HEAT SPREADER HOLE PIN 1 IDENTIFIER BACKGROUND OF THE
INVENTION (1) Field of the Invention The invention relates to the fabrication
of integrated circuit devices, and more particularly, to providing an opening

that facilitates Fl n ! BGA (EBGA)
device verificatio%ﬁéﬁj%ﬁ)ﬁﬁ%ﬁﬁgggﬁﬁcﬁﬁm%ﬁgd reducing
errors that are introduced by incorrect handling of FEBGA/EBGA devices. (2)
Description of the Prj ti ' devices does not
only require the app%@ﬁ@@ﬁﬁe@ﬂtﬁﬁﬁ‘mﬁcomplex
processing conditions and sequences but further requires methods of
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Due to increased device density and increased device complexity,
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packaging of sefmiconductor devices. Semiconductor device packages are
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packages such as the Dual In Line (DILL) and Quad Flat Package (QFP).

BGA packages have shown to provide significant advantages that become

(2) Des@gsiRilydmperabE when the BGA approach is used to package an
int grated_circ%it or die that has a high input/output pin count or where the
S
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technli}ques when thesgﬁpackages re mounted on a conventjonal Printed
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devi as a P{E{é&ed Circuit.Board), a method of conneqc%n% tﬁe die to. the un(aoerlging
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on thayhaisith giethadsrafcoiieubonding k. Supe duthimatadt Bon gakAges o Cativalladder a
Collapse Chi nnection (C4).can pe used ethqd of connecting the.
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have eegaitddevelaidifitefictradefhitiapasegexiathaknetdlugins binsqidErbedisd Quad Flat
Su e ically contain ceramic or plastic materials, while
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especiiiiy enpapsutatiosn aleoB Actkggesdiiteifiisktieuepafingeravimegtatkd circuit or die that

has a high input/output pin count or where the semiconductor die is used in high-frequency

applications. BGA packages can in addition be mounted using conventional surface mount and
assembly techniques when these packages are mounted on a conventional Printed Circuit Board
(PCB). The mounting of a semiconductor device typically requires the device, a substrate on
which the device is to be mounted (such as a Printed Circuit Board), a method of connecting the
die to the underlying substrate, which is typically referred to as first level interconnect and for
which methods of wire bonding or Tape Automated Bond (TAB) or Controlled Collapse Chip
Connection (C4) can be used, a method of connecting the substrate of the device to printed
circuit cards or boards, also referred to as second level of interconnect that uses external metal
pins or solder balls. Substrates typically contain ceramic or plastic materials, while
semiconductor die can be encapsulated for reasons of protection whereby this encapsulation also

encloses the first level of interconnect.



Surface mounted, high pin count integrated circuit packages have in the past
been configured using Quad Flat Packs (QFP's) with various pin
configurations These packages have closely spaced leads for making
trical connections djstributed along the four edges of the flat package.
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Where possible, the methods of packaging are designed such that automated packaging
processes can be used for obvious reasons of costs incurred as part of the packaging process.
In this respect, the supporting structure that uses a cavity for the mounting of the
semiconductor device does not lend itself to automatic packaging processes since, for the
various packaging approaches that have been highlighted, the
semiconductor device must, after it has been packaged, as yet be encapsulated, which is a
processing step that cannot readily be monitored using cavity based supporting structures.
For the typical mounting of a chip on the surface of a laminated substrate, whereby the
substrate can be either ceramic (making the substrate rigid) or can contain an organic or plastic

material (making the substrate flexible), electrical interconnect lines are formed in the
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substrate can be either ceramic (making the substrate rigid) or can contain an
organic or plastic material (making the substrate flexible), electrical
interconnect lines are formed in the 2 laminated layers of the substrate using
. conyentional. methods of metal deposition and patterning that apply standard .
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applied to interconnect the semiconductor die.

Another important consideration in designing semiconductor packages is the aspect of
heat dissipation, an aspect that becomes even more important for devices that operate at high
operating speeds or at high levels of voltage. For the purpose of heat dissipation, a
semiconductor device can be mounted on a heat sink whereby the heat dissipation can be
enhanced by providing a low thermal resistivity path between the semiconductor device and the

heat sink. Methods that are applied to conduct heat from the die to the heat sink and from the

heat sink to the environment for further dissipation are well know in the art.

For all of the above indicated aspects of semiconductor device packaging and for other
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enhanced by providing a low thermal resistivity path between the

semiconductor device and the heat sink. Methods that are applied to conduct

heat from the die to the heat sink and from the heat sink to the environment
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ofiEneeiibh3 hOiteetobjbetise ofi fiee imgentiohisho i dvend ecroos dbiatsarg in
introﬁ(iu ed due to incorrect device surface or orientation identification. Yet
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verification of semicondglﬁwlgﬂ%ﬁnmﬁigﬂ§% igh throughput

semiconductor manufacturing environment. A still further objective of the
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Yet another objective of the invention is to provide a method that simplifies the

refere

verification of semiconductor devices in a high speed, high throughput semiconductor
manufacturing environment.

A still further objective of the invention is to provide a method of semiconductor
device identification that has no negative effect on device throughput.

A still further objective of the invention is to provide a method of device identification

that applies to both small and large devices and that is independent of the device I/O count.

In accordance with the objectives of the invention a new method is provided to
identify semiconductor devices. Prior Art methods of device identification use a cutout on one
side of the device or a chamfer (removed corner) of the device for this purpose. This method
run into problems where packages with high I/O pin count are required since the space that
is required for the chamfer may interfere with or limit the number of I/O pins that can be
provided on the bottom of the package. For this reason, the invention provides for a shallow

depression or hole on the backside of the heat sink of the package. This shallow depression
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identify semiconductor devices. Prior Art methods of device identification use
a cutout on one side of the device or a chamfer (removed comer) of the
device for this purpose. This method run into problems where packages with
high 1/0 pin count are required since the space that . is required for the
can e R LA R PRGBS BF DU BHC Hat can be
provided on the bottom of the package. For this reason, the invention
provides for a shal e i cksi the heat sink of
the package. This Eﬁﬁﬁvﬁé@%&@%ﬁé&%ﬁ%ﬁ%ﬁgl and optical
inspection of the device orientation. BRIEF DESCRIPTION OF THE
D INGS Fig. 1 shows a % FEBG@EI?B heat sink/stiffener
s LTS P BN AR G PGt Reesen wsed
whdiighliglteth Figec2acand e shasttiitop ightightéw ball side of a Prior Art

FEBGA/EBGA device, highlighted in this view are the pa I ings,
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higlehghtdé fifahidheicle vicetheqrieiadei@b. idarkingsigls 8glshaw a number of Prior
Art markings that are typically provided on the ball side of the device, as
fofipvsa higs 3ashveribe foacksigla \dewmakthe device, that is the side of the
device that is opposite to the side of the device to which the contact balls are
agialclé%d StehseaséhaIrInOf/v (ilg trhees&(%/nceorfn tar}Eeirnvention is applied to this side of the
device; device identiication marklngs are "typically applied to this side of a
FERGA/EBGYelSgcbdvign Bimshwows Rnebalt sidekofgh e REBGAPEBIBAprovided on
evice of the, inventi hereby this side is provided with a conventional
the b [ Sha(t:?ﬁ%%t%ea?ﬁvﬁ?éé?%%’m’rvéﬁgh 3g shows different conventional marks that
cangh8agipliedtte thelsade side of hFEBBR/EBGA tHevide oFitc dehontba is

< f ions. that j li ' FEB B .
ono R R (PRI S0, RO
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. - i ation i ided in the heat sink.
typlcag%ngﬁgd]n? ébg{%%fc?é)é{ftﬁ‘%ﬁ%% Heednygation is provided in the heat sin

ow a top view of the conventional chamfer provided in the
hé&ag.sihislofwihib B GRS ha Idebicd /BBl d@ece of the invention whereby this

side is provided with a conventional identifier mark

Figs. 3c through 3g shows different conventional marks that can be applied to the ball
side of a FEBGA/EBGA device.

Fig. 4 shows a sequence of operations that is applied for the creation of a
FEBGA/EBGA device whereby the identification mark of the invention is applied.

Fig. 5 shows a cross section of the FEBGA/EBGA heat sink with its adjacent components

whereby the mark of the invention is provided in the heat sink.

Figs 6a and 6b show a top view of the conventional chamfer provided in the heat sink of
the FEBGA/EBGA device, as follows:
Fig. 6a shows a view of the conventional the chamfer and the contact ball that is closest to
the chamfer.
Fig. 6b shows a top view of the FEBGA/EBGA device looking at the FEBGA/EBGA
device from the ball side of the device, a full complement of BGA contact balls is shown in

Fig. 6b.



Fig. 6a shows a view of the conventional the chamfer and the contact ball
that is closest to the chamfer. Fig. 6b shows a top view of the FEBGA/EBGA
device Iooking at the FEBGA/EBGA device from the ball side of the device, a

f .co ment of BGA c ntact balls is sho ig, 6b. 5 Figs. 7 ough
el A Tl TR W T ARG =T R
ind@paeﬁﬁlor\&bt’e@imeﬂtmasﬁ@di@vus f6ligwka is a cross section of a FEBGA

vice where the device d on.the fa eofaheat spreader, Fig.
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desasitis imauhedt spreacaiandidedicsig@adenss section of a EBGA device

where_the device is mounte urface of a heat spreader.
R B R B AL BHA S B ENTS Referring now

despeacifioadiyrtedig akathigrénia Bbawpraatiyp, maw of an FEBGA/EBGA heat
sipk/stjffener 10 as it.is p d. Whe ever the Pin ID location
D R RGN T RIS BN ADR ASYEE that he view of he

is IheainséakohQlib atiifash ofnheaFigréadeithe view of the side of the heat sink that
IS opposite to the side to which the contact balls of the FEBGA/EBGA device
will be attached. Further shown in Fig. 1 are a number of sub-features of the
heat sink asHHRUR FPT4@re@li gritiePR EpERREDLRAM B@DIMENT align an
individual heat sink during product assembly - 16 are alignment openings

that are used for alignment of an assemblage of heat sinks before these heat
siRkﬁe&ﬁegamaegs:&ﬂfamlﬂ:ydbriﬁigallhéﬁrsﬁsme\iﬁ zatepte'resioasf rel EEBSAIEB@AA heat
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warp a e proce sing an aratlon of sinks, an
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Further shown in Fig. 1 are a number of sub-features of the heat sink as follow:
- 14 are alignment openings that are used to align an individual heat sink during product
assembly
- 16 are alignment openings that are used for alignment of an assemblage of heat sinks before
these heat sinks are processed as individual heat sinks
- 18 are tension relieve slots that surround the body of the heat sink and that are meant to allow
tension free and warpage free processing and separation of the heat sinks, and
- 20 are inter-heat sink slots that separate individual heat sinks and that in essence also provide
tension relieve between adjacent heat sinks during the process of singulation of the heat
sinks.
Figs. 2a and 2b show the FEBGA/EBGA device identification method that is presently
used. With identification is meant the step of identifying which side of the FEBGA/EBGA

device is facing upwards, this identification is a manual process even though the

identification can also be performed using for instance optical methods.
Fig. 2a uses a trace or line 22 that is provided in the surface of the (copper) heat sink to

identify the position of the FEBGA/EBGA device. The location of the die 24 is highlighted, this
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used. With identification is meant the step of identifying which side of the
FEBGA/EBGA device is facing upwards, this identification is a manual
process even though the identification can also be performed using for

. . _instance optjcal. methods. Fig. 2a uses.a trace or line 22 that is prayided in
die is A QUL F IO GT AVAC & QoA A P T D Fie a5 the bl
side oFthB CPHREBAABAdRNiGeatding. location of the die 24 is highlighted, this 6 die is
unted on the side that js shown.in top view.in Fig. 2a since the view af Fi .
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numb OB 0 ghatus S Spphied tor %@Xiﬁ%d‘{?ﬁ%@{?ﬂ%”d%&%&mﬁ% 35%35 mm,

ependent and Is't ore not an approach that can be universally “applied:.
40x40This igpftmbeghdéiads dumgeclfigss. ba dhodt Gihdappvwakigh3aushowshthefer for device
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a numper or conventiornal markings wi eir locatio at can be applied to
appliehelballisitiethef theasdabsmdte that. isametitiobthesmarking of the invention.
Fig. 3 sflé)ws vipw of the side ﬁ?at is,oppesite of the hall side of-the ice
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3g shokheasideber whichthational markings with their location that can be applied to the ball side
of the substrate that is used for the marking of the invention.

Fig. 3a shows a view of the side that is opposite of the ball side of the device of a
FEBGA/EBGA heat sink of the invention. The top side of the heat sink is the side on which the
semiconductor device will be mounted, the bottom side of the heat sink by contrast is the side
that is shown in Fig. 3a. The hole identifier 12 of the invention is not an opening that penetrates
the heat sink but can be a depression in the surface of the heat sink. The opposite or ball side of
the heat sink that is shown in Fig. 3a contains a heat sink identifier that consists of a geometric
figure, several examples of the shape of this geometric figure that can be used for the heat sink
identifier are shown in the following Fig. 3b through 3f. This heat sink identifier is used not only

to identify a particular side (surface) of the heat sink but also identifies the heat sink by type
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contrast is the side that is shown in Fig. 3a. The hole identifier 12 of the
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that can be used for the heat sink identifier are shown in the following Fig. 3b
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implying heat sink size, heat dissemination capabilities, material used for the

héag stakligpicatijensppdivainintnislaneliaig03b shows the location 28 where
thﬁé‘.eﬁf,§ﬂ8&zé%&?éﬁ%ﬁéygé@ﬂﬁagﬁﬁ%%ﬁiQdéﬁiﬁ%ﬁsﬂew of the ball side

(the device side) of the heat sink. Fig. 3c shows a triangular heat sink
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~circular (closed circle) heat sink identifier 36 combined with a square heat
sink idgniifgentiier 38. Fig. 3g shows a cross shaped heat sink identifier 40. It is

clp%[ %ﬁ%g@g{gggﬁ aneRkihe heatginkislentifier can take any known

shape, “a limitation might be that this identifier is readily recognized by optical

miéahslerhisacihegremeitic anamidhehet mekHdanifie wytaksppngngwn shape,
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device whereby the identification mark of the invention is applied. The
automgpscisetifisatior Ry the desd sinkwith the attachment of a heat sink for an

iIniyidud], F EBGEMERGAY dpuiE6o WS YRASIHIBY FREAGRG b Figvice

substrate. The heat sink and substrate are typically obtained by punching

FEBGdRBGifgletriecnehersimk g pderutE orbian anatk i bthpantesiing s pelistes. The
FERGAEESAARYICE ia net (Ridwfin stenddonatiached Hlngiaonentiangidual

methods to the substrate, using for instance an adhesive epoxy that further

FEBGAiRasdsuiseriowhsrandsHxinsel KB/ ERiemRy ¢rettbsinaieT hedisgicnk and
substrie AWk RN s Bkt contadi Rads thrtarprReugdechindha s acsof tagp of

heat sinks/substrates.

The FEBGA/EBGA device is next (Fig. 4, step 44) attached using conventional methods
to the substrate, using for instance an adhesive epoxy that further facilitates heat flow from the die
to the underlying heat sink.

The device is then wire bonded to the contact pads that are provided in the surface of the
substrate, thereby electrically connecting the FEBGA/EBGA device to the substrate, Fig. 4, step
46.

The die is encapsulated, Fig. 4, step 48. FEBGA/EBGA device markings are then
provided to the package on the reverse side of the package, that is the side where the shallow
identifier of the invention has been provided in the heatsink, Fig. 4, step 50.

The partially completed package is next provided with BGA contact balls, Fig. 4, step
52, which are attached on the solder mask and the underlying layer of copper interconnect lines.

As a final step the FEBGA/EBGA is optically inspected, Fig. 4, step 54.
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wPéch are attached n the solder mask and the underlying layer of copper

[ ?é’&t%ﬁé% th §r8 final step the FEBGA/EBGA is optically inspected,
-56, thEEBGSEPBEIA 81 Eiitea shiws d winssirectigniaf toppubstrate and heat sink

that are sed for the packaging of FEBGA/EBGA devices. Highlighted in Fig.

5 %488, the FEBGA/EBGA device laminated substrate - 58, the copper
-59,a lneatomqkoﬁgtlaatayeb@n‘eemwérwtﬁsceeﬁteﬂ benthénkgace of the heat sink
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appliedr the attachment of the overlylng layer of copper traces 64,
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- 64, cogpueraniienab mhwm&thﬁ}atkEmGthmh&es ecppimtt:tbtdit@ suybkicat@asnthat is
70 trltleecll'tgle |]g St:a&r oefntp {%%eé]ﬁow 8 act 17)2]1.1,1 contact balls inserted in the

sOrethadk a'and op view of the conventional chamfer
- 68, th%&mommahlﬂmnﬁ;tbetmteawkahﬁﬂﬁ@b\dﬁﬁ(ﬁphdé\mmmlﬁeﬁawsaﬁdg 6a
_70, theq? S8V ?%N OfPL conventronalalhe chamfer 72 and the contact ball 74 that
IS C oses{nt ]émT?'te dimensions that have been highlighted in
- 71, ccﬁtgtcﬁhaé]rsenﬁrseraetymahb s;ﬂdentea/stoﬁﬁact ball arrangement and are as follows:
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substrate of a FEBGA/EBGA device, as follows:

Fig. 6a shows a view of the conventional the chamfer 72 and the contact ball 74 that is
closest to the chamfer 72. The dimensions that have been highlighted in Fig. 6a are for a typical
chamfer/contact ball arrangement and are as follows:

- dimension 76 = 0.150 mm
- dimension 78 = 0.150 mm.
- dimension 80 varies and is dependent on package size, as follows: for a 27 x 27

package 80 = 0.2000 mm and as yet allows for the use of the chamfer 72. For

FEBGA/EBGA device packages of increased size, from 31 x 31 mm up through

45 x 45 mm, the value of 80 decreases from 0.102 mm to 0.117 mm, leaving not

enough room for a chamfer to be applied, or, if a chamfer were to be applied,

the chamfer would be so small as to have no practical value for inspection

purposes
- dimension 82 varies and is dependent on package size, as follows: for a 27 x 27 package 82 =

0.908 mm and as yet allows for the use of the chamfer 72. For FEBGA/EBGA device

packages of increased size, from 31 x 31 mm up through 45 x 45 mm, the value of 82

decreases from 0.144 mm to 0.165 mm leaving not enough room for a chamfer to be

applied, or, if a chamfer were to be applied, the chamfer would be so small as to have no
9



package 80 = 0.2000 mm and as yet allows for the use of the chamfer 72.
For FEBGA/EBGA device packages of increased size, from 31 x 31 mm up
through 45 x 45 mm, the value of 80 decreases from 0.102 mm to 0.117 mm,
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balls #gThadReterghis ravapouig:d/ia, diperaiisisbioimg actnpsarseftiadidles mipBahce to

._device w ererg}fe evice 83 is mounted on the surface of a heat spreader 80.
the i R a T OB SRR AL S0 Bl e e M Bgpose of
facilitthen g datisinbr8datidrthe device 83 with the contact balls 82. The device 83 is

encapsulated in a plastic molding compound 84. Of key importance to the

invention shihes ndeitationar dapressine BERIAA Jenes $hespreviadshn a cavity
highlight purpose of facilitating device orientation. Fig. 7b shows a cross

that baz feinthim BRERSS e B EREYAIGR i 8 85 ABR AR PRV IS TSIty 2R AR Gapded by

a pld&tis paROsEchpanptRddeshinvhe heahrinid8RldogidsE:8atis EgdiNen the device
surrounded by a plastic based encapsulant 84, baond wires 86 provide

83 apfnfiRbireetit SR ERTAS: ddn B ISH MEATHALYR 9h FerAEmfe 81.
showihi igernbbsasion ireenRtinsvaddaprassiRng isithawriodhie fagatisfention.
where_it js provided in accordance with the process of the invention. Fjg. 7t%és

a ChosE R AR PECERIOA HEW WhRFe tHeogR e W ooy BRtRa

surfad tacehehaspRAUSPIEAHLIS - aye[58risfapayeriRitaRax b aitbidietbetween the
interface he v%/%en the Eﬁb%rate 87 and the heat sink 80. The orientation.

subsfrate Safieh (BF Hedra FOL AR L RACHAR K dRIRTHRR A it sy wn in
the logl@mehprondss Biieundantieprocess of the invention.

Although the invention has been described and illustrated with reference to specific
illustrative embodiments thereof, it is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize that variations and
modifications can be made without departing from the spirit of the invention. It is therefore
intended to include within the invention all such variations and modifications which fall within

the scope of the appended claims and equivalents thereof.
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Although the invention has been described and illustrated with reference to

specific illustrative embodiments thereof, it is not intended that the invention

be limited to those illustrative embodiments. Those skilled in the art will
What recogni (ithat variations and modifications can be made without departing

froni thESPirit of the invention. It is therefore intended to include within the
inyenti Il such varlatlon modificatio all the cope of

th?(; a[&ppen%édlé:lal ARt & Sb??fva?é’ﬁ?g thereot P? \f{?%ﬁnﬁi’ |s clgt&le 3 ybaTFembly
compgsud@rray assembly havmg a metal heatsink, the ball grid array assembly

compr sing: a square or rectangular sh d heat sink havmg a thickness
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a markinfyshiefalces, w&hﬁrebyclheaﬁmnkndﬁhhﬁoattomaiaugls typikally spmfmréed/hereby

on said markln surfac sali heat smk nd an.indentatio vided

caid maAy L Dy e S a0 TR L AR Sece of saia

orlentatlhaabfssm:jaBdsA array assembly, wherein an indentation has been

Providac in, seid maring surface of sald sauas orsectanaylar shaped heat

sif fere é’ ation'1s prefera aIy‘ﬁoca ed at one or more cormers
determﬁls&ldfﬂqwmﬁ of sradtﬁ@;ﬂlmshamthbbamm@wm redgntstivh ihaﬁelmmipmiﬁided in
said mar l(I)lvaslu(l)’ saldéqela& SSlnk maten l thasﬁo etr?t ca asﬁ(rjﬂ(hew CIc I’Bk 19 1%. fPerrl]te&lon 1S

Hb 474 of the' nes sa| square or rectang jufa
prefembb/pbddh@hamk @.1idre essenshly of ckajmart whec@ng;dmi slqlpacbheat sink, whereby

i G S L0 R e IS o o
betweasgémbl;’/%amﬂam?/&qmiﬁ’rdmkaﬂsscbé sithsiusur face ohsaidhh dapaukhancs said
m?”ﬁ?% %gé OffS ‘ril nli‘?at%”%%dﬂaé’ q(P? r&ljglag;l&%t Lﬁlﬂg‘t&d& ﬂggt s1n}§ and said

assem a}’m 1 wherein said a squa Or rectangurar shap heat sin
indenta@mams p@gﬁga’olylused for Flex Enhanced BGA (FEBGA) or Enhanced BGA (EBGA)
devices.
3. The assembly of claim 1 wherein said die attach surface of said heatsink and said
marking surface of said heatsink have been black oxide plated.

4. The assembly of claim 1 wherein said a square or rectangular shaped heat sink contains

copper.
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