9 2 JUL 2005 RELIABLE METAL BUWMPS ON TOP OF |1/ O PADS W TH TEST PROBE MARKS

i GROUND OF THE I NVENTION (1) Field of the Invention The invention
Féfgtes to the fabrication of integrated circuit deV|ce$, and nore
particularly, to a method of renoving damage to I/0O pads that hayg‘Hﬁ§@m5
contacted by test probes, thereby avoiding potential solder bunp .
reliability problens. (2) Description of the Prior Art The creation o
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~are transistors, diodes, bipolar transistors-, CMOS Field Effect
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sem conductor devices. In addition, the interconnected devices and device

' i trates, printed
el ement r 644, r npected to sem conductor subs
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sem conduct Ofye Q%WEﬁ@igRngiégéés%%pgggsfabrication of integrated
circuit devices, and more particularly{ to a method of removiﬁg

damage to I/O pads that have been contacted by test probes,

- thereby avoiding potential solder bump reliability problems.

{2) Description of.the Prior Art

The creation of monolithic integrated circuits requires the
creation bf numerous interacting electricél device elements,
whiéh are typically created in or on the surface of a
semiconductor substrate. Among these device elements are
tfénsistors, diodes, bipolar transistors, CMOS Field Effect
‘Transistors of either N or P channel type and the like.. After
sgmiconductor devices and device elements have been created,
‘these devices and deviée elements muSt be interconnected in 9rde¥
to forﬁ functional semiconductor deviées. In addition, the‘
'interconnected devices and device elements are further cdnnebted
to semiconductor supstrates, printed circuit boards, flex

circuits or a metallized or glass substrates or semiconductor

device mounting supports.



i i Vi C he technol ogy of
9 3 JUL 2005 In creating sem conductor devices, t tecl y _
i nterconnecting devices and device features is a continuing challenge in

b-mi cron devices. Bond pads are frequently used forﬂghj
Lnspggg Oahzgeby continuous effort is dedicated to creating bond.paég‘gwgt
are sinﬁleﬁ reliable and inexpensive. Bond pads are generally used to wire
device el ements and to provi de exposed contact regions of the die. These
contact -regjons are suitable for wiring the die to conponents that are
" external to t'he Hiting exXgprentsciwier edevbomg withe | staiaebeyd -be-a bond
pad of a semi conductor die at one end and to a portion of a.Printed
Gircui t 1BoAFrPrRectRBI ot dRstiaasd ohdt ewiiaee. fhtursd iiss §ONSIrANhY ngt 1 | Vi NG
to achieve inprovenments in the creation of bond pads that sinplify“the
manuf actiFHP95r odBssththi leea epfarmibmgilbond PRl fceld.abBbhély .pfid rgguent Iy .
used bopd pad consists of an exposed al um num pad. A gold bond wire can be
bonded fﬁe‘f‘?ﬁ%ﬂéﬂ AU PadthIFhirurnogse ofhcoehyectonannhouwever ebst hiighl y
tenperature dependent, posing potential reliability problems under :
operati%ﬁé%ﬁﬁﬁﬁ%i%ﬁser%ﬁﬁﬂﬁgtbﬂ?@nﬁﬁ@ﬁnthQMperatmﬁmpus,ka@mMabDeanan _
excess of 150 .degrees C. In addition, even when the anbient tenperature is
| ess t K33 Prmat el y 150 degrees C., the al umi num-bond pad is

Bond pads are generally used to wire device elements and to
provide exposed contact regions of the die. These contact
regions are'suitable for wiring the die.to cbmponents‘that are
external to the die. An example.is where a bond wire is attached
to a bond pad of a semiconductor die at ‘one end and to a portion

i of a Printed Circuit Board af the othe; end of thé wire. The art
is constantly striving to achieve improvements in the creation

of bond pads that simplify the manufacturing process while

enhancing bond pad reliability.

A frequently used bond pad consists bfian exposed aluminum
pad. A gold bond wire can be bonded to this aluminum pad. This
type of connection however is highiy temﬁerature dependent,
posing poteptial reliability problems under operating conditions
where the ambient terqperature is known to be in excess of 150
degrees C. In addition, even  when the ambient temperaturé ié

less than approximately 150 degrees C., the aluminum bond pad is
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2 13 JUL 2005 susceptible to corrosion sinply because it is exposed.

Al um num grows a passivating oxide layer in air and is as a consequence
“protected agai nst corrosion. Alumnumw ring used in _sen!conduptfgﬁngmg%
however, contains copper, which does.not have a passivating oxide; "an e
Al -Cu alloy that is used is nore vulnerable to corrosion. The corrosion of
alumnumw res i's caused by several sources such as chlorine transported
through the plastic packagi ng and the passivation materials, chlorine
from the etching conpounds and as etching by-prpdycts, phosphorous acid
" forned FroTh §s tHhGSpRBFbeR fimrkie bastosphdsi liscakpogbassiletimunl y a
smal | amount of chlorine is required to cause severe |local corrosiop of
the al uPf i ¢ | PRI 1Vakingi edrleolpvet ofincaly amd afldi 45 0a, consefuatRley
quickly after nmetal etching. A water rinse or a water vapor treatment is
t her ef FPECt§Fiecal | $9aPPPt ed TT-r@PFdiRd - et chlwginunt r odueédg cong@si orLn wher eby
chlorine compounds and el emental chlorine nust be renoved fromthe netal
sur f ace®$PARAROKCEPYS af heve s montetohi ngrpéht evialls ddeat rane Haypi gal |y |
used for bond pads include netallic materials, such as tungsten and _ |
al um NP SSATAté PHe M ide, dupsedtivel Par-Ficedlomn takso e used fier neart acting |
material . The 5

vulnerable to corrosion. The corrosion of aluminum wires 1is
caused by several sources such as chléfine transpofted through
the plastic packaging and the passivation materials, chlorine
from the etching compounds and as  etching 'byfproducts,
phosphorous acid fqrmed from . excess phosphorous in the
phosphosiliéate glaésl etc. Only a small amount of chlorine isl
‘required to cause severe local corroéidn of the aluminum lines.
Aluminum corrosion can, in addition, occur very gquickly after
metal etching. A water rinse or a water vapor treatment is’
therefore typically applied’ ™ to avoid etching introduced

corrosion, whereby chlorine compounds and elemental chlorine

must be removed from the metal surface immediately after plasma

etching.

Materials that are typically used fo¥ bond pads include
metallic materials, such as tungsten and éluminum, while heavily
doped polysilicon can also be usea for contacting material; The
bond pad is formed on the top surface of the semiconductor device

whereby the electrically conducting material is frequently



“bond pad is forned on the top surface of the sem conductor device whereby
the electrically conducting material is frequently 3 1$JUL 2005 enbedded
in an insulating |ayer of dielectric. In using polysilicon as the bond pad
material, polysilicéon can be doped wth an n-type dopant for co Ngs
N—reglons while it can be doped W th p-type dopant for contactlg%g(aLIL

P-reglons T@d%da groach t 5 Eg avoi ds inter-diffusion of the dopants
and dopant™ T gration. ﬁ?ai ¢dardYiatCd Gvedsrtatt- rési§tafdce for "the bond

pad- ar ea d mhlle concerns of avai dance of noisture or chem cal
sol vent é%s&msgggﬁg ?%l IR aaﬁgsT%ﬁFQﬂi&raEP%Y?%&%Qﬂ? cagebani9rad on - and

cracki ng n_i a in the creation  of bond pads. The
conventldﬁa p?oceggg éﬁﬁeﬁgé FRAT2 TS Ns HaT edt St dthd Leant af amilfum bond

d i e roce tart th a_sem conduct or
Do noe” 102 BaFyop- t#ea%%p%m SIS AT S

surface 10, Fig ically the sur ace

substrat &r d%fl§¥e£v3£%§ﬁ %&rélP? é% %% do%é Hfdﬁg Osited over

the surface 10. "A | ayer yplca been

deposi t equieMek | the surfacs .af. I o] 17 of alumnumis
patternedjgkd et ched typlcggykggFﬁg%g ?égéFLo esﬁﬁ1ﬁﬁ?FeSPEtt??uﬁoqghomn in

Fig. 1) angh gepyentianal; /B RS0 1corns of avoidance of moisture or

chemical solvent absorption, thin film adhesion characteristicsp-

delamination and cracking play an important part in the creation

of bond pads.

The conventional processing sequence that is used to create

an aluminum bond pad is shown in Figs. 1 and 2.

“The process starts with a semiconductor surface 10,  Fig. 1,
typically the surface of a siiiqon_single crystalliné subst?ate.
A layer 13 of Intra Metal Dielectric {IMD)} is deposited.over the
surface 10. A layer 17 of metal, typicélly altminum, has been
depoéited over the surface Qf the layer 13 of IMD. Layer 17 of
aluminum is pattérned and etched typicélly using a layer of
photoresist (not shown in Fig. 1) and cénventional methods of
photelithography and etching. After the bond pad 17, Fig. 2, has
been created in this manner, a layér 11 of passivation is

deposited over the layer 13 of IMD. An opening 15 that aligns



i hy and etching. After the bond pad 17, Fig. 2, has been
(F:)Pg;?la:jt ihgg{ ﬁ?symanner a Igyer 11 of passivation is deposited ovgr 'Ejhe
‘"l ayer 13 of I NMD. An opening 15 that aligns 4 1 JUL 2005 wth thgwgﬁ”— ;23005
17 is created in the layer 11 of passivation., again using netho o
phot ol i t hogr aphy - and etching. A conventi onal rre_t hod that is useﬂ to crea
"a sol der bunp over a contact pad is next highlighted. Fig. 3 shows ?n
exanple of one of the nethods that is used to create an |nterconnect o
bunp. -A sEHcEhEuBeR? RAs fidcés10raasedden theovaded 1 WF gagﬁiﬁétlfgpnf a
pad 14, the semniconductor surface 10 is protected with a Iaye][ o]
passi vatlﬁﬂ?lnAﬁsbb‘éﬁPQ@@ ledsphetanl Crieatreghiynatdiestdraygr 12 o 4 th .
passivation, the surface of the metal contact pad 14 is expose g rou? he
this opening 19. Next, Fig. 4, a dielectric l|ayer 16 is deposited ove
surface of the | ayer 12 of passwatl on. The layer 16 of dielectri cI i st .
patterned and Refeherrtionadt maghes Wpeniisgudadi to thedtayer sdfyof 1 e](c: r
that aligns ,W|th the metal pad 14 and that partially exposes the surface
B et al) af gh (B L aroat od buer oho L per e SHobE L | e

is created over e lay

?gm;f Nerrte? g P %Wpoﬁﬁtﬁm%@%wacaooéream ametiate pashnkd i nsi de

regi on of layer 18 of
openi ng %%mpThE se 1conductorysurface 10 has been provided with a metal

contact pad 14, the semiconductor surface 10 is protected with a
layei 12 of passivation. An opening 19 has been created in the
layer 12 of passivation, the surface of the metal contact pad-14
is exposed thfough this opening 19. Next, Fié.'4, a dielectric
layer 16 is deposited over the surface of the layer 12 of
paséivation. The layer 16 of dielectric is patterned‘and etched
Creating an opening 21 in the layer 16 of dielectric that aligns
with the metal pad 14 énd that.bartially expoées the surface of
the metal pad 14. A layer 18 of metal, typically using Undér—
Bump-Metallurgy (UBM}, is created over the layer 16 of
dielectric, layer 18 of métal is in contact with the surface of
the metal pad 14 inside opening 21. The'region of layer 1B of
metal that is above £he metal pad 14 will, at a later point in
the processing, form a pedestal over whichlthe interconnect bump
will be formed. This pedestal can be further exteﬁded in a
vertical direction by the deposition and patterning of ore or

more additional layers that may contain a photoresist or a



metal -that is above the netal pad 14 will, at a later point in the
processing, forma pedestal over which the interconnect bunp wll be
“formed. This pedestal can be further extended in a vertical direction by

the deposition and patterning of one or nore additional |ayers tﬁt\wg_raéﬁ%
contain a photoresist or a 5 13 J UL 2005 dielectric material, "‘these
‘addi-tional layers are not shown in Fig. 4. These |l ayers essentially have

t he shape of layer 16 and are renoved during one of the final processing
st eps'tha%.i - alppl ied for the formation-of the interconnect bunp. A |ayer
of phot or Js?%‘t‘:t( A6t "8hetiAl i $hgEpoafdbionsdt fevaed ammchett ehedn i eati.ng an
opening t at aql i gns wi fh the contact fad- 14. A layer 20 of netal, such as
copper or hickel ‘PEPG. & CHhESS e pbi Akl wuhaviet sheashare tofoflayhe pedest al of
the to be . Lhterconnect bunp,. is next electroplated in the opening
creat ed ?% tq%tén%%g?ecrmﬁfngpr? FoPEsFRE Lt loRTPRESSiNG mersf thhe imyer 18 of
nmet al , \M’lﬁg | pyer. 18 serves_.as the | ower el ectrode during, the

pl ati ng propgltebséé Q?ﬁeg%{? nfﬁrrﬁazﬁgp 95 Ye SOItEFonReCck | E-opl at ed on t he
surface of layer 20. The-patterned | ayer of photoresist is then renpved.

The layer 18 of netal is next etched, Fig. 6, leaving in place only the
pedestal for %hﬁayQ£%£€QﬂQ%%EeQEQP-(ggﬂnggwg?'fs dePOéited, patterned

land etched, creating an opening that aligns with the contact pad
i4. 1 layer 20 of metal, such as copper-or nickel, Fig. 5, that
forms an integral part of the pedestal of the to be created
interconnect bump, is néxt'electroplated in the opening created
in the layer of photoresist and on the surface of the layer 18 of
metal, whereby the layer lé serves as the lower electrode during
the plating process. The final layer 22 of solder is

electroplated on the surface of layer 20. The patterned layer of

photoresist is then removed.

The laYer 18 of metal ié“ﬁéﬁt étéﬂéd, Fig. 6, leaving in °
place only the pedestal for the interconnect bump. During this
.etch process the deposited layers 20 and 22 serve as a mask. If,
as indicated above, additional layers of.dielectric or
photoresist have been deposited for the further shaping of

pedestal 18 in Fig. 4, these layers are also removed at this

time.



etch process the deposited layers 20 and 22. serve as a mask. If, as

i ndi cated above, additional layers of dielectric or photoresist have been
‘deposited for the further shaping of pedestal 18 in Fig. 4, the%e Iaz%hg
are also renoved at this time. 6 1 3 JUL 2005 A solder paste or ¥ Y

now applied to,the layer 22 of solder, the solder 22 is nelted in a reflow
surface typically under a nitrogen atmosphere, creating the spherically
shaped interconnect bunp 22 that is shown in Fig. 6. In addition to. the

above i ndi cat rdseuihs ipaRak bayens afs n@heéﬁﬁi{éd3ﬂ8’tBQOE%§§?i§§ Jghat can be
used to further shape the pedestal of the interconnect bunp, many of the

appl i cat isonserhathe alQ dairmed 8¢ WAkl RE L NESFICANNSCEPUNDS, fEke use of
| ayers of netal that serve as barrier layers or that have ‘other “specific

purposespnﬁachaa@iﬁﬂﬂgehﬁﬁtﬁMﬁﬁmﬁﬁe,OEr@gB§§§Oﬁhéﬁﬁﬁﬂg§i¥3ii§“§h%ﬁﬁﬂer'yi”9

| ayers or the prevention of diffusion of nmaterials between adjacent

layers. Thesecbmyerts bwabl eetived i enevhayerrild «f Fig. 5 and have, as is
clear fromthe above, an effect on the shape of the conpleted bunp and are
therefore frequently referred to as Ball Limting Metal (BLM layer..
Frequently used BLM | ayers are successive and overlying |ayers of chrone,
copper and golw;addition to.?he above indicated additional layers,qf

dielectric 6r photoresist that can be used to further shape the

‘pedestal of the interconnect bump, many of the applications that

are aimed at creating interconnect bumps make use of layers of

metal that serve as barrier layers or that have other specific

' purposes, such as tﬁé improvement of adhesion of the various

overlying layeré or the prevention of diffusion of materials

between_adjaceht layers. These layers colléctively form layer 18

of Fig. 5 and have, as is clear from the abbve, an effect'on the

shape of the comp;eted bump and'aré therefore freguently referred

te as Ball Limiting Metal ({BLM) layer. Frequently used BLM layers

are successive and overlying.layers‘of bhfome, copper aﬁd gold;

whereby the chrome is used to enhance adhesion with an underlying

aluminum contact pad, the copper layer serves to prevent

diffusion of solder materials into undeflying layers while the

gold layer serves to prevent oxidatioﬁ of the surface of the

copper layer. The BLM layér is repreéented by layer 18 of Figs. 4

through 6.



wher eby the chrone is used to enhance adhesion with an underlying alum num
contact pad, the copper |ayer serves to prevent diffusion of solder :
materials into underlying |ayers while the gold |ayer serves to @@qﬂﬁng i
oxi dation of the surface of the copper layer. The BLM Il ayer is represe qu ;
by 1ayer 18 of Figs. 4 through 6. 7 7 3 J UL 2005 Contact pads, having
di mensi ons of about 120 x 120 pm are in current practice frequently used

as access or CoptdioW=pel hePM AL nRRIsAbs s duF i Mpahes keval hesti-pg of
sem conductor devices. In view of the conplexity and density of high

per f or marice caerecondueitacedeyé omt I esedcodt 86de2ads Yhbht /oflyicng a
conpl ete cycle of testing, be contacted a nunmber of tinmes. Testing is, as
a matt er cohteconomire: nenessyt yafoenfaeredesaindicgh sspeesndvdicah frequently
results in |landing the test probe on the surface of the contact pad at
hi gh spee@yvicesul In ng.ewnofnecdamngdlexdayaged (dendiltg tormigd probe narks). to
the surface of the contact pad. Especially for memory products, a wafer is
. tested atekréashatem damtesndubadr idevieke, echade afdetctepads w1, faul ty (weak
or bad) nmenory lines. The distribution of 'the location of the probe mark
‘over thedsuihgce oimdlkeeconpthctopadstiing, i Be acamtldcteans rokded: esting
production line, limted to an _

times. Testing is, as a matter of economic necessity, performed

at high speed, which frequently results in landing the test probe

on the surface of the contact pad at high speed, resulting in

mechanical damage (in the form of probe marks) to the surface of

the contact pad. Especially for memory products,.a wafer is

tested at least two times, that is before and after repair of

faulty (weak or bad} memory lines. The distribution of the

location of the probe mark over the surface of the contact pad

is, in a well controlled testinQ production line, limited to an

area of about 60 x60 pm. Surface damage to the contact pad may

occur in the form of a dent in the surface of the contact pad or

may even become severe enough that the surface of the contact pad

is disrupted, resulting in the occurrence of burring in the

surface of the contact pad. After the contact‘pads have in this

manner been used as an I/0 point for accessing the semiconductor

device during high speed testing, a number of these contact pads

are frequently used for the creation of solder bumps over the

surface therecf. In instances where the surface of the contact



area of about 60 x60 pm Surface damage to the contact pad may occur in
the formof a dent in the surface of the contact pad or my even becone
severe enough that the surface of the contact pad is disrupted, resulting
in the occurrence of burring in the surface of the contact pad.qAffgr ofghe
.contact pads have in this manner been used as an I/ O point for acce55|ng
the sem conductor. device during high speed testing, a nunber of these
contact pads are frequently used for the creation of solder bunps over the
surface thereof. In instances where the surface of the contact 8 1 3 J UL
" 2005 pBadi s dlaraged, it is dleear thhat thdesmifaf-acerofhd hergganrtagiqpad forns
a poor basis on which to create .a solder bunp. The invention addresses
this coﬁ@é$%iaﬁ@OErbesdesnaVﬂebhodombeeehy51e@aha@eb@@yaqeeto cont act pads
is renoved. US Patent 6,162,652 (Dass et al.) provides for the testing of
an i nt egRaEeRl G} pEdreseey ity cohudingamepasiviceg a GOt wnbuapyon a
surface of a bond pad. US Patent 5,756,370 (Farnworth et al.) provides a
conpl|aﬁPrftﬁhF@@Fgéyé@eﬁﬁﬁ@ﬂtnakdﬂgl$enpnnaﬁy connection with a

sem conductor. die for testing and a nethod for fabricating the pliable
contact system US Patent 5,554,940 (Hubacker) addresses the probing of

US Patent 6,162, 652 (Dass et al.) provides for the testing
of an integrated circuit device including depositing a solder. .

bump on a surface of a bond pad.

US Patent 5,756,370 (Farnworth et al.) prov1des a compllant
contact system for maklng temporary connectlon with a

semiconductor die for testing and a method for fabricating the

pliable contact system.

US Patent 5,554,940 (Hubacker) addresses the probing of
~ semiconductor devices that have been provided with eontact bumps .

and the formation of periphetal test pads.
SUMMARY OF THE INVENTION

A principle objective of the invention is to eliminate the
effect of surface damage to I/0 pads that has been caused by

using these I/0 pads as contact points for wafer level testing of

semiconductor devices.



sem conduct or devices that have been provided with contact bunps and the
formation of peripheral test pads. SUMVARY OF THE | NVENTI ON A principle
objective of the invention is to elimnate the effect of surface damage to
|/ O pads that has been caused by wusing these I/O pads as contact points
for wafer level testing of semiconductor devices. 9 1 3 JUL 2003 3 A¥btHBr
obj ective of the invention is to elimnate the effect of probe marks on the
surface of 1/0 pads for 1/0 pads that have been used as contact points for
waf er | evel testing of sem conductor devices. In accordance with the

"obj ectives oknttieen mbgattbve dMewe HRVEOE: IS 1 @i ded,for 4 he creation of
netal bunps over surfaces of 1/0 pads.- The area in the surface of I/0
pads, WitéRchave Hyede masks drorthk/ Bupasse dif im® pahsrrbevelo $gakconduct or
device testing, is renoved in the imediate vicinity of the surface area
“where t kBateBversise voad art sanect/ fopats fBY SaFeRDVEle USRSt (L hpds of
metal dry etching or wet etching. BRI EF DESCRI PTION OF THE DRAWNGS Figs. 1
and 2 sHBW @epstudioradevieedod of creating a contact pad in a sem conductor
surface, as foll ows: :

;n aécordance'with the objectives of the invention a new
method is prgvided for the creation of metal bumps over surfaces
of I/0 pads. The area in the surface of I/0 pads, which have been
used for I/0 pads during wafer level semiconductor device
testing, is removed in the immediate vicinity of the éurface area

‘where the test probe contacts the I/0 pad. This removal uses

methods of metal dry etching or wet etching.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 show a prior art method of creating a cOntaét

pad in a semiconductor surface, as follows:
Fig. 1 shows a cross section of a semiconductor surface, a

layer of Inter Metal Pielectric (IMD) has been deposited on the

surface, and a layer of.metal has been deposited.
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Fig. 1 shows a cross section of a sem conductor surface, a |ayer of Inter
Metal Dielectric (I MD) has been deposited on the surface, and a | ayer of
netal has been deposited. .10 1 3 JUL 2005 Fig. 2 shows a cross section
where the | ayer of netal has been patterned and etched, creati ng1gmngm@t
pad on-the surface:.- of the layer of IMD. A layer of passivation has been
deposited, patterned and etched, creating an opening in the |layer of"
.passivation that aligns with the contact pad. Figs. 3 through 6 show a
prior art nethidd of Sg%ﬁtﬁ! s Sektéon bumpreaoterl Yingr aoPaidia1of,agl ectri cal
contact,_as follows: Fig. 3 shows a cross section of a sem conductor

sur f ace Bﬁent%?ﬁflﬁgc@gfequﬂh greahimcta padthas peenoreat edrrhbe

sem condugtor surface is covered with a-patterned | ayer of passivation.
Fig. 4 sﬂgm‘fsh? HEYEFo8E TR+t ifodagPrFp§. pBswiftagrioa pabtissaediepoayesqof
dielectric_and a | ayer of netal have been created .on the sem conductor
sur f ace. PH T S RBise beheds sreaétnenanforRingngd iaf the mmyeayer of bunp

met al and_sol der. compound have been sel ectively deposited. Fig. 6 show a
cross seldi o P8r thxk cdldiane Maghr sheramantisesnpadenoved from t he

sem conduct or surface and after the solder has

Figs. 3 through 6 show a prior art method of creating a

solder bump overlying a point of electrical contact, as-follows:

Fig. 3 shows a cross section of a semiconductor surface on
“the surface of which a contact pad has been created, the

semiconductor surface is covered with a patterned layer of

passivation.

Fig. 4 shows the cross section of Fig. 3 after a pétterned

layer of dielectric and a layer'of metal have been created on the

semiconductor surface. L

Fig. 5 shows a cross section of Fig. 4 after a layer of bump

. ~metal and solder compound have been selectively deposited.

Fig. 6 show a cross section after excessive layers have beéen
removed from the semiconductor surface and after the solder‘has

been flowed, forming the interconnect bump.

11



been flowed, formng the interconnect bunp. 11 13 JUL 2005 Figs. ga and 7b
"show a top view and a cross section of a netal bunp that is create oveg
the surface of an alum numpad that has been used as an 1/ 0O contact pa on
during device testing. Figs. 8a and 8b show a top view and a pr?§%U§eg@5

.of a netal bunp that is created, in accordance with the invention, oved
the surface of an al um num pad that has been used as an 1/O contact pa f
during deviceptfst 00, fi-gs- %wtgrguah %ﬁ addresg the_proqessggg §tep3 ot r'
the invention, as foflows: Fig. 9 8hoW™a Tbds¥est i irtgioracent conduct o

: AR [ ireghas been depasited over the sem conductor
:3£;:g2:m§F%%ntactgggg ﬁ%gﬁ%%g%dpgggfdgaa %a&el8§e?ncﬁlqm1nu@|9@@ctrlc. A

f £1p: i I d si.ted, patterned and etched, creating in
o g R B e R B HE hre e s brchEnd pad | &

[ [ [ [ i g. [ - tion after a
: be mark is highlighted in Fig. 9. Fig. 10 shows a cross sec _
Fgger of photoregistg has been deposited, patterned and etched creating an

[ [ [ -al i i be mark that
opening in tihggl aygr,.of éﬂ“%&B&eé'ééthEgﬁ %hhggs wi th the probe 7 |

cross section of a
has 12 . _
) metal bump that is created, in accordance with the invention,
over the surface of an aluminum pad that has been used as an‘I/O

contact pad during device testing.

Figs. 9 through 14 address the processing steps of the

invention, as follows:

Fig. 9 %hows a cross section of a semiconductor surface, a
layer of dielectric has been deposited over the semiconductor
sﬁrface, a2 contact pad has been provided over a iayer of m~
dieiectric. A layer of passivation has been deposited, patterﬁed
and etched, creating in opening in.the layer of passivation that

aligns with the contact prad. A probe mark is ‘highlighted in Fig.
9.

Fig. 10 shows a cross section after a layer of photoresist
has been deposited, patterned and etched creating an opening in

the layer of photoresist that aligns with the probe mark that has

12



1 3J UL 2005 been created in the surface of the contact pad by
repetitive contacting of the contact pad by a tester probe. Fig. 11 shows a
cross section after the contact pad has been etched in accordancgswhhhzﬁge
opening created in the |ayer of photoresist. The patterned | ayer of

phot oresi st has been renobved fromthe surface. Fig. 12 shows a cross
section after a layer of UBM has been formed overlying the contact pad and
the | ayer of passivation. Fig. 13 shows a cross section after a |ayer of
enhanced BV lagabedninidpessuefacy st tthe suntase §gd1%gerg9¥§{tfﬁelﬂBNh A

| ayer of photoresist has been deposited, patterned and etched, creating an
openi ng i {PRYEtEAgert dfheplronbresisdd thatn akbgas pMmigh the contact opening.
Fig. 14 shows a cross section after a |ayer of bunp nmetal has been
deposited over the |layer of enhanced UBM Fig. 15 shows a cross section
after photoresist stripping and etching-of the |ayers of UBM and enhanced
UBM 13 1 3 JEdgt PDOSoWBESOR: 5 GN DR ohHEr PRERERRERHENBODLVENTS. Gontact
pads, having di mensions of about 120 x 120 pm are in current practice
frequent I8F édlasa@ﬁnnﬁﬁscerwitnnﬁHeawppuﬁng created in the layer of

photoresist. The patterned layer of photoresist has been removed

from the surface.
Fig. 12 shows a cross section after a layer of UBM has been

formed overlying the contact pad and the layer of passivatién.

Fig. 13 shows a cross saction after a layer of enhanced
UBM has been deposited over the surface of the laver of UBM. A
layer of photoresist has been deposited, patterned and etched

creating an opening in the layer of photoresist that aligns
with the contact opaning.

Fig. 14 shows a cross section after a ldyer of bﬁmp metal
has been deposited over the layer of enhanced UBM;

Fig. 15 shows a cross section after photdresist stripping

and etching of the layers of UBM and enhanced UBM.

13



contact points during wafer |evel testing of sem conductor devices. In

"view of the conplexity and density of high performance sem conduct or

devi ces, these contact pads will, during a conplete cycle of tegting, H¥
o 2,

contacted a nunber of tines. Testing is as a matter of economic
.performed at high speed which frequently results in landing the test probe
on the surface of the contact pad at. high speed, resulting in nmechanical
damage to the surface of the contact pad. In a well controlled testing
production line, thPFFHCEIPTEN iGh THE PREFPRRAE EMPRDREENDS t he danmged
surface area of the contact pad) is linmted (controlled) to an area in the
range -of about 60 x 60 pm This surface may occur in the formof a dent in
the surface of the contact pad or may even beconme severe enough that the
surface 'of CPRéagbritatta, pading biwkeronesoftabmpt n2bhe 0RO R enge of _
burring . in the surface of the contact pad. After the contact pads. have in
this rnaﬂﬁmeﬁééﬂtLE%ﬁF§%§elﬁEﬁﬂMﬁWﬁky'@@ﬁﬁngsh¢gﬁﬁ5ﬁ0@&dihgﬁtf®@;put nunber of
these contact pads are frequently used for the creation of solder bunps
over th&EWAFACROINeY sfrinpnwafet deved whsting hef semttaneuofot he contact
pad is damaged, it is clear that the surface of the contact pad forns a
poor basleyigaswhieiviey ofethe donplleXityl a200%end tsobgdenigunp. The invention
addresses this concern and provi des, :
: - pexformance semiconductor devices, these contact pads will,

during a complete cycle of testing, by contacted a number of

times. Testing is as a matter of economic necessity performed at

high speed which frequently results in landing the test probe on

 the surface of the contact pad at. high speed, resulting in
mechanical damage to the surface of the ,contact pad. In a well
- controlled testing production line, the distribution of the probe

marks (or the damaged surface area of the contact pad) is limited

(contrelled) to an area in the ‘range of about 60 x 60 pm. This

surface may occur in the form of a dent in the surface of the

contact pad or may even become severe enough that the surface 'of

the contact pad is broken resulting in the occurrence of burring

in the surface of the contact pad. After the contact pads have in

this manner been used as_I/O-boints during high speed testing, an

number of these contact pads are frequently used for the creation

of solder bumps over the surface thereof. In instances where the

‘surface of the contact pad is damaged, it is clear that the .

surface of the contact pad forms a poor basis on which to create

14



a method whereby surface danage to contact pads is renoved. For menory

- products, such as SRAM devi ces, probe testing which uses bond pads for
accessing the devices, nust be performed prior to creating wafer sol der
burps on the surface of the bond pads, this in order to allow fof 3nithnes
_repairs of faulty devices. As indicated above, the testing can cause
.damage to the surface of the bond pads, creating problens of solder bunmp

and dew celHekisiig. thhe Thusnt Sorf Wddrekshiohl i ghted.in Eig p%:ov%-t dnd 7b.
Fig. 7a 'shows a top view of a netal bunp structure that is ‘created using

current gpi@thbaeshefdiy: shikrsBOVEard e Q§Sc§§€$é@gaa‘2{s the. gptaly bunp
structure using current practices. It is assuned that the views that are

shown in Figs. 7a and 7b relate to an alunihyn1 contact pad that has been
‘used as a point of 1/Ofor testing OF a device, using a tester probe to

contact the a@bunmemtBypadodSHOMWN dutiFiag: sﬁmadi&%ideszﬁpréﬂeaéé%éigl cont act
pad - 25, a netal bunp created overlying alum num contact pa - 27, the

ci rcunf amgreeudés thORaRE NGo ADAVEG dh g gal HET A LaNt 3 24, guerLhe
surface of mh?chsa Iay%r of %BNlis cregted 15 13 -JUL g%ggg %ﬁf tr@egeglon

in the gwibaceootrdtandl WAELHM S ASLINREAsR4 he surface of the bond

pads, this in order to allow for memory repairs of faulty
devices. As indicated above, the testing can cause damage to the

surface of the bond pads, creating problems of solder bump and

device reliability.

This is further highlighted in Figg. 7a and Tb. Fig. Ta
shows a top view of a‘metal bump structure that is created usiné
current practices, Fig. 7b shows a cross section of the metal
bump structure using current practices. It is assumed that the

~views that are shown in Figs. 7a and 7b relate to an aluminum
contact pad that has been used as aAQQint of 1/0 for testing of a

device, using a tester probe to contact the. aluminum pad. -

Shown in Fig. 7a are:
- = 24, an aluminum contact pad
. = 25, a metal bump created overlying aluminum contact pad 24
- 27, the circumferenéé of the opening above the aluminum qontact

pad over the surface of which a layer of UBM is created

15



where a probe mark has been left by the tester probe. Shown in Fig. 7b
‘are: - 10, the silicon substrate over which the alum num contact pad has
been created 24, an al um num contact pad; alum num contact pad 24 aligns
with a point of electrical contact (30) that has been provided 'ﬁ#@ge@%
.surface of substrate 10 28, the probe mark or bunp that has been t in
the surface of the alum num contact pad 23 by thedt estertﬁrobe (POt sh](c)wn)
- 29, al r of dielectyic that has been deposited over e surface o
s-ubstrat_e_a%%; %? TGt ey et” g epaYEFISR i Un HRap RSN BREIPIIEsES PRed2bver the
surface of the |ayer 29 of dielectric;, an opening has been created in the
| ayer 30" ?repdasgirég?i‘Bﬁr}gﬁasabre%e%e%? Rindde- baspeFrerzdbe-UBM overlying t he

al um num pad 24 20, a layer of netal, such as copper or nickel (see Fig.

5) that forns an integral part of the pedestal of the to be created

i nt er connect S%urr’;r)1 - 35, the netal bunp created overlying the.al um num
contact pad “2#"Mgn1¥RIgdb 2665 '

~ 10, the silicon substrate over whidh the aluminum coﬁtact pad
ﬁas been creatéd

- 24, an aluminum contact pad; aluminum contact pad 24 aligns
with a point of electrical contact (30) that has been provided-in
the_surface of substrate 10

- 28, the probe mark or bump that has been created in the surface
of the'aiuminum contact pad 24 by the tester probe (nét shown)

~ 29, a layer of dielectric that has been deposited over the
surface of substrate 10;

- 32, a layer of passivation that has been deposited over the
surface of the layer 29 of dielectric; an opening has been
created in the layer 30 of passivation

-~ 33, a léyer of under~bump;metal‘(UBM) overlying the aluminum
pad 24

- 20, a layer of metal, such as éopper or ﬂickel (see Fig. 5)
that forms an integral part of the pedestal of the to be created
interconnect bump |

- 35, the metal bump created overlying the aiuminum contact pad

24.

16



It is inportant to note that layer 32 of passivation material nay conprise
'several layers of passivation for applications where additional surface
protection is deemed necessary. Fromthe above it nust be understood that,
after ‘the testing has been conpleted, the layer 33 of under bunp netal is
.created overlying the alum num contact pad 24. The surface of ffWuLneNs
contact pad 24 is not planar and is in many instances disturbed in an

~unpr edi ct abl ertnERNenpby:dhe Hesber Eﬁé%ﬂ%ayEQEBEaMPrp§§§fvétinder bunp net al
does in nost cases not fill the danaged surface region 28 of the al um num

pad 24. Whisriciensyt Bempot @Ntseak rh OF 1a$dr@PRIENGaE 9161 gn, AR Lunidesi rabl e
‘materials, such as noisture, a processing gas, a plating solution, solvent

and the &pikeicdtobbeunend iddaad ibhy theriaxepr38ofidtnder dufparetal) -
regions in or surrounding the probe mark 28 on the surface of the al um num

pad 24.n&edseraryng now specifically to the views that are shown in "Fig. 8a
and 8b, these figures address the solution that is provided by the
invention to the above highlighted problem Shown in Figs. 8a is region 36
on the surface of the alum numpad 24. This is the region that encl oses

the | argest paswi bhe apea fior mugb%@r%rﬁggdz&éaataf}%a‘e.st Qggntgéteiar}ged in
the surface .of 17 ' 7 :
has been completed, the layer 33 of under bump metal is created
overlying the aluminum contact pad 24. The surface of aluminum
_épntact pad 24 is not planar and is in many instances disturbed
in an unpredictable manner by the tester probe. The layer 33 of
under bump metal doés in most éases not £ill the damaged surface-
region 28 of thé aluminum pad 24. This qgpens the potential for
frapping foreign and undesirable’materials{ such as meisture, a
processing gas, a plating solution, solvent and the like, in the

unfilled (by the layer 33 of uﬂder'bump metal} regions in or

surrounding the probe mark 28 on the surface of the aluminum pad

- 24,

Referring now specifically to the views that are showﬁ in
Fig. 8a and 8b, these figures address the sblution that is
provided by the invention to the above highlighted problem. Shown
in Figs. 8a is region 36 on the surface of the aluminum pad 24.
This is thelregion that encloses the largest possible area foﬁ

the probe_mark 28 that has been created in the surface of

17



1 3 JUL 2005 alum numpad 24 by the repetitive inpact of a tester probe

- (not shown) for a given testing production line. This region 36 is shown
in the cross section of Fig. 8b, where it is shown as a region from where
the al um num of the al um num pad 24 has been renoved. Wth this ren?_va[{ﬂs
the probe mark 28 has been renpved fromthe surface of al uni nun¥ a2l ¢
‘is clear fromthe cross section shown in Fig. 8b that, should surface

than 1 ﬁi”s"#ﬁ*%g fEgUiL Y WIE SUELece B e Rl wPlpuD cont act, pad 3¢ other
. r‘ﬁ%&*ﬁ A 05 g B b PR R 3%&1%332%%&?%3%%53%2%0”
pornt. CThERD Bamhl SRR BT ab Rt R oo whtFo 45t E'@%%%%ﬂcet lo:‘ Ser
20" (F 343%95)091 FhoL Myreer o FLpdtie gc{%gggag G @26n s M HEER | ow g
Figs. 13 gh esrrerm‘\J/Fa |Oon§6 Fig. 8b, which will be .
further =i g%ﬁl gwf g P SFEGEOVet htr}lf'uéﬂgf e magk %e@ﬁrrﬁﬁ?lilz@%lﬂoa@dbfel tn%
Do O oty EPERLAL0 . LRYSLOL BOLGr gl st ower the ourface of the
phot or esiest: ; gyer,dfie %Urﬂlacesgftéae, RERY: S“@Efearceafltriégulamles

occur in the surface of the aluminum contact pad 24 other than

the probe mark 28, these surface irregularities will also be

‘removed by the removal of the aluminum from the region 36 shown

in cross section in Fig. 8b.

All elements that are shown in Fig. 8b have previously been
highlighted in Fig. 7b and are thereforé not fﬁrther expléined at
this point. The only differencé between Figé. b and 8b is the
presence of layer 34, Fig. 8b, which is a layer of enhanced UBM
which replacesmlayér 20 (fig. 7b}. This layer will be furthér'

explained under the following Figs. 13 through 15.

Thg removal of region 36, Fig. 8b, which will be furthér
ﬁighlighted in Figs. 9 through 11, can be summari;ed as being
performed by depositing a layer of ﬁhétoresist over the surface
of the aluminum pad (typically this implies the deposition of a

layer of photoresist over the surface of the entire wafer after

18



18 13 JUL 2005 wafer |evel testing has been conpleted), patterning and
“etching the | ayer of photoresist thereby creating openings in the | ayer of
photoresist that align with region 36 for all alum num pads on the surface
of the wafer that have been used as I/O contact points by a tester ﬁrobe,
_and renoving the alum numin accordance with the openings that Ha&/eUbe
created in the |ayer of photoresist. This latter renoval (etching) of the

al um num, can. e d. usi conventional nethods, of etching: al um num
such as pl as?%vgﬁhg%%%%%drhf Sep %ﬁf’ n@orﬁq%ee[d%et BAF IY-Wth 2adHsPeing| ut i on.

These ang, Other PLOCESSI N ps,.Which relate to the creatiaon of the
reliable rretlaﬁ;et}):uﬁg %?éet%%a?%\?eg ?J\é\ér},)y aF'S FAPEnBPC iightha 13¥e% he

fol |l ow i . Figs.. 9.throu 15 show_t h rocessi ng sequence of the
i nvent i g%f, 4 ;@gﬁgﬁégga%%;cbjaé&?f]vgg{% G 38 E@fa@“b@%bmé@@hmﬁﬁ dm top-
view in Rig. nd_Ln.cross section in Fig. 8b. Fig. 9 shows a cross
secti on gkgéﬁﬁg??gt%fl %ﬂVa?ﬁé_gﬁ?? ve Dera peed i g Cerentaes are
highligh%ﬁq:slg a ﬁilicon sgbstrate over the surface of which an al um num
cont act Pad Had bdeh" trFaPEdPss, 2% F MAVHNAuRR e ot e upadn 18ccordance

with the openings that have been created in the layer of
photoresist. This latter removal (etching) of the aluminum can be
performed using conyentional mgthods of etching aluminum such as
plasmé enhanced dry etching or wet etching with a H3;PO; solution.
These and other processing steps;-which relate to the creation of

the reliable metal bump of the invention, are further highlighted

in the following drawings.

Figs. 9 through 15 show the processing seguence of the
invention, which has as objective to create a metal bump as shown
in top view in Fig. 8a and in cross section in Fig. 8bh.

Fig. 9 shows a cross section of substrate 10 on the surface,'
the following elements are highlighted:
- 10, a silicon substrate over the surface of which an aluminum

contact pad has been created

~ 24, the aluminum contact pad-
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1 3J UL 2005 28, the probe mark or bunp that has been created in surface
~of the alum num contact pad 24 by repetitive contacting of the contact pad
24 by a tester probe (not shown) - 29, a layer of dielectric. that has been
deposited over the surface of substrate 10 32, a layer of passivigkgn_bﬁgt
~has been deposited over the surface of the |layer 29 of dielectric” An
openi ng has been «created in the layer 32 of passivation that aligns with
the alum un1gonta t pad 24, partially exposing the surface of the -
contact péa ZE.QAgréﬁ%ﬂmﬁfﬁrPE Rt inat fes besercmtecdannbsunget afy- of t he
typical | apqlied diel ectrics such as silicon dioxide (doped.or undoped),
silicon ‘%B?yﬁ‘i FPERE" FENACEnBa8r 2 R inePEEL tEPE rearbacgliagsof ptiesma oxi de or .
LPCVD oxi de. The material that is used for the deposition of |ayer 29 of

di el ect ri9 G Badi 41V it PofepEend@rons npedshannhe material s indi cat ed.
above but can include any of the commonly used-dielectrics in the art. The
creation &F-aPutf¥timYfadiodechnt uddratohvenbeomalenmetitodsovef wmtal rf
sputtering at a tenperature between about 100 and 400 degrees C. and a

pr essur € Pt kBeRt aRAtT8t&n40100 niforr using as source al um num.copper -
mat eri al %é a flowrate of between about 10 and 400 sccmto a thickness
bet ween “ab6ut 2 4600F 5 PEeBBVation that has been deposited over the

surface of the layer 29 of dielectric. An opening has been
created in the layer 32 of passivation that aligns with the

aluminum contact pad 24, partially exposing the surface of the

contact pad. 24.

As dielectric material for layer 29,caﬁ be used any of the
typically applied_dielectrics such as silicon dioxide (doped og
hﬁdoped)f silicon oxynitride, parylene or polyimide, spin-on-
glass, plagma oxide or LPCVD oxide. The material that is used for
the deposition of layer 29 of dielectric of the invention is not
limited to the materials indicated_above but can include any of

the commonly used dielectrics in the art. -

. The creation of aluminum pad 24 can use conventional methods
of metal rf sputtering at a temperature between about 100 and 400
degrees C. and a pressure between abqut 1 and 160 mTorr using as
sourcé aluminum—copper material at a flow rate of between aboiit

10 and 400 scem to a thickness between about 4000 and 11000
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2001 3 J UL 2005 Angstrom After a |layer of A Cu has been deposited, the
‘layer must be patterned and etched to create the alum num contact pad 24.
This patterning and etching uses conventional nethods of photolithography
and patterning and etching. The deposited |ayer of Al Cu can be e‘l&hl%di 2005
.using G2/ Ar- as an etchant at a tenperature between 50 and 200 degrees C.,
an etchant flow rate of about 20 sccmfor the Cl2 and 1000 sccmfor the
Ar, a pressure beg¥veen bout 50 niforr and 10 Torr, a time of the etch

bet ween and™ 00 teeondy et RfaA i ghiles bespl feres bred/nsbealayer | ayer s,
such as sil.icon i de and oxygen-contai ni ng polyners, axe deposited using
Chen‘i_calrmifatpg)re B@}%ﬁ%m%ﬁ"@c@_ h?@c%i@ﬁ?@%végetﬁbim(cenbact viard ous

| ayers g{ conducting lines in a sem conductor device or substrate to
separ at %héfh&c?na%‘%?%q%ta@ﬁcéhﬁ}étmg lUsess chnvemebwtal oehépds The i nsul ati ng
| ayers can al so deposited over patterned |ayers of interconnecting |ines,
el ect ri FAIPTOIAT AR BRSS! PatitersEiy @ndaperbing. i Tierdepoasctd ngfdmes is-
established with netal vias created in the insulating |ayers. Electrical
cont act % ¢lfHeCehi ke iatahpsi vairy @bi/abl éshed diyhmeanstof thondiragupads or
contact pads that formelectrical interfaces wwth patterned |evels of

i nterco FRg>fet?d A40hesgrepgnal. lameschadt flow rate of about 20

- sccm for the Cl, and 1000 scem for the Ar, a pressure between:

. about 50 mTorr and 10 Torr, a time of the etch between 30 and 200

seconds.

In a typical application insulating layers, such as silicoﬁ-
oxide and oxygen-containing polymers, are deposited using
Chemical Vapor Deposition {CVD) technique over the surface of
various 1ayers-of conducting lines in a semiconductor device or
substrate to separate the conductive interconnect lines from each
.other. The insulating layers can alsg deposited over patternéd
layers of interconnecting lines, electrical contact between
successive layérs of interconnecting lines is*estéblished with
metal viaé created in the insulating layers. Electrical contact

~ to the chip is typically established by means of bonding pads §r
contact pads that form electrical'interfaces with patterned
levels of interconnecting metai lines. Signal lines and
power/ground lines can be connected to thé bonding pads or

contact pads. After the bonding pads or contact pads have been
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power/ground |lines can be connected to the bondi ng pads or contact pads.
“After the bonding pads or contact pads have been 21 1 3 JUL 2005 created
on the surfaces of the chip, the bonding pads or contact pads are
passivated and electrically insulated by the deposition of a passivation
_layer over the surface of the bonding pads. A passivation Iayer’f&a\]r‘an-m5
contain silicon oxide/silicon nitride (Si02/ Si3N4) deposited by CVD. The

passi vat i er i.s _patterned and etched to create openings in the
passivatfgﬁafg%é%IF%F FHEFa%%%éﬁﬁﬁgﬁaﬂgl%T'@Hhﬁ@éﬁlbadﬁa%ﬁtQQ'OWhtGhta

second a el ativel hi.ck passivation |ayer can be deposited for further
i nsulatig%dgaéé%[ﬁﬁgfeg %%ﬁ %ﬂén%1§C§EFF%£¥¥(ﬂnﬁﬂ%étéﬁi%% theodeapeisstiipe and

ot her cog%agi gﬂg%_%nd f£0n1nechanical damage during assenbling of the

chips. Vari o™ Hareri al's fve F6Ind apprriads ¢f thethendimnmpags - ob
passivatiog | ayers. Passivation |ayer can contain silicon oxide/silicon
nitride PS°ODYEI4R4)2HEP0STY &PWFIBVELL icHnesiigar Fbhicomyditrdadn be a | ayer
of ph0t0§§9§ié§A/ polginide Qr can conprise titaniumnitride. Another
material \CorYen Mded°POP L B DAY VR i Bhe Bagadatiophbaytoricupatopededi | i con
di oxi de gggte£§m£ygicalég deposited, over a final layer of alum num

i nt er connect UsITig "8 COW - STEHFErATar & (VIS pe6eéEation Fassenttoyebhe,
photosenggﬁive ‘

ding pads or contact pads after which a second and relatively
thick passivation layer can be deposited for further insulation
and protection of the surface of the chips from moisture and

‘other contaminants and from mechanical damage_during assembling

. of the chips.

Various materials have found application in the creation of
.passivation layers. Passivation layer cén contain silicon
.oxide/silicon nitride ($i0,/8i3N4) deposited by CVD, a passivation
layef can be a layer of photosensitive polyimide or can comprise
.titanium nitride. Another material often used for a paséivatidn
layer is phosphorous doped silicon dioxide that is typically
deposited overra final layer of aluminum interconnect using a Low
Temperature CVD process. In recent years, photosensitive
polyimide has frequently been used for the creation of
passivation layers. Conventional polyimides have a number of
attractive characteristics for their application in a.

semiconductor device structure, which have been highlightéd
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pol yi m de has frequently been used for "the creation of passivation |ayers.
“Conventional polyimdes have a nunber of attractive characteristics for
their application in a sem conductor device structure, which have been

hi ghlighted 22 1 3 JUL 2005 above. Photosensitive polyim des have these

.sane characteristics but can, in addition, be patterned |ike a ph
mask and can, after patterning and etching, remain on the surfac
it has been deposited to serve as a passivation layer. Typically

BohLonit

and to

i pr ove @h@veac Bhatitesiitiandpbenihiofes eduet tBEse B anfl BEHESO ol @Gl S first
deposited by, for exanple, conventional photoresist spin coating. The

pr ecur sdruti sanaf teraddiltdwn, t BaPE EldirRdPL xDAK HhBXRRESL USd

f

N o]
exanple, a step and repeat projection aligner ‘and Utra Vio eﬁnFUV)'Iight
as a |igln, sotecepatihanpagt hedsedhitke PERELH S tthlgagg_pggge q)%egq h?%(:

this manner are cross-linked, thereby |eaving unexpose

regi ons

osed in
at are

not crosig- hiaskeedn aleiostihedbosdig Pads a Hi%ti%ﬂbiggé'ﬁf‘t%%gﬁ’c)%'ﬁg”ent’
S |

t he unexposed pol yi mi de precursor |ayer over the bonding

di ssol vedd theimbyoyur avirdbbg fesiiRGs an@VeEnd g hendipg.pads. A final step
of thermal curing | eaves a permanent high quality passivation |ayer of

pQ|yini¢ge0uesotf&£yeﬁJﬂStfai§t deposited by, for example, conventional

photoresist spin coating. The precursor is, after a low

temperature pre-bake, exposed using, for example, a step and

repeat projection aligner and Ultra Violet (UV} light as a light

source. The portions of the precursor that have been exposed in

this manner are cross~linked, thereby leaving unexposed regions

(that are not cross-linked) over the bonding pads. During

subsequent development, the unexposed polyimide precursor layer

~ (over the bonding pads) is dissolved, thereby providing openings

over the bonding pads. & final 'step of thermal curing leaves a

permanent high quality passivation layef of polyimide over the

substrate, ST

- The preferred material of the invention:  for the deposition

of layer 32 of passivation is Plasma Enhanced silicén'nitride
| (PE  Si3Ng), deposited using PECVD technology at a temperature
~ between about 350 and 450 degrees C. with a preééﬁre of between

“about 2.0 and 2.8 Torr for the duration between about 8 and 12
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The preferred material of the invention for the deposition of |ayer 32 of
passivation is Plasma Enhanced silicon nitride WE Si3N4), deposited using
PECVD t echnol ogy at a tenperature between about 350 and 450 degrees C.
with a pressure of between about 2.0 and 2.8 Torr for the duration between
about 8 and 12 23.1 3 J UL 2005 seconds. Layer 32 of PE Si3N4 gan gem%
deposited to a thickness. between about 200 and 800 Angstrom Layer g of
PE Si3N4 is next patterned and etched to create an opening in the |layer 32

that overP@y¥dnd lalviegnSaiah pPhesiywndeshybey depptacty Pad 24 theetghing
of layer 32 of passivation can use Ar/CF4 as an etchant at a tenpérature
of bet wee?Ptiissumt aboat a4 H6@ degreesstGon.and a pressure of between about
0..30 and 0.40 Torr for a tine of between about 33 and 39 seconds using a
dry etch process. The etching of |ayer 32 of passivation can al so use

He/ NF3 as an etchant at a tenperature of between about 80 and 100 degrees

C. and a press,gg,@rof;zbgfv\@@nsggo t.1.2 ang 1.30 Torr for a time of
bet ween about 20 and 30 secon squqlssl rj?gexg AV ERERFT Hibcdsdedrig. creathons a

Cross secdn ospéfinighe subst rat.e. af fer | ayer, 37 of photoresist has been -
deposited over the surface ofl(?e $80 chlar | BYELLAYs Cand QL IgnT Rl the

underlying contact pad 24.

The etching of layer 32 of passivation can use Ar/CF; as an
etchant at a temperature of between about 120 and 160 degrees C.
and a pressure of between about 0.30 and 0.40 Torr for a time of

between about 33 and 39 seconds using a dry etch process.

The etching of layer 32 of passivation can also use He/ﬁF3
4s an etchant at a temperature of between about 80 and 100
_degrees C. and a pressure of between about 1.20 and 1.30 Torr

for a time of between about 20 and 30 seconds using a dry etch

process.

Fig. 10 shows a cross section of the substrate after a
layer 37 of photoresist has been deposited over the surface of
the layer 32 of passivation, including the opening that has been
created in layer 32. The layer 37 of photoresist has been

patterned and developed, creating opening 21 in the layver 37 of
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the layer 32 of passivation, including the opening that has been created

“in layer 32. The layer 37 of photoresist has been patterned and devel oped,
creating opening 31 in the layer 37 of 24 1 3 JUL 2005 photoresist.

Openi ng 31 exposes the probe mark 28 in the surface' of alum num pad 24.

. Layer 37 of photoresist is typically deposited to a thickness of4henneemns

about 2000 and 50,000 Angstrom The nethods wused for the deposition and

-devel op he | ayer, 37 qf hot oresi st uses conventional methods of
phot ol it ogtro%ﬁé.sg‘ Pﬁ%‘?%qg{ P?ggreéfgﬁ?e? stBe dRRsh MasH d8cArwhRe edur faatet er ned

| ayers re_f.ormed by spinning on a |ayer of photoresist, projecting
Iiéht tﬁ%%%&ﬁménﬁﬂo?% d% with the desired pattern onto the photoresist to
expose the photoresist to the pattern, devel oping - the photoresist, washing
of f the undevel oped photoresist, and plasnma etching to clean out the areas
where the photoresist has been washed away. The exposed resi.st may be
render ed- i.nsékubke 3 post tipeteeekisg) Bnd §@iMing patb8sMzePr dnsql ubl e
(negative - working) and be washed away. The l'ayer 37 of photoresist wll,
after pditticimeng afdbettain rpoutedBdO iid PERADI MRABLRLAA BROUE IS

“alum num pad 24 that surrounds the probe mark 28 in the surface of
aLunjru”ﬁqﬁgd for the deposition and development of the layer 37 of
photoresist uses conventional methods of photolithography.
Photolithography' is a common approach wherein patterned layers .

are formed by spinniﬁg on a layer of photoresist, projecting

light through a photomask with the desired pattefn onto ﬁhe
‘photoresist to expose the photoresist to the pattern, developing

the photoresist, washing off the undeVelobed photoresist, and

plasma etching to cleaﬁ out the areas where the photoresist has

been washed away. The exposed resist may be rendered insoluble
(positive—working) and. form thé pattern, or insoluble (negative

working) and-be washed away.

The layer 37 of photoresist will, éfter patterning and
etching, remain in place in an area above the aluminum pad 24
that surrounds the probg mark 28 in the surface of aluminum pad
24. The deposited layer 37 of photoresist «can, prior to
patterning and etching, be cured or pre—bakea further hardening

the surface of the laYer 37 of photoresist.
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24. The deposited | ayer 37 of photoresist can, prior to patterning and
“etching, be cured or pre-baked further hardening the surface of the |ayer

- 37 of photoresist. 25 3 JUL Layer 37 of phot oresi st can be etched by
applying 02 plasma and then wet stripping by using H2SO4, H202 anq‘ I—ﬁ _
.solution. Sulfuric acid (H2SO4) and m xtures of H2SO4 with other tok? lrzamﬁ’g
agents such as hydrogen peroxide (H202) are widely used in stripping

phot oresi st after the photoresist has been stripped by other neans. Wafers
to be strippk@yeanbed mimtoagsiatt aen b xetekedtbn ammdyéngt Qs epbetmeeen
about 100 degrees C. and about 150 degrees C. for 5 to 10 mi.nutes and then
subj ect é8dt Ghgn twedr (ﬁrghp@lléanlbn’g wding deFoni zBb:naner NameH dedkatyn dry
nitrogen. lnorganic resist strippers, such as the sulfuric acid mxtures,
are ver puefpeiei geld n(i15@:t esndumixfyures rehoN=0,ofvithi ghhyr posidokiady
resist. They are nore effective than organic strippers and the |onger the
i mrer si éaentae, sudie ebedmedramed porexiydasi dieOfHr eerwvafwerdesSlyr f ased cam be

obt ai ned. The photoresist |layer 37 can also be partially renoved using

pl asma e%ygenias by credishr efubr wehe chlearmreBlistoxypgehephastripgsahing i s
heating the photoresist in a highly oxidized environnment, such as an
oxygen plthsha, nadrer.ebfateormerpi nget dripped can be immersed in the

mixture at a temperature between about 100 degrees C. and about
130 degrees C. for 5 to 10 minutes and then subjected to a
ﬁhorough cleaning‘ with deionized water and dried by dry
nitrogen. Inorgaﬁic resist strippers, such as the sulfuric acid
mixtures, are very effective in the residual ffee removal of
highly postbaked resist. They are more effective than organic
strippers and the longer the immersion time, the cleaner and

more residue free wafer surface can be cobtained.

The photoresist layer 37 can also be partially removed using
plasma oxygen ashing and careful wet ;lean. The oﬁygen plasma.
ashing is heating the photoresist in a highl&-oxidized
environment, such as an oxygen plasma, thereby converting the

photoresist to an easily reméved ash. The oxygen plasma ashing

can be followed by a native oxide dip for 90 seconds ‘in a 200:1

- diluted solution of hydrofluoric acid.
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photoresist to an easily renoved ash. The oxygen plasma ashing can be

- followed by a native oxide dip for 90 seconds in a 200:1 diluted solution
‘of hydrofluoric acid. 26 13 JUL 2005 Fig. 11 shows a cross section of the
~substrate 10 after,the al um num contact pad 24 has been etched in4g JuL 2005
.accordance with the opening 31 that has been created in the | ayer 37 of
photoresist. ~ This etch of the al um num pad has created opening 36 in the
al um num pad 24 and has, as is the objective of the invention, renoved the

- probe mark 2Bigandit bRowesk ansodsEREEabL! ¥ Y 1oMBdi DG the JyQbe. park 28
.fromthe surface of the alum num pad 24. The etching of thagrt%?uri#%um pad

24 in aetendamceonittht @panizAgh3: ©aBn ascREEViQuUSlys gﬁ%d;'% e et hods of
pl asma enhanced dry etching or wet etching with. a FBPOA sl titi On° Ot her

met hodscpenindheietahingaofbddie cleuftaum patk have PREVLe 5
hi ghl i ghted and equal | y apply at this stage inwﬁﬁe proc§§g¥x%%§}551 further

shows tfilats t hecipabferthed diayanhun 7 Rl 1Qﬂpt@gégﬂé§'ng%igge@Efggpvggéafter
-opening 36 has been created in the alum num contact pad 24 rocessi ng

condi t i ahguirom te 2dermvalhaef tbeikayee eb;pbolwr esi Sthdaus pLg¥Lous!y
been indicated and therefore do not need to be repeated at thi's tine.
removed the probe mark 28 and the regions immediately

surrounding the probe mark 28 from the surface of the aluminum

pad 24.

The etching of the aluminum pad 24 ip accordance with
opening 31 can, as previously stated, use'methods cf plasma
enhanced dry etching or wet etching with a H3PO; solution. Other
methods for the etching of the aluminum pad have.previously been

highlighted and equally apply at this stage in the process.

Fig. 11 further shows that the patterned layer 37 of
photoresist has been removéd after opéﬁing 36 has been created in
tﬁe aluminum contact pad 24. Processing conditions for the
removal of the layer of photoresist have previously been

indicated and therefore do not need to be repeated at this time.

In order to obtain improved processing results and adhesion
of UBM metal to the remaining aluminum contact pad 24 and to the

exposed surface of IMD layer 29, it is of value to perform an in-
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In order to obtain inproved processing results and adhesi on of UBM netal
‘to the remaining al um num contact pad 24 and to the exposed surface of | M
| ayer 29, it is of value to performan in- 27 d 3 J UL 2005 situ sputter
cl ean of the exposed surfaces of the alum num contact pad 24 and.,the,| r-
29 of IMD. This in:situ sputter clean is nost beneficially perfgrsﬂiw-%@er
the cross section that is shown in Fig. 11 has been obtained, since this -
is the last step in the processing cycle before a |ayer of UBMis created.
-Fig. 12 sHowspattengsesocti orhafaposetiestaieres3dfotheindeminbunp metal (UBM
has been created aligned with and over the .surface of the.alum num
cont act padazs. p#tidr and the ayeat ROnodf IMD.ayéer s38neéi tuBNpuatéBM seed | ayer
(not shown in Fig. 12) can be blanket deposited over the surface of the
waf er. Wieee bequéestedenefhelaepopierifonned = teredhtaysss<carct st heratbe
preceded by the bl anket deposition of a barrier |ayer (not .shown in Fig.
12), this séepentderRigonliheasrgicdn phating], dineg tsed forhkeheasetal  bunp.
Layer 33 of UBM can be deposited by vacuum evaporation and nmay contain
mul ti pl estlesyénstiod preicabssug heasieabkfyee oflaykrone, UM dld enedtdy. a | ayer of
.copper, followed by a layer of gold. From the latter it is apparent that
| ayer 33- of UBM may conprise several |ayers of netal that are successively
deposi t ed. ' :
: Fig. 12 shows a cross section after the layer 33 of under

bump  metal (UBM) has been created  aiigned_ with and over the
surface of the aluminum contact pad 24. Prior to the creation of
.layer'33 of UBM, a UBM seed'léyer {not shown in Fig. 12} can be
blanket deposited over the surface of the wafer.'Whe:e required,
the deposition of a seed layér can further be preéeded by the
blanket deposition of a barrier layerrjnot shown 1in Fig. 12),
this dependent on the metal that is being used for the metai
_bumﬁ. Layer 33 pf UBM can be dépbsited by vaéﬁum evaporation and
may contain multiple layers of metal such as a layer of chrome,
followed by a layer of coppér; folIdWéd by é‘layer of gold. from )
the latter it is apparent that. layer 33'-df UBM may comprise

several layers of metal that are successively deposited.

For a seed layer that is blanket deposited over the surface
of the wafer, including the'éxposed surface of the contact pad 24
and the exposed surface of iayer 29 of dielectric (exposed in the

openihg 36), any of the conventional metallic seed materials can
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For a seed layer that is blanket deposited over the surface of the wafer,
_including the exposed surface of the contact pad 24 and the exposed
surface of layer 29 of dielectric (exposed in the opening 36), any.of the
conventional netallic seed materials can 28 1 3 J UL 2005 be used. The
“metallic seed layer can be deposited using a sputter chanber or an?PolbL 2005
Metal Plasma (I'MP) chanber at a tenperature of between about 0 and 300.
degrees C. and a pressure of between about 1 and 100 nmTorr, using (for
_instancB} edpperTher matebbiseseed| layeasanheesaspes: Heas ubi gkl 4 alpgdabove) at
a flowrate of between about 10 and 400 sccm and using argon as an anbi ent
gas. Fi §hamiaesRynanhdon d1dtalePl3onof (M0t ohesbet 4tS adepgsétadrO04er the
| ayer 33 of UBM Layer 39 of photoresist is patterned and devel oped,
creat i n§ehfeHpetiong 88ant I0edbayers 39 ahd phetayRsksShrt Batwdes, Sl ightly
wi der than the opening of the bonding pad of the to be created _
sol der . BEAPS e A0P aykarr3qustinentizrcedsuBM et yippak] yr of opper or
- ni ckel ag of a thickness between about 1 and 10 pm Fig. 13, is '

el ectroﬁiI TeFoFEF ERErGayes BRolfidbRrK Fheveleed bWBFLbayelte33r SErves as
the co n electrode for the electroplating process wth the |ayer of
phot or gg&s‘feesﬁ iPPbet hg@ich 4BP ageim Nt ueheg dmycer a35a0fanminmtnghal
(typically solder or gold) is

Fig. 13 shows how_a layer 39 of photoresist is deposited
over the layer 33 of UBM. Layer 39 of photoresist is patterned
and developed, cregting an opening 38 in the layer 39 of |

photoresist that is slightly wider than the opening of the

bonding pad of the to be created solder bump.

| Next_a layer 34 of enhanced UBM, typically of copper or
nickel and of'a thickness betwéen about 1 and 10 pm,'Fig, 13, is
electroplated over the layer 33 of UBM..The seed UBM layer 33
serves as the common electréde'for théféléctroplating process '
with the layer of photoresist still being in piace. Next the
.1ayer‘35 of pump ﬁetal (typically'soldei or gold) is
electroplated in confact with the layer 34 of enhanced UBM. The
layer 35 éf electroplated metal is centered in the openiﬁg 38

(Fig. 13) that has been created in the layer 39 of photoreéist.
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el ectroplated in contact with the | ayer 34 of enhanced UBM The

| ayer 35

of electroplated nmetal is centered in the opening 38 (Fig. 13) that has:
been created in the |ayer 39 of photoresist. 29 13 JUL 2005. Fig. 15 shows
a cross section after the layer 39 (Fig. 14) of photoresist has p§e

-renmoved. The |l ayer 33 of UBM has been
of el ectropl ated net al
electroplati

etched using the patterned Iaye%m%S

as a mask. The above summari zed processi ng steps of

@g that are used for the creation of a netal bunp can be
g th

suppl enent ed ShOMEpaoPress isegtopn pritdakinrglajet I |@ygr s1.0f

photoresi st after these | ayers have been deposited. Another. nethod that
can be (He&PPLPreHEstchest Pesn ofempvidt aThe blayeruseso EVIENOaki BEed echnol ogy.
The process of evaporation also starts with a sem conductor surface

wher ei n ed:c??&fia'lls-ﬁﬂ rtheoPateermetilaias Beert plevideslaed ageriofs passi vation
is deposited and patterned, creating an opening.in the | ayer of
passivafﬁgﬁf A layer of UBM (this layer may be a conposite |ayer of netal
such as chrom um foll owed by copper followed by gold in order to .pronote
(wth chromum inproved adhesion arid to forma diffusion barrier |ayer
or to preveni oxi dation (the gold over the copper)) is formed over the
layer of pasSivat990F SHENFHisisfe PrRECOPEIE mgeps of electroplating that

are used for the creation of a metal bump can be supplemented by
the Step of curing or pre-baking bf the layers of photoresiét

after these layers have been deposited.

Another method that can be used for the creation of a metal

bump uses evaporation technology. The process of evaporation aiso.

starts with a semiconductor surface vherein a metal peoint of

. contact has been provided. A layer of passivation is deposited

and patterned, creating an opeﬁing in the layer of'passivatioﬁ.,A
‘layer of UBM ({this layer may bg a composite layer of metal such
as chromium followed by copéer'follcwed by gold in order to
.proﬁote (with chromium) improved adhesion and to form a diffusion
barrie; layer or to prevent oxidation (thelgold over the copper) )
is formed ove; the layer of passivation and inside ﬁhe opening
created in the layer of passivation. Bump metal is next
selegtively plaﬁed over the deposited layer of UBM and reflowea,_

in this manner forming a spherically shaped metal bump.
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created in the layer of passivation. Bunp netal is next selectively plated
over the deposited |ayer of UBMand reflowed, in this manner formng a
spherically shaped netal bunp. 30 13 JUL 2005 Fromthe cross section that
is shown in Fig. 15, the cross section that is shown in. Fig. 8b'1¥QUE

.the desired cross section of the invention, can be achieved by fornlng the
metal bunp 35 by reflowi ng the nmetal bunp Iayer 35 that is shown in Fig.
:15. If a seed layer (not shown) and or a barrier layer (not shown) have

been- deposi tr@dmashPatiof JdieiBROEESSI 1O SQUUEY ﬁe;ﬁP{, id1e iyl %V%%%an these

| ayers are to be etched, after the Iayer 39 o oresi st _has been

r emovedsd Qi tﬁa§UIéa§f?0tﬁqnqnptggr b0, s A QW {?ﬂet&eesgtgtqa'cr%%gp | ayer 35.

Conventi onal nethods can be use ese purposes reV|em1and

iQr t cond
ST B O Gt L AR

c
d over e se#t onductor

Surfvamea3%05§a9éfﬂ§glﬂﬁ%hgeﬁgtg;gﬁ%ﬁb a%%fC§§ ng of dielectric, the

contact pad has served as an | npu p0|n ontéet during
o at IeRCt e por it ahar iga AN A erod lga‘%%r“l”eerda%?@%et ReFaur 1 ace
of the'§ﬂ8%%5rﬁ59e ﬁé@héﬂePOSLted as part of the processing sequence of
| the invention, these layers are_tg be etched, after the layer 39
of photoresist has been removed from the surface and prior to re-

flowing the metal bump layer 35. Conventional methods can be used

for these purpdses.

To review and summarize the invention:

* the invention starts with a semiconductor surface, a layer of
dielectric has been deposited over the semicénductor surface,
a-contéct pad has been pfovided on the layer of dielectric,
the contact pad has served as an Input/éutput'(I/O) point of
contact during semiconductor device testing, the contact paﬁ
is assumed to be coﬁnected to at least one point of electrical
contact provided in or bn the surface of the substrate, the at
least one point of electrical contact is assumed to be
connected to at least one semiconductor device having been
provided in or on the surface of the substrate, the contact

pad having an exposed surface
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| east one point of electrical contact is assunmed to be connected to at

| east one sem conduct or device having been provided in or on the surface
~of the substrate, the contact pad having an exposed surface 31 1 3 J UL
2005 a layer of passivation is deposited over a sem conductor sgtacags

i ncludi ng the surface of said contact pad the |ayer of passivation is
patterned and etched, creating an opening in the |ayer of passivation
having a first dianeter, partially exposing the surface of the contact pad

over a «usfagpeargapakstibetion sts dcpaRtebd tHer QPeRINAGohAuLHS: | ayer - . of
passivation being centered with respect to the contact pad a first |ayer

of phot or esistads iGepesihgdtRyesudfResUrf 3§64 dfontdRe Layer of passivation,
i ncluding the opening created in the |ayer of passivation the first |ayer

of phot q egj sty 4% Pzt gggﬁgvgppoﬁwggg;eg,;g@t; e%%hge?néﬁgga@%p%gam he

second di aneter "t hroug rst | photoresist, e op

first |ayeppofinhal QhEshs e?l%lggi;ans%i\()‘iartgo?n)?%\gﬁui)d;% GeuLer sl r espect

to the contact pad, the secon aneter o ening in Fhir st | ayer
of photore L?Ekgﬁi o} ggkk rtﬁgwg g firs di aneter of, the opening in the
| ayer of p§55|§a ﬁgnx%y i 8 _ u éy%e of Ehe codg%é% pad over f

surface area of the first diameter, the opening in the layer

.of passivation being centered with respect to the contact pad

e a first layer of photoresist is deposited over the surface of
the layer of passivation, including. the opening created in the
layer of passivation

e the first layer of photoresist is patterned and etched,
creating an opening having a second diameter through the first
layer of photoresist, the opening in the first layer of
photoresist alignihg with and being centered with respect to
the contact pad, the second éiameter of the opening in the
first layer of photoresist being smaller that the first

~diameter of the opening in the iéy;r of passivation by a
measurable amount | |

e the contact pad is etched in accordance with the opening
created in the first layer of photoresiét, paftially exposihg
the surface of the layer of dielectric depositéd over the

surface of the substrate
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measur abl e amount the contact pad is etched in accordance with the opening
created in the first |ayer of photoresist, partially exposing the surface
of -.the |l ayer of dielectric deposited over the surface of the substrate 32
1 3J UL 2005 the patterned |ayer of first photoresist is rempgeflif e

. the surface of the layer of passivation, including the surface of - the

- etched contact pad an in-situ sputter clean is perfornmed of the exposed
surfaces t he cont pad and, the partially exposed surface of the

| ayer of &gélB@FF?%pagﬁﬁéﬁérOBfftﬁﬁ%ﬁﬂﬁﬁﬁﬁeﬁ%F%l}%ﬂﬁvmﬁ@ﬁwfrP% Brat ed over
the surface of the |ayer of passivation, including the exposed surfaces
of the coﬁPﬁé?CﬁdﬂfdﬁﬁaQﬁéeﬁanl%??%ﬁ?%ﬁ&8§edl§9%¥%&ﬁﬂ e FHELRES T of
dielectric deposited on the surface of the substrate . a second |ayer of
phot or esi {6 §TaRPOGIEFSvBRSt he seni conductor surface of the layer of
UBM . the second | ayer of photoresist is patterned and etched, <creating an
openi ng®i @nt Ag- §é€@nﬁPqE§¢§rCéﬁa@htﬁcnaﬁﬁqgmeﬂhaf The QﬂHQ§RQdSmﬁth¢$e

contact pad, pdrtially exposing the surface _
of the contact pad and the partially exposed surface of the

layer of dielectric

e a layer of Under Bump Metallurgy (UBM) is plated over the -
surface of the layer of passivation, including the exposed
surfaces of the contact pad and the partially exposed surface.
_of the layer of dielectric deposited on the surface of the
substrate

~* a second layer of photoresist is depoéited over the

semiconductor surface of the layer of UBM

e the Second layer of photoresist is patterned and -etched,
creating an opening in the second layer of photoresist that is
aligned with the contact pad, partially exposing the surface

P

of the layer of UEM
* the exposed surface of the layer of UBM is electroplated with
'a layer of enhanced UBM

) 'the layer of enhanced UBM is electroplated with a thick layer
of bump metal, partially filling the opening created in the

second layer of photoresist
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of the layer of UBM the exposed surface of the |layer of UBMis
electroplated wwth a |ayer of enhanced UBM the |ayer of enhanced UBMis
electroplated with a thick |ayer of bunp nmetal, partially filling the
opening created in the second |ayer of photoresist 33 1$ JUL 20093 3 Jyhepps
.patterned and etched second | ayer of photoresist is renoved from above the
sem conduct or surface the layer of UBMis etched using the deposited | ayer

of bunp « nehal pasarn@@skndaBdehdde SWHhags, 0f sai L;Qf bunp netal is
reflowed, formng the netal bunp. Al tnhougﬁ t hiéiyglvdg%iggﬁg as” been

described asdovdd Ustoiabedve Witd J&f:eLaRGELLP é&ﬁ&! jcillustrative
enbodi nents thereof, it is not i ntler?ded t%at t he a|cenventi on belimted to

those il ustLaiivs ' ts. ,Those.skilled . in the art will _ recognize
t hat . var i atlltlons %nd%%ggk?ggté%%hse calf B8 MU HINSEE depeF t9hdumsr om t he
spirit of jnventiqQn, It is therefore intended-to include wthin the
i nvention %FFais[}c r‘]ﬂvzki"(lgllsgt i %’ﬁ% and nodifications which fall within the

scope of tpe %gpended claims. and equival ents thereof.
. ) he rface of said layer of bump metal is reflowed, forming

the metal bump.

Although the invention has béen described anﬁ illustrated
with reference to specific illustrative embodiments thereof, it
is not intendea that the invention be limited to those
illustrative embodiments. ThoSe.skilled in the art will recognize
that variations and modifications can be made without departing

- from the spirit of the invention. It is theréfore intended to
include within the invention all such variations and
modifications which fall withiﬁ the scope of the appended claims-

and eguivalents thereof.
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34 1 3 JUL 2005 Wiat is claimed is: 1. A nethod for forni ng a netal bunp
~on a sem conductor surface, conprising the steps of: providing a
sem conductor surface, said sem conductor surface having been provided in
or on the surface thereof with a contact pad, said contact pad sjid tj;ngo@n
.an underlying layer of dielectric and being in electrical contact"wth at
| east one .point of electrical contact in or on the surface of said
substr atteatdéeposidimegl askayer of passivation over the surface of said
| ayer of dielectric underlying the contact pad, including the surface of
sai d cont.adt mpelthd patt Eommngg amdragtedhibmgpsan da | syeircagidupassi sat fagre,
creating an opening in said |ayer of passivation having a first dianeter,
parti al lepmexpesnngtichestepsf ate' of sai d contact pad over a surface area of
said first dianmeter, said first diameter of said opening created in said
| ayer of passrvaidiony keisegisomfiieron warrfacsur $aod smmegocoflusapd contact pad
by a neasurabl e anmount; Ppatterning and etching said contact pad, creating
an openisngfaca savihge dricacprpaiddvimgraosetioadswlr et ehersaf dwsgcaend
di aneter of said opening in said contact pad being small-er than
contact pad, said contact pad sitting on an underlying layer of
dielectric and being in eleCtripal contact with at least one
point of electrical contact in oxr on the surface.of said
substrate;
depositing a layer of passivation over the surface of said -
layer of dielectric underlying the contact pad, including the
surface of said contact pad:
patterning and etching said layer of passivatioen, éreating
an opening‘in'séid_layer of passivation having a first diameter,
partially exposing the surface of said contact pad over a surface
area of séid first diameter, said first diameter of said opening
created in said layer of paésivation being smaller than a -
surface area of said contact pad by a measurable amount; ’
patterning and etching said contact pad, creating an opening
in said contact pad having a second diameter, said second
diameter of said opening in said contact pad being smaller than

said first diameter of said opening in said layer of passivation .

by a measurable amount;
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said first dianmeter of said opening in said |ayer of passivation by a
nmeasurabl e anount; 35 1 3 J UL 2005 sputtering a |ayer of Under Bunp
Metal lurgy (UBM over the surface of said | ayer of passivation, including
exposed surface of the contact pad and exposed surface of 'the qngdﬁ_m Y059
.dielectric; depositing and patterning a | ayer of photoresist, creating an
opening in the photoresist with a slightly larger dinension than said
first diameter; electroplating a |ayer of bunp netal in the photoresi st
openi ng; strFPptiRFiTHE d dpyerobf plindor deinpt Mahdl bty n@esai dvkayeke of  UBM
using said | ayer of bunp netal as a mask; and reflow ng the surface of said
| ayer ofsuséapenef ataid dayiemgoft besmistalidmynpnc2udiihe amidsed efiredad m 1
wherein said opening created in said contact pad has a depth that is |ess
than a I#&i §he ofneaitd pasorndctxpaskedysr fmeasufabhe @rdlying3. The nmet hod
of claim1 wherein said opening created in said contact pad has a depth
t hat isdagdartroca hei ght of said contact pad. =
depositing and pattetning a layer of photoresist, creating
an opening in the photoresist with a slightly larger dimension
than said first diameter:; |
electroplating a layer of bump metal in the photoresist
opening;
stripping the layer of photoresist and etching said layer of
UBM, using said layer of bump metal as a mask; and

reflowing the surface of said layer of bump metal, forming

the metal bump.

2. The method of claim 1 wherein said opening created in said
contact pad has a depth that is less than a héight of said

contact pad by a measurable-amounta'f
3. The method of claim 1 wherein said opening created in said

contact pad has a depth that ‘is equal to a height of said contact

pad.
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36 1S JUL 2005 4. The method of claim1 wherein said passivation |ayer.
deposited over the surface of said sem conductor surface conprises a
plurality of passivation |ayers. 5. The nethod of claim1l wherein said

| ayer of Under Bunp Metallurgy sputtered over the surface of saild UayaRlbof
_passivation conprises a plurality of sub-layers of different .netallic
conposition. 6. The nmethod of claim1 wherein said sem conductor surface is
sel ected fromthe group of surfaces consisting of sem conductor o
subst r atles, TR i nteldhed r Qfi t Pedrds ! f WBRreifcusasd msEaivpiben stistr at es,
gl ass substrates and seni conductor device nounting  support. .7. The nethod
of .cl ai AEBORAETSi nOE%T d S8 cOWHtRIDr Substaist e iceprBeteE fPerfadre group
of substrates consistin%.of sem conduct or substrates, ceramic substrates, -
gl ass sGRSPFATRS 2 PlgqRiihh af sedd Hevaliiest Aavess-silicon on insulator (SQ)
substrates and silicon on sapphire (SOS) substrates. 8. The method of claim
1 wherein said contact pad conprises alum numor copper or a conpound
thereof. 37 1 3 JUL 2005

5. The method of claim 1 wherein said layer of Under Bump
Metallurgy sputtered over the surface of said layer of

passivation comprises a plurality of sub-layers of different

.-metallic composition.

6. The method of claim 1 wherein said semiconductor surface is
selected from the group of surfaces consisting of semiconductor
substrates, printed circuit boards, flex circuits, metéllized
substrates, glass substrates and semiconductor device mounting

support.

7. The method of claim 6 wherein said semiconductor substrate is
selected from the group of substrates consisting of -
semiconductor substrates, ceramic substrates, glass -substrates,.

gallium arsenide substrates, silicon - -on insulator (so1) -

substrates and silicon on sapphire (S0S) substrates.

8. The method of claim 1 wherein said contact pad comprises

aluminum or copper or a compound thereof.
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9. The nethod of claim1 further conprising the additional step of .
~electroplating an enhanced UBM | ayer, after creating said opening in said
| ayer of photoresist, and prior to electroplating said |ayer of bunp
"nmetal. 10. A nethod for formng a nmetal bunp on a sem conduct or sf]jl.rilf %Il%
.conprising the steps of: providing a sem conductor surface, sai 3

sem conductor surface having been provided in or on the surface thereof
with a contact pad, said contact pad overlying and being in electrical
cont act %wi Theateteadtobnelgpigi rit fafrtélkeectonpal sentied ddiietonsl shepsurface
of said substrate, said at |east one point of electrical contact being
creat edodn ¢lmetgoplacienof aa lcapencefl UhiMel Boger,c, afads bayeriaf disfectric
havi ng been deposited over said sem conductor surface; and partially
renovi ngpsaidgconact spidl, davdrremovi nghbavresi s, reapyal fghlicekness and
renoval surface area. 11. The nethod of claim 10 wherein said renoval
sur f ace edeearoplatsiaigd sedodt boyerpad bsmpnattar. t han a surface area of said
contact pad by a neasurable anmount. 38 1 3 J UL 2005 12. The nethod of
claim 10 wherein said renoval thickness of said contact pad is |less than a
hei ght of said contact pad by a : '

10. A method for forming a metal bump on a éemiconducﬁor
surface, comprising the steps of:

providing a semiconductor surface, said semiconductor
surface having been provided in or on the surface thereof with a
contacﬁ paq, said contact pad oveflying and being in electrical
contact with at least one point of electrical contact in or‘on_
the surface of said substrate, said at least one. point of
e;ectrical contact being created on the surface of a layer of
dielectric, said layer of dielectric ha&ing been deposited over
- said semiconductbr surface; ané |

‘partially removing saidrcontact pad, said removiné having a

removal thickness and removal surface area.
11. The method of claim 10 wherein said removal surface area of

said contact pad is smaller than a surface area of said contact

pad by a measurable amount.
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measur abl e anount. 13. The nethod of claim 10 wherein said renoval

t hi ckness of said contact pad equals a height of said contact pad. 14. The
nmet hod of claim 10 wherein said partially renoving said contact pad
conprises the steps of: depositing a |ayer of passivation over the surface
of said layer of dielectric, including the surface of said contdcdd Jphdi0e
patterning and etching said | ayer of passivation, creating an opening in
‘said Iaygé q&FQaSSivation having a first diameter, partially exposing the
surface of* sdid"E5RPACPT prichigvéP mhetrimcmidarenoohl saidinickst ofi apBf er,
said first dignmeter of_ said opening created in said |ayer of passivation
bei ng sn%?l?tea}'&t RAA 45 sif¥saddaar eahetghmict cedtiactnpack pud ayngasurable
anount; and .patterning and etching said contact pad creating an openi ng
in sai d RoHHECLFad" W8t ng a second diameter, said second dianeter of

sai dopening created in said contact pad being snaller than said first

di aneter of said opening created in said |ayer of passivation by a
weasurapg amount. 3.9 IS JUL 2005 15. The method of claim 10 with the
addi ti onal’ stEp¥ebRod Yurtlainng avtienesm ohibndetoBuUnnvekakbyrgy {JJBM over
" the- surfa(;ce %f said | ayer of passivation, including exposed surface

) contact pad equals a height of said contact pad.

14. The method of claim 10 wherein said partially removiﬁg said
contact pad comprises the steps of:
depositing a layer of passivétion over the surface of said
layer of dielectric; including the sufface of said'cohtact'pad;
Patterning and etching said layer of bassiQation, creating
an opening ip said layer of passivation having a first diameter,
partially exposing the surface of said contact pad over a surface
area of said first diameter, said first diameter of said opening
created in said layer of passivation being smaller'ﬁhan a
. surface area of said contact pad by a‘measurable amount; and
-patterning and etching said contact pad creating an opéning
in said contact pad having a second diameter, said second
diameﬁer qf said opening créated in Said contact pad being
smaller than éaid.first diameter of said oéening created in said

layer of passivation by a'measurable amount.
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of the contact pad, leaving in place a |ayer of said UBM overlying said
.contact pad; depositing and patterning a | ayer of photoresist, creating .an
opening in said | ayer of photoresist with a slightly larger dianeter that

said first dianeter; electroplating a layer of bunp netal in saig Oﬁﬁ_n'm?
-created in said |ayer of photoresist; stripping the |ayer of ph ?ore5| S
and. bl ankly etching said |ayer of UBM and reflow ng the surface of said

| f f . 16. Th t hod of cl 10
ayer o 1@Unﬁmﬁﬁk@hod 5%rgf¥1m EeeggggqggaaggéFl@%%l§§xggcgg@fo-sg|glm

wherein said passivation Tayer _
sem conduct org guit. rise |uralit assivation llayers: 17. The
net hod of cl alp% 159%%racq%sal ® g’;}‘g T Jfgn EFaBﬁ Y NEBY) | avey tWenpri ses a
pl ural i tyupﬂ‘ac%ugFl g%(g(_rl sla%a di fferent metal | i c_conposition. 40 13 JUL 2005

18. The nethod o al MG whér BRAS £t e nit REHARI D e pastdceuiBce sel ect ed

from the, grQup g 1¢Qnsi sting of sem conductor substrates, printed
circuit boards,C rdw 8, et Ht %]f‘&? AsLBELT ftlesaigl HBY substrates and

Se”iCO”QH%&Q@iQSVEQﬁdqyﬂﬂgbggpad;
depositing and patterning a 1ayer of photoresist, creating
an opening in said layer of photoresist with a slightly larger
diameter that said first diameter;
electroplating a layer of bump metal in said opening created
in said layer of photoresist; |

strlpplng the layer of photore51st and.blankly etchlng said -

layer of UBM; and

reflowing the surface of said layer of bump metal, forming

the metal bump.

16. The method of claim 10 wherein said passivation Jayer
deposited over the surface of -said semiconductor surface

comprises a plurality- of passivation layers. °

17. The method of claim 15 wherein said layer of Under Bﬁmp‘

‘Metallurgy comprises a plurality of sub-layers of different

metallic composition.
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support. 19. The nmethod of claim 18 wherein said sen conductor Zubtsg;at e
is selected fromthe group of substrates consisting of sem con pge
‘substrates, ceramc substrates, glass subst rates, galli _ulm_ arsenln S onire
substrates, silicon on insulator (SO) substrates and silicon o pp

cl ai wherein said conta
SOs) substrates. 20. The method of claim10 Bﬁ 005
((30'n’p?’i ses alum num or cooper or a conpound thereof. 21. The mef% ¢ I? o
claim 15 with: the additional steps of el ectropl atl ng an enhance ayer .

hot or ist, and
-of UBM &8t eThemeathiong othelaim OPENIHM-osR $3k puator
grl orN{o the electroplating of said |ayer o? rreta Cglf Thé ??Fodlsof

afitoac f
cl ai m 10sebaittbdc ttheadrbayi ng gggyggegscmlgt (%t/ tpubgé @ poi nt o
caontact during sem conductor device testing, Said Cont

I cont act
) W @t elsea MNedPiteyi4l ﬂoa’}td%UL gpo)g of electrica
;fg\r/llegtegsk: n or gnet ﬁierlsurfacel of ‘sai d Sem conidict SFEEUH icemStal Hizad | east

t .l east -one
one poi tumftelteet rigtaks GRBLach:bei AE4CQ glg%g&luétoo at .| e .
sem Eonduct or device having been provid % iR or ont h2° 6 feFingsi d

.sem condsmgdparrt . surface. 23. The nethod of claim 15 further conprising
performng an in- : '

19. The method of claim 18 wherein said_semiconductor substrate
is selected from the group of substrates consisting of
semiconductor substrates, ceramic substrates, glass'substrates,'
gallium - arsenide  substrates, siiicon- on insulator  (SOT)

substrates 'and silicon on sapphire (S08) substrates.

20. The method of claim 10 wherein said contact pad comprises

aluminum or cooper or a compound thereof.

21. The method of claim 15 with the additional steps of
electroplating an enhanced layer of UBM, after creéting the .
openiﬁg in said layer of photoresist, and prior to the

electroplating of said layer of ﬁetal.

22. The method of claim 10, said contact pad having served as an
Input/Output (I/0) point of contact durlng semiconductor device

testing, said contact pad being connected to at least one point
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situ sputter clean of the exposed surfaces of the contact pad and exposed
surface of said underlying dielectric, said additional -step to be o
performed prior to said sputtering a |ayer of Under Bunp Metallurgy (UBM.
24. A nmethod for forming a nmetal bunp on a seniconductor surface, a |ayer:
of dielectric having been deposited over said seniconductor surfh&éPLsém@'
contact pad having been formed on the surface of said layer of dielectric,

said netal bunp overlying said coptact pad, said contac ad, havi ng served
as an 9fhgdereat pit C‘(qn/té):thF‘i’l‘t’“gefC{]&&nPﬁcf’ndW‘? Y ISéftcB d%)ﬁ br Hev?ce

testing, said contact pad overlying _and being connected to at . | east one
poi nt cTeMEICERERTEAY THHREET ﬁ%%iad?edieﬁsar OBﬂgE?félt Sir FAEE B %hi d '
sem conductor surface, conprising the steps of:. depositing a.|ayer ‘
of - pasSTIPEFCENPHYRY %ﬁﬂWTCFSQeFocé% 628 e CP P ARV R g%?ﬂ?%ontact pad,
i-ncluding the surface of , said contact pad; 42 7-3 .JUL 2005 . patterning and
et chi nd"&4" P&§RPITYIGeEs - PalT o eeg%rgacﬁnogﬁéﬁ%ﬁepﬁcg%?%aﬁOzfyer of
passivation having a first dianmeter, partially exposing the surface of
sai d cotit ®pad over a surface area of said first dianeter, said opening.

in said layer of passivation being centered with respect to said contact
pad, said -

23. The method of claim 15 further comprising performing an in-
situ sputter clean of the exposed surfaces of the contact pad and
exposed sﬁrface'of said underlying dielectric, said additiohal
step to be performed prior to said sputteriﬁg a layer of Under

Bump Metallurgy (UBM).

24. A method for forming a metal bump on a semiconductor su;face,
a layer of dielectric having been deposited over said
semiconductor surface, said contact pad having been formed on the
surface of said layer of dielectric, said metal'bump overlying
said contact pad, said contact pad héving served as an -
Inéut/Output {I/0) point of éontaqt during semiconductor device
testing, said contact pad overlying and being connected to at
least one point of electrical contact provided in or on the
surface of said semiconductor surface, comprising the steps of:
depositing a la&er of passivation over-said lafer of
dielectric underlying séid contact pad, including the surface of

said contact pad; -
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first dianmeter of said opening created in said |ayer of passivation being
smal l er than said surface area of said contact pad by a neasurable ampunt;
depositing a first layer of photoresist over the surface of said layer of
passivation, including the opening created in said |ayer of passjyayloms
. patterning and etching said first -layer of photoresist, creating an
~ opening having a second di ameter through-said layer of phot oresi st, said
opening in said first |ayer of photoresist aligning wi th and bei ng
centered wi phteespned dnel es8cHigpriact lapad, of ghabsigesndndi erettengof - sai d
opening in said first layer of photoresist being smaller than said first
di anet e4n Qpepahg iOpeNidgalysrsaf ddayientdbnpasseinata darby diaredwmunr-abl e
anount; etching said contact pad in accordance with said opening created
in sai dodirish 1bagepoofnphdkosasists dfemaiingosorck patdt evaeda | aiysfaast fir st
photoresist fromthe surface of 'said |ayer of passivation, .including the
surface,ofa cisdigt ehed enakhactr padsiAdpbnindUn 2005 lspertefing a |ayer of
Under Bunp Metal lurgy (UBM over the surface of said |ayer of passivation,
i ncl udi pgs expased seliqaenteletingiticonispeictpad saih exposetl padf agwidf said

under | yi ng .
first diameter of said opening created in said layer of
.passivétion being smaller than said surface area of said contact
pad by a measurabie amount;
depositing a first layer of photorésist over the surface of
said layer of passivation, including theropening created in said
" layer of passivation;
patterning and etching said firét layer of photoresist,
creating an opening having a second diameter through said layer
of photoresist, saidropening in said first 1aye; of photoresist
aligning with and being centered with respect to said contact
pad,rsaid second diameter of said opening in said first layer of
photoresist being smaller than saidvfirst diameter of said
" opening in ‘said layer of passivatidﬁ by a measurable amoﬁnt:
etching said contact pad in accordance with said opening _
created in said first layer of photoresisﬁ;
removing said patterned iayer of first photoresis£ from the
surface of said layer of passivation, including the surface of

said etched contact pad;
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dielectric; depositing a second | ayer of photoresist over the

sem conduct or surface of the |ayer of UBM patterning and etching said
second layer of photoresist, creating an opening in said second |ayer of
“photoresist that is aligned with said contact pad, partially exposing the
-surface of said |layer of UBM electroplating the partially expoﬁedﬂguﬂm%ce
of- said layer of UBMwth a |ayer of bunp netal, partially filling said
opening created in said second |ayer of photoresist; renoving said

- patterned ancPRYEREENG et dedelrayér Under photroMesiksiuf§OMEBOvevsai the .

sem conductor surface; and reflow ng the surface of said layer of bunp
netal , fevpiaRe ofheahdtEydouny. p@5sivate amet Hadlofiicd adsPo2dWagE £id. sai d

| ayer of passivation conprises PE Si3N4 deposited to a thickness between
about 1009 thm@orse0D Mehstndorkp@sed Fherfatehod 6fi@la@iduA4inherein said

| ayer of passivation is selected fromthe group consisting of SiQ2, a
phot osendt?48/Erigqa 13 JUL 2005 pol yi mi de, phosphorous doped silicon
dioxide and titanium nitride, said | ayer of passivation is deposited to a
t hi ckness depositing a second layer of photoresist over the

semiconductor surface of the layer of UBM;

patterning and etching said second layer of photoresist,
creating an opening in said second layer 6f_ph§toresist that is
aligned with said contact pad, éartially exposing the surface‘of
said layer of UBM;

electroplating‘the partially éxposed surface of said layer
of UBM with a layer of bump metal, partially filling sai& opening
created in said second layer of photoresist;

. removing said patterned and etched second layer of

photoresist from-above said semiconductor surface; and

reflowing the surface of said layer of bump metal, forming

IS

the metal bump.

25. The method of claim 24 wherein said layer of passivation

comprises PE - Si3Ng deposited to a thickness betweén about 1000

and 15000 Angstrom.

26. The method of claim 24 wherein said layer of passivation ié

selected from the group consisting of Si0., a photosensitive
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bet ween about 1000 and 15000 Angstrom 27. The nethod of claim 24 wherein
said |l ayer of Under Bunp Metallurgy conprises a |layer of chrom um foll owed
"by a layer of copper followed by a layer of gold. 28. The method of claim
24 wherein said passivation |ayer deposited over the surface of said

_seni conductor surface conprises a plurality of passivation |ayet$JURo20srhe
nmet hod of claim 28 wherein at | east one of said plurality of passivation

| ayers is selected fromthe group consisting of PE Si3N4 and SiQ2 and a

- phot osensiyieideol yipiodphoamts phigfhior als ideped ggbkigon ghQXi E’?té’r%& -
titaniumnitride. 30. The nethod of claim24 wherein said |ayer of Under

Bunp Metatiidegy sorprises amlgssakivhyied ssbabsysrseofcdifferent Jetallic
conmposition. 31. The method of claim 24 wherein said etching sai a9 ayer of
UBM conpésessrdmpoat chi 0 201d weboet eidiGond5 1 3 JUL 2005 32. The net hod
of claim 24 wherein said sem conductor surface is selected fromthe group
of surfaces consisting of sem conductor substrates, printed circuit

boards, flex circuits, netallized substrates, glass substrates and

Se”‘CondM¢IO@hge¥bgﬁo§DBQtQﬂ%iqugpoﬁﬁérein said layer of Under Bump
Metallurgy comprises a layer of chromium followed by a layer of

- copper followed by a layer of gold.

28. The method of claim 24 wherein said passivation laver
deposited over the surface of said semiconductor surface

comprises a plurality of passivation layers.

29. The method of claim 28 wherein at ieést one - of said
plurality of passivation layers is selected from the group
consisting of PE Si3N; and SiQ, and a photosensitive polyimide

and phosphqrous doped silicon dioxide and titanium nitride.

30. The method of claim 24 wherein said layer of Under Bump

Metallurgy comprises a plurality of sub-layers of diffefent

metallic composition.

31. The method of claim 24 ﬁherein sald etching said layer of

UBM comprises dry etching or wet étching.
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33. The nethod of claim 32 wherein said sem conductor substrate is
selected fromthe group of substrates consisting of sem conductor
substrates, ceram c substrates, glass substrates, gallium arsenide
substrates, silicon on insulator (SO) substrates and silicon aon sapphd' re
(SOS) substrates. 34. The nethod of claim 24 wherein said cont adts é‘é'd 2005
conprises alumnumor a conpound thereof. 35. The nethod of claim 24
-wherein .said etching said contact pad in accordance with said opening
created i id first, |layer of 5 photoresist conprises methods of plasma
enhancedbg'r;ﬁé crﬁitr?&do?% \%%?“&t%%i‘ﬂ&%lflhsal% L CBIWEEeR. s38faqnelsret hod
of cl ai el n-said etching_said_contact pad,6 in accordance with said
openi ngn%%g%%%?ifn%éna% % iF SR §§ersu5Fac"b?10‘f%‘? $P9c Ghpriegéscrtent oy Al Cu
usi ng d £ n etchant at, 46 1 3 JU. 2005 a tenperature between 50
and 200 g{é‘g%%%zc%', Iegi%me Chaht 1w PH 5 rof TLBbuC1 5BUSEem Fekaihbzei2 and
1000 scc the Ar,. a pressure between ahout 50 nmTorr and 10 Torr, a
time of g‘%éélée T Bet eSS ﬁ%sﬁﬁat%oa\ﬁﬁc&?&%@e@?cw AeTHeR! BPURTHRON 24
with additi on | steps of electroplating an enhanced UBM | ayer, after the
pat t er ni ngé%n " etching of said second | ayer of photoresist, and prior to
t he o

323. The method of claim 32 wherein said semiconductor substrate
is selected from the group of substrates consisting of
semiconductor substrates, ceramic substrates, glass substrates,

gallium arsenide substrates, silicon on insulator (SOIL)

substrates and silicon on sapphire (S0S) substrates.

34. The method of claim 24 wherein said contact pad comprises

aluminum or a compound thereof.

' 35. The method of claim 24 wherein said etching said contact pad
in accordance with said opening created in said first layer of -

photoresist comprises methods of plasma enhanced dry etching or

wet etching with a H;P04 solution.
36. The method of claim 24 wherein.said etching said contact pad
in accordance with said opening created in said first layer of

photoresist comprises etching AlCu using Cl,/Ar as an etéhant at
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electroplating the layer of metal bunp. 38. A netal bunp on a sen}coRgsfaor
surface, conprising: a sem conductor surface, a |ayer of dlelechlp begn
been deposited over said sem conductor surface, a contact pad having |
formed on the surface of said layer of dielectric, said metal bunp
-overlying said contact pad, said sem conductor surface having P§%®Ltmm%
provided with at ['east one point of electrical contact, said cont?c hp d
having a surface area in addition to having a height in addition to having

t
©a surface wmarasard baRlACEoPAG: baIN G Qggkeét,“ Ca'etg ”tg W t h Se‘;’,‘;‘e’na
| east one point of electrical contact; sai o conta

dremwm
tiallor ramicedo sedl £okeRY| 8, Bawl 1608 Lelpyal L ness an |
gﬁ';fiage (yar ea. 47 ti 3 JUL 2005 g% &T?} @b ﬁp E? ¥ raidmPE§ Ss¥afd

waghav s t/Qutput_ (1/90), .point of contact during
ggg:gg;ductg?@ 323?%Sﬂ¥2§FF%g?ﬁga}%p%%%ia%tg aé %é?qﬁf EBHRe%ﬁEﬂ?QHJBQtdIeast
one poiand aeboekeedhdsal contact provided |n or on the syrface of sai bl
sem conductor surface, said at |east one point of electrical contagt_ ei ng
connected to at | east one sem conductor device having been provided in or

on the surface of said senm conductor surface.
. 37. The method of claim 24 with additional steps of

electroplating an enhanced UBM layer, after the patterning and
etching of said second layer of photoresist, and prior to the

electroplating the layer of metal bump.

38. A metal bump on a_semicohductor surface, camprising:

a semicondictor surface, a layer of dielectric having beén
deposited over said semicoﬁductor surface, a contact pad having
been formed on the surface of said layer pf dielectric; said
metal bump oﬁerlying said conféct pad, said semiconductor surface
having been provided with at least one point of electrical
contact, said contact pad héving a éu%face area in addition té
having a height in addition to having a surface area, said
contact pad being in electrical contact with said at least one
point of electrical coﬁtact; and

said contact pad having been partially removed, said

removing having a removal thickness and removal surface area.
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40. The netal bunp of claim 38, said surface area of said contact pad
‘being larger than said renoval surface area by a neasurable anount. 41.
The nmetal bunp of claim38, said renoval thickness of said contact pad
being | ess than said height of said contact pad by a neasurabl e pgguat2005
-42. The netal bunp of claim38, said renpbval thickness of said contact pad
being equal to said height of said contact pad. 43. The netal bunp of

cl ai m 3839 tthet hetaddblmo o0kl adn pad | efned -8Rda &t cgg%phgg'?q%! g%/reiﬁ Phs.
passi vation, deposited over the surface of said l'ayer o i el ectri C,

i ncl udi ngn theputsontase of/mabdisons ActorRads aarﬂpf@el&ac%ﬁ%{!l@g??e?” created
in 48 1 3 J UL 2005 said |layer of passivation having a firrst di aneter,

partial | geexposiegihgpe saifd @eec bt SHH veoRbatinpad QVel, g.syrface area of a
first dianmeter, said opening in said |ayer "of passivation being ¢ént er ed

Wi th respeott tod sabdteDHAGNPAL: - SAW dolr $h 6L PLEl %rf&@&do%%%gid”g in
y

said | ayer of passivation exceedi ng said renova surface area

nmeasur absemiaitbidntron dayRiceof shndest BunpcMshal Jdur yc%ugmc?ﬁyt t.ered over
exposed surfaces of the contact pad, said layer of UBM parfi aﬁaly covering
sai d | ayemtefctpasshyatdioRctaddro at least one semiconductor device

having been provided in or on the surface of said semiconductor

surface.

40. The metal bump of claim 38, said surface area of said contact

pad being larger than said removal surface area by 'a measurable

amount.

41. The metal bump of claim 38, said removal thickness of said

- contact pad .being less than said height of said contact pad by a

measurable amount.

42. ihe metal bump of claim 38, said removal thickness of said

contact pad being equal to said height of said contact pad.

43. The metal bump of claim 38 with the addition of:
a patterned and etched said layer of passivation, deposited
over the surface of said layer of dielectric, including the

surface of said contact pad, an opening having been created in
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a layer of bunp nmetal electroplated over the surface of said |ayer of UBM
‘after which said |ayer of bunp netal has been reflowed, form ng the netal
bunp. 44. The netal bunp of claim43 wherein said |ayer of passivation
conprises PE Si3N4 deposited to a thickness between about 1000 and 15000
.Angstrom 45. The netal bunp of claim43 wherein said |ayer of pdssiéVat?®n
is selected fromthe group consisting of SiQ2, a photosensitive - polyinide,
phosphor ous doped silicon dioxide and titanium nitride, said | ayer of

“passi vat baid i mydeposi pask trtd ohhheknes s Hekwesn. about ~ 15000
Angstrom 49 13 JUL 2005 46. The rrie‘fgzl bunmp of %I al m’4§%\%ﬁgé?£?% said | ayer

of UnderefemqingVehal b 8ce oPELESEScehia¥ehaaf o ¢hr am foll owed by a |ayer
of -copper followed by a | ayer of gold. 47.EDaThce) net al Eﬁ%go%\é\%?a?%aﬁs

wherein saist pHsskvat] GdhilAypleni 6N 8% dapbHret idde Af, | yaglon
| ayers. 48. The nethod of claim47 wherein gtp Ieastﬁ one (#gégi %Qmpé)ur ality

of passivatticred ayehsrespeial eot edid r@mtRe PLAUPsa GPNSISLI Bgéigét JF.o%i 34
and Si Q2 and a photosensitive polyimde and phosphorous doped silicon
di oxi de emitHl tdrteanhgnimi daricdaayd9. oFhe smivak 1 by ke thndl BL43 WheLein said
| ayer of Under Bunp
surface area by a measurable amount:
a -layer of Under Bump Metallurg? (UBM) sputtered over
exposed surfaces of the contact pad, said layer of UBM partially
covering said layer of passivation; and
a layer of bump metal electroplated over the surface of said

layer of UBM after which said layer of bump metal has been

- reflowed, forming the metal bump.

| 44. The metal bump of claim 43 wherein said layer of passivation
comprises PE Si;N, deposited to a thickness between about 1000

~and 15000 Angstrom.

45. The metal bump of claim 43 wherein said'iayer of passiﬁafion
is selected from the group consistiﬁg of Si0,, a photosensitive
polyimide, rphosPhorous doped silicon dioxide and titanium
nitride, said layer of passivation is deposited to a thickness

between about 1000 and 15000 Angstrom.
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Metal lurgy conprises a plurality of sub-layers of different netallic
conposition. 50. The nmetal bunp of claim 38 wherein said sem conductor
surface is selected fromthe group of surfaces consisting of sem conductor
substrates, printed circuit boards, flex circuits, netallized substrates,
‘gl ass substrates and sem conductor device nounting support. 50 ‘}5 L g 05
51. The nethod of claim50 wherein said sem conductor substrate I8 "sel ected
fromthe group of substrates consisting of sem conductor substrates, '
‘ceramic égbs?g%t%%ﬁalgltag@ sdbstipaned whatdimmaAksaniyde sebgha&t FumSi |1 con
on insulator (SA) substrates and silicon on sapphire (SOS) substrates.
52. The WBEROHGH @oapmisss wheleyer sof doloantiant fpAUCRENDE) S£S1a @l UMaum or
a conpound thereof. 53. The netal bunp of claim43 with . the addition of a
| ayer of CORRHaCEd oWBM kY entledelry ol eoidopl ati ng over said sputtered UBM
and under said bunmp netal. 54. The metal bunp of claim53, wherein said
enhanced UBM conprises copper or nickel or conposite |ayers of copper and
ni ckel . 55. A metal bunp on a sem conductor surface, conprising:

47. The metal bump of claim 43 wherein said passivation layer

comprises a plurality of passivation layers.

48. The method of claim 47 wherein at least one of said
rplurality of passivation 1layers is selected frém the group
consisting of PE SijN, and Si0, and a photosensitive polyimide

and phosphorous doped silicon dioxide and titanium nitride.

49. The metal bump of claim 43 wherein said 1a§er of Under Bump

Metallurgy comprises a plurality of sub-layers of different

metallic composition.

- A

50. The metal bump of claim 38 -Whereig _said semiconductor -
surface is selected from the group of surfaces consisting of
sgmiconductor substrates, printed cirguit boards, flex circuits,
netallized substrates, glass substrates and semiconduc£or device

mounting support.
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~a sem conductor surface, a |layer of dielectric having been deposited over
.sai d senmi conductor surface, a contact pad having been formed on the
surface of said |ayer of dielectric, said netal bunp overlying said
contact pad, said sem conductor surface having been provided inigb gnm@pe
surface thereof with 51 13 JUL 2005 at |east one point of elec |9

cont act vi%g,a height and a. surface area, a contact pad having a
surface aréa B&i BGEPednPkctrimitth wigneiat Jadds seoheophidtiorofs@seehtizcal
contact .having been provided on said seniconductor surface; a layer of
passi vation dEpGSFted HVeF sHiY | ay@iP of of di ehletrdtes | nohsdsngngt her
surface %% §g£9 cqontact pad, an opening having been created in said | ayer
of passivati o6n Pk i9%g SWSFREES di RERRES pabttzdties exgiosisnguee raveface of
said conbgggiugadagger.s.surface area of said first dianeter,. said opening
in said-fayer of *passtVati SHPBEIHETent 8k t how espeetlaosai dsorpnt act

pad, sai I ianeter.of said opening created in sai.d |ayer of
passivatggﬁgﬁgéf%baggsﬁ%%ﬁ%%?f”hﬁégpPﬁﬁf (¥J)esgbehantesai d surface area of

- said contact pad by a nmeasurabl e anount; an opening created in said contact
pad, partially exposing the surface of said at |ayer of dielectric
deposited_on the surface of said sem conductor surface, said opening
havi ng a2 The method of claim 38“wherein said contact pad comprises

aluminum or a compound thereof.

.53. The metal bump of claim 43 with the addition of a layer of

enhanced UBM created by electroplating over said sputtered UBM

and under said bﬁmp metal.

54. The metal bump of claim 53, wherein said enhanced UEM

comprises. copper or nickel or composite layeré of copper and

nickel.

55. A metal bump on a semiconductor\éurface, comprising: -

a semiconductor surface, a layer of -dielectric haﬁing been
deposited over said semiconductor surface, a contact pad having
been formed on the surfacg of said layer of dielecﬁric, said
metal bump overlying said contabt pad, said semiconductor‘

surface having been provided in or oﬁ the surface thereof with-
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i r, said opening created in said contact pad being centered
.affgn?egbggft$o1said cogtactgpad, sai d second diameter of said opening |pn
said contact pad being smaller than said first dianeter of said opening
said | ayer of passivation by a neasurable anount; a |ayer o; Un@il E §%'
‘Metal lurgy (UBM sputtered over the surface of sai d | ayer of pa > varton:
and 52 1 3 J UL 2005 "a layer of bunp netal having been el ectropl a

Ia
“the-. surtateas! @ d gayer o@f <WBMkfcan aRaRIAIn2lia,def |0 W,
;Egtore5|st said opening in said | ayer of photoresis st over%ﬁppl{%*%ald

ng,A00.cet ghing
openi ng FwrExia passi vati oforiayss , p@htehav§gglpp| cetg
sButte?ed UBM usi ng said bunp netal a mask after which Thdﬁ’?&ﬁ of
bunp ret apnies:epeent tref sovedat ﬂ@@g‘tngm%alxglolr}ﬁt al s bURD %lf”s emn@% "[ne)d
of claimb55 wherein said | ayer of passivation conprises i 3 I gs

to a thikkniess beenwernvabalionl080d a6 IEROGLARISEF AR 57. The netal bunp
of claim55 wherein said |ayer of passivation is.selected fr3n1tge- Prggﬁ
consi sting ofa Sil@gera @hotﬁgggy$aghgg ggﬁag#géga og@gsphorgus 0 e|f%% Lo’
dioxide and titanium nitride, said |ayer o paSS|vat|on

thi cknesdielectric, including. the surface of said contact pad,- an

opening having been created in said layer of passivation having
a first dianmeter, ﬁartially exposing the surface of said contact
pad over a surface area of said Ffirst diameter, said opening in
said layer of passivatidn beiné centered with respect to said
éontact pad;_said fir;t diameter of said opening created in said ;
layer of passivation having a surface. area that is less than
said surface area of éaid contact pad by a measurable amount;
an opening created in said contact pad, partially exposiﬁg
the surface of said at layer of diélectric deposited on the
surface of said semiconductor surface, said opening having a
second diameter, said opening created. in said contact pad beidg
céntered with respect to said contact pad, said second diameter
of said opening in said contact pad‘being smaller than said first-
diamete; of =aid opéning in said layer of passivation by a
‘measurable amount;
a layer of Under Bump Metallurgy.(UBM) sputtered over the

surface of said layer of passivation; and
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bet ween about 1000 and 15000 Angstrom 58. The netal bunp of claim55
.wherein said | ayer of Under Bunmp Metallurgy conprises a |layer of chrom um
foll owed by a | ayer of copper followed by a | ayer of gold. 53 13 JUL 2005
59. The netal bunp of claim55 wherein said passivation |ayer oyegrJulh&is
-surface of said sem conductor surface conprises a plurality of passivation
| ayers. 60.- The netal bunp of claim59 wherein at |east one of said
‘plurality of pdssieracf orunmayertsli basth@dicth et thel HQURvE0RsL St ng of
PE Si3Nd and Si 2 and a photosensitive polyinmde and phosphorous. doped
silicon 8rpkidhe dngaéfit bawasmadi UBMden #&i.opEméngebal o hawm el @'L?éfnéé
wherein said | ayer of Under Bunp Metallurgy conprises a plurality of

sub- | ayeP8OGHtrfiifSter 8atd qRarding éncomposiavieanor6ghodhegmial bunp of claim
55 wherein said sem conductor surface is selected fromthe group of '
sur f aces®EONMSIRRINGgS8tY Rafiicenducsatd subsstivatésn paye,edrebrcui t boar ds,
flex circuits,, netallized substrates, glass substrates and sem conduct or
devi ce TOUHREMYG 20ppdrEhings thrhapwetetech Ul 0findg atandbBunbenetn s d

sem conductor, substrate is selected fromthe group of substrates
consisti%gﬁ?ﬁk after whlch sald layer of bump metal has been reflbwed,

forming said metal bump.

. 56. The metal bump of claim 55 wherein said layer of passivation

comprises PE Sij3N, deposited to a thickness between about 1000

and 15000 Angstrom.

57. The metal bump of claim 55 wherein said layer of passivation
is selected from the group consisting of Si0;, a photosensitive
polfimide, phosphorous dopea silicon dioxide and titanium
pitride, said layer of passivation is déposited to a thickness

between about 1000 and 15000 Angstrom.

- 98. The metal bump of claim 55 wherein said layer of Under Bump
‘Metallurgy comprises a layer of chromium followed by a layer of

copper followed by a layer of gold.
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i ubstrates, ceram c substrates, glass substrates, 54 13 J U
'iegbggnd;;ff{ui1arsenide substrates, silicon on insulator (SQ) sub;trgges
and silicon on sapphire (SOS) substrates. 64. The nmetal bunp of claim
wherein said contact pad conprises alunmnumor copper or a conpg%qﬂ“fggg
-thereof. 65. A nethod for formng a netal bunp on a,senrcopducto_ S ;
conprising the steps of: providing a sem conductor surface; providing a
contact pad over said sem conductor surface;. nechanically contacting a

i i ' ) id portion of
- portion sef Id fanha ad ereby. dapage, may occur to sai
: 'Fs)ai d cor??écfﬁgad;. r érrg%/ul g & (\éﬁ]ab%l}t%/%nwggg?aq dgébﬁ%t BeEs et i feramn

i ng; pd i n nmetal over said contact pad and in said
openi 1" &d To1 i3 A et 4l BARG. ovel- Ao Con: 3t 2. cogbr memeeal burmp

(451 4; ] ' , d over said
cont act {451 00; r.surface, a contact pad _
senicongag?g?Ig%f?ggg%s?g?%%%pgﬁﬁ%g“?|rst material, and havi.ng an openi ng

therein; an under bunp netal forned over said contact pad and in said

60. The metal bump of claim 59 wherein at_léast one of said
plurality of passivation layers is selected from the group
consisting of PE Si3N, and Si0, and a photosensitive polyimide

and phosphorous doped silicon dioxide and titanium nitride.

61.7The metal bump of claim 55 wherein said layer of Under Bump

Metallurgy comprises a ~plurality of sub-layers of different

metallic composition.

62. The metai bump of claim 55 wheréin said semiconductor
surface 1is selected from the group of surfaces consisting of
semiconductor substrates, printed circuit boards,‘flex circuits,
metallized substrates, glass substrates and semiconductor device

. o-

mounting support.

63. The metal bump of claim 62 wherein said semiconductor
substrate is selected from the group of substrates consisting of

semiconductor substrates, ceramic substrates, glass substrates,
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opening; and 55 1 3 JUL 2005 a netal bunp forned over said contact pad.
' 56° : , _

13 JUL 2005

gallium arsenide substrates, silicon on insulator (S0T) -

substrates and silicon on sapphire (S80S} substrates.

64. The metal bump of claim 55 wherein said contact pad

comprises aluminum or copper or a compound thereof.

65. A method for forming a metal bump on a semiconductor surfacé,
comprising the steps of:

providing a semiconductor surface;

providing a contact pad over said semiconductor sﬁrface;.

mechanically éontacting a portion of said contact pad,
whereby damage may occur to‘saiq portion' of said Contacﬁ pad;

" removing said portion of said contact pad to form an

opening;

depositing an under bump métal over said contact pad and in
said opening; and

forming a metal bump over said contact pad.
66. A me£al bump contact, comprising;

a semiconductorAsurface;

a contact pad over said semiconductor surface,'formed of a
first material, and having an opening theréin;

an under bump metal formed over said contact pad and in said

opening; and
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a metal bump formed over said contact pad.
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