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- AND STRUCTURE THEREOF Field of the Invention This invention pertains,
‘generally, ield of sem conductors and nore 5 spegjf] o the
field of bvgﬁgslg%g%s on sem conductors. Background of the ﬁjﬁé@% 0],}6\5 t he
i ndustry noves to replace alum numw th copper in sem conductor
processi ng; enabling a copper wire bond to attach to copper bond pads is
needed. One 10 problemw th copper bond _gads is that when chem cally
mechani cally polishing (CW) them dishing can occur. A solution is to

f orm oxi de sl ot&m@“ { i Abar | i.on.  Oxide
slots, however, } ' 1 obe
needl e or wire bond reliably. Wthout slotting, not only is the CVMP process
nore difficult, but also the probe needl e can. danage the pads so that the

.ability to wire 15 bond is conpronField®f thedaventione a need exists for a bond

pad structure thafy,. .1 he existence.qgf, sl ot.ti nd hoth wire
bondi ng of coppe?h\)/l\ngédevgwﬁ%gﬁ%n&p&esrg%lgﬁ‘yyﬂgggeﬁéﬂafbefnﬁlﬁ%“rhﬁ%@ma@ dMF act
reliabiliy.specifitfliyMaRhA61d oNBORBHAE 28 I8mRETddERZ/ 26607 -2 Bri ef

Description of the Drawi ngs The present invention is illustrated by way of
exanple and not by Iimtation in the acconpanying figures, in which |like

references indicate simlar el eﬁ@%guﬂ@tﬁ%ﬁ%ﬁe@.nﬂ“ FIG 1l illustrates a
cross section view of a portion ' substrate* show ng the
sl ots in accor dankstheindusty neveoth wpiate adminhm witie sepper invemidondistor G 2

1 ustrates B RRE oh i a ddbper vl Bt b St 15 S05per Bosd ds i neeaed. ‘Db’
\) 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.
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nmetal layer fornmed; 10 FIG 3 illustrates the sem conductor su b %?ﬁﬂﬁ
FIG 2 after planarization; FIG 4 illustrates the sem conduct % rate

of FIG 3 & einkeygmati on of passivation layer, FIG 5 ill # rat es the
sem conductor substrate of FIG 4 after patterning and et & Th@

passivation layer; 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 bopding; 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 elenments in the figures are illustrated

for sinplicity and clarity ar¥ish Lipscriplion of theBrawingeeen drawn to scal e.

For exanple, the dinensions of sonme of the elenents in the figures nmay be
exaggerated relative to other 25 elenents to hel p i nprove the understandi ng

of the enbodi rrent mfpmmmvmenﬁs mummbmay &f &aMDR 206t MPIiPRhA8PRP8 - 3
PCT/ US02/ 266 Det ai | ed scrip one enbaodi nent, a slotted bond pad
i ncl udi ng di ee"’t,cPP’F’Em? glg‘e%,qa g@ﬁﬂ’é‘ﬁmfﬁﬁp%ﬁ m@catgﬁmhrpbmemp;memw re

bonding of coppgy: wires to copper bond pads and probe needle reliability.
The invention is defined by the clains and better understood by 5 turning
to the figures. AFIGhbillustratesd Gosslsectiomiviewasd tirpostidnaofarseinicoh Mot dubstehte

o | solat | ol POgE s i secoflaly Wit 1 HbOdimEN iy PRtV RSN Ur 1 ace” 1 <
used to refer to Fitg 2 MastkRss the oot O A sEARShEct subfiite of FIG. 1 with a
metal layer formed; —_—
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;
HG. 7 illustrates a portion of the semiconductor substrate after wire bonding;

]

and

FIG. 8 1s a top view of a bond pad in accordance with an embodiment of the
20  present invention. ' |

g g

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.




features on the substrate 10. The substrate 10 is a sem conduct @r MARb20Bat e
that . has 10 been processed up to, but not including, the formation of bond

‘pads, whi civomseessss during the processing sequences for thed@mbrmtal

| ayer. Hence, substrate 10 nmay have transistors, bit lines, word Iines,
and the like formed within. The substrate 10 has a sem conductor |ayer
such as silicon, galliumarsenide, silicon germanium and the |ike, and
may includes an insulator such as silicoi-en insulator (SO). The
dielectric layer is 15 the dielectric layer for the last netal |ayer and

can be forned by chem cal vapor ZO%M&E/D), spin on, the like or
.conbi nations of the above. The die Is a dielectric materi al
that will not subBiartentodimeneacdlotdddond ppdiehding diclectda thgidnarand espyan| e,
can be silic dioxide formed froqm ysing a tetraethyl orthosil ane ( TEOS)
gas. In onegﬂﬁﬁ'g ,’I“Pf%"’d‘i“f?ﬁ??é‘aﬁ"ggf’%P%R%FWF?S PeIPO 3?_ S’la‘WiRﬁE‘Bﬁw in
thi ckness. - The.dl fisbitifh? Thb oo ERRARCPEY the Blafind A RAGPuldAIscIARp as t he

openings 9 between theslots 14 and in arother enbodi ment, the slots 14
have a neXxi nimming titthe figatesi s no greater than approximtely 4 mcrons. In

one enbodi nent, tRhe.slots re..an _i.nsul atin terial . There is. a nefit
fo the sl ot s bei e ARG b CiiRar i en s OB onierped end bt ¢SCay e
only one depgsdniceiiuaiod seialante FamNIas 93 andiselaieR fifibns 1D, WRtsed Bésinl4 and
the 25 isolation region 12 are different materials nore than | dielectric

mat eri al naythpéermdepestiatesyriaen] ipusedde rder tadhst top moptexposadrpriaes($)md the

1o a1 rot BaBRER e olbbhdih 10°Hh B g 1D L Sl gt ABoiRE RlenF, LT "
sur facel0l n isee pastbssdd op s, but ket ididhidihg ke for@atiod éhbond padsawhich>dcomisel y 400

Angstrons of tantalumformed by PVD. Qther refractory 30 netals and their
nitrides, sudingdherpreeessing sengnaesor the lashwetghlayers Hlenge, spbstigie Khmay bave

22T S R SOt SRR ok T T o O
shown) may keemiamdedoctaper stitiead silicin, gallinmersehialy csilicongennamivmba the like, t he
seed [ ayer |5 copnen (OrIRd. Y Py Lol s OB PRECHIBLE 30 10
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 manufacturing process.

After forming the slots 14 and the isolation region 12, a first barrier layer (not
shown) may be formed over the subsirate 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




Angstroms. As shown in FIG 2, a netal layer 16, which is pref&fabiAR 2006
copper, is_forned 5 over isolation regions 12 and between and over the
slots 14. VPOMEPE st parrier | ayer and the seed | ayer aPET/EREE®WE07t 0 be
used, the netal layer 16 will be over those as well. In one enbodinent,
the netal layer 16 is a copper layer and a copper fill, which is deposited
anong and over the features or slots 14. Other conductive materials, such
as tungsten and copper alloys, can be ustd. The netal | ayer 16 is forned
by el ectropl stedrigyet (narshws) ey bé firinad beerhERREBarridt 18y T4 Bhe ShboBiRhe, | ayer
16 that is fqrned fhou_ld be at |east as thick as the height of the

openi ngs 9. sgerLlayens aopRen formgd by VAR inse thigkeessiof apprppiamately 380 o E300ed.
After form ngng%ﬂt al l|ayer 16, portions of the netal |ayer 16 are
removed, for xanpl e, by planarization, to forminlaid structures 18 or
netal regions 18, AashewmounFICh 2, 4 ekl Gye16, Whidicis bteferablyeoppérgls folysdr 16 is .

Coget hor Vi t B RDIEReiBts 157t hehesomi ayeifhe 0% TAAIF detiugsientlaser ot af
layer 16 canaddhebsdaasysdasdchoRer BHshised, %é:ﬂ&aﬁﬁﬁﬁgsfvﬁﬂilﬂgﬁgé@gsé&w e

enbodi ment where the netal layer 16 is a copper yer an pper 111,
the copper Tnppecmbhedindns thopstal ldyet 16 sraecopperiayer amdla topyfep fith, which is

b iall . f i Si. f f fill
and o top sulePRHEncll AR e e SRRt St il $4.o Ol indBEfycmateniscih ho

slots 14 ar aufgstén Bid cdpp&tlopa dad B ' in
FIG 4, éafter fornm' ng ?ﬁg bgggjl ad % %e%dgﬁéfﬁﬁqugbgéﬁfw&d

over t héYporfd apaien sitablepreasss. | Bhst ameouah of welablagerlls thatlis fgraedishanldbeat ayer . )

20 can be sijLif Rt Lo Sl leGON nikride. the lik nbi nati gns of*
t he above arll%flsgan %{gbe ec@#é% 5 ,gséva%erFé’g?"fiEacﬂgr&@B‘ﬁ%Pﬁﬁfq of
t he above. AobfHt iddemisitalys thi ck silicon nitride and a 4,500 Angstrons

thick silicon oxypitride | ayer have been found to be effective as the
passi vation | ayer‘@%.f"mﬁg theymetallaer; 19apertiang efithe mow! layer phaesemeodednfarh

e bond. pad 0B oL Pembiaiah T R RER Bclte? Ve bl RERRs TR cuch
as CF4,130 @ deTypiealy, theahetl Iaper 16ds ehernitiimedhanieslly Polished eRsgrfodi ment

the opening. 90 is. for by. an et.ch-ash-etch process, neaning a first
etch, pf ol | g\t,peeomgtfl lggwglgﬁg, W%pﬁm & with the slots 14 form the bond pad 180.

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 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 fonming 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 e 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 CF,

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




K1 9 MAR 2006 WD 03/ 025998 PCT/ US02/ 26607 - 5- by a second eticfy, MaRi 2806 may
or may not be the sane as the first etch, is perfornmed. ~Qher suitable

‘et hods f owgfozrnsoeg t he opening 90 can be used. In one enbaelg8Rhesodl t €
forming a first etch to forma portion of the opening 90 and renoving the

photoresist used in the first etch, a polyim |ayer (not shown) is forned
over all areas of the substrate 10 and patterned to form openi ngs over bond
pad 100 and possibly other areas. A secofd etch is perforned in order to

formthe remgn i QAL ' 0, ch chem siry as
used in the%;&ssgg%rﬁggéﬂ’ %%?Lﬂgryﬂﬁg@tl@g ﬂ%s%ﬁ‘?%ﬁ%@%%ﬁh Iseﬁegﬁ%?éoc ess
Wi Il etch anythersaiable metmde ferdolying tHeopptihy D0tsiebd @yedr . 10 As shown in
FIG 5, while for 'Ql%ﬂéh ening 90, an qver etch is perforned in_ order

to recess the slo B ept, aftar dorming p figst elgh tq famyaspostion eldheprenire  whi ch
hoe . ; ! _ _
in one e O@D%ﬁ@}e%dvﬁrgﬂig&gbtofrétsisi fed lﬁlmfeffﬁst%fég]eg pOF; We?g&P&OWRA{S he

passi vatign | ayer sent, e over etc rves to-ensure t

passi vatidn [Fetyusd oxer alkareamef] the sibgtrate édrendphtternethto Fermogrenings 084 bond pad ow

f b ' bondi ng. The ,hei gh f.the 15 fill t
than the hei 40 i PossBioliE: areell Aledhilerch is poprrand R Enden tafpmin *r cosses
15 are for negnationg pbﬂﬁnﬁ:lf@ﬁesqllﬁﬁﬁl‘g@@ﬂ 'Ih@@aﬂi@étﬂi‘éh&ﬁisl{rﬁ@s e ibtha figst bl

hei ght of the copper fills. e recesses 15 are at |l'east approximately 100
Angst rons anBaieF Bray $9tbe rseda Thy secand plgh processoill etdomyaneps notraveredbyone of

ordi nary ski | @EE can determ ne, the depth of the recesses 15
cannot be grgllgtﬂggﬂ ar%gf e hei ght of the slots 14. 20 In one enbodi nent,

;gg anod@ of recAsshivn hﬂlﬁbﬁmﬁﬂmﬁmﬁg&h&dﬁ)&nﬁ@@%ﬂﬂﬁﬁm i8petfors8d th
ARgstrons or nore specifical ﬁ bet ween 600 ggstrorrs and 200} Angstrons. It

i s~ desi r abl e®fI8r RGeSt e sfets &5 belew fhe tgnsprfachof the aeiak eaionsvbd Whichinepe 80 i s
cpol1 20, L0 ity &l iy ARt B oBE sl BN 410 L
in FIG 5. Tpresentdksows etchrseies @l ensuralihiab vhegpaysivitionilayer B0 ks dvapldelyl t up on
the probe 80&51%‘/&8 mot{lé oggnqng 5Pto : . E)wl tgr S.&Jsequent wire bonding. The height of the
15 copper fills are greater than the height of the plurality of features or slots 14 and the
recesses 15 are formed above the slots between the height of the slots and the height 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
7 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 resulis 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




| east one recess 15 or be scraped off on the top of the slots ],tl rrHAR 2008
addition, the presence of the slots 14 prevents the probe 80 f Q !

cont acti ngwd\@394dgom of the netal regions 18 in the bond 0 nd
removi ng at Ieést portions of the contacted netal regions f@?ﬂgéz’?‘i@’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 netal

regi ons are co-planer prevents sufficiert-penetration of the bond pad to

ensure suffigj e 39| e probhe 0 R.2006 03/ 025998

PCT/ US02/ 26681[93%‘? ﬁl%%%%%#é‘gn%t@%o?@& Sﬁ%‘?&&&gﬁ? ?lg‘@éY‘Fz'&/‘?‘eE\é\)gﬁaﬂ FI58et he
slots wth t menpominetieadebeis onliich canmberdy e thofdBE plobe allideftascAphgadhere to
the tip of the probe_and increase pad _danagé or decrease the ity to

electrically £5 6F degiease the ability i olertricedly coptat:the mstal eegionsrd8FI G 5, in one
enbodi ment, the probg,§ di IeCk |y i HrTo 5 .W ortion of the
“bond pad 100, neaning '?%as%éltiﬂggigo’ﬁgo#és]ﬂﬁg& an%ghgtqrg%e%@g%g YIBFOMBFt the -
bond pad 200 withea portion péthebond pad 160y afeaniAg thek tHeqirobe g nbheontRESS R oHRon 2
second barri eg I%er %5 @6 COorr.osi on_ba{ri er layer 22 is optionally forned
over the sl oPthePonfpad (80 waan inteamedislelayer-t o protect the bond pad 100

from an oxygen- consa: b [ %Emg : . | ment ,

t he second biar r%gé)_ I a%ﬁmfggﬁﬁe:%;fs mt%‘??%%ragg’gggl%%gg{%?ﬂ% or
spun on. For layseaiscoptio: voediovsa thei 4umd the Inetadregionsal S pestect! th

iP\cI udi ng si{)i con bon, oxygen,. and h d??,en such gs a fi}pﬁ?sol dei n

conj unction ﬁ%@%%@frﬁ%m&“%6¥3’°§*°Pﬁﬂﬂ%&?liy@§f°gwe.a“§°®9ﬁ f=®e Oxi dat i on
Prevent ik Pembedifnent] R SEGABhrid 14jee 02 i/ @in 2ss rﬁiﬁﬁﬁﬁ deg%sﬁltgmﬁgg:\}ﬁﬁi than )

the height of the recesses 15. In one enbodi nent, e se barrier -
|l ayer 22 is $pE89n: fon exppplo.thersacend bardier layersX2raambe a nidteral mateding sitiben, second

or 11 qui o VS SRmgrta ot SRR Pt e bk it eminieping wlbfuicRed ot %
i nhi bi tor i sndepriss Ineds OP2ESM) Oxidatios PidveRSéd Prakbss. fThe Eeéoﬂ@bﬁ’éﬁ?ﬁi&szﬂS

above the slots 14. By using a liquid corrosion inhibitor t recesses 15

can serve adas 56 desp Hhanhgheight of the recesses 15. In one embodiment, the second
15 barmier layer 22 is less than approximately 100 Angstroms.

* Alternately, the second bacrier layer 22 can be a corrosion inhibitor in the form
of a solid, gel, or liqnid. 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 Hquid with the metal
<w w=. ..-Tegions 18. Thus, the.corrosion inhibitor that evaporated off of the top surface of the - - ) _—
;netal 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




20uliquid, which is released over time due to the wettability f) MA@ pipgui d
with the netal regions 18. Thus, the corrosion inhibitor that evaporate

‘of f of thewipaBsssé ace of . -the- metal regions 18 is repl ac&c} me by
the liquid corrosion inhibitor fromthe recesses 15 until ng%r{?g}ri%&?i qui d

remai ns. The anmount of liquid corrosion inhibitor that can be held within
each recess 15 is a function of the volune of the recess 15 of the 25 slots
14. The longer the nmetal regions 18 need-1e be protected from an oxygen

envi ronnent LGl e ' I.ahjibitor i eded.an arger the
Colume ot poBr I bbstab iy i g%‘:f"gﬁ%g%‘@’{gﬁﬁhgﬁpﬂf‘bﬂﬁ%we%’ﬂ?‘gl&%ggw zed,
the vol unme ofitehhondingamsvillbe fodipe etdplaimod bélewhei ght of the recess 15 and the
di aneter or w dt h@ thelilj(_iﬁcessI 15. I.n anot her enbodi nent, the second
barrier |ayer 22 %SECPR Darfifs layer 22rs peidiptiacd, 2 sondard preeleaningproeess aryde.

General ly, tBepéfotinel$n , hi . COr i on that
pik ol B0 390G o BLAUN Al 713

has occurred to_the netal regiohs sequent evap

MAR 2006 WO banding obigerragsiyl 150 2p@sao90 andict kept isvlatesl ffomt enmimthklYy sippgbaced by
t he ball, ' ' . e wire bond, during the wre bonding, as wll
be furthermgt)?p%ﬁa(% g%]a%né’frgév@gllﬁf the second barrier layer 22 is not fornmed, a
standar d pr e- ¢l eafiegonniag &ssboRipad 100 BRI {@6ERAd bl Diskf ?ﬁ%esﬂ%@rtﬂ’@?ﬁ”’

: e

argon or the like environnent prior to wire 5 bonding. ternate

openi ng 90 csAueRndEcas subsiEie Qs stiaghndde apackaging spbsirapeometishom) andhexadyen
[ nt .; I ] a and the secand barri | ayer

5. 1 desi nngrdétio W6 Bot 166 BRISortada 100 of I delfcancbetinte T 8k kagt no

g@bst_g_ atl@ ( rdie toshpadrn the gadkaging dubstratedn deder tomitkd £ detdcAkohRag6n ONe bond

pdd 100 on é}%ﬁgse 'conﬂugor sub%trate 10 or 10 die to a pad on the
pack- agi ng Gepdpen fo forges wirg band a metal syiwds pxteuded spdithsttinone  bet ween

th To f | ; | g 4 ' ad then... |
embodi mont . g oot iFordE! @ folth i Ball iy B bhd R8s RRS, W B cntpdltan, i

or annul ar needeisghérsuset émsweopdhe balbaeiopiré foeth®Bbid Sadd00] N(Hichsd weend pad
24 by the

O O e BBl 5 g oL 2B e i i o S i
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 resuliing
structure is shown in FIG. 7. The wire bond 24 can be a ball, wedge, or any other

20  suitable shape.

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

wewie - If the second barrier layer 22 is used and is a corrosion inhibitor it may be -~ ... .




15. bond 24 to directly adhere to the bond pad 100, neani ng that Ttﬁ‘ef"iﬁ.‘ﬁ%ﬂﬁ’
or wire bond 24 is not contacting the portion of the bond pad 100" via an

i nt er medi %ohﬁ?’s?ﬁg{ OI n one enbodinent, the wire or wire bgﬁﬂpéﬁﬁg@%regtcwy

attaches direct the top surface of the copper fill,

has the same neaning as previously stated. The resulting structure i s 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-gsed and is a corrosion-inhibitor

it may be Pr A LY. Prigr to uri ng. Wi re.bondipng.. Alternately, if a
flux is used%glgg{l%ng&%ggrc}ﬁ%ﬂ I%B?qeﬁgedﬁ’g)ﬂéer or WH'@%PP‘{IJE‘? ﬂﬁ?‘_‘&)@mﬁh‘égéhﬁ pri or
Lo, during owiml Usendthé:enitaEhag, hiEeHREs arribst? bhiribk 1dyer 9 SRLAGRM Wid 0.

wi re bonding and, heating drives off the 25 corrosion 1 nhibitor.

a glass is uddashingthe wireossiredbamd2di er 1 ayer 22, the glass will be present

< appl i ed over  t RaoBRipHIR APt b Lo SugURRRUERE & Ml e b iy

cracks at3t hmetadhayes wifich daa berlopper] fginnhihe F;Bu*ﬂﬁyl oﬁﬁ@furgsi ig@hémmrﬁ@'e.ni ng
SO CracC an pecone

portions of _the second barrier |layer 22 a )
di sassoci at elt tB?SWﬁB&‘PWEFS Hhstexpossd sloisy]4ars farsned in piselummand row pajtern s
possi bl e tha el s il 10€ | - e
second barri %‘}&#ﬁ%@?@g&g{ﬁ&?ﬁﬁ% %één#&ﬁ%#&?%ra%ﬁg@gﬁu%ﬁ @&W| n the
Processi ng setuhemsed. However; the area of miztel rapios 18hshosiddend 1dastaphRxihagr3422 or
1 0 MAR 20006 VO, 03/ 025998 US02/ 26607 . 8 corrosion barrier layer is
penet r at ed ﬁ@%@oﬁthéc’B‘?P%dD@ W §ogtasywithy e ygrekand 24 I8 addition.the dlotsild
anot her lwb%ihf&%ﬁsﬁdjﬁ, §ieh a9 8 rép ,Edjtf%fe gi\c dej.€r layer 22 is renoved

] ] ond® 24’ 0

while attaching the wWire or wire pogr aphi cal vi ew of the bot
pad 100 i ncl udi ndeaming reegssed slotted lasttlencbmetmhtomd pdsls ieadvantagsons bessthiecthecan

b , he plurality..of f is sh in FIG.8, Ip.th
ool Por s RANIE 15 orBas it elithby S3R00E 0 e R OHTE, Bolnop BoHS PGSR
pattern andessitngfimeuadrdl Mickmical pdlRBIngdkdntrél the %ﬁafafieﬁbf {RE ﬁg&%g any

nunber of slots 14 can be used. However, "'the area of "netal regio
shoul d be at80yiBledhe hons padi 108 diereby Jimiting bond pad 100 damage during probing. The

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 becanse
20  therecesses 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 bartier— ™
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  tospecific 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 problerns, and any element(s) that may canse any benefit, advantage, or

wever, if -




percent of the bond pad 100 in contact with the wire bond 24. 1T J44R 208k,
the slots 14 10 can be any shape, such as a rectangle, square, or cylinder.
Form ng r eorpmgsesg otted | ast | evel netal bond pads is avaE%ﬁg§8H57because
the recesses 15 increase the reliability of probe and wi re bonding, reduce
polishing dishing resulting fromchem cal mechanical polishing, and
control the penetration of the probe 80 into the bond pad 100, thereby
limting bond pad 100 danage during probi®mg. The 15 recesses al so all ow any

debris that DUl [ 80 to de it in at |east. .one
rec e!s: , ther g g@tg E‘Ja‘?ﬁcﬁg‘“?%éb’%‘? 5%0583%90%8‘??536%2 ci ¥ ‘I’anFE"erdé’é 3293%3?’15 can
al low for netreduired,mrregseatial feituerorelénicnpbieany ® bR BRSclailRY ARGsEBERA (AY et al

after probin eggeciallgn mul ti.pl e reprobes, increases the reliability and
sinplicity ogérpﬁe HPPILSCEr0 N ETRRFISH} 8 cRIY othen vaéptionithgreof; 4o intensled taxpsiver a

resul ting frephkb@udi 1G:cR1 [ i I ' b he recesses
15 increg§e t he su?{g£§§§§§§,%¥ﬁ?ﬁ2a?§§as, Sﬁﬁﬁﬁ%ﬁg%ﬁﬁ%Qﬁﬁgﬂggﬁ% 24 can
attach to’t heomptises adistofeiemdas déasmphiachnde enly tisse elpegisdpibihainctuge ol t he
gl ass barrieps- | gver. t.he nmetal regio 18 and slots 14 to nore easily
fracture, enﬁ%ﬂ%?%é%%%ﬁmcsﬁgﬁwéﬁ{ﬂw?%ﬂc PEACESS, Bgfhod ticle.or gpparfis.hond.
In the foregoing specification, the invention has been described with
reference 25 to specific enbodi nents. However, one of ordinary skill in
the art appreciates that various nodifications and changes can be nmade

wi t hout departing fromthe scope of the present invention as set forth in
the clains bel ow Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and all such

we/di fications are intended to be included within the scope of present
invention. 30 Benefits, other advantages, and solutions to problens have
been descri bed 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 4 10 MAR 20 WO 03/025998 PCT/ US02/ 26607
-9-- solution to occur or becone nore pronounced are not to be construed as
acritical,




required, or essential feature or elenment of any or all the claing MR afd
herein, the terns "conprises," "conprising," -or any other variation

t her eof | ed to cover a non-exclusive inclusion,

process, ﬁgﬁﬁ%,éﬁﬁuicle, or apparatus that 5 conprises aréﬁﬁggbg enents
does not include only those elenments but may include other elenents not
expressly listed or inherent to such process, nethod, article, or

apparatus. 1 0 MAR 2000 WD 03/ 025998 PCTApa02/ 26607 -10 Cains 1. A nethod
of making a bond pad (100) on a sem conductor substrate (10) 5 conpri sing:
formng a dielectric layer (12) over thg sem conduct or substrate;
patterning the dielectric layer (12) t a plurality of features (14)
in a'bond pad region of the dielectric |ayer (12); depositing a copper ’
| ayer (16) over the dielectric |layer (12), anong the plurality 10 of
features (14), anl Aumethodef plakinglaibopd pid (Tlﬁﬁ}mesema)ductor substrate (10)
chen1ca|$ﬁechan|cal polishing the copper layer (16) to forma substantially®
pl anar s |sed of exposed top surfaces of the plurality of

features (14) andfoam;mmremﬁqay&(m?evﬁqumlbamcme;@m%t er being etched
back for directly receiving a probe 80{; 15 etching back the plurality of

fea]t ur es (1:)1) to Mﬁ:emln&ﬁ@siz@lgct(lqwen (e wéomebmbuahk tﬂ@iﬁeaum{él f) inaglgtmd anﬂ
applying a barrier ack copper layer and in the
recesses. 20 2. The %ﬁﬁeoég%%f@fggﬁlﬁcg? lsi'ﬁr{aﬁ%r conprising: formng a
passi vation | ayerdepbfifthg @\ pdrﬂ@eﬁﬁ@@%%&dlerecﬁm@ef (lzgaxﬁdﬂéthé Iu&mrtg

on

| east a,partial openi ng 90) in the passivation_ |ayer 0) over the
?ﬁilﬁ‘es

pad reg|1 n prior to Higoand 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-
o back copper layer; and
applying a barrier layer (22) over the etched-back copper layer and in the
recesses.
20 2. The method of claim 1, further comprising:

RS

_ 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);




25 3. The nethod of claim2, further conprising: formng a polyi m.d@ﬂRay@ﬁ
.over the passivation layer, and formng at |east a partial openi ng in the
pol yi m de weyai2vver the bond pad region prior to etchi nedangdoznéfdr4. A
met hod for making a sem conductor structure, conprising: providing a

sem conductor substrate (10); formng a dielectric |ayer (12) over the
substrate (10); 10 MAR 2006 WD 03/025998 PCT/ US02/ 26607 11 etching the
dielectric layer (12) to forma pluralitylof features (14) in a bond pad

region; depositi sghigiRediclesi 14L12) PfoRin ibyCof FéEE é) a
copper |ayer (18) o?/?rg t he di el eﬁérgczl)l ayerq(ﬁ}g‘;ama)f\ogfa cosp %?}nf‘{ip?&%%
.among and over the GE¥H ures; renoving portions of the copper |ayer (16)

Lop surface of RSkl ol RIdPoPr Bl BRIGRE Ricrti B P Kt oo hveriibhe
features (14); recessdmgttteh&eladtﬂdshbzéﬁ(ﬂzpindf@@%pfﬁs]%glg?mgﬂgaﬁ@egﬁ@esses
| ;

(15) bel the top 10 surface of the copper and attaching a
wire (24) directly to°#HESt op surface of the copper fill (18). 5. A method

of making a sem TN (o ) |G bstrate

(10): 18 forni ngﬁa di & 35?%?%@?%?%%@99?%&%%§M§?%ﬁ""20 25

etching the diel ectrisob$tagtially@laﬁ)rmm’abmamlaiqhigwaipishﬁa&fofwasﬁﬂgl;@) in a
t

bond pad region; depgsitin 0 r (1 n the djelectric layer (1 0
forma copper |ayer (afé)atop gufacggieeacﬁo?zhe%eatures (14);

recessing the plurality of features (14) to form recesses (15) below the top .
J 10 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); _
D ~ .~ ..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 semicondnctor structure, comprising;
a semiconductor substrate (10);




over the dielectric layer (12) and a copper fill (18) anong anf }‘!ﬁg’ éhg
features (14); planarizing the copper |ayer (16) and the coppe il )

to forma wesimasisgal |y planar surface conprising a top sgy

copper fill (18) for directly receiving a probe (80) and a top sur?ace of
each of the features (14); and recessing the plurality of features (14) to
formrecesses (15) below the top surface of the copper fill (18). 6. The

met hod of claim5, further conprising appl34ng a probe (80) directly to

the top surface ofy difiecise f ture
conprising;, a ser% condtﬁlct rf(slu éﬁrg%%gug)i%?ehlm@ ﬁﬁgh%%\ﬂ%f@'}n @ég
PCT/ US02/ 26607 -12- a dﬁ@b@ﬂﬂtmladmndped re@lidd) wheein the feasurbshavetadiktidightavi ng
a plurality of fe%t"%&ﬁé%ﬁ%?) 1;1)@@1ﬁglnabto ad regi on, wherein the
features have a firSF. gAtuIes pxten toef’r%?mih%%htf‘é’h?r@iﬂébe
extending to a second Redoddtheightidgdaferithd th

the first_height, whereby reglesses@%alg areéﬁgé?fﬁgigﬁegﬂg%bt k ta%res

between the first hei gIﬁQm?PﬁdbPYﬁathQ&?@ﬁdSbEthmﬂleﬁ&tbellghtmdﬂnaymonQZZ) over
t he copper fill (18) h@l%ﬂt in the recesses (15).

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




