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

The present invention relates in general to

enc Lo . .
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 € 1ds OoiS&iRERAGCBIEETices exploit

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

through th8PTEEESs SFHSPINY: Dopin§ Thtrodiides ipufifids Mt e SeicdRdGEoP thatBrial to

manipulate and gontrabibe icaneuctivity ofthe sesticonductarademies. industA-samiconductor device
contains active anq[ assive electrical structures. Active structures, including bipolar and field effect
transistor%?%ﬁt?&l gﬁ?lbv\%ﬂ‘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 cggateﬁjgelaatjcoongpiéo g%twllegtrlu\éoltagg and
current ngcegsary 0 peﬁorm a varle?y oF electrica Funcﬁons. The passive and active structures are
electricalbeconmected-tocformagireuits, 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 wafer; Eagh dig istypically dentical and Goptains circyjis 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 i tHe rortaBHY protBss PEsUTHEih (e with Saffer Righer
density active andpassive companents Backientprogesses may rgsulk kyseryiconduetos device
packages with a smaller footprint by improvements in electrical interconnection and packaging materials.
SemiconBGGSr devicsS A Bftér stitRBE o nMdtht&d Y A¥UBRIHAfE fol &fidentihtegration. The electrical
interconnection betweemsemiconduetos sleviceranc-sustraie, & g ¢ bumimintareonnegtrisckinewn to
detach or del? inate under thermal or mechanical stress. The prior art has used seyeral different
techniquéd'to rr];%}r(e TRE SIERHTCHT irtercdnhéEtmore ?%?l}.elford&‘é pig, tﬁé%hﬁgg ¢an be reflowed or
pressed intogias©r hotes pfcartead todoem laingeehanieal flaonok owe e dthedondestrengith isslimited to
the shear stren%tgpetween 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 enesembbdméty therpresentvimiventicrs 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 bperingin thesfirgt etchsresistant,condabtive layer. The first
cavities have & wilth 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 aplurality of
bumps famedover coptact pads, onan-astivesurfacef the semiqanductor die, mounting the _
semiconductor die to the base substrate with the bumps disposed over the first etch-resistant conductive
layer, reffwigg el Bumps to electrically connect to the first etch-resistant conductive layer and cause

bump material to flow igtg.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 forar elechically %ol atet isaseltads biRgEPtheTitst etEhFeSistint 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 RyeForSecorftPcshdiichve Ta/er, mountivy SseRticGRductsichiado the first B8nductive layer or

second cenductivesayels; gepasiting anencapsdlant eversthersenicanductor dielandbase,substrate, and
removing a portion of the base substrate down to the second cavity to form electrically isolated base

leads betwtenthe irstaHd §&ordicandfuchids faydPds B 2t nn Hrdtier EmbSdifent, the présent
inventionds afnetwdefixmakiag aisemicenducior daviee comyprisigthgrstaps ebproviding a base
substrate, formé'n a first conductive Ia%/er over %first ,surfafe of the base s%bstrate, forming a cavity in the
base substtate thrslgT & dpehitigihthe firstohaucive LAYST mouhtiity & 'SethicSAductardie to the
base subistrate, lepositing @ancencapsutant oventheétsemiconductopdieiand hase substratetand removing

a portion of the base s%bst{;atg gcr)l (gormt electr'icglIgrisolat?gebasetlﬁa%s E{}%%%té‘? first clon(gugtive Layer.

etch—-resis ctive .. m . 1nc e
In another err}fbocﬁmen atHe presenlf mven%on |§/a semlconduc?or 3eV|ce comprising a Base substrate and

first conduttives layes farmestaverrasfirst suriacel otthediasessubstrateawith secavity formedasthe base
substrate_through an ggi{]\g in the fi%st cond%giwghlgy%ri ],_As%enéiccggguctor 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 underctheirst.eoriductive layer. Brief
Description of 16, OIpWRIB g £ ElR:A lbitiates aRGR Wil liferent fynesiaf peckages, mounted
over its surface; FIGs. %a-Zc illustrate further detail of the semiconductor packages mounted over
the PCB:0f 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. 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 locking; FIGs. 6a-6f illustrate another process of forming a wafer-level

base subStafwith %%ltl%g?&rni?é“c?trﬁ&ﬁ@ﬁ BR GtcH-Fesistafit EoMtIUCEvE 1aer ForBirip 16&king;

FIGs. Tardnibustraje ancther asrangement obdhe etchesistant conguctive layer wge&l@entral portion
having a plurality of cavities formed in the base substrate; FIGs. 8a-8b illustrate another

arrangentahi bf ¥he 8tchSreBistart Condbetve’lay&Pwith Efgtepaﬁ@ elofgated PortiGife fof Fsrming the

cavities iff thesbasecaietiond 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 is
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. 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 illustrates the
bump material reflowed through the etch-resistant conductive layer into the cavities of the base substrate;
and FIGs. lla-llb illustrate another arrangement of the etch-resistant conductive layer with a
central portion having a iElurality of cavities formed in the base substrate. Detailed Description of the

Drawing® 1 1T 21 1¥Ke Pre St iRMtBA TS BescrbetFiRbie 61 mBe EMAbodim&RS T the following
description with referemcesto.thefigukes, in whichs like aumerls sepresemttha isaime ofsimilar elements.
While the invention is described in terms of the best mode for achieving the invention's objectives, it will
be appretatéd by s SRS ih the At that # T intéiddd o ovet AiteHiEtives, mbdffications, and
equivalents asgnay bedneluded within thesspirfiaandseapel ofdheravention as defined by the appended
claims and their equivalents as supported by the following disclosure and drawings.

Semiconductor devices are gaésnég]a y %gﬁu‘%/g&u}:g},e uSiRg WS EORPIEY mdajn%fé{”d%j? & Pidtesses:
front-endraanufactiringranchackend manufactidng.rferonbedd manufadtayiag invavesthe formation of
a plurality of dite .onsthoefSL;CrLacebof a sem'co}[jdu%té)r ¥va§erb Each die on the wafer contains active and

. avi1ltle as.e, SUDSLEY ©) u o ng, . . . .
passive eléctrical componen?s, which are electrically conne@tped]to%orm flinctional electrical circuits.

Active electrical compdnients, sueh@s tidnsistorsard diodesshave theealsility fto Tontrohtheslow of
e e
functionsresistant 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



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 semiCorfdlictdrmatefial-donddttivity respBise fo 2R Bfectie fleor5asBUtent  Fransittors

contain regiaBs pbvaring types andriegrees ot doping askanged asRgcessatyi toienable the transistor to

promote or restrict the flow of electrical current upon the application of the electric field or base current.

Active artFFASRe ESipEierts A€ feHed 6y layerd BEmateriaid &ith difiérdnt Bletlita pfoperties. The

layers cande=formeddyna varety of fleposition techniques.determineslispast by theatypeof material

being deposiﬁ(’-:'d. F rexamgle, thin film deposition may involve chemical vapor depositignrf(CVD , physical
'Sr?%gv i

vapor depdsi By, Cle&trditiic pRting and eletiroiss Prating proddsses: Eachiayer'is Yererally
patternecto foim partensi efiactiveicomponentsgiassiveadorapeneris 26r elegiticakeannegtions between
componeptsl.lo T .eslg¥grs can Q%Bag%gned using photolithography, which involves the deposition

of light senosmvewﬁwré?ena, e.g., Sb%%?oreast, ovevrq%hneglsayer to be patterned. A pattern is transferred from a
photomgsk to the photemist@usmgdm. B}@ef]!bc;lﬂi@nagfetlhgw:etméiistt) patrterﬁasutbqa&d' hed tcsﬁgfglis o
removed using a solvent, exposing. portions of the underlying layer to be patterned, The remainder of the
photoresit—é‘fi% ?%?n ve%%ler%?/%ug 8§ﬁ%5%1ngat?errﬁgg fasyeesr.'AIJt‘gerrﬁa%veelgion%g 1tlypc)‘iecstgfr rﬁg%n%% are
patternedby directly depositmg thelmaterial into the areassoraioids forimed byha pievdeus deposition/etch

process ysing techniaues suchas electroless and elgctrolytic plating, . ¢ Depositing a thin film of

material over an existing pattern can exaggerate the underlying pattern and create a non-uniformly flat
surface. Aenifeanifizt surfaeéd &5 requiredio predwee sallerdil more dehsely packed agtive and

passive companents, Rlanarization can be used to remoye material fram the surface.qf the wafer and

produce a uniformly flat surface. Planarization involves polishing the surface of the wafer with a polishing
pad. An ditadivEatenalamd eorr6sive ehemicdal até addéd to tHe Surfaceceftheinarer during polishing.

The combingd mechanical gctjon of the,akrasive.and corresive astion, gf the.ghemigahrempoves any
irregular topography, resulting in a uniformly flat surface.
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

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



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 over a
package substrate that includes pins or contact pads for interconnection with other si/stem components.

Contact padsforhed ovel fife Semitondubtbt aiearetthe ' CohRBEtedRB tohtct Pads Withirt tHe package.

The electsicakgennections can bednade withsslderbumaps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the package to provide_ physical support and
electrical isolation. ThefilisHEd PACKAYESIS HiEn HEERYSR{c an Blechitdl'§§stBih dAd HePfunttionality of
the semigonductiorideviceris made available 1etherothel systepeeampenentshe 1layelrl.daiflustrates
electronigjdevice 50 having a chiép, carrier substrate or rintetd ci‘[\cujt board PCBé) 52 with a plurality of
semicondlictor patKAgeE modfitad ontits durfsde” Etectiohic 6ViBe 30FRay AaTé BheType bf
semiconguctar package, ok prltipte fypesraf semiedndycierpackages, dependingop the application. The
different s of semicqonductor packages are shown in FIG. 1 for purposes of illustration.
Electroniggg@icé Or%%%ﬂb%na@ a%dﬁl%ﬁé‘é?/st%rﬁ %lacf%geg?ﬁéj Eer#&%%b%%o%aé@é@ to perform one
or more glegtsicakfunetigns: Alteprativelys ele@ionic deviee B0aay ibe @ sabcomponent of a larger
system. Eqr example, electraonic device 50 may be part of a.cellular phone, personal digital assistant
(PDA), di%%glc)\(/ﬁag% gcgrsn g ?5\1/%? or other Slée%fron%ac%lmr%ﬁﬁigcgtié)ﬁ d%%i%%?iﬁgr\ﬁatively, electronic
device 5@ean bereegraphicsacand pretivork inteffaee tards or ottrersigriat processingecard that can be
Inserted intg.a computer. The semiepnductor package; can, Include.micropracessqrs memories,
application specific integrated circuits (ASIC), logic circuits, analog circuits, RF circuits, discrete devices,
or other semiconductof 8ife dreeleataicaleconsoriatits ST mhiniafurizanbe and thé awightirgduction are
essential gy these prodycls ta he aecppleckivihesparkegnthe distance hetween,semicondytor devices
n

must be decreased to achieve higher density. IG. 1, PCB 52 provides a general substrate for

structuraPSUPporEaid Elecital IntérohnBeofthe RemiédridtictisipackAges miGutited ®n the PCB.

Conductive signal iraces 54 afe forped oyera swiface,er withindayersof RCB 3¢ using,evaporation,
electrolytic plating, electroless plating, screen printing, or other suitable metal deposition process. Signal

traces 54 proviierfot efectifcal cBnirmtiedifontsétweehedch ofthe RehfiCoriductordtckages, mounted
components, Ansbother gxtesnal system compenentsy Trraes % alse previde pavver apdground

connections to each of the semiconductorgpackages. In some embodiments, a semiconductor

device haS¥{id packdyind RVERE Efret levelFackaiig iR technige BF Mechafitaly afid electrically
attachingrtbe semicondusiondiede anrintesmesiate earier: Seeend levet packaging inyplvesmmechanically
and electrically attaching the intermediate carrier to the PCB. In other embodiments, a semiconductor

device mayBnfy Rave e TfirstievePPAckaging whEr the die i€ ethanicBiy dhd 'sfedtically mounted

directly tenthe=P€B1 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



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 (MOM) 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
semiconti6packalgs, Sorfiired KithaHy ctmbbihafion bPfrsPand $e¢8Ad levelBackaging styles, as

well as othefielecioniceormpeonentsean be connestedde PGB 2. khsome enkadiments; electronic
device 50 includes a single attached semiconductor package, while other embodiments call for multiple

interconretted FadkagRE CBy chifBiNifG oheYor hofSerficohdBEeF pRERAgeSsVEr T Siflgit substrate,

manufaciurersaanlipcarpotateyareéanade components into electronic devices and systems. Because the
semiconductor packaggs include sophistjcated function%t%, electronic_devices can be manufactured
using cheaper componentsand @ Strained thaRtratitirngSorbGess’ The eslifting devices are less
likely to fail and lessiexpetistveftormanufacture sesulting inca dovierdiost faraconsumetsd then FIGS.
2a-2c¢ show qg(aemplary %emlg;%gd%ctgr R cka esrla:&G. 2a |Ilust£at§§(1urther.detall of E)IFl’ 64 mounted on

PCB 52. %?nlcgr%&l&tgr ie 745includes an acive regisélﬁp(%%fammg an@?slrllc‘fgl or Blnéletgl Sircuits implemented

as activeidevices] passivé dewicesudariductive layees, ardediekeCtric layersscformeéd avithitthekelie and are

electricallynieregnnecied apsording todhe slectical design.ofthe dig. For examale, the.dircyt may
include one or more transistors, diodes, mductors, capacitors, resistors, and other circuit elements formed

Within_th@&cth}ee@gior_ﬂbﬁsemif:@nda@tosdiegma@@mia@t_spa@s 76 arseme outrtdr_eglayerslofcuonductive
material, sugh,as aluminu (A1), coppen (Gu), tin (SR, nicke! (NI}, gold (AW, or silyey, (gl and are

electrically connected to the circuit elements formed within semiconductor die 74. During assembly of DIP
64, semicoiiuctordie ¥ads niourréd aver &h #iternedinttecarrien 78 asingra goeldtsiesisedtettic layer or

adhesivematerial such.as thermal epgxy, ot epgxy resin. The package body,Ingludes an nsulative

packaging material such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide electrical
interconnieet BelvedrrserhitbndGEtoF P4 BARd PER 52T EnEapsulan e iztddposited @ver tHe package

for envirgnipental; protectionby prevgnting meisiute and particles-romLentering thepagkage-and
contaminating die 74 or wire bonds 82.
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. 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



FIG. 2b illustrates 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 pads 102 are formed over a surface of PCB 52 using a suitable metal
depositioRHrecEsPSREIPRL 8RRttrolytie plaifdfor S¥ct6@ss pltihgts Préveét oxidutibh Bbhtact pads
102 are electiicallysconnegtedig.ane opmase cenduative signaldracesa4inACB52: Bumps 104 are
formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In FIG. 2c,
semiconduitidrdie's8 ié%@dnteé*gdeta&wﬁth?lﬂeﬁﬁ@&iﬁ‘?e d&i¥iet 108 With"4fiip &Hif SEIE RISt level
packagingoAelive regian 108 ©f semicommiuctortie S58<onfaias avalogrordigital cireuit® implemented as
active de]\éices, passi\ée, devices, O1conductive kelyers, an£ dielectric 8tlslyers fonBed ac,corditfg to the
electrical Jestyr6Fthe dig. FoFExanisle e cirdhit Thay HeIfd Srie SF mdre trangis®le diodes,
inductorsy capacitors,gesistarsand othet cireuit elements withim astiverggiare £08. Samiconductor die 58
is electricaél}[/1 angnrgec(::k%:iljr]_j(:alIg/&oannectednto.cacrgie&:é%m throg krlgu(ren&so%lso. emor .Eé%A 60 is
electricalrcy and mecHanlcaII)]? connected 10 PCE 52 With 'a BG styfe Second’ Ievefnpackagfng using bumps
112. Semipprducttridie 580seldctrcallytconnectet] toiconductve 8ighal tradesy54 ictPCB152 through
bumps 110,asli%nal Iin§g 114 angpumpsc%]izché m J(lzjsi.ggé:génp&und or encggsulggt 116 is deposited over

. ts7. g : :
semiconductor die 58 and carrier 106 to providé physical suppo?tv and electrical isolation for the device.

The _fIip cﬁﬂ@nsmméndugﬂor @éeic_:erpreﬂﬁideg aishokt eie_mtpi@ah@(m‘tjucti@h@aﬂi frd;ﬁttthleiei_(ﬁit/é_@evices on
semicondycior qig 38.to ganduction ragks on PR 22,1p Pé‘i‘lerf@rr edyice signal propagatian distance,

lower capacitance, and improve overall circuit performance. In another embodiment, the semiconductor
die 58 capdseemieeahicalyranaaldctiically Conndérdedirescth 26 PCB 52 s iguhip style first level

packagingwithout intermediatecarrier 106. ¢, oI 33,shaws a semigenductor wafer 120 with a

base substrate material 122, such as silicon, germanium, gallium arsenide, indium phosphide, or silicon
carbide, for structural stippofCA plurdfifPofPserhie6HdG&sr diedsrcomporfatts 122§ farffed on wafer 120

separated Dy, saw, strgets 126, as desgrikad above.a1 int K& 3hshowsea grgss-sectional view of a
portion of semiconductor wafer 120. Each semiconductor die 124 has a back surface 128 and an active

surface 130MorrAiAiNg aTalfg ok arftal BirctifsSrmpReméeRRdEaLactive dEtices! passive devices,
conductive-layets, and dieleesiclayersfermed withinpthe dieé 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 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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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.

An
electrically conductive fdfer 132 i forfetfovdr active Shfate 230 WmgPYb, BWS Selgtrolytic plating,

electrolessi plating piecessa ek ather sylitable netahdepasittonbpracess ckapductyedayerri3z.can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. Conductive

layer 132 a?e%’a?f@ntﬁé?ﬁ’é]dsoélle frically conAcied 16 tHe divcuit ortadtive SRfte®i30. Bumps

134 are forned @nlcontact padsdan ) one embbdinent senyeantuctar-die (24as adbpchiprtype

semiconductor die. In FIG. mic_Lon,duc or wafer 16%? IS singulated Troi%‘h% aw street 126
E

. c,s
using saW blade 6F fasEF cutting tod 136 indNidudl SeRicortiictor dié 124 Ea miconductor die
124 has bumps 18ddanmed pvendantachpadsntdile (MCMIGSS dadikalllustiate, moeldatioanded-1Gs. 1

and 2a-2c, a proces rming a wafer-level pase substrate with cavities formed through an
ctch oo E LS tay e Tor i B G S 3 v 2 efbeeui bse BUErte BPleadirame
140 cont&ningoCu, Chatloys| iAlgonpther Sbitalsle Coaductveiimaterial.tBase sybstrate 148 thiassurface

142 and o;%poseite.surfa(ggcltMr. Wafer-level bage s%lbstrate g140. h%s g%ﬁicieg}n area tgi%roceg multiple

semiconductor (Tlé,cgg escribed below> '~ InFG. 4 gﬁ%tch-re%is%ant conduciive ?ayer 146 is

formed ofersirfacedl 42 obbasel stisstrate A48 sy patteérding and an electolyticslating or electroless
plating progess. The locatign of canductive layer 146 gver base substrates140 corespgnds to bump sites
of subsequently mounted semiconductor die. An opening 148 is formed in a central area of each portion
of conduétiveddyae146  Tirelepaning 148tamiseformetisdsslective patterhmgadrtisycieetoving a portion
of conductivelayer;146 £1G, 4c:shows 3 planyview:of PPenings 148.1pcondustive,laygr 146 gyer base
SUbSUaKZﬁﬁérconnected 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

-11-



An etch-resistant conductive layer 150 is also formed over surface 144 of base substrate 140 using
patterning and an electrolytic plating or electroless plating process. Conductive layers 146 and 150 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. In one
embodiment, conductive layers 146 and 150 are Ag or Au on a preplated leadframe (Ag/PPF plating).
Conductive layers 146 and 150 operate as contact pads for later mounted semiconductor die or
InterconnetY Strictofe<$ SUEH A5 Blimpe teT L2l in BN 48 Spade 8upsirated A4b is 8RR partially through
surface 142p form cavities 152 thraugh @penings148. (Bhe etchingsprocess alsg)fprms gavities 154
between portions of conductive layer 146. The etching to form cavities 152 and 154 is performed with an
alkalized F46tFopic ft Slchant e Ag/PPE blifing Matlre of TomaGRive EYERET48" éﬁgﬁ%o are resistant
to the etching process.tBie atchantreacts: mofe aggeessh/ely mrentoving: masestal vathdm base substrate
140 than with c70nd,uctive Ia%ters 146 and 150, Ctonseq%fently, cavities 1527 ave a wider interior area A
than the é(ivja%]etér SPWIHtE D-6Fopehing 14843 SREWR 1 FTG C4& "THe calitiéd 154 cfeate hilltiple rows
of base leddsi aoprotrusions il 0ba $40b 0140 140dy 24 0., tandi 240fs extendingtiremrthé remaining base
substrate 14(50 . Ig one embodiénent, cav&t'ees 15a2 ?(Lae %tcg% to a mdcethh gf 5%—75.micr<1rgteters (pm) to
ensure roBust haSe leads P40a-140f; WESS 4f-4q, ehcon%ctc’or die 124 %om FICs. 3a-3c are
positionedaovier andgnowrtted ta@ tonduttivedayperl 146 overbaserdeads 14084406 asimg d pieksand place
operatio umps 134 are metalluygically and electrically.connected to conductive layer 146 and into
cavity 15r§(ﬁyar% ow and %r%%éa rebzg % I%?E:éev g(:ean Cleegpglle%atg blaﬁesrucr;%%%elcz ?)jfe?e/}“r]ﬁi%gnductor die 124
to assist withinsertng the liguidus Buapdmétetiab ito cavitp 521 TEhg rétjuisite foecetolérgage bumps
134 withip cayities 152 can be aehieved in ayaguum. In the case of stud bumps, thermo;compression
bonding can be usedto engage bumps 134 within cavity '152. Given the wider interior area A than the
width W afcgsening 148 dbiaps 134<tre fackedtotisaserigads $40a-148f Bungs 134 are robust against
detachment from conductiveslayer, 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 operiing 428 ir tBRduGivedayer 46 n anbthet eptbdtfitieht ohewrtmere discrete

semicondycter-gommponens cap hesmeuptedtoconguctive laygr 446 oyerbase leads 1da-140f.
FIG. 4h shows another embodiment with bump material 155 deposited into cavities 152 prior to mounting

semiconditictordid 1 24 Fhe Ipré depbshed bumpSmaterii istalifgitaly joirs with buniigs €34 during

reflow to fyanthechuppdecksteaturest 1eveln Bty anencapsulanh o molding gompound 156 is
deposited over semiconductor die 124 and base substrate 140, including into cavities 154 and around

base leaf® 14049 40F UsintP a pacte’Srintind> LopresSHVE Mulding ftr &rStePmGIdAY, Ui éfcapsulant
molding, yaguwndaminalion, spinicesting ceether suitable applicater. kxncapsulant 456 €at hespolymer

composite materal sych as,8Poxy Jegn it el epoxy agrylate with filer, of polymer with proper filler
Contact 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

-12-



Encapsulant 156 is non-conductive and environmentally protects the semiconductor device from external
elements and contaminants. Once encapsulated, the mass of semiconductor die 124, with bumps 134
locked to base leads 140a-140f, serves to further reduce occurrence of delamination. In FIG. 4j, 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 bgsthe post-etching areas of base substrate 140. The Ag/PPF
plating n&tafe bRdStIUCtive 1ey/etd 948 ar Pt 5 R TedRtaHt t& e Biching frotess #fhe &rchRfreacts

more aggressively imsgmevingunatesiabwihinnase suhsiraie 140 tharwih copdugtive-layers, 146 and
150. Consequently, the portion of base substrate 140 between conductive layer 150 is removed because
there are 78 650SIAG conGicivedayers A6 &1d T50.°OR tHe bitfer HARAT the gdrtioR of BasE Substrate
140 betwees 0pposing .corskiative layers 146 and 1550, i.e., basedeads14Qa-148f, as well as conductive
layers 146 and 130, ri ain intact followingpthe etching J;;rocess due to the etch-resistant nature of the

conductiviayrs: Base'L eads 0= 140 prodits Vettical @lectrical E8niE&tidh for $emiconductor die 124.
In FIG. 4k, wafer-level base s0bstsatel A isisirgulgtedritirougbhencapsulant 466 ustitgesaw blade or laser

cutting tog], 158 o separate semiconductor die and provide individual embedded wafer-Jevel ball grid
array (VELE), TS o o dle A ASGE T CBPT orfr e at bk HlE Har )
semicondistorcpackages 1 6Qifer fubthes intégrationcally chiGes shows onesuthaenvieonductor

package 160 after singulation, Semi or.die 124his electricallly onnectedltolbase Ie%i 140a-140b
and conductive aye?saqﬁg gﬁ 150. %%%:3?1% hre Theked thto cavf%?’esslﬁ%nguringllpe?lgw for & strong
bond whiehds tobuss td thermakang hidchanicahstress! The ftow @ budgprnaterfal into cavities 152

reduces glyrBLlo andisk ol siaciierlbprogdiaaant page leads; JheRiighetyyes hage leads can

be reduced for a higher 1/0O count. FIGs. 6a-6f illustrate, in relation to FIGs. 1 and 2a-2c, another
process offofhipela Wafardeteldissesskbstratecwith tavities formddthrobgh aneteieresistant conductive

layer for bymp laeking. Continying, fron) FIG-Ad, bum material 162 s depgsited pver gonductive layer

146 and into cavity 152 by using an evaporation, electrolytic plating, electroless plating, ball drop, or
screen pfiRtiii plotess Prid bdmpinatetiaf €& Be ASSACRE A} ARLTPHS B1S €Ll 86ldet Sarf

combinationsthereof with apoptional fluxselution.Forexample otheumr matgrialican be eutectic
Sn/Pb, high-lead solder, or lead-free solder.
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

-13-



In FIGs. 6b and 6¢, 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
interconréef 164 FCIotkEd o Badd IaldsOIitREEAS. ThE RTELtical itedthnetE£64 i<bbust against
detachmenrisftem conduetive-layenl46 bymature«f the yiderdntgsios aream A andrearrewaawyidth W of
opening 148. That is, the solidified bump material 162 within the wider interior area A will not pass
through thB FRAROWEr Wid W SESpeniig 148 TP ESnduttive Fayerids. f BRbthet Etbodiment, one or
more diseretgnsemiconsiuetas componentsceanybe smowded oveobase leadsdddarl40falog  In FIG.
6d, an encapsulant or molding compound 166 is deposited over semiconductor die 124 and base
substratecff(fliﬁglﬁdi?lﬁ into Cavitles a4 Brid Aol Base’leatd 140a- 140 (Gsing A354steE Printing,
compressgive molding] tansfenmoldingrliguid @ncapsulant molstirg; ssacyuntilamination, spin coating, or
other suitgbllﬁz. ap%lcif@tq%k; Eng:il%sq_laqt 166 can QS pol ?lﬁer. corQR%site material, such as epoxy resin with

filler, epox397 a%:(r:ycfate with fillér, or polymlréamvi% prop(ér [ éar.lﬁncaps(?ﬁgﬁttf 81on-¢onductive and

environmaatallygprotecid the, semicbnductbndevice from externaltelementsnand esntahvmants. Once

encapsul %erd,}t{t%e mass olf semiconductor die 124, with electrical Interconnects 164 locked to base leads

140a-140f, serves fo further'reduce occutrence of delamination. In FIG. 6e, a portion of base

substrate 1409 is rgde@dWeﬁ@hﬁi@groces§W§éN@ral@aﬁd elettricallyfisolateibaseteads _
140a-140f intp foultiplecrows defined by the pest-elching areas of hase;subsiratg 140. The Ag/PPF plating

nature of conductive layers 146 and 1501s resistant to the etching process. The etchant reacts more
aggressivaly it irieviag pateialvitia Gase substrate 40 tHahbwied eondlictivedaypers 146cand 150.

Consequently. the portion,af hase, substrate 149 petween conductive layer 150 isremayed;because there

are no opposing conductive layers 146 and 150. On the other hand, the portion of base substrate 140
between epposSifig ddbhdubiive RYersCT46 ARG 150V ié 2 BaSe felrist 140621407, a8Melds &énductive

layers 146-and 130, remain intactfollowingdhe eiching progess due todhe gigh-fegistant nature of the
conductive layers. Base
electrically connected to the circuits on active surface 130.

Bumps 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.
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Leads 140a-140f provide vertical electrical connection for semiconductor die 124. In FIG. 6f,
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 substfdte of feadfméNInF16" 7aSHaferaBlel Base Kibstiate 6 %ﬁdgréﬁwelfm Includes
etch-resistapheendugtive dayer 176 withy openipgs d 7S anstetghaesistant eonduetiviedlayer: 180 formed
over opposing surfaces of the base substrate. In this case, conductive layer 176a is electrically
continuoGS'8véra Geftr&l ot ifteticr BoRioh &t baseSSUbSHAR £74 with ™ plifality 8F65&nings 198a in the
interior carductivedayer l6ad Conduetiveslayer 146b isformed arodnd the-iteriaraonductive layer 176a.
The plurality of openings 178a provide multiple cavities 181 in pbase substrate 174 under the larger
contact p%ﬂrﬁ%%%aﬂgt' e RyerPed 6§ 16} H%ﬁﬁ%ﬁt‘e Bower B4 grstind*E8hrectios e multiple
cavities kBildin base substratey174 ander candustive tayer d¥barcan ke bierconnactedpwitttchannels.
Each por(t)iJ%n of cgndl%ctivg I:ﬂ}er 11:765 %roun%gzonguctiv.enlay?r ?37%%961%3 ?g II%eo ekging 178b for a
single cavity 781 base Substrate 1 %L In FIG. 7D, after nioun INg semiconductor die 124 and depositing
encapsulaat £€56,ismilaatocEiGs! dé-4d theetcting piocess glecthically Isolates\base Leads 174a, 174b,
and 174c,betwee ndugtive layer 176 and 180, Bumps 134 are reflowed into,cavities 181 formed in
base sukflé?rgteerlyéff?%r thg \%efnpéll%c %ga‘?lusjrea} é%ln%gs Yl%i“éIéjc]?ri%ﬂ?/nclo%%sectﬁe%%tolbnase lead 174b are
electricallyccommonve layerF|G46 8as8hrshiow anemisddipent 6ftSemiconductor package 182, similar to
FIGs. 4a-4k, with anothey arfangement.of the waferjlevel.base,subsfrate or leadframe. Jn FiG 82,
wafer-level base substrate or leadframe 184 Includes etch-resistant conductive layer 186 with openings
188 and etchrresistdrit conddétivetlalpers £96 taratatkdver lopposimgrsurfaresof e basadubstrate. In this
case, conuclive [ayar 186a:5 famed.ovel r.cential AL inigge padiop.ofibase substialp 4 and
conductive layer 186b around the interior conductive layer 186a is laterally elongated. Each conductive
layer 18652417 8613 had 2Csingle openimf183 fordr siigleccahity <8 ifibasée substrate 184'1n FIG. 8b,
after mouqitingzsemigendygtar.die 124-and depesiting engarsulantdlrt, sinilarde K165 4f-4]r the etching
process electrically isolates base leads 184a, 184b, 184c, and 184d between conductive layers 186 and

190. BumpL13arsidieVed iffd Cavities’ 889 forfifet! ih Pase slbstrate* 184 f6F tRE biinPock feature.
The latergliy. glongated haserleads 184g anc-184d.allqw for inteseennect fan-out for a highkerd{Q count.

FIGs. Qaé]i)lg lllustrate, in relation to FIGs. 1 and 2a-2c, another process of forming a wafer-level base
substrate'with C8Gities forfe P PGAGH af Btch-fédistaAt-EondiRtive feye? FHBRP Y6y F16. 9a shows

a wafer-lgyel basesubstiaterordeadrameskd0 centaining Gumey 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 ptcdssimultipre S&ifcoRtacb e ab testiibéd BBt L2 t 12 AR etch-resistant
conducti\@llayggﬂa%liﬁ:mam@dloa@r §urfa©eri92mbase §qbstxaﬁ6h]zgﬁgg_$ing;p@tteﬁ@@g and an
i';g”o'ytﬁq%'agrt‘%f?riS!;ecgroéeéé lating process. The lopation of egndudtive layer 195,over base substrate

conductive layer 146. The etching to 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-



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. In 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 mouttéd semfcEuRist dié! BF tertbRREL Srictards t oG S8 BumMpsY P2S€  An opening 200 is

formed insa genptrakareanf each portien otepnauctive lgyer 1:98: The opening-20Q eanbe ferned by
selective @attei(r#iér;(%]or by removing a portion of conductive layer 198. FIG. 9b shows a plan view of

openings dudtive 1dyer 198 Tvef BadtBlbSrate™Por e T OPUHE FiG S6¢, ke Substrate 190 is

etched partially- throggh surface 192 to form cavities 202 between adjacent portions of conductive layer

196. The Ag/PPF plating nature of% nr%uctive layer 19 istresis%i;t ta the tchingﬁproces . The etchant
reacts more aggressiv%lg? if fermovi %_ dteriaf Within vase stibs (f’ei 6t iPith CeRductve I%\yer 196.
Consequently reavittes20creater mattiplensaws ofibase leadswortprottusiene 904,61 90k;:190c¢, 190d,

190e, and 190f, extending from the remaining base substrate 190g. In FIG. 9d, semiconductor die
124 rom FIGS. 5850 arb HATIoneH Vet M Ba ot AoRaaeR e B 57165 Buer DAL Loads
190a-190f ising-a picktad plagé opetatiom Bumips-134 asd netalhurgiealtye dnd elestrichllytconmected to

conductive [ayer 196, -q 10 FIG, 9. an ensapsuiancormolding gomponnd 204 dgpagited over
semiconductor die 124°and base substraté 1 ,

can be applied to back surface 128 of semiconductor die 124 to
assist with inserting the liquidus bump material into cavity
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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Including into cavities 202, using a paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum 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 foHf taditids 20 4Rrdtigh Spetings 208 "ive AGFP BIe pfating nata e GFéondiictive Rijer 198 is
resistant ta thei etching-process I he-atehant reagtsumere aggressively,inggmevingmatefial within base
substrate 190 than with conductive layer 198. Consequently, cavities 206 have a wider interior area A
than the iGhTEtePEridtd © 6F80ering 260, sifiafte BIG 4e. in OneBmbsdiRhY Evities 206 are
etched ta-adppHt afb0hd b m & ensurerobustdpaseleads 180a-LI0f.fhe etehingopregess also removes
the portion of hase substrate ﬁﬁ% to separate%and electrti%gll isolate ba?ﬁe leads 190a-190f into multiple
rows defii6dhythe pbst-Biching Sreasdt Hade dlibbtrite 108 THe portion of base substrate 190 between
conductienlayers 198 is-remaeveksbecausedhdare-arevao apposing etchnresistantigonstictive tayers.
Therefor%‘%aseelgags 1§0a-190f ggd cggd 1c:t(i)ve Ig%%résrlnga(ilagq 1%@ r%rgagnnié}tact following the etching
process. Ase T6Ads 2565 166f prondle vertical el&étrical connection for semiconductor die 124.

In FIG. 9f; avefersievehbase substrate188ps singutated threugh encapsuant 204 dsingsawdhkade or laser
cutting topl, 208 to separate the semiconductor die and pravide indjvidual LB, WLCSP, and QFN
semicon ukc%tér galci%g%lsl%% %?gl}qrt %?%net%g:&a%%ése 5eao% Ffé%g?lggﬁ?fzeﬁgg Contact pads 214
with bumpunéatesial 2&6ldeposited o treceontactisddsy Semticonductor package 210 is mounted over

contact pads 214. Bump material %153 IS r%fg%%doﬁ”%ﬁ force F can Q&%DC@QQ 19 &h% back surface of

semiconductor package 210 to assist with inserting the liquidus bump material into cavity 206 of base
leads 190£1199£ T hevregisite forcedorangage hunp Ariteral 2 cawithin leavities 206lcan be achieved in

a vacuun. Given the widerinterior area A than the,width, W,of opening, 20Q; bump maferial;216 is locked

to cavities 206 of base leads 190a-190f. Bump material 216 is robust against detachmeént from conductive
layer 1468\ hakire bt fife witkr intefiolarea A& ahd Harfower 4idth Ahef dperfing 200 aFhads, the

solidified hymp material yyjthin.the,widey Jatetion area will pet pass-thrqugh, the nayrewer width W of
opening 200 in conductive layer 198. FIG. 10 shows semiconductor package 210 mounted over
PCB 212¢Sefieshdiictoredie 12478 elethicaty confeciet! 8 baedeads $964290bdhd conductive

layers 196a0¢l,198; Birppmaterigh216 is lpcked inte savities 206 gluring.feflawror-a strapg bead which is
robust to thermal and mechanical stress. The flow of bump material into cavities 206 reduces lateral flow

and risk dfeIE&tTicaIhotffd ddjidcent BB I8EEE TFhe pitdHoétiveen Paselehds Bars BRTEAGSE for a

higher I/Q gouBktween 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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FIGs. ha and llb 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 plurality of openings
230a in tHETMeriGIEortiRveE tler 2285248 ShowA it BTG TMATRRE phitafty ot bpehings 230a provide

multiple cavities 232 inchase substrates 233 aindgr theslargercontaat padf gonductivvplayer 228a, e.g., for
high current power and ground connections. The muItiﬁle cavities 232 in base substrate 222 under

cond uctixfell‘é%ﬁiﬁéé) Ban beSRErOSHECtET with ThanielsS EGER %BFﬁo?Féﬂé’on%%ﬂ\%b%r 598b
around coaductivedayeri228a-haa single opaningt230b. Ink ke s11b) @ftermasting semigenductor die

124 and depositing encapsulant 204, similar to F]Gs. 9d-9f, the etching process electrically isolates base
oacs 2295 IEE AHA IR bl SEMAE o e 250 B S36L R 3h S e EABwRt o cavites
232 formed icbase substrate 222 fonthenhumpridcknteatunei Bampsti3s electricadly tonnectéd to base
lead 222b are elecit__rical% omr%on. . Wh'ilgé)ne or more mlg[odi enrli of the %reseng([invgntion
have been iliustrated in etalﬂ,nt e sﬁf‘l‘IYeldt artisan will ]éSpPe%?aﬁe fRat modifications and 5&§’p ations to
those embbdimentsanay be made withgatdepartiag frorethesscopehef the présant invemtiohaseset forth in

the foIIovxiirem%gISairggh C}DI%imrSe\élegéé? %Ig;fm%d:higher I/0 count.

FIGs. 6a-6f 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. Continuing from FIG. 4d, bump material 162 is
deposited over conductive layer 146 and into cavity 152 by using
an evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The bump material can be Al,
Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations thereof,
with an 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

-18-—



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 Pofforiefehe fitst tch-redistant ESTIULTE fayert o {bvidiritfa Rethidondiittorkfié Paving a

plurality effatnps farmedrever spatack pads on anraciersutiacess the seseaneuciar digy er mounting

the semiconductor die to the base substrate with the bumps dispased over the first etch-resistant
.In another embodiment, one or more discrete semiconductor

conducti\;e4I%yer,

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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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. 2.The
method of claim 1, wherein the bump material in the first cavities locks the bumps to the base leads. 3.

The methdeP6fcldifr? 2 futer MAITiAG foiRtihg 3k cond €téh-résistanteGiductive t4jer over the second
surface of ¢he baseisubsirateie 124.

In FIG. 6f, 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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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 a second 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 tofmEtalurgically jBiWith theBEShd Girhp MhattFALNIAE firdtTavities. 7. A method
of making asemjeonductorsdevice, conprisiiags praviding, a Hase substraterineludingfirsteand second

OppognQEﬂyQSSEEr—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/0 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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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 by disposing bump material within the first cavity; =~ depositing an

encapsulaht 67eRRB 2 nfiCorittordie @hdPase Sitstrate) @hg mounted seémiconductor

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,

22—



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

the bump-matetit dkpbsed oveY te first é0idudtiveldyet; BRG TS Reffowing the BGMBTR&RI4EFto
electricallysoqnnegt thersemicenducton diesto the dirstrandustive:ibyer and cause the,bumprmaterial to

flow into the first cavity. 11. The method of claim 7, further including: ,
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 pum 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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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: -28- mounting the semiconductor die to the base
substrate with the bump material disposed over the first conductive layer; and reflowing the bump material
to cause bump material to flow

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

—24—



into the first cavity. 13. The method of claim 7, further including: depositing the bump material over the
first conductive Layer; and reflowing the bump material into the first cavity. 14. The method of claim 7,
further including: mounting the semiconductor die to the base substrate with a bump disposed over
the first conductive layer; and using thermo-compression to electrically connect the semiconductor die

to the first conductive layer and the first cavity., , , ,
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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15. 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; depositing bump material over the first conductive layer;
mounting a semiconductor die to the base substrate; reflowing the bump material into the cavity;
depositing an encapsulant over the semiconductor die and base substrate; and removing a portion of
the base substrate to form electrically isolated baS& 3RS under the first conductive Layer.

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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16. The method of claim 15, wherein the first conductive layer includes an etch-resistant material. 17.
The method of claim 15, wherein the cavity has a width greater than a width of the opening in the first
conductive layer. 18. The method of claim 15, 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 15, wherein the bump material in the cavity locks the semiconductor die to the base leads. 20. The

method of claim?5, wHetgiMthelirst ndetave!layer Htddesa terahy Blortfted pdrtioh?

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 a second 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 second

bump material in the first cavities.

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

providing a base substrate including 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;
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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
by disposing bump material within the first cavity;

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
the 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.

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

into the first cavity.

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

reflowing the bump material into the first cavity.

14. The method of claim 7, further including:

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

using thermo-compression to electrically connect the
semiconductor die to the first conductive layer and the first

cavity.

15. 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;

depositing bump material over the first conductive layer;

mounting a semiconductor die to the base substrate;

reflowing the bump material into the cavity;

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

includes an etch-resistant material.

17. The method of claim 15, wherein the cavity has a width
greater than a width of the opening in the first conductive

layer.
18. The method of claim 15, 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 15, wherein the bump material in the

cavity locks the semiconductor die to the base leads.

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

includes a laterally elongated portion.
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