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.
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smaller, circuitry within semiconductors is becoming increasingly dense to
provide higher speeds. As the density increases however, higher power is
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contact with the semiconductBAGRERIENB#ddhductive material typically is
referred to as a heat spreader. One of the primary purposes of a heat
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as aluminum, electro-plated copper, copper alloy, or ceramic, for
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capacitors also may be attached to the substrate carrier. Typically, the
SABIRBOHADICLIPTS AR SO BB G HEhe 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 typically
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of the heat spreader a distance above the substrate carrier. The
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design, which does not utilize a significant portion of the substrate carrier for
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the substrate carrier. A heat spreader having upper and lower surfaces and
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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 electronic device having a
theersnspoeditisorraach cfdietey depiik ddrmd ahbet witristhatireterieinientsetoFIG ey

1ﬂ§r@a§;%§§s 5@&;@9@1 éﬂg\ye%mggctromc device shown in FIG. 1 taken along
line 2--2; FIG. 3 is a cross-sectional view of the electronic device shown in

FIG. THkaraRadmaAk afhe Frenior bayimhs it 3RS dnasddinmein B place
ofagiavirgtditcbardaTaanith atgentidllybpasitongd ol ediiereinkfkd. ib iBeaart

£SI9%3 Aegliona "te""f 18'3&? o0, shawn 0.FIG, & taken alen o W ling f%f 18P the
IS a plan 1 Vigw of another entbodiment of & Ra Iilwavmg a solid circular ase

ag@npAigiagehosgngsctional 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 iBRIPRAPEMRIGIIAQdHET BithD&iAEMNESa leg having a
vertical tab; FIG. 11 is a cross-sectional view of the leg shown in FIG. 10

takerfHiorigitine@ln viey: of [@. eleriepnipHenicies BRaA Boe atederibyuitr@ptedfin

2@ Qe onis m@\ﬁp@eﬁnmmpred in accordance with the present invention;
FIG. 13 is a cross- sectlonal view &t[épﬁﬁ?ewom device shown in FIG. 12

taker! Slohd EES34e40RIEITY SIOB %Vé??/Fé’\R/Wd‘r héSeb i alon
lidefiez shown in FIG. 12 taken along line 14--14; FIG. 15 is a cross-sectional

view pfcihe %'Sc%’s Icd8, ﬁ%?\?itﬁ"&g‘l n}%a Ir:]ite(c)%rgf%é‘%%] ARG NG 1Rk Grong

16 is a plan view o anot er em aving a square base
lisghdwdi in FIG. 12; 3 FIG. 17 is a cross-sectional view of the leg shown in

FIG. Eftaken alpnd linavl ér-dds é?ﬁ%dl&éﬁt%@ﬁ@@%ﬂ%ﬁﬁ)@%' ViR th& 186th a
shown in FIG. 16 taken along line 18--18; FIG. 19 Is a plan view of another

caRbaRAREes A IREfRic device manufactured in

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

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 shown

in FIGIGoliakerrratonectinrap giep f theleg 3higven el Vi Bkematorerhativé--17:

embagieRtof R SWRINIEIGT i lgé(éhc%ni SHFREOPGRRES Qﬂﬁlg\ﬂﬁéNl@f- 18;
the leg shown in FIG. 23 taken along line 24--24; FIG. 25 is a cross-sectional,

view BIEh&dp diitoren of enosstsedinsy fhanstecygniqdeyiegmanyisciyred in
asiemtiaatanadher enebodimentiofian electronic device manufactured in

acco with the present inventiop; FIG, 27 is a crass-sectional view of

e o A S e RS SRS S 21 ke
alongskns@étidfal view of the electronic device shown in FIG. 26 taken along

line 2828; FIG; 2945 & Gloss-sestionahview.abihe flect inseraashowiuen
in FIG. 26 taken along line 29--29; FIG. 30 is a plan view of another

Alohgimemt of a leg having a rectangular base; FIG. 31 is a cross-sectional
view Bftdheley shows-sackilimal3adakentadosigctinnid tedite SHéwSAISIE. 19 taken
all%ro l-s%(it_i%al view of the leg shown in FIG. 30 taken along line 32--32;
[&. 359574 plan view of an alternate embodiment of a leg having a split
rectahilfuelds bbagBariG w3 iw almgtvsantiorhngiswicf ttshoy shoiltid FIG.

33 taken along URR SdeddhalEw 3P 3.6 aRR R IRA2LY RN RLIBE Rl 24--24;

shown in FIG. 33 taken along line 35--35; FIG. 36 is a plan view of an
alterridfé émbadmasnce A ersetoniedes ibe v anidctirblsh depstibme 2

with thEspresenpianemdinbf léihe &ishaditenvigwnafébesalecisoricriianit ured in
own in F.Igf 36; FIG, 38 is a cross-sectional view of the electronic device

sh
ASHOWATh hgé) akeh A 6lrtllén}ine 38--38; 4 FIG. 39 is a cross-sectional view

of theFHledVonie dexicecshoveh e |G 36 tdkarmadotyyimesBOvB9) 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
the eldétrafidsdeviesssiesianih Fipw, o thakepctetoisgdinise shayn METE336 tken
afQH YigWs0f 841 alternate embodiment of the electronic device manufactured
in accordance with the present invention having a number of ejector pin
aread! #1349 is PABraLaYs b oty O the ERetinBlicedtica shawR G- 36
siozind Shtaksitical on gditie Abdfoidits dibtie aubsaassectional view of an
altermae sphoriment of the legiionic devics shawn i 12, 43 whieh (g,
heat spréatlzler iskembedded faken a ong fine 4545 BESTMODE FY
ACHRRYI NGO PrEse R INGENTION In the following description, numerous
specifigdetails g JVanR (B RAIMIAE & hrereRoMRdRNIRNGINGOfNEG, 41 taken
invention. However, it will be apparent that the invention may be practiced
algmd bt tHede specific details. In order to avoid obscuring the present
inventimn, 40me wedpknewn 6iT et sysiemeativigueatioss tand letacass device
m%?@gcﬁreeg 10 ! egciSdc%glecd \in';]lthdt%teaiIr'els'é%?\lll\{ivse%'titomehg r?hWiQ %ﬁm orV\ol ctor,pin areas;
embodiments of the electronic device aré semi- diagrammatic and notto ’
scaletdfd 4pastictiady ssoimebf the dinfensierivaie doritheslatarityofIG. 43 taken
aRigsentation and are shown exaggerated in the FIGs. In addition, where
multiple embodiments are disclosed and described having some features in_
comr%lﬁ-, fOriTmFfgs sRrtieaske Vit tnibHS U ipaRPfHEFedfqRnic device
siieatuiesI0ne Imanatmansil ordiradly bentesasibedovithlikeinetsente
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. ThEEEIMMOBKRIESR EIRR YING deCtMERsrpENditar to the
horizontal as just defined. Terms, such as "on", "above", "below", "bottom",
"top" Insldefoll@sving sidenyibi), fiodreds, spevikie dciaite i andnungar’idatghorough
definediitn regpet 10.ihe herizontal plans: B.The (e RIORESHINGIRR Y88 be
erein mc;ﬁ.lges geposmpn of material or p]hotore'Pst, patterning, exposure,”
Petetdprvdnit dhebintpeelBarieigilandiorndenioviriosd theavizneib¢ orejshbloresiim,
s SAUIREL I REFRING, A PRSErRGHi SHHGHALS-and process steps are not disclosed in

detail.
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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

M on

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

¢ 9

"below", “bottom”, “top”,

LR ENT3

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 spaces 106 formed
withinTteelgyarimeteasphghenhoeid portondudlef tdeadssipn spraaidepl1@nIBiepsist,

pRtdREnSPRCESHIE IR vubstantially sayarg.amdds FRHLddRGN e O e material or
erimeter of the body portion 104 of the heat spreader 102, such as by

PROLOFESIFG PGS BBt ge REREA MY to FIG. 2 therein is shown a
crossRegstiopaloiew oichel alectionicsidewice Al sirowwT ihFdiectbiakaevice 100
alor}g line --2. Th:{e1 electro[iic device, 100 as a substrate catr.rier 2@0. A .

manurlactur 1n accQrdance with an em dlmen orft resent imventjon. c electromc
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using a number of electrical connections 206, such as solder balls, or solder
SWEHps! Fhe S¥ihicb LY 2 d8%I8 5 185 PRV TR #itHel 16 tReIsttssipate the
pEafiedsr 20 Ohu Siogy poraidhasivetlaeaiedDéhreatith B8R anuapaxyy kayapidde bertwise

f()s,lg{%ader 102 is attached to the upper surface of the semiconductor 204
usm&' a thermally conductive adhesive 210. A number of passive
compefents2200y suchlas 2ctisaitorsstaiso mayobesntoombdiaw 0édbssdgstforic
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a number of legs 214 that is attached in the present embodiment to the .
g dle ChATEHSTIWSIRG S theRa4s LomdictihreadnEs D s, sPReafracarier

20@twaas henljppeicsoiface of thewsuhbtsateneariibi2@0 arddhedowsr sledacally
of the, hea;[esg)reader 102 izorfferred t%herein as a%o- imension 218. T

cannectin ondugfor - to_the substrate carrier usinge a numpber o ehectlrical
-(ﬁme Sion ﬁlﬂf pre erab Yy IS main alneé constan overl%ﬁe suﬁlace Of? e

ceuipstrate eafriend0astoqiievéntther foidwatipmof.lodakizedrhotspoty iAtthelso is
pRSRURY thQ&l\é'&?olltf?quH&%e'E%Hi%?%%%né DREG Of B RAIR R 2045 epoxy

connected to the lower surface of the substrate carrier 200 for subsequent
18f3ff‘c15unting of the electronic device 100 to a printed circuit board (PCB), which

is notrshowa. speiasing e wiie ko IHhespin JereltewntRe SRS RGN AMIGWNg
a g t?eﬁie‘:&% i%fde"!ﬁ% 102 sh W”%” St nggeg along e o 5?§ ch as
Sups ra% Cal’rllél’ 5160 a la‘(n upper SHP%&%G BSFWe hea spreader 082
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»ghibstantially the entire upper surface 300 of the substrate carrier
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



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 therein. The circular leg

siise 409-is Eonreetetbdae HEdypsriohel 04ty himbemtdadisigspdsand
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suitable manufacturing process, such as stamping, or formingé}Referring now
200 Preshy treviemriBssREWR hdkrtRaieB chBHRl VBT B Ryeatts Shown in
FIG. Rdakensalongdimech-4Shdibi nushben af jeg stgpof tsn4dG s slaniecdiment of
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Is shown a plan view of another embodiment of the number of legs 214
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circulReflagiiaseb@Xisconnecied hdha hedypastirndiOdehyot thglsype@®Ehown
. 606. The Jeg 600 may be_formed integrally with the body portion 104 by any
DN PR S e et e
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outwardly from the outer periphegr%/dof the solid circular leg base 602 to the
SPoalpohtdn RO RN rEsr it e B sRerr HMsHEPSEHace 700 of the
solid riuailagvwaseI602 angem avwassurigsen 1Q2vafftheobedyhestipneA0dr ithe
substantjall ual to the Z-dimension 218. Referring now to FIG. 8 theyein i
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may be formed integrally with the body portion 104 by any suitable
PiEHIbfER AN PBEEsST &RIBHMs stamping, or forming. Referring now to FIG.

9 thergife IS HNAWNA FIGS$ BRI NAINGeW OEINL-186:BAR ShaveT ik FIG6® shown
. taken along line 9--9. I upport 806 s slanted upwardly and outward
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the Z-dimension 218. 7 Referring now to FIG. 10 therein is shown a plan view
704 thdhe Pisbonmbnar dP4He substantially 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.



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 shown a

crosskséxtinaalaete &f¢hel (eghaoO0issHwWR i FIG . Viovakeheatorpdimeent of the

ndrhtekTof TOS /et SHBRATIARY 15 conneetpd 1Rthgbadye Eﬁ’ﬁ%@[@ 18 ebHected to
heat spreader 102 in a substantially perpendicular relations |¥ The vertical

thiddhcRepiaive®h e LoMfamaviioirBreddnisgrathpdtt ShBCE IRV bY
asystace] ez ofcthanqaycpotinnhlds issihstantiathingqual to the

Z-dimension 218, Referuing now (o FIG, 12 therein is shown a plar. view of g,
electronic dné%nce 15)0 manufactured in accordance with an alternate &

sleywbodifientlf terpréasentinaveintion. Theeleglstprsmicl 86/ icecadBOthd toalivebedy
poRi&A48Y 1208 T a’%@fe%ieM%%&@&éah?dé’e%ﬁéﬁém%z%aﬁ%ﬁ&oThe

number of spaces 1206 formed within the perimeter of the body portion 4

VetiGHeditce e aet 2 dorermHE HanbYr of dsdeasurrol i8apathadag: surface
1 regtengellissdgpdisdonmed sutatiaidoythe platmetdahéasdozigportion 1204
of the heat spreader ~Such as.by stamping or otherwise forming. .
Reiol G T B IG5 T OO A LS TGHLT G fogce 1200
ngladtanicd device 200 shvhvan ik Bate 2 talkeshnadon gf 1B8e- pB:sTieleientikonicThe

eRlEViR IRORD25B RYDSHAIE feiHEr 800 MSRINCORIHGIAPIBAL I3 m@yg%%fon

on the upper surface of the substrate carrier 1300. The semiconductor 1
19t iodritayBheiy seasstrafdeiprasd S6BB P BeiRany oL BliriechingptHen 1204 of

RaEiconduaor AB0ATHR HunbeisitpteGar? e il Su Waing pretmpe of Rlectogatd
.connectl%rés 1306, suc %s gol er baIIs,ggﬁol er bumps. Th§eseig%§gglgclﬂcggrby

MIGL Hs0TsPphysically Atached 8HHE sabstrate'Carrier 1560°Usin
stanlipesive deyewi808;msugh as an epoxy layer. The heat spreader 1202 is

attacRef NG HPRSFRYITRE Rl LR iSQIUGANPLLIQL L echat SHad, B ARRIBR M onic

conductive adhesive 1310. A number oszasswe components 1312, such as
dedpatadishard imEFhb2imbanflengd frebesshprRatepadicitard deshyn dibyeate
cAbiRsra0e. carkahicbadletbhesbead spigadeshds appnbah@f deas Idddrate carrier

ched to the substrat rrier 1300 . using a thermally condugctiv a%[%esiv
L R A Tt e R i Sy
coheclowe ths yeiacewiuitier H8A4 spreacert2@2isriefésiddismpersimbs af electrical

criSRSIPR & 34Rn TE Sad MERSIGN IR RIGIRr AR IS MAIOAINGS GOS0 is
over the surface of the substrate carrier 8

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



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 board (PCB), which is not shown.
1 3efermvey ersviheofPraatg tHdpsiisShownods drods-slsetionial daeige of2feduring its
ofdegipgnic device 1200 shown in FIG. 12 taken along line 14--14. The
substrate carrier 1300 has an upper surface 1400. The heat spreader 1202
coverd fHESGHAES Bfth& Bkt ThAUEEP sk \atke Jrerer aNAEXeh gy ybstrate
caden subsianitaltyibe efireiwppethswitaoenid abvafetheosubstiataedatiigiit board
([_J(g%(z) Vtvh(?crﬁpyng}%iorgvizing the heat dissipation capability of the heat spreader
1202. Ige erring NOW to FIG. 15 therein is shown a cross-sectional view of the
electefiorideview 1000shbwvihdreiml G . showake nrasonectineal Siepsofithecelsakenic
ddvP0 phiepymheERt. Iegsi3l4showmt inFIG. 18is qitached 1a:ihe1300 has an

substrate carrier 1300 using the thermally conductive adhesive 1316.

316
uppSTettiRs ot RIS heatibsratlsid ShoGiy Ll Wikt opliie stieeriteine 304
afd |eeferdl43bawndr i sittAlagyl 6 itctudgsesiethbase0dadAandidstrate
num leq,supports 1604 connected between. the hody, portion 120 d
o e e o e e R e a6
RefeirfgrnogvitonFIG FIG. thethincis shebawa erovsssectionsd| wiswabftiiseclegironic

4600 1 566 Wb i G1ds6 (kR 1908 IRR 1513 TOeDWIRarseh I60ELRRRABS: of
1604 is slanted upwardly and outwardly from the outer per&hery of the leg

laga sl b eRot iR BlSty! goitiiiclon 40 Thie WoMCH drstishcE B aventae i dpepally
csutfaceclidfespkthe eg base 1602 and a lower surface 1702 of the body

porti 204 is substantiall ual to the Z-dimension 1318. Referring, now
FIG. R RBARR SRoi 1 IBeS R AR S oo L4l B! o
1FIGstgvtakehl@loitg e 8-60@ iFhel¢owdrsbrfade @ the tenplydse aAABOR sepports

160AEEh RIS LW B SUIFGR P ?2%9%@9{99%&%9%@3@ @5%@’116&.‘?%%' leg

to the Z-dimension 1318. Referring now to FIG. 19 therein is'shown a plan

byieP8? AreheEibiiy sAe 1900 manufactured in accordance with another
embaqeimeiohdhepreReNt INveRiRNs They elecinpiscayiat O0hinglkiadas B0o

heat spr er 1902. The heat spreader_1902 has a haqd ortion 1904 and a
Nl ol SO oS gy et e Y A
u @]y el numbetl pifepacks A806pg iphbstantibdyeebtand (g arntdddédynpedion

1SHETIRN 19 UG PATMRLEHOf 0 QAT AN 9960 Urthhe & RLRRASH W Rwer
such as by stamping or otherwise forming.
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
semiEsiiteon2004 imoithtextadn theheubstratescaedepROOG hyoletbetelestignic

d&@@é‘%ﬁ@Qﬂ@@ﬁsﬁ{rﬁmn‘wQE‘REIZQ%é%ﬁ%‘?ﬁu—%trafﬁ&@l@é%@i@%&ié@99@0 has a
number of electrical connections 2006, such as solder balls, or solder

SYRSHASS. s aNilonAustBroondis arsa Aoty eanir ditRc HiSd RPaR e Wi tethe
sacries 2006resng amadhesivellayar 2008s wouehaisoanhepakyayearinie2be@by
eader 1902 js attached to the u rface of the semico ctar 2004
o G o e PR S IR B RSN £ A lmber
ot elegitpd ndsnRodtvns iKW assushprcitddsr didbs.neaydeemipunped Abanssrisoadyctor

2001 ARG GRS AN LR & SHOSHINS.LALHRTe 2R S NGalisRRRS) e Fods,

has a number of legs 2014 attached to the substrate carrier 2000 using a
YRR ATANIGPOSMdRIEive adhesive 2016. The space between the upper surface
of thersubstiatpreatsierd@00 andibe lo\weruppefacerafctioe eakspceadior 2004
«$902 fRIefsied taherein ps. & Z-Aimension 6015 The Z-dimensign 3048, o, .
préfera%’iy S Maintained constant over the suriace of the substrate carrier
c2BO0w, plteveniythe fonmtdon oftosaliy ok hakspateiinthenstactronib dekcerrier
2d@P0 during its operation. The length of the number of legs 2014 is
substantially equal to the Z-dimension 2018. A number of solder balls 2020

is corlmecied! bWl sittata wiredupstralé GBS fotubstrate carrier
260heaqyemidneatingidhe alpelivaizodevice 1900 to a printed circuit board

(PCB), which is not shown. Referring now to FIG. 21 therein i @aow
Crosel EECHGRAHENEESr o WBe I B0 IR0 THob I R 4t fover
safeng tiheh2 The2d sprbelgubStiate cedmied 2000:Ras an aupdensuwrfacé02800The Z-

il HEALEPEERERE AP 2 RIGIREARM SUIRDAS LOFME FHIRIBHAL SRR Srier

upper surface 2100 of the substrate carrier 2000 thereby maximizing the heat
208<ipatroredpamtare frealigptdet spotoppthr sleitirRi nefvies ER) dyring its
opRRIRIN. ISTHBQYR @ 6FaRS-Rasbana Mevwof4he Rieeiienicy dQuice 1RO0-ghawiion

{ﬂ IG. 19 taken along line 22--22. The Z-dimension 2018 is maintained over
‘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.
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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 FIG. 24 therein is
showRedesipg e dtidial. Vidwhetihés 1ep 2800PIshove inf AIG . o 3hkaRemdonlegs

2608 HAnléreienleARIQ0FOMPHSER:2 189 MQQQ@OMQ%B@EO%E%GQ&grauy with
downward from the body portion 1904 by a distance substantially equal to the

the g BALIGH BWEdymn HLp B HRERREHNS RSarsFsarelces S4B 8RR orming.
numlmssfaiiegsd0id arel a4l owesisusfasen24d2ofdhechony paskiost 10452300
substantially. al to.the Z-di ion.20 errln now to FIG, 25

L o Tog B0t Choe e gt 0

extkndy ﬂnww@ﬁronhehhagomomgoslub%ié@aﬂﬁp@mr@hﬂ@tlaﬂxmughtfa&@ Z-

afhdh& oy PoriRnLENA. The dSANEPEMELDING PWRM MRS 400,01 iNgd

number of legs 2014 and the lower surface 2402 of the body portion 1904 is
a LM AMHTARR 2 E YUl s BRI PAIHRINSIOH 61 taRErhyFRy AR RS Erdimsgsion 2018.

there}{bfsfﬁhgwava planviey aeaselecionic ﬂemeeszaﬁlﬁlamewf@@tufembgw 2300

accord e | another gm di of.th sentl vent

S 2 L B 3 A6 IR i o he
sR602 lnhshe thody Ipnsmmnl%m dhd dlﬁ@umbélebfespa&@slm%%‘fmec%ﬂﬂﬂirf the
nﬁ'ﬂ@o&%ﬁ@%@ Q@M%@%y BRI 260446260 AL R WOREE 956PCEFH2BARAILy

is substantially rectangular and is formed, such as by stamping or otherwise
cqyphimgeZadineniing ber of spaces 2606 is positioned interior of the

perinigioidhp heatFEpreadean26G62 sod betyeerithe sainersebinedaert 2600
ader 602 Within the number of sgb 52606 %ﬂ number of Iegts 260

I’I].fl%u actur 11’1 C Or g wit nOthCieg asel‘[fgid) esent 1nve tlﬁg.lz

& humber of1egs includes a 218G Suppor
clRafentndenow 20001 BeRdcthereint ispstoam2aroShe detiosrak vien26f2hieas a body

&lﬁgﬁ@@dﬁ Ql%vé%gl%gp ﬂ%§@@@f&§lé@%@ﬁlﬂ%@ gf’ﬁng%r off th-gh)%dé/ 7p&{tion

e lectronic device 2600 has a substrate carrier 2700. A semiconductor
200 dinstedf She themisper Rideicao8f tisubtipirike resingr2yony mHarmed, such as
b§@miqﬁﬂgiupme¥m fermpignted on the substrate carrier 2700 by electrically

COHI’]%C'[IEI% fIrLe sem %cr)r(l) uctor 2 (% to tgggunté%tggtte carrj eﬂ; 27010musm%fathe heat
numbéf ec HEAT Conndetions suc g 'oid soefoee
sibemdps 280k dnhigerdu chor cQTed al‘sdwslplaysmai@eaﬁé@hedhtmmetm bstnhte of

s%@é%@g ,45RE.R3Ad0esNe layera iR, o?lf%k 38N FRRUEY !laﬁég'iaa@%hﬁ%d

spreader 2602 is attached to the upper surface of the semiconductor 270
a [pgrgPRAFESThAlly conductive adhesive 2710. A number of passive

COMPRETBALEL2HI t8UTIEG AS7 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

11



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 surface of the substrate
cazaier2 200. Theble evppdrs 26 won heicipthacidey dase el theo thetrHe garrier
rgfeader 2602. The space between the upper surface of the substrate carrier
2700 and the lower surface of the heat spreader 2602 is referred to herein

as a ZMiRtehER &7 28T hes 2uahierision 294bapreRsraio s ragier 2700
ugapstandromay thenSurfiacedicdie: SIstraracChy iBis?ZOM B poei@intihen the upper

farmation of lpcalized hot s.in the electronic device 26 Q uring it
B e o Ruri Dol 3 V008 Jedbis SECTEATg BRaL
hgatdiprendsicd®02018. A number of solder balls 2720 is connected to the lower

surfaggOf the Sstatenearpis: 2(A940LPYRSSaHEAIMANNINGBD thRd the Tower

electronic device 2600 to a&rinted circuit board (PCB), which is not shown.
SRfEnThdiolFb Teresdon thtein T8 eHedvE? 'erd8s s e tiotiaIsmign ot the  The Z-
deleationie7 teyiee2600ishmvtitdindd Gorkttakebralenghiiec28-188 siherate carrier

ber of | 08 shown.in EIG, 26 includes, the leg base 261 hed .
2 e s Torm o haly 0, AR Sl ScEfonRsa e IR e
ofithatiey Hawel @3B0 d§ hormediedotolthe 3608t isprbadenidB0R1wy theh¢eg-dimension
2§ppport 2612. The leg support 2612 is slanted upwardly and outwardly from

the edge of the leg base 2610 to the heat spreader 2602. A lower surface

2800/bfHaNEy Baskdon balls 2déPdrateanidhd Aadirelutitate amsodf dhenwibstrate

chieiat spreaciequBedy adlistarcs sihstantiallydaatat600he Zpdiranstont board

( F188. Fﬁeﬁjerring( now to FIG. 29 therein is shown a cross-sectional view of the
electronic’ device 3880 shown in FIG. 26 taken along line 29--29. The heat
spredtide2@0 2 isvposhioned fromiithe Subvstratercarsiati@TO0lpywthe the electronic

d&RIIMRDBIONb & AR PREOSS SHRRIABHA! esenlrerRUHAGELINE RURFHKA G wn in

carrier 2700. Referring now to FIG. 30 therein is shown an enlargedé)la
fe

n
Ffievtonsidatehsdee Rnsosdhrdnebrdie hember B rgacr 66800ihe Bretwaniely
c6lpNies 26aRshewn k) Fife. 126 bAscleg1300Q4nsdudasadeciangpliasdanbasey the

165005 %O”é‘(gﬁt.e‘fﬁ%’ [ bocty %%j&on 2004 pline neat spreade 2.?8%?%"3“ of
ih FRES V'a 16§ SEpPBR 5004: The 18§ U0 ay™Be T8riea YintEgrafiy with
thihée p ddye Rortib o 260 4chy sprapduriite. amWacturiiage e ss fisubly &gse 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.
The BefemigalaeredoobKe 300ndieis s |ohvemsaurfarse-Sro0nahditve ¢oidly leg 3000

SRR 2RO430a512nIAWRE SHEfage 3L0FnTheverisal digianceilatwesniRgy and

lower surface 3100 of the rectan%:lfar leg base 3002 and the lower surface

owresbr trendBag PorREPR ey 1N BSEIRIL SRish 1 thie SakAdnersHon 2604.
TR T&thgladring: nave 80F2Ga82 theraiRug fla3V0(aah g8 3ediionativieds0t the a
leg 3000 s n in FIG. 30 taken al line 32:-32. The rect r leg pbas
o s e B P R R B TR
legi breen GO &L hadathtiddly aqualiats thdZodithe heiyrp2udig 26ferrinesaoiaty F4Gl to
tFtABLEIR;iIS, Shewn a plan view of an alternate embodiment of the leg 3000
for the electronic device 2600 shown in FIG. 26. A leg 3300 includes a split
leg HALEEB39 20 G tith BFIHE Spibteg Bas@ss3ogivnabrifdctidhs the 3000
standyipi@rs@ad4mnildhe Iheaispratas 260hshomegBdstG0ebibypadedfrom the
support 3304. The leg 3300 e formed integrally with the bo tion .
e L A e s Dot Bt ST S ZotiRion
2R&ferring now to FIG. 34 therein is shown a cross-sectional view of the leg

3300rghowmiy Huf & [é [BKeRAINY WK% pith TiBE 1R%SURRAS3A8dSiment of

slanted upwardly and outwardly from the outer edges of the split leg base

thg3ee IHhELBEy 5618 Setiac T sphtVdl Bise 830248 QU duBIdst frsld leg
b4 Endehe hoeioportian dBRdhasa BRoRistiiacaidahe R ypsical 2604 of
distance betw the lower surf 3400 of the split leg base 2 and the
el SIS S0 B iy i 260 o K HalF Lt rmed
inZegliplgnwidn &gl BodReferting BOM4 tdF By 3Bithbleimiswghawima process, such as
stﬁﬁ?ﬁﬁ?%?@%ﬂh%iew of the leg 3300 shown in FIG. 33 taken along line
35--35. The splitleg base 3302 is spaced from the lower surface of the heat
spredtférBe NBY dodidfandd dsEdtaittisiREquArS s RMimenkich dreaige 3300

sIRGfRHHNIGOoYS talkkGaldhtiarer i3 shomp R Plappiavefan elaatoniswdaricand
3600 _manufactured in acco ith,.ano e ent of t

ance wit odi esent
VAR P L IBSLNE dIee DR Aol o Rk VLRGP SO TRE ol
ldgdatspr@dders 360RehasrtdzotiiOpordidre 360y mndloa P ihes of spaces3606102.
RIS OC RRIIDEISE ALADP.ERSNRRTIAN A0 BAERLCT VBT WHRBR B

spaces 3606 Is substantially rectangular and is formed, such as
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
crossEgelebizd visvbaf ehepatet tovicis devidengéduasitywh e PRGMEBtakéhe heat

sHOIG: D BlndBeal IR RIGRUQUEHENICR FHRORNER B SHPREAR CAIRCS 6P Ghaes

semiconductor 3704 is mounted on the upper surface of the substrate carrier
360016 2PN REMIJSEUABr 3704 is mounted on the substrate carrier 3700 by

electieatlyisgmoectihgliheSemieandu ctomd/H4rtedhecguhdtrate. aarier déddtbnic

using.a pumber of electrical connections 3708, such a solder%alls
e B R R e A L SR P i g s o
sehsbrateaterciarrief097 00 usimirerdacihe Sived | ayen@ o8l audheagpaer epoirge of the

sUBYRhcERE Y GPradd et RROA IS PR Jn BB LPBR RV RCE AL tAfier 3700 by

semiconductor 3704 using a thermal% conductive adhesive 3710. A number
cl5F sty eoeBhpbn s BTN UGN ALV EAPHEBIR RS S AT BEXhBiRg BiRber
ofhgestilislratacatiias 3706, aschesessasy farna paditddabudgsigmhEhe missrREor

eqs 3608 shown in FIG, 36 js attached to the strate carrier 3700 us
S0 K SR et o SRR Aae SRS SRURLAOR o8,
swihtheasepstydtyaarrier 3700 and the lower surface of the heat spreader

360215 J I SokRBEIRIMAS AL HIMENAC e 8urfRRE S WNENRIOShH(IEr 3704

preferably is maintained constant over the surface of the substrate carrier

ugngd rprelEseRdEcibR e GriothiZetrmics SbRaSH theOBRATBINIE [deviveh as
c@RRREINNG itsa9 RRratinmnteling |argbekihecautibeTnf 46 e83608yiSor a particular
dgslfbgtantially equal to the Z-dimension 3718. A number of solder balls 3720 is
cofiriected to the lower surface of the substrate carrier 3700 for subsequent
mourikirgnofthe efdleoniddehice1 36 0G0 30 psintedheitdaitisoanta t®OB)rier 3700

uélﬁmc@ ﬂ%ﬂﬁ&lﬁhgmuﬁﬁi@gdﬂgs%%i%: l@h§§ %rg%eﬁh&@’ﬂ%er surface of the

cross-sectional view of the electronic device 3600 shown in FIG. 36 taken

sueFriclieers8-3 3) ke dossnsudas Al Hehes trereadiistPAtei tEriesied fpberein as
a Usimigntheishesmally cradugtivenadhesive gel&adipedeg 360848 camnactedtiane

g heat spreader, 3602, Thee oper stiface of he substigte gamer 37001,

Sehardted T A 6weaY Slirtace oOf the fieat'Spréddeé?r 3602 by A aistanes
ekabstantialice o8dtduting Zedivpension 3TA8.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
fronrribe 3VDOrARefarriay HOW by RIG. Zditansim is Hfoeamoss piabstetplbf the entire

ssehstite canier.a/00:RE $hepelectronic device 3600 shown in FIG. 36. The
electronic device 3600 includes the number of passive com%(;nents 3712

mourRSF BN ¥ B SHE d LAY 8P Vithe PLEIES Rl e SH S FRse ISR TR of
tenelbersuhstaiz caoier $1000 it eddral pertttn wdthedsubstpate dactigles the
nsglgo us'n% the thermall e%?sn%gve alollhteﬁive 3710. Qne of the nun%oof The

245 360814 Aached Al €ach Corner interior 10 the penmater of the stibstrate

sqaieied 8700 3 Rfesringunod ¢o RIGsubbtthiereintier SHOWmnatlyl sasvieivpofteon of the
suBQldRA - ¥eIsian B & £IRCHNIRAISRELAR MRuiRCtHIRd B RGAIIANG ber of

with another embodiment of the present invention. The electronic device
legs 8008 & atachedr sedbradgeueriss e iis RebrsisreAds APosR S8 HehHY-
portiareftdeansvachiricher1ofhspaces $bve formadviehisT thenprRidmetasiaf tien
ody portion 4104. Each of the number, of spaces 4106 is suhstantiall
o A B R e S S RTRARN L e poppen
inyktiiemubhbeteofrepiaclesidd 8)sipdsitionde dhteriodofAHE patietespletier 4102

hIERH SR SRR and infermpediiepiRecorse R aldhe Neat SRrpadat ¢l 02 the
Within the number of I3?aces 4106 is a number of legs 4108. The heat
[

badyeaaiemt 6% sUstantialy povers of sepstiatéOfatriditbarntally fstemgylar and is
ferampauatd bl ssias amapayfeampound, surrounds the heat spreader
4102[@@5 ﬁ%st[ﬁusnﬂggreol%ps E&%%%&%‘g&ﬁ& Do ?tE"é‘rE%rCSff' @I}fr ALL0. Refer

RSNy ter of the heat
now erein Is shown a Cross-sectional view o e electronic

sprenvdee 400 0ushowmnie @ .t craken afdhghie spRadd. 44 BenWa i totopdBerof
sﬂﬁé&oﬂ@@g qumlu&qgéssw&pe of the substrate carrier 4110. The

semiconductor is attached to the substrate carrier 4110 using an adhesive

layer Trh &8 a1 L2 264 R HABY AR B At eSS teisicE 4rHidk 41 oplfling

colgsnically IcoRRacingntbpos¢ RisPIdHE ot didenthe sustiate caoDend balhses
using a n%pber f esleé:ttrical connec‘ltlﬁ/ns 4206, such as bonding wires. The

ths?eu conduttor fﬁ a sr%t?scf) %l%a attached to the substrate carrier 4110

usingRefeadizesive ﬂaﬁ642®8he&jphsa§1awep@xysmﬁ&tiqﬁam uvmyesfahpa$sivenic
dCQPRARERER Aa TR FRYCIH ARERRAGILO R AIS0ymay s%i%%ﬂéf—‘cﬂh&‘ﬁp]g‘ﬁt mounted on

substrate carrier 4110 as necessary for a particular design. The hea

theprercd s dasrhis s btifnissrbieeds 41 bbeataitradieions atitdiedie Herpidptrate

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-dimension 4218
Zishateraloly 42 Yh amstainklyl somstaitnederotisarueise hofsthtnetibsthateubsiragrcarrier

4R ?M&Y%@ EGEJQ&H&%MB&LE%@QM%&QWH{%t%IH&tljaﬁl@ @&qu SEYiCRg its
4100 during its operation. The length of the number of legs 4108 is

ORTTALEANGENY 'SBEE 26 Brershim et drsn 498 85 ARHRERNOT e Barsdipspsion

4™ gonnected to the Iower surface of the substrate carrier 4110 for

subs quent moL t ronic devc 4100 to a printed circujt boar
(PCB), which'is n6 O\f/bi/r?FR%e rllrslgccr)w%nv?/c %fstﬁfh(g?eml%cgh%%/{h at 0Smte

cuikiey bF hfe eeh&@qwmevm@unm thmima@mm@maéé@ﬁdammwm @rpuit board

(RHBTNRe. A RbRdiment of the present invention. The electronic device 4300

includes a heat spreader 4302. The heat spreader 4302 has a number of

circulRFEgiReA 3 HOsitdNRUSH tie ROVt LB e s pre4BIc 450 2400
niderietueédhe fpesimeier aithenheidirspreaciodiad: caake qfrébﬁlﬂumbﬁi’oﬁf The

oRIGHAL 3@%8323@04&15 Jor a,umber of lags,4300; Each of e ymber ol ier
circular spaces dﬂ alfso func% S as an ejector pmn area, OI’rE In area. mflP]l
oheatubpreackeri480 2esubstethiiathe cousrs ef mmwmadneﬁmdMDmlﬂ@the

pEEMRAUIGHAILY: SHEhieR3 /P epoxy compound, surrounds the heat spreader

4302 and encases the upper surface of the substrate carrier 4308. Each of
the nEASBEY dicchenbsr shacedaspaces FEMDil KiehBumbsy teleasddto Saphriite
nﬁhﬂ)a&aﬁ@mﬂad@faée%%(bmméfm@abﬁﬁradamaﬁMrﬁﬁ)are&}roeﬁampﬁeeato The heat

Bererm-fallure pnalfeis.aldhe ciedianic device,d300, by necring BRI 0%
pnareas. EfEHiNgG HoW't6' FIC A4 THEIEIn IS sHown a crose Ettiona
aviawpktheoripotrdniordevits 4300t shoadeirt FIZand3naken hlomgpéineifded 4f the

s SHRICARRNGIRIRA 4RI MO HEHRD oF@rHEQﬂp%‘dEfsa@on 3P SHPSHAL may be

carrier 4308. The semiconductor 4404 is mounted on the substrate carrier

uspgol yRefataribalRFRoretdriotiile JEmdORdUBtsREaeMrier théO8ubtratample, to

p&dbHarFARA8 mﬁwsaomume@&%ﬁle@wﬁalmon@emeﬁlﬁglg&rsuﬁlﬂ@ﬁ pengiag

W|resRT e. semlcon %tor 44 4a|so |s h sica |ﬁ,}/ atta%:he to the LLbStﬁat?
carrier %"6‘%‘%3%’6 é)n adhe3|vé°’ra13r}elF s?u‘(:f 533 eé:nl%npoxi/e?’é electronic
deniea B8O 0 K hags meHiGnmbmwMgﬁnsaémas Acaqzram@mh;,cajséélﬁﬂays b®unted on

tﬂé‘ﬁ F%Pf'élc@‘8f%H?§H@sE?aF@EQ§fe?'§9§8aSI'ﬂ§%@ﬁﬁ@&%dﬁ?&& RARIGY ARSIV the
eat spreader 4302 has a number of legs 4306 attached to the substrate
s@ﬁﬁfpéq; camer 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 Z-dimension 4418 preferably
439%rigintainediev fraraniovel wealseddws afothénsibstesteonsrdeyice st ABDAurng its
op¥RY®Rh! “i‘ﬁef‘?éﬁgﬁi'gptﬁ’é lQeabZesk RALSPRIS i sﬁhﬁt%‘&i[?@@:&ﬁ\’»‘@ﬁ‘e@@&ensmn
during its operation. The length of the number of legs 4306 is substantially
al to the Z-dimension 4418. A number of solder balls 4420 is connected
to theAlowefbsu saceldfrtihal BUbsicate c@ﬁﬁd&t‘e%@&}f@n@u&zsaqﬂeetcmmmﬁiﬂg;tme
1er ?)g? nIC (saev Iﬁgnﬁ?’ooﬁg 2 gf téi‘ glccl:{%'lnllt b e%ti(c:ie QP&)B ZJ whi CQec? 01rcu1t board
own rrlng 6w to FIG. & erein IS Shown & cross-settional View of
(Rﬁ@)elwbwbm@mcmebwemsoo shown in FIG. 43 taken along line 45-45 in which
the hﬁ@fe?ﬁﬁ%% &39?6'54§%9qqg sﬁbm&)@%l‘asg%@&%h‘ﬂ@%%@@f the electronic

encapsulates the heat spreader 4302 as well as the semiconductor 4404,

dfﬁ@%émee%hamadgsﬁl@cé?’n%ﬁ%ﬁ Qngaliee 4ord e MiabehohraysPaslar 02 is
eﬁapalurauonsmwﬂhg:ladlagdﬂ@at@oseadﬁpﬁﬁﬁasaaa ﬁzelﬂplbeakie:dsm tRewell as the
450 ace between th rface o t
S e O e e PO S BER e a4
fqnamtmmmbwtmmmquwmmwam barfadeddidhie habuiding camerund

44598 apd %@étﬂé}%@}{ eauabiNGEAAImeaR QAR TAlHRe BRCURRite 1ower

device 4300. It has been discovered that the present invention provides an
SlaetrBhibedsHcP iR at HEal sHib aukiamst sHEBWA Hdhecop e b PYTa tsniBrpce

oPftREtivid stk RASS 4081 RA0 Eils ARtRISUBGIAALE Caid i oT-AVhasTOAIALAIRIMG: the

the Z-di ensgg The variety of structures and locations of the legs of the
electronic devi
ea spreaacer prowdes increased flexibility in the design of electronic

devickdzegeinnishearsptiedder priet varetyoofeyidaustslestcart evice with a
@H&%grtﬁla%%mﬁ&i@t QCQ%EJ%&%EIQ&?H%‘P 9&@@ GIackRNiG q,%}ﬂﬁsnents on a

thereby increasing design f eX|b|I|%y Thus, it has been discovered that the

SulpSHAAEATISE tHA lprudinitiiYe fifof IaHES THBOMERY s EtsTatl locations

otifRvailable soluliansprapabjivesicandcidnclionatidduaniages dedig bealectronic

spreader. The re sultln ocesses and conflc%u[atlons are stralgmforwar

devices requiring hea gpe e variet uctures ca 1ned, to
eCthonTiEal) %ncomp? 4 "highly versa e arv SCtiVe} 88 convel onal

atecinnoldgées pandudredidsiys oéal dy:&mmd dewm&lm%wtummgola@@m flexibility.

deV""?ﬁu‘éeqHHﬁ%@&?hﬁ%@&%rﬁaa@r{ﬁ £Bpféfﬁk{ls°8mﬂétl}?£%e‘{¥ﬂtﬂ&&ﬂ‘é%”ﬂﬁﬂﬁhes

manufacturing processes and technologies. While the invention has been
irgeasEtb el s iR oA Wbl SpRIERRS e biléRs; Rnd functional advantages for a

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 matters
TEd RIYIENEION oL-am¥ER P the accompanying drawings are to be interpreted
in an jllustrative and non-limiting sense. 17 THE INVENTION CLAIMED IS: 1.
An eléctronic HESEEUS PP S R 'S strate carrier; a semiconductor
connectddttettharsabstrate carrier; a heat spreader having a body portion

With 3 RSMSIGT. A QYL SUTRCE, AN RNUTREE, of legs formed from the

body portion of the heat spreader, interior to the perimeter of the body
portichhq@cessieraniieg theogs dyHeritHh armgramelehad ot tieriigsstiste number

carrier, whegeipgthe, fiRlancsPelvesdy the 8URITaIR GRENSHARAINGHRWEN to the

surface of the body partion of the heat spreader defines a Z-dimension; and
the Z-dimerfSBRTERRLiMaREl POHRANCSFLOE A TSRy I P HHSR: Qitfiaghed
area of thetbaoletyspbstiate afrtive, heatspreader except proximate the legs. 2.

The %L%C&ronic él[i\%eee% gctl?lh@s?rgltienc%‘%@a%ﬂnee Eginﬁ%ﬁ%#ﬁn&e&g u)edgsportion of

IStEI.IrCé;i
comprises a leg npase o east one of circular, soli ar, square,

rectangular thsplicatiiereediyalefinprealéedimstsearmbifations thereof. 3. The

electigpig d&vi4RiGe &'%@%i%&'@éﬁét&nwwlemﬂﬁ%@ﬂ% e [9pated e of
of the perimeter of the heat spreader in a position of at least one of the

corners, intOfrRetiREHo8 Rbiehsd AR M BIRRIHSIARIE dic S Sthe

electrpnic deyice.as claimed .in claim 1 further compyising at least on
passive Comporiacy MALCEA S e LIESHAL S SR e pimbor of logs
cempistmedenbelsinl htvidistsinethediegdof thiednartulsprepides, apetangabietblis. the

clBe suhstrate carighusinghadhgrmally conductive adhesive. 6. The electronic
evice as claimed in claim 1 wherein the heat spreader is attached to the

semigonductae uktogoaithasmadlyacandhetive adiiasivewiecrdinetalerfonie located

evice fs\ claimed.in cltaﬁjn Jh flflrther om rising.a nurpbeti of solde{C l%i”S
n ?{101‘ Q € perimejer, o € heca s;ge CI 11, a PO 1t10n, o1 .at least f)Ile (0) € gorners,
attached to the substrate carrier."8. The electronic device as claimed in claim

imeyphgshiefq the corners, and combinations thereof.

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

passive component attached to the substrate carrier.

5. The electronic device as claimed in claim 1 wherein the legs of the heat

spreader are attached to the substrate carrier using a thermally conductive adhesive.

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

attached to the semiconductor using a thermally conductive adhesive.

7. The electronic device as claimed in claim 1, further comprising a number of
solder balls attached to the substrate carrier.

8. 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 9. The electronic
device as claimed in claim 8, further comprising a number of circular spaces
in theheat spheathstrfornsipgcejecdnipipdareelsim @, Antede coronicsigdormber of
comprising: &§HBsifale Carie rh@ﬁ‘@&%d@f?%ﬁﬁﬁ%@j@%ﬁﬂﬂa&@a%i a
semiconductor attached to the upper surface of the substrate carrier with a
thermally condeletivenadiasieeompedahgpreader having a body portion with a
perimeter, a lower surface, and a number of legs formed from the body
porticrsefstivdcheat ggredue pppretivst ltoviie yedateter of the body portion of
the heat spreader, recessed below the body portion of the heat spreader, and
attacREEMY USRS A AtB AR B WRPF LSBT H AfINE SHBRIE 6 5aFTe¥iti? thermally
chanypertigir 9fdhe heat spreader extending over the substantially the entire
upper surface of the substrate carrier except proximate the legs; and a
numbelreaf spiddreiblisnattaetbobtotibe olverpsurfate. of lthveessibtraterchani@mber

oililegyi}grﬁl&p%mctl%e%% @érﬁlﬂirﬂﬁ%@h%@'%&d\é{h%{%%m@ fﬂ@@?ﬁﬁeter of the

between the substrate carrier and the lower surface of the body portion of

b PRIHPRHehadr deiedler Zeaneh SRIA ARt RAGY 2UHAROSIBI Rethaniadsednd

a@UMStRfL Y Slitsuhs ptiRie LRtHe SHr Reawrtpa aihtsrsubstrate carrier
except proximate the legs. 12. The electronic device as claimed in claim 10

wh_eréi_n bhéymmberocﬁftm@ggacmdgegaamgg@ aser dicatueusttoly tfecintutarpper
SIS OF il SHLA G SFIANGNIBF, SRl R 18096 Rf the leg, and

combinations thereof. 13. The electronic device as claimed in claim 10

wherginuihpelegsarlosaiadbntarionief theepaiireier afdbeheat spreader in
a position of at least one of the corners, intermediate the corners, and

combination$hheleoforiid ddheceledirionid tevigm 48 slaraed in claim 10 further
comprising at least one passive component attached to the substrate carrier.

15. THE eldansetyecice s biimiteifce iiththol W rsiHacthe Sembrdneritrsy of
tHS IRAESRSHRIR KD 27 @ncaRmand and 19

the Z-dimension is maintained constant over substantially the entire surface area of

the substrate carrier except proximate the legs.

12. The electronic device as claimed in claim 10 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.

13. The electronic device as claimed in claim 10 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.

14. The electronic device as claimed in claim 10 further comprising at least one

passive component attached to the substrate carrier.
15. The electronic device as claimed in claim 10 wherein:

the semiconductor is encapsulated with an encapsulant; and
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the heat spreader is partially at least one of exposed through the

encapsulant, embedded in the encapsulant, and combinations thereof. 16.
The electronic device as claimed in claim 15, further comprising ejector pin
areas in the heat spreader. 17. A heat spreader comprising: a body portion
havingea ratirpeeadends apoiaiys arfaetst sonimbexpdsedshionakdifeommamesulant,

eRBEYIPPTHRR éHE%HQfléﬁt,“aﬁdR%ﬂmﬁ%ﬁfoﬁE thelpdy portion, and recessed
below lower surface of the body portion; each of the legs comprising a leg

base faving celoweicsieifireas andnwhenaining slistanee doatprdaiy Ejeclomgn areas
; Slelrf%(e:gt cs)f }ef%l% body portion and the lower surface of each leg base defines a
I?—é’imenslljon. 18. The heat spreader as claimed in claim 17 wherein the
number af{egs GemRFSGsRisig. base of at least one of circular, solid circular,
square, rectangular, split, the edge of the leg, and combinations thereof. 19.
The healdspeadehasglalmethisclaimalidweheigieéhe number of legs are
located interior of the perimeter of the heat spreader in a position of at least
one of thebornElegs ifvterpdddiadith dahrpergomnataombsirihtipagieemed (1RObody

portion, and recessed below lower surface of the body portion;
each of the legs comprising a leg base having a lower surface; and

wherein the distance between the lower surface of the body portion and the lower

surface of each leg base defines a Z-dimension.

18. The heat spreader as claimed in claim 17 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.

19. The heat spreader as claimed in claim 17 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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