Met hod for Reducing UBNI Undercut in Metal Bunp Structures TECHNI CAL FIELD
10001] This disclosure relates generally to integrated cue 'its, and nore
particularly to the nethods of form ng nmetal bunp structures. BACKGROUND
[0002] In the formation of a sem conductor wafer, integrated circuit devices
such as transistors are first fornmed at the surface of a sem conductor
substrate. Interconnect structures are then fornmed over the integrated
circuit devices. Metal bunps are forned on the surface of the sem conductor
chip, so that the integrated circuit devices can be accessed. [0003]In
convent i onal Methald fouriRedwring kvl Pndesasids, Metddiubpitroeuabs ur gy (UBM

| ayers are first formed. The UBM | ayers include a titaniumlayer and a

copper g r the titaniumlayer. Metal bunps are then fornmed on
UBBF|ay§§§g§¥§%F£¥?§§. Undesired portions of UBMIayers are then renoved by
wet etching. Conventionally, the copper seed | ayer was renoved using

ammoni cAPOI A Thds éirgleryre ehalcheinenllalokakpned stehianns morglaudilagy o the .
Cu(N1-13),1C12, Cu(N143)2Cl1l, NI 13, and N -14Cl are used. The resulting
cheni cal&hedief frimhg eiobame Seussrescl eaned using NI I3 and wat er . The exposed
portions of the titanium|ayer are then etched using an HP solution with a
hi gh concentration of 11 percent. It was observed that undercuts were
fornedlﬂﬂﬁﬁhRFﬁ@“ﬁetal bunps due to the lateral etching of the titanium

| ayer, and the undercuts may extend under the netal bunps by as nuch as

about Y0ogn As g foesdibh of 4 RidEBIRIor YR SnEBRY I8 ANPALS sfhom t he _
respective netal pads, resulting in alowyield in the netal bunp formation
pr oCesSyansistors are first formed at the surface of a semiconductor substrate. Interconnect structures are

then formed over the integrated circuit devices. Metal bumps are formed on the surface of the

semiconductor chip, so that the integrated circuit devices can be accessed.

[0003] In conventional metal bump formation processes, under-bump metallurgy (UBM)
layers are first formed. The UBM layers include a titanium layer and a copper secd layer over the
titanium layer. Metal bumps are then formed on UBM layers by plating. Undesired portions of
UBM layers are then removed by wet etching. Conventionally, the copper seed layer was
removed using ammonical (AM) etching, in which alkaline etchants including Cu(NH;)4Cla,
Cu(NH;3),Cl, NHa, and NH4Cl are used. The resulting chemicals including CuO are then cleaned
using NII3 and water, The exposed portions of the titanium layer are then etched using an HF
solution with a high concentration of 11 percent. It was observed that undercuts were formed
under the metal bumps due to the lateral etching of the titanium layer, and the undercuts may
extend under the metal bumps by as much as about 10 pm. As a result, the metal bumps may
delaminate from the respective metal pads, resulling in a low yield in the metal bump formation

process.




SUMMARY [ 0004] I n accordance with one aspect, a nethod of form ng a device

i ncl udes providing a wafer including a substrate; and form ng an under-bunp
metal lurgy (UBM layer including a barrier |ayer overlying the subsune and
a seed |l ayer overlying the barrier layer. A nmetal bunp is fornmed directly
over a first portion of the UBMI| ayer, wherein a second portion of the UBM
| ayer is not covered by the netal bunp. The second portion of the UBM | ayer
i ncludes a seed | ayer portion and a barrier |ayer portion. Afirst etch is
perfornmed to renove the seed |ayer portion, followed by a first rinse step
per f or nredvamakie wafer. A second etch is perforned to renove the barrier

| ayer portion, followed by a second rinse step perfornmed on die wafer. At
least a_ first switch tine fromthe first etch to the first rinse step and a
second tleh DasPifashithencsiseesh @ nesthor of frrning asledenidcirdenswviiep: i s | ess

t han about | sgcond. [ 0005] O her enbodi nents arc al so disclosed. BRIEF
DESCRI PN e s ihdrife: Ness onn 0 8] Poder-dump retalop (@8 ) Undéncdtdani ng of t he
enbodi ments, and the advantages thereof, reference is now nade to the

fol | owi PRYIHAET 9Ystlyina desapapc pd & el Linetdvertying thibarhe lace dnmpeanltivng idr awi ngs,
in which: [0007]Figures | through 6 are cross-sectional views of

i nt er melgrmgddicee & ¢ firsg ppation of the UBM layer, wherein a second portion of the UBM

layer is not covered by the metal bump. The second portion of the UBM layer includes a seed
layer portion and a barrier layer portion. A first etch is performed to remove the seed layer
portion, followed by a first rinse step performed on the wafer. A second etch is performed to
remove the barrier layer portion, followed by a second rinse step performed on the wafer. At
least a first switch time from the first etch to the first rinse step and a second switch time from

the second etch to the second rinse step is less than about 1 second.

[0005] Other embodiments are also disclosed.




manuf acturing of a nmetal bunp in accordance with an enbodi nent; and

[0008] Figure 7 illustrates an apparatus For etching under-bunp netall urgy
(UBM . DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0009] The naki ng
and using of the enbodi nents of the disclosure are discussed in detail
below. It should be appreciated, however, that the enbodi nents provide many
applicabl e inventive concepts that can be enbodied in a wi de variety of
specific contexts. The specific enbodi nents di scussed are nerely
illustrative, and do not limt the scope of the disclosure. 10010] A novel
met hod BRIEFUEIGRIBTION aF ThpRAWINGSr educed undercuts in the underlying
under - bunp netafl urgies (UBIVB) is provided in accordance with an

errbodl i nternediate manuf act uri n t he enbodi nent are

1T st ropusy ?‘ﬁedme SRS T PG e RbrHEH i calen o uc S saties TPBghout ¢ he
various, yiews. and il | [h @) ve elnbod rrenf( li ke ref erence nunbers are used
to designate r|?< ]élf ‘é‘i?e t OT’@‘@ﬂTﬁé‘f"@? RGN Co Eieg o with the degogwayingahi ch

i ncl ude 1\§llilbss¥11r\a?1 Ef is provided. In an enbodinment, substrate 10 is a
sem cond‘uc ot b“[rate such as a silicon substrate, although it may

i ncl ude ot her sem conductor materials, such as silicon germanium silicon
car bi dd00Wyal | iHignr@ariskiouges alel’cnctqhw,hcbdﬁmwwﬁ, dnigemneletagedawces 14, such as
transistors, may be forned at the surface of substrate 10. I|nterconnect
struct uncexum@c,unu@mimhmtmmluuﬁeﬁ ad¥eidahee With@s c@Bshivb@Santinot shown) forned
therein and el ectri caI I y coupl ed to sem conductor devices 14, is forned
over s at formed of copper or
copperwgﬁgg %l g’ nay“"t')eé “PSP%HUSL}Q‘I% “’}tgﬁ‘é‘g?/\@fnpk%‘%}rﬁu&ia(%%ene processes.
| nter connect structure 12 may include an inter-layer dielectric (ILD) and
inter-nmetal dielectrics (IMDs). In alternative enbodi nents, wafer 2 is an
i nterposer wafer or a wafer of package substrates, and is substantially
free fromintegrated circuit devices including transistors, resistors,
capacitors, inductors, and/or the like, forned therein. In these

enbodi nents, substrate 10 may be forned of a sem conductor nmaterial or a
dielectric materi al




such as silicon oxide. [0012] Metal pad 28 is forned over interconnect
structure 12. Metal pad 28 may conprise al um num (Al), copper (Cu), silver
(Ag), gold (Au), nickel (N), tungsten (W, alloys thereof, and/or

nmul ti-layers thereof. Metal pad 28 nay be electrically coupled to

sem conductor devices 14., for exanple, through the underlying interconnect
structure 12. Passivation layer 30 may he formed to cover edge portions of
nmetal pad 28. In an exenplary enbodi ment, passivation |ayer 30 is formed of
pol yi tni de or other known dielectric materials such as silicon oxide,

si | i conDETARIRIEDESCRIPTUIDON IO rayessR AMBreefsdrff3isef erring to Figure 2, an
under - bunp netal lurgy ((iBM, which includes barrier layer 40 and seed
| ayer arrier 40 extends jnto the opening in

passiv§§ on Iahmﬂmgﬁ%éﬁﬁuﬁ%ﬁﬁé “ﬁ@?%?xﬁéﬁméﬁcmﬁé?WF@%“P%?é?d%Q may be a
i ¢ b URhoudet iR Bt Bal S Purd e s deRbcepper o copper
ceeq”t Ay AP R EE o RSbodi Fingr s \Hbattepecstichase 9 srficgord.
bar r1 e aain G A e b by LAy eare doapnua Gepige physiiedmizapor

deposition or other applicable nmethods. Barrier layer 40 ire y have a

t hi ckndé&lobet weesvehhatitd 159@)4\11&1@%MQM&;}QN[@Q@&{CC&@&Q{cb@Y@dhe ﬂu’dcﬁ?ﬁ have a
t hi ckness between about |, 000A and about 10, 000A, although diffterent

thic knelsécﬁ'S)umynd&ﬂzluL@chUB[vﬂﬁﬁlﬂa](ﬁlc@ﬂ Erﬁac@mﬁhdcb‘%tﬁ ah 8bddiRent. @npRL I ON Oof Mask
46, which nay be fornmed of a photo resist or a dry film for exanple. Msk

46 is patthednediagand iRty hé ORbAReRhreSRRAaLAYRE vARbS B¥ROSed through
opening 45 in mask 4.6, while second portions 42B of seed |ayer 42 are

cover edmbydimastarddiscuNeX tThrodgh®it the viuiSoR RSB And MuQrd vl dloliigng 0t i on (not
shown), and a plating step is perforned to formmetal bunp 50 on portion

42A of rf@entelnaydirs 42 vaditto ldesi @R@MIkBBlefhons. The plating may be an .
electroplating, an el eetrol ess- platlng, an imersion plating, or the |ike.

b I |ternative
enbodi FEHFE" ﬁe{?farngﬁahwd B2 TR RS bR Ch iy 6. FOREd of a Sn- Ag

|ike, and may be | ead-free or
?L;gyé 81?]1 ocrl mmﬁ ‘;Obl%ua e 1Visa qemxconefuctm substrate, such X@ a silicon substrate, although it

may include other semiconductor materials, such as siticon germanium, silicon carbide, gallium
arsenide, or the like. Semiconductor devices 14, such as transistors, may be formed at the surface
of substrate 10. Interconnect structure 12, which includes metal lines and vias (not shown)
formed therein and electrically coupled to semiconductor devices 14, is formed over substrate 10,
The metal lines and vias may be formed of copper or copper alloys, and may be formed using the
well-known damascene processes. Interconnect structure 12 may include an inter-layer dielectric
(ILD) and inter-metal dielectrics (IMDs). In alternative embodiments, wafer 2 is an interposer
wafer or a wafer of package substrates, and is substantially free from integrated circuit devices
including transistors, resistors, capacitors, inductors, and/or the like, formed therein, In these
embodiments, substrate 10 may be formed of a semiconductor material or a dielectric material

such as silicon oxide.



100151i n the enbodi ment wherein nmetal bunp 50 is a copper bunp, additional

| ayers 52 such as a solder cap, a nickel layer, a tin |layer, a palladium

| ayer, a gold layer, alloys thereof, and/or nulti-layers thereof, may be
formed on the surface of netal bunp 50. Further, the additional |ayers may
be formed before or after the subsequent renoval of mask 46, which renova
step is shown in Figure 4. After the formation of netal bunp 50, mask 46 is
renmoved, and the portions of UMW 40/42 previously covered by nask 46 are
expose%.,The resulting structure is also shown in Figure 4. [0016] Figure 5
T T st rigPEA ¢ pdbad R s lsrmagswer ipigsonps wicisdd. Velyland 28 magiagpran aci di ¢
etching, which s also a wet etch. In an enbodi ment wherein seed |ayer 42
is a cdﬁﬁawu@ééa’$ﬁV§K?“%HB@@@@%éﬁW(ﬁﬁyﬂWh@KNdéﬂm%mwﬂﬁd?ﬁNGSWM@ﬁJc aci d
(H3POY) %pd hydr ogen peroxide (1-1202), which are pre-mixed and are in
conbi ndFOh "B Ry Edeed . Hetabppl Fapa hegfersically qupled exenpbalyoeddyoei ment , t he
DPP incl udes between about 0.5 weight percent and about 5 weight percent
phospholfi 07 &ETPLe e B diamweevatoneronsoigshghe Ietsentioahderdbouty b5 wei ght

per cent. hydr ogen peroxide, although different concentrations nay be used.

Fi gur e "9jadiiQstventdes PetHoR @l mistah pyd dppamaresplincnbe@hibngoseedoh ayer 42.

Wafer 2 is placed on platform 60, which spins along’mﬁth'the overlying

waf er ZOduforg! tvelysrienpighekocesdcleatiemcatls dics pentsen oside aiidode- i oni zed
(D) water dispenser 66 are |ocated over wafer 2, and are physically

bund! edifigyebhaplticlayrohereefart s of di spenser set 62. Accordingly, dispensers
64 and 66 al ways nmove together. During the etching of Eeed Iayeregf,so Chat
di spen 3pet e rid | k. ok LS i : I EOWS

the. DEE oy be e e s Ry ARt A X CRRL, SRRt . “Tre

dur ati ofyePdo HdQeQLERI 1Y isn@%lkgtefogx%d\.’\@ﬁgexgg:ﬁv@J?@e@lggﬁcg%% 8{?@5‘39%213%; 31: 1 And

m nutes. The reacti'on may be expresse ¢ the DPP s ih
: . 1S en

CLIO Ep&sj.;gfﬁ)% layer %‘L\ﬂlpc%tagtg lﬂ%glﬁ 7 '282%&1‘[‘{8'(13')?01' I@{laf BL & é{talgn)lfugtlayee}r, a
stopped, and the process Is swmtched to a Tirs I'nse step,

titanium nitride layer, a tantalum layer, or a tantalum nitride layer. The materials of seed layer 42

may include copper or copper alloys, and hence seed layer 42 is alternatively referred to as a

copper seed layer hereinafter. However, other metals, such as silver, gold, aluminum, and

combinations thereof, may also be included. In an embodiment, barrier layer 40 and seed layer

42 are formed using physical vapor deposition or other applicable methods. Barrier layer 40 may

have a thickness between about 500A and about 2,000A. Seed layer 42 may have a thickness

between about 1,000A and about 10,0002\, although different thicknesses may be used.

[0014] Figure 3 illustrates the formation of mask 46, which may be formed of a photo resist
or a dry film, for example. Mask 46 is patterned, and first portion 42A of seed layer 42 is
exposed through opening 45 in mask 46, while second portions 42B of seed layer 42 are covered
by mask 46. Next, wafer 2 is placed into a plating solution (not shown), and a plating step is
performed to form metal bump 50 on portion 42A of seed layer 42 and in opening 45. The

plating may be an electro-plating, an electroless-plating, an immersion plating, or the like. In an



wherein DI water is sprayed onto wafer 2 to rinse wafer 2. The D water is
sprayed using di spenser 66. The switch tine, which is the period of tine
starting fromthe time the spray of the DPP is ended to the tinme the spray
of DI water is started, is short. In an enbodinent, the switch time is |ess
t han about | second, |ess than about 0.5 seconds, or even |ess than about
0. 3 seconds. Since dispensers 64 and 66 are bundled in a sane di spenser
set, the DI water is dispensed to the sanme | ocation where DPP was

di spensed. Further, the short switch time ensures that the chem cals on

waf er PRI Gleta) byaR s d cPpRsfPusRRe i dlisfretivexmbprinentshacigbuek SPésroval  of

t he resuh}i g chemcals, there is less tine for undesirable particles to be
deposi t VY b P May R femedal ¢ PefeallovsudmAgCy #leyparheldbesd maybe i n t he
chenicqls due to the etching of solder. In an exenplary enbodi nent, during
the firéid-Wsefedeadeayeiniiags er 2 keeps on spinning with a hi gh-1ow hi gh

rotati on-speed pattern. In an enbodi nent, the high rotation speed is higher
than abjoets]1, 0QGhereplbatihRASPRLCMBME BRIV a cGPE: bTRY, Qﬁ!it@[}ﬁ@z}y@{% sphan about
2,000 RPM so that the DPP on wafer 2 may be spun off quickl'y. The

| ow- spe@eh 4satBidedapfolili@MaRg, 4 el s BREEH 14,08 abbiam. BBY) g rotation
speed | ower than about SOOR%PNf énégﬂﬁy be Igﬁbr%thdw é%é&?“%ﬁg’RPM in

or der tzﬁd/ﬁﬁMﬁltiﬂaQﬁQﬂeré@)f“&@y &f foffdd onMOLSL: di; b%%t%l 1?5’0 nglt[f?eEif ) may then be
| C

perforned to spin off the DI water, during wh e spray of DI water may,

or may Ja@itiondd@ysk @RP 68 forhb Befo 8 ¥LIMRE Ak ¥uREREAH BB of NEKIE il | NSe step
may | ast about 20 sgconds to ébout I ni%ugg, #8r éxgﬁpﬁe.5”@%6ﬁ81After t he

et ch ofreBORPRE 8 8R! iR YRR AR AROME tRRRIRor BRI b&hp k(ﬁ}ﬁﬁﬁﬁ s ?ernﬁ) gxposed.
Referring to Figure 6, the exposed portions of barrier |ayer 0 are renoved
usi ng and IehosBhuds ; it . o1z | E ' is low so
that the pré%essyﬁgenﬁgﬁagPﬁgggﬁgﬁﬁﬁﬁgg?n%%%3$ﬁgéﬂ%ﬁ%ﬁ?ﬁﬁ%$§nﬁeduced. In an
exenpl@ﬁmn@@hgmkqg@xnmqhguggncentration of IVin the EIF solution is about
0.3 percent to about 3 percent. The reaction nay be expressed as: Ti

+111.14 -> [Ti F6. 1 3l Ecl g%019]Figure‘7 illustrates that chem cal dispenser
65, whillHo] s GEder  Yudiais dirdene yrbofHpriass (B ofsced Byl osinumdicist i n di spenser
set 62. Simlarly, DI water can also be dispensed through di spenser 66, In
al t er n&11P8 WHbblarR mivet clenbnncatbodimsploheasin Fegd der 431is qvetpeer seiddpenser 76
are plﬂfed over wafer 2, wherein dispensers 74 and 76 are bundl ed toget her
to for MCH U dgyincdsle divied phisphigic peid (PO arg hydropparneiaside|(dafey, wAh di spenser
set 62 or 72 swings back and forth (as synbolized by arrows 78) so that the
14F soPEtHFORUFEyIbEe Biroapagtiemictgh ods @é’érﬁl@@inaéa‘. branzgeropivy waf er 2

uni formy. The duration of the etching may be between about 20 seconds and
about 3”%?%W@§§?eHﬁ%“Wﬁ@“ﬂ@“ﬁ@ﬂﬁ@éﬁuéwﬁuﬁtB@“@é@@mﬂgﬁénﬂmﬁbQMWﬂﬂ nte, for
exanpl e, EOOZOlThe spray of the BF solution is then stopped, and the

pr oc es BNGSEhIgiaEid g belyean dwaghd veighipsiestiahabanhe peight iDicendydrogins spr ayed
onto wafer, 2 to rinse wafer 2. The DI water is sprayed using di spenser 66
or 76, PaependlhrysoAiliirat sasentréonpimay b weil diieure 7 dpwugtescnesimdardi spenser 65
or 74. A short switch time, which is the period of time starting fromthe
spray SFPaEaRE fprefehingsead;laver i3 Vafereddis plocadme pldtivem GhevISgr ins eonDivitiveieer i s
started is used. In an enbodinent, the switch tine is | ess than about |
secondOVerl¥gg waRaR dapis the eicisng piwersl S hewicalelipnndeeébardiiasioradsd 1) &a8r seconds.

Si nce di spensers 65 and 66 (or 74 and 76) are bundled in a same di spenser
set, tHereprer japslocasd dve pers ddandard iesisdlbuhdehbaerwhiore pirbelf HE sol uti on
was di spensed. Further, the short switch time ensures that the HP sol ution
i s qui GRIopser aEY.SEbcoidingl yodispenyas €t and 66 atwagnmexewpdtenyDuring the etching of

seed layer 42, dispenser set 62 swings back and forth (as symbolized by arrows 68) so that the




enbodi nent, during the second rinse step, wafer 2 keeps on spinning with
the high-l1ow high rotation speed pattern, with the high rotation speeds
bei ng greater than about 1,000 RPM or greater than about 2,000 RPM and
the | owspeed rotation being | ower than about 500 RPM or |ower than about
200 RPM for exanple. In an exenplary enbodi ment, the second rinse step may
| ast about 30 seconds to about 2 mnute, or about I mnute, for exanple.

[ 0021] By using the enbodi ments, due to the use of acidic etch for etching
seed | ayer 42, the |owconcentration HF solution for etching barrier |ayer
40, andg’t)lﬁ@alq bF gkasst driough disbenser Ghwintookiferg, unifhien yritie douts: dfohchahiriger | ayer
40, if any, may be significantly reduced. In experinents, the undercut in

t he bunpsierRebtagh abdus Fregongs irrhabenniamtico Tk rdaBMnetaye ngprpsatesses wer e
about 9 umto about 10 um As a conparison, when the enbodi mrents were used,
the undercuts aer g,0educed tipobet ween about 5 pm and abouqﬁglinl i ndi cating
a reduction in the size of undercuts by about 30 percent, Accordingly, the
reliabn%i y of the nmetal bunp fornmation process and the redistribution |ine
formati process is significantly inproved due to the reduced del am nation
caused by the undercuts. [0022] Al t hough the enbodi nents and their

advant ages haveubeenroescciipes, + n,getail, it shoul d be uan&gﬁood t hat

vari ous changes, substitutions and alterations can be nade herein wthout

departi ﬁro t he spj ib nd, scope of the enmbodi nents as defined by the
a,o,oende[@‘g‘é7 ai me Ry E%‘b% ?9 fSHEe”s"é‘g‘@%d’é}Fd hRBOpTSE BeHiChyd i 4 Bt iisASER not
intendqﬁwto EF |imted to the particular embodi nents of the process,
machi ne’ "“Hahut ¥REUF &S ANOIHEE <t 1By Yo talkede | Wi dnsgraypdetisds and st eps
describpd}ip.%?i §£eqhticathgnﬁ As one of ordinary skill in the art wll
readi | Y RPPPE APeS IO Hinenuhich s diegistipdor tmeotasidngdeom e dre sssprayAtibact ur e,
conposi tians of tter, means, nethods, or steps, presently existing or
later t PB%“H%@ @ntgf)g?}? theriray pEPF Wittht is pipstdaisehat Iyantarbodiment. fharwititon or
achi eve sub tagti%ll the sane result as the correspondi ng enbodi nents
descri B8Y ' fiér B ﬁ‘&{ﬂ Beonde pisitradbad dorsdrands: toeven iestibaribesiut 2secawmisor di ngl y,
the apSendqd cLaigg are intended to include within their scope such
pr ocesSHEC CHERRIhEsGRRRiF Wetlsd & o wawpEReepshe Dl Matet idispersechs, tharet hods,
or stegi.lﬂn’additiggi each claimeconstitutes a separate enbodi ment, and
the cofBINAE4ER “OFeH ) v disepnspdrdunbra, tRrabosvrisei neanaured thifithe t he scope of
the disclasyre. What is clainedis:

chenucals on wafer 2 are quickly removed from over wafer 2. With the quick removal of the

resulting chemicals, there is less time for undesirable particles to be deposited on wafer 2, which

particles, such as tin particles, are in the chemicals due to the etching of solder. In an exemplary

embodiment, during the first rinse step, wafer 2 keeps on spinning with a high-low-high rotation-

speed pattern. In an embodiment, the high rotation speed is higher than about 1,000 rotations-

per-minute (RPM), and may be greater than about 2,000 RPM, so that the DPP on wafer 2 may

be spun off quickly. The low-speed rotation following the high-speed rotation may have a

rotation speed lower than about 500 RPM, and may be lower than about 200 RPM, in order to

have a good rinse effect. Another high-speed rotation may then be performed to spin off the DI

water, during which the spray of DI water may, or may not, be stopped. In an exemplary

embodiment, the first rinse step may last about 20 seconds to about | minute, for example.

L7



|.A nethod of formng a device, the nethod conprising: providing a wafer

conprising a substrate; form ng an under-bunp netal lurgy ((iBM
| ayer conprising a banter |ayer overlying the substrate and a seed |ayer
overlying the barrier |ayer; formng a netal bunp on a first portion

of the UBM | ayer, wherein a second portion of the UBMlayer is not covered
by the netal bunp and conprises a seed |ayer portion and a barrier |ayer
portion; performing a first etch to renove the seed |ayer portion;
performing a first rinse step on the wafer; performng a second etch to

r emove mﬂgﬂbaréﬁ%FWW%VéFC@bﬁf&%ﬁ%Y@ﬂédmﬂm“SOfwémﬁbwmvﬁbn%@wgwénd rinse step
on the wafer, wherein at least a first switch time fromthe firs; etch to
the firSteripnigtep bafrrased geisaes driehlayd A abroneeHesispeoRdsettoh. to the
second rinse step is |ess than about 1 second. 2. The nethod of claim 1,
wher ei nterangsarEioa el hafisolbapisierse hitiairensss et copealcf.ayémheconpri ses
copper “undercut is reduced. In an exemplary embodiment, the concentration of HF in the HE solution is

about 0.3 percent to about 3 percent. The reaction may be expressed as:

Ti + HE -> [TiF]? (Eq. 3]
[0019]} Figure 7 illustrates that cherical dispenser 65, which is used to dispense the HE
solution, is also bundled in dispenser set 62. Similarly, DI water can also be dispensed through
dispenser 66. In alternative embodiments, chemical dispenser 74 and DI water dispenser 76 are
placed over wafer 2, wherein dispensers 74 and 76 are bundled together to form dispenser set 72.
During the etching of barrier layer 40, dispenser set 62 or 72 swings back and forth (as
symbolized by arrows 78) so that the HF solution may be sprayed through dispenser 65 or 74
onto wafer 2 uniformly. The duration of the etching may be between about 20 seconds and about

3 minutes, and may be between about 30 seconds and about | minute, for example.

[0620] The spray of the HF solution is then stopped, and the process is switched (o a second
rinse step, wherein DI water is sprayed onto wafer 2 to rinse wafer 2. The DI water is sprayed
using dispenser 66 or 76, depending on whether the HF solution is sprayed using dispenser 65 or
74. A short switch time, which is the period of time starting from the spray of the HF solution is
ended to the time the spray of DI water is started is used. In an embodiment, the switch time is
less than about | secend, less than about 0.5 seconds, or even less than about 0.3 seconds. Since
dispensers 65 and 66 (or 74 and 76) are bundled in a same dispenser set, the DI water is
dispensed to the same location where the HF solution was dispensed. Further, the short switch

time ensures that the HF solution is quickly removed from over wafer 2. In an exemplary

-8



3. The nethod of claiml, wherein both the first switch tinme and the second
switch time are less than about | second. 4. The nmethod of claiml,
wherein the first etch is perfornmed by dispensing an acidic etehant onto
the wafer using a first dispenser, and the first rinse step is performed by
di spensing di-ionized water onto the wafer using a second di spenser, and
wherein the first and the second di spensers are bundl ed together, and are
configured to swi ng back-and-forth over the wafer together. 5. The nethod

f 4 he second etch is performed by dispensing an IIF
golEt?dgkﬁﬁ?%m{ﬁé“%d%%%*ﬂ§VHﬁC%WiH@ﬁdzéﬂ§ﬁéﬁ§@?m“%m@1@hg@éébbhdhr|nse step

f d by di spensij di -ionized water onto the wafer using the second
h?sggasg&ﬂghﬂﬁg tﬁgrwu?ﬁg‘ﬁ@ﬁ%@“mWﬁédé@d@hﬁemﬁﬁﬂmwh@ﬂﬂﬁp@BPMiQbensers are

.are configured to swi ng back-and-forth over the wafer
? ggglt ﬁg%xta?%?ha?ﬁém@@ﬂgﬁp ik and s Wl“’“%éf“é?‘hb‘gﬁg Ipweidhangheut 60 RRM, 61 r st and

otating the wafer with a hlgh rotation
Speed. ?8%&9&%‘%3@9@8%&%1 Bt o] GEbBar T Ae: (RPN s sty | af ter the
step of tatin fer wiwth the | ow rotation speed, rotatlng t he waf er
Wi th aﬁ“‘ﬁ(gﬂ‘i‘ t“?"d‘ﬁ%é SRR (G HPutd BIUEpEeRoHL gBve. tomamplaut 1, 000 RPM

[0021] By using the embodiments, due to the use of acidic etch for etching seed layer 42, the
low-concentration HF solution for etching barrier layer 40, and the quick etch-to-rinse switching,
the undercuts to barrier layer 40, if any, may be significantly reduced. In experiments, the
undercut in the bump structure formed using conventional UBM etching processes were about 9
um to about 10 pm. As a comparison, when the embodiments were used, the undercuts were
reduced to between about 5 jim and about 6 pm, indicating a reduction in the size of undercuts
by about 30 percent. Accordingly, the reliability of the metal bump formation process and the
redistribution line formation process is significantly improved due to the reduced delamination

caused by the undercuts.

[00622] Although the embodiments and their advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the embodiments as defined by the appended
claims. Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, and composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure, processes, machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be developed, that perform substantially the same

function or achieve substantially the same result as the corresponding embodiments described



7. The nethod of claiml, wherein the first etch is perforned using an

et chant conprising diluted phosphoric acid and hydrogen peroxide. 8. The
met hod of claim 7, wherein the diluted phosphoric acid has a concentration
bet ween about 0.5 percent and about 5 percent, and wherein the hydrogen

per oxi de has a concentrati on between about 0.5 percent and about 5 percent.
9. ?fhe nethod of claim1, wherein the second etch is performed using an HF
solution with a concentration between about 0.3 percent and about 3
percent. 10. A nethod of form ng a device, the nethod conprising:

provi di i migbertilivedmepslinggo die sisblssuratiepordingly, thé greided camsunger - bunp

metal lurgy (UBM |ayer conprising a barrier |ayer overlying the substrate
and a s@eddqddy aclugy eithigitedy scone shdrmoasses, ayelines, manufacafig compgitansat al  bunp
on a first portion of the UBM I ayer, wherein a second portion of the UBM

| ayer i'8aligptmasdy arcdgdhyr sitns. Iretditiohgmp claan dosoups h sgarage eeedinleayard porti on
and a barrier |ayer portion; pl acing a first dispenser and a second
di spensB combdpatiphel ey claih erdsinmbotlinen fsiarestitamdie tdope sebodidlchugpenser s ar e
bundl ed together, and are configured to swing over the wafer together;
placing a third di spenser over the wafer, wherein the third dispenser is
configured to swing over the wafer; using the first dispenser to dispense
an acidic etchant onto the wafer to etch the seed | ayer
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portion; using the second di spenser to dispense di-ionized (D) water onto

the wafer; using the third dispenser to dispense an FIF solution
onto the wafer to etch the barrier |ayer portion; and
di spensi ngDl wat er ont ot hewaf ert ocl eanthel |Fsolution. Il. The nethod of

cl ai m What iskkimddris:at | east one of a first switch tinme for swtching from
the step of using the first dispenser to the step of using the second

di spenser and a second switch tine for switching fromthe step of using the
third dispemseamkbﬁﬁ&em&yapvmétﬂhﬁ@ﬁﬂ&bﬂ@nﬁmgmater onto the wafer to clean
the I IF solutdon |sf EQ E 0.5 second. 12. The method of claim
11, wher ei nPBOIH S NE ?rCP’élP”Sé'\ﬁatsc‘:l *'PI°me and the second switch time are |ess
t han about Grhirgemonder-bihdh m?ﬂaﬂmgﬁ'(lblBIdl) OdyecbanprishQ, a whesehyer dusriyng thbe

st eps of et ching the see ion and using the second di spenser to
d|spen%%s%Tcm““g?mhﬁﬁ%°¥?p¥¥ Ph Ydecond di spensers set swing

back- andf or fdmnm\gelrmmhldnmf(elra ﬁl&ﬂ]dnmhxed’fethBN’r lang, tvh@elﬁfa%&f@n@f)mﬁbﬁm g the
barrleb ortion di s wat er e mafe o .clean the

- sof YPPDHS e REM R PaT B R RBEPoLR Gk catt Puv i Boerd t hEvelrar. 14,
The nmepdooh; of cIa|n110, wherein each of the step of using the second
di spenser a}r)]g fc;[rllqlengsatfﬁg etch to remove the seed layer portion;
performing a first rinse step on the wafer;
performing a second etch to remove the barrier layer portion; and
performing a second rinse step on the wafer, wherein at least a first switch time from the first
etch to the first rinse step and a second switch time from the second etch to the second rinse step is

less than about 1 second.

2. The method of claim 1, wherein the barrier layer comprises titanium, and the seed layer

comprises copper.

3. The method of claim 1, wherein both the first switch time and the second switch time are less

than about 1 second.

4. The method of claim 1, wherein the first etch is performed by dispensing an acidic etchant
onto the wafer using a first dispenser, and the first rinse step is performed by dispensing di-ionized
water onto the wafer using a second dispenser, and wherein the first and the second dispensers are

bundled together, and are configured to swing back-and-forth over the wafer together.

5. The method of claim 4, wherein the second etch is performed by dispensing an HF solution
onto the wafer using a third dispenser, and the second rinse step is performed by dispensing di-ionized
water onto the wafer using the second dispenser, and wherein the first, the second, and the third

dispensers are bundled together, and are configured to swing back-and-forth over the wafer together.

6. The method of claim 1, wherein at least one of the first and the second rinse steps comprises:
rotating the wafer with a high rotation speed higher than about 1,000 rotations-per-minute
(RPM);
after the step of rotating the wafer with the high rotation speed, rotating the wafer with a low

rotation speed lower than about 500 RPM; and
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of dispensing DI water onto the wafer to clean the HF solution conprises:
rotating the wafer with a high rotation speed higher than about 1,000
rotations-per-mnute (RPM; after the step of rotating the wafer
with the high rotation speed, rotating the wafer with a low rotation speed
| ower than afxoute SE00RBMtingREd wafer with &N réhnSIped, Qftatin@tidt wWiver Whe anaf er
wth thc%.lovylr.qt‘at j.on s eq, [ ot a';tfi ng tO%?,P fer with an additional high
rotati on SpeedEHCY %}SPF%QH%?B@&T&‘ by © 15. The nethod of claim 10,
wherein the step of dispensing DI water onto the vvafgr\ALO cl eanht hfe 1117
solutign is..perfornme Si he. secand di spenser, an erein the first,

t he segond, A eﬁlﬁ((iao ﬁ%%‘ﬁqgiwi]ﬁlgws% gﬂséreg‘:hb'glfﬁacgﬂwfidﬁ%’ﬁl’i‘ér?‘c ajleCOMmpHENgRt hod
of cl adimteti(phosphereicil anddydbgm pefoxidespensi ng DI water onto the wafer to
clean the kWsolution is performed using a fourth dispenser different from

t he second di spenser, and wherein the third and the fourth di spensers are
bounded t ogé€bchmethodnt claime 7cohdrbiguhediitial swispigriovex! Hahe corfetfiatibagether . 17.

A met hz?o%uto B.Sf }%K‘Jyl{lgldaab%%%/ %Cpeei'celtltb%nmﬁlg%% 1%8%5#0&':11”8&“@@ has a concentration

between about 0.5 percent and about 5 percent.

9. The method of claim 1, wherein the second etch is performed using an HF solution with a

concentration between about 0.3 percent and about 3 percent.

10. A method of forming a device, the method comprising:

providing a wafer comprising a substrate;

forming an under-bump metallurgy (UBM) layer comprising a barrier layer overlying the
substrate and a seed layer overlying the barrier layer;

forming a metal bump on a first portion of the UBM layer, wherein a second portion of the
UBM layer is not covered by the metal bump, and comprises a seed layer portion and a barrier layer
portion;

placing a first dispenser and a second dispenser over the wafer, wherein the first and the
second dispensers are bundled together, and are configured to swing over the wafer together;

placing a third dispenser over the wafer, wherein the third dispenser is configured to swing
over the wafer;

using the first dispenser to dispense an acidic etchant onto the wafer to etch the seed layer
portion;

using the second dispenser to dispense di-ionized (DI) water onto the wafer;

using the third dispenser to dispense an HF solution onto the wafer to etch the barrier layer
portion; and

dispensing DI water onto the wafer to clean the HF  solution.

1. The method of claim 10, wherein at least one of a first switch time for switching from the step
of using the first dispenser to the step of using the second dispenser and a second switch time for
switching from the step of using the third dispenser to the step of dispensing DI water onto the wafer

to clean the HF solution is less than about 0.5 second.
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form ng a netal pad over a substrate; formng a passivation layer over the
nmet al pad; formng a titaniumbarrier |ayer over the passivation
| ayer and extending into an opening in the passivation layer to contact the
nmetal pad; forming a copper seed |ayer over the titaniumbarrier |ayer;
form ng a mask over the copper seed |ayer, wherein the mask covers a first
portion, P e seeg | ayer, 2here|n a second portion of the
copper seed &ggggﬁ%W1 bO@%Eﬂl%ﬁ’ﬂﬁ ﬁé&%d]“BEFWBWﬁﬁﬁ@“%S%WQﬂFWmerocess
to forh%ﬁmMEﬂﬁbﬂbﬁﬁﬁmmn t he second portion of the copper seed | ayer;
renmoving the mask to expose the first portion of the copper seed |ayer;
performng an acidic etch to renove the first portion of the copper seed
| ayer 1% exfpbsmethopof ddimn Op\fvhé:xhﬁ! dﬁriutg&m HEPsRAEKhiRE the 3Y@NaycpR i@ d’l‘ldtu@lgg acidic
| hydr ogen, per oxi de;

etch i ﬁlepsggongrd%%gnsgxstb ngspgl%s!a thl Ps?zullcf th%csec%n quensels sq swmpg back-and-

forth over the wafer, and wherein during the steps of etching the barrier layer portion and dispensing

DI water onto the wafer to clean the HF solution, the third dispenser swings back-and-forth over the

wafer.

14. The method of claim 10, wherein each of the step of using the second dispenser and the step
of dispensing DI water onto the wafer to clean the HF solution comprises:

rotating the wafer with a high rotation speed higher than about 1,000 rotations-per-minute
(RPM);

after the step of rotating the wafer with the high rotation speed, rotating the wafer with a low
rotation speed lower than about 500 RPM; and

after the step of rotating the wafer with the low rotation speed, rotating the wafer with an

additional high rotation speed higher than about 1,000 RPM.

15. The method of claim 10, wherein the step of dispensing DI water onto the wafer to clean the
HF solution is performed using the second dispenser, and wherein the first, the second, and the third

dispensers are bounded together.

16. The method of claim 10, wherein the step of dispensing DI water onto the wafer to clean the
HF solution is performed using a fourth dispenser different from the second dispenser, and wherein
the third and the fourth dispensers are bounded together, and are configured to swing over the wafer

together.

17. A method of forming a device, the method comprising:

forming a metal pad over a substrate;

forming a passivation layer over the metal pad,;

forming a titanium barrier layer over the passivation layer and extending into an opening in
the passivation layer to contact the metal pad;

forming a copper seed layer over the titanium barrier layer;

forming a mask over the copper seed layer, wherein the mask covers a first portion of the

copper seed layer, and wherein a second portion of the copper seed layer is not covered by the mask;
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after the acidic etch, performng a first rinse step on the substrate,
wherein a first switch time for switching fromthe acidic etch to the first
rinse step is less than about 0.5 seconds; perform ng an additional
etch to renove the portion of the titaniumbarrier |ayer using an H'

sol ution; apetforming a plafig§iockdiqo Al d h@MAHunBtdnhne &@&;dq%moﬂg)f te3BGRAGHI NSe
step o the substrate, wherein a second switch tine for swtching fromthe

addi ti SR8l etch to the second rinse step is |less than about 0.5 seconds.

18. The net kmd)vﬁlfgtEélﬂSm&gxpoMEd’ﬁbﬂbotthﬁ oflthk wbgdr RBerpHoOri c acid has a
concentration_between a Hlbout and. about 5 percent, and the

hydr ogen peP@i gderisa c%tf‘fblé’n'tefnﬁﬁ g’ r}{ﬁgt%é’ﬁ 056]&?‘)1’6@‘ segleliyssie o%eae about 5

per cenportiandf theitium birderHkyes,0ltkdi0 thehdRlicdet OB GRITO MR G BRI VEFDs@Raut 0. 3
per cent cent. 19. The method of claim17, wherein the step

of perf““g)1 1dlagi%gl%é$xd‘;c etch and the first rinse step are perforned using

a first andaersiecefid <d¢lspaﬁﬁﬁl’ngtadhdhB]chﬁé‘;ﬁm{meyﬂisﬁdﬂé deedahcasﬂﬂ'mwtﬁh agkbd and
j wherein the ste rform ng the

di -ionj zed t espect I e
addi ti Oh W'tcé%},ghq{dé]hg’e?ﬁg'%%g%%é ’re'ish'é‘bge SERIS 15 g‘abé?"l”b&ﬁé‘ifo‘?f@i ng a third and
t he second pler@pm'rmgan alditicHabpensechdie tHlforsal dftiheiaing beliicd Oy 286k Mater
respectl%e dand wherein the first, the second, and the third di spensers
are buné‘lll noget her .

after the additional etch, performing a second rinse step on the substrate, wherein a second

switch time for switching from the additional etch to the second rinse step is less than about 0.5

seconds.

18. The method of claim 17, wherein the diluted phosphoric acid has a concentration between
about 0.5 percent and about 5 percent, and the hydrogen peroxide has a concentration between about
0.5 percent and about § percent, and wherein the HF solution has a concentration between about 0.3

percent and about 3 percent.

19. The method of claim 17, wherein the step of performing the acidic etch and the first rinse step
are performed using a first and a second dispenser to dispense the diluted phosphoric acid and di-
ionized water, respectively, and wherein the step of performing the additional etch and the second
rinse step are performed using a third and the second dispenser to dispense the HF solution and di-
ionized water, respectively, and wherein the first, the second, and the third dispensers are bundled

together.
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