;e3e| (. V6Tfz7 August 2002 THI N I NTEGRATED CI RCUI T UNI T 7TA\guBt Zg02nt
.invention relates in general to the field of integrated circuit packagi ng
and, nore specifically, can relate to integrated circuit packages and a

met hod for S producing the sane wherein the integrated circuit packages are

eleatrically connected to one another to forma nenory unlt ‘mmmmﬂ,mwnmm
Jattachnent to a printed circuit board to forma nodul e.

2002 5 Wthout limting the scope of the invention, its backgrouQQMJS
described in connection with integrated circuit packages and menory

nodul es, as an exanple. S Heretofore, in this field, integr
have been fornmed on sem conductor wafers, which are separat am mﬂm ”mgw
i ndi vi dual chips and the individual ChIpS are then handl ed and p

The packagi ng process is one of the nost critical steps in the | grat ed
circuit fabrication procesSHINOCRTEGRMTED tdxrquumMtuzefTVvi ew of cost and of
reliability. Specifically, the packaging cost can easily exceed the cost of
the integrated circuit chip and the majority of device failures are
general ly packaging related. The integrated circuit nust be packaged in a

_suitable TECENICAL FIELD QF THE INVENTION

The present invention relates in general to the field of
integrated circuit packaging and, more specifically, can
relate to integrated circuit packages and a method for

5 producing the same wherein the integrated circuit packages are
electrically connected to one another to form a memory unit
for use in attachment to a printed circuit board to form a

module.

10



15 nedia that will protect it in subsequent manufacturi ng7$4.%g§tm from

. the environnent of its intended application. Wre bonding and encapsul ati on
are the two nmain steps in the packagi ng of individual integrated circuit
packages. Wre bonding connects the |eads fromthe chip to the term nals of
20 tshe package. The termnals allow the integrated circuit package to be
.connected to other conponents. Follow ng wire bonding, encapsulation is
enpl oyed to seal the surfaces from-2 7 August 2002 nvoisture and

contam nation and to prote S didg e PrhRr conponents from
corrosion and nechani cal shoCK: - g 2007 . Commonl y, integrated
circuit packages are attached printed circuit boards to formsjingle inline
menory nodul es ¥R arldRipiRg) | §heef 8FPBE t @fas EHAMVELRIEINMO Ay, 1§91 5
exanpl e, be used to increase the nenory of, typically, personal conputers.
The anpbunbaockgthendeisr yespribedSiivtohngevebn Wi tdenertaddnadddn ¢ £yt
surface area of the nother or sister printed circuit board that supports
the integ il LK ng%&hgg y.de izncrease, so has the
"need 10 f%?E?%g%gaggﬁﬁlnput/oﬁ?%ﬁff?$?g?éc%%a%??ﬁigﬁg menory capacity of
SIME. Efforts_to enhance these capacities, however, have been limted by
"tRe amount of SBFABECLPER abRetihSt RéedAyvi iBRAFRALEA WHTaYithfe HfstwiIRaen

oper at e.

formed on semiconductor wafers, which are separated into
individual chips and the iﬁdividual chips are then handled and
packaged. The packaging process is one of the most critical
steps in the integrated circuit fabrication process, both from
10 the point of view of cost and of reliability. Specifically,
the packaging cost can easily exceed the cost of the
integrated circuit chip and the majority of device failures

are generally packaging related.
The integrated circuit must be packaged in a suitable
15 media that will protect it in subsequent manufacturing steps
and from the environment of its intended application. Wire
bonding and encapsulation are the two main steps in the
packaging of individual integrated circuit packages. Wire
bonding connects the leads from the chip to the terminals of
20 the package. The terminals allow the integrated circuit
package to be connected to other components. Following wire
bonding, encapsulation is employed to seal the surfaces from

-2-



Therefore, it is recognized herein that a need has ari sen ZLRyduz¢ 200270dul e
-(e.g. a nenory nodule) and a process for producing a nodul e that neets the
present and future needs for expansion within the sane |imted space.

_ Furthernore, a need has arisen for high density nodul e and a process for
prodtuci ng high density nodul es that provide for attachnent nodul es of 20
integrated circuit packages to form nodules. A need has also arisen for
materials and nmethods that lead to increases, e.g., in I/0 and/or nenory

capaci ty. mbusthee, and nemtt i iSeaddto Pprodetottsd w2 Honding and
doubl e-sided integrated circuit package, and nodul es nmade of the sane t hat

provi des C e e _bandi n and |I|c n_chi ri ng subsequent
manufactu(?l:ifr?lég EQH? ?nEQ f?L& CadI50 eﬂ@FB%ﬁﬁﬁﬁ? 8H°FRS i nt ended
pur pose. 5 The present invention dlsclosed herei n conpri ses an apparat us
and nethod of stacking double sided integrated circuit packages into an
integrated circuit unit. The integrated circuit nodul e protects the
integrated circuit packages that nake up the integrated circuit nodul e
~during 10 manufacturing and testing steps and fromthe environnent of its
.intended purpose. The integrated circuit packages are stackably nounted
together to forman integrated circuit unit and can be attached to a
printed circuit nother or sister board to forma high density nodule. 15
The present invention conprises at least a first integrated circuit package
and a second integrated circuit



package that are stackably and electrically connected toget hggust20hpr m an
-integrated circuit unit. Even though the invention is described in terns of
first and second integrated circuit 20 packages fox sinplicity and
_ convenience, it is to be understood that any nunber of integrated circuit
packtages nmay be stacked to formthe integrated circuit unit using the -S
7 August 2002 S materials and techni ques descri bed herein. For exanple,
seven to nine integrated circuit packages may be stacked to form an
integrated circuit nmenory “%F%QEQF¢§53FE%§§§§%ﬁ e present invention.
The first and second integra Ul h include a carrier
having first apd second suyrfaces. A plurality of routing strips are
integral with ‘Pf&m%%fY'rerlﬁﬁﬁgéﬂtéﬁl iftECehe OPRAKAGSS At 2Feas@ tRched
termnals are di sposed on the first and second surfaces. Two rows of 10
term nal prkytéd provudedbbatrden ddhef dit s imdille SenDife suenaees maidulless,
carrier to provide separate electrical connections to integrated circuit
packages agecel i d Ly .U ol ack%gﬁﬁl I o] ses,
integratéﬁhg?}c%?f §§§%é§§§h¥hgrggﬁéﬁ%g}§éogktEﬁﬁﬁﬁﬁb integf%t@a§é?§%ﬁ?t
ugit but 15 haye distinct functionality, but are upstreamfrom | ower
i Tt egr at SRR t Hﬁhc&ﬁﬁﬁi, bRy BER8age r iKW | PeMealYat €4/ f r SiPileedriyal
terminals that connect |ower integrated circuit packages. At |east one of
t he ternmpetsonmtikposedubarthe fThat amdifdceoBnthat mkedsy @te ohet BEMM,
term nal s di sposed on the

however, is generally limited by surface area of the mother or

sister printed circuit board that supports the integrated

circuit packages. As memory demands increase, so has the need

10 for increased Input/Output (I/0) capacity and memory capacity

of SIMMs. Efforts to enhance these capacities, however, have

been limited by the amount of space available in the
environment in which the modules operate.

Therefore, it is recognized herein that a need has arisen

5 for a module (e.g. a memory module) and a process for

producing a module that meets the present and future needs for

expansion within the same limited space. Furthermore, a need

has arisen for high density module and a process for producing

high density modules that provide for attachment modules of

20 integrated circuit packages to form modules. A need has also

arisen for materials and methods that lead to increases, e.g.,

in I/0 and/or memory capacity. Further, a need has arisen for

-4 -



20 second surface are electrically connected with at | easv Augast®00Rhe
.routing strips. The first and second integrated circuit packages al so
include at | east one via electrically connecting -6 7 August 2002 t he
termnals disposed on the first surface with the term nals di sposed on said
" secand surface. A chip is adhered to each of the carriers on either the
,first or second surfaces depending on the positioning of 5 routing strips
on or in the carrier. Each chip has bondi ng pads di sposed thereon. Sol der

Dats o RoEBADLE" 63 80urlehe DOPILAG (LN FLSEAERER Vot THIREL fag MaqUOIE 1O

pads to the routing strips. esive ror Space
between the silicon chip and the carrier that does not 10 contain sol der
bondi ng. B?eu§%ﬂfso¢ﬁég PROVEdes ipHereonheRt tOn&NG |YEBR BAPFLASt Rithe
carrier the overall profile or height of the integrated circuit package,
unit and/silirodnl ehip dheingesendeduamentham fscSignd i aphtdesdiedteathps
Reductions from 20 to 40 percent of the overall profile are achieved 15

dependi ng,g8 EbeNuRRCLANd Jhihness Gl i Lohear gledloglrcui t packages

that are used to formthe integ citcurt unit a rr-modul e of the
present invention. The integrated circuit packages further include bus bars

béi ng i nt egr al TRFt PTRESR A r+RYeNahen exd kil Pged o Hawee 58| ROME0L M diaTy.
The bus bar electrically connects at |east one of the bonding pads of the

chip to aappaastusneatde nteyhiodhabg dispeBeAgomidiiel i rsSideandihhegsecead

surfaces of the carrier.
circuit packages into an integrated circuit wunit. The
integrated circuit module protects the integrated circuit
packages that make up the integrated circuit module during

10 manufacturing and testing steps and from the environment of
its intended purpose. The integrated circuit packages are
stackably mounted together to form an integrated circuit unit
and can be attached to a printed circuit mother or sister
board to form a high density module.

15 The present invention comprises at least a £first
integrated circuit package and a second integrated circuit
package that are stackably and electrically connected together
to form an integrated circuit unit. Even though the invention
is described in terms of first and second integrated circuit

20 packages for simplicity and convenience, it is to be
understood that any number of integrated circuit packages may

be stacked to form the integrated circuit unit using the

-5-



7 August

- connecting at

the first

_ disposed on the first surface of 5 the second integrated circuit package.
i on

2002 a The integrated circuit unit is formed by & mejust2ei2 v

integrated circuit package with at |east one of the termi nals

I n one enbodi nent, solder balls are used to make the el ectrical connect

bet ween t

he first and second integrated circuit packages. |In another

LY . . .
enbodi nent, solder colums are used to nmake the el ectrical connection

bet ween th

circuit uﬁgFeﬁé

U PR el ST YRS AURFET Hhet RIS at Pt TR Hraciif

stackably and el ectrically connected together, for exanple, a third
i nt egr at edochiiai inpegkagyed neyrdei st peklabhdys andy ebecstiackleldy ttb foommeat ed
to the second integrated circuit package and a fourth integrated circuit

package @Mcagrﬁ@&k@pfau@@%@rh@g%%&f&'yn COARELHEACEOWERE e ¢y

circuit package. Once the integr

may be attached.to a printed circuit nother or sister circuit board to
form fortBX&HpFB2 a nodule. In this way, the nunber of integrated circuit

packages
5

10

15

20

stacked at a given location on _g_ 7 August 2002
The first and second integrated circuit packages each

include a carrier having first and second surfaces. A
plurality of routing strips are integral with the carrier and
extend into the opening. At least three terminals are
disposed on the first and second surfaces. Two rows of
terminals may be provided for on the first and second surfaces
of the carrier to provide separate electrical connections to
integrated circuit packages that are electrically upstream
from 1lower packages. In some cases, integrated circuit
packages that are part of the same integrated circuit unit but
have distinct functionality, but are upstream from lower
integrated circuit packages, may be electrically isolated from
internal terminals that connect lower integrated circuit
packages. At least one of the terminals disposed on the first
surface and at least one of the terminals disposed on the
second surface are electrically connected with at least one of
the routing strips. The first and second integrated circuit
packages also include at least one via electrically connecting

-6-

| east one of the term nals disposed on the second surface of

firéi?and secqﬁ%}integrated,lo circujit pagckages. The integrated

at ed

circuit units are constructed, they 20



t he nodul e may be increased, thus enabling a higher densiTfjugusi2be2
Furt her nore,
single itemduring processing, rather that handling and packagi ng a nunber
i ndi vi dual 5
DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete understandi ng of the
features and advantages of the present invention, reference is now nade to
the detail ed description of the invention along with the 5 acconpanyi ng

figures i ”tP{\é“Gé‘rr&ﬁHfssQﬁ;%#CcE%{B{é f{%é@eslﬁlﬂ Ghle itg'fé(rjetseﬁrﬁfrﬁ{lst °

correspondi ng parts and |

the integrated circuit nodul e can be handl ed and packaged as a

integrated circuit packages. _g_ 7 August 2002 BRIEF D .

gure IS asinplified en

cross-sectional view of an integrated circuit package for use with the

pr esent

PR PRgBRred2speoadsisHNGFGRd top view of an integrated 10

circuit package for use with the present invention; Figure 3 is a
sinplified end Ercisspsist adhaked &w efacin oMigys atedrtérsubh editheliatheg a
plurality of

conf | gur ali o€l 86l T ooLeal| Yo rlect ehd QORI NEE W Ne R0l G Al dind S of

Figure 4 is a sinpli

integrated circuit packages oriented in a stacked

I ed end Cross-sSec ew of an terna

integrated circuit gﬁckage; and Figure 5 is a sinmplified end

cross- sectiOnatngi &

rdPSaRTa|Qeriat Fhe eapsdesent ECh Hehimt BgFabeaddngcui t

unit having a plurality of high density integrated circuit packages 20
oriented ipads stidskededorfligpsat i on &b Edér obkddlsl Yorobumpked dageshetew t h

sol der

10

15

20

bal | s.

bonding that electrically connects the bonding pads to the

routing strips. An adhesive layer or underfill £ills the

space between the silicon chip and the carrier that does not

contain solder bonding. By using solder balls to interconnect

the silicon chip with the carrier the overall profile or

height of the integrated circuit package, unit and/or module

of the present invention is significantly reduced. Reductions

from 20 to 40 percent of the overall profile are achieved

depending on the number and thickness of the integrated

circuit packages that are used to form the integrated circuit

unit and/or module of the present invention.

The integrated circuit packages further include bus bars

being integral with the carriers and extending to the solder

bonding. The bus bar electrically connects at least one of

the bonding pads of the chip to at least one the terminals

disposed on the first and the second surfaces of the carrier.

-7-



-10 7 August 2002 . Wile the making and using of variogpugusiaboaent s of
- the present invention are discussed in detail below, it should be
appreci ated that the present invention provides many 5 applicable inventive
concepts which can be enbodied in a wide variety of specific contexts. The
" speaific enbodi nents di scussed herein are nmerely illustrative of specific
ways to make and use the invention and do. not delimt the scope of the
‘invention. 10 The present invention can be related to integrated circuits

usi ng a board-Qp-chi j havi ng.a do e.si rier i i gh
speed perfornaﬁgg ag%%§¥%é§§ Fﬁgcgﬁgcéngg%s%gagﬁgﬁgguﬁfe E%Fg%gfgﬁgﬁgrn
sem conductors. The principles of the present invention may be incorporated
into, 15 $ORNELEAPHe,2ta $§ASKr oPv@ s OBRAMIE SIRAVLiEI LS c8ASERPED TP ptésent
i nvention, however, is also applicable to LOG C, SRAM EPROM and any ot her

i nt egr at egk b€ Ustr FIP UM 1B eidtddra&d il dduied palckagres @GRl
view of an integrated circuit package that is generally designated 30. ,

r.~. 20 The_iptegrated, circuit package.30 conpris a silicon chip 50,

Wit oh-cant £acCr SREaRE TS A PR LE g aRoER R o # “SutheBe Foran
an EPROM a SRAMor a LOG C chip. Acarrier -11 7 August 2002 70 is

abt ached tket Fecond catednatsd byraniddiestkage ayedngne embodiment,

solder balls are used to make the electrical connection

between the first and second integrated circuit packages. 1In

another embodiment, solder columns are used to make the

electrical connection between the first and second integrated
10 circuit packages.

The integrated «circuit wunit way £further include
additional integrated <circuit @packages stackably and
electrically connected together, for example, a thirxd
integrated circuit package may be stackably and electrically

15 connected to the second integrated circuit package and a
fourth integrated circuit package may be stackably and
electrically connected to the third integrated circuit
package.

Once the integrated circuit units are constructed, they

20 may be attached to a printed circuit mother or sister circuit
board to form, for example, a module. In this way, the number
of integrated circuit packages stacked at a given location on

-8~



The adhesive layer 60 nay be made of, for exanple, a doubl7Asjudedosgihesi ve
- pol yam de tape, adhesive glue or epoxy. The carrier 70 is depicted having a
single layer, however, it may 5 conprise a nunber of different |ayers

~ depending on the electrical connections that may be necessary to
electrically connect the bonding pads 120 to the term nals 100. The carrier
.70 may be constructed fromprinted circuit board, a material such as FR-4
which is available from for 10 exanple, Mdtorola Inc., US A FR-4 is an
epoxy resi i r i as o] I j h :eri al
for carri gr@ler?g{ld.%%eé:s ?Eﬁ %% ?ﬁ%egga%’ wé?‘?éréggggle?getaﬁ;%i%% ggggérg?ers
shoul d be consi dered, nanely, thickness, dielectric constant, .glass
transiti off T at EPECEEM@&SCE%@-HC@H&@F%# FHEFRF BRRMIS oA ke

Thi ckness i s dependant on Ghe nunber of |ayers required and the anmount of
rei nf or ceimamidlesedand Ppagikeeyed ayer . aTheingiaf dtemgdgkasy cghodbesahngange
in thickness from2 m| per sheet (type 106) to about 8 m| per sheet (type

7628). 20.Di.elect g CO ts ] r ';{1{%9!; i Lon resin
used and th'é:%teﬁfclt(:'}]l%Sts 21% tylpdegso%%i :ﬁor ceﬂrpﬁc‘?l Eaggg‘& t%ﬁda?ﬁddégﬁﬁu%gs a
di el ectri¢ constant. of, about 4.5. This -12 7 August 2002 constant can be
réduced t 3NEBEER S Y IS dci PRCEASSEpo: cy resin with a cyanate ester
resin. The greater the thickness) however, the greater the problens
associated with thickness control, rough surfaces, excessive drill wear and

poor resin 5 refill. The tenperature at which a resin changes froma gl ass



|i ke state into a ~~rubbery" state is generally designat ed AagusiR003t andar d
FR-4 is made with a bifunctionally polynerizing epoxy that has a Tg of

about 110 C. Higher Tg tenperatures, 10 such as 125-150 C nay be w 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, polyimdes
provide for printed circuit boards having a Tg above 250 C. 15 The
‘coefficient of thermal expansion for FR-4 is about 26 ppmi C. A difference
in the coefficient of therml HXPaNSIO L peennt Beagakker 70 made from
FR-4 and the silicon chip ' e Tntegrated circuit
package 30 during, not only the assenbly of the integrated circuit 20
package 30, butf s® FFFEnFITRIeER BRARFEEGIIAE Pfchfe fEageEsRnd 7
August 2002 The adhesive |ayer 60 nmay be Hitachi HML22u nmanuf actured by

Hi tachi Ceevacdlagésmpdnyhef pfelkgat JapentiAnt enedfldnaaige idenssy lmada chi p
50 can be adhered to the carrier 70 with a die bonding filmsuch as

H ATTACH ( by .t achi Lcal a f Kyo,
Japan. H ﬁﬁAdag%%g%%F ?f%@r‘g??veortsf PFFeﬁ%%ﬁgéfeit tailng ygétgesgk&r)rfi | m
for die attaching. The bondi ng process generally involves attaching the

fi3 m on t RECCIRABILTD 51IUEHS Cliowhs b cepie SPPRAARTapHMEEd LSorick Hhe
1000- 3000 grans; then attaching the silicon 10 chip 50 on the filmat 220 C

for 5 secdidsarmnr faduree v8fdb0:3000graBpondling parts and in which:

Figure 1 is a simplified end cross-sectional view of an
integrated circuit package for use with the present invention;

Figure 2 1is a simplified top view of an integrated

10 circuit package for use with the present invention;

Figure 3 is a simplified end cross-sectional view of an
integrated circuit wunit having a plurality of integrated
circuit packages oriented in a stacked configuration
electronically connected together with solder balls;

15 Figure 4 is a simplified end cross-sectional view of an
alternative integrated circuit package; and

Figure 5 is a simplified end cross-sectional view of an
alternative embodiment of the integrated circuit unit having
a plurality of high density integrated circuit packages

20 oriented in a stacked configuration electronically connected

together with solder balls.

-10-



7 August 2002 DF-335 has the follow ng 7 August 2002

- propertiesTest Remar ksUni t sDF- 335Appear anceVi sual -silver filntolid

Cont ent 200" C- 2hwt %Z965Ash Cont ant 600" C- 1. 5hwt %0Ash

Cont ent/ 600" C- 1. 5hwt ~/ sol i d42Sol i dThi cknessDi al
" gauge~cnR5Tensi | eR T. kgf / nm=7. 110St r engt hTensi | eR T. kgf / me271 Modul usDi e
.Shear 4x4mm chi p/ Agkgf/ chi pstrengt hpl ated all oy 4215R T.t10250"' CO. 9Peel

st rengt hex8mm chi p / barekgf/ chi pi 3. 0240C (after/all oy 4285C 85% 48h) 2

O0TgTMA,
180C—IhClZScuredNbduiusélscoeiastlcﬁg f%%aspectroneter&%lsture85C785%RH

48hwt 00. 1 25 her of _adhesi,ves inhclude the settin adheS|ves
such as epOX|§® 11 o%@@gﬁﬁgéngnﬂ MiSdEFe OETHEFAGHE Ia§ﬁ€JQ%mﬁ¥§%/ Lt are
hot-nelted, in the formof sheets or as a pressure sensitive adhesive tape
may al sopbesesedinventihenease| dtenuebed 560 tletbhd balower it0.siConibriby 30
used are adhesive tapes based on el astoners, silicones or -15 7 August

2002 , agpylbes beeausenof theid ;@fssehtUS%M i igeewaﬁét'q%ﬁwo

production. Referring collectively ' to Figures 1 arrier 70

routing strips that are electrically, ¢copnected throu as b5 84

Sor i nal SEPOBSADLS: SVBHELER CORFaBESOUnSERcaRr BF FOCCHESthodt ¢t BEL0e
understood by one skilled in the art that the terns "top" and "bottont as
wel | as vheieeynsofsisipécafitic” epdiitaxkesused T isipegsifriat | embndipesess onl y,
as the integrated circuit package 30 of the present invention can be

assenbl ed; $Buandauseddih %r\éarn'té‘ééflff:.PQﬁbE!:QB%vénng\@kSéc:_@%rd Wy s’ & dray
i nclude a pair of bus bars (not depicted). The bus bars are electrlcally

connected_{ hrough conduits_(not, depic and/ or. vi 4 to one o re of
the ternfi ?saﬁgogs%hgh%ué %QElﬂﬁyaEé 3% ?5r&§$&ﬂé%<§% éLﬁH%I es
or 15 grounds, and it is preferred that one bus bar serve one functlon

such as anpemefosupply, and the second bus bar serve another function, such
as a ground. The silicon chip 50 has bonding pads 120 | ocated generally in

1bhe central afga rébéh@onlz%‘éﬁt§gn Thgnbopdli nge 12 PAd 129 nak I%Q@E?Ct ed
to routing strips 2 and bus bars by sol der bonding 80. The sol sel ected

for) usec%%gﬂlks uSLng a board-on-chip design having a double sided

carrier to achieve high speed performance and to meet the
space constraint requirements of modern semiconductors. The
principles of the present invention may be incorporated into,
15 for example, a synchronous DRAM (SDRAM) silicon chip. The
present invention, however, is also applicable to LOGIC, SRAM,

EPROM and any other integrated circuit components.
Figure 1 is a simplified cross-sectional view of an
integrated circuit package that is generally designated 30.

ey

20 The integrated circuit package 30 comprises a silicon chip 50,
which can be, for example, any integrated circuit component

such as a DRAM, an EPROM, a SRAM or a LOGIC chip. A carrier

..11..



7 August 2002 present invention will depend on the tenper @&Augast 2002 r ement s
- of the silicon chip 50. Solder balls 150 are | ocated on termnals 100 to
allow integrated circuit package 30 to be attached to other 5 integrated
circuit packages 30, and to a nother or sister board of a single unit. The
nunber of integrated circuit packages 30 that are stacked will depend on,
.€.g. the menory and contact requirements of an integrated circuit nmenory
nodul e, however, in one enbodi ment of the present invention 10 the nunber

of 1 ntegrated.cCi ' acka i.s.eight or_niRe, T ve.descrj bed
conponentzbagﬁ %Eggkhggnggrgggigﬁglgﬁg Fﬁ%grbglg igﬁ %$§$§agea agggeﬁ%ry
that is encapsul ated as descri bed below. The term "assenbly" refers to the
assenbl edTEEnpEResiYepridres of @neapshrampes. ofhe fo¥s &nnp lfonst sdeuie1s
carrier 70, adhered silicon chip 50 and sol der bondi ng 80. The sol der

bondi ng 86idedcesthemivdegbbyanige Hdgecomdidivd Hasebeen cadhgred tige
carrier 70. Silicon chip 50 and carrier 70 are then positioned on a heated

B0 20 andCSaraSF DAl T ToRCueen [B7tPEaFe rha intBgrkr ol a1 Paciage 30

for use with the present invention may be attached using conventi onal

s6l der reEPBRISFSt efs. NEBPeExaffl ediffergnt 71avgust PePenGapsr Phasthe

sol der reflow system may be used, which condenses vapor to surround the

i ntegrat edlectetichlpackage tIbN kA€ may be necessary to electrically
connect the bonding pads 120 to the terminals 100.

The carrier 70 may be constructed from printed circuit

board, a material such as FR-4 which is available from, for
10 example, Motorola Inc., U.S.A. FR-4 is an epoxy resin

reinforced with a woven glass cloth. In selecting the

material for carrier 70, one skilled in the art will recognize

that four parameters should be considered, namely, thickness,

dielectric constant, glass transition temperature and the
15 coefficient of thermal expansion.

Thickness is dependant on the number of layers required
and the amount of reinforcement used in a given layer. The
reinforcing glass cloth can range in thickness from 2 mil per
sheet (type 106) to about 8 mil per sheet (type 7628).

20 Dielectric constant is determined by a combination of the
resin used and the thickness and type of reinforcement used.

Standard FR-4 has a dielectric constant of about 4.5. This

-12-



carrier 70 with a cloud of steam A liquid, such as a nongugust@0ed (non

. CFC) fluorocarbon is first heated with 5 enough energy to forma vapor and
to sustain a vapor cloud. Wen the integrated circuit package 30 is then
passed t hrough the vapor, the vaporized |iquid condenses thereon and gives
of f .the | atent heat of vaporization. This energy is then transferred to the
integrated circuit package 30. As long as 10 the integrated circuit package
"30 remains in the vapor) the vapor continues to give off energy at a

30T oache S TRE L Smert Bre ST VEBort otk ehi 5 {HECLAEEFE deCbrbPhRe "

integrated circuit packages may be introduced into 15 the solder nelting
chanber af€8iTb¥ilRE 3t S¥REALeTREtadvansage offhesigngadawndte othhekeess,
fluorocarbon is that it is extrenely thermally stable, colorless, odorless

and nonfl agk@iler:, |thadgiéaonr ithehdFrdbldans t ¥k6kinr oW i f@€Eckness
tenperature, low boiling point, and | ow heat of vaporization. 20 Because
the fluid of th an- orinated fluorocarhgn jis inert, it does. not
oact w i FOPFEgde SOEh RN e crEare= RE: Sae HERRLED BRI EerE ol
ot her gases that cause reactions -1~t? 7 August 2002 during the sol der
ref | ow. N§§ﬁléénnercially avai |l abl e fluorocarbons used for vapor phase
reflow are forrmul ated to vaporize at precisely stable reflow tenperatures

for different gsoledefenfieit@ts, afSwhikh ke Jown tRahbhese rslond ledgidsghe 5
art. The vaporization tenmperature will depend on the solder type being
used. A biLgL Lk3keOh e NGO ML ESee 15 generally designated as

T Standard FR-4 is made with a bifunctionally polymerizing

5
epoxy that has a Ty of about 110 °C. Higher T, temperatures,

10 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 printed circuit boards having a T,
above 250 °C.

15 The coefficient of thermal expansion for FR-4 is about 16
ppm/°C. A difference in the coefficient of thermal expansion
between the carrier 70 made from FR-4 and the silicon chip 50
can lead to failure of the integrated circuit package 30
during, not only the assembly of the integrated circuit

20 package 30, but also during the use of integrated circuit

package 30.



fluorocarbons that are used as vapor fluids is shown bel ochAuy@h@00Zat i on
Tenperatures and Sol der Types 10 Fluid Tenperature Sol der Type 56, 80, 97,

" 101, 102C and 100 In 155C 37 Sn/38 Pb/25 In 165C 70 Sn/18 Pn/12 In 70 In/30

Pb 174C 60 In/40 Pb 15 Z90C 90 In/10 Ag 50 In/SO Pb 63 Sn/37 Pb 70 Sn/ 30 Pb
60 Sn/40 Pb 215C and 230C 60 Sn/40 In 60 Sn/40 Pb 63 Sn/37 Pb 70 Sn/ 30 Pb
62 Sn/ 36 Pb/2 Ag 240C and 253C 75 Pb/25 In 81 Pb/19 In 260C and 265C 96.5
*Sn/ 3.5 Ag 7 August 2002 Alternatively, infrared or radi ant heated sol der
refl ow may be d. h st.em each c nent [ ng_system
is directly exé%%%& %sﬁg i%?V%% %ﬁoﬁﬁg %&aﬁﬁﬁéiﬁaa%ﬂ%ijqiﬁﬁﬂégéﬁﬁ?ﬁaa
radi ant energy element is absorbed by 5 the different conmponents according
toits nop§b%ﬁé@QﬂhwﬁﬁQ%kQaklﬁﬂm@@mbn@F Falivant Jaeam sy fildfradposelvnl y
the outer surfaces of the conponents to the radiant heat, which may not
reach i nt ehieors iak &esn ash£h f 601 eahl peAadhd Fedapsr tEat dhated rheat ivig: ires hods
as descri bed above. The present invention, 10 however, is not affected by

this typigal . u f_th d i ad of .leads or. wire
pondi ny - Firer BEPRLBH, PEER RE-Reatic BB hart 701 T e SR E Rt it BT oY
phase sol der reflow or radi ant heated sol der reflow, may be effectively
uSed wi t hHERaChle §&eMiiaale lammany 50f nTokroendeniafent FFATIRAE Hn3aentDF -
invention eutectics having different nelting tenperatures nay be used for

the sol dep3bondisngi3Qeand ilhec A Kiermdabt 61480t ybackess nuFadnd Eddeteian ne
the relative nelting tenperatures for the solder bonding 80 and the sol der

bal s 150-8EbLni0) UIBLhe Lol Al v 20. 00°LabL0g, STRRLATUES and Lie: gyoun

of encapsul on, Ti'f any, circuit pacKage 30 conpohents.
Al so a
the film on the carrier 70 at 160° C for 5 seconds with an
applied force of 1000-3000 grams; then attaching the silicon
10 chip 50 on the film at 220° C for 5 seconds under a force of

150-200 grams.

-14-



factor, is the total nunmber of reflow steps to which the 72Qgust2082gust
2002 sol der bonding 80 and/or the solder balls 150 wll be exposed. |If the
sol der bondi ng 80 and the solder balls 150 are exposed to the same nunber
of heat reflow steps, as is the case where all the conponents are refl owed
at the same tine, then the 5 sanme eutectic may be used. If one of the other
conponent i s exposed to one or nore heat reflow steps prior to final
‘assenbly, then different eutectics may be chosen. For exanple, of the

sol der bonding 80 is t o] t re attached,
then a eutectic haV|ngq§ﬂﬁfg er §0E§%|??%38?§§§ %@J é%%%vgbe chosen for
the first heatreflow step in order to prevent a second nelfing of the

sol der bondwmg 80. In F|gumamﬁmsone enbodummﬂi of a threeoﬂunen3|ona

i nt egr at ed—Trreurt—noduteTsdepteted—A—a—strptf+retd—crossis—sectional
view and i $PHEHEAREl y desi Graréd 130. A silicon chip 50 istleesctiidnically
connected t L it 7 ans of solder bondi ng 80, and nmechanical ly
attached b§%l%E§§§Vé ayergﬂp% ?ﬁtegrated CI'r cui t package2 0 is then

i nger COﬂﬂE@IsﬁdCdbltt:htOt her §od’egLadred circuit packages 30 4sing 20 ~ sol der
balls 154. Solder balls 150 replace the |eads used to connect conventional
i nt egr at ed A6Nr €VitENpackageP A’ 6; 1 fTY exanplet/selddt her or 4 sister-board.
The use of $§BLder balls -21, 7 August 2002 150 reduces the overal
profile ofT%h r{Epstsegrated |HCU|t‘¥ackage 30 and the integrated circuit
nodul e 130. €an be seen thaf>tHi p 50 h4&% an exposed batksi de 51, such
that the chga&ﬁg can be digectly cool ed bygaidm:f| ow ng between

10 Strength

Tensile R.T. kgf/mm? 271
Mcedulus
Die shear 4x4mm chip/Ag kgf/chip
strength plated alloy 42
15 R.T. 210
250°C 0.9
Peel strength 8x8mm chip /bare kgf/chip 23.0
240°C (after/ alloy 42
85°C 85%,48h)
20 Tg TMA, 180°C-1h °c 123
cured
Modulus Viscoelastic Mpa 1300
spectrometer
Moisture 85°C/85%RH, 48h wt¥ 0.1
25 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

30 used are adhesive tapes based on elastomers, silicones or

-15-



5 packages. Figure 4 is a sinplified top view of an alterpaugus 200Rodi nent
~of an integrated circuit package 32 for use with an integrated circuit
nodul e. The integrated circuit package 32 has a carrier 70 that is attached
to a silicon chip 50 by an 10 adhesive | ayer 60. Two rows of term nals 100,
108.are | ocated on each side the carrier, nanely, top surface 92 and bottom
surface 94 of carrier 70. The first row of solder balls |50 is |ocated on
termnals 100. The second row of solder balls 150 is | ocated 15 on

term nal s Term 0 be electrically connected,to term pals 108
by condui ts (n]bltg%lcraﬂﬁ)'lgcg %%I%.g?ggx?éfmeﬁgles Ofgélﬁ%aatn r%a?%ch?%%rg?lg]flgbon
surface 92 may be electrically connected through vias 84 or conduits (not
depi ct ed) - HREQEHEFHARs 108. Vias 84 can interconnect the terminals 100,
20 108 on the top surface 92 with the termnals (100) on bottom surface 94.
Again, it can b&mﬁ@@om@c@i&%l@a%oamgﬁmeq 224 2,7cAvgust 2008as
backsi de 51, such that the chip 50 Can be directly cooled by air flow ng
bet ween pack I n .Fi gure 5, one enbodinent of a three dinensional.
integrate&qgﬁ¥ﬁ§tsq%%3§ %g &gﬁFcFéﬁ £ e§t§ﬁﬁﬁﬂgyi§8n8?8§§ gEEPV%ﬁaVl%FeW
and is generally desjgnated 160. A silicon chip SOis electronically
cohnect ed 8% thes@m¥iats 700 byl aeanedopns sbgesuifiedind B anchmetdianieal | y
attached by adhesive |ayer 60. Integrated circuit package 32 is then

interconnget eshawld behenddHRWRL 6k, CohEUisk ipaG@Ies BReUay tHhsSotKler
ball s 150. Sol der balls 150 replace the | eads used to connect conventi onal

[ ' [ I h ' d,, Th
use of SoBEELAITE 1860, CHOEBU™ hESoUBI Bl RopPBF: FBLDF | RESEn BUtargi

circuit package 32 and the integrated circuit menory nodul e 160. 15 The
present | A¥ENtY SR afey ddd usdinadt immhepuppobkesmsraksocaat dthew it egrateed
refl ow systens. These problens include the creation or failure due to

voi ds, copharanitt Yadkerts tanidl, £ 190 e O6 AL S § nGeMRAREN to sl HKidihertesdral
shock and thermal stressing. The present invention can solve these 20

bl Ity di ; ' . f icall ti th
AP con oA Syoh he CaTar AF RTRACRFTE BBRGIRY® The pfesent | nventi on

also elimnates the need to i .
Carrier 70 may include a pair of bus bars (not depicted).

The bus bars are electrically connected through conduits (not
deéicted) and/or vias 84 to one or more of the terminals 100.
The bus bars may serve, for example, as power supplies or
15 grounds, and it is preferred that one bus bar serve one
function, such as a power supply, and the second bus bar serve
another function, such as a ground.
The silicon chip 50 has bonding pads 120 located
generally in the central area of silicon chip 50. The bonding
20 pads 120 are connected to routing strips 82 and bus bars by

solder bonding 80. The solder selected for use with the
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7 August 2002 electrically connect integrated circuit packpgegust200®

sol dering | eads. By using sol der bonding 80 and sol der balls 150 instead of

wi re bonding or |eads, respectively, the problens associated with voids

~around term nal areas or under 5 |eads caused by inconplete reflow or poor
wel di ng of the soldering surface due to inproper flux or badly oxidized

surfaces is elimnated. The problens of coplanarity and tonbstoning are

al so reduced or eliminated using the solder balls 150 because surface

tension g?rQQéHtSiﬁ@énQIoﬂf%&fp|§€§e&§ QﬁlEﬁe1§gm§%r%gﬂggéF@bﬁﬁréH@ﬁﬁ%/

pr obl em stitching a very fine re bond that c br oken

slight mechapjcal .stress is further elimnated. Open joints are usually
- bBF el THEER CopPang

caused byO Feﬁ& wWePR & rity, while cracking may occur when trapped

noi sture 15 within an integrated circuit package expands as the device is
heat ed for refBowdeThéalls sk anei iveatald pressereinzhssesot he adtleyr at ed
circuit package to split open, usually at one of the corners. The splitting

of the packaggrgaugescsekdet bga@ﬁa& Jropthe | ead Gragenkq the Sb'gh%@tﬂo

chip to break™and 20 in sonme cases the silicon chips have cracked

tge war page,_at the tgg of the gackage as_the tenperature 24 7 August
2802 di f fEFERPTAFEdh&AREEH S B2 FERIERd 1he BEC: dR of MREIGEViTe Eigser

different rates of expansion. Using the present invention, the two surface

t enper at beaddf odr ent §ahglehanidccur Shar entebaeewtt himtssafrkaredoodiregi80 5

and the carrier 70 or the solder ball 150 and the carrier 70. By isolating

the refl qyust£pssand HELBIadL kel W £C1 | &8pend on, e.g. the memory
and contact requirements of an integrated circuit memory
module, however, in one embodiment of the present invention

10 the number of integrated circuit packages is eight or nine.

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 consists of

15 carrier 70, adhered silicon chip 50 and solder bonding 80.

The solder 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
the temperature of the combined unit. The solder bonding 80

20 and solder balls 150 used to create the integrated circuit
package 30 for use with the present invention may be attached
using conventional solder reflow systems. For example, a

-17-



or by concurrently reflow ng both sol der bonds 80 and sol deAubadti2e0250 when

- using either vapor phase solder reflow or radiant heat solder reflow the

present invention can be 10 electrically connected. The small size of the

. sol der bonds 80 and the solder balls 150, and of the integrated circuit
package 30 as a whole, allows for any of the reflow systens to be used with

t he because the tenperature differential between the 15 conponents is

al nost negligible. A though the board-on-chip layout of integrated circuit

Do undor St 08 Tog RE. SRLFPEa Fh LPHe AL TnarYt e ey B e dhathrdion ©

invention are applicable to a 20 silicon chip 50 with bonding pads 120 in
al t er nat e VERRIUtEC sSRFradnPosihe crvearabed t fersidesperkage sid iawh thep
50. -25 7 August 2002 Also, it should be noted by one skilled in the art

that ternmcaalrdck007and/inrs barslomy her | eeaked onaa siggle, | aesnofascasrier
70. CGenerally, a layer of insulated tape or coating nay be placed on the

bus bars V] f el ri 5.iLsolation. The advantage _of .

mul ti -1 ayé;&n%gl(rirc%rg%a%d héﬁéi}erc,%a#)s thogPFﬁFE{g{‘i or ogl)fﬁ% %g@%e[dg‘ ThEDI at e
the bus bars. The present invention disposes with the need for isolation.
Addi t i onaPPPURheRRATY - FayEPraly iv@arqo prdvidesustgisatevanac eskowdr gi n
for sol der bonding 80. Additionally, 10 reduced environnmental inpact is

obt ai ned wakAgthbeineéfodtaadcappariat gscRhgkhgopresenen peaddpn winude the

overall decrease in the size of the integrated circuit package 30.
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. As long as

10 the integrated circuit packgge 30 remains in the wvapor, the
vapor continues to give off energy at a repeatable fixed rate
and temperature, until the integrated circuit package 30
reaches the temperature of the vapor. Likewise the entire
assembly of integrated circuit packages may be introduced into

15 the solder melting chamber after being stacked.

The advantage of using a nonchlorinated fluorocarbon is
that it is extremely thermally stable, colorless, odorless and
nonflammable. In addition, it has a low toxicity, low surface
temperature, low boiling point, and low heat of vaporization.

20 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

-17 -



While this invention has been described in reference to i7Augtst2002e
_enbodi nents, this descriptionis not intended to 15 be construed in a
limting sense. Various nodifications and conbinations of the illustrative
enbodi nents, as well as other enbodinents of the invention, will be

" apparent to persons skilled in the art upon reference to the description.
It is therefore intended that the appended cl ai ns enconpass any such 20
"nodi fications or enbodinents. -26 7 August 2002 What is clainmed is: 1. A

hi gh densi unit comprijsing: a first integrated circuit ckage._ hayi a
carrier, gh)séi i or%-‘%c%i §O}$%:h§§% %ai d i&sratl ercweaﬂcja%lﬁg%i v%v?%\j%l?fgnd 5
sol der bonding electrically connecting said silicon chip to said carrier;

and a secSAdaTNEFRARY eFeduiforpasiyge phasagraléarnr ade, omwiard chdp

attached to said carrier by an adhesive | ayer and sol der bondi ng

el ectri cakhyoeqreeati peesakd1§ kaBNChEP1bQ tAnpatdrGREE| ehrSaRekabby
wherein said first and second integrated circuit packages are electrically

connected tq said first jntegrated circujt package., 2. The.hi densi t
it Cas ' SOLEEY MRCASIHA £ aP Ko B e kbR h0 R A8S ARl Aetacel EHY cui
package stackably and electrically connected to said second integrated

ci¥cuit pagkage. 3. The high density unit as recited in claim1 wherein 20
eight integrated circuit packages are stackably and electrically connected.

- 27 The vaporization temperature will depend on the solder
type being used. A brief 1list of the non-chlorinated
fluorocarbons that are used as vapor fluids is shown below.

Vaporization Temperatures and Solder Types

10 Fluid Temperature Solder Type
56, 80, 97, 101, 102°C and 100 In
155°C 37 Sn/38 Pb/25 In
165°C 70 Sn/18 Pn/l2 In
70 In/30 Pb
174°C 60 In/40 Pb
15 190°C 90 In/10 Ag

50 In/S50 Pb
63 Sn/37 Pb
70 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
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7 August 2002 4. The high density unit as recited in clai i AugdseR@2r ni ne
-integrated circuit packages are stackablv and electrically connected. 5 5.
The high density unit as recited in claim1 wherein said first and second
integrated circuit packages are further defined as conprising: a plurality
of routing strips being integral with said carrier; 10 a plurality of

term nal s disposed on said first and second surfaces, at |east one of said
term nal s disposed on said first surface being electrically connected with

i on said first surface bel cal |y connect
i sposed on saPd SRR VAR act HERFER oP BCEPRORREy NERRA AAH S AT o

| east one of said routing strips; and at |east one via electrically
connect i n§a#t PredsedonelBf seahdat syat aml eadh spospdnent saf dcihe rseldrringe
with at | east one of said term nals disposed on said second surface. 20 6.

The high deasichy uBi td@setecit edxphselai Abl whe{ gt Nopal Hrbir i andhisigepnd
integrated circuit packages further include at |east one bus bar being
i nt egral t 2002.a_sai d ,bus . bar

electrica%@%mgg %gcggégigégT-Fégsfa%i%nu?géﬁray BORTERY PRaSEanFhad Rast

one said term nals disposed on said first and said second surfaces of said

cérrier. 5hg diffehenh cenporgniusi acesrdingted its dhalecdlahestuctatrd .east

one of said term nals disposed on said second surface of said first

integrated circuhivepaGloagas daxRimctHdL@l dY¥stems expose only the outer
surfaces of the components to the radiant heat, which may not
reach interior areas as efficiently as with vapor saturated
heating methods as described above. The present invention,

10 however, is not affected by this typical problem because of
the use of solder instead of leads or wire bonding. In fact,
due to the reduced overall size either method, vapor phase
solder reflow or radiant heated solder reflow, may be
effectively used with the present invention.

15 In one embodiment of the present invention eutectics
having different melting temperatures may be used for the
solder bonding 80 and the solder balls 150. Factors used to
determine the relative melting temperatures for the solder
bonding 80 and the solder balls 150 will include the relative

20 operating temperature and the amount of encapsulation, if any,
of the integrated circuit package 30 components. Also a

factor, is the total number of reflow steps to which the

-20-



connected with at |east one of said term nals disposed on7sigisf2002t
_surface of said second integrated circuit packages. 10 8. The high density
unit as recited in claiml further conprising solder balls disposed between
said first and said second integrated circuit packages. 15 9. The high
“density unit as recited in claim1 further conprising colums di sposed
.between said first and said second integrated circuit packages. 29 7
August 2002 10. A high density unit conprising: a first integrated circuit

package C&d@déf'%dﬁ]ﬁsl 1 a&d i r car r |]]ed;ﬁ h%vr f| rst‘%agdgge%%ggsgarfaces

and one or ‘hore egra cairrer
adhesi ve | ayer attached to said second surface of sald carrier; a chi

att ached ko 1 Faldirsibandinge 80 seiddamaardidry Qaktsital| @/r@oﬁ?‘@@’@ﬁﬁg

said silicon chip 10 to said routing strips carrier using a solder bal

and one Qfo e dapidnimalserdiofposed Wl Jidisd, anl secend saséaeRereai d
termnals disposed on said first and second surfaces being electrically

connecte Y i ec d in rated C|r c st b and
15 electgﬁgalg§¥ %P§®%%§%F% sa?dr?kﬁg |nt gra Eaﬁ %%%badagég l:eSCh
first and second integrated circuit package bein electrrcally connect ed

tDget her .SaMe SHeEERF R BevisPeyugatt adfr esia &f ithe eI 0CPHPPRERL 1s

exposed to one or more heat reflow steps prior to final

assembly, then different eutectics may be chosen. For

example, of the solder bonding 80 is to occur before the

solder balls 150 are attached, then a eutectic having a higher

10 melting temperature may be chosen for the first heat reflow

step in order to prevent a second melting of the solder
bonding 80.

In Figure 3, one embodiment of a three dimensional

integrated circuit module is depicted in a simplified cross-

15 sectional view and is generally designated 130. A silicon

chip 50 is electronically connected to the circuit 70 by means

of solder bonding 80 and mechanically attached by adhesive

layer 60. Integrated circuit package 30 is then

interconnected with other integrated circuit packages 30 using

20 '~ solder balls 150. Solder balls 150 replace the leads used to

connect conventional integrated circuit packages to, for

example, a mother or a sister-board. The use of solder balls
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20 conprising sol der balls disposed between said first and7 aagaesi@002
-integrated circuit packages. -30 7 August 2002 1 12. The high density
unit as recited in claim10 further conprising columms di sposed between

. said integrated circuit nodules and a printed circuit board. 5 13. The high
density unit as recited in claim10 wherein eight integrated circuit
packages are stackably and el ectrically connected. 14. The high density
unit as recited in claim10 wherein 10 nine integrated circuit packages are

stackabl y ica QRQQE% d...- Aygust . 2 A pr

for pr oduc?ﬁg ?%’gﬂé%e%g\éty uni iJgoﬁffrcl S|lneg %Eel&g}%eplsggggr%gfég‘i n@ﬂ:g&gfé
first intggéaﬁed circuit package conprising a carrier having first and
second si de’3SKagE PPcBRICKDE Frdiadicdead t e15aHC cBPALER Bylan ddhe&ande

| ayer and sol der bonding electrically connecting said silicon chip to said
carrier; aselenonhedt iaigip si@ckabl gnarckpelLel atd ydat si pasticane hatt egeat ed
circuit package conprising a carrier having first 10 and second sides, a

silicon chip;attagh 058l ¢ ier b dhesi ayer sol der
bondi ng erEek(E:)% i c%?l %%nr?}gt i(ari'%ae{séé%/si ?‘gé‘g%&ch%ﬁé ;é(;eillsai)égoé”g?% e(r%et%(‘)”eseé} d
first side of said first integrated circuit package. 15 16. The process as

recited i PRFBRHAFIS wherein the step

Figure 4 is a simplified top view of an alternative
embodiment of an integrated circuit package 32 for use with an
integrated circuit module. The integrated circuit package 32
has a carrier 70 that is attached to a silicon chip 50 by an

10 adhesive layer 60.

Two rows of terminals 100, 108 are located on each side
the carrier, namely, top surface 92 and bottom surface 94 of
carrier 70. The first row of solder balls 150 is located on
terminals 100. The second row of solder balls 150 is located

15 on terminals 108. Terminals 100 may be electrically connected
to terminals 108 by conduits (not depicted). The terminals
108 that are located on top surface 92 may be electrically
connected through vias 84 or conduits (not depicted) to the
terminals 108. Vias 84 can interconnect the terminals 100,
20 108 on the top surface 92 with the terminals (100) on bottom

surface 94. Again, it can be seen that chip 50 has an exposed
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of connecting, stackably and electrically a third integra% adgustr2002t

. packages to said first and second integrated circuit packages. 20 17. The
process as recited in claim15 wherein the step of connecting, stackably
and electrically further includes connecting at |east six integrated

" circuit packages to said -32 7 August 2002 first and second integrated
circuit packages to forman eight integrated circuit package unit. 18. The
"process as recited in claim15 wherein the step of connecting, stackably

and el ect ﬁdal‘;c?éé%é’ Lﬁ.h?éu;ti‘célt@@s ﬁeci%ﬂﬁgck'o”%a?} ﬂeeadsitre%ee’ﬁ ¢d f&&aﬁfd
circuit packages to said firs and Secon integrated circuit° packages to
forma nine integrateg?circuit package unit. 19. The process as recited in
clai m 15 Wér PR HE KA PaebAdesti ng, stackably and el ectrical ly said
integrated circuit packages is further defined as using solder colums to
connect sai d i MregFaigedeci 6¢ui dnPackagedim@d: W Aroeksseadimend Bdnab
claim15 wherein the step 15 of connecting, stackably and electrically said

i ntegrat ed Gid L dedackaggsei S, 4 t her qdafki usi l.ger 0
connect sain igﬁ:;aeger ate cllgr%téui%tnflg:;c %ggg§19§%%. i\]lsr[ éA%%@gé%%)%%éi\% AF
. A AF. A3. AF{ Y% A3. AF. A . A 9. AF. AF9. AF. AF. A3. A. F. AF% A A% A@. A .

. R A3L. AnSeRT 103t A¥beW3angT s generally designated 160.7 A silicon

z*K4n| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]

ca] ca] ca] chlipafFoalicaptaefcabniabtal ctohnatnedf to3the] carrier 70 by means
of solder bonding 80 and mechanically attached by adhesive
layer 60. Integrated circuit package 32 is then
interconnected with other integrated circuit packages 32 using

10 solder balls 150. Solder balls 150 replace the leads used to
connect conventional integratea circuit packages to, for
example, a mother or sister board. The use of solder balls
150 reduces the overall profile of the integrated circuit
package 32 and the integrated circuit memory module 160.

15 The present invention also can solve other problems
associated with solder reflow systems. These problems include
the c¢reation or failure due to voids, coplanarity,
tombstoning, open joints, component cracking, thermal shock
and thermal stressing. The present invention can solve these

20 problems because it dispenses with the need for electrically

connecting the silicon chip 50 to the carrier 70 using wire

bonding. The present invention also eliminates the need to
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7 August 2002

. }xsnid_Z]]ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]cal ca]ca]ca]ca]calcalcalcalcalcal# b Z.il3nrs

>y| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] calca]ca]calc
" a]cal ca]ca] ca] ca] ca] ca] ca] ca] ca] ca! 3k9w, j VC3u} xsni d_Z] ] ca] ca] ca] ca] ca]ca]c
aJ cal calca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcalcalcalc
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warpage at the top of the package as the temperature
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| K- K@BL10%&' ()-$"10%& ()-!"10%& ()-1"10%& ()-s' 10%& ()- "10%&k ()-"10%& () -

>y3ki K- KL 10084} o1t 100 /2 109& ()- - " 10%& () -
100 () Gc(ét@sl/%tyg(f-uKﬁ%/""i%%/%s()oﬁ%@gé MLO%(&')() M " Flot(ye)g:() 101010;

“Tove () - 10% TR IR Ak roran) et 19 Suagsee (jerpErabiea
-!"109@5() "109%&' ()-1"109& ()-C3dE-K, "10%dm 10%& () - y/"lO%&T() 9-ni'1 ow&rgg
-*"10%&()diff&ﬁé@t@;lsf&haﬁ%&qﬁuﬁhmabé:béﬁ%&ehO%&d)soﬂdbr bonding 80
5 and the carrier 70 or the solder ball 150 and the carrier 70.
By isolating the reflow steps and using different eutectics,
or by concurrently reflowing both solder bonds 80 and solder
balls 150 when using either vapor phase solder reflow or
radiant heat solder reflow the present invention can be
10 electrically connected.
The small size of the solder bonds 80 and the solder
balls 150, and of the integrated circuit package 30 as a
whole, allows for any of the reflow systems to be used with
the because the temperature differential between the
15 components is almost negligible.
Although the board-on-chip layout of integrated circuit
package 30 has been described using centralized bonding pads
120, it should be understood by one skilled in the art that
the principles of the present invention are applicable to a

20 silicon chip 50 with bonding pads 120 in alternate layouts

such as positioned along the sides of the silicon chip 50.

-25_



10 10, ; 10%& ()-8"10%&' ()-s6m 10%&' ()- 4 ' 10%& () - FgdEnbC, 7 POKE'2D02E, () -

. 10%&' ()-F " 10%&' ()-Yf"10%& ()-F MLO%& ()-L:10% ()- N@EmhC, " 10%5 ' 10%& () -
F'109& ()-F"109& ()-3F"109& ()-3"109%& ()-' 109%& ()- @.i dEMbC, "10%

*" 1008 () - @s' 10%&' ()- @ 10%&' ()- $"10%&' ()- !"10%&' ()-3l"10%&' ()-

" JAEpbC, " 1098nt 109& () - L6" 109& () -

@L' 109 ()-1"109& ()-f/109%& ()--4109%& ()- K~ @"10%

“"109%08 ()-f 10908 ()-1' 109008 ()-!10%0& ()- 10 10 10; 109%& ()-:

sdE~_@" 10% 10Rd&d(,) -if' 0008 d )be 1AE8A( by &BEYERI ()L esl’ 100488 Jart that
"10%08 ()-& ; k

O dB~_@ " 1Q%-@1 10YERSa L) - S 1%%(§1£y' a0 %é%gi &g‘@%ga 1?1&% (gg " 10%

o&()-ou.!')" ""d~ "10%8" L6 10
$110%08 () / TL0%0) ¥ 10U0& ()-9" """ #hC

y" 1098 () <8 6(%@( (‘ﬁ%@e(r)aw 'Fl@WkaY?r Qéolﬁééliéed tape or coating
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m' 109& () may106@ LAt ISSSHBENCEE)Yba s 109B&b £pviae09Ba: ( Bl etiUE& ] - v
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however, is the elimination of the need to insulate the bus
bars. The present invention disposes with the need for
isolation. Additionally, the multi-layer carrier 70 provides
a greater process margin for solder bonding 80. Additionally,

10 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.

While this invention has been described in reference to
illustrative embodiments, this description is not intended to

15 be construed in a limiting sense. Various modifications 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

20 modifications or embodiments.
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a second integrated circuit package having a carrier, a
silicon chip attached to said carrier by an adhesive layer and
solder bonding electrically connecting said silicon chip to

10 said carrier stackably wherein said £first and second
integrated circuit packages are electrically connected to said

first integrated circuit package.

2. The high density unit as recited in claim 1 further
15 comprising a third integrated circuit package stackably and
electrically connected to said second integrated circuit

package.

3. The high density unit as recited in claim 1 wherein
20 eight integrated circuit packages are stackably and

electrically connected.
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defined as comprising:
a plurality of routing strips being integral with said
carrier;

10 a plurality of terminals disposed on said first and
second surfaces, at least one of said terminals disposed on
said first surface being electrically connected with at least
one of said routing strips and at least one of said terminals
disposed on said second surface being electrically connected

15 with at least one of said routing strips; and

at least one via electrically connecting at least one of

said terminals disposed on said first surface with at least

one of said terminals disposed on said seccnd surface.

20 6. The high density unit as recited in claim 1 wherein
said first and second integrated circuit packages further
include at least one bus bar being integral with said carrier,
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comprising solder balls disposed between said first and said

second integrated circuit packages.

15 9. The high density unit as recited in claim 1 further

comprising columns disposed between said first and said second

integrated circuit packages.
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surfaces said terminals disposed on said first and second
surfaces being electrically connected by a via; and

a second integrated circuit package stackably and

15 electrically attached to said first integrated circuit

package, each first and second integrated circuit package

being electrically connected together.

11. The high density unit as recited in claim 10 further
20 comprising solder balls disposed between said first and second

integrated circuit packages.
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10 and second sides, a silicon chip attached to said carrier by
an adhesive layer and solder bonding electrically connecting

said silicon chip to said carrier to said first side of said

first integrated circuit package.

15 16. The process as recited in claim 15 wherein the step
of connecting, stackably and electrically a third integrated
circuit packages to said first and second integrated circuit

packages.

20 17. The process as recited in claim 15 wherein the step
of connecting, stackably and electrically further includes
connecting at least six integrated circuit packages to said
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1|} ~cAx z{|}~6Ti mes_New RomanAri al Couri er New'h Root EntryWr dDocunent
| HSUR () *+, - . APL2348BydRFocess as recited in claim 15 wherein the step

<:>?@ABCDEFGHIJKLNNCPQRSTUVMXYZ[\]A_ abcdef ghi j kIl mopqgr st uvwxyz{| } ~
of connecting, stackably and electrically further includes
5 connecting at least seven integrated circuit packages to said

first and second integrated circuit packages to form a nine

integrated circuit package unit.

19. The process as recited in claim 15 wherein the step
10 of connecting, stackably and electrically said integrated
circuit packages is further defined as using solder columns to

connect said integrated circuit packages.

20. The process as recited in claim 15 wherein the step
15 of connecting, stackably and electrically said integrated
circuit packages is further defined as using solder balls to

connect said integrated circuit packages.
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