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| NTEGRATED CI RCUI T PACKAGE TECHNI CAL rc | ELD OF THE | ~T' JENTI ON The present
" inventi ormuummmﬁ"ﬂmwu”m general to the field of integrated circuit packaging,

and nore , can relate to an apparatus and nethod for creating
substanti al | et i cally nountable integrated circuit packages that can be
electrically connected to a circuit board by a |ateral ball grid array.
23 August 2002 2 witl ba 3yC:G-O.~rID OF ~~, rrr,;r~rrT-rorr tout limting
the scope of the in-r~ntion, its ~d is described in connection with nenory
nodul es, as an exam e. Her tofore, in this field, integrated circuits have
been formed o seniconductor wafers. Thk wafers are separated into individu
1 chips and the veghndaduahLeheRSD aAgri herntenidiesd arkdquackagedacEhe
packagi ng prccess is one of the nost critical steps in;the integrated
circuit fabrication process, both fromthe poin~ of view of cost and of
reliability. Specifically, the pac aging cost can easily exceed the cost of
the integrat d circuit C%@Mﬁh@%ﬂmﬂﬁﬁ&ﬁai | ures are gene
al Iy packagi ng rel ated. e Integrated circurt nmust be packaged in a
suitable nedia t 1L pr dt i eque fact ring. st and
fromthe envir onﬁhe%]tﬁgoef eInF sﬁlg‘ﬁﬁtnld‘lénd %&%LE‘I%%&?— ?{o%%n%gg ggnglﬁénggjh%me%%
encapsul ation_are the two nmain steps.in the packagi n _process..wre bonding
connect s thénF%%’a%tEfcfoﬁllFﬁ‘élEhip& FIF t efRY ndY sgﬁélﬁéﬁﬁé&( e
termnals allowthe integrated circuit package to be connected to ot her
23 August 2862282 ckRpihARPRTALYE| SRRNFeRNPE BBF Ar§2t &RG apshs B icilily
enpl oyed to' seal the surfaces from noisture and contam nation and to
p?gt ect theverticalhiomiungabie dnhegrabapontncsif rpaclkageosiiat o be
mechani cal shock. Conventionally, the packaging of integrated circuits has
i nvol ved at ¢aebtnixally ndirviedttal ¢bi p tod re@uieacddardndy whelraseralf dallaw ng
wi re bondi ng and encapsul ati on, designated parts of

grid array.
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ugust 2002 4 Su~l bL=.RY 0= "'"A= T~rlc: I TTO'l Comon' y,
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e R90r CBBE h SHe£36F- livhe cecredi t thBarePsto P&r ntAenodul e.
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i\t will protect it in subsequent manufacturing steps
the environment of its intended application. Wire
and encapsulation are the two main steps in the
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provided an integrated circuit package conprising: a carra3Audusv200P a pair
_of maj or opposing external surfaces, an external side surface disposed

bet ween sai d maj or opposi ng 23 August 2002 6 surfaces, at |east one
routing strip integral with said carrier and a cavity defined in said
carrier and extending through said carrier between said pair of major
opposi ng surfaces, a portion of said routing strip extending into said
cavity; at least one termnal for external connection to said carrier

di sposed on said side surface of said garrier, said at | east one term nal
being electrically connected with said at | east one routing strip; a chip
adhered to said carrier along one of said opposing major surfaces, said
chi p havi ngatooheast . orepllandinggwpas @xidcndi ngneabousat tbrecald teyrp lamed

el ectrical connection disposed within said cavity connecting said at |east

one bondi nggagk410 Sl diatr RIS XUIE nlAlcRg Shld RordRchiPaktbAJaABt eki al
di sposed in said cavity covering said portion of said at |east one routing

SUULP di sposed it kg sabd eaukiNg 344 GoBAEC I LG SANGGIPR 30058, al
| east one bondi ng pad and form ng-a surface coplanar wth at the ofher of
said pair of opposin jor surfaces. 23 August 2002 7 In one enbodi nent
t he side S&PPa ECEgnggggrﬁT?ﬁkperpendicular to one of the nmajor surfaces.

The side, however, can be at an angle from 30 to 90 degrees (but preferably

at least 45) refPY9REIQPAIY mip6r PaGkpgtRg OFf integrated circuits has

involved attaching an individual chip to a lead frame, where,
) following wire bonding and encapsulation, designated parts of
the lead frame become the terminals of the package. The
packaging of integrated circuits has also involved the
placement of chips on a surface where, following adhesion of
the chip to the surface and wire bonding, an encapsulant is
placed over the chip to seal and protect the chip and other

components.




The carrier can be a circuit board type of material, sucl23asugush2qg2
tenperature epoxy resin. Integral to the carrier nmeans that the routing
strips can be within or on the surfaces of the carrier. In one enbodi nent
of the present invention the integrated circuit package further conprises
at | east one solder ball disposed on at |east one of the side surface
termnals disposed on the carrier. The carrier and the package have a
common side, and the side surface termnals are on this common side. Thus,
the termnals are on the side of both 1he carrier and the package. Potting
material may al so encapsul ate the chip and have a thickness of, for
exanpl e, about 6 mls. The carrier for use with this enbodi nent w |

typically have a thickness ofgyaharkeast abpout\:iOrmidss, dependi ng on the size
of the solder ball connection. In one enbodi ment of the present invention

the overall thigipess or nrelihe el thepackage i letween about 40 g l's

and 50 mils. In yet ofhér embodi ments the thickness of the package is about

41, 44, 47 20 mls. 23 August 2Q02 8 Accor dj to anot her. aspect of
the pr esentoq-‘lrhn‘v"en{g“tc?r?nteﬁet e 1% §§’6‘%}i ged S Hicgh d%%g?’fx é:?%gt MRS cui t
nodul e conprising a high density vertical nodule cqnprisugaf a printed

circuit bodr® hawify WSSt £t i2aRdRTH &fart F6p 3 FifEdE Ao WSnMEEerEn to
external devices; and at |east one said external device in the formof an
i nt egr at ed RAYEH t (FdBRage FHéWsngay ndjosr e3@Pace BAdusesi de dinsaeaser f aces
extending fromsaid major surface, at |east one of said side surfaces
havi ng el edthel panosy d& sypfiasély epensralad thepevers n iAd imemtoeryec detaatiswi t h
and electrically connected to said printed circuit board at said top
su_r’fac_e; Thewdrisglsedensi thadoght ensdy Eokt heereaspdi sepacpbuephtt ¥ 19b)t abs
being integral wth the top or the bottomof the circuit board.

capacity and memory capacity of memory module. Efforts to

enhance these capacities, however, have been limited by the

amount of surface space available on the SIMM surface. Space

may also be limited in the environment in which SIMMs operate.

Furthermore, the surface area occupied by the individual

memory units limits both the distance between connection, but

also, the number of memory units that may be positioned on a

single mother or sister-board.

Therefore, it is recognized herein that a need has arisen
for increasing the density of memory and other semiconductor
circuits on each mother or sister-board and that a need has

also arisen for a process for producing high density

arrangements that provide for the close proximity of




Accordi ng to anot her aspect of the present invention there is provided a
hi gh density doubl e-sided el ectrical circuit nodul e conprising: 23 August
2002 9 a printed circuit board having a top surface with at | east one
termnal and a bottomsurface with at | east one termnal, both surfaces
adapted for connection to external devices; a first external 23gughge200p t he
formof an integrated circuit package having a najor surface and a first
side surface extending fromsaid major_surface and having thereon a first
side surface termnal, said first side’surface termnal of said first
integrated circuit package being electrically connected to said top surface

t er m nalin@bgpaied RifdUieth£d a3l tHGRAGU clehiegbofiakdt [diktin&d dengUifaace
termnal; and a second external device in the formof an integrated circuit

backage f1ayd s fIREAT FUATASR AL A SECAIME StAs: PUAd 60 dxtanding ffom

said maj or sur an ving thereon a second side surface termnal,
second integrated circuit ckage .pbeing electricall.y connected to_s

ot tom st Rremian i hartadill FHREL @ Bo&E chih bRt s Lotuire Bl
surface term nal. The integrated circuit package can further include bus
bars bei (igchit Rpeiags t hatheroaideer pramreenendi nfei nviget hompag migd The
bus bar electrically connects at | east one of the bonding pads of the chip
to at dABicaugustip2@0id@ kehstqoert tthenuéaeiutahg dndposetdngn stéps fandt and
the second surfaces of the carrier. Even though the invention is sonetines
descri befdohenteren virb@m@n 06 ftibe ihtdede ditpad poisecui t packages bei ng

perpendi cul arly (or

The present invention disclosed herein includes an integrated
circuit page, a high density electrical circuit module and a high
density double-sided electrical circuit module. The packaging
protects the components of the integrated circuit package during
manufacturing and testing steps and from the environment of its
intended purpose. The individual integrated circuit packages can be
angle-mounted on a circuit board, with the packages adjacent (e.g.,
parallel) to each other and attached to either or both sides of the

circuit board to form a module.

According to one aspect of the present invention, there is

provided an integrated circuit package comprising:

a carrier having a pair of major opposing external surfaces,

an external side surface disposed between said major opposing




vertically mounted with regard to a horizontal circuit board) for
_sinplicity and convenience, it is to be understood that the integrated
circuit packages may be angularly attached to the circuit board in a nmanner
that is not substantially perpendicular to the board surface. In fact, the
. attachnment of the individual integrated circuit packages to 28 ABUSEIN0DIr
sister-circuit board may be at angles of |ess that 90 degrees, such as 45
or even 30 degrees depending, e.g., on the space constraints under which
the integrated circuit nust operate. 623 August 2002 11 a~T~ = DE~C~ ~
~Tlc~r c¢c= T=Tr D~~;arVCs For a nore conplete understandi.g of the features

ar_d advajitfages, of 16her phes@nitihpvarip efte R eWeliCeald cadyieFvsied tao t he
detail ed description of the invention along with the acconpanyi ng figures

i n whi che £a4§ GRAQRLHENG: Qa'faerca!rﬁe'rrhﬁdﬁ%x%ﬁaﬁsg%éhgﬁrﬁﬁdr ghffiet 0
correspondi ng parts and 1n which: Figure | 1s"a sinplified end

Ccross-sect.i onal v%ﬁgw of an enbodoi nent. of a fverti cal itnt egrﬁt ed circuit
package; fi'—ti“é;%erlb s3l¢ Par nB’IaiJPfe(PR%%n\gi W 83 VeP PR ? tsgb? ated circuit
package; Figure 3 is a sinplified end cross-sectional view of a verti cal

i nt egr at™OPtERE SITP SREKAGEE inERSaId GaVilysinplified i sonetric view of an
encapsul ated vertical integrated circuit; i Figure 5is a sinplified side
view of an integrated circuit package SIMM Figure 6 is a sinplified
isonetric view of a SI MM having vertical integrated circuit packages
attached to onetsledgttdisy eofminalBoAkgysin008nhdcHogute sdid caarkdmpl i fied
end v;e:a of a SIMM having vertical ir_cegrated circuit packages attached

to both §isdeselihes a@fidi1ddi §§aagRto£9Rd @i atdrOn%idandidfdsgWite ScifiRasi de
view of different configurations for

being electrically connected with said at least one routing strip;

a chip adhered to said carrier along one of said opposing
major surfaces, said chip having at least one bonding pad extending

into said cavity;

an electrical connection disposed within said cavity
connecting said at least one bonding pad to said at least one routing

strip; and

potting material disposed in said cavity covering said portion
of said at least one routing strip disposed within said cavity, said
electrical connection and said at least one bonding pad and forming a
surface coplanar with at the other of said pair of opposing major

surfaces.




the side surface of the integrated circuit package. 23 August 2002 13

_ DSTal ~ED DS~C=nr To~r o~ TrL ~~rl~,rrTTO-r Trl hile the maki ng and usi ng of
various enbcdi ments of the present invention are discussed in detail bel ow,
it should be appreciated that the preser_t invention provides nany

. applicable inventive concepts which can be enbodied in a w d28 Aegustet092 of
specific contexts. The specific enbodi nents di scussed herein are nerely
illustrative of specific ways to nake and use the invention and do not
delimt the scope of the invention. The present invention can be related to
integrated circuits using a board-on-chip design to enable a plurality of
integrated cilnctht QAGKAGELHtotHe s dd Suebdde/ i @eneenpengeepdadigylaattbached
and electrically connected to at | east one side of a circuit board to form

a SIM Bye b rYgld hﬁlglolry s GFRBEE! TR §itke, Y wEvRat edahi BE Wk larPBRERIFFoRP
not her or sister the present 1nvéntion addresses the neéd for high

speed p [ ce. that n t i ts of
modern sehRonnakasres Gl piRTalCE IRARASIRIARYY 1o dlE BETRE, ",
i ncorporated into, for exanple, a synchronous DRAM ( SDRAM S|I|con Chlp.

23 Augu§¥”%669-14 Figure 1 is a simalified cress-sectional view of an

| ntegraCeC. CirCUt paC~dg2 that is generally designated 30, The integrated
circuit packag? 30 conprises a silicon chip 50, which can be, for e:{anple,
any integrated circuit conponent such as a DRAM an EPROM a SRAM an ASIC,
a FLASH or a Thd €atiep.cah dae rd exird@iti boatd aghped dfo mdersal,i soohchs pa 50 by
an adhesi ve | ayer 60. The adhesive | ayer 60 nmay be made of, for exanple, a

doubl e- siigad tamﬁ%lavermm desimpelnasiiagi e tBbUa i c BNA¥Yns TR CERE | er
70 i s depicted having four ayers a top layer 72, an internediate | ayer

74, an '%tﬁiﬂg%&?gﬁ LayeSe 46 h‘f"xrl1 2o &12745'{?]111%%%"5 Jigthg%fa‘?fire'rng col l ectively

to Figures |nterne ate ayer as routing strips 82 that are
el ectrically connected through condU|ts 84 to side surface term nals 100
| ocated on | side surface 92. CGenerally, the side surface termnals 100 can
have a diameter that is equal to or |ess than the thickness of the S|£e

surface 92. THe Qnae esubodumentr Riftndhe TUGseah BRVeRtigyy Hipapbitegspte
exanpl e, rectangular, circular or square. It should be understood by one

skill ed q1mcuhtepalct(aghafulttlh@rt@omprf&e@pat dmdst lowtet solders badl [disgosed amer s

"side" 23 August 2002 15 and "end" are used 'or illustrat' _on purposes

only, asatt heastnoagraf edeciideustirfare! tagei il sedispusepr eaetlie icaveietri dhhean be
carrier and the package have a common side, and the side surface
terminals are on this common side. Thus, the terminals are on the side
of both the carrier and the package. Potting material may also
encapsulate the chip and have a thickness of, for example, about 6
mils. The carrier for use with this embodiment will typically have a
thickness of at least about 10 mils, depending on the size of the solder
ball connection. In one embodiment of the present invention the
overall thickness or profile of the package is between about 40 mils

and 50 mils. In yet other embodiments the thickness of the package is

about 41, 44, 47 or 50 mils.




assenbl ed and used in a variety of posit=ons and ways. Internedi ate |ayer
75 includes a pair of bus bars 110. The bus bars 110 are electrically
connected through conduits 84 to one or nore of the side surface termnals
100 on side surface 92. Side surface termnals 100 on side surface 92,
- function as terninal and side surface of integrated circuit pRakage2089, and
can serve to electrically connect the integrated circuit package 30 to a
not her or sister-circuit board. The size of the side surface termnal 100
wi || depend on the thickness of the cafrier 70 as side surface 92. The side
surface termnals 100 are made of electrically conductive material that is
suitable for gceatding eoecindthalr afpescwMentspassksolideendhd halersuss ai ns
infra-red or hot-air reflowas will be known to those of skill in the art.
The sidep Siaaee of 1 2h NakRs A0 M Eurel 801 Calt Yo SORMECliflptQiAQUAT AgRIPL 11 PS
82 by conduits 84. e silicon chip 50 has bondi ng pads 1%0 | oCat ed
general ly in.the central area of sil..cqon chip 50. The bondi ng 23 August
2002 16 %ijgs}tiz‘bergfé;alc%r?rﬁle!gtCé%lmtp(glgrlg&”_ng str_ps 82 and bus bars i.0 by
wi re bonding 080 to routing st=ips 02. The bus bars |i0 nmay serze, ror
exanpl e, as power supplies or grounds, and it is preferred that one bus bar
110 serve one function, such as a power supply, and the second bus bar 110
serve anot hera farstédbrirswichbasrd hpvdogda stHsteatialéy plenmaytdre ssishisee uct ed
f=oma material such as FR-4 which is available from for exanple, Mtorola
I nc., U farAcokiRedtiion to eapoxyalr ésvicesiaddrced with a woven glass cloth. In
selecting the material for carrier 70, one skilled in the art wll
recogni ze that four paraneters should be considered, nanely, thickness,
di el ectric constant, glass transition tenperature and the coefficient of
t hermal expangi @ ekl fio it h rricer a [

Pansd P, o¢ orhg] SE%FEQJ-( r?ialsf}_e’ﬁcee Wi rEhE: F%ﬁfle'b;f in /{&ﬁei@égp%ﬁlgnal ,

tenperature epoxies su S or resin, aval rom

US A or, Nltsubkapi, Jagan, whi ch. may %Q%o contain a reim‘orcir{gf

fi ber gl a8 CHESHP A A4f DG o PEART | IHPLENGH & THE MRS AUtfapes
overall thickness is dependant on the nunber of l|layers required and the
amount ofXteaidingr Exnansaidk apajor gurfaes, migleesooz of wid side fprfacqhe

=e' _nforc' _ng glass cloth can range in thickness from2 m!| pe. s:-~eet
(type 1083ving adegtrig@ahi $idzersusheet fetrypmals28)erePhe idi éhticnatec coorigcant i s
determ ned by a conbination of the resin used and the thickness and type of
rei nf or ceimntandsedle Sracelay de Fhhdctab ta saiel @eintal ainstiianboatd abowhid. 5.
This constant can be reduced to about 3 by replacing the epoxy resin :with
a cyanat@pshefadessin. The greater the thickness, however, the greater the
probl ens associated with thickness control, rough surfaces, excessive dril
wear and poor resin refill. The tenperature at which a resin changes froma
glass like state into a "rubbery"” state is generally designated as

The high density module may further comprise a plurality of tabs

being integral with the top or the bottom of the circuit board.

According to another aspect of the present invention there is
provided a high density double-sided electrical circuit module

comprising:




Tg. Standard FR-4 is nmade with a bifunctionally polynerizing epoxy that has
a Tg of about 110 C. Higher Tg tenperatures, such as 12S-150 C may be

wi t hstood by using a tetrafunctional epoxy. For higher Tg values, in the
range of 150 to 200 C a cyanate ester: epoxy blend can be used.

- Additionally, polyimnmdes provide for carriers having a Tg abmveugst®002 The
coefficient of thermal expansion for FR-4 is about 16 ppm C. A difference
in the coefficient of thermnal expansiqp 23 August 2002 18 bet:le~_T'i
c:~~e carrier 70 made from~~-: an;~ t>~.e sil icon chip SO can lead to
railure or the integrated circuit package 30 during, not onl~r the assenbly
of the integratndnedd Cairt uppdnga mvihgt aaksp Surfaee twiehuse Rfasitnbaerated
circuit package 30. The adhesive |ayer 60 may be Hitachi HML22u.

Al t er nat..vgl: ' i : c hLe ikth a
6 < bondelBlFe) 42,1 606 SN 20,400 PEISHILAS (FUBRICH Yot

Chem cal ny of Tokyo, Japan. H ATTACH 335 (DF-335) is silver filled
thernosévﬁﬁﬁggt§)ec?ggfgp#vﬂﬁ$ﬁ3ﬁea?glgfyg%ﬁ%ng. The bondi ng process
generally involves attaching the filmon the carrier 70 at 160 C for 5
seconds with an applied force of 1000-3000 grans; then attaching the
silicon chip 50 on the filmat 220 C for 5 seconds under a force of 150-200
grams. 1 23 AligesterGonalodpvigasihashe hdofwl |ef adn giptagrated ~sircuit

" _"estRemarksVin? isC~ -335 . ppearanc2Vi sual -s=l eer fi=ntolid

Cont ~. N . Ja2 ki & Bawh g 9D Ttsd) oo efalc50n €-al flm fd@nsirface extending from

Cozt ent %600' C- 1. 5hwt % sol i d42J0O11GThi cknessDi al

gaugeccrn3gnaidi8R Jukdtehd- Al Ing th@rBon 8NBirkeR sTdkOshMace7 idaduh gD e
shear 4x4mm chi p/ Agkgf/ chi pstrengt hpl ated all oy 42R T.210250C0. 9peel

strengt i /.chi.nl.340 . -1 er I 4 % TVA,
T80 PhaES T, %ﬂ@@%ﬁ%ﬁi@ﬁgg%&%ﬁ’%@{“ﬁAﬁﬁéggb%?ﬁ%?t bRl gt ﬁ?gsﬁﬁgg}ggw,
48hwt 9%0.,1 .Ox her, exanpl es of adhesjves inc]ude thernosetti ng adhesi ves,, such
e opox e AT BB RRFF Eheto ThERhop st T neergis gt drd
hot-nelted, in the formof sheets or as a pressure sensitive adhesive tape
may al s®metededr¢witalioerd thronghsaddirsosids sHefaey fepimd; atmonly 23
August 2002 20 LI S~d are adhesive tapes Jaj2d G| _laStCrerS, sl1" _CO:=S
O=aCr "7 '! CS ~.72CaLCS2 O~ tl':e~= aSa O' uS2 and eaS'i InCODr r_c
ation into production. Even though Figure 1 depicts carrier 70 as ::aw ng
four layers 72,sechnd/ GaRdnd8, dévichdul dhbe fopgerost aad iBye gngaedKiclit@diti n
the art that carrier 70 may consist of a single |ayer or may be a

muf ti -1 gyened baghdnBayi fthjde &hiGCRARAIN aUTDEsn 8F il @Y 8L fa dd& 2RAWEN g
descri bed conmpcnents and their constructions and interrelation provide an

assembl yfrBE}ﬂtsaii% qgn%foo§tguartfggea§ 423GV REd REL YN dNELERE esem%le

refers to the assenbl ed conponents prior-to encapsul ation. e assenbly
i f, [ 70, adhered si]i . chi.p 50 d w b i ng.80.. Th

carTl er (reniasTe 0 Gty BaCaTAes CRUPHI BBIGR TR r B6LTAGoLT LIRS and

bus bars 110 extending into the top oPening 86. The top opening 86 and the
cavity s®npectggetr vrih badépacsutigice terminal of said circuit board through

said second side surface terminal.

The integrated circuit package can further include bus bars being
integral with the carriers and extending into the openings. The bus bar

electrically connects at least one of the bonding pads of the chip to at




one another. The wire bonding 80 process may begin after silicon chip 50
has been adhered to carrier 70. Silicon chip 50 and carrier 70 are then
positioned on a heated pedestal to raise 23 August 2002 21 the _tenpera
tu=c O ~.~'le Cr.m>1:"?at-Chn tCa "OL_"t b tC 2en 100" 300'C. A gold

. wre having a dianmeter typically ranging fromO0.7 to 1.3 m |23 A6gust2002Q
through a heated capillary :~ner~ the tenperature nay range betweer _

200' -500'C. A soldering ball is created at the end of the wire using either
a flame or a spark technique. This soldering ball is then brought to
bonding pad ,' ~ 120 cn the silicon chip 50 and a conbi nati on of

conpr essie@Rt foareC th @Rer il h & BS @04 Fo SNE LAY 17 €irtsarhd @heralond barfliassr 66
nmetal lurgical bond. A loop is created in the wire bonding 80 above the bond
that hasyjust Reen achieved, and the wire bonding 80 is routed to the
desired connection on the carrier 70 such as routing strip 82 or bus bar
110 and stitch bonded. Using this "stitch" technique significantly reduces
the cross section of the wire at that point. Again, a conbination of
conpression force aﬂd u trﬁsonic energy, are used to ireat t he desired

met al | ur gi calEBeRdIhaREE phecés¥entionehsaseaneliines adas¢miBedoMETRER pHlis | 20
that require electrical connection on the silicon chip 50 are electrically
connect dérms calf riher inoe g Fdleldowii ngu tth@ askagres| pedh gt perabodécukardyi ber
conponents, cavity 88 and top opening 86 are filled with potting materi al
23 Auguster20O21122 n9d n el ?wideSeagad byo 4 hho€izaaBah_<ircduitn®oakd), fart Op
c Jen=_~.g8andcl .-i .... T~a ,"cr i :~r ~z v b.. oo~ca. _~;, 88

0 _a? 1 GmGic8Sand chbRSehPORES Sk i@ o~ understood that the integrated

circuit packages may be angularly attached to the circuit board in a
manner that is not substantially perpendicular to the board surface. In
fact, the attachment of the individual integrated circuit packages to a
mother or sister-circuit board may be at angles of less that 90 degrees,
such as 45 or even 30 degrees depending, e.g., on the space

constraints under which the integrated circuit must operate.




72, 74, 76 and 78 will define the thickness of the carri &3 Aagush2oqotting
.material will generally be contained within the top opening 86 and cavity
88. The overall thickness of the lagers 72, 74, 76 and 78 will al so depend
on the dianeter or surface area of the side surface term nal 100. The

- potting material 90 may be a cyanate ester-type resin, available from
Shin-Etsu Chem cal Co., Ltd., as KMC 184VA and KMC 188VA-4. O her exanpl es
of potting materials that may be used with the present invention, include
epoxi es, polyesters, polyimdes, cyanoacrylates, ceramc, silicone and
uret hane. The potting materials may alldo contain fillers that affect the
coefficient of thermal expansion, as well as the strength and flexibility
of the potting materi al pR0e= Tirsch isgiIeet ioon Tefs pRANIXGS mat eri al s and
fillers will depend on the conponents used to nake the integrated circuit
package 30, as pMj |5 bgokaoWsnb Ot hOS8a8EsSKhdiLnd Not hehar Feabotts Ngnd
materials that nay be used include those described in the table herein

bel ow. Sel ect] [ 3; t ,2002,23 £rial,-90 bl L odepend
peton pel Seh At 8 Al i cent ﬁﬁggggféé'c%guﬁ@%aclkﬁ;g 38%aasl:€vi Il be
known by those of skill in the art. 23 _Augqust 20 Prope. J;Ci of
T-pi cai Pot?% ﬁ@tﬁét?é SeREripprRn | Qf--EhS: q'gvfg.%.l.gg: %ﬁ.qngﬁﬁt;lf Elle
lu_~l~c==is cons~a.-.~, D1~06 0 s z3 . 9-~ . 72 . 7 - .. 7 J .-
. 27 - -2 acqompamyng figwIesn adtdch [SopResponding numerals in-the

| :z0. 0a0. 0170. 0010. 123| O~Hz0. 03---0.00' 0. 03D el ectric strength, D-1409;
V/ mi | a503 25550 t/dignees —s¢ 827 thd tgorresponding parts and in which:

}

=

. 23

Figure 1 is a simplified end cross-sectional view of an
embodiment of a vertical integrated circuit package;

Figure 2 is a simplified top view of a vertical
integrated circuit package;

Figure 3 is a simplified end cross-sectional view of a
vertical integrated circuit package;

Figure 4 is a simplified isometric view of an
encapsulated vertical integrated circuit;
} Figure 5 is a simplified side view of an integrated
circuit package SIMM;

Figure 6 is a simplified isometric view of a SIMM having

vertical integrated circuit packages attached to one side

thereof;




~- 2571 ,cm o=~l ot1 0=3l o~~Arc r_sistance, D-495; secondsl3318xlLe0ddPSpecific
gravity, D-7921.151.21.051. OMater absorption, D 570; % 24

hO. 1 50. 30. 120. 4f eat defl ection tenperature, D-64S; at 264 | b/in~, F380260<
70< 70Tensile strength, D-638; |b/in2900010, 00010002000l npact strength

- (izod), D-256; Ift ~ Ib/in0.50.3No break No breakCoefficient of thernal
expansi on, D-969; 10''/'F5.57.54.015Thermal conductivity, G 177;Btu ~ in/
(h~ftwF)1.71. 71. 51. 5Li near shrinkage; %0.33.00.42. 0El ongati on, D-638;
%83175300Al t hough t he board-on-chip | ayoutof integratedcircuitpackage 30 as
depicted in Figures 1 and 2 hasbeen deggri bedusi ng centralized bondi ng
pads120, it should be understood byone skilled in the art thatthe

princi pl esof tggg resent 23 Aygﬁﬁiigggg 2541 nvent i on ar esappl heahhe to a
silicon chip 5 th bonalng s 1?0 is alt~rnata | ayouts such as

posit' _oned alon t.he sides.of .th chi S h be
noted by 0 ﬁé°§ﬁﬁ | éFFH T he aF%rgﬁaE E gu? Q ﬁégﬁaﬁ%ug®bg%gﬁl%gh%§y be

| ocated on a single | ayer of carr Gbnerally, a layer of insulated
tape or cORETRGIMAY Bl HiEREd G H%?r <9557 %110 t o i ncrease reliability
of electrical isolation. The advantage of a multi-layer carri %
however, is thEighFai haton BFdanyeteedf (TR & égﬂﬁét&8P§ 6.
Addltlonally, the nulti layer carrier 70 provides a greater process margin
for wire hordiside Fugfaes i che singsidrkited cios8iseRI¢HARR - vi ew of an
integrated circuit package that is generally designated 32. The integrated
circuit package 32 conprises a silicon chip 50 and a carrier 70 that is
a;%ached to the silicon chip 50 by an adhesive layer 60. In this

snbodi ment, the carrier 70 conprises three layers, a top layer 72, an
intermedi ate | ayer 74 and a bottomlayer 76. Side surface 92 is a side
surface of both carrier 70 and of the integrated circuit package 32. 23
August 2002 26 The c~rrie= ; 0 uas a top opening 35, ad ~,:nl ik~
e:nbOd: . mer~t ~*.~ p~C-cdi n: iglire ~Cl0OSi O r:avV~a Ca'lity ol~
T1S best seen in conjunction =~rith figure 2, routi. g s~.rips 82 and bus
bars 110 extend into the top opening 85. after assenbly, top opening 86 is
filled with potting material 90 as represented by the dashed |ine above top
opening 86 and around silicon chip 50. Conduits 84 electrically connect
side surface termnals 100 | ocated on side surface 92. In Figure 4
sinplified isonetric view of an encapsul ated vertical integrated circuit
package 30, 32 for use in a high density vertical SIlI~l. The integrated
circuit packages 30, 32




are shown after the entire packages have been encapsul at exg Addiet 2od2egr at ed
.circuit packages 30, 32 are electrically connected to a nother or
sister-circuit board (not depicted) by side surface term nals 100 depicted
on side surface 92 as squares by solder balls or colums (not depicted). In
- Figure 5, four integrated circuit packages 30, 32 are depicted in side view
as part of a vertical integrated circuit nodule 200. The vertica

integrated circuit nodule 200 is forned by vertically attaching integrated
circuit packages 30, 23 August 2002 27 32 On a hori.'.JlI?tal ~T~-O~'ler

C SiSi. ~~CG rdllt board 1017 . ."~.1aCh Integ~at2d G rCL;i C package 30,
3~ 1S 21 ¢GilCally COnn2Ctd CO the nother or sister-circuit. board 160 by

sol der balls 150. To atE%ﬁ%_ &T%ge%ggtgg{,gﬁﬁg Gt TGl tr.\ﬁ)af%};&@%s 30, 32 to the
not her or sister-circui oar sol der pasS 'S preferably di sposed on

the nother or siste ard 160 prior to infra-red ~ O haqot_air refl Ow
Flgure 6 1 s an | ThhEs AHE DPBaRer o it e 0r s PRy GeSHiA e oe
vertical integrated circuit nodul e 200 of the present .invention. A series
of eight inPEGFERedISCAPE PpREkEGESSFEandy 6Et32 laPElednnttt EPHIS ®envt her
or sister-circuit board 160. Solder balls electrically connect the

i nt egrat ed aPPEEFiatprEkalbhat 30th82 pyeshrtnptinerensriogi staovdidesui mabyar d
160 and replace the | eads used to connect conventional integrated circuit
packages. Theplismidfe dalkderibal ¢enaegthsc @hiche canebal Empodiéd eirofa thide
integrated circuit package 30, 32 and the integrated circuit nodul e 200.
Figure 7 isvarséele \drewsgbcaridl ldpnassenbl ed mes t isgalciifhte i riehkgui t
nmogul e 200 having vertical integrated circuit packages 30, 32 positioned on

both sides @i sfusDidetere 23 aé"égh‘t%&eggogl%?sefa ir?e:eéfb%?écgif.i@owabssgy es of

se-:en intea=aced circult packages 30 and/or 32 aye co ected to a not her

or sister-cj[r,cui rd 10"0. and_as_depjcte erein he | ntegrat

circuit pac‘lf}%}geesatr?g?é?f%% HerER5a08 %gtﬁieo Elg(r'::ppgé' éfnfltpérrlepesnccﬂpcegljlogr %HS t he
surface 170, 172 of the nother or sister-circuit board 160. In fact, the

i ntegrated PR % packages 30, 32 can be at a nunber of different
angles, and may even differ in angles fromthe surface of the nother or
sister-circuit bgH¥ dPFe§enangteiertdrnuseani the t Felgtesentoi ivesoraheday be
anywhere fromO to 90 degrees fromthe horizontal. The angl e used may
depend on t¢lraddisi Hgingquibaardner-diin Kesignegraerablé ra piugsddkygef 30, 32
and its position in relation to the ground. Because heat dissipation is

af fect ed byimpegratnedand adewrsity cpaskaiprsati ons, ibee., teaticaildes, (be
vertical integrated circuit packages 30, 32 may be t positioned so as to
maxi m ze hepdrpgHrENid¥AlEirQR}) attached and electrically connected to at

least one side of a circuit board to form a SIMM. By
! vertically connecting the integrated circuit packages to a
mother or sister board the present invention addresses the
need for high speed performance that also meets the space
constraint requirements of modern semiconductors. The
principles of the present invention may be incorporated into,

for example, a synchronous DRAM (SDRAM) silicon chip.




Sol der balls 150 electrically connect the integrated cir@3iAugust2Gizes 30,
.32 to the nother or sister-circuit board 160 and al so provi de the support
needed to hold the integrated circuit packages 30, 32 on the nother or
sister-circuit board 23 August 2002 29 ::iternat="rel V, Qil2r nmeans O
-addltiA'lal SuppCr t b?SId_ the sol der balls 150 ma:r b~ provi::~~d to
zelp supp ort the integrated circuit packages 30, 32 on the nother or
sister-circuit board 160. Figure 8 shows three different configurations for
the side surface 92 integrated circuit package 30, 32. Angle 96 i s shown
at 90, 60 and 45 degrses as neasurad fromthe top surface 94 to the side
surface 92. Depending on the size and 5pace constraints of the integrated

circuit and itsgopgrati;on,cthe angle 26 framthe side surface 92 fromthe
top surface 94 can be varied: 'I%’e"ang'l e 96 \%%T %T*sgl?/rg#y depeén |‘ngglg]n t he

cool i ng requi.remn of the integrated circuit package 30, .32. Solder balls
(not depi c?é%’dfgggg%%rgvfalé"f h%a‘gll‘%%rri'gﬁf’ CBnﬁ@EtFﬁﬁgfrSﬁﬁ‘ﬁ%‘a'ﬁ‘aeggurface
termnals 100 to a carrier (not shown) which can be a nother or a sister
board. As CHR bREEEEHAnCEBTH UNAAHASH R FPRIIESE, 2y idaFgrnghiReSAngl e 96
of the side surface 96 the side surface termnals 100 and carrier 160 can
be paral | ePhighkednske, t fer saxdmpésof anfe iskdersted ackreet ii nahrdgdndoes
not have to be parallel to the ! surface of the nother or sister-circuit
board 160 duehtas tsh®RAM2 3aUDRRIM 2005KM,1:82 ACICS 2 deAsHabt & &S¢0
Cn~.=Cr tt'le ; l:t~~"r_'-,ted C~- rCL:|.t packages 30, 32 and the nother
or sister-ehtipuitabearfhekb0o The s3@ladeledball $hdSi usesn Tehip hsd he, paesenr
i.nvention may be used to attach the integrated circuit packages 30, 32 to
tthe mot her J@ke$ivil Qhyekr gy t REATHHAD HSingcop¥enti opal nsal der rafl ow
systens. For exanpl e, a vapor phase solder =~ reflow System may be used,

ahi ch cond vapo Ur.r.oun Jntegrated ciprcuit_ package 30, 32 and
t he not her 8%%§%E§t gr &8‘{]%%%[1%§agghggbf€m Qec%lygém(?gﬁuéa%?’ s?@é?ﬁl A 19 d,

such as a nonchl orinated (non, CFC;% fluorocarbon is first heated with enough
energy to Pbr PR apot antP o Busthi H aSSREOTET I UE "IN ] Y SHiSegriat ed
circuit package 30, 32 is then passed through the vapor, the vaporized

i quid conB@S'EYSENEE et aritk afmpssi adrer lawer dtendn hbafevredidot i AdtEton.
This energy is then transferred to the integrated circuit package 1 30, 32.
As | ong as’¢heanichteedposteon tayeni 18 package 30, 32 remmins in the vapor, the
vapor continues to give off energy at a repeatable fixed rate and

t enper at ure, urRefemriag pbejeatbdelyrcai Figackage & B2 ireaohes]ibdtve
tenperature of the vapor. 23 August 2002 31 The advantage 0z using a
nonchl or i npdyed 7huRa®RIUIRARAgl Strips 82 that are electrically connected

through conduits 84 to side surface terminals 100 located on
) side surface 92. Generally, the side surface terminals 100
can have a diameter that is equal to or 1less than the
thickness of the side surface 92. The side surface terminals
100 can be of any shape, for example, rectangular, circular or
square. It should be understood by cne skilled in the art

that the terms “top” and “bottom” as well as the terms “side”




that it is extrenely thernally stable, colorless, odorle3mrust 2002

. nonflammable. In addition, it has a lowto:ricity, lo:v surface
tenperature, low boiling point, and | o:v heat of vaporization. Because the
fluid fore of the non-chlorinated fluorocarbon is inert, it does not react
-with fluxes or conponent materials, | nor does it absorb oxygen or other
gases that cause reactions during the solder reflow Mst comercially
avai |l abl e fl uorocarbons used for vapor phase reflow are fornulated to
vaporize at precisely stable reflow tenperatures for different sol der
materials, as will be known to those skglled in the art. The vapori zation
tenperature will depend on the solder type being used. A brief list of the
vapor i zati o4 empegat yres fap diff erentsdypes of ,salders balis i s shgun

bel ow. 23 August 2002 32 Vapor cacion tenpera~ures and Sol'der T_.;pes

Fl ~:id ~amperatura.Sol ~. ~r~a 55 _&Q, 37, 101, _.02' C and 155 G Q0 = .s7 S
130 b 25 | TEEST5S, :C%ri‘é?hlpff?‘.aﬁ'?o 0. CF35PB1ER" TEY" ~h?‘i%'éb*f§’o'ccgobe

I n/ 10AgSO Ln /50Pb, ~ ~53 Sn/ 37P v70 Sn/30Ph60 Sn/40Pb215' C and 230' C60

Sn/ 401 n60  SHISSUEPISES 28/ SRR 7ER Sh/FTPY St/ B6BBL2CR§2aPCVANY 253" C75

Pb/ 251 nB1 Pb/i 91 n260C and 265' C96.5 Sn/3.5 Ag Alternatively, infrared or
radi ant heated Jolt@emedaptawlaagr béé usealudeas sachRaarsyst Sselehscdhponent
of the soldering f systemis directly exposed to radiation froma heating
el enent. Hedte fuemidrs rnadi ane ehecygyied Ehentonrsecisbrijecugp cheddifs$ er ent
conponents according to its nolecu7.ar structure. Conventional radi ant heat
systens exposednine tdie iiHelofs WhkacaIeofsulriia ceotrentnts st aod henr agdaant
heat, which may not reach interior areas as efficiently as with vapor
safurated 523 AugUSt. 200233 heacl Rk =hheds 03s (desqaibsd abosi gy, |~
is, howe-rer, rot Q?T.:erall,! of f ~& (~ by thi St?iplCa 1 p'_~Cbl?2
beGauS_ Of 18, Al 34shapabhy 1901 Bateadeohe 93lse L-0qf tkoutue to
the reduced overall °Si ze e ther “met Ao , vapor phase 'so der refFow or

radiant heated sol dgp, refl w1y e ef fegti yely, used w th Lhe presen

1

integrated circuit package 30 to a mother or sister-circuit
board. The size of the side surface terminal 100 will depend
on the thickness of the carrier 70 as side surface 92. The
side surface terminals 100 are made of electrically conductive
material that is suitable for creating electrical
} interconnects and soldering that sustains infra-red or hot-air
reflow as will be known to those of skill in the art. The
side surface terminals 100 are electrically connected to
routing strips 82 by conduits 84.
The silicon chip 50 has bonding pads 120 located

generally in the central area of silicon chip 50. The bonding




I ~ The present invention can also solve other problens ZEMmgguet2eoaM th

. sol der reflow systens. These problens include the creation or failure due
to voids, coplanarity, tomnbstoning, open joints, conponent cracking,

t hermal shock and thermal stressing alcng the entire planar surface of
-integrated circuit packages by positioning the solder balls 150 al ong a
vertical line rather that over a horizontal plane. The present invention
can sol ve these probl ens because it dispenses with the need for

el ectrically connecting soldering |eads to the integrated circuit package
30 and because tensile stress is direc& d in tw dinensions, rather than
three. Furthernore, by using solder balls 1S0 i nstead of |eads, the

probl ems asgggikated Wi-ih-yQids. afal d ar eas..qrt. ypder, .| S sed, by

i nconpl et e ?ggFOM/grﬁtoo?gﬁzgﬁlﬁ%0ﬁ$d% e‘é%{&brr%g g92§£ﬁugﬁgtb§g%2*3%
s.:rfaC2 dug tQ.l i DrODer ~ 1 a:t ar badi .i' oaidi~-ed s ;riaCes | S_

el i ni nat ed. E‘fhé Bt OIS sB B T HAR=F Y~ ARY 1%’nb§f18nPPjg£§F§ ¥ d™$¥duced
or elimnated using the solder balls 150 and the ~-ertical connection.
because surFEEE®St ehSF ofi*BFPLPot AS SPABST oF UPREISD| FFergPatnds 150G stteatml and
because of the tTao dinensional nature of the attachnment between the

i ntegrated PrefeEnpd paakays BE B a&id Sseveorher foncsicn erswil as ta boar d
160. Open joints are usually caused by problens with coplanarity, while
cracki ng mayoeexursupién, t rapgpedhei staoedwidud nban irTHegesated cineihdr
package expands as the device is heated for reflow The increase in

i nternal pressetson,canchabseat BeouAliegrated circuit package to split open,
ysual Iy at one of the corners. The splitting of the package can cause f

wi be bonding fromd ha-kead ¢ Al 12 Lhassihisan felahpatrﬁapéata{le agtlgzg{ Orgfssorre

cases the silicon chips have cracked due to the warpage at t he

package as e, t at ur Lfferentials hetween the to nd _the bhottom of
t he device %gd%e$g?§§e%gngvgé§égi%fEEQBanépgnanmQEeAugﬁgﬁofﬁéf usi ng
t:Ze present snvenc=on, the onlyi surfgce tenmp2ratllr2 dlff _r~ntial that
need OCCUr n[?'.%'r}b'et ri%eh ltsh«?“S@p)éécV FESE152IEATERE ‘it 1% YOMNER WHRSK al |
o:as eitzer vapor phase sol der reflow or radiant heat solder reflow to be
avai | abl e fOPPr-0ddRi FREIFENT ddentmatfrdadi SAT FREC S| 70 sione gkitldedsol der
ball's 150, and of the integrated circuit packages 30, 32 as a whole, allows
for any of ¥hethefpsw dilempacgmigeusehin t Fonhepprameters hahpuipebet ure
differential between the conponents is al nost negligible. Furthernore, by
sel ecti ng eepwidargdyat mamaly 90 thivkngsa, cokfdliaiteric ofohdteamm| edpansi on
simlar, or equal to, the coefficient of thermal expansion of

transition temperature and the coefficient of thermal

expansion. Other materials for use with the carrier are high

) temperature epoxies such as FR-5 or BT-resin, available from

Allied Signal, U.S.A. or Mitsubishi, Japan, which may also

contain a reinforcing fiberglass mesh to increase the tensile
strength of the material.

The overall thickness is dependant on the number of

layers required and the amount of reinforcement used in a




t he ot her conponents of the integrated circuit package 3@®3 Asalst 2602 ow
effects and problens can be mnimzed. In yet another enbodi nent of a three
di mensi onal vertical integrated circuit nodul e 200, sol der colums repl ace
the | eads used to connect conventional integrated circuit packages to, for
exanpl e, a notherboard. The use of columms reduces the overall profile of
the integrated circuit package 30 and the integrated circuit nodul e 200.

23 August 2002 36 Th preSenC invention, th=refCrc, allOns ~O t:le
"i=rtiCal stacking of integrated circuit packages 30, 32 into an integrated
circuit nodul e 200 that achieves an ovEfall reduction. in height. It also
allows for decreased failure due to the reduced nunber of sol dered

material s RavisAg varyd ng ceelfi-.ci:entscohgt herdw expansi eax Thagpr esent
invention further allows reduction of th= overall nunber of steps in the
assenbl y OftnﬁchM@szf§{:ﬁe§"énif'8&té?.%eaﬁ%% leY 1RE9CRSS aBBL: 08! ¥; 1 deduced
nunber of steps, but also by elTmnation the curing steps associated with
encapsul ating i ntegr at ircuit. The present invention further allo
reducti on (ﬁhg'fehe (ggﬁﬁn?g]%é:)l natbqél?"? A USEF R 6985%8?%9 llsnfiééfﬁrf‘é%'%i}?fcuit
packages 30, thereby savi n% time, noney and the environnent. Furthernore,

t he met hod SBofOMREHrCEeRE CheeREFbR 3T 3iide G &REESESSE ER. YRR Lurface
termnals 100 on the side surface 92 of the carrier 70 to electrically
connect theeiinfegranent cisedi t JPackagds FB04 Basf 8r dpetlechgiehecndrantbondi ng
80 that connect the silicon chip 50 and the carrier 70 in a single step. By
filling thefopdoueg 486 .W tThimt tomgramt erdral b&0retiheedi te Bboding 8y

bet ween silicon chip 50 and 23 August 2002 37 th2 C3rrl... its is g2nera
I /rteCt cdebllacing the epoxy resin with a cyanate ester resin. The

greater the thickness, however, the greater the problems
associated with thickness control, rough surfaces, excessive
drill wear and poor resin refill.

The temperature at which a resin changes from a glass-
like state into a “rubbery” state is generally designated as

T Standard FR-4 is made with a bifunctionally polymerizing

-
epoxy that has a T, of about 110 °C. Higher T, temperatures,

) such as 125-150 °C may be withstood by using a tetrafunctional
epoxy. For higher T, values, in the range of 150 to 200 °C a
cyanate ester:epoxy blend can be used. Additionally,
polyimides provide for carriers having a T, above 250 °C.

The coefficient of thermal expansion for FR-4 is about 16

ppm/°C. A difference in the coefficient of thermal expansion




== " 11~ r omthe en-:ironn2nt and i s particularl_: protacAgistZo0p

noi sture due to the hernetic nature of the encapsul ation. This neans of
potting the integrated circuit package 30, 32 of the present invention
greatly reduces the overall profile by allow ng the non-operative or

- backside of the silicon chip 50 to be e:cposed. By hernetically protecting
t he connections between the silicon chin 50 and the carrier 70 at the top
opening 86, there is no need to conpletely encapsul ate the entire assenbly.
The problens of coplanarity are elimnated by using solder balls 150 or
colums to attach the integrated circul®8 nodule 200 to the nother or sister
board 160 because there are . no leads that may hend and there are no

devi at i onsPEFERER FESprareiof Theafit HerPbr SSits PEF- EF?cﬁf}lb?fhrC&H%o%t 0
which the t integrated circuit packages 30, 32 are being connected._
Addi ti onal tgn rleddcetb ehzionmentaltiapietegsa oyt arhaudsi R§CKREEnetthod and
apparatus of the present invention due to the overall decrease in the size
of the integrated Giotcubii-packageas8emi3ly and | nhegratedrabeduidiamdt e 200.
23 August 2002 38 Nihile this invention has been described in re_2rence to
I11ustrat eq;gceobodhments, ks daseld pehonuks rEt iddendedd albewcenst rued
inalimting sense. -various nodifications and conbi nations of the
illustrati gcﬁg§gd§§ents, as well as other enbodi ments of the invention,
will be apparent to persons skilled in the art upon reference to the

description. It_is therefore inter ded_.tha e e . ai ass
any sugh nndifi%%?ioﬁEESFlgﬁbo aﬁfﬁis.66 2§?§Bgu§ p2 %ch& THLIP

( ) Alternatively, the silicon chip 50 can be adhersd to the
carrier 70 with a die bonding film such as HIATTACH-335 (DF-
335) manufactured by Hitachi Chemical Company of Tokyo, Japan.
HIATTACH-335 (DF-335) is silver filled thermosetting type
resin film for die-attaching. The bonding process generally
involves attaching the film on the carrier 70 at 160° C for 5
seconds with an applied €force of 1000-3000 grams; then
attaching the silicon chip 50 on the film at 220° C for 5

seconds under a force of 150-200 grams.




39 What is claimed is: 1. An integrated circuit package cx3Wiguet2ap2 a

.carrier having a pair of major opposing external surfaces, an external side
surface di sposed between said maj or opposing surfaces, at |east one routing
strip integral with said carrier and a cavity defined in said carrier and

- extending through said carrier between said pair of maj or opposing
surfaces, a portion of said routing strip extending into said cavity; at
| east one terminal for external connection to said carrier disposed on said
side surface of said carrier, said at |least one termnal being electrically
connected with said at | east one routidd strip; a chip adhered to said
carrier along one of said _opposing major_surfaces, said chip having at
| east one bonding pad &&teddi kgSi AEB SaF HCEERS t8ECRAF ISt ri cal connection
di sposed within said cavity connecting said at | east one bonding pad to
said at | easf{scone routinggstddp; and potging material gizspesed in said
cavity cover+hg—satd—poertion—of—sal-d—at—teast—oene—routi-nrg—strp—aisposed
wi t hi n sai d*&@¢FanfFe sai d Efsetlri cal connection and sai diate=] &ast one
bondi ng pad;and fQtm.ng a,siface coplangrn, with at the ofher of said pair
of opposing nmajor surfaceS. Z. The integrated circuit package as recited in
claim1l whehgi A>sand carrker'crncshudes atwdieast one bus<bar being integra
with said carrier, said at % ast__one bus r electrically connected to said
at | east on’éiolgfrﬁ“ﬂ%(l on &% ¢ 51°ge surfa“(’:tteﬁ%?l‘gai d caréér. 23 August 2002
40 3. The integrated circuit package as recited in claim?2 wherein said
carrier hasTdicpghassal ity obidlagerss, each w@f said | ayers2sncl uding at | east
ane routi ng,,nsqtscjeo i ntegra %/vith a said |ka,¥9,£m:0f said c r{i er, at |east one
t erni nal di@gggkﬂhon said 5si'de region of "said carrier corresponding to each
said |layer, at |east one of said at |east one termnal being electrically
connected wrdarkit | east oRer.of sai d routksagmdtri ps for2each said | ayer.

Modulus
Die shear 4x4mm chip/Ag kgf/chip
scrength plated alloy 42
R.T. 210
250°C 0.9
Peel strength 8x8mm chip /bare kgi/chip 23.0
240°C (after/ alloy 42
85°C 85%,48h)
Tg TMA, 180°C-1h °c 123
cured
Modulus Viscoelastic Mpa 1300
spectrometer
Moisture 85°C/85%RH, 48h wt¥ 0.1

Other examples of adhesives include thermosetting
adhesives, such as epoxies, polyimides and silicone.
Thermoplastic adhesives that are hot-melted, in the form of
sheets or as a pressure sensitive adhesive tape may also be

used to adhere silicon chip 50 to the carrier 70. Commonly




4. A high density vertical nodule conprising: a printed QEraugust Zovard
. having a substantially planar top surface for connection to external
devices; and at |east one said external device in the formof an integrated
circuit package having a najor surface and a side m nor surfaces extending
- fromsaid major surface, at |east one of said side surfaces having
el ectrical side surface termnals thereon in intimte contact with and
el ectrically connected to said printed circuit board at said top surface;
5. The high density vertical nodule as recited in claim4 further
conprising a plurality of tabs being i Alegral with a top surface of said
circuit board. 6. The high density vertical nodule as recited in claim5
wher ei n saisedoduke afihesher ceppri SESONeCHr ABEEC Tﬁegraﬁe&%ﬁ%u%
packages electrically connected to said circuit board to the side surface
term nal s f-saidk ivH-egsat ed chettitapackagesse an®@IFaMgusic2z@@Zasion. The
hi gh density vertical nodule as recited in claim®6 wherein said integrated
circuit packages-&RpLibge: a carrier having an opening and a side surface,
and at least three routing strips being integral with said carrier and
extending into 5 ﬁﬁlrp' &fe‘%{y NG Ale! 82 Lotgl’r%e Leraipakg disspasedgorogai d side
at’ 1eas h

surface, said ree-term na |sposed on sal d side surface being

el ectrical]y connected wt thre chip
adhered t ot %Eé §4° carri éfy s’g rt41 ﬁiﬂna&. ng S at 4 eZI}g éfﬁefe ondlfﬁg pag Wre
bondi ng el ectrically connecting said at |east thr ee bondi n ads to said at
| east t hr e®<¥btAd nif sthg paEt a?fbafpo‘i"-l‘ngeIfra'f%r?‘%Y FPRPTAG ggl g Sﬁgﬁgﬁg. 8.

The high density vertical nodule as recited in claim7 wherein said
i ni egr at edLayeupt park&ges futterlaurnaddererrd eB8Y ¥he*Budh&F "BEFng
integral with said carrier and extending into said opening, said bus bar
el ectri cal hymeonreictlagets. sai d bondi ng pads and said term nals di sposed on
said side surface of said carrier.

The above described components and their constructions
and interrelation provide an assembly that is encapsulated as
described below. The term ‘“assembly” refers to the assembled
components prior to encapsulation. The assembly comprises of
carrier 70, adhered silicon chip 50 and wire bonding 80. The
carrier 70 has a top opening 86 and a cavity 88 with routing
strips 82 and bus bars 110 extending into the top opening 86.
The top opening 86 and the cavity 88 are open with respect to
one another.

The wire bonding 80 process may begin after silicon chip

SO0 has been adhered to carrier 70. Silicon chip 50 and

carrier 70 are then positioned on a heated pedestal to railse




9. A high density double-sided electrical circuit nodul e 230%nyusS200: a
.printed circuit board having a top surface with at | east one termnal and a
bottom surface with at |east one termnal, both surfaces adapted for
connection to external devices; a first external device in the formof an
-integrated circuit package having a major surface and a first side surface
extending fromsaid major surface and havi ng 23 August 2002 42 thereon a
first side surface termnal, said first side surface termnal of said first
integrated circuit package being el ec?i cally connected to said top surface
termnal of said printed circuit boar ]through said first side surface
termnal ; apd @cseggng1§5te£ng%cdeyic§“1945hehfognlgf“gnprLg alggh circuit
package ha¥i'fig & REFOr Sur?ace™and N 538 ond sfde® stiftace ext endi g  from
said major _surface and having thereon a second side surface termpal, said
second i nt 88Paf ed &G tiFac K&yé "Feitn§LEFECEFi EXPFFR COANETIEH T 0" =t d
bottom surface termnal of said circuit board through said second side
surface tefn7ned .1.30miThelshisgrugenshrgugaublheagicded2RbYLREY a8NeERI G i n
claim9 further conprising at |east three tabs being integral with said
circuit boaedperkturéheani gngteneicvgedondd e-Hide€d nddabidesirachald i claim
9 further conprising solder balls disposed between said termnals of said

i ntegrat edcpiiwdd hrparkages anNéneaivirt aisimf edahdrcar tlate boara. spak A ; E

. AFY. AY . A&hSr. A&hS. A&h, . AS9h, . AA@ A&h, . A/ NY. A (I).AF A F . A&Y .A{2 . AGF2

'A’l'A@Nr'eééhnfadé. This soldering ball is then brought to bonding pad
) 120 cn the silicon chip 50 and a combination of compression
force and ultrasonic energy are used to create the desired
metallurgical bond. A loop is created in the wire bonding 80

above the bond that has just been achieved, and the wire

bonding 80 is routed to the desired connection on the carrier

70 such as routing strip 82 or bus bar 110 and stitch bonded.

Using this “stitch” technique significantly reduces the cross-

section of the wire at that point. Again, a combination of
compression force and ultrasonic energy are used to create the

desired metallurgical bond. This process is repeated until

all the bonding pads 120 that require electrical connection on

the silicon chip 50 are electrically connected to carrier 70.

Following the assembly of the above-described components,

cavity 88 and top opening 86 are filled with potting material
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10b@A0%& ()-10%& ()- 10%& ()-!&YA0%b& ()- 10%& ()-FaBVK@
Pf 310% & (Qordchbdsi &séq -dd Aase thE lintegrated circuit package 30, as
10% & ()-,yt10% & ()-!'10% & ()-, FRPrS4@s10% & ()-!'F10% & ()- 10(( 210((
10( (!  !10%4118'He KnbRn! 8% h&sé)of $KiW &n( xhedgztdEr SA@s10 10% & ()-Y
"10% & ()-@O0%W & ()-s 10% & ()-F

Potting materials that may be used include those

described in the table herein below. Selection of a potting




10% & ()- 10% & ()-=} )eaBrS4@s" 10% & ()-f 10% & ()23A 8042 - 3
.10% & ()- 10% & ()-!0yg&l0% /& ()-G =y S&10% /" /& ()-)! S&10% (

(& ()-)s10% & ()-!110% & ()- 10/ 10/ 10/ $10% & ()-%&' (79uV7& "10% & () - &3
"109% & ()-, 10% & ()-#Sy10% & ()- 10C/ ¢/ 10C/ G/ 10C/ O/ !\

- S8109%C/ C/ & () -) O@EUV7& "&" 10% & ()-Y

109% & ()-&Ml0% & ()-9"10% & ()-&"10% & ()- &' 10% & () - @CdEuV7& " &Y(" 10% & (
)-9@&" 10% & ()-9%$"10% & ()-& "10% & ()-&" 10% & ()-9"10% & () - &YdYNC& 10"
10" 10" 91 710% & () - |

@- 109% & ()-9010% & ()-. F10% & ()-9s*:4d% & () - . pdEYNCE

&10% & ()-&10% & ()-& 10% & ()-&F f. . . C

10% & () -, mfe%&aﬁ) -#%51 00428 ( FepasdEYREs £2F 10W @ HRIEm Y666e ¢F- the

10% & ()-&YML0% & ()-& "10% & ()- 10% & ()-5j 2dEYNC& 9&3 "109% & () - 90-
10% & ()- inteyrated- 911004 R RICRYS! AV RS (T1lidpa OB ) RRbERPSE of

10% & ()-, 10% & ()-y#, 10% & ()- 10" 10"

10" 973109 &k )1 9@ 1694 &t).- & =} dELC& &F10% & ()- &' 10% & ()-10% & () - &10% &
()-8& 10% & ()-&L "10% & ()-}F

dEbC& 9F("10% & ()-9&"10% & ()-9%"10% & ()-9!"10% & ()-9"10% & ()-10% & () -
PcdEbC& L, 5" 10% & ()-93"10% & ()-90"10% & ()-9."10% & ()-9,"10% & ()-9 *"10
% & ()-\bC& 9L" 109%& () -
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«10% & ()-\)j dEbC& 9" 10%&' ()-9 "10%& ()-3 10% ()-9

109 ()-109%&' ()-9yz10%&' ()-; H

dELC& . 109&' ()-9 *' 109%&' ()-F(10%&' ()-9%10%& ()-9!"10%& ()-9"10%& ()-'F'R'S
ITIUNdN fHTDhC& 3 @ 109%&' ()-s109%& () -y#@0%& ()- 10 10

1093109%&' ()-90"10%& ()-!'!"V'"", #dEbC& &F#10%& () -, #10%& () - #10%& () -
109%& ()-10%& ()- #109%& () -, #n###3%t $SAELCE Y(#10%&' () - & &H#10%& () - $#10
W%BE& ()-!'@10%& ()- 10%& ()-s#10%b& () - $%t%e%R88BEYNCE& 105 105

105&@" 10%&' () -&3"109%& ()-0 24

1096& ()-& 109%B& () - &s*#109%6&' () - YB&T&ACKEAEYNC& &' 10% & () -

1098 & ()-& f10% & () - &Propeyr&ef) o@Ts e q)) -Bo L0 REs1&E' h' ' ' =( (dEYNC&
9"10% & ()-9"10W & ()-& "10% & ()-9F"10%W & ()-9,"10%W & ()-&10% & ()-((()))
)<))_=!'P 10%& () 3' | OO/@L () 3' YlO%&' ()":JeQ' Q:ﬂ yasTter Sili:::e Ursthane
10" 9$@ 0% .' : : 0 . o

, Y4098 () -! ,“,%F:GWCQ f}Sy 109&: 1()’ X [<1 10FF1 100& ()-I 3%
1098 ()-3* 109%&' {]20H8100& ()-k! 9HBL00& 1) k! dr10%& (j'k e
: 109%& () - YlO%&'( VI 109&' ()- SMLOY&' ()-y fO%&' O-'110% ()- 10 °-F
10-------- kobs@irdfibn ARYBB&S()s0yy109B&' () - @L0YB&' ()-! F109B& ()- 10 10
10Ys109%&' () -k.. /69 G@"?b@: 109) @A 0%B& ()-!0.04 0.017 0.001 0.123
1098B& ()-' @OYB%*(He- ! f &109BB& () - 109B& (9-°3109B& () - 0( 19-00: 0.03
Dielsc trlc st&ength D-149;
V/mi 450 325 550 400
{ ) Volume rasistivity, D-2857;
Q- cm 10%® 104 103 104
Arc rasistance, D-4935; seaconds 150 135 120 180
Specific gravitcy, D-792 1.15 1.2 1.058 1.0
Water absorption, D-570; % 2¢ h 0.15 0.3 0.12 0.4
Heat deflection temperature,
D-648; at 264 lb/in?, °F 380 260 < 70 < 70
Tensile strength, D-638; lb/in? 9000 10,000 1000 2000
Impact strength (Izod), D-256;
fr - 1lb/in 0.5 0.3 No break No break
Coefficient of thermal expansion,
D-369; 10°%/°F 5.5 7.5 4.0 15
Thermal conductivity, C-177;
} Btu * in/(hft*°F) 1.7 1.7 1.5 1.5
Linear shrinkage; % 0.3 3.0 0.4 2.0
Elongation, D-638; % 3 3 175 300

Although the board-on-chip layout of integrated circuit
package 30 as depicted in Figures 1 and 2 has been described
using centralized bonding pads 120, it should be understood by

one skilled in the art that the principles of the present




2222U22_@:10 10%& ()-!Y :10%& ()-f!F10%& ()- 10B 10B 10QB Augle@ad2() - FF+

1098& () - 244L5555aB_@: 10F - 10%& ()-FF+ 109%& ()-L)$10%& ()- Y$ 10%& () -

"T109& () -!'N, @10% " &' () -5u6666666B7bC : 10y 109% & ()-SL10% & ()-! Y10 & () -
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- 10% & ()-!10& WOW"& ()-3 10% & ()-!'MWy 109& ()-99t:::> ?, @A ~PB4 10"" 10""

0""l / 10%"& ()-/ 10% & ()- - 10% & ()-!hL) %09B"B"& ()-$ 10% & ()-A P

<A?????wi [ M4 10"" 10"" 10ss 10ss 10ss!

&10%s& () -*! P&IOW/ x/ & () -*!x&10% / & ()-*! 10% /& ()-, ????, Gv@RIEMA 10"" 1

109%&' ()- 10%& ()-1 109k ()-S 109%&' ()-2510%&' ()-! F10%&' () - @@ AeAAAAaBVA

10""109& ()-Y 109 ()- @109 ()-! pO0@&10%00& ()-m 10%&' () -

10%&' () - AABOBBYCEHOCaBME EPPE19cpbleYRo( o +s L1DV@S( ) chiB” BS109&: (ponging

109 ()-" 10%& ()-3 10%& ()- CCONDCDPDQD DD~_@10"" 10%& ()-!110%& ()- 10
pads 120 in altsrnate layouts such as positioned along the

sides of the silicon chip 50.
Also, it should be noted by one skilled in the art that
conduits 84 and bus bars 110 may be located on a single layer

of carrier 70. Generally, a layer of insulated tape or

—r
v’

coating may be placed on the bus bars 110 to increase
reliability of electrical isolation. The advantage of a
multi-layer carrier 70, however, is the elimination of any
need to insulate the bus bars 110. Additionally, the multi-
layer carrier 70 provides a greater process margin for wire
bonding.

Figure 3 is a simplified cross-sectional view of an
integrated circuit package that is generally designated 32.
The integrated circuit package 32 comprises a silicon chip 50
and a carrier 70 that is attached to the silicon chip 50 by an
adhesive layer 60. In this embodiment, the carrier 70
comprises three layers, a top layer 72, an intermediate layer
74 and a bottom layer 76. Side surface 92 is a side surface

of both carrier 70 and of the integrated circuit package 32.
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embodiment depictsd i

best seen in conjunction with figure 2, routing strips 82 and

bus bars 110 extend into the top opening 85. After assembly,

top opening 86 is filled with potting material 90 as

represanted by the dashed line above top opening 86 and around
i ) silicon chip 50. Conduits 84 electrically connect side
surface terminals 100 located on side surface 92.

In Figure ¢ simplified isometric view of an encapsulated
vertical integrated circuit package 30, 32 for use in a high
density vertical SIMM. The integrated circuit packages 30, 32
are shown after the entire packages have been encapsulated.
The integrated circuit packages 30, 32 are electrically
connected to a mother or sister-circuit board (not depicted)
by side surface terminals 100 depicted on side surface 92 as
squares by solder balls or columns (not depicted).

In Figure 5, four integrated circuit packages 30, 32 are
depicted in side view as part of a vertical integrated circuit
module 200. The vertical integrated circuit module 200 is

formed by vertically attaching integrated circuit packages 30,
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32 on a horizontal mother or siscer-circuit board 150. zach

integrated circuit package 30, 32 is electrically connected to

the mother or sister-circuitc board 160 by solder balls 150.

To attach the integratad circuit packages 30, 32 to the mother

or sister-circuit board 160 solder paste 1is preferably

disposed on the mother or sister board 160 prior to infra-red
L) or hot air reflow.

Figure 6 is an isometric view of an embodiment of a fully
assembled vertical integrated circuit module 200 of the
present invention. A series of eight integrated circuit
packages 30 and/or 32 are connected to a mother or
sister-circuit board 160. Solder balls electrically connect
the integrated circuit packages 30, 32 to the mother or
sister-circuit board 160 and replace the leads used to connect
conventional integrated circuit packages. The use of solder
balls reduces the overall profile of the integrated circuit
package 30, 32 and the integrated circuit module 200.

Figure 7 is a side view of a fully assembled vertical
integrated circuit module 200 having vertical integrated

circuit packages 30, 32 positioned on both sides of a mother
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Ccr sistar pboard 150. A s S O
packages 30 and/or 32 are connected to a mother or
sister-circuit Dboard 1860, and as depicted hersin, the
integrated circuit packages 30, 32 do not have to be

- completely perpendicular to the surface 170, 172 of the mother
or sister-circuit board 160. In fact, the integrated circuit

) packages 30, 32 can be at a number of different angles, and
may even differ in angles from the surface of the mother or
sister-circuit board 160. Angles for use with the present
invention may be anywhere from 0 to 90 degrees from the
horizontal. The angle used may depend on the cooling
requirements of the integrated circuit package 30, 32 and its
position in relation to the ground. Because heat dissipation
is affected by gravity and density considerations, i.e., heat
rises, the vertical integrated circuit packages 30, 32 may be
positioned so as to maximize heat dissipation.

Solder balls 150 electrically connect the integrated
circuit packages 30, 32 to the mother or sister-circuit board

160 and also provide the support needed to hold the integrated

. circuit packages 30, 32 on the mother or sister-circuit board
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+1090& () - éréé surface 92 integrated circuit package 30, 32. Angle 96
) is shown at 20, 60 and 45 degrees as measursd from the top
surface 94 to the side surface 92. Depending on the size and

space constraints of the integrated circuit and its operation,

the angle 96 from the side surface 92 from the top surface 94

can be varied. The angle 96 will also vary depending on the

cooling requirements of the integrated circuit package 30, 32.

Solder balls (not depicted) can provide the electrical
connection from the side surface terminals 100 to a carrier

(not shown) which can be a mother or a sister board. As can

be seen in conjunction with figure 7, by varying the angle 96

of the side surface 96 the side surface terminals 100 and

carrier 160 can be parallel. Likewise, the surface of the

side surface terminal 100 does not have to be parallel to the

é surface of the mother or sister-circuit board 160 due to the
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use oI soldexr balls 150 to connsct tha intsgrztaed circuit

packagss 20, 32 and the mother or sister-circuit board 160,
The solder balls 150 used with the present invention may
be used to attach thes integrated circuit packages 30, 32 to
the mother or sister-circuit board 160 using conventional
solder reflow systems. For example, a vapor phase solder
i) reflow system may be used, which condenses vapor to surround
the integrated circuit package 30, 32 and the mother or
sister-circuit board 160 with a cloud o¢of steam. A liquid,
such as a nonchlorinated (non CFC) fluorcocarbon is £first
heated with enough energy to form a vapor and to sustain a
vapor cloud. When the integrated circuit package 30, 32 is
then passed through the vapor, the vaporized liquid condenses
thereon and gives off the latent heat of vaporization. This
energy is then transferred to the integrated circuit package
30, 32, As long as the integrated circuit package 30, 32
remains in the vapor, the vapor continues to give off energy
at a repeatable fixed rate and temperature, until the
igtegrated circuit package 30, 32 reaches the temperature of

the wvapor.

(,F
F
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The advantage of using a nonchiorinated fluorocarbon is
that it is extremely thermally stable, colorless, odorlsss and
nonflammable. n addition, it has a low toxicity, low surface
temperatﬁre, low boiling point, and low heat of vaporization.
Because the fluid form of the non-chlorinated fluorocarbon is
inert, it does not react with fluxes or component materials,

) nor does it absorb oxygen or other gases that cause reactions
during the solder reflow. Most commercially available
fluorocarbons used for vapor phase reflow are formulated to
vaporize at precisely stable reflow temperatures for different
solder materials, as will be known to those skilled in the
art.

The vaporization temperature will depend on the solder
type being used. A brief 1list of the vaporization
temperatures for different types of solder balls is shown

below.
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Vaporization Tamperaturss and Solder Types

190°C S0 In/10 Ag
S0 In/50 Pb
63 Sn/37 Fb
73 Sn/30 Pb
60 Sn/40 Pb

215°C and 230°C 60 Sn/40 In
60 Sn/40 Pb
63 Sn/37 Pb
70 Sn/30 Pb
62 Sn/36 Pb/2 Ag

240°C and 253°C 75 Pb/25 In
81 Pb/19 In

260°C and 265°C 96.5 Sn/3.5 Ag

Alternatively, infrared or radiant heated solder reflow
may be used. In such a system each component of the soldering
system 1is directly exposed to radiation from a heating
element. Heat from the radiant energy element is absorbed by
the different components according to its molecular structure.

Conventional radiant heat systems expose only the outer
surfaces of the components to the radiant heat, which may not

reach interior areas as efficiently as with vapor saturated

(
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heacting m=thods as described above. It is, howswver, not
generally affscted by this typical prcblem becauss of the use
of solder balls 150 instead of leads. In fact, due to the
reduced overall size eithsr method, wvapor phase solder reflow
or radiant heated solder reflow, may be effectively used with

the present invention.
t) The present invention can also solve other problems
assoclated with solder reflow systems. These problems include
the creation or failure due to voids, coplanarity,
tombstoning, open joints, component cracking, thermal shock
and thermal stressing along the entire planar surface of
integrated circuit packages by positioning the soldéf balls
150 along a vertical line rather that over a horizontal plane.
The present invention can solve these problems because it
dispenses with the need for electrically connecting soldering
leads to the integrated circuit package 30 and because tensile
stress 1is directed in two dimensions, rather than three.
Furthermore, by using solder balls 150 instead of leads, the

problems associated with voids around pad areas or under leads

caused by incomplete reflow or poor welding of the soldering
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s is

Y

surface due to improper flux or badly oxidized surfac

eliminated. The problems of coplanarity and tombstcning ars

also reducsd or eliminated using the solder talls 150 and the

vertical connection because surface tsnsion on both sides of

the solder balls 150 is equal and because of the two-

dimensional nature of the attachment between the integrated

) circuit packages 30, 22 and the mother or sister-circuit board
160.

Open joints are usually caused by problems with

J coplanarity, while cracking may occur when trapped moisture

within an integrated circuit package expands as the device is

heated for reflow. The increase in internal pressure, can

cause the integrated circuit package to split open, usually at

one of the corners. The splitting of the package can cause

wire bonding from the lead frame to the silicon chip to break

and in some cases the silicon chips have cracked due to the

warpage at the top of the package as the temperature

differentials between the top and the bottom of the device

cause different rates of expansion.
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Cure
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Using the prasent inventcion, the only surifac

tempear
differsntial that nesd occur 1is betwsen the solder ball 150
and the carrier 70, which allows either vapor phase solder
reflow or radiant heat solder reflow to be available for
producing the present invention. The small size of the solder
balls 150, and of the integrated circuit packages 30, 32 as a
) whole, allows for any of the reflow systems to be used with
the because the temperature differential between the
components is almost negligible. Furthermore, by selecting a
potting material 90 having a coefficient of thermal expansion
similar, or equal to, the coefficient of thermal expansion of
the other components of the integrated circuit package 30,
heat reflow effects and problems can be ﬁinimized.

In yet another embodiment of a three dimensional vertical
integrated circuit module 200, solder columns replace the
leads used to connect conventional integrated circuit packages
to, for example, a motherboard. The use of columns reduces
the overall profile of the integrated circuit package 30 and

the integrated circuit module 200.
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The presenc invention, thsrefcre, allcws for the -wsrtical

to an

oy

stacking of integrated circuit packagss 30, 32 i
integrated circuit module 200 that achieves an overall
reduction in height. It also allows for decreased failure due
to the reduced number of soldered materials having varying
coefficients of thermal expansion. The present invention

) further allows reduction of ths overall number of steps in the
assembly of SIMMS by strsamlining the assembly process not
only in reduced number of steps, but also by elimination the
curing steps associated with encapsulating integrated circuit.
The present invention further allows reduction of the amount
of material used in producing integrated circuit packages 30,
thereby saving time, money and the environment.

Furthermore, the method of the present invention can take
advantage of the side surface terminals 100 on the side
surface 92 of the carrier 70 to electrically comnnect the
integrated circuit packages 30, 32 for potting the wire
bonding 80 that connect the silicon chip 50 and the carrier 70
in a single step. By filling the opening 86 with potting

material 90, the wire bonding 80 between silicon chip 50 and
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the carrisr 70 is generally protectad from the environment and

'

is particularly protectad from moisturse due to the hermstic
naturs of the encapsulation.

This means of potting the integrated circuic package 30,
32 of the pressnt invention greatly reduces the overall
profile by allowing the non-operative or backside of the

) silicon chip 50 to be exposed. By hermetically protecting the
connections between the silicon chip 50 and the carrier 70 at
the top opening €6, there is no need to completely encapsulate
the entire assembly.

The problems of coplanarity are eliminated by using
solder balls 150 or columns to attach the integrated circuit
module 200 to the mother or sister board 160 because there are
no leads that may bend and there are no deviations from the
plane of the mother or sister-circuit board 160 to which the
integrated circuit paékages 30, 32 are being connected.

Additionally, reduced environmental impact is obtained
using the method and apparatus of the present invention due to
the overall decrease in the size of the integrated circuit

package 30, 32 and integrated circuit module 200.
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While this invention has been described in referencs to
illustrative embodiments, this description is not intended to
be construed in a limiting sense. Various mcdifications and
combinations of the illustrative embodiments, as well as other
embodiments of the invention, will be apparent to persons
skilled in the art upon reference to the description. It is

{ ) therefore intended that the appended claims encompass any such

modifications or embodiments.
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What is claimed is:

1. An integrated circuit package comprising:

a carrier having a pair of major opposing external surfaces, an external side
surface disposed between said major opposing surfaces, at least one routing strip
integral with said carrier and a cavity defined in said carrier and extending through
said carrier between said pair of major opposing surfaces, a portion of said routing
strip extending into said cavity;

at least one terminal for external connection to said carrier disposed on said
side surface of said carrier, said at least one terminal being electrically connected
with said at least one routing strip;

a chip adhered to said carrier along one of said opposing major surfaces, said
chip having at least one bonding pad extending into said cavity;

an electrical connection disposed within said cavity connecting said at least
one bonding pad to said at least one routing strip; and

potting material disposed in said cavity covering said portion of said at least
one routing strip disposed within said cavity, said electrical connection and said at
least one bonding pad and forming a surface coplanar with at the other of said pair of

opposing major surfaces.

2. The integrated circuit package as recited in claim 1 wherein said
carrier includes at least one bus bar being integral with said carrier, said at least one
bus bar electrically connected to said at least one terminal on said side surface of said

carrier.
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external devices;

a first external device in the form of an integrated circuit package having a

major surface and a first side surface extending from said major surface and having
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thereon a first side surface terminal, said first side surface terminal of said first
integrated circuit package being electrically connected to said top surface terminal of
said printed circuit board through said first side surface terminal; and

a second external device in the form of an integrated circuit package having a
major surface and a second side surface extending from said major surface and
having thereon a second side surface terminal, said second integrated circuit package
being electrically connected to said bottom surface terminal of said circuit board

through said second side surface terminal.

10.  The high density double-sided module as recited in claim 9 further

comprising at least three tabs being integral with said circuit board.

11.  The high density double-sided module as recited in claim 9 further
comprising solder balls disposed between said terminals of said integrated circuit

packages and said tabs of said circuit board.




