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
a lower cost than the Copper/Allow 42 lead frame substrate of the QFN. [0002]The COB package is

encapsulated with a glob top materigHRprIERPNOKAS BTONVBO @S from the environment. To
encapsulate a COB package, a glob top dispensing process is employed. For example, the glob top
material is dispensed as a glob over the paclk@geKbr@lokmop material covers the die and wiring
interconnections. [0003]The glob top material, however, affects reliability of the COB package due to

its low filf@ooententCRipeopldodap(GiSB) meitiggeo oasisany bivasadispensinglthetipateiatedhinynanit
which is not efficient. The glob top dispensing process also results in a package having a curved or

non-flat sletadeall0QOAHEctadabicndsCARB madkagek do proitpdavideifootestingearinh Mabkage on board
level due to the non-availability of external land pads for connection to a testing device after the COB

packagedsmparstieol queid féabnaildado QQEIN) patkiagetnibg PICR digmssionoiltpiaved lavkagstahsh
packaging techniques are
the Copper/Allow 42 lead frame substrate of the QFN.
[0002] The COB package is encapsulated with a glob top material to protect the die and wire
bonds from the environment. To encapsulate a COB package, a glob top dispensing process is
employed. For example, the glob top material is dispensed as a glob over the package. The glob
top material covers the die and wiring interconnections.
[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



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 target

area by adigptgaéa bycrepsgadasisceta parivdtnaarwen suidase sifeccamitovgistherdig@oid leaves
at least the first land pads exposed. [0007]In another embodiment, a device is presented. The device

includes anprisieck air asittrparmrssubstr ptelheyioged. die attach region on a first surface of the substrate.
A die is disposed in the die attach region. The die is electrically coupled to first land pads disposed on

the first J00azE at theapetiiphemboliiimerdie adaich egiesentde diwiceateanokidees pricg foirmed in a
target area by a top gate process to produce a cap with an even surface. The cap covers the die and

leaves thsotog dabstrprdsekposdid 40668tHyivet amatiet enfacslohent sabneiteodaitoimigaadeivice is
disclosed. The method includes providing a substrate having a die attach region on a first surface of
the substratdicTaiachetyichalTodniituidesedisiocalineplipdt daodipstdandrptioe dikiosedfanatat fiinst periphery
of the die attach region. When a die is attached to the die attach region, it is electrically coupled to the
first land yuafdse Atchp psriphmgbiitte dirgatarerdip@ tdhadde ralsesmhuiidss a cip ferattacimed to the die
attach region. Forming the cap produces a cap with an even surface. The cap covers the die and

leaves atdegeitafee byt tap dgiagsoerpoicotofli0 Thesdthnd evbesolffeets Tabocgp wireeshherdkges and
features of the present invention
and leaves the top land pads exposed.
[0008] In yet another embodiment, a method of forming a device is disclosed. The method
includes providing a substrate having a die attach region on a first surface of the substrate. The
method also includes disposing first land pads on the first surface at the periphery 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,



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

charactetgaigenesalho tiitinte diensgmedpaits/tnisrgheuicdeei citfavitntrefereacéisahefe ltaiviggs are not
necessarily to scale, emphasis instead generally being placed upon illustrating the principles of the
inventiordrawtinggaimomtighdescription, various embodiments of the present invention are described
with reference to the following drawings, in which: [0011]Figs. la-b and Figs. 2a-b show cross-sectional

and top J@us|of varigsisierblandirigantsach shoackags:sEdibAHF ighRopvisws affiaritie cid0ddinigss 3a-b
and Figs. 4a-b show cross-sectional and top views of various embodiments of a package;
of a package;
[0012] Fig. 2c shows a flip chip;
[0013] Figs. 3a-b and Figs. 4a-b show cross-sectional and top views of various embodiments
of a package;
[0014] Fig. 4c shows another embodiment of a substrate;
[0015] Figs. 5-6 show other embodiments of a package; and
[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.



[0014]Fig. 4c shows another embodiment of a substrate; [0015]Figs. 5-6 show other embodiments of a
package; and [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 §60ESE Memone @rdodihanistaiciiBnraecantRssmepiod Sk head ROBYSUysesof

non-volatile memories including programmable read-only memories (PROM) and flash memories, an

optoelectrhpiRCiB ¢lasstiate Fior dRyinpleacpmnisicRIY D deRICE, @thkgitpb&i i TBovaRsMHI{RESR)s@
microcontroller, a system-on-chip, as well as other types of devices. The ICs can be incorporated into

various prssfuctkeichtaz yhoties tgpespliteistessongl bigitabassistepsmjothafiyp ashidesitable
products. [0018]Figs. la-b show cross-sectional and top views of an embodiment of a package 100.
The packhgetiachudgiva sedsBaielihdXiwijirsag 2ae dixosediajore gerfipbes b2 3nenticldthchypigaty, the
substrate comprises a rectangular shape to form a rectangular shaped device. Other shapes are also

useful. Thersxasipiéethesyoheiagsiinglerdayeasuhgtdite sureondlthayier stdehtragéort-oT e mordilay er
substrate, the different layers can be laminated or built-up. Various materials can be used to form the

substratefirf§éxsOfon exenpiiepostimest, dhepstibSttzdetgpes pfiseaducive edatErialiragaido BEBERUbstrate.
The PCB substrate, for example, comprises FR-4 or FR-5. Other types of PCB materials are also
useful. Altbertadindthg fitlyerdynsshef satstraids nivkelbgalsesilvEhetap mizfatisns duedof taiespacdie
attach region 128. Bonding fingers 132 are disposed in the periphery of the die attach region. For
example htimeldimhiting fiegens bonds targedioclinorsod. tHehd isoatimgfirggEismay el swbel cugtidgers, for
example, comprise copper. Other types of conductive material may also be useful. The bonding
fingers maiyhoen codtediditimgintetér pokiickhibsesn organitsokikoats ihepeese i tmp (Q&PhdDithabtyyesf the
wire bonds to be formed thereon. The bonding fingers may also be coated with an anti-oxidizing
material stiehtbexadi zirgamatesaltbaralyibigpbe ssefative (OSP). Other types of anti-oxidizing materials
may also be useful. [0020]In one embodiment, top land pads are formed along the top periphery of the
substratg020] In one embodiment, top land pads are formed along the top periphery of the substrate;

bottom land pads are formed along the bottom periphery of the substrate. In one embodiment,

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



bottom land pads are formed along the bottom periphery of the substrate. In one embodiment,
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

embodimenrlcthecatigtedaplente adskegamoriseexeper dédtiter Ppaseabpandfact\f thetehsiamayealso be
used. [0021]Top conductive traces 138 are disposed on the top surface of the substrate. The top

conductivepttacgpleatd caily ebalpleytiie beripirg/ftfarestddtratéomiandpaael Fok previvdacteps
conductive traces electrically couple the bonding fingers to respective top land pads. The conductive

traces cao tstfagried deepattanatiyiviee midkepadk igeoRereitod ipnent Hoerdondutifyetiieslestdoahprise
copper. The use of other types of conductive materials may also be useful. The conductive traces may

be coatedowiidraonihstiadnghw alizeabnio thexdis pPkheseidiedgn ask DR hedatioandsbyface of the
substrate, the bottom land pads are formed along the periphery of the substrate. The bottom land pads

function sslderieydledsutties ians paithe tackegd toelebirdaliy ttaupfatt eopackiagattondarekpacial
device. On the top surface of the substrate, the top land pads are formed along the periphery of the
substratendivastefidtionl Ipadisipto\éckb Rotegmtidgstin b elavinas d pattichbbyavdigndlisppackage is
mounted onto a board, to verify the electrical connection between the wires and the die. The package
can be nwountetiamto a board 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 package to be mounted onto the
board by[00@B]ng cArseeditond{@iiz3]k setnicproludsdr dikelsbthisqustiedlid bengaisesautivetandlie
comprises active and inactive major surfaces. The active surface, for example, includes bond pads to
provide dneetbeetméjer sudacas.cifbeitotiob thefdee, foraxarepibddoiuess, ibed padtive moraasesounted
onto the die attach region of the substrate. In one embodiment, the die is attached using an adhesive
115. Thetatieesiteenahoilme tigr ahtaengike, Bnoap @aybdtiaei|ebeoihaclings buefeqmisiesounthdentdibstik
2025D and Yiztech N7728. Other types of adhesives, including tape, may also be useful. [0024]In one
embodinikegttacte regiunsot B2 aubgtrateid éuofidemiiodibend sled elttris altiadwaplsittysab adtasg/éidsrs to
the bond pads on the die. For example, the wire bonds electrically couple the bonding fingers to
respectivElb@dtgsadscan i efdiex@img iejien bpoxis I52mEtsrabiyltesivp repedop el wieesbIEstekuse of
copper wires can facilitate the use of smaller bond pads, for example, below 50 um x 50 um. Other
types of 20RbDctivk Yvitesh Nict28s Quidrwypes of aduesinesninhedingtapalsmpalssbtuliseful.

[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.



[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 ofabeg)ackagadeobgarasibitheiersnedaiinent|ttis mxpuesehasededig. of testingricwi gagquiked to
be performed, the cap may cover the entire top surface of the substrate. [0026]In accordance with one

embodimabiviheheapcorindess dellalion egarhich iaeaddid.ppsshdistnathe trrdipcudes sititwalls 182
which are about perpendicular to the top surface of the cap. For example, the sidewalls are vertical

with respegl tedhexaatjpontal tifendifaas: akttieataythiviepaativelie Asrsiumian iopFsgdactaoh titbeap.
sidewalls 282 of the cap are sloped or slanted. The angle 0 of the sidewalls, for example, is about 15 -

45. Othepsicleatiehn gleshovay ialSogee2asie fthe Bideviging 282 ef ¢k sapfaneslapddaieslaekinthef the
package. [0027]The cap, in accordance with one embodiment, is provided without damaging the

packageakhgle &@htiiaidbwaliy fisrfoxanssl ) ysaboptdate 1Es|dDharsicesslvineyloyntie aisoldecompound
is injected from the top of the mold instead of a side gate. If the mold compound is injected by a side

gate moldsefuprecesislitigeamatdncanfacaifadiviatds arkihgyfnbethectarget area. For example, the mold
compound would flow over the conductive traces and top land pads, which can damage these

compong0027[P028]lme ey e avooddaneatsjtthendiemddd imantc ésppoisiel el flifitiobup dassiioy thin Fig. 2c.
The flip chip, for example, comprises die bumps 154 disposed on an active surface. As shown, the die
bumps apadkisgpmsEdr reamtile, pieripdeiy fofriieel diea @ihgadimblaing protegs vatierpbyettee alwdduseful. The
die bumps are coupled to respective contact pads disposed on the substrate in the die region.
Electricattrapesnt &yibpeiedviaea ttee edeobii tlad ynoto pistdhe afcantiad gatds thtanctigddsmpdedssrface of
the substrate. [0029]Figs. 3a-b and Figs. 4a-b show cross-sectional and top views of other
embodimejeisef 3y Fesikagatd 0@l ding peadas)abeaneo kindaptuttenzadé dbpes [Fy ded thbedget Rigs. [a-b
and Figs. 2a-

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 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



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 around about the
peripheryoliiteasubstratperTitipichiph sisstelectnaliircayhleidbeltenizatysstpie thndpads.
[0030]Referring to Figs. 3a-b, the cap 180 includes an even top surface with perpendicular sidewalls
182. Altetsoatiwelsntheagap 180 may include sloping sidewalls 282, as illustrated in Figs. 4a-b. [0031]In
other embodiments, the land pads can be arranged as a single row of land pads or multiple rows of
land padfod30] exar¢fieriagubFinatesd-bOthardparsol duluasiareei@ngep sorfust aith pensendicdial) rows.
The land pads, for example, are disposed on the periphery of the substrate. Configuring the land pads
in other nidalelolgows selatvebefte laprieEmdpiliohady stbpitgruideads ape T cigilkdtiatboirding
fingers 132 disposed around the die attach region. The bonding fingers are electrically coupled to a
die. The bigpdiagbfingers are arranged in a single 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 {0apy}s. [003Btheosrabaicihaehi)ehd, tnel lsaald padbecar aryeplesiditiyloug viblavdpatisaoe
coupled to bottom land pads. Coupling land pads to castellation leads is also useful. In another
embodimrealtigle sthoswr ilrfdgads., Far sybshien kdbsoate ib2{Lick lanck adispadsrauacdyed théidte attach
region 128. The land pads are coupled to bonding fingers by, for example, conductive traces. The land
pads areandisetzhdd dbabughvyiaSHadananhds S@latonpleads tispobeat exda pler) heeyroftiod land pads
can be coupled to the through vias while the other row of land pads are coupled to castellation leads.
In one eminthatenCdafigupmds it kel fpads avnothesastrbetief doevaitaalbaegedul.ate coripheliobtitieat,
through vias while the land pads of the second row are coupled to the castellation leads. In other
embodintbaiantheadsianbeoilsovis lodridimd) padsre i 2ippisposgdsaiesnaf ttecdébisticiteegiay. Ndhée the
same. For example, the top surface of the substrate may have single row land pads at the periphery
while theboattim fsugtrs arefelbetiscdlbiredepiedyidades. dUad tmadilntinoadsaat thepgathinergirQtber
configurations of land pads, through vias, castellation leads and or bonding fingers are also useful.
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



[0033]Fig. 5 shows another embodiment of a package 500. The package includes a substrate 120. As
shown, the substrate comprises a plurality of through vias 342 disposed, for example, at about the
periphery of the substrate. The through vias extend from the top surface to the bottom surface 124 of
the substrate. In one embodiment, the through vias are arranged around about the periphery of the
substratejudl eneshenepabodimenierpateliat®indessisfigeteachobifttpdgiaateaybeipsovided at the
sides of the substrate. In yet another embodiment, the substrate may include a combination of
castellatiggs tel i anshds raepby asdihg Wi nged ueti vgstragefalon the top surface provide interconnection
from the external land pads to the internal circuitry of the die, as already described. [0034]The die may
be connqogssto theigobdingkrgetsdsyewiedimeastsofleackagu Bl rgHeqndkageynbrigsicapsulated by a
cap, protecting them from the environment. In other embodiments, the die may comprise a flip chip
connecteyyistsitd stateraiswn, tthe sulidsitiaieonapitedn plpsbty bieithelsaoine3gartigmstdrfsuch
applications, the die is encapsulated by a cap, protecting it from the environment. The cap, for
example exanyleisstsabookathapteipsenyasfe i dultre ndibe kar eughl e stdeavirdan (008G Isuciaee to
embodiment, the bottom surface of the substrate includes a heat sink 470. The heat sink, for example,
is dispostd boaionawesfare e b tiensshetiate dowaspordidgienthbaiaratigichisggieramariteitop surface.
The area which the heat sink is disposed is devoid of external contacts. In one embodiment, the heat
sink comgrised abbetthdipsietiory ofiatersabsttath da enpiber.cOtiuti tygescatbietati diskipdtingteadneiat
conductive materials are also useful. The heat sink, for example, enables heat dissipation from the die
to an exteémmaigbwiaceambe ptdeitirdalote R fittekubstriO3GiRigr sthewsnyleddimetitethembodiment
of a package 600. The package includes a substrate 120 with a plurality of through vias 342 disposed,
for examgplbstadtameay the yuergpt@npvition silcattatatibhdcduoaghtirasgixtémsd ffopdabhreltepwurface 123
to the bottom surface of the substrate. In one embodiment, the through vias are arranged around
about therpesspimettye @b preefates matedmi otidreo mmattdatinfrent, the stat et faleh padssiebel infaimadugh vias
can be provided at the sides of the substrate. In yet another embodiment, the substrate may include a
combinationuitrg asteiéadiendealisadpddbeabeph vias. Top conductive traces on the top surface provide
interconnection from the external land pads to the internal circuitry of the die, as already described.
[0037]Thekd may e chanegtdd torthectzoriditi tiogensgbiyngéns bymdee GdrelslicTaadievardooinds may be
encapsulated by a cap, protecting them from the environment. In other embodiments, the die may
compriseébanttip rohypbe@maecse it yos traieppaidstong thersdisirae e idemmantpsnostiibe die's active
surface. For such applications, the die is encapsulated by a cap, protecting it from the environment.
The cap,eamstonantdheptisesay planznitop Burfade catmedtgoetd sidbstratdpadRomitersizibietie, vire cap
may be provided with a planar top surface with perpendicular sidewalls.

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.



[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 [@08BhancEif6 shecitigat pesthemanicedimhtng ¢lackagegt e mashy packagedaneintiusas shown,
are disposed outside the cap. Providing the passive components within the cap or a combination of

inside arglipsttsicle 20evidnipl atahty it JOGB915kI 332 HHsp wledyfarneranidinenoatf thppeersegf
encapsulating a package. Referring to Fig. 7a, a package 100 is provided. The package includes a

substratefl {2 witisttare antdvitomhsusteasnt2Porncha 2dp JintasubBatethinbone amindaieeithe
comprises a PCB. Other types of substrates may also be useful. A die 110 is attached to a die attach

region 128efined ooribertpdinitacet i dingh dirdauimatraigddariiendigbatiogtie rrgipmensufahéor
example, an adhesive. Wire bonds 152 electrically coupled die bond pads to bonding fingers on the

top surfagghstidte $olsitertembogivent] vatied dtrrerals thstdap cfutfres) praxsdantie morivectiartfeom the
external land pads to the bonding fingers and, in turn, to the internal circuitry of the die. [0040]In other

embodinyiugs pftitegrrtisagee miayystcnoder drtodiimmitdsubssarehicdy dnelotateddmisinagiyatef pads on
the die attach region. In yet other embodiments, the package may include a heat sink on the bottom
surface afattel lstibstieds and/thrpagsiviasconopaoadtg tive thectspauhttm clitfees phstidgde. Other types of
packages may also be useful. [0041]The package is disposed in a mold compound injection system.
The injedtitenceysteaticcoimoni Ses exteinpd dtind paus &Ohe Theeingé cironitmitfithede cawhbdanent, comprises
an injector 792 coupled to a mold 794. The mold comprises a desired shape of the cap. For example,
as shownleshabedld 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
perpendififiarsidevialsiénineyr shepetctenl ds dhecbalsting@hges dyexamipbedthel seldisarfdedsemay be
sloped with respect to the planar surface. [0042]In accordance to one embodiment, the injector is
coupled tmadoopaub@escfdatdetddy 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, 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



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 thgdiean sviielleadsrasdunstrthe, lanshpaabodient|taopitisys, 4 IR Bjeotias typtdactivated to
cause the injector to inject a mold compound into the mold. [0044]In Fig. 7c, the process continues.

For exangpigtrafteriag asadeasapaund diad soligifiedidiicie aily -t gy iepolipg) difiméajeatine tapit is
raised. The mold compound forms a cap over the die and wire bonds, completing the encapsulation

process. 4094 The. enisapruistimumeceshawy deapertoioredsing doakshrhpie exanmiblesiveplwirity of
packages may be encapsulated at one time. This may be achieved by providing a carrier substrate or

PCB haviigds pbaaligytritaligscasskionbiethohenedos fosomjenfitingenit@nerisplatezdbeftheality of dies
at one time. Thereatfter, the carrier substrate is processed to singulate it into individual packages. The

singulatigobsaatbe Foh el hivdonesaontie tpeingaoe provibesimgtdatiosct[004GpAsdesadiadl, the die
is encapsulated using a modified mode design. In one embodiment, the die is encapsulated using a
top gate raudgiads poabeson g gadge s alcinmn puocesship dviclaal sinerialyooiaptaiges. For example, the
top gate molding process results in a flat top surface of the encapsulation body, thereby enabling ink
marking foda@lcarridd othevtinbuti shistaricine pavktiyermalyantiade asdibdtatapgpditenolstinghielsaks in
higher and more reliable throughput than conventional liquid encapsulation techniques for COB
packagematedoasiStodie ol Doapka sivgiach Prgiting v aeu othelP emitod i e oty shdatackadeomayample,
top gate molding can be encapsulated multiple dies on a carrier substrate strip in parallel while gob top
dispensimgr ruesgpseda tiskaretiobeh attanti suef Q07 frecklibistratHyg noiigin @asshok age peliatiignahe top
performance can be achieved with the

surface of the substrate. Other types of packages may also be useful.

[0041] The package is disposed in a mold compound injection system. The injection system

comprises an injection unit 790. 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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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
CIE characteristics of the molding compound enables the package to integrate easily with copper wire

bonding pobied] can laffey a7poten e siatieinpeskrgesieotplintaitasheeionticorspdutidmand higher
reliability performance as compared to the current COB packaging technologies. Moreover, by

implemesaingi tep pefficisat fomebng htbsofiresemnt phakhgingipiocsissdanhevanto ammpoatefoesod fine
pitch bonding and also result in lower assembly cost. By using the PCB board instead of Copper/Alloy

42 leadfreapeyvihisheii significaatyies uoeniletiog ingeprapanatieagrtivassrequired. In addition, there will
also be savings in the raw materials. The present package can be saw or punch singulated, imparting

additiongolasgipility THO=HHH el inlcenbionessayidyehe pérdolied driropaedl e Cificdoamsl ayidhnutadiepafting

from the spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considerpackngdsneapdientaptiative raiber tinan fithitimgashiscindieivtion mepailigitiderainigscope of the
invention is thus indicated by the appended claims, rather than by the foregoing description, and all
changesdiissticoante RQBihdhiagreealomnd tarud s ehes|eivihiernty ofibéngdatios ané eneapdettss be
embraced therein. What is claimed is: CLAIMS 1. A method of forming a device comprising:
the plurality of dies at one time. Thereafter, the carrier substrate is processed to singulate it into
individual packages. The singulation can be achieved by, for example, sawing or punch
singulation.
[0046] As described, the die is encapsulated using a modified mode design. In one
embodiment, the die is encapsulated using a top gate molding process. Top gate molding
process provides several advantages. For example, the top gate molding process results in a flat
top surface of the encapsulation body, thereby enabling ink marking to be carried out without
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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providing a printed circuit board substrate having a die attach region on a first surface thereof;
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 the die and

leaves atlgesittooBrphékagingasxgiogrd. Riofbeenctiyachpleataiitiny whsreainiredinding earically
coupled to bonding fingers by wire bonds, the bonding fingers are coupled to the first land pads. 3.

The methessaftgatkagingeisissthacaperoyierschanchydsast find piarbondaidhadasdirngdingers. 4. The
method of claim 3 wherein the top gate process avoids flowing of cap material outside of the target

area whithweangamisigedoe Bcksiog the.PU® oetbh dkehdlafrTdppdioadioythe digitramprivésvalllip chip.
6. The method of claim 5 wherein the top gate process avoids flowing of cap material outside of the
target aregynvfizzinitaredacoagettivdipgcssgmd tadsitimetdheitedgeh atkiitivhjchecawidibatsags: the
package. 8.The method of claim 1 wherein:

savings in the raw materials. The present package can be saw or punch singulated, imparting

additional flexibility.

[0049] The invention may be embodied in other specific forms without departing from the

spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be

considered in all respects illustrative rather than limiting the invention described herein. Scope

of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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the first land pads are coupled to castellation leads disposed on the edges of the substrate; and the
castellation leads extend through first and second surfaces of the substrate, the castellation leads are
coupled to external 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
second syacischiithel gstbstrate; 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 surrogn@dingighe 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 arelcoupled iigethsdugtforiaingrodeariedatipnitbagls.
providing a printed circuit board substrate having a die attach region on a first surface
thereof;
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 the die and leaves at least the first land pads exposed.

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.

13



12. The method of claim 10 wherein: the land pads of the first row are to through vias; and the land
pads of the second row are coupled to castellation leads. 13. The method of claim 12 wherein the first
row is closer to the die attach region than the second row. 14. The method of clam 1 wherein second
land pads are disposed on the second surface of the substrate, the second land pads. 15. The

method af clam Tl wleiethosetandllaviibpadthsespagaspeatesnal onitéotsing 6f Aageniteriedmprising: a
printed circuit board substrate having a die attach region on a first surface thereof; a die disposed

in the dieattitthofeiotarydoareanhietinsdeteagdaalypackigied 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 theTta gadthsedfelaiaid dasraging the device.

the first land pads are coupled to castellation leads disposed on the edges of the substrate;

and
the castellation leads extend through first and second surfaces of the substrate, the

castellation leads are coupled to external 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
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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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. 20.A method
of forming a device comprising: providing a substrate having a die attach region on a first surface
thereof; disposing first land pads on the first surface at the periphery of the die attach region,

wherein when aisligasoataishsdrio dbw tber atiach segits 1b isasieltitioallgaerupled to the first land pads;
and 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.

13.  The method of claim 12 wherein the first row is closer to the die attach region than the

second row.

14.  The method 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 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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20. A method of forming a device comprising:

providing a substrate having a die attach region on a first surface thereof;

disposing first land pads on the first surface at the periphery of the die attach region,
wherein when a die is attached to the die attach region, it is electrically coupled to the first land
pads; and

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.

16





