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SEMICONDUCTOR DEVICE AND METHOD OF FORMING PROTECTIVE

STRUCTURE AROUND SEMICONDUCTOR DIE FOR LOCALIZED
PLANARIZATION OF INSULATING LAYER

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming a protective structure around a
semiconductor die for localized planarization of an insulating

layer.
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), small signal 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 signal processing, high-speed calculations,
transmitting and receiving electromagnetic signals, controlling
electronic devices, transforming sunlight to electricity, and
creating visual projections for television displays.

Semiconductor devices are found in the fields of entertainment,



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), small signal 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 SEMIEG Tt Icto FevidsS T REIUGR HiRFoT oMol BT KREFOProcedBBI: Thargetitoupled devices

(CODs), solak aels; apddigital microsairreneenices (DMBPs).ces ar Semisendusiordavices perform a
wide range of functions such as signal processing, high-speed calculations, transmitting and receiving

electromAgrietic’Sign &8 Pdarftroting Electdria devites HaRERMify surlightfd-eiddtricity, and creating

visual prejectiansifoe television displays Seniconduetor devices are found in the fields of entertainment,
communications, power conversion, netwarks, computers, and consumer products. Semiconductor
devices are also found-if Mifita Bppiicationy  &aticH aLtdmotive, ifdGstHar¢ottrollers, and office
equipmenpt: oper t i S&miconrductadevicesexplait thel elestrical propetrtiesi of semiconduetopmaterials.

The atomic structure oLsemiconductoi maltfrial allows it elegtrical Eonducéivi(%to b% manipulated by the
. . SemflCOl’lijU.g Oﬁf gla %rla a %)WS 1CsS eleCtrica f)al’l 18} IEl)VZI_. T S
application of an electric field or base current or through the process of doping. opln\é Introduces

impuritiesana thel semiConductor neatefialdetmanipalate and tontrolithefconduictivityoefsthe semiconductor
device. semicp g%%toaicé%qge contalrésS a%tfvedand 0%asslv electrlcail gggg%{g%se.sActlve

structures,ulﬁglﬁgllngobipo ar and effg(ﬁotrcaensstors, control the flow of electrical current. By varying

levels of dopingidndeapplication bf an etactria fisldtorbasetcurient, the transistorleittrergordmotes or
reSUmES%@J%y%?f%@8U@ghgﬁg%¥vgg§$¥% the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, 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. FEach die is typically identical and
contains circuits formed by electrically connecting active and

passive components. Back-end manufacturing involves singulating



structures, including resistors, capacitors, 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 Potentidfy htindréds o 8te p< FrbhteAd fani#acthriAg v theTarhatort 6fa plurality of
die on the sytfaee of a:sesticenrductenyater. Bach digds typically-identical andicontains circuits formed by
electrically connecting active and passive components. Back-end manufacturing Involves singulating
individual die from the fiRiSh88 Waf8r arf§ PACKAGIRG HF diBY0bravitB Sstitural Supgorfamss
environmental isolatiem i condu@nre geakafsemiconguctoemangfactying isdo gsadyce smaller

semiconductor devices. Smaller devjces typically consume less power, have hi tlgﬁ[perfor ance, and can
be produGSA FHBTE cHicienty Th Bt iBHCShHEF CorRbhAERET EvicaS have d Sialr FOGKERRL, which is
desirablerfor smatién ene praducts. A smadler diersizes maylke-achievewd by impravements ésthe front-end
process fesuting in die with smaller, higher densiy active andnassive componerys, Bagkend processes
may result’in semiconductor evice packages With a Srmatfer %ooatprlnt by improvements’in electrical
interconnectiomand packaginglmateridiss size ®@. bshewisiepediohyof angonveatienalsseimiconductor

water 10,yth & pltglity of sermiconductor dig 12 senayated by, s stget 14, Conact pads 16 are formed
over the active surface of s iconductor die 12. passivation Iayer is formed over the active surface

and cont@i@tfpaﬁdfsyiﬁwﬁtpmiqﬂrtﬁ passivatien WQBdst@mov@@wem@s_@@:@ﬁagtSﬁad@m for electrical
interconnect, Howeyer, passivation layer 18 can erode.and become, u %deﬂgg?%t?'”fé’é%g}‘ﬁﬂcy atthe

edges and corners of semiconductor die 12 and semiconductor wafer 10, during the developing process.
FIG. 2 shewslthexrgsionot passivatier iayera 8 attorrerursigelz0ofwdfar ackerssemiconductor die
12. The thin passivation layer 18 can cause defects and reduce reliability of semiconductor die 12 in its

final package configuration.
FIG. 1 shows a portion of a conventional semiconductor

wafer 10 with a plurality of semiconductor die 12 separated by
saw street 14. Contact pads 16 are formed over the active
surface of semiconductor die 12. A passivation layer 18 is
formed over the active surface and contact pads 16. A portion
of passivation layer 18 is removed to expose contact pads 16 for
electrical interconnect. However, passivation layer 18 can
erode and become undesirably thin, particularly at the edges and
corners of semiconductor die 12 and semiconductor wafer 10,
during the developing process. FIG. 2 shows the erosion of
passivation layer 18 at corner or edge 20 of wafer 10 or
semiconductor die 12. The thin passivation layer 18 can cause
defects and reduce reliability of semiconductor die 12 in its

final package configuration.



Summary of the Invention A need exists for reduced erosion of the passivation layer over an
active surface of a semiconductor die. Accordingly, in one embodiment, the present invention is a method
of making a semiconductor device comprising the steps of providing a semiconductor wafer with a
plurality of semiconductor die separated by a saw street, forming a contact pad over an active surface of
the semiconductor die, forming a protective pattern over the active surface of the semiconductor die
between the contact pad and saw streBPBRHE Rmit8fdIRFERELRming an insulating layer over the
active surface, contact pad, and protective pattern, and removing a portion of the insulating layer to
expose the contact pad. The protective pattern reduces erosion of the insulating layer between the
contact pad and saw sfteBESFth&sEMiCorifictdFGiBSe ST O ghbthér EMbolifient” the' présent
inventionlis pgnetheskofanaking avsericondueiop device sompsising-thersteps of providing a
semiconductor wafer, forming a conductive layer over a surface of the semiconductor wafer, forming a

protectivé BaftEin overthe SUrfats of e Semicdhaultor wakérietivesh 1Ré tbRtuctivelayer and an edge
of the semiaanddctofr wafer, forning @niinsulating dayet ©ver thecsurfacesdfrthe semieanductarfwafer,
conductive Ia¥§{j and protective a tS(r:r]dOandwraeggeq:virvlqg_L g}poarltiorlof thf.i[gsula%ng layer to expose a portion

of the coﬁ&ﬁctlvejl_na%/e?. The | 6r% ective peﬁtern maintains the iﬁsﬁjljéﬁngl e between the conductive

layer andsedge-ohtfrecsemicdnductepwatered by alnsanothérembodifwentithe presenttiavention is a
?géﬁ%ﬂ%\%ﬁﬁ%&g % \f%eﬂ%%%%%to%%er"%%éo%‘P”%l?é’ thestersafRroyiding a sepucondugtor die, forming

protective pattern over the active surface of the semiconductor

die between the contact pad and saw street of the semiconductor

die, forming an insulating layer over the active surface,

contact pad, and protective pattern, and removing a portion of

the insulating layer to expose the contact pad. The protective

pattern reduces erosion of the insulating layer between the

contact pad and saw street of the semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer, forming a conductive layer over
a surface of the semiconductor wafer, forming a protective
pattern over the surface of the semiconductor wafer between the
conductive layer and an edge of the semiconductor wafer, forming
an insulating layer over the surface of the semiconductor wafer,
conductive layer, and protective pattern, and removing a portion
of the insulating layer to expose a portion of the conductive
layer. The protective pattern maintains the insulating layer
between the conductive layer and edge of the semiconductor
wafer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of

providing a semiconductor die, forming a conductive layer over a



surface of the semiconductor die, forming a protective pattern over the surface of the semiconductor die
adjacent to the conductive layer, and forming an insulating layer over the surface of the semiconductor
die, conductive layer, and protective pattern. The protective pattern maintains the insulating layer
adjacent to the conductive layer. In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and conductive Iaéer formed over a surface of the

semicondUitidrdig. RlproteetivePatteristofned bber therdurfieofthe sBMidorfiuctdrWater adjacent to

the conductive layer. Arrdnsilating layes isstarmeseuves the suface.afthesamiesnductor die, conductive
layer, and protective pattern. The protective pattern maintains the insulating layer adjacent to the

conductive iRyBF Brict DesERption BFtHe BPawiAgs ™ TP SUEIG I R filusrétds & E6nvéntional
semiconductarawafes wvithha passivatiorlayestormes, oves ke semicontiugtor dieind FIG. 2

iIIustratesﬁ) an ggge of the conventional semiconductor wafer with erosion of the pas i\gation layer;

tive pattern. The protectilive pattern maintalins g%
insulating layer adjacent to the conductive layer.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and
conductive layer formed over a surface of the semiconductor die.
A protective pattern is formed over the surface of the
semiconductor wafer adjacent to the conductive layer. An
insulating layer is formed over the surface of the semiconductor
die, conductive layer, and protective pattern. The protective
pattern maintains the insulating layer adjacent to the

conductive layer.
Brief Description of the Drawings

FIG. 1 illustrates a conventional semiconductor wafer
with a passivation layer formed over the semiconductor die;

FIG. 2 illustrates an edge of the conventional
semiconductor wafer with erosion of the passivation layer;

FIG. 3 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 4a-4c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 5a-5d illustrate a process of forming a
protective pattern around a semiconductor die for localized
planarization of an insulating layer;

FIG. 6 illustrates the semiconductor die with the

protective pattern mounted to a substrate in a WLCSP;



FIG. 3 illustrates a PCB with different types of packages mounted to its surface; FIGs. 4a-4c
illustrate further detail of the representative semiconductor packages mounted to the PCB; FIGs.
5a-5d illustrate a process of forming a protective pattern around a semiconductor die for localized
planarization of an insulating layer; FIG. 6 illustrates the semiconductor die with the protective
pattern mounted to a substrate in a WLCSP; FIGs. 7a-7b illustrate a protective pattern following

a contour of the contact Padls fdPodRliZet pahafzatich SFamstbtifgRaferer foLlERYE Ba-8b
illustrate a pretectvie pattermef payatielsegments foocalizediplanarizadion:of andnsulating Layer;

insulating layer;

FIGs. 8a-8b illustrate a protective pattern of
parallel segments for localized planarization of an insulating
layer;

FIG. 9 illustrates the protective pattern formed over
a re-routing passivation layer in a WLCSP with an RDL; and

FIG. 10 illustrates the protective pattern formed over

the re-routing passivation layer in a Fo-WLCSP with an RDL.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the 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 and diodes, have the ability to



FIG. 9 illustrates the protective pattern formed over a re-routing passivation layer in a WLCSP with an
RDL; and FIG. 10 illustrates the protective pattern formed over the re-routing passivation layer in
a Fo-WLCSP with an RDL. Detailed Description of the Drawings The present invention is
described in one or more embodiments in the following description with reference to the figures, in which
like numerals represent the same or similar elements. While the invention is described in terms of the

best modeoFaehielity the SiventioRsSotjEctRes, Wil BB appré@aed sy thbse skiliedin the art that it is
intended ¢o epwel-altesnatives, modificationsand pquivaleptsas mayeha icdided within the spirit and
scope of the invention as defined by the appended claims and their equivalents as supported by the
following ‘iStISIRE BTG drafiiges© @ TS SEmicoidudtoraeViEEs are st Iy RfantfdctGred using two
complex marwdacturing pracessesnirenteent-manufaciuring and back-ead snanufacturing. Front-end
manufacturing involves the formation of ae}leuralig of die on the surfa\%e of a semicondyctor wafer. Each

|

die on the wafer containg &etive and passive sleStHtRESbShetts, Whith re lctrically connected to

ele
form functionakelectsicat eiecuitsmActivel electricak e@mponhents, saeh as transistarsand diades; have the
ability to ‘{%rétf[o' &hie flow of .electrlagl current. Passnée8 gleﬂr (}gj comr}?l(q)nents s%ch as cgggcltors,

inductors, resistors, an Otpa%n%?érmer%?gr%ta%eog’re nship enwee) véﬁl‘[aéeetgndL cdfren necessary to

perform eléetnigalicirduitdunctiohsping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

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.



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 conductivity of semiconductor material in active
devices, transforming the semiconductor material into an insulator, conductor, or dynamically changing
the semicdHuRES Mt raf comtfudtiViy iF f’espohse 1 SR eleciifigd G Dhdse cutFEht. Fransistors
contain regians &8 vayingitypes anddegrees phdopigg psianged asorecassannigenapie the transistor to
promote or restrict the flow of electrical current upon the application of the electric field or base current.
Active ant¥aEsive cSifipBREHTSE HE formed by Tayre B matétald WithiUiffsreht &iettrichf properties. The
layers cande-fosmed hyaa vadety i tepositipa teehnigues determinedlinpaithy theltype ofmeaterial
being deposited. For example, thin film deposition may involve chemical vapor deposition (CVD), physical
vapor depaHiin (VDS Secric FRdRa & Td ieutrBlesd Wiaiig prosSses B4 Iay8t is generally
patternedntoctermzportions ot aetivercomspaenents,ipassiverearipogents pareeléctiisal connections between
components. .. . The layers can be patterned usi hotolithography, which jnvolves the deposition
o gt SO T . TGS Get OVaP e Aoy B8 pRTel et AR b el from a
photomasH tocthecphotoresist aisingolight. The portion of the photoresist pattern subjected to light is
removed using a solvent e(%(gcl)gn orti%r%slgf tpf undoeflyin Ig¥el%tf]) %%g%tt%rgegxlh% lr(%mainder of the
photoresist is remove ,ﬁfavmg betind a patterne& IPayer. Afternative y, some types o matertials are
patterned by tirectlycdepesity thearnateriad into dieer drgastomvdids formeddbyca prgvioas deposition/etch
process sing technigues.such as-elegtroless and eleliolyti plating, ¢, .. ;Repasiting adhin film of
material over an existing pattern can exaggerate the underlying pattern and create a'non-uniformly flat
surface. Riupifoanlysiize sueface isiraepiredde preducecsmlifer @ more defAselypatcked active and
passive components. Planarization;can he ysed fo remove materialfram dhe, sytace, of the yyafer and
produce a uniformly flat surface. Planarization Involves polishing the surface of the wafer with a polishing
pad. An Btasive matefiaPand B6rrisive Ehehrfical ape adfied t&' the Suifdce Sflthe waref ddfing polishing.
The combined mechanical action pfthe abrasivie;and eorrosive agtien gktherchemicalremavesany
Irregular topography, resulting in a uniformly flat surface. Back-end manufacturing refers to
cutting oPSIhgEIAtiRG the finishéd walérinto’ theadridial dnahFtherpackagifethedié férstructural

support anghenvirohmentaldselatier. Ta singulate the-digy thewaferis seared andriroken along
non-functional regions of the wafer called saw streets or scribes. The wafer is singulated using a laser

cutting tooPBPSAW I Kitet Sthigutétioh the individual 'dié are’ dtmted tora package Siiv<tate that

Includes pinstarcomiact pads feeintersenaestionwithyother systeny campenentss Contact padsformed
over the semiconductor die are then connected to contact pads within the package. The electrical

connectiHs & Be indde? & 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 tool 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 molding
material is deposited over the package to provide physical support and electrical isolation. The finished
package is then inserted into an electrical system and the functionality of the semiconductor device is
made available to the other system components. FIG. 3 illustrates electronic device 50 having a
chip carrier substrate or printed circuit board (PCB) 52 with a plurality of semiconductor packages

mounted"bhiits SHAEF Ble@Rshic 8&vice By ha98 Oneltypé oP démicontfictdt pakRAGE -or multiple
types of semispndyeian paekagese depending @itherapplieation. Thexdifferent &peswef:sepeonductor
packages are shown in FIG. 3 for purposes of illustration. Electronic device 50 may be a
stand-al e EyAEEMm tRatUSEEHE RN SordlctSHFatkaged 16 periGih oheor mSfeéikdfidal functions.
Alternatively etectrioiie deyige 5dgnay betmsubcampenend of adarget systest. (Har exagiple celectronic

device 50 may he part of a cellular phone, personal digital assistant (PDA), digital vijeo camera (DVC), or
other elo BT Eon M GBI Qe ate DA BN ) SSGEE SHE Goite et art oW faphics card,
network iaterfacekdasd tor ather sighal-pregessing cargthatcan be inserted into a computer. The

semiconductor packag&cgn igclygﬁumicroaptrgceszpé%tmemoriea,e z%qplicag'(an ﬁgggific integ%'ﬂed circuits
S i [

(ASIC), logic circuits, analog Circuits, ﬂfrcwcuﬁs,e iSCrete devices, or other semiconductor die or electrical

componems. Terminiatsirizatien and pthel wedght ceduction areassentalHor theseproduacts to be accepted

by the mar{(et. Tlh distance betw en se iconduc}{or devices mu tdbe decrteased (0} achieve higher
density. Pt |:§t|¥|(3$§, E’%%lé %rcl)l\ﬁgqgg a%%%e? “Substrate f%r structural ssulf)]f)o?t%end electrical
interconnett of thersemidenductop paciagesaneunted orvthe RCBs€ondactiecsignaliradesd) are

formed oyer 4, 5uifaca or wihinlayers.of RCB.52.using eyaperalion, elactialyic platng, elegtoless

plating, screen printing, or other suitable metal deposition process. Signal traces 54 provide for electrical
communigatidi betweeh eadhof thefsepmieondlictoepackagesireounted-tompbacritsJand attfer external

system compoRents. F facess54 glsofrepide nower andhgroupd cpgpections to each of the semiconductor

packages. In some embodiments, a semiconductor device has two packaging levels. First level
packaging is a technigie $6rrheehanieailiad electircallPattachingthe sbatiCortiicidié ke an

intermediate carrigr. 3econdlevelpackaginginvalves mechanically and electrgally attaching the

intermediate carrier to the PCB. In other embodiments, a semiconductor device may only have the first

level pacRaGingwiicte the diisHechariddifariteféetricallf Histinted dife iRV tbthe PCB2Y

be a subcomponent of a larger system. For example, electronic
device 50 may be part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
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 (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. The miniaturization
and the weight reduction are essential for these products to be
accepted by the market. The distance between semiconductor
devices must be decreased to achieve higher density.

In FIG. 3, PCB 52 provides a general substrate for

structural support and electrical interconnect of the



For the purpose of illustration, several types of first level packaging, including wire bond package 56 and
flip chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball
grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66,
multi-chip module (MCM) 68, quad flat non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requirements, any combination of
semicon%@%@%@?c&ﬁ&?@@%itﬁ%ﬁnﬂﬂaﬁ@ﬁo fifst and SBEBAE 16| packsying styles, as

well as othes etectroniceempenets, eanr be £opneeteddo RCR 52nimsame embediments, gtectronic
device 50 includes a single attached_semiconductor package, while other embodiments call for multiple

interconn&d e p&ieRyRE 2By LBmBirinG The'or m6rePdérhitdAduidf PatkAgesover A diRgle substrate,
manufacisersaandneonponale pre-magdercampanasis inte elactipnicodeices apd systems. Because the
semicon%uctor acka%es In%JrL%ide soehi%%c ed fu ctionalit%, lectronic devices can be manufactured
using cheapBt tompohents and B streanflinedmandfactur! %?prggggg?nﬁh%ar%%ﬁﬁin HEVTES are less
likely to faih and dessstexpensivedorantifactuse cesigting ima lowerccast fgrcconsumersnd FIGs.

4a-4c show exem%%r%/ se icond%ctor packaig%shEISG. 4arglustrate§ 41‘u‘r51[tj;er detail of DIP 64 mounted on
ucto c

PCB 52. Semicon 5 die 7271hcltides AN active region coan?g‘lﬁing ana 5’5 O%%Yté ar(?u?tvéﬁﬁwplemented

as activeddevicgsppassive dewices oconductive tdyers, drtedietsciriclayerstiormed akithire the die and are

glectrlcally Interconneq%d_ gg%%rdler}%otg dtQ%eeA%céttlceél dseesllIglnC%fn tggcdcl%.rl:o e%xla%neplgatsht_at%rcun may
include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit elements formed

Within_th@aak&gmgﬁ)r}lef\f%kﬁiconﬂact@t diéema_. lcma@témldsﬂa areone Qhrrim[_eetayfeirs of conductive
material, such asaluminum (A1), copper; (G, tn [$h), Bickel, (N, gald (Au), ot silver (Ag) and.are

electrically connected to the circuit elements formed within semiconductor die 74. During assembly of DIP
64, semiconductrdie F44s emounted & an iteAnediatetarkiep 78sng a goldzsiliges eutectic layer or

adhesive,material such as thermaj eppxy or, epoxy, resin. The,package hody Ingludes an jnsulative

packaging material such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide electrical
Interconrieet befveerPsemiEonabERF dRTPL ARBFCE 522 EREEpSIHaftSS Rrdéposited dler the package

for environmentalproteqtion-y, preventing moisture,and; pariicles frem entering;the package and

Contaminaﬂn% die 74 :(L){ wire l():londls Sgc'ricall mounted directly to the PCB.
mechanically and elec y y

For the purpose of illustration, several types of

first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. 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 52. In some
embodiments, electronic device 50 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
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FIG. 4b lllustrates further detail of BCC 62 mounted on PCB 52. Semiconductor die 88 is mounted over
carrier 90 using an underfill or epoxy-resin adhesive material 92. Wire bonds 94 provide first level
packaging interconnect between contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide physical support and electrical
isolation for the device. Contact Eads 102 are formed over a surface of PCB 52 using a suitable metal

depositioRPToRESEs RS BRI trdlytit pratig 6 eIt GleS§ BitiRg 18 prevent vXitfation. Contact pads

102 are electhcally connested ta-orr 6F B1Ore soRduetveisignaldmaceshid intRCB &2 Bumps 104 are
formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In FIG. 4c,

semicondutisidie 58S Mourited Face Bown 16 niehiediate E5rBRr 186 With & b &g <§/le first level
packaginghAsthea-regia 408 :0f seaiedngustordien b8rcontains analoguaridigital €ireuitss implemented as
active devices, passive devices, conductive layers, and dielectric layers formed according to the electrical
design oS T P GKaSE tha™irchit Tiay MoTHb O G ibrd HanbRtors CHBARS RAuSDrs,
capacitonsaresfstors,; andotherlciroui elementisowithin@active fegion dO8uBemiconductor die 58 is

electrically and mechapii: Iblvy c%nrlected }tlo car@[ier 10ﬁ a¥hroug(glrlt)urgl%s 111% or ack%GeA 60 is electrically
and mechanically connected to IQC@C‘SZS with a BGA's yF secon%ﬁevé]] pacﬁag'r%g usn‘?g Sumps 112.
Semiconductor die 58 istelectrically conrgcted tetenductive Bighat frames Hd4n REB B2Rhfough bumps

110, signal lines 114, and bu s 2.A nfol ing compound or encapsulant 16.i§ deposited over
semicondélljecnt](%rc(?irelle%c‘:fliC d cgfr'll:iger 106 to %rél\(/gllggg p?i?si%glgslu\fj%oﬂegnlc? gle%?rﬂ]:,%l?llsof‘a?i%n%g? the device.
The flip chip sémicoatluctor device providesarstodt electicalicondietionpath froasthiecactive devices on

semiconqyctor dig 58.19 canductian tragks gn PGR 52410 prder 1o redyce signal propaoatien gistance,

lower capacitance, and improve overall circuit performance. In another embodiment, the semiconductor
die 58 cahlise meehanidaly aneg bfetticatly connettedrdirseily 16 PCB 62 ustigliptehip-5§le first level

paCka@nQﬂ@HE%&gg?”ﬁ%@@gﬁc%%mfﬂg6die. For example, the circuit may

include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of 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
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 4b illustrates further detail of BCC 62 mounted

on PCB 52. Semiconductor die 88 is mounted over carrier 90
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FIG. 5a shows a semiconductor wafer 120 with a base substrate material 122, such as silicon,
germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of
semiconductor die or components 124 is formed on wafer 120 separated by saw streets 126, as
described above. FIG. 5b shows a cross-sectional view of a portion of semiconductor wafer 120.
Each semiconductor die 124 has an active surface 130 containing analog or digital circuits implemented

as active HeVites Passifs tevites Clorftictive Layers, ant dfeideuiedayers ddrmied withinthe die and
electricallydntesconngsted ageordingste the-placticalidesigiand function of the dier rergxample, the
circuit may include one or more transistors, diodes, and other circuit elements formed within active
surface 130"tb3mbléent attalég dirddits oméﬁ&l%?rcﬁﬁ&p%dasoaigﬁglcﬁé’ﬁéi 15#8Ledsd? (B&P), ASIC,
memory, i etharsignalprecesstig-eirelitc Semicardwrondie 24rmay alstscontaindniggsateddpassive
devices (IPDs), such as inductors, capacitors,.an resistcnt]rs, for RE sirgnﬁlqgro(isessin . Inone

D
embodimeny, s]e?r?iioﬁ&%ﬁgféie i3 SfipEHiBtype S8micondticordie, SVIA electrically

conductiveolayer 132 isiformed oves activensdrface:130 andrédistribhitiondiieleetric pasgivation Layer,

using PVD, CVD,. electrol ic lating.,. electroless plating process, or other sujtaple metal deposition
process. CHERhGs Iy B 12 AR D G b NS YTl ATt Gt N A AG, B Gl Qtable
electricallyrcantlective hesterial L Atpiortiort of pordistive dayiet dt3Rcoperatesrasacontaetpads0134
electricalgl connected to thﬁcircgits on atCti\clle urface 130, and to the next tIevel packa elinterconnection,
for example Toring BUMiDS of CORTACT pads 134. = " FIG.5c Shews & pIAR view of & portion of

semiconducteewafet 120 dorstituding tWoradjadeht serrcdrductst die 1R4eContact patdsddd<an be
formed agg.mcgfa B@e’m@ﬁeraq{éeggjigg%%ctg% ig 1%!2 agg i@,t@g'ogg).the semiconductor die. Another

portion of conductive layer 132 provides signal trace lines 136 formed over active surface 130 and
electrically connected tbrcantact phels 1320foe sitfhad Foutingite thé cireuiteon tssladtveesdifate. A

protective gnd planafization metal patiern 138 iy fermed eyeractiye suttace 130;ysing payerning and

PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal deposition process.
More spetificafy, protectitve tayet 13895 Formeéd aphgIRe eeges of each demicohdiridrdie 124, i.e.,

along or padially over saw streets-126, adjacentta permeter contactpads ladadjacent to perimeter
contact pads 134 to\%{anarize passivation layer 140 around the edge or corner pads 134 and balance the
stress distABFHoFoYET the Pads TR Brderto Tmpraecthe refldbility - PrGteEfelayey 38 cAR'BEGhe or

more laygrsQfAli €Y, 88, the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to

PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 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 58

to conduction tracks on PCB 52 in order to reduce signal
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Ni, Au, Ag, or other suitable material. Protective pattern 138 is patterned and deposited during the same
process sequence as conductive layer 132. Protective pattern 138 is electrically isolated from contact
pads 134 and trace lines 136 and the circuits on active surface 130. In one embodiment,
protective pattern 138a is a generally straight, dummy metal trace pattern around a perimeter of

semiconductor die 124, outside and adjacent to perimeter contact pads 134, with angles around the
corners dHiRe SEMICHMYLLEDT die! e StP&iGht (ra& pattérn ot profetivEpattsm P& éart be broken or

segmented aseedgd 19 avakhelectricakcontaetiwith signabtrace ines 136 ok pthes elrcitically sensitive
areas of active surface 130. In addition, protective pattern 138b is disposed at the carners of

semicondictordie 1% iR% PSIGE6R bF W $hapeS 8. 14 Triangl& SRAFE & fbIdw the Engles of
protective pattemn E38aising fIApIiNSHigting 0y passivatieon layes 14p4s kergiechoveracsive surface 130,
conductive layer 132, and protective p tt6ern 138 using PVD, CVD, printing, spin coating, spray coating,
Iaminatioﬁ?ggﬁ{%?l%é%)%dﬁﬁgr{lﬁ{e insulating layer 140 can be one or more layers of silicon dioxide
(Si02), silicon nitride (Si3N4), siliconcoxynitride (SN tantabimypértoxideo(1a20b), altaieim oxide
(Al203), ps(%l%mteggjcelectg% srucgla}sl%%Iyimide PBO, Wﬁ’Régglymer based lower temperature curing

polymer, SO der mask, or other suita e’mﬁ%le(ﬁlél With Simifar inéul%ﬁﬁén And structlira 6&%erties. A portion

of insulatingslayed @40 iswemoveachlyysah etching processtoexpesd tartact pads t84ctural Protective
pattern 1§8 rovides i proi/ed I(icatl planarization of i quCating O{a)éer 140 arounlq th% ed £% of

semicon l}l(é) rdie 12 , e?g.}lﬁ]aaréag 1?1[? ’?ﬁgtlig?gro%gctﬁl]é paltterr(1j 1387e chsner%s%n and maintains
the thickressrefdnsulating ket 240 skpiag develdping so thdtinsulating layep $40 s aredssI!2 has
substantiglly the same thickness as in the interior portions of semiconductor die 124. The insulating layer
140 in areas 142 resists erosion during developing after exposure due to the support of protective pattern

138a and 138b. In additibn; phdtectivevpatteratl3ssaids withasrightatictvrezbgaitivnof semiednductor die
124,35“53%%%5%&@%%%r wafer 120. Each semiconductor die 124 has an

active surface 130 containing analog or digital circuits
implemented as active devices, passive devices, conductive
layers, and dielectric layers formed within the die and
electrically interconnected according to the electrical design
and function of the die. For example, the circuit may include
one or more transistors, diodes, and other circuit elements
formed within active surface 130 to implement analog circuits or
digital circuits, such as digital signal processor (DSP), ASIC,
memory, or other signal processing circuit. Semiconductor die
124 may also contain integrated passive devices (IPDs), such as
inductors, capacitors, and resistors, for RF signal processing.
In one embodiment, semiconductor die 124 is a flipchip type
semiconductor die.

An electrically conductive layer 132 is formed over
active surface 130 and redistribution dielectric passivation
layer, using PVD, CVD, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive

layer 132 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
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stress relief. In FIG. 5d, semiconductor wafer 120 is singulated through saw street 126 using saw
blade or laser cutting tool 139 into individual semiconductor die 124. Semiconductor die 124 can be
mounted to a substrate or stacked in any package configuration. For example, FIG. 6 shows
semiconductor die 124 mounted to substrate 143 with bumps 144 and covered by encapsulant 145 in
wafer level chig scale package (WLCSP) 147. Protective pattern 138 maintains an even thickness and

coverage®st iRSEHnG tyef 248 Wl drid metuting e edde  dtsétficBhdactor die PPATLon  FIG. 7a

is a plan yiew-ehanotherembadimentnf the protectivespattern+ eentinung froquFIG. 5b, with electrically
conductive layer 132 formed over active surface 130 as contact pads 134 and s\i;nal traces 136. A

protectiv€ PEHERT £46 isfolifBE BveFactive Stiface T30 b5ing PatRrting and BB e VD Mectrolytic
plating, elecirotesstplating REOCESS0r pthek syitahle metabadepasitiathprocess.dare-specifically,
protective pattern 146 is formed along the edges of each semiconductor die 124, i.e., along or partially

over sawfs réets' ?28}1 a8 ﬁ/eﬁ%scéfgﬁﬁl ﬁwte &dge’ ofL ée iconductor wafer 120, adjacent to perimeter

contact pads 134. Protective patterncid6 eambeoneigrymore layersrafiAInCuofSn, Ni, Au, Ag, or other
suitable @g}[gﬂ&l}. I%{oéeccéive Vg)g%tern é%@ cagnbgtp%ttecrned an deé) sitecd rclljﬁlrig theC same process
sequence as ‘conductive Ijéyer 32. Protective pajttelrln 148 is &féc rlc%lﬁy TSolated from contact pads 134
and tracelliresl 236 and ¢ sicduitsaots adtbe swrfadecl3hrmed adnithis casesprotedtive paftern 146a is

a dummy metal yage hattern round,a perimeler.of semiconduystor dig 124, outsigs, ang aiacent o

perimeter contact pads f§4.dF}r%tect|vé pattern 146a ws the contour of contact pads f34. For
example Aprotdttive patteire 1464 issroutided areund girculaB comtactvpatiss1 34. gl trace pattern of

protective pattern, 1463.can be broken or sagmented;as neqded to avoid electrical epptact with signal

trace lines 136 or other electrically sensitive areas of active surface 130. In addition, protective pattern
146b is disposed e the eorers ef Semicdhdldtdr Hier 124 inany regilamer ifregtilae shapeie.gs cross,

diamond .Qr RQ|YION.SHARE. s yrFace.

A protective and planarization metal pattern 138 is
formed over active surface 130 using patterning and PVD, CVD,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. More specifically,
protective layer 138 is formed along the edges of each
semiconductor die 124, i.e., along or partially over saw streets
126, adjacent to perimeter contact pads 134 adjacent to
perimeter contact pads 134 to planarize passivation layer 140
around the edge or corner pads 134 and balance the stress
distribution over the pads in order to improve the reliability.
Protective layer 138 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable material. Protective pattern 138
is patterned and deposited during the same process sequence as
conductive layer 132. Protective pattern 138 is electrically
isolated from contact pads 134 and trace lines 136 and the
circuits on active surface 130.

In one embodiment, protective pattern 138a is a

generally straight, dummy metal trace pattern around a perimeter
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An insulating or passivation layer 148 is formed over active surface 130, conductive layer 132, and
protective pattern 146 using PVD, CVD, printing, spin coating, spray coating, or thermal oxidation. The
insulating layer 140 can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other suitable
material with similar insulating and structural properties. A portion of insulating layer 148 is removed by an
etching process to expose contact pads 134. __ Protective pattern 146 provides improved local
planarizatibn S ThstifAtiHg a§Er PAG arotifn thE'etyds ot senfcolfhfctdr die 12T &4 HRtreas 150, as
shown inddGt 46+ Thatds, protectiverpatiern 146 reddeesierosion-and maintainstthe thickness of
insulating layer 148 during developing so that insulating layer 148 in areas 150 has substantially the same
thickness 88 i fHRIREETBF pditfons df¥enicordutidr diEaP2. B ifddlafily RY8F $48 Y Sreas 150
resists erpsioneduringsdeveleping after exposwe duedndhe suppert of prriactive pattara 146a and 146b.
In addition, protective pattern 146 aids with,orie%tation recognition of $ miconductor die 124, as well as
localized StreSs TéifstT ©OMtaFiG "Baid & plah eﬁ%?%%o%]e?%%t}oagm%ﬁt SFLiﬁ%rprotective pattern,
continuing Ifeam #Ga b ywitle eteictricadly conductivie layer $32 farnfed-evearzctive surface 130 as contact
pads 134 and signal traces 136. A protectjve pat 152 is f§ormed over active surface 130 using
Patioring e P! O i B At ol e pUE 7o e of Biner SLHabiE bta
depositiongrocessi Mdrerspeciicallyl protective pattern 952 isoformied aldragothe edges, ofeeach
semiconductor die 124, i.e., along.or,partially over saw streets 126, as.well as along the e of
semicon%urc%grn\%gi%r Sl%%?gc?}%(éegrf]tot%eﬁe“ﬁn%eteer %gﬁ%%;g pggs %&fﬁc rccﬁé(\:{uevepﬁﬂal&%:e%ﬁ 15 c%arl]'be one or

more Iayer_s of Al, Cu, 8n, N} AL Ay, oy oﬁIEMabteamateTigl.@r@redti‘@@ dmtefwgﬁz@aﬂ\twrpatterned
and depogited during,thg samesprocess seayance as canductive layer 132, bratective pattern 152 is

electrically isolated from contact pads 134 and trace lines 136 and the circuits on active surface 130.
In this casé Sprotdctivepdtters 1B2aly aplurality cfistraighaparatiel durhmy meedl irage patterns around a

perimeten gf sericopductor dig, 124, putside and.adiacent o perimefer.goniagtnads 13d, witlangles

around the corners of the semiconductor die. The straight, parallel trace pattern of protective pattern 152a
can be biskefitit segniehiied &3 Yreedled fo avéid elBctfitarcstftactwifty signaltaceingsi 136 8f other

electricallyssensifive areas of activg,surface;13Q.dn@ddition, protective.patiesn;1h2b is gigposed at the
corners of semiconductor die 124 in a polygon or rounded shape, e.g., triangle shape to follow the angles
of protecivéPafterh 159le (AL2Q3) instRtinGoF passivatdr iyer 154%s fornietl Hetive surface

130, congugtivertayer 132, andretective paffemn 1a2ysingRyYR, CYD, 1inipgysrin coating.<spray
coating, or thermal oxidation. The insulating layer 154 can be one or more layers of 5i02, Si3N4, SiON,
Ta205,Aﬁﬁﬁ%or%ﬂuﬁ%ﬁﬁﬁbﬁpltable material with similar 1nsulating and

structural properties. A portion of insulating layer 140 is
removed by an etching process to expose contact pads 134.

Protective pattern 138 provides improved local
planarization of insulating layer 140 around the edges of
semiconductor die 124, e.g., in areas 142. That is, protective
pattern 138 reduces erosion and maintains the thickness of
insulating layer 140 during developing so that insulating layer
140 in areas 142 has substantially the same thickness as in the
interior portions of semiconductor die 124. The insulating
layer 140 in areas 142 resists erosion during developing after
exposure due to the support of protective pattern 138a and 138Db.
In addition, protective pattern 138 aids with orientation

recognition of semiconductor die 124, as well as localized
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material with similar insulating and structural properties. A portion of insulating layer 154 is removed by an
etching process to expose contact pads 134. Protective pattern 152 provides improved local
planarization of insulating layer 154 around the edges of semiconductor die 124, e.g., in areas 156, as
shown in FIG. 8b. That is, protective pattern 152 reduces erosion and maintains the thickness of
insulating layer 154 during developing so that insulating layer 154 in areas 156 has substantially the same
thickness*a< fitthetifitetfot portions of semiconductor die 124. The insulating layer 154 in areas 156

resists erosion during devetaping sdter expasiaduedtethe sepport o pretegtivespatieradl52a and 152b.
In addition, protective pattern 152 aids with orientation recognition of semiconductor die 124, as well as

localized 'StreQ898iet?™ STrefiG 1o &hdlid BofiY efisttimaht with &h ifSWARY of B8§si$§t?on layer
160 formed over aative: surfacest30 and ¢apductiveilayernkl2 otsemiconduectos dieii24 using PVD, CVD,
printing, spin coatin%, spray, coating, or thermal oxidation. T eé:sulatin Iager I%fo can be one or more

; i1 i

layers of &3[R SIS, T8205, AP05 761 StheF stitabie Riatéfial i Ffsulating and structural
properties oA pogtioraafiinsulating tayet A60lie remowed by simoetshingrprocessitotexpaseecontact pads

134. n insulating or passivation. layer 162 is formed over insulating layer 160 and the exposed
contact FAAEA5 beig PUES CATtso kg Chih CALG, S S SMiG Gt Febv Pl oxidation. The
insulatingclayep 62 @ah bedone or mofe layeey of Siff2] 151344, 18iION, CRa5, AIRQ3 B otHer.suitable

material \gith imilar insulatin andf, ctural rogerties. A portion f.inkc,ulating layer 162 is removed by an
Clching proGAes 16 SXoSa SomaLt pads Taa T B R oaI on Give Ty oY KDL To4 1
formed ovér insalating layer 162candLddntact pads2184. A plotdetive patterad®s is formed over insulating

layer 162 using patterning and PVD,,CVD, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Protective pattern 166 can be one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or other suitable matérial. Protéctiverpattery 166 cah bepatfiernedrapricdepusited duking the same

Frocess }‘%’é@é‘&%ﬁ?&%&% layer 164 nRratgctivenatiers 1664s eleqtricallyselated fram conductive

ayer 16 conductive layer 132 formed over active surface 130 as contact
pads 134 and signal traces 136. A protective pattern 146 1is
formed over active surface 130 using patterning and PVD, CVD,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. More specifically,
protective pattern 146 is formed along the edges of each
semiconductor die 124, i.e., along or partially over saw streets
126, as well as along the edge of semiconductor wafer 120,
adjacent to perimeter contact pads 134. Protective pattern 146
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable material. Protective pattern 146 can be patterned and
deposited during the same process sequence as conductive layer
132. Protective pattern 146 is electrically isolated from
contact pads 134 and trace lines 136 and the circuits on active
surface 130.

In this case, protective pattern 146a is a dummy metal

trace pattern around a perimeter of semiconductor die 124,

outside and adjacent to perimeter contact pads 134. Protective
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An insulating or passivation layer 168 is formed over insulating layer 162 and conductive layer 164, and
protective pattern 166 using PVD, CVD, printing, spin coating, spray coating, or thermal oxidation. The
insulating layer 168 can be one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other suitable
material with similar insulating and structural properties. A portion of insulating layer 168 is removed by an
etching process to expose conductive layer 164. Bumps 170 are formed over the exposed conductive

layer 16T heSRSUIAMAG 18yt 188 Tndy Rave Aldusigriate F BPEAING tBefine te salvireet.

Protective paiten: 166 pra\ddes irepreyed dacal planarization ohinsuladingdayerdit8: d hat is, protective
pattern 166 reduces erosion and maintains the thickness of insulating layer 168 during developing due to

the supp&iR OF & protEctive Patterd S ET 213 A0 SHIWSL AnStheF BbbifmEBANWITH An En@psulant
172 formed©Vvee semigonduetor sheyh24 asa subsiate ofl atdfan-oDub ivaferllevelchip scale pagkage
(Fo-WLCSPg An insul tint%ﬁgr passjvation| éer 174 formed aver active Erface 130 1_islnd conductive layer
132 of sefitBnddd8rdie T2 Gsi g 'PVD, ‘CVDC priftiny spft 8&%39?%3 ay coating, or thermal oxidation.
The insulating dayef 174tcanbe ané ocendredayersrof Sid2, tSidNA, SiONeTa20%, Al2038 camother suitable

mate_:rlal \ﬁ_vglg%:lmllsarciri1ssulz%1%r(1e ag% S réjgtur%ilr%rgggrtlgi. é&(l)rtclz%r}lgfllgtsg?yg éaﬁejz}l?f'f'; rgmoved by an
etching processjto expoge contact pads 139 n msujlatlng or passivation layer 6'i5"formed

over insutatimgllayerol74 ane ¢he expesetbeontactgpadsci3dkusing Raton@Y Do priptiig,spin coating, spray
coating, Qr.th remal oxidation. The insulating layer 176 can be one or more layers of Si02, Si3N4, SiON,
Ta205, Affo , or other suitable material with similar insulating and structural properties. A portion of
insulating layer 176 is femovediby anredching paocessdo expose rontatt Ppads 184rmed ovAR electrically

conductive Y6 RDLLEB isformed overinpylatiog fayer A7, and contagtads 1344 proleiive

pattern 180 Is formed over insulating layer 176 using patterning and PVD, CVD, electrolytic plating,
electrolesstplatifg procdess, of Yiher Buitatyle raetad Bépositart protessPPRifectivetgatiern 480 can be one

or more layers,of Al CuSn, Ni, Au, Ag, of other suitale material. yotective pattern 180,6an be

patterned and deposited during the same process sequence as conductive layer 178. Protective pattern
180 is eld@ticdly isdlatetPfomToritictive flyer 17805, A1203, or other suitable

material with similar insulating and structural properties. A
portion of insulating layer 148 is removed by an etching process
to expose contact pads 134.

Protective pattern 146 provides improved local
planarization of insulating layer 140 around the edges of
semiconductor die 124, e.g., in areas 150, as shown in FIG. 7b.
That is, protective pattern 146 reduces erosion and maintains
the thickness of insulating layer 148 during developing so that
insulating layer 148 in areas 150 has substantially the same
thickness as in the interior portions of semiconductor die 124.
The insulating layer 148 in areas 150 resists erosion during
developing after exposure due to the support of protective
pattern 146a and 146b. In addition, protective pattern 146 aids
with orientation recognition of semiconductor die 124, as well
as localized stress relief.

FIG. 8a is a plan view of another embodiment of the

protective pattern, continuing from FIG. 5b, with electrically
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An insulating or passivation layer 182 is formed over insulating layer 176 and conductive layer 178, and
protective pattern 180 using PVD, CVD, printing, spin coating, spray coating, or thermal oxidation. The
insulating layer 182 can be one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other suitable
material with similar insulating and structural properties. A portion of insulating layer 182 is removed by an
etching process to expose conductive layer 178. Bumps 184 are formed over the exposed conductive

layer 178-°nduct Brgtetvé pattern 180 BrVideEimptoved focar planafizatish 6FinsaRtiAg fayer 182.
That is, psatestive; patied EBQreduces £resion and maintains the:thickness ©f sulagingilayer 182 during

developing due to the support of the protective gattern,. While one or more embodiments of the
present if7artioh KAV bEEr HiSraRa iR detail’ theSKiftéd BRISER Wil 3Bpratiate that mibifications and
adaptationsde these,embodinments may be dade wibogl depatting froaethe, scopexafihe present
inventions%si%%:g?gh rinne%hglfogg\ggngig?iggls'pgjaci:rggs . More specifically,
protective pattern 152 is formed along the edges of each
semiconductor die 124, i.e., along or partially over saw streets
126, as well as along the edge of semiconductor wafer 120,
adjacent to perimeter contact pads 134. Protective pattern 152
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable material. Protective pattern 152 can be patterned and
deposited during the same process sequence as conductive layer
132. Protective pattern 152 is electrically isolated from
contact pads 134 and trace lines 136 and the circuits on active
surface 130.
In this case, protective pattern 152a is a plurality
of straight, parallel dummy metal trace patterns around a
perimeter of semiconductor die 124, outside and adjacent to
perimeter contact pads 134, with angles around the corners of
the semiconductor die. The straight, parallel trace pattern of
protective pattern 152a can be broken or segmented as needed to
avoid electrical contact with signal trace lines 136 or other
electrically sensitive areas of active surface 130. 1In
addition, protective pattern 152b is disposed at the corners of
semiconductor die 124 in a polygon or rounded shape, e.g.,
triangle shape to follow the angles of protective pattern 152a.
An insulating or passivation layer 154 is formed over
active surface 130, conductive layer 132, and protective pattern
152 using PVD, CVD, printing, spin coating, spray coating, or
thermal oxidation. The insulating layer 154 can be one or more

layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other suitable
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What is claimed: 1. A method of making a semiconductor device, comprising: providing a semiconductor
wafer with a plurality of semiconductor die separated by a saw street; forming a contact pad over an
active surface of the semiconductor die; forming a protective pattern over the active surface of the
semiconductor die between the contact pad and saw street of the semiconductor die; forming a first
insulatin%gger over the active surface, contact pad, and protective pattern; and removing a portion of

the first iRStHEEG Ry 8-t e XICSeRE cohfitt PadUhehén the Protectve paiRitRTEdGSes efdsion of the
first insulgting layer betwegnthercamaatpad-and saw streshef/the sgmiganduetpl dig. process

to expose contact pads 134.

Protective pattern 152 provides improved local
planarization of insulating layer 154 around the edges of
semiconductor die 124, e.g., in areas 156, as shown in FIG. 8b.
That is, protective pattern 152 reduces erosion and maintains
the thickness of insulating layer 154 during developing so that
insulating layer 154 in areas 156 has substantially the same
thickness as in the interior portions of semiconductor die 124.
The insulating layer 154 in areas 156 resists erosion during
developing after exposure due to the support of protective
pattern 152a and 152b. In addition, protective pattern 152 aids
with orientation recognition of semiconductor die 124, as well
as localized stress relief.

FIG. 9 shows another embodiment with an insulating or
passivation layer 160 formed over active surface 130 and
conductive layer 132 of semiconductor die 124 using PVD, CVD,
printing, spin coating, spray coating, or thermal oxidation.

The insulating layer 160 can be one or more layers of Si0O2,
Si3N4, SiON, Taz205, Al203, or other suitable material with
similar insulating and structural properties. A portion of
insulating layer 160 is removed by an etching process to expose
contact pads 134.

An insulating or passivation layer 162 is formed over
insulating layer 160 and the exposed contact pads 134 using PVD,
CVD, printing, spin coating, spray coating, or thermal
oxidation. The insulating layer 162 can be one or more layers
of 5102, Si3N4, SiON, Taz205, Al203, or other suitable material
with similar insulating and structural properties. A portion of

insulating layer 162 is removed by an etching process to expose
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2. The method of claim 1, wherein the protective pattern includes a metal layer. 3. The method of claim 1,
wherein the protective pattern is segmented. 4. The method of claim 1, further including forming a
second insulating layer over the active surface of the semiconductor die with an opening to the contact
pad. 5. The method of claim 1, wherein the protective pattern follows a contour of the contact pad. 6.

The method of claim 1, wherein the protective pattern includes a plurality of parallel segments.
contact pads 4.

An electrically conductive layer or RDL 164 is formed
over insulating layer 162 and contact pads 134. A protective
pattern 166 is formed over insulating layer 162 using patterning
and PVD, CVD, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Protective pattern
166 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable material. Protective pattern 166 can be
patterned and deposited during the same process sequence as
conductive layer 164. Protective pattern 166 is electrically
isolated from conductive layer 164.

An insulating or passivation layer 168 is formed over
insulating layer 162 and conductive layer 164, and protective
pattern 166 using PVD, CVD, printing, spin coating, spray
coating, or thermal oxidation. The insulating layer 168 can be
one or more layers of Si0O2, Si3N4, SiON, Ta205, Al1l203, or other
suitable material with similar insulating and structural
properties. A portion of insulating layer 168 is removed by an
etching process to expose conductive layer 164. Bumps 170 are
formed over the exposed conductive layer 164. The insulating
layer 168 may have a designated opening to define the saw
Street.

Protective pattern 166 provides improved local
planarization of insulating layer 168. That is, protective
pattern 166 reduces erosion and maintains the thickness of
insulating layer 168 during developing due to the support of the
protective pattern.

FIG. 10 shows another embodiment with an encapsulant
172 formed over semiconductor die 124 as a substrate of a fan-
out wafer level chip scale package (Fo-WLCSP). An insulating or

passivation layer 174 formed over active surface 130 and

-20-



7. The method of claim 1, further including forming the protective pattern at corners of the semiconductor
die. 8. A method of making a semiconductor device, comprising: providing a semiconductor wafer;
forming a conductive layer over a surface of the semiconductor wafer; forming a protective pattern
over the surface of the semiconductor wafer between the conductive layer and an edge of the
semiconductor wafer; forming an insulating layer over the surface of the semiconductor wafer,

conductivé®RYBF ahdFprbfettive battef: aifeft L CFBMHGVITY a PbRioh?df the 1MsI&titYy 1ay8Pto expose a
portion obtherconeictive layersuherely) thegaretective pattern mairtainsithe insulating lsyer between the

conductive layer and edge of the semiconductor wafer. ,
The insulating layer 174 can be one or more layers of SiO2,
Si3N4, SiON, Ta205, Al203, or other suitable material with
similar insulating and structural properties. A portion of
insulating layer 174 is removed by an etching process to expose
contact pads 134.

An insulating or passivation layer 176 is formed over
insulating layer 174 and the exposed contact pads 134 using PVD,
CVD, printing, spin coating, spray coating, or thermal
oxidation. The insulating layer 176 can be one or more layers
of Si02, Si3N4, SiON, Ta205, Al203, or other suitable material
with similar insulating and structural properties. A portion of
insulating layer 176 is removed by an etching process to expose
contact pads 134.

An electrically conductive layer or RDL 178 is formed
over insulating layer 176 and contact pads 134. A protective
pattern 180 is formed over insulating layer 176 using patterning
and PVD, CVD, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Protective pattern
180 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable material. Protective pattern 180 can be
patterned and deposited during the same process sequence as
conductive layer 178. Protective pattern 180 is electrically
isolated from conductive layer 178.

An insulating or passivation layer 182 is formed over
insulating layer 176 and conductive layer 178, and protective
pattern 180 using PVD, CVD, printing, spin coating, spray
coating, or thermal oxidation. The insulating layer 182 can be
one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other

suitable material with similar insulating and structural
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9. The method of claim 8, wherein the protective pattern includes a metal layer. 10. The method of claim
8, wherein the protective pattern is segmented. 11. The method of claim 8, wherein the protective pattern
follows a contour of the exposed portion of the conductive Layer. 12. The method of claim 8, wherein the
protective pattern includes a plurality of parallel segments. 13. The method of claim 8, further including
forming the protective pattern at corners of the semiconductor die. 14. A method of making a

semicondUctBEdeViES compmiid: ibviding'a Semdondfictot g 182 is removed by an

etching process to expose conductive layer 178. Bumps 184 are
formed over the exposed conductive layer 178.

Protective pattern 180 provides improved local
planarization of insulating layer 182. That is, protective
pattern 180 reduces erosion and maintains the thickness of
insulating layer 182 during developing due to the support of the
protective pattern.

While one 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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forming a conductive layer over a surface of the semiconductor die; forming a protective pattern over
the surface of the semiconductor die adjacent to the conductive layer; and forming a first insulating
layer over the surface of the semiconductor die, conductive layer, and protective pattern, wherein the
protective pattern maintains the first insulating layer adjacent to the conductive layer. 15. The method of
claim 14, further including removing a portion of the insulating layer to expose a portion of the conductive
layer, wherein the protective pattern reduces ero§ioR YPfhe first insulating layer adjacent to the conductive
layer. 16. The method of claim 14, wherein the protective pattern includes a metal layer. 17. The method

of claim 14, wherein the protective pattern is segmented.
What is claimed:

1. A method of making a semiconductor device, comprising:

providing a semiconductor wafer with a plurality of
semiconductor die separated by a saw street;

forming a contact pad over an active surface of the
semiconductor die;

forming a protective pattern over the active surface of the
semiconductor die between the contact pad and saw street of the
semiconductor die;

forming a first insulating layer over the active surface,
contact pad, and protective pattern; and

removing a portion of the first insulating layer to expose
the contact pad, wherein the protective pattern reduces erosion
of the first insulating layer between the contact pad and saw

street of the semiconductor die.

2. The method of claim 1, wherein the protective pattern

includes a metal layer.

3. The method of claim 1, wherein the protective pattern is
segmented.
4. The method of claim 1, further including forming a second

insulating layer over the active surface of the semiconductor

die with an opening to the contact pad.

5. The method of claim 1, wherein the protective pattern

follows a contour of the contact pad.
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18. The method of claim 14, further including forming an encapsulant over the semiconductor die. 19.
The method of claim 14, further including forming a second insulating layer over the surface of the
semiconductor die with an opening to the conductive layer. 20. The method of claim 14, further including
forming the protective pattern at corners of the semiconductor die. 21. A semiconductor device,
comprising: a semiconductor die; a conductive layer formed over a surface of the semiconductor die;

6. The method of claim 1, wherein the protective pattern

includes a plurality of parallel segments.

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

protective pattern at corners of the semiconductor die.

8. A method of making a semiconductor device, comprising:

providing a semiconductor wafer;

forming a conductive layer over a surface of the
semiconductor wafer;

forming a protective pattern over the surface of the
semiconductor wafer between the conductive layer and an edge of
the semiconductor wafer;

forming an insulating layer over the surface of the
semiconductor wafer, conductive layer, and protective pattern;
and

removing a portion of the insulating layer to expose a
portion of the conductive layer, wherein the protective pattern
maintains the insulating layer between the conductive layer and

edge of the semiconductor wafer.

9. The method of claim 8, wherein the protective pattern

includes a metal layer.

10. The method of claim 8, wherein the protective pattern is
segmented.
11. The method of claim 8, wherein the protective pattern

follows a contour of the exposed portion of the conductive

layer.
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a protective pattern formed over the surface of the semiconductor wafer adjacent to the conductive layer;
and an insulating layer formed over the surface of the semiconductor die, conductive layer, and
protective pattern, wherein the protective pattern maintains the insulating layer adjacent to the conductive
layer. 22. The semiconductor device of claim 21, wherein the protective pattern includes a metal layer.
23. The semiconductor device of claim 21, wherein the protective pattern is segmented. 24. The
semiconductor device of claim 21, wherein the protective pattern follows a contour of the exposed portion

of the conductiverayele 28 d hersemigonductordevice of eladmZds whereindhe prateetive pattern

includes a plurality of parallel segments
includés a plurality of parallel segments.

13. The method of claim 8, further including forming the

protective pattern at corners of the semiconductor die.

14. A method of making a semiconductor device, comprising:
providing a semiconductor die;
forming a conductive layer over a surface of the
semiconductor die;
forming a protective pattern over the surface of the
semiconductor die adjacent to the conductive layer; and
forming a first insulating layer over the surface of the
semiconductor die, conductive layer, and protective pattern,
wherein the protective pattern maintains the first insulating

layer adjacent to the conductive layer.

15. The method of claim 14, further including removing a
portion of the insulating layer to expose a portion of the
conductive layer, wherein the protective pattern reduces erosion

of the first insulating layer adjacent to the conductive layer.

16. The method of claim 14, wherein the protective pattern

includes a metal layer.

17. The method of claim 14, wherein the protective pattern is
segmented.
18. The method of claim 14, further including forming an

encapsulant over the semiconductor die.
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19. The method of claim 14, further including forming a second
insulating layer over the surface of the semiconductor die with

an opening to the conductive layer.

20. The method of claim 14, further including forming the

protective pattern at corners of the semiconductor die.

21. A semiconductor device, comprising:

a semiconductor die;

a conductive layer formed over a surface of the
semiconductor die;

a protective pattern formed over the surface of the
semiconductor wafer adjacent to the conductive layer; and

an insulating layer formed over the surface of the
semiconductor die, conductive layer, and protective pattern,
wherein the protective pattern maintains the insulating layer

adjacent to the conductive layer.

22. The semiconductor device of claim 21, wherein the

protective pattern includes a metal layer.

23. The semiconductor device of claim 21, wherein the

protective pattern is segmented.
24. The semiconductor device of claim 21, wherein the
protective pattern follows a contour of the exposed portion of

the conductive layer.

25. The semiconductor device of claim 21, wherein the

protective pattern includes a plurality of parallel segments.
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