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Bump-On-Lesdirame Semiconductor Package With Low Thermal Resistance
CROSE-REFERENCE TO RELATED APPLICATHING

This apphication i related 1o Apphoation No, TS 292, filed May 3, 2008,
ttled “Hunp-on-Leadframe {BOL) Package Technology with Reduced Parasities” which

15 fpcorporated herein by reference i its entirety,
BACKGROUND OF THE INVENTION

Tategrated cwowit dice often contain devices {o.g., powsr MOSFETS) that generate
a considerable amount of heat. When the dics are assembled into semiconductor
packages, they are normally encased i a plastic molding compound, and this can make 8
difficalt to remove that hest.

tn wire-bonded packages, the heat removal can be facilitated by mounting the die
onto & beat steg. For example, Fig, 1A 18 g cross-sectional view of a SOT-hke package |

that contains an integrated circut die 3 encased o a plastic molding compound 3 _SOT,

an acronym for “small ovtline wansistor™, is a common plastie leaded package fiw
housing semivonductor devicss, Electrical connections betwesn die 3 and leads 24 and
2C are made vig bondmg wires 44 and 4B, which arg also embedded tn molding
compound 5. Leads 28 and 28 extend from the sides of mokling compoasd § and are
bent downward o formy mounting sorfaces that contact the backside surface & on which
package 1 s moumed {e.g., 3 printed ciroust board). To assist in heat removal, die 3 18
maunted on a metal heat stug 2B, To insure good heat condduetion from the die into the
feadirame, die 3 has no hackside oxide ofton requiring special steps 0 remove the
backside axide or to thaw the water throngh mechanical grinding. Such & bottom swrface
may be referred to g3 the die’s “hare”™ backside

I many package implementations, leads 2A and 2C gre not coplanar with the top
of heat st 3B, A botton surface of heat shug 2B is exposed and also contacts the
monnting swrface & Since heat shug 28 15 made of motal and has a relatively large cross-
sectional area, 8 provides a broad, fow-resistance thermal path by which heat generated

i die 3 can escape to backside surface 6



L4

it}

0

P
Lf

p]
i,
“Cagin”

WO 2013/025576 PCT/US2012/050497

Sumifarky, Fig, 1B shows 3 cross-sectional view of a dual fiat no-lead (DFN}
package T which a die 13 iy wounted on a beat stug 128, Die 13 i3 conmectad o leads
F2A and 128 by means R bonding wires 148 and 148, Unlike leads 28 and 28 in
package 1, leads 124 and 128 have external surfaces that are flush with the surfaces of
moiding compoand 15 In particular the bottom surfaces of feads 12A and 12B are
coplanar with the bottom surface of meolding compound 15, allowing leads 128 and 128
o make divect contact with cirowit slements on qurface 60 Die 1318 mounted on g metal
heat stag 128, which s sowmilar in structare 1o heat slag 2B, and provade a broad thermal
path for heat (o escape from die 13 o moanting surface 16, Iy many package
mnplemeniations, Ieads 128 and 12C are not coplanar with the top of heat slug 128,

Fig. 3A shows a plan view of package 11 {Fig. 1B 15 taken at cross-section {B-1B
shown in Fig‘ JAY As showan, leads 124, 12D, 12F and 12H are srranged i a row along
 aide 17A of molding compound 15 and leads 12C, 12E, 126 and 121 are srranged w1 g
row along an opposite side 178 of molding compound 15, Bonding wives 144 and 140
P41 are also shown, Tie bars 16A and 168 onginally comnected heat slug 128 10 the
leadirame of which it was a part before package 11 was singulated.

I packages 1 and 11 relatively thin bonding wires are used 1o mghe electrical
contact wath pads {not sbown} on the top surface of dice 3 and 13, These bonding wives
can trpvoduce a stgnificant amowt of resistance 0 the connections between the dice
aud the leads, and they are vuluerable 1o breskage. A wore robust electnical connection
with the pads can be made by tuning the dice upside down so that the contact pads are
facing downward, snd making the connections with metal bomps or batls, Figs, 2A and
28 iltostrate cross-sectional views of SOT-Hke and DFN packages thet sre similer o
packages Tand 11, except that they are burap~on-leadframe (BOLY or “Hip-chip”
packages, SOT-like package 21, showrin Fig, 24, containg g die 23 that is connected
feads 22A aud 228 by means of metal bomps 244 and 24B. Die 23 and nwaad bomps
244 and 248 are encased in mokding compownd 23, and teads 224 and 22B extend fom
molding compound 25 i a manper sirotlar 1o Jeads 284 and 2B 1 paﬁkag@ OOFN
package 31, shown m the cross-sectional view of Fig. 28 contains a die 33 that is

connectad o leads 324 and 328 by mweans of metal tnanps 344 and 348, Die 33 and

metal lnumps 3448 and 348 are encased in molding compound 33, and leads 328 and 32B

21
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have external surfaces that ave fhah with the sarfaces of muodding compound 38 in g
manmer sunitar 0 leads 124 and 128 1o package 11

Fig. 3B shows a plan view of package 31 (Fig. 28 s taken at cross-section 28-28
shown i Fig. 3B} As shown, Teads 324, 33C, 32K and 32G are arvanged i 8 row along
a stde 37A of molding compound 35 and leads 328, 320, 32F and 32H are amanged in a
row along an opposite side 378 of molding compound 33, Metal bumps 34A34H are
also shown,

i the bamp-on-leadframe packages 31 and 31, it1s not feasible o provide a
thermal escape path by mounting the dice 23 and 33 onto a heat shuy in the manney of
dice 3 and 13 in wire bond packages 1 and 11 because the hack of the die does not face
down toward the bottom of the package. Instead the div s “suspended”, e supported by
bumps 24 or 34 acting as pillarsy and has ity backside facing “up”, awey From the botiom
of the package. Even i a heat shug were inghuded in the package, there wouald be no
obwious means to comect the bumps to the heat shug since the bumps or pillars ars

focated at the die’s periphery and the hemt slug s located vear the center of the die, and

,ﬁ.}

scause i many exposed pad packages, the op of the heat slog 13 not coplanar with the
keads.
What is seeded, therefore, 15 & techmgue for combining the clectrical advantages

of a BOL package with the thernwal advantages of mounting the die onto a heat shug,
BRIEF SUMMARY OF THE INVENTION

In the bungr-on-leadfoune senucomductor package of this mvention, an wtegrated
ciromt (1C} die s onented with its principal sueface {the swrfsce on which the comtact
pads ave located) facing downward, Le towards the sorface ow which the package i3
mounted. The contact pads are located in a peniphers! ares of the principsl surface. The
principal surface also comprises a contrad srea. The packsge comprises & wetad heat slug,
and g metal bump conpects the beat stog and the central ares of said principad sarface.
The die s encased in a mokding compound, and the roolding componnd also encases at

feast a portion of the lead and st least & portion of the beat deg. A wounting sorface of

the lead 13 coplanar with o bottom suwrface of the heat shug. Thag, whes the package is
raounted on, for example, a printed oireait board, the exposed swrface of the heavshug is

$
T
%
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1 contaet with the printed oiroutt board, theraby providing a low-resistancs theomal path
for heat to be conducted away from the die,

In another aspeot of the vention, the 10 die comprises a stack of msrlaver
dielectric lavers and metal lavers formed on the side of the principal surface of the die,
The metal lavers ars formed at the interfaces betwsen the interlaver dielectric layers. An
array of metal-filled thermal vias connects the vnderlving semiconductor substrate to the
fivst metal aver. A sinnlar arvay of metal-filled thermatl vias hkewise conmects sach of
the metal lavers to the wetal layer dipectly above 1. The top metal layer v in contact with
an under bump metal {UBM} laver to which the metal g is attached. Thix structure
operates in conjunction with the package structare described shove o ensure that heat s
readily conducted from the semiconductor substrate i which the heat-generating devices
are formed to the metal bumyp and thenee o the printed carcuit bourd or other supporiing

struciurg.
BRIEF DESCRIFTION OF THE SEVERAL VIEWS OF THE DRAWING

The nvention will be bester understeod by reforence to the following drawings,
which are not negessarily drawa o scale and m which like components have sinnlar
reference momerals,

Fig, 1A shows a cross-sectional view of & conventional wire-honded SOT-hike
semiconductor package contatning » beat stag.

Fig, 1B shows g cross-secticnal view of & conventional wire-bonded daal flat no-
tead (DENY semtconductor package containiag a heat slug,

Fig, 2A shows a oross-sectional view of & ponventiona! bamp-on-leadirame
{ROL) SOT ke semiconductor package.

Fig, 2B shows & cross-sectional view of a conventional BOL DFN semiconducior
package

Fig. 3A shows a plan view of the package of Fig. IB.

Fig. 3B shows a plan view of the package of Fig, 2B.

Fig. 4A shows a cross-sectional view of & BOL SOT-Hke senvcondocior package
according to the nvention.

Fig. 4B shows a cross-sectional view of 3 BOL DFN senuconducior package

according 1o the mvention,
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Fig. 8 shonws a plan view of the package of Fig. 4B
Fig. 6 is a flow chart of o process for fabrcating 3 sennconductor package
according to the inventiog.

Figs. 7A-TE show cross-sectional views of the package at several stages of the

L4

fabrication process.
Fig. 8A ix a3 view of the package of Fig, 7E taken at cross-section 8A-8A,
Fig. 8B iz 3 vigw of the package of Fig, TE 1aken at cross-section 3B-8B.
Fig, 94 shows a croms-sectivnal view of an 1C die contammg 8 stack of imterlaver
diclectric tavers and metal lavers and thermal vias connecting the metal lavars.
Y Fig, 98 i5 a dewiled cross-secnonal view of g portton of the structwee shown in
Fig, 9.

Figs. UG show cquivalent thermal resistancs paths representing the structure
of Fig, 3A in difforent ways.

Fig, 9H s a graph showing the total thermal resistance of the structurs of Fig, 9A

15 asa funcnon of the percentage of the ol area cocapted by the thermal vias,

Fig, 10A shows a oross-sectional view of an IC die c@rzxt;:zin.ing a stack of
interfaver dielectric lavers and metal lavers and two stacks of thermal vias conmnecting the
wctal layers, whersin the metal g 1 bonzontally offset from the area of contagt
between the theomal vias and the semicondactor substrate.

30 Fig. 108 5 a detailed cross-secponal view of a portion of the strachure shown in
Fig. 18A,

Fig, 18C 15 o plan view of the strocture shown in Fig, 10A showing the size of the
hortzontal offset between the two stacks of theemal vias,

Figs, 10D~ HHG show equivalent thermal resnstance paths represonting the

P
Lf

structure of Fig, 10A i different ways.
Fig. 10H 13 o graph showing the total thevmal resistance of the structare of Fig,

1A as a function of hovizontal ofiset betvwesn the twvo stacks of thermal vias,

DETAILED DESCRIPTION OF THE INVE

TION

a a nanp-on-teadivame (BOLY senvcondactor package of this invention, thermal
3 contact between av mtegrated circnt (ICY die and & heat shug s created through & metad

bump. The metad bunp iy tvpically frmed of solder, but other metaly may alse be usad.
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Metal bumgps {or balls) will sometimaes be referred 1o Barein as solder bumps {or balls}
with the understanding the metals other thay solder can be used i some smbodiments,
The term “halls”™ will be used worefer 1o the solder bafore reflow {desoribed below; the

&

term “humps” will be usad to refer 1o the solder after reflow.

L4

Fig. 4A shows a crosa-sectional view of 3 BOL SOT-Hike semivonduetor package
&1 comprising a semiconductor die 63, leads 624 and 62C, and a heat stug 628 encased
1 & moldimyg compound 650 As with package 31, shown in Fig, 24 solder buanps 644
and 641 connect die 83 with leads 62A and 620, respectively, but anlike package 21,
solder buanps 648 and 64C conpect dig 03 with heat shug 628, Solder bumps 62A-0641
HE ave typieally n contact with comact pads {not shown) on die 63 w order o provide
adequate electrical amd thermad contact and to provide sufficient ares 1o maintain
mechancal support during the sssembly process, In some embodiments, solder bumps
S4B and 64C are identical to solder bamps 534 and 640,
Leads 624 and 62C have a shape typical of the leads in an SOT package. Thus,
15 lead @2A, for example, inchudes a hortrontal log 52AA that iz encased in molding
compound 65 and contacts solder bump 64A, a bent portion S2AR that is ouwside molding
compound 65 gnd extends downwand towards 8 mounting foot 58XAL, A mounting
surfaoe S2AD of oot 62AC 1s attached 10 a surtace 66 of a printed circutt board or othey
supporting momber. Lead 620 has o similar shape.
30 The bottom sarface 62BA of heat stug 538 s exposed at the bottom of molding
conpound 65 aud is alse tn contact with surface 66, The bottom surface 6284 of heat
slug 628 is coplanar with the mounting surface 62AD of lead 62A and the sinular
mounting surface of lead 628,

The solder bumps 648 and 64U thus provide 8 lnghby-condactive thermal path by

25 whoch hest gonerated m die 83 can escape 1o heat slug 628 and througd heat shug 2B to
the sarface 66 of the printed cironit board or other sapporting strochure. To facilitate the
wanster of heat, the hortrontal cross-sectional area of heat slug 628 through cross-section
X-X should be substantially greater {e.g. at Jeast double) sam of the horizontal oross-
sectional areas of ieads 628 and 62C and the remaining feads (oot shown) in package 61

3 through cross-section XX

-
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Fig. 4B shows a cross-sectional view of a DFN package ¥ haviag 3 siilar heat
transfer structure. Package 71 comprises a die 73, Ieads 728 and 720, and # heat slug

TIB encased 1 & molding compound 73, Solder bumps 74A and 73D connect dig 73

with feads TIA and 72C, respectively, and solder bumps 748 and 74C connect die 73

L4

with heat stug 72H. Solder buanps 728 and 721 are iy contact with contact pads {(not
shown) on die 730 In some embodiments, sokder bumps 748 and 74C are wdentical 1o
solder bumps 74A and 740,

Leads T2A and 72B have a shape typical of the leads v & DFN package. Thas,
fead 72A, for sxample, ncludes 8 horizontal leg 7234 that (s envased in modding

Hy  compound 75 and coutacts solder bump T4A and 8 vertical leg T2AB that extends

s

~

dowinward and ternunates at & mounting surfvce TIAD, wihich s attached 1o a surface 76
of a prnted circnit board or other supporting member. Mounting surfsce T2AD s flush
with a bottom sorfgce 7SB of molding compoond 75 and a side swrface 72AC of fead 7

is flush with a stde surface 734 of molding compound 78, Lead 72C has a sinuilar shape.

18 The bottone surface T2BA of heat slug 728 s exposed at the bottom of molding
compound 75 and is also m contact with surface 76, The bottom surfsce 72HA of heat

5

stug 728 1w coplanar with the mouwnting soarface 72AD of lead 724 and the similar
woting sarface of fead 72C
The solder bumps 748 and 74C thos provide g highlv-conductive thermal path by
2 which beat generated fn die T3 can escape fo heat slug 728 and through beat sleg 3B w
the surface 76 of the prinsed civcuit board or other supporting structure, To faciluate the
wansfer of best, the bonzontal cross-seciional srea of beat slug 72B through cross-section

Y- showdd be substantially greater than {e.g., o1 least dooble) the sum of the hortzontal

crons-sectional areas of leads 724 and 720 and the remaining leads {not shown) in

2% package 71 duough cross-section Y-Y
Fig. & shows a plan view of DEN package 71 shown in Fig, 4B, which s wken at
cross-section 483-48 n Fig. § DFN package 71 moludes leads 724, 72D, 72F and T2H
atong one side and leads T2C, 72K, 726G and 721 along the oppostte side. Die T3 n
connected to leads TIA, T20, 73F and 72H by solder bomps 744, 74E, 746G and 74K,
3 vespectively die 73 iy connected to Ieads 72C, T2E, 726G and 721 by solder bumps 748,

ek
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TAE, T4l and 741, respectively. Bhe 73 18 connected to heat stug 728 by solder bamps
T4H and T3 as well as soldsy bunaps 748 and 740 shown in Fig 4B

Fig. & is & fow chart of & process for fabricating a semiconductor package
aceording to the invention, Box 92 reprocents the steps of fabricating the leadframe,
including masking and partially etching the kadfame (hox 9243, masking and through-
etching the leadfame (hox 828), and plating the leadframe (box 92C) These steps may
be performed by conventional provesses, exvept that beat slugs are fovmed in the parual-
and through-etch steps. Box 93 represents the steps of fabnicating the die, including
forming the solder buraps on the watkr (box 334, testing the dice on the waler {box
@3B, and siopulating the dice (box 93C), These steps may be parformed in a
conventional way, although solder bumps will be formed at locations on the dice whers
they will contact the heat slugs.

After the dice and leadframes have been fabricated, the dice are atiached to the
feadframes by conventional “Hip-chip” processes thox 943 The dive and leadframes are
then encased in molding compound by an injection molding process (box 95}, The
individual packages are singulated by sawing (box 96} If the packages are to be SOT-
Hke packages, the leads that provude from the molding compound are hemt into the shape
shown in Fig, A, for example (hox 87} Fioally, the packages are tesied and marked
{box 98} and packed w shipping comamers {Hox 99},

Figs, TA-TE are oross-sectional views of the structure during the leadframe
fabrication stage (hox 923 and die-attach stage (box 84} The process beging with & metal
sheet 102A, whuch i typically g copper sheet with a thickness i the range of 0.2 sn to
84 mm 1t will be undenstood that a teo-dimensional array of namerous leadframes are
formed sumdtaneously from a single rootad sheet. Fig, TA shows a portion of metal sheet
TO2A where a package HES will be formed.

Metal sheet TO2A 1 masked and partially etched to form projections that will
become leads 1028 and 102D and heat slug 1020 (Fig. 7B). Because this 15 a partial
L and tead 1020

etch, lead OB remaing connected o boat slag 102C by a bridge 102

remaing comnected t© hoeat shug 102C by a tridge T02E A cavity TO8A 18 formed

between fead 2B and heat stug WO, and a cavity B s formed betwsen lead 1021

and heat shag 102
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Metal sheet 102A 13 masked agam and etched completely through at locations in
bridges 102E and 1O2F forming a gap H6A between lead 1028 and beat slug 1020 and
& gap 106E bevween lead 102D and hestshug 102C (Fig. 7CL A remabming postion of

bridge HOZE becomes o part of lead 102B, and a romaining portion of bridge HEF

L4

becomes a part of fead 102D 10will be understond that the sichethrough mask is
patterned such that leads 1028 and 102D rematn attached to hest stug 12T by means of
tie bars outside the plane of the drawing.
A die 103 hay solder balls 104A- 104D foemved in the nonmal manner. Solder balls
FO4A- 104D are attached 1o contact pads 103A3D, rexpectively, ondie 103, Die 103
HE s advanced towards leads such that solder balls 1044 and 1048 are brought imto contact
with leads 1028 and 102D, respectively, and solder balls 104C and 104D are brought mto
contact with heat slug 102C (Fig. 7D Leads 102 B and 102D and hest shug H2C ae
heated to reflow the solder, causing solder balls 104A-104D 1o parpially melt and becoms
attached to contact pads become solder bumps 104A-104D. When the solder has cooled,
15 solder balls 10481040 have become solder bunaps 10981090, respectively,

As shown m Fig, 7E, Die 103, leads 1028 and 1020, and heat shag 102C are
encapsulated by injection molding in a plastic molding commpound 110, The individog!
packages are then simgudsted by sawing along Hnes 1H and 12 and siatlar perpendicalar
Hnes, thereby forming package 105

30 F ig, BA s a view of pa»ka% 1S waken @ the horzontal cross-section SA-BA
section 8B-88 shownn frg. TE. Leads 1028, 'E.{}?;_éi,\ 1O2F and 1020 are :-ﬁigneé na
row along ove side of package 105; leads 1020 102E, H32H and 102] are aligned ina

row along one side of package 108, The remaing of ve bars BRI and 102K that were

25 severed in the singulation process (Fig. 7E) are also shown o Fig, 8A. Fig, 8B Hlustrates
that the honzontal cross-sectional area of heat slag 1020 13 substantially greater (at least
doubie} than the sum of the borizoptal cross-sectional areas of leads 102A, 1028 and
HORD-1021 Consequently, the heat vansfer path represented by beat shug 102C bas far
fexs thermal resistance than the correspoading heat transfer paths through leads HIZA|

3 {028 and 10201021

-8«
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As stated above, the solder balls {also, by convention, described as bumps or
piblars) are normally attached to metal contact pads on the surface of the semiconductor
diz, In 8 conventional die, these contact pads serve as points of conpection between
external circuitry and circuitry and devices maide the dies To make the connections
betwaen the contact pads and the internad cirawiry and devices, 8 stack of mstal lavers i
normally formed on the surface of the diz. The metal lavers are patterned into circutt
paths and are separated by interlayer dicleotrie layers. A dielectric fover separates the
lowest mietal layer from the sabstate, dielectric lavers separate one metal inferconnection
faver from ancther, and a diekeciniv “passivation” laver typically covers wrd protects the
top metal laver, sealing and encapsulating the entive mulindayer stack. Connections
between the metal lavers and the surface of the semiconductor substiate and betwesn the
metal lavers themselves arg made by vias that extend thrvugh the dielectric lavers and are

The dielectnie lavers, which may for example comprise silicon dioxide, doped
silicon glass, spio-on glass, sticon~auride, or pobvimide, are typieally not good thermal
conductors. Phesomenolngically, poor elecincal conductors are generally poor thermal
concctors because amorphous and non-orystatiine materiads do not easily transport
charge or heat throughout thetr non-unionm gonue structure. As & resudt, the electnically
msulating matenia] swrrounding imerconnecting metal kovers that form electrical oiveuitry
1 & semjconductor microchip unavordably inhibat the conduction of beat. Thus the
metalidieleaine laver stack represents a thernal barvier that may provent the heat
genermted within the sennconductor substvate from being easily tansferred to the metal
comtact pads.

This problem s addressed by the structure shown m Figo 940 Anintegrated
civeutt die 130 comprises 8 semiconductor sebstrate 151 {in this ernbodiment comprising
siheon}, a stack of divlectric Tayers comprising a contact layver 154, which adjoms
subsirate 131, interlaver dielectric layers 136 and 1539 and a passivation laver 162, and &
stack of metal favers M, M2 and M3 which may be made of alumnum, M3 bemig a top
metal laver. Interlaver dielectric Tavers 156 and 159, which are located between contact

-

faver 134 and passivation layver 162, are sometimes reforred o as the VIA Tand VIA 2

~ 18} ~
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favers, respeotively. & principal surfiace of die 150 comprises an exposed surfave of
passhvation laysy 182

As shown, metal laver M1 is located at an upper surface of vontact laver 134,
metal laver M2 ix focated at the interface betwesn interlaver dielectric layver 139 and the
underlving interlayer dielectnic layey 156 and metal kaver M3 is located at a lower
surface of passtvation laver 162

Also shown are slectrival eirouit paths 155, 158 and 161, which are extensions of
metal lavers M, M2 and M3, respectively, Circnst path 155 1 connected 10 the surfice
of substrate 157 by a metal-HHed via 153, circutt path 138 is connected to cirouit path
155 by a metal-filled via 137, and clrouit path 161 is connected to civcult path 138 by a
metal-filled vig 160, The metal v via 1533 moludes a barrier layvey 152 {e g, tanium
tungsten o a stheide} to prevent the metal 1ons from migrating wto the ssmiconductor
substrate 1581

A solder ball 164 ix attached 1o an under bump metal (UBM]} laver 163, which in
furn s in contact with metal layer M3, This section of metal kaver M3 thus serves s a
contact pad for die 1530 and provides mechanical support for solder hall 184,

To facilitate thermal conduction between substrate 151 and solder ball 164,
sections of metal favers M, M2 and M3 are arvanged m g vertioal stack under solder ball
164, and a two-dimensional array 165 of thermal vias extend through contac laver 154
from substrate 151 to metal lover M Likewise, o teo-dimensiongd avray 167 of thevmal
vigs extend through VIA 1 laver 136 from metal laver M 1o metal layer M2, and a two-
dimensional arvay 107 of thermal vias extend through VIA 2 fayer 1539 from metal laver
M2 0 metal layer M3,

Fach of the therraal vias wo avvays 163, 167 and 169 1 filled with o metal or othey
highly thermally condactive material, such as alumunum, copper, silver, tongsten,
platimen or other metals. The arvay may comprise a rectilinear pattern with the theomal
vias being 0.3 pm o § pm wide and the vias o each row and cohemn of the pattern being
separated by 0.3 pm to 5 pan deally sach via should be as harge and closely spaced as
possibly, bt i many cases photolithographic and planwrization imiations m
manufacnring will restrict the via design rules to be consistent with thoss used elyewhere

i the die, e.g. 4035 goy opening 8 a 033 wm process. o such cass lowsr thermal
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resiatance can be achisved by packing more vias into the same ares, possibly by

aggressively pushing the muinimom vig (o via spacing Hmi to the smallest possible

e

dimension, e.g. 4. 35-pm to B.3-um spacing m a & 33 g process, Bach arrsy may
mchade from tens 1o hondreds of vias Preferaldy, the sumy of the oross sectional areas of
the vias iy substantial, at least H®% of the die pad area and ideally over 40% of the die
pad area.

Sinee metal lover M3 s In divect contact with LIBM layer 163, the thermal via
arravy 103, 167 and 169 mrovide a knv-reaistance path for heat to escape from substrats
151 to solder ball 164,

From a processing standpoing, metal Jayvers M1, M2 and M3 can be pattevned
simuitanecusly with layvers 185, 158 and 161, and the thermal vias w arrays 105, 187 and

¥
7
¥

100 can be etched at the same time g8 vias 183, 157 and 160, Thus no additional
DIOCEBMING steps are roquired.

Fig, 9B shows g detatled view of a portion of the thermal via arravs and metal
favers shown i Fig, %A,

Figs., UG dustrate equivalent thenmal resistance paths for the thermal via
arrgys and meta! layvers shown in Fig, 9. In Fig, 90, the thermal resistances are shown
as separate paths extending through cach of the therual vias: 1724 represents the theral
reststanee Ruge: OF cach of the thevmal vias v contact layer 154 173 ropresents the
thoeomal resistance Byg of metal laver M1 1720 represents the thermal reststance Ry,
of sach of the thenmal vias n interlayer dielectore laver 156; 173D veprosents the thermal
resistance Ry of metal laver M2, 1725 represents the thermal yesistance Ry of sach of
the thermal viay W interlaver divlectric layer 189] 172F represents the theomal reststance
Rugr of metal layer M3, 1720 represents the thernal resistance Rygas of UBM faver 183;
and TIH reprosents the thormal resistance Ry of solder ball 164

In Fig. 8D the theral paths are sumphified by lumping together the thermal
reststances of sach of metal lvers MI-M3, UBM faver 163 and solder ball 184 In Fig.
9E, the thermal paths are further simplified by houping together the thermal resistancss
of mudal lavers ME-M3, UBM laver 163 and solder hall 164 nto a single theomal
resistance 175 equat 10 Rowss 1 Fig, 9F, the thermal paths are further simplificd by

tamping together the thermal resistances of the thermal vias i sach of countact layer 154
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and intenlaver dislectnic lavers 156 and 139 1000 Boseer, By and Raqan, respectively. In
Fig. 9F the thermat paths are forther shuplified by hanping togethsy the theymal
vesistances of the thermal vias in contact laver 134 and interlaver diclectric lavers 136
and 1539 mto a single thermal resistance 178 squal 1o Rener Ryviart R,

Fig. OH 13 o graph shosving the thermal resistanve through 2 single miterlayer
dielectric layer {Rs) 95 2 function of the perventage of the total area occupied by the
thermal via array. As shown, Ry decreases fram Ra{max) when the percentage v 0% {na
thermal viag) o Rofmun) when the percentage s 100% {a uingle lavge thermad viad, Smee
Newton's Law of Cooling i3 8 siple order differsntial squation, we can approximate the
aves dependence of thenoal resistance by an exponential curve where the reduction in
thermal resistance s groatest at small total via arcas and diminishes for increasingly
farger thermal vias, Therefore, a total via area equal o 10%: of the die pad area shonws 3
marked improvement, a 30% vio srea exhibus a significant reduction o thormal

sistance, and increases above 0% show diminishing benefits.

b sorne sitaabions 8 18 necessary for the array of thevmal vias 1o moake contact
with the sensconductor substrate at a location that is not directly below the solder hall,
., the ares of comtact between the array and the substraie is horizontally offset from the
focation of the solder balll Such a siation 13 Hlustrated n Fig, 10A, wherein the area of
corgact 190 wih the substrate 151 13 hovezontally offset froms the locaton of solder ball
164, To solve this problem, the wetal Jayers M1, M2 and M3 are extended laterally so

that metal fayers M1, M2 and M3 extend both above the ares of contact 190 and below

solder ball 164, An array 92 of thermal vias extends through contact faver 154 10 metal
faver M. Thermal via arvays 193 and 194 ave loosted divectly above array 190 and

establish thermal conduction paths batween metal lavers M1 and M2 and mstal layvers M2
and M3, respectively, Thermal vig arvaes 198 and 196 ave loomied divectly below solder
ball 164 and establish thenmal conduction paths betyeesn mndad layers M1 and M2 and
metal layers M2 and M3, respectively. The distavce L represents the horizontal distance
between the right sdge of arvavs 192-194 and the left edge of srrays 195 and 196,

tn other embodiments, it may be possible to extend only one of the metal lavers
M1, M2 and M3 both above the ares of comact 190 and beloy solder ball 164, thereby

ehinunating the need for some of the thermal via arrave. For example, metal laver M1
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condd be located only above the area of contaet 190 and metal laver M3 could be focated
below solder ball 164, This would allow the thermal via arravs 194 and 198 o be
eliminated.

Fig, 108 is a detailed view of the strvotige shown in Fig, 104,

Fig. 18 is a plan view of the two columns of thermal vias 192-104 and {935-188
fromm above, Izbeled TV A and TVE, respectively. The witdth of colwmn TVA 15 AXyva
and the width of column TVER is labeled AN v

Figs, D106 Hustrate equivalent thermal resistance paths for the thermal via
arvays and metal favers shown in Fig, 10A. In Fig. 10D, the thernal resistancss are
shown #8 separate p:ﬁﬂm extending through each of the thermal vias: 202 represems the
thermal resistance Rowe 0F each of the thenmal vias in contact layer 1545 204 reprosents
the thermal resistance R of muetal laver M1 203 represents the thermal resistance
Ruyjars of each of the thormal vias in colunw TVA through iterlaver diclectric laver 136,
205 reprosents the thermial resistance Rygarn of sach of the thermal viss m column TVB
through wterlayver dielectrie layer 156, 206 represents the thermal resistance Ry of et
faver M2[ 207 represents the thermal resistance Ruiazs of each of the thermal vias in

column TYA dwough interlaver dielectric laver 159; 208 represents the thermatl

eatstance Rupaaw of cach of the thenmad vias 1 cohwnn TVE through interlaver divlectric
Tayer 139; 209 represents the thevmal reststance Rap of metal lover MY, 21 represents
the theomal resistance Rynng of UBM lavey 163; and 212 represents the thermal resistance
Rian of solder ball 164,

In Fig, 10F, the thenoal paths are sivaplified by lnnping togetber the theral
reststances of sach thermal vig array. The combined resistance of the thermal vias i
array 192 15 denoted as R¥ g the combined reatstance of the thermal vias n avay 193 15
denoted a3 R¥viapa; the combaned regstance of the thermal viss o wvay 194 18 denoted
a8 R¥epaaal the combined resistance of the thermal viay v arvay 1951 denoted as
R¥vpain and the combined reststance of the thermal vias in array 196 is denoted as
R¥%a0m; The combined rexastance of UBM laver 103 and solder ball 164 is denoted ax
RpartRumse In Fig. 10F the thermal paths are further somplified by humping togethsy the
thermal resistances i each of the three paraticl thermad cironit paths from contact fayer

154 o LIEM EB}*‘&?E’ 163 as R\g“R IS IRT R ¥, SN }\\~ +R ¥ Farat Ry VEATIS, and

~ 14 ~
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Rur R ¥ %000, respectively. In Fig, 106G, the thermut paths are forther
simphified by lovaping together the thermal resistances of the mwetal layers M1, M2 and
M3 and mterlaver diclectric tavers 156 and 139 into a single thermal resistance Ry As
mdicated, the vatue of R s much greater than the value of either RuartRuns oF Renne

Fig, T0H i3 a graph showing the thermal rexistance Ry a9 a function of L, shown
i Fig, 10A. As shown, By increases from Ryfmin) when LA X ey, where the left
gdges of the thermal via array columns TVA and TVB are vertically aligned, to
Rae{man ), sehere the theomal via srvay columns TVA and TVE are spaced apart. This
ayaph means that in cases where the thermal vias are not placed divectly ander the pad,
the lenuth of the intervening metal from the sificon heat souree 0 the pad s the dominant
variable, When the length of this metal exceeds E=+8Xpvy, the benefit of thenmal vias is
substantally reduced. As described i Williams et al., “Blectrothermal Curonit Smalation
of Power 1Cs Combining SPICE and 3D Fintte Element Analysis,” Proceadings of the 4th
{nternational Syvmposium on Power Semiconductor Devices and ICs (ISPSD 92} 1992,
pop. 282287, the most st ficant drop I fomperature ocowrs within one-sigms, or the
first 30 wm adjacent to a dominant heat source, meaning that to obtain a sebstantial
benefit from thermal vias, the itervening metad length L should not excead 60 jun from g
donnnant heat source 10 the pad, snd weally shoald pot exceed 30 pmoin length

The above deseription is intended 1o be ustrative and oot linuting. Many
alternative envbodiments of this tnveatton will be apparent o persons of skall in the ant

The broagd principles of this fnvention are defined only i the following clanos.
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CLAIMS
{clan
i, A semivonductor packags conywising:

an integrated circuit diz having & principal swrfsce, said principal swrface

S comprising a peripheral ares and 8 central area, 8 contact pad being located in said
peripheral area of said principal surface, said die being orented with said
principal swrface Rong downward;

i electrical lead, a first wetal anp comrecting said Hirst coutact pad and
sad electrical lead, and
i} s howt stugs a second metal bump connecting said heat shug snd said
central area of satd principal surface;
said die being encased in a mokling compound, said molding compound
encasing at least @ portion of said lead and at least a portion of sawd heat shug, 2
mounting surface of said lead betng coplanar with an exposed bottom surface of
18 sawd heat shug.

2. The semiconductor package of Clatm 1 wheretn said fead extends from a
tateral surface of sid molding compound, said lead comprising a bent section extending
downward 10 8 mounting sectioy, a bottom surface of said monntng sechon comprising
said wounting suwrface, said bont section and sakd wounting section being outside said

2 wolding compound.

3 The sermconductor package of Claim 2 whersin said package comprises &
pherality of saxd leads and wherein a borizontal cross-sectional area of said heay shug is at
feast dooble a suvn of the bonzontal crosy-sections] areas of 3aid bent sections of said

load.

P
Lf

4, The senmeondouctor package of Ulamm 1 wheram an outside latersd surtace
of sad lead s fhah with an outside lateral surtaee of sad molding compound and
wherein a mounting surface of said fead is flush with & bottom surface of said molding
compoud.

s The semiconductor package of Claim 4 wheremn saud packags comprises a

p]
i,
“Cagin”

phaality of said leads and wherein @ horizontal cross-sectional ares of said heat shug iy at

teast double a suny of the areas of saud mounting surfaces of sad leads.



L4

it}

0

P
Lf

p]
i,
“Cagin”

WO 2013/025576 PCT/US2012/050497

&, The semiconductor package of Claim § wherein sand sennconductor
package 18 o dual flat no-lead (DEN) package, said package comprisig a plurahity of said
electrical leads, a first group of said plurality of elecirical leads being srranged in a row
along a first side of sand package, a second group of said pluerality of electrical leads
being arranged in & row alony a sscond side of said package opposite to said first side,

7. The semiconductor package of Claim | wherein said integrated ciroutt die
COHRHISES!

a sensicondactor subsatrate;

a stack of dislectric havers, said stack comprising 3 comtact laver, at least one
wterfayer dielectric laver and a passivation laver, satd coutact laver adjning said
sennconductor substrate, said principal surface of said die comprising an exposed surface
of said passivation laver, said at least one interlaver dielectric laver beinyg sandwiched
between satd contact faver and sawd passtvation laver

a stack of mets! layers, each of said metal layers boing at an mterface hetween
two of sad dielectric layers, a fivst metal layer being located at an upper surface of said
contact fayer, a top metal laver being lovated at 8 ower surfave of said passyvation laver

a phurality of thermal vins, each of thermal vias heing fitled with metal, said
thermal vias bebween grouped in bvo-divnenstonal arrays, said thenual vias comprising 2
first array of thermoal vigs extending from said semiconductor substvate through sad
countact layer o said Hrst metal layer and & second avay of therpal vias extending from
said top metal layer through one of said 8t least one interlaver dislectric layers adjoining
satd passivation laver; and

an under bomp metal (UBM) Taver focated at sad principal suweface of said dig,
sard UBM aver being m contact with ssud second metal banp,

whereby @ therml path s formed Fom satd semiconductor sebstrate thvough sand
thermal vias and wetal favers 1o said second wetal bump.

8. The semiconductor package of Clatm 7 wheretn said UBM layer is in

contact with satd top metal layer,

4. The semidcondactor package of Claim 7 comywising a phuality of interlaver
dielectric bavers, wherein an avray of said thermal vias is formed in each of said ierlaver

dielectric favers, each of said arrays extendmy between 8 metal laver Iocated at an
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mterface below said interlaver dislectric faver and a metal laver located at an interface
above sad wterlaver dielectnic layer.
10, The semiconductor package of Claim ¥ whersin said arravs of thermal

vias are arrapged in a single vertical cohuan,

L4

11, The semicoahuctor package of Clatm 8 whersin sonw of said wirays of
thermal vias are arranged in at least two colunns, said columns being hortzontally offset
with respect to each other,

12, Asn wtegrated ot die compriain

a semicnnductor substrate;

i} s stack of diclectric lavers formed on a surface of said semiconducior
substrate, said stack comprising a contact laver, af least one interlaver diglectie
layer and & passtvation laver, suid comtact layer adipining said semivondusior
passivation fayer, said at feast one imerlaver dislectric laver being sandwiched

18 botween said contact laver and said passtvation hayer;

a stack of metal lavers, each of said metal layers being at an inerface
between two of said dielectric layers, a first metyd layer being located at an upper
surface of said contact laver, & top metal layer bomng focated at g lower surface of
sand passtvation layer;

30 s plurality of thermal vias, each of thermal viss being filled with metal,
sawd thermal vias bevwesn gronped 1 two-dimensional arvays, ssid thevmal vias
corpprising a fust array of thermal vias extending fiom saud semiconductor
substrate throwgh said contact faver to said first metal laver and & second array of

thermal vias extending from satd top wetad laver through one of said at least ong

P
Lf

interlayer dicloctrie lavers adjonung ssad pagsivation laver and

an under bamyp metal {LIBM) laver focated at said principal sarface of smd
die; and

& metal bunp attached to said UBM fayer;

whereby a thermat path is formed from said semiconductor substrate

p]
i,
“Cagin”

through said theomal vias and metal favers to said second metal uanp.

3
Py
b )
b3



WO 2013/025576 PCT/US2012/050497

N

13 The miegrated circuit die of Clain 12 wherein sand UBM layer ixin
contact with said top metal laver,
14, The semiconductor package of Claim 12 comprising a phuality of

mteriaver dielectric layers, wherein an aray of said thermal vias is formed in each of said

5 interlyver dielsciric lavers, each of sald arravs extending between a metad layver located at
an interface below said intsrlayer diclentne laver and a metal lover located at an mterface

abuove sard terlaver dislectnic lavar
15, The senucondactor package of Clam 14 wheretn said artavy of thermal
vias are avranged i a single vertical cohunm,
i} 16, The semiconducty package of Claim 14 whereln some of said arvays of
thermal vias are armangsd in ot least tvo columns, said colmns being horizontally offset

with respect to sach other.

~ 19~



PCT/US2012/050497

WO 2013/025576

118

FIG. 14

!

{Prigr Art)

{
3

H
Vi
£




PCT/US2012/050497

WO 2013/025576

1 oo
o g
Lo

i
- L4 o,
i o ., = L0
e A o -,

e 8

2l f.
.{M\\ ..ff... "

£

i d

e,
NN, o
= Xy
L34
Yo 2]
<5 B ~
Fa

s
B %

ey

i

11

o, L5
w4 ey
L S e ]

o Ed

Ar i:}

*r

\pi’ é(}z

i
§

FIG. 2B



PCT/US2012/050497

WO 2013/025576

318

34

(Prior Art}

§
X

FIG

o5
ey



PCT/US2012/050497

WO 2013/025576

{Prior Art)

{
kY

FIG. 3B



PCT/US2012/050497

WO 2013/025576

~
e

i
et

oo,

g

[ac

-
y ol
] owva
il ok
ot b,
, g N 5 \e\\\ Foms

|
w M
j

g

pes

a ‘
4 e 457
A i et i, S e it

o fas

FlG. 48



PCT/US2012/050497

WO 2013/025576

[

oSSy
foeme,

FIG. 5

B

A
{.:.

I



s} ,
5 suinnpne)

pw

PCT/US2012/050497

- BULIPEFT YY)

e
Yol % 159

g ¥

x rr cw) w2 rw ey ws rE vEsEErE EA R E rEsws e E ws vE EEEE R EEEEE RS EE R ELUE R R RERE CENPE R EeEeE P PR CE EIEERE ¥R R BN eEeE BivEvE EreEvE Frervr vrreve erener vrewer.sh

b (41
- YLy B

=t

WO 2013/025576

A Nl N N A b A N A A A B I b N b N N N b b M I N M b

Farsd
o

Ab Hib b

3 Hprug B4BH, 1584 B u;mmm

e e e e e e e
i
———
g
&2
3

Kot . s o o B A 0N P 88 B - o - o 2 e s o o A R,



PCT/US2012/050497

WO 2013/025576

105

e s e

fac
/4

FlG,

105

At S A AR AR R S

e
PV ]
PR

7B

FIG.



PCT/US2012/050497

WO 2013/025576

[PPURUROY 3

54 Sn
e e ek
< R

T

W 7
i H

|
S

v A AT A A A Y 38 A A A T S A M AT T S N AR W 8 e A

X
¥
DN
49

o

!

g
&

a0 -v:__ 3 r;:;:« -,\.‘
S04 ) \é
§\
< H}“
{08
JO
; 7
1088

7C

ey S
i u;vw e .
. ,

16

)

{iME
N

5
oo
N 5
w 25
", 2 el
“2., 3
3
R
lllllllllllllllll o) ", .
&g 2
v .
aaand % =,
#f- A
k s
H
3
b, e, P

sn RO e IV,




PCT/US2012/050497

10118

WO 2013/025576

fan]

et % w i =
i

) . N
P P g, temnn .A\\\}xf\\ v

14

:
i3

LR

o st gt

7
H
o
iy
e
e
S )
n et
£ az
] L2
224

&\\\\
o
o
4
{ -
e, £
[oed

T ™ i Wl

Wy aoumisises sy o

FIG. 10H



PCT/US2012/050497

WO 2013/025576

11118

g Il
&

mo o HM R Qo /

B

? } j ¢
P22 N2 7

Ve Old

e
&%

Aol
eee

R
",

,2
?“\D”w &
W E &

2 £
{ {
¥ HEOL

i



WO 2013/025576 PCT/US2012/050497

12118

o T2 - g
B ey ED o
— e g e
; § -~
S R R S N
o2
ptied &g
— M 3TN
—
S xS
R &
5 i
022 a3
e g'.-::a
2
] i
1 i -
i oo P
g e 5
@ T faa Ny ¥ * o3
P -, . &
X P W v
SN e
~
=
\% ] &
s o Y
3
I n?
{ N '
{ 0
; NI N .
! =5 AES T < \ 82
{ 3 ot
H ] ) preoad
S
i S
t
\ S
‘ =
3 NP
3, My
kY 3 ST
Y Q &
@\\ ‘}," 'o‘
5 P
\ Qﬂ*&& ”
55
&
&
., ey $
\\\ "'\,«" {a“f
R R
Yy > } i o
e § i
ey w
= =
RO IR A s I e I



WO 2013/025576

PCT/US2012/050497

.~ -
F o P~
= o4 H e o
- 3 H ——
) H
* YA A NNELY ATL RO e AN
} 3 i }
{ { { }
{
£ Y fooe: Pow)
S ] S £ RS &3
R A N . o
e i ‘\ s VRN
{
Lt
i g
e
- e
Lo
* Ay
b
ey g e
ey - feng
on ) N = o
\ e = 2 - L
£3 [y face el Ly [ ’“"*‘*\
e AR AR MG SELES EAVARS SRTARS Ay e
L )
- £
» ®
b N e NN J\}\f ANERSON
$
! & !
{ { { { { { {
xR Hyow 8 y ®
=3 3 $ =5 =5 =3
iy g o P P T P
prevre —~— v - g -~ Lo .m
ot
o o aad
oy e S
(5 > b L
L ol N W
3 el
s AN, - ~ P - e : e o
o \N\A“"f‘, . .ws\’::j ] ‘\M‘&}.w' o N, o 1"-\,\\“‘ P J...w'“" M ~
= . ?
Q*\’\ -"'.f
N d
.
=
N e
Wi
N
N
s
T
A
AN
bt
g

W

///
{7

Wi

I'4

?7?’(2
77

i

M

¥




PCT/US2012/050497

WO 2013/025576

14118

HE6 Ol

DRt/ e DI

o pik

WW«M

A6 Old

ROy

;'"\a:&"\
¢
-3l
ot

e L

AR

N
§
{

46 Il

T
\‘_6
W

1]

'

{
-3
P
—

e F5

{
H
3
-

/ 3

At

NENN

3

4

%
G

J

7

et



PCT/US2012/050497

WO 2013/025576

ol a4

15118

R

e T I -

e
(]
—
3
H
v
i

g
P e 4 Y]
L84

}
-\f,‘_w.
o
o
3
-

%

P e mwm

ety

i
TN

oy
!

e
[y
-
L)
S

\\x\ LTI \w\\mx\xx\\\\x\\x\\m\w\w

)

L9

g
&2

A H
\‘"‘” T ‘“‘\*"“'M‘wm..wwmw'@--»«wm R

v
L'ds
N7/ o o
kY
Fe

5
H
M
\
\

fa ]

e

':5’:?><
v
N\

e

- A o
s G A
" il T

w
%
%

Y

3

H

H
\



WO 2013/025576 PCT/US2012/050497

WAL Py
= =
=2 o
3
0
» S
i
s
{
o
Lot -
o
o~
o
i w0
® &
N * [ T
* *
SN SR G
} ;
{ { {
Ny o &
X = =
FT e \\.‘..\\ -
: =
-t F
Fa ;’:\\
i B
3 3 L
l" D ;.,\
3 e --J:;\
£y e k:\
/ £
~* N
k! ey g
\.} a B
3 AN
: bt N
4 B
3 PN
X et
A N
§ e
' A =
{ R ) ? “ V
4 . «w;::{\\z:\;\ =
* & -
i § )5) 5
i a\;:f“ = N
) 83 |
: Ry &
N s : ;w\ :
r a =
-
e i‘
b

LY

‘ PUENE. :
Mo N



ST I . P P
200 9 o a0 o

4

PCT/US2012/050497

17118

3
i

b

o~

WO 2013/025576

@
fooee
e
<3
_—
haN
i
Bmman
e
<




PCT/US2012/050497

16118

A Y A Y Y S R Y S Y S S

WO 2013/025576

201 Old A00 014 A01 14

R e AT ATV 75, YO |
By o By 2 V) y 7 YRRy 2

K |
SONS . S - - $ e N  Ausssssy

Wy 3~ 157

»mwmwfx

AR

WS Vi

oo s s 0 i S S N 8 . e 0 i 5 o

\P’\@e\j\
==
el

fe e

e
=
e




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2012/050497

A. CLASSIFICATION OF SUBJECT MATTER

HOIL 21/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbaols)

HOIL 21/00, 21/30, 21/46, 21/76, 21/84, 23/00, 23/48, 23/495, 29/00, 29/786, HO1R 43/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search {name of data base and, where practicable, search terms used)

PatSearch (RUPTO internal), Esp@cenet, PAJ, USPTO

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 7989305 B2 (SEMICONDUCTOR ENERGY LABORATORY CO., l.;TD‘) 1-16
02.08.2011
A WO 2005/096372 A1 (INTERNATIONAL BUSINESS MACHINES 1-16
CORPORATION et al.) 13.10.2005
A US 7788800 B2 (TEXAS INSTRUMENTS INCORPORATED) (07.09.2010 1-16
A RU 2402107 C2 (MILOVZOROV DMITRY EVGENIEVICH) 20.10.2010 1-16
l:l Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “Tm later document published after the international filing date or priority
date and not in contlict with the application but cited to understand
“A”  document defining the gencral state of the at which is not considered the principle or theory underlying the invention

1o be of particular relevance
“E”  carlier document but published on or after the international hling date
“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

spectal reason (as specified)

“0Q"  document referring to an oral disclosure, use, exhibition or other
means
“p document published prior to the international filing date but later than

the priority date claimed

“X7 document of particular relevance: the claimed invention cannot be
considered novel or carmot be considered 1o involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent tamily

Date of the actual completion of the international search

11 October 2012 (11.10.2012)

Date of mailing of the international search report

01 November 2012 (01.11.2012)

Name and mailing address of the ISA/ FIPS
Russia, 123995, Moscow, G-39, GSP-5,
Berezhkovskaya nab., 30-1

Facsimile No. +7 (499) 243-33-37

Authorized officer
A. Kadymov

Telephone No. 499-240-25-91
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International application No.
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. l:] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. HI Observations where unity of invention is lacking {Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
There are 2 groups of the inventions (claim 1 and claim 12) which have no same or corresponding
special technical features.

1. D As all required additional search fees were timely paid by the applicant. this international search report covers all searchable
claims.
2, As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. I:] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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