFNT ATEEhE dER r ed
pattern, such c@ﬁtaﬂﬁxgjl gn@atdcebRnsdaiihg ne FLEUJRES pbrahdn 2 0fS @esequent

di el ectric mater [La ?91 11aregEL hen {%ﬁ%e@g%e the -Raht ey ned inebPESKSI Ng

layer, such a$ &'SY
structure 30° prov1des support and mechanlcal 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



| ayer or oxide layer 32, weak dielectric layer 34,' and oxide |ayer 36 as
shown. Note that weak dielectric layer 34 may be forned by a nunber of

met hods, including spin-on, 10 plasna enhanced chemn cal vapor: gpﬂg§v zgpﬁ
(CvD), and vapor condensation. Referring to FIGURES 3, 4A, a er
enbodi nent of bond pad reinforcing structure 70 is showmn. A bond pad 72 is
di sposed bel ow a protective overcoat of oxide 74 and 15 partially exposed
for wire/solder/flip-chip/wedge bonding Two internetal dielectric stacks
76 and 78 underlying bond pad 72 include reinforcing structures 80 and 82.
Rei nforcing structures 80 and 82 include a repeating and

non- lntefConn%%hgéoﬁﬁﬁdﬂa&no%uﬁhe&ététﬁen@dLMhidhnepataerthCBﬁﬁnnM@farranged

in a regular. man een. that i pf.or, BQ shryst urer 0 and 82
may be slight S¢° fflé‘éﬁr?g‘g%% %hezleé’ﬁé%ﬁe ayef EL S%

: ttﬁglgonductor
i nt egrat ed C|ﬂ@mnf0r¢mng|lnwbndkﬁ(ﬁh§n P@kﬁeﬁﬂ’eﬁﬁh% t*ﬁﬁ? £5 4 %et al

dielectric | a)b%Eﬁeﬁ{ §hé1@Ka% \e'hé Fqﬂlﬂepﬁﬂéehfsnwhemfm@mg 12edta.uct ur e
al t hough_only

Yel_.anqt he ggb&g% n
reinforcPng sﬁ”go?%ﬁeé’t é’&m@?‘aﬂfé: PRteT IS é‘%chft'trllgs of Fﬁeglﬁ%%e% i nvention
is shown in EREURES:S mrikférimarioaersestoraam pingleyidégsectric
respectively: 1%9E§r€§t%&1ﬁbeh§§éf'§25té5¥%5d¥@1€Bdr98 Boyamader,'imma bond pad

92, which'is partially covered by a rote Ve oyerg 4 net al
dielectric st &#€eolaYemd %98 Aiide B@T‘%f%}’a& st(?dﬂe t‘fr%%‘cl %‘egrnd 102

34 may be formed by a number of methods, including spin-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 bond 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 100 and 102

respectively. Reinforcing structure 100 in intermetal



respectively. Reinforcing structure 100 in intermetal O NOV 2005 10

di el ectric stack 96 includes parall el reinforcing'lines whi ch are.
oriented preferably perpendicularly with parallel reinforci @QIN qS
reinforcing structure 102 in internetal dielectric stack 96.7 Accordingly,
intermetal .5 dielectric stacks in a sem conductor integrated circuit may
have reinforcing lines oriented alternately with respect to one another to
provi de i nproved nmechanical stability d48d strength. It is further

contenpl ated by the teachings of the present invention to provide for
reinforcing lines 10 oriented in a manner other than 900 in alternating
layers. Ref erdilengctoidl ik B6 amcdbties naseaEedodiaiBAPr A4 ofineshe present
i nvention aCC%@E}Q%rteooH@mtte‘aaﬁ%%b ptebﬁendl@igf'iwﬂ\tﬁnbhﬁﬂﬂei shown.

Relnforcmg structure -pattern = 110 1 ncl udes relnf?rcm I ng formng a
plurality of PSIPAPEFEBhNSREd oPTunEEHRERIER neStEY” ?ecet angl“es Or squares
under | yi ng the.nlt@laﬂepﬂd diFIGUREL8 stumks et Acobhéingdlv edndeeneiddodi ment

112 of - Bossi b1 LalNLoLelag Eﬁ‘t%esrﬁcéﬁﬁ%gf Nhckgriii | tagehingmyof the

present ‘Tinvention orcin ructure 112 C“b ude .a pl A ality of
nest ed unconné@f’édr%%ntféréglgollmﬁ Iqrﬁé’é’é&%ﬁ&l*é?lfrkﬁtﬁéy D ETEPPEY, Tas shown.
A variation oramet Reofest ad ¢irbei e Stimpebue® nklBanscah smberlcbmr&mit ed or

crosswise rei nftorecegh nesltteq.scIf{lglzt?erorcogl:éﬁ;plsc&eﬁebpf&(&'@anmgs of
the present invention to prov1de for relnforCLng lines

10 oriented 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



structure 114, as shown in FIGURE 9. A further variation 25 is a circular
or elliptical spiral reinforcing structure 116 shown in FIGJRE 10. It may
be seen that the teachings of the instant invention furthergdﬁﬂﬂéﬁbhﬁﬂkp
any tested or spiral, either connected or unconnected, configuration used
for the reinforcing structure pattern. 30 Referring to FIGURE 11, a

rei nforcing structure 118 having a repeating connected honeyconb pattern
is shown. Nature has shown that the hdAeyconb structure has superior 3 0
NOV 2005 11 struct ural integrity -and strength and woul d therefore
substantlally fortify the weak dielectric layers. It mm be seen from above
that the rei nfstmoichgralkst ioceamidy. ans, staeradh atfar FREdd of ?ﬁﬁ§9§Fns in

general, 5 t%bgﬁ%ﬁ@{ﬂlgayop&ﬁﬁgﬁbé\lieaacndléema:mcngaysmh as the grid,

cr uci'f-i'x, honeyco sted co urat i ans., the ., pattef fofBYig al'so have
connected or unconﬁEct“@éf nf&Fei :% o d Fment sthat%onrepegtl ng patterns may

al so be used. s'l':l&ﬁctuee rnfayr thkeg @t ramramet)patﬁ SrRtpFRT-er 2Bl §eHCdpi es the 10

entire of a syl ?{ %eupgﬂlatrh&lcp(}@gem@qarsdctalalso\tﬁe ¢diel, weak
dielectric rraterl tof the vacant arﬁga rei nfgrcing Iines

of the reinfordiusgféts ué‘tot‘}P@C"mhFurPﬁ‘er e 05| ?I Of o reinforcing
structure may g tetheagadbs@havieecomtaadtiedatt omqoﬁn?ﬁ%&%dﬁﬁégmgng met al

s layers. For . @Xample hOSdptlthny) ChditethbUGhYr 8188YpoaYEA  The
relnforcmg structure pattern preferably occupies 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 understodd that the reinforcing structure of
the instant invention is applicable to strengthen any bond
péd with underlying weak gielectric layers so that it may
withstand stresses and forces imparted during any wire,
solder, or other bhonding processes, such as €lip-chip

25 bonding, ultrasonic  bonding, thermosonic bonding,

' thermocompression bonding, solder bump or said bump
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. It is

particularly advantageous when the reinforcing structure is



titaniumnitride/ titaniumnitride/ titaniumbottomlayer,. an dlunmi num

m ddle layer, and a titaniumnitride top |ayer. RelnforC|ng structure may
al so be constructed of other conductive or sem conductive q?gpyq@ksnha

may be understood that the reinforcing structure of the ins veh

is applicable to strengthen any bond pad with underlying weak dlelectrlc

| ayers so that it may withstand stresses and forces inparted during any
wire, solder, or other bonding proces$gs., such as flip-chip 25 bondi ng,
ultrasonic bonding, t her mosoni ¢ bondi ng, thernnconpreSS|on bondi ng, sol der
bunmp or said bunp - bondi ngs, and, pre-bondi ng waf er probe operation.
Accordingly, theptismchiafgenokxteinu deanr EhverrimeddYi ALFUdEE oMM structure

el i or coe t hE e o enty Lo st elures. 1t i
particularly adva \éﬁé}g W&ﬁaj{ heé“aqullﬂ?lbt?m géf“r‘g Stflrng '?Igv%lttg 0V2'D

0 b 12 ~conpr ese@ditsf aavare)algsslhagrel byar d@hatll‘@ldr dagetydes thrdwyhd

patternifg, sych &ﬁdetrgﬁowt ecrhfa@nrkﬁ%a!tegns, rrfar@ 3Esne%ubétiﬂms@msseveral
1S . a

enbodi ments of the present invention —-and vant a%z lg eu
described in HE%‘é?qomﬁ’fl%oqufﬁgaEﬂrﬂﬂ‘érsY%U@W‘ﬂﬁ? firons, “*Hinges,

subst i t ut i onscantheamsfiortraire Om syl thodt fdepattions frvmr et iteashingsd ofl t er ati on
S can be MadgnLhlAlfaW t AN I8RA (A0 LE oM NGnkieasdR0Se T the -

in&ention being set forth by the appended claims.



the present invention, the spirit and scope of the invention being set
forth by the appended clains. 30 NOV 2005 13 In the Cains: 1. A

rei nforcing systemfor a bond pad conprising a bond pad ; aIS[kéﬁﬂVt?@Pﬁ
dielectric |layers disposed under the bond pad ; and a reinforcing patterned
structure disposed in at |east one of the dielectric layers ; wherein said
at least two dielectric layers include a weak organic dielectric |ayer and
a nonweak dielectric |ayer between the weak dielectric |ayer and the bond
pad. 2. The reinforcing system as settgorth inclaiml, 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 indntleClaims: or 2, wherein the reinforcing patterned structure is
constructed of interconnecting netalization [ine . 4. The reinforcing
system as set forth in claiml1, 2 or 3, wherein the reinforcing patterned
structure occupi 8s a Supibfosging systemefar @nbend pak cBBRESIARE. 5. The
reinforcing systggon@paget forth in any one of the preceding clains,
wherein the reinforcing patterned structure includes vacant areas filled by

the dielectric PhgastWgdielpgidc layprs diseesed usyier thapordpadstandorth in any one

of the precedi ngaGbiffofting patBllistudtiR Bi8po¥eaNThNEaPBhd BT tAEdickiciridCt ur e
includes a grid pattern . 7. The reinforcing system as set forth in any

one of the W& 1 to 5,
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.

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 th
pattern

e reinforcing patterned structure includes a repeating crucifix

. 8. The reinforcing system as set forth in any one &f Chat
1to5 wherein the reinforcing patterned structure incl udes§zg mgyzmﬁs
pattern. 30NOV2005 14 9. The reinforcing system as set forth in any one of

t he preced
a pluralit
as set for
patterned

11. The re
wherein th
repeati ng

system for
| ayer disp
di sposed i
patterned

ing clainms, wherein the reinforcing patterned structure includes
y of connected structural elenents. 10. The reinforcing system
th in any one of the precedimg clainms, wherein the reinforcing
structure includes a plurality of repeating structural elenents.
inforcing system as set forth in any one of the clains | to 8,

e rei nfaor ci e pzivforeingesysten, wstset forthric boylese af flelpred¢dding adims,

n r

a‘?:@ner%mh Fe%’i'&‘é‘ﬁ§ g:gttgrtnfab'% rH%ta]le dﬁ&&&(}%“é ?}qu'ahy?f @R@Sé IQée gg@@lﬂic
omnemh@ler the bond pad and a reinforcing patterned structure
n the at | east one dielectric layer; wherein the reinforcing
structure includes alternating |ayers of weak dielectric |ayers

and nonweak di el d&t ri €he siefprcingasysien. sarsat fosh in aResne of tet REEcegingediaimpy

per pendi cu

conprising :

reinforcin
wherein th
weak

| E\H}HeYelNV'tﬂeh réiitércing Oﬁﬁﬁ‘éfned ISructird PRfdsRd ﬁn%ni( Qf Qgﬁ%t[ﬁy ShGétral

dielectric stack di sposed under a a netal
geﬂﬁﬁfé?ﬂed structure disposed in the di eI ectrl c stack; and
e reinforcing patterned structure includes alternating | ayers of

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



dielectric layers and nonweak dielectric |ayers having parallel |ines
oriented generally 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 |ayer; patterning the rei 1€y er
in a predetermned area into a predeterm ned pattern having ggﬁgﬂa\g%d@/of
vacant areas ; 3 0 NOV 2005 15 formng a weak dielectric |ayer above the
patterned reinforcing layer, filling the vacant areas therein; formng a
nonweak dielectric |ayer above the weakgdielectric layer; and formng a
bond pad on the nonweak dielectric |ayer above the patterned reinforcing
| ayer. 15. The nethod, as set forth in claim 14, wherein the patterning
step conprises fomaingtaapeakidigedticlaysrnapavh ¢her pttiefredceinfprdimyleyenilling a
repeating a interconpected pattern . 16. The method, as set forth in
claim 14, m%%vg'c%gttaﬁeeasp %feé'?’ni ng step conprises the step of patterning the
rei nforcing | ayeformingla mormeple dielesicdmer mbove thet wealodieledtie thyprm aind fanming17.
The nethod, as s L. claj - rej tterning step
conprises the st%%O%fﬁ%odglfb@ren+%%§'elre\§?§#a§}%?é\%%Itg€er with a nested
confi gur at i patterged refrdornibg laydr. as set forth in any one of the clains 14 to
17, further conprising the step of repeating the reinforcing | ayer
form ng, patterning, _and dielectric |ayer formi ng steps at |east one tinme
prior to forning!®he Thentefwd, ©Eesofgrth 3inocipjimo i, Mdgsein 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.



16 SYSTEM AND METHOD FOR REI NFORCI NG A BOND PAD ABSTRACT OF THE DI SCLOSURE

The ‘rei nforcing system (10, 70, 90) for a bond pad (12, 72, 3%%H3QCbHﬁ§S
at |east one dielectric layer or stack (20, 21, 22, 76, 78,3 ) L

di sposed under the bond S pad (12, 72, 92). A reinforcing patterned
structure (30, 80, 82, 100, 102) is ' disposed in the dielectric |layer or

stack (20, 21, 22, 76, 78, 96, 98). } L6

SYSTEM AND METHOD FOR
REINFORCING A BOND PAD

ABSTRACT OF THE DISCLOSURE . _
The reinforcing system {10, 70, 80) for a bond pad
(12, 72, 92) includes at least one dielectric layer or
stack (20, 21, 22, 76, 78, 96, 98) disposed under the bond
] 5 pad (12, 72, 92). A reinforcing patterned structure {30,
80, 82, 100, 102) is disposed in the dielectric layer or
stack (20, 21, 22, 76, 78, 96, 98).




