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 increased importance. Metal R&FEOBHAERS, 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 sigReTKOGEOWBINDLIET BIgpriddchNg I§8ve problems of 1/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 mé&dia, whfdh ABuEM Leramic or plastic or organic material based. The flip- chip is bonded
face down to the pankagevenadiinethegugh the Rbacteshpathsuchiese declinalogies, canl hacapplied not
only to single-chip packaging, but.also to higher levels of kaging, jn which the packages are larger,
and to more gg’gﬁ%%{:%tg(gasﬁgs ?gt(étzc Nar %/glnﬁ% ﬁ%élﬁa%%c?g%%i%%grecrﬁlﬁnepét traces and that can
accommodate several chips to form larger functional units. 1 The flip-chip technique, using an area PO
array, has theadvapiaggehachigwipge Righ density of interconnect to the device combined with a very
low inductance interconnection to the package. The fE;Jacka ing substrate is generally used for Ball Grid

Array (EGA) packaded BoREaN ¢l HEAsad o ARt esri AHeR AMeRican A8 IR EHE RSy 1P GA)

packages. 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 surface ofthéliifshahigeainusonsios of Bail KEidrarrdys (RGApdrgicesahdmia GrighArrays

(PGA) devicegndWthrineBGALENGRe 80 RE YT WIe SOIdE Balln e disRosad:Qufl-tagAfive surface
of the flip chip for attachment to the surface of a supporting substrate. For PGA devices, an array of

small pins extEhBekas IhIRAHEHBR SIS Iﬁéﬁ’i“?ﬁél}éeﬁ%fghﬁﬁHeGBiﬁtﬁérﬁYp(E&(ﬁ%,pé’ﬁk?gﬂﬁat the pins
conform to a speaiiialss tangedin andaCprintech oGk baar@ioath arrsy pon)raciabsirate for attachment

thereto. The flip chip.is bonded to the.printed circuit board by refluxing the s Iger alls or pins of the flip
chp. With the contitiint TR0 o e Libe ot oA e et s Sty e-solder
bumps theretdtaghangitidie dfipheholdethisubepsl sacomes iplbreasitgflipmerrestintpoitdhp The invention

addresses thL%ﬂﬁ%H@dﬁ&QrRﬁ%iq{%@ l?aﬂheyaﬁgrﬁ%tﬂgjﬂ i&@é&‘ﬁ%&m%%&ﬁamﬁrﬁi%@ efithesaiger bumps that
interface between a semiconductor device and the device supporting substrate over which the device is

mounted. SUNNRARIP eiry the IRRARPTIOR W SHNK P s Hettv eusgieinbertiB e R dagig dise the pitch
of an array oksgldembumpstdtaercabjeativa @t the: ineaintiodds ta dieate woddehdaunn pis: fipa

high-density, high performance, flip chip packa et.another objective of the i jon is to create
sotder numpS T SR G b Ao e S A R o o
semiconductdYideiied prodedsingn Arstill ¢ riveyto biddtiviealbf thdiimvesstioreishe mtovddoréatrghly

integratable apd rpamaciuraliamathedif &f&%g‘gfsé)@%baﬂﬁgp%ﬁgfrét@i@qufiﬁ‘ﬁi%\Jﬂigﬁ performance

flip chip package. 2 In accordance with the objectives of the invention a new method and sequence is

provided for tHE¥rehiBAlbPYSIGSE RS HRLYJRERIM G thalin (omti dif iATHEnBHES 2 26 1ER 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
film, a second openlihgdsocdertedvibirohgebibeizecohdhdripfitniitiat akghaeiibdiadcpeatieerdase of the

solder bump. ffiesepgpingctorough thesesonakpey il i filedwith soldebRysRldredintipgnthe first and
second layers of dry film are removed, the deposited layer of UBM is etched. Reflow is applied to the

deposited S&TH@R’(WB%H@ 4R95F O e ICRIP SRS AR ERY BRAERIPHGAERPHHEHRANING S Figs. 1
and 2 shows layessS@stitns oflihianddtseldesupponpsg highcd dhiepugicl BRkowliher wetiBdM bithe invention
for the creati%geof ?% tosrﬁh bgr%%e?grf%llow%ef . 3 shows the cross section of a %%qﬂcor%glqﬁtor surface

a

d. t
over the surface of which a’ contact pa%I,S% pat ermed and etched Ilfflsyeorp 8?16§§§?\?atlonrgﬁ 5yer of UBM

have been cfusitéayeriy. dyshbivshe crerisdsbationi aftey dbfipgturdesky RS fileh tids Heerrededited. Fig. 5

shows a crosgigegtiamaiieathePaselertheotachRumR s been Gieisshifigs SrshonvdRGRss section
after a second mask of dry film has been created, a layer of solder has been deposited. Fig. 7 shows a

cross-sectiorisFAe Hrstiindhebdmy AL ReFEAEf R RidIsealierdmate R rge s shibie e cross
section after the dayad aiJBIM hatlleeevitetahed. HyigoRshninga atestrseaiibse adtariiyerstgpiof reflow of

the deposited.solder. Figs. 10.through 12 show variqus dimensignal configurations of the torch bump of
the inventior%l?ﬁﬁriéegﬁgsv% gl%%ggsétgé}% X lev?clj)é orch” Cu?r%?%@?ﬁelﬁna\?téﬁﬁ %%Oc:%}leea%e é%g-by- side,

dimensions ateldsighikstedthFigravseldonmpross section of yet another creation of a torch 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 10 has been providdtEaHRIE Habh(EohtHe PBESAERR EREAGRGEINHENTOY surface 10 is protected
with a layer 14 of passivation. An opening has been created through the layer 14 of passivation,
exposing the surfadébfadehetHERNARN Fad Preyse g sfayens 16 MBIAHG UM of imepsttife created by
conventional seetbads af fiestodepositing ohadayebahgialeairit (nolishewn)avan belsamdaceof the layer
14 of passivattfilon for the creation of metal layer 16 and by selectively creating layers 18 and 20 over the
surface of thelér%%?é)éerayer 16. Metal layer 16 is created by patterning and etching a deposited layer of
dielectric (not showA)c@reating@dmetheditgtthroseghdhvecdepositda tayar ofcdie motkct thal isbigns with the

metal pad 14.a00; agpgiially gxpeses hempiiage glihg metaldrchd hdaxelsdP of fatal ig in contact

with the surface of the metal pad 14 inside opening created through the layer 14 of passivation. A layer

I
18 of metal, ASEARPERIREPn deteBifARINFEaiFaSE (O E?M)‘?‘i%“c?é(&?é‘ado‘&'égm@%é%o&@%ﬂ’ﬁ?etal using
methods of plating andithadikeor lagacegon pfdayaidldiaf maial thajrisashomethamaialinadak4 will, at a
later point in Bhe proce(:i,silr}%l fgrtrﬁm 3 a@gdﬁtg% over which the inter%gnsn%% ebg%ntpl will be formed. This

cen creat t . T assivation, exposing t e metal contact
pedestal may firhe? Be extented in s verticaP Gireétion by%e §eposﬁ|on and pat]ilclarnlng of one or more

additional layers,18ubhealyiayéry26, Bigl 8landl Riyef ot phato resistd hptshantiyrs] deposited, foatterned and
etched, Creat&?o@ﬂin‘gﬂﬁ@ ng, thak ﬂl@&%%@%%ﬂ}%%?ﬁg dgandhas.a.dlameigraeuigqual to the

surface area of the upper surface of layer 20. The opening created through the deposited layer of
dielectric is fifethavitRasioRiel ngsidans dsinpdrheastas whserersingintfiy | haseidepyadhs BrfGk (not shown)

is now appliegktadheclayerager absaldean, itherseldesredzeishy phedima 1eflerhsi fagephypicalhyender a
nitrogen atmoggfﬁre, cr atins% the sprhericallg/ shanpedtL%%r%otrHée(ft bumRI%Z th cil.?e?hown in Fig. 1. The

preferred materiais” o go\t/arlgvﬁg)layg?g AP AP IREWH TR B8 SR i ¥ig? et idiidws: For
Layer 16 coppemisvitd hefesrdgpaddthhnd 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

4



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
that are part of the createdfaydricortgetdrvdvipeisaekanesl. This increased closeness is expressed as a

reduction in the spagiagsekcREENLORIWaRR-8RI08RPURPSA @&eﬁﬂc@&%ﬁtﬁv@ﬁziﬁﬁ PRekage.
State-of-the-art technology uses solder bumps having a pitch of about 200 m, which imposes a limitation

on further inc?%%‘?ﬂ@e&éw&é’“ﬂ&ﬁ@fﬂ;??‘%ﬂ%lﬂ%{%}ﬁ’éﬁqheﬁb?ﬂwé??éh@éfﬁﬁﬁﬁe“ﬁ@hfwgﬂﬂfeﬂ%&‘?ﬁps is
imposed by cgnegsndelaimiediadiliyd waitikeimpose a relatively large ball size for the solder bump. This
relatively large solder ball jestricts firther feducing the, sglder bal piteh.In the maioriy, of applications,
solder bumps are used as Interconnectiohs between I/6 Bonéspa s°and a substrate or printed circuit
board. Large demkatsoaiid bringldeitthinhig thastaisdwit sihte arsoiibsdzitoniticinigHestendafkiess. better

thermal perforpange.(Gehiiduamatchingeg &asiartaryRidiresrlting: i 'sdysed thatweah stigss on the
solder balls). Large solder balls are therefore required in order to maintain interconnect reliability.

Low-alpha sBHENICLAEHR NI St ickarsctiast o Hinetiolahaiens) ot SLTuPHYS thereby
eliminating thepatentaidooinasbeertoot memanhdisphage andiinocarmactiseitingatibagvaiiage (1 or 0).
The cross segtion th islshown in Fé\? 2 is essentially th%} S.?néf as, the cross sectéatg, shown in Fig. 1 with
the exceptior! tH&tin Fig I IRELLIBAFSE" Sodiils SNaPUst &l T hRNBPLAPPRE 1 SREFSTS This
application reduegsbihey petentianprposurdofdhr imstabdé tire fooppesadddapemp6Ebishelemdalpnment,

thereby redu‘ﬂ%&g&?d?%ﬁﬂ@@itf%s%ﬁﬂﬁ?@dﬁ& hEQBRES §Mf&g&'The application that is shown in cross

section in Fig. 2 further improves solder bump 22' reliability and reduces lamination exposure. As
previously highlightBtthRigRiefENSTHAPRIgIt PatorIshEBRmMTe dsrlittdr e oRis cherikrywsereltire solder
bumps of redpsed admmBitcRuEERaSe GRMAIPARIGhband reducesh MBI OsH SeEHON: gnventional
technology agtghig(l;]lqg rs:lltnec% "’hb%x delis'na% F\!&%ﬁ) Jﬁi%gdstzar?c[gff 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 bump that
are contrary isthBctusipt dhdesigrep apkiercherepohas olidetobipny toitbh derded desidpmapdidiight. The solder

bumps that hg}{@@g@ﬁ%p%gg&@&ggﬁ@ﬂé@ﬁgs. 1 and 2 are created by first creating the patterned
and developed photoresist mask, then plating the layers 16 of cog&er, tg_e Iag/er 18 of nickel and the layer
18 afspii

20 of gold. The pholdfeliienALRRS W hFHRSTBAP AR ARHRY &4 U2 AREER A ce of the
created layerb3(riaft gedatingirg metthrads afd seldespste podk@esitingaddigengthadshbwewersrésuits in a solder
bump of considerable heigh is limited.in providing sqlder. bumps of. required cross section and
roqured sorPBam e S AL s e R AR S R P RS R aEe
invention willaigwwscHestdb édhip ded Y tighvs migse Sfthotightal fayehid) pligsbbusirRafering difst

specifically t%ﬂﬁﬁi&ﬁéiﬁﬁﬁﬁﬁﬁ‘gﬁﬁﬁ’%@ﬂgh&vm@{ ?e@@&%édéﬁ%ﬁ%@%ﬁ%ﬁ&ﬁ’&fﬁ'&% ¢such as the
surface of a substrate, over which a contact pad 12 has been created. A patterned and etched layer 14 of

passivation nfatetidiTe e Foritad Biretoer Qimatel sriaie! $sa 6 uhing (RBtRgRKtdY teated
through the |ayeh.IThetpastaponidxposehdbensuithice ok theseeotaeingad 12. A layer 24 of

Under-Bump-Metallurgy (UBM), typically of Ti/Ni/Cu and.of a thickn betwee out 0.5 and 2 m, is
electroplated over t#ég)éb('r?[é%é%ao %gogvalﬁ%f{ﬁsecé%%%%?c taelid) 2y ri'dc ﬁ'ij?%g)suﬁ/egt%ﬁ ' dr0ss section that
is shown in Fig. 4 sRefegiagoatersmedifiedllndoeiapeiaypere shaty filnfig.ayeh2® of dhpfilmais laminated

over the _Surf%%i@i_f)ﬁh@cl@}’ e ofd) ﬁ%%@%@’ﬁﬂfa@é@?%@s%@,%@'@%ﬁ é’é@ﬁg‘l&%’a\@ﬁiﬁﬁa' methods
of photolithographic exposure and development. A layer of dry film conventionally comprises a

photo-polymEEWITER S i BYftrarukamtsdedaBis Tl fnpasiiatiappegakignardcdiRihEand acid etch
applications aud:fer opatyern @latingdhitopRehithliiindepdeMéantobsh THedskemical esnpasiion of a dry

R'/g‘e ‘g‘;\g‘g”gg&%%;“' iéﬁ‘;%%%@%f%ﬁ@’ IS mMOnomSh. T e A A MR QL R MKSEY QB Bl @ negative
typically of Ti/Ni/Cu and of a thickness between about 0.5 and 2 pum, 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 pm

but more preferably about 100 pwm.



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 m but more preferably about 100 m. 6 The invention continues, Fig. 5, with the
formation of a baselo¢ thectdieh guiderchUfisp by eidcthodiemmiitneofagdrsedothaterdrsadig an

electroplating, prarepsitet Yﬁiﬁ?% 128t bav aresmpiriehL IR prafe hecpelsad metals for the

three indicated and highlighted layers are as follows: For Layer 28, copg}er is the preferred metal For
Layer 30, nickFishhe grefemniatehedi 400 2iedr LRy drdsrgdimsind prderidgeiatisa&d ahdarternate to
the depositionigilipedtitegtayeras28]13@and 32, the invention also provides for the deposition of a
high-lead solder pagte over whi hr?gtectlc soldgé‘;%a?te is deposited. The high-lead solder paste may be

c
deposited instead of the Ia;?er £0 c’o‘f)oﬁgﬁra & elgﬁ“fa)}léerg 0 (of nickel) and 32 (of gold) are

deposited with the layer ofettagtic¥pidekepashe peliegdiepositeddver the surface of the plated layer 32
of gold. For other agpllcatipor}% theélfge/%@% of ni Ierleélrr}(lje%? of gold may be omitted in which case the

eutectic solder paste is deposﬁ%% lcsn}}é? e Surtace of the deposited layer of high-lead solder. For

these _applications,Psinmeattmaneltbrtg_qodrim@tﬁcbh@htghtlge@jlsyﬂwﬁsaﬂighéBﬂndﬂ:tlnee_méitin@s@oint of the
eutectic soldey paste Nt _?i?l%ﬁ'@a‘%%%&"é‘&ﬁ&&cpéglg%&meﬂ'%Jéﬂﬁé!"s%fé@%a&@'?ser 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 degrebRspieflebhivibjetciirbeldsencals aiahg Armeritsh et ehderShiteesPstrd'sT a second
laminated dryxfilion layers 3hiotamiraliandol asegony gy diposiayeris ShoWngragssealinmin Fig. 6 after

the second dry i layet 33 has peen pattarned . gna develo erd? gein pising conventipnal methods of
photolithogralphic eXP6stire A dgngoplrhenf THe dpeiing fﬁa %as%ee’n cregl?edaﬁ{’roug]ﬁ%e second dry
film layer 34 ibe ddigimedOwitmitielcontdztop gdld Znantietherefor e witlictheaplabe ¢ usapeirss@BleBPastad 32. The
opening creafeqiquanthe s eoRds M YR dS BUE IR AJAKEA 8.8 AL 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 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 a torch bump from the layer 36 of solder, shown in cross section in Fig. 9. The torch
bump 36 has a flat bottom area by which it is bonded to the larger flat top area of the layer
32.



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, creatiyrevievchbpiop Froprogsesiayer 36 of solder, shown in cross section in Fig. 9. The torch
bump 36 has a flat bottormAaseaiesndusion stiiesopiduevidethe katjestihat oy aedear Breviggleve2. 7 To
review the prigr &L RIGGRRSor AuFGRICORANCHAN SHAfRLALS IRYRY Wsﬁﬁ%%@@é‘ﬂé@%{ inghegn provided
ro

over the semiconductor surface, a patterned and etched layer of passivation having been provided over
the semicondEtdPSaTTRCENSIGIYSTHE A fe STEIEE B tHETREHPAMI DRI 9KYBYEr of UBM is electroless plated
over the surface of éhe laygr i cpasisiv@mnisinaledingstheiapenng: crratagdihroughibedayenof
passivation A photamask js created over the layer of UBM, an op ning created through the photomask
is aligned with*tie LEHedet lﬁgﬂlggéep%?é%ﬁ%a}t SHgHRRSRT Wi P BBRAINY created through the
photomask, layersof metal phatofasish theleasd of thehsdlder balljBMchas@ilayeceftedppensbllowed by a
layer of nicketlhlgol (\)/t/(?ncllas i?z!lﬁ g&f)\tv%lgleaﬂoera\l/g i%H and using the same photomask, a layer of solder is
deposited The photomask is removed, and lﬁe oW is applied to the deposited layer solder. To review
and add to the invention: Dé@snveéntioncrbates et tordhiisurpprise calied Becaglséthehsoldeskoump is
created over gogAlneel il ATHRACHIDSAASSIUPHIRITIIER 10 INi3 PaRDGYA.SHARG dhB, fesembles a

torch The torch bump comprises a base and a solder bump overlying the base The solder bump can be

created havilgys' Gabifd foapstinobyar aheoldadierayhichraferaBs oo AP RSt .cr RY/er layer of

copper, creatgidénic thigkbaas of about 90 m, a second or center layer of nickel, created to a thickness of

about _
° 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

. The torch bump comprises a base and a solder bump overlying the base
. The solder bump can be created having a diameter of about 100 pm
° The base layer preferably comprises a first or lower layer of copper, created to

a thickness of about 90 pm, a second or center layer of nickel, created to a thickness of about

5 um and a third or upper layer of gold, created to a thickness of about 5 pm

° The torch bump of the 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

° 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

. 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 high-lead solder as a lower layer over which a layer of eutectic solder is pasted;
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5 m and a third or upper layer of, gold, created to a thickness of about 5 m The torch bump of the
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 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 The upper or second layer of dry
film is used fodryssidérspidting bimirs rthiabmpomhayimeeheorcgrovidebifstioreatinghese 1sase of the torch

bump using Qyeilyingadayels: ahfigh1ard slder@ssaiiRyer layer over which a layer of eutectic solder is
pasted; 8 layers of seed and barrier material may or may not be used in combination with these layers of

high-lead solder an8l the 1dy8r6taigteetidhedrish GRRRHEDPLHECSITh AR BOstiseEttwo step

plating procegruiadipsbcplatiog Reogessdobihacaanion ofthe GuiNibrbasempf thederehhump, a second
plating process provides solgl(re%lrgpl?tinr%&ort es Jder bump The invention provides for the creation of an

ultra-fine pitchr&oicer BUNSS SPHE REtyt S1tHS tSISH B equals two times the height of a dry film mask

In comparing the inventioTk¢iiinveanve ptiondtniatieds«ationsstimgarsdide pithimpdavhengby a one-time
photolithographic masking.and exnosure process is used combined with a relatively thick |ayer of
exposure mask, the adva%li%eg%e%%igt(g%?o%faeg%nfp ﬁ%gtlvsvgyr%ggfsptgoe(%%g 0 Thaedfﬁv%rrﬁirgﬁ S‘llé that the
invention solves preblemslnfclowprgsgldioimveatisedvbly amnmudiraetitknkayedsodideyefitimgin adilition to

problems of %h% Iith% raboh aliggm nt By A 'usgqg the r tig of ggeningshei ht to opening diameter of
the opening that is \c):vregerl%eé érgﬂghlrﬁ?e e°c8#13"?§§/ rof (;'%r?/%][n% t?1e sizé of {ﬁgpé%(tlasgr Bsalll%ffh respect to

the size of theobdxecdiwie torelathighiphéginliveicoheralistreigsk, iﬁ@gfﬂibﬁté%gmﬂﬁgé. aovidlggh 12, as

follows 1. Figml Quahpis pr&cass partianhis ebmibadiamatendialthrhass & 186gsidhabithe largest
diameter 46 of the solder ball which is larger than the diameter 44 of the contact surface between the

solder ball arf&l{F‘Féi B%Ysélbfl{ﬁ@“t‘b‘?&lﬁlﬁﬁﬁf dry film in addition to problems of photolithography

alignment

o 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

-50 and 52, equal to about 200 um

-54, equal to about 90 pm



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 plesehfdddaualderouhigilight dimensions of the torch bump where two torch bumps

are created in adjanﬁ,%@lﬁ@Q%ﬁHﬂ% -thTJh%ﬁQﬂQ‘é@HQM HOSIRIS %G&ﬁ%iﬁ'@hﬁi@ééﬂﬁ @e Righlighted in
the cross section of Fig. 13: -10, the surface of a substrate -12, bond pads created over the surface of

substrate 10 PfRESURE AL RIS iRlPSt Jassivation -50 and 52, equal to about 200 m -54,
equal to about 90 m33 206 emad 2] equadio Apaut 100 m -57, two lines running through the center of the

solder bumps 72 in . éﬂir ction that is perpendicular tq the plane of the substrate 10 -58 and 60, equal. to
about 5m -64, a first% fﬁ%ﬁ\t @%‘(ﬁ%@a‘&? %g}slg?(g Sasb(guatgﬂuf%ﬁn} 6, a second dry film having a thickness

of about 4 mil -68, ®UBMJIayéArEolnm bvprer Badamer0ofabeuriemdyer preferably comprising nickel -71, a
protective layer prefgg@l@lmgpmgrg,ing 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 surfac® YPEELRSte 10 -14, a patterned and etched layer of passivation -73, a patterned
and etched layer of-WBMbatderthg drgsefahbhedarphingnpcisich as a layer of copper or a layer of
high-lead -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.
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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 spiriMdfthiedaaedion. 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 What is
claimed is: 1. A structure fOrSYIHR BhMS LoMHPRs TP R85 rate having been provided with a contact
pad over the surface dligrent; ataycheh pasdilationhovesitiae: padface didkerBabstiatefnd exposing the
surface of said contagt F‘épad' a UBM .aover thq susrf%ce og‘) tttgﬁelglyber&%){ep% ivation ir}ﬁLUddﬁ% tChgfexposed

f h .
surface of the contact | earol?a d a base of sald télrcﬁcﬁump over?ylng said contatt paa and having a flat

top area, said base havingsdiprraipisimp bonded to the flat top area at a flat bottom area of said torch
bump, said flat top areglarges thanihedatRalem.aiRd.&iThesilaibig Aholaifld saigbase of said

torch bump further comprising a first layer, a second layer on the first layer, and a third layer on the
second layer. 3. The struc‘llﬂfréoc‘}fa&taﬁ’ﬁ?;f}néiaid base of said torch bump further comprising: a first layer of
copper having been degositediaventhergxpesgthgutideenicgadayehofind BMitadpesend layer of nickel

having been deposited pver. said first Jayer of copper; and a thiyd layer of gold,having been deposited over
the surface of saic SeE LT B KRR g o et R B S A A 68T Peving
been deposited to a thicksredsoefhalbone. 98idrflat top area larger than the flat bottom area.

2. The structure of claim 1, said base of said torch bump further comprising a

first layer, a second layer on the first layer, and a third layer on the second layer.

3. The structure of claim 1, said base of said torch bump further 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 pm.

5. The structure of claim 3, said second layer of nickel being deposited to a

thickness of about 5 um.

6. The structure of claim 3, said third layer of gold having been deposited to a

thickness of about 5 um.

7. The structure of claim 2, wherein the top of the first layer is flat.

8. The structure of claim 1, said base of said torch bump further 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.
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5. The structure of claim 3, said second layer of nickel being deposited to a thickness of about 5 m. 6.
The structure of claim 3, said third layer of gold having been deposited to a thickness of about 5 m. 7.
The structure of claim 2, wherein the top of the first layer is flat. 8. The structure of claim 1, said base of
said torch bump further comprising: a first layer of solder having been deposited over the exposed surface

of said layer of UBM; andl&seentidrtagieslaine §ievbirdolddivastd havingrsdancielesiteg keger said first
layer of soldggpdd& JThe sEuGtHE O chaim,8:, wherahy RadiiRPallya lavstQfmiskeal havingdeen

deposited over the surface of said first layer of solder after which a layer of gold having been deposited
over the surf4EROSYSLRY FayRE STRERAT it WHRER Ytk et BB Attt STl YL having been
deposited oveslte suriaceiod sait tryesiaidgokd. ko suhe stitclidra et odgsldl, 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 nth¢ strqtiersniiciine ofseldiayar, dddrMrampsaiciagéelof 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 2 NvherdibetiBUiHeaRferaife Khoaitunichel haniagretnidgriaes fadetiskisss areas. 14.
The structurerefvaaimbbunhaieirotha.diameter of the base of said torch bump is larger than the diameter
of the torch bump which is larger than the diameter of the flat bottom area. 15. The structure of claim 2,
wherein the third layer is fldte stéicTine diloturé efidiaimnly whédeimrtiod thid kayerddesolgichal

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

13. The structure of claim 2, wherein the first layer, the second layer, and the third

layer have flat top areas.

14. The structure of claim 1, wherein the diameter of the base of said torch bump
is larger than the diameter of the torch bump which is larger than the diameter of the flat

bottom area.
15. The structure of claim 2, wherein the third layer is flat.

16. The structure of claim 2, wherein the third layer is gold.
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