WD 03/ 025998 PCT/ US02/ 26607 -1 METHOD OF FORM NG A BOND PAD AND STRUCTURE
THEREOF Field of the Invention This invention pertains, generally, to the
field of wemsmesvdeictors and nore 5 specifically to the firetrdisot/2dsond pads
on sem conductors. Background of the Invention As the industry noves to
replace alum numw th copper in sem conductor processing, enabling a
copper wire bond to attach to copper bond pads is needed. One 10 problem
wi th copper bond pads is that when chentéal |y nmechanically polishing (CW)
them dishing can occur. A solution is to formoxide slots in the copper
bond pad to i MPETHORGNFORMING A BONDP b AND STRECTURERHEREQH fficul t
to contact the netal with the probe needle or wire bond relrably. Wthout
slotting, not only is the CWP process nore difficult, but also the probe
needl e can danage the pads so thatFiélHefﬁl%i;l iet¥i to wire 15 bond is

conprom sed. Therefore a need exi pad structure that allows
for the exi st encehiPinvehtntpengingenb@lll, toitiefidld bdsongicoiduerpPaid mbifees to
copper bond pads _and probe needl e contact reliability. 20 WO 03/ 025998
PCT/ US027 26 6p5cificadlypp fther fighd OF borst pagy on pemisendycitifngs The present invention
is illustrated by way of exanple and not by limtation in the acconpanying
figures, in which like references indicate simlar elenents, and in 5
which: FIG 1 illustrates a cro8ackgotridof the Bbwenmiora portion of a

sem conductor substrate  showi ng the slots.in accordance wi.th an enbodi nent
of 'the present i Vet IHSITEMEYeSLo PPlge: UPIRSM Wi SHRReF ghsesticqactor

sem conduct gyo&uiss feRhBlimY a Edpfer wirkbbit @ atti® Bl copfdt®onll PhAEE needed. One

10 problem with copper bond pads is that when chemically mechanically polishing (CMP)

them, dishing can occur. A solution is to form oxide slots in the copper bond pad to
improve planarization. Oxide slots, however, make it difficult to contact the metal with
the probe needle or wire bond reliably. Without slotting, not only is the CMP process
more difficult, but also the probe needle can damage the pads so that the ability to wire
15 bond is compromised. Therefore a need exists for a bond pad structure that allows for
the existence of slotting and both wire bonding of copper wires to copper bond pads

and probe needle contact reliability.

20



10 FIG 3 illustrates the sem conductor substrate of FIG 2 after

pl anarization; FIG 4 illustrates the sem conductor substrate of FIG 3
after forwetmons9e$ passivation layer; FIG 5 illustratesPchasspaicepnduct or
substrate of FIG 4 after patterning and etching the passivation |ayer; 15
FIG 6 illustrates the sem conductor substrate of FIG 5 after formng a
corrosion barrier; FIG 7 illustrates a portion of the sem conductor
substrate after wire bonding; and FIG -8-is a top view of a bond pad in
accordance with an enbodi nent of the 20 present invention. Skilled

artisans appreciate that el e'ﬁ&?@és&%ﬁ@n%f&ﬁﬁ?a@ﬁ_%& | lustrated for
sinplicity and clarity and h necessarl drawn to scale. For
exanpl e, the dinensions of sone of the elenents in the figures may be
exaggerated relative to other, 25 Ierre to h rove er st andi ng
of the enbodi nentldePresericnpssion iy ill UFW@L?YW?IY Ogﬁp?’@@q%%‘%tb %WB%’@?/%GGO?
-3 Detai | ed ghesept Bgl:g?gﬁ‘%h 18816n Wﬁ:?é%s iﬁ%@feren@es%h@fcﬁt%%rﬁi@ﬁ@lé?ﬁéﬁtd 'aﬁcll yfi ng

di el ectric regions per i's formed to inprove wire bonding of
copper whr esvitich: copper bond pads and probe needle reliability. The

invention is defi i s _and bett der tood b

the figures. é'ﬂ@wh bl?‘ﬁhﬁ'ie&a CHOSS aecﬁ]og M: ?facpqrﬁ 1 %eI?IS?I??élgtoé c}%%)%%t er ned
over a surf %ﬁ@w&fg th@s18Mh ﬁ&@ﬁ&%&@ﬁvltﬁl&ﬂ%h{b@ﬁﬁneh@of thefp@dfsﬁihtih%rﬁ10ﬂ4 and
isolation regions 12. As used herein, the term"substrate surface"” is used

to refer to the thﬁ Aibustratep Swarpridern ¢féb@€@)ﬂc@ﬂdu€m§ sulpsgrgte fif d8Goh Wither

substrate lﬂ (t))ster te 10 is a sem conductor substrate that has 10
been procesglé& R o not including, the formation of bond pads, which
occurs 10 FIG. 3 illustrates the semiconductor substrate of FIG. 2 after planarization;

FIG. 4 illustrates the semiconductor substrate of FIG. 3 after formation of
passivation layer;
FIG. 5 illustrates the semiconductor substrate of FIG. 4 after patterning and
etching the passivation layer;
15 FIG. 6 illustrates the semiconductor substrate of FIG. 5 after forming a
corrosion barrier;
FIG. 7 illustrates a portion of the semiconductor substrate after wire bonding;

and

FIG. 8 is a top view of a bond pad in accordance with an embodiment of the

20  present invention.

Skilled artisans appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to other

25  elements to help improve the understanding of the embodiments of the present

invention.



during the processing sequences for the last netal |ayer. Hence, substrate
10 may have transistors, bit lines, word lines, and the |ike forned
within., TWeosubwpsate 10 has a sem conductor |ayer such ®€THiS02/e6@n7
gall'ium arsenide, silicon germanium and the like, and may includes an

i nsul ator such as silicon on insulator (SO). The dielectric layer is 15
the dielectric layer for the last netal |ayer and can be fornmed by chem cal
vapor deposition (CVD), spin on, the |FRe or conbinations of the above.
The dielectric layer is a dielectric material that will not substantially
react when exposed to air and, forDe@mg&n gem be silicon dioxide forned
fromusing a tetraethyl orthosil ane ; !ECE} I n one enbodi nent, the
dielectric |ayer In sn@bmbodimem,a(slolte enbpad mclpﬁmgldﬁégcs‘,rlc RGOS 3BE SOPPT 14, | n

one enbodi r ame t hickn t | ot
08 and i n anbunBr e o ERER Vi REREREEooph i fET DferboRE pAEE ] O D
greater thameeddRARKIARL Thyindemidirio dsfinddbyahe cleimostidtrnty uideestsddbys 14 are

an insulating material. There is a benefit to the slots being the sane
mat eri al das t@ﬂﬁélgtgéh%ﬁlg‘ﬁﬁ% regions 12, because only one deposition and one

pattern process gE&ReadR%G! erf§ FAMLA eﬂn@@b%r'a%rfa@tgbpn 12

are different materirals nore {hanai&h ectrl C matelpga may be deposited
and patt er nedeadeindgctoyaibstrate 18 td fnrﬁhﬁ)otsrﬁm afdisblatipm gegponsdes sAs vskd berefror mi ng

the slots 14 and the ol at first
shown) may B&° P&Pnﬂ&’ségtérsufflﬂ éﬁrjggflrt%f erﬂ%%@é%qsﬁg’é{?ég‘tﬁﬁ%?@wgt t he
first barri %?tulle%ﬁ"[hé SUbSRRE %l TR ﬁlaétrét@%/m%m@am&fortsam@taﬁamsrred by

PVD. O her ractory 30 netals and their nitrides, such as TiN, Ti, and
TaN, cahObe hasm;iroasssbcﬂl epta,but ndsdncluding, theifmmatlm elhangtparls: Whielopscers ayer

deposi tion LD) or anot her a

PCT/ US02/ 26 ing the @88%?%%98‘#”"'{‘%%?8 ﬁS&?ﬁ mﬁ@\/l }%“r?gd&%\g@ﬁg (R Lray; have
barrier | ayefansiiordBa 1BEDAMHBRAES, and bR lﬂ@Q’drrﬁ@MGithlhs The pusstrafeciOrie aby PVD
to a thickness of approximately 800 to 1500 Angstrons. As, shown in FIG 2,

a metal | ayespmc@nduﬁpthyerseuph af sikiges), galligpyyssenides sifigpthgsamanivgy, @pd thedikes i on
regions 12 ang n'tl)% NG AP n QY& or SRG 8 sRi8n & inshiatd: TGO Mile AL € TaykNer

15  the dielectric layer for the last metal layer and can be formed by chemical vapor

deposition (CVD), spin on, the like or combinations of the above. The dielectric layer
is a dielectric material that will not substantially react when exposed to air and, for
example, can be silicon dioxide formed from using a tetraethylorthosilane (TEOS) gas.
In one embodiment, the dielectric layer is about 0.1 to 1 micron in thickness. The slots

20 14, in one embodiment, are the same thickness as the openings 9 between the slots 14
and in another embodiment, the slots 14 have a maximum width that is no greater than
approximately 4 microns. In one embodiment, the slots 14 are an insulating material.
There is a benefit to the slots being the same material as the isolations regions 12,
because only one deposition and one pattern process are needed. If the slots 14 and the

25  isolation region 12 are different materials more than 1 dielectric material may be
deposited and patterned adding cycle time to the manufactoring process.

After forming the slots 14 and the isolation region 12, a first barrier layer (not
shown) may be formed over the substrate surface. In one embodiment, the first barrier
layer is approximately 400 Angstroms of tantalum formed by PVD. Other refractory

30 metals and their nitrides, such as TiN, Ti, and TaN, can be used as the first barrier

layer. Alternately, atomic layer deposition (ALD) or another means can be used. A



and the seed | ayer are chosen to be used, the netal layer 16 will be over
those as well. In one enbodinent, the netal layer 16 is a copper |ayer and
a copper Wwolod/02ssbg ch is deposited anong and over the featramrasoveeest ots 14.
O her conductive materials, such as tungsten and copper alloys, can be
used. The netal layer 16 is forned by electroplating 10 or another suitable
process. The anmount of netal layer 16 that is forned should be at |east as
thick as the height of the openings 9. Id-one enbodi nent, 8,000 Angstrons

of SOPPer gSedif %&@ﬁm@ B2l b2 intapﬁ'jg FliFard Y 8ler. 16, oRUnitioitiert! ¢ e

metal |ayer erermve rexa l'anari Zation, to forminlaid
structures 1ike sedistcals dopgerdiosmdBhy EVDstb (avﬂmckmsss dzﬁapfjr@mﬁtelﬂ'wﬂ w©al309, the
nmetal layer 16 is chemically nechanically polished to result in the netal
regi ons 18, AMESEAMS-ogether with the slots 14 form the bond pad 100.

Alternately, the Aeiighylia¥es. 16 seml 1la§erqfecaﬁ@hb§@leférgo1g@§pﬁe& ib norhiaa net al
regions 18. In the enbodi nent where the netal |ayer is a copper |ayer

and a copperovei isblatiomecgiensg@rand bageen and Oth‘éhQ:@ptﬁelldr flf the fisstdaryiey r zed to

copper 1111 RSBl and OB, ARTREMOMIE B e el AGR AR

18 and the ghehs edbodin®npakd mefal Ryborglis AadpgddQayer alxdndopprd illeghien i 00. As
shown in FIG 4, after fornmi ng the bond 100, a passivation |ayer 20 is

f or med over denesitsd @aloaa@nieweréh@fqaﬁﬁes @éfoé% i% nOFb@@ F‘?ﬂﬁ%‘“i"? mytgEalsaEn @8t i on
| 20
cg?lﬂgr nat i ons oég Andlcgggeer %:'lal% gg%b%gg BC of meegll of ?,5/8 ﬁo&@%h b{fﬁe%o%atmc%r

conbi naflDonsr aﬁom&eswﬂabl\z@rooﬁsﬁ OThefamysint ofmetat hzlye:kl Gthhi is dormeidtshould baat a
4,500 Angstrons th nitrjde I ve . been dto be
effective aée%sﬁéstﬁ‘ Ehtl Ogﬁéol’fﬁmgﬁlgx °?%@n%%§@?%§1obﬁ NESHEQMSHL | o
patterned W&Eg&h (ﬁﬁédst and etched to form an opening 90 over at |east a

portion of pad 100, as shown in FIG 5. A fluorine-containing
chemistry, such a%ft@FfArm@@ tocametablayetei, portions b tha engpal dayiev 46 |at§=rren@y@d fon. In

L e R P M S R
PCT/ US0352668¢. 3: Typically, the metal layer 16 is chemically mechanically polished to result in
the metal regions 18, which together with the slots 14 form the bond pad 100.
Alternately, the metal layer 16 can be etched back to result in the metal regions 18. In
the embodiment where the metal layer 16 is a copper layer and a copper fill, the copper
layer and the copper fill are planarized to form a substantially planar surface
20  comprising a top surface of the copper fill and a top surface of each of the slots 14. The
metal regions 18 and the slots 14 are part of a bond pad 100 or bond pad region 100.
As shown in FIG. 4, after forming the bond pad 100, a passivation layer 20 is
formed over the bond pad 100 and the isolation regions 12. The passivation layer 20
can be silicon nitride, silicon oxynitride, the like or combinations of the above and can
25  be formed by CVD, PVD, the like or combinations of the above. A 500 Angstroms
thick silicon nitride and a 4,500 Angstroms thick silicon oxynitride layer have been
found to be effective as the passivation layer 20. Next, the passivation layer 20 is
patterned with photoresist and etched to form an opening 90 over at least a portion of
the bond pad 100, as shown in FIG. 5. A fluorine-containing chemistry, such as CFj,
30  can be used to etch the passivation layer 20. In one embodiment the opening 90 is

formed by an etch-ash-etch process, meaning a first etch, followed by an ash, followed



by a second etch, which may or may not be the sane as the first etch, is
performed. Oher suitable nmethods for form ng the opening 90 can be used.

I n one enwodBmeiws after formng a first etch to form a pecTrusaz/edeotr he
opening 90 and renoving the photoresist used in the first etch, a
pol yi m de | ayer (not shown) is 5 forned over all areas of the substrate 10
and patterned to form openi ngs over bond pad 100 and possibly other areas.
A second etch is perforned in order to f8rm t he remai ni ng portion of the

openi ng 90. plhesesaiEetBh, GhiSBRAY oF by 3t BES@E shrfle hd e firstetchelsglorfoffRdd. Or Ay
not be used. “The second etch process will etch any areas not covered by

t he polyi m dtherspéeble netiedsdhnionming the gpendig Hhgandefusedi ng t he openi ng 90,
an over etch is perforned.in . order to reg €, t the top
surface of the are nggf)%lﬁnsenkg?tgr qwgianﬁrgﬁé}ﬁg) O?ﬂ%r??s’ﬁtgb Lha&gthég eﬁ%‘g fills.

I n the enbodiomdtrembeing tiidshop@ssistued rthe siyseeicBa palyinidesi (not fiwwayéy et ch
serves tQ ensure that the passivation |ayer 20 is conpletely renpoved from
t he openPng fotmedover pBwrees Pl digisuldiaiento adnattead intprmapeningt gy bepd pat 15

copper fill ?O?Lagd%)?s?ﬁlgrotﬁe?%%ag.hﬁ sP@an@EthEB{:/ﬂg ; d4h l@irde} Yobﬂ)frmftﬁ@t ures or

slots 14 an recesses are ftornme e slots between the height
of the sl ot semanirtgywortien ghthe @penih80.c Thpemd ¢tth shendikiey asased sethe Ihstatah at

| east approxinmately 10Q Angstrons an re specifically, at |east about
500 Angut oy SMSHEOIGI DG B SPoaR PP s Ra D teray s BPHEd e dept h
of the recestﬁﬁéo%ﬁnig@w}. be greater than the height of the slots 14. 20

I n one enbodi nent, the anmount of recess is between approximately 100
Angstrokf and 2080shavgsindd6es Sovhilefosmingdhd epening 30, be PVRIeichos pefpraradria ms

and 2000 Angstrams. lt.is desjrable to have the r 15.d ‘ h so
fhat “when' a Broga st ©e SaBort B0y I BpRtitsietand FRETBERa’ 35 HBL I PHE
probe will sdntsh@imémng édppet Als. O thdiembodinent wiera i@ pasdieationniye 0w th the
nmetal regions 18, as shown in FIG 5. The recesses can 25 also all ow any

debris that Mesnhihq eveyptchsetvastofnste thay theppassiaslayesd igeqraripiely n at
| east one re r > I :

addi ti on. ¢ netBretRoflnPEAFLIARD flok QP slidCalfufl chiifing PhShcifh drthe
cont act il6g tdvppadillsatie gfeatdn ehanehaheiplegif drespldBlity of fedterebonsgopdd ahd@heand

removing at Jegeasgets IpSOa{ré ifgr?nsed%fbo;[reht%e %1%?8:[ t?e%\;[vgecrix tgg ﬁgilghtroe%%g dats %gd thaesheight of
the copper fills. The recesses 15 are at least approximately 100 Angstroms and more
specifically, at least about 600 Angstroms. As one of ordinary skill in the art can
determine, the depth of the recesses 15 cannot be greater than the height of the slots 14.
20  In one embodiment, the amount of recess is between approximately 100 Angstroms and
2000 Angstroms or more specifically between 600 Angstroms and 2000 Angstroms.
It is desirable to have the recesses 15 deep enough so that when a probe 80 is
applied to a portion of the bond pad 100, the probe will slide along the top of the slots
14 and make contact with the metal regions 18, as shown in FIG. 5. The recesses can
25  also allow any debris that has built up on the probe 80 to come off and deposit in at
least one recess 15 or be scraped off on the top of the slots 14. In addition, the presence
of the slots 14 prevents the probe 80 from contacting the bottom of the metal regions 18
in the bond pad 100 and removing at least portions of the contacted metal regions 18, as
is the case in the prior art where no slots are used and results in less contact area for
30  wire bonding.
Using bonds pads where the slots and the metal regions are co-planer prevents

sufficient penetration of the bond pad to ensure sufficient contact between the probe



Is the case in the prior art where no slots are used and results in |ess
contact area for 30 wire bonding. Using bonds pads where the slots and the
met al r egworns/0219e8 co- pl aner prevents sufficient penetr at ipon/usb2/24se7 bond
pad to ensure sufficient contact between the probe WO 03/025998

PCT/ US02/ 26607 -6 and the netal regions. Additionally, contacting the
slots with the probe can create nonconduyctive debris, which can adhere to
the tip of the probe and increase pad ddmage or decrease the ability to

el ectri cal | yndaitmetl iegRnsehdbitioaglyosntddingAbe 18R With the@fobertalr bfsated, i n one
enbodi nent, the probe 80 is directl in contact 5 with_a portion of the

bond pad 1o@10n?ﬁpélﬁ?ﬁh‘@ qelhEs, Wieh gatpasiaeredo tha tin ofiha prabg gnd § H@Tfﬁ’é? Pibn of the
bond pad_10Qiaitlge 8faddiRE HR U d A¥aficalf dofitac! BE B stdignd ficESSES 15, @

second barrier Fayer or corrwosion ayer s optionally fornmed
over the sI ots 1Asxad belseemintEG. 6 aigionnsmb8dinenp tiet grobe 80iés diteothyl irpahtdddO

from an cont.ain Ive at ere n one 10. enpodi nent,
he sonons” B £ Bfrtipn b i s3ha 524 108 imean e dR s Wobs s oL SOAsiog ey PeBh of
spun on. Fobfﬂkﬁﬁﬁh%mdhbﬁvﬁﬁﬁﬁﬁénﬁ&h&b%Iekayer 22 can be a materi al

including silicon, “carbon, oxygen, and hydrogen such as a filmsold in

conj unction wth Axfmrlf@mw&tl@aﬁmwmlﬁdmsqcpn@banrmlaysr 22R¥ qo8RpiombadEri on
Prevention Er

h hi ck h
the. el gnt 6P g 4 et RBeREFR% BREhENa T Ghadts moRR ekl R SRR B o

| ayer 22 ISHoﬁ& ad DeO\rapRhKyEai-SoitailR@ ohResbdie@mmobpHees. Mtddky, the second
barrleriléayer can be a corrosion inhibitor in the form of a solid, gel,

or |iquid. witedimemighe sicoad barrisblayersiZos aithinighss sateriahdepasitedday 6D or
| nhi bi t or 91?8 SHb aﬁ1 léﬁletsgc dﬂ tl ?QE'CQA b¥a faldrial Hx% ARSI, 12
4 rieb PR

above the sI r05|on I n ecesses 15
can serve a&arbenemmen&nﬁmydtdgen Qﬁbhl a|s Qlﬁlm soMunodanmem(ai W&B &alioke& Sdffee due

(o the et ghLL L 5 LGS hol e, (gl ol one, 10 Thu e
regions 18 iy h @RSV Bhn TR of 18 rddeSidh 45 C 81 R5dBb iRt Pihk QEcdntiom t he
15  barrier layer 22 is less than approximately 100 Angstroms.
- Alternately, the second barrier layer 22 can be a corrosion inhibitor in the form
of a solid, gel, or liquid. When using a liquid corrosion inhibitor, the corrosion
inhibitor is deposited so as to at least partially fill the recesses 15 above the slots 14.
By using a liquid corrosion inhibitor the recesses 15 can serve as reservoirs for the
20  liquid, which is released over time due to the wettability of the liquid with the metal
regions 18. Thus, the corrosion inhibitor that evaporated off of the top surface of the
metal regions 18 is replaced over time by the liquid corrosion inhibitor from the
recesses 15 until no more liquid remains. The amount of liquid corrosion inhibitor that
can be held within each recess 15 is a function of the volume of the recess 15 of the
25  slots 14. The longer the metal regions 18 need to be protected from an oxygen
environment the more liquid corrosion inhibitor is needed and larger the volume of the
recesses 15 should be. As one of ordinary skill recognized, the volume of the recess 15
depends on the height of the recess 15 and the diameter or width of the recess 15.
In another embodiment, the second barrier layer 22 is a flux, which can include
30  achloride or fluoride. Generally, the flux is heated and removes, by etching, any

corrosion that has occurred to the metal regions 18. Subsequently the flux evaporates



recesses 15 until no nore liquid remains. The anmount of |iquid corrosion

i nhibitor that can be held wthin each recess 15 is a function of the

vol une ofwoDhg/oeseess 15 of the 25 slots 14. The | onger thecmatsat/2¢6eyi ons 18
need to be protected froman oxygen environnent the nore liquid corrosion
inhibitor is needed and | arger the volunme of the recesses 15 should be. As
one of ordinary skill recognized, the volunme of the recess 15 depends on

t he height of the recess 15 and the di aféter or width of the recess 15. In

anot her enbefdf srenbubstdh€ialde ¢iepidcddatsy the ballaykith 8%akiSofahd Witk boid)ideFing @i
include 30 a chloride or_fluoride. Generally, the flux is heated and
renoves, by YBrCPANdHE. anyill befurther explained bAA@®. occurred to the netal regions

18. Subsequently . ﬁéﬁ%gS S %g@ - f or
is substantially I%@ESF%%F%@?%%%%%& ich’ ?gtg%gaﬁ_{)%ﬁ e %ﬁ?%gesgg% ,
during the baipedobnnbiinragitragenmhydropen, hgoh ve thedidel eavireninére|poior td wirt he Eecond
por f or med | HoRtAE: AgEI T thraine Ao peciebt Reien e PSR ENBED ¢ o
wireb5 bondit@gnoﬁyéegreﬂaﬁ@ﬁmﬁ,m.t he opening 90 can be kept isolated from or

mnimal |y exposed to an oxygen environnent. After forming the bond pad 100
and the second bakftdarderniag ére twad pad 10@ eid de seqdnd bagiamlayenddf desiredber at e

10,1 R SR S B GR0AH oSBT BT 15

die to a padn efilet itwirabladht18ass bRShiml Radi 1000h dke senficétiiseton Buttraet 10 gal
connect L8n between them To forma wire bond a netal wire is extruded and
on

then, i dlic tornpdi anethe packaging gubsirags igorderdo makenm elsgiricalgonpemdioand of t he
wire. A anviy I 21 ed. Yeen, and wire to
t he bond pa etlvgég.nqﬁ?#’r g{s)g%@gggjg\%gpﬁd%%%l;@?;ﬁ%gt@re aSB ‘?lé {)%ethe wre

bond 24 by tehibodinmnk dreateddnlbaier to formerbaficat thelendwif ke wibe. bAragivi2 4r tunudarr ect | y

adhere to the hond. pad 100, neani that .the wiire or wire bond 24 is not
Cont act | ng. (REAIBG BPoRBIO HETHIA Ab4eE 160 Lo s e g DGetitienic apwer 1n
one enbodi 'Eﬁ&tpresgﬁ}@ai@ dpplied tothE iRYMd 24 b@'tﬁ@&ﬁdul’ar%écﬁ@ hesrddi foe e wirk © the

top surface of "the
15  bond 24 to directly adhere to the bond pad 100, meaning that the wire or wire bond 24

is not contacting the portion of the bond pad 100 via an intermediate layer. In one
embodiment, the wire or wire bond 24 directly attaches directly to the top surface of the
copper fill, wherein directly has the same meaning as previously stated. The resulting
structure is shown in FIG. 7. The wire bond 24 can be a ball, wedge, or any other

20  suitable shape.

If the second barrier layer 22 is used and is a corrosion inhibitor it may be
present only prior to or during wire bonding. Alternately, if a flux is used as the second
barrier layer 22, the flux may be present prior to, during or after wire bonding.
Generally, the flux is displaced during wire bonding and heating drives off the

25  corrosion inhibitor. However, if a glass is used for the second barrier layer 22, the
glass will be present prior to and during wire bonding. In this embodiment, when the
wire bond 24 is applied over the second barrier layer 22, the second barrier layer 22
cracks at the corners of the metal regions 18 and over time the remaining portions of
the second barrier layer 22 also crack and become disassociated from either the metal

30  regions 18 or the slots 14. It is possible that the finished product after wire bond does
not have the second barrier layer 22, even if the second barrier layer 22 is used in the

processing sequence. Thus, in one embodiment, the second barrier layer 22 or



copper fill, wherein directly has the same neaning as previously stated.
The resulting structure is showmm in FIG 7. The wire bond 24 can be a
bal I, wedye,03mes9smy ot her 20 suitable shape. |If the seconaChharsoz/eqot ayer 22
is used and is a corrosion inhibitor it my be present only prior to or
during wire bonding. Alternately, if a flux is used as the second barrier

| ayer 22, the flux may be present prior to, during or after wire bondi ng.
Generally, the flux is displaced during'@ﬁre bondi ng and heating drives off

the 25 corr @gtosioh Bhirter 1aer ishieneyéd by the avit @Ssird BondSRdIvrR atthehiseaRnd
barrier layer 22, the glass wll be present prior to and during wire

bondi ng. | n WiKg-singtngter prehedimgak the earosian barriss AEbarEes layei 15 eamexedrvhilee
second barri . . barrier layer 22 cracks at the corners
of the netafﬁ%ggﬁ%ﬁ%‘%@3%%Qﬁ8§§@9??ne the remai ning portions of the second
barrier |layer 22 Akgograpack] vod dicleobmmdgiadd68 awilwtiegla plucdtite of featuréshendraet al
30 regiops 18 or the sJlots 14. It is ssible that_ the fini shed product
after wire Bleaty 1azseéswﬁw§faﬁ § EORRTE celnd ihe B‘&F%hi%?ll ey oo B I St he
second barrijgknd @46EdiRent shoWaCeleRpdshE slolf CES &irfRd $E4 EERGR: and ¥ pattbmone
enbodi nent, the second barrier layer 22 or WO 03/025998 PCT/ US02/ 26607 -8
corrosi on bamdiaey surtopeded by metadtragamed 8hanyt dikenpiatterngind wny eumberof3otsll4 i ng

attaching the ,wire n_anot her enbodi nrent, the,corrosipn barrier o

par 1 or 1 ayen 55 unt 1uORS s e PRl EeRons 8RS B b S RosiPerasi i p o

t opogr aphi cglerdéhedf BE bbAEpRPTED BadnthBO it tHeteidtebnd 22l Uh aliditi¥n,Ghe b10atUr es
and a Wiomet al layer, which can be copper, around the plurality of features

i s showaYi n oR&e aBY shaper Hh &fB GRALFRRIR, SERERMOT CYlileexposed sl ots 14 are
o e L1 o U L RS el S50 URIE MBS B 10
area of net atcesegiloriacidseshotdlidbibiey aft proieeatd wippbonding reluge Pélishirey distiihg of
(e, bond pad 100, BT SEL MR STE e Do 2 U0 e Liony Lhe o ot <
recessed sl oflifeh th@dbnd F¥E100TRIcAbyIRRANPBORd pati AMVARIRE RS PRBALS erHehe
15  recesses also allow any debris that has built up on the probe 80 to deposit in at least one
recess, thereby cleaning the probe 80. Additionally, the recesses 15 can allow for metal
to remain after multiple reprobes. Having remaining metal after probing, especially
multiple reprobes, increases the reliability and simplicity of the wire bonding process.
In addition, the topography resulting from the recesses 15 aids in wire bonding because
20  the recesses 15 increase the surface area of the metal to which the wire bond 24 can
attach to the metal regions 18. Furthermore, the topography allows for the glass barrier
layer over the metal regions 18 and slots 14 to more easily fracture, enhancing both
bond strength and electrical contact of the bond.
In the foregoing specification, the invention has been described with reference
25  to specific embodiments. However, one of ordinary skill in the art appreciates that
various modifications and changes can be made without departing from the scope of the
present invention as set forth in the claims below. Accordingly, the specification and
figures are to be regarded in an illustrative rather than a restrictive sense, and all such
modifications are intended to be included within the scope of present invention.
30 Benefits, other advantages, and solutions to problems have been described
above with regard to specific embodiments. However, the benefits, advantages,

solutions to problems, and any element(s) that may cause any benefit, advantage, or



recesses 15 increase the reliability of probe and w re bondi ng, reduce
polishing dishing resulting fromchem cal nechani cal polishing, and
control twe open®ps ati on of the probe 80 into the bond padCIO®p2/2dser eby
limting bond pad 100 danage during probing. The 15 recesses al so all ow any
debris that has built up on the probe 80 to deposit in at |east one

recess, thereby cleaning the probe 80. Additionally, the recesses 15 can
allow for netal to remain after nultipk@‘reprobes. Havi ng remai ni ng net al
after probi RglutiesRE6EAE by beddlethie §rédRh&AaTe nbtt6 be 3s@srubd s 4 Bhifiai | ity and
sinplicity of the wire bonding process. |In addition, the topography

resul ting frethirHeorassasighfeatise ef dememn ofaneobdhibie sliine cAs geedipreindhe ecesses
15 increase | nad .t h Whi ' n
attach to e thoPrbAEs, oiesRpBliok By B} SpelRuitthF kool 4L FEerBRE LR,
gl ass barri elon-dxayieive dwhisidr) uctiethad a pregisenBeth&d, artitls lopbspatdtug hatror e easily
fracture_ enhancing both bond strength and_el ectrical contact of_ the bond.

In the forefSMRESEEkStOf glemeats doprRotiing/uda o thoss clsmignts dusriay mcdndg; ather
reference  eforhéiSRSeibiedsfHRd bFRbRnt HANEY FloccdReha ArliBd kpBlthhub. [ N
the art appreciates that arious nodifications and changes can be nade

w t hout departing fromthe scope of the present invention as set forth in
the clains below Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and all such
nodi fications are intended to be included within the scope of present

i nvention. 30 Benefits, other advantages, and solutions to problens have
been described above with regard to specific enbodi nents. However, the
benefits, advantages, solutions to problens, and any el enent(s) that may
cause any benefit, advantage, or WD 03/025998 PCT/ US02/ 26607 -9 sol ution
to occur or becone nore pronounced are not to be construed as a critical,
required, or essential feature or elenent of any or all the clains. As used
herein, the ternms "conprises,” "conprising,"” or any other variation

t hereof, are intended to cover a non-exclusive inclusion, such that a
process, nethod, article, or apparatus that 5 conprises a |list of elenents
does not include only those el ements but may include other



el ements not expressly listed or inherent to such process, nethod, article,
or apparatus. WO 03/025998 PCT/ US02/ 26607 -10- Cains 1. A nethod of
maki ng a worud/opds ( 100) on a sem conduct or substrate (10) PCI/GSOpasDdBI ng:
formng a dielectric layer (12) over the sem conductor substrate;
patterning the dielectric layer (12) to forma plurality of features (14)
in a bond pad region of the dielectric | ayer (12); depositing a copper

| ayer (16) over the dielectric |ayer (12}Q‘annng the plurality 10 of
features (14), and over the plurality of features (14);

chem cal - mechani cal polishing the copp&fainyer (16) to forma substantially
pl anar surface conprised of exposed top surfaces of the plurality of
features (14) and a top surface of the copper |ayer (18) after being etched

back for directly r ce|V| ob 0 lity of
features (14) to ko&ﬁ‘i‘eﬁé %55%18 %?mg(ﬁp%dh(e&@tc %nﬂ%or%@%g%&é%%r&{eﬁ@ and
appl yi ng5a hamiprigingt ayer (22) over the etched-back copper layer and in the
recesses. 20 2. The met hod of claim1, further conprisi ng formng a

T

passi vation Iayeﬁbv2m$adb@ﬁﬁﬂﬁ§@§bﬂﬁééﬁﬁd@%%¥m§®%§¥Vﬁﬁ@” a%d  forning at
| east a parti al %ﬁ@hﬂ%}&%% &5 ﬁg%ﬂg@)sﬂ?‘f&trh Q?hdr?{tg of @ezag)reéjéz’l% it zb@on(pond

pad region prior to € he ne clarm further
conprising: formng :pap@d:gwnmﬁihe dajeetricaaper (tlih)e passi vation |ayer; and
form ng at | east

region prior to eeggfr"rtﬁé gg&&?%&gﬁ@%&o{ﬁ%ﬁ Stimﬂ@f?lr g.gﬁr rgé%t@% E’ﬁﬁ%ﬁg? pad
structung, conprisi NG features (14), and over the plurality of features (14);
chemical-mechanical polishing the copper layer (16) to form a substantially
planar surface comprised of exposed top surfaces of the plurality of
features (14) and a top surface of the copper layer (18) after being etched
back for directly receiving a probe (80);
15 etching back the plurality of features (14) to form recesses (15) in the etched-
back copper layer; and

applying a barrier layer (22) over the etched-back copper layer and in the

recessces.

20 2. The method of claim 1, further comprising:
forming a passivation layer (20) over the semiconductor substrate; and
forming at least a partial opening (90) in the passivation layer (20) over the

bond pad region prior to etching back.

25 3. The method of claim 2, further comprising:
forming a polyimide layer over the passivation layer; and
forming at least a partial opening in the polyimide layer over the bond pad

region prior to etching back.

30 4. A method for making a semiconductor structure, comprising:
providing a semiconductor substrate (10);

forming a dielectric layer (12) over the substrate (10);



provi ding a sem conductor substrate (10); formng a dielectric layer (12)
over the substrate (10); WD 03/025998 PCT/ US02/ 26607 -11 etching the

di el ectriwoloapesvf 12) to forma plurality of features (1l4pcirusa2/end pad
regi on; depositing copper (16) over the dielectric layer (12) to forma

copper layer (18) over the dielectric layer (12) and a copper fill (18)
anong and over the 5 features; renoving FOI"[I ons of the copper |ayer (16)
and the copper fill (18) to forma subs Tltlally pl anar surface conpri sing

a top surface of etdhengCibp@eilechiid layérl@2) o0 @ ph ity WE FagdeP149aCHbO A dve
features (14); recessing the plurality of features (14) to formrecesses

(15) below the top I®%Urface of the copper fill (18); and attaching a

o iy o bect bl dorkBP(BIEIAGH: ALIHRR 1BRPPEN of bdeky ddSbher afer gl O

of making a sem co cture, conprisi rovi

(10); 15 form ng a dioetraht dietectrivyieyer((12)and\aeoppdrefilb (1183 imah g afdl&er thed Chl ng
the dielgctric Iayer r) to forma plurality of features (14) in a bond
pad region; deposi t f E%pper (16) on the dielectric layer (12) to forma

copper |ayer (16)rem9V1'ﬁ§ Pbﬂﬁm@'b?{h%%bg)}')& mﬁym)(aﬁéihe% pé APPRFfo folinla (18)

anong and over the eat ures pl"anari zi ng the" copper ayer (16) and
t he copper fill (18) Smllstmm}y plasutrtfacn ¢anprisingyd wpanrfsee dfdbeceppepfillisly a

top surface of the copper fi dir ctI receiving a probe (80)
and a top surface of 2 %OPOSfun{aﬁé f‘)@ﬁ@ﬁ g’s?ff’aiﬂﬁe Ylaﬂd recessing the plurality
of feat urﬁs (i4) r&&sélﬂg e BGRAREAST féakin:s DRl @FdrieretRBes (25) Blldw afeaopf the
copper

PP ib (18) surface of the copper fill (18); and

attaching a wire (24) directly to the top surface of the copper fill (18).

5. A method of making a semiconductor structure, comprising:
providing a substrate (10);
15 forming a dielectric layer (12) over the substrate (10);
etching the dielectric layer (12) to form a plurality of features (14) in a bond pad
region;
depositing copper (16) on the dielectric layer (12) to form a copper layer (16)
over the dielectric layer (12) and a copper fill (18) among and over the
20 features (14);
planarizing the copper layer (16) and the copper fill (18) to form a substantially
planar surface comprising a top surface of the copper fill (18) for directly
receiving a probe (80) and a top surface of each of the features (14); and
recessing the plurality of features (14) to form recesses (15) below the top
25 surface of the copper fill (18).

6. The method of claim 5, further comprising applying a probe (80) directly to
the top surface of the copper fill (18).

30 7. A semiconductor structure, comprising;

a semiconductor substrate (10);



6. The nethod of claimb5, further conprising applying a probe (80) directly
to the top surface of the copper fill (18). 30 7. A sem conductor

st ruct ur ewodeOPISi Ng; a sem conduct or substrate (10); WRCIA/SO22898

PCT/ US02/ 26607 - 12 a dielectric layer (12) over the substrate (10) having
a plurality of features (14) disposed in a bond pad region, wherein the
features have a first height; a copper fjll (18) around the features
extending to a second height, wherein th& second height is greater than the
first height, wherdidiygctriet8ss ) ()ﬂzér)théiﬁ&)str&ef(w)ﬂ‘ﬁdlngbqﬂ@rahf}ﬂ)fff&ﬁﬁﬂéﬁ esd)
between the first height and the second, heig a barrier a%egwﬂZZ) over

the copper fill (18) éif*\ﬂ)oﬁ?ii inband pad geior; l‘é’)ﬂeln the foaturgpha ght;
structure, CO”prhﬁngmﬁﬁp]% §ﬁ?§%9ﬂqgﬁﬁﬁ%e§%9§5%§%?g%%g%h?%mdhﬁkﬁﬁi%ﬁ)

| ayer (12) over t ubst having a plu at ur
di sposed in a bond padecegiheight whgreaenthshtheffesttheighs Wtwv@)yaeéessest(lﬁ)earg ht; a

copper f (18) around th f eatures extendin C hei mhereln
t he secoﬁd hei ght is 3?’5%? qooyt, f?ﬁgre]s% tg‘fee?ug'f ng%IStahe\’/\ﬁEP’é Qlersﬁg%’élses (15)
are 15 formed above tfagpteatures between the first height and the second

hei ght .
J a barrier layer (22) over the copper fill (18) and in the recesses (15).

8. A semiconductor structure, comprising;
10 a semiconductor substrate (10);
a dielectric layer (12) over the substrate (10) having a plurality of features (14)
disposed in a bond pad region, wherein the features have a first height;
a copper fill (18) around the features extending to a second height, wherein the
second height is greater than the first height, whereby recesses (15) are
15 formed above the features between the first height and the second

height.



