HEAT SPREADER FOR THERMALLY ENHANCED SEMICONDUCTOR
PACKAGE TECHNICAL FIELD The present invention relates generally to
semiconductors, and more particularly to a method and apparatus for
providing a heat spreader for thermally enhanced semiconductor

packages. HAGFSRRIZADEIRICTE IRV NVaE RepAN e
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semiconductors are b%%MMHB@RQﬁéT, K&k semiconductors is

becoming increasingly dense to provide higher speeds. As the density

increases however, higher power is used in these semiconductor

components. Additionally, there is a trend toward combining multiple

semiconductors in a single p&¢KAYEGH FoltERRBystem-in-a-package or a

multi-chip module. As the circuit density increases and multiple .
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semiconductor technology develops to address the increasing demand for
packageiniconductors having higher power and speed. Various techniques may

be used to remove or dissipate heat generated by a semiconductor. One

such technique involves the use of a mass of conductive material in

thermal contact with the seBACORGIRTIVNIMARIBSS of conductive material

typically is referred to as a heat spreader. One of the primary purposes of
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semicgighigtpr. One such technique involves the use of a mass of conductive material in
thermal contact with the semiconductor. The mass of conductive material typically is
referred to as a heat spreader. One of the primary purposes of a heat spreader is to absorb and
dissipate the heat generated by the electronic circuitry on the semiconductor and to spread the
heat away from the semiconductor. The heat spreader thereby removes the heat from the
semiconductor and reduces the likelihood of the occurrence of hot spots that can have an
adverse effect on the performance and reliability of the semiconductor.

Heat spreaders are made of a thermally conductive material such as aluminum,
electro-plated copper, copper alloy, or ceramic, for example. A heat spreader is positioned in
thermal contact with a semiconductor by use of a thermally conductive material, such as
thermally conductive gels, greases, or solders, as well as to provide thermal conductivity

between the semiconductor and the heat spreader.



the substrate carrier by means of a number of solder balls, solder bumps,
or other alternative connections. The heat spreader may be formed out of
a suitable thermally conductive material such as copper, aluminum,
carbon composites, or alternative suitable materials. The heat spreader is
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a thermal adhesive. Some heat spreaders have a lip around all, or a
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the surface of the substrate carrier.
Solutions to these problems have been long sought but prior developments have not
taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides an electronic device having a substrate carrier. A
semiconductor is connected to the substrate carrier. A heat spreader having upper and lower
surfaces and legs recessed below the lower surface is connected to the substrate carrier. The
Z-dimension between the heat spreader and the substrate carrier is maintained over

substantially the entire area of the substrate carrier. This electronic device removes heat from
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of those mentioned 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 plan view of an

the seBlREhaNitHaNIaa NRACRNBI HRKRRIEhHIAPBIaGIUIRE iRe 3EEREIAMEROr thereby
with the present invention; FIG. 2 is a cross-sectional view of the

increagiBEHS At HRNABEABARGHIH RS 1 taken along line 2--2; FIG. 3is a
closgaseetiiivians Jithe electonichdeviseshawan ddGn hdakashalPssin place

line 3--3; FIG. 4is a E_Ian view of one embodiment of a leg having

a
of thosg PrRiRASS Wit &AL HBSRIOMHY BRSRIMASRARIRICD Bhesg skilled in the art
from @resadsectionalyieyohthe legshanieitiiGor {Rken alero Wi Selichte to the
6 is a plan view of another embodiment of a leg having a solid circular
acconppanying GAWINES cross-sectional view of the leg shown in FIG. 6 taken
along line 7--7; FIG. 8 is a plan view of another embodiment of a leg
having a square base; FIG. 9 is a cross-sectional view of the leg shown in
FIG. 8 taken aloB8 e DESCHRIIONIOH pA B B Aksther
embodiment of a leg having a vertical tab; FIG. 11 is a cross-sectional
vielrof tisealelpshvaein oh #1Gletdankedesionddinagld haat; spradarniezufsieyred in
accorYAEWs ofianpltarnate embgsiiment of an electronic device manufactured in
accordance with the present invention; FIG. 13 is a cross-sectional view of
tHe @lettronigrefsvicetisiolvidr PIGha 2leskenicadsnipfindorg-1BFIOG] 1akis along
rafross-sectional view of the electronic device shown in FIG. 12 taken
along line 14--14; FIG. 15 is a cross-sectional view of the electronic device
shdlrn3insF Crose- terernadivieyy |ifehiselegrene desipe shstam vielfof | taken along
apother embodiment of a leg having a square base shown in FIG. 12; 3
FIG. 17 is a cross-sectional view of the leg shown in FIG. 16 taken along
ihdQ.74-17 ;2 Fikan 188 s Jubadhasviey of it hagisacweiientacbass with a

centraﬁ@yﬁﬂsﬂh@ﬂg&iﬂ&éﬁféﬂe@ﬁ FIG. 19 is a plan view of another embodiment of
an electronic device manufactured in

FIG. 5 is a cross-sectional view of the leg shown in FIG. 4 taken along line 5--5;

line

line 3

FIG. 6 is a plan view of another embodiment of a leg having a solid circular base;

FIG. 7 is a cross-sectional view of the leg shown in FIG. 6 taken along line 7--7;

FIG. 8 is a plan view of another embodiment of a leg having a square base;

FIG. 9 is a cross-sectional view of the leg shown in FIG. 8 taken along line 9--9;

FIG. 10 is a plan view of another embodiment of a leg having a vertical tab;

FIG. 11 is a cross-sectional view of the leg shown in FIG. 10 taken along line 11--11;

FIG. 12 is a plan view of an alternate embodiment of an electronic device
manufactured in accordance with the present invention;

FIG. 13 is a cross-sectional view of the electronic device shown in FIG. 12 taken
along line 13--13;

FIG. 14 is a cross-sectional view of the electronic device shown in FIG. 12 taken
along line 14--14;

FIG. 15 is a cross-sectional view of the electronic device shown in FIG. 12 taken
along line 15--15;

FIG. 16 is a plan view of another embodiment of a leg having a square base shown in
FIG. 12;



accordance with the present invention; FIG. 20 is a cross-sectional view of
the electronic device shown in FIG. 19 taken along line 20--20; FIG. 21 is
a cross-sectional view of the electronic device shown in FIG. 19 taken

along line 21--21; FIG. 22 is a cross-sectional view of the electronic device

shvpgyni inik Yerd & 1akeinal QNGB RS 1o 2hb 2. idF 162 IRk ViENoRkathe 17--17;

alternative embodiment of a leg shown in FIG. 19; FIG. 24 is a .
cPISE- 48 AriaFEP VIR RPHPIAL Vi Pl I Rhe WD an il Ldakenlong.ling, 18--18;
FIGG2D9%sa PlagsrRecipaabiiemeplbhiedfa sl ibckfaicd@{akemalan@ tured in

line 25--25; FIG. 26 is a plan view of another embodiment of an electronic
accordnfR & LG RIS U HE B dance with the present invention; FIG. 27 is

aIQs23estipprlMisw @b iR BlsetoanigcdavigrrahowR 1B Fkpwi takaG. 19 taken
along line 27--27: FIG. 28 is a cross-sectional view of the electronic device

along lwsof-m®1G. 26 taken along line 28--28; FIG. 29 is a cross-sectional

VIEW; 0D 1hes eleglsenie dayiaE SRAWSY ithE I8e o takeivalendding 29FE8; 19 taken
FIG. 30 is a plan view of another embodiment of a leg having a

along ling 2lqifihr base: FIG. 31 is a cross-sectional view of the leg shown in

FIGG301aiken alongstingodit-dikiv ISth32els Areressteaictiohahwieii ¢ithe19 taken
leg shown in FIG. 30 taken along line 32--32; FIG. 33 is a plan view of an

along lifie e 8mbodiment of a leg having a split rectangular base: FIG. 34 is a
Clogs-38Gtianahvieenobihe legshawndmbd@matakencglomeningm 34G349;
FIG,. 35 is a cross-sectional view of the leg shown in FIG. 33 taken alon
life 35238 2 EivsS SRR MITvieh/ bt ks a%@wm%ﬁﬁb%ﬁﬁﬂm%%hne 4--24;

el afgsdeyiess-seaiviaciisadoinRe tar daowa itche presantisveniorns--25;
o oA, e S BRIL BEh N URH P e i i in
a Cross-secti f .
accor@lpagving B8-pa&edt Mier3is a cross-sectional view of the electronic
d%}/ge 2*?5\/\/ a? (i:?olgé%é(%[?og% ev?ev?il%?gtﬁien%lgcgt_rb%?c; device shown in FIG. 26 taken
along line 27--27;
FIG. 28 is a cross-sectional view of the electronic device shown in FIG. 26 taken
along line 28--28;
FIG. 29 is a cross-sectional view of the electronic device shown in FIG. 26 taken
along line 29--29;
FIG. 30 is a plan view of another embodiment of a leg having a rectangular base;
FIG. 31 is a cross-sectional view of the leg shown in FIG. 30 taken along line 31--31;
FIG. 32 is a cross-sectional view of the leg shown in FIG. 30 taken along line 32--32;
FIG. 33 is a plan view of an alternate embodiment of a leg having a split rectangular
base;
FIG. 34 is a cross-sectional view of the leg shown in FIG. 33 taken along line 34--34;
FIG. 35 is a cross-sectional view of the leg shown in FIG. 33 taken along line 35--35;
FIG. 36 is a plan view of an alternate embodiment of an electronic device
manufactured in accordance with the present invention;
FIG. 37 is a side view of the electronic device shown in FIG. 36;
FIG. 38 is a cross-sectional view of the electronic device shown in FIG. 36 taken

along line 38--38;



FIG. 40 is a plan view of a substrate of the electronic device shown in FIG.
36 showing the position of passive components on the substrate; FIG. 41
is a plan view of a molded version of an electronic device manufactured in
accordance with the present invention; FIG. 42 is a cross-sectional view of
therglesiranis dRiee-shondl MEIG rihdaterraianading4dods HEI3 18 taken
a top view of an alternate embodiment of the electronic device

along kingdfactdived in accordance with the present invention having a number
ofgeCloy RinapeasyiEWSoft4 ISBEFSSTIERIOBRIMIEMOHNEEISRIWRIGn FIG. 36
device shown in FIG, 43 taken along line 44-44; FIG. 45 is a
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45--45. BEST MODE FOR CARRYING OUT THE INVENTION In the
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the invention may be practiced without these specific details. In order to

along lingid-58&curing the present invention, some well-known circuits, system

configuaationsa afafh PrasessStepsarant disehoseddnt detathcl ikRMigic device
the drawings showing e{H\g odiments_of the eljk(;tronic device are semi-
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In addition, where multiple embodiments are disclosed and described

along |in6;34-48me features in common, for clarity and ease of illustration and

descripion thawwefdiktdeatvies onaiarnotiewmbbaidioarity be deseobedievice
with like reference numerals. The term "horjzontal" as used.herein |
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semiconductor, regardless of its orientation. The term "vertical" refers to a
direction perpendicular to the horizontal as just defined. Terms, such as
"on", "aboVBES THOWE, HRAMRREINCiidT (AE I MNSMeNAION higher”,
"lower", "over", and "under”, are defined with respect to the horizontal
plaride goties tegrdcssriieassingmasous spckfe deiad /e Ltiepdsinety ke a thorough

undermﬂgl of H@ﬁﬂ%ﬁﬁ&.p%ﬁ%{?&, GERPEH S zﬁlaﬁr@l%ﬁttﬁécm{?éhtion may be

cleaning, and/or removal of the material or photoresist as required in
practiggehiiigert diesthbaafigcdgials. In order to avoid obscuring the present invention,

some well-known circuits, system configurations, and process steps are not disclosed in
detail.

Likewise, the drawings showing embodiments of the electronic device are semi-
diagrammatic and not to scale and, particularly, some of the dimensions are for the clarity of
presentation and are shown exaggerated in the FIGs. In addition, where multiple
embodiments are disclosed and described having some features in common, for clarity and
ease of illustration and description thereof like features one to another will ordinarily be
described with like reference numerals.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the semiconductor, regardless of its orientation. The term “vertical” refers

PN

to a direction perpendicular to the horizontal as just defined. Terms, such as “on”, "above",
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"below", “bottom”, “top”,
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side” (as in “sidewall”), “higher”, “lower”, “over”, and “under”,

are defined with respect to the horizontal plane.



Referring now to FIG. 1 therein is shown a plan view of an electronic

device 100 manufactured in accordance with an embodiment of the

present invention. The electronic device 100 includes a heat spreader

102. The heat spreader 102 has a body portion 104 and a number of
spaees Y6 JRIPeednwithin J%H@éﬂ?ﬁ%&ﬂﬁﬁﬁ%@ﬁgﬁtwmﬁf ﬂ'iephotoresist

heat spreader 102. Each of the spaces 106 is substantially square and is

patterfing oK RRASHST EHTEORIBE e fET R 8h & IS8R BoARK 1 04BFYRE AB4he material or

photoRRisBAGEdPLSHCHARIRY sl@mniBeNRiterwise forming. Referring now
to FIG. 2 therein is shown a cross-sectional view of the electronic device
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surface of the substrate carrier 200. The semiconductor 204 is mounted
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206, such as solder balls, or solder bumps. The semiconductor 204, also is
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" .upper surface of the semiconductor 204 using a thermally conductive
ormilgihesive 210. A number of passive components 212, such as capacitors,

ak@faﬂﬂugbﬁdmtmm}as NBeRSSALY sisvenpartislasaesigh] afetherf the electronic
carrier 200. The heat spreader 102 has a numpber of | 214
devwmﬁ mﬁ%ﬁ%ﬁtﬁémgm%%o%ﬁerﬁ 8%1% g%l&%@f@a}ﬁ@ §@ substrate
carrietIS0Y aAhesimadydeasuntivesasbesive 3l 6hd hpRpacerheiweenetbebupper carrier
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200 g‘ﬁg éé

the
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conneéfifig phefeéﬁbtwﬁlmammne@ @E@&t&%ﬁ@t@ﬁdﬂ@eﬁ%&ﬁ%ﬁfgﬁe@hﬂﬁfﬂe electrical
carrieré%o to prevent the formation alized hot spots in the elect
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physidalnatiavked su rﬂma@ﬁﬁh&:wﬁﬁﬁmemaﬂtg adQ@dHesiselidseq 208! siohiAkng epoxy
of the electronic device 100 to a printed circuit board (PCB), which is not
shown. Referring now to FIG. 3 therein is shown a cross-sectional view of

thﬁlelﬁeat@pieadavlm 106 abbydtdntid Gpetakef & @fghine@iednding@or 204 using
trate arrler 200 has agjﬁ pe 6 surfa ace ; 00. The heats reade délf% uch as

Su
a theigy Z‘(s‘iﬂ% GRS Ot tHES uets? 204% n%asﬁ}‘é‘?e?gw
capacitoreaBubsiantallydbistehtisenogpeirsuidaaep 30 wihthé: sghsirateecartsierate carrier

200.

layer.

The heat spreader 102 has a number of legs 214 that is attached in the present
embodiment to the substrate carrier 200 using a thermally conductive adhesive 216.

The space between the upper surface of the substrate carrier 200 and the lower surface
of the heat spreader 102 is referred to herein as a Z-dimension 218. The Z-dimension 218
preferably is maintained constant over the surface of the substrate carrier 200 to prevent the
formation of localized hot spots in the electronic device 100 during its operation.

A number of solder balls 220 is connected to the lower surface of the substrate carrier
200 for subsequent mounting of the electronic device 100 to a printed circuit board (PCB),
which is not shown.

Referring now to FIG. 3 therein is shown a cross-sectional view of the electronic

device 100 shown in FIG. 1 taken along line 3--3. The substrate carrier 200 has an upper
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200 thereby maximizing the heat dissipation capability of the heat
spreader 102. Referring now to FIG. 4 therein is shown a plan view of an
alternate embodiment of the number of legs 214 shown in FIG. 2. A leg
400 includes a circular leg base 402 having a central aperture 404

surfach&y@iN. TR gikeilapresibAID A Qb igconnrestpthée he thedy-pAcianutisd by4 and
a number of leg supports 406. The leg 400 may be formed integrally with

prefergpby B Soltisn o4 4RP ARGt S HiEh URREELTIG Pt o08se! Sischiagrate carrier
200 tHARBYPINE A S RE hEe e na nave i oGy o tharaiBdsspRade 202.

cross-sectional view of the leg 400 shown in FIG. 4 taken along line 5--5

5.
TRETRUIRBEIS fod LtpAdherdne isReetnipviiaty i YtrmwataisRadiment of

the nUMBRWERENPARLRthe icsular Aer HAoe #oR TeSheROGYMePRd 942 having a
The vertical distance between a lower surface 500 of the circular leg base

centraj gpesiytie Hu B SivraddestE HrtHESLBHY Faribreenacrisd iosthnfafy eqttign 104
by a HutiRZFImensippord4fefeiogsouwie iy Ketheraidisnstawinawai@nthe body

. view of another embodiment of the number of legs 214 shown in FIG. 2.
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leg 600 m%)?/ be formed integrally with the body portion 104 by an

in FIG, it Bl talR0atRring > prd LU OReR %%@Faﬁﬁ‘ﬁﬁf@%f‘%rﬂﬁiﬁ]@???gféﬂwdly and

outwaf@Wy foinl €he LhE@TPURijshSROVMIR CiaaTsa6h Mast WEMOtHBS Y BORion 104. The
) g{; wn inglG. 6 taken along line 7--7. The leg support 606 is slanted
vertic (3},%{

PARF DBSaR Rl frtH e 80 & P SPHBRT Sehasolrard ddtsgr surface
502 obaeeb68y portivn hodyipariamiialy theavesticalzdisiansohetvseen a lower
surface. 700 of the_sqlid circular leg,base 602 and a lower surface, 702 of
Gy S BT Bt e S ) Al Rt RS SHpociment of the
numb&efetEngI1aveioviGn 8libereinmiseghevmniscplass \dewldf d@raflaeneg base 602. The
.. embodiment of the .number of le 14 shown in EIG. 2. A leg 800
solid (AL I B 07 GRS 6 o ne RAPRRE AL Igh S UBRREALE (Jhe lee
600 niae bedfpnetiomitoAly aviag sieppody Spikitibhel ey BPQmasubeblonmed facturing
integégls% with the bod% ortion 104 by any suitable manufacturing

proce%rc? SHRREeses ﬁl,gor forming. Referring now to FIG. 9 therein is
siR@fenringrass-geElicnal thigwinfstiiRoleg 8Qtosheven ottt FiswSdtkenal@wiy shown

e L o CO R
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s RIS WSS O824 b BRPSRAR AU P s
702 ofriaevbokithpeetitnodihaniubstheially equal to the Z-dimension 218.

Referring now to FIG. 8 therein is shown a plan view of another embodiment of the
number of legs 214 shown in FIG. 2. A leg 800 includes a square leg base 802. The square
leg base 802 is connected to the body portion 104 by a leg support 806. The leg 800 may be
formed integrally with the body portion 104 by any suitable manufacturing process, such as
stamping, or forming.

Referring now to FIG. 9 therein is shown a cross-sectional view of the leg 800 shown
in FIG. 8 taken along line 9--9. The leg support 806 is slanted upwardly and outwardly from
the outer periphery of the square leg base 802 to the body portion 104. The vertical distance
between a lower surface 900 of the square leg base 802 and a lower surface 902 of the body

portion 104 is substantially equal to the Z-dimension 218.
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number of legs 214 shown in FIG. 2. A leg 1000 includes a leg support
1002 connected to the body portion 104. The leg 1000 may be formed
integrally with the body portion 104 by any suitable manufacturing
process, such as stamping, or forming. Referring now to FIG. 11 therein is

sy th £rass-seChnal viens RIANE 1 Wa0P powWRW 5ftGhel BniBk@iment of the
along line 11--11. The Ie}%lsupport 1002 is connected to the bogégportion

numbeinaf Jegae HbahQpreHHER102 irftalenil Shinalydse b despre el QM rempected to

the bolif&orabicabdistance patyoean s iowarsiddase dhi afithenessippsition 104 by
1002 and a lower surface 1102 of the body portion 104 is substantially

any sytabls BAHEaLHIRE RERSHSS 18I R St MY MEW LI RIBINED therein is shown a

PRAMIAVLOAAR RIEEIENIC davietm 1id0homanuiastyred ipagcordanagetdticeg 1000
an alternate embodiment of the {)resent invention. The electronic device

showny b lEs!] frksrsrngabne b2 1 Thel hedee sHengsr i ihseupday to the body

portioROTANCA 204 R 3preanben 0b spasesublapannedpetintng perimatskipf The
the body portion 1204 of the heat spreader 1202. The number of spaces

) y P
verticl@igtantes, Bstasanif, retasyipacah Pt abihsetscistonsrtd e putimaweppurface
1102 drenkadyippoiaonl Rdiofibs:healisnigadas 1202, GEHehasiy Stamping or

otherwise forming. Referring now.to FIG. 13, therein is shown a

RS IEBAY (v bf thd sty dhibodet /8138 oteShshvis EfEonis davise 1200
manufi@ged 3 kdcdiaRliectianisrdenistale @hbagimsibstraie praseer ih3@htidn. The

semiconductor. 1304 is mounted on the upper surface gf the supstrate .
electr%lgﬁigc?%o?éo? S8 /AFR0ARKS £§8§-is ﬁf‘oh?ﬁa%%@ﬁa E%é%aﬂxewomon
1204 3209 hyreheeisiCaiycsormvectitghtdevaaimmans dieetorb3F thethodupsttiie 1204 of

carrier 130 ing.a numper of electri connections, 1306, such as . .
the heG B 2 ol PO e Sori a6, SRES DO e L G formed
interi@ttackiad gerthe tsrhstiate watyigrotGe0 ustganiadhesivplaydsr 1808, sieh as by

as an elg?(-)‘%%/_ Ia)éer. The heat spreader 1202 is attached to the upper
stampiig A ARSI Rductor 1304 using a thermally conductive adhesive

1BEQerArpunave tepasdive thorsipoRestiswiB 2 2 rsssBeat onalpaeitoks; tls@lectronic

. e mount s necessary for a particylar design. on the suybstrate
devic S o B R ARt I SPIEB S81 s T G ybstrat
carriethi 80Lb 3t raden kaviiiRic 303 0dsin gnauine dhoal thcapgectivdaad dsivestiBdiate carrier
The space betyeen pper surface of the substrate carrier

t )
1300, T R D R Eom 285 R e ookl ectricaity
connedsdlignansiani d@iBicidrel Z04imdnrsiabstidiBcpraterabiy issmaintaungr of electrical

connegggrslgam(%{esrutc (:"alséusrgzll gr ?Iaws? 89 nga%}eb%%ggs?r 8l"he semiconductor 1304 also is

physically attached to the substrate carrier 1300 using an adhesive layer 1308, such as an

epoxy layer.

The heat spreader 1202 is attached to the upper surface of the semiconductor 1304
using a thermally conductive adhesive 1310. A number of passive components 1312, such as
capacitors, also may be mounted as necessary for a particular design on the substrate carrier
1300.

The heat spreader has a number of legs 1314 attached to the substrate carrier 1300
using a thermally conductive adhesive 1316.

The space between the upper surface of the substrate carrier 1300 and the lower
surface of the heat spreader 1202 is referred to herein as a Z-dimension 1318. The Z-

dimension 1318 preferably is maintained constant over the surface of the substrate carrier

8



1300 to prevent the formation of localized hot spots in the electronic
device 1200 during its operation. A number of solder balls 1320 is
connected to the lower surface of the substrate carrier 1300 for
subsequent mounting of the electronic device 1200 to a printed circuit

1300 Repreb IR GR) fuvhighds BPIRhove RafesoRaMaw WdtiontAdhiaseiniso during its

shown a cross-sectional view of the electronic device 1200 shown in FIG.
operafjoiyaken along line 14--14. The substrate carrier 1300 has an upper

swfacen84081 ThRIGEBLIBPIERIE L0 60¥arsthBsSWIRGERF R of the substrate

semiconductor 1304 and preferably extends to cover substantially the

carricpiPQ {RiTRIDSERRLOS TABBBERE Shilawten Caifiecs 3g84He By nted circuit board

(PCBMRKidHZguth@deat dissipation capability of the heat spreader 1202.
Referring now to FIG. 15 therein is shown a cross-sectional view of the

eRetroiie pevide 2o Lhdbiem richawnaksrratongtitnek Bleysohthegelectronic

devicdaseol S therramizefa@bnegsnk3ideshpwin in File sdbkimattashied 13dbeas an
substrate carrier 1300 using the thermally conductive adhesive 1316.

UPPCr RRFEHGn GG 1524 EPfARSIn i ShihvhTS IR UranF o dhe direenductor 1304

and prefepsl iieads 18 téwhraibstardtikhy 1B e Alege LGQRINGEES pibydTage substrate
1602 and a number of Ieg@s%)por s 1604 connected between the bady
orth

carriefs D00 hesehy PRI FRLSS B £AB8 H R Abic et sEessice 1202.

srestantialyose vaELRefe e ROV G . al értRer@istisnan @ aof the electronic
cross-sectional viewgf the leg 1600 shown in FIG, 16 takenﬁallg?nf line

devied 320y S IBEr OIS SR BhURES 104 TS SlanfelF S BISrdRy e the number of

legs 1BuvatidlyfranFilte aotes pesghertotibailpgthase 462 130beubdythe thermally
d partion  1204. 'gh%vertical distance between a lower surface 1700 of the
conduelivg 2dResREI Ah a lower surface 1702 of the body portion 1204 is

sBestantiglhoenalr 10 1he Zhelisensitiov.d WBpRefaino Move ©f iEnd@ber of legs
therein. is_ shown a cross-sectional view of the le 00 shown. in FIG. 16
1314 o AR X, 1000 NG Aok B helig HALA MO ehlsduaprports
1604 t@mnecdied daevcsurtaced adihhadgy 1R2ortiandlde4bycaodisiange iegualdotha@he leg
base | -%imenf&ion 1318. Referring now to FIG. 19 therein is shown a plan view

A BRI Beti8 £900 manufactured in accordance with another
eRbodimenionf theHi@sentthureintianshidven electigriedieviddeviS0bihdiudeg 1600

o D I AT IS e o0ty ROl 01
upwarddytionl d9ardefruimber @itsppeaphksoisistbsianitallyonectangalaodn@ortion
0 SRS .0 POt ef U5 PR 90 BLOR o
surface 1702 of the body portion 1204 is substantially equal to the Z-dimension 1318.
Referring now to FIG. 18 therein is shown a cross-sectional view of the leg 1600
shown in FIG. 16 taken along line 18--18. The lower surface of the leg base 1602 is spaced
from the lower surface of the body portion 1204 by a distance equal to the Z-dimension 1318.
Referring now to FIG. 19 therein is shown a plan view of an electronic device 1900
manufactured in accordance with another embodiment of the present invention. The
electronic device 1900 includes a heat spreader 1902. The heat spreader 1902 has a body
portion 1904 and a number of spaces 1906 formed within the perimeter of the body portion
1904. The number of spaces 1906 is substantially rectangular and is formed interior to the

perimeter of the body portion 1904 of the heat spreader 1902, such as by stamping or

otherwise forming.



9 Referring now to FIG. 20 therein is shown a cross-sectional view of the
electronic device 1900 shown in FIG. 19 taken along line 20--20. The
electronic device 1900 has a substrate carrier 2000. A semiconductor
2004 is mounted on the upper surface of the substrate carrier 2000. The

SRVERMIUGLRT 2004 ds TPUHARIOR YR SHbSEAISCRUIRMADORRWYof the electronic
electrically connecting the semiconductor 2004 to the substrate carrier

devicodgB0,ghoya Hufiber ! drtaksaratene diietlion 2066, dertroai diviscpdR) has a
substrfeSOMBEDOMS. ThesspminRRYuGtor0@PQd alsaeahysieallupBacheeddee of the

the substrate carrier 2000 using an adhesive layer 2008, such as an

substrafssartisy 00the s atcaprondurtesgs(d meHatr e spRFiFrsrgigE 2000 by
electriQBI$QMGRPERIEIBE 20RAcdiRINaG herMRlheqnduiehivecagnesive@Bstith Anumber

number of passive components 2012, such as capacitors, alsgo may be

[ Y D€
of elegipeheqmpssiintss2aPo-rsrehmsrsolisr haliywbaalds sbiytirste Bafrigmiconductor
2004 2R60Qs Phgshedtspreaser 4902 bassadiinkaeobrusidattanhed soliher 2008,

substrate carrier 2000 using a thermally conductive adhesive 2016. The
such ag AN ePRXYHY the upper surface of the substrate carrier 2000 and the

lowgr hedtfasieRlctheobeat spraarar td 902 ispiRiesigthte berdn @sndconductor 2004
(ﬁimen%ion 2018. The Z- dimension 2018 preferably is maintained

. Z-
using adReraaly i Ly Al Yy e d Qo SHmbsh R PBBHE (BRI RY 12, such as
capaci@i)align @hjosalizeshhet spatsdssine Riestpanicwey@eikaQh dheiRgbigate carrier
operation. The length of the number of legs 2014 is substantially equal to
2000'the Z-dimension 2018. A number of solder balls 2020 is connected to the

loner seufagecafidha subsiate neaiber 20 faraubsesieat tmauntivesehte carrier
the electronic device 1900 tq a prin ircuit board (PCB), which is not

2000 wyipg,A ﬁ%@é‘?&?ﬁﬁ@%@z{ﬁ%ﬁ?@%ﬁﬁﬂﬁi is shown a cross-sectional view
offthe glasiropic cdavice LPPE shemveeinf e 10bakes aterigrliD@0Blandlthe lower
The s%bstrate carrier 2000 has a urface 2100. The heat

upper ) read
surface g TSP SRR 0B dova SRLEmDEIS TS ArfroTSpEPR Al The Z-
dimeni0 201 thesfiratBtacatiiata2QD dberiaby svaxihizigttioe beale substrate carrier

o0 e PGSR 1o o
operasbowmhe gt 9ftakenaltrg tiNégL2@ ThaFsdinengiequaDi8tise Z-dimension
201 8.maintained over the surface of the substrate carrier 2000. 10

A number of solder balls 2020 is connected to the lower surface of the substrate
carrier 2000 for subsequent mounting of the electronic device 1900 to a printed circuit board
(PCB), which is not shown.

Referring now to FIG. 21 therein is shown a cross-sectional view of the electronic
device 1900 shown in FIG. 19 taken along line 21--21. The substrate carrier 2000 has an
upper surface 2100. The heat spreader 1902 preferably extends to cover substantially the
entire upper surface 2100 of the substrate carrier 2000 thereby maximizing the heat
dissipation capability of the heat spreader 1902.

Referring now to FIG. 22 therein is shown a cross-sectional view of the electronic

device 1900 shown in FIG. 19 taken along line 22--22. The Z-dimension 2018 is maintained

over the surface of the substrate carrier 2000.

10



Referring now to FIG. 23 therein is shown a plan view of one of the
number of legs 2014 of the electronic device shown in FIG. 20. A leg
2300 may be formed integrally with the body portion 1904 by any suitable
manufacturing process, such as stamping, or forming. Referring now to

FiGsafiABaisin is ShoWrs aniiRsssatitnah e ofdReolesndIAqnshamibén of legs
FIG. 23 taken along line 24--24. The leg 2300 coqu?ﬁrises a leg support

2014 oy His st tropis g6 RV dFBI tHE-b S BAtith R R hiraess iHegrally with
the boyhssamialiyeasabiy et imensien A0 Srdhesdisianse LERWERN & forming.

lower surface 2400 of the number of legs 2014 and a lower surface 24

02
oRHETHB8y 988N 100 £ LEHt it h) ey dar iBsthis Hamlerisenos ghg. leg 2300

showR@f DBk R Flbng2bnheneinds ShRWeL8Issosgstianal YW iphte 200 that
2300 shown in FIG. 23 taken along line 25--25. The leq 2300 is

extendy, deyupwall, e dheibomy Bon JGHARY & Heasaysportioalghaaugido the Z-

dimerdisiaPoesberwvean i dawer s tatend Q0 picthe4ouoTaRe aligss 491dand14 and
the lower surface 2402 of the bod§8portion 1904 is substantiall\% equal to

a lowgp susfag 00 6 915 B9 dp rsiy O o e hsramlilodhs wrdimsagion 2018.

VIR¥rGfiap alpctionmdevicendtan imansiactledsinsacaondnReawithe leg 2300
another embodiment of the_present invention. The electronjc device 2600

shown kil 23 RS pIAIERS 8072 Thd e Kisprdddr Bat iyl Pemgdicular to the

surfacostiafe2 60dyaperediinizer of[3RagRs 260 béarmed hithswikie saefioeetI00f of the
the [%dy rtionFi6O4. Each of the number of sga es 2606 i
% o

numbgy,g o AP A R S I PR RAARG S hebrantially
equal tormég.daaehs Rithe IBumber of spaces 2606 is positioned interior of the

perimeter of the h spreader 2602 and between the corners of the heat

KRR DB0S SURIGh Be A S ANBAGISEOBTE & Al IS BPIBgE e 2600
manuf26Qfed hig nsnheiafdegaZ 6D ihaludesalagiase 2bd bandna 18gention.  The

supp rt.ZGJ%%)_ Referring now to FIG.&? rein | s%own a cross-sectional
cleetrRicdSviRe 2900 BRI e 0 0SS BEF AP 1 AP A2 a has a body
portiod 2604. ahldeaelagibenicfduies 2600 fuamed subistrate @ariteetdr 001k body portion

semiconductor 2704 i mounﬁg&r n the upper surface of the substrate
2604, b D B O SRS ST L Bk A Al fepuch a
by stagifdshyr @legtricalpeomgecting the semiconductor 2704 to the substrate

carrier 0 using a number ectrical connections 2 9115 such as

ST BLINS BPDE s S R 3903 %o TS mESE yhe heat
spreadiditalt02d dodthe tsrdesthte wandey 37 Gk using sprcadére2602 JaywitRifO8e suchber of

a, epoxy layer. The heat spreader 2602 is att ﬁdttheu e
space g B ISRl oL s emaglly Mt o a2l 0 and
a leg RippOrtRGLANber of passive components 2712, such as

Referring now to FIG. 27 therein is shown a cross-sectional view of the electronic
device 2600 shown in FIG. 26 taken along line 27--27. The electronic device 2600 has a
substrate carrier 2700. A semiconductor 2704 is mounted on the upper surface of the
substrate carrier 2700. The semiconductor 2704 is mounted on the substrate carrier 2700 by
electrically connecting the semiconductor 2704 to the substrate carrier 2700 using a number
of electrical connections 2706, such as solder balls, or solder bumps. The semiconductor
2704 also is physically attached to the substrate carrier 2700 using an adhesive layer 2708,
such as an epoxy layer.
The heat spreader 2602 is attached to the upper surface of the semiconductor 2704

using a thermally conductive adhesive 2710. A number of passive components 2712, such as
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11 capacitors, also may be mounted as necessary for a particular design
on the substrate carrier 2700. The heat spreader 2602 has number of
legs 2608 attached to the substrate carrier 2700 using a thermally
conductive adhesive 2716. The leg base 2610 is positioned on the upper

capacAbFiaeROhiRe BURSIAR LAl TdielarabpRP dedRPosomaasissthie carrier
700 leg base 2610 to the heat spreader 2602. The space between the upper

surface of the substrate carrier 2700 and the lower surface of the heat

seaR&lt 2pRAdS et ed da g Askas2 iR ensia8RiblBe Thisséate carrier 2700

dimension 2718 preferably is maintained constant over the surface of the

using & thermall y S HE RGN Gent e fdKmisBdRst Rtz asHisSenthe upper

surfacheralectignic.teyica2000FUTRE its LPPEINB] T beneRehf EVAETAD to the
of Ig(g; 2608 is substantially equal to the Z-dimension 2018. A number of

heat speadir 3992 2720 is connected to the lower surface of the substrate

CaiekpAROteRadaserUensNauUtiog of the elacianiccdayiee22600ia ahe lower
printed circuit board (PCB), which is not shown. Referring now to FIG. 28

surfac, Gle A5 SNERb R Lrb 0L dii i VRdW B S Bidsd ficdisneionggd s The Z-
dimenSisVI7I8 i fefatObigkRNnMd@ngiliee &shsiht tRernuebeirafdegsteoQibshawcarrier
in FIG. 26.includes the leg base 2610 attached to the substrate carrier . .
2700 %%mﬁ&a@m@mmgfe %&ﬁhaﬁziggtame&wﬁfvi ARG BigE L 90 dyging its
operagomnetiedei:the hert spierdT 2682200 8he Jegeuppnit &fibd (d ilec|2ddimension

2018 support 2612 is slanted upwardly and outwardly from the edge of the leg
"base 2610 to the heat spreader 2602. A lower surface 2800 of the leg

basen2aderisfsepasatediirae Inwehsutiaga@dhe Rivbe firaicepsgatdersubstrate
: 22\,\6 by a djstance substantially equal to the Z-dimension 2718. Referrin
carieh, oSS G, LS OB RE I D it BT board
(PCBYJeMiceh2600tshown. in FIG. 26 taken along line 29--29. The heat spreader
Zg%geis. ositioned Thr(g he substrate carrier 2700 bg the -dime%si%n .
PSS BTy TS EhTS oD CRNES SRt B B lctroni
devicRBdoUrisip wawnt @ KiG2 Bthtkareions Bhows-a8 ertasgeshianofiésgop608 shown in
ternate embodiment of the nu %er o%e 2608 of the J&)tronic evice
FIG. G i 26 IS 08 ARG L A gy 0 Bk G goermally
conducanaediadite el bodihpdeicr 6041 of itheoheaitesipre daeh260grshdwn 402 by the
FIG. %6@/ support 30%) ~The le %OOOm be formed integrall
i UG AR B Do DB B9 2 UL AR R RAEHRCE B edee o
the legadase 2610 to the heat spreader 2602. A lower surface 2800 of the leg base 2610 is
separated from a lower surface 2802 of the heat spreader 2602 by a distance substantially
equal to the Z-dimension 2718.

Referring now to FIG. 29 therein is shown a cross-sectional view of the electronic
device 2600 shown in FIG. 26 taken along line 29--29. The heat spreader 2602 is positioned
from the substrate carrier 2700 by the Z-dimension 2718 across substantially the entire
surface of the substrate carrier 2700.

Referring now to FIG. 30 therein is shown an enlarged plan view of an alternate
embodiment of the number of legs 2608 of the electronic device 2600 shown in FIG. 26. A
leg 3000 includes a rectangular leg base 3002 connected to the body portion 2604 of the heat
spreader 2602 shown in FIG. 26 by a leg support 3004. The leg 3000 may be formed
integrally with the body portion 2604 by any suitable manufacturing process, such as

stamping, or forming.
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stamping, or forming. 12 Referring now to FIG. 31 therein is shown a
cross-sectional view of the leg 3000 shown in FIG. 30 taken along line
31--31. The leg support 3004 is slanted upwardly and outwardly from the
outer periphery of the rectangular leg base 3002 to the body portion 2604.

ThefesianaulardegRase13Hehassasloner swiages3d@handithe Hothe leg 3000

portion 2604 has a _lower surface 3102. The vertical distance between the

shownoifdr Sl rflc 8k alBrEhENe dtandulal he do8auwreb 2 At thel#sisd, upwardly and
outwaSd e 1R200tdhpcbipdyh dtigR Z80his ki hstantialboetstie i, portion 2604.

Z-dimension 2718. Referring now to FIG. 32 therein is shown a

The rectagylatnddied Or tasidg' 9880 SeHen iR &ndth takeaRskgafhat04 has a

lower3drfdée T@retianaitaslegiiase 3oinspaced ramthe 10v@bsuitakRtangular
of the heat sPreader 2602 by a distance substantially etéual to the

leg bage 4t 0knandnths 79 et hBevab tREOSN SHOR F98h duniTEshiatialiegaual to

the Z-af@naiternaig embodiment of the leg 3000 for the electronic device 2600

shown in FIG. 26. A leg 3300 includes a split leg base 3302. Each portion
of tHETER RS E B30 el Sl W thd BEGY IRSHBR 28152 of the leg 3000

showhaaFRpreddakb8d shawnin-HE. 2edadegusaipemba3BhoRhe 4pgedd@dm the
may. be formed integra(qy with the body portion 2604 tff' any suita
lower gyt | 8.

Ot b BRI ST R s DSt iR oM HIHG: RERAAG o gimension

2718.FIG. 34 therein is shown a cross-sectional view of the leg 3300 shown in

FIG. 33 taken along line 34--34. The leg support 3304 is slanted upwardly
ahg STRERAR o Tha bl Bl %Wﬂq%@ﬁnt‘i&gvb%&@f%%ﬁﬁalﬁ%%wm of

the leQUINR6M4. cThigroplit deddeas®B3Rawiam Flowves swiree33d0thanddba split leg
y orth(:n 2604 has a lower surfac 02. The vertical distapce .

base J A BB L RS0 5400 B L 50 DR P e iy 2604 of
the heaukiaead34080af IhewhoayHIor I bsGOKR dSs Shipstied By HeRleto 30@ may be formed
. Zl]gimensiﬁg 317%18 Referring now, to FIG. 35%[1) rein is %mwn a h
eI s VUB S AEW BFIRR ‘ébé%% oW P CR S R ORI fiFRs, such as
stamp@fg;-3bfarhamyplit leg base 3302 is spaced from the lower surface of the

heat spreader 260 iEii tance suhstantially equal to the Z-dimensio

S oG Rot0h AATSE R by STSHTB Al e leg 3300
showrelecihic dauica 66 Mmandlacdurediie dgcauppoaeddith andtesd upwardly and

embadiment of the present invention. The _electronic %e ice 3600 jncl )
outvsa o0 T uF L S e Rt LS Aot s, P o e spli
leg baaad 30 Diare i i apaceés S60060fant ek witdinibei pe doktdnohtheveodyrface 3402.

rtign,.3604. Eeach of the.number of s s 3606 is.substanti
The v el% gﬁn ﬁf&?‘é"n ItnggP rr%t}é%l l%vl\j Jhsggfglce 8?88 qu, the Sp?lt Pegsbase %!%2 and the lower
surface 3402 of the body portion 2604 is substantially equal to the Z-dimension 2718.
Referring now to FIG. 35 therein is shown a cross-sectional view of the leg 3300
shown in FIG. 33 taken along line 35--35. The split leg base 3302 is spaced from the lower
surface of the heat spreader 2602 by a distance substantially equal to the Z-dimension 2718.
Referring now to FIG. 36 therein is shown a plan view of an electronic device 3600

manufactured in accordance with another embodiment of the present invention. The
electronic device 3600 includes a heat spreader 3602. The heat spreader 3602 has a body
portion 3604 and a number of spaces 3606 formed within the perimeter of the body portion
3604. Each of the number of spaces 3606 is substantially rectangular and is formed, such as

by stamping or otherwise forming.
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by stamping or otherwise forming. 13 Each of the number of spaces 3606
is positioned interior of the perimeter of the heat spreader 3602 and near
the corners of the heat spreader 3602. Within the number of spaces 3606
is a number of legs 3608. Referring now to FIG. 37 therein is shown a

ClIORSTIAGHRNRINIRY S I &Jerenic pdavisredGRR 8bPVINIR Fédmdtfalfee heat

alogg line 37--37. The electronic device 3600 has a substrate carrier

spreadgyGH0A dudrieahthsctorrsrdatidha darkenreriene tiperbithiadhconpseber of spaces

3606 BUbSHAR CafMiess3H0R. The semiconductor 3704 is mounted on the
substrate carrier 3700 bg/ electrically connecting the semiconductar 3704

tRHETESs e (Cakilier 3708%SiRdashaMmbEr CERssrsetHearkyimeiohs clectronic

devica3 3860 ShevASSAHE! baltaker sRigerbumps-3The IRMIkRAdHRIAedéO4600 has a
also is physically attached to the substrate carrier 3700 using an adhesive

substrpigecasrieg 3 With A5 AFURSIIPHDER THe HeRounfed £t SE0dRed siuta of the

substriRctRertppercurfage afificoaanieendoatey Bédtedsingta thaymally carrier 3700 by
conductive adhesive 3710. A number of passive components 3712, such

electrigally £onns6H02-6 SHRNF BRI Y DIPHY SUBSHlfeRLHsE P390 d1siag @ number

of cleBBRRSSMRtBHRABTOE|asuElesigRoiibe IMber afllRgHARHE. Shwnsémidénductor
36 is attached to the su straecagier 3700 .using a thermally conductive

3704 gl5RCSBYSFIEY THE SIS HRASUBNHHE EHFIF SUNABRHAR 8lip8iyardyer 3708,

such RaffiepsiORwrd the lower surface of the heat spreader 3602 is referred to
hereirhas a Z-djmension 3718. The Z-dimension 3718 preferably. is
t

MR SRGALEAMOG el iRl hifale B tHRPSTISEEFATS Ehiihe, Ss7tjeopyiuctor 3704
using Arexemhiiectaramation aftesalized hohspaisit BTgasleadronigpdaviee 3800such as
during_its operation. The length of the number of | 3608 is .
Capacﬁﬁﬁs%ﬁﬂéﬂﬁyegﬁé’il%‘%eéi 2ZAhieny 8%‘%@?&%62&&2}3&%@8%5%3 particular

desigrd720 is connected to the lower surface of the substrate carrier 3700 for

YRS AL et opl e 600108 NG A e
using shewmaltyossméectionakiviei o Bihi eladieosacdeioa otk sigpun sorfdés. of the
A0 I 1, T e et SN
a Z-diﬁlmrrmecstert%_to mﬁar@aﬁﬁmmademﬁ@aar}ﬁwabgp@ swifaéned tbenstant over the
i S S 100 0 Pt L3 el SRS SRS I oy i o
electronic device 3600 during its operation. The length of the number of legs 3608 is
substantially equal to the Z-dimension 3718.

A number of solder balls 3720 is connected to the lower surface of the substrate
carrier 3700 for subsequent mounting of the electronic device 3600 to a printed circuit board
(PCB), which is not shown.

Referring now to FIG. 38 therein is shown a cross-sectional view of the electronic
device 3600 shown in FIG. 36 taken along line 38--38. The leg 3608 is attached to the
substrate carrier 3700 using the thermally conductive adhesive 3716. The leg 3608 is
connected to the heat spreader 3602. The upper surface of the substrate carrier 3700 is
separated from a lower surface of the heat spreader 3602 by a distance substantially equal to
the Z-dimension 3718.

Referring now to FIG. 39 therein is shown a cross-sectional view of the electronic

device 3600 shown in FIG. 36 taken along line 39--39. The heat spreader 3602 is positioned
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Referring now to FIG. 39 therein is shown a cross-sectional view of the
electronic device 3600 shown in FIG. 36 taken along line 39--39. The
heat spreader 3602 is positioned 14 from the substrate carrier 3700 by the
Z-dimension 3718 across substantially the entire surface of the substrate

from GRTIRILIFAR. REFRANI0IOW AT G- dehthRISH 35 MR RIgRsMRMIDS thR entire
substrate carrier 3700 of the electronic device 3600 shown in FIG. 36.
surfaceiof e spRsiiateieiEs 388 includes the number of passive components

3RbEmaunied QNG Johskaie casHewa A08ad PRV eMKOBEBIEEANe T4B84eiS3700 of

mounted on the substrate carrier 3700 in the central portion of the

the elegirapisidedfser PFONNHg thd tHerifallyldsnBiGEHo8Iadffedfre 9P oinslides the

numb&f the PasERer ebifendan8isiattashadat eAChIGOrelsniesiofi@i#ne3700.  The
perimeter of the substrate carrier 3700. Referring now to FIG. 41 therein is

semicQRARGEOL AT el WBIUCth SR VEIXIBA AR €iectPnie disfedtialopertion of the

substrfl@RefaciredDinAssadARetWITh aneibenvmiadimentabthepsaset number of
invention. The electronic device 4100 includes a heat spreader 4102. The

legs 3RA8 ispifachet 9 £aoh AADET BRGY YRibs Reerted MsmtgisprEiss 3700-
ARQE:feipathwitbirFtoe perimetar of taewhodypRarigswd $04. makk®hlision of an

number of spaces 4106 is substantially rectan uIar[ﬁ%d is_formed, such

clectrapiygsticiBinfy PBHBRMER BHATRYT At SH I ALIHLEP B S ok fspresent

inveni®ROSIHOBRA MGt e ofcthe1perineiae i thathpatasareader 4602aRdpreader 4102

intermediate the corners of the heat spreader 4102. Within the number of
has a bodicaorio 1 AT ML PEFYSSE fB%?@Fh%IRQa%PEBFéIaEéW‘.Lﬁf perimeter of the

body puhissanticdly coversol subsatralsccaiigiadds @1 domoklibgaceampoeed kil and is

such as an epoxy .compound, surrounds the heat spreader 4102 and
formeg el &S By PR Gl S e U8Rt carrier 4110, Referring now to

FiGacH 2 thiesainnsshotwpacesoassachosalonedvinfeie eieticoieingtaytast the heat

4100 shownp.in FIG. 41 tagken along line 42--42. A semjcaondyctor.4204 is
spreadio o T e L O TR S A CARaA e 30, i the mumber of
spacesenicdnguaiabés aftrghadds. the substrate carrier 4110 using an

adhesjve layer. The icqnductor 4204 is mounted on the. subhstrate )

g T L T R B BP0 D g A molding
compsuibtate canttesstdd Sposyngh mpounbesofelediriballzanseeides 42Q6nd encases

such aés bonﬁgg W{)res. The serrlgﬁ)?ductor 4204 also is physically

the YRRt e to° UIBSYPAtE S 0 using an adhesive layer 4208, such
aRafm_emrgxydazyer JAGumbgieafipassivevaom pmrﬁa:ﬂé’_ﬂéﬂ, Bigoh @Sthe electronic
T T T N
the upptlegsiddO6f altasitatjo: thesebslide Tagiemiconductor is attached to the substrate
carrier 4110 using an adhesive layer. The semiconductor 4204 is mounted on the substrate
carrier 4110 by electrically connecting the semiconductor 4204 to the substrate carrier 4110
using a number of electrical connections 4206, such as bonding wires. The semiconductor
4204 also is physically attached to the substrate carrier 4110 using an adhesive layer 4208,
such as an epoxy layer. A number of passive components 4212, such as capacitors, also may
be mounted on the substrate carrier 4110 as necessary for a particular design.
The heat spreader 4102 has a number of legs 4108 attached to the substrate carrier
4110 using a thermally conductive adhesive 4216 to attach the heat spreader 4102 to the
substrate carrier 4110. The space between the upper surface of the substrate carrier 4110 and

the lower surface of the heat spreader 4102 is referred to herein as a Z-dimension 4218. The

15



4110 using a thermally conductive adhesive 4216 to attach the heat
spreader 4102 to the substrate carrier 4110. The space between the
upper surface of the substrate carrier 4110 and the lower surface of the
heat spreader 4102 is referred to herein as a Z-dimension 4218. The 15

Z-dinérdigiensiondedt g prefierahivisineainiaingd eoestantavacths sifaae@hte carrier
the substrate carrier 4110 to prevent the formation of localized hot spots

4110 15 peveRicheiRraatre A leerdarmh g ssSyse fahh clase iyt gpgrel 00 during its
operafidNbEROTdReH 4FAB etbstantipib: aquelitosthRiéndimengen B24h8.Adimension

number of solder balls 4220 is connected to the lower surface of the
4218.substrate carrier 4110 for subsequent mounting of the electronic device

4 W0QimBeprittedlgiicuiti Roard o (RCBhwbish is Rt sh@einsREIQITHTOR®Wubstrate
to FIG. 43 therein is shown a top view of an electronic device 4300

carriep ] Qrfps SHOSSAUSRE BrOMHEL it s Lo BTt B R totlL it Bt sdichit board

(PCB)NW@RiPR. ndiehactronic device 4300 includes a heat spreader 4302. The
heat spreader 4302 has a number of circular spaces 4304 positioned in.

tHRESIRE DBt FEAt S5rRSHR 43658 AN SIdY et hElRTE B gKise 4300

manufacalrs@repdecAddebrnh ahthrdiabendbaiicuiar spacepréd isdent@on. The
number . of legs 4306. Each of the number of circular spaces 4304 also
?ﬁfﬁé 1@62&1 number

clectroit-AEHS B R BEEF PSP APBAESH it Ureal AhECARIR ST ALY

of cirGubstpatially3mavessiacsidasiale carnias 4308 Remaliingaompound hddthr of the
. such Eéﬁ n epoxy iom%gnd, surrounds the heat spreader 4302 and
perimgier of daeyheal S&pdSirtale of the substrate carrier 4308. Each of the

neadbesfaheirciide spacEsAB0Ha0E 4RI aydasa mayitie dfiegsta3sBpaFate of the

the heat spreader 4 from the substrate carrier 4308, for example, to
Ul R SR ATE O BT e e R S0 AEi S B T heat

spreadbe4Beopigudieasi Refesriag Boubtorkttzadferthed8in AsiBblviz @ompound 4310, such
cross-sectional view of the eIE\ctronic devi 300 shown in FIG. 43 taken

as an ghOXY SRR SEURTS RGOSR SARE4S ThSURRS S RSB SoRRE iRes of the
substrafethersebgtage daiciend38ndhbesamnidanductpnddOsB BImauntea arctiemay be

substrate cgrrier 4308 by ele ér' ally connecting the semicondyctar 4404
wsed oA Ah T S0 L RSB AT g ol
perforfidl 68186 ahAgsbontlingadcasnichdvsenisonducinsetdnd afsn is plysipallyreas.

aga%hed to the suﬁ&;}at%czlgrier. 4308 using an adhesiveillager 44%[%,1 s.ui:ht :

2SSIEBSG M & A T BaSR B SEHers Ay Llieh dlsthe eleconic
devicedpaeisasy@isoiitaybaaauniad: dinéhel subsikaientiavidndid084E! is mounted on

necessary fo articular design, The heat spreader 430 .a numbe
the up(g)ferealsr fg?) é)tl; ﬁé)c uéét{%t?hcealgb%sﬁa@t‘%’ Carﬁe%epmlcon%uctor %lﬂﬁls 1S mounl%ecli on the
substrate carrier 4308 by electrically connecting the semiconductor 4404 to the substrate
carrier 4308 using a number of electrical connections 4408, such as bonding wires. The
semiconductor 4404 also is physically attached to the substrate carrier 4308 using an
adhesive layer 4410, such as an epoxy layer. A number of passive components 4412, such as
capacitors, also may be mounted on the substrate carrier 4308 as necessary for a particular
design.

The heat spreader 4302 has a number of legs 4306 attached to the substrate carrier

4308 using a thermally conductive adhesive 4416 to attach the heat spreader 4302 to the
substrate carrier 4110. The space between the upper surface of the substrate carrier 4308 and
the lower surface of the heat spreader 4302 is referred to herein as a Z-dimension 4418. The

Z-dimension 4418 preferably is maintained constant over the surface of the substrate carrier
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4308 using a thermally conductive adhesive 4416 to attach the heat
spreader 4302 to the substrate carrier 4110. The space between the
upper surface of the substrate carrier 4308 and the lower surface of the
heat spreader 4302 is referred to herein as a Z-dimension 4418. The

4308 GRS %ﬁﬁaﬂtﬁf@ﬁi@é’aiﬁmwﬁ eRRRaNt Qvatithgswdac Ofduring its
the substrate carrier 16 4308 to prevent the formation of localized hot

operaldpps ThaHengibRichic vk 25dreddARG ibsSUsEratiely saeldadhs o tHaension
4418.number of legs 4306 is substantially equal to the Z-dimension 4418. A
number of solder balls 4420 is connected to the lower surface of the
stbRETCQHiRGA%0BIYS stitrSb iU SARRRE LRy BF tHVSleStidRE évidp substrate
carrie390810 2 RESEQSLRIraI L ROREH (e Ble dBIGR if0RESIIVYN0 RYBAID IRt board
to FIG. 45, therein is shown a cross-sectional view of the electronic
(PCBYhich 4508t SHBWR: in FIG. 43 taken along line 45-45 in which the heat
Smter@ﬂergtaea ifo enchesladeRimnaldingne i pRPLAE0RERGARSHAIRSelectronic

he heat spreader 4302 as well as the semiconductar 4404, the number

de“%rtaggs%b@%mbgﬁ%n@zr&t% SRR D4 of gich Ry et Spreader 4302 is

embe@Ridlicaligns dhwhishpbendess RpeeRaeAR02 Bamba eprbatided 2 thewell as the
molding co fPound 4506. The space between the upper surface of the

semicgpductar 440, ihempmben PHaTeive FuBPeReR s haad éb?é&@ét%tﬁqgs 4414

for applikaniaintainenshipsianiakyeaudyalet exebierdivdace ivftbarudsiEaiémpound
carrier 4308 and substantially eq ﬁél to the Z-di ensron 4418

for the
4506. o) d b SIRCHRAERAB G | URRE LR H s QbR tretﬁecwé%feﬁ%mﬂﬂothe lower
surfacerevitiesaa @ﬂﬁ‘@é@ﬂI¢3@Q\/ﬂ§§tmlﬁlﬁaanﬁﬁ&fcmmﬁi&ﬁeﬂhﬁl‘6qﬂw&ﬂﬁ@%r the surface

space for placemen actlve |ve co ntson a substr
of g SIS A oAt Boncdtl Yy & ST, SaLp for the
electridgationsc a3t legs of the heat spreader provides increased flexibility in

the design of, eIectro ic. deyices requiri t spreaders. The varre
O B P S e o o L GO 5 R P et g vith o
heat spteatr@nrrnade%e@sthﬁﬁe@ypm@ereasrpmdeﬁmn dlexibilityaddhpasiteasobgminents on a
b discovered th tthe aratgﬁ%ép resent ventron fuﬁnrshes |mpo(rit nt
SUbSUAIEHEIS YO dﬂ%tt} 8818 HEC R AbilliSsY HPro foigres and locations
of theathantdoms fiarad dpeaidsprpadeded h&:f@&d:kﬂlﬁl}epﬂﬁidfﬁﬁ&ﬁsthﬁdiemgn of electronic
._configurations are strar htforward, economi uncom licated, highl .
devie g R i e 5 AT oMo THERE B k8IcUBE aih &18 it geombined 10
accontﬁ@ddyemddﬁram@a@tﬂﬁmglaieotmrﬂe\deamhe&b@qume@iﬂ@atesign flexibility.

spreaders, and are (L com wrth co vent al manufacturr
M o Sl e R RS
importmmumtt]mnewrfhra mmﬂeﬂb@sbmm, itapabilities, and functional advantages for a

n_ furnishes

heat spreader. The resulting processes and configurations are straightforward, economical,
uncomplicated, highly versatile, and effective, use conventional technologies, and are thus
readily suited for manufacturing electronic devices requiring heat spreaders, and are fully
compatible with conventional manufacturing processes and technologies.

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 foregoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations, which fall within the scope of the
included claims. All matters set forth herein or shown in the accompanying drawings are to

be interpreted in an illustrative and non-limiting sense.
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to be understood that many alternatives, modifications, and variations will
be apparent to those skilled in the art in light of the foregoing description.
Accordingly, it is intended to embrace all such alternatives, modifications,
and variations, which fall within the scope of the included claims. All

THE IN&ttewg seifertmmerein &- shown in the accompanying drawings are to be
interpreted in an illustrative and non-limiting sense. 17 THE INVENTION

CLAIMERM Slettrom eteeikeniompriiagcomprising: a substrate carrier; a
semiconductor connected to the substrate carrier; a heat spreader having

aap%lf‘ LRt GRE% humber of legs interior to the perimeter of the heat
spreaennéeassecnhetoyd thetreaibspreadetiand attached to the

su str?te car%ieth..The electronic device a clairp%d in.claim 1 wherein: ¢
the FietaREE De e e ePSILt sid (e A B ARG tRe e YsHeAde, demvegneter ©
a Z- dimensiyt aspaddide -divmwnsiobdb waintainrad gaestent auer attached to the
substantig{ég the entire surface area of the substrate carrier. 3. The

subpstrate carrigr.. . . .
electronic device A5 Gidimed in claim 1 wherein the number of legs

comprises, Jea base gl atleashenc.afieleilan sliggpoutar. square,
rectangular, sp |t,(fﬁe ea/ge &f the ?ég, and combinations thereof. 4. The
eldetrdnivmrvibetaseariaihte dubsttaien dawieereinithibdebsaarepisadeeddefines a Z-
interior oJ.}nhg Qelﬂmd%t r of the heat spreader in a position of at least one of

the cornelrs, I|1n1t(<3)rfneéj%|ate the corners, and combinations thereof. 5. The
elbetibnicrgevice asmolaireti clasant furthenesampddinghat detist omdace area of
passive gompenent af clggd to the substrate carrier 6. The electronic

device as %Ia{l}ﬁeg %n claim 1 wherein the heat spreader is attached to the

sybstrate.garer WY aNeEMRIYIGRRANGHVEIAHNES K e feid NELIREHBRICOT legs

device as claimed in claim 1 wherein the heat spreader is attached to the
compigghiederlBessrafsihdeasthanenedlyicondiucolid stinekivedgarhecsiaegdaic split, the

edge (ﬁ%@%é‘%ﬁ@ﬂ&%@iﬁhﬁlﬁlﬂﬂer@dﬁher comprising a number of solder balls

attached to the substrate carrier. 9. The electronic device as claimed in
claim 1 wiiereiRetronic device as claimed in claim 1 wherein the legs are located

interior of the perimeter of the heat spreader in a position of at least one of the corners,

intermediate the corners, and combinations thereof.

5. The electronic device as claimed in claim 1 further comprising at least one

passive component attached to the substrate carrier

6. The electronic device as claimed in claim 1 wherein the heat spreader is

attached to the substrate carrier using a thermally conductive adhesive.

7. The electronic device as claimed in claim 1 wherein the heat spreader is

attached to the semiconductor using a thermally conductive adhesive.

8. The electronic device as claimed in claim 1, further comprising a number of

solder balls attached to the substrate carrier.

9. The electronic device as claimed in claim 1 wherein:
the semiconductor is encapsulated with an encapsulant; and
the heat spreader is partially at least one of exposed through the encapsulant,

embedded in the encapsulant, and combinations thereof.
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the semiconductor is encapsulated with an encapsulant; and the heat
spreader is partially at least one of exposed through the encapsulant,
embedded in the encapsulant, and combinations thereof. 18 10. The
electronic device as claimed in claim 9, further comprising a number of

cirpular spreeRdRdhr '&@I&%?%@eﬁﬁqé@r{ﬂieﬁﬁi@@t%ﬂiﬁﬁéﬁﬁﬁ)rﬂsh A number of
electronic device comprising: a substrate carrier having upper and lower

circulay $pae6s i the REROIRIERAST AAARINEFIBRBRIBBERSurface of the substrate

carrler Wlth herma conductive adhesive; a heat spreader having a

fnber 618 f’d%%oﬁ%lmﬁ’é’l%r of the heat spreader, recessed
b@lgybgh@t@e@tr@n@ad@g @pd@tﬁaqba@ﬂ@lﬂffecaubstrate carrier attached to
the semiconductor W|hﬁ$ maI con%]ctl\(ge\}gdhe ive; the heat h 1
sPreRSCRANATRY AT %HB F SHBRRHiEHy e dhermally
upper suﬁm&@{zém@mbﬁ[ate carrier; and a number of solder balls

attjrched to the lower surfa of tg substrate car ier. 12. Themj ctronic d
At serepden V}P&&H‘r‘ .?HS%E%Q& & BEEl H Ut spyeader,
carrier apgtéhedealospteadeitdpiingig drddimensidn Rdubeirate carrier attached

Z-dimension is maintajned con over subst ntlall e entire surface

aren of AT ISCHERE Wi b e BTG SV & Leimed

Claierhddt viredgon Haeingmperiotieganduxiersas aleg ubsautiAlyehRstone upper
of cwcular&olld ircular, s uare, rectangular, split, the edge of the leg,

and comBIHAToRE HfeTdRFrals HHiCEI&8F onic device as claimed in claim
13 whebetrvthe likgdalle zlmat&d tnteeitovadrthe faec otater abtheteeatrier.
spreader in a position of at least one of the corners, intermediate the
cdthers, Bnﬂednnﬂbiﬂaﬂemermrdeﬁnba iiT hiaettrohioreevice as claimed in

Cl%mi urtheb gomeorl at l?t?stt on Ioassnﬁe &lo onent att %dttnes a 7-
the su ra e carrier TG e et1ec ronlc ewce as cFalmed [

whereln ditnensemjcawdductor is encapsulated with an encapsulant and the

8 re%‘é'r‘?sr%h% QS"%%&'X&?‘%%P‘%&S NE.P16% Oﬁ'ﬁq gqﬁg%&ﬁr%a&r%'al‘%‘é“area of
ed ea In the encapsulant, and com Ina ons ere
the substrate carrier.

13. The electronic device as claimed in claim 11 wherein the number of legs
comprises a leg base of at least one of circular, solid circular, square, rectangular, split, the

edge of the leg, and combinations thereof.

14. The electronic device as claimed in claim 11 wherein the legs are located
interior of the perimeter of the heat spreader in a position of at least one of the corners,

intermediate the corners, and combinations thereof.

15. The electronic device as claimed in claim 11 further comprising at least one

passive component attached to the substrate carrier

16. The electronic device as claimed in claim 11 wherein:
the semiconductor is encapsulated with an encapsulant; and
the heat spreader is partially at least one of exposed through the encapsulant,

embedded in the encapsulant, and combinations thereof.
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19 17. The electronic device as claimed in claim 16, further comprising
ejector pin areas in the heat spreader. 18. A heat spreader comprising: a
body having a perimeter; and a number of legs interior to the perimeter of
the heat spreader, and recessed below the heat spreader. 19. The heat

spreaderrgs elaimesidndelat® d8whgrQinthamerathesoanpiises@&tor pin
leg base of at least one of circular, solid circular, square, rectangular, split,

areas {pthaheit EE9Eg, and combinations thereof. 20. The heat spreader as
claimed in claim 18 wherein the number of legs are located interior of the

pefimeter SF ML SRIARIA ¢ A position of at least one of the corners,
inieysagdiatenthe gaineksr;amd combinations thereof. 20

a number of legs interior to the perimeter of the heat spreader, and recessed below the

heat spreader.

19. The heat spreader as claimed in claim 18 wherein the number of legs
comprises a leg base of at least one of circular, solid circular, square, rectangular, split, the

edge of the leg, and combinations thereof.

20. The heat spreader as claimed in claim 18 wherein the number of legs are
located interior of the perimeter of the heat spreader in a position of at least one of the

corners, intermediate the corners, and combinations thereof.
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