Structure and Met hod For Fabricating a Bond Pad
Structure Background of Invention 1) Field of the

I nvention The present invention generally relates to a
sem conductor device, and nore specifically, to a
bondi ng pad el ectrode structure and to a bond pad
structure that prevents generation of cracks derived
from mechani cal stress fromw re bonding. 2)
Description of the Related Art Integrated circuits
nmust be electrically contacted. The electrica
connection fromthe external pins of the integrated
circuit package to the integrated circuit goes

t hrough bond pads which are | ocated on the periphery
of the integrated circuit. The bond pads are netal
areas which are electrically connected to the devices
in the integrated circuit via and electrically

conduct i | ] et to
convent i g%gi%%% E}gﬁi @?‘é“iﬁ%"gf‘g’g@“a&ﬁ d al%%ll,ﬂag{ §t)é§%fn’p e,
attach wires to the bond pads and to design
constraints, the bond pads have rel atively |arge

di mensi ons as conpared to the device dinensions and
occupy or cover a significant portion of the chip
surface. The area 1 underneath the bond pads thus

occupi es a subst ant i dbackgepemded Ipyentigp entire chip
surface. The electrical connection between the

Ipacikldgd thenthviehBodbond pad requires physical integrity

as well as high electrical conductivity. The

convent i onal The present invention generally relates to a semiconductor device, and
more specifically, to a bonding pad electrode structure and to a bond pad structure that

prevents generation of cracks derived from mechanical stress from wire bonding.

2) Description of the Related Art

Integrated circuits must be electrically contacted. The electrical
connection from the external pins of the integrated circuit package to the integrated circuit
goes through bond pads which are located on the periphery of the integrated circuit. The
bond pads are metal areas which are electrically connected to the devices in the integrated
circuit via and electrically conducting wiring layers (e.g.,. Metal layers). Due to
conventional bonding technology used to, for example, attach wires to the bond pads and
to design constraints, the bond pads have relatively large dimensions as compared to the

device dimensions and occupy or cover a significant portion of the chip surface. The area
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bondi ng process used to formthe connection typically
requires either or both elevated tenperatures, high
pressures and ultrasonic energy to produce a good
connection between the wre and the bond pad. If the
bond pad is on a dielectric, the bonding conditions
produce nmechani cal stresses in the dielectric. The
stress may cause defects which result in | eakage
currents through the dielectric between the bond pads
and the underlying substrate, which is frequently

el ectrically conducting. The | eakage currents preclude
use of the substrate area under the bond pads for
ull@dh&h (Y b@ﬁtﬁ?ﬁisttmr&bwpiémitﬁﬁsﬁtw flabteonadfithedntireshipurface.
substrate utilization for device purposes. The

i mpor tance OfhcQYREKAMARYedtidR eatdeR Uk ekl ia8l He®dnd pad
not ed above is evidenced by the extensive

e e R B P LR Sl B I THOL i
literature. The closest and appargntly. nore rel evant
pbbiff ok e 0P (e R Tl R EBRRAAReatre TR ol oo

gl eaned 3§ consi derin US .5, 084, 752( Sat oh %{ al . ).
tERRAratdTS KRS HIFS &Pﬁglﬁwfa“%%gyn@ PhAteE 8 &Y %‘%“H@")t’ﬁn between
buffer layer. US 4 636, 823(Abe) shows a bond pad over

the Wise gt the bensl pasy Hrthe beyd pad inan sdislertrisetiahonding congitions

al .) shows bond pad. US 5,751, 065(Chittipeddi et al.) _
psdros machaoivdl pedses n 1S db:l@nB;. 088 (8isk owy eausaldefects vdeh rgsult in
bond pad structure.

leakage currents through the dielectric between the bond pads and the underlying substrate,

which is frequently electrically conducting. The leakage currents preclude use of the
substrate area under the bond pads for device purposes thereby decreasing the efficiency of

substrate utilization for device purposes.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as
documented by the relevant patent and technical literature. The closest and apparently
more relevant technical developments in the patent literature can be gleaned by considering
US 5,084,752(Satoh et al.) that shows an embodiment a bonding pad comprising a buffer
layer.

US 4,636,823(Abe) shows a bond pad over a polysilicon layer.

US 5,149,674(Freeman, Jr. ¢t al.) shows bond pad.

US 5,751,065(Chittipeddi et al.) shows a bond pad.
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features. layers. US 6,020,647(Skala et al) reveals a
bond pad structure with patterned US

5,502, 337(Nozaki) shows a bonding pad with nultiple

i nterconnect However, there is a need for an inproved
bondi ng pad. 3 Summary of the Invention An enbodi nent
of the present invention provides a structure and

nmet hod of manufacturing a bond pad which is
characterized as follows. We provide a top wring

| ayer and a top dielectric (IMD) |ayer over a

sem conduct or structure. The buffer dielectric |ayer
is formed over the top wiring layer and the top

di el ectric (UvBp23 ay&Bhiudét alf)@hcwsa uifdfpad siepetdie.
opening in the buffer dielectric |ayer exposing at

| east of porgg gn20k41(BRala bOR) M ENNDbdRNRE strV@ufeQliM Shtterned
barrier |layer over the buffer dielectric |layer, an
dh&elop wWiring layer in the buffer opening. A
condict i ve buffer | ayer is formed over the barrier

ayer. W6 BLSatS SIS PBONEL bR R LR A B

forma passivation | ayer over the buffer pad and the
1%t er dielectric layer. W forma bond pad opening
in the passivation | ayer over at |least_a portion of
the buffer paevevwp these i a neeh Sidn paRoYehPIIdng Rifer over
the buffer pad and the buffer dielectric layer. W
forma bond pad | ayer over the a bond pad support

| ayer. The bond pad | ayer and the bond pad




support |ayer are patterned to forma bond pad and
bond pad support. The buffer pad and the (bond pad)
support | ayer under the bond pad provide the stress
relief needed so that the integrity of the dielectric
| ayers is not destroyed during the bonding process.
Furthernore, the buffer pad can have a | arger area
than the bond pad and therefore can provide nore
support. The above advantages and features are of
representative enbodi nents only, and are not
exhaustive and/ or exclusive. They are presented only
to assist in 4 understanding the invention. It should
be understood that they are not representative of al
the inventions defined by the clains, to be considered

limtations on the I@Mﬁﬂ%ﬁ?gfﬁ§lnd§ﬁhﬂed by the
clainms, or limtations on eqU|va ents to the clains.

For instance xgtl%% Rlnt oF LS ?rﬁ: ?’ﬁ%ﬁ%}i%&%&eﬁmcmre and

mut ual 'y contradictory, in ey cannot

SI | t.aneous
“irﬁé OafﬂW“Pa&Jé'ﬁﬂg Eﬁ%ﬁ?a&l@g@wﬁ}s Ché{%ﬁ \°f %% %SgJO‘JOWSo e provide a top
aspect of the ventjon, .and i napplicable to other
witivg Restior e, fo&%‘?@%‘i“ﬁ (P dper avertaﬁgm&qoagﬁﬂ Sty (G rbuter
have not been di scussed herein. However, no inference
dighestriclayses infoamed overghe Hipriiting dver didsthe ippatilprrie(lD) layer. We
relative to those not discussed herein other than for
fpur pdséfsr (hd)spanieg anidie betfacdiplgetrie payer ¢iposing Thlasst of paron of the
summary of features and advantages should not be
teponiingdned We sposd hdrne lhyer detrahearbuliforglicgtiolalenael the top wiring
Addi tional features and advantages of the invention
18¥et In thgsma oPBRAE. 0torddActRe B9 REoARKIC bRt hurier layer. We

fromthe
planarize the conductive buffer layer to form a buffer pad in the buffer (pad) opening. We
form a passivation layer over the buffer pad and the buffer diclectric layer. We form a
bond pad opening in the passivation layer over at least a portion of the buffer pad. We form
a bond pad support layer over the buffer pad and the buffer dielectric layer. We form a
bond pad layer over the a bond pad support layer. The bond pad layer and the bond pad
support layer are patterned to form a bond pad and bond pad support.

The buffer pad and the (bond pad) support layer under the bond pad
provide the stress relief needed so that the integrity of the diclectric layers is not destroyed
during the bonding process. Furthermore, the buffer pad can have a larger area than the
bond pad and therefore can provide more support.

The above advantages and features are of representative embodiments

only, and are not exhaustive and/or exclusive. They are presented only to assist in
4




draw ngs, and fromthe clains. 5 Brief Description of
the Drawi ngs The features and advantages of a

sem conduct or device according to the present
invention and further details of a process of
fabricating such a sem conductor device in accordance
wWth the present invention will be nore clearly
understood fromthe follow ng description taken in
conjunction with the acconpanyi ng draw ngs in which
like reference nunerals designate simlar or
correspondi ng el enents, regions and portions and in
which: Figure | is cross sectional view for

uhdck Gl the ehvai @R eEbUTE BE udderitb®] thiahel, pradosiepiesdntitive of all
according to the present invention. Figures 2 through

th% 11Weﬁu§ﬁs°d%?in§c?&tf {HRRBimY, 1§ W8 cb:Rfdetdd! mﬁa&@ﬁg 6}9th€ inRhH&as
manuf act uri’ng an ermbodi ment of the bond pad

d%&neﬁ %&Bll‘ﬁe cl?i‘r‘h%oéfdﬁrﬂgatfogs th' LH@EE&E{]{O thé a¥ Gt F&I]nst%c%u{oﬁle of

own V|em10 a section of a die w
d ds dt A di
R e o b DCee g Rlheh 3 Bty ShRer S IRhidBluy
R AT S AT e

pad 34A according to an enbodi nent of the present
thenwentippand inapplicable to others. Furthermore, certain aspects of the claimed

invention have not been discussed herein. However, no inference should be drawn
regarding those discussed herein relative to those not discussed herein other than for
purposes of space and reducing repetition. Thus, this summary of features and advantages
should not be considered dispositive in determining equivalence. Additional features and
advantages of the invention will become apparent in the following description, from the

drawings, and from the claims.




Figure 8 shows a top down view of the bond pad and the
square shaped buffer pad according to an enbodi nent
of the present invention. 6 DETAILED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS | ntroduction New wire
bondi ng processes and Low K dielectric |ayers under
the bond pads have raised the stress requirenent for
bond pads. Wth the sem conductor technol ogy nove on
to Cu/Low K integration, wre-bondi ng becane one of
the chall enges due to the | ow nodulus and fracture
t oughness of low K materials. The inventors have found
an i nmproved bond pad structure is needed because (1)
particular Low K dielectric are being used that have
| oner mechanical strength conpared to Si02 and 2)
the wire bonding mR¢eRscfitfonfiithe DYahiigt eased stress
on bond pad and chips. The wafers are often built up
to 6 layers ’I%ff: fé&ﬁlrgse ra%(/%gag%@é olfg\é\édﬁgogd&%‘of‘(‘lg\;i&ecasb'cording to the
ounded by di fTusion

whi ch t hensel vées mnus e sur

PR e BRI PSS DSl A
g R B 0 505 BT R, LS LA S e
materials are not strong enough, bond-pad deformation
ftowing despipficndakes ipsprandtipn mét%db% ggopagany g draggigs én which like
further cause the deformation or

reference numerals designate similar or corresponding elements, regions and portions and
in which:

Figure 1 is cross sectional view for illustrating an embodiment of the
bond pad structure according to the present invention.

Figures 2 through 5 are cross sectional views for illustrating a method
for manufacturing an embodiment of the bond pad structure according to the present
invention.

Figure 6 shows a top down view of a section of a die with the bond pads
50A and the buffer pads 34A according to an embodiment of the present invention.

Figure 7 shows a top down view of the bond pad 50A (circled in figure
6 and labeled 7) and the rectangular shaped. buffer pad 34A according to an embodiment
of the present invention.

Figure 8 shows a top down view of the bond pad and the square shaped

buffer pad according to an embodiment of the present invention.




7 del am nation of dielectric layers. Al though the
damages (nost of the tines in the form of

m cro-cracks) sonetines nay be not apparent during

Wi re-bondi ng process, they may progress to fatal
fractures when subjected to thernp-nechanical stresses
generated during the plastic encapsul ati on,
accelerated reliability testing, tenperature cycling
and devi ce operations. These may be shown as chip-outs
of mechanically weak low k dielectric filmtogether
with netal, or as bond-pad lifting and del am nation
bet ween Cu/Low K filns. Beside w re-bondi ng process
opti m zation, new bond-pad or supporting structure
design is al so necessary to solve the above issue. In
addition as the sem conductor noving towards Utra Low
k dielectrics, which are even softer and | ess robust
than current Low K materials, in the future, the

Wi re-bonding issue will be nore stringent. Therefore,

Evsobivat e DERE R o F PRk R R Pimenrs

enbodi nents of the present invention will be described
in detail with reference to the acconpanyi ng draw ngs.
The enbodi nent provide structure for a bonding pad
and a nethog &fgforning a bond pad structure that has
i nproved t STEPIHEEO0 stress. 8

New wire bonding processes and Low K dielectric layers under the
bond pads have raised the stress requirement for bond pads. With the semiconductor
technology move on to Cuw/Low K integration, wire-bonding became one of the challenges
due to the low modulus and fracture toughness of low K materials.

The inventors have found an improved bond pad structure is needed
because (1) particular Low K dielectric are being used that have lower mechanical strength
compared to Si0, and 2) the wire bonding process are putting increased stress on bond

pad and chips.

The wafers are often built up to 6 layers of Cu separated by Low K
dielectrics, which themselves must be surrounded by diffusion barriers. In wire
bonding, mechanical loading and ultra-sonic stresses applied by the tip of the
bonding capillary to the bond-pad could also transmit to the underlying Cu/Low K
stacks. Since Low K materials are not strong enough, bond-pad deformation or

sinking could normally be observed. This could further cause the deformation or
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top wiring layer 22 and top dielectric (IMD) |ayer 20
Referring to figure 2, we provide a top wiring |ayer
22 and a top dielectric (IMD) |ayer 20 over a

sem conductor structure 10. The sem conduct or
structure 10 can be a wafer with dielectric and
conductive | ayers thereover. Sem conductor Structure
10 is understood to possibly include a sen conductor
waf er, active and passive devices forned within the
wafer; and insulating and conductive |layers forned on
the wafer surface. Insulating |layers can include
interlevel dielectric |ayers and inter netal
digehestatib€ of diyedtse laGas daitiouytethk Ay ages Gabst of teltingks in the
contacts and I" thru n- | |evel conductive |ayers

( forth of rhicro-drdk8) sofRidkes Ry Boht ab?dréht dhrm% RUbbrdidhsrocess,
term"structure surface" 1s neant to include the upper

mﬁ'?eh/ lﬁﬁé&qg’égﬁs 1@V Pract ?é? when %ﬁé&leﬁ‘w L O ecMREET stresses
sSucC

i con sur ace, an insulating layer and/or
condu Sem.co uctor
g SR s c} éurtng tg ;ag§t18 Fneapsid }son accelgra{el{i%lﬁrbq{ti%&ng g{gerature
|nt gr at Gircuit, st ctureformsdt i cal
| R g s P T e SB Lo o myBpcalhy’
haV|ng)tranS|sIor or ot her sen1conductor devi ces
vt kdieteptic filigitegether with metah.ar és brngrpadidting and
sem conductor |ayer, netal or other conductive
c dnliamdtagon bﬁwemﬁ?m{gowdﬁﬁlr@nae&u&m@mghortm pfpedseentinpigation,
| ayers to the sem conductor |ayer and interconnects
( @eg.bondrpaddr supgyetis: simdtuvd desigo it Aot recasard tabol dahasmene
structures) extending laterally over the surface of
t heudiigh®Bfidn & thayedlidnductor moving towards Ultra Low k dielectrics,
which are even softer and less robust than current Low K materials, in the future, the
wire-bonding issue will be more stringent. Therefore, new bond-pad design is

necessary.

METHOD FOR AN EMBODIMENT OF THE BOND PAD STRUCTURE

Exemplary embodiments of the present invention will be described in
detail with reference to the accompanying drawings. The embodiment provide structure
for a bonding pad and a method of forming a bond pad structure that has improved

tolerance to stress.




9 An inter netal dielectric (IMD) layer 14 is forned
over the sem conductor structure 10. The IMD | ayer 14
can be conprised of a lowk material. Also, neta
interconnect lines (n-1 level. e.g., level Mo in a M
| evel design) (not shown) can be forned over the
structure 10. Low K materials (e.g., K= or < 3.0)
have |ower strengths than silicon oxide. Exanples of
Low K /low strength materials that have |ow strength
are CORAL Mfilm Black diamond r Afilm SiLK rna
film etc. Black dianond filns are nethyl -doped
porous silica filnms. The enbodi nent's bond structure
reduces str eap vaRirighiayer 22wt foprd@eldlctaw (WMD) yayer. 20The
top wring layer 22 is preferably conprised of Cu

Gamatcene i harEbh LR 2 §¢ oR e FE Wi de R 2B Ty

| ayer js the upper nost .interconnecting |ayer (e.g.,
digdctpic (IRAD) lageri 20 ayerga SRpignAUGOEFiryCRyre 1(9‘Typi cally,

under the top netal layer 22 and top dielectric |ayer
are levels of wiring and inter netal dielectric

| ayers. When the IMD s layers are fornmed of a | ow K

mat eri al , t Hée spnbhduptorsfrupioreditmgn pad vaédrorithadiploririe aed
si nki ng can occur during w re-bondi ng which can |ead
coaduddnapeert thekdoser ndSanhivomiycloo Biridt@e 19tis unterst@sl to phesibly
top dielectric (IMD) layer 20 can be conprised of a
igHieleacdei @ndiiddelifal, actblGhd ?ﬁss@e@ébid@s foahaedithisithdwater; and
TECS, or a low K material. Low K materials with | ow

iﬁshfa@ﬁ LAS daai RN BSRAREALH e VBRE BHLR. 1RWReRdING RAM
problens are low K materials

include interlevel dielectric layers and inter metal dielectric layers. Conductive fayers can
include contacts and 1% thru n-1 level conductive layers (e.g., 1% level metal or poly to n-1
level). The term “structure surface” is meant to include the upper most exposed layers
over a semiconductor wafer, such as a silicon surface, an insulating layer and/or
conductive lines.

Semiconductor structure can refer generally to a wafer or die having an

intermediate integrated circuit structure formed thereon, typically including a silicon or

other semiconductor layer having transistor or other semiconductor devices formed therein,

dielectric layers over the semiconductor layer, metal or other conductive contacts
extending down and through the dielectric layers to the semiconductor layer and
interconnects (e.g., metal layers and via contacts or dual damascene structures) extending

laterally over the surface of the dielectric layers.




with Kequal to or less than 3.0, such as porous
silica films (e.g., black dianond filns) The top
dielectric layer 20 is preferably conprised of TEGCS
(oxide formed using TECS) and has a thickness between
6750 and 8250 A and nore preferably of about 7500 10
angstrons. Alternately, the top dielectric layer 20 is
conpri sed of undoped silicate glass (USG, buffer
dielectric layer 26 Next we forma buffer dielectric

| ayer 26 over the top wiring |layer 22 and the top
dielectric (IMD) |layer. The buffer dielectric |ayer 26
is preferably conprised of oxide formed using TEGCS,

or undoped sid ineintetgldas@ i IIID) IRreet e tsabhyed dier thef f er
dielectric layer is conprised of TECS. The buffer

sghi%bﬁtﬁ{cfdr Grh@WRr opref sin bl'ayerha%aﬁl b E‘(b;ﬁﬂﬁ*ik%§ of RRIWR Shterial.
6750 and 8250 A. The buffer dielectric |ayer 26 is not

A%E) Fétglrm{g%oﬁl-xecg hﬁés lrl%&el « mevéiq\x;? [ha W@Vé%eﬁ@n ) (not

n aye |nterconnect|n
AR RIS L ﬂs&cﬁge g)é\eli«mﬂ{*’%%%ﬁ s, KPS
e T gt Bt Tt el P v v
buffer dielectrig,layer Still refgrrin tol&lg
e iranegh 2Lk iy BlsglHispngnds” e REC ™ . cio. Black

diamond films are methyl-doped porous silica films. The embodiment’s bond structure
reduces stress on these low strength/low k layers.

The top wiring layer 22 is preferably comprised of Cu alloy. The top
wiring layer preferably is a copper damascene interconnect (e.g., TM-Cu) . The top wiring
layer is the upper most interconnecting layer (e.g., metal level 6 in a 6 metal layer 1C).
Typically, under the top metal layer 22 and top diclectric layer are levels of wiring and
inter metal dielectric layers. When the IMD’s layers are formed of a low K material, the
problems of bonding pad deformation and sinking can occur during wire-bonding which
can lead to damage to the underlying Low K/Cu structures.

The top dielectric (IMD) layer 20 can be comprised of a dielectric
material, such as a oxide formed using TEOS, or a low K material. Low K materials with
low strengths that are especially venerable to bonding pad problems are low k materials
with K equal to or less than 3.0, such as porous silica films (e.g., black diamond ™ films)
The top dielectric layer 20 is preferably comprised of TEOS (oxide formed using TEOS)

and has a thickness between 6750 and 8250 A and more preferably of about 7500
10




buffer dielectric |ayer 26 exposing at |east of

portion of the top wiring |layer 22. The buffer (pad)
opening 32 is in a bond pad area 52. 11 barrier |ayer

30 As shown in figure 2, we forma barrier |layer 30

over the buffer dielectric layer 26, and the top

wiring layer 22 in the buffer opening 32. The barrier

| ayer 30 is preferably conprised of Ta or a bilayer
conprised of a O layer and a CCu | ayer (e.g.,

C/CrCu bilayer). The barrier layer 30 preferably has

a thickness between 360 and 440 A. conductive buffer

| ayer 34 and buffer pad 34A As figure 2 displays, we
ah@itihd. Dufefrtely, PRothp dpndttl lhye 20ay edm@he@vLlindobbBsilicate glass
barrier |layer 30. The buffer conductive |ayer

(gggﬁerably is relatively soft and ductile (e.g., A)

to absorb the bonding energy. The conductive buffer

| ayer 34 is preferably conprised of an al um num all oy
such as a ggb?ffélf- dféigbiiE ayar apd 0.5 wt % Copper. The
conductive buffer layer 34" is preferably conprised of

an alum numal oy with between a 99.45 and 99. 55 W, %

A1 Ui num and B RRCER B bUEST AR S BYi ZoEvepistn ViFing laver 22
conductive buffer |ayer be nmade of nore than 1 [|ayer, )
agdi s te diglegiricgIMPaylaves. Thphlofées diplectiic/lays dofieprefeagily cogprised
preferably conprised of alum num Al um numis

of oxide formed using TEOS, or undoped silicate glass (USG). Preferably the buffer

dielectric layer is comprised of TEOS.

The buffer dielectric layer preferably has a thickness between 6750 and
8250 A.

The buffer dielectric layer 26 is not an inter metal dielectric (IMD) layer
because no metal wiring layers (e.g., (MG) interconnecting layers) are formed on this level
or above. The buffer dielectric layer is not a passivation layer. The passivation layer 44 is

preferably formed over the buffer dielectric layer.

buffer opening 32 in the buffer dielectric layer

Still referring to figure 2, we form a buffer (pad) opening 32 in the
buffer dielectric layer 26 exposing at least of portion of the top wiring layer 22. The buffer

(pad) opening 32 is in a bond pad area 52.
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softer and nore ductile than Cu. Another consideration
for the choice of material for the conductive buffer

| ayer is conpatibility with the current process flow.
The conductive buffer layer 34 has a thickness between
6000 and 15,000 A. 12 As show in figure 3, the
conductive buffer layer 34 is planarized to forma
buffer pad 34A filling the buffer opening 32 and to
renmove the barrier layer 30 over the buffer
dielectric |ayer 26. Preferably the planarization of
the conductive buffer |layer 34 conprises a

chem cal - mrechani cal polish (CW) step. The conductive
buf f er pad Xdkriepiayer3tbly has a thi ckness between
about 6750 and 8250 A. The conductive buffer pad 34A

o A RS SR PRI R B

.S not, for sane Slt an
dduifeentag: e R Tba Ttk §ERG reb Tha
conductive huffer . |ayer only nects, between the top
wiring | ayer Wrrthgéa)%g A %Fpé%fcra Sippsised ofVAF a or a bilayer

i nterconnections are made by the conductive buffer
compesed ofad rdarrtgnd b ¢eChlte fc paldr/GrA ke Hist bpries layer 30
solid with no openings or via passing through the
poefefably hpad thigassd heveardlayedd@B. Referring to figure

4, we form a passivation |ayer 40 over the

conductive buffer layer 34 and buffer pad 34A

As figure 2 displays, we form a buffer (pad) conductive layer 34 over
the barrier layer 30. The buffer conductive layer preferably is relatively soft and ductile
(e.g., Al) to absorb the bonding energy.

The conductive buffer layer 34 is preferably comprised of an aluminum
alloy such as a 99.5 wt % aluminum and 0.5 wt % Copper. The conductive buffer layer 34
is preferably comprised of an aluminum alloy with between a 99.45 and 99. 55 wt %
aluminum and between 0.45 and 0.55 wt % Copper.

The conductive buffer layer be made of more than | layer, such as 2 or 3
layers. The conductive buffer layer is preferably comprised of aluminum. Aluminum is
softer and more ductile than Cu. Another consideration for the choice of material for the
conductive buffer layer is compatibility with the current process flow.

The conductive buffer layer 34 has a thickness between 6000 and

15,000 A.

12




conductive buffer layer 34 and the buffer dielectric

| ayer 26. The passivation |layer 40 is preferably
conprised of three layers of (1) silicon nitride

| ayer (2) an undoped silicate glass (USG |ayer and
(3) asilicon nitride (SiN). The (1) silicon nitride
| ayer preferably has a thickness between 1350 and 1650
A and nore preferably about 1500 A. The (2) USG | ayer
preferably has thickness between 7650 and 9350 A and
nore preferably of about 8500 angstrons; and the (3)
silicon nitride 13 (SiN) |ayer preferably has a

t hi ckness between 5400 and 6600 A. and nore preferably
of about 6004s shagsitifize: 3bdrdtopddtiopbinifardayds 3Nesglananged to
forma bond pad opening 38 in the a passivation |ayer

49n Q¥effer All 34RGHLnGtHR ‘Bﬁfsz efhg Bhandt eflovo el b3aARr tder 30 over
the bond pad area. The buffer opening is preferably

tﬂl@ﬁlﬁ?err dkﬁ@ﬁ% tigfer bansl-Rag, d)Q@l% rglaﬂgl Aon OE H&Jgﬁ(/e buffer layer 34

opening pre erably exten the

CBE‘PF%?’S cgglrﬁg% Asn Chaarl‘]ll @gc&%&gt%}gd Tthh %Bﬁc{ﬁ%{ﬁ%&ng:r Bad 34A
m@aﬁgfﬁ ihic s v Rsbmiaiens) S 84030 ﬁﬁ'ef'ar gor

i nterface between conductive buffer |ayer and
di el ectric |'Hipsondetivpbuderpad 340pisapt 2 mﬁgﬁéi-vnm layer. The

conductive buffer pad 34A is not comprised of a metal wiring layer and is not formed in
the same metal deposition /patterning steps as a metal wiring layer. The conductive buffer
layer only connects between the top wiring layer and the bond pad. No other
interconnections are made by the conductive buffer layer.

The conductive buffer pad 34A preferably is solid with no openings or

via passing through the buffer pad.

passivation layer 40

Referring to figure 4, we form a passivation layer 40 over the
conductive buffer layer 34 and the buffer dielectric layer 26.

The passivation layer 40 is preferably comprised of three layers of (1)
silicon nitride layer (2) an undoped silicate glass (USG) layer and (3) a silicon nitride
(SiN). The (1) silicon nitride layer preferably has a thickness between 1350 and 1650 A
and more preferably about 1500 A. The (2) USG layer preferably has thickness between

7650 and 9350 A and more preferably of about 8500 angstroms; and the (3) silicon nitride

I3




Referring to figure 4, we forma bond pad support
| ayer 42 over the buffer pad 34A and the buffer
di el ectric layer 26. The support layer 42 functions to
as additional support for the subsequently forned
bondi ng pad 50A and the buffer pad 34A. The (bond pad)
support layer 42 is preferably conprised of Ti or TIW
or Cr. The support layer 42 conprised of Ti or TiW or
*Cr have a superior level of nmechanical strength so
the |l ayer can act as a "rigid support” to support the
Wi re -bonding. The support |ayer 42 is preferably
conprised of Ti, TiWor C and |less preferably 14
(SRR OEbf@EbIY Badedidikiesstteey de@5ABY 28l 660DA end ukd preferably of
and provide better support in the enbodinent's
adut Y663 S strddis addi tion, the support layer 42 is
preferabl’y not conprised of Ta because good adhesi on
between the buffer pad 34A (e.g., Al) 34A and bondi ng
pad |ayer i g8grequi red. The support
| ayer 42 prgﬁg@%ﬁﬁé%%géﬂg%?gkness bet ween 2000 and
6000 A. The support layer is preferably conprised,of
metal such A¥XFWe fpyupp bppd p@q@p@gﬁ&l%ﬁ}e aqpsjeatiogdayer 40 over
supporter |ayer. Support |ayer's 42 conprised of Ti,
atrlieyst apdrton of theduflbepad Xifoirihe borlanad agdper i or adhesi on
with Al so that barrier |ayer can conbine the two Al
| ayers 34A H0e buffer qepingris prlefeyably ogep thag dlek mfind Piagd offénigg 38.
W or C is not a barrier layer since it does not
The BeférQpesisg prefanbly extenddteysuppobbnd padespehisighet ween
the buffer pad 34A and the bonding pad 50 which are

preferably coppuitaepethy 3k UahdMBefore the buffer pad 34A ) can be made
Jarger than the bond pad 50A (Al cap) as long as the pitch size allowed. This may help to
dissipate bonding stress to the larger interface between conductive buffer layer 34A  and

dielectric layer 20.

bond pad support layer 42

Referring to figure 4, we form a bond pad support layer 42 over the
buffer pad 34A and the buffer dielectric layer 26. The support layer 42 functions to as
additional support for the subsequently formed bonding pad 50A and the buffer pad 34A.

The (bond pad) support layer 42 is preferably comprised of Ti or TiW,
or Cr. The support layer 42 comprised of Tior TiW, or Cr have a superior level of
mechanical strength so the layer can act as a “rigid support” to support the wire ~bonding.

The support layer 42 is preferably comprised of Ti, TiW or Cr and less preferably
14




The enbodinent's structure with the Al buffer [ayer
34A and support |ayer 42 absorb energy fromthe
bondi ng process and reduce defects. In addition, the
Al buffer layer can be nade larger that the A
bondi ng pad 50A so that the bonding stress can be
di ssi pated. bond pad layer 50 Still referring to
figure 4, we forma bond pad | ayer 50 over the bond
pad support |ayer 42. The bond pad | ayer 50 is
preferably conprised of an Al-Cu alloy. The bond pad
| ayer is preferably conprised of Al with between 99. 45
to 99.55 wt % and Cu 15 between 0.45 to 0.55 wt % The
chimthe@ad Th ByRscdle pirekesabote basil@addyirekoebatdpetppoarin the
6000 and 15000 A. bond pad 50A and bond pad support

elﬂ%lﬁ%ntwmatu'r@ ﬁﬂaﬁ&'l"tl%n 5che %p@ﬁ%ﬁf mz Lshe.thapg, Iﬁ)@gomprlsed of

| ayer 50 and the bond d support layer 42 to forma
%g%p&:%ﬁ%ﬁh&z;% %W&gg%%%??% 45, i o
St Fpa) s Baf b ILE Siar TRt 4 R i BRE RS et en 2000
algﬂ@%}@spects of the shapes of the buffer pad Figure 6

top down view of a section of a die 60 with

t he bond . . o
The support layer is preferably comprised of metal such as Ti, TiW, W,

Cr etc.) that serves as supporter layer. Support layer’s 42 comprised of Ti, TiW and Cr have
been shown to have superior adhesion with Al so that barrier layer can combine the two Al
layers 34A 50. The support layer comprised of Ti, TiW, W, or Cr is not a barrier layer since
it does not function as a barrier. The support layer is between the buffer pad 34A and the
bonding pad 50 which are preferably comprised of aluminum.

The embodiment’s structure with the Al buffer layer 34A and support
layer 42 absorb energy from the bonding process and reduce defects, In addition, the Al

buffer layer can be made larger that the Al bonding pad 50A so that the bonding stress can

be dissipated.

bond pad layer 50

Still referring to figure 4, we form a bond pad layer 50 over the bond
pad support layer 42.

The bond pad layer 50 is preferably comprised of an Al-Cu alloy. The

bond pad layer is preferably comprised of Al with between 99.45 to 99.55 wt % and Cu

15




pads 50A and the buffer pads 34A according to an
enbodi nent of the present invention. The bond pads
are nornmally | ocated on the peripheral of the die. For
bond pads (circled 7) orientated along the edge in
the y axis, the pitch along the Y direction usually
critical, while the spacing along the X direction is
normally not tightly controlled. Therefore, the

enbodi nents design of the buffer pad 34A and bond pad
support 42A can be extended beyond the bond pad 50A
usually a greater length in the x direction to nmake it
nore rectangular in shape. In a preferred enbodi nent,
bEfReD Wi fEh padwB4A Taghénd Rkgefer 80 peeferhblafad Hehidk@BE between
pad 50A. The buffer pad 34A preferably has an area
B6s Yeenoabaut 10 % and 30 % larger than the bond pad
50 area. The buffer pad 34A preferably underlies the
entire bond pad 50A and preferably laterally extends

he b | d 12
past the Oe%{ﬂgﬁgas%/qaaﬁd ngyv‘ff?acffgupﬁéﬁtv\ﬁﬂ‘ 4 and 1

m 16 Fi gur a top vi ew of the bond pad

50A circled in figure 6 _and | abele 7) rientate

al ong the Y etPpRer J2ye 5y We paltay tftfﬂ%?gifi Iﬁ’é‘g &é&&%ﬁﬂ% bond
shaped. Dbuffer pad 34A according to an enbodi nent of
padheuppradaist 43 mvienn aband prdyiFearrd kenghvped senporttBé. bhe penrd pad
pad 34A (and support 42A) can extend a distance 49 out
Ihey and thehieortiigrad spebit 153A42 Eagbe patBrsddys: photoogsistl ok and etch
view of the bond pad and the square shaped. buffer

pRRGss2qGR HAdhd Pad S0QEERERO 6 ARAbe®fech DEIRMES BTN sq pum.
i nvention. Figure 8 shows a top

Aspects of the shapes of the buffer pad

Figure 6 shows a top down view of a section of a die 60 with the bond
pads 50A and the buffer pads 34A according to an embodiment of the present invention.
The bond pads are normally located on the peripheral of the die. For bond pads (circled 7)
orientated along the edge in the y axis, the pitch along the Y direction usually critical,
while the spacing along the X direction is normally not tightly controlled. Therefore, the
embodiments design of the buffer pad 34A and bond pad support 42A can be extended
beyond the bond pad 50A usually a greater length in the x direction to make it more
rectangular in shape. In a preferred embodiment, the buffer pad 34A had a larger area
than the bond pad 50A. The buffer pad 34A preferably has an area between about 10 %
and 30 % larger than the bond pad 50 area. The buffer pad 34A preferably underlies the
entire bond pad 50A and preferably laterally extends past the bond pad 52A a distance 49

between 4 and 12 pm.
16




down vi ew of the bond pad 50A circled in figure 6 and
| abeled (7) (orientated along the Y periphery of the
di e) and the square shaped buffer pad 34A according to
an enbodi nent of the present invention. Figure 7
shows how the buffer pad 34A (and support 42A) can
extend a di stance 49 out beyond the bond pad 50A
Aspects According to studies, higher bonding force
and energy was needed for w re bondi ng on Cu/Low K
devi ce conpared to the bonding over Si02 in order to
perform good w re-bonding. Therefore, arigid
platformfor bonding is inportant in the bond-pad
design. In addition, thicker Al bond pad 50A which is
ductile and easy to be deformed can also help to
absorb the ¢ MGhSNEL @beISwn Vv alinapbiapes Sof aep@dh $igure 6
of this new design are: 17 (1) The (bond pad) support

ah@%ﬁéleaﬁ@? | Qrib QLB AIRE (RUP RO HAToMRE 81c) SHE the r@@anblular shaped.
8rather than"Ta) to serve as both barrier and

bgh? pp%ﬁtﬁk Cf(:g%dm %ra?l gﬁ{?ﬁ% 1en d&} t?é?:e}?éh@ We T nSFrgugel? szhows how

ffer “con suppor

t}}?&?ﬂﬁfg{] gad 4&%{16 Cﬁ;g)?ogt MF%’P E’gﬁ‘% a %1atag%3b nd yonsdot e 6814 pad

stresses during bonding to m nimze the bondlng
5 ﬁpact on underlying Cu/Low K stacks. (4) The buffer

conductive pad 34A can be nmade Iarger than the bond
Figure 8 shows a top down view of the bond pad and the square shaped.

buffer pad according to an embodiment of the present invention.  Figure 8 shows a top
down view of the bond pad 50A circled in figure 6 and labeled (7) (orientated along the Y
periphery of the die) and the square shaped buffer pad 34A according to an embodiment
of the present invention. Figure 7 shows how the buffer pad 34A (and support 42A) can

extend a distance 49 out beyond the bond pad 50A.

Aspects

According to studies, higher bonding force and energy was needed for
wire bonding on Cu/Low K device compared to the bonding over Si02 in order to perform
good wire-bonding. Therefore, a rigid platform for bonding is important in the bond-pad
design. In addition, thicker Al bond pad 50A which is ductile and easy to be deformed can

also help to absorb the bonding energies. The advantages of aspects of this new design are:
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pad 50A as long as the pitch size allowed. This may
hel p to dissipate bonding stress to the I|arger

i nterface between buffer conductive |ayer 34 (A
buffer) and TECS or FTEOS dielectrics. The term
"al um num' includes alloys of alum num of the kind
typically wused in the sem conductor industry. Such
al I oys include al um num copper all oys, and

al um num copper-silicon alloys. The above advant ages
and features are of representative enbodi ments only,
and are not exhaustive and/or exclusive. They are
presented only to assist in understanding the

i nvention. I{) Sheodd bed)suplrirshpod? ihfimtdeysuppertinginetal such

representative of all the inventions defined by the
a@ h‘«i\liﬁw ArOeReGRAST A 86 S8hved égﬂo&faﬁarﬂ&sanmup}mtet nvention
defi ned by the cl ains, l[imtations on

eqU|vaIents t ARC
these advant (tazgggé}r@rgg/é twor%ud E@P?@é}ﬁ oﬂ? r gal ffgf{)@f}?&}vﬁ%ad 344 and

at _they capnot be sinultaneously present in a
(grﬁﬁpgﬁgﬁ%ﬁﬁﬁhent. Simlarly, some advantages are
appl i cabl e t e ect. of. the,jnvention
i nappl i cabl € ?gg%?ﬁ§$§°m%ﬁﬁﬁﬂggn%Lg ‘ggygﬁkﬂ%ggpggﬁgwto
of the clainmed invention have not been di scussed
et inipre pAEOBIC,Of ST BFes SHBU BoNskh o AgimniZe the bonding
regardi ng those di scussed herein relative to those not
inhped wssodethenat wlowHestagksan for purposes of space and
reduci ng repetition. Thus, these features and
advant ages shoulbe buéfer cdmelucd‘xynspadeiiﬁbﬁ i &poside lavgeritimn the bond
det erm ni ng equi val ence.
pad 50A as long as the pitch size allowed. This may help to dissipate bonding stress to the
larger interface between buffer conductive layer 34 (Al buffer) and TEOS or FTEOS

dielectrics.

The term "aluminum” includes alloys of aluminum of the kind typically
used in the semiconductor industry. Such alloys include aluminum-copper alloys, and

aluminum-copper-silicon alloys.

The above advantages and features are of representative embodiments
only, and are not exhaustive and/or exclusive. They are presented only to assist in
understanding the invention. It should be understood that they are not representative of all
the inventions defined by the claims, to be considered limitations on the invention as

defined by the claims, or limitations on equivalents to the claims. For instance, some of
18




Wil e the invention has been particularly shown and
described with reference to the preferred enbodi nents
thereof, "it will be understood by those skilled in

the art that various changes in formand details may

be made w thout departing frorn the spirit and scope

of the invention, It is intended to cover various

nodi fications and simlar arrangenents and

procedures, and the scope of the appended clains

t herefore should be accorded the broadest
interpretation so as to enconpass all such

nodi fications and simlar arrangenents and

thas 0 addtragss mdPbaMhatuail ¢ celtativedy,iis thal thep clxod bgsichuitaneously
structure conprising: a) a top wiring layer and a top
pfis@lteR b kinGlel AR InAE ISR 18EVIs600 dieh Qipes &t bpyslicdbieito Ble Bpect of
buffer dielectric layer over said top wiring layer and

ﬂ%eﬁwer@@pfﬁu%@gh&ab@e tolo@ye% FultherfhoRUEEefin 9@%&& Bgth'e Rlaimed

sald er drielectric ayer exposing at |east of

IIEV #J)I?H&V% 0?[%89 d 58888%{1‘% E g‘xs{ I‘&ZIHC I‘Eﬁ]%g gl‘ﬂﬁltld y dr awxa

over sal | ayer an sal
St ooyl R SO DE B L0 g,
pﬁ?})loges of space and reducing repetition. Thus, these features and advantages should not
be considered dispositive in determining equivalence.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be

accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.
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buffer dielectric |ayer; a bond pad opening in said
passi vation | ayer over at |least a portion of said
buffer pad g) a bond pad over said passivation |ayer
over at least a portion of said buffer pad in at | east
said bond pad opening. 20 2. The bond pad structure of
claim1l wherein said top wiring layer is conprised of
Cu alloy; said top wiring layer is a damascene

“H%EE%&&%&?%?t- 3. The bond pad structure of claim1l

1.

erein said top dielectric layer is conprised of TECS
oxi de and has a thickness between 6750 and 8250 A. 4.
Theohbnd spactustooupiising: of claim 1 said top dielectric
| ayer is conprised black dianond TM~ film 5. The bond
pady st r uct Wp&viffig Bhéi M h §Rilidict @R 18icebagbiski@icbayREori S
conprised an oxi de based |ow k dielectric materi al
W th g, lgqual or less than 3.0. 6. The bond pad
structure of claim1 wherein said barrier layer is

ana or - ek gishlenf lafbn R LiCOTR AR and il Y Bocic

barrier Tayer s a thickness
betme?n 360 and 440 A. 7. The bond pad structure of
cl ai m¥%kherein said conductive buffer layer is

;g g})’ glgs §d5a \l,fggttf%ag@q%:iﬁlgﬂ ggig]ﬁg’lfflero iel\é\nct}'ilg la?/git f\:l\)ggsr}n 5 at% gaisfrgf

portion of said top wiring layer;

d) a conductive buffer pad over said buffer dielectric layer and said
top wiring layer in said buffer opening;

e) forming a passivation layer over said conductive buffer pad and said
buffer dielectric layer;

) a bond pad opening in said passivation layer over at least a portion of
said buffer pad

g) a bond pad over said passtvation layer over at

least a portion of said butfer pad in at least said bond pad opening,.
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between 0.45 and 0.55 wt % copper; said conductive
buffer |ayer has a thickness between 6750 and 8250 A
8. The bond pad structure of claim1l wherein said
passivation layer is conprised of a three |ayer
structure of (1) lower silicon nitride |ayer, (2)
undoped silicate glass |ayer and (3) upper silicon
nitride layer; and has a thickness between 13500 and
16500 A. 21 9. The bond pad structure of claimI which
further conprises a bond pad support |ayer over at

BBl BB Sl PR B s Bl
support | ayer; said bond pad support |ayer is
corffpy:sad o wirngeleEiiiht dyptserncdyerrBiict he group
consisting of Ti or TiW and C; and has thickness

6 . T ' .
e %%@Epﬁsqglcﬂlpéjof ® %lelg\ﬁgérglg gzlllagslp@l@fé:c@ qay%l' ig%g#lﬂgﬁecpgf

3
erein sal er conpri’se

ber i St ARG « b PR AR AT b

underlies the entire bond pad. 11. The bond pad

. $hé beidWaa s@hicteledif Blalm WhgidebpdisRt @ic Ratlef Breoppdsddndedkl i es
the entire bond pad; said buffer pad has a |arger
ar egahdia™saipd bond pad by between 10 % and 30 % of
the area of the bonding pad. 12. A bond pad structure
conpri si ng:

. The bond pad structure of claim 1 said top dielectric layer is comprised an oxide

)

[ S

+~

Lh

based low k dielectric material with a K equal or less than 3.0.

6. The bond pad structure of claim 1 wherein said barrier layer is comprised of Ta or a
bilayer comprised of a Cr layer and a Cr-Cu layer; said barrier layer has a thickness

between 360 and 440 A.

7. The bond pad structure of claim 1 wherein said conductive buffer layer is comprised
of an Aluminum alloy with between a 99.45 and 99. 55 wt % Aluminum and
between 0.45 and 0.55 wt % copper; said conductive buffer layer has a thickness

between 6750 and 8250 A.

8. The bond pad structure of claim 1 wherein said passivation layer is comprised of a
three layer structure of (1) lower silicon nitride layer, (2} undoped silicate glass
layer and (3) upper silicon nitride layer; and has a thickness between 13500 and

16500 A.
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a) atop wring layer and a top dielectric |ayer over
a sem conductor structure; b) a buffer dielectric
| ayer over said top wiring |layer and said top
dielectric layer; c) a buffer opening in said buffer
di el ectric | ayer exposing at |east of portion of said
top wiring layer; d) a conductive buffer pad over said
buffer dielectric layer and said top wring layer in

9. sdhdbbuf fadrstropterti riglaifd Widelhfungencopasisesabingmaf gypnort layer
over said conductive buffer pad and said buffer
di elvecdtidast 4 goresn off spidecondundivp adifapedi sagl bomdswgipdd over at least a
passi vation | ayer over at |east a portion of said

buffafonRAdaif) bdpadeupae 1@rd bond pad support |ayer
over said passivation |layer over at |east a portion

of ¢ i@ib%ng Hcfic{) gfgp&@gayklnis %E)mbﬁiﬁsﬁtof 2 R AerRO Bde BRI QR &Y H81ip

sai d bon Is eélectrically connected to said

¢ O%%Hs%t{n\éeof '%‘HEJ ?iRN,p%gi C‘g;3 and has thickness between 2000 and 6000 A.

10. The bond pad structure of claim 1 wherein said bond pad layer comprised of an Al-Cu
alloy and said bond pad layer has a thickness between 6000 and 15000 A; and said

buffer pad underlies the entire bond pad.

11. The bond pad structure of claim 1 wherein said buffer pad underlies the entire bond
pad; said buffer pad has a larger area than said bond pad by between 10 % and 30

% of the area of the bonding pad.

12. A bond pad structure comprising:

a) a top wiring layer and a top dielectric layer over a semiconductor
structure;

b) a buffer dielectric layer over said top wiring layer and said top dielectric
layer;,

c) a buffer opening in said buffer dielectric layer exposing at least of
portion of said top wiring layer;

d) a conductive buffer pad over said buffer dielectric layer and said top

wiring layer in said buffer opening;

22




€)

)

forming a passivation layer over said conductive buffer pad and said
buffer dielectric layer;
a bond pad opening in said passivation layer over at least a portion of said
buffer pad
a bond pad and bond pad support layer over said passivation layer over at
least a portion of said buffer pad in at least said bond pad opening; said bond

pad is electrically connected to said conductive buffer pad.
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