SHRINK PACKAGE ON BOARD BACKGROUND [0001] Chip-on-board
(COB) packages typically have a die that is directly mounted on and
electrically connected to a substrate that is made of printed circuit board
material. When compared to quad flat no leads (QFN) packages, the PCB

substrate would have gHrsICPA d1andreciop@maRIbw 42 lead frame
substrate of the QFN. [0002] The COB package is encapsulated with a
glob top material to protect the ligGaa@ra@NDONds from the environment.
To encapsulate a COB package, a glob top dispensing process is

[0001EMplofigsor-boexa(TU8) thekigbstopitkip tial isadispenseddealglntooved on and
the package. The glob top material covers the die and wiring
electricdibyasymnecteans. d Q0D até ehgl dbrinpend et donevesoaffedttodinbilityen
of the COB package due to its low filler content. The glob top dispensing
compgredaesfuinvfihiten déape (QFY theckegieridiPC B yubsirahiciuis haveedfloieat.cost than
The glob top dispensing process also results in a package having a

the Cappargalllowninidial fsanfacabif@tddGhagtional COB packages do not
provide for testing as a package on board level due to the non-availability

[0002pf exT@mai0aphpkale isrcooarsedited toith teglvhgaeriar ddiao thret€dBe die and wire
package is mounted onto a board. [0005] From the foregoing discussion,

bondsifrprothect packagerand pankaginigites QO@Ipackage deglobokoP disPefsRY process is
[0006] A method of forming a device is disclosed. The method includes
emplogeavidiogeagonple the gt arateridl strdispbasad gssad) b ivaehthegackagea The glob
first surface of the substrate. The method also includes attaching a die to
top mitezidieattas theatj o dver idig irterErneciynsoupled to first land
[0003] The glob top material, however, affects reliability of the COB package due to its low
filler content. The glob top dispensing process involves dispensing the material unit by unit
which is not efficient. The glob top dispensing process also results in a package having a curved
or non-flat surface.
[0004] Conventional COB packages do not provide for testing as a package on board level
due to the non-availability of external land pads for connection to a testing device after the COB
package is mounted onto a board.
[0005] From the foregoing discussion, improved package and packaging techniques are
desired.
SUMMARY
[0006] A method of forming a device is disclosed. The method includes providing a printed
circuit board substrate having a die attach region on a first surface of the substrate. The method

also includes attaching a die to the die attach region. The die is electrically coupled to first land

pads disposed on the first surface at the periphery of the die attach region. A cap is formed in a



pads disposed on the first surface at the periphery of the die attach region.
A cap is formed in a 1 target area by a top gate process to produce a cap
with an even surface. The cap covers the die and leaves at least the first
land pads exposed. [0007] In another embodiment, a device is presented.
target @ O viespinato descasprinigddtiteuitcdyoaith sbsisateuhacidgrasR@tiosds the die
region on a first surface of the substrate. A die is disposed in the die

and leaiach regioie Tis: tiad padeeixjnsivl coupled to first land pads disposed on
the first surface at the periphery of the die attach region. The device also

[0007]nclugiesnatbapdimboeitnime dacyideirser iy @dop Taiel¢gvicedas! tograguiered circuit
cap with an even surface. The cap covers the die and leaves the top land

board palstsrexpnsday RORSIHachet giontbe a dirdpedifaentfahmstbseulatd. feXmiads alisposed in
device is disclosed. The method includes providing a substrate having a

the diglittattadyiegidimedia ilrelestritatly obubked b siratrndpadsditposedlsn the first
includes disposing first land pads on the first surface at the periphery of
surfacthat thie patiphbryegfitie didwtachdeyisratfiohdeViodhisoiadtideharegpdoried in a
electrically coupled to the first land pads. A cap is formed in a target area
target byea b9 gl propesesyiepradiiesis edpanithcincetira sliefagttadihgegmeovers the die
Forming the cap produces a cap with an even surface. The cap covers the
and leaesthd ttpelaad padeasptsedirst land pads exposed. [0009] These and
other objects, along with advantages and features of the present invention
[0008hereim getciostwy anibodoneme, appettext ¢h forrgmgedelmnce isadibel dedbhwiimg method
description and the accompanying drawings. Furthermore, it is to be
includesdergioing thattimfeatvieg atlibatt@ihoegi@nuoadfiret sts fdesofitedsubstrate. The
herein are not mutually exclusive and can exist in various combinations
methodradisp éncludiat o oSIR¢EH 9D BSCHRIR TAONeD ST St d0RAWINEBS8phery of the die
attach region. When a die is attached to the die attach region, it is electrically coupled to the first
land pads. A cap is formed in a target area by a top gate process when a die is attached to the die
attach region. Forming the cap produces a cap with an even surface. The cap covers the die and
leaves at least the first land pads exposed.
[0009] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally

being placed upon illustrating the principles of the invention. In the following description,



[0010] In the drawings, like reference characters generally refer to the
same parts throughout the different views. Also, the drawings are not
necessarily to scale, emphasis instead generally being placed upon
illustrating the principles of the invention. In the following description, 2

variouéanaisinebecom@etsreddie mrastst iy eleticribadendeseibedoyith the following
reference to the following drawings, in which: [0011] Figs. la-b and Figs.

drawidgs;drsthwbieleross-sectional and top views of various embodiments of a
package; [0012] Fig. 2c shows a flip chip; [0013] Figs. 3a-b and Figs. 4a-b

[0011Bhowrigoskrseatio Figand-oshuie woH - setional embag vients obf/arious embodiments
package; [0014] Fig. 4c shows another embodiment of a substrate; [0015]

of a pddkyeh-6 show other embodiments of a package; and [0016] Figs. 7a-c
show a process of forming a package. DETAILED DESCRIPTION [0017]

[0012Embeiljneerdisogerefiych@date to semiconductor packages for chips or
ICs. Various types of chips or ICs can be packaged. For example, the IC

[0013Fan Ikga. iBeimany Higecéasishoas crostysesutivh abautbiopageassofamiony embodiments

(DRAM), a static random access memory (SRAM) and various types of
of a paniageolatile memories including programmable read-only memories

(PROM) and flash memories, an optoelectronic device, a logic device, a
[0014Fomirign ibaticondericthea aiditali signadf pradsssor; (DSP), a

microcontroller, a system-on-chip, as well as other types of devices. The
[0015]Cs Eiags e retomp athse @nntodiamatssob ropaitsgsectl as phones,

computers, personal digital assistants or other types of suitable products.
[0016] Figs. 7a-c show a process of forming a package.

DETAILED DESCRIPTION

[0017] Embodiments generally relate to semiconductor packages for chips or ICs. Various
types of chips or ICs can be packaged. For example, the IC can be a memory device such as a
dynamic random access memory (DRAM), a static random access memory (SRAM) and various
types of non-volatile memories including programmable read-only memories (PROM) and flash
memories, an optoelectronic device, a logic device, a communication device, a digital signal
processor (DSP), a microcontroller, a system-on-chip, as well as other types of devices. The ICs
can be incorporated into various products, such as phones, computers, personal digital assistants
or other types of suitable products.
[0018] Figs. 1a-b show cross-sectional and top views of an embodiment of a package 100.
The package includes a substrate 120 with top and bottom major surfaces 123 and 124.
Typically, the substrate comprises a rectangular shape to form a rectangular shaped device.
Other shapes are also useful. The substrate may be a single layer substrate or a multi-layer

substrate. For a multi-layer substrate, the different layers can be laminated or built-up. Various

materials can be used to form the substrate.



[0018] Figs. la-b show cross-sectional and top views of an embodiment of
a package 100. The package includes a substrate 120 with top and

bottom major surfaces 123 and 124. Typically, the substrate comprises a
rectangular shape to form a rectangular shaped device. Other shapes are

[0019pIso usefidleiteditiesirate BudythecasinplizdavgirbsithtRivbaarulFda)ebstrate.
substrate. For a multi-layer substrate, the different layers can be

The PEB0Btedtef fouidiaimpléatompristatERASOEHREE: e tg/ feeoftREB materials are also
substrate. 3 [0019] In one embodiment, the substrate comprises a printed

usefulcirghiérbativel y PSHR)Y syhsifteubdtratds GRaysbdataie T wpamupte.surface includes a
comprises FR-4 or FR-5. Other types of PCB materials are also useful.

die attAdteregiovelg gotBendympefimjess hSHratesiiysdbi nseslpdrifchtop ehejerdie attach region.
surface includes a die attach region 128. Bonding fingers 132 are

For exdisphselkindhéimpfipheryané thedie ditestimegioithe iy stxompdgidhe The bonding
bonding fingers are arranged to surround the die attach region. The

fingerbdodn@nijigecsniorisxeoppie, Qiheprigeesoppendiities typesiafmapndlsotbeuseful.
material may also be useful. The bonding fingers may be coated with

The baomiclked, fiyadedrssihagrbe coatetbiniati otk theyelaf, sibvin provembdnatiahgitijepédhieo improve
wire bonds to be formed thereon. The bonding fingers may also be coated

bondatiitityaof Hetiwaradizindy todte fahsacctheeem drgabandivlg€nadeitymay also be coated
preservative (OSP). Other types of anti-oxidizing materials may also be

with ansefido}edi2Digl mateei d@rmidoas@ntriapibsa desats liyepiessredtBlo QSRR Oiber types
periphery of the substrate; bottom land pads are formed along the bottom

of antpexidizng oidteei dsbsiredésolbeomeeinbodiment, castellation leads 142 are
disposed on the sides of the substrate. The castellation leads extend from

[0020the tdp eue bt t) odio lansipéds areffirensd bidrat ¢htotepemdripabyyafithbesubstrate;
the top land pads to the bottom land pads. The castellation leads can be

bottonfidiame gt areafoomed ativey rinetbotibnrpariphem bb thene s tthie . c s ikeimbodiment,
leads comprise copper. Other types of conductive materials

castellation leads 142 are disposed on the sides of the substrate. The castellation leads extend

from the top surface to the bottom surface of the substrate to electrically couple the top land pads
to the bottom land pads. The castellation leads can be formed from a conductive material. In
one embodiment, the castellation leads comprise copper. Other types of conductive materials
may also be used.

[0021] Top conductive traces 138 are disposed on the top surface of the substrate. The top
conductive traces electrically couple the bonding fingers to the top land pads. For example, top
conductive traces electrically couple the bonding fingers to respective top land pads. The
conductive traces can be formed from a conductive material. In one embodiment, the conductive
traces comprise copper. The use of other types of conductive materials may also be useful. The
conductive traces may be coated with an insulating material, for example, solder mask.

[0022] On the bottom surface of the substrate, the bottom land pads are formed along the

periphery of the substrate. The bottom land pads function as external connections of the package



may also be used. [0021] Top conductive traces 138 are disposed on the
top surface of the substrate. The top conductive traces electrically couple
the bonding fingers to the top land pads. For example, top conductive
traces electrically couple the bonding fingers to respective top land pads.

to electhieal Booslysit RetyaeRsgeao be derened devize Crmdiecibpesontiesiof.the ulsstrate, the
embodiment, the conductive traces comprise copper. The use of other

top latynesiodedoduet dompthe pkriptayatsatec uissiale TRe conthinctivadtrpagdde access
may be coated with an insulating material, for example, solder mask.

to testi0Q22Yices therticilarty suitRck ©p tbkage s iraientdteonaite okad dipadefgrthe electrical
formed along the periphery of the substrate. The bottom land pads

conneftiootignves e xtewilesaindentiais oftib@qokaagen HdonelattiCati cobyirl by
the package to an external device. On the top surface of the substrate, the

soldering fandauiads larel e ed thtobgattie padiiee fuitite sfubst@ieantimtom land pads
land pads provide access to testing devices, particularly when the

and capatkaiga Isatwisrttechablothemmichgtoty drfynthmtetbotricahedwwane dijarlipping
between the wires and the die. The package can be mounted onto a

connebidend by soldering the bottom land pads to the board. Another function of
the top and bottom land pads and castellation leads is to enable the

[0023packageettdonducionidid dildspeobimzd Mhelsppiivgndoocioedienof&s Active and
semiconductor die 110 is provided. The semiconductor die comprises

inactivactnagoasdrfatastivienersegiivessuféares farrexaople Butass, Homkepatepbeprovide access
includes bond pads to provide access to the internal circuitry of the die. In

to the anteremhbidinitignaf the diacliversuefabedsnerdytite thactivekerfdoe attaohnted onto the
region of the substrate. In one embodiment, the die is attached using an

die attacthexgian b She Ehbstrdtee sin®oaentis donentatig i e anatjaokgd Esiagmiexioésive 115.
adhesive epoxies include Ablestik 2025D and Yiztech N7728. Other types

The adifeatiresinds, foclexting ks e, apayyal &xdmepleeddladhesive epoxies include Ablestik

2025D and Yiztech N7728. Other types of adhesives, including tape, may also be useful.

[0024] In one embodiment, wire bonds 152 are provided. The wire bonds electrically couple

the bonding fingers to the bond pads on the die. For example, the wire bonds electrically couple

the bonding fingers to respective bond pads on the die. The wire bonds 152 preferably comprise

copper wires. The use of copper wires can facilitate the use of smaller bond pads, for example,

below 50 um x 50 um. Other types of conductive wires, such as gold wires or aluminum wires,

may also be useful.

[0025] A cap 180 is provided for the package. The cap, in one embodiment, encapsulates the

semiconductor die 110 and the wire bonds 152. The cap, for example, comprises a mold

compound. Various types of mold compounds, such as epoxy, may be used. As shown, the cap

covers the bonding fingers where the wire bonds are disposed. Leaving the top landing pads

exposed enables testing of the package to be easily performed when it is mounted on board. If

testing is not required to be performed, the cap may cover the entire top surface of the substrate.



[0024] In one embodiment, wire bonds 152 are provided. The wire bonds
electrically couple the bonding fingers to the bond pads on the die. For
example, the wire bonds electrically couple the bonding fingers to
respective bond pads on the die. The wire bonds 152 preferably comprise

[0026 FOpPPRT Avi@slahbewise afccanpedinisas trchpaiiiaisites atataraviallsirface 184. As
bond pads, for example, below 50 um x 50 um. Other types of conductive

shownitessapLioilagegsideviatis 082lunidhume wikes,pensanaisal daciseitdp[0d2ade of the
A cap 180 is provided for the package. The cap, in one embodiment,

cap. Fexpmpriasdhidaedlicarductivatieithi@spock toahwire s i&GZsurfeee of the cap.
cap, for example, comprises a mold compound. Various types of mold

AlternatingbpLasdhosucin & gepRxdh, thasidevs ok #2sos hlwvapthe cigpecayesiaiitel. The
bonding fingers where the wire bonds are disposed. Leaving the top

angle Bofling yiaelsakisfosegaenmblésdesitnh of 458 mitlkagritovhie arasdy may also be
performed when it is mounted on board. If testing is not required to be

usefulpérfovidad, dhevapsoréace bacilititesantirkingo b téguakdghe substrate. 5
[0026] In accordance with one embodiment, the cap comprises a flat or
[0027pvenThe tage ih@4cérdastowith thee cagbodimedes isigewviadks eiZholt cdaragging the
about perpendicular to the top surface of the cap. For example, the
packagédevoalks@mpieetheghpithfoespddiyta tbp due novitihtpprecedacehefethetbeymold
Alternatively, as shown in Figs. 2a-b, the sidewalls 282 of the cap are
compalapesiiojestadtrdmthe temgfat® ofditki sstedalfs Sateayaendiethis rablautdibpound is
45. Other sidewall angles may also be useful. Providing an even surface
injectdd djitatedergarkingldiniperpecisatfe HAdla Coirpe wapwioudd tlond dnegendithediargyet area.

embodiment, is provided without damaging the package. For example,
For extirepdeyths foohdexh iy @utopgatel fholdng pifttcessiudiare bpdéeantbidp land pads,

compound is injected from the top of the mold instead of a side gate. If the
whichroaidlamaygeabask isoimpecssdsby a side gate molding process, the mold

compound would flow beyond the target area.
[0028] In other embodiments, the die 110 may comprise a flip chip, as shown in Fig. 2c. The
flip chip, for example, comprises die bumps 154 disposed on an active surface. As shown, the
die bumps are disposed near the periphery of the die. Other die bump configurations are also
useful. The die bumps are coupled to respective contact pads disposed on the substrate in the die
region. Electrical traces may be provided to electrically couple the contact pads to land pads on
the surface of the substrate.
[0029] Figs. 3a-b and Figs. 4a-b show cross-sectional and top views of other embodiments of
a package 100. The packages are similar to the packages as described in Figs. 1a-b and Figs. 2a-
b with the exception of the substrate 120. In one embodiment, the substrate comprises through
vias 342 instead of castellation leads. The through vias are disposed within the substrate and

extend through the top and bottom surfaces 123 and 124. The through vias, for example, are

disposed near the periphery of the substrate. In one embodiment, the through vias are arranged



For example, the mold compound would flow over the conductive traces
and top land pads, which can damage these components. [0028] In other
embodiments, the die 110 may comprise a flip chip, as shown in Fig. 2c.
The flip chip, for example, comprises die bumps 154 disposed on an

aroundabivet shefpedpesysbbwe stivetrelie. bt pisraugtsaoskedtrieaiytive updsipietop and
of the die. Other die bump configurations are also useful. The die bumps

bottonaulencpieled to respective contact pads disposed on the substrate in the
die region. Electrical traces may be provided to electrically couple the

[0030Fontadfpaily) o IRind. 3ads e dhe Bofactuoésha subrstipteuR@2NitFigrpendicular
3a-b and Figs. 4a-b show cross-sectional and top views of other
sidewalivhedimeindsnafivelpatiegd 180.ndeindodagrp mmpsiiewal$@82¢eas illustrated in
packages as described in Figs. la-b and Figs. 2a- b with the exception of
Figs. 4k substrate 120. In one embodiment, the substrate comprises through
vias 342 instead of castellation leads. The through vias are disposed
[0031vithiimtbthsudratradiénsends, exédaddipeyghrihe to@eged hotsnglamaoest I3 pads or
and 124. The through vias, for example, are disposed near the periphery
multipdé toevsobirattpadis. ofer eranaslanestbtitathia0ghviavatendrpadgadanged in first
around about the periphery of the substrate. The through vias electrically

and secongl@itiaP toprsin@hbddtoipddsdacanipR3atdRasposad do tRigpedphbritivd the
cap 180 includes an even top surface with perpendicular sidewalls 182.
substrétieQanifiglyjripehedpntiiadeay atickuderslmgyiofroidesalso®2fds Imusteadetbodiment,
in Figs. 4a-b. [0031] In other embodiments, the land pads can be
the larat rzaolg edea epteddtehawliofy lEindepati32adispuskip e aavdstied (hedtfaatisedion. The
example, a substrate 120 can have land pads arranged in first and
bondirsg Cogdrédualleotvisalledaple s dier @xarhqpheay ¢ingeposechoartyed in a single
periphery of the
row of bonding fingers. Configuring the bonding fingers in other number of rows is also useful.
Conductive traces 138 couple the top land pads to the bonding fingers.
[0032] In one embodiment, the land pads are coupled to through vias which are coupled to
bottom land pads. Coupling land pads to castellation leads is also useful. In another
embodiment, as shown in Fig. 4c, the substrate 120 can include land pads surrounding the die
attach region 128. The land pads are coupled to bonding fingers by, for example, conductive
traces. The land pads are coupled to through vias 342 and castellation leads 142. For example,
one row of land pads can be coupled to the through vias while the other row of land pads are
coupled to castellation leads. In one embodiment, land pads of the first row closest to the die
attach region are coupled to the through vias while the land pads of the second row are coupled
to the castellation leads. In other embodiments, the number of rows of land pads on opposing

sides of the substrate may not be the same. For example, the top surface of the substrate may

have single row land pads at the periphery while the bottom surface of the substrate may have



substrate. Configuring the land pads in other number of rows is also
useful. In one embodiment, the land pads are coupled to bonding fingers
132 disposed around the die attach region. The bonding fingers are
electrically coupled to a die. The bonding fingers are arranged in a single
dual ro@w lahbpadig firgsrispkeonf§iQinaoctigipondog bngers padsierougmbies of
rows is also useful. Conductive traces 138 couple the top land pads to the

castelladodirgdingersr Kis@idfingersanbadtmsstuthe land pads are coupled to
through vias which are coupled to bottom land pads. Coupling land pads

[0033]0 cakiglliatinovisadstiscatsniasiintobapttkgeBOmdiThe phckaghiveindss a
Fig. 4c, the substrate 120 can include land pads surrounding the die

substratdecto regsan s, theeuastehpastsrrdseo s plechtinbohtingdingis3ap, divposed, for
example, conductive traces. The land pads are coupled to through vias

examB3d 2easbaatiehrtiphdaadbtid 2ulisarexamhelehraungh kixg oklemtifpadsieatop surface to
be coupled to the through vias while the other row of land pads are

the bottoupsecftoect@iafatiesubstiste| nlneeentmdiment, thathpadh eidhearéirstranged
row closest to the die attach region are coupled to the through vias while

aroundhebdain thp pda midityeos coonubstrataréncangiled etnbibei mastedadiolfatéadizatis instead of
other embodiments, the number of rows of land pads on opposing sides

throughf vies sabbtr previted adtHeesites séithe skostexanplgethrdibpreamisatiéhehe
substrate may have single row land pads at the periphery while the

substrhtettoay muotisdeaciaimdisatictrafecasteyl ftéorel@adsiahdoivs layhd/jzad S ap ttwenductive
periphery. Other configurations of land pads, through vias, castellation

traces leatie aoo sortace goy itin getes cnmenedsion eiul 10 @I 8rfad) | 5 ¢ ipadsstattat veternal
embodiment of a package 500. The package includes a substrate 120. As

circuitshofvthette sadenesity aesyoiiieds a plurality of through vias 342 disposed,
for example, at about the periphery of the substrate. The through vias

[0034 xterdhérdim ey topcsurfentedtto the twttiong Sndacsey 2reftiiedsubsteatie. dnd wire
one embodiment, the through vias are arranged

bonds may be encapsulated by a cap, protecting them from the environment. In other

embodiments, the die may comprise a flip chip connected to substrate pads on the substrate via
die bumps on the die’s active surface. For such applications, the die is encapsulated by a cap,
protecting it from the environment. The cap, for example, comprises a planar top surface with
perpendicular or sloped sidewalls.

[0035] In one embodiment, the bottom surface of the substrate includes a heat sink 470. The
heat sink, for example, is disposed in an area on the bottom surface corresponding to the die
attach region on the top surface. The area which the heat sink is disposed is devoid of external
contacts. In one embodiment, the heat sink comprises a heat dissipating material, such as copper.
Other types of heat dissipating or heat conductive materials are also useful. The heat sink, for
example, enables heat dissipation from the die to an external surface mount technology (SMT)

module.



around about the periphery of the substrate. In another embodiment,

castellation leads instead of through vias can be provided at the sides of

the substrate. In yet another embodiment, the substrate may include a

combination of castellation leads and through vias. Top conductive traces
[0036PN theigop shisiacgepepvitheristriodmestichafpatkibe 6o0emiaé Isnttarrdadiudes a

the internal circuitry of the die, as already described. [0034] The die may

substrée ceoRdgdiechlardiryootinudingres3ap digsobed)dsr éxerile andbwiiethe periphery
bonds may be encapsulated by a cap, protecting them from the

of the eobvitaneeTlie g viay bre@inddnds the tdiesndaceQrPtisthe ibrarnipurface of the
connected to substrate pads on the substrate via die bumps on the die's

substratetivie suefanthddiments thapiplisafionas tre aieig@haapsd ateuttyiepesiphery of the
protecting it from the environment. The cap, for example, comprises a
substrapi@nar toesunfibodimiht, pestediadmulasdy inkygebosithend)sv QOS] be prawvided at the
embodiment, the bottom surface of the substrate includes a heat sink 470.
sides dffthe beldtsittk, hoyexarother, éntisfiosed, thasubstrato mttye itidera sunfddeation of
corresponding to the die attach region on the top surface. The area which
castel teohdeddsinkdshitmphoedss Teyoahdiekie tradesonthettod Burfeze provide
embodiment, the heat sink comprises a heat dissipating material, such as
intercaugetion @tethypsseoiddaidmsiptiitig oteeat cocuiugtivetneatizriatsabeady
also useful. The heat sink, for example, enables heat dissipation from the
describligel.to an external surface mount technology (SMT) module. 8 [0036] Fig.
6 shows yet another embodiment of a package 600. The package
[0037]ncludiés diesuby traten b€ it hoet i lradidyngffin geugbywase Jth dlis dsedie famd wire
example, at about the periphery of the substrate. The through vias extend
bondsfneay bleenoppsuldtacktby2G8ctp tpeokentiomtsenidoenoiiibengubsinate. im otier
embodiment, the through vias are arranged around about the periphery of
embodimeents, the die may comprise a flip chip connected to substrate pads on the substrate via

die bumps on the die’s active surface. For such applications, the die is encapsulated by a cap,
protecting it from the environment. The cap, as shown, comprises a planar top surface with
sloped sidewalls 282. Alternatively, the cap may be provided with a planar top surface with
perpendicular sidewalls.

[0038] In one embodiment, the top surface of the substrate is provided with at least one
passive component 675. As shown, the top surface is provided with two passive components.
Providing the package with other number of passive components is also useful. The passive
components, for example, can be resistors, capacitors or a combination thereof. The passive
components can be selected to enhance the electrical performance of the package. The passive
components, as shown, are disposed outside the cap. Providing the passive components within
the cap or a combination of inside and outside the cap is also useful.

[0039] Figs. 7a-c show an embodiment of a process of encapsulating a package. Referring

to Fig. 7a, a package 100 is provided. The package includes a substrate 120 with top and bottom



substrate. In other embodiment, castellation leads instead of through vias

can be provided at the sides of the substrate. In yet another embodiment,
the substrate may include a combination of castellation leads and through
vias. Top conductive traces on the top surface provide interconnection

surfactomihaexernahasshpagts, tin the: inteioainesiny doynpt ks diRCBS @teadypes of
described. [0037] The die may be connected to the bonding fingers by

substraterhgnaiso beeisifuhnA dikel 10dpdadtiay he ediccneidaiediby B26afefined on the top
protecting them from the environment. In other embodiments, the die may

surfacediz@risaedidn chmpuotsnectiesdie stibdiraiginads ay) fbeexdbgiigtenvaaheidre. Wire
bumps on the die's active surface. For such applications, the die is

bondserieagisttatetybyoapted diptedadtpadstdroondingy €imgeasnonetht tbhewdaeasf the
shown, comprises a planar top surface with sloped sidewalls 282.
substré&ieMayicehd uttiveaeaay b ptoyislethudibravidariatetopnpctime frath the external
perpendicular sidewalls. [0038] In one embodiment, the top surface of the
land padbsirdie berpliogifiederdting; leastrne theissiveat oimpuiing of dSdids
shown, the top surface is provided with two passive components.
[0040Provithngeepadcige msthhethackagminey digadsivdiedapngeidbisrpisovhich are
useful. The passive components, for example, can be resistors,
mateddapabiivaseqradscanthéendgisattdblkiregiolhinpassiver eotbgdinents, ¢be feekage may
selected to enhance the electrical performance of the package. The
includpadseaesiokrapdnebostoas shtave phtkedispsisad amud&idpadseveapnipomadingn the top
the passive components within the cap or a combination of inside and
surfacewifSible dhtesirate. i Crlsy typetudf [QEEAYHEIgsay’ also sleawedud.embodiment of a
process of encapsulating a package. Referring to Fig. 7a, a package 100
[0041]s praidedcKdne aikpgsedniclades|d subptatd I@€thothsiymeandTietiojecttbn system
surfaces 123 and 124. The substrate, in one embodiment, comprises a
compridreBarOthestiypesio?90. The injection unit, in one embodiment, comprises an injector

792 coupled to a mold 794. The mold comprises a desired shape of the cap. For example, as
shown, the mold comprises a rectangular shaped mold having a planar top surface and
perpendicular side surfaces. Such a shape produces a cap having a planar top surface and
perpendicular sidewalls. Other shaped molds are also useful. For example, the side surfaces
may be sloped with respect to the planar surface.

[0042] In accordance to one embodiment, the injector is coupled to a top surface 796 of the
mold. For example, the injection is coupled to about a center of the top surface of the mold.
Coupling the injector at other locations at the top surface of the mold may also be useful.
Coupling the injector at the top surface of the mold produces a top gate injection unit.

[0043] Referring to Fig. 7b, the injection unit is lowered into position onto the package. For
example, the injection is lowered such that the mold covers the die and wire bonds and not the
land pads. When in position, the injection unit is activated to cause the injector to inject a mold

compound into the mold.
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substrates may also be useful. A die 110 is attached to a die attach region
128 defined on the top surface 123. The die is mounted to the die attach
region using, for example, an adhesive. Wire bonds 152 electrically
coupled die bond pads to bonding fingers on the top surface of the

[0044pubstraitey Tap the pevstee traner o NAtecieplifatenrevitgld compound has
interconnection from the external land pads to the bonding fingers and, in

solidifigthsuffidienthyehnaligircodhngf tieidliect (D0 40]tI3 etlved emiroaiong otsnpoend forms a
package may include a die having die bumps which are mated to

cap o\aulistraie prdyienthedsliecrtigleting gherenkayatl atioarpessbsdiments, the
package may include a heat sink on the bottom surface of the substrate

[0045pnd/ahpassiysWatiuponeotssondireéd prerieniaderobde el Riraiearaiken plurality of
types of packages may also be useful. [0041] The package is disposed in

packagesnoky terepcapsdl dgeciiamsyisteMT Riseniayesdiachiyaie by provigdisgs earier
injection unit 790. The injection unit, in one embodiment, comprises an

substrangemt®C B Y2 viay al@iltal iaynodldi 59%bsdr bl eolctck caon prise m pctasiredsirappsulates
of the cap. For example, as shown, the mold comprises a rectangular

the plwadipedfieklahaxegnae pl@harctdizis uhtacar dgrdsubstpenidipubae et to singulate it into
surfaces. Such a shape produces a cap having a planar top surface and

indivigheipeautiaydsr Tdemglidatidthesrsbepett avaldsy afer alcomudefsdwiog or punch

example, the side surfaces may be sloped with respect to the planar
singulaticiace. [0042] In accordance to one embodiment, the injector is coupled

to a top surface 796 of the mold. For example, the injection is coupled to
[0046bout\a aesotéredf the dapi sentapsubdttteusiodca amlifitid gribue idgeichor &t one

other locations at the top surface of the mold may also be useful.
embodioapljribetbe isjectapsat dtw topreuafepegateine dolg adeses @ptoateatelding

injection unit. [0043] Referring to Fig. 7b, the injection unit is lowered into
procegsqsitMdesrseyénd padcicageskdrorexample, the topeyzio mis dovgeyextassahstiiet in a flat

the mold covers the die and wire bonds and not the land pads. When in
top sudestioiththencgeatiatianribdyatterabyct admgmkhadrijewdo tee icaetec onbldthout
distortion. Another advantage is that top gate molding results in higher and more reliable
throughput than conventional liquid encapsulation techniques for COB packages, such as Glob
Top Dispensing and Printing/Vacuum Printing Encapsulation. For example, top gate molding
can be encapsulated multiple dies on a carrier substrate strip in parallel while gob top dispensing
encapsulates one die at a time.
[0047] Additionally, higher package reliability and performance can be achieved with the
mold compound than liquid encapsulation material. For example, transfer molding with mold
compound achieves excellent thickness control of the cap, and reduced array warpage due to
lower shrinkage of the molding compound, as well as lower water absorption.
[0048] Furthermore, the lower CTE characteristics of the molding compound enables the

package to integrate easily with copper wire bonding which can offer a potentially smaller

package footprint, cost reduction solution and higher reliability performance as compared to the
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compound into the mold. 10 [0044] In Fig. 7c, the process continues. For
example, after the mold compound has solidified sufficiently through
cooling, the injection unit is raised. The mold compound forms a cap over
the die and wire bonds, completing the encapsulation process. [0045] The
currene CRPRJetiRingreetas Iotyshevpestorenasy inmpiealieli kptepmwiee Bonding, the
plurality of packages may be encapsulated at one time. This may be
preserR@aEkethh)p yessslnag aveatterk shiltingts of Raethhetyinghaipiaaditnaf diedt in
assembled thereto. The injection unit encapsulates the plurality of dies at
lower aseitiylg.cobierBaftsinthk e rRTB heakbinsteats ¢irGoppsed o pitr) ldadér dnivfahis will
individual packages. The singulation can be achieved by, for example,
signifisantiggeaiupel tehtosiliay @iso anOR46 e degeiitk:dI thedlitis treapsiliatasbe
using a modified mode design. In one embodiment, the die is
savinggrinahswaienatsialy a Top patempidicgeoandsssalpprgatehsiidjo@ted, imparting
process provides several advantages. For example, the top gate molding
additigmeiclssilbéstylts in a flat top surface of the encapsulation body, thereby
enabling ink marking to be carried out without distortion. Another
[0049pdvantegaverttiat topydate Mboldiew inesthlés spebifibfoansivitbicirebpbiting from the
throughput than conventional liquid encapsulation techniques for COB
spirit paedsagis, chathcssiGiobthEcgo Diihe rfenegodmgl dinbudiglrias; ubereRatang to be
Encapsulation. For example, top gate molding can be encapsulated
considereltipleadiespaota itkustietisa vathate i hinm thay e invieilé @obesapibed herein. Scope
dispensing encapsulates one die at a time. [0047] Additionally, higher
of the s lie liabs|itydénate p dnfdhe apmen dech dha mshiethed thath iy éharfotegoing
compound than liquid encapsulation material. For example, transfer
descriptimloliagdrathchenige cibatpouredvatiie thesnesareligrinthrakge o$ equitraleot i the
cap, and reduced array warpage due to
claims are intended to be embraced therein.
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lower shrinkage of the molding compound, as well as lower water
absorption. [0048] Furthermore, the lower CTE characteristics of the
molding compound enables the package to integrate easily with copper
wire bonding which can offer a potentially smaller package footprint, cost

What fedla@iiret golution and higher reliability performance as compared to the
11 current COB packaging technologies. Moreover, by implementing
copper wire bonding, the present gagkBg®H g process can overcome
challenges of fine pitch bonding and also result in lower assembly cost.

1. Bpusitwihef Rieiibgardeivisteashpiisiogper/Alloy 42 leadframe, this will
significantly reduce the tooling cost and lead-time required. In addition,
theewidilgésoripee daivingishivatts ubstrarahakialg . aldie fitesderdgiackageficarsurface
be saw or punch singulated, imparting additional flexibility. [0049] The

thereofavention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments,
therafoirgy acketolihe dinsitheredgiva)lwespsatthdloitiatVecnathly dwupled to first land
limiting the invention described herein. Scope of the invention is thus

pads disgusatednapndfesappefackeat theiptsipladheothiendiy dttecforegiomand
description, and all changes that come within the meaning and range of
etpnvidgrecyapfithe tarizatasecareyiatepdgda proecssiibaoed dhereip wiith\Afheen surface,
is claimed is: CLAIMS 1. A method of forming a device comprising:

wherepraovediag copemtind diecantidemres st bestshtiecHargtrigral geelsitbgqubsedgion on a
first surface thereof;

2. The method of claim 1 wherein the die is electrically coupled to bonding fingers by wire

bonds, the bonding fingers are coupled to the first land pads.

3. The method of claim 2 wherein the cap covers bond wires and a portion of the bonding
fingers.
4. The method of claim 3 wherein the top gate process avoids flowing of cap material

outside of the target area which can damage the package.

5. The method of claim 1 wherein the die comprises a flip chip.

6. The method of claim 5 wherein the top gate process avoids flowing of cap material

outside of the target area which can damage the package.
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attaching a die to the die attach region, wherein the die is electrically
coupled to first land pads disposed on the first surface at the periphery of
the die attach region; and forming a cap in a target area by a top gate
process to produce a cap with an even surface, wherein the cap covers

7. thendim@nddef s ratlleasirtie dikstdprodtpadscespaasids Aohegrottaparaterial
claim 1 wherein the die is electrically coupled to bonding fingers by wire

outsidbofids thedieneanghicigess asanegetiegdokere first land pads. 3. The
method of claim 2 wherein the cap covers bond wires and a portion of the

bonding fingers. 4. The method of claim 3 wherein the top gate process
avoids flowing of cap material outside of the target area which can

8. damagettd packagel whEhgnmethod of claim 1 wherein the die comprises
a flip chip. 6. The method of claim 5 wherein the top gate process avoids

fldwi figsbfadaipacatatalopltside efstbiativgetaledispbied oanhdauggafithe substrate;
package. 13 7. The method of claim 1 wherein the top gate process
and avoids flowing of cap material outside of the target area which can
damage the package. 8. The method of claim 1 wherein: the first land
puscaste datigriddatis eatted atimudbeilstdispeseshdnuifacesigéthefstistrate, the
substrate; and the castellation leads extend through first and second
castellatidadexiobtbesuiistr tdextemat asiettatiatidpesds arctioo sgrlendicueider dithe substrate.
contacts disposed on the second surface of the substrate. 9. The method
of claim 1 wherein: the first land pads are electrically coupled to through
vias which extend through first and
9. The method of claim 1 wherein:
the first land pads are electrically coupled to through vias which extend through first and
second surfaces of the substrate; and
the through vias are coupled to external contacts disposed on the second surface of the

substrate.

10.  The method of claim 1 wherein:
first land pads are configured in at least first and second rows surrounding the die attach
region; and

the first land pads are coupled to through vias or castellation leads.

11.  The method of claim 10 wherein the first land pads are coupled to through vias and

castellation leads.

12. The method of claim 10 wherein:

the land pads of the first row are to through vias; and
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second surfaces of the substrate; and the through vias are coupled to
external contacts disposed on the second surface of the substrate. 10.
The method of claim 1 wherein: first land pads are configured in at least
first and second rows surrounding the die attach region; and the first land

pasiae gaise thtostietrdgowias ebcpki¢iatiandiation kkhddhe method of
claim 10 wherein the first land pads are coupled to through vias and

castellation leads. 12. The method of claim 10 wherein: the land pads of
the first row are to through vias; and 14 the land pads of the second row

13. amheousted iof cagtelidivwndaiashe Arst hewriethoskiofoclinéndid Atwbleietidhehan the
first row is closer to the die attach region than the second row. 14. The
secondmethod of clam 1 wherein second land pads are disposed on the second
surface of the substrate, the second land pads. 15. The method of clam
14 wherein second land pads serves as external contacts. 16. A device
comprising: a printed circuit board substrate having a die attach region on
14. aTistrsettiadetictnad ;ehdieidisgmoseddndipeddieratdisposedmmnthe/berend the
die is electrically coupled to first land pads disposed on the first surface at
surfacthef e inlistyaty, the sbecattdahdrpgien; and a cap formed in a target area
by a top gate process to produce a cap with an even surface,

15.  The method of clam 14 wherein second land pads serves as external contacts.

16. A device comprising:

a printed circuit board substrate having a die attach region on a first surface thereof;

a die disposed in the die attach region, wherein the die is electrically coupled to first land
pads disposed on the first surface at the periphery of the die attach region; and

a cap formed in a target area by a top gate process to produce a cap with an even surface,

wherein the cap covers the die and leaves the top land pads exposed.

17.  The device of claim 16 wherein the gate process results in material of the cap contained

in the target area to avoid damaging the device.

18.  The device of claim 16 where the die comprises a flip chip die.

19.  The device of claim 16 wherein the die is electrically coupled to the first land pads with

wire bonds via bonding fingers.
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wherein the cap covers the die and leaves the top land pads exposed. 17.
The device of claim 16 wherein the gate process results in material of the
cap contained in the target area to avoid damaging the device. 18. The
device of claim 16 where the die comprises a flip chip die. 19. The device
20. opciasinddbor ferainghealeNdcs iepiisially coupled to the first land pads
with wire bonds via bonding fingers. 15 20. A method of forming a device
coropritinga pupvicirdaspatidetayinggiodieraiticst sadianr drrdirst
surface thereof; disposing first land pads on the first surface at the
perspbsing dfradadicpatiach tegfont smfecein wberkipteyattratieditadhesgion,
die attach region, it is electrically coupled to the first land pads; and
wherefanwliog adiafsiatadaegded dedibymatdpregith ptdsesswioaiyecdiglied to the first land
attached to the die attach region, wherein forming the cap produces a cap
pads; avith an even surface, wherein the cap covers the die and leaves at least
the first land pads exposed. 16
forming a cap in a target area by a top gate process when a die is attached to the die

attach region, wherein forming the cap produces a cap with an even surface, wherein the cap

covers the die and leaves at least the first land pads exposed.
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