~;e3e|vwwWyLy{6{T["TOL 2 3 Structure and Method For Fabricating a Bond Pad

Structure 4 5 6 Background of Invention 7 1) Field of the Invention 8 The
present invention generally relates to a sem conductor device, and 9 nore
specifically, to a bonding pad el ectrode structure and to a bond pad

-structure that 10 prevents generation of cracks derived from nechanica

stress fromw re bonding. 11 12 13 2) Description of the Related Art 14
Integrated circuits nmust be electrically contacted. The electrical 15
connection fromthe external pins of the integrated circuit package to the
integrated circuit 16 goes through bond pads which are | ocated on the
periphfry of the .integrated circuit. The 17 bond pads are netal areas

whi ch are electrically connected to the devices in the integrated 18

circuif via and electrically conducting wiring layers (e.g.,. Mtal
Iayersé. Due to 19 conventional bonding technol ogy used to;, for exanple,
attach wires to the bond pads and 20 to design constraints, the bond pads
have r&l ativel y | abtguctyresand Method For Eabrieating Bond Pad Sewdteee di nensi ons
and occupy or cover a significant portion of the chip surface. The area 1
1234567891011 12 13 14 15 16 17 18 19 20 21 underneath the bond
pads thus occupies a substantial fraction of the entire chip surface. The
el ectrgcal connection between the package and the bond pad requires
physical integrity as well as high electrical conductivity. The

convengi onal bondi ng process u nection typically requires
eithergor both el evat ed tenper?@%%%g?ﬂéﬁéﬂ#%ﬁ%ggggres and ul trasoni c energy
to pro?uca 1? oi ﬁOfnecLion bet ween the wire and the bond pad. |If the bond
pad is’/onlk d&gﬁ'& ¢yenfipn ,ondi ng condi ti ons produce mechanical stresses
in the dielectric. The stress nmay cause defects which result in |eakage
currends through the dlfs rresent nvirtionegeneralE rlgasitommismisenduetee deivieke AN i ng
substrate, which is frequently electrically conducting. The | eakage '
curren®s psczebpedifically, tof bohding phd tleatredcastmatunnatel totaH®n padi sipeaterefloat devi ce
pur poses thereby decreasing the efficiency of substrate utilization for
devi c@0 pUpRALES geddeticd\PFuricks @eriid Ve hedeRhieal ishiess\frinh Qe bdading) enci es

not ed above is evidenced by the extensive technol ogi cal devel opnment
directjgd to the subject, as docunmented by the relevant patent and technical
literature. The cl osest and apparently nore rel evant technical devel opnents
in thq patent literature can be gl eaned by considering US 5, 084, 752( Sat oh
et al.% t hat shows an enbodi nent a bondi ng pad conprising a buffer |ayer.
S 4,?36,%& (Abe) shows a.bond pad over a polysilicon |ayer. US :

5, 149 1874( craptiomef theRelgted Axtows bond pad. US 5, 751, 065(Chitti peddi et
al.) shows a bond pad. 2 US 5, 923, 088(Shiue et al.) shows a bond pad

~structldre. 2 US 6, 020, bcpr@ed biscuits naust be eleetzicallpcdntartedoatie slectmicalur e wi t h

pat ter ned
15  connection from the external pins of the integrated circuit package to the integrated circuit

16  goes through bond pads which are located on the periphery of the integrated circuit. The
17  bond pads are metal aréas which are electrically connected to the devices in the integrated
18  circuit via and electrically conducting wiring layers (e.g.,. Metal layers). Due to

19 conventional bonding technology used to, for example, attach wires to the bond pads and
20 to design constraints, the bond pads have relatively large dimensions as compared to the

21  device dimensions and occupy or cover a significant portion of the chip surface. The area ‘
| 1



“features."US 5,502, 337(Nozaki) shows a bonding pad with nultiple

i nterconnect | ayers. 6 However; there is a need for an inproved bondi ng
pad. 1 2 Summary of the Invention 3 An enbodi nent of the present

i nvention provides a structure and 4 nmet hod of manufacturing a bond pad
which is characterized as follows. W provide a top 5 wiring |layer and a
top dielectric (IMD) |ayer over a sem conductor structure. The buffer 6
dielectric layer is forned over the top wiring |ayer and the top dielectric
(IMD) layer. W 7 forma buffer (pad) opening in the buffer dielectric

| ayer exposing at |east of portion of the 8 top wiring layer. W forma
burner layer .over. the byffer dielectric |ayer, and t top wi.ring.9 |ayer
'n the Buf FeAeBEh tdond padt it 69<UEicn & Frisianial Esction of Bl ip S by ner
| ayer. W\ 10 pl anarize the conductive buffer layer to forma buffer pad in
the bufer (pad) openi nghe elgcinial contpchionbeiveemthe packagy end tedond pad puf f er
pad and the buffer dielectric layer. Wa forma 12 bond pad opening in the
passi vaBi omeduange physiead iraegrite astvelh aphiph ieteotrizhl ¢dndudtivifyeThepechveidorfabr m 13 a
bond pad support |ayer over the buffer pad and the buffer dielectric |ayer.

Ve formia bandiapgriRsh Ussd & foemake édiRe@idAaistclBtreguibRither @i eldifedond pad
| ayer and the bond pad 15 support |ayer are patterned to forma bond pad

and_Dond PaehSHARRK vjeh Brolie DA Bl AR FrodBB0d o ARNorRHARRY ork ABHCT

under the bon provi e stress r neede
integrity the dielectric.l.ayers is not detro.eqbl during the bondi ng
pr ocess & b Wi b BheTEni e f B8 hnt el R s e Podtihe Shiiene 10
bond pad and therefore can provi de nore support. 20 The above advant ages
and f eat/ur d%odiice meehgnicyl sessesdinithediglepisiai haesiesspmay sayse dglegisaytachhissult in
exhaustive and/or exclusive. They are presented only to assist in 4
8  leakage currents through the dielectric between the bond pads and the underlying substrate,
9  which is frequently electrically conducting. The leakage currents preclude use of the
10  substrate area under the bond pads for device purposes thereby decreasing the efficiency of
11 substrate utilization for device purposes.
12
13 The importance of overcoming the various deficiencies noted above is
14 evidenced by the extensive technological development directed to the subject, as
15 documented by the relevant patent and technical literature. The closest and apparently

16  more relevant technical developments in the patent literature can be gleaned by considering

17 US 5,084,752(Satoh et al.) that shows an embodiment a bonding pad comprising a buffer

18 layer.

19 US 4,636,823(Abe) shows a bond pad over a polysilicon layer.
20 US 5,149,674(Freeman, Jr. et al.) shows bond pad.

21 US 5,751,065(Chittipeddi et al.} shows a bond pad.
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hey are not
representative of all 2 the inventions defined by the clains, to be
considered limtations on the invention as 3 defined by the clains, or
limtations on equivalents to the clains. For instance, sone of 4 these
advant ages may be mutually contradictory, in that they cannot be _
sinmul taneously 5 present in a single enbodinent. Simlarly, sone advantages
are applicable to one aspect of 6 the invention, and inapplicable to
others. Furthernore, certain aspects of the clainmed 7 invention have not
been di scussed herein. However, no inference should be drawn 8 regarding

t hose di scussed herein | ativ .thos ot discyssed herein other than
for 9 plrposes of space6§r§$213£§és%r‘l‘beffté-gkél}(’ﬂs@rhongll?ﬂ SIS surmary of
features and advantages 10 shoul d not be considered dispositive in

det ermi Bi ng equi val encelUS Adfi0643(fkialar as ahueesslsarhpnd pad giyagtergyath prtterried
invention wll becone apparent in the follow ng description, fromthe 12
drawi ng8, deaduesomthe clains. 13 S 1 2 Brief Description of the Draw ngs
3 The features and advantages of a sem conductor device according to the 4
present qi nvention and fuRtsn A9 Jaki)Rhows RHOSESSp R witR Bl irfiGesiieb: a
sem conductor 5 device in accordance with the present invention wll be

nor e clﬁarhgfy¥derstood fromthe 6 foll ow ng description taken in

conj unc ionWth the acconpanying drawings in which like 7 reference
nuneral s designate sim]ar or corresponding elenents, .regions and portions
and 8 iﬁ whi ch: 9 Figur O_“L’eY%r'&’F‘Eﬁ‘s‘%agﬁ‘i‘ﬂoﬁgﬁmﬁﬂﬁégﬁd‘? 11’2’tcﬁllstrati ng an
enbodi ment of the 10 bond pad structure according to the present invention.
11 Figures 2 through 5 are cross sectional views for illustrating a nethod
12 for manufacturing an enbodi ment of the bond pad structure according to
the present 13 invention. 14 Figure 6 shows a top down view of a section of
a die with the bond pads 15 50A and the buffer pads 34A according to an
enbodi nent of the present invention. 16 Figure 7 shows a top down view of
t he bond pad 50A (circled in figure 17 6 and | abeled 7) and the rectangul ar
shaped. buffer pad 34A according to an enbodi nent 18 of the present
invention. 19 Figure 8 shows a top down view of the bond pad and the square
shaped 20 buffer pad according to an enbodi nent of the present invention. 6
12 -



New wi re bondi ng processes and Low K dielectric |ayers under the 8 bond
pads have raised the stress requirenment for bond pads. Wth the

sem conductor 9 technol ogy nove on to Cu/Low K integration, w re-bonding
becanme one of the challenges 10 due to the | ow nodul us and fracture
toughness of low K materials. 11 The inventors have found an inproved bond
pad structure is needed 12 because (1) particular Low K dielectric are

bei ng used that have | ower nechanical strength 13 conpared to SiOz and 2)
the wire bonding process are putting increased stress on bond 14 pad and
chips. 15 The wafers are often built up to 6 layers of Cu separated by Low
K 16 diélectrics, which thenmsel ves nust be surrounded by diffusion
~barriers. In wire 17 bondi ng, mechanical |oading and ultra-sonic stresses
. applied2by the tip of the 18 borSlimmaeypf thednyertiont he bond- pad coul d al so
transmt to the underlying C~r/Low K 19 stacks. Since Low K materials are

not str@ng enough, bondme%%aﬁ@éﬂaftmnplegenzﬁwéﬁtmﬁﬁ}gwaeéléme&%dy be
observed. This could further cause t he def ornmati on ‘or 1 del am nati on of

di el ectalcmau@défméufm%%e "8 aren a@cfahzw&fm $ Wi Qﬁdgaiogmof

m cr o-cracks) sonetl urirn ond| proce

t hey may pr.ogress to en subj ected to t her no cal
stresse}§é 4Vgigin i Oprgéel?‘%g E[?Vgé} Y%ﬂ%e&ﬁsgﬁw tor g “é‘?a Ie?d%“%
reliability, testing, tenperature cycling and device operations. These may
be showf aéh“éFﬁtBC g\%{?"sﬁé?@?é*cﬂ‘éﬁm%wwﬁn&gﬁr qushibg topi dieleetrie (1MP) llasier.oféet her
with nmetal, or as bond-pad lifting and 7 del am nati on between Cu/Low K
films Bdsi dermartuffen ﬂaﬁdggzaq:mng:‘msthe bpfferdidedtiio tayeSexpesinh anitagiad portion of the
supporting structure design is al so necessary to solve the above 9 issue.

I n addi 8i ortopwitfitielaganiieoiost athafridiasen Bvirabebeter didiéckid RYeK afll Bletsy Wik 10
whi ch are even softer and | ess robust than current Low K naterlals inthe

[t ur e, o il ity AUl BRLTRARY SRR s R BRREPRSer IR

PAD ST'?HCT%anze the conductive buffer layer to form a buffer pad in the buffer (pad) opening. We

11 form a passivation layer over the buffer pad and the buffer dielectric layer. We form a

12 bond pad opening in the passivation layer over at least a portion of the buffer pad. We form
13 abond pad support layer over the buffer pad and the buffer dielectric layer. We form a
14 bond pad layer over the a bond pad support layer. The bond pad layer and the bond pad
15 support layer are patterned to form a bond pad and bond pad support.

16 The buffer pad and the (bond pad) support layer under the bond pad

17 provide the stress relief needed so that the integrity of the dielectric layers is not destroyed
18  during the bonding process. Furthermore, the buffer pad can have a larger area than the

19 bond pad and therefore can provide more support.

20 The above advantages and features are of representative embodiments

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



—15 "Exenplary enbodiments of the present inveéntion Will be described in 16
detail with reference to-the acconpanyi ng drawi ngs. The enbodi nent provide
structure 17 for a bonding pad and a nmethod of form ng a bond pad structure
that has inproved 18 tolerance to stress. 8 1 top wiring layer 22 and top
dielectric (I1MDJ layer 20 2 Referring to figure 2, we provide a top wring
| ayer 22 and a top 3 dielectric (TMD) |ayer 20 over a sem conductor
structure 10. 4 5 The sem conductor structure 10 can be a wafer with
dielectric and 6 conductive |ayers thereover. Sem conductor Structure 10 is
understood to possibly 7 include a sem conductor wafer, active and passive
devices forned within the wafer; and 8 insulating and conductive | ayers
formed dn tuidemstpndingdie nyewionl Kshould begniayteod thatthe afcnolt napeesentative efid]
dielectric layers and inter netal dielectric |ayers. Conductive |layers can

10 incl @de thentventicnsalefinddby he lctairms, ko be vensideeniusititis ba iRy Bvéficas | St
| evel netal or poly to n-1 11 level). The term "structure surface" is neant

to inclade defgedBPaic JRRE, &Nﬁﬂ%@i@n% 8 € ﬁv%gntQi/o%e S&a%ﬁ%?@%%%&@ rsox‘H@foFir ' es.

such as a silicon surface, an insulating [ayer an ucétrve

15 it er oo G ety A R SRR dn i el Rl b Amllfrcidh J°

i ncl udi gg a siljcon.or .her senj conductor |ayer having transistor or

16. 0
ot her sém JBHREHCIG SiRgle F‘E‘E%‘EWP gntlarbh spRe advangiges @re @pplicabloyta oge aspset afhe
sem conduct or |ayer, netal or other conductive contacts 18 extendi ng down
and t hr Sughe Hwegfias, aed mapplicablerte others Farthermoos nettain aspebtayé theaniaimed
i nterconnects (e.g., nmetal |ayers and via contacts or dual damascene
st r uct uf/es)inecttion davenm@ Getmiizsdkdd/hopsiar Hoheves Hd iafegerRb shdigd Be alaRai ri

I rs.
R 8_9 regarding those discussed herein relative to those not discussed herein other than for
9 purposes of space and reducing repetition. Thus, this summary of featurésand advantages
10 should not be considered dispositive in determining equivalence. Additional features and
11 advantages of the invention will become apparent in the following description, from the

12 drawings, and from the claims.

13



1 Aninter metaldielectric (I'MD) layer 14 is forned over the 2

sem conduct or structure 10. The IMD |l ayer 14 can be conprised of a |l owKk
material. 3 Also, netal interconnect lines (n-1 level. e.g., level M5in a
M6 tevel design ) (not 4 shown) can be forned over the structure 10. Low K
materials (e.g., K=or < 3.0) have 5 lower strengths than silicon oxide.
Exanpl es of -Low K flow strength materials that have 6 | ow strength are
CORAL TMfilm Black diamond TMfilm SILK rMfilmetc. Black 7 dianond
films are nethyl -doped porous silica filnms. The enbodi nent’'s bond structure
8 reduces stress on these low strength/low k |ayers. 9 The top wiring |ayer
22 is preferably conprised of Cu alloy. The top 10 wiring | ayer preferably
is a coplper damascene i nterconnect (e.g., TMCu) . The top wiring 11 |ayer
is the u@Pper nost interconnecting |layer (e.g., netal level 6 in a 6 netal
layer 1Q. 12 Typically, undeBridi® : and top dielectric

| ayer are levels of wring and 13 iﬁ?@%?&l’lﬁ?‘gﬁé‘i&ri c layers. Wen the
IMD' s | &yers are fornmed ial - the.14 problems of hondi ng pad
def ormati on and si nki ngT%gr{@a(g%rg%\éﬂﬁ ur}éu(ril%5 e\%vio,rfg-sglgﬁcﬁflﬂ%t e pacrdmetR g t o
damage tp t | K/CQu.structures., 16 The top dielectric (IMD)

| ayer Zozpcalﬁgsbégpglg%ﬁng%g Lfg%% d(%’é‘? 8’5? progesgpf piing such gsemigondudisd de
formed usi n% TJEQS, or a low K material. Low K materials with 18 | ow

strengt hs t HATCCAP 8ocRLdpmes W&?‘%@ﬁ%ﬁn&m"éﬂﬁwm mgrepdehriynmidbstond droen thew k
mat er i altﬁs if%llwth K equal to or Iess than 3.0, such as porous silica filns
(e.g., B acRlantgsisscriptionitaken jn oenjikeion oyithihe hewirpatyiha MekwiRgs inSwiREEhES abl y
conpri sg’d of&TIaOS (oxiaflj;dforne](cj u;{ialng ;JEOSL 21 and has a thickness between
6750 and 82Bi¥rerce namer eRignhte fsihiddr oY coire Oreryi e ’
Alternately, the top diel ef?ri c layer 20 ?s&g%%rgfréig%g ’rggloéﬁglg%é%&lgl ‘F%:date
gl ass 28( USwhich:buffer dielectric |layer 26 4 Next we forma buffer
dielectric layer 26 over the top wiring |ayer 22

9 Figure 1 is cross sectional view for illustrating an embodiment of the
10 bond pad structure according to the present invention.
11 Figures 2 through 5 are cross sectional views for illustrating a method
12 for manufacturing an embodiment of the bond pad structure according fo the present
13. invention.
14 _ Figure 6 shows a top down view of a section of a die with the bond pads
15 50A and the buffer pads 34A according to an embodiment of the present invention.
16 - Figure 7 shows a top down view of the bond pad 50A (circled in figure
17 6 and labeled 7) and the rectangular shaped. buffer pad 34A according to an embodiment
18 of'the present invention. | |
19 Figure 8 shows a top down view of the bond pad and the square shaped

20  buffer pad according to an embodiment of the present invention.



5 and"the top dielectric (IMD) layer. The buffer dielectric l-ayer 26 is-
preferably conprised 6 of oxide formed using TEGCS, or undoped silicate
glass (LTSG . Preferably the buffer 7 dielectric layer is conprised of

TECS. 8 The buffer dielectric layer preferably has a thickness between 6750
and 9 8250 r~. 10 The buffer dielectric layer 26 is not an inter netal
dielectric (I MD) |ayer 11 because no netal wiring |layers (e.g., (M)

i nterconnecting |layers) are forned on this |evel 12 or- above. The buffer
dielectric layer is not a passivation |ayer. The passivation |layer 44 is 13
preferably formed over the buffer dielectric |layer. 14 buffer opening 32 in
the buffer dielectric layer 15 Still referring to figure 2, we forma
buffer (pad) opening 32 in the 16 buffer dielectric |layer 26 exposing at

| east of portion of the top wiring |ayer 22. The buffer 17 (pad) opening 32
is in adond pad area 52. 11 1 barrier layer 30 2 As shown in figure 2,
we forma barrier |ayer 30 over the buffer 3 dielectric layer 26, and the
top wirilhg layer 22 in the buffer opening 32. 4 The barrier layer 30 is
preferably conprised of Ta or a bilayer 5 conprised of a Cr |ayer and a

CrCu | ayer (e.g. { T (] | ayer 30 6 preferably has a
t hi ckness bet mel?]E?‘égEgngci}D%W?ﬁ?Nc@ﬁéﬁﬁPﬁ%ﬁ@ EWBM{NES buf f er
pad 34A8 As figure 2 displays, we forma buffer (pad) conductive layer 34~
over ‘9 the barrier layer 30. The buffer conductive |ayer preferably is
relatively soft and ductile 10 (e.g., Al) to absorb the bonding energy. 11
The con%ucti ve buffer I? er 34 is preferably conprised of an al um num 12
all oy sdch as a 99.5 wt Wraduetioam and 0.5 w % Copper. The conductive
buffer layer 34 13 is preferably conprised of an alum numalloy with

bet ween7a 99. 45 and 99. Nebr wire BdlndRhd A i 5 80 9p, M %
Copper. 15 The conductive buffer | ag;lggro gésandn?l &%ﬁ %ﬂ%&?%%xerf ulng?fég? ~such
as 2 or 83 bond pads have raised the stress requirement for bond pads. With the semiconductor
9 technology move on to Ct/Low K integration, wire-bonding became one of the challenges

10 dueto the low modulus and fracture toughness of low K materials.

_1 1 The inventors have found an improved bond pad structure is needed
12 because (1) particular Low K dielectric are being used that have lower mechanical strength
13 compared to Si0, and 2} the wire bonding process are putting increased stress on bond

14 pad and chips.

15 The wafers are often built up to 6 layers of Cu separated by Low K
16 dielectrics, which themselves must be surrounded by diffusion barriers. In wire

17 bonding, mechanical loading and ulira-sonic stresses applied by the tip of the

18 bonding capillary to the bond-pad could also transmit to the underlying Cu/Low K
19 stacks. Since Low K materials are not strong enough, bond-pad deformation or

20 sinking could normally be observed. This could further cause the deformation or

7



16 layers. The conductive buffer |ayer i's preferably conprised of alum num
Alum numis 17 softer and-nore ductile than Cu. Another consideration for .
the choice of material for the 18 conductive buffer layer is conpatibility
with the current process flow 19 The conductive buffer |ayer 34 has a
t hi ckness between 6000 and 20 15,000 A. 12 1 As show in figure 3, the
conductive buffer layer 34 is planarized to 2 forma buffer pad 34A filling
the buffer opening 32 and to renove the barrier |ayer 30 over 3 the buffer
dielectric layer 26. Preferably the planarization of the conductive buffer
| ayer 34 4 conprises a chem cal -nmechanical polish (CW) step. The
conductive buffer pad 34A 5 preferably has a thickness between about 6750
and 8250 t ~. @langatiomefiditltonic yérs esltipagh BAlahBeAqmos: sahedimwd iRy | ayer .
The 7 cggductive buffer pad 34A is not conprised of a metal wiring |ayer
and is ot f cormaf imcr8-cidtks)someimes Ah b TN s a
metal wiring layer. The cogductive bu ?gﬁﬁgbﬁgsgf&gﬂé§E§gﬁﬁg€%§ﬁ%%$§een t he
top wiring | aw K int erconnect.i gns are made by
t he conducti ve@%ﬁl? grrdglt)egi/g)ﬂagﬁ iﬁg%gg%g%ﬁcvgt&@}epgp-%egﬁmg SEESEtSer abl y i s
solid wigh n i 1 ia passing through the buffer pad. 13
passi vat4i on %@%@%‘8 %%g?@i’qﬁﬁﬁﬁn"{%@‘ﬁ?“@gr gecglerald relighility tostingitompdratarel ayer
40 over s he 15 conductive buffer |ayer 34 and the buffer dielectric |ayer
- 26. 16 The pa‘é’&ﬁ%ﬁq Vicg Preratensi ‘These atag baishgwe esnghif-outd obfethanielly ayer s of
(1) 17 silicon nitride |layer (2) an undoped silicate glass (USG -layer and
(3) a sificorvepkdevw daliderticfihg togtther (ith netdlioranboid-pidderihgyer pref er abl y
has a thi ckness between 1350 and 1650 t~ 19 and nore preferably about 1500
t1. The7(2) \Jslniiation bptvedeaCaiilow KofindshBedideante-BodMREPodQs Gp@RiARch 9350 t1

and nore preferably of about 8500 angstrons; and the (3) siticon nitride 13

8 new bond-pad or supporting structure design is also necessary to solve the above

Y issue. In addition as the semiconductor moving towards Ultra Low k dielectrics,
10 which are even softer and less robust than current Low K materials, in the future, the
11 wire-bonding issue will be more stringent. Therefore, new bond-pad design is

12 necessary.

13
14 METHOD FOR AN EMBODIMENT OF THE BOND PAD STRUCTURE
15 | Exemplary embodiments of the present invention will be described in

16  detail with reference to the accompanying drawings. The embodiment provide structure

17 for abonding pad and a method of forming a bond pad structure that has improved

18 tolerance to stress.



"1 (SN ) Tayer preferably has a thickness between 5400 and 6600 t1 and nore
preferably of 2 about 6000 angstrons. 3 bond pad opening 38 4 Next, we form
a bond pad opening 38 in the a passivation |ayer 40 over 5 at |east a
portion of the buffer pad 34A in the bond pad area. 6 The buffer opening is
preferably | arger than the bond pad opening 38. 7 The buffer opening

- preferably extends beyond the bond pad opening. 8 The buffer opening 32
(and therefore the buffer pad 34A. ) can be hade 9 |arger than the bond pad
50A (Al cap) as long as the pitch size allowed. This may help to 10

di ssipate bonding stress to the larger interface between conductive buffer

| ayer 3ﬁA and 11 dielectric Jayer 20. -12 bond pad support |ayer 42 13 14
Referring to figure 4, @PWriiglayerd2ane topdisectriay#VD) Jagee20t he 15
buffer pad 34A and the buffer dielectric |layer 26. The support |ayer 42

functiods to as 16 addi Regdh Lb &Jgtfe I orJsred bondi ng
pad 50A and the buffer pad 34%\. 1; Th’e‘;v?gf)n pazlg?%@ﬁﬂp%%&?lyﬁa 2B i s

preferaldy deRpki 1oy 98 dd L r Or. The pport |ayer 42 conprised
of Ti or TiWggt?baﬁ\qﬁg\}%ygézgﬁgélr%/ggpﬁ?%n\%gft%?w%“ﬁiﬁhani cal strength so the
| ayer cgn act as a "rigid support” to support the wire -bonding. 20 The
support layer 42 is preferably conprised of Ti, TiWor C and |ess
preferally 14 1 conprised of Ta because the forner are nore ductile and
provi de~better support i fEHBicoNdesdimente 19 w@n baatweafer witlndbidirld pd, t he
support |layer 42 is preferably not conprised of 3 Ta because good adhesi on
bet ween Ot he&soBdudtive layses heamsovar, g.Semitondadir Smaktiendii gnRadodd 1oPHREDLISE- 9-

Al') 50 is required. The support |ayer 42 preferably has thickness between

2000 5 dnd 8610 4 semiborkivetos WIS Activaed passivR'del; i f netal
such as Ti, TiIW W 7 O etc.) thcat sergesglvgg@ilg%g%ﬁ{%%%e@fgq’g%ﬁp@t

| ayer' s842 insuldiesad c8hdublive B been shown t o have superior
adhesion with Al gso that bar %ﬁs?ﬁ%egongg%%ggeﬁﬂlﬁ £ Elés\{ﬁ]a‘mg,&q_yegs f8yers 34A
50. Thegsuppahde i i-sed of Ti, TIW W or Cr is not a barrier |ayer
since 10 it d{cl)&eeslh?%lt%({?lﬁcﬁ%(ir&é% aggrsgngér}t?li ragtal ‘#ﬂé"‘?ﬁé@@?&- Goadustive dayorst assen
the bufifer .pad, 34A and the 11 bondi ng pad 50 which are preferably conprised
of al urlnbnu%%lidf GPHE‘CgrﬁS‘SHi (-5 leyel conduetivediyers felge, 18 levnirietal ok pyTto adA and

- suppor il 13 1 ayer 42 absorb energy fromthe bonding process and reduce
defects: | 1ev&ldi tipeferm ‘fsaugre surface” is meant to include the upper most exposed layers
12 over a semiconductor wafer, such as a silicon surface, an insulating layer and/or

13 conductive lines.

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

15 intermediate integrated circuit structure formed thereon, typically including a silicon or
16  other semiconductor layer having transistor or other semiconductor devices formed therein,
17 dielectric layers over the semiconductor layer, metal or other conductive.contax:ts

18  extending down and through the dielectric layers to the semiconductor layer and

19 interconnects (e.g., metal layers and via contacts or dual damascene structures) extending

20 laterally over the surface of the dielectric layers.



14 buffer Tayer ¢an be nade larger that the Al bondi ng pad 50A so that the -
bondi ng stress can 15 be di ssipated. 16 bond pad |ayer 50 17 Still
referring to figure 4, we forma bond pad | ayer 50 over the bond 18 pad
support layer 42. 19 The bond pad | ayer 50 is preferably conprised of an
Al -Cu alloy. The 20 bond pad layer is preferably conprised of AL with
between 99.45 to 99.55 wt % and Cu 15 1 between 0.45 to 0.55 wt % . The
bond pad |ayer 50 preferably has a thickness between 2 6000 and 15000 t~. 3
bond pad 50A and bond pad support 42A 4 As shown in figure 5 we pattern
-the bond pad | ayer 50 and the bond 5 pad support |ayer 42 to forma bond
~ pad 50A and bond pad support 42A. The bond pad 6 |ayer and the bond pad
support fayer 42 can be /gsibfes metad disjectripdildylepirdt isfismedoderaheh 7 process.
The bond, pad 50A can have an area between 2500 and 10000 sqg pxn. 8 Aspects
_ of the shap¥¥niesndupler gnicher 10aEh<IMID daye 18 @HOBBoRPERR SV &g&eﬁgl a
section of a die 60 with the bond 10 pads 50A and t he buffer pads 34A

accor di iyt Alsen nedi dsterveniecofindsa- 1ERI &Y | TeDUANES 1D bo ads are
normal Iy | ocated on the peri 'phe:qal of féﬁﬁ’ gi e%é%rgg%ﬁéﬁ%g%s?l?y@& ed 7) 12
orient ateed dotnycddie: REAE] hibr e | he pitch along_the Y direction
usual ly critical, 13 while the spt)l;zglgﬁfrﬁégf%l Ed?\‘glfﬁl&%?a@i(?'geﬁﬁﬁr rShderal |y

not tigh! y,6RP Therefore, 1the 14 odi nents design of the buffer
‘pad 34A andobon%}feglggﬁglﬁaﬁpsgr? on ecap-f’f%ﬂééﬁ gg&’é@/lw seygthanat¢rialhbachavad 50A
usual | Yy & gLgater enﬁ%@ i e x direction t-9 make it _nore 16 rectangul ar
in shape. I'R aFErﬁP & Ré*ﬁbodﬁlﬁbnﬂaclfﬂ@mgudfeﬁlmaﬁim,wﬁ"ﬂm atcl Blagler ar ea
17 than,t he_bond pad 50A. The buffer pad 34A preferably has an area between

about 10 1&lizRendsbimg are medyldnped pciensilivg fHiag. Sthean@ndimbe’ Suitugagd 34A
preferably underlies the 19 entire bond pad 50A and preferably laterally

ext ends Spagedudeestoess dn fiwde EdAstrendifloancRy4g, 20 between 4 and 12 wxn. 16

9 The top wiring layer 22 is preferably comprised of Cu alloy. The top.
10 wiring layer preferably is a copper damascene interconnect (e.g., TM-Cu) . The top wiring
11 layer is the upper most interconnecting layer (e.g., métal level 6 in a 6 metal layer IC).

12 Typically, under the top meta] layer 22 and top dielectric layer are levels of wiring and

13 inter metal dielectric layers. When the IMD’s layers are formed of a low K material, the

14 problems of bonding pad deformation and sinking can occur during wire-bonding which

15 can lead to damage to the underlying Low K/Cu structures.

16 : , The top dielectric (IMD) layer 20 can be comprised of a dieléctric

17 material, such as a oxide formed using TEOS, or a low K material. Low K materials with
| 18 low strengths that are especially venerable to bonding pad problems are low k materials

19 with K equal to or less than 3.0, such as porous silica films (e. g., black diamond ™ films)

20 The top dielectric layer 20 is preferably comprised of TEOS (oxide formed using TEQS)

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



"2 Figure 7 shows a top down view of the bond pad SQA-—circled in figure 6

3 and labeled (7) (orientated along the Y periphery of the die) and the
rectangul ar shaped. 4 buffer pad 34A according to' an enbodi ment of the
present invention. Figure 7 shows how 5 the buffer pad 34A (and support
42A) can extend a distance 49 out beyond the bond pad 6 50A, 7 Figure 8
shows a top down view of the bond pad and the square shaped. 8 buffer pad
according to an enbodi ment of the present invention. Figure 8 shows a top 9
down view of the bond pad 50A circled in figure 6 and | abeled (7)
(orientated along the Y 10 periphery of the die) and the square shaped

buffer pad 34A according to an enbodi nent 11 of the present invention.

Figure 7 shengsirérosv Ahernbtelyf ére tppdicBbhic(layns 20UPpahipristd AF ed SilR¥E QNS @

di stance 49 out beyond the bond pad 50A. 13 14 Aspects 15 According to

st udi es,2 hi @), bondi ng force and energy was needed for 16 wire bondi ng on
Cu/ Low K devi ce conpared to the bonding over Si02 in order to perform 17
good wire-bonding. Therefore, arigid platformfor bonding is inportant in

t he bond- pad 18 desi gndﬁl?yf@,dg{?qécqpmfgpércggr Al bond pad 50A which is
can al

ductile and easy to be deforne 0 help to absorb the bonding
energi es. The advant ages  of aspects of this new design are: 17 1 (1) The
(bond p&d) support | ayeNexpwe formog buffer dielentiplayer Jegovre thel top witinglager 7D |
TiW G (rather than Ta) to serve as both barrier and supporter. 3 (2)
There are tand the wpdlidentio (MDD} layef. The Bstiffee dictenthiiayérd® 1D prbfa4Wly athndhistd)
support layer 42). 5 (3) The buffer conductive pad 34A and bond pad 50A can

hel p t066 atfeaide fomiel usitg PRGOS éran@bpdiRgian SERRersHiY | {1?@ ding to
m nimze the bonding 7 inpact on und%rl yi ng %J/SL(-(?ISV staé%yh%g) pThe

buf f er Gondiiéléétbi@ld}_@ﬁis%ﬁpﬁeéﬂm e larger than the bond 9 pad 50A as

|l ong as the pitch size al F'owed. isS may help to dissipate bonding stress

to the %0 | interf t buf f [ 34 (Al _buff
a(r)I q TE S{; or a{:—?—g&l nter ?’ﬁeebutfi%r"éﬁﬁ@cmé’ Iaygrr prg%?g;ll)(r: ellsvaeth}c%gsrs betwe(en 675(5J ander)

9 8250 A.

10 The buffer dielectric layer 26 is not an inter metal dielectric (IMD) layer
11 because no metal wiring layers (e.g., (M6) interconnecting layers) are formed on this level
12 orabove. The buffer dielectric layer is not a passivation layer. The passivation layer 44 is

13 preferably formed over the buffer diclectric layer.

14 buffer opening 32 in the buffer dielectric layer

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

17 (pad) opening 32 is in a bond pad area 52.

11



11 dielectrics. 12 13 The term "aluni nuni i ncl'udes all oys of —alum num of
the kind typically 14 used in the sem conductor industry. Such all oys
i ncl ude al um num copper alloys, and 15 al um num copper-silicon alloys. 16
17 The above advantages and features are of representative enbodi nents 18
only, and are not exhaustive and/or exclusive. They are presented only to
assist in 19 understanding the invention. It should be understood that they
are not representative of all 20 the inventions defined by the clains, to
be considered limtations on the invention as 21 defined by the clains, or
limtations on equivalents to the clains. For instance, sone of la 1
t hese aﬂyantages may be nmutually contradictory, in that they cannot be
si mul t aneously 2 presenpaﬂﬂﬂéhWPﬁépe enbodiment. Simlarly, sone advantages
are applicable to one aspect of 3 the invention, and inapplicable to

others. 2Furthernore, cemsahowRsPRSS 20%e tifh &B%g%gy%gog)&gﬁlﬂe%ﬂﬁgﬁve not

been di scussed herein. However, no inference s regardi ng

t hose dizscussedr | B¢ T, j 2 t, di scussed herein other than
for 6 pur posega%?%sygg%% aglrllgﬁértégt‘jéll% n%ﬁggrgze lintﬂll%h‘%%eﬂ?ﬁ??m% ﬁ%se features and
advant ages shoul d not 7 pe, consi dereﬁd d%z,%ogi tive in determning

equi val ence. 8 Wiile the Y ROLRE aser 3048 PrieR Iy sermpeisdeet] 12 erredrilayend
described with .Qgggtre{ze ce to the preferred enbodi ments thereof, it will be
under st Sod GPPORYSRE &kT layerpnd e Grew neer afetg. t GriErGrebilayer3. Biechagee layer 86r m and
details may be made w thout departing fromthe 11 spirit and scope of the

i nvent i 8n. Breferablyi hasarttickinass between 36Gandat0 Apdi fi cations and simlar 12
arrangenents and procedures, and the scope of the appended clains therefore
shoul d be 13 accorded the broadest interpretation so as to enconpass all

such nmodi fications and onductividbaffeciyeraaidndporer pagiues. 15 16 1'7 19
1 2 Wat is clained is: 345 1. A nethod of fabricatlon of a bond pad

structuge, conprising t | .of : 6a) provi di atop wiring layer and a
top dielectric |ayer ovggﬁ%%?rﬁl%mu%g?m%?gﬁggr@%‘bﬁﬁ?@wgﬂj@é Boverr

di el ectgi c J ayer. aver i op wiring |layer and said top9dielectric |ayer;
10c) f or %1 néhegﬁlaﬁﬂ?rﬁé eré@?ﬁ&%é‘l&% cendugtive fayer prafesably isrelatively eoft exddititeg

at 111 eiﬁt of portion of said top wiring |layer;12d)form ng a barrier |ayer

over saPd Kugs &) igiabpasbihd bondingamergynd sai d topl3wiring layer in said
buffer opening; 14e)form ng a conductive buffer |ayer over said barrier

| ayer: 15~pl anari zi ng sallt asddetbici baek: plaké 3 f in
y p g eblakées ik %YefféraBl?f cBﬁfgrﬁkgda%%?&p

sai d16buf fer opening; 1?g)form ng a passivation | ayerf ov ad

and sai2 bafliéesiBdialoest wi % dangimld)d o4 0 opening in sgd

passi vation |ayer over at |east a20port'?%@?ﬁ%@dﬁ%?&éﬂcﬁ‘?&?ﬂﬁria’yerﬁ
13 is preferably comprised of an aluminum alloy with between a 99.45 and 99. 55 wt %

14 aluminum and between 0.45 and 0.55 wt % Copper.

15 The conductive buffer layer be made of more than 1 layer, such as 2 or 3
16  layers. The conductive buffer layer is preferably comprised of aluminum. Aluminum is
17

softer and more ductile than Cu. Another consideration for the choice of material for the

18 conductive buffer layer is compatibility with the current process flow.

19 The conductive buffer layer 34 has a thickness between 6000 and

20 15000A.

12



20 17) fornming a bond pad siipport 1Tayer over said buffer pad and

passivation 2 layer; 3 j) formng a bond pad | ayer over said bond pad
support layer; 4 k) patterning said bond pad | ayer and said bond pad
support layer to form5 a bond pad and bond pad support. 6 7 2. The nethod
of claim1l1l wherein said top wiring layer is conprised of Cu alloy; said top
8 wiring layer is a danascene interconnect. 9 3. The nethod of claim1l
wherein said top dielectric layer is conprised of oxide made 10 from
tetraethylorthosilicate (TEQS) reactants and has a thickness between 6750
and 11 8250 A. 12 4. The nethod of claim1l wherein said top dielectric
l'ayer is conprised blac d'annng'TM 13 film 14 5. The method of claim1l
wherein said top di el ect¥5iS8OV 4 HEuteS3,chgspndist vebufsxilaer B4 deplansdizedvo k
dielectrjc material wth a K equal or less than 3.0. 16 6. The nethod of
cl ai m 1 awhePEn 8 bufferipasi 344 fillingdhebuffiroperine 82 ksd tormovs ¢k ik ESfer 9B loder 17
and has a thickness between 6750 and 8250 | A 21 1 7. The nethod of
cl ai m 1 3whethebwifealidedrc tiyer 26. @yeferably the pRhkEAG0RbF 1B BhdR e bAdE Tager 34

a

conprised of a O layer and a C-Cu layer; said barrier |ayer has

thi ckneds Zobgiriseenchiaticaisechdtlcd polish @%ﬁﬁ?eﬁeﬁ‘g gof&ugﬁ*%i)@fe]ftﬂ\%ﬁ gljé in said

conductive buffer layer is conprised o al um num y W en a

99.45 and YRefeRBlyMas’a -éﬁg&u%@@% %%F@Eﬁ@s%d%&gaﬁnd 0.55 wt - % copper;

sai d conductive Buffer layer n 7 6750 and 8250 t~. 8
9. The gethod of claimd, wherein th | apari zation of said conductive
buffer l'ayer 9 conpri sei?h%c%qﬁm‘@a!?u?f?gE ﬁ‘%dﬁ nofs metgl witig layey. Tie The

met hod ?f claim.1 %Q&rein sai d passivation layer is conprised of a three
layer 11 stPRItve bukerpad 34dnisnos compusedmifamatal wising layer 62) iswod fpedd in
silicate glass layer and 12 (3) upper silicon nitride |ayer; and has a

t hi ckne§s Bk sssrmeabdpositidn BEeink stdf ad 3 meilaviFmb N8R, AfheCoaiiBrile BhEEET N
sai d bond pad openi ng has an area between 2500 and 14 10000 sq wm 15 12.

The net Rod lagfer ohlyi condecthigsiwidh thatdh \bﬂﬁ?gﬁrgg Q,Ed;glg%ghg g%ugr}g)gé%gﬁan sai d bond

pad 16 opening; said buffer opening ex pad openi ng on

al |l sides. iﬂtzma’ﬁ“e"m%ﬁggﬁ%g’?‘e%g@?@aﬁvpﬁ"gﬁée' n sai d bond pad support | ayer

is conprised of a materi t gergroup consisting of Ti,

Ti nd Cr; and has thickness 19 _.between 2000 and 6000 A.
W Wa 'fhe conductive uﬂgr pad 34A preferably is solid with no openings or

12 via passing through the buffer pad.

13 passivation layer 40

14 Referring to figure 4, we form a passivation layer 40 over the

15 conductive buffer layer 34 and the buffer dielectric layer 26.

16 The passivation layer 40 is preferably comprised of three layers of (1)

17 silicon nitride layer (2) an undoped silicate glass (USG) layer and (3) a silicon nitride
18  (SiN). The (1) silicon nitride layer preferably has a thickness between 1350 and 1650 A
19 and more preferably about 1500 A. The (2) USG layer preferably has thickness between

20 7650 and 9350 A and more preferably of about 8500 angstroms; and the (3) silicon nitride

13



22 1 14. The nmethod of claim 1 wherein said bond pad tayer conprised of
an Al-Cu alloy with 2 Al- between 99.45 and 99. 55 wt % and Cu between 0. 45
and 0.5S % ; said bond 3 pad | ayer has a thickness between 6000 and 15000
t~; and said buffer pad underlies 4 the entire bond pad. 5 15. The net hod
of claim1l wherein said buffer pad underlies the entire bond pad; said 6
buffer pad has a |larger area than said bond pad by between 10 % and 30 % of
the 7 area of the bonding pad. 8 9 16. A nethod of fabrication of a bond
pad structure; conprising the steps of 10 a) providing a top wiring |ayer
and a top dielectric |layer over a 11 sem conductor structure; 12 (1) said
top W ring ¢ I.sedof allay; said top wiring layer is a 13
damasce ng i énS?ﬁe@ é%}%gg% F %ﬁ@x hf‘ 2% %ﬂ?’&sst et 400t ?Fid&qoﬁ&e%nd rorgqmplerablydofof

TECS oxifle and %@ a 15 thickness between 6750 and 8250 h; 16 17 b) formng
. a buffer” di B8P AnesRms. over said top wiring |ayer and said top.18
dielectric |layer; 23 1 (1) said buffer dielectric layer is conprised of
TECS oxide and has a 2 thickness between 6750 and 8250 t1; 3 4 c) a buffer
openi ng% n said buffer &ofdpadopeningB8exposing at | east of 5 portion of
said top wiring layer; 6 d) formng a barrier |layer over said buffer
dielectrc | ayer, and sfjed b iy -Sai d buffer opening, 8/
(1). said barrier |ayer ig%%})ﬁgggﬁ%@@a{%&%ﬁf@%@ efl"’p%gﬁ%{‘?% ISt ayeey
| ayer 9san -l : i d rier. layer has a thickness between 360
and 10 440%5\%&%&%11%:@?%?@%'8;%3% éﬁd’ﬂé{‘?%‘{ﬂﬂdfaé‘?&l ayer over said barrier
| ayer; %3 (1) said condjllgtiﬂxée buffer layer is conprised of an Al um num
alloy with 14 between a'99PUBCrapgyg is mefoiablydasgen thamthe bort et opesing 3845 and
15 0.55 wt ,J(é/‘?i}%%per; sai d conductive buffer layer has a thickness 16
bet ween 76570 CBQMUIrgﬂIefEYabLyprﬂamrhrhegbn@hehbﬁpﬂ@@ﬂgye buffer layer to
forma buffer pad in said 18 buffer opening; 24

8 The buffer opening 32 (and therefore the buffer pad 34A ) can be made

9 larger than the bond pad 50A (Al cap) as long as the pitch size allowed. This may help to

10 dissipate bonding stress to the larger interface between conductive buffer layer 34A and

11 dielectric layer 20.

-12 bond pad support layer 42
13

14 Referring to figure 4, we form a bond pad support layer 42 over the

15 buffgr pad 34A and the buffer dielectric layer 26. The support layer 42 functions to as

16  additional support for the subsequently formed bonding pad 50A and the buffer pad 34A.

17 The (bond pad) support layer 42 is preferably comprised of Ti or TiW,

18  or.Cr. The support layer 42 comprised of Tior TiW, or Cr have a superior level of

19 mechanical strength so the layer can act as a “rigid support” to support the wire —boﬁding.

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

14



1234567891011 121314 (1) the planarization of said conductive
buffer | ayer conprises a chem cal nechanical polish step; g) formng a
passi vation | ayer over said buffer pad and said buffer dielectric |ayer;
sai d passivation layer is conprised of a three |ayer structure of (1) |ower
silicon nitride layer, (2) undoped silicate glass (USG |ayer, and (3)
upper silicon nitride |ayer; and has a thickness between 13500 and 16500 A,
h) form ng a bond pad opening in said passivation |ayer over at |east a
portion of said buffer pad i) formng a support |ayer over said buffer pad
and said buffer dielectric layer; (1) said bond pad support |ayer is

corrprlse mat.erial sel ected fromthe group consisting of Ti, TiW and
P e o o oo R St A be s e S armesolcrle anfl pravidethetigr suiportdn fred | ayer

ovér sa bong (gad support layer, 15 (1) said bond pad | ayer conprised of
an Al - Qf al PEYodmantsstcssndlnadditio, thapeppdrtlayer 42t ptefigaily bet i28@P and
15000 t~; 17 k) patterning said bond pad | ayer and said bond pad support

| ayer to° fofiabause greddidpesiorelrwearte baﬂerqjaﬁgqm(e 291y A g%d %hg!mg fger

pad underlies the entire bond pad; said buffer has a 2 larger ea t han

sai d bordl plasteriy.ghetlyesans ﬂééu%@rﬁ[‘}‘le%gp o ﬁérhl% pg %bgr lgas tl%]r uce?ﬂﬁ%wegn gy 4

56 78910 11 12 13 14 15 16 17 1

Compri sing: a)eomotlop Wiring layer and a top dielectric |ayer over a
sem conductor structure; b) a buffer dielectric | ayer over said top wring

| ayer angl said top dielegtr
y iy P The & support layer is preferably comprised of metal such as Ti, TiW, W,

7 Cretc.) that serves as supporter layer. Support layer’s 42 comprised of Ti, TiW and Cr have
8  been shown to have superior adhesion with Al so that barrier layer can combine the two Al
9 layers 34A 50. The support layer comprised of Ti, TiW, W, or Cr is not a barrier layer since
10 it does not function as a barrier. The support layer is between the buffer pad 34A and the
11 bonding pad 50 which are preferably comprised of aluminum.
12 The embodiment’s structure with the Al buffer layer 34A and support
13 layer 42 absorb energy from the bonding process and reduce defects. In addition, the Al

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

15 bedissipated.

16 bond pad layer 50

| 17 Still referring to figure 4, we form a bond pad layer 50 over the bond |

18 pad support layer 42.

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

20 bond pad layer is preferably comprised of Al with between 99.45 t0 99.55 wt % and Cu

15



“Tlrayer;c) @ buffer opening in said buffer dielectric layer exposing at

| east of portion of said top wiring layer; d) a buffer pad and a barrier

| ayer over said buffer dielectric layer and said top wiring layer in said
buffer opening; e) formng a passivation |ayer over said conductive buffer
pad and said buffer dielectric layer; fJ a bond pad opening in said

passi vation | ayer over at l|least a portion of said buffer pad g) a bond pad
and bond pad support over said passivation |ayer over at |east a portion of
said buffer pad. in at |east said bond pad opening. 26 1 18. The bond pad
structure of claim 17 wherein said top wiring layer is conprised of Cu 2

al | oy; aiﬂF%op wiring |layer is a damascene interconnect. 3 19. The bond
“pad struct UEVe BHaItDH7 Whidr.eThe benddpaddayed 5@ pasferably Haay Sicksehaneised of
4 TECS oxi de and has a thickness between 6750 and 8250 A. 5 20. The bond
pad strdct f080and dFROMAL7 said top dielectric layer is conprised black 6
dianmond ~ film 7 21. The bond pad structure of claim 17 said top
dielectric layer is conprised an oxide 8 based |ow k dielectric nmateri al

with a B equal or |ess boad pad 504 %bﬁhﬁ@gupﬁgqgkgﬂcture of claim 17
a orfa

- wherein said barrier layer is conprised o I'l ayer conprised of
a C layer and a Cr-Cu Iaggr; sald barrier layer has a thickness 11 between
360 and 440 t~. 12 23. THEIGHEHE BaHe ot Ve peitare therbopd ardrayer Stherdhe twaid
conductive byffer layer is conprised 13 of an Aluminumalloy with between a
09. 45 and 999 SEPopklager AR feferma hentl e e avelcond pas sampBridiofs The bYESRDET |
sai d conductive buffer |ayer has a thickness 15 between 6750 and 8250 r~.

16 24. %he lissnandabe dondipadisuppat lalenit I dvbabieien by Al hoRASS: ik 9 Layer i s
conprised of a 17 three layer structure of (1) lower 'silicon nitride layer,

(2) und@pegredesd. CEieehoali a8 568 LANSS ok ST nitride |ayer;
and has a thickness bet %}gen 13500 ;nﬁp%giq%giﬁp?@.o% ﬁjﬁ@ofg.”mfhe bond pad
structure of claim 17 wherein said bond pad support |layer is conprised 2 of

a matergal selected fro nsi st | f Ti or, TIW and Cr; and has
3 thickness between 20 éggtsg%%gﬁapes o#ﬂ?egufferpad

9 Figure 6 shows a top down view of a section ;)f a die 60 with the bond
10 pads 50A and the buffer pads 34A according to an embodiment of the present invention.
11 The bond pads are normally located on the peripheral of the die. For bond pads (circled 7)
12 orientated along the edge in the y axis, the pitch along the Y direction usually critical,

13 while the spacing along the X direction is normally not tightly controlled. Therefore, the

14 embodiments design of the buffer pad 34A and bond pad support 42A can be extended

15 beyond the bond pad 50A usually a greater length in the x direction to make it more

16  rectangular in shape. Ina preferred embodiment, the buffer pad 34A had a larger area
17 than the bond pad 50A. The buffer pad 34A preferably has an area between about 10 %

18 and 30 % larger than the bond pad 50 area. The buffer pad 34A preferably underlies the

19 entire bond pad 50A and preferably laterally extends past the bond pad 52A a distance 49

20  between4 and 12 pym.
16
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4 26. The bond pad ‘structure of ¢lai'm 17 Wherein sai d-bond pad Iayef
conprised of an Al-Cu 5 all-oy and said bond pad | ayer -has a thi ckness
bet ween 6000 and 15000 A; and said 6 buffer pad underlies the entire bond
pad. 7 27. The bond pad structure of claim 17 wherein said buffer pad
underlies the entire bond 8 pad; said buffer pad has a | arger area than
said bond pad by between 10 % and 30 9 % of the area of the bonding pad. 10
28 .Alv .ATQL.AE+.AQ.An .Af.Af _.A AN .A An.Af( /.AF /.Av L.AJ.A . Af
AL CAFLCAF8 LA LA (LALAL LA LA LA LA @QTM i pzgtwzjo>.s C{

1

2 Figure 7 shows a top down view of the bond pad 50A circled in figure 6

3 and labeled (7) (orientated along the Y periphery of the die) and the rectangular shaped.

fl buffer pad 34A according to an embodiment of the present invention. Figure 7 shows how

5  the buffer pad 34A (and support 42A) can extend a distance 49 out beyond the bond pad

6 S0A,

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

8 Dbuffer Pad according to an embodiment of the present invention. Figure 8 shows a top

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

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

13
14 Aspects
15 According to studies, higher bonding force and energy was needed for

16  wire bondmg on Cw/Low K device compared to the bonding over Si02 in order to perform
17 good wire-bonding. Therefore, a rigid platform for bonding is important in the bond-pad
.18 design. In ad@iﬁon, thicker Al bond pad 50A which is ductile and easy to be deformed can

19 also help to absorb the bonding energies. The advantages of aspects of this new design are:

17
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13 The term "aluminum" includes alloys of aluminum of the kind typically

14 used in the semiconductor industry. Such alloys include aluminum-copper alloys, and

15 aluminum-copper-silicon alloys.

16

17 The above advantages and features are of representative embodiments
18  only, and are not exhaustive and/or exclusive. They are presented only to assist in

19 understanding the invention, It should be understood that they are not representative of all
20

the inventions defined by the claims, to be considered limitations on the invention as

21 defined by the claims, or limitations on equivalents to the claims, For mstance, some of
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1 these advantages may be mutually contrad; ctory, in that they cannot be simultaneously

2 present in a single embodiment, Similarly, some advantages are applicable to one aspect of

3  the invention, and inapplicable to others. Furthermore, certain aspects of the claimed

4 invention have not been discussed herein. However, no inference should be dravm

5  regarding those discussed herein relative to those not discussed herein other than for

6  purposes of space and reducing repetition. Thus, these features and advantages should not

7 be considered dispositive in determining equivalence.

8 While the invention has been particularly shown and described with

9 reference to the preferred embodiments thereof, it will be understood by those skilled in
10 the art that various changes in form and details may be made without departing from the
11 spirit and scope of the invention. It is intended to cover various modifications and similar
12 arrangements and procedures, énd the scope of the appended claims therefore should be
13 accorded the broadest interpretation so as to encompass all such modifications and similar
14 arrangements and procedures.
15
16

17
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2 Whatis claimed is:

5 1. Amethod of fabrication of a bond pad structure, comprising the steps of:

6 a) providing a top wiring layer and a top dielectric layer over a
7 ' semiconductor structure;
8 b) forming a buffer dielectric layer over said top wiring layer and said top
9 dielectric layer;
10 c) forming a buffer ‘opening in said buffer dielectric layer exposing at
11 least of portion of said top wiring layer;
12 d) forming a barrier layer over said buffer dielectric layer, and said top
13 wiring layer in said buffer opening;
14 €) forming a conductive buffer layer over said barrier layer;
15 f) planarizing said conductive buffer layer to form a buffer pad in said
16 buffer opening;
| 17 g) forming a passivation layer over said buffer pad and said buffer
18 dielectric layer;
19 h) forming a bond pad opening in said passivation layer over at least a
20 portion of said buffer pad;

20
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1 i) forming a bond pad support layer over said buffer pad and passivation
2 _ layer;

3 1) forming a bond pad layer over said bond pad support layer;

4 k) - patterning said bond pad layer and said bond pad support layer to form
5 a bond pad and bond pad support,

6

7 2. The method of claim 1 wherein said top wiring layer is comprised of Cu alloy; said top

8 ‘wiring layer is a damascene interconnect.

9 3. The method of claim 1 wherein said top dielectric layer is comprised of oxide made
10 from tetraethylorthosilicate (TEOS) reactants and has a thickness between 6750 and

11 8250 A.

12 4. The method of claim 1 wherein sajd top dielectric layer is comprised black diamond ™

13 film.

14 5. The method of claim 1 wherein said top dielectric layer is comprised an oxide based

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

16 6. The method of claim 1 wherein said buffer dielectric layer is comprised of TEOS oxide

17 and has a thickness between 6750 and 8250 A.
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4 8. The method of ¢laim 1 wherein said conductive buffer layer is comprised of an

5 aluminum alloy with between a 99.45 and 99. 55 wt % aluminum and between
6 0.45 and 0.55 wt % copper; said conductive buffer layer has a thickness between
7 6750 and 8250 A.

8 9. The method of claim 1 wherein the planarization of said conductive buffer layer

9 comprises a chemical-mechanical polish step.

10 10. The method of claim 1 wherein said passivation layer is comprised of a three layer
11 structure of (1) lower silicon nitride layer , (2) undoped silicate glass layer and

12 (3) upper silicon nitride layer; and has a thickness between 13500 and 16500 A.

I3 11. The method of claim 1 wherein said bond pad opening has an area between 2500 and

14 10000 sq pm.

15 12. The method of claim ] wherein said buffer opening is larger than said bond pad

16  Opening; said buffer opening extends beyond said bond pad opening on all sides. o

17 13. The method of claim 1 wherein said bond pad support layer is comprised of a materia]

18 selected from the group consisting of Ti, TiW, W and Cr; and has thickness
19 between 2000 and 6000 A,
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2 Al between 99.45 and 99. 55 wt % and Cu between 0.45 and 0.55 % ; said bond
3 pad layer has a thickness between 6000 and 15000 A; and said buffer pad underlies
4 the entire bond pad.

5 15. The method of claim 1 wherein said buffer pad underlies the entire bond pad; said

6 buffer pad has a larger area than said bond pad by between 10 % and 30 % of the
7 ~ area of the bonding pad,
8

9 16. A method of fabrication of a bond pad structure; comprising the steps of:

10 a) providing a top wiring layer and a top dielectric layer over a

11 semiconductor structure;

12 (1) said top wiring layer comprised of Cu alloy; said top wiring layer is a
13 damascene interconnect;

14 (2) said top dielectric layer is comprised of TEOS oxide and has a

15 thickness between 6750 and 8250 A

16

17 b) forming a buffer dielectric layer over said top wiring layer and said top
18 ' dielectric layer;
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1 (1) said buffer dielectric layer is comprised of TEOS oxide and has a

2 thickness between 6750 and 8250 A:

3

4 : c) a buffer opening in said buffer dielectric layer exposing at least of

5 portion of said top wiring layer;

6 d) forming a barrier layer over said buffer dielectric layer, and said top

7 wiring layer in said buffer opening;

-8I (1) said barrier layer is comprised of Ta or a bilayer comprised of a Cr layer

9 and a Cr-Cu layer; said barrier layer has a thickness between 360 and
10 440 A;
11
12 e) -forming a conductive buffer layer over said barrier layer;
13 (1) said conductive buffer layer is comprised of an Aluminum alloy with
14 between a 99.45 and 99. 55 wt % aluminum and between 0.45 and
15 0.55 wt % copper; said conductive buffer layer has a thickness
16 "~ between 6570 and 8250 A;
17 f planarizing said conductive buffer layer to form a buffer pad in said
18 buffer opening;
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3 g) forming a passivation layer over said buffer pad and said buffer
4 dielectric layer; said passivation layer is comprised of a three layer structure of
5 (1) lower silicon nitride layer, (2) undoped silicate glass (USG) layer, and (3)
6 upper silicon nitride layer; and has a thickness between 13500 and 16500 A;
7 h) forming a bond pad opening in said passivation layer over at least a
8 portion of said buffer pad
9 i) forming a support layer over said buffer padand said buffer dielectric
1.0 layer;
11 (1) said bond pad support layer is comprised of a material selected from the
12 group consisting of Ti, TiW, and Cr; and has thickness between 2000
13 and 6000 A:
14 D forming a bond pad layer over said bond pad support layer;
15 (1) said bond pad layer comprised of an Al-Cy alloy and said bond pad
16 layer has a thickness between 6000 and 15000 A;
17 k) patterning said bond pad layer and said bond pad support layer to form
18 a bond pad and bond pad support; |
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10
11
12
13
14
15
16
17
18

19

(1) 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.

7. A bond pad structure comprising:

a)

b)

d)

g

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

a buffer dielectric layer over said top wiring layer and said top dielectric
layer;

a buffer opening in said buffer dielectric layer exposing at least of
portion of said top wmng layer;

a buffer pad and a barrier layer over said buffer dielectric layer and said
top wiring layer in said buffer opening;

forming a passivation layer over said conductive buffer pad and said
buffer dieleciric layer;

a bond pad opening in said passivation layer over at least 3 portion of
said buffer pad

a bond pad and bond pad Support over said passivation layer over at

least a portion of said buffer pad. in at least said bond pad opening,
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arrier layer is comprised of Ta or a

10 bilayer comprised of a Cr layer and a Cr-Cu layer; said ba:{;rier layer has a thickness
11 between 360 and 440 A.
12

23. The bond pad structure of claim 17 wherein said conductive buffer layer is comprised

.13 of an Aluminum alloy with between a 99.45 and 99. 55 wt % Aluminum and

14 between 0.45 and 0.55 wt % copper; said conductive buffer layer has a thickness
15 between 6750 and 8250 A.

16  24. The bond pad structure of claim 17 wherein said passivation layer is comprised of a
17 three layer structure of (1) lower silicon nitride layer, (2) undoped silicate glass

18 layer and (3) upper silicon nitride layer; and has a thickness between 13500 and
19 16500 A. |
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. QDE ﬁﬂﬂglﬁon pad structure of c[lazm I7 wherein said bond pad layer comprised of an Al-Cu

5 alloy and said bond pad layer has a thickness between 6000 and 15000 A; and said

6 buffer pad underlies the entire bond pad.

7 27. The bond pad structure of claim 17 wherein said buffer pad underlies the entire bond

8 pad; said buffer pad has a larger area than said bond pad by between 10 % and 30
9 % of the area of the bonding pad.
10
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