23 March 2007 HEAT SPREADERS, HEAT SPREADER PACKAGES, AND FABRICATION METHODS
FOR USE WITH FLIP CHIP SEMICONDUCTOR DEVICES TECHNICAL FIELD The present invention
relates generally to methods and apparatus for the fabrication of integrated circuit devices, and more
particularly to improved flip chip heat spreader structures and packages having %félt\t%‘t“ﬁ’e??@?mance and
lower fabrication costs. BACKGROUND ART In the electronics industry, a continuing objective is to
further and further r [ f electroni ices wi simultapeous j ase in performance and
speed. Cellular %@&%ﬁ@@%‘%ﬁ@%ﬁ@@%@@éﬁgﬂé@ F%#ﬁ%@il@fd digital
cameras are but aNEVW'BIQRS EEMRUMEr \Wilddl ¢t 1ih &tHER SEVH DDE G TIORDE I 6kioing
miniaturization of their sophisticated electronics. Integrated circuit packages for such complex electronic
systems typically have a large number of interconnected integrated circuit chips. The integrated circuit
chips are usually made from a semiconductor material such as silicon or gallium arsenide.
Photolithographic techniques are used to forprihRivaioegsgmiconductor devices in multiple layers on
the integrated circuit chips. After manufacture, the integrated circuit chips are typically incorporated into
packages that may Tenpateona ehseyesatsuehahipso thebedchipl ppskage Soomamadtlasi@arefthen typically
mounted on printed.ciretil yiing boargs, n cenventional mulivehip madules, & number, of semiconductor
devices are pacelge In close proxnhlﬁl withir & smgﬁreypacﬁlgge. hid éliminates individua packages for
each of the semivokditstorvda/fedst eeovescekutlicatpetfoeatancesiand reduces the overall board
space occupied by the devices. Due to the increase in the packing density, however, the power density
(heat output) of the multi-chip module is typically higher than when separately packaged. This requires
more elaborate thermal design and thermalgRanagemseRbsirgtures to keep the device temperatures
within acceptable ranges. 1 23 March 2007 In conventional multi-chip modules, the devices are

connected to a subsirale .RBGBIES HgakEANNGSHIRIT AMYBAithe JRVicrR-AtR @ aaemPHshed within the

substrate. One of %h technologies used to copnect the devices torghe substrz%}e is callgd " Jip chip" or
face down size of electronic devices with a simultaneous 1ncrease 1n periormance an speed. ellular

telephones, personal data devices, notebook computers, camcorders, and digital cameras are
but a few of the consumer products that require and benefit from this ongoing miniaturization
of their sophisticated electronics.

Integrated circuit packages for such complex electronic systems typically have a large
number of interconnected integrated circuit chips. The integrated circuit chips are usually
made from a semiconductor material such as silicon or gallium arsenide. Photolithographic
techniques are used to form the various semiconductor devices in multiple layers on the
integrated circuit chips. After manufacture, the integrated circuit chips are typically
incorporated into packages that may contain one or several such chips. These chip packages
or modules are then typically mounted on printed circuit wiring boards.

In conventional multi-chip modules, a number of semiconductor devices are packed in
close proximity within a single package. This eliminates individual packages for each of the
semiconductor devices, improves electrical performance, and reduces the overall board space
occupied by the devices.

Due to the increase in the packing density, however, the power density (heat output)
of the multi-chip module is typically higher than when separately packaged. This requires
more elaborate thermal design and thermal management structures to keep the device

temperatures within acceptable ranges.



bonding, and employs the well-known controlled collapse chip connection (or "C4") bonding technology.
With this technology, solder bumps are first formed at the chip terminals. Subsequently, the
semiconductor devices are flipped over onto the substrate and the solder bumps are melted to make
connection to corresponding terminal pads on the substrate. Heat management %’ﬁrMﬁ’@‘W@ﬁQ structure can

be critical. The intefgal JacrmahaiesiFianmp ancifis healparamante.rhthes lichpdntgrgonnect

technology are determined by a series of heat flow paths. The heat flows first from the semiconductor

devices to th&8!H3HGOF PHBCSEANCBMABEHF JfoiseT preorarjshpionihie i Maskaen GResfdbfated. The
heat then flowgkadibginackage suriree itrnetaventvally {amhealssiakeattagherd jo sheapaakage surface.

Typically, th t%of the peacklagS Eo%l cludes suc ahe tsmk for large-scal he&{,gdbg ipation.
str

Wn contro 1 C connection .
Underneath t esur%’ace stthe package 0 yis acav hl{ R SERTicon uctor fate and its

associated d&desae indtallatisTednbigge ibiéemdmlmgs perfﬁmuefnneﬁ;da et spripatenpidte is a_dapted
to engage the ARniAeiiys SigeatihasemIRotvetat shiBar e: ShigeL dldlRrmahgrRessiguine like s

spread between the chip and the heat spreader plate. The heat spreader plate then acts as a heat

conductor to IHBPSES AEHEArHBREE tORPSAIRTRIR RRIERBIRN NS i dikd s Bt atatRith the use of known

heat spreaders forﬁgatcmglﬁg&kaﬂe&aﬁﬁg@nmlmﬁacdf@wmp%& aigient Spneaﬁairﬁaamh@aﬁhmrmg costs,
complicated assembly %‘gb ;}lsses ar%f concerns abOFII ge.reliability. These backs can be
0

understood, 57 &%Ap EoHSIHRH InGeESRIRIB p? Pl LBl tﬁ? °§P§u%‘i%res One
such heat spretaieisitucturesésies tafohpie dsopdibsiraliba mlﬂg\@s dhifferiemwitls acinaliovducore that

surrounds thg flip chig. gRdiR e&?‘ g %Q}ﬁ%éﬁ'@&c't%roﬂl&ﬂlé’fép%%ﬂi@@%t@’\%@ﬁ fhipyghige Hormally, the

stiffener is thicker than the metal lid. Two different metal forming processes are therefore required to
fabricate the HfSTaffeifdnt plscebiipe Hewe Kpbadaskrarmsiiiadife st eaathetal shsatsiBkiwo different
thicknesses. gﬂ@ﬁ@ah@ﬁwig{cggg@ggt@areader structure, a hollow caV|ty and a lid are formed as a single

piece. To form the V|t in for t at iece ne s ta be us substantlal
amount of material 3 8%(6{]/% %%ﬁhﬁgéycmb?cgwfﬁ?%ﬁ atf b % ﬁeﬁf@ c%tly metal
forming procdi;isasa,tidne mll]hrdgrman:lastﬁuagsll‘rﬁane totbéhenppibyed hmdabrscate:ahlsy in which the
semiconductor substrate and its associated devices are installed. To enhance the cooling
performance, a heat spreader plate is adapted to engage the non-active side of the
semiconductor chip or die. A layer of thermal grease or the like is spread between the chip
and the heat spreader plate. The heat spreader plate then acts as a heat conductor to improve
heat transfer.
Unfortunately, there are drawbacks associated with the use of known heat spreaders
for flip chip packages. Among these drawbacks are heat spreader manufacturing costs,
complicated assembly processes, and concerns about package reliability. These drawbacks
can be understood, for example, by considering common prior art two-piece and single-piece
structures.
One such heat spreader structure is a two-piece configuration having a stiffener with a
hollow core that surrounds the flip chip, and a metal lid cover that is on top of the stiffener
and the flip chip. Normally, the stiffener is thicker than the metal lid. Two different metal
forming processes are therefore required to fabricate the two different pieces of the heat
spreader from two different raw metal sheets of two different thicknesses.
In another prior art heat spreader structure, a hollow cavity and a lid are formed as a
single piece. To form the cavity therein for the chip, a thick metal piece needs to be used,

and a substantial amount of material needs to be removed to form the chip cavity. Thus,
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type of heat spreader. Additionally, either of the above prior art heat spreader types makes the flip chip
packages undesirably bulky. Consequently, there still remains a need for improved, more economical,
more efficient, and more readily manufactured and assembled heat spreaders, heat spreader packages,
and fabrication methods for use with flip chip semiconductor devices. Solutions t@t?@é@“&%lems have

been long souglyt LR IRE FRVEICRMES RAVE ML FRYahiQr RAQISHEd AR RaliRRsiaRd HRus, solutions
to these problems have long eluded those skilled in the art. DISCLOSU F THE INVENTION The

present inveritiBhbisHd@scadsiethod for fabricating a semiconductor device heat spreader from a unitary

piece of metallic matgdialonting, rerketisrmiatenalis ampedda ipmadrupfeyyaras sRrerslenfpaving an
upper heat dissi]tgation IErgégsi.orij,lalljo er substrate contact region, and supports connecting the upper heat
dissipation re%ai%nagfﬁdl & '[oWer Substrate contact region. A recess is formed within the supports and the
upper and lower regiomedoentigcaivirtg dikermcond ucteedelvicemphisedrovickesampooved, heatespreader

structures, mglhqas, ane RAckAYESIP IR PR, RAMIGENAGIRN I VISkS YRR FONYGtigRalmanufacturing

methods. Certain embodiments of thé invention have other advantages in addition to or in place of those
mentioned ab8vErSFhaaiipRRcijer Watvdesrhasapplréin thimhsseiatetahdfidcstt from a reading of the

following detailed dgskiiptiofowhes présiBritihiefBsentshiosthehaseoprpaayiRG SN gs BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 IOR ART) is a view of a flip chip ball grid array package
stroeture havHES BRI hRY SEHLIES M Erc > SRARE AR T ORI i e Bt vy
package conflgueatiditediaviege. single-piece heat spreader; FIG. 3 is a plan view of a horizontal fin-type

heat spreader in accordance with the present invention; 3 23 March 2007 FIG. 4 is a plan view of a
vertical fin-type heat spreader in accordance with the present invention; FIG. 5 is a plan view of a

horizontal and vertical fin-type heat spreafgkin3CeR $3RCRAVENTION

The present invention provides a method for fabricating a semiconductor device heat
spreader from a unitary piece of metallic material. The metallic material is stamped to form a
unitary heat spreader having an upper heat dissipation region, a lower substrate contact
region, and supports connecting the upper heat dissipation region and the lower substrate
contact region. A recess is formed within the supports and the upper and lower regions for
receiving a semiconductor device. This provides improved heat spreader structures, methods,
and packages for flip chip semiconductor devices using conventional manufacturing methods.

Certain embodiments of the invention have other advantages in addition to or in place
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 (PRIOR ART) is a view of a flip chip ball grid array package structure having
a two-piece heat spreader;

FIG. 2 (PRIOR ART) is a view of a flip chip ball grid array package configuration
having a single-piece heat spreader;

FIG. 3 is a plan view of a horizontal fin-type heat spreader in accordance with the

present invention;



with the present invention; FIG. 6 is a plan view of a finless heat spreader in accordance with the present
invention; FIG. 7 is a view of a package with the horizontal fin-type heat spreader of FIG. 3 mounted on a
substrate; FIG. 8 is an enlarged cross-sectional view of the structure of FIG. 7 taken on line 8-8 thereof;
FIG. 9 is an enlarged cross-sectional view of the structure of FIG. 7 taken on lin@dMaithetllf; FIG. 10 is

an enlarged cross-sgefiangl yisw0{ e Siryciuraal 'ﬁlﬁfyéet%'éﬁﬁsﬂk!@&@ hOadEREHEOT ftl Gnel 1 IS an

enlarged view of the horizontal fin-type heat spreader of FIGs. 3 and 7; FIG. 12 is a cross-sectional view
of the structuPEEEIECM%fken on line 12-12 thereof; FIG. 13 is a cross-sectional view of the structure

of FIG. 11 taken onite 33-1 31dhereehil GoriAisfayie v afcal TRrgepialfinpipe-heaispréader with

additional therri'rthal contact grooves or protrusion pads; FIG. 15 is a cross-sectional view of the structure

of FIG. 14 taken IR T8 14 &Moot FIG. 16 is a cross-sectional view of the structure of FIG. 14 taken

on line 16-16 therediFIGs 147 péam eressedectionelsvieat ohthalstructarernfardS with tdice presetine 17-17
thereof; FlG-iillgei?ﬁ@n‘{ieW of a horizontal fin-type heat spreader with enhanced thermal contact structures;
FIG. 19 is a cross-sectional view of the structure of FIG. 18 taken on line 19-19 thereof; FIG. 20 is a
cross-sectional vieW6t thésstriitettirefor Paekags vake e Mool Jo-tres deht 4pfisach 2807 FIG. 21 is
a cross-sectignahviewrof thesetidcture of FIG. 18 taken on line 21-21

FIG. 8 is an enlarged cross-sectional view of the structure of FIG. 7 taken on line 8-8
thereof;

FIG. 9 is an enlarged cross-sectional view of the structure of FIG. 7 taken on line 9-9
thereof;

FIG. 10 is an enlarged cross-sectional view of the structure of FIG. 7 taken on line
10-10 thereof;

FIG. 11 is an enlarged view of the horizontal fin-type heat spreader of FIGs. 3 and 7;

FIG. 12 is a cross-sectional view of the structure of FIG. 11 taken on line 12-12
thereof;

FIG. 13 is a cross-sectional view of the structure of FIG. 11 taken on line 13-13
thereof;

FIG. 14 is a view of a horizontal fin-type heat spreader with additional thermal
contact grooves or protrusion pads;

FIG. 15 is a cross-sectional view of the structure of FIG. 14 taken on line 15-15
thereof;

FIG. 16 is a cross-sectional view of the structure of FIG. 14 taken on line 16-16
thereof;

FIG. 17 is a cross-sectional view of the structure of FIG. 14 taken on line 17-17
thereof;

FIG. 18 is a view of a horizontal fin-type heat spreader with enhanced thermal contact
structures;

FIG. 19 is a cross-sectional view of the structure of FIG. 18 taken on line 19-19
thereof;

FIG. 20 is a cross-sectional view of the structure of FIG. 18 taken on line 20-20

thereof;



thereof; FIG. 22 is a view of a horizontal fin-type heat spreader having a broad flange region for
enhancing the thermal transfer contact area; FIG. 23 is a cross-sectional view of the structure of FIG. 22
taken on line 23-23 thereof; FIG. 24 is a cross-sectional view of the structure of FIG. 22 taken on line
24-24 thereof; FIG. 25 is a view of a finless heat spreader with a broad flange r@éiM?%fll?d?%Oﬁnless

marking area, FIG. g&;isa Lross:seclianahient 9f SRemiyiieobf s 2R 1ER OR WAE 36-26 thereof,

FIG. 27 is a cross-sectional view of the structure of FIG. 25 taken on line 27-27 thereof; FIG. 28 is a
cross-sectiorfAeiely of the structure of FIG. 25 taken on line 28-28 thereof; FIG. 29 is a view of the

vertical fin-type heatiepreader otklG. Arassentled-ie acpapkage: flGa30 isa0 gMargedion

cross-sectiontal Vi%W of tht stilucturlet of FIG. 29 tz%ken.on line 30-30 thereof; FIG.31 is an enlarged
cross-sectional view of the's rﬁé%%e%?ﬁé?%faﬁéeﬁ ‘on line 31 31 thereof; FIG. 32 is an enlarged

cross-sectional vieWwléf. thik istructose BEfdGU 29etalkention dinet 82372 tFierely; thkG 88 Imar?@rlarged view of
the vertical figstypg.heat spreader shown in FIGs. 4 and 29; FIG. 34 is a cross-sectional view of the

structure of FIG. 33 taken on line 34-34 thereof; FIG. 35 is a cross-sectional view of the structure of FIG.

33 taken on line 3580 tRérof S-S5 ienalcrdy-gbchietareiet of S stictkre oPAItS. 35¥4ken on line
36-36 thereaficad8 March 2007

FIG. 25 is a view of a finless heat spreader with a broad flange region and a finless
marking area;

FIG. 26 is a cross-sectional view of the structure of FIG. 25 taken on line 26-26
thereof;

FIG. 27 is a cross-sectional view of the structure of FIG. 25 taken on line 27-27
thereof;

FIG. 28 is a cross-sectional view of the structure of FIG. 25 taken on line 28-28
thereof;

FIG. 29 is a view of the vertical fin-type heat spreader of FIG. 4 assembled into a
package;

FIG. 30 is an enlarged cross-sectional view of the structure of FIG. 29 taken on line
30-30 thereof;

FIG. 31 is an enlarged cross-sectional view of the structure of FIG. 29 taken on line
31-31 thereof;

FIG. 32 is an enlarged cross-sectional view of the structure of FIG. 29 taken on line
32-32 thereof;

FIG. 33 is an enlarged view of the vertical fin-type heat spreader shown in FIGs. 4
and 29;

FIG. 34 is a cross-sectional view of the structure of FIG. 33 taken on line 34-34
thereof;

FIG. 35 is a cross-sectional view of the structure of FIG. 33 taken on line 35-35
thereof;

FIG. 36 is a cross-sectional view of the structure of FIG. 33 taken on line 36-36

thereof;



FIG. 37 is a view of a vertical fin-type heat spreader, similar to the structures of FIGs. 4 and 33, without
the marking area vertical cooling fins and adjacent open slots; FIG. 38 is a cross-sectional view of the
structure of FIG. 37 taken on line 38 38 thereof; FIG. 39 is a cross-sectional view of the structure of FIG.
37 taken on line 3939 thereof; FIG. 40 is a cross-sectional view of the structure &t Mechs?ken on line
40-40 thereof; FIGE{d ig;aview;af the finlgss hedl-sneadsr Si&lE: @ansembled BieaRackage; FIG. 42

is an enlarged cross-sectional view of the structure 0t FIG. 41 taken on line 42-42 thereof; FIG. 43 is a
view of the stilfétuferbf Bic™ ubowitheamaikinmaist ExticrhSPAEN: 4prandiafiashBicoRsd: SIS, 44 is a top plan

view of an optional heat3spreadaoiecatadrabauavihe packegawé & GIABTFkeADisimervsssectional
view of the stttﬁjctu e of FIG. 44 taken on line 45-45 thereof; FIG. 46 is a view of the structure of FIG. 45
with the option%’ieﬁéat spreader attached; FIG. 47 is an enlarged view of the finless heat spreader of FIG.
6; FIG. 48 is a cros¥lseconat \dews oEthenstructurefofhe| St iita ke nFdn. [FTetd8m 8ntheecd?;-F1G. 49 is a
cross-sectionﬁgkggﬂv of the structure of FIG. 47 taken on line 49-49 thereof; FIG. 50 is a cross-sectional
view of the structure of FIG. 47 taken on line 50-50 thereof; FIG. 51 is a plan view of an alternate
embodiment of a fillé3s et S srasdertiond! Bsvs ¢f éPGs%IE%%‘ﬁ%rﬁ’él%\Aﬁ%ftﬂlié“s%éiﬂﬁe“gfﬁG. 51 taken
on line 52-52itheseof; FIG. 53 is a cross-sectional view of the structure of FIG. 51 taken on line 53-53

thereo; FIG. 54 Is 3 1ogp-ectional ek STUSHIR IR RLIBKSH. NG B4:pd, thereot: ©
FIG. 42 is an enlarged cross-sectional view of the structure of FIG. 41 taken on line
42-42 thereof;
FIG. 43 is a view of the structure of FIG. 42 with a click insert external heat spreader
attached;
FIG.
FIG. 41;

44 is a top plan view of an optional heat spreader located above the package of

FIG.

thereof;

FIG.
FIG.
FIG.

thereof;

FIG.

thereof;

FIG.

thereof;

FIG.
FIG.

thereof;

FIG.

thereof;

FIG.

thereof;

45 is a cross-sectional view of the structure of FIG. 44 taken on line 45-45

46 is a view of the structure of FIG. 45 with the optional heat spreader attached;

47 is an enlarged view of the finless heat spreader of FIG. 6;

48 1s a cross-sectional view of the structure of FIG. 47 taken on line 4848

49 is a cross-sectional view of the structure of FIG. 47 taken on line 49—49

50 is a cross-sectional view of the structure of FIG. 47 taken on line 50-50

51 is a plan view of an alternate embodiment of a finless heat spreader;

52 is a cross-sectional view of the structure of FIG. 51 taken on line 52-52

53 is a cross-sectional view of the structure of FIG. 51 taken on line 53-53

54 is a cross-sectional view of the structure of FIG. 51 taken on line 54-54



23 March 2007 FIG. 55 is a bottom side or reverse view of the horizontal fin-type heat spreader of FIG. 3
with dimples formed in the bottom side of the marking area; FIG. 56 is an enlarged view of the circled
area in FIG. 55 identified therein by the number 56; FIG. 57 is a cross-sectional view of the structure of
FIG. 56 taken on line 57-57 thereof; and FIG. 58 is a flow chart of a method for ?&Hﬂé&ﬁh@‘y

semiconductor deviggsheat SPreadfr lacedancs Wb INELISIeHIMENHRR IREHMRPE FOR
CARRYING OUT THE INVENTION In the following description, numerous Specific details are given to

provide a thoFdtgh “ithdbrrisdriget thémReondaehBesakiRgarFd:apparent to one skilled in the art

that the invention rpay. 36 pragtieeswithaew tbeae spedliaatalsit esdaetaraireahswyring the present
invention, some Y;/erlls- nown system configurations and process steps are not disclosed in detail.

Likewise, the Hrr'révsmgs showing embodiments of the apparatus are semi-diagrammatic and not to scale
and, particularly, sdrie. 6f/the dimensiotsmateviowthé dlartyuofupregehtation talmu ane sinowh-&xaggerated in
the FIGs. Alsgleyggﬁrﬁlgnultiple embodiments are disclosed and described having some features in
common, for clarity and ease of illustration and description thereof like or similar features one to another

will ordinarily be de5¥ribet WithffiRg rdraterice M. fPREKTS horpirlrder kaérndish is defined

as a plane pagpigidpithe ceaverticnatheaieeflanemiogurface of the semiconductor chip or die substrate,
regardless of its orientation. The term "vertical" refers to a direction perpendicular to the horizontal as just

defined. Terms, such as "on", "above", "below", "bottom", "top", "side" (as in "sidewall"), "higher", "lower",

"over", and "under", are defi E% ith.re ttot # ri Oé@ )kﬁ ing now to FIG. 1 (PRIOR
ART), therein is shown a 1‘Ii|oB ﬁ%@é%@%gﬁﬁﬁg §§(Z( ﬁl %ﬁgggﬁﬁ}%ture having a two-piece
heat spreader 100.Im§et¥va€§\ilece heat spreader 100 inclHdcas a stiffener 102 witlt{lha gllow gore 104, and

: d tion, tail {
a metal lid 106. The metal’ lid 166 ?gcﬁg)sll iGned over the stiffener 102 &nd covers the hollow core 104. A

semiconductonddevisdingudtihgs zyéhp @hidlensyes dovithipeapardnstoteetelilidthin theeardligvibeore 104
below the meial lichd R.gd 3PRYEA SHBRMAI1d Ipebht flBcaiip 108 R Altachsd andglgetically 7

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

Likewise, the drawings showing embodiments of the apparatus 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. Also, where multiple embodiments are disclosed and
described having some features in common, for clarity and ease of illustration and description
thereof like or similar 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
major plane or surface of the semiconductor chip or die substrate, regardless of its
orientation. The term “vertical” refers to a direction perpendicular to the horizontal as just

Y n EE T3 9% &6

defined. Terms, such as “on”, "above", "below", “bottom”, “top”, “side” (as in “sidewall”),

“higher”, “lower”, “over”, and “under”, are defined with respect to the horizontal plane.
Referring now to FIG. 1 (PRIOR ART), therein is shown a flip chip (“FC”) ball grid
array (“BGA”) package structure having a two-piece heat spreader 100. The two-piece heat
spreader 100 includes a stiffener 102 with a hollow core 104, and a metal lid 106. The metal
lid 106 is positioned over the stiffener 102 and covers the hollow core 104. A semiconductor

device, such as a flip chip 108, is contained and protected within the hollow core 104 below

the metal lid 106 and above a substrate 110. The flip chip 108 is attached and electrically

7



23 March 2007 connected to the substrate 110 by an array of solder bumps 112 and a layer of an
underfill material 118. The layers of the thermal glue 114 are located between the substrate 110, the
stiffener 102, and the metal lid 106. A layer of thermal grease 116 is located between the flip chip 108
and the metal lid 106. In such a two-piece heat spreader, the stiffener 102 is thickeM#fsh A&’ metal lid

106. This requifes Mqdifiereplartal g AACEESaaORGAR e SHIFSNGIHQ7 and.Arpiner on the

metal lid 106), performed on two raw metal sheets of different thicknesses, to fabricate these two

dissimilar pieB&Brkhe3wbhsibeEmehihsieeamet 800! Ahathdratetiratreaf PriorRitEeAfiguittions like the

two-piece heaiigpieaner, 1Q0us ihelackiobbandinethieknassceatrod fealtues bthatackofiihese features
can resultin i .co&%steﬁpthadhet |\{% ?88ead coverage on the heat spreader interfaces, such as in the layer
of the therm& ltjﬂue T4 Bsveeh the Stbstrate 110 and the stiffener 102, and in the layer of the thermal
glue 114 between thesstiffenenipcahdatiwpradtal the 106 wisd)3ealingkeleteatsheanetotbidr] uch as voids

and tilted heajspreader SHHCSInPHOGIPRAIN, AEHULRA AUHRI hedt shieadaiatiaahimentand curing

processes. Failure to control the coplanality of the heat spreader can also cause problems with solder

paste printind"SrtsitdiduNSt e PIDSS P STs iR ibes L baiffrierithisiocess: RRYTHEnow to FIG.

2 (PRIOR ARfysdhesaindmehepisanethes flin-phig: BeAspaskagecconfiguration having a single-piece heat
spreader 200. A su st&gtial amount of material ngeds to b?. removed from (?ﬁrather tgi(r:liér%etal piece to
e e

form a cavity 202 i i el & R s Bt SO BB RS Tee NN AR E-E IS ibRRG 4R b 'Ehip 108.
Thus, costly theetadkarfriingdpliocebsdseikeamilih{rancastihs hakedbtbesefeployeddo fabricate this type of

heat spreadey, A5WULPEARRIRIAEL IBRISIR"En tETE & ?&‘d@r%t‘%@f&é@%ﬁ%ﬂ&%@iﬁ hRIEomIngS

associated with the use of known heat spreaders for flip chip packages. These shortcomings include not

only heat sprésdbemangirsctififgiessisRuttb g tesdtitutitipeiécnsit Qs e su il ayrtieisibably bulky

BGA packagesrgamplicatedrssesnily piecasses: and teigbtanad 108Ncers saput Ragkaganreliability.
Referring now to FIGs, 3-6, therein wn respective plan views .of a horizontal fin-type heat

arl 0]
e entiod OGN A5t A - L S B T B R B Ve Ttype
heat spreadesps&ddiFiBGachnandaadfiniess peatespreadar 6@0to( EiGr@) thehegddnebityspfebddksiare each

formed, in a %B}%ﬂé?‘?&ﬁ" ﬁE@’PﬁlQ@ﬁBﬁJﬁ{M solder paste printing onto the substrate 110 for the
subsequent BGA ball mount process.

Referring now to FIG. 2 (PRIOR ART), therein is shown another flip chip BGA
package configuration having a single-piece heat spreader 200. A substantial amount of
material needs to be removed from a rather thick metal piece to form a cavity 202 in the
single-piece heat spreader 200 for receiving and containing the flip chip 108. Thus, costly
metal forming processes, like milling or casting, have to be employed to fabricate this type of
heat spreader.

As will be appreciated, therefore, there continue to be unfortunate shortcomings
associated with the use of known heat spreaders for flip chip packages. These shortcomings
include not only heat spreader manufacturing costs such as described above, but also result in
undesirably bulky BGA packages, complicated assembly processes, and heightened concerns
about package reliability.

Referring now to FIGs. 3—-6, therein are shown respective plan views of a horizontal
fin-type heat spreader 300 (FIG. 3), a vertical fin-type heat spreader 400 (FIG. 4), a
horizontal and vertical fin-type heat spreader 500 (FIG. 5), and a finless heat spreader 600
(FIG. 6). These heat spreaders are each formed, in a single metal stamping and forming

process, from a single, unitary piece of metallic material such as a metallic sheet. They each

8



process, from a single, unitary piece of metallic material such as a metallic sheet. They each 8 23 March
2007 have a central region, referred to as a labeling or a marking area 302, for receiving therebeneath
the flip chip 108 (not shown) in thermal contact therewith in a recess (not shown) therebeneath. They
also have open slots 304 of various shapes and in various locations, protrusion MersB598hd contact

pads 308. Seygral ot (hem AlsR POSSERSLIONINT AfiNGe BHELRS NRYAGRIRLLACHRY fins 34Q;(FIGS. 3 and 5),
edge vertical cooling fins 402" (FIG :@ and marklrgg area vertical cooling fins 404 (FIGS. 4 and 5). The

heat spreadetsiieaeasy e fithgbineliBr i svHebhpsmehcanreb hramhra Bekeh @% marking

area 302, ang¢onnecieddeihe Maikingaread0gpby sepans sl4akde oiihe coatactpadss such as a
contact pad 316, may be designat a pin orientatipn, jdentifier (e.g., a pin 1 identifier) by having a
Cistinguiohab e LA BT ol Shl AT G Qe LRl S5 s6othBwn). &
different contfios, padhared)wizantd| e @t e fioottd N OFiGe dontdc padgsewitiabe déngldpedii greater

detail below, {g;mariing,ARAR30% SErE.APRET Bt diseioarion e0igne e Jange repigns 312

serve as lower substrate contact regions, and the open slots and the fins serve as additional heat

dissipaters. THEFARGESR SIS, PrORBSRSPH RIS YA I pad detse s dhganasihigst el spreaders.

Referring nown® dolfaectedherainimukioniea parkageppoRsntiding thedhorzantablias, g heat spreader
300 of FIG. 3 mounte%#%{n thegs%licgstrate 10. The flip chip 1%% (ﬁfgetgghown bu{ see FIG, 83 that is

contained thrEBEWEEN 1$-CBhaEiea I USHI ARSI FALHIGA Bi8tral ™ 1 9RERSRRS now to FIG.
8, therein is showp adtighthseabér gefigrossesetiionampewa dfifftrers trirgteifeuoti k4@ sqljatalsbapen line 8-8

thereof. As showi Ihereif«elinGaR 0818, Calaned hadqesns LA bspgaihihe marking area 302 of

the horizontal fin-type heat spreader 300. The marking area 302 is elevated above the flange region 312

of the horizontal firypélheateyienebimemashddtibbeleed by arakithrsatet) thidtopy BRE  supports
314. The flip ghipdlQisiconrngsiedibermally.toothies marking.a1ed 3Q2ni-geo¥anRtioRalothesraal interface

material such as a layer O%‘{tﬁ? rmal grease 8% .sim% rtoéhe.la er of thermal grease 116 (FIG. 1).
Similarly, the BrORLUR A= BB S & A AL ALY PSP B Palites Ve RS AT HRB TR WRiRRrial such as
a layer of t_hepmia_l gide@@dhtq@dhelwbswats 4490 .heefgmeadersow to FIG. 9, therein is shown a
cross-sectional V'e‘%e%%gﬁﬁf 2&31%. o ARSIV CHEGO] FlGade WKSRRMIRGR RIRIGAT S can be

seen, the contact pads 308 i

type heat spreader 300 of FIG. 3 mounted upon the substrate 110. The flip chip 108 (not
shown, but see FIG. 8) that is contained therebetween is connected in conventional fashion to
the substrate 110.

Referring now to FIG. 8, therein is shown a slightly enlarged cross-sectional view of
the structure of FIG. 7, taken on line 88 thereof. As shown therein, the flip chip 108 is
contained in a recess 800 beneath the marking area 302 of the horizontal fin-type heat
spreader 300. The marking area 302 is elevated above the flange region 312 of the horizontal
fin-type heat spreader 300, and supported by and connected thereto by the supports 314.

The flip chip 108 is connected thermally to the marking area 302 by conventional
thermal interface material such as a layer of thermal grease 802 similar to the layer of thermal
grease 116 (FIG. 1). Similarly, the protrusion pads 306 are attached by a layer of
adhesive/thermal interface material, such as a layer of thermal glue 804, to the substrate 110.

Referring now to FIG. 9, therein is shown a cross-sectional view, similar to FIG. 8, of
the structure of FIG. 7, taken on line 9-9 thereof. As can be seen, the contact pads 308 in the
flange region 312 are deeper in extent than the protrusion pads 306, such that the contact pads
308 directly contact the substrate 110. In this manner, the contact pads 308 establish the

overall height of the horizontal fin-type heat spreader 300 above the substrate 110.
9



flange region 312 are deeper in extent than the protrusion pads 306, such that the contact pads 308
directly contact the substrate 110. In this manner, the contact pads 308 establish the overall height of the
horizontal fin-type heat spreader 300 above the substrate 110. 9 23 March 2007 Referring now to FIG.
10, therein is shown a cross-sectional view, similar to FIGs. 8 and 9, of the structdrM#cEr#807, taken on

line 10-10 thereof. AgCALPERFFHFRE ALSRGLISXISHE Ok &SGR 308 6ARaGt g dhe substrate

110, supports the somewhat shallower (in depth) protrusion pads 306 at a small distance or clearance

above the sufdrdteh 1. STHRUSHRAIFES dratben Rt YR BaHidbatsalaysy GRthentrl Jh5e80%¥ between the

protrusion pagaea06f dvddhasphsiraie tdstathins alasiysahitusivatignandie ayaidnindugetail, the
elevational representation of the marking area 302, the open slots 304, the harizontal ¢oqgling fins 310,
e the o ST B A O e R R s SO 5 A RSl ‘LT e (0 the
horizontal finstypk Heatsprecden3dd ashiiustraigdherncdigun G0drvettbethbpprokageV f8lsAdtvN in FIGS.
7-10, a ”Umbﬁd%&%ﬁ?t?&k’é‘ﬁ@”E%&%Yzﬂﬁ%ﬁ‘g?ﬁlﬁéﬁﬁﬁ% Gan pew g helterdindersiood, Fangxample, the

depth of the recess 800 is advantageously designed such that the distance or gap between the backside
or top surfacecBretFRIAPNCHiphe OBAEHBERE nHifeF aRea 395 Vthehsdurgpréal der!vectipiet by the layer of

thermal greasgdB@e sippoini el i {ksrelsas thetirknahresiatanca pfahedhermal interface material
e recess 800

(e.g., the layer of thermal grease 802) therehetween. As also shown in FIGs 7-10,.(121

bemaath the marking) APGE B0 b1 HIEAES SO TSI KBt S BARTe36y i A USIE il extent
than the die epfjpnchipm 1081 theapidikiage, 9 shpportiB3HGnd-the flangebeyigntBd 2earersized to have a
horizontal exa%%nwgésctﬂéﬁ%i'{ﬁ X%%%WGQ B RBHLE MRS ‘@%Péiﬁ%%?fhﬁ‘&ﬁtfpﬁfﬁ%erejcé&- shiis maximizes

heat dissipation from the flip chip 108 and heat transfer between the horizontal fin-type heat spreader

300 and the sdbatragect iy devignerifardribyyfiesdstpsasr sapayvase Mrossits padP3064AadTthe contact
pads 308, argdqrpedijn the flange egivnSdea Boe 6pMaci-pass«as:, whicpiare pdvanageausly located

at the four corners of the horizontal fin-type heat spreader 300, haye a simple dimple form, The
prottusion pellE SBLEEN e SEAREH A BTN JESTOR S5 0t oAt DL BHIAE 8 308, are in
the fo_rm of arg_awiﬂé ®urrcbabiyg t;lﬁehmmaisgrsm.SDEibtmnbam/mds 308 have a higher stand off, as
described earlier, than g QOFHSIORAAdS RPGRIOLEXRBRELRY A SREREAS D Oga MmO P5mem. The

contact pads 308 thus serve to
horizontal fin-type heat spreader 300 has a greater lateral extent than the die or flip chip 108.

In addition, the support 314 and the flange region 312 are sized to have a horizontal extent
that covers virtually the entire underlying surface of the substrate 110. This maximizes heat
dissipation from the flip chip 108 and heat transfer between the horizontal fin-type heat
spreader 300 and the substrate 110.

Two different types of pads, namely the protrusion pads 306 and the contact pads 308,
are formed in the flange region 312. The contact pads 308, which are advantageously located
at the four corners of the horizontal fin-type heat spreader 300, have a simple dimple form.
The protrusion pads 306, which are located along the flange region 312 between the contact
pads 308, are in the form of a groove surrounding the recess 800.

The contact pads 308 have a higher stand off, as described earlier, than the protrusion
pads 306, for example by an extent of 0.025mm—0.05mm. The contact pads 308 thus serve to
support the heat spreader structure on the substrate 110, and additionally create a constant
bond line thickness for the layer of thermal glue 804 connecting between the protrusion pads
306 and the substrate 110.

In assembling the package 700, the thermal interface material (such as the layer of

thermal grease 802, or alternatively a thermal adhesive) is disposed over the flip chip 108
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support the heat spreader structure on the substrate 110, and additionally create a constant bond line
thickness for the layer of thermal glue 804 connecting between the protrusion pads 306 and the substrate
110. In assembling the package 700, the thermal interface material (such as the layer of thermal grease
802, or alternatively a thermal adhesive) is disposed over the flip chip 108 10 2@3\%3?6?1‘“2?@@? with an

initial thicknegg,greatanthandaed L&l&ﬁﬁzﬂ?&l@%@ﬁ%ﬁ%ﬁa@ﬁg@&%& HBrandRe garing area 302.

This assures a full and continuous layer of thermal interface material, and broader and more effective
coverage of thatieFfaritlerfdes Araieita Bietntheopdereyd 70Das IrimrhEdeiipfetaSiitiaRy, the

adhesive/thepnabintardassrnatesinl(soiehaas shenbayeraf thesmat glueri80hdonthaapuson pads 306 is
initially dispo;.eﬁj over tEchrojected region of the protrusion pads 306 on the substrate 110 with an initial

thickness greél1 &r IHEAthE final gap spacing, and with a width larger than the corresponding groove width
of the protrusion pabisniB0E. Tremihafiee/finainabsermbiye ohtlwei gaGkelyes700 &y goodiheontingloas, and

constant gapg@p Welkas BOARRS.CONGIaGR af tﬂﬁtﬁﬁ?fcgis heral it'ﬂ[seggcg@c{@@tf‘e@ﬂlni%ﬁﬁé‘red

between the protrusion pads 306 and the substrate he open slots 304 fulfill Several functions. They

afford stress PENEITOP tPRINEAe Yprbaddstitn! 10 WerARaindird SBickREes SR <A dhsrinfb grgsidual
stresses resujginignir omdRatmeiadGlamRing anddeumiBoRINEEsfol & RIIeBISIl S A4 adepoVide access

for cooling air, to ¢irculate through the heat spreader tg enhance the heat remqval performance and
eticioncy tefbor i RTIGHaT SEuMG 40 3ty it 5 SBRIBH SP RS S thE R By providing
exposed surfaedsexrendingdverlye alvgye fndhesime theaimab odsr fpoctinas fl the dyeatd perader.the addition to
support and Iﬁ?&h}g%ﬁﬁ%&s‘c@thiﬁﬁ'ﬁnégﬁbgf?ﬂéiﬂ(Pads 308 also enable direct electrical contact to

substrate ground pads (not shown) when desired. Referring now to FIG. 11, therein is shown an enlarged

view of the horizontBMiRRgp&ldhedb$ rbaler sud dhasiath FIa aftmd srrefehshdandie themG. 12,
therein is shoyR AGIshIBEHRARLY B Qs thBHTH GBN R Ohnk ior kdidakemerdinesdidnkthargef. The

recess 800 below the marking area 302 and wijthin the flange region 312 is clearly shown. Referring now
(0 P10 15, (1B S ERT i P RTSESB B B G TR o s ol

to circulate through the heat spreader to enhance the heat removal performance and efficiency
thereof.

The horizontal cooling fins 310 augment the dissipation of heat to the air by providing
exposed surfaces extending freely away from the main body portions of the heat spreader.

In addition to support and heat transfer functions, the contact pads 308 also enable
direct electrical contact to substrate ground pads (not shown) when desired.

Referring now to FIG. 11, therein is shown an enlarged view of the horizontal fin-type
heat spreader 300 shown in FIGs. 3 and 7.

Referring now to FIG. 12, therein is shown a cross-sectional view of the structure of
FIG. 11 taken on line 12—12 thereof. The recess 800 below the marking area 302 and within
the flange region 312 is clearly shown.

Referring now to FIG. 13, therein is shown a cross-sectional view of the structure of
FIG. 11 taken on line 13—13 thereof.

Referring now to FIG. 14, therein is shown a horizontal fin-type heat spreader 1400,
similar to the horizontal fin-type heat spreader 300 (FIG. 11), but provided with additional
thermal contact grooves or protrusion pads 1402 to afford more thermal contact to the
substrate 110 (not shown). As will be evident, the configuration and function of the
protrusion pads 1402 are basically the same as that of the protrusion pads 306, with

appropriate overall scaling of the dimensions of the horizontal fin-type heat spreader 1400 as
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FIG. 11 taken on line 13-13 thereof. Referring now to FIG. 14, therein is shown a horizontal fin-type heat
spreader 1400, similar to the horizontal fin-type heat spreader 300 (FIG. 11), but provided with additional
thermal contact grooves or protrusion pads 1402 to afford more thermal contact to the substrate 110 (not
shown). As will be evident, the configuration and function of the protrusion padsziémg%l’r@%)gsically the
same as that,af fag protusinRRAgSRORity ARRMApHiate.oueRll RealRgke) the dmesions f the
horizontal fin-type heat spreader 1400 as 11 23 March 2007 needed to accommodate the intended
underlying sub8tFatR (5EABWN) and semiconductor flip chip (not shown). Referring now to FIGs. 15-17,

therein are shown qegssrigctioRalyiawsOl $he7 stiuctine showewn klesskdctakan wawespeative

cross-sectional Iirt1es 5-15,.12:-1{}6, %ndk17- 17 theretof. Referring no1 to FllgB.l%Sléh geir;zl%s §hown a
horizontal fin-Sﬂr/leeuﬁeea ‘Spréade JUSMiAr T HTE Horizontal n-type heat spreader 1 6(_FIG. 14),

also having ebhh@racedl thermal contact structures for the underlying substrate (not shown). However,

rather than a p'Ura'@éf&frﬁgjﬁ%%ﬂfﬂ’éﬂ%0&&91‘3%%‘1&8@?% Hbﬁmu#gmggﬂéaﬁ%&ag 140 (FIG. 14),

the horizontal fin-type heat spreader 1800 has a broad protrusion pad 1 along each side thereof. To

provide the irfBRHELSRhARIEN HIMAPESRtacPicrtRE 1908 e | A Bindiydeetetitanred A Brbvided in the
base of each@hthe hroadprebiusiotnaadsdBADsThe graatewhprizonalsudace @raa pitha®nlarged foot

1804 provides a greater contact area on the substrate than is afforded by narrower protrusjon pads.
Referting o A 101 b ari h ot LR GBS St i ot A, 15 taken
respectively dorlirvesll GulQp20h20, mn@@ét—;&dh%oi Re:férnnglm tpaEIGBS(ZZaIm@emlifs@ﬂmwn a
horizontal fingype,heqy 5%9?1‘1@%%%&@‘&9&&&( apdllAngg om0 ihat afferi silggother

structural configuration for enhancing the thermal transfer contact area between a heat spreader and the
substrate (not®8hawmyavideRidh e attsered! Tthe haerdopipisiing eaftatliGroolBs BErA as in the

protrusion paglsia&fall §@2acandch8OR XM ZRSHL PRopgiinnaie surtace amaal the kipag flange
region 2202 in close %aoximi to thgsyundelrbl}/inlg substrate, when attached thereto. Referring now to
FIGs.23-24, ﬁ%‘&?é‘i?%ea Lho rgl%is L S8EHSTA \f/ﬁ’é‘i}\‘ﬁéo&rﬁﬁ%& structure of FIG. 22 taken respectively on

lines 23-23 and 24-Réfthargofiow to FIGs. 19-21, therein are shown cross-sectional views of the
structure of FIG. 18 taken respectively on lines 19-19, 20-20, and 21-21 thereof.

Referring now to FIG. 22, therein is shown a horizontal fin-type heat spreader 2200
having a broad flange region 2202 that affords still another structural configuration for
enhancing the thermal transfer contact area between a heat spreader and the substrate (not
shown) to which it will be attached. The lack of thermal contact grooves, such as in the
protrusion pads 306, 1402, and 1802, maximizes the proportionate surface area of the broad
flange region 2202 in close proximity to the underlying substrate, when attached thereto.

Referring now to FIGs. 23-24, therein are shown cross-sectional views of the
structure of FIG. 22 taken respectively on lines 23-23 and 24-24 thereof.

Referring now to FIG. 25, therein is shown a finless heat spreader 2500 having a
broad flange region 2502 similar to the broad flange region 2202 (FIG. 22), and a finless
marking area 302 similar to that in the finless heat spreader 600 (FIG. 6). The finless heat
spreader 2500 includes additional contact pads 2504 disbursed in the broad flange region
2502. The additional contact pads 2504 help to strengthen and stiffen the broad flange region
2502, and help maintain the proper thickness of the thermal adhesive (not shown) when
spread between the broad flange region 2502 and an underlying substrate (not shown). The
additional contact pads 2504 also help resist warpage of the broad flange region 2502,

thereby additionally enhancing the uniformity of the adhesive.
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Referring now to FIG. 25, therein is shown a finless heat spreader 2500 having a broad flange region
2502 similar to the broad flange region 2202 (FIG. 22), and a finless marking area 302 similar to that in
the finless heat spreader 600 (FIG. 6). The finless heat spreader 2500 includes additional contact pads
2504 disbursed in the broad flange region 2502. The additional contact pads ZS&Dﬂé‘Iﬁ“t%OQFrengthen and

stiffen the broad flapgg.f6gioR,«SR2 Fd beldnaiatain the RIORAG! thigknessahthgdhergralpdnesive (not

shown) when spread between the broad flange region 2502 and an underlglng substrate (not shown).

The addition$fstiaet Piés2 soemistPerdipehe sistlinfarpagd of trd brshebfian s ieiion 2502, thereby

additionally enhanciogdheunsie i ityn D enadhesiveoda B8 Maieh 200heRefespradepuota fklGs.26-28,
therein are s n cross-sectional views of structure of FIG. 25 taken respectively on lines 26-26,
Fioghdalee i ghsemic bt ol RS Bt At e
400 (see FI@04)aadsbmbiekiagr@20PackageiRO00 (e tthechoreoftthdiveyhicdidinypedaedd8preader

400 and the pagk eaﬁ@QﬂeaF%ﬁ?JQ%ﬂ%@ E‘ﬂ%p;)ghgxp&ﬂ.zﬁgIa&lgnfygﬁdaﬁéédsBE%?Q?S%I%QQOI(EEG' 3) and the

package 700 (FIG. ), except that the fin-enhanced heat dissipation is accomplished through the edge
vertical coolifg AP A8 E M tHehnibfkrdgearss v trealitto fig finsed 4hatRerkiignaise Nefizshtal cooling

fins 310 (FIG&oBmnGhe okhahgaahsHenomestical-oonlingfinsipraudes adliffererichaatsdissipation profile,

and may enhance??eat .diss‘%ationt the %ir %p?rglingdu .ontthe finﬁgairflow configuration into which the
heat spreadefTdiHstaibEE ANSHREN AR ahEgS6r aSEb AR RACL BN fird U &M aTT 8 thal Additional fins
can be emplalysabiniohetondking dneand02 withoutieirterfenrty witlhiheufigtiahiptd 08 udisplosddatherebeneath

(see FIGs. 3Q30ghetl, RRIRUNY MWL K805 %r RIS SO R SRAHGAR N of the
structure of FIG. 29 taken on lines 30-30, 31 31, and 32 32 thereof. The assembly of the package 2900 is

in most respe¢ditigadinto-idesmirio Yokl e madingare iR wilboy tnerfsaamishatkobimgfhs and slots,
in particular tm@mp@m Meavvesticalkeopling ins A0 and the open slots 304 thereadjacent, the extent of

the layer of thermal grease 802 may he smaller. Preferably (but not necessarily), the extent of the layer
of therma grease 85910 BanBlei sb G N6 HSGH br et G DHSCh0L 5Pl iRbugh the
open slots 3radjacerfitilie 2hakingpaigryénica) dbvalinguiths 402 tRetefrinthaawdmtif 3B therein is
shown an e”@i&&ge"@%qfs qﬁeﬂ(?sqti&%émét)f%lar to that of the package 700. However, due to the
additional cooling fins and slots, in particular the marking area vertical cooling fins 404 and
the open slots 304 thereadjacent, the extent of the layer of thermal grease 802 may be smaller.
Preferably (but not necessarily), the extent of the layer of thermal grease 802 is controlled so
as not to block or interfere with the passage of air through the open slots 304 adjacent the
marking area vertical cooling fins 404.
Referring now to FIG. 33, therein is shown an enlarged view of the vertical fin-type
heat spreader 400 shown in FIGs. 4 and 29.
Referring now to FIGs. 34-36, therein are shown cross-sectional views of the
structure of FIG. 33 taken on lines 34—34, 35-35, and 36-36 thereof.
Referring now to FIG. 37, therein is shown a vertical fin-type heat spreader 3700 that
is similar to the vertical fin-type heat spreader 400 (FIGs. 4 and 33), except that the marking
area vertical cooling fins 404 (FIG. 33) and the open slots 304 (FIG. 33) adjacent thereto
have been omitted. Instead, the marking area 302 is continuous from one edge to the other,
within the flange region 312. This allows the full extent of the marking area 302 to be used
for the layer of thermal grease 802 (not shown) for contacting a larger flip chip 108 (not
shown) within the recess 800 (see FIG. 38).
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heat spreader 400 shown in FIGs. 4 and 29. Referring now to FIGs.34-36, therein are shown
cross-sectional views of the structure of FIG. 33 taken on lines 34-34, 35-35, and 36-36 thereof.
Referring now to FIG. 37, therein is shown a vertical fin-type heat spreader 3700 that is similar to the
vertical fin-type heat spreader 400 (FIGS. 4 and 33), except that the marking aréévéfﬁhgp%ohng fins

404 (FIG. 33) and thepal SIg 304HBIC:S3hadirant ineraioy havs deenigmitiel.Josipag, the marking

area 302 is continuous from one edge to the other, within the flange r{@;n 312. This allows the full

extent of the HHEFRIFCAIES 3DR HbeHdsBE VDY ﬂﬁ’ehlﬂcﬁ?e?tgﬁﬁﬁﬂé?r?% gre 8 Bodiset shown) for contacting
a larger flip chip 10&e(fwﬁn§hmw}d\aﬂ@n4hetnef&§s£%£sﬁm&:Iﬁﬂé’s&héa’ﬂ 2 MRECh0B0QTGReferring now

to FIGs. 38-40, th are p.cros ctional view tur 37 taken respectlvely on
lines 38 38, 35° 551 ao Eﬁ?ﬁ& erér(%l eéls??arrlé:é) Y’%V\?} oﬁﬂi’ ng)l (ﬁﬁjereln%gshownl} A heat
spreader 6004(B(G. 6) assembled onto the substrate 110 and over the flip chip 108 (see FIG. 42), into a

package 4100. Refglrng A0 e 40, TEFEINIS ABOWY 8:5lossasaHnal POl upture of FIG.

41 taken on line 42-42 thereof. Referring now to FIG. 43, therein is shown the structure of FIG. 42 onto
which is attabHédh elier Mdéit extérflrfseat spreader 4300. The click insert external heat spreader 4300

includes edge clipspderigesignad faccanyeanientlysandwasily airping entadhaxdgesyiAdh4of the
marking area SOZP&‘ the o en slots 304 therein. The cli l@) igét i}fi?rnal heat Sﬁp ader 4300 includes

conventional HESPC sas‘ﬂla oRYihs"A508"0 1 SR, etrhé 8’&8% 4352 “Wilen attached
or clipped in #3ig0narmies edpe thipfinkedsihe atshfeader 600 thendlickilysdiperternal theatdgpreader 4300

becomes a hegg disipationaHomeniesh a@%%&PEﬁ%&a&Oﬂf?&?&Ha' ﬂ?ea&?dﬁﬁk%ﬂo&t%ﬁpﬂfﬂ%to the upper

heat dissipation region (the marking area 302) of the package 4100. Referring now to FIG. 44, therein is

shown a top praFRdsEet3eP anfidesconernHeRH hé%&*ﬁ%iPPféa’t ipreideronsbe Hek/ihgrepbieraan e

therethrOUQhthEQdQé%@EBM@ySWHMJﬂﬁ@ﬁﬂ slighpinseit extaraahbieatspreanasd400 iplacrted directly
above the p g 0 (not visible in FIG. 44; see F 5). Referrj n w.to FIG. 45, therein is shown
§§§| \?rgw 1§ 4§8;0 ego d0

a cross-secti bcil&Hgs%rth%[tuPéa eat spréader mes a issipation augmenter,
adding optional, additional heat dissipation capacity to the upper heat dissipation region (the

marking area 302) of the package 4100.

Referring now to FIG. 44, therein is shown a top plan view of a finless click insert
external heat spreader 4400 having slots 4402 therethrough. To illustrate its use, the finless
click insert external heat spreader 4400 is located directly above the package 4100 (not
visible in FIG. 44; see FIG. 45).

Referring now to FIG. 45, therein is shown a cross-sectional view of the structure of
FIG. 44 taken on line 4545 thereof. As can be seen, slot clips 4500 have been formed in and
under the finless click insert external heat spreader 4400 adjacent the slots 4402 therein. The
slot clips 4500 are formed in the same metal stamping and forming operation that forms the
slots 4402 thereadjacent.

As indicated by arrows 4502, the finless click insert external heat spreader 4400 is
then attached to the marking area 302 by moving the finless click insert external heat
spreader 4400 downwardly in the direction of the arrows 4502. This causes the slot clips
4500 to engage around the edges of the marking area 302 at the open slots 304 therein. With
the finless click insert external heat spreader 4400 thus attached, the exposed surface area for

heat dissipation from the package 4100 is substantially increased.

14



FIG. 44 taken on line 45-45 thereof. As can be seen, slot clips 4500 have been formed in and under the
finless click insert external heat spreader 4400 adjacent the slots 4402 therein. The slot clips 4500 are
formed in the same metal stamping and forming operation that forms the slots 4402 thereadjacent. As
indicated by arrows 4502, the finless click insert external heat spreader 4400 is Rt d to the

marking area 302 bﬁ(e’i%?r‘f’%%gnmﬁ finieRs SHCKHOSATLSXIRINA HEAUrRERAIL TGO dAaWINE gfy. in the

direction of the arrows 4502. This causes the slot clips 4500 to erFlgafe around the edges of the marking
area 302 at thigleperligiois gbaRErdiRcansmicafe fitfdsias Rernridierhediciipred @atQphs9ek4#400 thus

attached, thesagposeid stuifacsyaieadow feat dissipation from the package 4100 is substantially increased.
14 23 March 2007 ferring now t JFIG 44, therein is shown the structure of FIG, 45.in whjch the finless
ok ot oxtormal RAST BB 10 Tad BIEh ARAREd TGS BT Seltcd 08 ne indicatod
by an arrow 4600gdRdferimitnoivitosFaGem 7, therein is shown the finless heat spreader 600 of FIG. 6,

enlarged for clarity Rfe}liﬁﬁligatﬁ% RETRIH0% B0 QLGS 48 SR DEreif MR SROWN (LRSS siegflonal views of
the structure of FIG. 47 taken respectively on lines 48-48, 49-49, and 50-50 thereof. Referring now to

FIG. 51, theréift&isnelfi@ prattkaedroretiinless Hast threhdert81oul Shatithesstheat spreader 5100
differs from the finlgasrdigat siread 6081 (Rl eredv )s RRMATlY finhaving AL qunchMRkinpraa 5102

connected to a circular support 5104. It will thus.be appreciated that marking area ge tries and
onteiatod s LB PR W S R e e BT B e
sem@conduct@riuhiplsf andsuhstatesd ammmm 'nllhatﬁéoﬁeanspn‘edc!emmlm b@m:témmleﬂ, waiild may be
configured acgor %‘é‘%&%&l&wﬁ%ﬁﬁ%&l&&éﬁ%%@b%ﬁ@%&@%&%&%&&?&f Qﬁtﬁg{ugﬁcﬁﬁ%%@&@%}o

FIGs.52-54, therein are shown cross-sectional views of the structure o ken generally on lines

52-52, 53-53bafelFrdastHeriet. Refdwing e 61Ny thioremisenshision AiBd et didétt reverse view

of the horizogia) finittp@dpal spreadey #00:(béGsmBlbNPILS 5200 Whichata ariipmal haye been
formed in the bottom side ?anre markir:ig area 302. Tq/e dimples 5500 provide still another mechanism for
increasing hé?f%%gfﬁg{?o‘ﬁ g‘r%i?{ﬁt Eﬁl’f};ﬁ%pﬁgﬁee n or configuration that increases the surface area

that is in contact wiketheiteyaoof theFil(al. glease BOR(INatrshdwwh cross-sectional views of the
structure of FIG. 51, taken generally on lines 52-52, 53-53, and 5454 thereof.

Referring now to FIG. 55, therein is shown a bottom side or reverse view of the
horizontal fin-type heat spreader 300 (FIG. 3). Dimples 5500, which are optional, have been
formed in the bottom side of the marking area 302. The dimples 5500 provide still another
mechanism for increasing heat dissipation by forming a surface pattern or configuration that
increases the surface area that is in contact with the layer of thermal grease 802 (not shown).
An additional advantage is afforded when a thermal adhesive, such as thermal glue, is used in
lieu of thermal grease, because the geometry and increased surface area afforded by such
patterning of the surface of the marking area 302 will improve adhesion of such a thermal
glue. As such, it will be clear that other surface patterns besides the dimples 5500 may be
used.

Referring now to FIG. 56, therein is shown an enlarged view of the circled area in
FIG. 55, identified by the reference numeral 56 therein.

Referring now to FIG. 57, therein is shown a cross-sectional view of the structure of
FIG. 56, taken on line 57-57 thereof.

In fabricating heat spreaders according to the present invention, thicknesses,
materials, and dimensions will, of course, be selected according to the particular applications

contemplated. Exemplary heat spreaders, for example, have been formed from sheets of
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An additional advantage is afforded when a thermal adhesive, such as thermal glue, is used in lieu of
thermal grease, because the geometry and increased surface area afforded by such patterning of the
surface of the marking area 302 will improve adhesion of such a thermal glue. As such, it will be clear
that other surface patterns besides the dimples 5500 may be used. Referring now YRERE2BE, therein is

shown an e”lﬁ{{%% PG GrClreh &3, 19r 5.@&41i%ﬂﬂflﬁ%l?ékﬁ'é§‘sfe§%ﬁQ%Eﬁéy%}E‘J@dg@

d ¥ 6 therein.
Referring now to FIG. 57, therein is shown a cross-sectional view of the structure of FIG. 56, taken on
line 57-57 thetkarMHTERiEatNY Neatepreatieks! AEaBrdivgth e sresdi iR/aHIRSS; thicknesses,

materials, and dimegiansvilbwefcoprses Hematasted acsardingde tRparsionllar appligaiions:

contemplateq, ExemIPIar)é heat s readgrs, for example, have been form.eltlj rom sheets of 15 23 March
abricati fg Eh emicongductor ev1c? eﬁpjrs]g)r a_lﬁeé 1n aCCOfﬁal‘]lge wit e present invention.

2007 copper, copper-allgy, or alummum, of 0. m-1.5mmin thickness. Such copper or copper alloy
materials mayasacihciudel adeicketp b 8Piticiaprishliogat overyhectoptmdade: Retaraingndowsttp FIG. 58,

therein is shoyp,a, How, fRARE0NG! A MLBPHIRIEBRIEAING A5 IGARAVHIAL dRvige hqal.gpreader in

accordance with the present invention. The method includes a step 5802 of providing a unitary piece of
metallic matetfalPRAG s Etd[sBatN GE Sl pity e thiffaly fats IFEtalfPRAEITRANGS $8EnhS unitary heat

spreader haviipge @it stRRsyifedh digsinalionie gior: susielk ssasiraietantact agiess suaRPis connecting
the upper heat dissipation region and the lower substrate contact regjon, and a recess within the
Supports anc B TDULP STEORBF TSGR PRI REE & St eSS L RE S ERER From the
foregoing descriptidiramchel favwgrgsg iteadtii@serhdhatitize, pregéht ieve tidthqposithe samentienous
important ad\f)%\tﬁﬂgﬁulﬁé%%igﬁ?oﬁa%?ﬁﬁ@efﬂ?ﬁé\é.e heat spreader structure because it can be readily

: I .

formed by conventional metal stamping methods on a single, unitary piece of material. It provides a heat
spreader structure HaRfimddtet capaiiivsfivt Beritrbrfrds tiEusorie ireuihickar bs Katie&ormsd Reat spreader

and the subspatesn@ismeihasicentiallingdheunah ntarkcanmaiesial gansdeaiween the heat spreader and
the chip. It provides a hea

e chip vides a spreader strHcture Qavein a fin confi u[iatti% ‘tr(;atrf rther enha -es thermal
dissipation efficiendy PP PSS HEEICEDALAE SO R SHTRG S il R L SBhing air to
pass thickness between the heat spreader and the substrate, as well as controlling thermal interface
material gaps between the heat spreader and the chip.
It provides a heat spreader structure having a fin configuration that further enhances
thermal dissipation efficiency.
It provides a heat spreader structure having openings for allowing cooling air to pass
through it.
It provides a heat spreader structure having openings that accommodate thermo-
mechanical stresses imposed on the heat spreader and flip chip package.
It provides a heat spreader structure that may have a mechanical locking mechanism
to engage an additional heat spreader for further improving thermal performance of the
package and/or providing a larger effective marking area.
It provides a heat spreader structure that may have dimples or indentations at the
bottom of the heat spreader recess to enhance thermal transfer and the adhesion strength of
the thermal interface material between the heat spreader and the flip chip backside area.
It provides a heat spreader that can serve as a shielding plate for electromagnetic
interference, and as an additional ground plane to improve electrical performance of the
package in high-frequency operation (by, inter alia, reducing switching noise and

interference).
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through it. It provides a heat spreader structure having openings that accommodate thermo- mechanical
stresses imposed on the heat spreader and flip chip package. It provides a heat spreader structure that
may have a mechanical locking mechanism to engage an additional heat spreader for further improving
thermal performance of the package and/or providing a larger effective markingzér%a.rwmdes a heat

spreader structure tat gaay RayeHmPIRSQRARIANGISALIDG BRIAM QfiheeaGRigadgyrecess to

enhance thermal transfer and the adhesion strength of the thermal interface material between the heat
spreader ancPHERS ETiHIDLOIRRFE GRS BYTiHES: alRe deapraigads trisg EM SRR B5EKkIding plate
for electromagipedier iniesfiarencon A asanadditional oreund plFe tepmpayerelestisalpaiformance of

the package in high-frequency operation (by,.inter alia, yeducing switching noise and interference). 16 23
Viare 2007 TS SPR8Sr HUBHm: RSB OISES oG B 45 SLUE 5 RS, SHUGds,
packages forhitigp dhippsenmictindentypr @dvied sharhelhesitispreadersgaatddodnhabléifroresa Singlé, piece of

material by copventiopatdngital S1aBRing MERaRE, SRS ARGNAYS e RIAHKII R SIS, RS Qrooves,

dimples, and indentations in the heat spreader structures provide enhanced heat dissipation efficiency,
reduced therfiPaT3&Eistan &0 SRRART Bdnef TiethitikhesdcESntBINUftsa e hiatemilgaiP disidtrol, stress

accommodatigraapchenhascas adhesioniplgReaicsiieadedswases more economical, efficient, and easier
to manufacture and assemble into heat spreader k%%eshfo use with Iilp chi&) emiconductor devices.
Accordingly, it has SR U Guetel naEShe SRt S5te Ml st Re U E1ERARN B kads 5t fip chip
semicqnquct@acdegiise@lo(ﬂilhetmvesemcindamindeﬁjcmsbf lﬂm:)met&mrt andpﬁenectmm nEvanabiel solution_s,
capabilities, gl fwaelienal AdVRUAGE oL EhmANAAPIE L1t SARIGARAYGIH. RAGkRARS, he resulting

configurations are straightforward, economical, uncomplicated, highly versatile and effective, use
conventional feésisorslseonRackrecthud e cdfisgifeatfariiians e SHAGSIAtRES rRFeRTBH AT

manufacturingnpsaggeaes andniecknalagiesd While thedaventiendiasibeemeeswibesiincanjdnction with a
specific best mode, it is t t%g{understlood that many alternativgsf, mO(‘jfi{ﬁcations, and variations will be
apparent to ity slaﬂg%d(i)n e SRR ﬁﬂﬁflfﬁ thuglggorg%‘fﬁﬁlalé crfBﬁ?) ?f&%%%diﬁbqf/e,sﬁq% ifiténded to

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 aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and
scope of the included claims. All matters hither-to-fore set forth herein or shown in the

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

17



embrace all such alternatives, modifications, and variations which fall within the spirit and scope of the
included claims. All matters hither-to-fore set forth herein or shown in the accompanying drawings are to
be interpreted in an illustrative and non-limiting sense. 17 23 March 2007 THE INVENTION CLAIMED IS:
1. A method for fabricating a semiconductor device heat spreader, comprising: BW%%QQQ]nitary piece
of metallic mat{gfal SiagRHY Beapitasygiece of metallic material to form a unitary heat spreader having:
an upper heat dissipation region; a lower substrate contact region; supports connecting the upper heat
dissipation region and theAoweh&uhstratd cadiptackreigivdpane @ viee@sst witbhddh e suppants and the upper

and lower regions for re eiving semicongucttOf device therein; and forming, in the lower substrate
TOV1 llg a metallic material;

contact region, at 1dast one Contact ﬁé%f%%vmg a deeper éxtent than the lower substrate contact region
for contacting a substrapengihd supp iegy terowlér sultstrte tontactmggioreaitsprprdddfinatclearance
above the substrate to acgarypodaig aidayelisf aghgsive/thermal interface material therebetween and to
create a constant bond line thickness therebetween for the layer of adhesive/thermal interface material.
2. The method of claim 1 flRHEF BdTS IR RSHTiRgMdditional heat dissipaters in the upper heat
dissipation region, the addiijgnakheaheissipaiepheingrseiaspadoiiasian ArUpCRISSENgG@iepen slots,
horizontal cooling fins, vertical cggliggtﬁnslbgnad(? combination thereof. 3. The method of claim 1 further
comprising forming, in the lower SUbStrate Contact region, at least one base heat spreader selected from
a group consisting of protrusiorss peitian sbatapppasisnd tbadingeddoionsegndsdaomssination thereof. 4.

The method of claim 1 further compiising ataghing @d&linraneat dissipation augmenter to the upper
heat dissipation region. 5. The method of claim 1 further comprising forming a pin orientation identifier in

the unitary heat spriBERe61THE A0St B L oL RSHISH b b Mg RS ARG Y Saftdyipatiern in the

deeper extent than the lower substrate contact region for contacting a substrate
and supporting the lower substrate contact region at a predefined clearance
above the substrate to accommodate a layer of adhesive/thermal interface
material therebetween and to create a constant bond line thickness

therebetween for the layer of adhesive/thermal interface material.

2. The method of claim 1 further comprising forming additional heat dissipaters
in the upper heat dissipation region, the additional heat dissipaters being selected from a
group consisting of open slots, horizontal cooling fins, vertical cooling fins, and a

combination thereof.

3. The method of claim 1 further comprising forming, in the lower substrate
contact region, at least one base heat spreader selected from a group consisting of protrusion

pads, contact pads, broad flange regions, and a combination thereof.

4. The method of claim 1 further comprising attaching a clip-on heat dissipation

augmenter to the upper heat dissipation region.

5. The method of claim 1 further comprising forming a pin orientation identifier

in the unitary heat spreader.

6. The method of claim 1 further comprising forming a surface pattern in the

upper heat dissipation region.
7. A method of fabricating a semiconductor device heat spreader, comprising:

providing a substate;
18



upper heat dissipation region. 7. A method of fabricating a semiconductor device heat spreader,
comprising: providing a substate; 18 23 March 2007 providing a semiconductor device; providing a
unitary piece of metallic material; stamping the unitary piece of metallic material to form a unitary heat
spreader having: an upper heat dissipation region; a lower substrate contact re&%ﬁf’[aéﬁlb%??s connecting

the upper heat dissm@%ﬂ] lonapdithe lowersubstrate contact region; and a recess within the
supports and the upper and lower regions; forming, in the lower substrate contact region, at least one

contact pad having grodR@per extent jhap dhendewer sulesiiate contact region for contacting the substrate
and supporting the lower substrate contact region at a predefined clearance above the substrate to
accommodate a layearopiadhiesiveiihepmead ohterfdte metenkbiothere benieenhandpeatedievangonstant bond
line thickness therebetween for the layer of adhesive/thermal interface material; receiving the
semiconductor device witfifhUPRETEEE<EsHSHIBIREHupling the semiconductor device to the upper heat
dissipation region; and adhering the lower substrate contact region to the substrate. 8. The method of
claim 7 further comprisingaf 5 r&ﬁlgsg&fﬁﬁﬁﬁf%éﬁigbqgéipaters in the upper heat dissipation region, the

additional heat dissipaterssﬁglgs_sc%lﬁget&g]g% & [QURCoNSISHRY g%%eghglgltgimgzs%gﬁlageooling fins,

vertical cooling fins, and a combination thereof. 9. The method of claim 7 further comprising forming, in
the lower substrate contact regiftattiEg&tbi8base heat spreader selected from a group consisting of

protrusion pads, contact pads, broad flange regions, and a combhination thereof. 10. The method of claim
7 further comprising attacﬁi??ﬁegsc‘ﬁé\-%tﬂ‘éﬁﬂp&éf’p@é& © UDRTHENEAPYS 8 APYer heat dissipation region.

i;;eg;z:‘_”eth"d OF 3} TG, THFRE! £RMBPURING.IRr NG R QieRtaton IHentligr. D ife.Aniigry heat
deeper extent than the lower substrate contact region for contacting the
substrate and supporting the lower substrate contact region at a predefined
clearance above the substrate to accommodate a layer of adhesive/thermal

interface material therebetween and to create a constant bond line thickness

therebetween for the layer of adhesive/thermal interface material;
receiving the semiconductor device within the recess;
thermally coupling the semiconductor device to the upper heat dissipation region; and
adhering the lower substrate contact region to the substrate.

8. The method of claim 7 further comprising forming additional heat dissipaters
in the upper heat dissipation region, the additional heat dissipaters being selected from a
group consisting of open slots, horizontal cooling fins, vertical cooling fins, and a

combination thereof.

9. The method of claim 7 further comprising forming, in the lower substrate
contact region, at least one base heat spreader selected from a group consisting of protrusion

pads, contact pads, broad flange regions, and a combination thereof.

10. The method of claim 7 further comprising attaching a clip-on heat dissipation

augmenter to the upper heat dissipation region.

11.  The method of claim 7 further comprising forming a pin orientation identifier

in the unitary heat spreader.
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19 23 March 2007 12. The method of claim 7 further comprising forming a surface pattern in the upper
heat dissipation region. 13. A semiconductor device heat spreader, comprising: a unitary piece of metallic
material stamped into a unitary heat spreader having: an upper heat dissipation region; a lower substrate
contact region; in the lower substrate contact region, at least one contact pad hati aécaé’QBZ:r extent

than the lower subsjrate cPRIGRLAIGQAIR (ALEPHIAGIRNG BotRRlAS Ahfh SUPRRIIIG IR o YeRubstrate

contact region at a predefined clearance above the substrate to accommodate a layer of
adhesive/theHPReiRtarfHEEPH iR FR#iotherebetween and to create a constant bond line thickness

therebetween for thf layer of adhesive/thermal interface material; supports connecting the upper heat
P . . 3 #semlcongu tor devic gat spreader, co rlSlHé[.) s
dissipation region and the'lower su Strate Cortact ¢ gion; ahd B 1888ss within the supports and the upper

and lower regions fQruﬁ?&?ér‘é&ﬁ&@oﬁ%@?&?ﬂ@%‘d%%‘l&%%&'i‘f?t’&&rhlﬂérﬁ R NGALSRraad6E.Of claim 13 further

comprising additional heat dissipaters in the upper heat dissipation region, the additional heat dissipaters
being selected from a group upparsisting efpaRenslaés; horizontal cooling fins, vertical cooling fins, and a
combination thereof. 15. The heat spreader of claim 13 further comprising, in the lower substrate contact
region, at least one base lhdavepseatiaresaisotedefiiom a group consisting of protrusion pads, contact
pads, broad flange regions, and a combination thereof. 16. The heat spreader of claim 13 further
comprising a clip-on heat HisBfpatish Sahigitie sedtastEriY g8t OpperHacitrasbiyaton dejfieh. 17. The

heat spreader of claim 13 dithemhepnmerising @%Hﬁ%%ﬁﬁ@rkégﬁiﬂtif&rciﬁhtﬁ'fiﬁdgrﬁ@ﬁ)éslﬂﬁ@t sireader. 18.
The heat spreader of claim 13 wrth?ﬁ clomgrisi{)]q atsurfz%cet atterntform%dfin CEh«:—f upper hé—:-at dissipation
region. 20 23 March opp7Supporting the lower substrate contact region at a predefined cleatance above
the substrate to accommodate a layer of adhesive/thermal interface material
therebetween and to create a constant bond line thickness therebetween for the

layer of adhesive/thermal interface material;

supports connecting the upper heat dissipation region and the lower substrate contact

region; and

a recess within the supports and the upper and lower regions for receiving a

semiconductor device therein.

14. The heat spreader of claim 13 further comprising additional heat dissipaters in
the upper heat dissipation region, the additional heat dissipaters being selected from a group
consisting of open slots, horizontal cooling fins, vertical cooling fins, and a combination

thereof.

15.  The heat spreader of claim 13 further comprising, in the lower substrate
contact region, at least one base heat spreader selected from a group consisting of protrusion

pads, contact pads, broad flange regions, and a combination thereof.

16. The heat spreader of claim 13 further comprising a clip-on heat dissipation

augmenter attached to the upper heat dissipation region.

17. The heat spreader of claim 13 further comprising a pin orientation identifier in

the unitary heat spreader.

18.  The heat spreader of claim 13 further comprising a surface pattern formed in

the upper heat dissipation region.
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19. A semiconductor device heat spreader, comprising: a substrate; a unitary piece of metallic material
stamped into a unitary heat spreader having: an upper heat dissipation region; a lower substrate contact
region; in the lower substrate contact region, at least one contact pad having a deeper extent than the
lower substrate contact region for contacting the substrate and supporting the It aGhfife contact

region at a predefingd clegrange.akoys, the suhs JQdQE%‘BH?ﬁﬁQﬁ%?e a layer of adhesive/thermal

interface material therebetween and to create a contant bond line thickness therebetween for the layer of
adhesive/thermal indetfiageiiaterial; supports connecting the upper heat dissipation region and the lower
substrate contact rg%iqp; and a recess Yi\lcitrrlqgﬂégﬁ su%orts and the upper and lower r.%%ions; a

. . nitary.piege ol met. sta ed mnto,a unitar t spreader havi . . . -
semiconductor device TeCEVEGWIthis ?‘}le recess an ermé’lly Coipled to°Hivé upper heat dissipation

region; and the lower substrampodnrtdctisegitinbeigigradhered to the substrate. 20. The heat spreader of
claim 19 further comprisinglggglitggggmg@&gﬁigggﬁ:s in the upper heat dissipation region, the additional
heat dissipaters being selected from a group consisting of open slots, horizontal cooling fins, vertical
cooling fins, and a combiri&tibh | INEFe8PsPate TRBIE s HpRe et BB PO RAthE EhisIseRsy, in the

lower substrate contact region, g{deastanerRasehieatspivadensalected Jroma @iarnisensgisting of
protrusion pads, contact pads, broad flange regions, and a combination thereof. 22. The heat spreader of

claim 19 further comprising a clifil-l WSt BisSITANOA Sldmentst aH3EHey ﬁﬁ)%a@tuﬁeﬁé?%é‘%ltadissipation
region. 23. The heat spreader ofpctdafintd fuetinercearmprisihg supimacrientatiomnaelatifierlayethd unitary heat

spreader. 24. The heat spreader,gf CRIRLL LM HELERTAHSNN SlACERANCIRIINELIR the upper
heat dissipation region. 21
contant bond line thickness therebetween for the layer of

adhesive/thermal interface material;

supports connecting the upper heat dissipation region and the lower substrate
contact region; and

a recess within the supports and the upper and lower regions;

a semiconductor device received within the recess and thermally coupled to
the upper heat dissipation region; and

the lower substrate contact region being adhered to the substrate.

20. The heat spreader of claim 19 further comprising additional heat dissipaters in
the upper heat dissipation region, the additional heat dissipaters being selected from a group
consisting of open slots, horizontal cooling fins, vertical cooling fins, and a combination

thereof.

21. The heat spreader of claim 19 further comprising, in the lower substrate
contact region, at least one base heat spreader selected from a group consisting of protrusion

pads, contact pads, broad flange regions, and a combination thereof.

22. The heat spreader of claim 19 further comprising a clip-on heat dissipation

augmenter attached to the upper heat dissipation region.

23. The heat spreader of claim 19 further comprising a pin orientation identifier in

the unitary heat spreader.

24.  The heat spreader of claim 19 further comprising a surface pattern formed in

the upper heat dissipation region.
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