SEMICONDUCTOR DEVICE AND METHOD OF FORMING BASE SUBSTRATE WITH CAVITIES
FORMED THROUGH ETCH-RESISTANT CONDUCTIVE LAYER FOR BUMP LOCKING 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 wafer-level base substrate or leadframe
with cavities formed through an etch-resistant conductive Igyer for bum&;lockir[.l%. Background of the
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Q{semiconductor

devices generally contain one type of eleck B @%oﬁ‘gﬁlfé%, light emitting diode (LED), small signal
transistor, resistor, capacitor, inductor, and power metal oxide semiconductor field effect transistor
(MOSFET). Integrated semiconductor gevices typically contain hundreds to millions of electrical

SO TER

components. Examples of integrated semic
charged-coupled devices (CODs), solar cells, and digital micro-mirror devices (DMDSs).

The present invention relates in general to

enc.iLo . .
VICES II’]EFUG% microcontrollers, microprocessors,

semiconductor devices and, more particularly, to a semiconductor

device and method of forming a wafer-level base substrate
leadframe with cavities formed through an etch-resistant

conductive layer for bump locking.

Background of the Invention

or

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,

creating visual projections for television displays.

and



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, communications, power conversion, networks,
computers, and consumer products. Semiconductor devices are also found in military applications,

aviation, AGIORE fidUstia CoREEIEECand Bffite dyipment e 1ds oiS&iRERAGCBIFEETices exploit

the electricalproperties 6hsemiconsuctos matedalsn The atemicsiuctureRftsemiconguctor material
allows its electrical conductivity to be manipulated by the application of an electric field or base current or

through th8PTEEESs SFHUPINY: Dopin§ Thtrodiides ipufifids Mt e SeMicdRdGEP thatBrial to

manipulate and gontrabibe icaneuctivity ofthe sesticonductaradevies. industA-samiconductor device
contains active anq[ assive electrical structures. Active structures, including bipolar and field effect
transistor%?%ﬁt?&l gﬁ?lbv\ﬁ&‘delg F?&glecﬁ%ﬁtpw{}grying levels of doping and application of an electric
field or base current, theetransiston either prowiates oe xedtridts the dowlefeledttieal current. Passive
structures,rigclggjcngergsisprgé%al%%citglrls taglg ilqglﬁctgris cggateﬁl%elaatjcoongpiéo g%twllegtrlu\éoltagg and
current ngcegsary 0 peﬁorm a varle?y oF electrica Funcﬁons. The passive and active structures are
electricalbecommected-tocformadireuits, whith @nabletthecsemiconductocdevice ta petferm dighespeed
calculationgnaindugthgégggfuI fc%é:tignslica io%erg' ogguctfégg}:/ifgsgr%g ngq:allgarg%nufactgred using
two comﬁ?ex n?anu?‘acturmé] processgg, I.e., front-end manufacturing, and back-end manufacturing, each
involving potertiatly tiuntdreds o steps: Frontend neehudacturing invohesthe fotrmatiorcefsa plurality of die

on the surface,of a,semicopductor water; Eagh dig istypically dentical and Goptains cirgyjis formed by
electrically connecting active and
control the conductivity of 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 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. In addition, smaller
semiconductor devices have a smaller footprint, which is desirable for smaller end products. A smaller die
size mayEPECHiEvéP By hprovemertts e frortaBHY protBss PEsUMTHEIh (e with Saffer Righer
density active and passive companents Backientprogesses may rgsulk iysergiconduetos device
packages with a smaller footprint by improvements in electrical interconnection and packaging materials.
SemiconBGGSr devicsS Ard Bftér stitRBE o Mgttt Y A¥UBRIHAfE fol &fidentihtegration. The electrical
interconnection betweemsemiconduetos sleviceranc-sustraie, & g ¢ bumimintareonnegtriscknewn to
detach or del? inate under thermal or mechanical stress. The prior art has used seyeral different
techniquéd'to rr];%}r(e TRE SIERHTCAT irtercdnhactmore ?%?l}.eford&‘é pie, tﬁé%hﬁgg ¢an be reflowed or
pressed intogias©or hotes pfcartead todoem laingeehanieal flaonok owe e dthedhondestrengith isslimited to
the shear strengetgpetween Ehe sur{acesd%{ .ttge mechanical bond. Summa Y 011_‘ the (I{wention A
need exists t6 prowd‘eC an electrical interconnect bond Which is robust 10 thermal and mechsnical stress.
Accordinglyym enesembbdméity the-presentvimvventicrs isde miethed of Mmakirgma sémicanductor device
comprising the steps of providing a base substrate having first and secand opposing surfaces, forming a
first etch- eglgﬁ%%]t%%dndlggctﬁ/rgﬁggeerrovcg% $he first slrltjrafgcé3 %f %%hﬁgs\éegfj%os%ra%g?pgnod\%{gﬁﬂ]a%ysa %)ﬁjrality of
first cavitidssin thie base sdbstrateshroughsan bpeningin thesfirgt etchsresistant,condabtive layer. The first
cavities have & wiclth greater than a width.of the, gpening.in the first etchresistant. conductive layer. The
method further inCludes the steps of etching a plurality of second cavities in‘the base substrate between
portions afthe firstistcheadistant eofductivevaysr, providiag @ semicondsater dierhaiamg amplurality of
bumps famedover coptact pads on-an-astivesurfacef the semiqanductor die, mounting the _
semiconductor die to the base substrate with the bumps disposed over the first etch-resistant conductive
layer, reffewicg el Bumps to electrically connect to the first etch-resistant conductive layer and cause

bump material to flow igtq.thefirst.cavities; depesiting an encapsulans overthe sempicandycter,die and
base substrate, and removing a portion of the second surface of the base substrate down to the second

cavities t8 forir efechically %ol atet isasetads biRgEPtheTitst etERGeSistint EoRadctive layer.

interconnection between semiconductor device and substrate,
e.g., bump interconnect, is known to detach or delaminate under
thermal or mechanical stress. The prior art has used several
different techniques to make the electrical interconnect more
robust. For example, the bumps can be reflowed or pressed into
vias or holes of a lead to form a mechanical bond. However, the
bond strength is limited to the shear strength between the

surfaces of the mechanical bond.
Summary of the Invention

A need exists to provide an electrical interconnect
bond which is robust to thermal and mechanical stress.
Accordingly, in one embodiment, the present invention is a

method of making a semiconductor device comprising the steps of



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a base substrate having first and second opposing surfaces, forming a first
conductive layer over the first surface of the base substrate, forming a first cavity in the base substrate
through an opening in the first conductive layer, forming a second conductive layer over the second
surface of the base substrate, forming a second cavity in the base substrate between portions of the first

conductiv¥F Ry ForSecorftPcshdiichve Ta/er, mountivy SseRticGRductsichiado the first B8nductive layer or

second cenductivesayels; gepasiting anr sacapsinantoyes the semicandyctos die and base sybstrate, and
removing a portion of the base substrate down to the second cavity to form electrically isolated base

leads betwEentht firstaHd §&condcorifuchive fayare s trate nn it Embsdiment, thé prédent
inventionds afnewdefixmakiag aisemicenducior daviee comyprisigthgrstaps ebproviding a base

substrate, formé'n a first conductive Ia%/er over %first ,surfaie of the ba}'ae s;bstrate, forming a cavity in the
base substtate thrSUgT & dpefifigihthe firstEohdlctie 1AF8F Mountihg & s&Mmicondlicot Tie to the base
substrateh glepositing @nrenpapstlant oviemthe semicanductahdieanehbase substitate, fandstemoving a

portion of the base sulistrafe Lo form.slectrcally isplated pase leads undor the first conductive Layer.

In another embodiment, the present inventions a semiconductor device comprising a base substrate and
first conduttives layes farmestaverrasfirst surfacel ottheddasessubstrateawith secavity formedasthe base
substrate_through an ggi{]\g in the fi%slt gondu iv&lgy%ri @S%enéiccgﬁguctgri die ismounted over the base

t .
substrate. An encapsulant Is ggpgs?t]é over the semiconductor die and base substrate. A portion of the

base substratbiistrermovedite fornp efectritally isolatedibasedeads undercthleirst.eoriductive layer. Brief
Descriptign of the PIAWRGS urps £ EIG4 Hlsiates 3 PER with different fyres.of packgges mounted
over its surface;
of the semiconductor die, mounting the semiconductor die to the
base substrate with the bumps disposed over the first etch-
resistant conductive layer, reflowing the bumps to electrically
connect to the first etch-resistant conductive layer and cause
bump material to flow into the first cavities, depositing an
encapsulant over the semiconductor die and base substrate, and
removing a portion of the second surface of the base substrate
down to the second cavities to form electrically isolated base
leads under the first etch-resistant conductive layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a base substrate having first and second opposing
surfaces, forming a first conductive layer over the first
surface of the base substrate, forming a first cavity in the
base substrate through an opening in the first conductive layer,
forming a second conductive layer over the second surface of the
base substrate, forming a second cavity in the base substrate
between portions of the first conductive layer or second
conductive layer, mounting a semiconductor die to the first

conductive layer or second conductive layer, depositing an



FIGs. 2a-2c illustrate further detail of the semiconductor packages mounted over the PCB; FIGs. 3a-3c
illustrate a semiconductor wafer with a plurality of semiconductor die separated by saw streets;

FIGs. 4a-4k illustrate a process of forming a wafer-level base substrate with cavities formed through an
etch-resistant conductive layer for bump locking; FIG. 5 illustrates the semiconductor die with
bumps reflowed through the etch-resistant conductive layer into the cavities of the base substrate for

bump lockiHgAPSulant FREe T64-BrillasFate dHbiRérprocess B formimfa Wate-le¥erPhase Substrate with
cavities feaned thrgugh goeich-resistanh conductivedayarfar bBumpdackigiche second

cavity to form electrically isolated base leads between the
first and second conductive layers.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a base substrate, forming a first conductive layer
over a first surface of the base substrate, forming a cavity in
the base substrate through an opening in the first conductive
layer, mounting a semiconductor die to the base substrate,
depositing an encapsulant over the semiconductor die and base
substrate, and removing a portion of the base substrate to form
electrically isolated base leads under the first conductive
layer.

In another embodiment, the present invention is a
semiconductor device comprising a base substrate and first
conductive layer formed over a first surface of the base
substrate with a cavity formed in the base substrate through an
opening in the first conductive layer. A semiconductor die 1is
mounted over the base substrate. An encapsulant is deposited
over the semiconductor die and base substrate. A portion of the
base substrate is removed to form electrically isolated base

leads under the first conductive layer.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted over its surface;

FIGs. 2a-2c illustrate further detail of the
semiconductor packages mounted over the PCB;

FIGs. 3a-3c illustrate a semiconductor wafer with a



FIGs. 7a-7b illustrate another arrangement of the etch-resistant conductive layer with a central portion
having a plurality of cavities formed in the base substrate; FIGs. 8a-8b illustrate another
arrangement of the etch-resistant conductive layer with laterally elongated portions for forming the
cavities in the base carrier; FIGs. 9a-9q illustrate another process of forming a wafer-level base
substrate with cavities formed through an etch-resistant conductive layer for locking bump material;

FIG. 10 ilistrates the Bimp FRaterartefibiedhroudPRRE Bt réSistaRt cGidiiive layer into the cavities
of the base substrate; and s . 4a-4Fk1GS.1llasha Hlustrateanathesarangepantof the eigh-resistant

conductive layer with a central portion having a plurality of cavities formed in the base substrate. Detailed
Descriptiofi 6F the’Brawings s t - 2 € ThteSantihvEtior s HedciBER 1P8né Br Ridr8 embodiments in
the followiag deseripiiofoniih referencedodhe figuresibwhishidikegyumerals represent the same or
similar FIG. 5 illustrates the semiconductor die with bumps

reflowed through the etch-resistant conductive layer into the

cavities of the base substrate for bump locking;

FIGs. 6a-6f illustrate another process of forming a
wafer—-level base substrate with cavities formed through an etch-
resistant conductive layer for bump locking;

FIGs. 7a-7b illustrate another arrangement of the
etch-resistant conductive layer with a central portion having a
plurality of cavities formed in the base substrate;

FIGs. 8a-8b illustrate another arrangement of the
etch-resistant conductive layer with laterally elongated
portions for forming the cavities in the base carrier;

FIGs. 9a-9g illustrate another process of forming a
wafer—-level base substrate with cavities formed through an etch-
resistant conductive layer for locking bump material;

FIG. 10 illustrates the bump material reflowed through
the etch-resistant conductive layer into the cavities of the
base substrate; and

FIGs. 1lla-11b illustrate another arrangement of the

etch-resistant conductive layer with a central portion having a

plurality of cavities formed in the base substrate.

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-endh&AGFRERINIng dhd Badiiend WVEHUFAGRTriAG. ﬁ%ﬁ?—@h@?ﬁgﬁﬁa&%ﬁﬁﬁ iMfolV&EtnaF8mation of
a plurality.ebidiesar-thessurtaceref asemiconduetos watelo Eachdie;ep the waferiqontains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active elEGHER Torshents, duefis tfansi§drstand Bodes thalé the'dbifity 1o LoRtidFthefow of
electrical ctikent.Passiveselectical eomponents; sueh as capacitorsadnduetors; sesistorgcand
transformers,_create a rel tionsl(}ip between voltage and current necessary to perform electrical circuit
functions. ST U9CP a8 Hhd AttivE tbporights gfeof%?m%% OVET thé' LaAce 5t the semicdiductor
wafer by layseries ofpysecesscsteps inctuding! dopintyr depaditian,gphotolitbograpby retetiingy ande
planarizayggllgo |rr11r% i%ltrog: ces im ugitigsg}tg th?1 sgmiconductor material by techniques such as ion
implantation or thermal diffusion. The d%ping prch)%:egs modifies the electrical conductivity of semiconductor
material in active devicgsntransformingrthésentiesnductoomaterial intoramnnsulatorreohductorg or
dynamicglly.changing.the,semieangygor malerial conductivityip response g an.clegtie figld,gr base
current. Transistors contain regions of var?}iri% types and degrees of doping arranged as r?ecessary to
enable theatrdnsistdr o profactewr Yestrict theciow efidlectrical ewrrantiuponithecapplicatidreof the electric
field or base gurrent, ¢ . Aftye and passivgcomponants arg formedfyy layers of materials with
different electrical properties. The layers'can be formed by a variety of deposition techniques determined
in part bysteeitgpe @f Alaterial beiig depasifedd For exarmbie, whidiimdaposition may inkehanchemical
vapor depgsitign (CYP). hysical vapaidepasition (RMR), electralyticplating, and elegtraless plating

processes. Each layer is generally patterned to form portions of active components, passive components,

or electriéal conRBcHORYBatWeRA COhfSOrierts L Clr cUuifes|ayefséart Be patiefietrdasing

photolithegyapBy.cwhich inyplyes, thedepasition,ofdight sensitive materialee gn.Phateresisy, quer the layer
to be patterned. A pattern is transferred from a photomask to the photoresist using light. The portion of

the photdtesist pattérisubjeted to fgttds Ferfibve USHGH solvERES 8xPi6sifig POFIOTSf the underlying

layer to hepaiteraed.sThesremainderabthe photeresist is.remeved, jeaving belinda.patterned layer.
Alternatively, some types of materials are patterned by directly depositing the material into the areas or

voids formea' by & prsvicus Geéssitiorfetch it beesslisiRg Rechtfgies eRittoless Edtelectrolytic

plating. necessary to perform electrical circuit functions.

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 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



Depositing a thin film of material over an existing pattern can exaggerate the underlying pattern and
create a non-uniformly flat surface. A uniformly flat surface is required to produce smaller and more
densely packed active and passive components. Planarization can be used to remove material from the
surface of the wafer and produce a uniformly flat surface. Planarization involves polishing the surface of
the wafer with a polishing pad. An abrasive material and corrosive chemical are added to the surface of

the wafePdurfrig®polishing: ihetdotibindd ThECHaNGR actioh b tHe ABIARiIVE S PESHISHFE 48fon of the

chemicalgemeyves anydiegular tepographys sesulting ea 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 sUpporand*8hvikshiiental iSOIEtsRS TS SiryuTatt thE Gk, ‘te WAY&ETS sddred and
broken alpagaron=fusctional regionsof the wadertaalled saprstreets D& scribes d heawates issingulated
using a laser cutting tool or saw blade. After singulation, the indjvidual die gre mounted over a package
substrate t%af inchidesPing ol 2ontaty pgées f%? iterdonmectisiT Wﬁhcbl‘iﬁgr g?stigrﬁnﬁjorﬁ?ﬁloﬁerhts. Contact
pads formed overthersemigpadudtondiecaredhenebnnected de contact pads withimihespackage. The
electrical £opne tior(ljssc n Q% rrIlnade with Ozfldeer twmnpsé %S#d tglumpsdconodsuc%iv(eD pa 87]9,' wirebonds. An
encapsulaﬁ Or Gther mo &ing materiaf i$ e‘f)osffe over evpfc?(ageﬁg prolwé'e phislcal support and
electricalp$olatiom IThesfirisheld packiageois theivinsertetdntoran glectrigal system amchthe functionality of

the semiconductor-device if ade available to the otEer ystem_ components. FIG. 1 illustrates
electronic 8\%}—35 %]O Sasvh]?g grgcjh?pgcgrﬂgggﬁts)set?a'te or(‘jpcr:'%ted31 (\{i%uitlt%oﬂgn(%](ﬁ?%%%% with a plurality of
semiconductorepackages niountes ontitsosurface. EEctrohicdavica 50tmay have one type of

semiconduglar package, gr.multiple fypes of semicondygtar packages, depending, og the application. The

different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.
Electronic device 50 maiyhela seing-alone sy steat tt ueds tise semidondettor ipagkagdsy'to perform one

or more glgctugalfypgtions; Alietnafively, elactronic-device p0Jnay. he g sucermpenent of alarger
system. For example, electronic device 50 may be part of a cellular phone, personal digital assistant
(PDA), dighalhades tainera (BYCYI6r dthEFElekfroRie dconhBARatien devieet Afématively, electronic

device 5Q can bea-graphicscard, petwork intgrface caed, or othersignal precessing; card that can be
Inserted into a computer. The semiconductor package can Include microprocessors, memories,

applicatio'S§p&fcinteyrated-cifcURB YAITES 16dic kit it Aanald SRS, RE circdits, discrete devices,

or other serpisorductar dig Qr eleatrical-corapenants.oThe minigiization aadthe yeightfgduction are
essential for these products to be accepted by the market. The distance between semiconductor devices

must be dégreaséd td°achieve Righer dendify; remainder of the photoresist is

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 process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a

polishing pad. An abrasive material and corrosive chemical are



In FIG. 1, PCB 52 provides a general substrate for structural support and electrical Interconnect of the
semiconductor packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or
within layers of PCB 52 using evaporation, electrolytic plating, electroless plating, screen printing, or other
suitable metal deposition process. Signal traces 54 provide for electrical communication between each of
the semiconductor packages, mounted components, and other external system components. Traces 54

also providsewerPand §rotatésrmettiohs fo Badis bf therdetficBAddEor Ppackagess In some

embodimesis, arseMiconduetor devise hasiwemackaginglevelscFisstdevel paskagingds ateehnique for
mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second level

packagingInVdGes Afdthanically ARd ele ARdall Attt him theSREFhddiate chRferts 1R PEB.3n other

embodiments; ersemiconductendeviee may only have the first level packaging where the die is
mechanically and electricall _mo#nted %%ectl to the PCB. For the purpose of illustration, several

types of first level packaging, TctudiRg Wirs boid BAckage 56 ahd iy Eiip B8, AFe shown on PCB 52.
Additionadlynseveralitypes oé sédonicsleveal padkaging, tncludiag badl gritcaredy (BEAR660, htrap chip

carrier (BCCé)kI62 dual jn-line acEa e%DIP 64, land grid array (LGA) 66, multi-chip mqdule (MCM) 68,
quiad flat TOIRSAES paRa g RO 70 A A Baf SEKane 72 hr8 MG TGN o PCB 52.
Depending upan thensystém requyements, @ny coimbinaticn ebsemicbaductor packagesprokfigured with

any comblﬂatlon of flrsélalmd seconq level Eg%léagél%g gyles as well gg@t@h r electronic gompgnents, can

be connected t PCB 52. In i—é(la%neaem %&ments, electrgni‘(':va evice 50 includes a Si%é?eeattac?‘led

semiconductompackagéhwhite dtheriemiscdimehts eall fos mdltiplelinteecormectedpatkagesoBy
combining gne qr.more semiconductor packages overa single, substrate manyfacturers,can incorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include sopkisticated fhincipnaliys elettronidddvidescdarrbe nrdnufactaretbosing teheager éomponents

and a sueamliped mandfaciring process.he jesuting deyses ate lessdisabdodalband less expensive

to manufacture resulting in a lower cost for consumers. S. 2a-2¢ show exemplary
semicondiiBiepackages HrG . riliaswrates Ferhéldetal 6f DI B4 tRomsed Th PCBB2 Bthiconductor

die 74 inclydes gn active region coptaining anglog-qrdigital circuits jmplemented as active deyvices,
passive devices, conductive layers, and dielectric layers formed within the die and are electrically
interconréttdtl &6cataigIBTRE elethichl desigh of tRE A1 For exarple the tirtdit ARgFiRélude one or

more trangisters; ipdes, industors ceapacitons: 1esistess.andiathes cirertelements {rrmed,within the
active region of semiconductor die 74. Contact pads 76 are one or more . .
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. 1 illustrates electronic device 50 having a chip
carrier substrate or printed circuit board (PCB) 52 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 50 may have one type of semiconductor package,
or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.
Electronic device 50 may be a stand-alone system that

uses the semiconductor packages to perform one or more

electrical functions. Alternatively, electronic device 50 may



layers of conductive material, such as aluminum (A1), 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 over 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
electricalffitefcotHec BRATEEH séhhicondactdr BieS 74 ARt PCE 82. Bfeapsfant a4 stdeosited over the
package deranvdropmental pretestion bymravenrtingmeistyiesand paiicles from entaring the package and
contaminating die 74 or wire bonds 82. . FIG. 2b illustrates further detail of BCC 62 mounted on
PCB 52. $&icoridUctdr té 88 i€ THotnitéd Buer BarridF 90ushiy an underii ot poxy et atiesive
material @2n\Wire hends Q4 providesfirst leyvekpackaging hereoaaectdeiweer contact pads 96 and 98.
Molding compound or encapsulant 100 is deposited over semiconductor die 88 and wire bonds 94 to
provide physicaPSdpport &nd &fe tric?éﬂs“é?gtf%nlf%ﬁ{ef agﬁcg.aégmagf p&ds 262 At ftmed over a
surface of PR 52 using-a sditable tmetah depoditicre praeesssuch aseiegtralytic. plating or electroless
plating to ;érevent pé)gid%t(ijorn. Co%%ct JJaggnlOZnarf: %gctgcalrly cgrnrg:ect%d to one or more S():onductive signal
traces 54°in PCB L.%umpg 104 are formed between coﬁfac?%aas 980t BC.C'62"and Sontact pads 102
of PCB 52pp11icatlimRIGie; sémiconduetoratie $8ds mounted faceldown i@ intermediateidarrier 106

with & fip,chip stye.first leyel pagkaging. Active region. 108 of semiconduciar dig 3 contains analog or
digital circuits implemented as active devices, passive devices, conductive layers, and dielectric layers

forme_d m@ﬁcﬁng@@u’r@eledtﬁ@abd_egigﬁ@tt_h’tecdié. Fomemmplebj t_he Eitn@itnmyai_rwﬂd_@ @hﬁeq_nr more
transistors, giodes, indugiors. capacitors, resistors, and,ather cirquitelements witliin activg region 108.

Semiconductor die 58 is electrically and mechanically connected to carrier 106 through bumps 110.
BGA 60 is&deutiieallycand-rechanically cordmected f6 PCB5 R it BGRestifeosecttidoievel packaging

using bumps 112, Semiconductor die 58 electrically.conngetedto canductive signal traces 54 in PCB

52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is
deposited over semicohtBuétoF diel58 BRE cafrié o6 rovidePRistchl SUpFert ahd efédtrical isolation

for the device, dtheflip chip-sespiconductor device pravidgs ashortelectrigal gapduction path from the
active devices on semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal

propagatittidisinte ClowerRaphéitihcemana hprave dvetal effcuit PEFOIHTANCES 1P aRBther

embodiment,the semigonductandie 58can be mechanically apdelactrigally.cannegtest-direcily to PCB 52

using flip chip style first level packaging without intermediate carrier 106. .
using evaporation, electrolytic plating, electroless plating,

screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is

mechanically and electrically mounted directly to the PCB.
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FIG. 3a 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. 3b shows a cross-sectional view of a portion of semiconductor wafer 120.
Each semiconductor die 124 has a back surface 128 and an active surface 130 containing analog or

digital circuits implemehtéd &8 active Bevites passivesdaide<L LondGctiveddyéréPand delectric layers
formed withirstheidie cand-gleetrically nterconngcted accesdipgta the elesticas design andifgnction of the
die. For example, the circuit may include one or more transistors, diodes, and other circuit elements
formed withiPactive irface LI toAhpicent analdg ircaitd 8 digitaPEr&itd  siehPES difital signal
processos SRy, ASKS IMemers O oiherisignalpraeessing cikeuitl Semiegnductan died,24omay also

contain Integrated passive devices (IPDs), such as jnductors, capacitors, and resistors, for RF, signal
e ol e AR g 187 O REd el Lo it H07Ealg DD,

processing.
CVD, elestrolytic plating, electroless platingoprocess cor @then suitableimetalfdeposition-fireaessi

Conductive layer 13 be gne or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conduci e et al Couctte 108 o7 andriios BS CHARE 1ads SBa ANy Lol Hates o e orouis

on activersiiface 1300 Buempsi 184 areoformed ary sdmtact padsi 182dntone empodinment nsemiconductor

die 124 is §fli chip.t S micondug(tor ie. £1nEl . 3¢,.semiconductor.wafer 120 i%singulated
through S SE I T GG o DG O Tase A 01 T3 e o ST hor G 124,
Each senicoatiuetofdiect2hhas bumpsrk3Zkfopmed ovey tentactpads132as otheglGs. 4a-4k

lllustrate,JnJelafion fa FIGR,1,A0d:2a-2¢. 4 Piocess of lorming a walggleyel base subgfrate with cavities

formed through an etch-resistant conductive layer for bump locking. FIG. 4a shows a wafer-level base
substratecoeddframiest40eéamtainiy CugEviatioys CAIL of bitée suitablercbheluetive atagerial. Base

substrate 140 has surface 142 and opposite surface 144 Wafarlevel hase substrate 140:hassufficient

area to process multiple semiconductor die, as described below.
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 manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die 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 semiconductor die 74. Contact pads 76 are one or more
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In FIG. 4b, an etch-resistant conductive layer 146 is formed over surface 142 of base substrate 140 using
patterning and an electrolytic plating or electroless plating process. The location of conductive layer 146
over base substrate 140 corresponds to bump sites of subsequently mounted semiconductor die. An
opening 148 is formed in a central area of each portion of conductive layer 146. The opening 148 can be
formed by selective patterning or by removing a portion of conductive layer 146. FIG. 4c shows a plan
view of op8HiAGS 128 if CORUGEVERaYEr £46 Bler Basd sdostrate 4™ (A1) AneRERFesistant
conductiveclayer £50 isalsg formed ever surfaceskAadiof base, suhstiate 140 using) patieraing-and an
electrolytic_plating or electroless plating process. Conductive layers 146 and 150 can be one or more
layers of AL SCH SN AuC AP 6F bffer STithhig efedifitally Sordleive maeRadIn'ond thbodiment,
conductive:layersntéfeand 150are Ag opAu DR peeplatedJeadframe (Ag/PRfeplating) Canductive
layers 14 'aezdﬁélSO operate as contact pads for later néounted semicondu%or die or Interconnect

suc

structures,* as BUMBE e OV 4t basH StbStSte T isBtched Partiafy thrdGgh surface 142
to form cavities 452 ¢hrotigh iopeningsr148: Thehetshing pracessi also Jorrhs eavities théd between portions

of conducetivoe Iayerr 146. 'I;{he ertggiln to f%rg cavi(‘t:igg1 152b%n(9 154fl !:sl%e formaerg vivir'gh gﬂ aclk%liezed isotropic
wet etchant. The ‘Ag/ﬁBE pYatlng Aature of conductive ?ayers Y48"and are resistant to the etching
process. dhekstghiant reactsmmare aggressivelyan yermoving matesial withinduaséusubistrate 446 than with

conducti Iageg, 146 an8% 158. ngse%uentl ,ca itie% 152 have atwider interior area A than the diameter
or width D of o%eni“r]]brﬁ ,%1% shown in FIG. 4e. ?’%gccaﬁi%% 1514ncr%£tceor%ﬁﬁﬁ)%e rows of base leads or
protrusions40ant40h; d40¢1 840d, B40€, ARE 120f, extending fromm theSremainihedsasietsuybstrate 140g.

In one embadimapt, %?é’@i%?‘ SZ:ate elghed I adepin o _?8&7@{‘5‘35%““186&?%1(8%5% gpgure robust base

leads 140a-140f. IGs. 4f-4g, semiconductor die 124 from FlI a-3c are positioned over and
mountednte tdhductivenldyer146 vershdsecieads 140am30f isingee pirfaminslace operation. Bumps 134

are metallurgically andglectgeally,connected to epnductiye layer 146 and into cavity 152 by reflow and

pressure. A force F can be applied to back surface 128 of semiconductor die 124 to assist with inserting
the liquidus bump matériat intocavity 1SPT TRE Feduisitd firce et engage bifpstB4nwithindvities 152

can be aghjeyeginsg vacuum . nthe cassof stud bymps, thermescormpressionhonding gan be used to
engage bumps 134 within cavit{)é61‘52. Given the wider interior area A than the width W of opening 148,

bumps 134 4F¢ Igtked 16! BaSe tdadsl1 ARREAOF BEmb P8 are’ ot SgaiRst detachMehefrom

conductive-layer 346 by hature of the widernterios akea, Arand: parsewehwidth \Wof ppening 148. That is,
the solidified bump material within the wider interior area A will not pass through the narrower width W of

opening £48 fEondittive Tayet 1467 fir anbthdrarfbodiRERE BHe OF nTdreddiscied Sermitdnddctor

componeftsean bednewied de.conductivetlayernt4b gverbasedeads 340as140f. to prFlGi<h shows
another embodiment with bump material 155 depasited into cavities 152 prior to mounting semiconductor

die 124. TRY PIEAEpSERPBImpHRateharmetdfigit SR/ PinWith BhmpaSL $Edd My reflow to form the

bump lockdeatute. pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,

passive devices, conductive layers, and dielectric layers formed
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In FIG. 41, an encapsulant or molding compound 156 is deposited over semiconductor die 124 and base
substrate 140, including into cavities 154 and around base leads 140a-140f, using a paste printing,
compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or
other suitable applicator. Encapsulant 156 can be polymer composite material, such as epoxy resin with
filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 156 is non-conductive and
environnntARPprofectS e SerfitBRAGUEF dedits Hdm Bkterhal éléments aid ESREMifants"Ence
encapsulated; the mass of semieenductorddiedde With-pumps: 34 Jockedde base derds: 1403-140f,

serves to further reduce occurrence of delamination. In FIG. 4j, a portion of base substrate 140g

is remov&d By Ah&tEhing Pi6ceds Yo e parite ArliFEleCicatly isofate Bakt fedds T40h-146f At multiple
rows defined byrthe post-ewhitig-ateasof hase istibsgates140. lde-AghP PRy plating nature of conductive

layers 146 and 150 is resistant to the etching process. The etchant reacts more ressively in removing
material WA Base Sublrate 140 1ah ith GohdGeve gers A6 did 1HBE Condeuently, the portion o
base substrate 140 bems@ercconductive dayer d501lis remaved beeause: theye asene oppodsing conductive

layers 14 25 50..0n the g;Aer hand, the portign of base substrate 140 between opposing.conductive
layers 14%% ]I)qu,l%e%, ﬁasge eaé% 6a§1e£% ,nags v%%l‘f%% i uét%/lenl%ylelf’slf& gﬁ %'Sol,lnr]ge%ﬁain intact
following $keetchieg: piocess deie1d the etchergsistantlnaturecoithe cenductiveolayers: Base Leads

140a-140f provi?e vertical e Etrical fefalely ionhfor semi onlguctO{ e 124. 140 FIGI ﬂ( wafer-level
base substrate 140 1|:sasclﬁSull?all?tedl tlﬁrougg %%ce{:psru?éln gié%uuéfﬁg seﬂ%’blg&g or I%serlgﬁt?ing todl 158 to
separate ahel semigohduttor dié and jptovide dadividuaPernbedded waferalevellbdl grid array (eWLB),

water-level.chip Scale package (WLGRRY) AN avad flatpagkne-load; (QFN) gemicondustor packages

160 for further integration.
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
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIG. 3a 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. 3b shows a cross—-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back
surface 128 and an active surface 130 containing analog or
digital circuits implemented as active devices, passive devices,

conductive layers, and dielectric layers formed within the die
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FIG. 5 shows one such semiconductor package 160 after singulation. Semiconductor die 124 is
electrically connected to base leads 140a-140b and conductive layers 146 and 150. Bumps 134 are
locked into cavities 152 during reflow for a strong bond which is robust to thermal and mechanical stress.
The flow of bump material into cavities 152 reduces lateral flow and risk of electrical short to adjacent
base leads. The pitch between base leads can be reduced for a higher 1/O count. FIGs. 6a-6f

illustrate AATeRLGH t6 EFGS. 1Y ahd D3E 5O Mot DroCET ORBMINg & War&lierédsesubstrate with
cavities faeaed thradah anreiehsesistant sendudctive layar fexbumpdocking. Cartinuing frat FIG. 4d,
bump material 162 is deposited over conductive layer 146 and into cavity 152 by using an evaporation,
electrolytidHlating, S18ErSEsE Platingr BAIF D> bf scfteRT5Hiting BloCEd THe BUp material can be Al
Sn, Ni, Ad1AgeRbsBEoCtiesolder; iand comhlinaticns-theseof] with @d aptionahdux salutiongFor example,
the bump material can be eutectic Sn/Pb, higch-lead sqlder, or lead-free solder. In FIGs. 6b and
6c, semiconduttor Hi& 124 Hony F1GS 3438 Hnrthista ea\ﬁittﬁjoﬁﬁﬁﬁﬁjpssf?ﬁaa]re%%%ﬁ%ﬁaarover and
mounted to epnducti/edayerci4t and bump:material 362 usingagpickiand placewperation. Contact pads
132 of se icondug{or gie 124, arelr%tallur icqllby and elte(:trical.l)r/l gonne%teg to conductive layer 146 by
reflowing eumrﬁﬁ A LelrcfalofGéJl under reflow erarlwpe(rjatﬁ?jenar‘?éL %relssu(?g to'torm électricalinterconnect 164.
Given thelaiderdtefioP ara A tham threswidthl W o npening i8] etectricad interconnetcb16s is locked to

base Iea(%so%49{ -140f.nThf eljc?%télé:glslgterconnect 164 is robust against detachment from conductive layer

146 by nature o the wider interior area A and narrower width W of opening 148. That is, the solidified
bump material 162 within the adderiinteriby arsaAvwill ot pasy trough the nawowerd width W of opening

148 in conduetiye Yer148. I Apaiher embogimentcone. oLmore iscrete semigqpuctor components

can be mounted over base leads 140a-140f. FIG. 6d, an encapsulant ormolding compound
166 is deposited overssemnitohdictor dieCE2F and basé kabstpatet 4oL inclading ivtorcavitiesars4 and

around base jeals 140as 1. 5ing 3 Rsle PrifingscoRresslyeJpolfig. tAnsiarmaleing, liquid
encapsulant molding, vacuum lamination, spin coating, or other suitable applicator. Encapsulant 166 can
be polynie¥ cofiposiié mdterial:SuclP s @poRy résin Withlfille? 1650y actylate withdiHer Y polymer with

proper filler -Encapsulant 166,js nopcondyctive and epvirgragntally protegts:thesemiconductor device
from external elements and contaminants. Once encapsulated, the mass of semiconductor die 124, with

electrical IhfRFEIIERts 164 fotkad t6 Hase 16ads F404140F sefvestbififthérvetiicg otélrence of
delaminatigRps 134 are formed on contact pads 132. In one embodiment,

semiconductor die 124 is a flipchip type semiconductor die.

In FIG. 3c, semiconductor wafer 120 is singulated
through saw street 126 using saw blade or laser cutting tool 136
into individual semiconductor die 124. Each semiconductor die
124 has bumps 134 formed over contact pads 132.

FIGs. 4a-4k illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming a wafer—-level base substrate with
cavities formed through an etch-resistant conductive layer for
bump locking. FIG. 4a shows a wafer-level base substrate or
leadframe 140 containing Cu, Cu alloys, Al, or other suitable
conductive material. Base substrate 140 has surface 142 and
opposite surface 144. Wafer—-level base substrate 140 has
sufficient area to process multiple semiconductor die, as

described below.

—-14—-



In FIG. 6e, a portion of base substrate 140g is removed by an etching process to separate and electrically
Isolate base leads 140a-140f into multiple rows defined by the post-etching areas of base substrate 140.
The Ag/PPF plating nature of conductive layers 146 and 150 is resistant to the etching process. The
etchant reacts more aggressively in removing material within base substrate 140 than with conductive
layers 146 and 150. Consequently, the portion of base substrate 140 between conductive layer 150 is

removed because theréaré 1o -opposirt cGidUtTive Fayrs 16 HrCHESY: O thetdther hafd the portion of

base substiate-14Q betwean-eppesing conduativedayers sidb-and 1530, ies.ibrseleads 440ag140f, as well
as conductive layers 146 and 150, remain intact following the etching process due to the etch-resistant

nature of 1R cBRdGCtR/E TR erst BasB 1 E&dd¥140a- 161 brovide erliddl etdrifdl Fonhdction o

semiconducterdierl 24t condubt EFlfs. Gfawaferilegeldase suhstrat b4@ isssisgulated through

encapsulant 166 using saw blade or laser cutting éggl 168to s %arate the semiconductﬁ)r die and provide
C

individuaFEWLE RALEEPE nd BIEN SehfiCorductoy ackagas 170 o firfhér ftBgration Sindfar to FIG. 5.
FIGs. 7adrb=show an @meloadiment: 6f semitondactor packagen 1 72, 1similantooll Gsa da-4i mithoanother
arrangement of ﬂ?f Wafer-le\iel baselsijé)stralrePor leadframe. gIG. 7a,bwaf r-Ieve(Ijb%se substrate or
leadframé 1729n¢cltdes étch-resistant conductive ?éﬁ/%rrli% wit of):éﬁjlr?lngée 178'ahd etCh-resistant
conductiveslayer 18€ forateckoverropposingysurtacesiofdhe base substrate. trothisicése;eonductive layer
176ais electricall ntin oyer a central_or interior portion.of base.substrate,174 with a plurality of
openingsiWSGarin%ginteﬁgﬁor\%&uc%@gvﬁyear 2. C%?l%‘dct?vfg I%@SP 176b is?]}g?méa around the interior

conductivelayer 176z Theyphardlity obqpenihg§Q783kp$Widéemp’ﬂﬂ@le cavities 181 in base substrate 174
under the larger CO”ta%FrPaéjt%th—QPQEQE‘E%We&&Zéﬁ’c‘%@véoﬁ%?@rw{r?@t pawer apd groynd,

connections. The multiple cavities 181 in base substrate 174 under conductive layer 176a can be
Interconriected With ichannélé4Eaénh perionsofconductive fyer 378l aredricsonductivedayer 176a has a

single OF’@TE‘&&%SRZ%{ 5} 3@@%‘% £ayity 181 jn base su Qé”%t?algﬂug‘l gf% c£R AMer FmOURLNgG; o

semiconductor die 1 depositing encapsulant 156, similar to s. 4f-4], the etching process
electricallAg6iates Base Peads 974a 1 724, @Rt 1T7AcBEiReén CohduttivelayeF¥76 aid 180: Bumps 134

are reflowed intg cayities 184 founed i hase subsirate 1v 4 forthehppleckieature . Bumps 134

electrically connected to base lead 174b are electrically common. FIGs. 8a-8b show an
embodinfeht of 8&RitBRENEor pREKAGE 182, difvar fo Fitss. 24l it afother afrafigem@ntof the

wafer-level base substrate o leadframe; MpdHGe Bar walgr-level hasesubstrate,geleadframe 184 Includes

etch-resistant conductive layer 186 with openings 188 and etch-resistant conductive layer 190 formed

over opposiig FFaEES of the Al Sibsirts. 1hthis GSeT cBRUttvE 1878 188358 FoimteddGer a central

or interiopportignof base stibstate 184: ang, conguetive 1ayerd 86b around the interior conductive layer
186a is laterally elongated. Each conductive layer 186a and 186h has a single opening 188 for a single

cavity 189 in base substate {84, T FIGA8S, SHEr Hiddithg Semitdn8u&Gor dieT24 &fd Uépositing

encapsulant d56;similartodel Gsi 4144, the etchiag pracess electrealtytisalates-basejleads d84a, 184b,

184c, an% 184d between conductive I’i\yers 86 and 190. Bump§ 5’L%4 are reflowed into cavitii%% 189
4

formed in ggseeg%lsﬁpﬁe 8456 %eabusrﬁp oeK featiiré Thé fatera bee?otﬁqgea%ld %%et teats a and
184d allowofot inteiconnget/fan-dutdor a highesthtagntto form cavities 152 and 154

is performed with an alkalized isotropic wet etchant. The
Ag/PPF plating nature of conductive layers 146 and 150 are
resistant to the etching process. The etchant reacts more
aggressively in removing material within base substrate 140 than
with conductive layers 146 and 150. Consequently, cavities 152
have a wider interior area A than the diameter or width D of
opening 148, as shown in FIG. 4e. The cavities 154 create

multiple rows of base leads or protrusions 140a, 140b, 140c,

-15-



FIGs. 9a-9g lllustrate, in relation to FIGs. 1 and 2a-2c, another process of forming a wafer-level base
substrate with cavities formed through an etch-resistant conductive layer for bump locking. FIG. 9a shows
a wafer-level base substrate or leadframe 190 containing Cu, Cu alloys, Al, or other suitable conductive
material. Base substrate 190 has surface 192 and opposite surface 194. Wafer-level base substrate 190
has sufficient area to process multigle semiconductor die, as described below. An etch-resistant

conductive*yer 198 i formidd GVt suff$EE192151 b5 BubEFateIob-idiRg paftéfning and an

electrolytic plating ok electrgless plating:paesss.i ke locatian of cerdudtivedayersl9é,everiase substrate
190 corresponds to bump sites of subsequently mounted semiconductor die. An etch-resistant

conductivERyBr 288 *fofmel 'sveP SGEEE 104DF bhle SUBEr&te 150 G4ing pafteiAg and an

electrolyticaplating of electroless plating process. Conductive layers 196 and 198 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or 2t ler suitable ,electgfcéall con ucti\{%ma}éerial. IFn one e bodiment,
conductive layer 196 ahfl ToB%e AJ of &u oirk brepistedi8aditame . Condb Ve 1Ay Ers fd 198
operate as-eontactipaidsfed lateremoantedreemicoenducior disdardntereonnget strudtures,esatich as bumps.
An openlg%ZOO IS f((){gneld |(51aa_5§1r6t£aluar§a of eackim g]grttlaon of conductive Iagler 198. The opening 200 can

be forme “i’/esejiéec ve pa%ternlng or bysre%v?ndo a portlonndoip conductve fay%% 198. FIG."81 shows a plan

view of opérings200dih xbhductiveslayer $981 owérlodase sullstrated80ected tin ElG1dBeos base substrate

190 is et<‘1hed parfi %/thr ugh urface 192 t cavities 202 between adjacent p rtigns of cgnductive
ayer 106 THEAGIBF Tg Pt e Bt SO AR ey 08 e Lo 15 e et g Sbcger. The
etchant reactsrorecaggresisively i rémeving amatetiaPwithiindsasesubdtrate 190 tranl with tonductive

layer 196, Copsequently, cayities 202 create muliiple,ows, ol base leads or pratrusians 190a, 190D, 190c,
190d, 190e, and 190f, extending from the remaining base substrate 190g.
152. The requisite force to engage bumps 134 within cavities

152 can be achieved in a vacuum. In the case of stud bumps,
thermo-compression bonding can be used to engage bumps 134
within cavity 152. Given the wider interior area A than the
width W of opening 148, bumps 134 are locked to base leads 140a-
140f. Bumps 134 are robust against detachment from conductive
layer 146 by nature of the wider interior area A and narrower
width W of opening 148. That is, the solidified bump material
within the wider interior area A will not pass through the
narrower width W of opening 148 in conductive layer 146. 1In
another embodiment, one or more discrete semiconductor
components can be mounted to conductive layer 146 over base
leads 140a-140f.

FIG. 4h shows another embodiment with bump material
155 deposited into cavities 152 prior to mounting semiconductor
die 124. The pre-deposited bump material metallurgically joins
with bumps 134 during reflow to form the bump lock feature.

In FIG. 4i, an encapsulant or molding compound 156 is
deposited over semiconductor die 124 and base substrate 140,

including into cavities 154 and around base leads 140a-140f,
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In FIG. 9d, semiconductor die 124 from FIGs. 3a-3c are positioned over and mounted to conductive layer
196 over base Leads 190a-190f using a pick and place operation. Bumps 134 are metallurgically and
electrically connected to conductive layer 196. In FIG. 9e, an encapsulant or molding compound
204 is deposited over semiconductor die 124 and base substrate 190, Including into cavities 202, using a
paste printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination,

spin coathiyt b7 othét&uitabkRrapplicatr. EREEFSTE 204G BE olymiércohisodite afial, such as
epoxy resingvithifilier -epexyiactylate with-fler, v pelrmerxwith Rraper fillep Encapsulany 204 4s
non-conductive and environmentally protects the semiconductor device from external elements and
contamin@htST SUT AR SRRIAEETE6 is efcREG PN through Ui T2 186 cavities 206
through epeningsi 2@0.rEe=AgHPPF plating natwienfconducetivedayar 98 isstesisiantio the etching
process. The etchant reacts more aggressively in removing material wifthi base substrate 190 than with
conductive fayer E@S.Wégﬁséq?[?ejhﬁﬁ’ cavities 206 have' %ﬁ{%dgf (Me&ifor ared A than the diameter or width
D of opeming 206y sinitar 16 &1G s4e.dn-anenembodivrentncavities: 206aeen etched tpaodepth ©f 50-75 pm
to ensurett}%)usg Ikg&sceo Ie(gf\dcs1 tlgOa&%%Obeh% ret%ﬂng{ rocr?sg alio rem vsesatrkllg portion of base substrate
1909 to separa‘fte and éieclzjtrlcaﬁy isolate basé Teads a-190f into mu iple rows defined by the
post-etching areasreiase substrateeb9G.OEhel portion df ibasessibstratesta0 betwbentcondlictive layer

198 is remoyed because there ate no opposing etch-resistant conductive layers, Therefore, base leads
190a-190f and (‘:Nolnfjc:%\lllén }i)asyers %9g %ﬁgel%S remain intact | oﬁowingathe etcHinS %?gceesss. %ase leads
190a-19Cf\provide veetibat electrival convection foe $emicomductor die 124. In FIG. 9f, wafer-level

base substrate 190 is singylated th -gu%h _gg%at@&llargizo}ga éng)ﬁ%\g/gaﬁl%q%o%aésr ¢utting tool 208 to

separate the semiconductor die and provide individual eWLB, WLCSP, and QFN semiconductor
packagegngwgduhheamngyghé@g process to separate and electrically

isolate base leads 140a-140f into multiple rows defined by the
post—-etching areas of base substrate 140. The Ag/PPF plating
nature of conductive layers 146 and 150 is resistant to the
etching process. The etchant reacts more aggressively in
removing material within base substrate 140 than with conductive
layers 146 and 150. Consequently, the portion of base substrate
140 between conductive layer 150 is removed because there are no
opposing conductive layers 146 and 150. On the other hand, the
portion of base substrate 140 between opposing conductive layers
146 and 150, i.e., base leads 140a-140f, as well as conductive
layers 146 and 150, remain intact following the etching process
due to the etch-resistant nature of the conductive layers. Base
leads 140a-140f provide vertical electrical connection for
semiconductor die 124.

In FIG. 4k, wafer-level base substrate 140 is
singulated through encapsulant 156 using saw blade or laser
cutting tool 158 to separate the semiconductor die and provide
individual embedded wafer-level ball grid array (eWLB), wafer-

level chip scale package (WLCSP), and quad flat pack no-load
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In FIG. 9g, PCB 212 has contact pads 214 with bump material 216 deposited on the contact pads.
Semiconductor package 210 is mounted over contact pads 214. Bump material 216 is reflowed and a
force F can be applied to the back surface of semiconductor package 210 to assist with inserting the
liquidus bump material into cavity 206 of base leads 190a-190f. The requisite force to engage bump
material 216 within cavities 206 can be achieved in a vacuum. Given the wider interior area A than the

width W df8PEnifg2H6 Champ rhateNars e is5ocRéd {PEavitied D66 of BaSE et ro0a-190f. Bump

material 216 is robust againstsdetachmenhomcandustive layen 346 bynatutesef the wider interior area A
and narrower width W of opening 200. That is, the solidified bump material within the wider interior area A

will not pS<L HISaGH Tk narfEREr HtH W oféfRing2D0'H Cohdathive Aty 168" €CteIr i 10
shows seraisenductiaspackagel 2 mouitetbovrrRCBL 125 gemiconduciaddie si24 iselegidcally

connected to base leads 1903-190b and conductiye layers 196 and 198. Bump material 216 is locked into
caitios 206 0 AGHFr 3 S on G Rioh 2 r RISt 18 (Rt At Hothanicat 658 he flow o
bump materiallintoscavitiess206: redices tateral flowrancheisk obelestricakshort thadjatent hese leads.

The pitctlb%etweentbase I?aqsng%n be reguced floglza higger 1/O cloutné.r_?hl £1 FIGs. ga aiwdkllb %how an

embodiment of Sémiconductor pacl%élﬁjlt‘:‘{el éﬁ,ssimlar o FIGS, a—@g,w another %Pranéersﬁenf)ofthe

wafer-level base substrate or teadframe . Aafer-leweldhasesgipstratther leadframe=222 mcludese
etch-resisltg%%oncdurgti%g la eec%lzczg A O%tcg-regsé%nl; c?pgu%t(ijvenleyer 228 with Qpeningg 230 formed
over opposing surfaces of the base substrate. In this case, conductive layer 228 is electrically continuous
over a central or interidt Jgostior® of base substrate 222 with acplarality: of opériAgs 230alnltheninterior

conductive layer, 228, as shown in BIG. A1, The pluralib,of apenings,23Qa prayide multipls cqvities 232

in base substrate 222 under the larger contact pad of conductive layer 228a, e.g., for high current power
and groufid \cohnecticra: Tae mbtipleddavitiess23Nintisasessiinstrate 2R ¢intér condigctivedayer 228a can

be interconpected with channels, EACH postion gf.cenductiyg layer,228h-around congyctive layer 228a

has a single opening 230b. In FIG. 11b, after mounting semiconductor die 124 and depositing
encapsul@fP2e4, tsimilaV R FIGE Qdodr e dteling protess Eletitically iSoldtEs base adss272a, 222b,

and 222c.between sondugtive layer.226 apdi228, Bumps 134 are-tflowedinto cavities 232 formed in

base substrate 222 for the bump lock feature. Bumps 134 electrically connected to base lead 222b are
electricalf§F&8inmoR. SCT ESNWHIRRGHE 6 MBPE Bfbodimefits B tRe Présent fivention Prave-been

illustrateds in, detail, the skilled artisamwill appresiaieithat medificalinnsandi adaptatienstothose
embodiments may be made without departing from the scope of the present invention as set forth in the
fOWMNMg%ﬁ%HB?D optional flux solution. For example, the bump material

can be eutectic Sn/Pb, high-lead solder, or lead-free solder.

In FIGs. 6b and 6c¢, semiconductor die 124 from FIGs.
3a-3c, in this case without bumps 134, are positioned over and
mounted to conductive layer 146 and bump material 162 using a
pick and place operation. Contact pads 132 of semiconductor die
124 are metallurgically and electrically connected to conductive
layer 146 by reflowing bump material 162 under reflow
temperature and pressure to form electrical interconnect 164.
Given the wider interior area A than the width W of opening 148,
electrical interconnect 164 is locked to base leads 140a-140f.
The electrical interconnect 164 is robust against detachment

from conductive layer 146 by nature of the wider interior area A

and narrower width W of opening 148. That is, the solidified
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Claims What is claimed: 1.A method of making a semiconductor device, comprising: providing a base
substrate having first and second opposing surfaces; forming a first etch-resistant conductive layer
over the first surface of the base substrate; etching a plurality of first cavities in the base substrate
through an opening in the first etch-resistant conductive layer, the first cavities having a width greater than
a width of the opening in the first etch-resistant conductive layer; etching a plurality of second cavities

in the base"8RbStrdte bededh portions df thé firdt BiGH-résidtant Condiichide fayetl 1 ot pass

through the narrower width W of opening 148 in conductive layer
146. In another embodiment, one or more discrete semiconductor
components can be mounted over base leads 140a-140f.

In FIG. 6d, an encapsulant or molding compound 166 is
deposited over semiconductor die 124 and base substrate 140,
including into cavities 154 and around base leads 140a-140f,
using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, spin coating, or
other suitable applicator. Encapsulant 166 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.
Encapsulant 166 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants. Once encapsulated, the mass of semiconductor die
124, with electrical interconnects 164 locked to base leads
140a-140f, serves to further reduce occurrence of delamination.

In FIG. 6e, a portion of base substrate 140g is
removed by an etching process to separate and electrically
isolate base leads 140a-140f into multiple rows defined by the
post—-etching areas of base substrate 140. The Ag/PPF plating
nature of conductive layers 146 and 150 is resistant to the
etching process. The etchant reacts more aggressively in
removing material within base substrate 140 than with conductive
layers 146 and 150. Consequently, the portion of base substrate
140 between conductive layer 150 is removed because there are no
opposing conductive layers 146 and 150. On the other hand, the
portion of base substrate 140 between opposing conductive layers
146 and 150, i.e., base leads 140a-140f, as well as conductive
layers 146 and 150, remain intact following the etching process

due to the etch-resistant nature of the conductive layers. Base
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providing a semiconductor die having a plurality of bumps formed over contact pads on an active surface
of the semiconductor die; mounting the semiconductor die to the base substrate with the bumps
disposed over the first etch-resistant conductive Layer; reflowing the bumps to electrically connect to
the first etch-resistant conductive layer and cause bump material to flow into the first cavities;

depositing an encapsulant over the semiconductor die and base substrate; and removing a portion of
the seco §Glr?a&e£ BRtheYHsePdibsHate UGWA 16 e SeESTd caftieS RMORMIeIeRiERN isolated base
leads underthe dikstigteh-resistant canductive Layer. 2. The method of claim 1, wherein the bump
material in the first cavities Iocks the bumps to the base leads.

In FIG. o0f, wafer—-level base substrate 140 is
singulated through encapsulant 166 using saw blade or laser
cutting tool 168 to separate the semiconductor die and provide
individual eWLB, WLCSP, and QFN semiconductor packages 170 for
further integration, similar to FIG. 5.

FIGs. 7a-7b show an embodiment of semiconductor
package 172, similar to FIGs. 4a-4k, with another arrangement of
the wafer-level base substrate or leadframe. In FIG. 7a, wafer-
level base substrate or leadframe 174 includes etch-resistant
conductive layer 176 with openings 178 and etch-resistant
conductive layer 180 formed over opposing surfaces of the base
substrate. In this case, conductive layer 176a is electrically
continuous over a central or interior portion of base substrate
174 with a plurality of openings 178a in the interior conductive
layer 176a. Conductive layer 176b is formed around the interior
conductive layer 176a. The plurality of openings 178a provide
multiple cavities 181 in base substrate 174 under the larger
contact pad of conductive layer 176a, e.g., for high current
power and ground connections. The multiple cavities 181 in base
substrate 174 under conductive layer 176a can be interconnected
with channels. Each portion of conductive layer 176b around
conductive layer 176a has a single opening 178b for a single
cavity 181 in base substrate 174. 1In FIG. 7b, after mounting
semiconductor die 124 and depositing encapsulant 156, similar to
FIGs. 4f-47j, the etching process electrically isolates base
leads 174a, 174b, and 174c between conductive layer 176 and 180.
Bumps 134 are reflowed into cavities 181 formed in base
substrate 174 for the bump lock feature. Bumps 134 electrically

connected to base lead 174b are electrically common.
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3. The method of claim 1, further including forming a second etch-resistant conductive layer over the
second surface of the base substrate. 4. The method of claim 1, wherein a portion of the first
etch-resistant conductive layer includes a plurality of openings. 5. The method of claim 1, wherein the
first etch-resistant conductive layer includes a laterally elongated portion. 6. The method of claim 1,
further including: depositing bump material in the first cavities prior to mounting the semiconductor

die;  mounting the SehfiGondict&PdiBt6 thé DasE SaB<traR with thaHUrhpS dispb=Ed over the first
etch-resigtankeerductive Laygr; aned t o reflewing4he bumpsi termetallurgically-jeinyith e bump

material in the first cavities.

the wafer-level base substrate or leadframe. In FIG. 8a, wafer-
level base substrate or leadframe 184 includes etch-resistant
conductive layer 186 with openings 188 and etch-resistant
conductive layer 190 formed over opposing surfaces of the base
substrate. 1In this case, conductive layer 186a is formed over a
central or interior portion of base substrate 184, and
conductive layer 186b around the interior conductive layer 186a
is laterally elongated. Each conductive layer 186a and 186b has
a single opening 188 for a single cavity 189 in base substrate
184. 1In FIG. 8b, after mounting semiconductor die 124 and
depositing encapsulant 156, similar to FIGs. 4f-4j, the etching
process electrically isolates base leads 184a, 184b, 184c, and
184d between conductive layers 186 and 190. Bumps 134 are
reflowed into cavities 189 formed in base substrate 184 for the
bump lock feature. The laterally elongated base leads 184a and
184d allow for interconnect fan-out for a higher I/0O count.

FIGs. 9a-9g illustrate, in relation to FIGs. 1 and 2a-
2c, another process of forming a wafer-level base substrate with
cavities formed through an etch-resistant conductive layer for
bump locking. FIG. 9a shows a wafer-level base substrate or
leadframe 190 containing Cu, Cu alloys, Al, or other suitable
conductive material. Base substrate 190 has surface 192 and
opposite surface 194. Wafer—-level base substrate 190 has
sufficient area to process multiple semiconductor die, as
described below.

An etch-resistant conductive layer 196 is formed over
surface 192 of base substrate 190 using patterning and an
electrolytic plating or electroless plating process. The

location of conductive layer 196 over base substrate 190
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7. A method of making a semiconductor device, comprising: providing a base substrate having first and
second opposing surfaces; forming a first conductive layer over the first surface of the base substrate;
forming a first cavity in the base substrate through an opening in the first conductive layer; forming a
second conductive layer over the second surface of the base substrate; forming a second cavity in

the base substrate between portions of the first conductive layer or second conductive Layer;
corresponds to bump sites of subsequently mounted semiconductor

die. An etch-resistant conductive layer 198 is formed over
surface 194 of base substrate 190 using patterning and an
electrolytic plating or electroless plating process. Conductive
layers 196 and 198 can be one or more layers of Al, Cu, Sn, Ni,
Au, Ag, or other suitable electrically conductive material. 1In
one embodiment, conductive layer 196 and 198 are Ag or Au on a
preplated leadframe. Conductive layers 196 and 198 operate as
contact pads for later mounted semiconductor die or interconnect
structures, such as bumps.

An opening 200 is formed in a central area of each
portion of conductive layer 198. The opening 200 can be formed
by selective patterning or by removing a portion of conductive
layer 198. FIG. 9b shows a plan view of openings 200 in
conductive layer 198 over base substrate 190.

In FIG. 9c, base substrate 190 is etched partially
through surface 192 to form cavities 202 between adjacent
portions of conductive layer 196. The Ag/PPF plating nature of
conductive layer 196 is resistant to the etching process. The
etchant reacts more aggressively in removing material within
base substrate 190 than with conductive layer 196.

Consequently, cavities 202 create multiple rows of base leads or
protrusions 190a, 190b, 190c, 190d, 190e, and 190f, extending
from the remaining base substrate 190g.

In FIG. 9d, semiconductor die 124 from FIGs. 3a-3c are
positioned over and mounted to conductive layer 196 over base
leads 190a-190f using a pick and place operation. Bumps 134 are
metallurgically and electrically connected to conductive layer
196.

In FIG. 9e, an encapsulant or molding compound 204 is

deposited over semiconductor die 124 and base substrate 190,
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mounting a semiconductor die to the first conductive layer or second conductive layer; depositing an
encapsulant over the semiconductor die and base substrate; and removing a portion of the base
substrate down to the second cavity to form electrically isolated base leads between the first and second
conductive layers. 8. The method of claim 7, wherein the first conductive layer and second conductive

layer include an etch-resistant material. 9. The method of claim 7, wherein the first cavity has a width
greater thaifa Widthofthé Opeaytinte fifst condhefverL &t E A 0P The method TIEREMSE fiRher

includingino 1 aneynting thessemicenductas die todhe base substratewith buaimmaterial gisposed over the
first conductive layer; and , , .

lamination, spin coating, or other suitable applicator.

Encapsulant 204 can be polymer composite material, such as epoxy

resin with filler, epoxy acrylate with filler, or polymer with

proper filler. Encapsulant 204 is non-conductive and

environmentally protects the semiconductor device from external

elements and contaminants.

Base substrate 190 is etched partially through surface
194 to form cavities 206 through openings 200. The Ag/PPF
plating nature of conductive layer 198 is resistant to the
etching process. The etchant reacts more aggressively in
removing material within base substrate 190 than with conductive
layer 198. Consequently, cavities 206 have a wider interior
area A than the diameter or width D of opening 200, similar to
FIG. 4de. In one embodiment, cavities 206 are etched to a depth
of 50-75 um to ensure robust base leads 190a-190f. The etching
process also removes the portion of base substrate 190g to
separate and electrically isolate base leads 190a-190f into
multiple rows defined by the post-etching areas of base
substrate 190. The portion of base substrate 190 between
conductive layer 198 is removed because there are no opposing
etch-resistant conductive layers. Therefore, base leads 190a-
190f and conductive layers 196 and 198 remain intact following
the etching process. Base leads 190a-190f provide vertical
electrical connection for semiconductor die 124.

In FIG. 9f, wafer-level base substrate 190 is
singulated through encapsulant 204 using saw blade or laser
cutting tool 208 to separate the semiconductor die and provide
individual eWLB, WLCSP, and QFN semiconductor packages 210 for

further integration.
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reflowing the bump material to electrically connect the semiconductor die to the first conductive layer and
cause the bump material to flow into the first cavity. 11. The method of claim 7, further including:
providing a printed circuit board (PCB); and mounting the base leads of the semiconductor device to the
PCB. 12. The method of claim 7, further including:

In FIG. 9g, PCB 212 has contact pads 214 with bump
material 216 deposited on the contact pads. Semiconductor
package 210 is mounted over contact pads 214. Bump material 216
is reflowed and a force F can be applied to the back surface of
semiconductor package 210 to assist with inserting the ligquidus
bump material into cavity 206 of base leads 190a-190f. The
requisite force to engage bump material 216 within cavities 206
can be achieved in a vacuum. Given the wider interior area A
than the width W of opening 200, bump material 216 is locked to
cavities 206 of base leads 190a-190f. Bump material 216 1is
robust against detachment from conductive layer 146 by nature of
the wider interior area A and narrower width W of opening 200.
That is, the solidified bump material within the wider interior
area A will not pass through the narrower width W of opening 200
in conductive layer 198.

FIG. 10 shows semiconductor package 210 mounted over
PCB 212. Semiconductor die 124 is electrically connected to
base leads 190a-190b and conductive layers 196 and 198. Bump
material 216 is locked into cavities 206 during reflow for a
strong bond which is robust to thermal and mechanical stress.
The flow of bump material into cavities 206 reduces lateral flow
and risk of electrical short to adjacent base leads. The pitch
between base leads can be reduced for a higher I/0 count.

FIGs. 1lla and 1llb show an embodiment of semiconductor
package 220, similar to FIGs. 9a-9g, with another arrangement of
the wafer-level base substrate or leadframe. Wafer-level base
substrate or leadframe 222 includes etch-resistant conductive
layer 226 and etch-resistant conductive layer 228 with openings
230 formed over opposing surfaces of the base substrate. In
this case, conductive layer 228 is electrically continuous over

a central or interior portion of base substrate 222 with a
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mounting the semiconductor die to the base substrate with bumps disposed over the first conductive
layer; and reflowing the bumps to cause bump material to flow into the first cavity. 13. The method of
claim 7, further including: depositing bump material over the first conductive layer; and reflowing the bump
material into the first cavity. 14. A method of making a semiconductor device, comprising: providing a

base substrate; , , , , ,
plurality of openings 230a in the interior conductive layer

228a, as shown in FIG. 1lla. The plurality of openings 230a
provide multiple cavities 232 in base substrate 222 under the
larger contact pad of conductive layer 228a, e.g., for high
current power and ground connections. The multiple cavities 232
in base substrate 222 under conductive layer 228a can be
interconnected with channels. Each portion of conductive layer
228b around conductive layer 228a has a single opening 230b. 1In
FIG. 11lb, after mounting semiconductor die 124 and depositing
encapsulant 204, similar to FIGs. 9d-9f, the etching process
electrically isolates base leads 222a, 222b, and 222c between
conductive layer 226 and 228. Bumps 134 are reflowed into
cavities 232 formed in base substrate 222 for the bump lock
feature. Bumps 134 electrically connected to base lead 222b are
electrically common.

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 first conductive layer over a first surface of the base substrate; forming a cavity in the base
substrate through an opening in the first conductive layer; mounting a semiconductor die to the base
substrate; depositing an encapsulant over the semiconductor die and base substrate; and removing a
portion of the base substrate to form electrically isolated base leads under the first conductive Layer. 15.
The method of claim 14, wherein the first conductive layer Includes an etch-resistant material. 16. The
method of claim 14, wherein the cavity has a widfh'g&2r than a width of the opening in the first
conductive layer 17. The method of claim 14, further including:

What is claimed:

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

providing a base substrate having first and second opposing
surfaces;

forming a first etch-resistant conductive layer over the
first surface of the base substrate;

etching a plurality of first cavities in the base substrate
through an opening in the first etch-resistant conductive layer,
the first cavities having a width greater than a width of the
opening in the first etch-resistant conductive layer;

etching a plurality of second cavities in the base
substrate between portions of the first etch-resistant
conductive layer;

providing a semiconductor die having a plurality of bumps
formed over contact pads on an active surface of the
semiconductor die;

mounting the semiconductor die to the base substrate with
the bumps disposed over the first etch-resistant conductive
layer;

reflowing the bumps to electrically connect to the first
etch-resistant conductive layer and cause bump material to flow
into the first cavities;

depositing an encapsulant over the semiconductor die and
base substrate; and

removing a portion of the second surface of the base
substrate down to the second cavities to form electrically
isolated base leads under the first etch-resistant conductive

layer.
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depositing bump material over the first conductive layer; and reflowing the bump material into the cavity.
18. The method of claim 14, further including forming a second conductive layer over a second surface of
the base substrate, opposite the first surface of the base substrate. 19. The method of claim 14, further
including: mounting the semiconductor die to the base substrate with bumps disposed over the first
conductive layer; and reflowing the bumps to cause bump material to flow into the cavity.

2. The method of claim 1, wherein the bump material in the

first cavities locks the bumps to the base leads.

3. The method of claim 1, further including forming a second
etch-resistant conductive layer over the second surface of the

base substrate.

4. The method of claim 1, wherein a portion of the first etch-

resistant conductive layer includes a plurality of openings.

5. The method of claim 1, wherein the first etch-resistant

conductive layer includes a laterally elongated portion.

6. The method of claim 1, further including:

depositing bump material in the first cavities prior to
mounting the semiconductor die;

mounting the semiconductor die to the base substrate with
the bumps disposed over the first etch-resistant conductive
layer; and

reflowing the bumps to metallurgically join with the bump

material in the first cavities.

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

providing a base substrate having first and second opposing
surfaces;

forming a first conductive layer over the first surface of
the base substrate;

forming a first cavity in the base substrate through an
opening in the first conductive layer;

forming a second conductive layer over the second surface
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20. The method of claim 14, wherein a portion of the first conductive layer includes a plurality of openings.
21. A semiconductor device, comprising: a base substrate; a first conductive layer formed over a first
surface of the base substrate with a cavity formed in the base substrate through an opening in the first
conductive layer; a semiconductor die mounted over the base substrate; and an encapsulant
deposited over the semiconductor die and base substrate, wherein a portion of the base substrate is
removed ?6 oMt elktfifcaly isoiat@b%iase leads under the first conductive layer. 22. The semiconductor
device of claim 2brwhekgin thefirsheonduetive layerdneludes an etehxrasistantmeaierial.

portions of the first conductive layer or second conductive
layer;

mounting a semiconductor die to the first conductive layer
or second conductive layer;

depositing an encapsulant over the semiconductor die and
base substrate; and

removing a portion of the base substrate down to the second
cavity to form electrically isolated base leads between the

first and second conductive layers.

8. The method of claim 7, wherein the first conductive layer

and second conductive layer include an etch-resistant material.

9. The method of claim 7, wherein the first cavity has a width
greater than a width of the opening in the first conductive

layer.

10. The method of claim 7, further including:
mounting the semiconductor die to the base substrate with
bump material disposed over the first conductive layer; and
reflowing the bump material to electrically connect the
semiconductor die to the first conductive layer and cause the

bump material to flow into the first cavity.

11. The method of claim 7, further including:
providing a printed circuit board (PCB); and
mounting the base leads of the semiconductor device to the

PCB.
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23. The semiconductor device of claim 21, wherein the cavity has a width greater than a width of the
opening in the first conductive layer 24. The semiconductor device of claim 21, further including bump
material deposited over the first conductive layer, wherein the bump material is reflowed into the cavity.
25. The semiconductor device of claim 21, further including a second conductive layer formed over a

second surface of the base substrate, opposite the first surface of the base substrate.
12. The method of claim 7, further including:

mounting the semiconductor die to the base substrate with
bumps disposed over the first conductive layer; and
reflowing the bumps to cause bump material to flow into the

first cavity.

13. The method of claim 7, further including:
depositing bump material over the first conductive layer;
and

reflowing the bump material into the first cavity.

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

providing a base substrate;

forming a first conductive layer over a first surface of
the base substrate;

forming a cavity in the base substrate through an opening
in the first conductive layer;

mounting a semiconductor die to the base substrate;

depositing an encapsulant over the semiconductor die and
base substrate; and

removing a portion of the base substrate to form
electrically isolated base leads under the first conductive

layer.

15. The method of claim 14, wherein the first conductive layer

includes an etch-resistant material.
16. The method of claim 14, wherein the cavity has a width

greater than a width of the opening in the first conductive

layer
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17. The method of claim 14, further including:
depositing bump material over the first conductive layer;
and

reflowing the bump material into the cavity.

18. The method of claim 14, further including forming a second
conductive layer over a second surface of the base substrate,

opposite the first surface of the base substrate.

19. The method of claim 14, further including:

mounting the semiconductor die to the base substrate with
bumps disposed over the first conductive layer; and

reflowing the bumps to cause bump material to flow into the

cavity.

20. The method of claim 14, wherein a portion of the first

conductive layer includes a plurality of openings.

21. A semiconductor device, comprising:

a base substrate;

a first conductive layer formed over a first surface of the
base substrate with a cavity formed in the base substrate
through an opening in the first conductive layer;

a semiconductor die mounted over the base substrate; and

an encapsulant deposited over the semiconductor die and
base substrate, wherein a portion of the base substrate is
removed to form electrically isolated base leads under the first

conductive layer.

22. The semiconductor device of claim 21, wherein the first

conductive layer includes an etch-resistant material.
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23. The semiconductor device of claim 21, wherein the cavity
has a width greater than a width of the opening in the first

conductive layer

24. The semiconductor device of claim 21, further including
bump material deposited over the first conductive layer, wherein

the bump material is reflowed into the cavity.
25. The semiconductor device of claim 21, further including a

second conductive layer formed over a second surface of the base

substrate, opposite the first surface of the base substrate.
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