Met hod for Reducing UBM Undercut in Metal Bunp Structures TECHN CAL FlI ELD
[ 0001] This disclosure relates generally to integrated circuits, and nore
particularly to the nmethods of formng netal bunp structures. BACKGROUND
[0002] In the formation of a sem conductor wafer, integrated circuit
devices such as transistors are first formed at the surface of a

sem conduct or substrate. Interconnect structures are then forned over the
integrated circuit devices. Metal bunps are fornmed on the surface of the

sem conduct Wietibd fof Reédiaiing M RATACRY is VIEHIIBERY SG%ctarede accessed.

[ 0003] In conventional netal bunp formation processes, under-bunp

net al | | ayers are first formed. The UBM | ayers include a

titaniﬁégﬁgygEE%“@LB copper seed | ayer over the titaniumlayer. Metal

bunps are then forned on UBM | ayers by plating. Undesired portions of UBM

layer sjogog t NeRisRARNEE )ieVBineRlIG SRDVERE ARRkloYe pdifi&HRABEE: Seed
(0808 is N DY e¥WBdne ?iﬂ(% &%/’gig&p i, Qf @H\%(i %cﬁl@% ﬁrgﬁe%c

| ayer was renoved using anmbni ca etching, In ne etchants

i ncl udi : " - 1, NH3, and NH4CI are used. The resulting
I nc yq‘n?lﬂo&’((f mlﬁgﬂréﬁlbbgﬁé %}Lg‘&

chem cals 1 nc en cleaned using NH3 and water. The exposed
portions of the titanium|ayer are then etched using an HF solution with a
hi gh ¢ g; ti,gn of 11 percent. It was observed that undercuts were
fornedgﬂgﬁ‘ggﬂ{ﬁg metal bunps due to the lateral etching of the titanium
| ayer, and the undercuts may extend under the metal bunps by as nmuch as
about [0082] Aslmethe éswlation dihesembtatiuhonpatemiiegraed ainduakeicty aigh ke respective
netal pads, resulting in a lowyield in the netal bunp formation

transistors 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 seed 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 ctching. Conventionally, the copper seed layer was
removed using ammonical (AM) etching, in which alkaline etchants including Cu(NH3)4Cla,
Cu(NH;3),C1, NH3, and NH4CI are used. The resulting chemicals including CuQ are then cleaned
using NIHj; 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 Jayer, and the undercuts may
extend under the metal bumps by as much as about 10 um. As a result, the metal bumps may
delaminate from the respective metal pads, resulting in a low yield in the metal bump formation

process.



process. -1 SUVMARY [0004] In accordance with one aspect, a nethod of
formng a device includes providing a wafer including a substrate; and
form ng an under-bunp netallurgy (UBM |ayer including a barrier |ayer
overlying the substrate and a seed | ayer overlying the barrier |layer. A
metal bunmp is forned directly over a first portion of the UBM I ayer,
wherein a second portion of the UBM |ayer is not covered by the netal
bunp. The second portion of the UBM I ayer includes a seed |ayer portion
and a gggﬁ%gg | ayer portion. Afirst etch is perfornmed to renpve the seed
| ayer K; followed by a first rinse step perforned on the wafer. A
second etch is perforned to renove the barrier layer portion, followed by

a secomdod]i nsen skePaRWial sTRAsHRt, R NRf ETfornfihg a 8ASE indufiddpbvigiwkhch tine
fromthe first etch to the first rinse step and a second switch tinme from

th in laQu : ninl &R Ri30hin Ly d.
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t he advantages t _ rererence I's now € omnng _
wni ch: SpBBOIrRY el BRI RATE M b oSS E AR ot Wt VB or moci at o
st ageslag/er} i;[ E?Oe[ 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 metal bunp in accordance with an enbodi nent; and [ 0008]

Figure 7 illustrates an apparatus for etching under-bunp netallurgy (UBM.
-3 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0009] The neki ng and
usi ng of the enbodi nents of the disclosure are discussed in detail bel ow.

It should be appreciated, however, that the enbodi nents provi de many
applicable inventive concepts that can be enbodied in a wde variety of
specific contexts. The specific enbodinments discussed are nerely

|IIust ope of the disclosure. [0010] A novel
met ho g$y§E§§ﬁﬁq%ﬁ§q§%TbﬁﬁkgA&ﬁﬁﬁﬁfeduced undercuts in the underlying
under - bunp netallurgies (UBMs) is provided in accordance with an

enbodi[geed]. THE a hokebmpibialRletiagg odthetRibdiiReitl hitht ke aabodhaent are
illustrated. The variations of the enbodi ment are di scussed. Throughout

the vatifihse W RWmaRdo ind Mﬁ&%ﬁfg'd\é@cx%ﬂ@@@lhl@%% Sonjhididn uflﬁftl% :f‘c@&ﬁ ﬂ#}ﬂfp’er S are
used to designate |like elenents 11] Referring to Figure &a
mhlch(hgghggg§“ﬁgpstrate 10, is prOV|ded In an enbodi nent, substrate 10
is asemc uctor substrate, such as a silicon substrate, although it may
i nclude ot her sem conductor materials, such as silicon germanium silicon
car bi d800gal | Fignues atlgenghd@ areerosshectlond evievSearfiiwomadetanagdew thes 14, such as
transistors, may be fornmed at the surface of substrate 10. |nterconnect
st r uctmamfabRyringhif @ et Ohges ac®idahcd witlesn anbbdmag; {mot shown) forned
t herein and electrically coupl ed to sem conductor devices 14, is forned

The nmetal |ines and vias nmay be forned of copper or

t
2:;;:)63?[8@@5 (r)f,l Sﬁlggﬁg 'Hﬁvmffé ap gplﬁaéguhéqr ﬁ@h]tng ander-bump metallurgy (UBM).



wel | - known damascene processes. |Interconnect structure 12 may include an
inter-layer dielectric (ILD) and inter-netal dielectrics (IMDs). In
alternative enbodi nents, wafer 2 is an interposer wafer or a wafer of
package substrates, and is substantially free fromintegrated circuit
devices including transistors, resistors, capacitors, inductors, and/or
the like, formed therein. In these enbodinents, substrate 10 nay be forned
of a sem conductor material or a dielectric material such as silicon

Veral padAb@%n?“@%&%i AR LA ORI Sl 1 ver (A . goi d

(Au), nickel (N), tungsten (W, alloys thereof, and/or mnmulti-I|ayers

t her edbooNet althpadkid@ dtﬁﬂilk’snb,ﬁofﬁh@@{]tﬁdcﬁﬂ&hyoﬁmgIﬂls@l@s&@a@@ﬂ'@cﬁ@@&mﬁ&&{il devi ces
14, for exanple, through the underlying interconnect structure 12.

Passi WRdvR Nt SRYRIbe IBp BN e ShovfeQETBA e c&@Mﬁ%eﬁgg}%\}?&U b rﬁﬂ%ﬁﬁéab@t al pad 28.

I'n an exenpl ary enbodi nent, passivation |ayer of polyimde or

ot her 11’?5@1‘&’00 1%13{?[9%1{1[ SanRLe Fr{%@lg? l‘E&'?«%@aﬁmﬁfyldf%ﬁ& @géoq%msfllx g ific nitride,

and rmulti-1layers thereof. erring-t an U er-bunp

' 0 and 42
ot anket P s g hSIAR R0 dhilo poti i oRBR G 16 st vat i on

| ayer 30 and contacts netal pad 28. Barrier |ayer 40 nay be a titanium

| ayer ,[0810]t i t Amowshnmittidd fdefdrajigrmetal Hudiph alitimed @y e indeddutdinti@ntbtymgi tri de
| ayer. The materials of seed |layer 42 may include copper or copper alloys,

and henge-megdmbaiaricd 2UBMsalstRsAddd M%bdﬁndlﬁfs@(vﬁtﬁ% %ﬁhb@@im@m ?H@per seed
| ayer hereinafter. However, other netals, such as silver, gold, alum num
and  jpermediate stages of manufacturing the embodiment are illustrated, The variations of the

embodiment are discussed. Throughout the various views and illustrative embodiments, like

reference numbers are used to designate like elements.

[0011] Referring to Figure 1, wafer 2, which includes substrate 10, is provided. In an
embodiment, substrate 10 is a semiconductor substrate, such as a silicon substrate, although it
may include other semiconductor materials, such as silicon 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, ts 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
(1LD) and inter-metal dielectrics (IMDs). In alternative embodiments, wafer 2 is an interposer
waler 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.



conbi nati ons thereof, may al so be included. In an enbodi nent, barrier |ayer
40 and seed | ayer 42 are forned using physical vapor deposition or other
applicable methods. Barrier layer 40 may have a thickness between about
500A and about 2, 000A. Seed | ayer 42 may have a thickness between about

|, 000A and about 10,000 A", although different thicknesses nmay be used.
[00141 Figure 3 illustrates the formati on of nmask 46, which nmay be forned
of a photo resist or a dry film for exanple. Mask 46 is patterned, and

first [0012]i onMAZApad 2SRedmhaalyBer hEricdne@XPaned | L vedghdasaniyn@ndBisé N nmask
46, while second portions 42B of seed | ayer 42 are covered by mask 46.

Next, sahpiim2AlR c@ip@p@h)l ditver @ng) %ﬁd mganawz e, hnBten$ROMNoys ﬂﬁﬂeo@ plating
unp

step is performed to form net 0 on portion 42Aof Seed |ayer 42

and | nan%?mm Ayers dl6or. Mot bREIERY Q@elwnﬂll CCB [96 éoas%h%nd@c@m deyices
-5

el ectrol ess-plating, an inmersion plating |ke .

nmbodi , I er. i ments,
rem i gl 1 %% eg%ﬁél@ thH)'t‘Qip h%%nd% ﬁnpf R Vﬁ?lc,eonﬂgclfnpucbure Ly I?Fé *on d)@ﬁ aqaélbi: oy, a

or the fre r | ead-cont aj ni ng.

[0015]f9'|J CC{ SHsdeh ?Péﬂ?mvﬂ%é‘?"é%]r?aﬂg%/ahl a%ﬁ’ffifiﬂpgﬁycg‘ 8&885\@@?“86%“ fdéi*aoli ti onal
Iayers 52 h as a solder cap, a. nickel % a tin layer, a palladium

| ayer 3048 &BF‘G PEDRlyimidg ?‘difge‘tkﬁé}”@éfd“tré’rfﬂ‘it%‘ﬁ hidchips piligaradnailiedt, may be
formed on the surface of metal bunp 50. Further, the additional |ayers may

be formadesdspitidgvertherof he subsequent rempval of mask 46, which r emoval
step is shown in Figure 4. After the formation of netal bunp 50, mask 46 is

ooy do13j A0 ReEROG!H AN 200 M Afthe! e BNIEE) UBNY, RVRTRALAY bl 46 2re

exposed. The resul

layer 40 and seed layer 42, is blanket formed. Barrier layer 40 extends into the opening in
passivation layer 30 and contacts metal pad 28. Barrier layer 40 may be a titanium layer, a
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 hercinafter. However, other metals, such as silver, gold, aluminum, and
combinattons 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 I0,000A, although different thicknesses may be used.

[0014] Figure 3 llustrates 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



structure is also shown in Figure 4. [0016] Figure 5 illustrates the
renmoval of portions 42B of seed |ayer 42 using an acidic etching, which is
also a wet etch. In an enbodi nent wherein seed | ayer 42 is a copper seed

| ayer, the etchant may include diluted phosphoric acid (H3PO4) and

hydr ogen peroxi de (H202), which are pre-m xed and are in conbination
referred to as DPP hereinafter. In an exenplary enbodinent, the DPP

i ncl udes between about 0.5 wei ght percent and about 5 wei ght percent

phos photiiodiragit dnetairtginpeione e oo blimP. 1h awerhghle epeiodRidnisandadbohd 5Giswei ght
percent hydrogen peroxide, although different concentrations nmay be used.
Fi gur esoldel bidg,tWiatiemapbe R¥@BPLAL Yn-AdRRBY At s AL ATy cﬂrdg;hmsc §ieeehd Iﬁa@%c 42.

Wafer 2 is placed on platform 60, which spins along’with the overlying
maferlaﬂgg&g&ge&pgnﬁﬁﬁn ng process. Chemni cal dispenser 64 and de-ionized
(D) water dispenser 66 are |ocated over wafer 2, and are physically

bundl ed together to formparts of dispenser set 62. Accordingly,

di sperl88td 64InaheledBodiinpetyghenmy erctabhenp 60 is Dnppaghuniye adtighiahigyot 52 seed

| ayer 42, dispenser set 62 swings back and forth (as synbolized by arrows
68) soutlhata fdider ca aDRRetayerjetns pyay e daltddhvou e b gpEnser, aBdysahéreofnaf er 2
uniformy. The duration of the etching nay be between about 30 seconds and

about 3dm Al fyerkliRréEaghy BOFONBY] BEHhEXRITRS DB the@S bukd 56, Fid@er, 1t QUO + H20
[Eg. 11 And CQuO + H3PO4 -> CuHPO4 + H2O [Eq. 21 [0017] The spray of the

DPP i $dkiieRa195RBPAEY bERSnE MR 26 88& thSsuDWuEMGEmb Pt 8 I isds, Whlge step,
removal step is shown in Figure 4. After the formation of metal bump 50, mask 46 is removed,
and the portions of UBM 40/42 previously covered by mask 46 are exposed. The resulting

structure is also shown in Figure 4.

[0016] Figure 5 illustrates the removal of portions 428 of seed layer 42 using an acidic
etching, which is also a wet etch. In an embodiment wherein seed layer 42 is a copper seed layer,
the etchant may include diluted phosphoric acid (H;POy) and hydrogen peroxide (H,(,), which
are pre-mixed and are in combination referred to as DPP hereinafter. In an exemplary
embodiment, the DPP includes between about 0.5 weight percent and about 5 weight percent
phosphoric acid, and between about 0.5 weight percent and about 5 weight percent hydrogen
peroxide, although different concentrations may be used. Figure 7 illustrates an exemplary
apparatus for etching seed layer 42. Wafer 2 is placed on platform 60, which spins along with the
overlying wafer 2 during the etching process. Chemical dispenser 64 and de-ionized (DI} water
dispenser 66 are located over wafer 2, and are physically bundled together to form parts of
dispenser set 62. Accordingly, dispensers 64 and 66 always move together. During the etching of

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



wherein DI water is sprayed onto wafer 2 to rinse wafer 2. The D water is
sprayed using dispenser 66. The switch tinme, 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 tine is

| ess than 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 sane |ocation where DPP

was dispe ﬂﬁ?@c sprafddnBrough MEp&RATda b Wwefer 2 LftorBilg Wh@@untah@z‘i of € cichfpgm cal s
on wafer 2 are quickly renoved fromover wafer 2. Wth the quick renoval of

the rgsHbd ﬁd’t‘sge&a%ﬂﬁt%l s%@onﬁb@ﬁc?aﬂo%t 5 ?rffﬁués' e fo ﬁétlo‘rmlqﬁzsdereﬁpllegseeﬁﬁt icles to

be deposited on wafer 2, which particles, suc ti'n pafticles, are in
the chem cals due to the etching of sol der. In an exenpl ary enbodi nment,
during the fitst HiChse Gi@pHWafer 2 keeps on spinning with(E. hi gh-1 ow hi gh
rotation- speed pattern. In an enbodi nent, the high rotation speed is

hi gher &pan about 1,000 rotations- per-nlnute (RPM), and may be greater

t han about 2,000 RPM so that the DPP on wafer 2 may be spun off quickly.
The IOMFspeed rotation follow ng the high-speed rotation my have a
rotation speeﬁu@@%ﬁﬁ(&h&fﬁﬂﬂ@ﬁ+5@0 RPM and may be |ower tpmn2pbout 200
RPM in order to have a good rinse effect. Another high-speed rotation nmay
t hen rfo S ff the DI te durijng which the spray of DI
vat er qﬁ%’;ﬁ *%aw%qf *‘Pﬁoﬁpg {5appetioPncH. a4 %@ﬂiﬂwf%ﬂéma FEHIISE HePof i r st
rinse step may |ast about 20 seconds to about | mnute, for exanple. -7
[0018]Wh&r<tl%P1tWé=ré‘t PRYSE oplepIer Seatiss wplsk 24the Dlovatergmsprafedsningi er | ayer 40
are exposed. Referring to Figure 6, the exposed portions of barrier |ayer
40 ar dligpenssyed ThsiswgchnmeFwisioh u,tth@gcrlod of time starting {rom the time the spray of the

DPP is ended to the time the spray of DI water is started, is short. In an embodiment, the switch
time is less than about 1 second, less than about 0.5 seconds, or even less than about 0.3 seconds.
Since dispensers 64 and 66 are bundled in a same dispenser set, the DI water is dispensed to the
same location where DPP was dispensed. Further, the short switch time ensures that the
chemicals 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 fast about 20 seconds to about | minute, for example,

7



The concentration of the HF solution is |low so that the process may be well
controlled, and the wundercut is reduced. In an exenplary enbodi nent, the
concentration of HF in the HF solution is about 0.3 percent to about 3
percent. The reaction nmay be expressed as: Ti + HF -> [TiF6]-3 [Eq. 3]
[0019] Figure 7 illustrates that chem cal dispenser 65, which is used to

di spense the HF solution, is also bundled in dispenser set 62. Simlarly,
DI water can al so be di spensed through dispenser 66. In alternative
enbodi[pe18]s, saltenthealch df sppaserd Feaidd pdtiowadfenarthr $pensesre éopaed pl aced
over wafer 2, wherein dispensers 74 and 76 are bundled together to form

di sperggérr 1$|§Tto Fidure el cRfoded oBloaHbMGed: 1BRF 40 € rbiay e Mg sdiBPeNSeH Set 62
or 72 swings back and forth ? synbolized by arrows 78) so that the HF

sol utigp c@ﬁ&’enﬁ@ﬂ&p@@h{@ﬁiﬂs@%%\gﬂ I%%@ﬁﬂﬁﬁ@ gﬁﬁe@rmc?f'bc WA QYBI&S, ada @RI formy.
The duration of the etching may be between about 20 seconds and about 3

m nut qﬁldc*?g%i@?ﬁ]glrpﬁ{[é%ﬁ] ?Stb%'r‘lﬁtﬁﬁl%elﬁe Eg%cz%]ﬂ O%Q)?lllﬁ? ll‘l tll;n Igfﬁ"g(ﬁut nt

exanpl e spray solu Fon I's then sto

t wh Di t d
bt o P SHir i et PSS he bl miy BF et S i e 3’3 o i seoneye e

or 76, depending on whether the HF solution is sprayed using di spenser 65
or 74. A shori+swi-t¢hirgfme, which is the period of time stpgtsng fromthe
spray of the HF solution is ended to the time the spray of DI water is
startgg 13 used. In an enbodi nent, the swtch tine is |ess than about 1
second01%ss Figaw 7dHpiales tEt gharyipglslispenserd ivhicksls upaddn dispense e HF seconds.
Since dispensers 65 and 66 (or 74 and 76) are bundled in a sane di spenser
set, tsplutipy, igalsepuidied igidsperssettt 63 Shdarba i Wags aei 8lRo ihéseensdidhigizlsol uti on
was di spensed. Further, the short swtch

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 ctching may be between about 20 seconds and about

3 minutes, and may be between about 30 seconds and about 1 minute, for example.

[0020] The spray of the HF solution is then stopped, and the process is switched to 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 635 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 1s started is used. In an embodiment, the switch time is
less than about 1 second, less than about (.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



time ensures that the HF solution is quickly renoved fromover wafer 2. In
an exenpl ary -8 enbodi nent, during the second rinse step, wafer 2 keeps on
spinning with the high-lowhigh rotation speed pattern, with the high
rotati on speeds being 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 nent, the
second rinse step may |ast about 30 seconds to about 2 m nute, or about 1
m nut exmbodimae,atong the] OO rinBy stos | wigert nieee pdaoghii it Sith theéidholobhigghise of
acidic etch for etching seed layer 42, the |ow concentration HF solution

for etrofaliogsgead phtedin, vayehe 43h rédtod ﬁ)@e(ﬁtﬁeﬁig @éed bR bbaseo@mighing, the
undercuts to barrier layer 40, if any, may be S|gn|f|cantly reduced. In

exper i @ik Shant HBur LOHERBIUL arldrlh@ Rey-Buap Iostﬁtqdﬁ%WgQO\LQI tmarfjab‘dﬁﬂ 4§ 1eavGnt i onal

UBM etchi ng processes were about 9 mto about a conparlson

when 145e. &ARegH, Iyﬁr 1%; H)% 1(f~ tln?m %P&g‘g&g eﬁlb\g@lm%n '{heda%gongi un bet ween

about 5 mand about ating ar | bﬁ%ercuts
by ab nt . ordl the re abl of t e neta unp
forna?%léggrgomggsgﬁﬂd? bOWQ%W§¥W38hﬁ¥3L ‘Wﬁeﬁ%ﬁﬁﬁwp n process is
significantly inproved due to the reduced del am nation caused by the

under o0 [ 0B22}inAlhehaibghintche, erdodhd @B s aamd eich b ct@thabages: /U been
described in detail, it should be understood that various changes

subst itlbwich@hraish I@P tQn&dd @U@teﬁlﬁ% bRSGicMRY& J0ehRi Re gMYUE Betto-HRRARIRGef rom
the spirit and scope of the enbodi ments as defined by the appended clalns.
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undercut in the bump structure formed using conventional UBM etching processes were about 9
pm to about 10 um. As a comparison, when the embodiments were used, the undercuts were
reduced to between about 5 um 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.

[0022] 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



particul ar enbodi nents of the process, machine, manufacture, and
conposition of matter, neans, nethods and steps described in the
specification. As one of ordinary skill in the art will readily appreciate
fromthe disclosure, processes, nachines, manufacture, conpositions of
matter, means, nethods, or steps, presently existing or |later to be
devel oped, that performsubstantially the sanme function or achieve
substantially the same result as the correspondi ng enbodi nents descri bed
-9 herigirdin iRy toeaiiltdd dce@binges Ok disabstie. Ab®rdlhg¢! RS WRndAcIamdiargl v, the
appended clains are intended to include within their scope such processes,
machi ngendduh UK €hi s Jetsl oBfsses TR o. BAMSorur SitioWofSt eps.

I n addition, ea%ﬁddﬁlg;ll%g%gﬁgﬁetggﬁggOgésggggﬁ? éa}ﬁﬁees’enbod?crlr%%@%%mﬁ?ef
conbi i Vard ous . Cl al i Aare W.thi e _of the

0" Ak P nBlns VAL QNS o Gkl I ARALERAMLIRD LA AL S WD LAB.AERC, AT L e

di scl osure. - orm ng evi ce,

net hod, ¢ 1Sk ng. rovidin fer compri.sing a substrate: formng an
underﬂggﬁggééﬁﬁﬁﬁﬁpagmfﬁEW?b%&ﬁ%&ﬁ%®W8F?§Fﬁﬁa§’%5P?F@P?h§$%WkHW€rIying t he
substrate and a seed | ayer overlying the barrier layer; formng a netal
bunmp on a first portion of the UBM I ayer, wherein a second portion of the
UBM | ayer is not covered by the netal bunp and conprises a seed |ayer

portion and a barrier |layer portion; performng a first etch to renove the
seed | ayer portion;
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performng a first rinse step on the wafer; performng a second etch to
renmove the barrier |layer portion; and perform ng a second rinse step on the
waf er, wherein at least a first switch time fromthe first etch to the
first rinse step and a second switch time fromthe second etch to the
second rinse step is less than about 1 second. 2. The nmethod of claiml,
wherein the barrier |ayer conprises titanium and the seed | ayer conprises
copper. 3. The nmethod of claim1l, wherein both the first switch tinme and

t he se&eidl BACLARMEDNAS: are | ess than about | second. 4. The nethod of
claim1l1, wherein the first etch is perfornmed by dispensing an acidic

et chant. ontOnkhedwafRmintsd gic, the heihodicoppnsieg, and the first rinse step is
performed by di spensing di-ionized water onto the wafer using a second

dispenser,Eﬁ@ﬂﬁﬁ@@&@hgcgmgﬁgh%§gwﬁggnghe second -11 dispensers are bundl ed
together, and are configured to sw ng back-and-forth over the wafer

Gpget et o TR aTBl RO, ak kMU B ELELOLARGRE FRNMGPLSD 42y DRt [ Ted BY

di spensi ng an ol utionh onto usi spens 8nd the

secon%ug&aﬁgwﬁé% %%%Hd%%gg%ggg£?¥ﬂg%h%pensing di -ionized water onto the

waf er “using Wherein the first, the second, and

the third dispensers are bundl ed together, and are caonfigured to sw ng
back- and- %l'lnﬁﬁg 6{}@@1 HaP QA ’I"SttPBEf@F‘H’é ILhc UBM layer, wherein a sécond portion of

the UBM layer is not covered by the metal bump and comprises a seed layer portion and a barrier
layer portion;

performing a first 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 | 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



6. The nethod of claiml, wherein at |east one of the first and the second
rinse steps conprises: rotating the wafer with a high rotation speed

hi gher 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
| ow rotation speed | ower than about 500 RPM and after the step of rotating
the wafer wwth the low rotation speed, rotating the wafer with an

addi tional high rotation speed hi gher than about 1,000 RPM 7. The nethod

of .cl adispedseridiebehdled Beethé &id £ 6dhfigardaes tRREBECWSIR@BRVEL BB At CONPri Si ng
di | uted phosphoric acid and hydrogen peroxide. 8. The nethod of claim7,
wher ei@odhe di | uted phosphoric acid has a concentration between about 0.5
percent and about 5 percent, and wherein the hydrogen peroxide has a
concentration between about 0.5 percent and about 5 percent. -12 9. The
met hod of claim1, wherein the second etch is perfornmed using an HF

sol uti‘on wi'khs neethedmictindathersingae sasend elbbistpedonagdrychipensinglambBut 3
percent. 10. A method of form ng a device, the nethod conprising:
provi dichgion onmfthe welenpyingi iirdalipabst,mad éic standiringe step wipddpraiadiy net al | ur gy
(UBM | ayer conprising a barrier |ayer overlying the substrate and a seed
| ayer dispendiyg digiohized ater dies tHeayafer 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

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.

7. The method of claim 1, wherein the first etch is performed using an etchant comprising

diluted phosphoric acid and hydrogen peroxide.

8. The method of claim 7, wherein the diluted phosphoric acid has a concentration between
about 0.5 percent and about 5 percent, and wherein the hydrogen peroxide has a concentration

between about 0.5 percent and about 5 percent.
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formng a netal bunp on a first portion of the UBM I ayer, wherein a second
portion of the UBM Il ayer is not covered by the netal bunp, and conprises a
seed | ayer portion and a barrier |ayer portion; placing a first dispenser
and a second di spenser over the wafer, wherein the first and the second

di spenser s @hembthiodbdaitrogetiresin tandcaredanpérfuneduting swHRgouet withe waf er
together; placing a third dispenser over the wafer, wherein the third

di spens@icehiBatiofbbivgidi @but 0.3 peweRthn@\w@butiRrobaf er; using the first dispenser
to dispense an acidic etchant onto the wafer to etch the seed | ayer
portion; using the second di spenser to dispense di-ionized (D) water onto

the wafigr; ushgod Berokhingd ddiisReNSAEmbO cstheRgnse an HF sol ution onto the
wafer to etch the barrier |layer portion; and dispensing DI water onto the

wafer to cl ?micﬁkgea {,—V!gfe§9&y¢{isg{é.asja%su.a e nmethod of claim10, wherein at

| east one of a first swtch time for swtching fromthe step of using the
first dispepser t st f L usi b@ second. di spenser. and a.  second
cui ton trmorne B P LM T SO S R v ar SHERT ¢ 0
the ste Pf,diigen HQ%_DI.Mate& bo_nto the wafer to clean the HF solution is
| ess t AAITAGANT 26° LBYRityme thabargier layete et hod of claim 11, wherein both
the first switch tinme and the second switch tine are |ess than about 0.5
second. 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.

11. 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.

- 13 =



13. The method of claim 10, wherein during the steps of etching the seed

| ayer portion and wusing the second di spenser to dispense DI water, the
first and the second di spensers set swing back-and-forth over the wafer,
and wherein during the steps of etching the barrier |ayer portion and

di spensing DI water onto the wafer to clean the I-IF solution, the third

di spenser swi ngs back-and-forth over the wafer. 14. The nethod of claim
10, wherein each of the step of using the second dispenser and the step of
di spending Dhe watted o olabtn t heviwadie bothaheti®adwitch @intdrand Ghddet 61t SORPHLRES:
rotating the wafer with a high rotation speed hi gher than about 1,000

r ot at i @ase8haiabout ®5 sdcbiM ; after the step of rotating the wafer with the
hi gh rotation speed, rotating the wafer with a |ow rotation speed | ower

t han about 500 RPM and after the step of rotating the wafer with the | ow
rotation speed, rotating the wafer with an additional high rotation speed
hi gher 16han TAbBI04 ODBETIRFVEREn SHhariBt Hees QELcaithy ou MORGREle e ot op
of dispensing DI water onto the wafer to clean the HF solution is

per f or HBEE theispeprdiiispeesebidlithcaisdpswater, fudirved dierseednd dispessers setrvisecond,
and the third dispensers are bounded together. 16. The nethod of claim 10,
wher ei hatkhandslioa) ovér tk wplen shdghBleinvatriag tiontaps bh etcivaf dre Haariecs leanportine HF
solution is perfornmed using a fourth dispenser different fromthe second

di spenagd disganging W evagdrdniotie tvafer ¢ denh thhEFiomribl) U6l BREIspEScavangounded
together, and are configured to swing over the wafer together.

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 (o swing

over the wafer together.
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- 14 17. A nethod of forming a device, the nmethod conprising: providing a
substrate; formng a netal pad over the substrate; formng a passivation

| ayer over the netal pad; formng a titaniumbarrier |ayer over the
passivation | ayer and extending into an opening in the passivation |ayer
to contact the netal pad; formng a copper seed | ayer over the titani um
barrier layer; formng a nmask over the copper seed | ayer, wherein the nmask
covers a first portion of the copper seed | ayer, and wherein a second

portiom.of Ahetleappesmieedddayetheintetilcodyiemgd by the mask; performing a
pl ating process to forma nmetal bunp on the second portion of the copper
seed | ayer; ,hamRYaREbdAR; Msk to expose the first portion of the copper
seed.layer; performng an acidic etch to renove the first portion of the

copper seethﬁmg&rﬁﬁﬂgﬁ@8§§t@3%thﬁ&on of the titaniumbarrier |ayer,

wherein the acidic et I's perfornmed using diluted phosphoric acid and
hydrogen pefoxide, and.perform ng an additional etch to renove the portion
of the titgﬁfﬂﬁ?%&??P@P&?%ﬁgﬁnﬁggﬁﬁuﬁ PA%E sol ution. 18. The nethod of

claim 17, erein the dLIuted ghospﬂoric,acid has a congentrati on between
orming a titanium barrier lay r over the passwatlon Iayer and extendmg nto 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;

performing a plating process to form a metal bump on the second portion of the copper
seed layer;

removing the mask to expose the first portion of the copper seed layer;

performing an acidic etch to remove the first portion of the copper seed layer to expose a
portion of the titanium barrier layer, wherein the acidic etch is performed using diluted
phosphoric acid and hydrogen peroxide; and

performing an additional etch to remove the portion of the titanium barrier layer using an

HF solution.

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 5 percent, and wherein the HF solution has a concentration between

about (.3 percent and about 3 percent.
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about 0.5 percent and about 5 percent, and the hydrogen peroxide has a
concentration between about 0.5 percent and about 5 percent, and wherein
the HF solution has a concentration between about 0.3 percent and about 3
percent. - 15 19. The nethod of claim 17 further conprising: after the
acidic etch, performng a first rinse step to the substrate, wherein a
first swtch time for switching fromthe acidic etch to the first rinse
step is less than about 0.5 second; and after the additional etch,

perforning'amﬁﬁ&g@gﬁnmﬂ@q73gggﬂggmbhﬁn§ubstrate, wherein a second switch
time for switching fromthe additional etch to the second rinse step is

l'ess than ah@ufneQeidic S@C Ba‘fjonﬁ%gr a ﬁhﬁnﬁ'@%ts ESO e sﬁﬂ)s%iag:‘f g}vgeremefritgfr ?Qvifcﬂe step

of perfornming the acidic etch and the fir rinse are perforned using

i o2 o RSOGO RERS B O RRERRLUITR 16k D SR RASPRESIG fuf L "

di -ionize er,“respec erein t he

additional etch and.th econd rinse step are performed using a third and
fhe second SrCRs AREFOTE ot GRERCEmEReTwRY TBet Uth Bre i Ge oK Seasvirer
respectively, and wherein the first, the second, and the third diiPensers
are bu%ch &mtecfalébinglhgng_er% the additional etch to the second rinse step is less than about 0.

second.

20.  The method of claim 19, 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-tonized water, respectively, and wherein the first, the second, and the third

dispensers are bundled together.
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