;e3e{{$V6NTmu L TORCH BUMP BACKGROUND OF THE | NVENTION (1) Field of the !
| ngention The invention relates to the fabrication of integrated (2)
Description of the Prior Art Wth continuously decreasing sem conduct or
devi ce di mensions inportance. The increasing need for creating device

i nterconnect traces circuit devices, and nore particularly, to a nethod of

creating a fine pitch, high-density solder bunp. and increasi
packagi ng densities, the packaging of , sem conductor device mﬂmmmmwmmmmm
gai n increased i nportance. Mtahrimtghnepnnects, thereby includi ng.@aknts d

metal contact such as sol der bunps, which connect sem conductor devices tq
surrounding circuits, have therefore becone of relative nore or networks

e e ie e o of Lowen e i, | o ERARIY

constant or other inter?a0|ng ayers - such as air gaps or cavities aggus

i ncreasingly used in between signal |ines. Another approach to solve

problenms of I/Ointerconnect ' i 1" | r i capability has been to desig

chi ps and chip Rggk%gi g net hods that of fer dependabl e net hods of increase
Frg-6f © hFB aPVElFt3Ronabl e manufacturing cost. This has led

intercoﬁﬂéctl

to the
The invention relates to the fabrication of integrated

circuit devices, and more particularly, to a method of creating a

fine pitch, high-density solder bump.

(2) Description of the Prior Art

With continuously decreasing semiconductor device dimensions
and increasing device packaging densities, the packaging of
gsemiconductor device continues to gain increased importance.
Metal interconnects, thereby including points of metal contact
such as solder bumps, which connect semiconductor devices to
surrounding circuits, have therefore become of relative more

importance.

The increasing need for creating device interconnect traces
or networks has led to the application of low resistance metals,
such as copper, for the interconnect traces while dielectrics
having a low dielectric constant or other interfacing layers such
as alr gaps or cavities are increasingly used in between signal

lines. Another approach to solve problems of I/O interconnect

—

n
d



devel opment of Flip Chip Packages. Flip-chip technol ogy uses bunps
(tipically conprising Pb/Sn solders) forned over alum num contact pads on
t he sem conductor devices and interconnects the bunps directly to a
packagi ng nedia, which are usually ceramc or plastic or organic materi al
based. The flip-chip is bonded face down to the package nedi umthrough the
shortest paths. These technol ogi es can be applied not only to single- ch|p1
packagi ng, but also to higher |levels of packaging, in which the packages

are | ar gepardnd thOnaBr BesAPRLSEEEAGR SRS tdrid @it §adkava ndu el pbas! ayer s
of interconnect traces and that can accommpdate several chips to form

l'arger fryngt ic@ral H@b%ﬁdagﬂé hbtRogh Pr L HEVH AN UG AMR8ag 68 array,
has t he advant age of “achieving a high den5|ty of interconnect to t he device

conbi ne e u n ti h package. The
packaglgbwghbggrét%gﬁéggéhgg ﬁuﬁ%%%@% fﬁ}%Qiﬁqufgcﬁf gggkages |
but can beuedf rra (LGA) and Pin Gid Array (PG&A)
packageg%Véqumeﬁ%T e %%ﬁ Bglpo% g p' chip over the surface of a prlnted
circuit board consists of attachlng the f||p chip to this board or to any !
ot her matchi ng substrate. Aflip chip is a sem conductor chip that has a
pattern or array of termnpals spaced around the active surface of t?e flip
chip, the fIFﬂl@hFﬁlpstﬁﬁUﬁPéﬂgﬁn??@%kﬁP@Rﬁ|(Ryﬂﬁﬁq%%XBQQmHﬂﬁﬁlpsl5 RPp
facing the supportlng substrate. Electrical connectors that are provided on
t he act iapddse aderardt REer| A BUBRRW cePR edfis iRadpforBdNe @amd cARRERFEOrBGA)
devices and Pin Gid Arrays (PGA) devices. Wth the BGA device, an array of
m nut e siEvdeesbainds intedicoposetisovke buyreps directly to a packaging media, :
|

which are usually ceramic or plastic or organic material based.
The flip-chip is bonded face down to the package medium through
the shortest paths. These technologies can be applied not only to
single-chip packaging, but also to higher levels of packaging, in
which the packages are larger, and to more sophisticated
substrates that have multiple layers of interconnect traces and
that can accommodate several chips to form larger functional

units.

The flip-chip technique, using an area I/O array, has the
advantage of achieving a high density of interconnect to the
device combined with a very low inductance interconnection to the
package. The packaging substrate is generally used for Ball Grid
Array (BGA) packages but can also be used for Land Grid Array

(LGA) and Pin Grid Array (PGA) packages.



active surface of the flip chip for attachnment to the surface of a
supporting substrate. For PGA devices, an array of snmall pins extends
essentially perpendicularly fromthe active surface of the flip chip, such
that the pins conformto a specific arrangenent on a printed circuit board
or other supporting substrate for attachment thereto. The flip chip is i
bonded to the printed circuit board by refluxing the solder balls or pins%
of the flip chip. Wth the continuing decrease in the contact pads that are
i used to conhecChopheifgl derabanps ¢hes edver tdiee piurdhcef dfthe gelideedbunps
beconmes increasingly nore inportant. The invention addresses this issue and
provi degigcBihedatrlatoskgBthi 68Nt YadmAHHUER the PIdGEh @b tkhaessebden bunps
that interface between a 3 sem conduct or device and the device supporting

substratg QuehnWhieRelNRadeNifE LepaPinted. o SUMVARY, G sTHE | NVENTI ON A
principle objective of the invéntion is to increase the pitch of an array

Of 30! Iefertiin, A0t BRS nOPLEE e fpdiEeh AN A el & dhaLeo! der

bunmps for a hig ensity, performance fl1p chip package. t anot her ;

objective of the invention [s.to create solder hunps.,f.or hi gh-densi.ty,
i h perEarisn e R Chk e Boh Ttk agtt FA e oL ot h e s 27 B°RRLD

sem conduct or devi ce _processing. A still further aqbjective of .the invention
s to proviGEnEeR GAED FREeBFal kB BUBFRE Tl G KGFGP EhBat i ng
sol der bunps for a high-densit h%ggaferfornance flip chip package In

accordaﬁﬂ?RHQFHthéuBEFééPFveEY%Ft RIS TPEe Rt kst RE@VaRgdsefuence

is provided for the creation of sol der bunps.
the active surface of the flip chip can consist of Ball Grid

1
i

Arrays (BGA) devices and Pin Grid Arrays (PGA) devices. With the
BGA device, an array of minute solder balls is disposed over the
active surface of the flip chip for attachment to the surface of
a supporting substrate. For PGA devices, an array of small pins
extends essentially perpendicularly from the active surface of
the flip chip, such that the pins conform to a specific
arrangement on a printed circuit board or other supporting
substrate for attachment thereto. The flip chip is bonded to the
printed circuit board by refluxing the solder balls or pins of

the flip chip.

With the continuing decrease in the contact pads that are
used to connect pre-solder bumps thereto, the pitch of the solder
bumps becomes increasingly more important. The invention
addresses this issue and provides a method that significantly

improves the pitch of the solder bumps that interface between a
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The design of the invention inplenents a torch bunp, which is a solder bunp
conprising a base over which a solder bunp is created. A first layer of dry
filmis | am nated over a supporting 4 i surface over which first a | ayer
of UBM has been deposited. A base for the solder bunp is created in a first
opening created through the first layer of dry film the created base !
aligns with an underlying contact pad. A second dry filmis |am nated over
the surface of the first dry film a second opening is created through the

second @ehmikbhautbhal akigpe whahthdeisrad edigirse iely Shdssehbder oburp. The
openi ng through the second dry filmis filled with solder by sol der '

printingnithe chir gbvard sgcougntayers of dry filmare renoved, the
deposited |l ayer of UBMis etched. Reflowis applied to the deposited

sol der, creating the torch solder bunp. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figs. 1 and 2 shows cross sections of Prior Art solder bunps. i Figs. 3

t hrough 9 show t he net hod Ofﬁéﬁﬁﬁﬁf“gﬁngﬁﬁqi&QﬁN&?g creation of a torch

bunmp, as follows: Fig. 3 sho e CFosd B SEVEDR 168 a semi conduct or surface
over the surface of which a contact pad, a patterned and etched |ayer of |
passivation and a | ayer of UBM have been created. 5 Fig. 4 shows a cross
section after a first_mask of dry film has been created. Fig. 5 shows a

cross sectioft BFLBFIPhE BRIBCFHYCt PR thf VAT Fas hééh 10CELPES. tBFy. 6
shows a cross section after a second mask of dry film has been created, a

| ayer ofPideihdef Rasab&ek 6Epe3ided. PYMRE- 7 shows a cross-section after the
first and second nask of dry film have been renoved. i Fig. 8 shows a cross
section after the layer of UBM has been etched. i

1

Another objective of the invention is to create solder bumps

for a high-density, high performance flip chip package.

Yet another objective of the invention is to create solder
bumps for a high-density, high performance flip chip package

using conventional methods of semiconductor device processing.

A still further objective of the invention is to provide a
highly integratable and manufacturable method of creating solder

bumps for a high-density, high performance flip chip package

In accordance with the objectives of the invention a new
method and sequence is provided for the creation of solder bumps.
The design of the invention implements a torch bump, which is a
solder bump comprising a base over which a solder bump is

created. A first layer of dry film is laminated over a supporting



{

Fig. .9 shows a cross section after the step of reflow of the deposited

solder. Figs. 10 through 12 show various di nensional configurations of the
torch bunp of the invention. Fig. 13 shows a cross section of two torch

bunps of the invention created side-by-side, dinensions are highlighted. 6
[ Fig. 14 shows a cross section of yet another creation of a torch bunp.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS For reasons of conparison and i
i nproved understanding of the invention, conparable conventional nethods of

creati nguarsekderepuinianeri r&6tahigpdid ahe atbMmISiaig Haieds deboanded.far the
pur pose. A conventional nmethod that 1s used to create a sol der bunp over a

contact ypad irprnext BLIRLLOBLRE i £l Gredt SNOMS AT iOAMYRnhgoRe 8t cliNe
met hods that is used to create an interconnect bunp. A sem ¢onductor

surface (Hacgn REENFREQY! 980 LD &yiei Al CANAL DAal £ookD8136HLCAREHCL OF

surface 10 IS protected w t ayer- 14 ‘ot passivation. An opening has been

el con saneialify BEEaLS, Baa P R R 0% MARPET BV R0

b ti I t had f first.d i ti f .of dielectri t
Oy onor S5k 20T BR0Enl e Ll adgresil, 1o S Aven o, heeslins (ot
netal |ayer 16 and by selectively i creatjng layers 18 and 20 over the
surf ace TOFOURE EPEafBgoPdyeFrY 151 IMethat |adidns ¢4t theacegabydpRREsr Af ng

and etching a _deposited | ayer of.dielectricéégot shown), creating an
openi ng t®¥r §@gRSEhEVBBpoShEcaPfRRY BITHFE &t iSeamgk daTyi dAd™Wileh the 7 i

filled with solder by solder printing, the first and second
layers of dry film are removed, the deposited layer of UBM is
etched. Reflow is applied to the deposited solder, creating the

torch solder bump.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 shows cross sections of Prior Art solder

bumps.

Figs. 3 through 9 show the method of the invention for the

creation of a torch bump, as follows:

Fig. 3 shows the cross section of a semiconductor surface
over the surface of which a contact pad, a patterned and etched

layer of passivation and a layer of UBM have been created.
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netal. pad 14 and that partially exposes the surface of the netal pad 14.
Layer 16 of netal is in contact wwth the surface of the netal pad 14 inside
opening created through the |ayer 14 of passivation. A layer 18 of netal,
typically using Under-Bunp Metallurgy (UBM, is created over the |ayer 16
of metal using nethods of plating and the like. The region of layer 18 of
nmetal that is above the netal pad 14 will, at a later point in the j
processing, forma pedestal over which the interconnect bunp wll be i
formed. Thisragdeat shoWBYaf UFb881 sder Bort efad- i) & NeRS WaGRl o Begt Femmby

t he deposition and patterning of one or nore additional |ayers, such as

| ayer 2Q,a3sFi@enlcrBskayer of photoresist (not shown) is deposited,
patterned and etched, creating an opening that aligns with the contact pad
12 and has a dianeter about equal to the surface area of the upper surface
of layer 20. The opening created through the i deposited |ayer of ,
dielectric ig.fillLed with_solder, typically usi net ho of_,sol der '
printing. A $dPaer BESFE BroFPES TROTLSAGWOT < o spolChd ¥ thePayer 22
of soldﬁ; LEF sglder 22 Ls nelted in a reflow surface typically under a '
ni t rogeRIPnbEShERER EFEAFFg the spherical ly shaped i nterconnect bump 22 .
that is shown in Fig. 1. 8 | The preferred materials for the various

| ayers that are shown in cross section in Fig. 1 are as follows: For Layer
16 copper is the preferred nmetal For Layer 18 nickel is the preferred
nmetal , and | Fifor 6L&PEKS28 GBPES| Seehiopraftady e snacnd mask of| devi SA1Hf
the materials that are used for the various 1 overlying |ayers are

det er m e¢ bpeporsedord: i ansapériof esdlderr hathdsieon depeisdltedi.f f usi on, net al
corrosion, issues of |ayer delam nation and the |iKke. ‘

Fig. 7 shows a cross-section after the first and second mask

of dry film have been removed.

Fig. 8 shows a cross section after the layer of UBM has been

etched.

Fig. 9 shows a cross section after the step of reflow of the

deposited solder.

Figs. 10 through 12 show various dimensional configurations

of the torch bump of the invention.

Fig. 13 shows a cross section of two torch bumps of the

invention created side-by-side, dimensions are highlighted.

[y



I ncreased device density brings with it increased cl oseness of conponents
and el enents such as sol der bunps that are part of the created
sem conduct or devi ce packages. This increased closeness is expressed as a
reduction in the spacing or "pitch" between sol der bunps of a sem conduct or
devi ce package. State-ofthe-art technol ogy uses sol der bunps having a pitch
of about 200 um which inposes a linitation on further increasing device '
density. The limtation in further reducing the pitch of solder bunps is
i rposed by cenegrng ghowsl habrbis ysedti e dfpase ahdteleat icrelay ibar g€ bal |
size for the solder bunp. This relatively | arge solder ball restricts
further ygdychugot he sol der ball pitch. | 9 i In the majority of
applications, solder bunps are used as interconnections between I/0O bond
pads and a substrate or printed circuit board. Large solder balls bring
with it high standoff since a solder ball with high standoff has better
thermal performance ( 1 hi i } I MRS ting in
reduced t her mal stresg%gﬁﬂFEg§é§I%§?T%§liséFﬁﬁg%ge sofﬂgi balls are
therefore required in order to nmaintain interconnect reliability. Low al pha
solder is applied to avoid soft error (electrical or functional errors) )
fromoccurring, thereby elimnating the potential.for_ inadvertent _nmepory
di schar ge and 9*néGPFEEE QEtFPWBaB?g?%ea I%QRﬁP%?g(HnQﬁ?Sqan%ﬁggcpésggg
section that is shown in Fig. 2 is essentially the same as the cross
sect i on ISWERT LOR  FEGMPRTAPLR FRABVEREEPRIbMHIRAS (PIFiGFeas e s 6PdERT 22!
overlies and covers the base |ayers 16, 18 and 20. This application reduce
t he pot émpalarexfdsgtehdphipghtadt aptes tHoToppen b2 |fgyrethes PUFPPRE - ’
envi ronnment, thereby reducing the potential for corrosion of the copper !
surface. The application that is shown in cross section in Fig. 2 further
i nproves solder bunp 22' reliability and reduces lamnation i 1 exposure.
As previousl n ioglrengited]l heghedenlkat yis higgd pry farasrc e setideon duapor
devi ce packages require sol der bunps of reduced

over a contact pad is next highlighted. Fig. 1 shows an example

of one of the methods that is used to create an interconnect
bump. A semiconductor surface 10 has been provided with a metal
contact pad 12, the semiconductor surface 10 is protected with a
layer 14 of passivation. An opening has been created through the
layer 14 of passivation, exposing the surface of the metal
contact pad 12. Overlying layers 16, 18 and 20 of metal are
created by conventional methods of first depositing of a layer of
dielectric (not shown) over the surface of the layer 14 of
passivation for the creation of metal layer 16 and by selectively
creating layers 18 and 20 over the surface of the created layer
16. Metal layer 16 is created by patterning and etching a
deposited layer of dielectric (not shown), creating an opening

through the deposited layer of dielectric that aligns with the



10 _bunp pitch, increased bunp height and reduced bunp cross section.
Conventi onal technol ogy as highlighted above using Figs. 1 and 2 are
limted in this respect by being limted in all three of the indicated
requi rements of bunp creation. A nunber of technol ogies create overlying

| ayers that formpart of a solder bunp by creating a photoresist mask using
a one-step photoresist exposure and devel opment process. This typically !
requires a relatively thick layer of photoresist, which introduces design:

par amet efetsQf pladt he ahaat;ﬁdtspbﬂeiaby;ﬂkiﬁwée@r&lecgyuﬂ@rc)é oF the deskied
design paraneters of solder bunp pitch, cross section and height. The

sol der bunps 4t habRavesbgennmsheyn; & ni ¢rasse RACLHAN ithe durfFa@e: ok ahd 2 are
created by first Creating the patterned and devel oped photoresi st mask,

then pl ei}féﬂ%a'&% h3Y§hs ;b8 8%@1219?9&%5@&'&%@&@]@ tHe ﬂiﬁ%&ij 1%”%5 he |ayer

20 of go e phot oresi st s then renpoved after ich solder is

appl i ed _oqver. the surface. of e creat l.ayer of gol d i ng et hods of |
Solder SRSRE PR PrgsvHh 1nef hEE Ahue Dl ol ety e R s Sof

consi der.ahl e _hei ght is limted.in providing solder bunps.of required
cross 53%&P§&u§ﬁ #ggﬁireaSSSFaﬁFe%u g%i??ﬁml ﬂﬁbéﬁ?ﬂgﬁa&r8§38 s a

nmet hod t hat addresses these concerns. The invention will now be described
in det aiMe G5y Ofi §<2tanBhprBghRe tbfet ntRe glidic¥e ch ayst |18 oRefigFAlng
first specifically to the cross section shown in Fig. 3, there is showm a
sem condddttorl ss@bPyeetiie, mstieh B3dt bt wittacd & lRtQUbfiate ifokde which a

contact pad 12 has been created. A patterned and etched | ayer 14 of :
passi vatiroresstiog, aform a pedestal over which the interconnect bump will

be formed. This pedestal may further be extended in a vertical
direction by the deposition and patterning of one or more

additiconal layers, such as layer 20, Fig. 1.

A layer of photoresist (not shown) is deposited, patterned
and etched, creating an opening that aligns with the contact pad
12 and has a diameter about equal to the surface area of the
upper surface of layer 20. The opening created through the
deposited layer of dielectric is filled with solder, typically

using methods of solder printing.

A solder paste or flux (not shown) is now applied to the
layer 22 of solder, the solder 22 is melted in a reflow surface
typically under a nitrogen atmosphere, creating the spherically

shaped interconnect bump 22 that is shown in Fig. 1.



1

is deposited over the surface of layer 10, an opening (not highlighted)
created through the |ayer 14 of passivation exposes the surface of the
contact pad 12. A layer 24 of Under-Bunp Metallurgy (UBM, typically of
Ti/Ni/Cu and of a thickness a between about 0.5 and 2 Vim is electropl ated
over the surface of the patterned and etched | ayer 14 of passivation. The
cross section that is shown in Fig. 4 shows a patterned | and devel oped |
| ayer 26 of dry film Layer 26 of dry filmis |am nated over the surface qf

the layer 241gf ?@Mf@@@ehhﬁateﬁléﬁén?@raﬁﬁbCﬁaﬁadﬂgﬁié#éﬁ@gt%%&V%&EIOna|
met hods of photolithographic exposure and devel opnent.” A layer of dry film

convent ifpal ¥ nCeIBLLSg8 18RI 99§ynfrarmscfkdlslc% .aqueous processabl e
dry fllnrre3|st that is designed for alkaline and acid etch applications

and for ter platjng in copper, tin, .tin/l.ead and Au. The chem cal i
conposrtro oBf yi iSRRG S8 ?rﬁSFFFFGnE?FSﬁ;I acrylic nononer. 12 ]

1 The preferred dry filmof the invention is of a negative type

phot o- p@l yFeF.Layes Fesulake) risiteassefesasdometnd, |aydr of dry fil mthat
are exposed by G Hand I line Wlight will remain over the surface of the
waf er whi | ponBxposezh sgsTdcies anrapreiflelrrédbeeceampved by applying for
instant an al kaline solution to the surface thereof. The preferred

t hi ckness of the l|am nated | ayer 26 is between about 70 and 150 ~m but nore
preferably about 100 Vim The invention continues, Fig. 5 wth the

formation @Eet£%&$6¥¥bﬁcgft€H%‘ﬂ%ﬂé%1%@'d%haQUHPeszéﬁeﬁéf0@$@1+£%h6J§*

| ayers 28, 30 and 32, using the electroplating process. The preferred i

metal s foneIIl%ntghrl@@e'rgdhggt Sgt@mlgé@%§ g'ggr?é%.déaryaegl%r%r %fa%.nt(el llg%r

adhesion, metal diffusion, metal corrosion, issues of layer

delamination and the like.

Increased device density brings with it increased closeness
of components and elements such as solder bumps that are part of
the created semiconductor device packages. This increased
closeness is expressed as a reduction in the spacing or “pitch”
between solder bumps of a semiconductor device package. State-of-
the-art technology uses solder bumps having a pitch of about 200
pym, which imposes a limitation on further increasing device
density. The limitation in further reducing the pitch of solder
bumps is imposed by concerns of reliability, which impose a

relatively large ball size for the solder bump. This relatively

large solder ball restricts further reducing the solder ball

pitch.



For lLayer 28, copper is the preferred metal For Layer 30, nickel is the
preferred netal, and For Layer 32, gold is the preferred netal. 1 As an
alternate to the deposition of the three layers 28, 30 and 32, the
invention also provides for the deposition of a high s 1 |ead sol der paste
over which eutectic¢ solder paste is deposited. a The hi gh-|lead sol der past.e
may be deposited instead of the layer 28 of copper after which layers 30 |
(of nickel) and 32 (of gold) are deposited with the |ayer of eutectic §

sol der pasterhecthg hadjorityhef pagbeidad shy, fddimeaf tugs avrentkea ks of a-
negati ve type photo-polyner. This results in surface areas of the |ayer of!

dry fil mnthatoanecexBasedebieén /@b Iddies Wrd @hisudslch-akemi-npeyateghe
surface of the wafer while unexposed surface areas will 1 be renoved by

appl yi ”%&fr%h_iit”%é%. aﬂaﬁ%éﬁé&f&e?%é‘%i&%ﬁ%g Pgt%urifta%%g%h%‘cﬁﬁfioffhe

preferred thickness of t am nated | ayer bet ween~about 70 and 150

(e”)m'%‘i%;g%r‘)%es%ﬁ‘égﬁgﬂ @PoH Iy . hsevﬂ%HdOT Sﬂﬁ%v%%%ig%%p%gx%trgﬁﬂe& Fig. 5

with the rmat i on o € base for orc ol dér ectropl ating

the layers 28 30 a 2, .Usi the electroplatin rocess..The preferred:
et al o B5F PREAPAPodCTRAM ATBRoRHIE hg e tited q Ayehe Zestas i Phoe” For
Layer 28, copper.is the preferred netal. . For yer 30, nickel is_t
b of o1 £ GROERR hERE L FEEYEaS eP 1S GUT LIS BAE oA SHUESE PELAE an
alternate to_the deposition of the three |ayers 28, 30 and 32, the
i nvent i G CaltE6TFLOVPAESIPHFCE hED dRFRRY tF MM ER IR GRESTEONEEFtsol der paste
over which eutectic sol der gaste is deposited. a The high-lead sol der paste
may be degssbiddtiynsiendadphahecldserigaprliashier ayaick saiiitcriray¥ers 30
(of nickel) and 32 (of gold)

(electrical or functional errors) from occurring, thereby

eliminating the potential for inadvertent memory discharge and

incorrect setting of the voltage (1 or 0).

The cross section that is shown in Fig. 2 is essentially the
same as the cross section shown in Fig. 1 with the exception that
in Fig. 2 the solder 22’ overlies and covers the base layers 16,
18 and 20. This application reduces the potential exposure of for
instance the copper of layer 16 to the environment, thereby
reducing the potential for corrosion of the copper surface. The
application that is shown in cross section in Fig. 2 further
improves solder bump 22’ reliability and reduces lamination

exposure.

As previously highlighted, high-density, high-performance

semiconductor device packages require solder bumps of reduced

10
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1
are deposited with the | ayer of eutectic sol der paste being 13 Usi ng t he
created torch bunp colum 28/30/32/36 as a nask, the layer 24 of UBMis
etched, the results of this etch have been highlighted in the cross section
of Fig. 8. Wt etching is the preferred method to etch the UBM | ayer 18.
The structure that is shown in cross section in Fig. 8 is ready for sol der
reflow, creating the solder ball 36 that is shown in cross section in Fig.,
9. To review the prior art process: A sem conductor surface of provided, ia

contact Rag Eﬁ\&ic‘?ﬂ heerecRteM HEfpONEL ghH11: 58 M LANME WIS WAL seRtion.
patterned and etched | ayer of passwa%l on having been provided over the

sen‘iconc&;g};‘%r f.ac LOg.thes f it acts.. A_lL ayer of

UBM i s el ect rn&ﬁgélgﬁpﬁgfggegég? ?%eﬁéﬁﬁg e@% % Je\% g%gﬁggﬁl%}gsilvgbﬁo%,

i ncl udi t i t u . as S wat. i A omask
IS crea?%ﬁag@@ﬁﬂgﬁ%q%a;éggo?gﬁégégaﬁpo%gﬁ? gyﬁﬁﬂg(% %fﬁﬁﬁuéﬁlteeoghgg%nask

is aligned,wth the contact pad Deposited are,_in align t wth the :

openi ng Jﬂ}c%elﬁaé:(?dtt me(g&dﬁegepﬁg Bﬁ&ﬁﬁﬁs(ﬁ?eT%Ws pbfmﬁﬁ?ed‘% qrﬁgte%pﬁpﬁﬁgsbase
of the solder ball, such_as a |ayer of copper followed by a |layer of 15 i
J ni ckel“FRUOWYE Y 1R AG¥FTS © BFdf%’F‘PeEEa%i% BrRPUAG I U PYane

phot omask, a | ayer of solder is deposited The photonask is renoved, and

Ref | ow i&eRipinded PootrEegépbsMpel vajes 3oprrrstep RRaRLnt SFPOsETEhe

i nvention:
and development process. This typically requires a relatively

thick layer of photoresist, which introduces design parameters of
the created solder bump that are contrary to the desired design

parameters of solder bump pitch, cross section and height.

The solder bumps that have been shown in cross section in
Figs. 1 and 2 are created by first creating the patterned and
developed photoresist mask, then plating the layers 16 of copper,
the layer 18 of nickel and the layer 20 of gold. The photoresist
mask is then removed after which solder is applied over the
surface of the created layer 20 of gold using methods of solder
stencil printing. This method however results in a solder bump of
considerable height and is limited in providing solder bumps of
required cross section and required solder bump pitch. The

invention provides a method that addresses these concerns.

The invention will now be described in detail using Figs. 3

through 9 for this purpose.

11
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1
The i.nvention creates a torch bunp, so called because the solder bunp is
created over and aligned with an underlying base |ayer formng in this
manner a shape that resenbles a ' torch The torch bunp conprises a base
and a sol der bunp overlying the base The sol der bunp can be created having
a dianeter of about 100 (err)m The base | ayer preferably conprises a first
or lower |ayer of copper, created to a thickness of about 90 Vim a secon
or r center |ayer of nickel, created to a thickness of about 5 (err)m and |a
third or uppeefkayengofigstdspesebiesll1p tho thickness elecahout showar ithm The
torch bunp of the invention is created using a two-layer ' dry filmprocess
The | owetiqor 3f i Esbrkaysr sRbwAry Séhiedsansas: fRirmlcat ing henbasechayer of
the torch bunp 16 | The base of the torch solder bunp is used as the

al i gnment,JFRLk £er at BeprRatLheL Ni HgeANghdayel QIR -tOhaldhe 2seeandekayer of
dry film The upper or second [ayer of dry filmis used for solder plating

of the u i ntieQn i r, Cf ' . .has . f
Cor ch boms HSrTg oberT SRl ayar 2 oroh o ead <o aaroar S PR Erndf oo
whi ch a.l_ayer aof. t i.C | der-1s pasted; vers _of a arrier :
nateriaﬁsnﬁ%p8%1E§§ %g%rbgﬁgsggrféé%o i%? ?%;?QMt T fﬁ%@ggﬁagng of

hi gh-1 ead l.der and the | ayer of eutectic solder . The creation of the
Lorch burE eoapErads ChonkBastBEoPIR: Ty 1%teds, of RARSLVALAFrn  BPEtEss
for the creation of the Cu/Ni/Au base of the torch bunp, a second plating
process tHoFIAEECE0PaFREI SPTRHECE P2] He? st deYHurk$ CFhIMCRFsRMBR provi des
for the creation of an ultra-fine pitch solder bunp a The height of the
torch bMeyadduzpy tWBMY i nbEPiael hei ght TN @t 2d [9h fadieickreEsnpari ng t he
invention with conventional nmethods of d i creating a solder bunp, whereby
a one-t ihesvesledt ebctiof§r Spand 2 pm, is electroplated over the surface of :

the patterned and etched layer 14 of passivation.

The cross section that is shown in Fig. 4 shows a patterned
and developed layer 26 of dry film. Layer 26 of dry film is
laminated over the surface of the layer 24 of UBM and then
patterned and developed using conventional methods of

photolithographic exposure and development.

A layer of dry film conventionally comprises a photo-
polymer, which is an aqueous processable dry film resist that is
designed for alkaline and acid etch applications and for pattern
plating in copper, tin, tin/lead, Ni and Au. The chemical
composition of a dry film comprises a multifunctional acrylic

monomer.

12
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maski.ng and exposure process is used conbined with a relatively thick |ayer
of exposure mask, the advantage that is 17 i provided by the two-nask
process of the invention is that the i invention solves probl ens of
| ow-resol ution caused by an ultra-thick layer of dry filmin addition to
probl ens of photolithography alignnment By adjusting the ratio of opening :
hei ght to opening dianeter ' of the opening that is created through the
second |l ayer of dry film the size of the solder ball with respect to theJ

size of the hasepgbfbheectioned bump santche wondwldeds UF & hegakghki ghted -
in Figs. 10 through 12, as follows 1. Fig. 10 shows a cross section whereby

the diag@?@ phételp bﬂ?m@@seTh§s|§éQ@1téfEH‘éJFEddﬁ(E%ﬂasdb&”QE%rlé@e@fothe

sol der which I's Targer than the dianeter 44 of the contact surface

bet ween 4,Re f%th%ha@aBkeaeﬁpBQde@?eG of gy they torGh LyYRP 12.Lgh'E' %i111 réﬂQWﬁ a

cross section whereby the dlaneter 42 of the base 1s equal to the largest

di amet er, 40 @kt 1. §akdepbg NERL téherf%' L 8he30190 the
i % e so der ?1 éy@%

cont act surface et ween base o orc bunp,
d 3. E t mh b di 42 of b
i 36 8RB BB et SR o s%% A et °t 5fen bump.

18
surface thereof.

The preferred thickness of the laminated layer 26 is between

about 70 and 150 um but more preferably about 100 um.

The invention continues, Fig. 5, with the formation of the
base for the torch solder bump by electroplating the layers 28,
30 and 32, using the electroplating process. The preferred metals

for the three indicated and highlighted layers are as follows:
e For Layer 28, copper is the preferred metal
¢ For Layer 30, nickel is the preferred metal, and

e For Layer 32, gold is the preferred metal.

As an alternate to the deposition of the three layers 28, 30
and 32, the invention also provides for the deposition of a high-
lead solder paste over which eutectic solder paste is deposited.
The high-lead solder paste may be deposited instead of the layer
28 of copper after which layers 30 (of nickel) and 32 (of gold)

are deposited with the layer of eutectic solder paste being

13



1 The cross section that is shown in Fig. 13 is presented in i order to

hi ghl i ght di nensi ons of the torch bunp where two torch bunps are created in
adj acency to each other. The followi ng paraneters and structural details
are highlighted in the cross j section of Fig. 13: , - 10, the surface of a
substrate - 12, bond pads created over the surface of substrate 10 - 14, a
patterned and etched | ayer of passivation 1 - 50 and 52, equal to about 200
(err)m- 54, equal to about 90 (err)m- 56 and 62, equal to about 100 i

(err)m depbsited bivaesthenNBhAgatdr OfGhd hel Lot Q.ray(éfr t3he cFolgden . busps 72 in
a direction that is perpendicular to the plane of the substrate 10 - 58 and

60 equ%khk@ Qggmﬁcétﬁéhé)ntheGﬂa érd | T¢lofdmy ddd1mahayviang o& LRl ekrRagspef
about 4 m | a second dry f|¥n1haV|ng a thickness of about 4 ml| - 68,

a UBM | 248k tedb9n @hieﬂpééséat%ﬁ'e eJ@ec@uPaéc{loﬁJr |2kl Al efd%%‘%h)éeao”p“ sing
ni ckel - 71, a protectlve ayer preferably conpr|5|ng gol d,

o el Pt a3%cve Bk Bifcadd PGS e S AR UoR Wl%%gt e,

i nventi on wherein are f a su str ]

bond pads reat [ the S rface of substrate 10 14, .a.pa ned and
et ched Iaye%r of %pas\élgva?l 3ﬁpfl9§tl%n%at ler%cneeg:k%? F é‘tjt&ﬁlgdpf)éfll r %f %b

t he bas he tor 1, . such as a | aye copper, , ;
i gh | e Sbiaee S03aeTa  RontaEr Aot o tib ey e Poirg, of §g‘Fd§Pt\%€H§bl o

| ayer, and - 80, the solder bunp of the torch bunp. J Althou%h t he
i nvent i G918E BaghicdeSRIYhERE aRePPF 1R ¥y of eutectic solder paste

will reflow during solder ball reflow.

In the cross section of Fig. 5, the highly reflective layer
32 of gold is the upper layer which, due to its high degree of
reflectivity, can be used as an alignment mark for the following
exposure of a second laminated dry film layer. This lamination of
a second dry film layer is shown in cross section in Fig. 6 after
the second dry film layer 34 has been patterned and developed
again using conventional methods of photolithographic exposure
and development. The opening that has been created through the
second dry film layer 34 is aligned with the contact pad 12 and
therefore with the plated layers 28, 30 and 32, The opening
created through the second dry film layer 34 is filled with a

layer 36 of solder.

By now removing the layers 26 and 34 of dry film, the

structure that is shown in cross section in Fig. 7 is obtained.
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with reference to specific illustrative enbodinents thereof, it is not 1
i ntended that the invention be I[imted to those illustrative enbodi nents.
Those skilled in the art will recognize that variations and nodifications
can be made without departing fromthe spirit of the invention. It is
therefore intended to include within the invention all such variations and
nodi fi cations which fall within the scope of the appended clains i and
equi val ents thereof. 20 | What is clainmed is: a 1. A nethod for the
creati oms@hgather efehban, t68ORT bGP dcd Neurs 181 0932 Be0WisdianghagkSUBSETr at e,
said substrate having wwth a contact pad over the surface thereof, a pa !
etched hayer ok BasghMalkol:BR¥ANGRCESENASIded SW facs Ahvkhgegybstrate,
exposi ng the surface of pad, a |l ayer of UBM havi ng been bl anket deposited
surf ace 19 NEnk BHCL10LHRABALYAI LN 1 JET4KING Lhe Gled! B2 4ORLAGL PR Deen
provi ded tterned and over the sald contact over the expose urface

creatin o] i r u | -yi id contact pad using a
pattern%&gaflr%%%ggv&Fggég F?r%gcﬁ?a%? O%@i 0’%&% Isl?rslfas a mask; s creating a
| ayer of solder of said torch bunp overlying said base using a patterned -
and develope% secgnd ayer of drg filmas a mask; 1 nennving,said atterned
and devel oped™Fi PSFUSHHTEeEBAE +° 1ShWRrAN FFFHS satPrada ﬁﬁryﬁngsreflow
to said | ayer of solder. ' _a 2. The method of claim 1, said creating a base
of sai d ¥€6%¥h ERENBOLBEnPRESPHg THRR kLT SQldeapilli R§ &hetr 46 Tayer of
dry filmover the surface of said |ayer of UBM 21 i patterni ng and

devel opiSh§Wsai8 FrP§e PAGEECBRfiArEidi|$y creating an opening through said
first layer of dry that aligns with said contact pad, creating a first mask
of dry film exposing said |ayer of UBM and depositing successive |ayers'
of nmetal over the exposed i surface of said |layer of UBMin accordance wi th
t he openi ng Treatedewhtheaghrsar daft rstoarmsk: of dry film '

¢ A semiconductor surface of provided, a contact pad having
been provided over the semiconductor surface, a patterned and
etched layer of passivation having been provided over the
semiconductor surface, exposing the surface of the contact
pad

e A layer of UBM is electroless plated over the surface of the
layer of passivation, including the opening created through
the layer of passivation

e A photomask is created over the layer of UBM, an opening

created through the photomask is aligned with the contact pad

e Deposited are, in alignment with the opening created through
the photomask, layers of metal that form the base of the

solder ball, such as a layer of copper followed by a layer of

15
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1 a 3. The nethod of claim2, said successive |ayers of netal conprising: ‘a

first layer of copper deposited over the exposed surface of said | ayer of
UBM 1 a second |layer of nickel deposited over said first |ayer of copper;
and a third | ayer of gold deposited over the surface of said second |ayer
of nickel. 4. The method of claim3, said first |ayer of copper being J
deposited to a thickness of about 90 (err)m 5. The nmethod of claim 3, said
second | ayer of nickel being i deposited to a thickness of about 5 (err)m,

i 22 6. Thecwet hosh fwed alyna3.1a ?@&dotfhgb@ldl aYe&r Ofh 0oh dab@i el g daposi t ed

to a thickness of about 5 Vim The met hod of claiml1, said creatlng a
| ayer of soldel GMUMKY 4 he yReRE %Eldgﬁp%'éé}?Ssﬁtéécond layer of dry

filmover the surface of said rst |ayer of I m thereby including

t he surface of sai.d base; atternlng and developlng said second | ayer of
dry film® é%? %§¥(ﬁé3 oﬁ&a said second layer of dry that

al i gns mnth sald base of sald torch bunp, creating a second mask of dry .
film exposkellewnils e isfd $4i ¢heodepobinpd daren Foldpositing a |ayer of
sol der in accordance with the opening created through said second nmask of
dry film 8. The nethod of claim?2, said successive |ayers of netal !
conprising: a first |layer of solder deposited over the exposed surface i of
said | ayer Td *iBMevarchd skl ard thaydanvehtéohecti ¢ sol der paste deposited
over said first layer of solder. 9. The nethod of claim8, whereby

addi tiogal tye & d-ANRIi R Veh@s a torch bump, so called because the
solder bump is created over and aligned with an underlying
base layer forming in this manner a shape that resembles a

torch

¢ The torch bump comprises a base and a solder bump overlying
the base

¢ The solder bump can be created having a diameter of about 100
pum

e The base layer preferably comprises a first or lower layer of
copper, created to a thickness of about 90 um, a second or
center layer of nickel, created to a thickness of about 5 um
and a third or upper layer of gold, created to a thickness of
about 5 um

¢ The torch bump of the invention is created using a two-layer
dry film process

e The lower or first layer of dry film is used for plating the

base layer of the torch bump
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is deposited over the surface of said first layer of solder after a a | a!j

i 23 1 which a layer of gold is deposited over the surface of said |ayer
i, of nickel after which said second |ayer of eutectic solder paste is
deposited over the surface of said |layer of gold. i 1 10. The nethod of
claim1l, said |layer of UBM conprising nickel. i 11. The nmethod of claim 10,
sai d ni ckel being deposited to a thickness between about 1 and 10 Vim 12.
The method of claim 1, with an additional step of etching said |ayer of UBM

using sgi qﬁ%%gi of i.d | r 4§HM¥' f sol der
as a magkd”% egr?e?t Gﬁc?d tc??%lgll 5}%&%3 ngpdggg%%%\ga%aﬁgé Feghyl ofnt?JBM j
conprising a et.ch prqcess.. 14. Th hod o iym1 a I f
Frret and R EPG Y Bt et S nege e REL SR Ra ool cre AR &
said first Iagﬁ{ of dry filmas a mask and said second |ayer of dry filmas
a mask bei M ted such that the diameter of the base of said torch bump
is larger than the largest dianeter of the solder ball of said torch bunp-
whi ch i & |BigyeiPrgtarn fecgngnéegeropP it Ay cbhlmics suedceoh ety t he sol der
ball and the base of the torch bunp. f 24 i i 15. The nmethod of claiml1,
par anmet er ploft frig sif dari $egoidbdmp fil mt hi ckness in conbination with :
paraneters of said first layer of dry filmas a mask and said second | ayer

?L ed { gr fé'hl TASSi v dBSkorP @ity isRise¢bed cguabihfat hé Nea sk apet e ofotdie himge of
using overlying layers of high-lead solder as a lower layer
over which a layer of eutectic solder is pasted; layers of
seed and barrier material may or may not be used in

combination with these layers of high-lead solder and the
layer of eutectic solder

e The creation of the torch bump comprises a two step plating
process, a first plating process for the creation of the
Cu/Ni/Au base of the torch bump, a second plating process
provides solder plating for the solder bump

e The invention provides for the creation of an ultra-fine pitch i
solder bump

e The height of the torch bump equals two times the height of a
dry film mask

e TIn comparing the invention with conventional methods of
creating a solder bump, whereby a one-time photolithographic
masking and exposure process is used combined with a

relatively thick layer of exposure mask, the advantage that is
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1
1 bump is equal to the |argest dianeter of the solder ball which is |arger
than the dianeter of the contact surface between the solder ball and the |
base of the torch bunp. 16. The nmethod of claim 1, paraneters of first and
second dry filmthickness in conbination with paranmeters of said first
| ayer of dry filmas a mask and said second | ayer of dry filmas a mask
bei ng sel ected such that the dianmeter of the base of the torch bunmp is ,
smal l er than the |argest dianeter of solder ball of the 1 torch bunp. 17. A
met hod f orptdiei ddédasy ahedft v -nRiskh prodessCOAPEhai DEvéheidn Siepshad (the .’
providing a substrate, said substrate having been provided with a contact '
pad over thevswt{iscasdRILPror it ber ned-2edoehenefl tayesa aby passi vation
havi ng been deposited over the i surface of the substrate, exposing the

surface of,peigl gontiactapad.o@ d:3yen1af 1HBYAVIBY been-bbankstogeposited

over the i surface of the |layer of passivation includi'ng the exposed

surface of A positing a first layer of dry filmover
t he surfac%ﬂgﬁoggggﬂﬁgveg 59%%%wrggatterning and etching said first layer
of dry film creating an opening through sajd fjirst |ayer, of drg filmthat
1 align® viPY PLEIF CBhtTa 55ddC OfePBBYiBRpBSiAEtt he SRIFRIRS GFAELSF | ayer
of UBM creating a first mask of dry filn electroplating at |east one :
| ayer of nefathevearening &lifdsdd® suepaed 5hroupl FagefeerndBMYHepdsidithg a
second |l ayer of dry filmover the surface of said first layer of dry film
pat t er ni ngf bl cilthisipsaifd thec eod deaybrldf wikh respecireatiipg siropahi ng
t hrough said second |ayer of dry filmthat aligns with said contact pad,
t hereby exposilbase hef sihd doeralf bsaipd can beastnbnellegertlofs nig al
el ectropl ated over the exposed

highlighted in Figs. 10 through 12, as follows

1. Fig. 10 shows a cross section whereby the diameter 42 of the
base is larger than the largest diameter 46 of the solder
ball which is larger than the diameter 44 of the contact
surface between the solder ball and the base of the torch
bump

2. Fig. 11 shows a cross section whereby the diameter 42 of the
base is equal to the largest diameter 40 of the solder ball

which is larger than the diameter 38 of the contact surface

between the solder ball and the base of the torch bump, and
3. Fig. 12 shows a cross section whereby the diameter 42 of the
base is smaller than the largest diameter 48 of the solder

balls of the torch bump.
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surface of said layer of UBM creating a second mask of dry film
depositing a layer of solder in said opening created through said second
l.ayer of dry film 1 renoving said first nmask and said second nmask of dry
filmfromthe surface of said | ayer of UBM etching said |ayer of UBM using
said at |east one layer of i nmetal electroplated and said deposited |ayer
of solder as a mask; and applying reflow to said deposited |ayer of soldeﬁ.
26 r i i 18. The nethod of claim17, said electroplating at |east one '41
layer of nefd é%HHH'éédHEodiﬂHaﬁsﬁs|@ﬁ%&nOEnCPPﬁer1ﬂeP§S¢$éﬁkﬁB%H irhe ‘
exposed surface of said layer of UBM a second Tayer of nickel deposited |
over saiddbh! $b_hayaliighcCapReRsi A & L dd APl dRlddepgsibednover
the surface of sald setond layer of nickel. 1 19. Thé nethod of claim 18,
said figgtds? at-.gppRE:L ,bej it ed &0 | ckness §f abaut 90 Vim
20. Thehhepﬁoé%%f cFa?n11%? gg?%csé%gﬁgglaf%r 0 E%Lcﬁgl béﬁng S deposi ted
to a thickness of abqut.5 Vim_+ 21. .The nethaod,of. ¢laim.18, .said third

| ayer oPGaraarng g BERBLrTERt ST I Al bR ighad HvERE s e
met hod of cLain1}7 .saig el ectroplating at |east one |layer of mnetal }
conpri siSfGE 187 PrsfiPaydP Tof sol der deposited over the exposed surface i of
said |l ayer of UBM and a second | ayer of eutectic sol der paste deposited
over sai'd 0 r&te §pEfage 96l gefubstBate 23 The method of clai m 22, whereby

additionally a layer of nickel is deposited over the surface of said first
| ayer of- 12, bond pads created over the surface of substrate 10

- 14, a patterned and etched layer of passivation

- 50 and 52, equal to about 200 um

- 54, equal to about 90 um

- 56 and 62, equal to about 100 um

- 57, two lines running through the center of the solder bumps 72
in a direction that is perpendicular to the plane of the

substrate 10

58 and 60, equal to about 5 um

- 64, a first dry film having a thickness of about 4 mil
- 66, a second dry film having a thickness of about 4 mil
- 68, a UBM layer

- 69, a copper base

- 70, a barrier layer preferably comprising nickel

- 71, a protective layer preferably comprising geold, and

- 72, a torch bump.
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sol der after which a |ayer of gold is deposited over the surface of said °
| ayer of nickel after which said second | ayer of eutectic solder paste is.:
deposited over the surface of said |ayer of gold. 24. The nethod of claim
17, said layer of UBM conprising nickel. 25. The nethod of claim 24, said
ni ckel being deposited to a thickness between about 1 and 10 Vim 26. The
met hod of claim 17, said etching said |ayer of UBMconprising a wet etch |
process. 27. The method of claim 17, paraneters of first and second dry 1
filmthicknesgign ¢anBhBaki paLWbAHE rp@f@r%sﬂisqéﬁio%ﬁldt fiHestiphaverogaf dry
filmas a mask and said second |layer of dry filmas a mask being selected:

such th@%e&ggndgggehgﬁhggghggdpase of said torch ' bunp is larger than the
| argest di aneter of the solder ball of said torch bunp which is |arger than

t he diaqeﬁ%rngge}gﬁrggeg$ﬁg gu%%ggg}%@QMEen the sol der ball and the base of

t he torch bunp. method of claim 17, parameters of first and

second dry filmthickness i onbination wth paraneters of idfirst

| ayer | “Zézj’ O?doPagf?’ycF?F%egso%eﬂ&s ea%%ttsaé?eg ostzeic%“%’&tlr?&?r igf dry filmas
a mask J heing sel ected sucg tha%%%hf di anet er of, the base of the torch |
bunp i s eqdal % B3FRETPERGREE AFaHet et 26TF tHe RAFAHSRHAN which is |arger
than the dianmeter of the contact surface between the solder ball and the
base of “tHet &r PRtEGRPET 209, epedetdtrKr 1t 4BM m 17, paraneters of first
and second dry filmthickness in conbination with paraneters of said first
| ayer of dry fihenbaseacfnsheahdrahilunrcoirl &fer davery ofi IcePReTacKnak |
bei ng sel ected such that the dianmeter of the base of the torch bunmp is
smal | er lialyar oifehlighgésaddeakgeer of sol der ball of the torch bunp. i 30. A
structure for a torch bunp, conprising: a substrate, said substrate having
been provitded awnbh-aotdaraeetpadl evesaydéhe surface thereof, a patterned and
etched | ayer of passivation having been deposited over the surface of 1 the
subst r at-e,786xposbndelrh@esuabdsel &fespighdont act pad, a | ayer ’

1

- 80, the solder bump of the torch bump.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodimentsg. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.
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of UBM havi ng been bl anket deposited over the surface of the |ayer of i

passi vation including the exposed surface of the contact i a pad; i a bas
of said torch bunp having been created overlying said contact pad using a’
patterned and devel oped first layer of dry filmas a mask; J 29 i i 1l a
| ayer of solder of said torch bunp having been created '' overlying said

base using a patterned and devel oped second | ayer of dry filmas a nask;
said patterned and devel oped first and second layers of dry film having }
been repmpyed;sapdahgbhowshavi ng been applied to said | ayer of solder. 31.'
The structure of claim 30, said base of said torch bunp having been creatéd
conpri siinga %eEhB%tfbﬁygﬁeoér9£81$ﬁ|@ﬂhﬁWﬁﬂQﬂpﬁﬁﬂmﬂeEQﬁk&%@19§9EhEhe
surface of sal layer of UBM said first layer of dry film having been
pattern% % devel oped, having created an opening through said first

| ayer o S y tﬁat aligns with said contact pad, having created a first mask

of dry 111m exgostng sadlayer. of - LEM o AL SeCssSis, LAKR! 5.6l mbal

havi ng been deposi over exbose St sai ayer |
accordanc wi_th the openiing created throu said first sk of dr film |
32. The "3tPuct GPETGFCCPAMnP 1 S w%{éac%%“awqo oS PR LREPER B ;
conprising, , a first layer of copper having been deposited over t he , |

exposede§GPP§céa§FrsSﬁdpP§§éYaB¥°%EmﬁV¥R9 been deposited over the

surface of the substrate, exposing the surface of said contact
pad, a layer of UBM having been blanket deposited over the
surface of the layer of passivation including the exposed surface
of the contact pad;

creating a base of said torch bump overlying said contact
pad using a patterned and developed first layer of dry film as a

mask;

creating a layer of solder of said torch bump overlying said
base using a patterned and developed second layer of dry film as
a mask;

removing saild patterned and developed first and second
layers of dry film; and

applying reflow to said léyer of solder.

2. The method of c¢laim 1, said creating a base of said torch bump

[Iv—

comprising the steps of:
depositing a first layer of dry film over the surface of

sald layer of UBM;
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t a second |layer of nickel having been deposited over said first |ayer of}
copper; and a third layer of gold having been deposited over the surface df
sai d second | ayer of nickel. 33. The structure of claim32, said first

| ayer of copper having been deposited to a thickness of about 90 Vim 34.
The structure of claim 32, said second | ayer of nickel being deposited to a
t hi ckness of about 5 Vim 35. The structure of claim32, said third | ayer !
of gold having been deposited to a thickness of about 5 Vim 36. The

structure of pakdietn3dlg SAHAAERYESpDig Sl derf et Naylkeerrcuest edihy: a a
second |l ayer of dry film having been deposited over the surface of said

first |%M%%t@ déﬁ b} Eﬂhn%héﬁﬁgd hn§$ﬂﬁ'fik§d“ié§%&f%&edQQ ta.d Baggnssaid;
second | ayer o dry |In1 avi ng een patterned and devel dped, having

creat ed mhogs%ngogtageyggaaal Qré%%% dA aéﬁexrstOfm dhy otfh%lftcya'flg_ s wth said

base of said torch bunp, having cre a second nask i'l m having

exposed b@ ggsgag Eg'grtggcg?ﬁ_dﬁ and 31 a | ayer of solder havi ng
wTh' the [ [

]
]
!
i
]

been devé ope accordance openi ng created through said second"
mask of dry film .37. The structur claim3il,, said cessive | ayers of]
rotal | i ConfPreiRgneacRrrer T i erader S et S5 3R Bagbsrted over |

t he expose surface of said layer_of, UBM and a second | ayer of eutectic -
sol der [Fa& @cﬁaVEnﬁabgeﬁaYeﬁ a p%%Mt%RiﬁﬁﬁﬁrQﬁQQT1W1F§ttp§y€Pe8Fn§older 38.
The structure of claim 37, whereby additionally a |ayer of nickel having
been desEsPted 5PEPughesabdf hEEsbinash F idmt 'qy | of solder after which
a |l ayer of gold having been deposited over i the surface of said |ayer of

ni ckel after which said second | ayer

3. The method of claim 2, said successive layers of metal
comprising:

a first layer of copper deposited over the exposed surface
of said layer of UBM;

a second layer of nickel deposited over said first layer of
copper; and

a third layer of gold deposited over the surface of said

second layer of nickel.

4. The method of claim 3, said first layer of copper being

deposited to a thickness of about 90 pm.

5. The method of claim 3, said second layer of nickel being !

deposited to a thickness of about 5 um.
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of eutectic solder paste having been deposited over the surface of said

| ayer of gold. | 39. The structure of claim30, said |ayer of UBM
conprising nickel. 40. The structure of claim 39, said nickel having been
deposited to a thickness between about 1 and 10 Vim 32 3t J 141 The
structure of claim30, additionally said |ayer of UBM, having been etched
using said created base of said torch bunp and said created | ayer of sol der
as a mask. 42. The structure of claim4l, said etching said | ayer of UBM |
conpr i sieng Taewele tBba@hopr eT&sA. 3 43sa Ther st rdiCtdyer &ff QJodidTAngpar anet ers of
first and second dry j filmthickness in conbination with paraneters of |
sai d flﬁgbogqyga 200t €hYckhi Bt asr agpmsK @nﬁnsald second | ayer of dry fl|m
as a mask having been sel ected such that the diameter of the base of said
torch bunp is larger than the | argest dianeter of the solder ball of said
torch bunp which is larger than the di aneter of the contact surface between
t he sol der I t of t o) St.r re of claim
30, par gem@%shgﬁﬂgfir g'? QSE%?rge%on%é?d[’Il &T@?@Hﬁil cKnes e-sgh:%ﬁ:' E:Sg#t%lte%atl on withi
paraneterﬁlggsi% dt |rs% Iaye of dry filmas a mask and said second Iayer
of dry'Fq fcag 4= mask vpﬁg éen sel ected such that the dlaneter of the 1

i
1
i

base of the torch bunB is egual io the | a es ,.di anet er soldgr bal It
which is | ar §EPFRLANENE GFERRRe a%ﬁrt “1§WFFé5@eb &St RE sol der
ball and the base of the torch bump r i 45. The structure of claim

30, par &eCefdrsf LPYSt aﬁddgéc%h%rﬂdrgmqum MAHYOEREs £ hien sEg#BCRaPon wit h

paraneters of said first layer of dry filmas a nmask and said second | ayer
of dry faig £$s&:mask havi ng been sel ected such that the diameter of the |

base of the torch bunp is smaller than the |argest dianeter of solder bal I!
of patterning and developing said second layer of dry film, :
i
creating an opening through said second layer of dry that aligns !

with said base of said torch bump, creating a second mask of dry
film, exposing said base of said torch bump; and
depositing a layer of solder in accordance with the opening

created through said second mask of dry film.

8. The method of claim 2, said successive layers of metal
comprising:

a first layer of solder deposited over the exposed surface
of said layer of UBM; and

a second layer of eutectic solder paste deposited over said

first layer of solder.

9. The method of claim 8, whereby additionally a layer of nickel

is deposited over the surface of said first layer of solder after
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bump is equal to the largest diameter of the solder ball which is

e g

1
1
i

!
i

larger than the diameter of the contact surface between the

solder ball and the base of the torch bump.

16. The method of claim 1, parameters of first and second dry
film thickness in combination with parameters of said first layer
of dry film as a mask and said second layer of dry film as a mask
being gselected such that the diameter of the base of the torch
bump is smaller than the largest diameter of solder ball of the

torch bump.

17. A method for the creation of a torch bump, comprising the
steps of:

providing a substrate, said substrate having been provided
with a contact pad over the surface thereof, a patterned and
etched layer of passivation having been deposited over the
surface of the substrate, exposing the surface of said contact
pad, a layer of UBM having been blanket deposited over the
surface of the layer of passivation including the exposed surface

of the contact pad;
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said layer of UBM, creating a first mask of dry film;

electroplating at least one layer of metal over the exposed
surface of said layer of UBM;

depositing a second layer of dry film over the surface of
said first layer of dry film;

patterning and etching said second layer of dry film,
creating an opening through said second layer of dry film that
aligns with said contact pad, thereby exposing the surface of
said at least one layer of metal electroplated over the exposed
surface of said layer of UBM, creating a second mask of dry film;

depositing a layer of solder in said opening created through
sald second layer of dry film;

removing said first mask and said second mask of dry film
from the surface of said layer of UBM;

etching said layer of UBM using said at least one layer of

metal electroplated and said deposited layer of solder as a mask;

and

applying reflow to said deposited layer of solder.
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10910@60&} OF Mf&QEt\ha&elobf\Eobpépldééosited over the exposed surface

of said layer of UBM;

a second layer of nickel deposited over said first layer of
copper; and
a third layer of gold deposited over the surface of said

second layer of nickel.

19. The method of claim 18, said first layer of copper being

deposited to a thickness of about 90 um.

20. The method of claim 18, said second layer of nickel being

deposited to a thickness of about 5 um.

21. The method of claim 18, said third layer of gold being

deposited to a thickness of about 5 um.

22. The method of claim 17, said electroplating at least one
layer of metal comprising: J
a first layer of solder deposited over the exposed surface 3
1
of said layer of UBM; and |
a second layer of eutectic solder paste deposited over said

first layer of solder.
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O 24. The method of claim 17, said layer of UBM comprising nickel.

25. The method of claim 24, said nickel being deposited to a

thickness between about 1 and 10 um.

26. The method of claim 17, said etching said layer of UBM

comprising a wet etch process.

27. The method of claim 17, parameters of first and second dry
film thickness in combination with parameters of said first layer
of dry film as a mask and said second layer of dry film as a mask
being selected such that the diameter of the base of said torch
bump is larger than the largest diameter of the solder ball of
said torch bump which is larger than the diameter of the contact

surface between the solder ball and the base of the torch bump.

28. The method of claim 17, parameters of first and second dry

film thickness in combination with parameters of said first layer
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film thickness in combination with parameters of said first layer
of dry film as a mask and said second layer of dry film as a mask
being selected such that the diameter of the base of the torch
bump is smaller than the largest diameter of solder ball of the

torch bump.

30. A structure for a torch bump, comprising:

a substrate, said substrate having been provided with a
contact pad over the surface thereof, a patterned and etched
layer of passivation having been deposited over the surface of
the substrate, exposing the surface of said contact pad, a layer
of UBM having been blanket deposited over the surface of the
layer of passivation including the exposed surface of the contact

pad;

a base of said torch bump having been created overlying said
contact pad using a patterned and developed first layer of dry

film as a mask;
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surface of said layer of UBM;

4

said first layer of dry film having been patterned and
developed, having created an opening through said first layer of
dry that aligns with said contact pad, having created a first
mask of dry film, exposing said layer of UBM; and

successive layers of metal having been deposited over the
exposed surface of said layer of UBM in accordance with the

opening created through said first mask of dry film.

32. The structure of claim 31, said successive layers of metal
comprising:
a first layer of copper having been deposited over the

exposed surface of said layer of UBM;
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34. The structure of claim 32, said second layer of nickel being

deposited to a thickness of about 5 um.

35. The structure of claim 32, said third layer of gold having

been deposited to a thickness of about 5 um.

36. The structure of claim 30, said layer of solder having been
created by:

a second layer of dry film having been deposited over the
surface of said first layer of dry film, thereby including the
surface of said base;

said second layer of dry film having been patterned and
developed, having created an opening through said second layer of
dry that aligns with said base of said torch bump, having created
a second mask of dry film, having exposed said base of said torch

bump; and
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a second layer of eutectic solder paste having been

deposited over said first layer of solder.

38. The structure of claim 37, whereby additionally a layer of
nickel having been deposited over the surface of said first layer

of solder after which a layer of gold having been deposited over

the surface of said layer of nickel after which said second layer
of eutectic solder paste having been deposited over the surface

of said layer of gold.

39. The structure of claim 30, said layer of UBM comprising

nickel.

40. The structure of claim 39, said nickel having been deposited

to a thickness between about 1 and 10 um.
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43. The structure of claim 30, parameters of first and second dry
film thickness in combination with parameters of said first layer
of dry film as a mask and said second layer of dry film as a mask
having been selected such that the diameter of the base of said
torch bump is larger than the largest diameter of the solder ball
of said torch bump which is larger than the diameter of the
contact surface between the solder ball and the base of the torch

bump.

44, The structure of claim 30, parameters of first and second dry
film thickness in combination with parameters of said first layer
of dry film as a mask and said second layer of dry film as a mask
having been selected such that the diameter of the base of the
torch bump is equal to the largest diameter of the solder ball
which is larger than the diameter of the contact surface between

the solder ball and the base of the torch bump.
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