28 December 2004 METHOD OF FORMING A SMALL PITCH TORCH BUMP FOR MOUNTING
HIGH-PERFORMANCE FLIP-FLOP DEVICES BACKGROUND OF THE INgE!\% NP(%’% %ﬂﬁ%the
Invention The |nvent|on relates to the fabrication of mtegrated circuit device o Bhirt arly, to a

method of creatlg(% tch h densn solder bu mc:%)tlon of the Prjor Art With
continuously de Gevidtméndi %) n 85%@6%} g densities,
the packaging of semlconducﬁ %o’h @W‘@g ew%{ﬁ%nce Metal interconnects,
thereby including points of me IIr :'S%E'Q I(%i‘\rptér%rb& ect semiconductor devices to
surrounding circuits, have thereforeBg} Lﬁ]ggy The increasing need for
creating device interconnect traces %%?g% el'ﬂlg tT1e| l]atggilﬁg%en of low resistance metals, such
as copper, for the interconnect traces while dielectrics having a low dielectric constant or other interfacing
layers such as air gaps or cavities are increasingly used in between signal lines. Another approach to

solve propigms of UPJnigreonnedt dyent i on

The invention relates to the fabrication of integrated
circuit devices, and nore particularly, to a nmethod of creating a

fine pitch, high-density sol der bunp.

(2) Description of the Prior Art

Wth continuously decreasing sem conductor device dinensions
and increasing device packaging densities, the packaging of
sem conductor device continues to gain increased inportance.
Metal interconnects, thereby including points of nmetal contact
such as solder bunps, which connect sem conductor devices to
surrounding circuits, have therefore becone of relative nore

i nport ance.

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

lines. Another approach to solve problens of 1/0O interconnect
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28 December 2004 capability has been to design chips and chip packaging methods that offer
dependable methods of increased interconnecting of chips at a reasonable manufacturin c%# Zhis has
led to the development of Flip Chip Packages. Flip-chip technology uses bu%@sl%fp gzjﬂ co rg)rlsing

eumps o G pick i MG, il s o) BerafE of D GG e e .

The flip-chip js b d face d to th k dium th h the shortest paths. Th
teonnooEakarbb SbpidaRENBAR & SHHCLHR pRbkabi! EAHT toHhen G IB0HE of Bickbing, in
which the ackage§ are lar el and tp more so hisEicated substrftes at hahe mulﬁiglgl yers ;flf

: and hECSIT AR B SEVIE BB oS8 Torm HIber fASioh i, T fip-chip

interconnedt Baced

techniqu%,el{/%rll an area (I)/‘Q ?a._uir?¥), S thepgcci %ntaélge of achieving a high density of interconnect to the
device combined Wi a very low AdUctance intercontiection 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. 2

Fli p-chip technology uses bunps (typically conprising Pb/Sn
sol ders) forned over alum num contact pads on the sem conductor
devi ces and interconnects the bunps directly to a packagi ng nedi a,
which are usually ceramc or plastic or organic nmaterial based.
The flip-chip is bonded face down to the package nmedi um through
the shortest paths. These technol ogies can be applied not only to
si ngl e-chi p packaging, but also to higher |evels of packaging, in
which the packages are larger, and to nore sophisticated
substrates that have multiple layers of interconnect traces and
that can accomopdate several chips to form larger functional

units.

The flip-chip technique, using an area |1/O array, has the
advantage of achieving a high density of interconnect to the
device conbined with a very |ow inductance interconnection to the
package. The packaging substrate is generally used for Ball Gid
Array (BGA) packages but can also be used for Land Gid Array

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



28 December 2004 The mounting of a flip chip over the surface of a printed circuit board consists of

attaching the flip chip to this board or to any other matching substrate. A flip %ﬂ IS a semic % ctor chip

that has a pattern or array of terminals spaced around the active surface of awe E?S%% ,%ﬁe %@) ghip is

mounted with the active surface of the flip 1=ﬂ;uip faccic%%) the supporting subs%rate. Electrical connectors that
n

are provided on ! fife ERYESLAECERSf tiie fip 'cRipCANLoRYE! of BYH G TFE/s (BGR) ddVidEEEhd Pin
Grid A PGA) devices. With the BGA ice, ' Ider. balls is di th
a(;ive gl?%gég 'Of ghe&éﬁﬁﬁip?bﬁét’t%&h%e% ?ggﬁ?e{%g@yo?@é%@oﬁ?n@%ﬁs éfe.tlliﬁl?glie /é)%r((:@icees,
f Il pi tend tiall dicularly. f th [ f f _the flip chip, h
that the ths caformADa spReli arrd R btn & DI IEUit babrd bf bher &libporiitg suifbtrate

for attachsnéent Cth%eto. TiFe fl%clzhip i§ rt\ag de at(S) th% prigttetdecrircuitobroargrbryareflux%ng Eh(?rsrﬁlderl Igalls or
pins of the ﬂqlp &lp.%tﬂ the con%numg ecréage if th Size of the tontact pa}/ds that aré used 30 Bonnect

e e U Rl 8 L BUERESERSF TR T TP T
is mounted with the active surface of the flip chip facing the
supporting substrate. Electrical connectors that are provided on
the active surface of the flip chip can consist of Ball Gid
Arrays (BGA) devices and Pin Gid Arrays (PGA) devices. Wth the
BGA device, an array of mnute solder balls is disposed over the
active surface of the flip chip for attachnent 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 attachnent thereto. The flip chip is bonded to the

printed circuit board by refluxing the solder balls or pins of

the flip chip.

Wth the continuing decrease in the size of the contact pads
that are used to connect pre-solder bunps thereto, the pitch of
the solder bunps becones increasingly nore inportant. The
invention addresses this issue and provides a nethod that

significantly inproves the pitch of the solder bunps that
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significantly improves the pitch of the solder bumps that 3 28 December 2004 interface between a
semiconductor device and the device supporting substrate over which the deél'ceE%s m%ﬁntred MMARY
OF THE INVENTION A principle objective of the invention is to decrease the %it of %rra%/ of solder

bumps. Anaother objective of the invention is to_creatﬁz solder bumps.for a hi%q%ﬁensiﬁé higgléJe.rformance
flip chip pabikahE a7t anBieMBiectie of HFETRRREYS LMo créi¥!sBfier Bifhps Fotea hidfeRSity, high

performance flip chip pack using conventiona] methods of semiconductor device processing. A still
further oSHPRE 51 18 1o toh L fo B Filih 1Rl MlobR hitd FRMISSurable 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 impleme gjgn hichi er bump comprising a base over
which a solder bump is created. A fi%ﬁ%ﬁcﬁ ry fﬁ)r‘ﬁ}gls ila%@?eﬁ over a supporting 4 28 December

2004

A principle objective of the invention is to decrease the

pitch of an array of sol der bunps.

Anot her objective of the invention is to create sol der bunps

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

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

usi ng conventional nethods of sem conductor device processing.

A still further objective of the invention is to provide a
hi ghly integratable and manufacturable nethod of creating sol der

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

In accordance with the objectives of the invention a new
met hod and sequence is provided for the creation of solder bunps.
The design of the invention inplements 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
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surface over which first a layer of UBM has been deposited. A base for the solder bump is created in a

first opening created through the first layer of dry film, the created base aligns,with an underlyjng contact
pad. A second dry film is laminated over the surface of the first dry film, a sé}c%nﬁeo(beemed isgc\(#ggted
through the second dry film that gligns with the created base of the solder bump. The opening through
the secon it i€ ffed WihQbidet by'soler gEhg, the HEVhtPSecBRAMARFE S HhyPfim die

d, the deposited layer of UBM js etched. Reflow is applied to the deposited sold ting th
(orch SolBESni BRIER GELRTPTRORFOR THE SANINGS Fgd. ' Sd SERONE Grocb &aLtths of

Prior Art F&Ider me 5 FES. 3tthro%§h 9 sl?ow the me hod gf the invesaﬁtiogcfgr the creation of a t%rch
bump, as ISWE: Fi[g. S sholvd th!s §s soectigm)f Al seic ll?éauc%re rface” Bvér t%e'sqnfsac\é”otf which a
contact pgld, a ﬁgtt?rneldnandcegcnktl%dc tIayer 8f p siggti%r}] gndda Iay]elr Pf UIIBM aye. brc]aaetnec (=)a0t\(;%l.r 528
Decembér 200 Elg. % Shows A Crass sédion aftera first mask of dry fill' Ras een Greated:

the surface of the first dry film a second opening is created
through the second dry filmthat aligns with the created base of

the solder bunp. The opening through the second dry film is
filled with solder by solder printing, the first and second
|ayers of dry film are renoved, the deposited |ayer of UBM is

etched. Reflow is applied to the deposited solder, creating the

torch sol der bunp.
BRI EF DESCRI PTI ON OF THE DRAW NGS

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

bunps.

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

creation of a torch bunp, as foll ows:

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

| ayer of passivation and a | ayer of UBM have been created.



Fig. 5 shows a cross section after the base for the torch bump has been created. Fig. 6 shows a cross

section after a second mask of dry film has been created, a layer of solder hﬁgﬂl})@\gn d%)orsit%(??ﬁg. 7

shows a cross-section after the first and second mask of dry film have been fe SEHE's ws a

cross section after the layer of UBM has been etched. Fig, 9 shows a cross sec 'onﬂifter the step of reflow
io

of the deposited $&lder? FRIZOYD tiobERLS FoM Vatbudldifengiohhl &infifR offr¥ tbdHBump of

the invention. Eig. 13 shows a, cross section of two torch bumps of the invention created side-by-side,
dimensio @%rggﬂhliﬁﬁf‘eﬂ. %d28 December 2004 Fig. 14 shows a cross section of yet another creation of
a torch bump. DESCRIPTION OF THE PREFERRED EMBODIMENTS For reasons of comparison and
improved understanding of the invention, comparable conventional methods of creating a solder bump

are st ighliiegs iy Edgd 200 291015 RH00PS5: ASTPTINE! BENIPOBR 9 Heed 9 R 2

bunp has been creat ed.

Fig. 6 shows a cross section after a second mask of dry film

has been created, a |ayer of solder has been deposited.

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

of dry filmhave been renoved.

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

et ched.

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

deposi ted sol der.

Figs. 10 through 12 show various dinensional configurations

of the torch bunp of the invention.

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

i nvention created side-by-side, dinensions are highlighted.



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 provideéiﬁw' a rﬁgté";tl gé@lct pad
12, the semiconductor surface 10 is protected with a layer 14 of passivation”An0 X2 en

created through the layer 14 of passivation, exposing the syrface of the metal contact pad 12. Overlying
ayers 16, 16 arfd 50 offleBT B cRoatdBy cotverBiaiSheibts LN BEpAE iablr

dielectric (not shqown) over the surface of the layer 14 of passivation for the creation of metal layer 16 and
by select}\férlf?&rz)é{ "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 7 28 December 2004 metal pad 14 and that

partially exposes the surfac @ﬁ ﬁﬁl iSd OIW:EFH’ ith the surface of the
metal pad 14 inside opening;%cgr%a éﬁﬁrag?}gh heﬁﬁﬁﬁ%@%@m Iayer%lS of metal, typically

using Under-Bump- Metallurgy (UBM), is created over the layer 16 of metal using methods of plating and
the like. The region of layer 18 of metal that is above the metal pad 14 will, at a later point in the

For reasons of conparison and inproved understanding of the
i nvention, conparable conventional nethods of creating a solder

bunp are first highlighted using Figs. 1 and 2 for this purpose.

A conventional method that is used to create a sol der bunp
over a contact pad is next highlighted. Fig. 1 shows an exanple
of one of the nmethods that is used to create an interconnect
bunp. A sem conductor surface 10 has been provided with a neta
contact pad 12, the sem conductor surface 10 is protected with a
| ayer 14 of passivation. An opening has been created through the
| ayer 14 of passivation, exposing the surface of the netal
contact pad 12. Overlying layers 16, 18 and 20 of netal are
created by conventional nmethods of first depositing of a |layer of
dielectric (not shown) over the surface of the layer 14 of
passivation for the creation of netal |ayer 16 and by sel ectively
creating layers 18 and 20 over the surface of the created |ayer
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



processing, form 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 o%g;o%% ad ition?ué?%frs,
such as layer 20, Fig. 1. A layer of photoresist (not shown) is deposited, pattérne SRE%in , cleating

ing that ali ith th tact pad 12 and h di ter about | t f fth
upper suREEE BGEr 30, THIbid ity Bt Sudh B> BEpb ey d A Bbct bt ARt

solder, typically using methods of solder printing. A solder paste or. flyx (npt shown) is now applied to the

layer 22 ﬁ%lﬁe‘h trrlleaélo?(ﬁergé i§ erI‘EBH%L a'r fldvps&r?éuga(fipiggllgflihr(ﬁ Fa%ﬂFggae%eatmosg re,

creating the spherically shaped interconnect.bump 22 that is shown in Fig. 1. 8 28 December 2004 The
é Hv él (i it]’g% 1EB (E%o :P

preferrecFr%% rialB 6y t ahids ?/ergrﬂ%}'e{}g showRif rog 5848 Ae%Ls fofow?’ For

Layer 16 COppEr is, the [Frefep(rep metal gr Lgfyer 18 nierI '%s the §$?f|erred metal, and Foréi_aﬁg)a_r 20 gold

is the pre?erred \r/naett!ellt.) he Selection of the materigEttﬁaf are 1864 for the VarioUs OV%%?/HQ gly rsis

determinﬁgtbglqo&lsa(;raeiggmo’fin}egla)éqreated over the layer 16 of netal using

nmet hods of plating and the Iike. The region of |ayer 18 of netal
that is above the netal pad 14 will, at a later point in the
processing, form a pedestal over which the interconnect bunp wll
be fornmed. This pedestal may further be extended in a vertical
direction by the deposition and patterning of one or nore

addi tional |ayers, such as layer 20, Fig. 1.

A | ayer 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
deposited layer of dielectric is filled with solder, typically

usi ng nmet hods of sol der printing.

A solder paste or flux (not shown) is now applied to the
| ayer 22 of solder, the solder 22 is nelted in a reflow surface
typically under a nitrogen atnosphere, creating the spherically

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



adhesion, metal diffusion, metal corrosion, issues of layer delamination and the like. Increased device

density brings with it increased closeness of components and elements suclésgss g)glder ump, C}Bﬁt are
. . . . I

part of the created semiconductor device packages. This increased closen i e&% ¥edasa

reduction in the spacing or, "pitch", between solder bumps qf a semiconductor device package. State-of-
the-art technolo&ﬁ%s & § M Bnp SRS L ﬁitc?u i a&%u‘? 2003y Swh cﬁXr%%se@éaﬁmitaﬁSn on

further incr@asinq device denfsri?/. The Iimitattgn in fyrther reduciéwgltge itch of solder bumps is imposed
by concen W‘reliﬁbﬁff%i %écﬂ{é 4 Teldt¥el aneebQFsi ot solder bump. This relatively
large solder ball restricts further reducing the solder ball pitch. 9 28 December 2004 In the majority of

applications FUld&YGhpd Gré 0BBE hsitetmnRERESE hESVEER 7b 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 bettet the@hal- Pepforrh8nbé ¢EEE rhsnidieniRg ¢ 8asieHtdBIAH red@flfing in reduced thermal stress

on the solder balls) . Large solder balls
e For Layer 20 gold is the preferred netal.

The selection of the materials that are used for the various
overlying layers is determned by considerations of interlayer
adhesion, netal diffusion, netal <corrosion, issues of |ayer

del anmi nation and the |ike.

| ncreased device density brings with it increased closeness
of conponents and el enments such as solder bunps that are part of
the <created sem conductor device packages. This increased
cl oseness is expressed as a reduction in the spacing or “pitch”
bet ween sol der bunps of a sem conductor device package. State-of-
the-art technol ogy uses sol der bunps having a pitch of about 200
pm  which inposes a limtation on further increasing device
density. The limtation in further reducing the pitch of solder
bunmps is inposed by concerns of reliability, which inpose a
relatively large ball size for the solder bunp. This relatively
| arge solder ball restricts further reducing the solder bal

pitch.



are therefore required in order to maintain interconnect reliability. Low-alpha solder is applied to avoid
soft error (electrical or functional errors) from occurring, thereby eliminating e%g oten tjal for @:’6 vertent
memory discharge and incorrect setting of the voltage (1 or 0). The cross s %ho Fig. 2

is essentially the same as the cross sec ion shqwn in Fig. 1 WIthRJWe exception that in Fé‘% 2 the solder
22" overlies and dbverdGhd'BASS |aS/)érs°l6 ARy, rtd:% §apy§l f6h 22‘1{15@?, t St exdbsure of

f t th f layer 16 to th t, thereb d tial f fth
copper shiTuEk IS on RPEPoHr AL SRR id: SARFLE e}tﬁ”rﬁe‘s’ﬁfﬁfs' imp 22

Qee'lﬂfﬂll?&i%?grﬁf&é@f)'p%“ PR A “§f'¥ 043 15 38 DL ertido) SHb bt
tsng Figt, 1 2 meindiad inis reoBbi by BLAY il “Yﬁoéﬁiﬁﬂ?&éeff“t%e .n%eiit“e'ﬁ‘ﬁﬁﬁf‘?frﬁﬁﬁéeof
U cregpio AT PLFENTRISHER SFFRS OYIERLER 3 LR 3 ASeR TR
reduced thermal stress on the solder balls). Large solder balls
are therefore required in order to nmaintain interconnect
reliability. Low alpha solder is applied to avoid soft error
(el ectrical or functional errors) from occurring, thereby

elimnating the potential for inadvertent nenory 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 |ayers 16,
18 and 20. This application reduces the potential exposure of for
instance the copper of layer 16 to the environnent, 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 |amnation

exposure.

As previously highlighted, high-density, high-perfornmance

sem conductor device packages require solder bunps of reduced

10



creating a photoresist mask using a one-step photoresist exposure and development process. This
typically requires a relatively thick layer of photoresist, which introduces desj EP%;am ters I%fo&te
created solder bump that are contrary to the desired design parameters of solde %%ﬁ’ﬁftc , CTOSS

section and height, The solder bumps that have been shown in cross section in Figs. 1 and 2 are created
o 1ot BT Bhed Filkorm BT GO BB DRO b A LB AR NG | e S8 Bner. the

I 18 ickel and the | 20 of gold. The phqtoresijst is th fter which solder i
plcd TEMHRTCUAEL of FE IELMafet 78 HLIG USR] rEYGe UF coor nci pritio A nis
thod h Its ir der b f iderable height and,is.limited i idi b
of roqurBHerGde LAt b SURGH bulhp BRGACTRE Thiekoh bravibed BTAengl tiae
addresses tgéese concerns, The jnvention Iy\:cil now be described ir))\d%tail usingOI]EiQP.eB thr&.]gh.g for this
g ig.

purpose.'ﬂ g f)te%embeglibbﬁ nﬁggesrrir? irdt gBe&figaE} yI 8 the cros%ns%%fion ShOWFlrIlH % here is

poen cre e A pe P el ceb O or WAt pacth e & SOIGb B Pafy 12 hes
creating a photoresist mask using a one-step photoresist exposure
and devel opnment process. This typically requires a relatively
thick layer of photoresist, which introduces design paraneters of
the created solder bunp that are contrary to the desired design

paranmeters of solder bunp pitch, cross section and hei ght.

The sol der bunps that have been shown in cross section in
Figs. 1 and 2 are created by first creating the patterned and
devel oped photoresi st mask, then plating the layers 16 of copper,
the layer 18 of nickel and the layer 20 of gold. The photoresi st
mask is then renoved after which solder is applied over the
surface of the created |ayer 20 of gold using nethods of sol der
stencil printing. This nethod however results in a solder bunp of
considerable height and is limted in providing solder bunps of
required cross section and required solder bunp pitch. The

i nvention provides a nethod that addresses these concerns.

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

through 9 for this purpose.
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is deposited over the surface of layer 10, an opening (not highlighted) created through the layer 14 of
passivation exposes the surface of the contact pad 12. A layer 24 of Under-?gn]% Me IIlrJrgg M),
typically of Ti/Ni/Cu and of a thickness between about 0.5 and 2 pm, is electropl e 0P th

the patterned and etched layey 14 of passivat#'on. The cross section that is shown in Fig. 4 shows a
pattored and ARIRSAd Ryl 36 bt rhRih. LA 26 of Ary AlF i& 18 matdt bh@inG SaMcd & the

| | . hed &
exosund h1 GBVeIcNRAA, A fay ST 8V bhy R EVHEBNA Eor AR ol sy Hes Drldhee an
p y y Y

aqueous processable dry film resist that is designed for alkaline and acid etch applications and for
o AU FecoBber tine I N and X T Uit O ShioR 81a A Il SoRBAces a
muItifunctin%ItaecrylicAmogtO{nerh%% 28rP£c8pC3$é &OP% 'Iérrle QFf%r{ed dré/ ff'lm fitge invetnétai(r)péﬁ of a
negative (fype ph&b-polfmer. Thisesiits inSurfice aréds of the layer BF osfy\fiﬁn oAt when exposed by
G, Handlding ¥ Jight wifl rsMain QURL INg aHFaER Of e Walgephilg ynexpased SHRSE  (not
hi ghl i ghted) created through the layer 14 of passivation exposes
the surface of the contact pad 12. A l|layer 24 of Under-Bunp-
Metal lurgy (UBM, typically of Ti/Ni/Cu and of a thickness

bet ween about 0.5 and 2 um is electroplated 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 layer 26 of dry film Layer 26 of dry film is
| am nated over the surface of the layer 24 of UBM and then
patterned and devel oped usi ng conventi onal met hods of

phot ol i t hogr aphi ¢ exposure and devel opnent.

A layer of dry film conventionally conprises a photo-
pol ymer, which is an aqueous processable dry filmresist that is
designed for alkaline and acid etch applications and for pattern
plating in copper, tin, tin/lead, N and Au. The chemn cal
conposition of a dry film conprises a multifunctional acrylic

nononer .

12
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areas will be removed by applying for instant an alkaline solution to the surface thereof. The preferred

thickness of the laminated layer 26 is between about 70 and 150 -pm but m(§§ pg)%ferr%‘bé%abggb%oo -pm.
The invention continues, Fig. 5, with the formation of the base for the torch solder 5 y troplating

the layers 28, 30 and 32, using the electrgplating process. The preferred metals, for the three.indicated
and highlighted IyerePAr & fofBwel Hor Lyl 28, coplor [SWHE Hrbfred el For DSAAE0! Rickel s

the preferred metal, and For Layer old is the preferred metal. As an alterpate, to the deposition of
the threciAy s DO BRAUTE e 0bicr b [oyides iy A2 BeBLaTan BF atHi- 83 bobr paste
over which eutectic solder paste is deposited. ,The high-lead solder paste may he deposited instead of
the Iayercgé/ oﬁdc)p@ertﬁ%{rjw %qayg)r(é) 96 ?gf n (9keI(\%Eanc?g,za(gffj‘;ofl)d)ﬁ dre e ositgg %?I}ﬁ] the ﬁIa@er of
eutectic solder. paste beingt]hS 28 D?gember 2004, ngosit?d rovevr\,{%rin? gurface of the Hlatgdrl? er 32 of

gold. For Gther rétpp(fi\éz?\{ions, Fe %lf/ersagg ofonickél hd 320t gold'may be" OMIted i which C&Se the

eutectic sglder paste is depgsited, directly OKgy thgpsMrVﬁCﬁéJf the deposited layer of highrlead:

solution to the surface thereof.

The preferred thickness of the lamnated [ayer 26 is between

about 70 and 150 pum but nore preferably about 100 pum

The invention continues, Fig. 5 wth the formation of the
base for the torch solder bunp by electroplating the |ayers 28,
30 and 32, using the electroplating process. The preferred netals
for the three indicated and highlighted | ayers are as foll ows:
» For Layer 28, copper is the preferred netal
* For Layer 30, nickel is the preferred nmetal, and

e For Layer 32, gold is the preferred netal.

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

are deposited with the layer of eutectic solder paste being

13



solder. For these applications, since the melting point of the high-lead solder is higher than the melting
point of the eutectic solder paste, only the deposited layer of eutectic solde will reflo 8{#4
solder ball reflow. In the cross section of Fig. 5, the highly reflective layer 3 é% ? \gp ayer

which, du toits h ree of reflectlv ed as an alignment m he fo IOW|n exposure
of a seco %qgﬁfl g Im I%rsfﬁl |n8?|on i\‘ea Bééﬁrﬁi’g g/q‘erﬁrlaf;é?ls hm% Hcro%g 'section
in Fig. 6 after thes ondd film la rBALhas bee att rned develope ﬁ aln nyentional
methocs 1 BRbI A STBosEE b UL SoBhert. THe BponiAl theal bt dretih Hrouon
the second. layer 34.is aligned with the co ad 12 therefore with the Iatedl yers 28, 30
and 32. %%g r%mg remdﬁﬁo&&?ﬁ}e tshgonglf]fr rﬁ?aygrgfiq% fiIIf;Ii)da&/tﬁa'lglyefP Bt sbleer. By
now rem vm Iayers 26 34 of dry film, the styucture that.is s oyn in_cross,sectio |n 7is
obtalned%I 4%%gcember 2%52 Ussmg{ Ceecreogted? t%rch%%pmp cglutr]nn Z%Y§(§/329§6 e%s mas gﬂwe layer
24 of LB RIFNeIr e eS0T dYB eI LRl TR EeT, MHRUORTRE TR RRP S5SRP OB et
hi gh-1 ead solder is higher than the nelting point of the eutectic

sol der paste, only the deposited |layer of eutectic solder paste

will reflow during solder ball reflow

In the cross section of Fig. 5 the highly reflective |ayer
32 of gold is the upper layer which, due to its high degree of
reflectivity, can be used as an alignment mark for the foll ow ng
exposure of a second lamnated dry filmlayer. This |am nation of
a second dry filmlayer is shown in cross section in Fig. 6 after
the second dry film layer 34 has been patterned and devel oped
again using conventional nmethods of photolithographic exposure
and devel opnent. The opening that has been created through the
second dry filmlayer 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

| ayer 36 of sol der.

By now renoving 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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preferred method to etch the UBM layer 18. The structure that is shown in cross section in Fig. 8 is ready
for solder reflow, creating the solder ball 36 that is shown in cross section ir!ﬁF'g 9. T(({)rfréeviegd%1 prior art
process: A semiconductor surface of provided, a contact pad having been B%(ae Flth

iconduct face, tt d and etched | f Ivatj ing b id th
SemiconRiB0u e CHEBLR 1hE Cifladd BTN Ebrie AAD S0layer 3P AN 1 ol bied Pred

th f h ivatign, including th ' ted th the | f
pacsivatbA R ohthmabic CEbbdhcs S0 168 oyl B 5 Ghop hing (rateh Hhob e RFtbmask
is ali ith,th tact pad, D ited in ali t with th ' d th h th
ohotomalk By ot kB BasB 1 e oorler b suth a3 ey o bBHbel Tolbld by a

layer of 15 28 December 2004 nickel foglow db er of gald after which and using the same
photomaglz,ea aryreF@f g&ﬁgﬁ’ |és éeopo%hg ‘I’ﬁéﬂ ppcl)gt'\ﬂgéﬁg roéL%'oved, and

The structure that is shown in cross section in Fig. 8 is
ready for solder reflow, <creating the solder ball 36 that is

shown in cross section in Fig. 9.

To review the prior art process:

e A semconductor surface of provided, a contact pad having
been provi ded over the sem conductor surface, a patterned and
etched layer of passivation having been provided over the
sem conductor surface, exposing the surface of the contact
pad

e A layer of UBMis electroless plated over the surface of the
| ayer of passivation, including the opening created through
the | ayer of passivation

e A photonmask is created over the layer of UBM an opening
created through the photonmask is aligned with the contact pad

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

sol der ball, such as a layer of copper followed by a | ayer of
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Reflow is applied to the deposited layer solder. To review and add to the invention: The invention creates
a torch bump, so called because the solder bump is created over and aligneg wj anrggné:lrerl 61(94 base
layer forming in this manner a shape that resembles a torch The torch bump o e base’and a

solder bump overlying the base The solder bump can be created having a diameter of about 100 }gym
The base laydh cHERI AP ELRRGe0R st bR Rler Thych OF op b ordiid o ARt aBBut 20
}gym, a second or ceggr layer of nickel createfi ;%&t ickness af about 5 lgym and a third or upper

g

layer of gold, eited r}fessaof glg&ﬁt 5 g tdrch Eﬁﬁ)sﬂ)fttﬁ invention is created using a

two-layer dry film process The lower or first layer of dry film is used for plating the base layer of the
torch bump 16 P8 RRWEI0045 TIREBYE of Me%orch solder bump is used as the alignment mark for

the patterning and development of the second layer of
 Reflowis applied to the deposited | ayer sol der.

To review and add to the invention:

* The invention creates a torch bunp, so called because the
solder bunp is created over and aligned with an underlying
base layer formng in this manner a shape that resenbles a
torch

e The torch bunp conprises a base and a solder bunp overlying
t he base

* The solder bunp can be created having a dianeter of about 100
pm

* The base layer preferably conprises a first or |ower |ayer of
copper, created to a thickness of about 90 um a second or
center |ayer of nickel, created to a thickness of about 5 pm
and a third or upper layer of gold, created to a thickness of
about 5 pm

e The torch bunp of the invention is created using a two-I|ayer
dry film process

 The lower or first layer of dry filmis used for plating the

base | ayer of the torch bunp
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dry film The upper or second layer of dry film is used for solder plating of the torch bump The invention
provides for creating the base of the torch bump using overlying layers of hi%g-li%g %%ﬁer a gd wer
layer over which a layer of eutectic solder is pasted; layers of seed and barfier e %a} ay not
be used in combination with these layers of high-lead solder and the layer of eutectic solder The
creation of tHérdPAsEnPEoNfiRed AMEB s&P S8lingPBrateds a itk Platifig pRRed fod MEfeation of
the Cu/Ni/Au base of the torch bump, a second plating process provides solder plating for the solder

bump The ifAtiohYroliBEs RAthE CRidtdndthndRiteliPeBith SdidéMsurif CPRE neRYEbf Bk torch

bump equals two times the height of a dry film mask In comparing the invention with conventional
methods of @Fé/atifn'gI d'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 17 28
Decembér 2600 upper or second layer of dry film is used for solder

pl ati ng of the torch bunp

e The invention provides for creating the base of the torch bunp
using overlying layers of high-lead solder as a |ower |ayer
over which a layer of eutectic solder is pasted; |ayers of
seed and barrier material my or my not be wused in
conbination with these layers of high-lead solder and the
| ayer of eutectic sol der

e The creation of the torch bunp conprises a two step plating
process, a first plating process for the creation of the
Cu/N/Au base of the torch bunp, a second plating process
provi des sol der plating for the sol der bunp

e The invention provides for the creation of an ultra-fine pitch
sol der bunp

e The height of the torch bunp equals two tinmes the height of a
dry film mask

e In conparing the invention wth conventional methods of
creating a solder bunp, whereby a one-tine photolithographic
maski ng and exposure process is used conbined wth a

relatively thick |ayer of exposure mask, the advantage that is
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provided by the two-mask process of the invention is that the invention solves problems of low-resolution

caused by an ultra-thick layer of dry film in addition to problems of photolithggra[;%hg ?}l‘.ﬁnm &g
adjusting the ratio of opening height to opening diameter of the opening that’is c {8 ﬁlro%léw e

second layer of dry film, the size of the solder ball with respect to the size of . the base of the toych bump
can b6 cont BN RS Mm-S 4 A1 o HOfow<t S8 6 showe Atose Euction

whereby the.diameter 42 of thle base is larger than the largest diameter 46 of the solder ball which is
arger than O UEThbaD 4459 0N SonRO B fi2be ebwoll Wed ETALLbAPEAG TAHBE% oPthe BRch

bump 2. Fig. 11 shows a cross section whereby the djameter 42 of the. base s equal to the largest

diameter 40 %ﬁf{eaéélﬁéf%all Wiich is ﬁ\ﬁrgeﬁ?&an ?He|| dlanéter 3 ddftthg IaonEa?ct ser%tt%IeeHgtwgeoisn the

solder ball angd the f)a%%]of the %Qrch Pumlqhgplg 3. Fig. 12 shows a cross section whereby the diameter 42
t

of the base s 8%18 I&r thar the a}/rggst'(ﬂameter 48 of the solder balls of the torch bump. 18 28
Decembng 394 adjusting the ratio of opening height to opening dianeter
of the opening that is created through the second |ayer of dry
film the size of the solder ball with respect to the size of
the base of the torch bunp can be controlled, this is
highlighted in Figs. 10 through 12, as follows
1. Fig. 10 shows a cross section whereby the dianmeter 42 of the
base is larger than the largest dianeter 46 of the sol der
ball which is larger than the dianeter 44 of the contact
surface between the solder ball and the base of the torch
bunp
2. Fig. 11 shows a cross section whereby the dianeter 42 of the
base is equal to the |argest dianeter 40 of the sol der ball
which is larger than the dianeter 38 of the contact surface
bet ween the sol der ball and the base of the torch bunp, and
3. Fig. 12 shows a cross section whereby the dianeter 42 of the

base is smaller than the largest dianeter 48 of the sol der

balls of the torch bunp.
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The cross section that is shown in Fig. 13 is presented in order to highlight dimensions of the torch bump
where two torch bumps are created in adjacency to each other. The followi n_&j()ers a %5 uctural
details are highlighted in the cross section of Fig. 13: - 10, the surface of a s pads

created over the surface of substrate 10 - 14, a patterned and etched lay asswatlon 50 and 52,
equal to about Zﬁbeprﬁr 984 aaHL, duhgh ﬁ? g?xﬂ'a 62"eddd to &éo goﬁrﬁﬁﬁe%qub%es

running thr h the cente e solder bumps 72 a directjon that is perpendicular to the of the

ubstiateS 18665 Wi BoOBhLA b aBbTPE ShPaa, f.rgmrytf.% RGP RRES: SO - 66,

a secon film havmg a thi ss.of about 4 mil - 68 a UBM layer - 9 a capper base - 70, a barrier
i RS 2B o o, i -

layer pre Y cothprisihgFicket - 71) a p t&?t%%ye Breféfaly o Hsin Qfﬁ' 9%orch

bump. 19paramﬂ,ters and structural details are highlighted in the cross

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

- 50 and 52, equal to about 200 pm

- 54, equal to about 90 pm

- 56 and 62, equal to about 100 pm

- 57, two lines running through the center of the solder bunps 72
in a direction that is perpendicular to the plane of the
substrate 10

- 58 and 60, equal to about 5 pum

- 64, a first dry filmhaving a thickness of about 4 ml

- 66, a second dry film having a thickness of about 4 ml

- 68, a UBM | ayer

- 69, a copper base

- 70, a barrier |ayer preferably conprising nickel

- 71, a protective layer preferably conprising gold, and

- 72, a torch bunp.
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28 December 2004 Fig. 14 shows yet one more application of the invention wherein are highlighted: -
10, the surface of a substrate - 12, bond pads created over the surface of su? trate 10 - 14, terned
and etched layer of passivation - 73, a patterned and etched layer of UBM - g t%%coea@%ecgft orch
bump, such as a Jayer of co%%er or a Iai/er of high-lead soIdI%L.- 76, a non-solder wettable layer - 78, a

solder wettable fydr, and - S0'QHE sol@&r bR ofMeStorBRBURTRAIRBUGH the PReriBHHES Rikn

described and illustrated with reference to specific illustrative embodiments thereof, it is not intended that
the inven{ighi'oe Iﬂnﬁéoetﬁh%g : iﬂﬁgt‘?&ive embodiments. Those skilled in the art will recognize that
variations aiﬁ m% ificationts can beFmade without departing from the spirit of the invention. It is therefore
intended to “iRclude within 1E Rv&htidh ghlgﬁ&lﬁ '%ﬁations and modifications which fall within the scope

of the appended glaims Anfedykaral 1FLo" A2 28 RT RN 2 Qhbstrate 10

- 14, a patterned and etched | ayer of passivation

- 73, a patterned and etched | ayer of UBM

- 74, the base of the torch bunp, such as a |ayer of copper or a
| ayer of high-|ead sol der

- 76, a non-solder wettable |ayer

- 78, a solder wettable |ayer, and

- 80, the solder bunp of the torch bunp.

Al though the invention has been described and illustrated
with reference to specific illustrative enbodinments thereof, it
is not intended that the invention be Ilimted to those
illustrative enbodi nents. Those skilled in the art will recognize

that variations and nodifications can be nmade w thout departing
from the spirit of the invention. It is therefore intended to
include wthin t he i nvention al | such vari ations and
nodi fications which fall within the scope of the appended cl ains

and equi val ents thereof.
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What is claimed is: 1. 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, a patterrgeéi layer %‘g)ass'%/ ion
having been deposited over the substrate, a surface of said contact pad bei gpco Ghrd ‘3551 said
patterned |ayer of passivation, a layer of Under-Bump-Metallurgy (UBM) having been blanket deposited
over the 18 drHaSkRaliGS ilchading the exposed surface of the contact pad: creating a base of said

torch b f first ive | f metal overlyi id contgct pad usi tt d firstl f
cry fim a2 asRESI8 st Sccb 86eShEA! Bmatal cOmbAGHY: (§ 4ot I&ye1 cohBer deBBsited

over the ez[(posse.q fS}Jrf{ice of said layer of UBM; (i) a secpnd layer of nickel d.eposited over s.aid first layer
of coppe|§, and (||8 a third layer of gold deposited over said second layer of nickel; then forming a
patterned second layer,of dry filng qyer pafpatteted Atidaysral dnhilln ey SXRSE SpidRRtRis!
wth a contact pad, a patterned |ayer of passivation having been
deposited over the substrate, a surface of said contact pad being
exposed through said patterned |ayer of passivation, a |ayer of
Under - Bunp- Metal lurgy (UBM having been blanket deposited over
the |ayer of passivation including the exposed surface of the
cont act pad;
creating a base of said torch bunmp of first successive
| ayers of netal overlying said contact pad using a patterned
first layer of dry filmas a nask, said first successive |ayers
of nmetal conpri sing:
(i) a first layer of copper deposited over the exposed
surface of said | ayer of UBM
(i) a second layer of nickel deposited over said first
| ayer of copper; and
(tit) a third layer of gold deposited over said second |ayer
of nickel; then form ng a patterned second |ayer of dry

film over said patterned first layer of dry film to

expose sai d base;
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28 December 2004 creating a layer of solder of said torch bump overlying said base using said

patterned second layer of dry film as a mask; removing said patterned first a gg C gé%y 2§[&%ry film;
and applying reflow to said layer of solder. 2. The method of claim 1, said cr m%e orch

bump comprising the steps of: depositing a first layer fdr i m over sa er of UBM; patterping said
first layer ofdry‘ﬁrﬁ?&r’e Ené‘ahac)b%rmrfﬂg tﬁr%gﬁ sa f|r§ aYef O &t})} fh’r‘r‘-'fﬁapé(l?drf Yhit9s&R' ontact
pad, creating a first mask of film ex said layer of UB 3 ositing said first successive
yers of FE) b e SOl o LB D SERA0e) B¥BBAPI SEcbrdarl M I Ekning oreated
through said first mask of dry fil 'EL meth of cI im 1, said first layer of cop belng roos.ited toa
thickness of abdUt'dd" }g'\}% é %e% Sd%? |rlnrf ?Hqgeco%%qaé ?{c?f n%l?el e|n depdsited to a

thlcknessach]fdabout 5 }gym. 22 28 December 2004 5. The method of claim 1, said third Iayer of gold being

applying reflow to said | ayer of sol der.

2. The nethod of claim1l, said creating a base of said torch bunp
conprising the steps of:

depositing a first layer of dry filmover said | ayer of UBM

patterning said first layer of dry film creating an opening
through said first layer of dry film that aligns wth said
contact pad, creating a first mask of dry film exposing said
| ayer of UBM and

depositing said first successive l|layers of netal over the
exposed surface of said layer of UBM in accordance with the

openi ng created through said first mask of dry film

3. The nmethod of claim 1, said first layer of copper being

deposited to a thickness of about 90 pum

4. The method of claim 1, said second |ayer of nickel being

deposited to a thickness of about 5 pm
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deposited to a thickness of about 5 -pm. 6. The method of claim 1, said creating a layer of solder
comprising the steps of: depositing a second layer of dry film over said first lgyer_of dr film,g;@z;%by
including said base of said torch bump; patterning said second layer of dry , @Feca‘? &hn ning

through said second layer of dry film that. aligns with saéd base of sajd torch bump, creating a second
mask of dry filr €ex 'irmj)gaidorfasec&aéanb tdrch BthS: ah erﬂosiltiﬁé%rlayg of %ﬁiér ﬁjgéébgdance

with the opening  created throygh said second mask ofrr%ir film. 7. The method of claim 1, said layer of
UBM corﬁ%r‘?é?ﬁg hf e‘.%. %h@ﬁ&iﬁ%ﬁsﬁ ot img#,og'gid igkg] being deposited to a thickness between

about 1 and 10 pm. 9. The method of claim 1, with an additional step of etching said layer of UBM using
said created base of said torch bump and said created layer of solder as a mask. 23 28 December 2004

10. The (r)agthol%of cl%rp r?oaaido tchiqgasaid Iilyer of UﬁIM com;griisning a wet etch progess, 11. The

method ot ‘claim Je., parameters 0 first and Second SrayI m%hicknedSin gomlb?r}/a%%n with p%?;r%%{ers of
said f'rStgyr%ri sing the steps of:

depositing a second layer of dry film over said first |ayer
of dry film thereby including said base of said torch bunp;

patterning said second layer of dry film «creating an
opening through said second layer of dry film that aligns with
said base of said torch bunp, creating a second nask of dry film
exposi ng said base of said torch bunp; and

depositing a layer of solder in accordance with the opening

created through said second mask of dry film
7. The nethod of claim1, said |ayer of UBM conprising nickel.

8. The nmethod of claim 7, said nickel being deposited to a

t hi ckness between about 1 and 10 pum
9. The nethod of claim1, with an additional step of etching said

| ayer of UBM using said created base of said torch bunmp and said

created | ayer of solder as a nask.
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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 refl%qé]e(blgﬁ/e&éf rsoéc%% sz said
torch bump which is larger than the diameter of the contact surface betweerf'the™ 6WRG"ayer ot solder
and the base of the torch bu p.PjZ. The method of claim 1, parameters of first and second dry _film
thicknessH 'corﬁﬂﬁlat%ﬂtﬂﬂﬁgﬁpa me r§'o%a§j first fyfer 6t 8@ filth as &' rdasﬁ%ﬁrsaia secHiYlayer of
dry film as a mask. bein% selected such that the diameter of the base of the torch bump is equal to the

largest diafRES 5f e r fléﬁ\ﬁ"/&d ‘?& ' & which is larger than the diameter of the contact surface

between the reflowed layer of solder and the base of the torch bump. 13. 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 fiim as_a mask 24 28 December 2004 being sejected such
that the oilrgmetgﬁgf tﬁE@%g o tﬁe Arg n%/u%’lpi i Ietr lan tk(?eIP Iacfr?';ers%eidia"rin% er ot en#eflé\yvgd layer

of solder af ihe {ofel PHIPs 1A SBHBPALRS 1§ SIPRiehal A IFR PR cOmPASING LE | ayer

of dry filmas a mask and said second |ayer of dry filmas a nask
bei ng selected such that the diameter of the base of said torch
bunmp is larger than the | argest dianeter of the reflowed | ayer of
sol der of said torch bunmp which is larger than the dianeter of
the contact surface between the reflowed |ayer of solder and the

base of the torch bunp.

12. The nethod of claim 1, parameters of first and second dry
filmthickness in conbination with paraneters of said first |ayer
of dry filmas a nmask and said second |ayer of dry filmas a mask
being selected such that the dianmeter of the base of the torch
bump is equal to the largest dianeter of the reflowed |ayer of
solder which is larger than the dianmeter of the contact surface

between the reflowed |ayer of solder and the base of the torch

bunp.

13. The nethod of claim 1, paranmeters of first and second dry
filmthickness in conbination with paraneters of said first |ayer

of dry filmas a mask and said second |ayer of dry filmas a mask
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steps of: providing a substrate, said substrate having been provided with a contact pad, a patterned layer
of passivation having been deposited over the substrate, a surface of said ¢ Mgg jé? ad,bein §§Rosed
through said patterned layer of passivation, a layer of UBM (Under-Bump- § 'Wa?/n%

blanket 03|ted over theSJrayer of passivatio |nc dln the ex ose surface oft e cqontact pad: creating
a base o élBQorél‘? ﬁﬁ{p sﬁﬂe&sﬁé@ecb 1'fﬁ{et TovdMfinPe58 6 ta('i LE

patterned first layer of d yf|Im a amasE sgid successiye second layers of metal é%)aflrst
yor of B cepofad tﬁ}&%og ; jtﬁfa%‘ésc}f SRR Gl O (o5 I SbEHe I

eutectic s |der paste depo ver d first layer of solder; then creating a layer of solder of said torch
bump ove |y|ﬁ8? gseor b%seffg gbg LérEpSecond layer of dry film as a mask; removing said patterned
first and second layers of dry fllm 25 28 December 2004 and applying reflow to said layer of solder.

14. A nmethod for the creation of a torch bunp, conprising the
steps of:

providing a substrate, said substrate having been provided
wth a contact pad, a patterned |ayer of passivation having been
deposited over the substrate, a surface of said contact pad being
exposed through said patterned |ayer of passivation, a |ayer of
UBM (Under-Bunp- Metal lurgy) having been blanket deposited over
the | ayer of passivation including the exposed surface of the
cont act pad;

creating a base of said torch bunp of successive second
| ayers of netal overlying said contact pad using a patterned
first layer of dry filmas a mask, said successive second | ayers
of nmetal conpri sing:

(1) a first layer of solder deposited over the exposed
surface of said |ayer of UBM and

(i1i) a second |layer of eutectic solder paste deposited over
said first |layer of solder; then

creating a |ayer of solder of said torch bunp overlying said
base using a patterned second |ayer of dry filmas a mask;

removi ng said patterned first and second layers of dry film
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15. The method of claim 14, whereby additionally a layer of nickel is deposited over said first layer of
solder after which a layer of gold is deposited over said layer of nickel after gicﬁ?said seco g{é yer of
eutectic solder paste is deposited over said layer of gold. 16. The method oé/ a ‘iﬁ”?% 02 t%]g a
base of said torch bump comprising the steps of: depositing a first layer of dry film over said layer of
UBM,; peﬁfé‘flning said first layer of dry film, creating an opening through said first layer of dry film that

aligns with said contact pad, creating a first mask of dry film, exposing said layer of UBM; and depositing
said successivea&%]o}‘lhrrgygrg{;‘ ?r‘ﬂétE\PO\feEi"'tﬁaes1 @)Yp%rsea*su?éfc Y said layer of UBM in accordance

with the opening created through said first mask of dry film. 17. The method of claim 14, said creating a
layer of solder comprising the steps of: depositing a second layer of dry film over said first layer of dry

fllm,th(_arﬁk%y in _%mgﬁsé%lﬂ ggse%?f s%lﬁ etl?r[géh Rﬂmp; Gle% )Zcezrpn?bdqrﬁogr?apﬁge_rr#nq séei/l% rsec(())pd layer
of dry film, Creating an opening through said sécond layer of dry Tifm that aligns’wit

ni ckel is deposited over said first |layer of solder after which a

| ayer of gold is deposited over said layer of nickel after which

sai d second |layer of eutectic solder paste is deposited over said

| ayer of gol d.

16. The method of claim 14, said creating a base of said torch
bunp conprising the steps of:

depositing a first layer of dry filmover said | ayer of UBM

patterning said first layer of dry film creating an opening
through said first layer of dry film that aligns with said
contact pad, creating a first mask of dry film exposing said
| ayer of UBM and

depositing said successive second |ayers of netal over the
exposed surface of said layer of UBM in accordance with the

openi ng created through said first mask of dry film

17. The method of claim 14, said creating a |ayer of solder
conprising the steps of:
depositing a second |ayer of dry film over said first |ayer

of dry film thereby including said base of said torch bunp;
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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 thr h%%rﬁcon%w%k of dry
film. 18. The method of claim 14, with an additional step of etching said layert of ‘Fr{g aid Created
base of said torch bump and said created layer of solder as a, masgk. 19. Tfj)e method of claim 18, said
etching said layBPbT GEM B8mpRgind a RGN plopbst. 20° Thethbindd bfBlaint 185hArher@ib of first

d d dry film thick in combinati [ f said first | f gry fil . k and
Shid SoodHFA)BPr AN e 390 ek BEIRbeleH such AR blMotdidls 17 B or eldorch

bump is larger than the lar estgi meter of the reflowed layer of solder of said torch bump whijch is larger
thanthe QETCERSF 17 ottt SAAC LRHBen e AicliecPiadBE o CoddiAncPinedtbaed bl e torch
bump. 27 28 December.2004_21. T?e met oq of cl irp 14 parar‘aeters of first and second dry film

thickness i combiRatioh Wit apsaerar%etesrglo sard first al)]/e ’of%l?y film as a mask and said second layer of

dry film as a magk BRING;SRPCILA AL Bk the fiapter f REAsElBe IR the openi ng

created through said second mask of dry film

18. The nmethod of claim 14, with an additional step of etching
said |ayer of UBM using said created base of said torch bunp and

said created | ayer of solder as a nask.

19. The method of claim 18, said etching said layer of UBM

conprising a wet etch process.

20. The nethod of claim 14, paraneters of first and second dry
filmthickness in conbination with paraneters of said first |ayer
of dry filmas a mask and said second |ayer of dry filmas a nask
being selected such that the dianmeter of the base of said torch
bunmp is larger than the | argest dianeter of the reflowed | ayer of
sol der of said torch bunmp which is larger than the dianeter of
the contact surface between the reflowed | ayer of solder and the

base of the torch bunp.
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bump is equal to the largest diameter of the reflowed layer of solder which is larger than the diameter of

the contact surface between the reflowed layer of solder and the base of th g) ﬁt? ?? rﬁl

method of claim 14, parameters of first and second dry film thlckness in co ters of
said first Jayer of dry film as a mask and said second layer of dry s a mask quln selected such that
the diaméter of the b%g\'&’gne rchl Bl 1< smglf’err'i‘fé?ﬁ f’rtesla es |51§1tete? ‘ﬂB\g/e&ITéﬂ/er of

solder of torch bu 23. A method.for the creation of a torch bump, com rising the steps of:

provid.ngftéintéttatg 52 ub G BTV both BtRIRAVAHEES EbRat! padbler theSura Shereot, a

patterned sivation havin be%rj: %) ited overt esubstra sur %e of said contakct pad
et

being exyg t¥|r H's&ta p%ttgﬂts y%?%f) Bgs Ved orn gla erof UBM 23

(Under- Lmpe, Metallur )2 28 December 2004 havin een blanket de 03|ted ver he | yer f
passwatElsgn mf‘":'lualngJ ee(gposedﬁsjtr ac%eo tﬁ\e c%an d doe%ol%%ng ’éesset Iayer gry Pm over said

layer of UMy, paEerpiigstalq firstigyen o é%é'tm’&r%?%ﬂtge?” PENE reflowed |ayer of
sol der which is larger than the dianmeter of the contact surface

between the reflowed |ayer of solder and the base of the torch

bunp.

22. The nethod of claim 14, paranmeters of first and second dry
filmthickness in conbination with paraneters of said first |ayer
of dry filmas a nmask and said second | ayer of dry filmas a nmask
bei ng selected such that the dianeter of the base of the torch
bunmp is smaller than the |argest dianmeter of the reflowed |ayer

of solder of the torch bunp.

23. A nethod for the creation of a torch bunp, conprising the
st eps of:

providing a substrate, said substrate having been provided
with a contact pad over the surface thereof, a patterned |ayer of
passi vati on having been deposited over the substrate, a surface
of said contact pad being exposed through said patterned and etch

| ayer of passivation, a l|ayer of UBM (Under-Bunp-Metallurgy)
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through said first layer of dry film that aligns with said contact pad, thereby exposing said layer of UBM,

creating a first mask of dry film; electroplating at least one layer of metal ov hﬁ&%(qéo ed @ie of
said layer of UBM; then depositing a second layer of dry film over said first Igﬁér 9‘5“% Eggt erning

id dl dry film, ti ing t h said dl f dry film th t, li ith
Said conBiEV b8 hRRE) cHATRS b SHERALCHL KORFOr thEt e Rplaftl oL GIDbERY

f f sajd la) f UBM ti d k of dry film; d iti I f solder i id
opening LIRSNHFDELAT SRk BESSH BT aFéhy it Memb SR A&Hd R¥mask and said second mask of

clectioplated ariP O depOGt yor bf LANEL a0 kdk A aniing Sahels 16 Lala SupoUibh ayer of
solder. 29 28 DecqrRenf0% &4 Aneimeof & §1AB23u g ¢ IPRIORIAIG A28 Y heni ng

through said first layer of dry film that aligns wth said
contact pad, thereby exposing said |ayer of UBM creating a first
mask of dry film

el ectroplating at |east one |ayer of netal over the exposed
surface of said |ayer of UBM then

depositing a second layer of dry film over said first |ayer
of dry film

patterning said second layer of dry film <creating an
opening through said second layer of dry film that aligns with
said contact pad, thereby exposing said at |east one |ayer of
nmetal electroplated over the exposed surface of said |ayer of
UBM creating a second mask of dry film

depositing a layer of solder in said opening created through
said second | ayer of dry film

removing said first mask and said second mask of dry film
fromsaid | ayer of UBM

etching said layer of UBM using said at |east one |ayer of
metal electroplated and said deposited | ayer of solder as a nask;

and

applying reflow to said deposited | ayer of sol der.
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layer 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 hhs% la pgéorf g
deposited over said second layer of nickel. 25. The method of claim 24, said firsta fto er4being

deposited to a thickness of apout 90 -pm. 26. The method of claim 24, said second layer of nickel being
deposite%flo a thi né&tg\@éﬁoﬁ’{ 5 dth 2 TR metificPof Elaffi IO RhRE thitd 1a9kr 3f%%§c} betilf

deposited to a thiclgness ofI about 5 pm. 28. The method of claim 23, said electroplating at least one layer
of metal &%Bﬁsiﬂ : g‘?ﬂ'ﬁ Iafec}rmrs'oﬁ:le'?%'eposited over the exposed surface of said layer of UBM; and

a second layer of eTu.tect'%c slolderf)ast deposited ?/er sajc# fi{ist Ieiyer 0 %older. 30 28 December 2004
29. The method®of cldim 28, dhe eb?/ addi i%Rgﬁy ?:R/%? 'of SHck@Y 1€ de gitee(f(g\s)esres%iasﬁlrrs %(f}gr of

solder aftoetr V\/Shéclzl‘(]ja| ayer of UBM

a second | ayer of nickel deposited over said first |ayer of
copper; and
a third layer of gold deposited over said second |ayer of

ni ckel .

25. The method of claim 24, said first |ayer of copper being

deposited to a thickness of about 90 pum

26. The method of claim 24, said second |ayer of nickel being

deposited to a thickness of about 5 pum

27. The nethod of claim 24, said third layer of gold being

deposited to a thickness of about 5 pum

28. The nethod of claim 23, said electroplating at |east one
| ayer of netal conpri sing:

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

a second l|layer of eutectic solder paste deposited over said

first layer of sol der.
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layer of gold is deposited over said layer of nickel after which said second layer of eutectic solder paste is
deposited over said layer of gold. 30. The method of claim 23, said layer of zgl\ﬁgomﬁéisirng Bl%el 31.
The method of claim 30, said nickel being deposited to a thickness between abo ¥ %o p%z;u 2. The

thod laim_23, said etchi id | f UBM IS tetch .33, Th thod of
clim 23 49arantBrs BF AL AncPLocld by i HTRRETH GRSt At perAmb EYEr S firs
I f dry fil k and sajd dl f dry fil K bei lected h that th
diameter BCSs o APETbh LN IaTGbrinkh UL Ioh G ifhets? cf fite AifoRled iy biPsolder
of said tolrch btrjm§ Whichigsla%ger than the djameter of th§ %ontact surface bet eenftpe reflowed layer of
solder andfthe" b egfoth tr h%ﬁpr?ps.' BEEEMBE! S004Y TRE mMe&th6§ of &a r’ﬁrZS, Lfaheters

of first and seacond dr filfn thicknefs in ?%rgpination lw&tgrparan}eters of said firscg Iéager of rdr3éfil.m as a
[ [

mask and Said secon qayearyoefrdr)(/) Iy 85 - mask oeing Selelted such haPhe' didmeteror a t?ésde of the

torch burpg)}grea&al Efoiih& largest diameter of the reflowed layer of solder

30. The nethod of claim 23, said |ayer of UBM conprising nickel.

31. The method of claim 30, said nickel being deposited to a

t hi ckness between about 1 and 10 pm

32. The nethod of claim 23, said etching said |ayer of UBM

conprising a wet etch process.

33. The nethod of claim 23, paraneters of first and second dry
filmthickness in conbination with paraneters of said first |ayer
of dry filmas a mask and said second |ayer of dry filmas a nask
being selected such that the dianmeter of a base of said torch
bunmp is larger than the | argest dianeter of the reflowed | ayer of
sol der of said torch bunmp which is larger than the dianeter of
the contact surface between the reflowed | ayer of solder and the

base of the torch bunp.
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which is larger than the diameter of the contact surface between the reflowed layer of solder and the
base of the torch bump. 35. The method of claim 23, parameters of first and g% %%d dr fi}mélé ness in
combination with parameters of said first layer of dry film as a mask and sai GG o g/fllm as
a mask heing s lected su the dlame%é of a base of the tor(%h bump .is smgller than t eJ?yqest

diameter 4the BoWEY s&lh@“ﬂt tor@F bR 8hS of Tirst secon

filmthickness in conbination with paraneters of said first |ayer
of dry filmas a mask and said second |ayer of dry filmas a nask
bei ng sel ected such that the dianmeter of a base of the torch bunp
is equal to the largest dianmeter of the reflowed |ayer of solder
which is larger than the dianeter of the contact surface between

the refl owed | ayer of solder and the base of the torch bunp.

35. The nethod of claim 23, paranmeters of first and second dry
filmthickness in conbination with paraneters 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 a base of the torch bunp
is smaller than the largest dianeter of the reflowed |ayer of

sol der of the torch bunp.
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