TORCH BUMP BACKGROUND OF THE INVENTION (1) Field of the Invention 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
semiconductor device continues to gain incregged Hngaavipnce. 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 air gaps or cavities are increasingly used in between signal lines. Another approach to solve
problems of 1/O interconnect ca ' q‘ﬂf@%@@]%ﬂ%@%ﬁﬁ}hﬁmchip packaging methods that
offer dependable methods of increased interconnecting of chips at a reasonable manufacturing cost.
This has led to the development of Flip Chip Packages. Flip-chip technology uses bumps (typically
comprising Pb/Sn solders) formed over aluminum contact pads on the semiconductor devices and
interconnects the bumps directly to a packaging media, which are usually ceramic or plastic or organic
material bsed. FiR MY B8 ded face down to the package medium through the shortest paths.

These technologigsigamerapriiedned anly fatsiogliRchip paskagiag chutidlsRdighadlenets of
packaging, in Whii‘g the packages are larger, and tQ more sophisticated substrates that have multiple

layers of tSfEHbedrPdBed o Ak RERLRS 3@%%3@%@%)’58@?@% larger functional units.

1 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
packaging5ubst?StETE ek TREHASr Ball Grid Array (EGA) packages but can also be used for

Land Grid ArraywWlifl AanthKislcdid Basayp(Roftopackagdsyice dimensions and increasing device
packaging densities, the packaging of semiconductor 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 air gaps or
cavities are increasingly used in between signal lines. Another approach to solve problems of
I/O interconnect capability has been to design chips and chip packaging methods that offer
dependable methods of increased interconnecting of chips at a reasonable manufacturing cost.
This has led to the development of Flip Chip Packages.

Flip-chip technology uses bumps (typically comprising Pb/Sn solders) formed over
aluminum contact pads on the semiconductor devices and interconnects the bumps 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 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 chip is a semiconductor chip that has a pattern
or array of terminals spaced around the active surface of the flip chip, the flip chip is mounted with the
active surface of the flip chip facing the supporting substrate. Electrical connectors that are provided

on the active surfacqigfdhip fBheRiRCanCORRISANRR NS (R G LIeeRidNdimigHd Arrays
(PGA) devices. With the BGA device, an array of minute solder balls is disposed over the active

surface SICHRENIRS EHRSIRnethinh e detdcmhersiiacd Bith SupRolem NSRS INIF PBR Uies, an
array of smafRingexterdsassantialpfrieasdistially fiesd the Bellvesuiass QEGA flipickhiRssuch

that the pins conform to a specific arrangement on a printed circuit board or other supporting

substratePF5caRaRe Ae it b anh EFith xRy idsEmber B e i ARavE R BASFASSY refluxing the

solder balls or pimg ehéhatflip efip. Mifitkihe santingingroRerease Jnthel Yzl hiaeopéasispads that are
used to connect pre-solder bumps thereto, the pitch of the solder bumps becomes increasingly more

importanf ARG it P2t 48 R i RoRd, 8 aRuamn AItss Afchintsy SRR @ignific By HiRoIb des the

pitch of thensieldrtubtompsiphbinasfagriaiveeiapomicantdtipsedcend the Jdaviceustieporting
substrate gver which the device is mounted. SUMMARY OF THE INVENTION A principle objective of

the invertolifs iPdtiPa4te tHe Fnhibmerakrdy aHsdiadchimpe i Rhdrobiactwe Jreeifiention is

to create splstatibpRpsiata Risbraansibyinbighrspasiosrogneeifiéa chippackagauyatanetinermpjective
of the invention is to create solder l:l)jimps for a hi h-é‘lensity, rgg{p performance flf chip package using
conventiGHH FR8H08S 8 Qb Mtlol t‘éfra%%iﬁ%c}(gr}) XSGRy AAISHIPFSHHE Y BV 6P tHE G Ention is

to providevathigh!Binle gratzblexandrap anuiagiv ablasneiNedsadispostingweldes npsdehé of
high-density, high performance flip chip package. 2 In accordance with the objectives af the invention
a new m&fioHiRGE'E @éﬁ@%&ﬂ&@& f&f%f@ aiatmmr&&%é}ﬂmfﬁsf?ﬁ G iRVt eé*hvention

implementsag 1 Gall 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 size of 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 semiconductor device and the

device supporting substrate over which the device is mounted.

SUMMARY OF THE INVENTION

A principle objective of the invention is to decrease the pitch of an array of solder
bumps.

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.



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 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 underlying contact pad. A second dry film is laminated over the surface of

the first dry filma secrnshepanifddscospiad trevdhe the sarand deniiimtthed alignsewithiasicreated
base of the solder bump. The,opening] through the second dry film is filled with solder by solder

printing, IHEYIASdaitd Siscoratianert ldey hmpare hendsvisd, thdtgeiysREandyuremetieiC&Bhed.

Reflow issapplieshierhe danasiteenporh siratingdhestaichiseldesbueb BRI R RESCRIBIHON OF
THE DRAWINGS Fi%s. 1 and 2 shows cross sections of Prior Art solder bumps. Figs. 3 through 9

show the! WETHE BT THEHBIRIBALSr K eraMRrAT i SESIBTRRcRIRL Vishdifsha 1 of 4ABVshe cross

section op&seIFpeoRECIObSi iReatRvesItee suifpas akwbicha fetastiag Rcrtidemedgangetched
layer of passivation and a_layer of UBM have been created. Fig. 4 shows a cross section after a first

mask of ARy HRS HEe A tre dhsPraelgd HAolens cridsagoudiiiing: SAR IR for e REHBUmp has
been cregtadifFigmbshanes & cressusRet T afterinsesonthinask@dny fdmmas keencaraatadha layer

of solder has been deposited. Fig. 7 shows a cross-section after the first and second mask of dry film

have bedh® R&RVES YR aliens itk dhestapivdipcbha sl derlspndiseeminetvguety. o
shows a gesscsaatiay #ter ithelremahredlaw of thedenesitad soldet:stigrl IR shlaghrd 3w

various dimensional configurations of the torch bump of the Fanention._ Fig. 13 shows a cross section

of two tordHbHRBRUPEE MGRoNGD st SEEBY! Sddchih HHons S PRI RS deRysiashows a
cross seghtieRicyeitanoihefoesaatitieOhaniprch bump. 3 DESCRIPTION OF THE PREFERRED
EMBODIMENTS

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.

Fig. 4 shows a cross section after a first mask of dry film has 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 has been deposited.

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.

Fig. 14 shows a cross section of yet another creation of a torch bump.



For reasons of comparison and improved understanding of the invention, comparable conventional
methods of creating a solder bump are first highlighted using Figs. 1 and 2 for this purpose. A
conventional method that is used to create a solder bump 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 1fhesaaenOrevidec v thre: prata cpntagBeasiniEnthe semiconductor surface

10 is protected with a layer 14 of passivation. An opening has been created through the layer 14 of

passivation, expeyinéhibgssHiransmtiun mriahaRolaat uRas ke vedying iayenside, dinpachige of metal

are created by conventional methods of first depositing of a layer of dielectric (not shown) over the
surface TG T{RIRL MEheds GT sEting A hRldgiebtion rmiusinighlichrdnging Siectiey 2riting
layers 18an¢hZ@qeer 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 afigrROVARseRal Tsthrpdhet s Aseciietsatt ARPigs QYL FHEMast 13 iMdSiad 14.

Layer l6phmetalds mgontarbwithiihexauifaceefdhe aretat nadiiddinsite epasbagisreated through
the layer 14 of passivation. A layer 18 of metal, typically using Under-Bump-Metallurgy (UBM), is
created JUSTHRBNESRUBPof hiSHRI SMRFINBIEHS of PiathBeaR IR S Wit BB BRIATRaS of

metal thatds abeumithmetat padatd V0lisHrardated pattdnie Pro¢gssiteationmanm ppdesialaver which
the interconnect bump will be formed. This pedestal may further be extended in a vertjcal direction by

the depoSRfEnCATRicIatE R, B SREL Al rRasduRi A BRRVE SsthensHE955 &t S0 ERgtat CRNEGEr of
photoresisgdnot shewinis depasited pattepoest and.etabede aiabingoin capemine lias &lignsnith the

contact pad 12 and has a diameter about equal to the surface area qf the upper surface of Jayer 20.
The operfifRPEIE ﬂméwﬁﬁée&%%gi{aat@%w el ined WRnstak?, tpresivAtishg
methods fof skddeeprbntintmécsalder pasiedd,kpldhbtshowming ngwrapplied o thectayesdadet solder,

Sphericafl) SR AP ShHScY IS LTS EHBH W Fr AL et SRSRLNS e

various layeafflhatiaragshevwivii),cEassiseclioopenig. thraighagdallgusitdddyay of ticheppetistthe

preferreda 1g(:i‘1ts(,le Iwith the metal pad 14 and that partially exposes the surface of the metal pad 14. Layer
16 of metal is in contact with the surface of the metal pad 14 inside opening created through
the layer 14 of passivation. A layer 18 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
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 or
more additional 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.

The preferred materials for the various layers that are shown in cross section in Fig. 1
are as follows:

For Layer 16 copper is the preferred metal

For Layer 18 nickel is the preferred metal, and
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For Layer 18 nickel is the preferred metal, and 4 For Layer 20 gold is the preferred metal. The
selection of the materials that are used for the various overlying layers is determined by
considerations of interlayer 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 ﬁ@t@@mtgflm@ geptedsemicanductor device packages. This increased
closeness is expressed as a reduction in the spacing or "pitch" between solder bumps of a

semiconductor d&¥icelsstrAgel disi@atetinlsathit ARosEy deed U Bt DEThAN AN of about
200 m, winighimresey alisdatianRfuihenns edsopsdaviaal densilyn TRedinitatinnm fusther

reducing the pitch of solder bumps is imposed by concerns of reliability, which impose a relatively
large balPEiAYSHAtHEBIOR B [e S relatively large solder ball restricts further reducing the solder

ball pitch. In thermapiasty fearplicRiions, sAlIRT RUWRPE arRUead ad dotarsenpedipnsohetineand/O
bond pads and a substrate or printed circuit board. Large solder balls bring with it high standoff since

a solder BIMEA ARGH SrIaRr aps dBrtrET Rt prBRsEsRiad ertic Rt AMGCR RS avoid

resulting Thiedueeddbenaghstieseprtbagalderballgoh Maae splidesbatsptenthssaiera keared in
order to maintain interconnect reliability. Low-alpha_solder is ??%gied to avoid soft error (electrical or

functional SRRt ot BeCRRfitgotndTelsy Rarkasatintine bHtertbiterInlaRe st SRR B harge

and incongeisestipgcpl dreavsaitat {|horvlichhBnpaes sertifntbat & Shewe imbishs?is gssentially the
same as the cross section shown in Fig. 1 with the exception that in Fig. 2 the solder 22' overlies and

covers thiéepHse Tagdimitatianigfyrher Tl cipgiibsiiichefurddahusme Midneprssiyecaresiinstance

the coppar efilaatyl &viadhesRyicamRent tienaby reslucing 1oe meteniirl i ap reRioRQithsI,copper
surface. The application that is shown in cross section in Fig. 2 further improves solder bump 22

reliability 856§ petlsedeibisitinte freksbietecing Bratnbisa i diisdhted, high-density, high-performance
semiconductor gevicanReHAGESFFRLIIR S0ldaubURBSH 9hredusedshHR RilR ik 8asestRymP height

and redug(e):rclld bur({lp crccl)ss sebction. Conventional technology as highlighted above using Figs. 1 and 2

are 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 (CTE
mismatching is easier to avoid resulting in reduced thermal stress on the solder balls). Large
solder balls 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 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 bump pitch, increased bump height and reduced
bump cross section. Conventional technology as highlighted above using Figs. 1 and 2 are
limited in this respect by being limited in all three of the indicated requirements of bump
creation. A number of technologies create overlying layers that form part of a solder bump by
creating a photoresist mask using a one-step photoresist exposure and development process.

This typically requires a relatively thick layer of photoresist, which introduces design

5



limited in this respect by being limited in all three of the indicated requirements of bump creation. A
number of technologies create overlying layers that form part of a solder bump by creating a
photoresist mask using a one-step photoresist exposure and development process. This typically
requires a relatively thick layer of photoresist, which introduces design 5 parameters of the created

solder b HnatarefcoRtaey e thadeviathdasiandasameiers Me wRIRIWNRPeMnGERSS section
and height. The solder bumps that have been shown in cross section in Figs. | and 2 are created by

first creafiflyf$hBYARBHIBI AR deriiB58d Pristiresist mask, then plating the layers 16 of copper, the
layer 18 of nicketipng e lsyepLhaf Bold.bbbe ahntarasisbiiaskidinanmemavad afies wiighgsolder is

applied over the surface of the created layer 20 of gold using methods of solder stencil printing. This

method HYWETECTetie PePabfiR b ard s oy donsirramEcrsighesinss Maiiad fholavsting Hider

bumps otepabileRcaERss SeEaICRBOIRIIEChSPIDLPUAD. PHERhIteiIMantgnipiavidesvegthod
that addresses these concerns. The invention will ngw be described in detail using Figs. 3 through 9

for this pafsoSe i srifishds s iisbenredly 1itrecabiec stetish Wshilintragldusieairthadswh a

semicongdurier seRlareriftistichhaseesifaer ofar SHDSHIAtE sSOMRE WhishH ¢f contagé MBI hifias been
created. A patterned and etched layer 14 of passivation material is deposited over the surface of layer

10, an opf&iny tRBtEMi ghiRgAYAdn & s bHPBRR AftFRAMATEE AR SLeR AR AeeRFub s dhE iR ce of

the contgsit@ad AirAdaten gfoofddsdeidtiam M atrlivsgys (BModygigally of Ti/Ni/Cu and of a
thickness between about 0.5 and 2 pig, Iﬁi elgﬁé?pl%i%%?ver the. surface of the patterned and etched
layer 14 of passhANCHHP IS QU RRAFHHPR! SAGRATHERE Bighows s ke Ret iy dEioped

layer 26 of dry fleferkiagefin® opcbififamyisdaminated qvefithessuWace ofihesayier@4sokhdBM and then
patterned and developed using conventiopal mteghod of %hotolithographic exposure and

developriSTC A IRAAPTHCRIMD cEHPeRRtiBIT IR A AP SO TR YHBIYHER 2iRRSE R 4 us
processadendeyctitod resiphfieaids designaddosaikaline pagsacid@ichaapplicatignp dad fovepaitern

latng i comer vl Mand A, e e conpeaton oy i, compreeas,

photo-pobkp&desTihis surface of the contact pad 12. A layer 24 of Under-Bump-Metallurgy (UBM),
typically of Ti/Ni/Cu and of a thickness between about 0.5 and 2 um, 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.

The preferred dry film of the invention is of a negative type photo-polymer. This
results in surface areas of the layer of dry film that when exposed by G, H and I line UV light
will remain over the surface of the wafer while unexposed surface 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 um

but more preferably about 100 pum.



results in surface areas of the layer of dry film that when exposed by G, H and | line UV light will
remain over the surface of the wafer while unexposed surface 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 [tin but more preferably about 100 [tin. 6 The invention continues, Fig. 5,

with the formatiqmofihenbaae-trine 016l soldakn um R, By flsstuIniRtiBasth eolayrr s#8h 361a8d 32,
using the electroplating process. The preferred metals for the three indicated and highlighted layers

are as folt§i08: Ryralesfeepging sherliyers pefdfrétidndtal g dbereiRsiarlating MrossisterBY metal,
and For hayahd&Pneeld ibtie-nirieedmettind b2 1alircaats e the gerparitian 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 faste id Udposkas: THRPHidhicaRI 618t Pakte may be deposited instead of the layer

28 of copper aftgr whiFgIJ%?@ %), ggg@pﬁe{ﬁ@%%égfrgg@ g deposited with the layer of eutectic

solder paste being deposited over the surface of the plated layer 32 of gold. For other applications,
the layers 30 ofmickel Bodl3@ ofFolgotday the preficrzeldimethich case the eutectic solder paste is

deposited direct&/ over the surface of the lc]ie osited layer of hi rb sol For these. applications,
. ! I i f 2 ) P
since the meltlngspzcl)lllngtt %ﬁr{ﬁee#%%- ecfe!le o cllcg} 5 rﬁ?&%%%ﬁﬁﬁ% rg?e??n%nﬁgo?nt E) et]ﬁgeélult%cﬁﬁcsgolder
paste, ontyathdaiefpositedlkpgsrtoheofecticgdoldat palsie \pilbtefioer during eatddac saldeeflmstelnsthe
Cross section ?tf Figth,ﬁh HL%Q'X ﬁ%f@ctivte Iaxerb’gzdof Iddis tlgeéj P rl er ygﬂ%hc, %ug tofti&s high
degree o%?%ﬂsécft:f\liity, %a%"lgege Used as an Saﬁé%rxent ﬁ]%?%l or the olﬁovajr?g g)%f)osuore of & second
laminateavirghfilaydes/8p. [Hisikdrainatiors df(afseddhdrdridilositial/eiik Srolepcinadrostsdectoldé Fig. 6
after the %‘%ﬂr JUP3IR¥ET34:NAS BEen Paleinehaaq ij Y %E’B?rg dg3in,1sing sonyentghal
methods%%%%oté %oég;&a&f%%x%osure and geve‘ﬁf)?nent.al %e ope ﬁg that hasgtr)é%% %:raeated through
the secotietday ditn? (hgEnBLdbardigded witd theycbe tauitpsaldin bt theedtorewdtii¢roldiatedstayers 28,
30 and 3¢, J, %sﬁ@&rﬁl[}gcﬁfgfeq Egreoé’lﬂ%a eoﬁet%%”&%f?&iwﬁ‘l §r0%§%{[|]ggd}lggmgr]qy&r #RQf solder.
By now removing the layer and 34 of dry film, the structure that is shown in cross

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 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. Using the created torch bump column 28/30/32/36 as a mask, the

layer 24 of UBM is etched, the results of this etch have been highlighted in the cross section

of fig. 8. Wet etching is the 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 in Fig. 9.



section in Fig. 7 is obtained. Using the created torch bump column 28/30/32/36 as a mask, the layer
24 of UBM is etched, the results of this etch have been highlighted in the cross section of fig. 8. Wet
etching is the 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 in Fig. 9. 7
To reviewthe RERIBELRIeERsHrEcBsemiconductor surface of provided, a contact pad having been
provided over the semicandicianRuwiacerRPatisnsdeans &rhed ayan phpazsly pliondavingbeen

provided over the semiconductor surface, exposing the surface of the contact pad 0 A layer of UBM is

electrolediepiataigBBE e sEiise e dTaINsemdretshsdilatis wlinatstitidothBagpenhrg e saiadethrough
the 'ayerW&%@%@HQB&&QQ@@Q@&%&G&?%%\ﬂ?ﬂ’a}!@%ﬁ)ﬂ%@ﬁt‘é&'}é‘a@” opening created through

the photomask is aligned with the contact pad 0 Deposited are, in alignment with the opening created
through the photomask) [yers of B tisactesrrptpes balstedf eversdide swatces idh the daxgierodt copper

followed gé/sﬁvhf}xﬁ{ ﬂiéﬂﬁfﬁgrfé?ﬂéoélégﬂd?% &éﬁ‘eéﬁftﬂlf&gk?tﬁg?%{pr& AL Hsing the same photomask, a

layer of solder is deposited The photormask is removed, and Reflow is applied to the deposited layer
solder. To review and dddhotthashventioated Dher itheehtjon efdabdd aatoehngpredtedaitedugbcause
the solder bump is. created over and aligned with an underlying base layer forming in this manner a
shape thgi%e rpeﬂ]s(gf)n%?é% a %ﬁt%?‘le hwéﬂfotrﬁ?:%%gapr%% Eg(rﬁprises a base and a solder bump overlying the
base The solder bumpeansitedcreatad Havinga digndteopéabgutrdd6dRMotizgh aseHayengpieferably

comprises a first.or | r layer of,copper ated to .a thickness of about.90 pm, a second or center
yer of (RS 1aEHE L WTMSS00t Q500 B Hnlb s ity B isoet yer B IS bbeerto a
thicknesdaykeab6buidikd? ¥bThectbbshaldapep aff ghkl inftentibitisatkbatad: usinguadwbekayersiiny filieprocess
The Iowerfor ﬂﬁSt layer of.d%/ film is used for plating the base layer of the
OI Solder 1S ep051te
. The photomask is removed, and

o Reflow is applied to the deposited layer solder.

To review and add to the invention:
o The invention creates 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

o The torch bump comprises a base and a solder bump overlying the base
o The solder bump can be created having a diameter of about 100 um
. 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 wm and a third or upper layer of gold, created to a thickness of about 5 pm

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

o The lower or first layer of dry film is used for plating the base layer of the
torch bump

o The base of the torch solder bump is used as the alignment mark for the

patterning and development of the second layer of dry film
o The upper or second layer of dry film is used for solder plating of the torch
bump



torch bump 0 The base of the torch solder bump is used as the alignment mark for the patterning and
development of the second layer of dry film O The upper or second layer of dry film is used for solder
plating of the torch bump 8 The invention provides for creating the base of the torch bump using
overlying layers of high-lead solder as a lower layer over which a layer of eutectic solder is pasted,;
layers of seed and barfig MAGHRLPAK RINRY HRLBEMSEHISCHDRINGHA YLD dewﬁﬁngf
high-lead solder and the layer of eutectic solder The creation of the torch bump comprises a two step
plating preressoh iglpagtisr] dsrote aslevran e alish whitle TlareyAl pesstsr sekdesrishnasied, a
second plafing o@%‘éﬁ%&r%%rﬁ%l%lﬁ@ngrfﬁ{aﬂhﬁowg%"s&i‘{HQoﬂﬁﬁﬂﬁY&{‘%&Rﬁ%&dﬁ%&f the
creation of an ultra-fine pitch solder bumtf()ml he height of the torch bump equals two times the height of
a dry filnpﬂagi%'lﬁ’flééﬁ#&rm@ the lexasrioiigetic soffdntional methods of creating a solder bump,
whereby a one-{me phgtelthagiapbicRaRkiNOIRAML RMASHIEPIAGRS S Yigtheompined ik a

relatively thick layer of exposure mask, the advantage that is provided by the two-mask process of the

inventionpktingt phecisydntidhesenceizoprobléms oMok uebasetidrihedosdd iymn alsecehitiplatjeg of dry
filmina 'Hg&g%ﬁr\qg@rg&@g‘rgh%g ?&%Md@}l@ﬁ}ﬁ}?m By adjusting the ratio of opening height to

opening diameter of the opening that is created through the second layer of dry film, the size of the
solder ball with especilte tinecsixm pidvalbade diclvecttiohdampltariibe poehrailddr thisis highlighted
in Figs. 10 through 12, as follgws 1. Fig. 10,shows. a cross secti hereby.the diameter 42 of the
base is larger than theT aerélglé% i%#lé e‘%’&f BP%%%%%%r BaIFW ?(31 ?\gll%{ ﬁé?y Fhaaglqh%%iénrﬁselier 44 of
the contact surkace betweeimnphaoltieribaliniod théttbasawhtivhiorelrthumpo?. Jrigtikg shasea cross
section herebyﬁ\g]ﬁe%iameter 42 of the base is equal to the largest diameter 40 of the solder pall

which is bt dfanBEsHBE AL OISR UE R WA RPSBIHerBafcShd'hdBhse of the
torch buregmdiitd with a relatively thick layer of exposure mask, the advantage that is 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 photolithography
alignment

. By adjusting the ratio of opening height to opening diameter of the opening
that is created through the second layer of dry film, the size of the solder ball with respect to
the size of the base of the torch bump can be controlled, this is 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.

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 following parameters 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 layer of passivation

9



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. 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 following parameters and structural details are highlighted in the cross
section of Fig. 130 »4@ ghe-gusfacaiia sobsitate -12, bond pads created over the surface of substrate
10 -14, a patterned and etched layer of passivation 9 -50 and 52, equal to about 200 pm -54, equal to
about 90 pm -56°4n8%8! ARAY"AHBBt 100 pm -57, two lines running through the center of the solder
bumps 72 in a disgchiRrethatisreRndinndanto the plane of the substrate 10 -58 and 60, equal. to
about 5 pm -64, a first dry film having a thickness of about 4 mil -66, a second dry film having a

thickness of abaef 4RI 1SS, 4 Be Rpuelede seuphat Bissoldes pRyisr iy irefangtddmprising

nickel -7 derpddatetiive lawel pieteralivampesiog gold, and -72, a torch bump. Fig. 14 shows yet
one more application of the invention wherein are highlighted: -10, the surface of a substrate - 12,

bond pads createtl SEPIneRtide e tiiate 10 - 14, a patterned and etched layer of passivation
-73, a patterned gnd gtehac | @yer i B M tidkibe BasBsit theniprch bump, such as a layer of copper or

a layer of high-lc_e&ojl gcs)lecég{l (—17(16r,yaﬁ ?n?%?V?L%eg %?ctlt(%*g!cg La a%ro dggﬁlsolder wettable layer, and

-68, a UBM layer

-69, a copper base

-70, a barrier layer preferably comprising nickel

-71, a protective layer preferably comprising gold, and

-72, a torch bump.

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 substrate 10

-14, a patterned and etched layer of passivation

-73, a patterned and etched layer of UBM

-74, the base of the torch bump, such as a layer of copper or a layer of high-lead
solder

-76, a non-solder wettable layer

-78, a solder wettable layer, and

-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 embodiments. Those skilled in the art will recognize that variations and
modifications can be made without departing from the spirit of the invention. It is therefore
intended to include within the invention all such variations and modifications which fall

within the scope of the appended claims and equivalents thereof.

10



-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 embodiments. Those skilled in the art will recognize that variations and modifications
can be made without departing from the spirit of the invention. It is therefore intended to include within
the invenfignall susma@riations and modifications which fall within the scope of the appended claims

and equivalents thereof. 10 What is claimed is: | A structure for a torch bump, comprising: a substrate,

said substrate having beemptarddetviitir w@nfacopastioiver the surface thereof, a patterned and
etched layer of pas been deposited over the surface of the substrate, exposing the

ivation havin
surface of said 80?11‘[?&%&}5%?% é&}%ﬁ%?%ﬁ%%bﬁ?& BERHYSL AR &eﬁﬂgﬂ%tdpage(?vﬁfetgﬁﬁ‘é 8%f the
layer of passivation ingluebing dheexpedes suitace lal the Conkachipadha baseeeh sisbiekehoremp
having been created overlying said contact pad using.a patterned and developed first layer of dry film
a5 a mask a layer of SUIPHHA0l 5 H S, RADMG BAEh LHOATA oVRSY ShRIDR LGS o
patterned and develope@sechnddayeeaf dsjaiiket agepoviask; saidl paitesingstansfdevelaped fist and
second layers of dry film having been removed; and reflow having been applied to said layer of solder.

(el G B A

2. The structure of claiff St LRSS SPE e EFRRBE B TR “rEg comprising: a first layer
of dry film having begnodepasited 0 \rinipehauifiaceeoh satchiay e ofl \dBiMsakhichfitsttlpydr wfiskryafilm

having been patterned and deyeloped, having.created opening through said first layer of dry that
aligns with said contac]?%leﬁr,l'f‘l W‘i{;&&%lgpeeg%wéﬁﬁﬁgf %W&ilf?iﬂ%]?&%sgsing said layer of UBM; and
successive layessafemefabinduring Leenodepositgdavardheexpeaad swddompfsaaldbdayeasiaf dBM in
accordance with the opeping e ateg fSHan Sald sy 8 A M s
said patterned and developed first and second layers of dry film having been removed,
and

reflow having been applied to said layer of solder.

2. The structure of claim 1, said base of said torch bump having been created
comprising:

a first layer of dry film having been deposited over the surface of said layer of UBM;

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.

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

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

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

a third layer of gold having been deposited over the surface of said second layer of

nickel.

4. The structure of claim 3, said first layer of copper having been deposited to a

thickness of about 90 um.

11



3. The structure of claim 2, said successive layers of metal comprising: a first layer of copper having
been deposited over the exposed surface of said layer of UBM; a second layer of nickel having been
deposited over said first layer of copper; and a third layer of gold having been deposited over the
surface of said second layer of nickel. 4. The structure of claim 3, said first layer of copper having
been deposited4o a thigkngsscairout B, §4ia. sthsndtracire ohrdrinisaidgpeand tayer of
nickel being deposited to a thickness of about 5 pm. 6. The structure of claim 3, said third layer of gold
having b&8RKIEFLfERRIY & Hiickness of about 5 pm. 7. The structure of claim 1, said layer of solder
having been created by: a second layer of dry film havi been de ed over the surface of said first
layer of dry film’ thereﬁ.%rﬁ%lﬁm&t )é%l'&’r% e %‘F@zﬂ’dré] 8¥° i(ii‘ﬁﬁl%yg?e@f 6‘?99%‘?‘?15%?19 been
patternedhagicheevetaped, Hawing created an opening through sald 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 bumg7.and arlwem‘mtetﬂdérchﬁmng%@mm@wﬁrihManmmﬂw the opening created
through said secct)gnd (ﬁ%lg,gf éitr%fllrﬁ 8. 'Ia;‘f}le S(L?lejé:rtlu ?eg(éf %e%lm gf ﬁlae'%usf cesfsg\éedl er?aof metal
comprising: a firs ayer oS0l avmg eposited over t the expose Fearate of Said ayer of
UBM; and a second layey ﬁireumﬂtabﬁmdemp@tbekmfagebﬁ‘emdepsxslted over said first Iayer of
solder. 9. The stru ture of Ialm 8 hereby additipnally a layer of nickel having been deposited over
the surface of s&i¢ ws‘f(fayero solg\éﬁrﬁg?ﬁ W}ﬂl%%efaﬁg f% é;\;“lenvge geéf oaevb%%%e%%\g}zrnthe
surface of said layer obpkepatiesughishidaictsed dagelay€dof e]mealn(gnsoid&r padtbdraviligdiden
deposited over the Sur[ggc %fusrr?ll)(,j La)(/%go&%%{gd a second mask of dry film, having exposed said
base of said torch bump; and
a layer of solder having been developed in accordance with the opening created

through said second mask of dry film.

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

a first layer of solder having been deposited over the exposed surface of said layer of

UBM; and

a second layer of eutectic solder paste having been deposited over said first layer of
solder.

9. The structure of claim 8, 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.
10. The structure of claim 1, said layer of UBM comprising nickel.

11. The structure of claim 10, said nickel having been deposited to a thickness

between about 1 and 10 um.

12. The structure of claim 1, additionally said layer of UBM having been etched.

using said created base of said torch bump and said created layer of solder as a mask.

13. The structure of claim 12, said etching said layer of UBM comprising a wet

etch process.

14. The structure 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
12



10. The structure of claim 1, said layer of UBM comprising nickel. 11. The structure of claim 10, said
nickel having been deposited to a thickness between about 1 and 10 pm. 12. The structure of claim 1,
additionally said layer of UBM having been etched. using said created base of said torch bump and
said created layer of solder as a mask. 13. The structure of claim 12, said etching said layer of UBM

comprisirgyariita LIGRRIORSEB e Ibeh REIS L Wiieh eh Al fiaPRfa ot 6t AndtsRIOREhEY film
thickness in combination with parameters of said first layer of dry film as a mask and said second

layer of 18 W5 BeragetiAimgciaedf retqideshrih ehseth dodrinbuerep oriid s i torch
bump is {egriihen tretagssidiamaterine saldepil ©f said tach.busmnvhichhislaiger than the

diameter of the contact surface between the solder ball and the base of the torch bump. 15. The
structure of clains1, paraseiecswt fistiand sepanandtyriilsn thigknebscrorebarpinatiahigiitpakameters

of said first layer of dry. film as a mask and said second layer of dry film as . a mask haying been
selected %ﬂﬁ%ﬂ?&&fﬁ&vﬁwﬁ%ﬁm@ Badgeﬁ&tr}%%%dﬁ%ﬁﬁl % am@aﬁﬂéﬁﬂgf@wﬁmmfof the
solder balkyhieh is Jangsk thanih e dinnetetcdiding ¢canthctduiiore betecendhd galderchalliand the
base of the torch bu 16. The structure of clajm 1 rameters of first and second dry film thickness
i vombiRBH i B AFEETb PSSl Sy o) AL [REESE 8 s UBTSTT RO LMot cry
film as a soaskhariageliven el daisdiduchalhahdhbdiaseeiethef tiiehiasamf the torch bump is smaller

than the largest diameter of solder ball of the torch bump. 13
16. The structure 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 having been 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.
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