1 Sem conductor Chip Packaging with Reinforcenent Frane Field of Invention
[ 0001] The present invention relates to surface nount integrated circuit
device assenbly. In particular, the invention relates to a system and
method for inproving the reliability of solder joints of sem conductor
device by reducing the failure rate caused by nechani cal shocks and
thermal cyclic stresses. Background [0002] Solder joints are used widely in
Lhe sem conductor industry for form ng physical and electrical connections
et ween devi ce conponents. Such devi ce_conponents nay be, for exanple, a
sem conductor chip packageg,emwoﬁldvé@fa@]é@ Wlia(ﬁltlgéw%mrate or a ™
sem conduct or wafer die, and a printed circuit board. Typically, the sol der
joints are formed by depositi nReinfoteement bramsur f ace of at | east one of
t he devi ce conponents to be joined together followed by sol der refl ow ng
in a convectional oven. [0003] Typically, the device conmponents joi ned
together by a solder joint, such as a sem conductor chip package and
printed circuit board (PCB), are made of different materials. As a result,
these device conponents have diff diielfof &enfioRi ents of thermal  expansi on.
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sol der b Jjoints 18 farther fromthe neutral axis of deformation, i.e.
near the

Background

[0002] Solder joints are used widely in the semiconductor industry for forming physical
and electrical connections between device components. Such device components may be,
for example, a semiconductor chip package, an integrated circuit substrate or a
semiconductor wafer die, and a printed circuit board. Typically, the solder joints are
formed by depositing solder onto a surface of at least one of the device components to be

joined together followed by solder reflowing in a convectional oven.

[0003] Typically, the device components joined together by a solder joint, such as a
semiconductor chip package and printed circuit board (PCB), are made of different
materials. As a result, these device components have different coefficients of thermal
expansion. Consequently, the solder joints are subject to stresses and strains as the device
undergoes thermal cycles during device fabrication, reliability testing and functional
operation. FIG. 1A illustrates, in a simplified manner, a side view of a ball grid array
(BGA) package 10 mounted on a PCB 14 by means of solder ball joints 18. FIG. 1B
illustrates the BGA package 10 in FIG. 1A after thermal deformation. As can be seen from
FIG. 1B, the solder ball joints 18 further from the neutral axis of deformation, i.e. near the
center of the BGA, undergo higher deformations and stresses. Such cyclic stresses often

lead to internal component-level failure at the joints between the wafer die and substrate



center of the BGA, undergo higher deformations and stresses. Such cyclic
stresses often lead to internal conponent-level failure at the joints
bet ween the wafer die and substrate 2 and/or board-level failure at the
sol der joints between a sem conductor package and the PCB. [0004] In
addition to thermal cycle stresses, an electronic device incorporating a
sem conduct or chip package soI dered on @ printed circuit board is desi red
to withstand sonme_ anpunt i mpact shocks. This is, esgem al | true

mobi | e anerldr%bn?ériﬂevamlhrée at thitiolder deiatsnstueqn & senyicopdusiorpashissrnd the

[ nadverteﬁghy froma height. FIG 2A illustrates a BGA package 10 nounted
on a PCB with the PCB supported between spaced-apart screw nmountings
(not shown in the figure). As shovvn in FIG 2A, the PCB 14 bends upwar ds
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more seri 983er ball joints 18 further away from the neutral axis or center of the BGA experience

higher deformations and stresses.

[0005] One significant cause for failures of solder joints is the uneven distribution of
thermal cyclic and mechanical impact stresses. Typically, the solder joints around the
edges or periphery of the BGA package experience higher stresses, especially those at
these peripheral corners and are, thus, the first to fail. Failure of solder joints can be at the
component-level or board-level. Component-level failure at the solder-to-die interface may
lead to internal substrate or die cracking; such a failure may cause the component to fail to
conform to one of its characteristic parameters (so-called parametric failure). Board-level
failure at the solder-to-package and solder-to-board interfaces may lead to more serious

functional failure.

[0006] To improve on both thermal cycle and mechanical impact reliabilities, attempts
have been made to improve the reliability of solder joints. For example, one approach uses
an underfill in the space between a surface mount component and its circuit board. Another
approach uses a convex surface on a solder pad; the resulting solder joint is claimed to

exhibit reduced stress and improved reliability. Another approach provides dummy pads



functional failure. [0006] To inprove on both thermal cycle and nechani cal
inpact reliabilities, attenpts have been nmade to inprove the reliability
of solder joints. For exanple, one approach uses an underfill in the space
bet ween a surface nount conponent and its circuit board. Another approach
uses a convex surface on a solder pad; the resulting solder joint is
claimed to exhibit reduced stress and Bnproved reliability. Another
approach provi des dunnyfpads 3 and dummy patterns formed near outer edges
of a sem @mhéumtrarrpaétemt prynast neap eyt gdganeT apsERcoRdECtER SHIFHAT s dun@y ned
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i ndustry Por prOV|g§ng a sol'u on to I nprove so r joint
reliabilitound&t oe¢thabdaed cpineopatein. t he Drawi ngs [ 0008] The present invention
wi |l be described by way of non-limting enbodi nents of the present
invention with reference to the acconpanying draw ngs, in which: [0009]

FI G 1A i | [géh & & thuS HSSel Rkt BRA! VBV ﬁée@upfueogenﬁ&&n&@tdr laau.ar fdray
(B&A) sen1conductor package nmounted on a printed circuit board (PCB); FIG

1B-i | | ust peivading heotBEsotidn RCBraevesrbder jeintuehiability=l G | A under goi ng t her mal
deformation; [0010] FIGs.2A and 2B illustrate a cross-sectional view of a
prior art BGA and PCB assenbly with the PCB nounted between spaced apart
supports and undergoi ng vibration

Brief Description of the Drawings

[0008] The present invention will be described by way of non-limiting embodiments of the

present invention with reference to the accompanying drawings, in which:

[0009] FIG.1A illustrates a cross-sectional view of a prior art ball grid array (BGA)
semiconductor package mounted on a printed circuit board (PCB);
FIG. 1B illustrates the BGA and PCB assembly shown in FIG. 1A undergoing thermal

deformation;

[0010] FIGs.2A and 2B illustrate a cross-sectional view of a prior art BGA and PCB
assembly with the PCB mounted between spaced apart supports and undergoing vibration

bending in two different directions;

[0011] FIG. 3A illustrates a side view of a semiconductor package mounted on a
reinforcement frame according to an embodiment of the present invention;
FIG. 3B illustrates a bottom view of the semiconductor package as seen in FIG. 3A;

FIG. 3C is a bottom isometric view of the semiconductor package as seen in FIG. 3A;



bending in two different directions; [0011] FIG 3A illustrates a side view
of a sem conductor package nounted on a reinforcenent frane according to
an enbodi ment of the present invention; FIG 3B illustrates a bottomview
of the sem conductor package as seen in FIG 3A; FIG 3Cis a bottom
isonetric view of the sem conductor package as seen in FIG 3A; 4 FIG 3D
illustrates the reinforcenent frame nouated on part of a PCB; [0012] FIG 4
illustrates a reinforcement frame according to another enbodi ment of the
present i KD dhstratoothgreipfomentent firme mpaiméss on ppseofd PG enbodi ment of t he
present invention with a Cavity Down BGA package; [0014] FIG 6
illustrates a use of an over-sized reinforcenent frane accordi ng to anot her

enmbodi mentootd] FI@. pilasastes ianvegibicomentafising QOcbpdink lt6andthet énibsdiakasofthase of
a reinforcenent frame as a heat-sink according to yet another enbodi nent
of the pr P&t IVQDEORi on. Detail ed Description [0016] One or nore specific
and alternative enbodi nents of the present invention will now be descri bed
with reference to the attached drawings. It shall be apparent to one

skill ed i mot3)eFEGLS ilhawaiesra, usehdtant dmisodimestndfi the prasynthievertmatwisled Qavitiout
such specific __details. Sonme of the details may not be described at |ength
so as not Dognd¥dmagkagke invention. For ease of reference, common
reference nunerals or series of nunmerals will be wused throughout the
figures when referring to the same or simlar features comon to the
figures. [0M7FIGheilpsestest udé st hnswresizidsemftresmentsfiariciaesordingito another

sem condu grtngcgdigl%%’b SHtRe pgelégnq ir?vsengon; and

[0015] FIG. 7 illustrates a use of a reinforcement frame as a heat-sink according to yet

another embodiment of the present invention.

Detailed Description

[0016] One or more specific and alternative embodiments of the present invention will
now be described with reference to the attached drawings. It shall be apparent to one
skilled in the art, however, that this invention may be practised without such specific
details. Some of the details may not be described at length so as not to obscure the
invention. For ease of reference, common reference numerals or series of numerals will be
used throughout the figures when referring to the same or similar features common to the

figures.

[0017] The present disclosure describes a surface mount semiconductor package, such as a
ball-grid array or flip chip, with improved solder joint reliability. One embodiment of the
present invention provides the semiconductor device with a reinforcement frame operable

for attachment to a peripheral area around an interconnect pattern.



ball-grid array or flip chip, with inproved solder joint reliability. One
enbodi nent of the present invention provides the sem conductor device with
a reinforcenment frane operable for attachment to a peripheral area around
an interconnect pattern. 5 [0018] Another enbodi nent of the present
invention provides a nethod for inproving solder reliability of a

sem conduct or package nounted on a printed circuit board or substrate by

nounting the sem conductor package on a reinforcenent frane _ and, nounting
the rei nf fl0d8imdwotlir smbodimem of pappeaspat inyertion proyiies prmethed dHBRRTRERE, "t he

mount i ng. Qf 4L ¢ 58T E AW GERIcoRELBYBa8Bot Mhourdied BhOL %ﬁﬁ?e'at cit Aol bt e
i arcerenteRRaRd Bacties Mo

nmounting O e reinforcenen rame ubstrate “conprises curing an
adhesi ve dilspasdy mouhbighthesemicondnciartpackage ea a teinfanahberfranenbuldhoerting t he
nmounti ng between the sem conﬂgﬁt r package and the reinforcenent frane
conpri ses thegeineyeemend dees Qe ﬁ%l-f\s‘t%ﬁtéatﬁ'ounti ng between the reinforcenent
frame and the PCB conprises reflow ng of solder in an oven. |In another
enbodi ment, the nountings are done in either a one-step or two-steps
process. [@AF0h ome amdidibmestybteti menintinghef skei soxidoedustop peklapgs dar thiser

conpri ses_ang or r thermal traces for, conducting heat away fr a

sem condutt'B r‘c‘)‘?nég}t%og?r% WP%FJPB%WE}% OPF]?%H?%#?%E‘%P %‘E’f 7\ h%‘%g][rﬁtesi de
view of a Bapris&McaARdUat QUhPA6KaasHok0d AL BotincurthgathtegaR@diieatotdr t he
present invention. As shown in FIG" 3A, the BGA package 10 is made up of a

sem conduembpdigicat,(thotmeunsing) batween 8¢ smisonsiubtor mackageangdnide gembrcemner
mat eri al 13 encapsul ating the sem canduct or .di 0t The
confi gur alﬁiaglr?,co SHoWA ! IV%X%ﬂ\e/\/%jee mOFIIl*Pen 1% Weenht%e Sf%*ﬁi‘%%‘%%’?‘ bam

f'e e s on S|3e of

the subst aad ehel POBS c6mblissh @flovang oy suliler BéAn Paakagenoihet efibalichent} the BGA
package 10 are bond wres gnot shown in the figures)
mountings are done in either a one-step or two-steps process.

[0020] In another embodiment, the semiconductor package further comprises one or more
thermal traces for conducting heat away from a semiconductor die to the reinforcement

frame.

[0021] FIG. 3A shows a side view of a BGA semiconductor package 100 according to an
embodiment of the present invention. As shown in FIG. 3A, the BGA package 10 is made
up of a semiconductor die (not shown) mounted on a substrate 12 and a moulding material
13 encapsulating the semiconductor die to the substrate 12. The configuration, as shown in
FIG. 3A, where the die is on the upper side of the substrate 12 is called a “cavity-up” BGA
package. Internal to the BGA package 10 are bond wires (not shown in the figures)
electrically connecting bond pads on the semiconductor die to bond pads on the substrate
12. Each bond pad on the internal side of the substrate 12 is connected to a solder pad on
the external side of the substrate 12. The external side of the substrate 12 may have solder
balls 18 attached to or formed on the solder pads. The solder balls may be attached to the
BGA package 10 just before the package 10 is mounted on a PCB board. Where a silicon
chip is populated with solder bumps 18 pre-formed for external inter-connection, the

semiconductor chip package is called a flip chip. The entire BGA moulded package or flip



el ectrically connecting bond pads on the sem conductor die to bond pads on
the substrate 12. Each bond pad on the internal side of the substrate 12
is connected to a solder pad on the external side of the substrate 12. The
external side of the substrate 12 nay have solder balls 18 attached to or
formed on the sol der pads. The solder balls may be attached to the BGA
package 10 just before the package 10 i6 nounted on a PCB board. Were a

silicon chip is populated wi th solder bunps 18 pre-forned for external
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balls or solder bunps 18. [0022] In one enbodi nent, the reinforcenent frane
50, as shown in FIG 3A, is of the sanme external dinmensions or outline as
t he semi cionzl)choongemkadjmet) theTtmnfonicoient Semef 50; e shown il FIGeddnis ¢frthee nmay

range fromabout Q0.1 mm.to aboyt 0.5 nm dependin n t diensi f the
sem conduf?PEf‘_reX;.tJ‘?;{El CRYONSAE ogﬂgms?lhe %PE%&%%%O ﬁ%f%@%f ﬂgg@ﬁ thickies gftg gment
frame 50 jesnfofbehidt FaM@ Ry pandtarmh laBb&@r @l Hhne.abbet G.5aWM ddpehllias.ondthe 3C
or 3D, each reinforcenent” frane 50 has a fully height at each of the four

rai sed codimsnsiosdafothe sehacansiupfosmackaege: 10.r Apshegn Bl i3kiepd Hemsek 50a

of the reinforcenment fr 5 et n t j nt g
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at the corners such that an inside face 58 of the reinforcement frame 50 remains

substantially planar and parallel to a plane joining the raised corners 54a. The step-height
face 54 of the reinforcement frame 50 allows conductive interconnect traces 20 on the PCB
14 to reach the respective solder balls lands without any structural interference as shown in

FIG. 3D.

[0023] In one embodiment of the reinforcement frame, the reinforcement frame 50 is made
of copper. In another embodiment, the reinforcement frame 50 is made of aluminum. The
metallic reinforcement frame 50 may be fabricated by chemical etching, for example, using
a photolithographic masking and etching process. The half-height thickness at each linking
member 50a may be formed by controlling the depth of etching. In another embodiment,
the reinforcement frame 50 is formed by stamping or casting, followed by a machining or
etching process. Other machining method, such as laser cutting is also possible. In yet

another embodiment, the reinforcement frame 50 is made of glass or ceramic.

[0024] In one embodiment before using the reinforcement frame 50, the (inside or upper)

planar face 58 of the reinforcement frame 50 is attached to the periphery area of the



FIG 3D. [0023] In one enbodi ment of the reinforcenent frane, the
reinforcenent frame 50 is made of copper. In another enbodi nent, the

rei nforcenent frame 50 is nmade of alum num The netallic reinforcenent
frame 50 may be fabricated by chem cal etching, for exanple, using a
phot ol i t hogr aphi ¢ maski ng and etching process. The hal f-hei ght thickness at
each linking nenber 50a may be forned By controlling the depth of etching.
I n anot her enbodi nent, the reinforcenent frame 50 is fornmed by st {'ng or
casting, mmsuldssgmispndueiarcpackagegl byurrognding thy w%wgqtloamg?mﬁéﬁfdﬁ% s
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enbodi ment, the reinforcenent frame 50 1s attached to the package 10 by
means of adhesive and delivered with a reinforcenent frame 50 attached to

a sem con or package 10 as I ntegr.al device..ln another e di t,
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sen condugdigforfatkAd®ant® 50 A8 Shiskd cofifRrs 39hHasd WRenO4lighell dgith Ragtspondingoat ed
on the raised corners 54a of the reinforcenent franme 50. The rai sed

corners 54tdachmentspaeasdandgmadhePER Idanddbpemdirhglls/ hempe Hhemths beftamsyideefds on
the PCB 14 and .t he, sol der, ball.s S, 1 . | de..of
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as epoxy glue. In an enbodi nent of the present

[0026] In an embodiment, the adhesive is as epoxy glue. In an embodiment of the present
invention, the raised corners 54a of the reinforcement frame 50 and the planar surface 58
are coated with adhesive, and the reinforcement frame 50 and semiconductor package 10
are integrally mounted onto the PCB 14 in a one-step process. In a variation, adhesive is
applied to the planar surface 58 and the reinforcement frame 50 is mounted to the
semiconductor package 10 by curing the adhesive in a first step and then mounting the
semiconductor package-reinforcement frame assembly onto the PCB 14 in a second step.
In another variation, the reinforcement frame 50 is mounted onto the PCB 14 in a first step
and then the semiconductor package 10 is mounted onto the reinforcement frame 50 in a
second step. In any one of these variations, after the adhesive is cured, the semiconductor
package 10 and the PCB 14 are connected electrically and mechanically by solder
reflowing of the solder balls/bumps 18 in an oven. In a further variation, the mounting of
the reinforcement frame 50 onto the PCB 14 is carried out by solder reflowing. In yet
another variation, mounting of the reinforcement frame onto the PCB is by solder
reflowing while the mounting of the semiconductor package 10 on the reinforcement frame

50 is carried out by curing of an adhesive.



i nvention, the raised corners 54a of the reinforcenment frame 50 and the

pl anar surface 58 are coated with adhesive, and the reinforcenent frane 50
and sem conduct or package 10 are integrally nounted onto the PCB 14 in a
one-step process. In a variation, adhesive is applied to the planar
surface 58 and the reinforcement franme 50 is nmounted to the sem conductor
package 10 by curing the adhesive in a 8irst step and then nounting the

sem conduct or package-reinforcenent franme asse onto the PCB 14 in a
second st #9271 The emlmﬁomnanafnaam Yhwhethmopated fOGracEéB N serveras sotess brfteit ed

mount od ofitcrlhweuliel MEk kT BRE ARttt ST FAREL o ReEhaes 20, ©

these var bﬁﬂﬂeqaﬁforaérh@ft fidne: SERRBINPR 14 pr@dde gzb@tesmgiswa@lmgtmssespmhage
10 and the PCB 14 are connected electrica %%_and mechanj cal | y by solg
i on,

‘ref| owi ngavshepharessasdbat ay be nsiuagskdy Bothrneghaggalshoglnand thapmdgyCliclon
the mount 'tlﬁg f‘[]Tfl)éc resfsgﬁcc{ &' é@xfe?sreg %Msolﬁ&%ﬁll%ﬂ gnltﬂoﬁl@se \ﬁ%uﬁhe' rsinfétéh&d out
ye ano t he

by sol der er vari ati nounting o
rei nfor Ceﬁaﬂfe 50¢ &mheattts&eks}ee“BﬁBl havelty bs edkadeup byetht evidegbalbibunepst ]*Bejo'rrrbu nting

of the sem conductor package 10 on the reinfgrcengent frane 50 is c |ed
out by cuPsnsgialy theseirihe PQ@erSSOI PGHPROLY ARy ?r euHah#x1$ PL fENteH0
nount ed o ck
and t her ey ishiiels (ROEKER PRt eaing il pelanlp kel bf IRSOR: SALDIRRS

rei nf or cem&gmmfs ra&ﬂ&sﬁﬁemintry/b@nﬁ@em Witloan cieboinateof the preseririvecntion, at

Shock andlHaRRGAT G Hreeees e sorder i o e / e B ke e B e G ERE

sol der ba'tﬂe/ Qﬂﬁ@bét&lekﬁ"tﬁét&mfw&ﬁgﬂﬁ frﬁrﬂ@ céﬁl'efbfﬂac.ﬁﬁetﬁé POB aeASH resiliethghear
stresses would have to be taken up lé)é t he sol der ball/bunps 18 j oi nts,

especi al | yressessexpatiended hyothasobleoba mnpﬁérjplrémgﬁ Iowiem the leading @l highdrs or
]E: gin][ 5: eogﬁélaﬂén Bc{gaﬁgcrt] 6%[@?0‘18& %%5 %Qem}oréemen‘? %ram% of &R lélntb @%ﬂen{'opﬁlg gPetséﬁt

invention is attached to a semiconductor package.

[0028] The rigidity provided by the reinforcement frame 50 also lends localised rigidity to
the PCB 14 at the semiconductor package 10 footprint area. As a result, localized bending
and flexing of the PCB 14 under shock or drop impact is reduced. Thus, the stresses
experienced by the solder ball/bump 18 joints, especially those at corners of the
semiconductor package 10 are less severe. With the additional advantage of stronger joints
between the reinforcement frame 50 and the PCB 14, the solder ball/bump 18 joints
between the semiconductor package 10 and the PCB 14 experience lower stresses both
under shock impact and thermal cycling. As a result, the reinforcement frame 50 according
to an embodiment of the present invention improves the solder joint reliability of an

integrated circuit package mounted on a PCB or circuit substrate.

[0029] FIG. 4 illustrates another embodiment of the reinforcement frame 150. FIG. 4
shows a bottom view of the reinforcement frame 150. As shown in FIG. 4, the
reinforcement frame 150 has four PCB attachment areas 154a linked by four radial linking

members 160 to a central member 170. The PCB attachment areas 154a, as in the previous



18 joints at these periphery/corner areas. Wth an enbodi nrent of the
present invention, at |east part of the stresses on the solder ball/bunm
18 joints are taken up or transferred to by the joints between the

rei nforcenent frame corners 54a and the PCB 14. As a result, the stresses
experienced by the solder ball/bunp 18 joints are lower, thus, leading to
hi gher sol der interconnect reliabilityowhen a reinforcenent franme of an
enbodi nent of the géesent invention is attached to a sem conduct or

package. p@bodimerhs0,tagiadfutlyheighs vhiglseespywhikss theclinifing apdreentra membesplel. so
| ends | ocalised rigidity. . 1 package 10
footprint?Zggg@E%Eggmgééﬁig}n%gggﬁazéééﬁé% Hgéﬂﬁgﬁgggﬁgﬂﬁﬁgabf the PCB 14
under shock or drop inpact is reduced. Thus, the stresses experienced by

the sol der ball/bunp 18 goints, especially those at_corners of the

seni conduloodl] BiEKknglstraien e piesel e veinforcapem e Hudis0i BiAr UEAPEBe of
str onge[)ajf)@, q%rr%gﬁ%gﬂ{lé ﬂfsgeraﬁ o Eﬁfiﬁzﬁ@&& 4 irﬁQnté‘HQscI-iE@d &k 14, the

sol der | Ol et ween em conduct or package 10 and the
PCB 14 experience |ower stresses both under shock inpact and therma

cycling. As a t.. the reinfor f 50 di t
b Sonitoaf RS blsskies hReBhorene i 207 o868 LAt or bRt o
of an 'ngﬁq%@%eﬁﬁ ifeh@aH. tASOWﬁ PRHY, ek &mfa?ce{ﬁ@npﬁaﬁe nOYitas auﬁ%s;@%e-

[ 0029] FI ustrates anot her enbodi nent o he rei nforcenment frane
150. FI G lafgershansthe aubotetdimensiens of the kemicendifotorqankage 0 dis engindimentsiiown

in FIG 4, the,. reinfaqrce t fra 50 has. four PCB attachnent areas, 154a
i nked byﬂF&anQI&%}P%I}t?Taﬂﬂ%gal{%@%Q&_ nalgsTipheral wanendicofERber 995 ke poa
attachmend@neas prodRledaThede AdMBLML oRdSand co2iBAsiofeBided Ballf @9 8amay be

full -height thickness, whilst the |inking and central nenbers 160 170

have a redumedeshevljbl provide ewtinimedhenical Beengénto e seldpeballPompsl Hinintsnal .
Egs ;’3? 1/_ gg%tw%eil ltileu %éngﬁ:%ﬁguétgrepgc %gg fl Ot ar}l% trh%II;EIQ rl%?ﬁ%mo{hreﬁ%bggime]niothw th a
additional rows and columns of solder balls 218 are disposed at the extreme peripheral
corners around active solder joints, i.e. those solder joints that actively conduct electrical
signals. The stresses taken up by the dummy solder balls 218 help to reduce the stresses
experienced by the active solder balls 18; in this way, the use of the reinforcement frame
200 according to an embodiment of the present invention on a semiconductor package
increases the reliability of the solder joints formed between the semiconductor package 10
and the PCB 14. Further, the additional rows and columns of solder balls 218 increases the
interconnect density of a semiconductor package 10 thereby providing more functions to a

semiconductor package 10 of a given package size.

[0032] In addition, if the reinforcement frame 50, 150, 200 is made of metal, the
reinforcement frame 50, 150, 200 can be advantageously used as a heat sink. FIG. 7 shows
a cross-section of an integrated circuit package 300. As in the embodiments of the
semiconductor packages described earlier, the semiconductor package 300 comprises a
moulded compound layer 313 and a substrate 312 layer. As shown in FIG. 7, thermal
traces 320 connect the IC wafer die 310 to a peripheral and lower surface of the substrate

layer 313. In use, the thermal traces 320 directly conduct heat generated during operation




ball grid array packaging instead of cavity-up BGA enbodi nents descri bed
earlier. [0031l] FIG 6 illustrates a reinforcenent frame 200 according to
anot her enbodi nent of the present invention. As shown in FIG 6, the

rei nforcenent franme 200 has di nensions |arger than the outline dinmensions
of the sem conductor package 10. This enbodi nent of the reinforcenent
frame 200 all ows additional peripheral ¥bws and col ums of solder balls
218 to be provided. These additional rows and ms of .sol der balls 218
may be daHRAS, CoLGH egoINCERERATIRS i Da O L GRS ERIDD fOhExRE P

bal |/ bunmp 8, o (pRBRih AR T GRAGHSh U RACHRAEinF Aot hciithEh 14,

I n anot hepljeear%%gﬁérfc;%? ?ﬁte e gé%?ti onaFS r OWs ar?d1 col urmé1 019 sol dercbal | s 218
are di sposeds ah thBCBx3 Idemey jpe prgvtidedivithomndester wiao 330 imtitei REB SdH d&hese

joints, i.e. those | der _joints that acti vel onduct el.ectrical i gnal s.
J'I'he stres E‘é@“f"é’_ﬁzﬁsts?goﬁyd th &fﬁlﬁrﬁvgﬁ IaHélFlh’\éQP%/ls&%? LfRdpet }}ﬁlg%%aé' rt%‘lﬁrg >
stresses yRXPGHToRMRGht FarhD'& 029150V €08 AbdghuR@ldisel 8340 th tlY PCWRB14 1t IRjsUSe

of the rernforcement frame 200 according to an enbodi nent of the present

i nvent i onemhodinsatBed advantagpas vdpee itiinopepeseidle toedadidaiead c¢titra) pertionHy

sol der joints. fornmed between the sem cgnductor pack 10 14.
Furt her, eSOk Eii"jt‘tFI&?ﬁﬁ?ecﬁe\geraﬁ% SESE ST OF @qugoé’rne%g?? gorffgp?er#é ?@ggé{s% t he
i nt er conng&hicegNhdrypatkagd 300N GROHUB! DI4. PRakdEaen, kRe bdigiceRduchirPackige®ooor e
functions to a sem conductor package 10 of a given package size. [0032] In

addi ti on, a¢dording tp dhisfestwdinaent doirgrawap witlsthermalpintesconngels grovide & Nighgie

reinforcement fra 50.. 150, ;. can.: . : si nk.
fra 7 ondigeonff Bunhy, iy £ahiohmdReNp BAGSEURD Xilio g B ier] |
t he embodiemsity svauld 4186 proséds cendettidactoppadkagewith esiea funedorsar | i er, the

sem conduct or package 300 conprises a noul ded conpound | ayer 313 and a
substrate 312 layer. As shown in FIG 7, thermal traces 320 connect the IC

weer, o bl bl BRELPGSluaB, ol ol bey S uchouer

oper at i onthat many changes, modifications, variations and combinations thereof could be made to
the present invention without departing from the scope of the invention. For example,
whilst a quadrilateral reinforcement frame is described, the reinforcement frame is not
restricted by its outline shape; for instance, it can have a polygonal or round outline.
Further, the reinforcement frame attachment area 54a, 154a need not be restricted to a
peripheral or corner of the reinforcement frame; for instance, intermediate or interior
attachment areas may be provided instead of or in addition to those at the periphery or

corners. Furthermore, the attachment area 54a, 154a need not be square or rectangular as

shown in the figures; for instance, they may be oval or L-shaped in area.



10 of the ICdie 310 to the reinforcenent franme 50, 150, 200 for

di ssipation, for exanple, to the anbience. In an enbodi nent of the present
invention, the reinforcenment attachment areas on the PCB 314 nay be

provi ded with conductor vias 330 in the PCB 314. These conductor vias 330
and PCB 314 provide an additional channel to conduct heat away from the
rei nforcenent frame 50, 150, 200 to grolind planes 340 in the PCB 314. This
enbodi ment 300 i s advant ageous where it is not possible to dedicate a
central p&lAIMSof the solder interconnect pattern to serve as thernmm

i nt erconnects t0 .sem conduct or package 300 to the
PCB 314. I'n ad%‘lSte:&lggo?lld%tgpg%%a%%%g%%gg}g'package 300 according to this

enbodi nent doi agemfeyemehthfrhmersfkatile fer attavharhs t@mopdripherl irghaound an

i nterconnect density; accordingly a sem _conductor package 300 with higher

i Nt er conn8RErCORNSRIHAtGTI R the SeNEBNBICt Pagkage-seni conduct or package with extra
functions. [0033] Wile specific enbodi nents have been described and
illustrated, it is understood that many changes, nodifications, variations
and conbi Rat i oAsseniiesminttor patkhgbecomdimgtto clditmel ,priageintthe misfordeprenhitameut

departing fromthe scope_.of .the invention..Fo xanmpl e, whilst a

quadri | at EPBPIIIES ABRE SHFEAGE 1 tF‘%"f‘ﬁ?‘?’ @‘8§‘8‘P}°88‘5}3°%?rﬁg£t‘ae§enf orcenent frane is
not restricted by its outline shape; for instance, it can have a pol ygonal
or round outline. Further, the reinforcenent frane attachnent area 54a,
154a need3not Besemdsenductozpatknga acpadingttercidimo?, wereiarthe teinfoecemsinh figmeement
frame; for instance, .internediate or.interi.o ttachne areas may be
provi ded FHEPREHG2 ?ep(-)l}elg}ﬁ Sg‘g etslugﬁa t{?lu?'i%rsa legtf) tﬁ%%ﬁgagrsiu%t &y or corners.
Furthernore, the attachnent area 54a, 154a need not be square or

rectangular as shown in the figures; for instance, they may be oval or
L- shaped #n ar dasemigorgustoymackage according to claim 3, wherein the reinforcement frame

forms a polygonal outline and the height of the reinforcement frame around each corner of

the polygonal outline has a full height.

5. A semiconductor package according to claim 4, wherein the corners of the
reinforcement frame are discrete and the discrete corners are joined to each other by

linking members disposed to form a polygonal ring.

6. A semiconductor package according to claim 4, wherein the corners of the
reinforcement frame are discrete and the discrete corners are joined to each other by radial

linking members.

7. A semiconductor package according to claim 5 or 6, wherein the height of each
linking member is substantially half the full height of the reinforcement frame at each

corner.

8. A semiconductor package according to any one of the preceding claims, wherein
the reinforcement frame is operable for mounting onto the semiconductor package by

means of adhesive.



1. A sem conductor package conprising: a reinforcement franme operable for
attachnent to a peripheral area around an interconnect pattern of the

sem conduct or package. 2. A sem conductor package according to claiml,
wherein the reinforcement frame conprises a planar surface interface with
t he sem conduct or package. 3. A sem conductor package according to claim 2
wherein the reinforcenment frame conpris2s a step-height surface
substantially parallel to the planar surface. 4. A sem conductor package
according to claim3, wherein the reinforcenent frame fornms a pol ygona

out I ne agd_tha, §ekiglidulor APkeRl LG Uy JrR U (B¢ BHREIRREMHiGOIRSreia

t he pol ygonal outline ha el ght”. 5. A sem conduct of package

accor di ngthecenif@aicement fitmer isisele¢thé froor the fallosfing eteriak inmeftds glessemtcefamagre ar e
di screte and the discrete corners are joined to each other by |inking
menbers di sposed to forma polygonal ring. 6. A sem conductor package

accordi ng1ho chakimtonWh@bLIPAckAIR SQLREARS 18 cIARE 9, PhdHER ARNBIMichiEITRar €
di screte and the discrete corners are jolned to each other by radial

| i nki ng neadkegs further pomprisiognde ot ororpthekngdrasecemmiiceling dsanigprAustos diegto

wher ein tta)((a hei.ght oft each |inking nmenber is substantially half the full
hei ght of ehrgmf F?{P%f}é@%em frame at each corner. 8. A sem conductor
package according to any one of the preceding clainms, wherein the
reinforcenent frame is_operable for nmounting onto the sen conductor package
by means lbf adhsemigenductorgpackage gresfgciootnypaik afelame o-40-nyhetsinagarhone

of the pr %gr%g} SEné i}gf-yggnal %]ﬁfo%éﬁient ring is operable for attachment to an attachment area

on a printed circuit board or substrate.

12. A semiconductor package according to claim 11, further comprising PCB/substrate

attachment area disposed on one or more linking members.

13. A semiconductor package according to claim 11 or 12, wherein the attachment area

of the printed circuit board or substrate comprises one or more thermal conductive vias.

14. A method of improving the solder joint reliability of a semiconductor package
mountable on a printed circuit board (PCB) or circuit substrate, the method comprising:
mounting the semiconductor package on a reinforcement frame; and

wherein the reinforcement frame is mountable on a PCB/circuit substrate.

15. A method according to claim 14, wherein the reinforcement frame is mounted to
the semiconductor package on a peripheral area around an interconnect pattern of the

semiconductor package.

16. A method according to claim 14 or 15, wherein said mounting comprises adhesive
curing and wherein said reinforcement frame is mountable on the PCB/circuit substrate by

adhesive curing.



the reinforcenent frane is selected fromthe followng material: netal
glass or ceramc. 10. A sem conductor package according to claim9, wherein
t he sem conductor package further conprising one or nore thermal traces
connecting a sem conductor die to the reinforcenent frane. 11. A

sem conduct or package according to any one of clains 4-10, wherein each
corner of the polygonal reinforcenent rihg is operable for attachnment to an
attachment area on a printed circuit board or substrate. 12. A

sem conduct or package according to claim 11, further conprising

PCB/ subst pat e at t CCOT&IH? atOd(lJlg,?Ig Slgl-d OP ri 5 g %eperni ggfde\;\ﬁlolllﬂhh Q)Cp{gggﬁe{h% 13.

A sem conc]i cto according claim ereinthe attachnent

area of Eétﬁlcbﬁdimft@dpawkﬁgm biid lﬂﬂh’:lfdﬂnibfceﬁidns tfragieeconprises sdbesiveecuringgrovhéle
t hermal conductive vias. 14. A nethod of n&rOV|2g8the solda@Hg0|nt
rel i abi | i mpusiing beéwecsoteursinforgemanh Jemeand ithe P ﬁlr%lbﬁvw EPIBLiSES

board (PCP%ﬂo%m%bi?o‘l'&&n?HPﬁ%nate the nmet hod conprising: nounting the

sen conduc age on a rernforcenent frame; and wherein the
r ei nf or cenent frane is nountable on a PCB/circuit substrate 15. A nethod
according to claim rane.i s nount.e

1 wh f t
seni condudfor ﬁa’é‘ﬁ@@ aggpr rﬂgléﬁr’]ic%ﬁg 1réfc’lr o grgg{]ﬁ? WRURTRES ALORHER obtdfltaern

of the s Et 16. A net hod according to claim 14 or 15,
wher ei n sgﬁ% gﬁﬁ%ﬁge @@%ggges adhesive curing and wherein said

reinforcenent franme is nountable on the PCB/circuit substrate by adhesive
curing. 13.17. A nethod agcordin | ai. m rel wher ei.n ting
bet ween tﬁg _ sé’rﬁngﬁ‘ﬁgli’ﬁ?(g meHeiq é’ngr?g Cfal%‘s &é’llgf g{@gﬁ%%lpwmgégfh ﬁl es
adhesi ve GUEIBEnecthbf e semiconductor package with the corresponding solder pads on the
PCB/substrate and aligning attachment areas of the reinforcement frame with respective
attachment areas on the PCB/circuit substrate prior to curing of the adhesive or reflowing

of solder.

20. A method according to claim 19, wherein the reinforcement frame attachment areas
are selected furthest from the neutral axis orthogonal to the surface of the semiconductor

package mountable to the PCB/substrate assembly.

21. A method according to claim 20, wherein one or more additional reinforcement
frame attachment area(s) is/are selected intermediate to the reinforcement frame

attachment areas.

22. A method according to any one of claims 14-21, wherein the semiconductor
package further comprises one or more thermal traces connecting a semiconductor die to

the reinforcement frame.

23. A method according to any one of claims 14-22, wherein the reinforcement frame

is manufactured according to any one of device claims 1-13.



mounting between the reinforcenent frame and the PCB/circuit substrate
conprises reflowng of solder in an oven. 18. A nethod according to claim
14 or 15, wherein said nountings are carried out in a one-step or

t wo- st eps process. 19. A nmethod according to any one of clains 14-18,
further conprising both aligning interconnects of the sem conductor
package with the correspondi ng sol der pbds on the PCB/substrate and
aligning attachment areas of the reinforcenent frame with respective

at t achmen24.ar eAsmethod preeopding & anyane of glssms 44-23 plurtber qoarEisiighg of t he
adhesi ve or refl ow. . A . I to claim19,
wherein the reFﬁ@%P@%%%%%n(gé%§£gpéggﬁﬁéﬁfﬁgggg§ﬁﬁg@%hgglected furthest
fromthe neutral axis orthogonal to the surface of the sem conduct or
package nountable to the PCB/ substrate assenbly. 21. A method according to
claim 20, wherein one or nore additional reinforcenent franme attachnent
area(s) is/are selected internediate to the reinforcenent frane attachnent
areas. 22. A nmethod according to any one of clainms 14-21, wherein the

sem conductor package further conprises one or nore thermal traces
connecting a sem conductor die to the reinforcenent frame. 23. A nethod
according to any one of clains 14-22, wherein the reinforcenent frane 1is
manuf act ured according to any one of device clains 1-13. 14 24. A nethod
according to any one of clainms 14-23, further conprising: nounting the
reinforcenent frame on the PCB/circuit substrate.



