SEMICONDUCTOR DEVICE AND METHOD OF FORMING ENHANCED
UBM STRUCTURE FOR IMPROVING SOLDER JOINT RELIABILITY Field
of the Invention The present invention relates in general to semiconductor
devices and, more particularly, to a semiconductor device and method of
forming an enhanced under bump metallization structure for improving
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vary in the number an den5|ty of electrlc components
semiconductor devices generally contain one type of electrical component,

e.g., light emitting diode gER), trapsisil, resisiQk. ; g@pacitor, inductor, and

power metal oxide semiconductor field effect transistor (MOSFET).
Integrated semiconductor devices typically contain hundreds to millions of

electrical Fompanents, Examples ok integrated semicogdyctor deyiges

include microcontrollers, microprocessors, charged-coupled devices (CODs),
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transmitting and receiving electromagnetic signals, controlling electronic
bungegiedst tlanstdriifg StRligHt 6 eldcticit BRa Cretinte Vsl projéttions
re1foxtelevision displays. Semiconductor -1 devices are found in the fields of
entertainment, communications, power generation, networks, computers,
and
Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), transistor, resistor,
capacitor, inductor, and power metal oxide semiconductor field
effect transistor (MOSFET). Integrated semiconductor devices
typically contain hundreds to millions of electrical
components. Examples of integrated semiconductor devices
include microcontrollers, microprocessors, charged-coupled
devices (CCDs), solar cells, and digital micro-mirror devices
(DMDs) .

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating

visual projections for television displays. Semiconductor



consumer products. Semiconductor devices are also found in electronic
products including military, aviation, automotive, industrial controllers, and
office equipment. Semiconductor devices exploit the electrical properties of
semiconductor materials. The atomic structure of semiconductor material
allows its electrical conductivity to be manipulated by the application of an

aevglegtric feld or.(hrquah the process of daping, Doping ipiroduces impurities
into the 'semiconductor material to manipulate and control the conductivity of
comthiersernicondyctopdevice 9& semconductaredsvicecontaims@active aindand

confiBfele Slecieal structigs. Active stiyetyies, including, tansistors, fantl
the flow of electrical current. By varying levels of doping and application o
e leaiy efeciric fieldd ke fransisiordither pidmotesor restrigtsithe flowopmotive,

i naBECYICAl curent, Bassive struchires.dncluding yesislors, diodes, and

inductors, create a relationship between voltage and current necessary to
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device to perform high-speed calculations and other useful functions.

sengeRichHeuetortievitesdre Hlehevalylrhanafeefiréd Casing AN eemplety to be

manMERUEAGLYING PrOcesses, 1-exffontiends manufaciuking,and Back-epd t hrough
manufacturing, each involving potentially hundreds of steps. Front-end
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sensemiconductor wafern: Eachdie isstypically identigal addhtZ 01 the

conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including
transistors, control the flow of electrical current. By
varying levels of doping and application of an electric field,
the transistor either promotes or restricts the flow of
electrical current. Passive structures, including resistors,
diodes, and inductors, create a relationship between voltage
and current necessary to perform a variety of electrical
functions. The passive and active structures are electrically
connected to form circuits, which enable the semiconductor
device to perform high-speed calculations and other useful
functions.

Semiconductor devices are generally manufactured
using two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing
involves the formation of a plurality of die on the surface of

a semiconductor wafer. Each die is typically identical and



contains circuits formed by electrically connecting active and passive

components. Back-end manufacturing involves singulating individual die

from the finished wafer and packaging the die to provide structural support

and environmental isolation. One goal of semiconductor manufacturing is to

produce smaller semiconductor devices. Smaller devices typically consume

less power, have higher performance, and can.be produced more efficiently.
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of interconnecting a semiconductor die with a printed circuit board or other

device inv8Ifed teluse ofSalderbdmps OFIGlalngicws aiconventiorfal Produce
sma3alder ump stuisture A conductive layer,3 s formed aver ssubstrate 2; o

Conductive layer 3 is a metal pad. An insulating or dielectric layer 4 is
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profiisremavadby an; etchbingprocess ta,expasecondugtive layet nARonductor
insulating or passivation layer 5 is formed over conductive layer 3 and

devihsGatiRg Yayet 4£P0pd1tibn ot Histiiatity layfBr s s fema\ist By Afetching
sma@%@séﬁﬁieéﬁ%%@.ucu}(e sayer B A gonductive |ﬁ¥§’r Bis formed-aver by

. conductive layer 3 and insulating layer S. Conductive layer 6 is a _ ,
lmpﬁﬁmﬁﬁﬁ@ﬁﬁlln the front-end’process resulting in die with
smaller, higher density active and passive components. Back-
end processes may result in semiconductor device packages with
a smaller footprint by improvements in electrical
interconnection and packaging materials.

One common technique of interconnecting a

semiconductor die with a printed circuit board or other device

involves the use of solder bumps. FIG. 1 shows a conventional
solder bump structure. A conductive layer 3 is formed over
substrate 2. Conductive layer 3 is a metal pad. An insulating

or dielectric layer 4 is formed over substrate 2 and conductive
layer 3. A portion of insulating layer 4 is removed by an
etching process to expose conductive layer 3. An insulating or
passivation layer 5 is formed over conductive layer 3 and
insulating layer 4. A portion of insulating layer 5 is removed
by an etching process to expose conductive layer 3. A
conductive layer 6 is formed over conductive layer 3 and
insulating layer 5. Conductive layer 6 is a redistribution

layer to route electrical signals from conductive layer 3 to a



layer to route electrical signals from conductive layer 3 to a -3 later-formed
solder bump. An insulating or passivation layer 7 is formed over conductive
layer 6 and insulating layer S. A portion of insulating layer 7 is removed by
an etching process to expose conductive layer 6. A conductive layer 8 is
formed over conductive layer 6 and insulating layer 7. Conductive layer 8 is

an upder bum tallization (UBM) layer for the solder bump. UBM 8 is
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older bump.9 is impaortant to the solder joint reliability. A large .UBM pad
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Accordingly, in one embodiment, the present invention is a method of
CromakitRia semitondirtioPrdeARes cBRpriSing the steps siptevidingaformed on
uBMSUpstrate, forming a first insulating layer over the substrate, forming an under

bump metallization layer (UBM) over the first insulating layer, and forming a
build-up strigture buér thet CFhé biiftd-Bp istiteturd 38! cBnfiikt Withincg

pbumfootpring of ,the L4BM: The method Surther ingludes the stepiafferminga 1arge
UBM pad size generally results in more metal contact area and
better solder joint reliability. However, if the UBM pad is
too large in comparison to the solder bump height, the solder
joint can develop voids which can cause product defects. In
addition, a large UBM pad consumes area which is counter to the

general goal of smaller feature size.
Summary of the Invention

A need exists to minimize the UBM footprint while
maintaining solder joint reliability. Accordingly, in one
embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a
substrate, forming a first insulating layer over the substrate,
forming an under bump metallization layer (UBM) over the first
insulating layer, and forming a build-up structure over the
UBM. The build-up structure is confined within a footprint of
the UBM. The method further includes the step of forming a

solder bump over the UBM and build-up structure.



solder bump over the UBM and build-up structure. -4 In another embodiment,
the present invention is a method of making a semiconductor device
comprising the steps of providing a substrate, forming a first insulating layer
over the substrate, forming a first conductive layer over the first insulating
layer, forming a UBM build-up structure over the first conductive layer, and

forming a solder bump over. the . first conduyctive layer and. UBM build-up
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another émbodiment, the present invention is a semiconductor device
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£1 St copdugtive layer isformed ovgfths firshinsylating layer,-4 UBM build-
up structure is formed over the first conductive layer. An interconnect
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solder bump structure; FIG. 2 illustrates a printed circuit board (PCB) with
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thefusthes detallof the rming a first conductive layer over the first
insulating layer, forming a UBM build-up structure over the
first conductive layer, and forming an interconnect structure
over the first conductive layer and UBM build-up structure.

In another embodiment, the present invention is a
semiconductor device comprising a substrate and first
insulating layer formed over the substrate. A first conductive
layer is formed over the first insulating layer. A UBM build-
up structure is formed over the first conductive layer. An
interconnect structure is formed over the first conductive

layer and UBM build-up structure.
Brief Description of the Drawings

FIG. 1 illustrates a conventional solder bump
structure;

FIG. 2 illustrates a printed circuit board (PCB) with
different types of packages mounted to its surface;

FIGs. 3a-3c illustrate further detail of the

representative semiconductor packages mounted to the PCB;



representative semiconductor packages mounted to the PCB; -5 FIGs. 4a-4b
illustrate a UBM build-up structure with sloped sidewalls; and FIGs. 5a-5b
illustrate an alternate embodiment of the UBM build-up structure with sloped
sidewalls. Detailed Description of the Drawings The present invention is
described in one or more embodiments in the following description with
referencefte&he Figur |n VYhICEI Ilkg numer gﬁ, repr nt the ameor ..,
similar eleménts. While the invention is describe ermspof% est mode

s lofor@chievingathednvention's objectives, it will be appre(:lated by those skilled

in the art trh%lt |sg1 ed]]t% § %Igernatl\é%t odéf%%atlgﬂ% lment of the
equivalents as may e include Wlt In the spirit an scopeo elnventlon

UBMadudefihedrbysthesppended tldimslangetheir iativalésts as supported by
the following disclosure and drawings. Semiconductor devices are generally
manufactured using two complex manufacturing processes: front-end
manufacturing Bed daéeenbessrimEtengotrdhe mr avtREscturing
involves the formation of a plurality of die on the surface of a semiconductor
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components, which are electrically connected to form functional electrical
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best mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as
defined by the appended claims and their equivalents as
supported by the following disclosure and drawings.
Semiconductor devices are generally manufactured
using two complex manufacturing processes: front-end
manufacturing and back-end manufacturing. Front-end
manufacturing involves the formation of a plurality of die on
the surface of a semiconductor wafer. Each die on the wafer
contains active and passive electrical components, which are
electrically connected to form functional electrical circuits.
Active electrical components, such as transistors, have the
ability to control the flow of electrical current. Passive
electrical components, such as capacitors, inductors,
resistors, and transformers, create a relationship between
voltage and current necessary to perform electrical circuit

functions.



functions. -6 Passive and active components are formed over the surface of
the semiconductor wafer by a series of process steps including doping,
deposition, photolithography, etching, and planarization. Doping introduces
impurities into the semiconductor material by techniques such as ion
implantation or thermal diffusion. The doping process modifies the electrical
conductiv'gy of semiconguctQE material in activ? devices transg)rmin th
. adSS1V a ACCL1lve com nen are forme OV, e
semiconductor matenal into a permane%?lnsu ator, permanent conductor, or
surcharging thehseprconductoranateriah Cemductivity freresponsé tpan@tectristeps
incfi%giﬁg‘“éésé%r gc,oné%'gé%%@géﬁf vanying pes and, degrees, ohdoping 4
arranged as necessary to enable the ™ transistor to gro ote or restrict the flow
plaokelecticabcurreRtppory thengpplitation of anwladtiie fieldn Aetivéand
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electrical properties. The layers can be formed by a variety of deposition

or f@@ﬁﬁrq@bscaéfeﬁwﬁ@@ in _@mﬁbw@imemméﬁammrﬁ él@ﬁq;friféi‘i For

e1e®Xample; thinfilmdeppsition,pay dpuolye ghiemical yapardepositon, (YD),
physical vapor deposition (PVD), electrolytic plating, and electroless plating

devpreressés Farhdayeris dererafpateiedto Torta porichs dfdctiveé

perfRMRARENIS sPASSIVE- COPNANGNES, Or @lecirical connections hefweent he
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f 1 eleyer torbe patiemness ARattesn nisteansterred Forea phatomaskto thed
deg@l‘é%tgreostStduoS}IDnignggha}i"ranged as necessary to enable the
transistor to promote or restrict the flow of electrical
current upon the application of an electric field.

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example,
thin film deposition may involve chemical vapor deposition
(CVD), physical vapor deposition (PVD), electrolytic plating,
and electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material,
e.g., photoresist, over the layer to be patterned. A pattern
is transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying

layer to be patterned. The remainder of the photoresist is



The portion of the photoresist pattern subjected to light is removed using a
solvent, exposing portions of the underlying layer to be patterned. The
remainder of the photoresist is -7 removed, leaving behind a patterned layer.
Alternatively, some types of materials are patterned by directly depositing
the material into the areas or voids formed by a previous deposition/etch

cenfipgass iinatechnigues such as clectioless, and electiolviclaing. <o
epositing a thin film of material over an existing pattern can exaggerate the

t yperderfying pattermlandicreate a rona ediformls flae suffacel o anifarimly flahe
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material and corrosive chemical are added to the surface of the wafer during
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uniformly flat surface. Back-end manufacturing refers to cutting or singulating

uniferfinished whfet intbaRe indididuaidie ahththéh dpadkigimyheldiefsauired
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wafer is scored and broken along non-functional regions of the wafer called
comgsif) SEtFebts of Sefifes. TheWwafer i sigulatéd using 2eRSEr dliftfrfgrdévicd Tom
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Pla§£¥§ggiyg§ITﬂgg%%ggséglishing the surface of the wafer with
a polishing pad. An abrasive material and corrosive chemical
are added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in
a uniformly flat surface.

Back—-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and
broken along non-functional regions of the wafer called saw
streets or scribes. The wafer is singulated using a laser
cutting device or saw blade. After singulation, the individual
die are mounted to a package substrate that includes pins or
contact pads for interconnection with other system components.
Contact pads formed over the semiconductor die are then
connected to contact pads within the package. The electrical
connections can be made with solder bumps, stud bumps,

conductive paste, or wirebonds. An encapsulant or other



contact pads for interconnection with other system components. Contact
pads formed over the semiconductor die are then connected to contact pads
within the package. The electrical connections can be made with solder
bumps, stud bumps, conductive paste, or wirebonds. An encapsulant or
other -8 molding material is deposited over the package to provide physical
upport and electrical isplation. The finished package is then inserted.into an
oL R P e R HonGIs o1 e Bemhere St doviceis hade
phyavailablestoothe bthendysteatcompenentso FEG. 12 illustrates dlecticriiedevice

pac%%g%"i{‘g 3 60p Garter substrate or printed cirquit b argég%g 12 With g
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fundgéviced0imay have bae 1gpe obsemiconducdter ipackagemedmuttipte fypesoft o

thes%rmggpdgg@{ Qﬁcléqg@ogggggqmg on the application. The different types

of semiconductor packages are shown in FIG. 2 for purposes of illustration.
Electronicidévice’ 10 haiphe atstand-bforersysiemdhat ased théraving a chip

car$amicopdyctor packages fp;pariorm-an electrieql fupctign: dlterpatyely, 5

electronic device 10 may be a subcomponent of a larger system. For
pluggdmple, efechronicC dediee 1ormay Becd §raphicsEad, ABIWOTR irtBH&eE S -

r1687H0 Ak Othersigaalpyogessing cardthat ean be dpseytad inip,aucqemputer.

The semiconductor package can include microprocessors, memories, ,
packpsifcation sPeLificirtegrated Sifchits PRSIOSTIHGICEirdiftsk aAsdg ¢l ng
on RRELCIirgYHS.1 disereie deviges, ar ether semiegpshistordie on eleshicabt or

pac%ggggngyglshown in FIG. 2 for purposes of illustration.

Electronic device 10 may be a stand-alone system that
uses the semiconductor packages to perform an electrical
function. Alternatively, electronic device 10 may be a
subcomponent of a larger system. For example, electronic
device 10 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASICs), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 2, PCB 12 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 14 are formed over a surface or within layers of PCB 12
using evaporation, electrolytic plating, electroless plating,
screen printing, PVD, or other suitable metal deposition

process. Signal traces 14 provide for electrical communication



In FIG. 2, PCB 12 provides a general substrate for structural support and
electrical interconnect of the semiconductor packages mounted on the PCB.
Conductive signal traces 14 are formed over a surface or within layers of
PCB 12 using evaporation, electrolytic plating, electroless plating, screen
printing, PVD, or other suitable metal deposition process. Signal traces 14
e RIOVIdefor eledirical communication. (9. between cach of the semiconductor, .
pa&ages, mounted components, and oth&r external sy?tem componeﬁts.
andTradesd4eaise preMide yeower andngrouadconnettionseto édchrdfstheprovide
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has two packaging levels. First level packaging is a technique for
pacieghanically and electrically attaching the semiconductor die to a carrier.

Second levgl pagkading inyelyes mechanically and, electically attachingthe.,
carrier to the PCB. In other embodiments, a semiconductor device may only

package the ﬂr_gwém pakEkaging Wiieeé tm@i’eai@jrﬁ@cﬁaﬁwic_@allgl%?@élééﬁicﬁw

mecioynted ditectly fo the PGB Forthe purpose; of jllusteation, several,types of; o
first level packaging, including wire bond package 16 and flip chip 18, are

Lo ghévi BRPTB 12 peldtiohally lseverdl dgieiof BEESNE RevePFackagmwg, 1Y and

e1eiPeluding ball grid amay (BGA)2Q, .bump chip,carfier (BEC) 22, duakinsline
package (DIP) 24, land grid array (LGA) 26, multi-chip module (MCM) 28,
embgGad fiation-de dGeH FAAKHYE (FNFI6, Ehd'Giad ﬂi)ty paKage B afd TSt

Levenown draynted GMBES 2 Depending Hpen the SySter requirements; 811y
mou(r:lotrggmgtilgggé fgmtl%ontd}lljé:togcpg.ckages, configured with any

For the purpose of illustration, several types of
first level packaging, including wire bond package 16 and flip
chip 18, are shown on PCB 12. Additionally, several types of
second level packaging, including ball grid array (BGA) 20,
bump chip carrier (BCC) 22, dual in-line package (DIP) 24, land
grid array (LGA) 26, multi-chip module (MCM) 28, quad flat non-
leaded package (QFN) 30, and quad flat package 32, are shown
mounted on PCB 12. Depending upon the system requirements, any
combination of semiconductor packages, configured with any
combination of first and second level packaging styles, as well
as other electronic components, can be connected to PCB 12. In
some embodiments, electronic device 10 includes a single
attached semiconductor package, while other embodiments call
for multiple interconnected packages. By combining one or more
semiconductor packages over a single substrate, manufacturers
can incorporate pre-made components into electronic devices and
systems. Because the semiconductor packages include

sophisticated functionality, electronic devices can be
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combination of first and second level packaging styles, as well as other
electronic components, can be connected to PCB 12. In some embodiments,
electronic device 10 includes a single attached semiconductor package,
while other embodiments call for multiple interconnected packages. By
combining one or more semiconductor packages over a single substrate,
m]gnufcacturgrs can inc?{gorate pre-made components into elect{onic gevices
manu Cture in C aper .components  an a eam n
an sysfems.ulfeca%se & semiconductor packages indiude sopllwls%cated
manfuhetiomality,electraric devicés €ander-10imgnufactiured using dsapet ikely
to §ampONgHs ANd.a stgamined manyfeehyinaniocess, JHRTESHNG 1o
evices are less likely™ to fail and less expensive to manufacture Tesulting in
coslogvef ocoste forwemsamers. FIG. 3a illustrates further detail of DIP 24

mounted pnPCB12; DIP 24 includes semicondyctar;die 34 having goptact . g

pads 36. Semiconductor die 34 includes an active region containing analog
on gfdigial -Circiits ir%_élehﬁ@wkéd%@ aﬁ:@im_éé@é\ﬂ@é;t,%séiif@ dé%idé@yé@@dmméact
pad@ysts, anddislectric, laysts formed within sgmiconducioridic 34.and: are
electrically interconnected according to the electrical design of the die. For
conggamphrd tigGitdtit may Hdidde bné bf Aiore Irarisster_S Hicde st Ind\torss

devaRRACIOLS, Jegistorg.and-ather cireuit, elementsforned within theactiver i ¢
region of die 34. Contact pads 36 are made with a conductive material, such
laygg aIunmiRliRe (A5 tedpbet FELY H(SH ORicKeIIND 2 gBRE(ARH Sorcdifver TG L 1Y
intand arg electiically égnnectgd o the eircuitelements founed within die34ie .
Contact pads 36 are formed by PVD, CVD,_ electrolytic plating, or electroless
Form%ﬁﬁﬁﬁBébeégbﬁuﬂﬁﬁcult may include one or more transistors,

diodes, inductors, capacitors, resistors, and other circuit
elements formed within the active region of die 34. Contact
pads 36 are made with a conductive material, such as aluminum
(Al), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver
(Ag), and are electrically connected to the circuit elements
formed within die 34. Contact pads 36 are formed by PVD, CVD,
electrolytic plating, or electroless plating process. During
assembly of DIP 24, semiconductor die 34 is mounted to a
carrier 38 using a gold-silicon eutectic layer or adhesive
material such as thermal epoxy. The package body includes an
insulative packaging material such as polymer or ceramic.
Conductor leads 40 are connected to carrier 38 and wire bonds
42 are formed between leads 40 and contact pads 36 of die 34 as
a first level packaging. Encapsulant 44 is deposited over the
package for environmental protection by preventing moisture and
particles from entering the package and contaminating die 34,
contact pads 36, or wire bonds 42. DIP 24 is connected to PCB
12 by inserting leads 40 into holes formed through PCB 12.
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assembly of DIP 24, semiconductor die 34 is mounted to a carrier 38 using a
gold-silicon eutectic layer or adhesive material such as thermal epoxy. The
package body includes an insulative packaging material such as polymer or
ceramic. Conductor leads 40 are connected to carrier 38 and wire bonds 42
are formed between leads 40 and contact pads 36 of die 34 as a first level

so125Kaging. Encapsulant 44 fs deposited over fhe package far enyronmenta);
pro%ectlon y preventing moisture and particles from entering the package
to ahg sdntamipatingldiel34; tcontadtlpadso36yortwibe BoAds 42. BiB243s

nne to.PCB, 12 by inserting le 40 into holes formed-through PCB, .
S0 e e e ot e e Tea T OB s ve
ma tphyisidallycar- eleGtricallye ednriétt DIPA24 toARE BCLR2. Sulder naterial 46 can

bi sH&AAY Metal qrglectrically conductive, materal, ¢.8.,51 lead, (RRY), Al gy,

Cu, zinc (Zn), bismuthinite (Bi), and alloys thereof, with an optional flux
matgaterial. FacaxagrglePthe scldér matetial can berairdctita SntRb shighdéad

sn/@leadsfrpe. F1G,3b dlustrates further detail of BCC 22 mounted on PCB 12.
Semiconductor die 47 is connected to a carrier by wire bond style first level

packagind. BGC 22 is Mowited t6 P EBTI \with @BCCstyle deeond fevipunted
on Baskaging. Semiconducter die 47 haying;contaetRadsA8 isgnoupted.qver a,y,

carrier using an underfill or epoxy-resin adhesive material 50. Semiconductor

wirgieprhchidédan dcive regichlcatisihiyl Ahalogibidigital circlitgnted to
pcEimplementedasactive: gevices -passive devices,gangustve layers, @huct or

aiet T O B e e e e L e e o 3nd are SletteelY sing
an underfill or epoxy-resin adhesive material 50.
Semiconductor die 47 includes an active region containing
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers
formed within semiconductor die 47 and are electrically
interconnected according to the electrical design of the die.
For example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit
elements formed within the active region of die 47. Contact
pads 48 are made with a conductive material, such as Al, Cu,
Sn, Ni, Au, or Ag, and are electrically connected to the
circuit elements formed within die 47. Contact pads 48 are
formed by PVD, CVD, electrolytic plating, or electroless
plating process. Wire bonds 54 and bond pads 56 and 58
electrically connect contact pads 48 of semiconductor die 47 to
contact pads 52 of BCC 22 forming the first level packaging.
Molding compound or encapsulant 60 is deposited over

semiconductor die 47, wire bonds 54, contact pads 48, and
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interconnected according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active region of die 47.
Contact pads 48 are made with a conductive material, such as Al, Cu, Sn,
Ni, Au, or Ag, and are electrically connected to the circuit elements formed
ithin die 47. Contact pads 48 are, formed.by PVD, CVD, electrolytic plating,
oAbt s Tt P La Wb o o BR oA e o i B
isoéletctrically conniéct coatect pads d8ndfsemipaniducidr die< 7ttor ventact pads:
?%%BC 22 or{ryng thee&irst Ieve(ljpg k%gling. %olgin lcompog}g@ r.
Surencaps% ant 60 is depcs)éllt1 d ovel sem%lclond'ucteor die ﬁ% wire b d%(%'slfg’
e lecdntadiepad 048, tantd~1 2scontact pads B2 tooprovide, praysicalt sappert ahdble

me t%:fsg%!a i5qlatign for the device ,Contact ?B‘,ﬂ% 5¢ are formedioyer g, suriace

0 B 12 using evaporation, electrolytic plating, electroless plating, screen
ox ikt PVD,cortathér Suithhlé et dépasiidn Processapd dre tppicalyr more

conPlatad; to-preyent pxidation Contact pads; 64 elegtcally,connegtio.ang oy

more conductive signal traces 14. Solder material is deposited between

betHeRBCOFAISSE oPBET 22 anfl Brtact padsb4csrPeBt12arse 84ldef PCB
12 .material is refloweg todform bumps 66 which; form admechanical and wnich
electrical connection between BCC 22 and PCB 12. In FIG. 3c,
forgedicBrabat afel18 ImdlRfidface HowiT 6 carri 7e3witls & Ehip%stylgnd
pcafirsplevel packaging. BGA 20 is attached to PCB 12 with a BGA style second
evel packaging, Actve region 70 containing analog el g tace doun
’
to carrier 76 with a flip chip style first level packaging.
BGA 20 is attached to PCB 12 with a BGA style second level
packaging. Active region 70 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 18 is electrically interconnected according
to the electrical design of the die. For example, the circuit
may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements formed within
active region 70 of semiconductor die 18. Semiconductor die 18
is electrically and mechanically attached to carrier 76 through
a large number of individual conductive solder bumps or balls
78. Solder bumps 78 are formed over bump pads or interconnect
sites 80, which are disposed on active region 70. Bump pads 80
are made with a conductive material, such as Al, Cu, Sn, Ni,
Au, or Ag, and are electrically connected to the circuit

elements formed in active region 70. Bump pads 80 are formed

by PVD, CVD, electrolytic plating, or electroless plating
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circuits implemented as active devices, passive devices, conductive layers,
and dielectric layers formed within semiconductor die 18 is electrically
interconnected according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within active region 70 of
osergicondgctfr die #8 Sem%)nductor 8 |s ele ctrlcall% and echanl %g
attached to carrier ént?}ljrough a ﬁarge number of ndividual conductive ol
conb@mps@rtballsof&zﬁdderabiﬂnps 78rare foromeckoversburap p&ascm carrier
nterconnect _sites whi isposed on active region 70. Bump pads 80
!br% éaa%%vélt  a Egﬁuctl\}% mate%a[ such as Al, Cu, Sn, Ni, Au, or Ag, and
are electrieghy é@nriefct@d@@tti@l@ﬁclﬂtyemdemgmmed:mldanvetr%mem to

pCBB%@W%S 8Q pre.farmed. py 5¥0GYDy Sl?a?iro%'ﬁc%%é” §!>eféré’£eséumps

plating =13 process. Solder bumps 78 are electrically and mechanically
or &ennettedto camtactspddiear intetesnFect sftes BRbrrdafieP rerbyadslder

mt"éaﬂ%‘hl?{é’éﬁs%l G4 204is elestrcally.and mechanically aiached to- PGB 12

by a large number of individual conductive solder bumps or balls 86. The
congglgérBurnps Bré FeTRTEH6ET Buhts pals of Nktetednfettdites 84eThanes 90

rouRWAPRAds B areeleciticaliy, connggted o ipterconnect sites 82 tugugher o

conductive lines 90 routed through carrier 76. Contact pads 88 are formed

SUrdGeioa Stirfack of PCH 12 UsHFEPAratsh, seGrdhyrpliatifg P efictrofess
elecklating cscteen printing, RVReenother suitalje metal depositins Preeass-and

metal, ABead PRLed [0 Prvelt aialne: topia f‘?sgfaet'é‘é”'ﬁg'%%%@%e&
oxidation. Contact pads 88 electrically connect to one or more
conductive signal traces 14. The solder bumps 86 are
electrically and mechanically connected to contact pads or
bonding pads 88 on PCB 12 by a solder reflow process. Molding
compound or encapsulant 92 is deposited over semiconductor die
18 and carrier 76 to provide physical support and electrical
isolation for the device. The flip chip semiconductor device
provides a short electrical conduction path from the active
devices on semiconductor die 18 to conduction tracks on PCB 12
in order to reduce signal propagation distance, lower
capacitance, and improve overall circuit performance. 1In
another embodiment, the semiconductor die 18 can be
mechanically and electrically attached directly to PCB 12 using
flip chip style first level packaging without carrier 76.

FIG. 4a shows solder bump structure 100 formed using
the semiconductor manufacturing processes described above. A
substrate or wafer 102 is made with a semiconductor base

material such as silicon, germanium, gallium arsenide, indium
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conductive signal traces 14. The solder bumps 86 are electrically and
mechanically connected to contact pads or bonding pads 88 on PCB 12 by a
solder reflow process. Molding compound or encapsulant 92 is deposited
over semiconductor die 18 and carrier 76 to provide physical support and
electrical isolation for the device. The flip chip semiconductor device

ok\lnidges a grrlort lehectncal con%uglon th from the active device eon

pr p -
phos? micontuctor die 18 o' conduction tracks on PCB 12 ify order 1o re utcoé: dre,

as signalmpropdgationdistance, owere dapacitanceapand anprove ovesdleitcuitl 02 .
perfarmance. In .anot remgoqim ,thg iconductor.di 18 can be

EaCme%ﬁarlliaéc:gd[ll);51 an é]fectrjl'cealli a%ta%ﬁegé d?re%?;/ 0 Bégfll% ﬁ%i%g ﬁi|lorc 1|1pl 1é,tsyle

impfienfevetgackagiig withoatcharries 768 Vel Glefaishiows solddubtimpsstiienaes,

anat8 farmed ysing the senpconductar anyiacturng processes. descripgd

above. A substrate or wafer 102 is made with a semiconductor base
e legiararial Slh b tsHlicopngemasiuat gallidim arsepide tndidmcadishos pAfiel gn

of @hsilicon.carbide. Qne grmore sgmiconductar dig, as described,above, are e
formed on or mounted to substrate 102. Each semiconductor die includes

tragRaldg oF digital ercdits AMpPletidifted aseive andPeasive devided within
t heCQRAuUctive layers,c and dielgetriclayars farmed averitsactlye surfaceand, -

_ electrically interconnected according to the electrical design of the die. For
d1gdkamplel tHadikctit Mag ihciidébHe 'of ncreIhansiBiors di6@és, dheFather

mem@fGHit &lementsformegnuithip theactive sudace tq implemeant baseban@iuctor
analog circuits or digital circuits, such as digital signal processor (DSP),

AL eniatorg  SPotheP Sighal prodessing tirddit e séficondaefr c1tors, and

resistor, for RF signal processing.

An electrically conductive layer 104 is patterned and
deposited over substrate 102. Conductive layer 104 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 104 is
formed using PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 104 is a metal pad having electrical
connection to the active and passive devices, IPDs, and
conductive layers disposed in the semiconductor die.

A dielectric or insulating layer 106 is formed over
substrate 102 and conductive layer 104. The dielectric layer
106 can be one or more layers of silicon dioxide (Si02),
silicon nitride (Si3N4), silicon oxynitride (SiON), tantalum
pentoxide (Ta205), zircon (Zr02), aluminum oxide (A1203),
polyimide, benzocyclobutene (BCB), polybenzoxazoles (PBO), or
other material having suitable electrical insulating

properties. The dielectric layer 106 is patterned or blanket

-15-



die may also contain IPD, such as inductors, capacitors, and resistor, for RF

signal processing. An electrically conductive layer 104 is patterned and

deposited over substrate 102. Conductive layer 104 can be one or more

layers of Al, Cu, On, Ni, Au, Ag, or other suitable electrically conductive

material. Conductive layer 104 is formed using PVD, CVD, electrolytic

Iatln , electroles ati rocess, or, other suitable metal de osmon

dep%roce%s &%ﬁ%ﬁc? @Iay%%zﬁm ]?s am a%adg ﬁavmg e?ec ]trlgélp connecﬂonqo
w1 tthecaotiveandopassheerdevices; 1IBBSs i and cdncblcu\talayeoid@peged:trrm

14 %emﬁ%ldu tor ‘IH Aégleijectréc or mi%la}llng aye%elsOSG "?éo@fgo e nduct ive

YSubstrate 102'and conductive ayer Thé dielectric ayer e one
layermobe layers of silicon dioxide (SiO2), silicon nitride (Si3N4), silicon

oxynitride {SIQN), t%%@i“'?e@%@%‘ggﬂéﬁo@ Zreon (£rQ2), ai%@#”l 08 is

oxide (A1203), polyimide, benzocyclobutene (BOB), polybenzoxazoles

Or(ERBOY G rothe httéral halvingesuitdbie eretricalihsulating properties) The The
pas‘_i;'?l?&&fifo@y%}% is gatterngd,or blanket z13 depositedlusing PV, 5VDs 5 34,

printing, spin coating, sintering with curing, or thermal oxidation. A portlon of

S10Hielek#ri® Yay et U416Sis removed bycan Elehifg Process iésssercohdeeliveer

pBOl2Y8k-104.+/An optieral repassivation arinsulating iayer d08+ds-formed pver
dielectric layer 106 and conductive layer 104. The passivation layer 108 can
Propgbhe®t mor%hﬁyé’r%%?@i@? ISBNU2YSION, fa2b%, RAPBSIp6IYinigellanket

depeROebased diglestiic pelymer, PBQ.ierpthepmaterid having insulating agd
witﬁngggfgg, or thermal oxidation. A portion of passivation
layer 108 is removed by an etching process to expose conductive
layer 104.

An optional electrically conductive layer 110 is
patterned and deposited over passivation layer 108 and
conductive layer 104. Conductive layer 110 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, Ti, TiW, or other suitable
electrically conductive material. Conductive layer 110
typically has a top layer with good wetting capability to
solder material. For example, conductive layer 110 can be
multiple layers of TiW/Cu, Ti/Cu, Ti/NiV/Cu, or TiW/NiV/Cu.
Conductive layer 110 uses PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 110 operates as a runner or
redistribution layer (RDL) to extend the interconnectivity of
conductive layer 104.

An optional passivation or insulating layer 112 is
formed over passivation layer 108 and conductive layer 110.

The passivation layer 112 can be one or more layers of SiO2,
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properties. The passivation layer 108 is patterned or blanket deposited using
PVD, CVD, printing, spin coating, sintering with curing, or thermal oxidation.
A portion of passivation layer 108 is removed by an etching process to
expose conductive layer 104. An optional electrically conductive layer 110 is
patterned and deposited over passivation layer 108 and conductive layer

. 4. Conductiye r be one or more layers of Al, Cu, Sn, Ni, Au,.
SRR il et Sl O R et e B
pollayer 11@BYpicaRhasa top hayermethegoed wedingncapability ¢ isoidernd

material..For example, conductive layer 110 can be multiple, layers of
st R R or T e Catoiod Fyt 10 s ok ned
or @V@}]gﬁctmqulaﬁadg,Uélégﬂo%\é@ PI&tYy precess, iordthemrsuitable thetal ,
s 1 nfiehasition, pracess, Conductive. laver, 110 operates as a ruingr.or s o, o

redistribution layer (RDL) to extend the interconnectivity of conductive layer
paspi4. A optidrial Passivation of isuiEihgdayeml EX ghfgrthedrovgss to

e xpPassivalion jayer,108 and conductive layer 110. The passivation layer 112
can be one or more layers of Si02, -16 Si3N4, SiON, Ta205, A1203,

polyimide 28pExyeaserdiblettrie poRriéy PEGYWPR, ot otfembterianed and

depBaviRgdnswatingand; striuctural propetties; Ihepassivationdayer 112jsr 110.
patterned or blanket deposited using PVD, CVD, printing, spin coating,
Congihteriganittit ¥6ring, 1ot thérmaloxidstion: ABrtion o Yassiatibh 'Iaygéf 1120

Ni,isagmaved hyranetchingsprocgss to £xpese conductivedayeictl@:e material
with a top layer having good wetting capability to solder
material, e.g. Cu or Au. Conductive layer 114 uses selective
Cu electroplating, electroless plating process, or other
suitable metal deposition process. Conductive layer 114
operates as an under bump metallization layer (UBM) or bump pad
for conductive layer 110. In one embodiment, UBM 114 has a
footprint or diameter of 50-300 micrometers (pm). UBM 114 can
be a multi-metal stack with adhesion layer, barrier layer, and
seed or wetting layer. The adhesion layer is formed over
conductive layer 110 and can be Ti, titanium nitride (TiN),
titanium tungsten (TiW), Al, or chromium (Cr). The barrier
layer is formed over the adhesion layer and can be made of Ni,

nickel vanadium (NiV), platinum (Pt), palladium (Pd), TiW, or

chromium copper (CrCu). The barrier layer inhibits the
diffusion of Cu into the active area of the die. The seed
layer can be Cu, Ni, NiV, Au, or Al. The seed layer is formed

over the barrier layer and acts as an intermediate conductive
layer between conductive layer 110 and subsequent solder bumps

or other interconnect structure. UBM 114 provides a low
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An electrically conductive layer 114 is patterned and deposited over
passivation layer 112 and conductive layer 110. Conductive layer 114 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material with a top layer having good wetting capability to solder
material, e.g. Cu or Au. Conductive layer 114 uses selective Cu
electroplating, electroless plating process, or other suitable metal deposition
oo AR oo 104 ST L ES G b miotalioront
barfayer (WBM3} of dampipdd for conductive dayer 1de in 6ne estbiotiiment, UBM
]a%fi@:su? footprint or diameter of 50-300 micrometers (pm). UBM 114 can
e a mulfi-metal stack with adhesion layer, barrier layer, and seed or wetting
layer. Thefadhesior layes islformeddver icondustivier layép 116 apdtcapriyedi, and
depti@nium nitde (i), fitapium tupgsten (TWY), A, erehromiym (Cr). Thes 1164
barrier layer is formed over the adhesion layer and can be made of Ni,
116hickelCramdditin (Ri\Da prEindire(PER pailadiant (Rd), TiWeor anearaiupd AL,
cu, CaRpeiCrCHl, Thechardler lsyge nhibits e, difusionaf Cu injg the Adie: 5 ve
area of the die. The seed layer can be Cu, Ni, NiV, Au, or Al. The seed layer
matgfdrhed SErINE baitfer layetantl&cts a8 artintéfietiate €onductive layer
e 1cbetwgengondyctive layer 110 and subsegyentsoldersburpps Qrthelsyitaple

interconnect structure. UBM 114§r0vides a low -17 resistive interconnect to
e tedndiigHoE tdye? 1107 a5 Well-as & BAMEF to’Solder Giffusibh antl Sedeflafert 2

buifod-seldes rwettability. Ap electrcally-congigtive layerd1g is pattemed anh view

deposited over UBM 114 as individual portions or sections 116a-
of conductive layer 1l6a-116d and UBM 114. Conductive layer

wet%

116 can be an isolated island at a top edge of UBM 114. The
overall size of conductive layer 116 is similar to the size of
UBM 114.

An electrically conductive solder material is
deposited over conductive layers 114 and 116 using an
evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The solder material can be
any metal or other electrically conductive material, e.g., Sn,
Ni, Au, Ag, Pb, Bi, and alloys thereof, with an optional flux
material. For example, the solder material can be eutectic
Sn/Pb, high-lead, or lead-free. The solder material is
reflowed by heating the material above its melting point to
form spherical ball or bump 118. In some applications, solder
bump 118 is reflowed a second time to improve electrical
contact to conductive layers 114 and 116. Solder bumps 118
represent one type of interconnect structure that can be formed
over UBM 114. The interconnect structure can also use bond

wires, 3-D interconnects, conductive paste, stud bump, micro
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116d. Conductive layer 116 can be one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material. Conductive layer 116
uses selective Cu electroplating, electroless plating process, or other
suitable metal deposition process. Conductive layer 116 is a part of a
build-up structure or area over UBM 114. FIG. 4b is a top view of conductive

layer 116a-116d afgC%BM 114. .C;’%r:edrucctive I?g/er 116 can be an isolated
' €eo

bumf%fan%ratoa E)eprefg UBN 114" The overal é:lz'e of conductive layer 116 is

similar to thensize of WBMal/BA: Al électricatly eondiidtivelsbldermatetriatis
so1%]%%05't§9n°cve£§9E‘Qﬁﬁth"leit'ayersﬂqle“ a@%%lgfflsngl§ré QUAPOLAON. 1 5 ve
electrd es ball di

ectrolytic plating, electroless plating, ball drop, or screen printing process.
1ayFhe solder prateridlccanlBe cargrmetal op etherefectracallycconduetivending up

£roMatRRl18-9-+30. NL &MUy AG. BB, Biand glloys thersof, with an gptignal flux

material. For example, the solder material can be eutectic Sn/Pb, high-lead,
s 1dgmleadfrele? I hersoldermatetial &5l edffowed by hedtiid tenmhtdiial @bbve its

cong‘%ﬁ‘ﬂv%mrl“a@eiorﬂ%%@f%béul orbumps118, In somey applications, soldere o -

ump 118 is reflowed a second time to improve electrical contact to
betEaidurtive tayers 114 arfil LB Solder Blirhps 118 1represent vhet)pe of
FoolPRreannest stisature ihat can be farmed pyeeWUBM 3141 Tke interconpeetrers

structure can also use bond wires, 3-D interconnects, conductive paste, stud

thepgpemicrs 218 BRikts: ok VthértelebificaRtetEdett. EBNdctive 1816l
t ypeiancestWBMELd forhetter solderdeint reliabdity: Thesidgwallsy 422 ©ofhanced

UBMF%¥¥ﬁggﬁre 114-116 redistributes the stress from the edge of
the contact area of solder bump 118 and UBM 114 to the center
area so as to improve solder joint reliability. The height of
solder bump 118 can be increased without making the UBM
footprint larger and without loss of solder joint reliability.
The gaps or exits 120 between conductive layer portions ll6a-
116d provide a flux vapor escape path, away from the sloped
sidewalls of conductive layer 116, to minimize formation of
voids under solder bumps 118.

FIG. 5a shows another embodiment of the enhanced
solder bump structure. A substrate or wafer 130 is made with a
semiconductor base material such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide. One or more
semiconductor die, as described above, are formed on or mounted
to substrate 130. Each semiconductor die includes analog or
digital circuits implemented as active and passive devices,
conductive layers, and dielectric layers formed over its active
surface and electrically interconnected according to the

electrical design of the die. For example, the circuit may
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layer portions 116a-116d are sloped and vertical, extending up from UBM
114 to a height of 2-20 pm. In one embodiment, sidewalls 122 are 8 pm in
height. The additional height conductive layer 116a-116d increases the
metal contact area for better solder joint reliability without increasing the
footprint of UBM 114. Conductive layer 116a-116d also buffers the stress

5 negongentration at the top, e%%esgfsggy 114,.wg|ch is ty |cal%the RAint most

susceep%Bi% t%rcrg%re]g.tfhe enhanced ijsll\ﬂ structure 114-116 redistributes
el etherstrestdrom dher edge of tthe cantaict areanofsaldertburmprlll8ramd: UBM eband

to.the center Q as.to imprave salder joint religbility..The height of
b T e AL makcog the TBM Totiial Trber o
othamd pithoetloss of selden foistiretiabitity. THeegapsnocexits L2®beteermay
a1 sfonduictive layes portians }16a: 116d provide a flux vanar gscape, path, away
from the sloped sidewalls of conductive layer 116, to minimize formation of
resygitds uhder S61dBF bermpsal 8o FIG 58 shews another embodiment of the

enhanced, soldet BUImPSITUCIUE, A glistipte OLYalerit ismade wilhida ang

semiconductor base material such as silicon, germanium, gallium arsenide,

deppgif phosphide "eesilicortcdrbitie. Ot ermbte Sehiié6hddcter dielage one

or fesdibedaboyesareformed onsar meunted, fo sybstrate J30-Eaghitabie
semiconductor die includes analog or digital circuits implemented as active
cleghd passive deviees eaauttiveTayeérs; ant ehelEctre 1ayers ¥oimed dversits

foraelivey surgceand etegtricallydntereannectedaceording to the relgciisal
design of the die. For example, the circuit may -19 include one or more

Plaﬁéﬁﬁsﬁﬁ?ﬁﬁﬁﬁbs‘éﬁd%ﬁﬁSFdﬁﬂmFable métal deposition process.

Conductive layer 132 is a metal pad having electrical
connection to the active and passive devices, IPDs, and
conductive layers disposed in the semiconductor die.

A dielectric or insulating layer 134 is formed over
substrate 130 and conductive layer 132. The dielectric layer
134 can be one or more layers of Si02, Si3N4, SiON, Taz05,
Z2r02, Al1203, Zr02, Al203, polyimide, BCB, PBO, or other
material having suitable electrical insulating properties. The
dielectric layer 134 is patterned or blanket deposited using
PVD, CVD, printing, spin coating, sintering with curing, or
thermal oxidation. A portion of dielectric layer 134 1is
removed by an etching process to expose conductive layer 132.

An optional repassivation or insulating layer 136 is
formed over dielectric layer 134 and conductive layer 132. The
passivation layer 136 can be one or more layers of Si0O2, Si3N4,
SiON, Ta205, Al203, polyimide, epoxy-based dielectric polymer,
PBO, or other material having insulating and structural

properties. The passivation layer 136 is patterned or blanket
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elements formed within the active surface to implement baseband analog
circuits and digital circuits, such as DSP, memory, or other signal processing
circuit. The semiconductor die may also contain IPDs, such as inductors,
capacitors, and resistors, for RF signal processing. An electrically conductive
layer 132 is patterned and deposited over substrate 130. Conductive layer
132 can be one ore layers of Al, Cu, Sn, Ni, Au, Ag, or ather sujtable
o R CO Sl Canthehie 15 135 28 R a6 ConeePVBY
wit@VEyelecirolytic platngelectroléss: plating process, iorotheér suitabliermietaln
1aySgPasiion pracess, Sondyctye laver 132 i3 mefalpad having electligal. s ve
connection 1o the active and passive devi eg, IPDs, and con uctlvecfayers
laydispdsed in the semiconductor die. A dielectric or insulating layer 134 is

formed oviey sybisirate, 13Q and.conduetive layer1,32.; The dielectri layet o
134 can be one or more layers of Si02, Si3N4, SiON, Ta205, "Zr02, A1203,

patznad 283dpalyimide BEBY PBO Perscther ateriabivaving saitalsle

conflgetricalinsylating psoperties, Lhe. dielectric Jayer 534 ispatiemed or o more
blanket deposited using PVD, CVD, printing, spin coating, sintering with

Layediing orthermal oxidatioh: A portiohdf dielectfie Tay el 3258 StensoVisePHf-©

e 1R £1ching Pracess (e expese,gerdudtive layer l3z. Anepti tepasgivation
or insulating layer 136 is formed over dielectric layer 134 and conductive

typiiyar 132 "t dassiatien Fyef 136 &bk BRE bt Roredayets bf Si05°
s0188N4aSION 212205 M 2035 pelyimides epox-based diplecttic polymerpe

PBO, or other material having insulating and structural properties. The

mulSdeatbhviayer P36 sipkitetned of biamkst /N1V/Cu, or TiW/Niv/Cu.

Conductive layer 138 uses PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 138 operates as a runner or RDL to
extend the interconnectivity of conductive layer 132.

An optional passivation or insulating layer 140 is
formed over passivation layer 136 and conductive layer 138.
The passivation layer 140 can be one or more layers of SiO2,
Si3N4, SiON, Ta205, Al203, polyimide, epoxy-based dielectric
polymer, PBO, WPR, or other material having insulating and
structural properties. The passivation layer 140 is patterned
or blanket deposited using PVD, CVD, printing, spin coating,
sintering with curing, or thermal oxidation. A portion of
passivation layer 140 is removed by an etching process to
expose conductive layer 138.

An electrically conductive layer 142 is patterned and
deposited over conductive layer 138 as individual portions or
sections 142a-142d. Conductive layer 142 can be one or more

layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable

-21-



-20 deposited using PVD, CVD, printing, spin coating, sintering with curing,

or thermal oxidation. A portion of passivation layer 136 is removed by an

etching process to expose conductive layer 132. An optional electrically

conductive layer 138 is patterned and deposited over passivation layer 136

and conductive layer 132. Conductive layer 138 can be one or more layers

of Al, Cu gn, Ni, Au, Ag,.Ti, TiW, or.ather suitable electrically conductive
e Con R LTS L4 Al s s b lngaF Wik ad Wetig 9°°°
wetcdpability e soldernymateriah Fbor exaaipie, iconduetive layer 4884an be
confIPIG ets QL TWYOW, TICU, TUNIGY, o TIMINIYICu, Conductiye layer

g uses P D, electrolytic plating, €lectroless p a}]mg pr cess, o bther

c Lesuitable rretalldepositianr process. Condactive layer 138 eperates.aslaposition
prouaner or RPL to, extand the dnferconnestivity of.condyictive layer 132. An

optional passivation or insulating layer 140 is formed over passivation layer
sele3d aKg tonadethvedayét 13d 1 Thepassivaton fayer 140Eahdesné bf Mstény

t helYeASI02e D13N4, SION, 2205, AL1203, polyimisle; epoxysBased s 14-up
dielectric polymer, PBO, WPR, or other material having insulating and
strapiictirl properfieés. oM passidativhlisger. PATS datterned 6 blakkets & top

viederasitedising PYD, CVR,Printing. spiCcoating. . sinterag YAth-ourings or ang
thermal oxidation. A Eortlon of passivation layer 140 is removed by an
PaSEfehig rocésy i expBse cORGuGRNEY &M 3B K eletifiRally ¥6Rductivecar

pe layekdd2 ispatiersed and depositediovercondugtive:layer £38 gsdrdiviguabn
laygg”?ggoéia opening edge on conductive layer 138.

An electrically conductive solder material is
deposited over conductive layers 138 and 142 using an
evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The solder material can be
any metal or other electrically conductive material, e.g., Sn,
Ni, Au, Ag, Pb, Bi, and alloys thereof, with an optional flux
material. For example, the solder material can be eutectic
Sn/Pb, high-lead, or lead-free. The solder material is
reflowed by heating the material above its melting point to
form spherical ball or bump 144. In some applications, solder
bump 144 is reflowed a second time to improve electrical
contact to conductive layers 138 and 142. Solder bumps 144
represent one type of interconnect structure that can be formed
over conductive layer 138. The interconnect structure can also
use bond wires, 3-D interconnects, conductive paste, stud bump,
micro bump, or other electrical interconnect.

Conductive layer 142 enhances solder joint

reliability. The sloped sidewalls 146 of conductive layer
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sections 142a-142d. Conductive layer 142 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable -21 electrically conductive material, with
a top layer having good wetting capability to solder material, e.g. Cu or Au.
Conductive layer 142 uses PVD, CVD, electrolytic plating, electroless plating
process, or other suitable metal deposition process. In one embodiment,
anductive laye 4% is _selectively plated with TiW or Ti/Cu as a seed layer
PorE ing, 1€ SIoUA% &B5 136. Comlactie fayer TIS & & Ut Dueipcer us
1 4 2stauncturecddaneatovep coAdudtive lapert:38. +GA&h isaitop viewigfbility.
conducti 42a-142d, con ive layer. 138, and ivation laye
Th five layerd4ga;1dad, condyclive laye ands bar L2YeE
140. the shape of conrc}ﬁcfﬁvé: %ayer 142 can E]éjl?rj\ ed ?slan%s vsvtﬁﬁ ° rom
thecentection lineprotecting passivatiot layerdt0 Viarapeding &dde on the

cenf@dugtivg layer 138, An.electrcally.canduictive sgldey é‘ﬁt%@'ﬁﬁ%posﬁg

over conductive layers 138 and 142 using an~evaporation, electrolytic
heiglating feleetroless platingl B&Il Tropoer Screer pAAtng pratess. Th& sollekhe

usMMALesigl can be, apy metal,ar other, glectrically copdudtiverpatgrial.e.g., Sn,

Ni, Au, Ag, Pb, Bi, and alloys thereof, with an optional flux material. For
relégampletthe sdlfér Aksriat Eafbetcutéétic SiPBeRighdedy OriEad-freesr

por Fhe solder materalis Jeflowed by heatingthe spatedabahoveitsmelling, rrom
point to form spherical ball or bump 144. In some applications, solder bump
the) 24 iPrefloiedsd’ sedohdPtime 18 Tprovéeléétigal tdrtactfo Eontetive

forlayersoh3d and d 4ds Saldes bumpsata4 weriesentiane type of interconnect
structure that can be formed over conductive layer 138. The interconnect
SUUdUNB&Q%&%OOHe or more embodiments of the present

invention have been illustrated in detail, the skilled artisan

will appreciate that modifications and adaptations to those

embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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use bond wires, 3-D interconnects, conductive paste, stud bump, micro
bump, or other electrical interconnect. Conductive layer 142 enhances solder
joint reliability. The sloped sidewalls 146 of conductive layer -22 portions
142a-142d increase the metal contact area between UBM 142 and solder
bump 144 for better solder joint reliability. The enhanced UBM structure 142
redistributes the stress from the ed g{ Itnrle‘e contact area of solder bump and
UBM to the center area so as to improve solder joint reliability. The height of
solder bump 144 can be increased without making the UBM footprint larger

Wha%anvitgggt Ilgga of solder joint reliability. The gaps or exits 148 between
conductive Jfayer “portions 142a-142d provide a flux vapor escape path, away
from the sloped sidewalls of conductive layer 142, to minimize formation of

1. voids yndgrsolder Qumps 144. Whjle one,ar more gmbodiments of.the ;

present invention have been illustrated in detalil, the skilled artisan” will
appreeiate i modifistionstaivd adaptations to those embodiments may be

magdg without departing from ihe seape ofthe. present invention asset darth
in the following claims. -23 Claims at is claimed: 1. A method of making a
serhAitBRENEtoR BeVice SEomprsing S pravidmg e Shostrate Ifokig a fikgr the

£1 rifsulating jayeryer the-substrate; forming an under bump metallization
layer (UBM) over the first insulating layer;

forming a build-up structure over the UBM, the build-up
structure being confined within a footprint of the UBM; and

forming a solder bump over the UBM and build-up structure.

2. The method of claim 1, further including forming the

build-up structure in sections occupying less than an area of

the UBM.

3. The method of claim 2, further including forming exits

between the sections of the build-up structure for flux vapor

escape.

4. The method of claim 1, wherein the build-up structure

extends above the UBM to a height of 2-20 micrometers.

5. The method of claim 1, wherein the build-up structure is

plated with Tiw/Cu, Ti/Cu, Ti/Niv/Cu, or TiW/NivV/Cu.

6. The method of claim 1, further including:

forming a first conductive layer over the substrate;
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forming a build-up structure over the UBM, the build-up structure being
confined within a footprint of the UBM; and forming a solder bump over the
UBM and build-up structure. 2. The method of claim 1, further including
forming the build-up structure in sections occupying less than an area of the
UBM. 3. The method of claim 2, further including forming exits between the
secgignr%iof th% buiédc-ug tructure 61: rifrllux vyapor _escape. if}hTrlzl)%.[m%tpod of
claim ]i, wheréin e bul d-up structure “extends above the UBM 16 a height of
conZ@tmicrometers.;5.aFlte method of claim 1, wherein the build-up structure is

plajed yith JW/Cu Tijcu TYNYIGY.or TYNVIGH. 6. The tethod of clainy,
1, urther in luding: forming a first conducti ?ayer over the substrate; -
layfermintfla Seceond insuthtinglayerlouerthe first corductve taydncand forimngr

be15009nd canductive layer over sgeond insulaing layer and first conductive

layer, the second conductive layer being electrically connected to the UBM.
7. The method of claim 6, wherein the second conductive layer is a

7. redigidbytionlayerto extend infercannectyity ofdhe 5econd Conductive,e 1ayer
~layer. 8. A method of making a semiconductor device, comprising: providing
15 & stbStater totHiig A fitSMRSUIAENG TdyRR OveRfHerstishats: Hotmihga fikste

seceenductive laer pver thefirst insulating layer;

8. A method of making a semiconductor device, comprising:
providing a substrate;
forming a first insulating layer over the substrate;
forming a first conductive layer over the first insulating
layer;
forming an under bump metallization (UBM) build-up
structure over the first conductive layer; and
forming a solder bump over the first conductive layer and

UBM build-up structure.

9. The method of claim 8, further including forming the UBM
build-up structure in sections with exits for flux vapor

escape.

10. The method of claim 8, wherein the UBM build-up structure
extends above the first conductive layer to a height of 2-20
micrometers.

11. The method of claim 8, wherein the UBM build-up structure

is plated with Tiw/Cu, Ti/Cu, Ti/NiVv/Cu, or TiW/NiV/Cu.
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forming an under bump metallization (UBM) build-up structure over the first
conductive layer; and forming a solder bump over the first conductive layer
and UBM build-up structure. 9. The method of claim 8, further including
forming the UBM build-up structure in sections with exits for flux vapor
escape. 10. The method of claim 8, wherein the UBM build-up structure
extends above the first conductive layer to a height of 2-20 micrometers. 11.
The method of claim 8, wherein the UBM build-up structure is plated with

12 . TIWIGu, T&/Cue T i/NIVIClg on TOW/NiWClhe+251 12: TTiwel method of claim 8,

f“rtpgﬂ(‘ﬂ%diﬁgz form iﬁ‘@_ 3.geepnd qond %%JV% Jayer over fhe %%%Ss“fat%te;
forming a sécond insulating layer over the ifst_conductive ?ayer; and orming

theffirstéorul uective tayet ovesséeoridhinsukating layerand sedondconductive

conl@yet itlg/._% s%%q:cogql%ptive layer bein.g electrically .conne.cted to the f@rst
conductive Tayer. 13. The method of claim 12, wherein the first conductive

layépigarred P%hf*_ﬂ) ufioh fiéyér_%iﬂ\léﬂﬁé’éivé,a%ﬁrﬁe@%ﬁ _mérnwetlm@l lating
1ayi@yerso extend interconpectivity of the secend. condugtive-laygn ddi & 1ayer

“method of making a semiconductor device, comprising: providing a
be lgghstrete;foifmyld fil IHSeMatRg Iager-d\erihé StbSPaey F6iiing e Met -

conductive layer over the first insulating layer;

13. The method of claim 12, wherein the first conductive layer
is a redistribution layer with adhesive, barrier, and solder
wetting layers to extend interconnectivity of the second

conductive layer.

14. A method of making a semiconductor device, comprising:
providing a substrate;
forming a first insulating layer over the substrate;
forming a first conductive layer over the first insulating
layer;
forming an under bump metallization (UBM) build-up
structure over the first conductive layer; and
forming an interconnect structure over the first

conductive layer and UBM build-up structure.
15. The method of claim 14, further including forming the UBM

build-up structure in sections with exits for flux vapor

escape.

-26-—



forming an under bump metallization (UBM) build-up structure over the first
conductive layer; and forming an interconnect structure over the first
conductive layer and UBM build-up structure. 15. The method of claim 14,
further including forming the UBM build-up structure in sections with exits for
flux vapor escape. -26 16. The method of claim 14, wherein the UBM

16 .bu%qlup St”gﬁtfl{ﬁe efxtequ abqve th first condctigztlv%é%y% roa Ope g%ht chru 29 re

micrometers The method o#élalme.m further inc udlng orming a secong
ex teonthuctive Vay er lovef thessubstrade;c farming aysecond irsiatinghlayerfover2 0

mlctpgrglerﬁt cgnductlve layer; and forming the first conductive layer over second

msulatlng layer and second conductive layer, the second conductive layer
being electrically connected to the first conductive layer. 18. The method of

1 7 Claip 47, further indluding forming a- gopnestion ling, hefween edge islands to

protect a via opening edge of the second insulating layer on the first
corfductive dlagers 49° The sréttiad tof Craimal e witsrein thedirstdondoetive

'ay?(;ﬂ'%@r(?d'ét@é’é'QﬂdaBi‘?{éB extend;intercanneciivity of the- second

conductive Tayer. 20. A semiconductor device, comprising: a substrate; a first
conisglatifg Ié)?ézfeférmé‘dléver the substrate; a first conductive layer formed

overdhg first iRslating s+ conductive layer over second insulating
layer and second conductive layer, the second conductive layer

being electrically connected to the first conductive layer.

18. The method of claim 17, further including forming a
connection line between edge islands to protect a via opening
edge of the second insulating layer on the first conductive

layer.

19. The method of claim 17, wherein the first conductive layer
is a redistribution layer to extend interconnectivity of the

second conductive layer.

20. A semiconductor device, comprising:

a substrate;

a first insulating layer formed over the substrate;

a first conductive layer formed over the first insulating
layer;

an under bump metallization (UBM) build-up structure
formed over the first conductive layer; and

an interconnect structure formed over the first conductive

layer and UBM build-up structure.
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layer; an under bump metallization (UBM) build-up structure formed over the
first conductive layer; and an interconnect structure formed over the first
conductive layer and UBM build-up structure. -27 21. The semiconductor
device of claim 20, wherein the UBM build-up structure has a sloped
sidewall. 22. The semiconductor device of claim 20, wherein the interconnect
structure includes a solder bump. 23. The semiconductor device of claim 20,
wherein the UBM build-up structure is formed in sections with exits for flux
21 .vaporeeseape c2hdihg: semiteniluetor teviteiof cldim 20,durther inblidifg)M a

bt $2£A0 CEeive laver formedh ayer ihe sybsrate: and a second insulating
ayer formed over the first conductive layer, the first conductive layer being
formed over second insulating layer and second conductive layer. -28

22. The semiconductor device of claim 20, wherein the

interconnect structure includes a solder bump.

23. The semiconductor device of claim 20, wherein the UBM
build-up structure is formed in sections with exits for flux

vapor escape.

24. The semiconductor device of claim 20, further including:

a second conductive layer formed over the substrate; and

a second insulating layer formed over the first conductive
layer, the first conductive layer being formed over second

insulating layer and second conductive layer.
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