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 better performance and lower fabrication costs.

BACKGROUND ART In the electronics industry, a continuing objective is to further and further reduce the

size of electronicieTeSPREA B EREHENED ISPREMDER IPACKACES e\ d spRed AGetNar telephones,

personal data devi t , o] S few of the
consumer products E&?ﬁ%ﬁ%&%@ﬁ%ﬁpﬁgﬂ&%ﬂﬁ%ﬁéﬁﬁﬁ Iéﬁ[?'e&r%sgphisticated

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 rﬁﬁﬁﬁl‘ﬂ'%érg'%%e integrated circuit chips. After

manufacture, the integrated circuit chips are typically incorporated into packages that may contain one or
several such chips.ﬁ%&%ﬂi&ﬁ%%@ﬁ%&%\&o gﬁ ?9 ii‘%ﬁf}‘?&t}fﬁm{fﬁf é‘t?l?rb?ﬁtffghofircuit wiring
boards. In comiegrtied &l nouill lesiipsnand uhess @anicnd bety of isguroeech tictbipdeaiceseader saokidemn close
proximity Wit%%&?&j&%ﬁ@%t%%mm%mgwy‘FQJrR%ﬁBﬁ%S&sfor 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 keeBARK&RRENIRMBEratures within acceptable ranges. 1 In
conventional muIti-chi&modules, the devices are connected to a substrate, and electrical connections

among the devices B8 EESHHISHEWHMiR FROLUHE QB R A B HSC AR o (REad Bonnect the
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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 alarge
number of interconnected integrated circuit chips. The integrated circuit chips are usualy
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 severa 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.



Subsequently, the semiconductor devices are flipped over onto the substrate and the solder bumps are
melted to male connection to corresponding terminal pads on the substrate. Heat management through
this structure can be critical. The internal thermal resistance and the thermal performance of the flip chip
interconnect technology are determined by a series of heat flow paths. The heat flows first from the
semiconductor devigegsoryahtioha dydiithipseardeaditetdevives ieeaiopaetkead o cubiieteitands been

incorporated. of ;i gAY S8 IG TR ABHRES FEUEInAHBMFREHANC BNGR! e GttAghed to the

package surface. Typically, the top of the package body includes such a heat sink for large-scale heat
dissipation. U URCREINRIER HEOSi £R00eSt the devigesde BsdR RestedSicalrdwitith e Qb faRsoifitor substrate
and its assoctmaﬂr@emﬁ&smreytmmﬁed W@mb&ﬂnﬂl&&:@@@ghummcﬁnmmeoa aa) Isprigiager plate is

adapted to en%%l QR CHIS ggﬁ]& esgl%m It:%e'fl e(!h?ﬁ tttée Igrease or the

like is spread be et the ¢ sprea sprea erp ate th en acts as a heat
conductor to %W%dﬁﬂ@ﬂ@fé@n@ﬁwmﬁmﬁw mﬁr@at@mewmdhg adstaiatanl Whehsideuse of known

heat spreadeginfok o AbiRnaskaGSARARASSRRHRMRa AL HRiaRRAdBMANUfacturing costs,

complicated assembly processes, and concerns about goe reliability. These drawbacks can be
understood, for exaﬁ%’tp ”Wme maU@antH‘t%ﬁﬂf?Bf ﬁrfﬂ'?v Bl Shd siiid P Weitdires. one
such heat spweadenﬁrmwmeStaMpmmagutﬁnm héyinghigo sttfteo@mnettthtecmmmy coee that
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stiffener is thi %ert an t meta%aéfI ﬁwo different meta orming processes are %m fore requwed to
fabricate the ﬂ%@ﬁ‘fé‘i’emepté@@s @f the ﬁ%@t@oﬁﬁr’é@de‘mﬂ@m t@fo Riffteeentiawiiehalisheetdasntwo different

thicknesses. |RcafiaRNPIIPRAHACHARTBRALED SHEGAtEGE BRHRW CRYIM AR IdALLHOEIRR as a single

piece. To form the cavit thereln for the chlp, a thick metal piece needs to be used, and a substantial
amount of m&REARAPHILGE REBRBRHIERRE to form the chip cavity. Thus, 2 costly metal forming processes,
like milling or castinpysiealls tehbecprop lbgerdiaietbicatmthidedyyoehad hestsapr éadergdstditioratly, either of

the above prigrarthgat SRYAFSLINPER a5 TR CHBRRCK3ESS SISRPIY PR the
semiconductor substrate and its associated devices are installed. To enhance the cooling
performance, a heat spreader plate is adapted to engage the nonactive 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
hesat 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,

2



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 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 sy BrIHEtPiMIthe: RIPCESFSAIkO SUIRE TFEaFHB, IhVE N TOXNITheed iedeht tateshition provides
a method for fahrigatinggregigiconductor 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 cOHAEPTRYiof Neh PlsHinBPRY & BHRE @G RIS M JRERIIdH Ty f¥Pand the

lower substrapeckegataciesigibly. Alkgcess is formed within the supports and the upper and lower regions

for receiving a semyeondyelgr, dsice- JI1S rarEes Jmaro¥ed SalSpraaer SGles, Melhods, and
packages for flip chip'se iconductor devices using conventional manufacturing methods. Certain
embodimentsBaleatindshticgich seaslibtheeadvaiveeg exnth asdendectdient isnpradersohgsbserasdationed above.

The adVama%%ék‘é@&?ﬁﬁ@fH@riW%FSd@W%&%Km%ifb@?p%niﬁ%ﬂb@c(&%&]%f the following detailed
description when taken with reference to the accongHaﬁ%gr;?ﬁ drawings, BRIEF DESCRIPTION OF THE

DRAWINGS FIG. 1TPHIoNR 1R M58 POV Spvues O B B B SR BRI R ing a
two-piece headugprasdegidetted 2y BIQR AR, ishasyissiutbeasftip thbip palblend hsiey grackagedconfiguration
having a singllﬁ)- %&ﬁl&?ﬁttﬁ E‘?gder; FIG. 3 is a plan view of a horizontal fin-type heat spreader in
accordance with the present invention; 3 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
spreader in accordance with the present invention; FIG. 6 is a plan view of a finless heat spreader in
accordance with the present inventiBhSELOSY RECHeMBfl B hEMKRAGE with the horizontal fin-type heat

spreader of FIG. 3 _ _ ) o ) _
The present invention provides a method for fabricating a semiconductor device heat

spreader from a unitary piece of metallic material. The metallic materia 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) isaview of aflip chip ball grid array package structure having
atwo 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;



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 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 tHaGtrutsurepENFYGEW19f takegitical lifhe typel1zeathenicafier | G aeidancsr vdth-geectional view
of the structuppRbdrielddaken 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 FIGT 421 PARSHPER V19 - F510traniad e et g 41 R aeel Seirdrell WA GFFIFESstructure of
FIG. 14 talenwithlthe ir6saf ithentat; FIG. 17 is a cross -sectional view of the structure of FIG. 14 taken on

line 17-17 thereof; A8 i iew. of riz IH -type heat spreader with enhanc %%}I rmal contact
structures; FI_G. 19_ EE;‘ th%ss?\ -@Ieggti\élr%\i %ﬁ% ﬁﬁ !t%w% S?ﬁﬁfﬁﬁf‘&%@?{‘gﬁ (\Svr?t ﬁn%elgf Thereof; FIG.
20 is a cross Ua@rtional view of the structure of FIG. 18 taken on line 20-20 thereof; 4 FIG. 21 is a cross

~sectional view of IGSIRUS hFiPa AR AR IRE RdiZhi eiRg/ad 18 2ol gveat agiorizontal fin

-type heat spreader having a broad flange region for enhancing the thermal transfer contact area; FIG.
23 is a cross MY G@B%ﬂﬁe structure of FIG. 22 taken on line 23-23 thereof;
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 isan enlarged view of the horizontal fin-type heat spreader of FIGs. 3and 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 horizonta fin-type heat spreader with additional thermal
contact grooves or protrusion pads,

FIG. 15 is a cross-sectiona 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 17417
thereof;

FIG. 18 isaview of ahorizontal fin-type heat spreader with enhanced thermal contact
structures,

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

FIG. 20 is a cross-sectiona view of the structure of FIG. 18 taken on line 20-20
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 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 onfife 228198 craskesftiogl. 2igvs ef iensiofichikevelrtid&. fikd tigserheatl Kier&adek of FIG. 4
assembled infj.gpackage; 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: Ffés 23358 X9 A5 Aail epBel TLRtyRimBea RIFBTEhBUPIA O HRBISEHMNEN on line
32-32 thereofioF HahaBidi iy & erdangleriostaw ainthet meical fin-type heat spreader shown in FIGs. 4 and 29;

FIG. 34 is a cross -sectignal view of the. structur EIG, ke ine,34:34 thereof; .35is a
cross -sectional vieﬁ%’f ?gjss FC l%ég%% f‘é].%ﬁaﬁ{a}\hgng ﬁncé%%%gwt é%o?%b.&é%'%) a?%r%éss -sectional
view of the stitggedfe of FIG. 33 taken on line 36-36 thereof; 5 FIG. 37 is a view of a vertical fin-type heat
spreader, similar togle sHystresRiklaia AR Skl Haeompikingharga rifALCcapling fins and

adjacent open slot]§.; FIG. 38 is a cross-sectional view of the structure of FIG. 37 taken on line 38-38
thereof; FIG. W6'0" cross-sectional view of the structure of FIG. 37 taken on line 39-39 thereof;
FIG. 25 is aview of afinless 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-sectiona view of the structure of FIG. 25 taken on line 2727
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 vertica 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 ¢ 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-sectiona view of the structure of FIG. 33 taken on line 34-34
thereof;

FIG. 35 is a cross-sectiona 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. 40 is a cross-sectional view of the structure of FIG. 37 taken on line 40-40 thereof; FIG. 41 is a view
of the finless heat spreader of FIG. 6 assembled into a package; 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. 44 is a top plan view of an optional heat spreader
located above the pdékageiof FIE il aRIatiad finatypedsdegtionis vibwlef tioetherdetsheres 6fIG. 44 taken

on ine 45-45¢JherRef 4G AR Ph SIUSHUER GG ASHHABEARYRRA feat spreader

attached; FIG. 47 is an enlarged view qf the finless heat spreader of FIG. 6; FIG. 48 is a cross -sectional
view of the structur&'Gt BiG S 27 TR e6hNRe U8 8" (hESB1CHIS; OubS- 3¢r SN M ABI8aPSiat of the

structure of Fitered¥: taken on line 49-49 thereof; FIG. 50 is a cross -sectional view of the structure of FIG.

47 taken on line 50 ?F. reqf; FI%%][J lan vi fan alter odiment of a finlegs heat
spreader; FIG. 52 isﬁ e%fggf:\:&? |slot§ﬁ%r%|§/;v Iﬂ%%gdg?su Cﬁ%@réﬁ‘ﬁag C%sé%%%%ﬁé%igév_ of the
structure of FIlGre®L; taken on line 52-52 a cross-sectional view of the structure of FIG. 51 taken on line

53-53 a cross-sectigralyeyDERS-StBHA BRI P the RbQTEMITER P AR Gn mdS4a bettom side or

reverse view of the horizontal fin-type heat spreader of FIG. 3 with dimples formed in the bottom side of
the marking éF@EE,OﬁIG. 56 is an enlarged view of the circled area in FIG. 55 identified therein by the
FIG. 41 isaview of the finless heat spreader of FIG. 6 assembled into a package;

FIG. 42 is an enlarged cross-sectional view of the structure of FIG. 41 taken on line
4242 thereof;

FIG. 43 is a view of the structure of FIG. 42 with a click insert external heat spreader
attached;

FIG. 44 is atop plan view of an optiona heat spreader located above the package of
FG. 41,

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

FIG. 46 isaview of the structure of FIG. 45 with the optional heat spreader attached;

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

FIG. 48 is a cross-sectional view of the structure of FIG. 47 taken on line 48-48
thereof;

FIG. 49 is a cross-sectional view 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 isaplan view of an alternate embodiment of a finless heat spreader;

FIG. 52 is a cross-sectiona view of the structure of FIG. 51 taken on line 52-52
thereof;

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

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



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 fabricating a semiconductor device heat spreader in accordance
with the present invention. BEST MODE FOR CARRYING OUT THE INVENTION In the following
description, numerous specific details are given to provide a thorough understanding of the invention.
However, it will be dgaperiste laiorskikaidn reversatvileat ehéherivasizooial iaytysee hesttiperdeitabut these
specific detailsdmQfRTHmhALbRReGHIRG ThE R SREDT (RYRIHAR, sRMMe well-known system

configurations and process steps are not_ disclosed in detail. Likewise, the drawings showing
embodiments of the- %p’%@réﬁ%’ﬂ%@?ﬂiyﬂg%mﬁﬂﬁl%rﬂ%?t&'&é@ Idrdifled Heemby e of the

dimensions anenfibertb@ clarity of presentation and are shown exaggerated in the FIGs. Also, where
multiple embodimenizage lisglgsed angl deseulbed having, same features ingomman. fapclarity and ease
of illustration and description Afiereot like or similar features one 10 another wi orHinarlly e described
with like referéa@ef rlitherals. The term "horizontal" as used herein is defined as a plane parallel to the
conventional major-ptang ¢§ SUffakechitner SEMGARIYSIOfpRiRRLCiE SHiSIFalRde dafiie $R-ef its

orientation. The term "vertical" refers to a direction perpendicular to the horizontal as just defined. Terms,
such as "on" SAFHFEN HEAIRCYHLIP PSR "‘E’lﬁ% o&s in "sidewall"), "higher' ', "low er", "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 spreadBESONTChEESR SiffaRerNODWithTaBoNwERTroN04, 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 tieboll08jng desstgnhet aunmdepratepeedi ovikitan $laee yolmiocone 164 thelowglthe metal lid
106 and abovp @-ubsifetr HOiA% 0P SHRAAB it aiieshsshant flesiused iRARDSe ! imhe 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 |BYETEONYBRY SR csbhwitbpstthesaseecttifrdlsiat £03n QieetHe Avetdl IRFeHIBIAMRyer of
thermal greaspeddf imlenatrd bahweralthedim ehiped03aandukednetatdidpléiss 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 paralel to the conventional
maor 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
defined. Terms, such as “on”, "above", "below”, “bottom”, “top”, “side” (asin “sidewall”),
“higher”, “low er”, “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



In such a two-piece heat spreader, the stiffener 102 is thicker than the metal lid 106. This requires two
different metal forming processes (one on the stiffener 102 and another on the metal lid 106), performed
on two raw metal sheets of different thicknesses, to fabricate these two dissimilar pieces of the two-piece

heat spreader 100. Another drawback of prior art configurations like the two-piece heat spreader 100 is
the lack of borrinRstethielthe ssbsbaie dlfe Ayupe I TRiedtarskder tvwsars fEanesecveregiumininfieddhsistent

adhesive Spreaghaqveiager i & S8RHRARAAST JUCTAFSR RUGIABINIRS tRYSlREdheifipimal glue 114

between the substrate 110 andthe stiffener 102, and in the layer of the thermal glue 114 between the
stiffener 102 SHEFIRE Wil e 5oL 108 ol i dfernd dnerserl & i st Resd tidliheat

spreader strudhipress printtipaibyabtidudéng during heat spreader attachment and curing processes. Failure

ihe substrate 110 0 (oL L2 e B B e A e M R R SR R )
therein is sholisdpaities fiip ditfpr@Gmetphaiskateoqsptrssealine RaeEEH ey 0B iant anetespreader 200. A

substantial amauRkQT |Maiah@esARIGRATE AV Bl mea sasN aikicY fRlglriecedqderaya cavity 202
in the single-piece heat spreader 200 for recelyln% andmg:é%]é%lnln the flip chip 108. Thus, costly metal

forming proceSSEIWAE FIMRY BEERAlHge MLa'ES fabricate this type of heat spreader. As
will be appreciated,Ahettefodeatidace coptiouartedit gurtoidos ke shotizopeogheasspeiatedoith the use of

known heat spreadersfor flip,chi ort I N e I ader
manufacturi n‘g‘%ﬁgg §L grg’ lgﬂs Ig] (Las?:nr%éﬁ %@E&ﬁ%ﬁ% rei%%? Ii%gi(r)]%d gs%%tg%?érl%lﬁ g%%g@ages,
complicated dsEmBRNtordrssesHresticR¢sivR: AR e disalesrsadsyd Dt aest Gechetaibilthe. IREfedfing now to

FIGs. 3-6, thergithafRab BRIV 1% PREEYFIRIANNGREES 12D AP IECRIRNENM P S RER BRTepEdes IR0 (FIG. 3), a
vertical fin-type heat spreader 400 (FIG. 4%,613 harizontal and vertical fin-type heat spreader 500 (FIG. 5),

and a finless HEXPA U5 dd# G6HVR Ees Hanes Rt praneah I d 8o AR PRI HEESR 67 metal
stamping andteuminghpascetds taitifesingke, spnitaky piroakelad ginyatecatisy ciuasgphesetallic sheet.

They each 8 QE% C mb [ Fﬁ{ e ?g a I ' r rki ,éprﬁ lying
therebeneath the flip 51{%%1 E@%%?g s[ﬁovvéw |r(§8t erma co%%é?t‘%a@@viﬁ%\%ﬁg&%&% nc}t 8s(fw%évan)
therebeneathsoTeasr 180 A Eavse Rrolless oy thfspiias ipeke apatingnenta herigipstrate 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
sngle-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 unfatunate 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 aso result in
undesirably bulky BGA packages, complicated assembly processes, and heightened concerns
about package reiability.

Referring now to FIGs. 3-6, therein are shown respective plan views of a horizontal
finrtype heat spreader 300 (FIG. 3), a vertica fin-type heat spreader 400 (FIG. 4), a
horizontal and vertica 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
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locations, protrusion pads 306, and contact pads 308. Several of them also possess cooling fins, such as
horizontal cooling fins 310 (FIGs. 3 and 5), edge vertical cooling fins 402 (FIG. 4), and marking area
vertical cooling fins 404 (FIGs. 4 and 5). The heat spreaders also have a flange region 312 on the
periphery, surrounding and beneath the marking area 302, and connected to the marking area 302 by
supports 314h@acaotenisabaaian patisreslith as a lebalingt pad BiBkingaypve dedidnaterseiy g pin

orientation IdgHGHEEHH 1R PIf Jchﬂ?'lﬁﬁe(ﬁ&%t}mﬁ thaHUSHAGHRRAPIR QDT UFRE MBI GrpmPle, a

different shape (such as a square shape as shown), a different contact pad area, or. a hole at the bottom
of the contacSPNYY AbSReREtievel GpE AP d?‘@’ﬁé?pﬁ%taﬁtﬁeﬁ% °fh¥aﬂ%ﬁ<lﬁﬁ’gﬁe3§d352 GRS as upper
heat dissipati@aategmrmomscﬁiapgﬂswm&b&a&rpmasdew%wbsmmmqmmmomw the open

slots and thefflns N85 F%'Ilgp% r%tlrfriss@ﬁ}e(ﬁ(;shf éfggg %% D8R a? gal 3p§<s:dk§£§engocgmad

pads also serve as base hea sprea 1o eferring now to fein is shown
including the (b@z4hidimarkine Heavspieshdep Buf s Aid (B %élﬂ@b@}pﬂiheth@%awgﬁ@l’é ds®. The flip

chip 108 (nothghownakd =g 22 Bhtw W'%ﬂéﬂﬁtﬂ S&é%tHQHB‘?ﬁéﬁé%@ &ergpptional fashion

to the substrate 110. Referrlr%%]now to F therein is shown a sll&htly enlar ed cross- sectional view of

the structure SIHFRNSCE O WE‘@?%?Q%P&@B%W%@W TS BEiSUEDARAned in a
recess 800 bengathpe3ntaniydos s Gttt fte ghoodental ditpefieead. gsm@&derwﬂﬁme)ynarkmg area

oy and comne oD S B, e e e aving.
area 302 by @@@Nﬂbﬁéﬁﬁﬂ@ﬂ&%ﬂﬁ@élﬁb@%mleﬁﬁﬁhaé)@tm@f Ehetﬁ@ﬁfi@épgﬂease 802 similar to the
layer of thermal gr%osﬁi]il&((lj:é%oﬁéd%#@é{& RENOYHF ARPREK LR 35AChRA By dhlyer of

adhesive/thermal interface materi uch as a layer of thermal glue 804, to the substrate 110. Referring

now to FIG. 95 SHSPRU Qh BN ARSLAge JegioRs Loy S8 ) A DS 48 ONLct ARsians GP#1G. 7, taken
on line 9-9 th&f@opﬁev%smalartmam Memﬁa@tlpaal31%8immserﬂamgefraggere@basamodeeper in extent

than the protr % gggjéﬁgqéé%& %pe%jé@ directly contact the substrate 110. In this
manner, the con act pads esta e overall height of the horizontal fin-type heat spreader 300
above the substrateRefeni i RefelpifthdwthereGs smWner easkaosOR e ushogshe betigartblvigw, similar to
FIGs. 8 and Bygfiibe siresitredd & Grd dan6inia ipenliel LHBERCT10S §RR R e 18RS (HGEPer
shown, but see FIG. 8) that iscontained therebetween is connected in conventional fashion to
the substrate 110.
Referring now to FIG. 8, therein is shown a dightly enlarged cross-sectiona 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 conventiona
therma interface material such as alayer of thermal grease 802 similar to the layer of thermal
grease 116 (FIG. 1). Similarly, the protruson pads 306 are attached by a layer of
adhesive/thermal interface material, such as alayer 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 thered. 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
overal height of the horizonta fin-type heat spreader 300 above the substrate 110.
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extent of the contact pads 308, contacting the substrate 110, supports the somewhat shallower (in depth)
protrusion pads 306 at a small distance or clearance above the substrate 110. This small clearance
accommodates the layer of thermal glue 804 between the protrusion pads 306 and the substrate 110.
(For clarity of illustration and to avoid undue detail, the elevational representation of the marking area
302, the open slots Regarthe nayitohtal d6olheeting S1vn anelattesstijspelty S14sigidiete rddofly

figuratively in-ghantgming &ilendor Wil Patienlan fHerence (e oNZatrhIRAPfrRqRbsAreader 300,

as illustrated in congunctlon with th%é)Backa e 700 shown in FIGs. 7-10, a number of the features and
u?ﬂﬂi

advantages tR8FILPIER APPSR 208 dNeBPEAMHIS, SRPALH ISPV S80S is
advantageougly dkpsiy pedrasioh phdt B0e aistanak distgage e tieamndd ebbae ksideistriopidorfadesof the flip
chip 108 and marki re th S r, occupl the r of thermal grease 802, is
minimal. This%%lu%%%?ﬁ%e%g?rﬁﬁ%%%iﬁéf?c@g ﬁfﬁ%g@gm% i erf(égl?é)6 eﬁa&@@%@%?ﬂﬁ%&%@%ﬁof thermal

grease 802) thstétsesdistrateAld Qilsd-eheiaihinoF i BstratioD, anktpeawid BoBe deehting e edaiviay area 302 of

the horizontahfiniypaiHeat ShEeaERIGPHDA HesiRh gissdRx@rtihmihe digingfiRchip, 108. In
addition, the su&&ort 314 and the fIan%%rtgﬁlon 312 are sized to have a horizontal extent that covers

virtually the et G RRANARGLEURFRERS ¥ ILpbeelrif PR AR éOheat dissipation from the flip
chip 108 and heat tnsfparheailsic anetbach asigestial Fontainheps eprepeadss@0G Iz ihatraasirate 110. Two

different type mely t ian he.cqon rmed in the
flange regionégﬁwgengglr@ai}t{%%%‘g{%%ﬂ%iﬁagﬁe%d%?ﬁaé_ggu(é]y@%gﬁ? a?atgtei’fee%or%é%éﬁ?ers of the
horizontal finagyrstiages tpienhgan BOU, Hertes dnesroatn bl RYETP! & Hee sebth e dheperess3i98, isvhich are
located along:figHRRe6 a%mw&&%%tga?géﬁ&% REDIRIEESO R bR a0y e

surrounding the recess 800. The contact pads 308 have a higher stand off, as described earlier, than the

protrusion pAdR BHeCHE: WP I ByMaH B0 Ps A Rs RSt BIRAACTRECEBISELRY faRlB8%hus serve to
support the hgwetragrgasss 302 csunmionathd sishetiates 1iOthantah deitioned| yfcieatieeanzb ngtaiatebond line

'?thigkrress for ﬁﬁe@{ﬁég mgf%)gl 7%3 eﬁ%r #%Q&%the protrusion pads 306 and the substrate
. In assembling the“package , the thermal intertace material (such as the layer of thermal grease
802, or alternatively’s @srriavat e dilies i5-8isioe ceresscBip ddnpatthibel Uerkmgvatean B0 ightiRickness
greater than §oe; iHRLAARSPE RS PRWREBONBHIR Gl PEARLIBR 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 virtualy 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 ssmple 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 dternatively a thermal adhesive) is disposed over the flip chip 108
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marking area 302. This assures a full and continuous layer of thermal interface material, and broader and
more effective coverage of the thermal interface material after the package 700 is fully assembled.
Similarly, the adhesive/thermal interface material (such as the layer of thermal glue 804) for the
protrusion pads 306 is initially disposed over the projected region of the protrusion pads 306 on the
substrate 110Mtitirainiiati&hithiotes aseatgrahearttiedinghgdinstagap hspaetngheflb witly 40Fiand theger than the

corresponding, gieQy g4 3K Ofriiie REQFEYSIAN RRHToRRRuCLRSR R UPtHINALASRS AL RIS Ragkage 700, a

good, continuous, and constant gap, as well as broader coverage of the adhesive/thermal interface
material, is a QSRR HAMOLH RN FotPYSians pLHE SR dnfRdach el #18. YR RaGIRS SRLES304 fulfil

several functitfg.addeaplefford stress relief for the heat spreader, both for thermal stresses when in

service and for residual str ) lting, from. | stamping. ang, formi r . The open slots
304 also provide ac%cpe@g 3’? %%%ﬁé\ﬁg%l}/rt&lgegﬁ& a %ft%:1 g)ﬁgﬁ?ﬁe %é%}%%?gg@ﬁ%gﬁ%?ﬁeiﬁg heat
removal perf@@ihiioe hadPetiuReTtyatse RO6T.I T heitiebizdispapeb siviey hesBAGRIyreeientiet tHiesipation of

heat to the aiplyREMIBHIE BYRISEHE SUbiRarRS198IRNAIRE IREIVRMMEETRARE A MHBIMURSions of the

heat spreader. In addition to support and heat transfer functions, the contact pads 308 also enable direct
electrical con?aéfi'W%Wﬁ*ﬂ&ﬁb%%@f&é@&b@%ﬁ%ﬂw GESYEYRBrHPR B RPEREYSL 1, therein is
shown an enliaggethdavefad theahasizointaldinkd yaekdgeqoepsapder Gl mivow/rand EdtsenB gapdag. Referring

now to FIG. rein C - | i tr of line 12-12
thereof. The ]Pé%lgéa% %@8‘%‘2:80% th égﬁfﬁnéﬁ%%égﬁ\#d?&% tﬁg #{L%’gles %&%%@6 %&?ﬁgrly shown.
Referring nowrapsan Q@?ﬁtﬁ@@é’ﬁﬁi@%ﬁ&@iﬁf@éﬂ@ss -sectional view of the structure of FIG. 11 taken on

line 13- 13 thereof. Refepinogypwvdio ki 1 d/B8rihdgsiovinhag harizardaldnydiae Beaishegader 1400,

similar to the horizontal fin-type heat spreader 300 (FIG. 11), but provided with additional thermal contact

grooves or prRieRdgnisayton SHSTENORS tRSANIGEG R 5 el s esUi (e dhBwn). As will
be evident, theetarfignpaigoandhothing iestesthEhgoptiusion padial Atdvde amsisdtly tbeliagrae as that of

the pro”“‘"@g”&%?@t%‘?h%ﬁh ARMLP IR B A R RUNR D SRS SR R RSP B AL in-type heat
spreader 1400 as 11
thereof.

The horizontal cooling fins 310 augment the dissipation of hest 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 eectrical 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. 3and 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-sectiona 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 horizonta fin-type heat spreader 300 (FIG. 11), but provided with additional
therma 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 protruision pads 306, with
appropriate overal scaling of the dimensions of the horizonta fin-type heat spreader 1400 as
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needed to accommodate the intended underlying substrate (not shown) and semiconductor flip chip (not
shown). Referring now to FIGs. 15-17, therein are shown cross-sectional views of the structure shown in
FIG. 14, taken on respective cross-sectional lines 15-15, 16-16, and 17- 17 thereof. Referring now to FIG.
18, therein is shown a horizontal fin-type heat spreader 1800 similar to the horizontal fin-type heat
spreader 1400¢eed td agcerinddaidribeanieaded dntertyad sibstiete Sialcpes)fendrremiededlyding substrate
(not shown). ki vgﬁ%d@wrgjan a plurality of adjacent protrusion pads, such as the protrusion pads
306 and 1402 (FIG. 14), the horizontal firrl]-%'gpe heat spreader 1800 has a broad protrusion pad 1802

along each side th&&61 D PrYvilfe FhESntanted & Fan 8 AR & et Ny b <tfatBe an enlarged
foot 1804 is providedsiovwherbBRe. akeakbnodrinespactad prodsgsitionabtiack832 13 hesgreasad 1wrizontal
surface area 9]}&11& ?Iarged foot 1804 provides a greater contact area on the substrate than is afforded
by narrower protrusion pads. Referring now to FIGs. 19-21, therein are shown cross-sectional views of

the structure of FICRel@riaReweispeEividy tberdinds swwe admrmnsdintype hiedrggtoresfé®ihg now to
FIG. 22, thergjp,igySiaana i {Yorzp iaki iR Prabiareasian €299), hayng mEeretanariagion 2202 that

affords still another structural configuration for enhancing the thermal transfer contact area between a

g .
heat spreadefRIFTESHES A IR SPASHYNR HEIAR MROHIPER adlMRE TR AR ARSFANLY contact
grooves, suclofasdiadéie prtigsio pamil P a3 402, mowrldidn 2pansvs0size# theqrgprstionptehsurface area

of the broad | i i rogimity to t ing. suhst ched thereto.

Referring noﬁ%&%ﬁ%ﬁqﬁe np%gé) sgown%#o%sgg)éé:i%%gﬁp\%%\}vg%i %%Ee%sgt{r%ﬁu%%fﬁ . 22 taken
respectively dherRRés 28-ravidrithe; itandnsk egiameddherpah sonies e he subFEsie s eRAERthfadinless heat
spreader 2508:h2vn9,8,iRE 1ABARLCYORLRAF FHPIRLI HIBIRISEH BR10esfpgion2edfelG. 22), and

a finless marking area 302 similar to that in the finless heat spreader 600 (FIG. 6). The finless heat

(FIG,
spreader 2500PIHAUGL SUGRiEHE FoHaaIReRI 788k 1A UG tha B FHEAT SN 3502, The
additional contetrgadsaz T4 forlpdtbysteerngitenand atiffadsthe broad flange region 2502, and help

Hange region 2502 ST AR bt ey (et o) P e S 3 oo heip
resist warpagdreftirRobid&d Haenriegheatizgyon ety 1R déciarpedhaddhaeahe uniformity of the
adhesive. 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 therma 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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12 Referring now to FIGs. 26-28, therein are shown cross-sectional views of the structure of FIG. 25
taken respectively on lines 26-26, 27-27, and 28-28 thereof. Referring now to FIG. 29, therein is shown
the vertical fin-type heat spreader 400 (see FIG. 4) assembled into a package 2900. The structure of the
vertical fin-type heat spreader 400 and the package 2900 are similar to that of the horizontal fin -type
heat spreader 300 Reiei®) oo the Fickade-ZR 0t Aeesuwm thssiredinnehhaewedohethedissipation

is accomplishegiheyghdhesdps ves bRafiRs404 ad snemaiking fregyvertical cooling fins 404

rather than the horizontal cooling fins 3 1 Gs, 3 and 7). The use of such vertical cooling fins provides

0 ( .
a different heat dissTSSRBAIIIBHIE Bt AfalPEmTHS EMEE e SaHn MPeIeel Peaseh &0d Ehon the final
airflow configarationasstanblbic mib e backagrecnl el s insiedles oAthetiheti el antpageretidippasiag the cooling
fins vertically jsth ditiona| fi be empl int rkin a.3 ithout interfering with the
flip chip 108 Ac'iﬁlgp‘ﬁje%]d? eéggé%gg?é ;j‘(?rspgeS ﬁgg@@ anaf:stﬂ%. Qé%%ﬁé%gmgé%%?%gést@erein are
shown cross-de&tidhandidiies erckaee stlictite.onFissca thretherfinrrabaoed 0hest -4 s pAPB2s32 thereof.
The assembly gh iR RICKAIPRAIR idpeed e sasHAS Iiasde hrt fidhraaskagea’0&ttipwever, due

to the additional coagling fins and slots, in particular the marking area vertical cogling fins 404 and the
open slots 30PHBREAET LA BPIFR o AR 5 BOB Ay E GRS referably
(but not necegaatly)cobengxient pbthdtasedifibirerneal grease GO Prisficgninallethsenaanoethetblock or

interfere with e j S ] . in ical cooling
fns 404, Ref IO o S e ot S g o e o
spreader 40058i¢6Ueh is MERed. arfthother atsartiagenelvdionPsos. tBa -l it fidng AFRISABVIS dhebs-sectional

views of the alfiFBHEP AISAA ERIRKERAMIREMA Y] e 3 ASLAETIE WRIE AheRpEApaOW 0 FIG.
37, therein is shown a vertical fin-type heat spreader 3700 that is similar to the vertical fin-type heat
RerbreRtlSe o

Spreader 40018—81@&’ area vertical cooling fins 404 (FIG. 33) and the
open slots 304 (FIGR&&Yiagjacentithgicte 30a8e, biberri anzitte dhdwstemosstberivaskivipare af3@akis

continuous f1aane SARRIOUEAING, NG Sange trgian 393,Ji aluadlndy e of the

marking area to be used ayer of thermal grease not shown) for contacting a larger flip
chip 108 (notPatkaam AR itheEoesego (i (8dd EhaB8). the package 700. However, due to the

additional cooling fins and dlots, in particular the marking area vertical cooling fins 404 and
the open dlots 304 thereadjacent, the extent of the layer of thermal grease 802 may be smaller.
Preferably (but not necessarily), the extent of the layer of therma grease 802 is controlled so
as not to block or interfere with the passage of air through the open dots 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 vertica fin-type heat spreader 3700 that
is similar to the vertica fin-type heat spreader 400 (FIGs. 4 and 33), except that the marking
area verticd cooling fins 404 (FIG. 33) and the open dots 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 alows 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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13 Referring now to FIGs. 38-40, therein are shown cross-sectional views of the structure of FIG. 37
taken respectively on lines 38-38, 39-39, and 40-40 thereof. Referring now to FIG. 41, therein is shown
the finless heat spreader 600 (FIG. 6) assembled onto the substrate 110 and over the flip chip 108 (see
FIG. 42), into a package 4100. Referring now to FIG. 42, therein is shown a cross -sectional view of the
structure of FIG. 4Refftenomdivetd 2FURStHIE-E. Refeirrimengwvo RIGsS4Bctinankeini gvsholvithehe structure

of FIG. 42 Onﬁ?d@tﬁi‘é*bﬁilé@t%?h%?r&%&ﬂﬂéﬁfbﬁm%—@%%g%rﬂ%th&&fpliCk insert external heat
4302 [

spreader 4300 includes edge clips designed for conveniently and easily clipping onto the edges

4304 of the markindGrEE 0% 1R Biet bR ISFaPah Heh Enlfs i PPeer R A6 sBreader 4300
includes convesdiaisiad et thesiiatiare fine 43d6ven tieftisleHipered® i sepriSterd) entalgeatipgel 302. When
attached or C%R@?d in this manner onto the finless heat spreader 600, the click insert external heat
spreader 4300 becomes a heat dissipation augmenter, adding optional, additional heat dissipation
capacity to the upp&efRSEDdRBPERIDIrEGicherahe i hsherin G are-38Rpod thievp St KAG St thoe Rleferring now
to FIG. 44, thejeinisf80WR o ianndey of a finless click insert external heat spreader 4400 having
slots 4402 therethrouggh._To illustrate its use, the finless click insert external heat SE‘?reader 4400 is

located directly aboB& SN LR 'ﬂﬁ)d‘%m&%&ﬁ%ﬁ?ﬁ"ﬁ%hﬂf@g@rglg 25, RIEXNEBUPto FIG. 45,
therein is shoattachedrassicrantionakiaed deshepsérdetuB00f FHe cdktakeen extding 4eett Spileateof. As can be

seen, slot clip, e for i he fi ick jnsert exter eader 4400
adjacent the &d@%%@g&’ﬁéﬁa%%ﬁoﬁ@@ﬁ%ﬁﬁ#ﬂ@%@%ﬁgﬁﬁﬁgﬁ zt%aﬂie?)m and forming
operation thaf38fn95 the madisg;aca #2reatjacent. dsmitsied by dhewicko=rtiestenrde@ick insert
external heatgprepdenddRisidheshaliRthadrediraanion & & 93080n IMddnebs iplrRaeLlick insert

external heat spreader 4400 downwardly in the direction of the arrows 4502. This causes the slot clips
4500 to engal)€ 5985 APHERR YL 6R Fhetong BPed B0H! S MARE e iBed B AETERSEh the finless
click insert e>aednahdrentispneatiexddz) Heds spitcbed3doebesposed $wdadiesipaiforuheattdissipation from

the package é&&ﬁd%&%ﬁ?&?‘%@rﬂ%&&%@&sﬁ%%on 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
visblein 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 45-45 thereof. As can be seen, dot clips 4500 have been formed in and
under the finless click insert external heat spreader 4400 adjacent the slots 4402 therein. The
dot clips 4500 are formed in the same metal stamping and forming operation that forms the
dots 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 dlot 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.
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Referring now to FIG. 46, therein s shown the structure of FIG. 45 in which the finless click insert external
heat spreader 4400 has been attached (clipped onto) the package 4100, as indicated by an arrow 4600.
Referring now to FIG. 47, therein is shown the finless heat spreader 600 of FIG 6, enlarged for clarity of
illustration. Referring now to FIGs. 48-50, therein are shown cross-sectional views of the structure of FIG.
47 taken respectiveRe@Tingerpystad | o 48 thergi BosShawertsf sRederarmy b #p FIGVIBLh tierein is shown

a plan view of; g &glessNRgk SBLRANM head QReddie %@%A‘S&h%&ﬂ@@g@%@%ﬁ%&ﬁ%ﬁd@ém'ess heat

spreader 600 (FIG. 47) primarily by having a round marking area 5102 connected to a circular support
5104. It will IO NIBRAGRL AL APR g area geometries and associated support configurations
may be selected aRdiesinag nonayoli @djustad anderdiogriaHd é idess iben dpcialecl6pG ¢fnFl GLUBStrates onto

which the he [ rs.are ﬁe sembled, and may be configured according to the packages into
which they a% tr%)%geﬁaﬁﬁiérag . a%?a' . é}egﬁégrrlr;?ng now to FIGs. 52-54, therein are shown cross-sectional views

of the structure of IREEBNY taken i§eftPalYohAinthers-57e SRHB) AhesS2egiptaerdslvRefeittig now to

FIG. 55, thergjpig ahgvic Q‘?%M&$@Ee@tﬁ\f§y%$ﬁﬁé@%ﬁé%—ﬂ@f&ﬂ%@'—%‘tﬁ%%fheat spreader 300 (FIG.
3). Dimples 5500, which _arer{gmi%amlg ave heen formed in the bottom side of the marking area 302. The
e o

dimples 5500 providt&&tig il S0y PRy LY RN BRI B 13h S S irface pattern
or configuratisrothatT hediarse siditessriride esaoeadtitatsi $ronc et sicl esithdheshaaeieobtoetrnal grpase 802

(not shown). Pﬁm&gﬂ%@gﬁ@?yg%@ﬂﬁ%@gﬁﬁg%&wﬁ% g%ngaigre@ﬁéor i elmﬂhglue, is used

in lieu of the becaus _ increased surface area affc I' by such patterning
of the surfacéhttheapraeriAigchitea Berking|diepesoaeidercaid rspdaicd supRerhranfiguetingssiah, it will be

clear that othgg SYHAES LSS BRS)RSHERIMNERRRPL MRYDE cHRIUIR SFFHEBANQNIREIC - 56,

therein is shown an enlarged view of the circled area in FIG. 55, identified by the reference numeral 56
therein. RefeMy HIGMEENESPramisra i S IRB R Bl BSLICEM e SRl URthecetrd e e FiG. 56,
taken on line fackagethete afhilth byiertio pdieatippraadiers according to the present invention, thicknesses,

e, kS g b 8 e s e i e
structure of FIG. 51, taken generally on lines 52-52, 53-53, and 54-54 thereof.

Referring now to FIG. 55, therein is shown a bottom side or reverse view of te
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, isused 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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15 copper, copper alloy, or aluminum, of 0.25mm- 1.5mm in thickness. Such copper or copper alloy
materials may also include a nickel or anti-tarnish coat over the top surface. Referring now to FIG. 58,
therein is shown a flow chart 5800 of a method for fabricating a semiconductor device heat spreader in
accordance with the present invention. The method includes a step 5802 of providing a unitary piece of
metallic mategRipeinaoarsied 03804 abingtaunpipigRENIMithAMpicitetichnessiliBuahatepRer tor fepRes unitary heat

spreader havigg, aRARRR'HSAY SISARAIIONFeRiPe: IPWRAIAHBSRIE AYGFLyeSIen, supports connecting

the upper heat dissipation region and the lower substrate contact region, and a recess within the
supports and the upper A8 ReftddBneSo eV 2 Ya i dGHu GRagr SRR tRCTEHOR N the
foregoing deganptinincaadshiaondgeoit seill decheaespitraietia preseatdavatiite prseitésventorrous
important advant t provides a cpst-effective heat der str be it can be readily
formed by cc\ﬁ]\r}'en |oﬁgﬁ'r%§t§%s?a}}1’%%§1§é5§é§ﬁ@ Edgﬁag @ﬁ%ﬁzpinl gﬁﬁ%@&o&%ﬁ@%ﬁ%ﬁ. I?p_r vides a heat
spreader struedfeohsiaing nbicheapHaiity esecd mesHignaaerb telfire abiitanebesbareedsy tivwingat spreader

and the subsyRig,3s Ml @sshRRBR YL ToRlNEHRGR: BAlGHaLgRAS RppYRE bRl pRreader and
the chip. It provides a heat SE,reade_r structure having a fin confl%ratlon that further enhances thermal

dissipation efiEh&gFA £ SO, A P IRYPES PRI PLE (PR UG B Ingd B S oBing aiir to
pass throughsippone enittes apberainapoasd esgrinsdtiiedepninocpelingiitntdacicenedtate thermo-

mechanical Stresseérmpt%(?gr%;)% S S r&ﬂ%ﬁﬂt‘%ﬂiﬁ B@%&?ﬂﬁaﬂ%ﬁ%ﬁ? AR TPreader

structure that may have a mec cking mechanism’ to engage an ad eat spreader for
further improieyi 668 IWARIRLIFONPRIFRNG Sivanegeackage and/or providing a larger effective marking area. It

provides a heat spreaglli§EUS R dAak TNy R AiBRC SRl 4RI RNS AbANEPOiBmA Hye heat

spreader recess to enhance thermal transfer and the adhesion strength of the thermal interface material
between the REMESPPIZ P IARE Mo EHIBIS QAR D S &9 HNH RAE L BAREAL spreader that can serve as
a shielding plate fonefeotidssadretisprinitrfenences aadrgsiancaktilional gootrodi mjahe donumpreove electrical

performance i i, 0AEKANR i HER-RSENSH RS FHORP Y WIFr AlRniRsT AT hiBgpise and

interference).
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 therma performance of the
package and/or providing alarger 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 electrica performance of the
package in high-frequency operation (by, inter alia, reducing switching noise and

interference).
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16 The present invention thus provides improved heat spreader structures, methods, and packages for
flip chip semiconductor devices. The heat spreaders are formable from a single piece of material by
conventional metal stamping methods. Fins, openings, protrusions, slots, pads, grooves, dimples, and
indentations in the heat spreader structures provide enhanced heat dissipation efficiency, reduced
thermal resistance, Bomptegenbisiventios thiskpregisiedinsbvéd tbesh cpreadee Halgiuesc ortfiids teds

accommodationy 3nd RINADER ahiRsieRcTRBdREL SHERES HRIRITONR RSARIRINaMeflicigat. and easier

to manufacture and assemble into heat spreader packages for use with flip chip semiconductor devices.
Accordingly, R'RERObSEPAR QY RrEHARaHRR SAeg dBrhofty Rt 5raaokPrBEGR %S5t flip chip
semiconductead\inenved tHieplasent imdentatiorisiinistie frpo Marebdun diribenetsfpreviveawatitriotel solutions,
capabilities, and, fiyn E hal éﬁi‘é?éht%g?éd‘i%%‘ m&%&&g&%&“%ﬂ ?‘b%%@an%t?rﬁi %gég Sﬁmﬁ he resulting
configurations are straighttorward, €conomical, uncomplicated, highly versatile and effective, use

conventional tiefipesiofRte ahrafreomtigs sEemsilgcsonedet onaAudaetbensgiu sihgsssny ditohest
manufacturing,RIeeessrsAdE desiRflegiesiddtileihedavertinphrshre ariessihad insapiynction with a

specific best mode, it is to be understood that many alternatives, modifications, and variations will be
apparent to (RSSESREPATTAY U7 M P IRSSRSRIGLAY 84Efbtion. Accordingly, it is intended to
embrace all such alreisvativigh;, modidicasiensdistslaratiatianshehieht fajbredtiers thelspédt apeageope of the

included clai ither-ta- fartk i ] ing drawi t
pe nterprered oL GHEN B e B, B D B S R L ot for
fabricating a SeieiRierRidra ab\acel Hiansspaeaht EieR00d 0Tt s0m aBE0twadr fegonargen2y00, 3700, 5

1001, comprigingspeaviiner [BEX2dea UnitanRifics ebMBIRlioMRAe @ 43RRonkRE: dbfloriical 2202, 2502];
and stamping [5804] the unitary piece of metallic material [302, 5102: 314; 312, 2202, 2502] to form a

unitary heat \opssh gy 6 Soath60edYE0 U 6BV IBIHA3 RSN A0usS; ARAE: BSupper heat
dissipation regsiily302ited O anewaiasubstraigsiegnteaivegionsl3 hn22088yr 2503 ocesses  and

technologies.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the 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 nonlimiting sense.
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supports [314] connecting the upper heat dissipation region [302, 5102] and the lower substrate contact
region[312, 2202, 2502]; and a recess [800] within the supports [3141 and the upper and lower regions
[302, 51021 [312, 2202, 2502] for receiving a semiconductor device [108] therein. 2The method of claim 1
further comprising forming additional heat dissipaters [304,310,402, 4041 in the upper heat dissipation
region [3021, iHE HAWERIMEPNeG: Al dEdadets [304,310,402, 4041 being selected from a group consisting of

open slots [304], hoyizonta] cooling. fin 3.1%)3{, vertical coqling fins.[402, 404], an ccz)@i?i ion thereof.
" The metho of crlim 1 TP AT EHBH AT T Cut SR PR R, 2200
2502], at leasaoon&4oasesbesr200reader J3uh 5308, 8dGprida, 1802, 2202, 2502, 2504] selected from a
group consisting of TUS) S 4 t 6.,2204],b flange
regions [2202, 250 ',%;}'nac!lﬁgo I%%%inﬁ%ﬁt e?@%%??he‘é&ﬁ?eﬁ}%é? %‘Fiﬁ%ﬁ%ﬁﬁﬁc?ﬁb%ﬁ% attaching a
clip -on heat dissipation a€RfHeAREr [4300, 4400] to the upper heat dissipation region [302, 5102]. 5. The

lmethod of claim 1 f%él‘[iﬁi r@r[]ﬁgtﬁ'kq"ﬂﬁb;(}m&ﬂ/gpii&éf@ ﬁ?&ﬁﬂﬁ%&‘éﬁéﬁ [sontagbregian $322,2702, 2502], at
east one contact pad [308] having a deeper extent than  t wer substrate contact region [312, 2202,
A Gl S S0 B0 A

2502] for contacting a sub ?1?5]‘6@1 '?@b Sgtiﬁﬂ%rl r bt r%%q n , 2202,

2502] at a predefined clea2ad;87a0,03O@hbasuigstrate [110] to accommodate a layer of adhesive/thermal

interface material [804] th - pbond line thickness therebetween for the
e oo

layer of adhesive/thermal interface ma _ . A semiconductor device heat spreader [300, 400,
500, 600, 1400, 1800, 2260 0w FObSARCHIFcgompHin?08. aRdky piece of metallic material [302,

5102; 314; 312, 2202, 25%@5‘[@@]%&@%&% Uﬁ%ri’rﬁéﬁftﬁ@ P 8Nn5302 68121 408, 1800,
2200, 2500, 3700, 5100] having; an upper heat dISSt,I ation rrfﬂ%n :é(%SZ g(i%?_z#ilower substrate contact
region [312, 2202, 2502]; suppotfs [3¥5) FTHAERIGHL e %o egion [302, 5102] and the
lower substrate contact regienei8 120 20 1 @ §323yzpuit s B4 6k asd 8@0)ppérhand hevsu pggooss [302] and the
upper and lower regions [302, 5102] [312, 2202, 2502] for receiving a semiconductor device [108]

therein.

2 The method of claim 1 further comprising forming additional heat dissipaters
[304, 310, 402, 404] in the upper heat dissipation region [302], the additional heat dissipaters
[304, 310, 402, 404] being selected from a group consisting of open dots [304], horizonta
cooling fins [310], vertical cooling fins[402, 404], and a combination thereof.

3 The method of claim 1 further comprising forming, in the lower substrate
contact region [312, 2202, 2502], at least one base heat spreader [306, 308, 316, 1402, 1802,
2202, 2502, 2504] selected from a group consisting of protrusion pads [306, 1402, 1802],
contact pads [308, 316, 2504], broad flange regions [2202, 2502], and a combination thereof.

4 The method of claim 1 further comprising attaching a clip-on heat dissipation
augmenter [4300, 4400] to the upper heat dissipation region [302, 5102].

5 The method of claim 1 further comprising forming, in the lower substrate
contact region [312, 2202, 2502], at least one contact pad [308] having a deeper extent than
the lower substrate contact region [312, 2202, 2502] for contacting a substrate [110] and
supporting the lower substrate contact region [312, 2202, 2502] at a predefined clearance
above the substrate [110] to accommodate a layer of adhesive/thermal interface material
[804] therebetween and to create a constant bond line thickness therebetween for the layer of
adhesive/thermal interface materia [804].
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51021 [312, 2202, 2502] for receiving a semiconductor device [108] therein. 7. The heat spreader [300,
400, 500, 600, 1400, 1800, 2200, 2500, 3700, 5100] of claim 6 further comprising additional heat
dissipaters [304, 310, 402, 404] in the upper heat dissipation region [302], the additional heat dissipaters
[304, 310, 402, 404] being selected from a group consisting of open slots [304], horizontal cooling fins

[310], vertical cooliffy finsA40microdlictondieyicermsinstiensien €36 460, 06, 1688t 11 alfdP[3600.400, 500,
600, 1400, 1808, 2208, 2RRH, BAYPsmy00] of claim 6 further comprising, in the lower substrate contact
region [312, 2202, 2502], at least' one base heat s reader 06 308, 316, 1402, 1802, 2202, 2502, 2504]
selected from a groﬁb‘n BWS%?E?QOBPH@ fEWbaalt SR04 f’é@“ﬁz%n@ég?]pgagp[%@ 376, 2504],
broad flange regions [2202ur&5£)2haﬁ19ﬁ&dan[lmnat400, tbmeeﬁog 17b@ heao,spreadesd@0876e00, 500, 600,
1400, 1800, 2200, 2500, 38718% d of claim 6 further comprising a clip-on heat dissipation augmenter
[4300, 4400] attached to t pper Reat dissipation region [302, 5102]. 10. The heat spreader [300, 400,
500, 600, 1400, 1800, 2200, Wreohay dGshaiy] woieniddsd fiaPer comprising, in the lower substrate

contact region [312, 2202 5250)&l s@idea8cpReGen@riaaddzi8bbeying a deeper extent than the lower
substrate contact region [312 2202 2502] for contactln asubstrate 1185and supporting the lower

substrate contact region [P 0535 6314 g51ecH @%Q@Q@% é"ﬂ{é 15449 10] to
accommodate a layer of adhesmeilbmn@bgtaié@oetma@jl@i [802 | 2Peedsebyesd and to create a constant

bond line thickness therebetwectaffy] ITHRMRE SHdRe saMe iR e 3 MATEE HEY4b21
5102] [312, 2202, 2502] for receiving a semiconductor device [108]

therein.

7. The heat spreader [300, 400, 500, 600, 1400, 1800, 2200, 2500, 3700, 5100] of
claim 6 further comprising additional heat dissipaters [304, 310, 402, 404] in the upper heat
dissipation region [302], the additional heat dissipaters [304, 310, 402, 404] being selected
fram a group consisting of open slots [304], horizontal cooling fins [310], vertical cooling
fins [402, 404], and a combination thereof.

8 The heat spreader [300, 400, 500, 600, 1400, 1800, 2200, 2500, 3700, 5100] of
claim 6 further comprising, in the lower substrate contact region [312, 2202, 2502], at |east
one base heat spreader [306, 308, 316, 1402, 1802, 2202, 2502, 2504] selected from a group
consisting of protrusion pads [306, 1402, 1802], contact pads [308, 316, 2504], broad flange
regions [2202, 2502], and a combination thereof.

9 The heat spreader [300, 400, 500, 600, 1400, 1800, 2200, 2500, 3700, 5100] of
claim 6 further comprising a clip-on heat dissipation augmenter [4300, 4400] attached to the
upper heat dissipation region [302, 5102].

10. The heat spreacer [300, 400, 500, 600, 1400, 1800, 2200, 2500, 3700, 5100] of
claim 6 further comprising, in the lower substrate contact region [312, 2202, 2502], at least
one contact pad [308] having a deeper extent than the lower substrate contact region [312,
2202, 2502] for contacting a substrate [110] and supporting the lower substrate contact region
[312, 2202, 2502] at a predefined clearance above the substrate [110] to accommodate a layer
of adhesive/thermal interface material [804] therebetween and to create a canstant bond line
thickness therebetween for the layer of adhesive/thermal interface material [804].
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