SYSTEM FOR SEMICONDUCTOR PACKAGE WITH STACKED DIES BACKGROUND TECHNICAL
FIELD The invention relates to the fabrication of integrated circuit devices, and more particularly, to a
method and package for a multi-die module which employs stacked dies. BACKGROUND ART
Semiconductors, or computer chips, have made their way into virtually every electrical product
manufactured today. Chips areQYseldEh &R I Me /A8 phiSticaktBARHUSERI and commercial electronic
equipment, but also in many household ang cagssipefkitgis gueh as televisions, clothes washers and
dryers, radios and telephones. As many of these types of products become smaller but more functional,
there is a need to include more chips in these smaller products. The reduction in size of cellular
telephones is one example of how more and gyor eprabiities find their way into smaller and smaller
electronic products. The popularity of smaller and more complicated electronic products has placed
increased de ﬁﬁfﬁ_hg@ﬁﬂ(aging for chips used in such devices. These increased demands have
led to new chip packaging concepts and approaches. Unpackaged chips are referred to as die or dies,
and current packaging methods include placing more than one die in a single package. One such

approach is to stack BRd YRR BN HE LahE SN ePlcIHe Y SHEW LORYEESH Btk Petkage. The
final packagepteti thiermuitplematackad packicpTduainul Wies indtuelvaromberptbpssusickad diesult if the dies
were each packaged separately. In addition to providing a smaller size, these packages offer a number
of advantages that relate to the _manufacturing of the package such as ease of handling and assembling.
An example @f%@BQENPgAtBEhnique incorporates a pair of stacked dies encapsulated in a molded

plastic package thathareaiRESErrocipgsiteeXtadingout fias tiveirpackagromichdynaieryas
o e e A o Aot e el e i e e
industrial and commercial electronic equipment, but also in many household and consumer
items such as televisions, clothes washers and dryers, radios and telephones. As many of
these types of products become smaller but more functional, there is a need to include more
chips in these smaller products. The reduction in size of cellular telephones is one example
of how more and more capabilities find their way into smaller and smaller electronic
products.

The popularity of smaller and more complicated electronic products has placed
increased demands on the packaging for chips used in such devices. These increased
demands have led to new chip packaging concepts and approaches. Unpackaged chips are
referred to as die or dies, and current packaging methods include placing more than one diein
a single package. One such approach is to stack one die on top of another and then enclose
the stack of dies in one package. The final package for the multiple-stacked semiconductor
diesis much smaller than would result if the dies were each packaged separately. In addition
to providing a smaller size, these packages offer a number of advantages that relate to the
manufacturing of the package such as ease of handling and assembling.

An example of a die stacking technique incorporates a pair of stacked dies
encapsulated in a molded plastic package that has connectors or |eads extending out from the
package which function as input/output terminals of the die inside the package. The package
includes a substrate and a first die mounted on the top surface of the substrate. A second die
is then stacked on top of thefirst die.



The substrate may be comprised of a flexible resin tape, a rigid fiber-glass/copper sheet laminate, a
co-fired ceramic coupon, or a flexible metal lead frame, a ball grid array substrate or other well-known
types of substrates in the semiconductor industry, depending on the particular type of semiconductor

package being used. The first die is conventionally mounted to the top surface of the substrate with, for
example, a layer of Hie&IhsEiR: bR ReenariiveciFh adirxipl eiesiadanea iy ahdmideiedlass/ aaergubstrate by a

plurality of fing\eGORANAHES YRRy RSB S bR R MBI A ledd dtaRie dniehlyricPangets the die to

the substrate. The wires are attached to the die at the bonding pads of the die which are lpcated around

the periphery SRR PR WEINPHILHOG S HPGHPEHE 18D SPraelurian ARt i Gt APadhesive
layer that is positiqreetibwihiypthef sentcahduedrgiatiede pesugfiasee. of the first die. The adhesive layer may

contact or cover bo%gwﬁrgoa‘, |@Cgﬁ%§%{§‘§$@m{gﬁ%ﬁg% OM 'voq Yﬁg%ﬁﬂ%ﬂ%‘?ﬁitﬁo g&e first die.

The adhesive layer positions the secon iciently far abdve the first die to prevent the dies from
contacting esR4aBEhR radygiyolvae sdheaiNe e antedirs Wk NTHand daeihel eelidCRiliheangseb hied to the

substrate in thg.samesipahienas Bt aivuane RirBowp sdiipnat Aisraniambesiagked on top of

the second die using the same technique. In a stacked die arrangement, the dies are wire bonded
sequentially, RFFEEHR) FEMNSERIAGRSHNTE PO dGGBHHEA e ABR—GHIP dhafig e bonding
thermal-compressibthedi elMtasoaie ixecd aroling tiegbunipues.dbthentiethe wire bonding process, the head
of a wire bonding a lj ressure o uctive. wire held in contact with a
wire bonding pad oiﬂfﬁé%éﬁ?g&vgé%?g%@g%g) \fﬁéﬁ%v{l%r)ﬁ ?g #ﬁg %rﬁ&%} %a%%o\{r\{'%ﬁg% dlaéﬁ.%%ﬁveeﬁ%}/e&? dies are wire
bonded to théhetitsspaiiéonedviiey) thementigk asadichader avéacripb thaft Ssierdhevthesiyetid/er other

suitable matesig), \WhiSh BNERRP WP BoRIREEAHS T She RtSPEIGRE HEBhHRINERISEI SRR Other

environmental elements. Despite efforts to overcome problems resulting in lower yields of semiconductor

packages witl? $i5&ke tfied i GEEhELRFERRT AN Wisiracnd dieSHHRINd B ediie prshiRurely.
Solutions to thigevernkierisdfesa teemliongshughs buinyrioirelnoeiogpoe rdsHealesnThe aeughti or
suggested safisfactory R HoRSANS RS HRR AN HODGS RIRRISTBLAYG 1909 Gldedigse skilled in
the art additional dies can then be stacked on top of the second die using the same technique.

In a stacked die arrangement, the dies are wire bonded sequentialy, typically with
automated wire bonding equipment employing well-known thermal-compression or
ultrasonic wire bonding techniques. During the wire bonding process, the head of a wire
bonding apparatus applies a downward pressure on a conductive wire held in contact with a
wire bonding pad on the die to weld or bond the wire to the bonding pad on the die.

After the dies are wire bonded to the substrate, the dies, substrate, and conductive
wires are covered with plastic, or other suitable material, which encapsul ates the stacked dies
and protects them from moisture and other environmental elements.

Despite efforts to overcome problems resulting in lower yields of semiconductor
packages with stacked dies problems still exist. In particular, dies within the stack fail
prematurely.

Solutions to these problems have been long sought, but prior developments have not
taught or suggested satisfactory solutions and, thus, solutions to these problems have long
eluded those skilled in the art.



2 DISCLOSURE OF THE INVENTION The present invention provides a semiconductor package with
stacked dies and a method of manufacture therefor. A first die is attached to a substrate. A protective
layer is placed on the first die over a central area thereof. The first die is electrically connected to the
substrate. An intermediate adhesive layer is applied over the protective layer. A second die is attached to
the intermediate adhesive layer and Bl&&k@aWRoRreditdl Vi B trate. This package and method
increases the yield ¢f8qjRisPN MR PABKAIGS WiIlhiaGHR I BIesARaguEli 5 HRVEE drliaiitity Other

advantages in addition to or in place of those mentioned above will become apparent to those skilled in

the art from d"1E80FHY SAMEISHEIIRER taffe B el Erip BBACIATER SRR Fin ArErEHLLS EYRE'S
accompanying adeavsinte. fB& dié-dié: S CrtRIT HbltkFedH EHe RAVI &G 8 detficall s ensedd tewhef a
semiconduct rage. i fl Ve there [ ie at ed | rdance with
the present ir_%gg#t%)ﬁ%; é&%ﬁﬁ%@aﬁﬁ%g%}i% ﬁ%%%%?ﬁ\g&p%ﬁégﬁ\% E\ejié? g'h\'/egaégggﬁ r%rgarea of the
first die; FIG.igBtiacapdelnidnga atpranadipia Gebesitaial Awhelsthi 6l YreanaraghiPdheupubsteliéctronic
circuitry COVeT%% B}ﬁcﬁd@@%ﬁﬁ’ﬁ%ﬂﬁb@ﬁﬂé@@t& ﬂﬁé%ﬁ&@ﬁﬁ%@@&gﬂ %"'a&ég&'m fransing w@§sponded
between the first die and the substrate; FIG. 4 1s the structure of FIG. 3 with a second adhesive layer
over the prot¥@\ B EYAre LAIRRHENirst die; FIG. 5 is the structure of FIG. 4 with a second die attached
forming a die stack @thaceadvaangss withdtiggaresent mplendion thdss. rhditred tiowia e b fidetemb with
bonding wire e co e an strate: FIG. 7 ] ure of FIG. 6 after
covering the %?%%%gggogﬁé%%ﬂdg@ r\fv%gseﬁl v%fl?éﬁér%l rg%léc% §ﬂ%ﬁr%}$%wétn %%@%%g%hlgﬁég%legw of the
substrate pridetenavitdataremrsioiheecenspaariaadw@wings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1isaside view of a semiconductor substrate with a first adhesive layer thereon
and afirst die attached in accordance with the present invention;

FIG. 2A isthe structure of FIG. 1 with a protective layer over acentral area of the first
die;

FIG. 2B is an enlarged partial cross-sectional view of a die including an array of
electronic circuitry covered by a passivation layer;

FIG. 3 is the structure of FIG. 2A with bonding wires bonded between the first die
and the substrate;

FIG. 4 isthe structure of FIG. 3 with a second adhesive layer over the protective layer
and the first die;

FIG. 5 is the structure of FIG. 4 with a second die attached forming a die stack in
accordance with the present invention;

FIG. 6 is the structure of FIG. 5 with bonding wires bonded between the second die
and the substrate;

FIG. 7 isthe structure of FIG. 6 after covering the die stack and bonding wires with an
encapsulating material;

FIG. 8 is a plan view of the substrate prior to encapsulation of the die stack and
bonding wires;

FIG. 9 isthe structure of FIG. 7 with solder balls attached; and

FIG. 10 isaflow chart of the method of the present invention.
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bonding wires; FIG. 9 is the structure of FIG. 7 with solder balls attached; and FIG. 10 is a flow chart of
the method of the present invention. 3 DETAILED DESCRIPTION OF THE INVENTION As dies have
been stacked in single packages to meet the demands of modem electronic products, a variety of
different semiconductor failures have arisen. Although solutions to the problems associated with stacking

dies in a single package have B I${ri)PEedRETO RN {SFSTitiBXNY N FIEdmple, it was believed that lack
of support for the beadirg Rads B seaiad dieFRyeashaiarsstt) rsaoadsiadusinebasMire bonding

of the second die. Wire bonding equipment induces a significant force to the bonding pad on the die

during wire bBIREIRY ONAYFEH 28 EOYURb AR SPOBFRRTISES fAOViER Py aneive MR PBetween the
dies that substduntiaity toothg |ptethyefilts dbed pedeviigiveesehi tigediés si toa miayid eoatkagerhéoe theesecond die
duri e bondi ducing the inGi £ d . : duce di
cracking dor P A b S Sidoctal TR Son Tt DRl Jf G igR s 4 e o

Additionally, tacianeaueoi8/sac0re i eradiet craakid tibe secanstdickedi aestheavie baailiBeefghekage adds a
material bet\/\@eéhméﬁe\w@mé]ﬁé sifferaaithemal LograriaisirstitrmdRibegnrbcRtReteristics of

the dies. Accordingly, the adhesive layer tends to separate from the dies during operation of the

semiconduct8te FHEGHAFE RoBTINgH &Pe 1T eBetrt it g LR IR e RUE 4R eVt @LAl e Sdhesive
layer betweerajlee biaseendthieadibe thal sabstamiest haowapletebs $6 s ithth spaesi besveyetedndite tdie stack.
This causes : ivati r.on the.lower die. I 0 I ing the
protection p%ﬂ%‘%s%& Qaﬂllg%ﬁﬁlv?ﬁo%glggfe@@gg @&%g@rﬁcﬁlﬁaﬁléﬁ%ﬂ féﬁtﬁéﬁé% %hﬁrﬁﬂ%ﬂr%%a%ﬂ%%ture of the
die. It was alstrehéveYsbotght s tenddaiieduca mlilscetkingolsi tigi pkine Hondi Be dSEBCenititisss of the

adhesive canyyapeasheaUsRING Meigiheldhddigie vary with respect to the adhesive application
equipment, portions of the adhesive application equipment can indent or scratch the passivation layer on

the die while the adhedileAler feeaFEERVE I FaSude SBREchAES dped drfd, 98d other
damage to theedlieatduitgr opaiaijenaatishe material between the dies which has different thermal

characteristics than the thermal characteristics of the dies. Accordingly, the adhesive layer
tends to separate from the dies during operation of the semiconductor. The difference in
thermal coefficient of expansion between the dies and the adhesive layer between the dies
induce thermal and mechanical stresses in the various layersin the die stack. This causesthe
passivation layer on the lower die to separate from the lower die damaging the protection
provided by the passivation layer that is typically applied to the die during manufacture of the
die.

It was also discovered that, since the dies can be of various thicknesses and the
thickness of the adhesive can vary and cause the height of the dies to vary with respect to the
adhesive application equipment, portions of the adhesive application equipment can indent or
scratch the passivation layer on the die while the adhesive layer is applied. This can cause
electrical shorts, open circuits, and other damage to the die during operation of the
semiconductor.

After trying a number of different solutions to the indentation and scratching problem,
it was finally discovered that application of an organic protective layer with a thermal
coefficient of expansion within a certain range on the area of the die susceptible to indenting
and scratching provided a solution not only to the indentation or scratching problem, but also
could be used to reduce the effects of the difference in the thermal coefficients of expansion

between the adhesive layers and the dies.



semiconductor. After trying a number of different solutions to the indentation and scratching problem, it
was finally discovered that application of an organic protective layer with a thermal coefficient of
expansion within a certain range on the area of the die susceptible to indenting and scratching provided a
solution not only to the indentation or scratching problem, but also could be used to reduce the effects of
the difference in thémniie erandagsraenmen ¢l eneHnaie skt irsanp edivenesevegidbthe dies. 4 In the

drawings common glgi@fantaietRbried WERIR & SAMM LiRIenes BH RIS RRISHIRS fiRvde FIG. 1,
therein is shown a side view of a substrate 100 and a first die 102 attached thereto using a first adhesive

layer 104. ThE'é R DEETMURRRR T3 APARRV OBt iV 08 RESYEE dRdACESHARIIALN referred to
as a via 106, @ vandi@fiya viies 108 whitt arwiad 09uadc refenssing daovigh tBessvibsivdie LR0108/hile the

substrate 10%%18WQ i%@ &%ﬁ %ﬁ%ﬁ%@;ﬁé étsuvggt e‘iBH,erStOOd by those skilled in the art that a wide

variety of substrates coul parting from the spirit and the scope of the present
invention as descritysti lgribecabatiatr A8Rshows i sexagbraecthandnaisti i H 0o wislagtpeddYIEBe resin tape

or a flexible rggirkdeathiarhenLaAlNGE waH@PlS SDBdRHRS dJMRIBEHER R IHIHCRPRTIRG $rBm iheulating

material layer 110 having an upEJer surface 112 and a lower surface 114. An upper surface 112 of the
substrate 1057HEIGOR NS SHARRRL 6 RETRA PR de35HHRY BYLCAMEL PSS FEbREMPI94, a contact
126, and a ctetadisi2@. IBacbuid tee plexiality &f reptamta flaabie eleciricalljrana e citer tauicasteof the

plurality of co lve vias 1 t ntact 122 | nn he vi {:the contact 124 is
connected toﬂgte%%% 18%% tf%é%%(r)%t a%?qggrﬁsg @é%ntae%:t'e%aqgﬁ?ﬂ% wa%%@%r%\i‘hfg]@agmgcefnﬁgé% connected
to the via 10SuTfaeetdtmarsioriyvaaBuEecesEd inftiereneiSdéxecdd 2 ofd e anbspaiafed inchwees enventional
plane or surfafe 4@ SHRofRI AT FFdiaREIE B @Bnthke1 1M chRFiGal DA fersnia-R196EaHeR

perpendicular to the horizontal as&%%st defined. Terms, such as "on", "upper”, "lower", "under”, "top",
"bottom”, "abERACHHRWEAGR @™ 4R P USRI &firptaih 12 Fe Bl ALY HerwsHEd M SFHBSirst die 102
has a first plysiakityigf dfocaiogripas sidd 308 presntad tynadarading connected to the via 107, the

contact 124 is connected to the via 108, the contact 126 is connected to the via 106, and the
contact 128 is connected to the via 109.

The term “horizontal” as used in herein is defined as a plane parallel to the
conventional plane or surface of adie, regardless of its orientation. The term “vertical” refers
to a direction perpendicular to the horizontal as just defined. Terms, such as “on”, “upper”,
“lower”, “under”, “top”, “bottom”, "above", "below", and “over”, are defined with respect to
the horizontal plane.

The first die 102 has a first plurality of bonding pads 115, represented by a bonding
pad 116 and a bonding pad 118, located around the periphery of the top surface of the first
die 102. The bottom surface of the first die 102 is attached to the upper surface 112 of the
substrate 100 using the first adhesive layer 104. The first adhesive layer 104 may be an
adhesive tape or, as shown in FIG. 1, aliquid adhesive which can be applied with automated
die attach equipment generally known in the industry. The first adhesive layer 104 can
comprise a wide variety of known die attach adhesives, although it is desirable that the first
adhesive layer 104 have a relatively high viscosity so it will remain in place on the upper
surface 112 of the substrate 100 and not spill off the edge of the upper surface 112.

Referring now to FIG. 2A, therein is shown the structure of FIG. 1 with the addition
of a protective layer 202 covering a central area 200 of the first die 102. The central area 200

as shown is the inner portion of the upper surface of the first die 102 with the first plurality of



pad 116 and a bonding pad 118, located around the periphery of the top surface of the first die 102. The

bottom surface of the first die 102 is attached to the upper surface 112 of the substrate 100 using the first
adhesive layer 104. The first adhesive layer 104 may be an adhesive tape or, as shown in FIG. 1, a liquid
adhesive which can be applied with automated die attach equipment generally known in the industry. The

first adhesivePRiNd (adsalyite Ayt dWRidenitticieafddfowr treetatachadiradRle 8 eaItRORIdR it is
desirable thatihefiisid aghesivedayer 484 dsfay@qam%laaaglylhighwés ittise iyl Zemaineia place on the

upper surface 112 of the substrate 100 and not spill off the edge of the upper surface 112. Referring now

to FIG. 2A, theRSALLRBTANAE LG GRMIAL BFEAED- 1 with the addition of a protective layer 202 covering a
central area 200 of The firatedit 0t fercbaraiterdae28@r a05peferaisythesiaseitghiesitoef fofitne upper

f f the fi ' ith.the fi ' ' ing. i 200.
Theretore, el i) Bty S BRRHEY Ol S0 PaT R RUBHE G BRI ot
layer 202 cov@r&xRaruiOR RWEED dhtsles fisktie ptneshie R GitReing e ckeseda dasd forfHecprotective
layer 202 preffrabbahiasiarittiiable ositisients@Eheiind &XaMIRIUpeRE T oYitleshiflissikred above, a

difference in the thermal coefficient of expansion between the dies and the adhesive Ia¥e_r attaching the
dies can tend T HB% 2 ST GRRFHHA5RESRR A 57 STHEC T AT SHalitL 2AS08S Gh T SHTde BEMRY BpdtitiBn of the

semiconductin thesigithg in semiconductors being rejected for quality reasons or subject to premature

failure in the field. It h [scaver t the ] 202 pref ly has a,t al
coefficient of expanfstio%%)?%e%%lﬁl ?Q‘gg%?gl}ﬂ-éjiot%%rﬁ%%ﬁ% %@gﬁlégag%éf?%@%@gaﬁﬁ %%%%P 20 to about
200 ppm/ OCeeffjriercrf it el 4@ Prbgsiote snvé Ieyieathaaabeunde i6. artrbaE8om about
25 gm to abo 900 HRRPTEIeC HieiaYRhs WBaasaorTeferRinins R ripstisomnesiibandgel @bout 800

MPa at room temperature. The protective layer 202 preferably is an organic material selected from the
group of matdNSHETSALSARCYF 2° PENAARRUL 29088 n G REFEYE AR 2% AR AGHTERVHIRS and
combinationsatheyasuitc Tyl (etettisieolay80 0 Paasa heoapphedanging. a Vasgisorktivethads Ropwn in the

semiconductar InduRyy  ARP NS G RIGIS RV HA PR PSS TS E L SALIFCS a
polyimide, a screen-printable polymer, an elastomeric film, and combinations thereof.

The protective layer 202 can be applied using a variety of methods known in the
semiconductor industry. Applying the protective layer 202 can be achieved using a method
selected from the group consisting of cut-pick-and-place of afilm, screen printing of a screen
printable polymer, film transfer of a film, wafer lamination, and combinations thereof.
Preferably, the protective layer 202 is applied using a cut-pick-and-place of afilm, or wafer
lamination method.

Referring now to FIG. 2B therein is shown an enlarged partial cross-sectional view of
the first die 102 including an array of electronic circuitry 250 built in and upon the surface of
a semiconductive material 255 such as silicon. The array of electronic circuitry 250 includes
layers of various electronic components such as a source 260, adrain 262, and a gate 264 of a
transistor and an array of electrica interconnect 270 between the various electronic
components. The manufacturing process of adie usualy provides for a passivation layer 290
which is very thin to seal the array of electronic circuitry 250 and provide some degree of
protection from environmental and physical damage during subsequent handling and
manufacturing operations. The first die 102 aso includes the first plurality of bonding pads
115, represented in FIG. 2B by the bonding pad 118, around the periphery of the first die 102

to provide for electrical connection of the array of electronic circuitry 250.



selected from the group consisting of cut-pick-and-place of a film, screen printing of a screen printable
polymer, film transfer of a film, wafer lamination, and combinations thereof. Preferably, the protective
layer 202 is applied using a cut-pick-and-place of a film, or wafer lamination method. Referring now to
FIG. 2B therein is shown an enlarged partial cross-sectional view of the first die 102 including an array of
electronic circuitry ZSthesing iapahertiporethirgade 6ot aPaeieHRsd SetRibvRdte g 258rsdickeds silicon.

The array of QleGERICHRECHIY el IAGHIELRoIRYE IRPLIREIRHR Tl Ao IGRRAGNGRES FuUsh s a source
260, a drain 262, and a gate 264 of a transistor and an array of electrical interconnect 270 between the

various electfiie & diFseftdne HERR S WinBe s Hog grautiges R Uhm Hre e @PRIca 9 s sivation
layer 290 whaqhi peneatrystioin 46 sealzfie aetay PberieasrohitheiraiitgyaSpplitinoiid goee uegree of

protection fro jr a ysical d i u ent handli facturing
operations. T%é&é%)t %?emﬁ)%sébﬁ%%dﬁé@{héﬁﬁ:& &%@ﬁ'&i é)g?ﬁ%ég%%%% %@%&3@2@3{% in FIG. 2B
by the bondirdgRationg obraurrfliies se Hiee ripotit dInspiithe odietdeprbiidel fod @t tricelPe opfnection of

the array of elgGiteRif.GibepiEKgad. Adhesive application equipment is not particularly sensitive to the
unpredicted variations that mz%%qccur during normal manufacturing in the thickness of dies or to the

relative distance of IHE UPEE SUrsc N EHEPTEG LY SOMRshL/BR 4hE YarRESEasp Hidas dkSteédiBipment such
as a nozzle 262. Pastshowqhiheragheesixgcoqilicaties iatudgoman twitaythapassilvattamayanteocantact with, and
consequently, dan . of the di ir jcatl ive layer t f the die
resulting in IOtvls%af:@%&?&asig%eem%@]é*u%ﬁ%%yéﬁi%%%@l%aégﬂcgﬁﬁg %Q%S%éﬁvﬁvéﬁ @o%m?r%?gﬁa%%ntact with
the upper sugkectied tBRofiret epen tUoUINSSPIOH Y] wilemape the iiRIMYDLHe pasHitaicohexet Z3h the

passivation layehARPren pdgHiesklp dOmENeLAETaY R BSHAMIGAS ARG FRMURE Skyaagied which may

result in an electrical short or open circuit, or otherwise damage the integrity of the passivation layer 290

allowing for pPo¥sBeEHy BENEDRE BPutHEMieRRARiNa R et b ASEDRe. Tonsequently,

the yield of gpashieamiCGhaoyeion, paokageds adviersaly sufeibechiiethis gppicktion ehanges ita, or

modifications o, (e, SiARdREAdIRRR ABPISALRR SRR

Qime consuming to design and
implement, and expensive.

The system of the present invention increases the yield of semiconductor packages
having stacked dies without the time and expense associated with adhesive application
equipment changes or modifications.

Referring now to FIG. 3, therein is shown the structure of FIG. 2A, with the bonding
pad 116 connected to the contact 122 using a wire 310A, and the contact 122 is connected to
the via 107. Similarly, the bonding pad 118 is connected to the contact 124 using a wire
310B, and the contact 124 is connected to the via 108. The wire 310A and the wire 310B are
to be understood as being representative of a first plurality of wires 310. Thus, the first
plurality of wires 310 is connected between the first plurality of bonding pads 115 on the first
die 102 and the plurality of contacts 120, or portion thereof, on the substrate 100. The first
plurality of wires 310 typically used in packages of the type described herein are made of
very fine wires of metals such as copper (Cu), aluminum (Al), or gold (Au). The first
plurality of wires 310 are wire bonded using conventional techniques such as ultrasonic
bonding, compression bonding, soldering, or other suitable techniques. The plurality of
contacts 120 are in turn connected to the plurality of conductive vias 105.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 covered with an

intermediate adhesive layer 400. The intermediate adhesive layer 400 is thick enough to



accommodate these unpredicted variations would be time consuming to design and implement, and
expensive. The system of the present invention increases the yield of semiconductor packages having
stacked dies without the time and expense associated with adhesive application equipment changes or
modifications. Referring now to FIG. 3, therein is shown the structure of FIG. 2A, with the bonding pad

116 connecte\g trRichetBietackiyelayRy 40 mad3he oanirtRedontaeviipes BLeormecidoRét the via 107.
similarly, thepnfiggpad 14 &is connerpdamnecriashiatk g fowey 36613 aAng g sontact 124

is connected to the via 108. The wire 310A and the wire 310B are to be understood as being
representativBPIEARFER 7 2 9N 16 eEns90 U Nl 20l W BPPHRALAR B MY o5 R ahAE ted between
the first plurality of Refetigy padstd Fd@rbihkefiest islshd2 tindttberyrteiohl By fAcaittaatseddidl die portion
thereof, on t t Irst rality of wir typi ed i e e type
described h@?ﬂ%gr%ﬁ%gé%qg? ]\-/@% %e%@%%%i%ﬁ%%ﬁ f:?@%éjrg(éjﬁ)@tg%crgﬁ%rj l?élg,?%r gold (Au).

The first plurgifel 6PRireoBPOgeLohvine bt @ebesym By ni¥n tioh bl dedienidddsspistegidvaltasonic
bonding, compresaionaending: SHESUR e AibeivHIRRIRIRG WIS THRIWA I sbrrertacts 120 are

in turn connected to the plurality of conductive vias 105. Referring now to FIG. 4, therein is shown the

structure of FTESORARIPEIEY QlifPadi nehbaihallafEPLeHRREY LY R Roke RULYRA ARIRAdwadive layer 400
is thick enough4o Pesferiblyo the htgpridsi ativartayive 262a40h txeshais s datnies) dndtihe sdigesoB 1A and 310B
at the bondi S 118 P | inter jate.adhesi er. 400 is. sive paste
material th atqc%sg%dg %E?ég‘éﬂge"j&&s%é %ﬁ%ﬁﬁ%%%g%ﬁ%ﬁ%%ﬁﬁ%@m%@%8@@5@3@%ng now to
FIG. 5, thereise¢onshpwial thectthooling pads| 1.0 e ese0d itedie0 Bothefeioasded eiean@rinediate

adhesive layey 4@y Sarnioed diamiacksdé 1bhe die stack 502 is comprised of the first adhesive
layer 104, the first die 102, the protective layer 202, the intermediate adhesive Iagf%r 400, and the second

die 500. The seconBAREEIRYLAF GBI BEKFYHLaST1E- R ptestsertfdiSonding pad
512 and a bosabimgyiaen sddnderefesahdysuibye sda 0D ediateandpbeisieya et ASGEX eptsssitghtly beyond the

tehdeges of the first disobR % A WiLesobBP ALHIRL L e &elitt 1R2RE B RS GHE SRy &b gngonding of
plurality of contacts 120. Accordingly, the bonding pad 512 is connected to the contact 126
on the substrate 100 using the wire 600A and the contact 126 is connected to the via 106.
Similarly, the bonding pad 514 is connected to the contact 128 using the wire 600B, and the
contact 128 is connected to the via 109. Therefore, the plurality of contacts 120 are in turn
connected to the plurality of conductive vias 105. Both the first die 102 and the second die
500 are thus connected to the plurality of conductive vias 105 which pass through the
substrate 100 from the upper surface 112 to the lower surface 114 of the substrate 100. The
second die 500 can be smaller than, the same size as, or larger than the first die 102.

Referring now to FIG. 7, therein is shown the structure of FIG. 6 after the die stack
502, the first plurality of wires 310, and the second plurality of wires 600 are covered with an
encapsulating material 700. The encapsulating material 700 of a semiconductor package 702
is created using conventional methods of mold formation and epoxy or plastic injection into
the mold. Organic polymeric encapsulants can be used such as thermoplastics, thermoset
plastics, and elastomers. It aso will be apparent that hermetic seals combined with heat sinks
for protection of the die stack 502 from environmental and thermal damage can be used in a
conventional manner.

Referring now to FIG. 8, therein is shown a plan view of the package described herein

prior to encapsulation of the die stack 502. The upper surface 112 supports the die stack 502.



second plurality of bonding pads 510 on the second die 500 to the remaining portion of the plurality of
contacts 120 on the substrate 100. Referring now to FIG. 6, therein is shown the structure of FIG. 5 after
the second die 500 has been connected to the substrate 100. A second plurality of wires 600,
represented by a wire 600A and a wire 600B, connects the second plurality of bonding pads 510 to the

plurality of coftéetsh 2te urRen riifrs of Heerseerne gl p2a0a 2he derstrektelR i shewsoitate13enen the
substrate 10Quifi0 iheaire GO0 sae dhencgnfrcbthéOderanaesiar @dRpMiasd9es srnibrdys the bonding

pad 514 is connected to the contact 128 using the wire 600B, and the contact 128 is connected to the via

109. TherefofSHtRsed A RE S BRI sbe W inTl R UEHIEL UG PHS INIE REPER ROHRIEALe vias 105.
Both the first tiedidRaak G0 @sdicardediebdve(seed-tisszotimeajrd)to the plurality of conductive vias 105

which pass throug S r e S %Qf% I f 14 of the
substrate 100. Theh@hg:téﬁrﬁc? dl%ﬁg%% ﬁ% %E@%gh‘gﬁﬁgn%tﬁgi me%égt%ég%%aﬁf%éeﬁﬁé% h(gf first die 102.
Referring nowoidaetss 120 thisagn ¢aryieatianah okpraesisi ver And . &chffsr tRehaiaustakoB02ithigirst plurality

of wires 3 ;Oséﬁﬁdﬁtj%&%?@n%ﬁwaméﬁ AR Qo&)ﬁt%t@q\é@r&@ %H’r\éé{boec%ﬁ@ﬁ‘ﬂ&iﬂf&m@éﬁ&a' 700. The
encapsulating material 700 of a semlqonduct%h%ackage 702 is created _usm%éc);onventlonal methods of

mold formatidPFaRECBpSLS 8PhIadhe MifeSR5k 7 DB TUi, RYGHN SRt T8 ¥ ¥ can be used

such as therrplopdtistioswines B00getppiastiss, and elastomers. It also will be apparent that hermetic seals

be uset in  Convene LT e e R e Pl package

described hegelfepbalst@e&hetipehgatioriitss theraity sthcloBoRtiT&iapPer uifadna 10 Higplsures the die
stack 502. Alifypaah eotRRes PHEREE 6 The:38R0EH el SRRk TR SRtk eBrmigshiownia FIG. 8, one

skilled in the art will appreciate that the other elements of the die stack 502 as previously discussed are

beneath the SEHFRIMHE YRS APEAOR PR SHS ROFFHNOIWA) - pdRFEH DINEEEREUSLR 502 as
discussed abeweetr{saecoitesti @A tbnoe tahpl)ralityeot ppleersbaiis @@ ftiad phesinp sfradadlabvie pasterned to

fggate the plyralityRL GORIRGS: LA MG GR%BETONRLRRAT &S IREME ARSI ARG QidgR known in
120. A portion of the plurality of contacts 120 are connected to the first plurality of bonding

pads 115 on the first die 102 using the first plurality of wires 310, and another portion of the

plurality of contacts 120 are connected to the second plurality of bonding pads 510 on the

second die 500 using the second plurality of wires 600. Accordingly, the first plurality of

bonding pads 115 on the first die 102 and the second plurality of bonding pads 510 on the

second die 500 are thus electrically connected to the plurality of solder balls 900.

Referring now to FIG. 10, therein is shown the steps of a method 1000 of the present
invention. The method 1000 of assembling a semiconductor package with multiple dies in
accordance with the present invention comprises: a step 1002 of providing a substrate; a step
1004 of attaching a first die to the substrate; a step 1006 of placing a protective layer on the
first die over a central area thereof; a step 1008 of electrically connecting the first die to the
substrate; a step 1010 of applying an intermediate adhesive layer over the protective layer; a
step 1012 of attaching a second die to the intermediate adhesive layer; and a step 1014 of
electrically connecting the second die to the substrate.

While the invention has been described in conjunction with the specific embodiments
shown, it is to be understood that many alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the foregoing description. Accordingly, it is

intended to embrace all such alternatives, modifications, and variations that fall within the



semiconductor industry. The plurality of contacts 120 are connected to the first die 102 and the second
die 500 in the die stack 502 by the first plurality of wires 310 and the second plurality of wires 600
respectively. Referring now to FIG. 9, therein is shown the structure of FIG. 7 having a plurality of solder

balls 900 attached to the plurality of conductive vias 105 extending to the lower surface 114 of the
substrate 10GRHI hapdrsoepgioiaeimghided eaprovits farteshhidaidn-trefet Keiteamuteatitage 702 to a
printed circuitogeshipahsng WIS B B theimirardad A iRlE SRl SRIRSSTiaRfrgBiBe plurality of
solder balls 900 to the plurality of conductive vias 105. The plurality of conductive vias 105 is electrically
connected to the plurality of contacts 120. A portion of the plurality of contacts 120 are connected to the
first plurality of bonding pads 115 on the first die 102 using the first plurality of wires 3 10, and another
portion of the plurality of contacts 120 are connected to the second plurality of bonding pads 510 on the
second die 500 using the second plurality of wires 600. Accordingly, the first plurality of bonding pads
115 on the first die 102 and the second plurality of bonding pads 510 on the second die 500 are thus
electrically connected to the plurality of solder balls 900. Referring now to FIG. 10, therein is shown the
steps of a method 1000 of the present invention. The method 1000 of assembling a semiconductor
package with multiple dies in accordance with the present invention comprises: a step 1002 of providing
a substrate; a step 1004 of attaching a first die to the substrate; a step 1006 of placing a protective layer
on the first die over a central area thereof; a step 1008 of electrically connecting the first die to the
substrate; a step 1010 of applying an intermediate adhesive layer over the protective layer; a step 1012
of attaching a second die to the intermediate adhesive layer; and a step 1014 of electrically connecting
the second die to the substrate. While the invention has been described in conjunction with the specific
embodiments shown, it is to be understood that many alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the foregoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the 9 spirit and scope of the
included claims. All matters hither-to-fore set forth herein or shown in the accompanying drawings are to
be interpreted in an illustrative and non-limiting sense.
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10 THE INVENTION CLAIMED IS: 1. A method of assembling a semiconductor package with stacked
dies comprising: providing a substrate; attaching a first die to the substrate; placing a protective layer on
the first die over a central area thereof; electrically connecting the first die to the substrate; applying an
intermediate adhesive layer over the protective layer; attaching a second die to the intermediate
adhesive laydr1abl V&Rt yLdMeRti®y the second die to the substrate. 2. The method as claimed in
claim 1 wherein applying an intermediate adhesive layer comprises dispensin throu%h anozzle a

curable adhesive; ahd curihg TEERIHIsiFERIDAS A etRBLF AR RFGHPERmIMY H&8ing the

protective laysmmpesi@g: an organic material having a thermal coefficient of expansion in the range of
about 7 to about 7 Bem/na %égg; ratures below about 40'C, and about 20 to about 200 ppm/ T at
temperatures above about40'C. 4. The method as claimed in claim 1 wherein placing the protective layer
on the first die plac@tehimgediiat deéetbe bsialse group of materials consisting of a polyimide, a

screen-printable pojygagy; éBrS{é&I%ﬂﬁfi& Bimnanecqariaatiensritnerepfn&edine method as claimed in
claim 1 wherein placin(% _t%e protective layer comprises a method selected from a group consisting of

cut-pick-and-placin§' BFARIN, CXMRUNpieiHE SrHe&fPEffEable polymer, film transferring of a film,
wafer laminating, aspplgormbinatenedresedhesvAlayetlod dicmsesabligygsemiconductor package with

stacked dies compyjsing: rolgégin spbstrate: lying & fir %?he ive layer on the substrate; attaching
a first die, having a?ﬁs pﬂgrg |ty%r}%>6%yﬁkr}%e§é? E%%Qf%[ee %J%g'%er p%’érﬁhereof defining a central area of
the die, to the first €electrically connecting the second die to the substrate.

2. The method as claimed in claim 1 wherein applying an intermediate adhesive

layer comprises dispensing through a nozzle a curable adhesive; and curing the adhesive.

3. The method as claimed in claim 1 wherein placing the protective layer places
an organic material having athermal coefficient of expansion in the range of about 7 to about
70 ppm/ °C at temperatures below about 40°C, and about 20 to about 200 ppn/ °C at
temperatures above about 40°C.

4. The method as claimed in claim 1 wherein placing the protective layer on the
first die places a material selected from the group of materials consisting of a polyimide, a

screen-printable polymer, an elastomeric film, and combinations thereof.

5. The method as claimed in claim 1 wherein placing the protective layer
comprises a method selected from a group consisting of cut-pick-and-placing of a film,
screen printing of a screen printable polymer, film transferring of a film, wafer laminating,

and combinations thereof.

6. A method of assembling a semiconductor package with stacked dies
comprising:
providing a substrate;
applying afirst adhesive layer on the substrate;
attaching afirst die, having a first plurality of bonding pads at the outer
periphery thereof defining a central area of the die, to the first
adhesive layer;

applying a protective layer on the central area of the first die;

11



adhesive layer; applying a protective layer on the central area of the first die; 11 electrically connecting
the first plurality of bonding pads to the substrate; applying an intermediate adhesive layer on the first die
covering the protective layer and the first plurality of bonding pads; attaching a second die, having a
second plurality of bonding pads thereon, to the intermediate adhesive layer; and electrically connecting
the second pluralityetfcitsatin FpastinorHae sliestRltsaty Thle hoathed Badsidintg in claim 6 wherein
applying an intermediate aghggie layer comprises dispensing through a nozzle a curable adhesive; and
curing the adhesive. 8. The method as claimed. in claim 6 wherein applying a protective layer applies an

organic material haf@RRy {'ehdH PO isNEF S SAEiON GHESAGEVELBBIRS to about 70 ppm/ C at
temperaturesphetotivalbayet 4Qthafidsaplatd 2 dbbahdiut220sppm/ C at temperatures above about 40C. 9.

The method as claigg?%?i%%lg?%gngfgi%gﬁﬁ 51 O%Ptfﬁﬁ};gf%}aé?eﬁ&%%ﬁz)r%ﬁate“al selected from

the group consistin a polyimide, a sCreen-printable polymer,’an elasto m, and combinations
thereof. 10. Therepatioieieraesbaeqdesvedaxgiemth applying a protective layer is selected from a

group consisting of geRiEARErRRERY Platitahseiarn HrintiBerai? b Bsintable polymer, film
transferring of a film, wafer laminating, and combinations thereof. 11. A semiconductor package with
stacked dies comprising: %‘l%%[?é?rate; a first die attached to the substrate; a first plurality of wires

electrically connectlpg the{'rgmdeitt?I t8 59% a?#lgatrﬁ%%%h%'%égvne%lgge{ng%q%grrrﬁgi&eov r Vceentral area
thereof; an intermediate adhesive ?ayer app |eo| over the protecti Péy r
layer comprises dispensing through a nozzle a curable adhesive; and curing the adhesive.

8. The method as claimed in claim 6 wherein applying a protective layer applies
an organic material having athermal coefficient of expansion in the range of about 7 to about
70 ppm/ °C at temperatures below about 40°C, and about 20 to about 200 ppm/ °C at
temperatures above about 40°C.

0. The method as claimed in claim 6 wherein applying a protective layer applies
a material selected from the group consisting of a polyimide, a screen-printable polymer, an

elastomeric film, and combinations thereof.

10. The method as claimed in clam 6 wherein applying a protective layer is
selected from a group consisting of cut-pick-and-placing of afilm, screen printing of a screen

printable polymer, film transferring of a film, wafer laminating, and combinations thereof.

11. A semiconductor package with stacked dies comprising:

asubstrate;

afirst die attached to the substrate;

a first plurality of wires electrically connecting the first die to the
substrate;

a protective layer on the first die over a central area thereof;

an intermediate adhesive layer applied over the protective layer;

a second die attached to the intermediate adhesive layer; and

a second plurality of wires electrically connecting the second die to the
substrate.

12. The semiconductor package as claimed in claim 11 wherein the protective
layer comprises an organic material.

12



a second die attached to the intermediate adhesive layer; and a second plurality of wires electrically
connecting the second die to the substrate. 12. The semiconductor package as claimed in claim 11
wherein the protective layer comprises an organic material. 12 13. The semiconductor package as
claimed in claim 11 wherein the protective layer is an organic material having a thermal coefficient of
expansion in the radge of Bt GeMi cRNEERIt PEKASIE AE i taer jar leifa sLbarb\wr &b dhie Aoetectivg about 20 to

about 200 pprRyeEi ShrBRIRFEFHABSRRANRFRAIE AR Codtickhe FRNiERIEN HanPRAKREE Ad@aimed in

claim 11 wherein the_protective layer is a material selecteg from the group of materials consisting of a
polyimide, a S2ARGHE él’?ﬁ%l&ﬁéwg‘?ra&ﬁ@g%%ﬂ?%‘tﬁ% &mﬂg %%{%?RO%@PQ&D% S

semiconducteennaethimges alsooied 40°Claim 11 wherein the protective layer is applied using a method
selected from the group consisting of cut-pick-and-placing of a film, screen printing of a screen printable
polymer, film transféfring dha femi cprduetanpaekagsgEsasld Beehbindtdiond theheesin Bieprienia@enductor

package with gackesl s iR BRLEN Fro %@@%ﬁ%ﬁﬁ%lmﬁl Bf QpdFnsdBSH &rsen-first die,

having a first pl urallty of bonding pads at the outer periphery thereof defining a central area of the die,

attached to tHEHREE %%?é‘#%&@&%@ﬂ%ﬁ@?’@%ﬁﬂ@ beeeelentral area of the first die; a first
plurality of wires coggectl (%hseerfarg&pd% 8%%9%1% &%af'h %? n;?liki vgﬁé%ﬁlq rt{g e%fj te adhesive
ura y 0

layer applied over the protective Iayer an INg pads; a seco aving a
second pluralnyﬂjf%@nﬁﬂj@ibtﬁlzﬁﬁsim@@ﬂﬁelaﬁadfﬁmﬂlgafeunmétﬂimda@dhé@@@ﬂé;!é&?'&ﬁ@f

a film, screen printing of a screen printable polymer, film transferring of a film, wafer

laminating, and combinations thereof.

16. A semiconductor package with stacked dies comprising:

asubstrate;

afirst adhesive layer on the substrate;

a first die, having a first plurality of bonding pads at the outer
periphery thereof defining a central area of the die, attached to
the first adhesive layer;

a protective layer covering the central area of the first die;

afirst plurality of wires connecting the first plurality of bonding pads
to the substrate;

an intermediate adhesive layer applied over the protective layer and the
first plurality of bonding pads;

a second die, having a second plurality of bonding pads thereon,
attached to said intermediate adhesive layer; and

a second plurality of wires connecting the second plurality of bonding
pads to the substrate.

17. The semiconductor package as claimed in clam 16 wherein said protective

layer comprises an organic material.

18. The semiconductor package as claimed in clam 16 wherein said protective
layer is an organic material having a thermal coefficient of expansion in the range of about 7
to about 70 ppm/ °C at temperatures below about 40°C, and about 20 to about 200 ppm/ °C at
temperatures above about 40°C.
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a second plurality of wires connecting the second plurality of bonding pads to the substrate. 17. The
semiconductor package as claimed in claim 16 wherein said protective layer comprises an organic
material. 18. The semiconductor package as claimed in claim 16 wherein said protective layer is an
organic material having a thermal coefficient of expansion in the range of about 7 to about 70 ppm/ C at
temperatures belowl@bouilheceraisanseion PackaamasiCE0D8pIMCE Bt e mbereitusad amiediv®out 40C. 13
19. The Semi@@ﬂ@&éfe@@@‘ﬁ‘&ﬁ %ﬁe%ﬂﬁﬁé‘f ih&laiRsl&mneiebeaIddNfeEve daxel- jrisglseted from the

group of materials consisting of a polyimide, a screen-printable polymer, an elastomeric film, and

comb@nation%%?@@'.@ﬁ@%ﬁl%nﬂq&%mwgﬁétggr%?&?med in claim 16 wherein the protective
layer is applied using a mmog?;rﬂ%%g%tg@%%%%u&£%%§ﬂ %’%&ﬁﬂmqﬁglﬁ%%tﬂfea film,

screen printing of a screen printable ransterring of a tilm, wafer laminating, and
combinationd & riscipnligd using a method selected from the group consisting of cut-pick-and-placing of
a film, screen printing of a screen printable polymer, film transferring of a film, wafer

laminating, and combinations thereof.
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