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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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 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.



spreader and a substrate carrier. Passive electronic components such as
capacitors also may be attached to the substrate carrier. Typically, the
semiconductor is attached to one side of the substrate carrier by means of a
number of solder balls, solder bumps, or other alternative connections. The
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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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2 the semiconductor and reduces the likelihood of hot spots within the
semiconductor thereby increasing its reliability and performance. Certain
embodiments of the invention have other advantages in addition to or in
place of those mentioned above. The advantages will become apparent to

thiesmiskikiegtin the edusrorihalieddinerofithet fonswingidatsilksaniesdrigiothereby
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device shownin aon line ﬁ& isap blan view of one
aeavibpdisesteianksg havmg a circular base Wlth a centrally positioned hole

therein; 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 basBRIEIGDESERIEIFON S tiFHADRAWINEh® leg shown in

FIG. 6 taken along line 7--7; FIG. 8 is a plan view of another embodiment of

a legH&vihdsa sdiaye Wadernmtectoncderisssharidgonbg afisnicadeh e ieyfassien in
adRdrdGhc8 \ka{femeaﬂ,eﬁgwﬂmlevgmﬁ;n;FlG 10 is a plan view of another embodiment
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lin¢t@rrPate embodiment of an electronic device manufactured in accordance
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device shown in FIG. 12 taken along line 13--13 14 IS a cross-sectiona
liggedv-&f the electronic device shown in FIG. 12 taken along line 14--14; FIG.

15 is Grapgssegtianalaiewr dhthe leatranic sleyice howp in FlGiatbiakeRh a

ce?rlgzrll ylgloeslt]igr-le]dShole therein;

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;



FIG. 16 is a plan view of another 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 line 17--17; FIG. 18 is a cross-sectional view of the leg

shown in FIG. 16 taken along line 18--18; FIG. 19 is a plan view of another
embddfméntiod aiesteetrionit vevicd thrakefdonindd MGatedrmdengiteHe--17;
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embodiment of an electronic device manufactured in accordance with the
alﬁ%&?ﬁ%v@ﬁtion; FIG. 27 is a cross-sectional view of the electronic device

showRIG BiGs 26ciakerectilong lirey 2of-tRe ekelaroriB iseaics a$8wecHara. viewaken
f the elﬁ:tr#nic device shown in FIG. 26 taken along line 28--28; FIG. 29 is
§-Sectio

along 1n . . . .
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30 taken along line 31--31; FIG. 32 is a cross-sectional view of the leg
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35--3BIG. 27 is a cross-sectional view of the electronic 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. 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; 4

FIG. BYGs¥ drossresctionionlevicnf thehsletironiv ddeiies shown in FIG. 36 taken
al@lEmaongdine 39--39; 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
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electronic device shown in FIG. 43 taken along line 44-44; FIG. 45 is a
aloRgslnegdriviial view of an alternate embodiment of the electronic device
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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, whergrguliiph e rRENRRBNE CisTosErENg NesoNbed having
some features in common, for clarity and ease of illustration and description
therenf tike dBatuingslene tocanotheroullspedifiarbdile are given to provide a thorough

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

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

are defined with respect to the horizontal plane.



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 to a

direction perpendicular to the horizontal as just defined. Terms, such as "on",
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term "processing” as used herein includes deposition of material or
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f(;srtrgllrg ing or otherwise forming. Referring now to FIG. 2 therein is shown a
cross-sectional view of the electronic device 100 shown in FIG. 1 taken
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200. The semiconductor 204 is mounted on the substrate carrier 200 by .
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components 212, such as capacitors, also may be mounted as necessary for
1E'é(eﬁarticular design on the substrate carrier 200. The heat spreader 102 has
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ermally conductive adhesive num ol passive components 212, such as

capacitors, also may be mounted as necessary for a particular design on the substrate carrier
200.

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



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
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subsequent mounting of the electronic device 100 to a printed circuit board
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leg base 602. The salid Circular leg base 602 is conriected to the body
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portion 104 is 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



distance between a lower surface 700 of the solid circular leg base 602 and a
lower surface 702 of the body portion 104 is 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
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has a body portion 1204 and a number of spaces 1206 formed within the
SHBRAS R MIE BB PpFtion 1204 of the heat spreader 1202. The number

of SpR@e&ﬂ;?gOﬁol& &umtantzalmeﬁ@ﬁ{a@guwnamdr@sicg@mdlamwwbfqﬂbalectmmc
SRS B S TR 308 LN o il 202 S 85 B
comssk3eetidnsmiewdkctbie 18l&ctsomeonted on the upper surface of the substrate carrier
1300. The semiconductor 1304 is mounted on the substrate carrier 1300 by electrically
connecting the semiconductor 1304 to the substrate carrier 1300 using a number of electrical
connections 1306, such as solder balls, or solder bumps. The 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.



device 1200 shown in FIG. 12 taken along 13--13. The electronic device

1200 has a substrate carrier 1300. A semiconductor 1304 is mounted on the
upper surface of the substrate carrier 1300. The semiconductor 1304 is
mounted on the substrate carrier 1300 by electrically connecting the
semiddadirersr 1804em v wpsstrattamicihd 30Dstisingainbey aneldetrieakr

sheRraestions He%@@pl%%& apeolterdalls: @6 seldgr Rumps4itREeMigeRdusierz.
1304 also is physically attached to the substrate carrier 1300 using an )
dpeie! e esHh R AnaL G E SRy Ay & oF e RS - alle s 12U s carrier
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chrgtcligctive adhesive 1310. A number of passive components 1312, such as
%apaCIIlfOI’S, also may be mounted as necessary for a particular design on the
substfatersderiat 1306 Tl HEaP Iprecanierthdsatheidober ohitigs P81kHe substrate
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1316. 8 The space between the upper surface of the substrate carrier 1300
(R e RS ShRYER of the heat spreader 1202 is referred to herein as a
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over face of strate carrier 0 prevent the formati
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to a printed circuit board (PCB), which is not shown. Referring now to .
capith bt hsrehbnA it riss laeberinkisinatiy b arabaise o hed vRisad o0 P02

showRdfe k(g . nbav takenGal opgHsnenl - <hdwhhe suisicate carvie v 130G d1as@mnic

uppe face 140Q, The heat spreader 1202 covers the surf, f the
o T S SR e e S cav e e e, Bhenambes o
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HeRLdissipation Gapability of the heat spreader 1202. Referring now to FIG.
15 therein is shown a cross-sectional view of the electronic device 1200
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has an

base 1602 is substantially square.

Referring now to FIG. 17 therein is shown a cross-sectional view of the leg 1600
shown in FIG. 16 taken along line 17--17. The number of leg supports 1604 is slanted
upwardly and outwardly from the outer periphery of the leg base 1602 to the body portion
1204. The vertical distance between a lower surface 1700 of the leg base 1602 and a lower
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



Referring now to FIG. 16 therein is shown a plan view of one of the number
of legs 1314 shown in FIG. 13. A leg 1600 includes a leg base 1602 and a
number of leg supports 1604 connected between the body portion 1204 and
the edge of the leg base 1602. The leg base 1602 is substantially square.
198 terFegnioerooF RBAcEY tHBPinsigbstanintla ierbueactomal eemedfintsisgo the
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1604 is slanted upwardly and outwardly from the outer periphery of the leg
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ssRBGRA 1 RLP Ahsolowr sibfaGrit e fRdY RRTHAM AR B HiRlante-Laue by

to the Z-dimension 1318. Referring now to FIG. 19 therein is shown a plan
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such as by stamping or otherwise forming. Referring now to FIG. 20 therein
upngRgRtaAhosddedtitrivihgay 8P te Alainbrier aavive agnerarivi it Fish as

cdfdaksnaaongiing 2QurQd bhawleskivnia devicr lA0RHas én sldhsibatate carrier
rier 2000. A semiconductor 2004 is mounted on the upper surface of the
Substrate carrier 2000. The semiconductor 2004 is mounted on the substrate
carriefl080tppreldotri@8Ryhepnnecting td gsritichductod200h¢oubstrate carrier

2%@&5@% %fﬁ%ll@z@%ﬁdﬁ%iﬂ% anumRen & _electrical connections 2006, such

as solder balls, or solder bumps. The semiconductor 2004 also is physically
attacHBel thatfe ksipstratbccipier 2obvUsh et daHase e ¥¥oandsiienl erer

s@fhePOxyHayRhat Tipe:-heat Beasdesd IR is atiaghad tozhenpepmsriace pie 7-
the semig ngductpr 25(?04 using a thermall condul(l:tive dhesive 2010. A .
dimension ? referably is maln?al onsta%% gver the surface of the su sgate carrier

number or passive components , SUCh aS capaciltors, also may be
2000 unted \astribedssaaiidoolperticid dodesigniohehdesubsicateveartig®O 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 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.
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2000. The heat spreader 1902 has a number of legs 2014 attached to the
substrate carrier 2000 using a thermally conductive adhesive 2016. The
space between the upper surface of the substrate carrier 2000 and the lower
surface of the heat spreader 1902 is referred to herein as a Z-dimension
2018Re¥igering diore 1o 202 8hereife albhpisnaatrstirreelicomstaaw ovdhetrdectronic
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of the number of legs 2014 and a lower surface 2402 of the body portion
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2604. Each of the number of spaces 2606 is substantially rectangular and is formed, such as
by stamping or otherwise forming.

Each of the number of spaces 2606 is positioned interior of the perimeter of the heat
spreader 2602 and between the corners of the heat spreader 2602. Within the number of
spaces 2606 is a number of legs 2608. The number of legs 2608 includes a leg base 2610 and
a leg support 2612.

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
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surface of the body portion 1904. The distance between the lower surface
2400 of the number of legs 2014 and the lower surface 2402 of the body
portion 1904 is substantially equal to the Z-dimension 2018. Referring now to
FIG. 26 therein is shown a plan view of an electronic device 2600
2Rarifadturexhier B ctrdhek tovilith sahesthieraambo ditte nsiog thic qoheseistlayer 2708,
sieNatieRpdiaplectronic device 2600 includes a heat spreader 2602. The
heat spreader 2602 has a body portion 2604 and a number of spaces 2606
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legs 3408 e BMRPHeHEIR ARABINR 2 dagchast 210 AR Eclfler 2700

support 2612. Referring now to FIG. 27 therein is shown a cross-sectional
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sﬁheeedﬁcctr@mbsdeweerambas BheSIBSURIercanecandisAhsasgieand2iliorto the

heat s Qij?rbtfd on the upper surface of the substrate carrier 2700. The
conglr ctor 2704 is mounted on the substrate carrier 2700 by electrically

conn@bﬂrﬁg)ahe semicoritieictepc 20d teethé tebsthatatcasnimie? 2000usidgtle lower
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bumps. The semiconductor 11 2704 also is physically attached to the

dupesirae thtmesTorrOly dsingianiAethsSriE Ay tsasudach sthn supyigfe carrier
2f@gan fﬁlaeeheaiespmadeﬁ Zﬁﬂﬂsaﬁ;@ﬂaﬁiﬁ@ﬁd@ ihentRRRrShidareied tHe0 durmg its

opgmicondyictor 2604 znﬂfgbterr‘%?‘f 1Y, goRquct Vs‘%a%%?s"’e %K%‘%ﬁé‘ih‘ ension
B paskive Com Sheht : 48 ‘Capacitors, 286 be mouhted a8
2@tessary for a particular design on the substrate carrier 2700 The heat

spreadey, 2607 5@§oﬂé‘i’“9§[s"ﬁ§@%@@8ﬁ1§é{@r‘r‘ hego msemﬁﬁr@é%ﬁ%@ es'hbstrate

2700 using a thermally conductive adhesive 2716. The leg base 2610
cHHsTid S the e memwéeﬁfhﬁe%m@eve%ﬁép%mpr%%gwﬂ board
(BURRHhidR 12ncormnats the leg base 2610 to the heat spreader 2602. The

space{bfetween the upper surface of the substrate carrier %700 an he Ilow
crerring now to erein 1s shown a cross-sectional view o e electronic

device 2600 shown in FIG. 26 taken along line 28--28. The number of legs 2608 shown in
FIG. 26 includes the leg base 2610 attached to the substrate carrier 2700 using the thermally
conductive adhesive 2716. The leg base 2610 is connected to the heat spreader 2602 by the
leg support 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 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
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surface of the heat spreader 2602 is referred to herein as a Z-dimension
2718. The Z- dimension 2718 preferably is maintained constant over the
surface of the substrate carrier 2700 to prevent the formation of localized hot
spots in the electronic device 2600 during its operation. The length of the

leg iPlfeineRudeys 2608 buithes dntian ) Bcaants i Tatibrshishori @OA@4/Af the heat
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_substrate carrier 2700 for subsequent mounting of the electronic device 2600
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substantially the entire surface of the substrate carrier 2700. Referring now
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in FIG. 26. A 12 leg 3000 includes a rectangular leg base 3002 connected to
he body portion 2604 of the heat spreader 2602 shown in FIG. 26 by a leg
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Referring now to FIG. 31 therein is shown a cross-sectional view of the le

|
ba50G 03h dwiehiRariien Sbthakdh Ershpind82-1890PReE §osiip Oy IT0U0R 2004 of
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stamping, or forming.

Referring now to 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 and
outwardly from the outer edges of the split leg base 3302 to the body portion 2604. The split
leg base 3302 has a lower surface 3400 and the body portion 2604 has a lower surface 3402.
The vertical distance between the lower surface 3400 of the split leg base 3302 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
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lower surface 3102. The vertical distance between the lower surface 3100 of
the rectangular leg base 3002 and the lower surface 3102 of the body
portion 2604 is substantially equal to the Z-dimension 2718. Referring now to
FIG. 32 therein is shown a cross-sectional view of the leg 3000 shown in

PRGN 30 ked alewgbine3rag. ke fereadguilhindee esensBo2fishsfudadportion
386 Hagn GWRE SRS PiiRe hedicRraaden 2802 By.A dirtenke Srhatantialy as

equal to the Z-dimension 2718. Referring now to FIG. 33 therein is shown a
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34 therein is shown a cross-sectional view of the leg 3300 shown in FIG. 3
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now to FIG. 35 therein is shown a cross-sectional view of the leg 3300
S Wtblreins iy sisaiarEtrbidig fifessniress. crrees gt fot Biaskr 390214 sp¥eed 08
sicams thedanenageitface of the heat spreader 2602 by a distance substantially
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portion 3604 and a number of spaces 3606 formed within the perimeter of the
desd¥y portion 3604. Each of the number of spaces 3606 is substantially

rectamgellainabgd ist lopneshssuednasinay Sty pingtahetherwiseuteimingaEael 700
af the rﬁumb r of spaces 3606 .is p3o751i§io d interior of the Rlerimeter of the
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sthgragmiverod dhoekthe lower surface of the heat spreader 3602 is referred to herein as
a Z-dimension 3718. The Z-dimension 3718 preferably is maintained constant over the
surface of the substrate carrier 3700 to prevent the formation of localized hot spots in the
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
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3606 is a number of legs 3608. Referring now to FIG. 37 therein is shown a
cross-sectional view of the electronic device 3600 shown in FIG. 36 taken
along line 37--37. The electronic device 3600 has a substrate carrier 3700. A
semiconductor 3704 is mounted on the upper surface of the substrate carrier
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. which is otglhown. Rd;epferriq daow o FIG, 38 therejn E&Po n

inyeion Ko SRS S eI TG SRGHISH N i Bt gl 4102

halonkoline88ic88: Theildg 3608is aftamived 460t forsutdstriténciriperB7O0r of the
bﬁ'ﬁ%ﬁ&“ﬂ?ﬂmé"ﬁé&%ﬁ%iﬁﬁlﬁ%%ﬁ*’\éga@gsl%o—%hﬁ &9 2R0R115 1%9&19%%%9 is

eat spreader 3602. The upper surface of the substrate carrier 3700 is

formed purh i SR IR CSRFFYES BT thiBheat spreader 3602 by a distance

substexdiodly (el damiserthesgaeinensi o0 pdéitdn REfQEidg Sronetpefite(«df the heat

S S B S R O Ve ol T IO 0. Wiithin the number of

spaces 4106 is a number of legs 4108.

The heat spreader 4102 substantially covers a substrate carrier 4110. A molding
compound 4112, such as an epoxy compound, surrounds the heat spreader 4102 and encases
the upper surface of the substrate carrier 4110.

Referring now to FIG. 42 therein is shown a cross-sectional view of the electronic
device 4100 shown in FIG. 41 taken along line 42--42. A semiconductor 4204 is mounted on
the upper surface of the substrate carrier 4110. The semiconductor 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.
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device 3600 shown in FIG. 36 taken along line 39--39. The heat spreader
3602 is positioned from the substrate carrier 3700 by the Z-dimension 3718
across substantially the entire surface of the substrate carrier 3700.

Referring now to FIG. 40 therein is shown a plan view of the substrate carrier
370075fe thratetpsrdnic HeVives 3600ERoNNdasFE838tathrs dfedeoniesdagicarrier

4§ﬁ99siﬂg|lddt%§r¥ﬂﬁlg1%ﬁ@ﬁ‘&f% PRFSYECHTHANGRIR S 2 HIRUBIEhON4N® (o the

substrate carrier 3700. The semiconductor 3704 is mounted on the substrate

SUbSHFLT 78 il il dBRMBASAEINSr e RaGh&tiRes e s Prd8 aiSHg et 10 and
tHhermaliycardifativeadbpsiie 3710, iOreatthe hewibes 07 1¢ige k60843818, The
aftached a ch corner interior. to the perimeter of the substrate carrier. 3700.
B e R S the W Sl SRS e
451 wlecensnicleldonativo®@imesalizedtbot dpieiaisctrdelacieonitieviotfd0 during its

oﬁéﬁﬂ%ﬁ!mﬂ{&t Rh A ERENBMESRBs e %%‘Eﬁg%fﬁiﬁﬁ)’&ﬁﬁ?tg%é‘@léﬂ%n@ion
eat spreader 4102. The heat spreader 4102 has a body portion 4104 and a
4hlinber of spaces 4106 formed within the perimeter of the body portion
4104 AEaghtef thiesolasnbed Bf sacas cbhecisdsubsiantialy reatapgiflaianebisrate
form ch as by stamping or gtherwise forming. E f the number o
S e G R S R R R R
() intkwwhediateshthecorners of the heat spreader 4102. Within the number of

spaces A4 IFANWERET £ 1rgRiAL08n e ey SRIGIHGH 4QasHPHAR R Y00

covers a substrate carrier 4110. A molding compound 4112, such as an
MERBRAT B ABIRELTSARFSUNHE feaHEmky FERIGIRSD X5 difessbdn YRR iGppethe
eutiade afthe syiosthatedean igfaddfiOaRBeBUMITReWete fpicndd2 4PET @AY i number

h.OWll"l a cross-§ tional view of the electranjc .device 4 0038 owg in FIG. A%lh
of circular, s%ac?s 4 ﬁ% R%séu%le 1n the cgrn IS 03 heat spreader,4 ﬁn nterior of the
aken along line . A'semiconductor 4204 1S mounted onthe upper

psu’nufa@e@fthqélwbgtcad@rcﬁ@ﬂer 4110. T_he semiconductor_is attached to th(_a
subsials GaRiehhbLOHIRAAR SPGB RS, T RESRMICONRUENY. 4224 Bt the

mounted on the substrate carrier 4110 by electrically connecting the
nupRfcBheliitsr 2eastt MerbisndneaiencaTivt AT DA% AURB@ras¢a. The heat

sieaicalqNBasheNs 4306 s SUGbsastb ongingviresA TedsemniGapsluetas 10, such
4204 also i%lph sically att Cht? to the s bsﬁr t c%rrier 4110 using an
as,af epaxy, Gouipo %cggu ounﬁst e heat s rea%ler ﬁ){an encases.t cuR surface of the
a ive layer , SUCh aS an epoxy layer. A numoer of passive
sdomponents 4202, $iach aStbapacitersyfatsounaypdvesiddhtedibpithaeas, may be
uééfp%rgésa?ﬁglﬁl"e%p s%?eggﬁeﬁwyﬁfgﬁlatl%agﬂgﬁﬁ[edgﬁ’% 3'35)8, for example, to
perform failure analysis of the electronic device 4300, by inserting a pin in the E-pin areas.
Referring now to FIG. 44, therein is shown a cross-sectional view of the electronic
device 4300 shown in FIG. 43 taken along line 44-44. A semiconductor 4404 is mounted on
the upper surface of the substrate carrier 4308. The semiconductor 4404 is mounted 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.
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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

spreakher ippoSpisadde Al thaheralmdsraol leiméH¥iontades. [T ike ubliriehsiorier

14k 8spreferabhhisinalniaingd cansiketver ihasace RiANGRUBSI#62 (o the
carrier 4110 to prevent the formation of localized hot spots in the electronic

suistiie SBer dlHhg RS BAeTAEbTECRIRIERRRNS BT B9E HuRTouPYrasfesiepaies and
tieubstantiafly eouaktbetheplegipiensvn MR2i8dAomembessof Zaltesmomiisi4 220The
is.connect the lower. surface of the substrate ,carrier 4110, for )
S R R G e Rl Y e capier
43PEB)pistichtis domnshiowe! Refdriddiviowas Bl Ge 4B trereirdiyishaiPDalvopg its
oﬁ(&%&{ aipgl W devirs 4300 E@M@&ﬁ%‘ rﬁl@éﬁrﬁfa‘ff}r QQ&E%VYHQ Plimension
alternate embodiment of the present invention. The electronic device 4300
*études a heat spreader 4302. The heat spreader 4302 has a number of
circular spacasot 3 posiiner inithesasaedstof tthelbwat spraader 4202uBschte
interi the perimeter of the heat spreader 4302. of the. number of
R e R A 2300 P T i boara
(RiBulahspasest480dmlso functions as an ejector pin area, or E-pin area. The

heat igpreatendRae sHbSBNIRINGAVETR R PURSHRLGCATHAT A30& AR eldiRgnic

compound 4310, such as an epoxy compound, surrounds the heat spreader

dopier Hi09 ehrurdl S uphétkstiridere dithd st EtratickathfePusoBraade*gp?2 is
et qisnber pbeiisylassRpacRIS4480 4neipkuiid sAliRAke NGy AeUSETD tas SefRktthe
the heat spr r 4302 from the substrate carrier 4308, for example,
s e o e et 1455, Ra T NRET ofdees a4
@& qripliancass Refbirinthe bvatopFd @43 R epoihdsshedinda ttbs sagkittipnainpound

¥RV GG GIeCHRME ARUIGH 300, TR I Gofd lakan alangsing it bwer

A semiconductor 4404 is mounted on the upper surface of the substrate

suhtreplaBpdeatiersadaichiVdde riil inonineb e B a khedwypstiauce shgisprface

ofA3R8 ibalectricalycasmeclingsthseamisorguatab 44044aithensidRSiate for the

1catrrier 4308 ui' a number of electrical connections 4408, such as bonding
Wired The 'Semiconductor 4404 also is physically attached to the substrate
carridt U808 eisitigraveratitiesive fayenddtOnsouchrasidas epeleytayerdévice with a

hOHRELRE RASSIHGCOMRENGALS ﬁf%ﬁag%ﬁ‘r?!h@éf CARACHRI . 8IRR MAYpBfents on a
mounted on the substrate carrier 4308 as necessary for a particular
substrate carrier while maintaining the Z-dimension. The variety of structures and locations

of the legs of the heat spreader provides increased flexibility in the design of electronic
devices requiring heat spreaders. The variety of leg structures can be combined to
accommodate a particular design of an electronic device thereby increasing design flexibility.

Thus, it has been discovered that the apparatus of the present invention furnishes
important and heretofore unavailable solutions, capabilities, and 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.
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design. 16 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

surfa¥éhgt the nsentiprdatibeea3Bscishasforeniiniereivi Bsag radfmdagiomwde, it is
1+ 8d 8ndliStobadimension ﬂfb@a{?{?@ie rablyriS: A taiedk ORSIaRtAVE! Hﬁ%arent to

surface of the substrate carrier 4308 to prevent the formation of localized hot
thepseiHeth i discirbifc! itk BB Gt ot g RSP AL O CTHE ihgthi bitifaded to
eﬂﬂbfﬁ]&lﬂlm‘degsltéaﬁﬁv&stﬂbstﬁmtaim aqﬂalaﬁﬁathﬁszmmlemmmm:ﬁm& $Bope of the
WHmPerof soldes halls 4420, s panneeied fo the el Surace, Ol e ing, oce o
Substrate. carrler or sub seque mounting o the ele ewce‘%f’o‘adf)
beoraemrm@hlmwlmb@aﬁw PCB)-Whithgsaree shown Referrlng now to FIG.
45, therein is shown a cross-sectional view of the electronic device 4300
shown in FIG. 43 taken along line 45-45 in which the heat spreader 4302 is
embedded. A molding compound 4506 encapsulates the heat spreader 4302
as well as the semiconductor 4404, the number of passive components
4412, and the number of legs 4414 for applications in which the heat
spreader 4302 can be embedded in the molding compound 4506. The space
between the upper surface of the substrate carrier 4308 and the lower
surface of the heat spreader 4302 is still maintained substantially equivalent
over the surface of the substrate carrier 4308 and substantially equal to the
Z-dimension 4418 for the electronic device 4300. It has been discovered that
the present invention provides an electronic device with a heat spreader that
allows more space for placement of active and passive components on a
substrate carrier while maintaining the Z-dimension. The variety of structures
and locations of the legs of the heat spreader provides increased flexibility in
the design of electronic devices requiring heat spreaders. The variety of leg
structures can be combined to accommodate a particular design of an
electronic device thereby increasing design flexibility. Thus, it has been
discovered that the apparatus of the present invention furnishes important
and heretofore unavailable solutions, capabilities, and functional advantages
for a heat spreader. The resulting processes and configurations are
straightforward, economical,
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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. 17 While the invention has been described in
TEGNONEHS RN A-APEERIDest mode, it is to be understood that many
alternatives, modifications, .and variations will be apparent to those skilled in

the art in lighP SISHERBFEGEIFGCaB%ERBoN. Accordingly, it is intended to

embragcebatisechrddiernatives, modifications, and variations, which fall within

the S%Osesﬂ%ﬁu%tmcégg&%tgﬁmﬁe &Lm&t&%@@é forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and
non-liiti grsesiss hagmeEb oY ENTPION T ASNEIETS! IPWARSEI& R oRTie daviaker

comprising:of igUPSHAMECAVIR IR $BMIGRREHEISr aRNASkISHHaIthe iaHbRIFale the
carrier; a heat spreader having a body portion with a perimeter, a lower

surface, an@S AGHILEY Ut RogE ROFHRS 17GT T Bty oo BIti-rag attached
spreader, inketierstbdhgte peritaetelaéitne body portion, recessed below the

body tﬁ’q%‘otﬂné‘eng'ef%‘%teae%ﬁﬁéjS&BSEPageS%%%?aa%“"d‘%ﬁ‘érfg&e‘{v%ef%n5ﬁ8edé8EF‘“%%;ion of
between the substrate carrier an tﬁe .Ilowe( surface o? t]he ody portla/np 0
the heat spléadetdefmade dfifisrieasiorensied:tiied Z-dimension is maintained

constaptavehsuRsantialdhegntirgemriacs as.efiahehodypodionaf the o

heat spreader except proximate the legs. 2. The electronic device as claimed

gs. 2
in claim 1 mﬂl?éﬂé?ﬁytﬂﬁrﬁ?}h%é‘iedﬁ@g@r%ﬁ{ﬁ%% Br%g“l?é%@%%e&ﬁleast one of
cireulgr, solif gy, saumre. rectanaular splf e, edde.of (e I8gyaNd.r jegs
combinations ereofc.hg. e eelectronlc evice as claimeofln claim W%erein &
conwisgs akeglbestod antasornst dheipalimedidofithd Mestuigprendeninlar, split, the

BN o ALIRAIIPNRAbHReHERNErS, intermediate the corners, and
combinations thereof. 4. The electronic device as claimed in claim 1 further

comaising @hieaktooic PRSSI¢CICUNPABE I altdahadvieiae shbSkaiexcarselied
interior of the perimeter of the heat spreader in a position of at least one of the corners,

intermediate 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. An electronic device comprising:
a substrate carrier having upper and lower surfaces;
a semiconductor attached to the upper surface of the substrate carrier with a thermally

conductive adhesive;

19



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

adhesibeat Zpreadeehacingrfidabyivetins sldimarimelain tovertvetaco rapstisimgnier

number of §plget hallsAtACREhIOHRE PHEHAIS GRENELa S RARIEGKRAS: to the

device comprising: a substrate carrier having upper and lower surfaces; a
semicondudBiBHSERE S o P @aﬁé?nsawegisﬁﬁ@%ﬁfﬁ&tf&f&st%%drﬁé}%tweabody
thermally cpndioative tdhesivepik9darheaat spreader hayingubhody porionwith a
with a perin}géeraﬁ IoweJu%Hrfac and. a number of legs formed from the

body portion o%eyh%)é]t sprt‘a’%éer,eslhvt%rior to the perimeter of the body

porticheobee hetmspfedddicatesimsadat belowitizedyodyulptrtion pfttisechaest upper

spreader, aggdatiaghed §Qﬂﬁﬁt§%gﬁfi@t&9@;{{}ﬂ%w}¥ﬁté dibergeallyzconductive

adhesive; the body potion of the heat spreader extending over substantially
the eAtENGEPpEN SSRREI b iAehst i that warien e dhproRiffkts Hélegs;

and g number of solder balls attached tp.the lower ﬁurface of the substrate
. . (] e]lect{omc €ViCe as claimed 1n gialim ¢ W eéem' . .
carrier. 9. The electronic device as claimed In claim 8 wherein: the distance

betwdlendifesyistratencheriwbstridetbationerdsbefbvecofitiech oflfhp drtiyrpoftion of

the heat sprgager dpfings: a4AiMension: g, thg Z-dimension is maintained
constant over substantially the entire surface area of the substrate carrier

exce RS fotimehEthds| pdntied ansiaptroYht WhviRaialyihRUrfSiEAT grea of

wherein thetnusuber.ef legrreateprisesitiegthargof at least one of circular,
solid circular, square, rectangular, split, the edge of the leg, and
combifatior&hthelauforlid . Eheelecrbnicdeviciaas Gaivhediin bkainn8bahefelires

SRHIRES A& BEARH ANMEHOLRS JRCiRGHR %Eﬁ[doéﬂt‘ﬁﬁe?c}u%%?l%g%gﬁg%, split, the

osition of at least one of the corners, intermediate the corners, an
e¢srbiRatishanfspadringvonsHiestattronic device as claimed in claim 8 further

compyisin least one : . . : .
p{ll g %Ele zeillséctromc device as claimed in claim 8 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.

12. The electronic device as claimed in claim 8 further comprising at least one

passive component attached to the substrate carrier.

13. A heat spreader comprising:

a body portion having a perimeter and a lower surface;

a number of legs formed from the body portion, interior to the perimeter of the body
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.

14. The heat spreader as claimed in claim 13 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.
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passive component attached to the substrate carrier. 13. A heat spreader
comprising: a body portion having a perimeter and a lower surface; a number
of legs formed from the body portion, interior to the perimeter of the body
portion, and recessed below lower surface of the body portion; each of the

legs ddmpridig hedegrvessisthasidlgaddwe ckurfabe vsetwhbreinmthsdidtdegseare

1ReferRIRe awet SuFReRPbinadady RpivR aRd.thedawehsiires dheathne
leg base defines a Z-dimension. 14. The heat spreader as claimed in claim

AR EHERP I RGO T ety CORNREES ISl Hase of at least one of
circular, solid circular, square, rectangular, split, the edge of the leg, and
combinations thereof. 20 15. The heat spreader as claimed in claim 13
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. 21
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