1 APPARATUS AND METHOD FOR DI RECT SILICON CH P ATTACHNEQ@%% QQ&EKQ;FEEWE
TECHNI CAL FI ELD OF THE | NVENTI ON The present invention relates in geperal
to the field of high frequency integrated circuit packadzk?hﬁdﬁﬁer
specifically to an apparatus and nmethod of using a copper bet ween t he
silicon chip and the substrate to provide for increased bon %H@Sétrength '
bet ween the substrate and the silicon chip. 2 BACKGROUND OF THE

| NVENTION Wthout limting the scope.of the invention, its background is
described in connection with integratéH circuit package as an exanpl e.

Her et of ore, in thi SAPRARATUS ANBQMETRAD FIORCDERECHaVEL cEaPred on

sem conduct or wafers. The WATTACHMENT TOcpaLBARJFRANM® A ndi vi dual chips and

t he individual chips are then handl ed and packaged. The packagi ng process
is one of the nost critical steps in the |ntegrated circuit fabrication
process, both fromthe pAECHNGCA] : FQEHE aINVENTION i abi | ity.
Specifically, the packagi ng cost can eaS|Iy exceed the cost of the

i nt egrated The present invention relates in general to the field of

high frequency integrated circuit packages and more specifically
to an apparatus and method of using a copper layer between the
silicon chip and the substrate to provide for increased bonding

strength between the substrate and the silicon chip.



circuit chip and the majority of device failures are packaging related. The
integrated circuit nust be packaged in a suitable nedia that will protect
it in subsequent manufacturing steps and fromthe environment -of its

i nt ended application. Wre bonding and encapsul ation are the two nmain steps
in the packagi ng process. Wre bonding connects the |leads fromthe chip to
the termnals of the package. The termnals allow the integrated circuit
package to be connected to other conpahents. Fol | owi ng wi re bondi ng,
encapsul ation is enployed to seal the surfaces from noi sture and

contam nation and to protec%%é&ﬁ%ﬁ%@gﬁgggﬁggﬂyﬁﬂgﬁgiger conmponents from
corrosi on and nechani cal sh O ackagi ng of integrated
circuits has inygQ ved tachin n_i ndi vi dual to a lea ere,
Col Lowi ng w re BORHPHG HTaCEne Seuraprept 408 RERutiSut, ¢£2 draadoredy
frame becone the termnals of the package. The packagi ng of integrated
circuits hd$ ézle§5r?'}ﬁ%l%ﬂ°?’l‘l%°tﬁ1°é‘c¥hﬁlﬁtlr&ff"gdfﬁltﬁ? GHTSUFE BaPEeHoaPs
where, follow ng adhesion of the Chlp to the surface of the flexible board

and wire b@die¥d™Pa®d- encapsul ant is placed over the chip and the adjacent

flexi ble board to seal and protect the chip and ot her conponents.
Heretofore, in this field, integrated circuits have been

formed on semiconductor wafers. The wafers are. separated into
individual chips and the individual chips are then handled and
packaged. The packaging process is one of the most critical
steps in the integrated circuit fabrication process, both from
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 packaging
related.

The integrated circuit must be packaged in a suitable 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 process.
Wire bonding connects the leads from the chip to the terminals
pf the package. The terminals allow the integrated circuit
paékage to be connected to other components. Following wixe

bonding, encapsulation is employed to seal the surfaces from



Unfortunately, current nethods for attaching silicon chips to substrates,
~and the encapsul ati on of these conponents, have |ed to various problens,

i ncl udi ng cracking between the encapsul ation material and the integrated
circuit conponents, as well as high failure rates due to the nulti-step
nature of the process. Cracking and separation of the conponents has

pl agued the industry because of differences in the coefficient of thernal
expansion of the different conponents, for exanple, between the sol dering
materials at the different interfaces and between nmetallic and non-netallic

conponents. ., Cracking and separation are al so freguent, between the silicon
vvapgr and tF8-StUTE BRR FRPEEPBA-RRL BTG % PROSGSF| gg%p‘ﬁﬁ%sl?mbc{}é‘gt 8“'§he

extreme variations in tenperature in various environments and between
peri ods of SHEFaFPBRPRERY SnEROBPEPEEITPD BRENTSFRRF IR E@9SKkul encapsul ati on
of a silicon chip in an integrated circuit package, another problem
comonl y encounfereentionaddy. otheoprakaging  cintetedrated idgsudisphrs
encapsulated it is typically surface nmounted using radi ant heat or vapor
sat ur at ed Hexpilvgd attREdhsingr evesadiddeykrchidie |eadead fyame, complezparity
bet ween the conponents due to uneven reflow, |eading
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 flexible board where, following adhesion of the
chip to the surface of the flexible board and wire bonding, an
encapsulant is placed over the chip and 'the adjacent flexible
board to seal and protect the chip and other components.
Unfortunately, current methods for attaching silicon chips
to substrates, and the encapsulation: of these components, have
led to various problems, including c¢racking between the
encapsulation material and the integrated circuit components, as
well as high failure rates due to the multi-step nature of the
process. Cracking and separation of the components has plagued
the industry because of differences in the coefficient of
thermal expansion of the different components, for example,
between the soldering materials at the different interfaces and

between metallic and non-metallic components. Cracking and

separation are also frequent between the silicon wafer and the



to integrated circuit failure. Therefore, a need has arisen for an
.integrated circuit package and a process for producing an integrated
circuit package that solves the problem of separation between a silicon
chip and a flexible board. A need has also arisen for an integrated
circuit package that protects the chip during subsequent manufacturing and
testing steps as well as fromthe environnent of its intended purpose.
Further, need has arisen for a smaller, nore versatile integrated circuit
package made from materials and by nethbds that |lead to increased yield by

nore cl osel i the coefficient t hermal expansion of the materials
used in t hegﬁcg%és;%eagq‘on §'%5MV& * PR Y RSN presERt FXRESHS on

di sclosed herejn conprises an integrated cjircuit package and a process for
produci ng at2fit é@'GFWFGF?tBE%kH@éV%WﬁSPSpFEPEGP§m?HESs?¥¢c%ﬁF%ﬁﬁﬁa
during manufacturing and testing steps. The integrated circuit package and

process di SRFORMF Rér EPATRFIRTEANS RRB-eRAFASHSOM-s from the environment of
its intended purpose using materials and processing that better adheres the
silicon chip to&vee §$;¢ﬁ1§yccessful encapsulation of a silicon chip in an

integrated circuit package, another problem commonly encountered
is loss of coplanarity. Onée the silicon chip is encapsulated
it is typically surface mounted using radiant heat or vapor
saturated heating. This process, however, can lead to poor
coplanarity between the components due to uneven reflow, leading
to integrated circuit failure.

Therefore, a need has arisen for an integrated circuit
package and a process for producing an integrated circuit
package that solves the problem of separation between a silicon
chip and a flexible board. A need has also arisen for an
integrated circuit package that protects the chip during
subsequent manufacturing and testing steps as well as from the
environment of its intended purpose. Further, need has arisen
for a smaller, more versatile integrated circuit package made
from materials and by methods that lead to increased yield by
moré closely matching the coefficient of thermal expansion of

'd

the materials used in the package.



circuit board. The integrated circuit package is produced by placing a

| ayer of a nmetal, such as copper, between the substrate and the adhesive
"material on one surface of the integrated circuit. For exanple, the
adhesive material can be placed on either the chip or the substrate. The
substrate has an opening and first and second surfaces. A plurality of .
routing strips are integral with the substrate and extend into the opening.
A plurality of pads are disposed on thesfirst surface, at |east one of the
pads is electrically connected with at Teast one of the routing strips. The

chip has at |east one bond|ngFﬂﬁﬂggxggﬁgggﬂgbpg%giﬁﬁjricalIy connecting the
bonding pad to at | east one o ' otting material fills
t he openi ng. At. | east one solder, bal ttached to_at |east one
of the pads di spb32d RFFSERE f FPEE SR aéié'sc?ﬁs?ﬂe ﬁ%ﬁ% SPPRESHTF esFht

I nvention, a |ayer of a_ conductive netal, such as copper, is disposed on
either the ARtEIBRERHeCifipstl aPaCkagerhanfethoBTBFEST t ZOKi r@rft%l@m PPto the

substrate al so includes positioning the chip or the substrate in
integrated circuit package that protects the 5111con chip during

manufacturing and testing steps. The integrated circuit package
and process disclosed herein ﬁrotects the components from the
environment of its intendéd purpoée using materials and
processing that better adheres the silicon chip to the printed
circuit board.

The integrated circuit package is produced by placing a
layer of a metal, such as copper, between the substrate and the
adhesive material on one surface of the integrated circuit. For
example, the adhesive material can be placed on either the chip
or the substrate.

The substrate has an opening and first and second surfaces.
A plurality of routing strips are integral with the substrate
and extend into the opening. A plurality of pads are disposed
on the first surface, at least one of the pads is electrically
connected with at least one of the routing strips. The chip has
at least one bonding pad. Wire bonding electrically connecting

the bonding pad to at least one of the routing strips. Potting

material £ills the opening. At least one solder ball is



contact with the adhesive layer. The chip can be nounted on a stage where
heat is applied to the chip or the substrate. Al so, force may be applied to
the chip. Alternatively, both heat and force nmay be applied to the chip
and substrate assenbly. In one enbodi ment of the present invention, the
tenperature applied to the chip is between about 200 [err]C and 250 [err]C
and may preferably be about 220 [err]C. |n another enbodi nent of the
present invention, the force applied tg the chip may be between about 150
and 200 grams and preferably about 175 grans. The force may be applled for

bet ween about 2 and 10 sec s and prefe abI for,.about .5 sec
BRI EF DESCRMPRGR D%WN@“‘FOP at ésrr&léPSSﬁﬂdePst difr’rgsﬁf t he

features and advantages of the present |nvent|on reference is now nade to
t he detaileiP?ﬁé&@ription of the invention al ong with the acconpanyi ng
figures in which corresponding numerals in the different figures refer to
correspondi ng pdft sthendmethathi efi: thegumnesents iQVensHPRf i &d r of a
cross-sectional view of an integrated circuit package of the present
i nventi on; cordiuEicgue enétals aushmd ichppdri o diieposéd amn iedtbégraties ohiipcui t
or the substrate. The method of attaching the chip to the
substrate also includes positioning the chip or the substrate in
contact with the adhesive layer. The chip can be mounted on a
stage where heat is applied to the chip or the substrate. Also,
force may be applied to the chip. .Alternatively, both heat and
force may be applied to the chip and substrate assembly. In one
embodiment of the present invention, the temperature applied to
the chip is between about 200 °C and 250 °C and may preferably
be about 220 °C. In another embodiment of the present invention,
the force applied to the chip may be between about 150 and 200
grams and preferably about 175 grams. The force may be applied

for between about 2 and 10 seconds and preferably for about 5

seconds.



package of the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Wi | e the maki ng and using of various enbodi nents of the present invention
“are discussed in detail below, it should be appreciated that the present
i nvention provides many applicable inventive concepts which can be enbodi ed
in awde variety 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 Bf the invention. The present
invention is related to-high frequency integrated circuits using a
boar d- on-chi p design that enables a reductlon i n processing steps during
the production of integrat8 R LE] JE<THE DRAWINGS tion to the
i nproved processi ng nethod, the resent i nvention neets the space
constraint requFP&Emeht BOref co undsrstanddegoref the featumgp and
principles of the present invention may be incorporated into, for exanple,
a synchr onosVBRAREE SDFAMhes i RYesertc Ahpentibory erefanencgr dsenpwi medat ton i s
al so applicable to LOG@ C, SRAM EPROM and any other integrated circuit
conponent s. tegudetdilesd adssppintiicad of oshesedhivemalonvi ehond avithnt ege at ed
circuit package that is generally designated 30. The

accompanying figures in which corresponding numerals in the

different figures refer to corresponding parts and in which:
Figure 1 is a simplified end cross-sectional view of an

integrated circuit package of the present invention; and
"Figure é is a simplified top view of an integrated circuit

package of the present invention.



I ntegrated circuit package 30 conprises a silicon chip 50, which can be,
.for exanple, any integrated circuit conponent such as a 9 DRAM an
EPROM an EEPROM a PROM a SRAMor a LOQd C chip. An adhesive material 60
is shown in contact with the silicon chip 50. The adhesive material 60 can
be, for exanple, a polyimde tape or liquid adhesive. A netal |ayer 62
between the printed circuit board 70 and the adhesive | ayer 60 increases
t he adherence of the printed circuit bgard 70 and the silicon chip 50. The
netal |ayer 62 can be a netal such as Copper, gold or silver. The printed
circuit board 70, can ¢@RsistsQ ' ay e ndi ng on the
nunber of vias and condOrts tha edge of opening
86. A second petal |.ayer .64 is de rinted circuit board 70
The printed cirgﬁf?ebg§¥dm*ﬁnﬁaﬁnge goRgt PhcYRE T4 rﬁ%}QHéﬁéPF§I°§uEheas
FR-4, FR-5 or BT resin., FR-4, which is _available fromMtorola Inc.,
U S. A, is PAFSERbxy Y&IPY &FRf GiEeussrd nim RhAdd fedow. cibt ghould be
Alternatively, the printed circuit board 70 is an organic substrate such as
FR-5 or a BPPresipted\rbatsElePrergnt hnvanrtdomaPrevides imanyd appléarbléoar d
70, one skilled in the art will recognize that four paraneters

inventive concepts which can be embodied in a wide variety of

specific contexts. The specific embodiments discussed herein
are merely illustrative of specific ways to make and use the
invention and do not delimit the scope of the invention.

The present invention is related to high frequency
integrated circuits using a board-on-chip design that enables a
reduction in processing steps during the production of
integrated circuit packages. In addition to the improved
processing method, the present invention meets the spacé
constraint requirements of modern semiconductors. The
principles of the present invention may be incorporated into,
for example, a synchronous DRAM (SDRAM) silicon chip. However,
the present invention 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. The

integrated circuit package 30 comprises a silicon chip 50, which

can be, for example, any integrated circuit component such as a



shoul d be considered, nanely, thickness, dielectric constant, glass

transition tenperature and the coefficient of thernmal expansion. 10
" Thi ckness is dependent on the nunber of l|layers required and the anount of
reinforcenent used in a given |ayer. The reinforcing' glass cloth

can range in thickness from for exanple, 2 ml| per sheet (type 106)

to about 8 m | per sheet (type 7628). Dielectric constant is determ ned by
a conbination of the resin used and the thickness and type of reinforcenent
used. Standard FR-4 has a dielectric tonstant of about 4.5. This constant

can be reduced to about 3 by re Iacing tg epo esin 'él natg ester
resin. The D§f¥at 8R ‘F?Féw{'hiaﬁkﬁggg?mh &,’ héx‘@l{’e%]t’e?wf %‘%F@%gém
associated with thickness. control, rough surfaces, gxce sive drill ..
reflection addepbee makgmialefP| £S TR dPpEPREAFE W EMNTRS: H1FE8Pn RMANges
froma glass-like state into a "rubbery" state is generally designated as
Tg. Standar $OFR- Thesadmeisive matarbel gittdasnBel yEpsEl §FaMPl ng &PXY™ iRt has
a T[err] of about 110 [err]C Hi gher T[err] tenperatures, such as 125-150
[err] C may hmpei bhslbgdidiadieisigea tRtwetfalndeyonab2eheiyeen the printed
circuit board 70 and the adhesive layer 60 increases the
adherence of the printed circuit board 70 and the silicon chip
50. The metal layer 62 can be a metal such as copper, gold or
silver. The printed circuit board 70, can consist of one or
more layers, depending on the number of vias and conduits that
are deposited along the edge of opening 86. A second metal
layer 64 is deposited on the printed circuit board 70
The printed circuit bbard 70 may be constructed from a
material such as FR-4, FR-5 or BT resin. FR~-4, which is
available from Motorola Inc., U.S.A., 1is an epoxy resin
reinforced with a woven glass cloth. Alternatively, the printed
circuit board 70 is an organic substrate such as FR-5 or a BT
resin. When selecting the material for printed circuit board
70, one skilled in.the art will recognize that four parameters
should be considered, namely, thickness, dielectric constant,
glaés transition temperature and the coefficient of thermal

-

expansion.



For higher T[err] values, in the range of 150 to 200 [err]C a cyanate
ester:epoxy blend can be used. Additionally, polyimdes provide for printed
circuit boards having a T[err] above 250 [err]C. The coefficient of thermal
expansion for FR-4 is about 16 ppm[err]C. A difference in the coefficient
of thermal expansion 11 between the printed circuit board 70 nade from
FR-4 and the silicon chip 50 can lead to failure of the integrated circuit
package 30 during, not only the assenblg of the integrated circuit package
30, but also during the use of integrated circuit package 30. The netal

| ayer 62 s di snpsed gt neencbhsamhes! vhe! n%eﬁgfap%%é%%&;ﬁ?gdsirﬁ con

chip 50 or the printed circul e neta ncreases the

bondi ng str th of the adhesive |ayer 60 and.the sil.icon chip 50 t he
orinted i r Gt BOMPE RF CPIOTHSIETE fI5hr 182 hadtBehn TG ous i

di sposed on either of the integrated circuit cqnponents (silicon chip 50 or
b hed o 1 ESHEETIRRT 785ethe CORBIER o THRed ORI 1 Srafing ToF

one-step process, allow_ng for the continued use of present_integrated

circuit pacRAYPRE nekciideBprafdeprt odbyRf 306 ThieP PRI & Tk 9%IStE®t s a

polyi m de | ayer that can be ) )
- (type 7628). 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.
Thi; constant can be reduced-to about 3 by replacing 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 reflection 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 Ty of about 110 °C. Higher Ty temperatures, such as
125-150 °C may be withstood by using a tetrafunctional epoxy.
For higher Ty 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.

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

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



deposited on the silicon chip 50 as a |liquid adhesive prior to, for
~exanple, UV-light fixation. Alternatively, the polyimde adhesive of the
adhesive layer 60 may be a tape adhesive or film for exanple, a 3
m| adhesive polyamde tape. Alternatively, the silicon chip 50 can be
adhered to the printed circuit board 70 wth a die bonding filmsuch as
H ATTACH 335 (DF-335) manufactured by H tachi Chem cal Conpany of Tokyo,
12 Japan. . HI ATTACH 335 (DF-335) 1is silver filled thernosetting type
resin filmfor die- attaching DF- 335 hgs the follow ng properties Test

E?rsérsf||m:sﬁe?? Cont rlntedzgéferr ggﬁnépesa&aagefrom FRYSUlla. che

[err] 96 AShsn. ercrh]ig- EOG%QIL e{égé‘: %& %]azt.'l ur& othté% ﬁ&tes%faraedr cQ.ut

Content/ ness

leg?} mgrSUQE package %B?éréﬁ%t er[teng)]a}}é t:ge assern%l)f-. of the RJ’.r-1rt:egrate<:1

kgf / nm err]

circuit pacégg% 30, but also during the use of integrated
circuit package 30l

The metal layer 62 is disposed between the adhesive layer
60 and either the silicon chip 50 or the printed circuit board
70. The metal layer 62 increases the bonding strength of the
adhesive layer 60 and the silicon chip 50 or the printed circuit
board 70. 'If the metal layer 62 has been previously disposed on
either of the integrated circuit components (silicon chip 50 or
printed circuit board 70) the adhesion of these components
remains é one¥step process, allowing for the continued use of
present integrated circuit packaging machinery and procedures.

The adhesive material 60 is a polyimide layer that can be
deposited on the silicon chip 50 as a liquid adhesive prior to,
for example, UV-light fixation. Alternatively, the polyimide
adhesive of the adhesive layer 60 may be a taée adhesive or
film, for &example, a 3 mil adhesive polyamide tape.
Altérnatively, the silicon chip 50 can be adhered to the printed

circuit board 70 with a die bonding film such as HIATTACH-335

(DF-335) manufactured by Hitachi Chemical Company of Tokyo,



Modul us Di e shear 4x4mm chi p/ Ag kgf/chip strength pl at ed

alloy 42 R T. [err]10 250[err]C

" 0.9 Peel strength 8x8nmm chi p /bare kgf/chip [err] 3.0 240[err]C
(after/ all oy 42 85[err] C 85% 48h) Tg - TMA, 180[err]C1h
[err]C 123 cured Modul us Vi scoel astic Mpa
1300 spectroneter Misture 85C/ 85%H, 48h Wt % 0.1
Q her exanpl es of adhesi ves i ncl ude t her nosetti ng adhesi ves,
such as epoxies and silicone. 12 Ther nopl asti ¢ adhesi ves t hat

Chpe may ol SRR usEhAT G aRe (DEhEsE! 180 sRLBRF s ELbEed SPRetTaste Y
circuit board 70. Commpnly used are adhesi ve tapes based on el ast oners,
silicones oFYREMASIBsIHERARR B3E-PRERTRRE e of use and easy incorporation

into

DF-335 has the following properties

Test Remarks Units DF~335
Appearance Visual - . silver f£ilm
Solid Content 200°C-2h wtd : 296
Ash Content 600°C-1.5h wtd 40
Ash Content/ 600°C-1.5h wtt¥/solid 42
Solid
Thickness Dial gauge um 25
Tensile R.T. . kgf /mm? 7.1
Strength
Tensile R.T. kgf /mm? 271
Modulus
Die shear 4x4mm chip/Ag kgf/chip
strength plated alloy 42
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)
Tg TMA, 180°C-1h °c 123
' cured
Modulus Viscoelastic Mpa 1300
spectrometer
Moisture 85°C/BS%¥RH, 48h  wt% 0.1

Other examples of adhesives include thermosetting
adhesives, such as époxies and silicone. Thermoplastid
adhesives that are hot-melted, in the form of sheets or as a

pressure sensitive adhesive tape may also be used to adhere



production. Referring collectively to Figures 1 and 2, the printed circuit
~board 70 has routing strips 82 that are electrically connected through vias
or conduits to pads 100 | ocated on top surface 92 of printed circuit board
70. 1t should be understood by one skilled in the art that the terns "top"
and "bottom' as well as the terns "side" and "end" are used for
illustration purposes only, as the integrated circuit package 30 of the
present invention can be assenbled and used in a variety -of positions and
ways. The printed circuit board 70 cap,include a pair of bus bars 110.
The bus bars are electrically connected through vias to one or nore of the

pads 100. ThELiAfe FRIB FA Fonmkheserinted SFr%‘k’a'frd?%ardaé’ OponePmERRBYY Ussdor
grounds, and it is preferred that_one bus bar 110 serve one function, such
as a power axpprdhesiyg thpesecbasel R Qﬁﬁ5t999r§er§élaﬁ%¥%%r°#LﬁRﬁML&¢S such
as a ground. The silicon chip 50 has bondi ng pads 120 | ocated generally in
t he centralbegaseofofi Ithedn cirge 560f Tise budli mgspadsicir@ogreicnniatbed to
routing strips 82 and bus bars 110 by wire 14 bondi ng 80. Even though
Figure 1 depratwtpgpennted circuit board '

Referring collectively to Figures 1 and 2, the Qrinted
circuit board 70 has routing strips 82 that are electrically
connected through vias or conduits to pads 100 located on top
surface 92 of brinted circuit board 70. It should be understood
by one skilled in the art that the terms “top” and “bottom” as
well as the terms “side” and “end” are used for illustration
purposes only, as the integrated circuit package 30 of the
present invention can be assembled and used in a variety of
positions and ways. The printed circuit board 70 can include a
pair of bus bars 110. The bus bars are electrically connected
through vias to one or more of the pads 100. The bus bars 110
may serve, for example, as power supplies or érounds, and it is
preferred that one bué bar 110 serve one function, such as a
power supply, and the second bus bar 110 serve another function,
such as a ground.

The silicon chip 50 has bonding pads 120 located g?nerally
in the central area of silicon chip 50. The bonding pads 120

are connected to routing strips 82 and bus bars 110 by wire



70 as having a single layer, the printed circuit board 70 can have a nunber
~of layers, depending on the nunber of conduits and vias that are needed for
el ectrically connecting the bonding pads 120 with the pads 100. It should
be understood by one skilled in the art that printed circuit board 70 may
consist of a single layer or may be. a nulti-layered board having an
al ternate nunber of |ayers. The above described conponents and their
constructions and interrelation providg an assenbly that is encapsul ated as
descri bed bel ow. The term "assenbly" r #ers to the assenbl ed conponents

prior to enca | atj,on. T eE@%I conglsts. of rg%g&eg.]g"{.q:uibt ard
70, adhere %r?q%l%go%bbhisﬁ’ Eﬁ%‘g&%r ‘%Sngi ngSJS%‘ Fhe prin Jédé T can 8board
70 has a top, opening 86 with (ni%n strips_82 and bus hars 110_extendi ng
Mo the 1ol cRomatgnEea" B ST kvt o aie B npR SoroRAt BRATE 780 “Sne
wi re bonding 80 process begins before silicon chiﬁ 0 has been adhered to
printed ci ridis 2pbBarRrY/ 0T SrY9%on SEREPIERS Afd EPRi REBREL PECEPRY I @RF0 are
then positioned on a heated pedestal to raise the tenperature of the
conbi nat i orVias Lh5 mrepaercded £o] eAEFEBHORELY | €onneckigyl ¢hgi AONEARENg a
dianeter typically ranging fromO.7 ml. to 1.3 ml. is strung through a
heat ed - pads 120 with the pads 100. It should be understood by one
skilled in the arﬁ that printed circuit board 70 may consist of
a single layer or may be. a multi-layered board having an
alternate number cof layers.

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
printed circuit board 70, adhered silicon chip'so and wire
bonding 80. The printed circuit board 70 has a top opening 86
with routing strips 82 and bus bars 110 extending into the top
opening 86. Disposed on pads 100 are solder balls 150.

The wire bonding 80 process begins before silicon chip 50
has been adhered to printed circuit board 70. Silicon chip 50
and printed circuit board 70 are then positioned on a heated
pedestal to raise the temperature of the combination to a point

between 100°-300°C. A gold wire having a diameter typically

ranging from 0.7 mil. to 1.3 mil. is strung through a heated



15 capillary where the tenperature nmay range between 200[err]-500[err]C. A
~soldering ball is created at the end of the wire using either a flame or a
spar k techni que. The sol dering ball is then brought to bonding pad 120 on
the silicon chip 50 and a conbi nati on of conpression force and ultrasonic
energy are used to create the desired netallurgical bond. Using this
"stitch" technique significantly reduces the cross-section of the wre at
that point. Aloop is created in the m%%e bondi ng 80 above the bond that
has just been achieved, and the wire bonding 80 is routed to the desired
connect i on Qip{ NG ikeSd ©heCHbhplRA He/ MU HRWeBE SbHPP5dH2cQr bus
bar 110. The wire bonding 80 is c?anped and the capillary raised, such that
the wire bodifie39 i bd; Prigak Lt he Qi &z 290 Qe B8 ONG IR S
process is repeaf%gnégt%% arl f%eﬁﬁ%%ﬁi%g pac% 120 thgt ?e%%?&g etegtrica
connection gon si licon_chi 0.are el ectyicall nec to_printed
circuit boa?dfﬁlgse FOrl wi T gaq':t}ﬁel‘seacshglg%gfey of'ﬁﬁesa%%%/]g{-hois%%l egscézlrl?'sgnent S,
the opening 86 i.s filled wi.th potti material 90 as represented by the
l'i ne above%’iﬁ%ﬂhﬁ:g 8%. %?Hglﬁ%t £24g % ePPalti§0 Fid 8 agéi‘/%ngtoe aé’s‘%/e?-type
resin avail able from Shin-Etsu Chem cal Co., Ltd., such as KMC 184VA _and
KMC 188V%v49°mhaPﬁ§F°Ex%§nﬂq@§rSFskﬁﬂ1?Pﬁ§en%RQHH%£§§SQGth§Per9Y are used

to create the desired metallurgical bond. Using this “stitch”

technique significantly reduces the cross-section of the wire at
that point. A loop is created in the wire bqnding 80 above the

' bond that has just bgen achieved, and the wire bonding 80 is
routed to the desired connection on the printed circuit board 70
such as routing strip 82 or bus bar 110. The wire bonding 80 is
clamped and the capillary raised, such that the wire bonding 80
will break free at the outer edge of the bond. This process is
repeated until all the bonding pads 120 that require electrical
connection on the silicon chip 50 are electrically connected to
printed circuit board 70.

Following the assembly of the above-described components,
the opening 86 is filled with potting material 90 as represented
by the line above opening 86.

The potting material 90 may be a cyanate ester-type resin

available from Shin-Etsu Chemical Co., Ltd., such as KMC 184VA

and KMC 188VA-4. Other examples of potting materials 90 that



16 may be used with the present invention include epoxies, polyesters,

pol yi m des, cyanoacrylates, ceramc, silicone and urethane. The potting
materials 90 nmay also contain fillers that affect the coefficient of

t hermal expansion, as well as the strength and flexibility of the potting
mat eri al 90. The selection of potting material 90 and fillers will depend
on the conponents used to nake the integrated circuit package 30, as w |
be known to those of skill in the art. 17 Properties of Typical Potting
Resins Epoxy Polyester: Silicone Urédhane Dielectric constant, D150 60

tg may be qsed with :fé% gpreséng inventigég'chlude §§2ziéglerr]

gﬁggapatiOQﬁﬁ%%%Q%ﬁf£i$§¥ﬁ£§%d§é, cyanoacrylates, ceramico_gélgcgég_a9d017

0.001 J%e%ﬁagé?'e%hé'%o?éiﬁgmﬁikeﬁgéﬁigéo may also contain fillers

that affect the coefficient of thermal expansion, as well as the
strength and flexibility' of the potting material 90. The
selection of potting material 90 and fillers will depend on the
components used to make the integrated circuit package 30, as

will be known to those of skill in the art.



Viml 450 325 550 400 Vol une

resistivity, D-257; [err] [err] cm | O[ err]

10[ err] 1 O[err] | O[err] Arc resistance, D 495; seconds

150 135 120 180 Specific gravity, D792

1.15 1.2 1.05 1.0 Water absorption, D-570; %24 h

0.15 0.3 0.12 : 0.4 Heat deflection tenperature, D-648; at
264 I b/in2, [err]F 380 260 < 70 < 70
Tensile strength, D-638; Ib/in 17 9000 10, 000 1000 2000
| npact strength (1zod), _ ; b/ i . . 0.3
No break break Coe ' Rl ey Shon,—D-UB¢ 0-S

5.5 7.5 4.0 15 Ther nal Epeawdudtliyestey, Bligohe BUzrpchane
in/([err]) . . T 7 T 7 T5 .5 Cinear

shri nkage: 02)1..ZLec:t‘;::.;:;zconst:ant, D-150 0 3 3309 . 0. 42.7 g70

El ongation, D 6384 % 332 -3 2.7 175 34 300

The sol der balls 150 used with the present invention may be attached to the

pads 100 usiDigsi®arireniacenral P36Pder refl ow systens. For exanple, a vapor

phase sol der ref fQW?system may be used, wWAi%h cdrfdénses Qré?@ r to%sdfround

the integrated cf¥dtit g.03 === 0.901 0.03
Dielectric strength, D-149;

V/mil 450 325 550 400
Volume resistivity, D-257;

Q- cm 1018 104 10% 108
Arc resistance, D-495; seconds 150 135 120 180
Specific gravity, D-792 1.15 1.2 1.05 1.0
Water absorption, D-570; % 24 h 0.18 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; o

ft * 1b/in 0.S 0.3 No break No break
Coefficient of thermal expansion,

D-969; 10°5/°F _ 5.5 7.5 4.0 15
Thermal conductivity, C-177;

Btu - in/(h £t*°F) 1.7 1.7 1.5 1.5
Linear shrinkage; % 0.3 3.0 0.4 2.0
Elongation, D-638; % 3 3 178 300

The solder balls 150 used with the present invention may be
attached to the pads 100 using conventional solder reflow
systems. For example, a vapor phase solder reflow system may be

used, which condenses vapor to surround the integrated circuit



18 package 30 and the printed circuit board 70 wwth a cloud of steam A
liquid, such as a nonchlorinated (non CFC) fluorocarbon is first
heated wi th enough energy to forma vapor and to sustain a vapor cloud.
When the integrated circuit package 30 is then passed through the vapor,

t he vaporized |liquid condenses thereon and gives off the [ atent heat of
vapori zation. This energy is then transferred to the integrated circuit
package 30. As long as the integrated circuit package 30 remains in the
vapor, the vapor continues to give of f1&ner gy at a repeatable fixed rate

and tenperature, until the integrated circuit, package 30 reaches the
terrperg}t) ur @35K2LRe 302508 “PRe PX Féﬁga‘g"ér%‘fl%s‘?‘g@r‘g %n‘éh’f%r?nﬁ?@ﬁé of

fluorocarbon is that it _is extrenely thermally stable, colorless, odorless
and nonfl arfif@fe. | nPaddigpity, iTudMasag | Bw PERFRIPFLNAGH sUPPRCceCFC)
tenperature, low boiling point, and | ow heat of vaporization. Because the
fluid formigiucrreanerr disl SiraathartrPudtiet ansyghi SNPHEEYtto (forgbés VABPT r eact
with fluxes or conponent materials, nor does it absorb oxygen or other
gases that ag@use reesttaionsa dvapory ¢heudol d¥henetthew integsatednmedrcidt|y
avai l abl e fl uorocarbons used for vapor phase reflow are fornulated to
vapori ze atpagkegesaloy isd abhen r padsed t et utles frapod| f theenapsolded
materials, as will be known to those skilled in the art. :

ligquid condenses thereon and gives off the latent heat of

vaporization. This energy is then transferred toc the integrated

circuit package 30. As long as the integrated circuit package

30 remains in the vapor, 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.

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



19 The vaporization tenperature will depend on the sol der type bei ng used.
A brief tenperature profile for the non-chlorinated fluorocarbons that are
"used as vapor fluids is shown bel ow. Vaporization Tenperatures and Sol der

Types Fluid Tenperature Sol der Type 56, 80, 97, 101,
102[err] C and 100 In 155[err]C 37 Sn/ 38
Pb/25 In 165[err]C 70 Sn/ 18 Pn/ 12 In 70 I n/30
Pb 174[err]C 60 In/40 Pb 190[err]C

90 1n/10 Ag 50 In/50 Pb 63 Sn/37 Pb 70%n/ 30 Pb 60 Sn/ 40 Pb 215[err]C and
230[err]C Q0 Sn/ 40 In 60 Sq{4g Q /37 P 70 .Sn/ 30 Pb
62 Sn/36 Pb/2 Ag Té‘&ot’%?‘?’i’é%ﬁ&“z%%“t”&ﬁfﬁf&re w epen 7o SYPR

being used. A brief temperature profile for the non-chlorinated

fluorocarbons that are used as vapor fluids is shown below.

Vaporization Temperatures and Solder Types

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/12 In
70 In/30 Pb

174°C 60 In/40 Pb

190°C 90 In/10 Ag

S0 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

Alternatively, infrared or radiant heated solder reflow may

be used. In such a system each component of the soldering

-

system is directly exposed to radiation from a heating element.



81 Pb/19 In 260[err]C and 265[err]C 96.5 Sn/ 3.5 Ag

Alternatively, infrared or radi ant heated sol der refl ow nay be used. I n
"~ such a system each conmponent of the soldering systemis directly exposed to
radi ation froma heating el ement. 20 Heat from the radiant energy

el enent is absorbed by the-different components according to its nol ecul ar
structure. Conventional radiant heat systens expose only the outer surfaces
of the conmponents to the radi ant heat, &hlch may not reach. interior areas
as efficiently as with vapor saturated2 eati ng nmet hods as descri bed above.

The present gloyentign, tHTQW%a&anas i3 f eELRehdY itkhi shddmidal ppr oblem

because of the use of solder balls 1507 instead of leads. In fact, due to

the reducedg 95?&?4[4(1%%&1% Liher, J5g %BQQ V&P s %%u%gkdsf]rdc‘ﬁcfdx%w or

radi ant heate om1 may fectively use e present

i nvention. The present .inventi sg, sol ves, ot hel bl e sociated with
sol der refl ow sy‘é %vfsntlfﬁeserﬁr%%r?t n%ea%cf%sd%e"fsh =% %Sg | or{r;rfyo?t alci“?teer due

to voids nar|t onbstonln oi nts, copponent, cr.ackin
t her mal shoéﬁ g e SPPRIRTNY °Hﬁ§e radiant’Heat, which may Hot

reach. interior areas as efficiently as with vapor saturated
heating methods as described above. The present invention,
however, is not affected by this typical problem because of the
use of solder balls 150 instead of leads. 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.

The present invention also solves other problems associated
with solder reflow systems. These problems include the creation
or failure due to voids, coplanari;y, tombstoning, open joints,
component cracking, thermal shock and thermal stressing. The
present invention solves these problems because it dispenses
with the need for electrically connecting soidering leads to the
integrated circuit package 30. By using solder balls 150
instead of leads, the problems associated with voids around pé&
areas or under leads caused by incomplete reflow or poor welding

of the soldering surface due to improper flux or badly oxidized

surfaces is eliminated. The problems of coplanarity and



present invention solves these problens because it dispenses wth the need
for electrically connecting soldering |leads to the integrated circuit
package 30. By using solder balls 150 instead of |eads, the problens
associated wth voids around pad areas or under |eads caused by inconplete
reflow or poor welding of the soldering surface due to inproper flux or
badly oxidi zed surfaces is elimnated. The problens of coplanarity
and 21 tonbstoning are al so reducedgjor elimnated using the solder balls
150 because surface tension on both sides of the solder balls 150 is equal.

Qpen jOink%meESni_ ugé ya1§§U§SQucQ¥ oPrBQ'ﬁfﬁacé&t@sﬁﬂf'@ érEBXde¥hile
en t

cracking may occur rapped noisture within an integrated circu
package expands 38, fe dewl 6o, les healed: Jorod afdigive; sIe Jenghease, b

i nternal pressuré, catsesq ne |nfegra?e ti eult package to spllP op@n,
usual ly at oqﬁ of éhe corners. The splitting of the package causes wire
bondi ng fr & thetPlaFf £%A -to the silicon chip to break and in some cases

the silicon chigs have cracked due to the warpage at the tOf of the package
as the tenperat 8P di IPEREHt i 2¥S LBEWREYY t hePYE ankl t hBTBBLEBT oVithe

device cause different rates of
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, cauées
the integrated circuit package to split open, usually at one of
the corners. The splitting of the package causes 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.

Using the present invention, the only surface temperature
differential that occurs is between the solder ball 150 and the
printed circuit board 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 package 30 as a whole,

allows for any of the reflow systems to be used with the because

the temperature differential between the components is almost



expansi on. Using the present invention, the only surface tenperature
differential that occurs is between the solder ball 150 and the printed
circuit board 70, which allows either vapor phase sol der refl ow or radi ant
heat sol der reflow to be available for producing the present invention. The
smal| size of the solder balls 150, and of the integrated circuit package
30 as a whole, allows for any of the reflow systens to be used wth the
because the tenperature differential between the conponents is al nost 22
negligi ble. Furthernore, by selecting2 adhesive material 90 having a

coefficient of .thermal” expansion simlar, or._equal %o t he cqefficient of
Uher mal  ex PERSAEADLT - { HEGPREFOEBNPORCTRAE GH BN e RTERT M FAEEFEANt “Package
30, heat reflow effects and problens can be m nim zed. Al though the
boar d- on- ckEy Py RCSSE iFheRy it SheETREFIPIISIRRgEIRPI 2 Rpictad FAr.
Figures 1 and 2 has been described using centralized bondi ng pads 120, it
shoul d be HgefFIebbirisntopt Bigumadderpraficmpet that obbrRr siqupengnes of the-
present invention are applicable to a silicon chip 50 with bondi ng pads 120
i n al t er nattdel ayrheggasedh cascpbti brokade al3dng hdsd stefdowfeffects and
problems can be minimized.

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
invention are applicable to a silicon chip 50 with bonding pads
120 in alternate layouts such as positioned along the sides of
the silicon chip 50.

Also, it should be noted by one skilled in the art that
pads 100 and bus bars 110 may be located on a single layer of
printed circuit board 70. Generally, a layer of insulated tape
or coating méy be placed on the bus bars 110 to provide for
electrical isolation. The advantage of a multi-layer printed
circuit board 70, however, is the elimination of the need to
insulate the bus bars 110. Additionally, the multi-layer
prihted circuit board 70 provides a greater process margin for

-

wire bonding.



the silicon chip 50. Also, it should be noted by one skilled in the art
that pads 100 and bus bars 110 may be | ocated on a single |ayer of printed
circuit board 70. Generally, .a layer of insulated tape or coating may be

pl aced on the bus bars 110 to provide for electrical isolation. The
advantage of a nmulti-layer printed circuit board 70, however, is the
elimnation of the need to insulate the bus bars -110. Additionally, the
mul ti-layer printed circuit board 70 Eéovides a greater process margin for
wi re bondi ng. 23 Furthernore, the méthod of the present invention takes

advant age of the top opening 86 at the center of the _printed.circuit board
70 for "potti ng'FuFﬁEeﬁﬂQ??'boﬁl&? n@e%lff"fhﬁg 5§ﬁn€&esFﬁ5 s’iq‘ﬁeélgﬁ°8hit65°85 and
the printed circuit board 70 in a single step. By filling the opening 86
with an adifsiapsagg: oFi &heobOPt RBERIE Horfth n'{gl"%dc?f&?ﬁeé% &hs é’cﬁ’rn&ﬁgp 50
and the printed circuit board 70 are generally protected fromthe

envi r onnmentCigiedisr Boped 1710 fPar IEPriggéctrl firsmbesddpgr 80 dehatt sonpect

hermetic nature of the encapsul ation. The net hod of adhering the silicon
chip 50 to thsespliperdhip 50 and the printed circuit board 70 in a single

step. By filling the opening 86 with an adhesive material 90,
the wire bonding 80 between silicon chip 50 and the printed
circuit board 70 are generally protected from the environment
and are particularly protected f£rom moisture due to the hermetic
nature of the encapsulation.

The method of adhering the silicon chip S0 to the printed
circuit board 70 of the present invention provides protection
for silicon chip 50.by hermetically sealing silicon chip 50 from
the environment. A reduce profile=is also achieved by allowing

" the non-operative or backside of the silicon chip 50 to be
exposed. By hermetically protecting the connections between thé
silicon chip 50 and the printed circuit board 70 at the top
opening 86, there is no need to completely encapsulate the
entire assembly.

The present invention also reduces the overall number of
stebs in the assembly of, for example, memory units by
streamlining the assembly process not only in reduced number of

steps, but also by elimination the curing steps associated with



circuit board 70 of the present invention provides protection for silicon
chip 50 by hernetically sealing silicon chip 50 fromthe environnent. A
reduce profile is also achieved by allow ng the non-operative or backside
of the silicon chip 50 to be exposed. By hernetically protecting the
connections between the silicon chip 50 and the printed circuit board 70 at
the top opening 86, there is no need to conpletely encapsul ate the entire
assenbly. The present invention al so rgduces the overall nunber of steps in
the assenbly of, for exanple, nenory uUhits by streamining the assenbly

brocess note gy, 0 £ AUGEADUIREL s 0L BE EPScD UL BLRO kRl L8k Akl L he

curing steps assocl a eéncapsul ating rntegrated circu

present invention fyrther reduges the.agount of, material. used in producing
oo at ed Nt e et e ool neroaiBiiay® din fracad
envi ronment .. The probl ens of 5opl narity are. elimnnated b% usi ng, sol der

bal | s 150 tO-HichPRAEAIST egf at Sd*EeP¥LI E2BARkade ™0  BOBMH! t‘?éﬁ% pFfit ed

circuit board, such as a nother board, because there are no | eads that may
bend and t HEFe- X2 8eRb- devi ations fromthe

The problems of coplanarity are eliminated by using solder
balls 150 to attach the integrated circuit package_30 to another
printed circuit board, such és a mother board, because there are
no leads that may bend and therg are no deviations from the
plane of the motherboard to which the module is'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.

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

P4

modifications or embodiments.



pl'ane of the notherboard to which the nodule is being connected.
Addi tionally, reduced environnental inpact is obtained using the nethod and
apparatus of the present invention due to the overall decrease 'i-nthe-size

of the integrated circuit package 30. Wiile this invention h
described in reference to illustrative enbodi nents, tgmmm“ g‘m“\“‘s not
i i i ons

intended to be construed in a limting sense. Var ;

and conbi nations of the illustrative enbodi nents, as well as other

enbodi ments of the invention, will be %bparent to persons skilled in the
art upon reference to, the description. It is therefore intended that the
appended cl|%hats *EnebdReSs 185y such nodifications or enmbodi ments. 25 What

is clained is: 3][ n@_p I nt egr ated circuit Egckage conpr.ising: a substrate
havi ng an openi Ag anfd® FYEETRhGY SSHTTH S BAF&RES ; S Ret a9 ayer di sposed on
sai d second surface of said substrate; an adhesive Iaxer di sposed on _said
metal | ayer Oppasiﬁgpstrate having an opening and first and second

surfaces; |

a metal layer disposed on said second surface of said
substrate;

an adhesive layer dispésed on said metal layer opposite
said substrate; and

a chip having at least one bonding pad adhered to said

adhesive layer, wherein said chip and said substrate are

electrically connected.

2. The integrated circuit package as recited in claim 1
further including at least one bus bar being integral with said
substrate and extending into said opening, said at least one bus

bar electrically connected to at least one of said bonding pads.

3. The integrated circuit package as recited in claim 1
further including at least one pad disposed on said first

surface of said substrate.



said substrate; and a chip having at | east one bondi ng pad adhered to said
adhesive layer, wherein said chip and said substrate are electrically
connected. 2. The integrated circuit package as-recited in claimil

further including at | east one bus bar being integ A { mstrate
and extending into said opening, said at |east ongum “ﬂﬂ“ﬂt‘ﬂ ally
connected to at | east one of said bonding pads. 3. '« e u ntregsat&d circuit
package as recited in claim1 further including at |east one pad disposed
on said first surface of said substratdb. 26 4. The integrated circuit

package as recited in claim3 further including at |east one, sol.der hall
| ocated on at | &dast Ohe b‘f‘t%’?a&e&aﬁérﬁ?’si)c%%c&a%ﬁ 85i §SFIFEY HBhraed QS.
The integrated circuit gacka e.as recited in claim4 wherein at | east one

of said sol d&thsd feciudine @l ileaskyoremirddesdd PRttnlacared 1t dfe 16858ai d

routing strips. 6. =~ The integrated circuit package as recited in claiml
wher ei n sai s HsEraterads shispesed o1 cinich&igpbupie®i’sting of FR- 4, FR-5
and BT resin.

5. The integrated circuit package as recited in claim 4
. wherein at 1least one of said solder balls is electrically

connected with at least one of said routing strips.

6. The integrated circuit package as recited in claim 1
wherein said substrate is selected from the group consisting of

FR-4, FR-5 and BT resin.

7. The integrated circuit package as recited in claim 1
wherein said metal layer is selected from the group consisting

of copper, silver or gold or combinations thereof.



7. The integrated circuit package as recited in claim1 wherein said
netal |ayer is selected fromthe group consisting of.copper;--silver—-or gold

or conbi nati ons thereof. 27 8. An integrated ci j

conprising: a substrate having an opening and Eﬂmmllimﬁﬁﬂgusuﬂnd
surfaces; an adhesive |ayer disposed on said second

substrate; a netal |ayer disposed on said adhesive |ayer opposite said
substrate; and a chip having at | east %Pe bondi ng pad di-sposed on said

nmetal |ayer, wherein said chip and sait substrate are electrically
connected. 9. he inptegrated c%rcuitj%gcgage as_recited in claim8 further
i ncluding at | east on EIFEFe e‘f’hrf‘\ tggFaFgW A A" Sibst rate and
extending into said qgening, sajd at | east pne bus'bgn electr'callg
connected to at 3 e8P cof PRYARF bGRdi ABCPHRZ. 2. FHEST ntBt af8E°RET cui t
package as recited in claim8 further including at |east one pad disposed
on sai d fird&trt&5kPace of said substrate.

an adhesive layer disposed on said second surface of said
substrate;

a metal layer disposed on said gdhesive layer opposite said
substrate; and

a chip having at least one bonding pad disposed on said
metal layer, wherein said chip and said substrate are

electrically connected.

9. The integrated circuit package as recited in claim 8
further including at least one bus bar being integral with said
substrate and extending into said opening, said at least one bus

bar electrically connected to at least one of said bonding pads.

10. The integrated circuit package as recited in claim 8
further including at least one pad disposed on said first

surface of said substrate.



28 11. The integrated circuit package as recited in claim10 further
including at | east one solder ball |ocated on at | east one of "saird pads

"~ disposed on said first surface. 12. The int egrﬂﬂﬂlﬁﬂ'ﬂ' j ge as
recited in claim1l wherein at |east one of sail@igHl mmmgm
electrically connected with at least one of said réutfng"sty¥ips. 13. The

integrated circuit package as recited in claim8 wherein said substrate is

selected fromthe group consisting of ,5ER-4, FR-5 and BT resin. 14. The
integrated circuit package as recited in claim8 wherein said netal |ayer
is selected fro#i.tRhegiobporatresl stiiragibfpasigger as sieaidredoinggldimrio

conbi nati ons thereof. 29 15. A nmethod for attaching a chip to a

substrat e dorphesi inrltudéngt epsledst ameaispildgr abaslibstaocatted dnsposlemsta net al

| ayer on said substrate;
one of said pads disposed on said first surface.

12. The integrated circuit package as recited in claim 11
wherein at 1least one of said solder balls is electrically

connected with at least one of said routing strips.

13. The integrated circuit package as recited in claim 8
wherein said substrate is selected from the group consisting of

FR-4, FR-5 and BT resin.

14. The integrated circuit package as recited in claim 8
wherein said metal layer is selected from the group consisting

of copper, silver or gold or combinations thereof.



attaching an adhesive |ayer to a chip; and contacting said adhesive |ayer
to said netal |ayer, wherein said netal |ayéer increases the bonding

strength between the chip and the substrate. iﬂm!“mumami“tw reci ted in
claim 15 wherein the step of contacting said sai d netal
l'ayer further includes the steps of applying heat ‘t otsal d adhesi ve and
nmetal |ayers. 17. The nethod as recited in claim16 wherein the step of
applying heat to the chip is further ¢gfined as applying heat at a
tenperature between about 200[err] C and 250[err] C 18. The nethod as

recited in claimi5 far re¢hodonfor siatgtachéngt ep ofhigppltg ng f enbstixatereen
sai d adhesive | ayer and said netal |ayer. 30 19. The nethod as recited

in claim18cehpresing hesteppofomppl ying a force is further defined as
applying a force to said chip of between about 150 and 200 grams. 20. The

nmet hod as reci tegbttd‘y_rﬁ_lngl B ddosrreitei:n the step of applying force is further
defined as applying force for a perlod of between about 2 and 10 seconds.
disposing a metal layer on said substrate;
attaching an adhesive layer to a chip; and
contacting said adhesive layer to said metal layer, wherein

said metal layer increases the bonding strength between the chip

and the substrate.

16. The method as recited in claim 15 wherein the step of
contacting said adhesive layer to said metal 1layer £further
includes the steps of applying heat to said adhesive and metal

layers.

17. The method as recited in claim 16 wherein the step of
applying heat to the chip is further defined as applying heat at

a temperature betwéen about 200° C and 250° C.

18. The method as recited in claim 15 further comprising

the‘step of applying force between said adhesive layer and said

metal layer.
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19. The method as recited in claim 18 wherein the step of

applying a force is further defined as applying a force to said

chip of between about 150 and 200 grams.

20. The method as recited in claim 18 wherein the step of
applying force is further defined as applying force for a period

of between about 2 and 10 seconds.



