1 February 2005 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 Flex Enhanced BGA (FEBlG,%) nd Enha%%g BGA
(EBGA) device verification thus improving ease of device handling and reducing BITors'that are

introduced by incorrect handlin%ﬁéi%%gﬁ%%g%%l 'C%%I&Z%r D?B‘ﬁw&oﬁﬁﬁhe Prior Art The creation of

semiconductor devices does not only requiré the application of complex technologies with complex
processing conditions and sequences but further requires methods of packaging the semiconductor
devices once the devices have beenBéfg&gt&d Dike (FintHased\davideotensity and increased device
complexity, input/output capabilities of semiconductor devices may become a device performance
constraint and therefore place increased requirements on the packaging of semiconductor devices.
Semiconductor Béfice patkages are@iowi?linder a number of names and abbreviations and include
laminated Ball Grid Array (BGA) devices that have over time evolved from lead frame packages such 1
The invention relates to the fabrication of integrated

circuit devices, and more particularly, to providing an opening
that facilitates Flex Enhanced BGA (FEBGA) and Enhanced BGA
(EBGA) device verification thus improving ease of device handling
and reducing errors that are introduced by incorrect handling of

FEBGA/EBGA devices.

(2) Description of the Prior Art

The creation of semiconductor devices does not only require
the application of complex technologies with complex processing
conditions and sequences but further requires methods of
packaging the semiconductor devices once the devices have been
created. Due to increased device density and increased device
complexity, input/output capabilities of semiconductor devices
may become a device performance constraint and therefore place
increased requirements on the packaging of semiconductor devices.
Semiconductor device packages are known under a number of names
and abbreviations and include laminated Ball Grid Array (BGA)

devices that have over time evolved from lead frame packages such



1 February 2005 as the Dual In Line (DIL) and Quad Flat Package (QFP). BGA packages have shown to
provide significant advantages that become especially important when the BGA approach is used to

package an integrated circuit or die that has a high input/output pin count or WhFere the seng%od]éjuctor
die is used in high-frequency applications. BGA packages can in addition be mounts %E%g

conventional syrface mount and asse lé technjques when these package m ed on a
conventional lﬁﬁt:ﬁuﬁr?cugt%%alrﬁe(gg I{X)Thaenror{lo Hﬁr% g?%%e%ﬁ%%ﬁcﬂjecté%ae@iCeoél/%%’calIy requires the
device, a sub%tgatg onh}v]é/gié:h ﬂﬂe Vggvigg is E% % CEnounLted i(tsgch as aaggntegaCir%uiEI%g%rqg,e a (r)rI]neethod of
connectinﬁatﬁe die to the unéer?ylng subgtrate, which |grfyplcglﬁl reféired to as Tirst 1ével interconnect and

for which methads 9f wire bonding or Tape ytoma: d Bond TAE) or. Contrglled Collapse Chi
. 1 .
Connectloens%éﬁf can eluné%%l,:%%nn%thgg%? &nﬁect% {ile"substrate of t%seege%“l(c)e k6 %%ﬁlge%l c‘:?r%wt cards

or boards, glsg glerted 10.35. sepond leyel o ptsregnedt thatyses exieal matal pigs oL sgider balls

Substrates typically contain ceramic or plastic materials, while semiconductor die can be encapsulated

for reasops o{,ﬂéoggc%wggwpgotg&%gpsaﬁiog gl%psglaclgﬁe% itB% jirfs,} é@{% I%g}nterconnect. Surface

mounted, high pin count integrated circuit packages

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)



have in the past been configured using Quad Flat Packs (QFP's) 2 1 February 2005 with various pin
configurations. These packages have closely spaced leads for making electrical connections distributed
along the four edges of the flat package. These packages have become limi ede#bein cQ igiggd to the
edges of the flat package even though the pin to pin spacing is small. To ad ressS this dimditation; a new

package, the Eall Grid Arraé £BGA2) rpfcka%%, iﬁ incrc_aaf'hneqéyeused.kThis gagléa e is less Eonfined in its 110
didtribtited

pin distribUtion BetatRe the slectiicht 1A' Eontaet pso'lnts are over the ecn]tf?éQ’ ottom surface of

the package. More .contact points can thus be located on the bottom of the.package, with spacing
between (B Eortack Sots That (A BF thak he d5ating HLLt TS piany Tound i P, Theae contacts
are solder balls that facjlitate flow soldering, of the packa nto a_printed circuyit board. A Ball Grid Arra
aef pally SREE e I . . ay
(BGA) i a by of solderable balls.placédoh a Chip carrier: The balls cantact & prinise circut board in

an array configuration where, gfterieheat,dne balls conpeetthe chip o e printed cirguit boyel. BGA'
are known with 40, 50 and 60"mil spacings in regular and staggered array patterns.
though the pin to pin spacing is small. To address this
limitation, a new package, the Ball Grid Array (BGA) package, 1is
increasingly used. This package is less confined in its I/0 pin
distribution because the electrical I/0 contact points are
distributed over the entire bottom surface of the package. More
contact points can thus be located on the bottom of the package,
with spacing between the contact points that is larger than the
spacing that is typically found in QFP's. These contacts are

solder balls that facilitate flow soldering of the package onto a

printed circuit board.

A Ball Grid Array (BGA) is an array of solderable balls
placed on a chip carrier. The balls contact a printed circuit
board in an array configuration where, after reheat, the balls
connect the chip to the printed circuit board. BGA's are known
with 40, 50 and 60 mil spacings in regular and staggered array

patterns.

The packaging arrangements that are typically used for the

packaging of semiconductor devices employ a number of different



The packaging arrangements that are typically used for the packaging of semiconductor devices employ a
number of different 3 1 February 2005 approaches whereby these approaches can be distinguished
between methods of providing a (rigid or flexible) support structure on Whichlthg sgmicond%cé%%device is
mounted with interconnect lines provided on the surface of the support structure, methods o providing a
chip-on-surface m untln%ltleech |c%{l11etxﬁlhereb the su ortln%rs{tr cture can contain Iaén na edelgxers of

interconn&¢t iNes that are Used i combinatibh with interconiec ﬁngsl %njtﬁlguslusfPaece otthe Supporting

structure %ré(%woe&godsfof pr(g)viidcglrig1 laminated p clégcge that pse cavities for the mouq:tingeof the

semicondUctor devices. Where posgib%, he hethods o Ezi(cjkagler?g AE %8§i5n85rs%%h¥hat automated

packaging progesses can be used, [0 obvious (easons, of cosls incupd A par gl e packaging
process. In this respect, the supporting structure that uses a cavity for the mounting of the semiconductor

device d°§§<§‘\9£ !ﬁé‘&j %ﬁe'ﬁhoea‘é@%é‘?eoa&{‘agiﬁ‘& @8&%%5@? sinGe,Jorthe V%@Hﬁo%@‘:'&%i”g

approaches that have been highlighted, the semicondtictor device must, after it has been packaged, as

yet be_encapsulate, whichis A processipg step that cangot wadily be. manitprgd, using cavity based

supporting structures.
supporting structure can contain laminated layers of interconnect
lines that are used in combination with interconnect lines on the
surface of the supporting structure and methods of providing
laminated packages that use cavities for the mounting of the
semiconductor devices. 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 wvarious
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



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 4 1 February 2005 lines are formed, in_the Iaminat% bag/ers of
th . . .. . lebru?réj
e substrate using conventional methods of metal deposition and patterning that apply standard
photolithogr.a hic methads an%proce ures The v rigu?a er of théel inated subs;crate are insulated
1%%5 are Lorm in t'ﬁ aminate AVSEFhS Qﬂ% subs%ra CPRSEhRse g
from each other using dielectric materials such as a polyimide that can be "used to separate for instance
metal power and ground planes in .the bstratpl. Electrical connectigns bg@veen. the I%ers of the
: co?y?ﬁ%lona mé§h$ds e eta ﬁPOSlthH ?qﬁ RAtLeihing, at .
laminated substrate are forme y conauctive vias, tiie opening o evia Is, after tnis opening has been
formed, f'%%dg‘ﬁ"th sa}ig%%‘%%f'v%@%éeﬂf‘{%o@aer ) 83%‘8%%% e %'Sﬁt.“c%!%ec&’”Qé’%t.'VefR%ths between
the various layers. After the re%uwe interconnect patterns have in this manner been established in the
laminated substrate, fhe semicondyctor chip, is positioned.on the surface of e subsiratg and itached to
the substrate by a suitable die attach material such as epoxy. This layer of epoxy serves not only to hold
the semicgpductoy, die,ig Riace butalso. serves ag adhegt dranster medivin hetween, the die ang the
used to separate for instance metal power and ground planes in
the substrate. Electrical connections between the layers of the
laminated substrate are formed by conductive vias, the opening of
the via is, after this opening has been formed, filled with a
conductive material in order to establish the electrically
conductive paths between the various layers. After the required
interconnect patterns have in this manner been established in the
laminated substrate, the semiconductor chip is positioned on the
surface of the substrate and attached to the substrate by a
suitable die attach material such as epoxy. This layer of epoxy
serves not only to hold the semiconductor die in place but also
serves as a heat transfer medium between the die and the
substrate. The top surface of the semiconductor die is connected
(wire bonded) to the conductive traces on the surface of the
substrate, after which the die including the bonded wires can be
encapsulated. Electrical interconnects must then be established
between the substrate (to which the die is at this time

connected) and the surrounding electrical circuits to which the

substrate is connected. Electrical traces are also provided in



substrate. The top surface of the semiconductor die is connected (wire bonded) to the conductive traces
on the surface of the substrate, after which the die including the bonded wires can be encapsulated.
Electrical interconnects must then be established between the substrate (to \/{high the die isﬁélgis time
connected) and the surrounding electrical circuits to which the substrate is connected. Eidctficaltraces
are also pr wdci% in51 Febﬁrugrey %%O%eﬁhe Iovk\éer si,urfﬁaece of the fggstrate splder mask is dor[eposned

over the bottom Slrface of the substra ecoﬁ?ac?%aﬁs afe aposéﬁlonea i aaﬁgnr%l%n with ?ﬁé: Gontact points

in the lower_surface qg;t eCsubstrat and re-fflo ed, co n%ctingethe contact b%llsl ith the electrical traces
. OVEY ?ﬁe P om s%r%ace of t e.su§$ r? coqt%FF alls are
in the bottom surface of the “substrateé and compléting the intercbnnects between the (surface mounted)

semiconductorgie an%the corltact balls, of th% suﬁprportin %ub trate.. The meth% deicribed above is a
dsitioned 1h alignmernt, with S céﬁ)a{%épﬁlnts lP %..ower
method 01p connecting a semiconductor device using wire bond techniques. In addition and as a

subsiitute {g fhe wire jord fechiigues. ko, £OpneEon, Isehnicyes n e arsych as, fig-ohiv

techniques can be applied to interconnect the semiconductor die.” Another important consideration in

designingsemicondustor packages is the aspectafnet dissinalion, 8 aspeeLiat o ¢ tne

substrate and completing the interconnects between the (surface
mounted) semiconductor die and the contact balls of the
supporting substrate. The method described above is a method of
connecting a semiconductor device using wire bond techniques. In
addition and as a substitute to the wire bond techniques, known
connection techniques in the art such as flip-chip techniques can

be 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.



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 re isgblvig %ath be%\fg%n the
semiconductor device and the heat sink. Methods that are applied to conduc héat fromm ‘the “die to the
heat sink and from the h atos%'m(t%oeth envirogrrpo?.nt fgrthrther di sip%t!ﬁonsae%e.well énow intheart. 61

February 2005 &rall% he above ifndicated asple%?s of semicondictor dévice %%El 5&58 and for other

aspects that may.noLhave been snymerated above, [Lis Importantihat in a fiah speed, bigh throughpu
manufacturing environment semiconductor devices can be readily iden ified with respect to die surface
and how, as a conse erg:gvtem device must be mo%ntg a{r% for ingtaﬁge a heate%linkhlia%k of fast and

. v Jol ’ .
correct identification ??Jadas to mlspﬁace%isarllg\ ?noc%t?rae%t yp acedlélewces, Cr}{esuit?neg in’increased production

costs. A methed fpustiharafaie.he provided ihal Assuies fastand conedt denfification of devige
surfaces, the meth

of the invention addresses this problem of device identification. US 5,895,967

(Stearns %IeaAzA?DQW?c?eﬁ@ff‘ﬁ’EB Wqﬁ?nﬁégﬁgépretacgeéie surface and how, as a

consequence, the device must be mounted in for instance a heat
sink. Lack of fast and correct identification leads to misplaced
and incorrectly placed devices, resulting in increased production
costs. A method must therefore be provided that assures fast and
correct identification of device surfaces, the method of the

invention addresses this problem of device identification.

US 5,895,967 (Stearns et al.) shows a BGA with a stiffener

and spreader.

Us 5,977,626 (Wang et al.) teaches a heat spreader for a

PBGA.

UsS 5,768,774 (Wilson et al.) shows a BGA package with a heat

sink. However, this reference differs from the invention.

US 6,011,304 (Mertol) shows a stiffer ring attachment p3 le

and removable snap in heat spreader 1lid.



US 5,977,626 (Wang et al.) teaches a heat spreader for a PBGA. US 5,768,774 (Wilson et al.) shows a
BGA package with a heat sink. However, this reference differs from the invention. US 6,011,304 (Mertol)
shows a stiffer ring attachment p3 le and removable snap in heat spreader Iid1 7F1 ebrua{g %8%%
SUMMARY OF THE INVENTION A principle objective of the invention is to proviGQe 4 "methdd that allows

for easy and dependable identification ?{ rl’ggfco u;l:li% dﬁ{ﬁg tion. Another objective of the
invention is to prevent errors that are introduced dueto incorrect device surface or orientation
identification. Yet another objective of the invention is to provide a method that simplifies the 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 negativefeffact onidelicecthieuwghipue. A Stilt hatherobjdactive of she inventon &stoaprovide a

method that allows for easy and dependable identification of

semiconductor device orientation.

Another objective of the invention is to prevent errors that
are introduced due to incorrect device surface or orientation

identification.

Yet another objective of the invention is to provide a
method that simplifies the 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.



method of device identification that applies to both small and large devices and that is independent of the
device I/O count. 8 1 February 2005 In accordance with the objectives of the invention a new method is
provided to identify semiconductor devices. Prior Art methods of device identificFa%B(ﬁn use a %t(%lt on one

side of the device or a chamfer (removed corner) of the device for this purpose. ismethod ran into

problems where Paclé%%esr\gghgigm {/t(%pi cou t are re uirsedos'n%%tehei%%aecettllwgt is rquivged for the
chamfer may interferé with or fimit the numtber of 116 pins fhat 2an be provide8 on thebottom of the

package. Foghtr(lji%l reason, theé”‘é?”g%’”-%{g}{igﬁ for a shallow. deggerssié)n or hole Qn the b%t%kcside of the

heat sink OFf t % pac]k%g%?:?ﬁé shallow %Iepressm% éan be 828& for wsuaﬁ%ln%eospticaﬁh%ﬁec lon of the

device orieni;C tio&l.S BCI;{%EF DESCRiIggIQI}IfOlEJ%—IE DRAWINGS Igiiguet}g_sohr%vﬁsggt%ggieew gf an

FEBGA/EBGA heat smk%%%éﬁgr that is presentli/otﬂlseudS vevhgrecbli/t in ion of the invention is

highlighted, Figs, 23 and 233w a (op ey of the ballsie of & frior, A EEBBAERGA device,

highlighted in this view are the package ID markings, as follows:
purpose. This method run into problems where packages with high
I/0 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 can be used for visual and optical inspection of the

device orientation.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a top view of an FEBGA/EBGA heat sink/stiffener
that is presently used whereby the Pin ID location of the

invention is highlighted.

Figs. 2a and 2b show a top view of the ball side of a Prior
Art FEBGA/EBGA device, highlighted in this view are the package ID

markings, as follows:

Fig. 2a uses a copper trace for the device marker

9



Fig. 2a uses a copper trace for the device marker 9 1 February 2005 Fig. 2b uses a chamfer for the
device marker. Figs. 3a through 3g show a number of Prior Art markings that are typically provided on
the ball side of the device, as follows: Fig. 3a shows the backside view of theld%vi%e, that isé]la% side of
the device that is opposite to the side of the device to which the contact balls are‘attached, the sEhaIIow
depression of the invention is applied to this side of the device; device identification markings are
typically applied to this side of a FEBGA/EBGA device Fig. 3b shows the ball side of the FEBGA/EBGA

device of the in\%ention%h%rgg% tr}jis (':sl'[gemi?é)rm\%ggd %/\Eilteh(%tggn\éentiog%ei%entiﬁer 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 wheteby the mark of the IBMENNORIS 515 o Art markings that
are typically provided on the ball side of the device, as
follows:

Fig. 3a shows the backside view of the device, that is the
side of the device that is opposite to the side of the device to
which the contact balls are attached, the shallow depression of
the invention is applied to this side of the device; device
identification markings are typically applied to this side of a
FEBGA/EBGA device

Fig. 3b shows the ball side of the FEBGA/EBGA device 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

10



10 1 February 2005 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. IfigFG shows %bo&view of
the FEBGA/EBGA device looking at the FEBGA/EBGA device from the ball side oPthe deviée, afull
complement of BdG,é contactckt% balls istshoerin Fig. 6b. Figs. 7a through 7c show three cross section of
BGA devigésoviﬁatehlgﬁﬁlgh fe indentation or depression of the invention, as follows: Fig. 7a is a cross
section of a FEBGA device where the device is mounted on the surface of a heat spreader, Fig. 7b is a
cross section of a FEBGA device where the device is mounted in a cavity in a heat spreader, and Fig. 7¢

s g B R A L i By e hes o teeece
shown a tgp view of, an FERGARBGANGAL sink/stftener 10,85 5iS,0res60t 11 15 £o110ws
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.

Figs. 7a through 7c show three cross section of BGA devices
that highlight the indentation or depression of the invention,
as follows:

Fig. 7a 1s a cross section of a FEBGA device where the
device is mounted on the surface of a heat spreader,

Fig. 7b is a cross section of a FEBGA device where the
device is mounted in a cavity in a heat spreader, and

Fig. 7c is a cross section of a EBGA device where the device

is mounted on the surface of a heat spreader.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. 1, there is shown a top

view of an FEBGA/EBGA heat sink/stiffener 10 as it is presently

11



1 February 2005 used whereby however the Pin ID location 12 of the invention is highlighted. It must be
emphasized that the view of the heat sink 10 that is shown in Fig. 1 is the view of the side of the heat

sink that is opposite to the side to which the contact balls of the FEBGA/EBGIA d%\gce will bg (%tgched.

Further shown in Fig. 1 are a number of sub-features of the heat sink as follow: - élr%réiignment

openings that are used toafqiI n an individual, heat sink during prodyct assembly - 16 are alignment
opeanings Tt e (REA TS NGRS of 4. SeCorhblane ot HEZh Sbo L bior B heds RERE SHkd Bro

processed, a5 Inddual heat sinks - 18 arg tenisian eliove,slots fhat surtoundthe body of the beat sink
and that are mea 0 allow tension ifree an arpage ifree processing and separation o he heat sinks,

and - 20 grg inigr hegl.sink sigfs hatsepargie jndiyigualhegy sipks and fhatin gssenee plso provide
tension relieve between adjacent heat sinks during the process of singulation of the heat sinks. Figs. 2a

and 25 shoy e FERGAIERGA device dentcaton method i} 5 ressrl yseds i Jdgpifcaton i

meant the step of identi Ich side of the FEBGA/EBGA device Is facing
the FEBGA/EBGA device will be attached.

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/EBRGA device 1is facing

12



12 1 February 2005 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/EI?G,FA %evice. Trbeol(g)gation of
the die 24 is highlighted, this die is mounted on the side that is shown in top viewein%&riéa since the
view of Fig. 2ais the bt ll,.side 8ft e FEBG@/EBGA heatsink. By using the copper LE%CG 2% it i% difficult to
perform po%"ilt?vre idéntification of which Side ot thé FEBGA Als ?ac?ﬁc’gs uepwar}ds Since on W &fter

having Ioclaéed %51 afte ogge%gnrg thfs copper téac&c%n gwe mle}lhod %fride%tif'cgtiog be %Slsé‘é‘id which
side of the FEB ASs being o served. Gontact balls 26 have JBeen]hlgﬁﬁ |grrl1?ed for reasons of

clarity. Figrie bn%%psvvs the present method of FEBGA/EBGA device identification by using a chamfer 25

that is providedin one of the corners of the FEBGA/EBGA heat sink. The problem that is encountered
with the method of using a chamfer as FEBGA/EBGA device identification is that the usefulness of this
method is device size dependent. The FEBGA/EBGA device is, as previously

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 die is mounted on the side that is shown in top view in Fig.
2a since the view of Fig. 2a is the ball side of the FEBGA/EBGA

heatsink.

By using the copper trace 22 it is difficult to perform
positive identification of which side of the FEBGA/EBGA is facing
upwards since only after having located and after observing the
copper trace can the method of identification be assured which
side of the FEBGA/EBGA is being observed. Contact balls 26 have

been highlighted for reasons of clarity.

Fig. 2b shows the present method of FEBGA/EBGA device
identification by using a chamfer 25 that is provided in one of
the corners of the FEBGA/EBGA heat sink. The problem that is
encountered with the method of using a chamfer as FEBGA/EBGA
device identification is that the usefulness of this method is

device size dependent. The FEBGA/EBGA device is, as previously

13



13 1 February 2005 pointed out, used to increase device I/O count which means that a relatively large
number of contact balls are distributed over the surface of the heat sink. This in turn means that any
reduction in the size of the surface area of the FEBGA/EBGA device heat sirllk Po%entialli/ag%tg the
number of contact balls that can be used which is, from a FEBGA/EBGA device (‘fesriblﬁlg andpoint, not

acceptable. This results, for FI%%G EBGA packages other 27x27 m ckages, in a very small
oS s S b g e e e T S o e

FEBGA/EBGA packages sy as $1X3L mim, 3835 mm. 4040 mim Up troygh 4945 mim packages. In

short: the approaéf‘n t USES “a chamrer for device identitication 7s package-size deependent and is

therefore not an appro cyhtgatn%%ntbe un'ver%:-%llli\liapplie](:jm;l'r{li?n iesafrl{ghgﬁd%tailed undgr Elgls 6a and 6b
r

below. Figs.%ra Shows the Tocation where the mark of the invention_ i app %d, %Pg% 3b tﬁroug%nSg show a

number o conyenional. makings Wit heir Jocason that £31 be.apaliod 3 he ball side; ol he 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 devics of & FEBGAEBEA heat sink of e, inveption. The tap side of the heat sipk js.the side

on which the
used which is, from a FEBGA/EBGA device design standpoint, not

acceptable. This results, for FEBGA/EBGA packages other than
27x27 mm packages, in a very small chamfer since again the
chamfer surface area would limit the number of balls that can be
applied for FEBGA/EBGA packages such as 31x31 mm, 35x35 mm, 40x40
mm up through 45x45 mm packages. In short: the approach that uses
a chamfer for device identification is package-size dependent and
is therefore not an approach that can be universally applied.

This is further detailed under Figs. 6a and 6b below.

Fig. 3a shows the location where the mark of the invention
is applied, Figs. 3b through 3g show a number of conventional
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

14



semiconductor device will be mounted, the bottom side of the heat 14 1 February 2005 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 opqosFitebor ball sig% (% the heat
sink that is shown in Fig. 3a contains a heat sink identifier that consists of a geo%e]frlilcaﬁéfure, several
examples of the shap%ggrhls eometric flgg%;%%t}cgn 1b§ ushed for the ?el‘at S|gk |de1n}g|ge_%arf shown in

the foIIow%lg |g.b§b <fhrougﬁl% . This %ké%t Sin itier is> used ot loﬁly toqdentlafy a partlcﬁ)lareside

Gurtce) o e ot e et st e NP i o

dissemination capabilities, materia € ypically coppet) an ig. 3b shows
the locatign 28 h"f‘:ehae{e e, Ef%ésc'”gédne%'é'eé'sﬁﬁ'%%”s\’saté%‘:hlerg- g 3§bu'§§8‘é'§‘_"’o°é “Sﬁ]eba}'!esédce. (the
device side) of the heat sink. Fig. 3c shows a triangular heat sink identifier 30. Fig. 3d shows a circular
(closed circle) heat,gink, identifier 32, Fig,, 3¢ shows a,gireylar (opep clrele) heat sinkidentifier 34,
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 implying heat sink

size, heat dissemination capabilities, material used for the heat

sink (typically copper) and the like.

Fig. 3b shows the location 28 where the heat sink identifier
is typically attached. Fig. 3b is a view of the ball side (the

device side) of the heat sink.
Fig. 3c shows a triangular heat sink identifier 30.

Fig. 3d shows a circular (closed circle) heat sink

identifier 32.

Fig. 3e shows a circular (open circle) heat sink identifier

34.

15



15 1 February 2005 Fig. 3f shows a circular (closed circle) heat sink identifier 36 combined with a square
heat sink identifier 38. Fig. 3g shows a cross shaped heat sink identifier 40. It is clear that the geometric
shape of the heat sink identifier can take any known shape, a limitation migh&be ttg)at this i BiEer is
readily recognized by optical means. This for automatic identification of the heangnﬁ}lﬁi@./4 shows a
sequence of operations that are applied for the creation of a FEBGA/EBGA device whereby the
identification mark of the invention is applied. The process starts, Fig. 4, step 42, with the attachment of
a heat sink for ar%indivigLIlal IiEBGA/EBGA device Lt%(tfll;e un ecrljyirncygl F)E%GQQEBGA device substrate. The

. . ) K .
heat sink and substiate arestyﬁlvégllyaogtéfnceu gyr p O|rs1g removmgQ) the hieat Sink/substrate from a strip

of heat sinjsisuhsirates. Jhe EEBGAIEBGA device s next (o, & sien44)attached usigg conventiona
methods to the substrate, using for instance an adhesive epoxy thaf further facilitates heat flow from the
die 16 1 February 2005 to the underlying heat sink.

Fig. 3g shows a cross shaped heat sink identifier 40.

It is clear that the geometric shape of the heat sink
identifier can take any known shape, a limitation might be that
this identifier is readily recognized by optical means. This for

automatic identification of the heat sink.

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

mark of the invention is applied.

The process starts, Fig. 4, step 42, with the attachment of
a heat sink for an individual FEBGA/EBGA device to the underlying
FEBGA/EBGA device substrate. The heat sink and substrate are
typically obtained by punching (removing) the heat sink/substrate

from a strip 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

16



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 provi?e%t the acl&a(g(%on the
reverse side of the package, that is the side where the shallow identifier of the invention has beén
provided i{; th%tleatsi K, Fig(..4, stE‘p 59. The ]Qartially completed package is next provided with BGA
contact balfs, |ge. 47 eepr% Wiich &re 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. Fig. 5 shows a
cross section of the substrate and heat sink that are used for the packaging of FEBGA/EBGA devices.
Highlighted in Fiq are; -.56, the FEhBGA/EBGAbd i etlatrrg)in%%ed substrat% 17 1dFe£§%Ja ry 5985 - 58, the

. ﬁ% vice (13 then wire <§%ﬁx% € contac s
copper heat sink - 9,a?ayer of epoxy that is coated on the surface of the heat sink 0,a layer of

adheﬁveg¥g$§888m¥%ﬁ¥ﬁgggﬁ?@g@gn%%fthe 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.

Fig. 5 shows a cross section of the substrate and heat sink

that are used for the packaging of FEBGA/EBGA devices.

Highlighted in Fig. 5 are:

- 56, the FEBGA/EBGA device laminated substrate

17



the FEBGA/EBGA device to the heat sink - 62, a layer of adhesive that is applied for the attachment of
the overlying layer of copper traces - 64, copper traces to which the FEBGA/EBGA device is connected -
66, a solder mask that is applied for the attachment of the BGA contact balls - 6F8, the conveitméiggal
identification mark that has been applied to the substrate - 70, the hole identi}ier SP e ihverition; and -
71, contact bglés ingerted in the s%ldertmask 66. Figs 6a and 6b show a top view of the conventional
chamfer 72 provide Gn @& Stbstrate of %lIJ—SIJ—fBGA/EBGA device, as follows: Fig. 6a shows a view of the

conventional %@e gh mfeer 72O % tgga( cogf%aé:% bag 4 tQ%te ig cé%se%éo thL? cfhaacrgfeg thTth%intensions
that have been high |§1Yte5 in ig.p6a are for a tlypica? chamfer/contact ball arrangement and aré as

follows: - dimeri1rsli]gn57 =0.150 mm - dimension 78 = 0.150 mm. - dimension 80 varies and is dependent
on package size, as 18 1 February 2005 follows: for a 27 x 27 package 80 = 0.2000 mm and as yet

allows for_th%g;s,g O{él}%gh%@fegcﬁgegfég%%'%/%%caépdpeficgd for the attachment of

the FEBGA/EBGA device to the heat sink

- 62, a layer of adhesive that is applied for the attachment of
the overlying layer of copper traces

- 64, copper traces to which the FEBGA/EBGA device is connected

- 66, a solder mask that is applied for the attachment of the BGA
contact balls

- 68, the conventional identification mark that has been applied
to the substrate

- 70, the hole identifier of the invention, and

- 71, contact balls inserted in the solder mask 66.

Figs 6a and 6b show a top view of the conventional chamfer
72 provided in the 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
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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 inspfction pur ose%(%mension
82 varies and is dependent on package size, as follows: for a 27 x 27 package 852"0'968 rim ahd as yet
allows for th% uiz of the %hamfer27g. Fo%gEBG,?\{/EBG@ egi((:s? %%c(g(@ges of increased size, from 31 x 31
mm up througﬁD X'45 mmthe Galué of 82decreases from 0.144 mm 10 0- mim Yeeaving not enough

room for a chamfer to be applied, or, if a chamfer were. to be applied, a ould be so small as
to have no p?afc]ti%gﬁvgaé f()erhﬁsblescﬁio%f;u%gsgg ﬂgf.eébbfﬁdw%l%ﬁogk\%gv%\ @Eéexl\éé%&]ﬁﬁﬁBGA device

looking at the F BGA/EB(%A.device frogp the_ball %'?e of gqe ge\éifem% full c&rlr}_%llelmgnégf BGA. contact
t

. acxa S lncrease 1z rom . u .
balls is showh in |gg.66a. %efernng now to Elg.%l, ere is shown a cross section of a FEBGA device

where the deyice 83,is r@%‘i’?}gdoof‘ the S&’é“é‘?ﬁg"%@s h%%ifﬁprﬁ‘?‘?gW%mTQ%ﬂ%’f tape &, provides the

mechanical and’ electrical interface between t eat sink 80 and the device 8319 1 February 2005 with

theComﬂCtb?@%@%ngh%g€wgﬁ§§éﬁePS@RS%@%*Hnéhamfer to be applied, or, if a

chamfer were to be applied, the chamfer would be so small as to
have no practical wvalue 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

practical value for inspection purposes.

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. 6a.

Referring now to Fig. 7a, there is shown a cross section of a
FEBGA device where the device 83 is mounted on the surface of a
heat spreader 80. The flex tape 81 provides the mechanical and

electrical interface between the heat sink 80 and the device 83
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plastic molding compound 84. Of key importance to the invention is the indentation or depression 85 that
serves the previously highlight purpose of facilitating device orientation. Fig. 7b shows a cross section
whereby the FEBGA device 83 is mounted in a cavity that has for this purpose be%n Brovidezdoi(g\ the heat
sink 80. Device 83 is again surrounded by a plastic based encapsulant 84, bongﬁvlrresaéﬁyprowo%
electrical %cir%tﬁctu?eetwee the d vice §3 d ryﬁtal éra\(;es in E%a flex tal[?e 81.1H1et|d§n£|f|cat|on

. . con Gt . . device . 1S aprs a n .
indentation or depression is shown in the location where i prow%le iR accordance With the process

of the inveTti%rtl..léigmg%ciﬁa Cross S%C&ir?n %f A E?P,Akcejevife 803r\g/hgrceeth§ det\ﬂce .i% mo nit(E:;(IJI1 on the
surface of a haat Sprea er.r}_%yer%@ IS aolayer' 0 epoxﬁj thatfrom the interface between the subsirate 87

and the hceﬁt ska{%eOri The.orlentatl%elndentatlon cgye%%%&%%%els aggbn shown in the location where it

|
) : tat . : ) ;
is affixed under the progeslso%f the in ﬁtelosns.lﬁ{hough & nvention has been described and illustrated

with referﬂ?g 19 B%ci '% JJ gggti\éefe@gﬂr‘ggg@}ﬁgre&é\}&i eli]o?tripé%néiaegitggt the invention be limited
55 . )

to those illustrativ February 2005 embodiments. Those skilled in the art will recognize that

Fig. 7b shows a cross section whereby the FEBGA device 83 is
mounted in a cavity that has for this purpose been provided in
the heat sink 80. Device 83 is again surrounded by a plastic
based encapsulant 84, bond wires 86 provide electrical contact
between the device 83 and metal traces in the flex tape 81. The
identification indentation or depression 85 is shown in the
location where it is provided in accordance with the process of

the invention.

Fig. 7c is a cross section of a EBGA device 83 where the device
is mounted on the surface of a heat spreader. Layer 88 is a layer
of epoxy that from the interface between the substrate 87 and the
heat sink 80. The orientation indentation or depression 85 is
again shown in the location where it is affixed under the process

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

20



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. 21 1 February 2005 What is clair%ed is: 1. AOrB%thod of
. . . . .. 1 February 2.
assembling a ball grid array assembly having a metal heatsink, comprising the steps of: ﬁ’rowdlng a
square or rectangular shaped metal heat sjnk.in, addition to rov.ictii g a square or rectapgular shaped
laminate SU éjt?ia%rélev%esrébyi%%sr%e?a Jh%\?sinll(nan Said Jfagmivﬁ%l eT substrate are ;%i%‘l%% at packaging
ball grid axrfraalyidewces Wher%%ﬁ%mp% s id heat sink has a I%;?mat%ﬁ%b%t_ra e attach surfgcgmand a heat

. akLlons, an ons an e . m S W1 eparrin r .
sink marking surFace where er sal Jramlna?e su strafae as a heat sin aEftacE su?face and a die

attach surfgce: anplying g laygrof epexy;coqy to said marking surfage of said el Sink: Aoplyipg a frst
layer of adhesive to said heat sink attach surface of said laminated substrate; attaching said heat sink to
SamIanmw§%§993¥@gt§%vention all such variations and modifications which

fall within the scope of the appended claims and equivalents

thereof.
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overlying said heat sink over said first layer of adhesive; applying a second layer of adhesive to die
attach surface of said laminate substrate; providing a layer of interconnect tracings over said second
layer of adhesive that has been applied to said laminate substrate said interconpect tracing Blg\éing been
provided with contact pads; providing a solder mask over said layer of interconneecl?]i‘iafffe%ruary 2005
tracings; %ﬁae tinl c%rltg%ﬂ b Isivgithin said solder mask such that said solder balls overlay contact pads
in said layer of in erconnect racings; electrically connecting said contact balls with said contact pads in

said layer.of interconnect tracings by. reflow of said. contact balls; encapsulating said hall grid array
assembly]thera’ébveﬁ%?éct%%g saag:(i %lﬁﬁ%ﬁlagar?ayggsls%ngﬁﬁ ?or%rgﬁ%r&g rrslgﬁt%?%ﬂa%ﬁaggler% q1?r81viding

gﬂrieggf:::;;@eggrgz]ﬂg}%%stgq r%’%ﬂ,d @8&%@% glﬂrr{%cetgfe sgjtdegesatos%'rgk; and performing inspection of said ball

providing a square or rectangular shaped metal heat sink in
addition to providing a square or rectangular shaped laminate
substrate whereby said metal heat sink and said laminate
substrate are aimed at packaging ball grid array devices whereby
further said heat sink has a laminate substrate attach surface
and a heat sink marking surface whereby further said laminate
substrate has a heat sink attach surface and a die attach
surface;

applying a layer of epoxy coat to said marking surface of
said heat sink;

applying a first layer of adhesive to said heat sink attach
surface of said laminated substrate;

attaching said heat sink to said laminate substrate by
overlying said heat sink over said first layer of adhesive;

applying a second layer of adhesive to die attach surface of
said laminate substrate;

providing a layer of interconnect tracings over said second
layer of adhesive that has been applied to said laminate
substrate said interconnect tracings having been provided with

contact pads;

providing a solder mask over said layer of interconnect

22



2. The method if claim 1 wherein one or more laminate substrate identification marks have been provided
overlying said layer of second adhesive coating whereby said laminate substrate identification marks are
facing away from said square or rectangular shaped laminate substrate and are prgvided al ng a

. . A . . corugry.
periphery of said layer of second adhesive coating preferably in one or more corners ot sdi layer of
second a(%hreséviencoqting where said layer of second adhesive coating overlays said square or
rectangular é%ape%ﬁéminate substrate. 23 1 February 2005 3. The method of claim 1 wherein a

indentation has hee provided I sald, marking surage of said sauays of rectapoular shaped heat sink
Whereby said mdlen ation |sgpre erably located at one or more corners of said square or rectangular

shaped heat.sink whereby said indentation is,a remoyal of said heat sink material_that penetrates said
neal Sk 1 4 Do AT Reticon about 30 Shd JO5E ot Tacknaeg 6 cadr i are

Ickness of sai as%%ére or rectangular shaped
heat sink, 4. The methad o{glgggrgg\gherein said ball grid array assembly is preferably used for Flex
Enhanced BGA (FEBGA) or Enhan

ed BGA (EBGA) devices. 5. The method of claim 1 wherein said
heatgnkaﬂaChéﬁg@g%QEally connecting said contact balls with said contact

pads in said layer of interconnect tracings by reflow of said
contact balls;

encapsulating said ball grid array assembly thereby
protecting said ball grid array assembly form environmental
damage;

providing identification markings on said marking surface of
said heat sink; and

performing inspection of said ball grid array assembly.

2. The method if claim 1 wherein one or more laminate substrate
identification marks have been provided overlying said layer of
second adhesive coating whereby said laminate substrate
identification marks are facing away from said square or
rectangular shaped laminate substrate and are provided along a
periphery of said layer of second adhesive coating preferably in
one or more corners of said layer of second adhesive coating
where said layer of second adhesive coating overlays said square

or rectangular shaped laminate substrate.
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said heatsink and said marking surface of said heatsink have been black oxide plated. 6. The method of

claim 1 wherein said a square or rectangular shaped heat sink contains copper. 7. The method of claim 1

wherein said layer of interconnect tracings over said second layer of adhesiv% tharbhas beer}g%lied to
. . . February

said laminate substrate contain copper. 24

3. The method of claim 1 wherein a indentation has been provided
in said marking surface of said square or rectangular shaped heat
sink whereby said indentation is preferably located at one or
more corners of said square or rectangular shaped heat sink
whereby said indentation is a removal of said heat sink material
that penetrates said heat sink to a depth of between about 30 and
70% of the thickness of said square or rectangular shaped heat

sink.

4. The method of claim 1 wherein said ball grid array assembly is
preferably used for Flex Enhanced BGA (FEBGA) or Enhanced BGA

(EBGA) devices.

5. The method of claim 1 wherein said heat sink attach surface of
said heatsink and said marking surface of said heatsink have been

black oxide plated.

6. The method of claim 1 wherein said a square or rectangular

shaped heat sink contains copper.
7. The method of claim 1 wherein said layer of interconnect

tracings over said second layer of adhesive that has been applied

to said laminate substrate contain copper.
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