HYPER THERMALLY ENHANCED SEMICONDUCTOR PACKAGE SYSTEM TECHNICAL FIELD

The present invention relates generally to semiconductor package systems, and more particularly to
thermally enhanced semiconductor package systems. BACKGROUND ART The increasing density of
electrical connections in semiconductor devices has pushed conventional packages to their design limit.
Heat generated by the semiconductor devices needs to be dissipated immediately to prevent them from
overheating. ASHY®ERTMEERMADI GCFNERADICED SEKMICONIDE (EOR #ad KAt RISYSTHRRSES
correspondingly. More and more packages are now designed with heat sinks or heat slugs to enhance
the ability to dissipate heat. With smaller package footprint, ball grid array (BGA) packages have been

introduced and developed several years ag%%%ﬁ@fg%ﬁg quamin of package 'styles’, differentiated
primarily by construction materials and techniques, su astic (PBGA) or ceramic (CBGA). Other

BGA packages incl a utomated honding b rid array (TAB-BGA) and cavity down (CD-BGA)
iype of conauucton DL s s P UL o P A B ok
speed rates vavecrtglitedhiadis snbrmedbipaiovaiiipseEIB@AYssABNced BGA (EBGA), thermally
enhanced BGA (TEBGA | & 1l), heat spreader BGA (HS-BGA), and micro super BGA (mBGA or m
Super-BGA). However, all BGA packages, regardless of package style, utilize solder attachments (balls)
located directly underneath the package boBCR{eROdU¥IAg\Reflow, a significant portion of the heat energy
required to melt these connections must be conducted through the package body itself. Consequently, the
materials and their TR iRETRERE SRR it 5 858 1FE JAGECERS HT BRENCANRE PTctarisep R3filRUShfe package.

A BGA packagavatpicadly pnealuees@ mubsicsier Suth agdariatacraisewy hnardmiasiafiemiseinforced
polymer laminat malger'al,.i.e. Qismal jr?i ettriazinet(tET%?r a polty'hmige rezin }é:/ith seriea 01; metal traces
on the top sidECTHE Rietar PASEL AR Calme e Bf/nviag 0 thE BOHOM tte ot t e SUbstrate, And
redistributed d@\awah'aygﬁieﬂmnﬁid@@mphbcytoﬂ;h@@@@Hatereﬁbml@egimowﬂm@wddnm,ehaving a
plurality of b%@lﬁ?@éaﬂé QMRG0 RGP HPRUGR USINER QlL SOl &AL RRMNY -2 by BN ARG are wires

bonded to connect the chip to the package substrate or are bonded using solder Bump for flip-chips. The
whole packa@éal"s then encapsulated with a molding compound above the top portion of the package

substrate. Lastly, the solder palls ire atatched En re%owed %’?@haﬂ e elﬁjctric | condu tivigl.
However, a need stil 1}8&{5? B AW LORY BraRti' ?g@'n( ith efiiatcad hea 68115%158 101 capability. In
view of cost codsideriapehscandltienina@ashigly invlitdes spacelyitsindremsisiglyscritifal¢h@dateshswers be

found to thesg proBIEMS: onsARLHIPNE.I0 e SE PrRRIGTIELaVEReRN IpRESAeBhb W, PLQL developments
have not taught or suggested any solutions and, thus, solutions to these problems have Ion(A; eluded those
skilled in the &rBGA). Other BGA packages include tape automated bonding ball grid array (TAB-BGA)

and cavity down (CD-BGA) type of construction.

Higher device working frequency (3.3MHz and above) with increased clock speed
rates have required the creation of other versions of BGA: enhanced BGA (EBGA), thermally
enhanced BGA (TEBGA I & II), heat spreader BGA (HS-BGA), and micro super BGA
(mBGA or m Super-BGA). However, all BGA packages, regardless of package style, utilize
solder attachments (balls) located directly underneath the package body. Thus, during
reflow, a significant portion of the heat energy required to melt these connections must be
conducted through the package body itself. Consequently, the materials and their relative

locations within the package can influence the thermal profile of the package.

A BGA package typically includes a substrate, such as printed circuit board, made
from reinforced polymer laminate material, i.e. bismaleimide triazine (BT) or a polyimide
resin with series of metal traces on the top side. The metal traces are connected by vias to the

bottom side of the substrate, and redistributed in an array grid around the periphery of the



DISCLOSURE OF THE INVENTION The present invention provides a semiconductor package
system comprising mounting a semiconductor chip to a substrate having a substrate opening. A first heat
slug is attached to a first surface of the semiconductor chip at least partially encapsulating the
semiconductor chip. A second heat slug is attached to the second surface of the semiconductor chip
through the stibstieite opknisrgicondueinnithambadiraeniwiline dvemdopaHave cthertadivanizges in

addition to oryipRlareuhtsie FENIANGs Sy, ol dRms e ahrYeoling advanages.willpgrome

apparent to those skilled in the art from a reading of the foIIowinﬂ detailed description when taken with

reference to the BEEBRIPARSIAY arafRgaIeiRiERe SEEERIBT ION BrERRiE BiRARARESK e MG, 1is a
schematic diaigraeh@ipaubredsssciianddivie vombaunypsb thahsalp/perinancetdpdciic antaypackage in
accordance with 3 first.smoqdiment of the preser "v‘v‘éﬁrlg%”hance'éi%%@cé? A35ngmatic diagram of a
cross-sectional View of & yper therma Fy enhanced ball grla array pacll<age in accordance with a second

embodiment of the QrRR&AE INVROKORIN redidfas 35 2 RENEMALEDIRA %@B%{Q%ﬁlﬁ%g@%hb’ iew of a
hyper thermally enhanced ball grid array package in accordance with a third embodiment of the present

invention;  difeRtignCapaiim i GG b BotiBH e Shai RysR g R g eRAshdett ball grid
array packagmdreataegifdancamiith afivetepshiogimenheddhapeesent invention; FIG. 5 is a schematic
diagram of a bottom view of a hyper thermally enhanced ball grid array package in accordance with a
second embodimenidiitihesgretest imvblstinhave tRIG lonis seuathdriaticodidgyrdenod rsduttomoview of a

hyper thermally gphanged:bell grid iy Ras@aRIN askaransavith adhitd embediment.at the present

invention; FIG. 7 is a schematic diagram of a top view of a hyper thermally enhanced ball grid array
package in al¥bfddHle With%@first embodiment of the present invention:

DISCLOSURE OF THE INVENTION

The present invention provides a semiconductor package system comprising mounting
a semiconductor chip to a substrate having a substrate opening. A first heat slug is attached
to a first surface of the semiconductor chip at least partially encapsulating the semiconductor
chip. A second heat slug is attached to the second surface of the semiconductor chip through
the substrate opening.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned or obvious from the above. The advantages will become apparent to
those skilled in the art from a reading of the following detailed description when taken with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic diagram of a cross-sectional view of a hyper thermally enhanced
ball grid array package in accordance with a first embodiment of the present invention;

FIG. 2 is a schematic diagram of a cross-sectional view of a hyper thermally enhanced

ball grid array package in accordance with a second embodiment of the present invention;

FIG. 3 is a schematic diagram of a cross-sectional view of a hyper thermally enhanced

ball grid array package in accordance with a third embodiment of the present invention;



FIG. 8 is a schematic diagram of a top view of a hyper thermally enhanced ball grid array package in
accordance with a second embodiment of the present invention; FIG. 9 is a schematic diagram of a
top view of a hyper thermally enhanced ball grid array package in accordance with a third embodiment of
the present invention; FIG. 10 is a schematic diagram of a cross-sectional view of a hyper thermally
enhanced ball grid HHay*packsenssidetidstimpibmbatteincorsance iprcheramlyouiraeaddtate present
invention; angriq arﬁ'ﬁpa%ﬂa??e%fQ%%&%i%wﬁﬂgrﬁ%&ﬂﬁEm%'Ntfe'ﬁﬂ@s!&ﬁhﬁx@%ﬁ;9rid array package in
accordance with an embodiment of the present invention. BEST MODE FOR CARRYING OUT THE
INVENTION In the follewischeaasdeidiipnamune usspacifiofletayisearkegivaly nprmdd®althorough
understandingré(af the invei(rgltion. Howgver iv%i‘{‘ﬁ"élbe apparent that th§ t'nvention .maf% boen practiced without

g artdy package in accordanc second embodiment of the present inv ; o
these speC|f| etalfg. Ifn orﬁer to avméno scuring the present mventlon,psome we -tll<nown circults, system

configurations, and9cess SIeRs G M HISe 058 bRARRLw of 4 AGE RerhANIZ NIRRT Yed herein is
defined as a plane parallel to the conventional plane or surface of the top heat slug, regardless of its

orientation. THERTAY RASKASEIMRTEPLIA% At AbH b emRadtmsR O AN SR just defined. Terms,

such as "on", "abov, elow"”, "bottom’, "top", "side" (as in 'sidewall"), "higher’, "lower", “upper"”, "over",
nd “under, are deSidwith R R o B e & Tty Stan e SRS P
includes depesiiopeofagrate rAedadpisotordsidirpattdanimasne b dsupessdeviaksphsant, etching, cleaning,
and/or removal of the material or photoresist as required in forming a described structure. = Referring
now to FIG. 1, therditfisSsHowhsaetie Hagiemiahrdhp of s crbadsesctiBraraiE v bracey 5al ¢iitmally
enhanced baflrgfichakaye (il hEBfA Ak packag eddHl khdoaardanceiwiiesdhitshambadiment of the present
invention. The HTEBGA package 100 is a chip scale package (CSP) having ball grid array (BGA)
input/outputs.  TblfncPaasesthenhdiatdiigsipatibn capadiinf ef theHTEBAW paltkage B00gradtop heat slug
102 and a bofiom hegh slug 104 g0caRsuialeaRd RFRtEHLA SERICARAUEIIVERNIBL06 mounted inside the
HTEBGA package 100. The semiconductor chip 106 is shown as a flip-chip but is merely an example of
what can be packaged.sincesthessesrisandigtanchip 4 Qeowaisdibaundsystad bypthasermaning ordinary
skill in the art from t esent disclosure to be multiple chips or even other packages. In oane example,
the semicond LA Ly Ger LA et o L P Ghe o S AASE SR Bt S hckess
ranging from Betpr2&mti irsentioT;h@dop heat slug 102 and the bottom heat slug 104 act as thermal
dissipation paths for heat to be dissipated. Both the top heat slug 102 and the bottom heat slug 104 are
preferably metallic &Hd: ddrireinyddsrom Wﬁéﬁﬁlg’éfﬁﬂ%lﬁﬁ EsHiset bedppisth Ay radR&ficate and
vanadium dopeg&sppck GampPawitsdihesiatepdaphthientsad to reduce thermal mismatch between
the metallic heat slugs and the semiconductor chip 106. The vanadium doping provides stress relief
between the copper and theBii$daMODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in

detail.

The term “horizontal” as used herein is defined as a plane parallel to the conventional

plane or surface of the top heat slug, regardless of its orientation. The term “vertical” refers

EE AN TY

to a direction perpendicular to the horizontal as just defined. Terms, such as “on”, “above”,

” 9

“below”, “bottom”, “top”,

LE T3 LN T

side” (as in “sidewall”), “higher”, “lower”, “upper”, “over”, and

“under”, are defined with respect to the horizontal plane.



The structure of the top heat slug 102 is made concave with a horizontal top 130 and sidewalls 132
formed downward about 7 to 10 from the vertical. The sidewalls 132 flare at the bottom into a flange or a
cap flash 108. The cap flash 108 serves as reinforcement for package sealing as well as minimizing
compression stress from thermal mismatches of the semiconductor chip 106 and the top heat slug 102.
For chip size packabestatie Gapciesne 08 wodlektsantymyibley deppsivioim ¢forzienid wielhtoresirranged in

line or in staggged cualowsareundinadap at g semisridusiobchimdf aredhonghpads 411, generally
made of AI-Sg%?lCu. Sl%Jd bumps 114, gﬂgerall of ?ggpper, a?gdbonded to the bond pads 111. The stud

bumps 114 2R REHRE S dOPTIRSr SHterRRL e YFowth due to Kirkendall voids in solder joints

caused by thermal mismatch and t rature .cycling. The semiconductor chip 106 js flipped-over for
chip-attach uaing oI o 11 4l e e
having a subsirateopdieg thegraHy enhenesssballcanityra (FREBubsratkispaAthty ke®elidcthe recessed

cavity 119 requge, hadotdlJaaskaas weightandheahrnce shbstragciyeiural flewhilitynifRe.gubstrate is
generally a reinforced polymer laminate material, such as organic bismaleimide triazine (BT), or a

polymide reshfcEa#t4 Hé%‘f@ééﬁ%%@fﬁ??’é’oﬁ%ﬁﬁH@’THB%Sbottom conductive traces.  Solder
pillars/ball bumps 110 are formed.copnected. to the top. tra in.asolderm 118, which is
ore.piatedl on non-cONIEArBAE dF e SR FEE P b L e AR VR buic-up
wings 124. Thegdficahduildatiowihes 324 dfd dasigaedditoand nproletiea stsideronsiskostebigturiédand solder

join.t sustainafjility ey ineichuie Wﬁé@%@&;ﬁg% Wl %@s&ﬂﬁ%ﬁ@&i@f%‘iﬁﬁ'l@@%%ﬂ%qlﬁﬂ robustness
during the second re-flow after ball mounting. The stud bumps 114 are mounted on the solder

pillars/ball buthiPsPri 6 AR thHetn FamRin Ol YoAh s e8rHeEt o bR S CRNROHIRICESIPCHIS 106 to the

substrate 11avduldinguieitonsdh®salder pillarsdralhbyraps 1l hsali-realighetprithenedactdagation of the
bond pads 141 and.the soider mask 448 strengihens the solder pilaraiball bumps 330 afier eat reflow.
Once the semiconductor c?mlp 1067s mou%%ecfl, an adhesive 1t fncFucﬁng 8 non-brittié intéréonnect
material, sucheags Sufest|dér abteGrlapokageisapphid theomitie fdnviertysbenwing Surfacéoddthds.
semiconductor chip 106 which is facing upward after chip-attach. The adhesive 120 can be conductive to
enhance heat conddBidPPIsRials 4 dathiboRatiemneHipuDeéUrisire sy sisipgtitdPaie cap flash
108 of the togonartskéght OR sseealedByith then@p-Gemdsicivenadinasive (bifoA) Hed? aua nen-genductive
elastomer (NCE) to enha sealing. Then, the top heat slug 102 is placed, usin attern
reoogniton SJTSH SR Lo A e o A TS og BT e RO SRt s T8 A s a platform
for sealing agdinstethadsyhstdater 1dcpet sapiromoaounds 5T hard it 80 Clommppliestih tinediwing the

sealing proCegs 0, PR e AESNG HeO0mlRRiSamicQNANCIRg Gip AR MaY.Re Bepneiicalysealed to the

substrate 116 using a vacuum applied through the substrate openz;?gl 128. A further sealant or heat

conductive eS8 TIOORINBETRY restaEidH BSEVeEh SrterBpetif (g 38i8'%lso help provide a hermetic
seal around the semjconductor chip 106 The substrate opening 128 is then used nabple the
Pottom ot Slug. 10N B Ao it LB R e A el R Mo
semiconducteideiigld 08216 ent dneed irdaboonductid)i.fBecdusemaodt dhthadaptille tititrtagters are in

the top of the,egyANAHEIY FRR106 adirgamt iR band Rads.ll oln&ieds & NaRMHIQARYES; faster heat

dissipation path on the top to channel out all heat generated to the package ambient. The bottom heat
slug 104 perfetkashisslinedon'sY haErRRARhECIHR SRS yHIEsY o thienalcrdurydsyitf 19 to provide

additional heatsRoMenioNcs Teme.aeddespheadzBeA packagesteQackages, the cap flash 108

would be typically 2-3mm in horizontal width.

Arranged in line or in staggered dual rows around the top of the semiconductor chip
106 are bond pads 111, generally made of Al-Si-Cu. Stud bumps 114, generally of copper,
are bonded to the bond pads 111. The stud bumps 114 assist in halting the formation of inter-
metallic growth due to Kirkendall voids in solder joints caused by thermal mismatch and

temperature cycling.



The under hang feature includes: the thickness of the bottom heat slug 104 exceeding the thickness of
the substrate 116, the bottom heat slug 104 protruding from the substrate 116 during flip-over and after
mounting. The protrusion of the bottom heat slug 104 is, however, less than the standoff height required
after solder balls attachment with a minimum clearance of 1.25mm reserved. The bottom heat slug 104 is
engaged with the sdbstremcpaductor chie K10 esdtitmedsotesiehdup-slirsh oung Ripngsp dqudingiethe size of
the opening of {hgeubstrate opening 128 in the substrate 116. The bottom heat slug 104 is attached to
the bottom surface of the semiconductor chip 106. The bottom surface of the semiconductor chip 106
may include a phosphesilibatetglass (PS@)oriSh pobyimidaodppingdbyend dpeatayndsthadstud bumps
114. The bottom heat sl 4 passes through the strate opening 128 of the substrat 6, using a
s i A e s e R S o
conductive aghdgige woght anOpdwmeesnpidutiore ofuveubbtibmihibitt sllibe19bitatadezoseldby balls 112 are

prepared at g lankSHBSITAE MRMANRa RIS RAVIRIRM SXask RIS the hpttast sufage of the
substrate 116 including metal connector pads 126, which are connected to the bond pads 111 on the

semiconductBPRMIL 5% P RenEHRIBE BH PSR RAY it R iRgd Weadhal b seaA the BatESm heat slug 104)
is then picked up tobe. flip-qver.again, using.a pattern recognition system to align the ed of the

o st 116 t SRS T R SR ON YR RS S Y5R
pre-determinedyyatidsryMdunting Batchieved snoedhapinct he stistdon el andbebjdsteatt tblpackage

reflow. The ?HEBQHERB% 9@&11}%1%8&@-% iw&gimis Tﬁé‘%rﬁ%}%ﬁﬂ%ﬁﬂﬁr@@@%c des@f%fﬂ&ing now to
FIG. 2, therein is shown a schematic diagram of a cross-sectional view of a hyper thermally enhanced ball

grid array (HTEBEARsRIReyRash G N ANERBhANERIT™ SEirP BIHBUIRSO AN brefe¥ thvention. A
top heat slugwPaand eatbede mtbeal pabikgLOdrencapsiiaiaandpiotatt thesamiqnduaternahip 106
mounted insign%&htelanTEBGA package 200. The HTEBGA package 200 includes similar elements from
the HTEBGA pagkaé'e 100 of FIG. 1. The top heat slug 202 has a top recess 206 or a reduced top

surface thickness, opf{RigQghLMnN 3 Of the iRk Ee ok S ScKpERSy RINKAQM ) FaHRRRhLEgEtangular
indentation in the center of the top heat slu%erzoz. The bottom heat slug 204 also has a bottom recess

208, or a red B sIHFRE AMRTERPSSEMYNE s irBisoRaver shiedhiulas Maeiriaibtoin teRenter of the
bottom heat skfipwOthe Suklarenbedbne pufsthernerifadersheahédissipalionicapabiibohegaikarger
effective heat djssipation area a s reducing vertical ther ismatch lgading. Referring now to
1. 3. thoreih o B T S S R R 105 R4 emnenced ban

grid array (HTEBGA) pagkage 300 d0carcandanes vwitladbirgh eaRediment ahiac, pressnbinention. A

top heat slug 302 and a bottom heat slug 304 encapsulate and protect the semiconductor chip 106

mounted insid¥cReNRFFEBEN IR @308 e HPrEiR @Atk erpbiod it i EsiPeleMents from

the HTEBGAspaekage 100 ehfidendlictor chiie 10p headishygratrzanshiha holprmheataing 304 include
heat-spreader dflilns 3016281nd 31)085 re(islptecti\{el .hThe heatt-s r ager ints 306 l‘;jlnd 308 are builtﬁin vertically
and appear ffoM the respéctive top and bottom Surtaces of e top heat sitig 502 ahd e bbttom heat
slug 304 (aftdOmauhtingppoithe shigek@ari bt the fhphédt sfuh30 hed the HoRosrbeed st 804 with 3/5
depth of fin Igaqtbo e AR MR aniages e 1RfaLGIREHve ARt Reheatdissipaiamas well as
promotes air circulation for faster cooling effect. Referring now to FIG. 4, therein is shown a schematic
diagram of a t56ttn view of a hyper thermally enhanced ball grid array package in accordance with a first
embodiment of the n?ﬁese t ir{veqi)tiop qorrqﬁgondipg Té) FIG. 1. Th(ta bottom hteat slu%104 istocated in the
center the substrate 116. Fhé Bolar bifis 112 aPe sHowi A SURY HE BShe Rear S 194  Referring
now to FIG. Suthenginl i shbwrra dtibmasiotibgramichashaitthd wwewsofsaappéorthdimadhliephanced ball
grid anay pagkags MACHARDGGAV i SEsRNBambesimanh akine Aesgkinierfioqu e Rottom heat

slug 204 is located in the center the substrate 116. The bottom heat slu? 04 includes the bottom recess
208 in its the CalB8rPPRESHFRYF D HIfs2hesfe IZRoWF afSRIFN S Dot RE AP &1y houmetically

sealed to the substrate 116 using a vacuum applied through the substrate opening 128.

A further sealant or heat conductive epoxy 129 can be injected through the substrate

opening 128 to also help provide a hermetic seal around the semiconductor chip 106.



Referring now to FIG. 6, therein is shown a schematic diagram of a bottom view of a hyper thermally
enhanced ball grid array package in accordance with a third embodiment of the present invention. The
bottom heat slug 304 is located in the center the substrate 116. The bottom heat slug 304 includes the
heat-spreader fins 308. The solder balls 112 are shown around the bottom heat slug 104. Referring
now to FIG. 7, therdihcisubhavin apatnedrdtic dikigread ofcadop Viehotda hgpiehihdvmgipeesitenced ball grid

array packaggifecGREdamse it 8 firet enabedimant Qfihe RIRRaRt INYERIRMctor ERGfErinIgopow to FIG.
8, therein is shown a schematic diagram of a top view of a hyper thermally enhanced ball grid array

package in aBRBBEEICReRifP YL iUhd RIS aIMen b e pIES SHEMUSREEH 2P HB tBh B R 202
includes the temieersst@06hip itdCatifient thRedadripglndM [aHetsis9; thetein imshawmsarskhematic

diagram of a top.view of a hyper thermally enhanced ball grid arra kage in accardance,with a third
embodiment ST SLLA T R e g re BT HE AR T e
Referring nowagom Geatosltige i€ psrépiownilzissimtieiti xinefeimhafzngrdis-sistioital e dhar hyper

thermally enhangedihalligyid @rigypaakiadaaaldar RemrdpirhidaceRaNEEWith @ReaERediment of the
present invention. The stud bump 114 couples the exposed portion of the bond pad 111 of the

semiconductBrLHE 168 to the solder pillars/ball bumps 110.  Referring now to FIG. 11, therein is

shown a flow chart g3 semicondyclor packeae sysiem 1400 in secqrdance with g embodient of the
present invention. The system 1100 Includes: mounting a semiconductor Ghip 16 a substrate having a
substrate opéhiribi¢hngssloCihd 302 rattaldifinteebfiromhbest slug t64epfiesvdunddvenohtralksmriicbHductor chip

and at least Rﬁﬁ@'ﬂiﬁ&ﬁ@%&ﬁ&ﬁ@ PH&M@CQHQBRE%QBJ%W% %@%ﬂ&ﬁﬁ@‘i@ﬁﬁ?ﬁ&&@eéecond heat
slug to a second surface of the semiconductor chip through the substrate opening in a block 1106. It has

! . P .
been discovefe %tthﬁétﬁ%ggﬁtei‘ﬁ%ﬁﬁ&ﬁ%ag%égl%rh%%&%aﬁ'a‘@ﬁﬁtt%@& minigHB GiF3ftae is that the
present inventfanpackagercansiructionod hygperthermalin enbanaediadupsich@rray. (HTE-BGA), has
80-85% of the total external body covered by heat slugs and solder balls, which is thermally conductive.
Such design enhanths fieaeidibsiption matalluside4 bfaheopacikabte. Bartie ofttbetopehagt ldty 102 and the

bottom heat |y L oﬁéﬂﬁﬂ'gq sirectronBch-win 18e WwR-anghatiom sfares of Mg semisanductor chip

106, giving shorter paths for heat to be dissipated. This means faster cooling effect can be achieved.
Another advaif¥4yB 1erRct ehdesismis treusioe itbie|0R tHa s st iHe ¢ o) HeatBiterde3adhiRssed as the
cap flash 108 senvies asli@intopaechbilictuie dRLNRAGTEHcapshiliaitiéigigitynd esdueing cesuptession and

lateral stresses from package, chip top, as well as serving as seali latform to cover t ackage. The
pottom heat S HOA IRl 2o ER e S L S S B R S R 1388 e
advantage isttivatubeimesohductive adhekige (NCAP oambiraoduethvel elastoreap iNCERY isotsed to seal up

all exposed a{easaf i RALHAGR SHYRIU BINRVEII GRS ingression.

Once connection of the bottom heat slug 104 is made, solder balls 112 are prepared at
a blank substrate-mounting template having an exact imprint of the bottom surface of the
substrate 116 including metal connector pads 126, which are connected to the bond pads 111
on the semiconductor chip 106. The enclosed package (with the top heat slug 102 and the
bottom heat slug 104) is then picked up to be flip-over again, using a pattern recognition
system to align the edges of the substrate 116 to the substrate-mounting template edge which
contains the solder balls 112 in a pre-determined pattern. Mounting is achieved once the
placement is done and subjected to package reflow. The embodiment of the present

invention is ready for testing and branding.

Referring now to FIG. 2, therein is shown a schematic diagram of a cross-sectional
view of a hyper thermally enhanced ball grid array (HTEBGA) package 200 in accordance

with a second embodiment of the present invention. A top heat slug 202 and a bottom heat

6



Another advantage is that the substrate opening 128 of the substrate 116 has shorter redistributed Cu
microvias for eliminating frequency parasitic losses. Another advantage is that the substrate opening
128 of the substrate 116 also provides a guard ring or the vertical built-up wing 124 on the edges of
substrate coiled down area to thinner substrate platform area. This additional feature serves to safeguard
the solder mabie 208 oirtheuhidhaadrttecrdasonyradog uhird Wf trggdsnude eI THBGHIder mask

118 serves tg,gnhancesoleeL BrRRSAgiditkAuring kaakage saaanrditafiow. romAROHEEBEVANtage is that
construction of the package required simplified assembly processes as no conventional back end

processes arfishher oA rglﬁri d. This results in faster time-to-market and shorter assembly cycle time.

Another advantage.js that the present invention has small. and compact footprint, with chip size housing
capabilty up to 3000 51 1hb P e G N ion  a
hybrid versiothwhFlipyciipofCi8Rad®GAug thickessanotherfrnpoftsonddvaettgedithagniatent invention is

that it valuably, §1RRAHS dNH.Sepieessihedustorical drendiehr ey ong £Q5tss SiBvRHMIRG Sy siggns, and
increasing performance. These and other valuable aspects of the present invention consequently

further the stafe* SFREtethRERoYF ot fRdbe dosmake [ or reeippaular ipdeHalion distis\ERe that the
HTEBGA package isysienhdandiappesatsscafdhediiesantintienticinvenisdni mipapannangdndigtofore
unknown a”ddHe”?(Y?i'ableeﬁ‘éﬂclﬁt\i,g'}l%a?% abilities, and funcH'onaI %Tdvanta s{o ther aglél %pcl?lancing BGA

reer SSipation ‘area as we S reducing vertical therma m A
packages. The resuftiig processes an cé)mtlguratlons are straightiorward, cost-eftective, uncomplicated,

highly versatileadind. effective, can be implemented by adapting known technologies, and are thus readily
suited for efficiently and economicall manufacturinﬁg%gGA devices. The resulting processes and

configurations are SHAFGHESRANNTE. ESGt-SAEEIRR 1t NMOMIticahe B2 HighigetAsPsatife AR 8FF8ER0E, can be
implementedwadaptingeknosin Je¢ kanlagiahaingtiarerthy sHEBHAS Whekafer Bihicientbp@anceconomically

manufacturing_.large chip IC pack devices.. Vhile the invention has been described in conjunction
with a specifig%%egtﬁlrﬁrgc%?%)%?gﬁg?u%%grres %rgdn%eé]'}/l\r{%}nany alternatives, modifications, and variations will

be apparent to thosg sijlagkin Uie, a5hin light.of e ATEg0IRg dRSCTRLAR. ARSIk igintended to

embrace all such alternatives, modifications, and variations that fall within the scope of the included
claims. All matfBICRitHrtctBIR 'S8 RomAlerbivsid OieHO WP AR degs iffaniid dizbfiyBaskass be

interpreted in3a0 iltigtativiedacReR1titing tie RBEEBGA package 100 of FIG. 1.

The top heat slug 302 and the bottom heat slug 304 include heat-spreader fins 306 and
308, respectively. The heat-spreader fins 306 and 308 are built-in vertically and appear from
the respective top and bottom surfaces of the top heat slug 302 and the bottom heat slug 304
(after mounting) to the inner part of the top heat slug 302 and the bottom heat slug 304 with
3/5 depth of fin length. Such design further enlarges the total effective area for heat

dissipation as well as promotes air circulation for faster cooling effect.

Referring now to FIG. 4, therein is shown a schematic diagram of a bottom view of a
hyper thermally enhanced ball grid array package in accordance with a first embodiment of
the present invention corresponding to FIG. 1. The bottom heat slug 104 is located in the

center the substrate 116. The solder balls 112 are shown around the bottom heat slug 104.

Referring now to FIG. 5, therein is shown a schematic diagram of a bottom view of a
hyper thermally enhanced ball grid array package in accordance with a second embodiment
of the present invention. The bottom heat slug 204 is located in the center the substrate 116.
The bottom heat slug 204 includes the bottom recess 208 in its the center. The solder balls

112 are shown around the bottom heat slug 104.



THE INVENTION CLAIMED IS 1. A semiconductor package system comprising: mounting a
semiconductor chip to a substrate having a substrate opening; attaching a first heat slug to a first surface
of the semiconductor chip, the first heat slug at least partially encapsulating the semiconductor chip; and
attaching a second heat slug to a second surface of the semiconductor chip through the substrate
opening. 2. The sydtefaraseciained i claitheicivhesbmicehtingtithd asaicelbetorchipviafther
comprises reflovi,s@ldering stughPuMia endhe-seplicapductreshimie saldernilecshallhimes on the

substrate. 3. The system as claimed in claim 1 further comprising; hermeticalflﬁi/l sealing the first heat slug
to the substrdls BSHREVEAIaM. Aerntandieth sieectitis dosriedin Dbl tsHig thE first heat
slug further cohepsigsesmphewiding et firslikat thlugeaitip@dop maoe 368N Bhtopoiitifaaddhareafe or attaching
the second h&?ot Wsrlluagownrmgé gco)trtrg)glrigeea§ Hﬁ%"fﬁﬂ?g the second heat slug with a bottom recess on a bottom
surface thereo

Referring now to FIG. 7, therein is shown a schematic diagram of a top view of a
hyper thermally enhanced ball grid array package in accordance with a first embodiment of

the present invention.

Referring now to FIG. 8, therein is shown a schematic diagram of a top view of a
hyper thermally enhanced ball grid array package in accordance with a second embodiment

of the present invention. The top heat slug 202 includes the top recess 206 in its center.

Referring now to FIG. 9, therein is shown a schematic diagram of a top view of a
hyper thermally enhanced ball grid array package in accordance with a third embodiment of

the present invention. The top heat slug 302 includes the heat-spreader fins 306.

Referring now to FIG. 10, therein is shown a schematic diagram of a cross-sectional
view of a hyper thermally enhanced ball grid array package solder bump joint in accordance
with one embodiment of the present invention. The stud bump 114 couples the exposed
portion of the bond pad 111 of the semiconductor chip 106 to the solder pillars/ball bumps
110.

Referring now to FIG. 11, therein is shown a flow chart of a semiconductor package
system 1100 in accordance with an embodiment of the present invention. The system 1100
includes: mounting a semiconductor chip to a substrate having a substrate opening in a block
1102; attaching a first heat slug to a first surface of the semiconductor chip and at least
partially encapsulating the semiconductor chip in a block 1104; and attaching a second heat
slug to a second surface of the semiconductor chip through the substrate opening in a block

1106.
It has been discovered that the present invention thus has numerous advantages.

An advantage is that the present invention package construction, a hyper thermally
enhanced ball grid array (HTE-BGA), has 80-85% of the total external body covered by heat
slugs and solder balls, which is thermally conductive. Such design enhances heat dissipation

on all sides of the package. Further the top heat slug 102 and the bottom heat slug 104



5. The system as claimed in claim 1 wherein: attaching the first heat slug further comprises providing the
first heat slug with a first fin on a top surface thereof; or attaching the second heat slug further comprises
providing the first heat slug with a second fin on a bottom surface thereof. 6. A semiconductor package
system comprising: mounting a semiconductor chip by flipping and electrically connecting former top
bonding padtevaledbstiarntiayinighahsubp trade ofpaningfasaaehirgseneiemigtosiclnd @figstisarface of the

semiconducteGRPBING.RIANAHSIVR Homd. theilapdratslugabirasiRRr ial yenaapauating the

semiconductor chip; and attaching a bottom heat slug using a conductive bond to a second surface of the
semiconductor chipAhsaisghdieagbstinate opatiing.thé.apheusy steme ag @aihed inpdainsmgviterein:

mounting the ﬁgﬁmico dugctor ch}p fgﬁagr comprises eflocyv solgerin stﬁjd bumgs on the. s%rpiconductor
. a eSsed a t%e Ca as serves 'as reinforced strycture to enhance encapsulant rigidi .
chip to solder pillars &l bumps on the su strate; attaching the top heat sTugI%u er corﬁprlgés attaching

the top heat shdgawigheanimession and lateral stresses from package chip top, as well as serving as sealing

platform to cover the package. The bottom heat slug 104 further enhances effective heat

dissipation area of the package.

Another advantage is that non-conductive adhesive (NCA) or non-conductive
elastomer (NCE) is used to seal up all exposed areas of the package structure preventing

moisture ingression.

Another advantage is that the substrate opening 128 of the substrate 116 has shorter

redistributed Cu microvias for eliminating frequency parasitic losses.

Another advantage is that the substrate opening 128 of the substrate 116 also provides
a guard ring or the vertical built-up wing 124 on the edges of substrate coiled down area to
thinner substrate platform area. This additional feature serves to safeguard the solder mask
118 on the non-contact areas of the top surface of the substrate 116. The solder mask 118

serves to enhance solder bumps rigidity during package second reflow.

Another advantage is that construction of the package required simplified assembly
processes as no conventional back end processes and wire bond required. This results in

faster time-to-market and shorter assembly cycle time.

Another advantage is that the present invention has small and compact footprint, with

chip size housing capability up to 80% of the package case outline.

Another advantage is that the present invention is a hybrid version of Flip-chip, CSP

and BGA.

Yet another important advantage of the present invention is that it valuably supports
and services the historical trend of reducing costs, simplifying systems, and increasing

performance.

These and other valuable aspects of the present invention consequently further the

state of the technology to at least the next level.



conductive bond to the top of the substrate; and attaching the bottom heat slug further comprises
attaching the bottom heat slug with a non-conductive bond to the bottom of the substrate. 8. The system
as claimed in claim 6 further comprising: hermetically sealing the top heat slug to the substrate by
applying a vacuum or a further sealant through the substrate opening. 9. The system as claimed in claim

6 wherein: attachindth® tbpahdaesHiscayaisdrietisriseERFuViphakpge toprhead shigwith o tbp recess in

the center of g iR surfragdhaierkratiashingthadotrmbralalug MW hel camaisas REMdIRg the bottom
heat slug with a bottom recess in the center of a bottom surface thereof; or attaching the bottom heat slug

further compfiaRRLIisEh Ay thEnpoAsN HRARERS ifPh FRYby MR tROSUBERERESS10. Fie system as
claimed in clasubinghpreiessadtaahingrfientafohe aksiugfpithetaampoisesiprovidingctheptoptb®at slug with
a first plurality.of fins on a top,surface thereof;. attaching the bottom heat slug further comprises providing
the bottom h L S i ST o PR e G e e e R Feing
attaching a bHlbgreadalyayited thechiotion oindecoubsticuidy shasotriecilyiepBRectisditssthe semiconductor chip.

The resulting processes and configurations are straightforward, cost-effective,
uncomplicated, highly versatile and effective, can be implemented by adapting known
technologies, and are thus readily suited for efficiently and economically manufacturing large

chip IC packaged devices.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.

10



11. A semiconductor package system comprising: a semiconductor chip; a substrate having a substrate
opening, the substrate having the semiconductor chip mounted thereon; a first heat slug attached to a first
surface of the semiconductor chip, the first heat slug at least partially encapsulating the semiconductor
chip; and a second heat slug attached to a second surface of the semiconductor chip through the
substrate opdiifigNYENIHENSkSHVHEI&Imed in claim 11 wherein: the substrate further comprises
solder pillars/ball bumps; and the semiconductor chip further comprises stud bumps for conductively
connecting the semicondyetSPERIBBEIREPEEAET DIFSFR/AIMSEHTS on the substrate. 13. The system as
claimed in claim 11mdiecaip athensedddirate fufheracobyptigeiseinvesticakbudtoppnmgig; and a solder mask
on the substrate Wlta [Qcmggvae %%%Qéi"ﬁh‘é) t\(l)werl] gi'rst surface of the semiconductor chip, the first heat
slug at least partially encapsulating the semiconductor chip; and
attaching a second heat slug to a second surface of the semiconductor chip through the

substrate opening.

2. The system as claimed in claim 1 wherein:
mounting the semiconductor chip further comprises reflow soldering stud bumps on

the semiconductor chip to solder pillars/ball bumps on the substrate.

3. The system as claimed in claim 1 further comprising:

hermetically sealing the first heat slug to the substrate using a vacuum.

4. The system as claimed in claim 1 wherein:

attaching the first heat slug further comprises providing the first heat slug with a top
recess on a top surface thereof; or

attaching the second heat slug further comprises providing the second heat slug with a

bottom recess on a bottom surface thereof.

5. The system as claimed in claim 1 wherein:

attaching the first heat slug further comprises providing the first heat slug with a first
fin on a top surface thereof; or

attaching the second heat slug further comprises providing the first heat slug with a

second fin on a bottom surface thereof.

6. A semiconductor package system comprising:

mounting a semiconductor chip by flipping and electrically connecting former top
bonding pads to a substrate having a substrate opening;

attaching a top heat slug to a first surface of the semiconductor chip using a
conductive bond, the top heat slug at least partially encapsulating the
semiconductor chip; and

attaching a bottom heat slug using a conductive bond to a second surface of the

semiconductor chip through the substrate opening.

11



14. The system as claimed in claim 11 wherein: the first heat slug further comprises a top recess on a top
surface thereof; the second heat slug further comprises a bottom recess on a bottom surface thereof; or
the first and second heat slugs provide at least 80% of the surface area of the semiconductor package
system. 15. The system as claimed in claim 11 wherein: the first heat slug further comprises a first fin on
a top surface theredf; or tHésexstid Hedtigiad ifuethier eorhprises a second fin on a bottom surface thereof

16. A semiconduct%&ﬁﬁh@%éyé&ﬁmﬁamw SO raREMISAPHUSIR RN AdsHRS URIE liRYIN A Substrate
opening, the substrate having the semiconductor chip fliﬁped and electrically mounted thereon; a top heat

slug to a first surface of thQsEHESAMELE R el RiEBrARERERIRBLR WL 5p heat slug at least
partially encapsulatingdhiesemiopraddctiigchiphanchafodomiheai sltig wpihgaa Conduttivaadhesive to a
second surface of the semiconduciqr chip {qugh e supslAt,gpening.

attaching the bottom heat slug further comprises attaching the bottom heat slug with a

non-conductive bond to the bottom of the substrate.

8. The system as claimed in claim 6 further comprising:
hermetically sealing the top heat slug to the substrate by applying a vacuum or a

further sealant through the substrate opening.

9. The system as claimed in claim 6 wherein:

attaching the top heat slug further comprises providing the top heat slug with a top
recess in the center of a top surface thereof;

attaching the bottom heat slug further comprises providing the bottom heat slug with a
bottom recess in the center of a bottom surface thereof; or

attaching the bottom heat slug further comprises attaching the bottom heat slug in a

recessed cavity in the substrate.

10. The system as claimed in claim 6 wherein:

attaching the top heat slug further comprises providing the top heat slug with a first
plurality of fins on a top surface thereof;

attaching the bottom heat slug further comprises providing the bottom heat slug with a
second plurality of fins on a bottom surface thereof; or

further comprising attaching a ball grid array on the bottom of the substrate

electrically connected to the semiconductor chip.

11. A semiconductor package system comprising:

a semiconductor chip;

a substrate having a substrate opening, the substrate having the semiconductor chip
mounted thereon;

a first heat slug attached to a first surface of the semiconductor chip, the first heat slug
at least partially encapsulating the semiconductor chip; and

a second heat slug attached to a second surface of the semiconductor chip through the

substrate opening.

12



17. The system as claimed in claim 16 wherein: the semiconductor chip further comprises stud bumps on
the semiconductor chip electrically connected to solder pillars/ball bumps on the substrate; the top heat
slug further comprises a non-conductive adhesive attaching the top heat slug to the top of the substrate;
and the bottom heat slug further comprises a non-conductive adhesive attaching the bottom heat slug to
the bottom of the suBstratéhe18sTmeasyktarmdds elaimeéd Wheleiim 16 wherein: the substrate further

comprises a verticajfauiliuP.WiRgihaPehiHpeS compining R $eldspdnask on the substrate within the
vertical built-up wing; and solder pillars/ball bumps on the substrate in openings in the solder mask. 19.

The system as clai &qﬁlwﬂﬁl%grm&%ﬁﬁher comprises stud bumps for conductively connecting the
semiconductor chip to the solder pillars/ball bumps on the substrate.

13. The system as claimed in claim 11 wherein:
the substrate further comprises a vertical built-up wing; and

a solder mask on the substrate within the vertical built-up wing.

14. The system as claimed in claim 11 wherein:

the first heat slug further comprises a top recess on a top surface thereof;

the second heat slug further comprises a bottom recess on a bottom surface thereof; or
the first and second heat slugs provide at least 80% of the surface area of the

semiconductor package system.

15. The system as claimed in claim 11 wherein:
the first heat slug further comprises a first fin on a top surface thereof; or

the second heat slug further comprises a second fin on a bottom surface thereof.

16. A semiconductor package system comprising:

a semiconductor chip;

a substrate having a substrate opening, the substrate having the semiconductor chip
flipped and electrically mounted thereon;

a top heat slug to a first surface of the semiconductor chip using a conductive
adhesive, the top heat slug at least partially encapsulating the semiconductor
chip; and

a bottom heat slug using a conductive adhesive to a second surface of the

semiconductor chip through the substrate opening.

17. The system as claimed in claim 16 wherein:

the semiconductor chip further comprises stud bumps on the semiconductor chip
electrically connected to solder pillars/ball bumps on the substrate;

the top heat slug further comprises a non-conductive adhesive attaching the top heat
slug to the top of the substrate; and

the bottom heat slug further comprises a non-conductive adhesive attaching the

bottom heat slug to the bottom of the substrate.

13



the top heat slug further comprises a top recess in the center of a top surface thereof; the bottom heat
slug further comprises a bottom recess in the center of a bottom surface thereof; the bottom heat slug
further comprises the bottom heat slug in a recessed cavity in the substrate; or the first and second heat
slugs provide at least 85% of the surface area of the semiconductor package system. 20. The system as
claimed in claim 16 Wherelthetbisteop disktisledifuritiar Lowiigas a first plurality of fins on a top surface

thereof; the bottom featsiG UG COMMIRES dsecaMiRlUfAI LLfAS on a bottom surface thereof; or

further comprising a ball grid array on the bottom of the substrate electrically connected to the
semiconductor chipfurther comprising:
a solder mask on the substrate within the vertical built-up wing; and

solder pillars/ball bumps on the substrate in openings in the solder mask.

19. The system as claimed in claim 16 wherein:

the top heat slug further comprises a top recess in the center of a top surface thereof;

the bottom heat slug further comprises a bottom recess in the center of a bottom
surface thereof;

the bottom heat slug further comprises the bottom heat slug in a recessed cavity in the
substrate; or

the first and second heat slugs provide at least 85% of the surface area of the

semiconductor package system.

20. The system as claimed in claim 16 wherein:

the top heat slug further comprises a first plurality of fins on a top surface thereof;

the bottom heat slug further comprises a second plurality of fins on a bottom surface
thereof; or

further comprising a ball grid array on the bottom of the substrate electrically

connected to the semiconductor chip.
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