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THIN INTEGRATED CIRCUIT UNIT

| The -p_lég'sg#t- inveptioﬁ.:z‘é-létiés. in .-."'g”en_e_ral'-. 't:‘.'o'.tl're. .fieild of
in't._.egrgted': c:.rcultpackagingand, -.mo;*:e ;speéi-fiéélly_{ can
re,lé,f:.e'- to . ;ifx_tegrategi__ -_c:if;::u_it packages - and. a method _for"
prodﬁc‘ing the samé wherein the ir;;jeg_ra_t;_ed. circuit éackage;:s, are -
electiic_ally conneci:ed. f_:-o one another to form a memory unit
tprfdse in attachment to'a p:intedwcifcuit board to fotﬁ a

module.
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 Without 'limiting - the 'scope -of  the inventiom, its

background.is~deSCribed'in-éonnection*ﬁith integrated circuit

:;packages and memory modules, as an example.:"'

Heretofore, in- thls fleld lntegrated c1rcu1ts have been

_formed -on. semlconductor' wafers, which.-are‘rseparated 1nto :
'1nd1v1dual chlps and the. 1nd1v1dual chlps are then handled and

-f_packaged, The packaglng process is one oﬁ the most Crltlcal'

steps in the.integrated-circuit fabriéation process, both from
the point of view of cost and of reliability. - Specifically,

the packaging cost c¢an easgily 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
media that.nill pnOtect it in subsequent manufacturing stepa
and from the environment of iﬁs intended application. Wire
bonding ‘and _encapsﬁlat:—ion are the two main steps -in the
packaging of individual integrated circuit packages. Wire
bonding connécts the leads from the chip to the tenminals of
the package. The terntinal_.s allow the inﬁegrated circuit
package to be connected to other components. Followinc wire
bonding, encapsulation .ji.s employed to seal the' surfaces from
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molsture and contamlnatlon and to procect ‘the w1re bondlng and

other components from corr051on and mechanlual shock
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=:Commcnly. 1ntegrated c1rcu1t packages are actached{"

-:prlnced c1rcu1t boards to. form 51ngle 1n11ne memory modules,

" .whlch are typ:.cally referred I:o as SIMMS SIMMs may, for '

example, be used to :anrease the memory of typicallf,

personal computers The amount of the memory on the SIMM'

however, J.S generally lmu.ted by surface area of the mother or
'81ster prlnted c1rcu;t~board that supports.the integrated;

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

for increased Inpul_:-/output- (£/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

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

producing a module’ that meets tf;e_ 'present and future needs for

‘expansion within the same li_mited space. Furthermore, a need
“has arisen for high density module and a process for producing
.high_density modules that orovide for attachment moduleas o_f.
integrated circuit packages _to form modules. A need has also
arisen for.materials and meti:.oos that lead to increases, €.g-..
in I/0 and/or memory capacity. Further, a need has arisen for
-4~ —

This Sheet Has B

VT

1



-Q:a double 51ded 1ntegrated c1rcu1t package,_and modules made of;
.zthe same,.that prov1des protectlan to the wire bondlng and s
f5111con chep durlng'subsequent manufactufleg and teselng steps}
1 and frem the env1ronment'of lts 1ntended puréese
| The ;present--lnventlon ld;sclosed;-heremn.-comﬁfises en |
,apparatus and umthod of stackmmg double 51ded 1ntegrated:
_C1rcu1t packages lnto an. 1ntegrated! c1rcu1t un1t .zTﬁe
_' 1ntegrat:ed c:.rcu:.t module protects the J.ntegrated CJ'.I.‘ct-.J.l.t
--packaQGSfthat"meke up the 1ntegrated c;rcu;t-module.durlng,
menufecturing and'testing steps and fsom the environment.of
its inteﬁded pufpese. The ihtegrated circuie packages are
stackably mbunted together to form an integrated circuit unit.
and can be attached to a printed cireuit mother or sister
beard-te-form_a high density module.
iThe present inventien comprises at least a first .
integrated circuit peckage ana-a second integrated circuit
package that are- stackably and electrically connected toqether
'to form an integrated circuit unit. Even though the 1nventlen
is described in terms of first and second integrated ‘circuit
packages for simplicity and convenience, it 'is to ' be
understood that any ngmber of integrated circuit packaées may

be stacked to form the integrated circuit unit using the
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“;iﬁaterrals and technlques descrlbed hereln 'Fornexaﬁpléf SéVEn"
to nlne 1ntegrated c1rcn1t pnckages may be stacked to form an
’1ntegrated c1rcu1t memory unlt ln accordance with the present'
f:.nvent‘_lcn.. _' | | | |
.tinecfirst_and-eecond.integratedfcircnit“packegee eech
i?include -e cerrieré.having-'first"end-.eeCOnd suréaces. ﬁ
pluralzty of- routlng strips are- 1ntegral w1th the carrier and
extend into the openlng; . At - least. three .termlnal< are
disposed on the fi-rst and second surfaces. Two rows of
:terminals may be provided for on the first andlsecond surfaces
- of the carrier to provide separate electrical connectioas to
_integrated.circuit packages that are.electrically upstream
from lower packages. In some cases, integrated circuit
packages that. are part of the same intégrated'circuit'unit but
have distinct functlonala.ty, but are upstream from lower
1ntegrated circuit packages, way be electrically lsolated from
-internal terminals that connect 1ower 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 ere electrically-connected with at least c¢ae cf_
the routing strips. The first and second integrated circuit

packages also include at least one via electrically connecting
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"ﬁhe' Fénﬁixi’a‘._l_s."difc‘????d on the flrst 's"u.rf'ac'-'e' w:Lth -t':_he"- tert_ni_rials _.
dlsposed -on féaid‘l _séccn_:d":saf;f_ac_e; S o

-'A.chi.P is édhere&'-c'b.-éach? éf”the .car-r exs on either the
first - or . second. surfaces depend:.ng or'. the pos*tn.onlng of
'rouf::.ng .strz.-ps on or 111 the.carr:..er. Each Chlp has bondz.ng .

"pads dlsposed thereon. Solder balls or- bumps form solderi
B .:' bonding- that .ele,ctrica;.ly. co;;ne’cts the bon_din_g pade ...t:.o t:_he_ '

'rocciilg st_ri;ps;' An._ .adhé_six}e :Iayer_ or _uncerfill ﬁing t.hel

- space between the s.ilicc.n'._chip 'and..t_ﬁe carrier t:hat does not
contain solder:— bcndir_x'g. Bﬁr ueing solder balls to interconnect -
. the eilicoa- chip with the carrier the overal'l profije or,-
" height of the integrated_circu.;i;t ?aclcage, unit and/or modaie
cf the present invention :';.s significantly reduced. Reductions
from 20 to 40 pefcent of the overall profile are aclieved
depending 'on the number apd .thickness of tlae int—egrated‘
circuit packages that are used to form the integi:atled circuit
- unit and/or module of the present invénti-c_m.

The mtegrated c:.rcu:.t packages further include bus bars
bez.ng irtegral with the carrlers and extendlng to the solder
bonding. The bus bar electrically connects at least cue of
the bonding .pads of the chip to at least omne the. terminals
disposed oa the first and the second sﬁrfaces of the carrier.
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Tl'_.ie- 'inﬁé_éraﬁgd. c1rcu1tun1t is _ fqmed..py'_ electrlcally
.cérll-né_ct-j_.rig-__'gtl;-} légs_'t one -of ;he._ﬁe;minaié: disposed. on the
o ;seco'nd;: .s.urf.-_aé..e__: of the f:.rst iﬁfegrate_d c:.rcu:Lt paékége dlth 'jat' .
'.-J,.e-a;st.' 'éne. of theterm:.nals dlsposed on’ ';:l}e" f_i#st" surface o'f_".-
-.the ééépﬁd 1ntegrated Eir._-cu:t-t_ pa\ckage . -fn one e.m_.};_ﬁod:.i._ment_,;
solder’ jb‘al-};f_s: .- aré .us-'ed' td @Eé. .ﬁhe : g;ectric_al_ connect‘io__h'
R | _betweén 't_he first and :séc!ar;d integrétéd circui£ p'ackages. In
anoﬁher emb.c-x.dit;ent.,? s.oide_:-:.?"columzis a_,re. used 't.:'o. " make 'the_
électriéal- coni,xecﬁio.n' between_the first and ‘second int;_egratgd
circuit paqkéges;

The integrated circuit unit wmay further = include
additional integratéd circuit packaées_ stackably and’
_ electrically connect:ed togethér," for example, a third
integrated circuit ‘package may be stackably and electrically
connected to the second iﬁtegrated circuit package éﬁd a
féurth ‘integrated cir,cx;it' -péckage may be stackably and
electfically _éqnnecﬁed..ﬁb the thifd integrated circuit
package. | |

Once the integr;afzed circuit units are constructed, they
may be attached to a printed circuit mother or sister cixcuit
board to form, for example, é module. In this way, the number

of integrated circuit packages stacked at a given location on

//
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f Fff'e'tﬁgd‘%le may ?’?5_5%3¢?3§59&'4. this enabling ‘a h,ig‘h'er'. 'de‘ns'ity i

s :modul'e-. h .Fu_rthermbre;' the. .integrated' c:i.i:cuit:_- modu_le :can -iae

handled. and packaged as a s:.ngle :Lt:em durn.ng precessn,ng, .'

:._nt:egrated cn_.rcu:.-t- pa_ckag_e_s__.

: rather that handl:.ng and packag:.ng a number 1nd:.v1dual

e
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HE DRAWINC

' For a more complete understarding of -the features and

advantages of the present 'invention;:'r_,ef'erence‘ is ‘now-made. to .

: .""the' détéile'd dés"cifip’tion-.of the inventfi_oﬁ é.loﬁg' with " the’
accompany:.ng f:.gures in which correspondlng numerals in the

"dlfferent flgures refer to correspondlng parts and in whlch

F:.g'ure lis a s:mel:.f:.ed end - cross- sect:.onal view of an

integrated c:chu:Lt package for use -wa.t;li the present’ inver.zion; - -

Figure 2 is a simplified top view of an integrated - |

circuit package for use with the present invention;

Figure 3 is a simplified end cross-sectional view of an

integrated circuit unit having a plurality of .integz:ated
circuit packages orijent:ed in a stackgd . confiquration
electronically connected together with solder balls;

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

Figu_re- 5§ is a simplified_end cross-sectional view 2f an
alternative embodiment of the integrated circuit unit having
a piurality ‘of high density '.integrated circuit pac'rages
oriented in a stacked configquration electronically connected

together with solder balls.

o

o
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Wh:.le the maklng and us:.ng of varlous embodlments of the
apresent lnventlon are dlscussed ln detall below, 1t should bo
_apprec1ated that ,t. ptesent ;lnventlon -prov1des manye
_appl;cable 1ﬁvent1ve cencepts whtch can be embodled lh a w1de

varlety of spec:.flc contexts. : 'J:he spee:.f:.c- embodlment_:-s..
; dlscussed hereln are merely 1llustrat1ve of spec:.flc ways to _'

make and use the _invent;ton a_nd do not delimit. the scope of the
iﬁvention.t. | | |

The hptesent invention can be  related to iﬁtegrated
circuits'using a board-on-chip deeign.having a double sided ;
.carrier to achieve hi'gh. speed perfoimanée and to meet the
space eonstraint requiremeﬁts of modern semiconductors. The
principles of the present invention may be incorporated into, |
for example, a syﬁchronous DRAM (SDRAM) silicon chip. The
present .invention, towever, is also applicable te LOGIC, SRAM;
" EPROM and any other integrated cifcuit compbﬁeats.

Figui‘e- 1 is a simplified cross-sectional view of an
integrated circuit pae::?e that is generally deeignated 30.
The integrated circuit package 30 comprises a silicom chiv 50,
which'can-be, for exaﬁple, any integrated circuit component

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

-12- -
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j70 1s attached to the 3111con chlp 50 by an adhe51ve layer 60

The adhes;ve 1ayer 60 may be made of,  for etample, a. double-.

's1ded adhesrve polyamzde tape, adhe51ve g1u= or epoxy “The. -

?carrler 70 is deplcted hav1ng a. s1ng1e layer, however, it may

' comprlse a number of dlfferent layers dependlng onn the

electrlcal connectlons that may be necessary to electrlcally

connect the bondlng pads 120 to the terminals 100.

" The carrler.70-may be coustructed from.prrnted circuit -

board, a macerial such as FR-4 which is available from, for

.-ezlcat'nple,. Motorola Inc., U.S.A. 'FR-24 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 shouid be considered, namely, thickness,
dielectric constant, glass -transition. temperature. and the
coefficient of thermal expansion.

Thickness is dependant on the number of layers reqgiired

and the amount of reinforcement used in a given layer. The

‘reinforcing glass cloth can range in thickness from 2 mii per

sheet (type 106) to about 8 mil per sheet (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. This

-13-
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_cgnStant_cah be'reduced'to_abQut 3 by-replacing-the &pROXy"

' ;résin wiﬁhaé.éyénaﬁe eéter_résin.'-iﬁe greatar the thickness;

L howevéf; ché éigatér.thé pféblems:éésoéiétgdfwith'thickneés
 chtro;; roﬁéﬁ.sunfaées; gxceésivé d:ill wear and-poor@re§in

wgrefill;::l N }

..The-temperatu:é.at which-a ;esin éhangés from a glasé-

‘like state into a “rubbery” state is' generally designated as

Tg. -Standard'FR-4 is made with a bifunctionally polymerizing

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

_ such as 125-150 °C may.be‘withstood-by using a tetrafunctional

epoxy. For higher T, values, in the range of 150 to 200 °C a

cyanéte ester:epoxy bleﬁd can be used. -Additionally,
| polyimides.provide for'printed qircuit boards having a T,
" above 250 °C.

The coefficient of thefmal expansion fof FR-4 is about 16
ppm/°C. A diffe:ence in-the_coéfficient of thermal expa-:sion
between the carrier 50 made from FR-4 and the silicon chip 50
can lead to failufe'of thé integrated circuit package 30
.durigg, not only the assemb;y' of the integ¥ated. cirzuit
package 30, but also during the use of integrated ci::uit

package 30.
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Tﬁe adhe51ve layar 60.may be Hatachz HM122u manufactured
'.by Hltachl Chemlcal Company of Tokyo, Japan Alternatlvely,
the" 3111con chlp 50 can. be adhered to the carrler 70 with a
- dle bondlng fllm such as HIAITACH-335 (DF 335) manufactured by

HltaChl Chem;ca;-Company-Qf TokyQJ Japan. HIATTACH«335 (DF—
335) ia siiver-filled thermbseﬁtiﬁg type resin film for die-
attaéhing,',Thé bondihg p;ocess.geherally.involves attaching
the film on thé cafrier 76 at #60°1C fof 5 secoads with an
“applied force of 1000-3000 grams} then attaching the silicon
chip 50 on the film at 220° C for's seconﬁé‘under a force of

150-200 grams.

-15- I
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fDFesisfﬁés :hg_follokingzp;dpetties"

*jfesc i._ff '.”

:Remérks

| Uniits

" pF-335

Appedrance..- - .’

:Soliddenteht'
"Ash Contenr-'

F{Ash Conten;/
Solid- :

Thickness.

~ Temsilse. -
‘Strength’

- Tengile
Modulus
Die'sheaf
strength .

stual

200 C- 2h

600°C<1,5h
| :600°%C-1.5h .

'Dial gauge .. -

R.T. .

-- RQ'T'A

ex4mm chip/Ag
plated alloy 42

';wt%.;

wC%f

wer/solia’

gt
“kgf/mm-

kgf/mui . -

kgE/¢hip - -

silver film .

296
. 40. -
a2

25

7.1 ¢

271.

R.T. 210

' 280°C _ 0.9
Peel strength 6x8mm chip /bare kgf/chip 23.0
240°C. (after/ alloy 42 : FE
85°C 85%,48h) -
Tg TMA, 180°C-1h.  ~ °C 123

cured Lo

Modulus Viscpelaétic . Mpa 1300
' spectrometer
Moisture 85°C/85%Rﬁ,-4§h' wt% 0.1

Other examples of adhesives include - thermosettingu
adhesives, such as epoxies, polyimides and  silicone.

Thermoplastic adhesivés that are hot-melted,

in thé_form of

sheets or as a pressure sensitive adhesive tape may also be

used to adhere silicon chip 50 to

used are adhesive tapes based on

the carrier 70.

Commonly

elastomers, silicones or
ThlS Sheet Y.
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-acrylics because Of their ease of use and easy incorporation.. -
:'into.produCCionl

Referrlng collectlvely to Flgures 1 and 2 carrler 70 hasfn_”'

-fizproutlng strlps 82 that are electrlcally connected through v1as;,:'

12184 to termlnals 100 located on’- top surface 92 of carrler 70

'wat should be understood by one skllled 1n the art that the..
T‘f;terms “top” and “bottom” as well as the terms “s1de” and “end”;
.sare used for 1llustratlon purposes only, as the 1ntegrated i
' olrcult package 30 of the present lnventlon can be assembled'_
..a..nd- used in a'varie.ty o_f pos:i,_ti'on_s _and.wa:ys. | |
iCa;rie:*?O'maY-ingiude a'pair o:pbus,bars-(nottdepicted)s
| Ihe bns bars are electricaliygoonnectea7through conduits (not"
 depicted$ and/or.vias 84 to one or more_ot'the terminals 100.
nThelbns:bars may serve, for.exappie; as power snpplies or
grounds, and it is 'pr.efe:j:red .th'at one bus b‘ar .serve ._one.
fnnotion, such as a power supply; and the second bus bar serve
tanother functlon, such as a ground
‘The 5111con Chlp 50 has bondlng pads 120 located
generally in the.central area of silicon chip 50. Thetbcndlng
pads_120 are connected.to nouting strips 82 and bus bars by

solder bonding 80. The solder selected for use with the

. —
e
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present 1nventlon w1ll depend on the temperature requlrements

'lz'of the 8111con Chlp 50

Solder balls 150 are located on termlnals 100 to allow“'
B 1ntegrated c1rcu1t package 30 to be attached to othert
:1ntegrated c1rcu1t packages 30, and to a mother or 51stern"

_board of a s;ngle unlt, The number of 1ntegrated c1rcu1tj

'f;_packages 30 that are stacked w1ll depend on, €. g the mémory::'”

'f-and contact‘. reéulrements of an .:.ntegrated c1rcu1t ”mamory'
' ﬁodule; howerer,hln onefembodlmenthf-the-éresent.;hveat;on-i"
the-nﬁmher.of'ihtegratedzcircuit.oackagee ls-eight.or hihe.V-
The-above describedlcqmponedts.ahd;their cohatructions
and interrelatibn_protide ankasseﬁbly-that ls-encapsulated as
described:below. The term ﬁasseﬁhly” refers to-the.aseembled_
| components prior to encapsulatioh.'_The'assembly consiets or
carrier 70, adhered siliconfchip 50 and solder bonding 80.
The solder'hondingdso proceseiﬁay beglntafter-silicon
chip 50 has been adhered:to carrier 70. Silicon chip SO.ahd
carrier 70.are,then positioned'on_a heated pedestal-to raise
the temperature of the combinedfuhit. The solder bondlng 80
and solder balls 150 used to create the integrated c1rcu1t
package 30 forluse with the present invehtion mayfbe attached '
using convehtional solder reflow sfstems. For example, a
-18-
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”rf”vapor phase solder reflow system may be ueed Wthh condensesf_"
nepor.to surround the 1ntegrated c1rcu1t oackage 30, and-tbe-'
- '.c'a.'.rrz-,_er 70 .W':tth ar CIoud ..°~.f ust__eem.. A lz.qu:.d, _ s.uch‘ as a._:
.nbnohlorineted-(nonaCFCfffluorooarhonjis.first;heeted nith;;"
ffenouéh energy to form a vaoor'and to. sustaln a vapor.cloud‘“-

' '1When the 1ntegrated c1rcu1t package 30 is- then passed through:y;

' the vapor, the vaporlzed 11qu1d condenses thereon and glves-:

eloff the latent heat of vaporzzat;on. Thls energy lS then_.
transferred to:the_1ntegrated.c1rcu;t-paokage.39} Ashlong as
the integrated‘circnit'paokege ﬁd remerns in.the.Vapor,'the
'vapor contlnues to give off energy.at a- reoeatablelflxed rate
and.'temperatnre, untll the 1ntegrated. ‘circuit package 30
reaohes the:temperatnre of the vapor. L1kew1se the entire
'eseembiy of integratedhcircuit.oeckeges may be.introduoed into
the solder nelting.chamber.after-being etecked;
The.adVantagefof using. a nonchlorinated'fluorocarbon is
that it'ie extremely thermally stahle,'colorless,-odorless and'i
nonfianmehlel In addition{'it hae arlow toxioity}'low'3urface
temperature,xlow boiling:point, andllowlheat'of_vaporization.
Because the fluid form of the non;chlorinated fluorocarbon is
inert, it does not react with flures or compornent meterials,
‘nor does it ebsorb oxygen or'other'gaees that cause reactions

-19-
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-h;durlng the solder refleu ' Most commerc1ai1Y avallable
.:u_.fluorocarbons used for vaﬁer phase reflow ‘are formulated to :
-ihraperlre“at ;recisely stablelreflow temperahures for-dlfferent
;“,ep;deragaterialsf;ae wrll'be;knOWh~t0;£5°SE[§ki¥l¢d51n.hhez
_i;ér§; A- S C R S
The vaporizatlon temperature w;ll depend on rhe selder-ﬁ

' 'ftype belng used A. brlef lzst of the non chlor nated

"~Ugff1uorocarbons that are used as- vapor flulds 1s shown below

-a Vaporlzat;on;Temperatures andiSolder Typee :

-j.ﬂFluld Temperature | - ' Solder Type

56, 80, 97, 101, 102°C and 100 In | -
155°C o . 37 .5n/38 Pb/25 In

165°C o - 70 Sn/18 Pn/12 In

| - : S 70 In/30 Pb

174°C - - 60 In/40 Pb

190°C © - 90 In/10 Ag

' ' ' 50 In/50.Pb

63 Sn/37 Pb

.70 $n/30 Pb

| 60 Sn/40 Pb

'215°Cand 230°C .~ . 60 Sn/40 In

. 60- Sh/40 Pb .
63 Sn/37 Pb
70 Sn/30 Pb -
62 Sn/36 Pb/2 Ag

240°C and 253°¢ 75 Pb/25 In

: | 81 Pb/19 In

260°C and 265°C . '96.5 Sn/3.5 Ag
-20- —
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'j-aAlterhatively;]infrered;orjraaient;heated~sdlder,reflows.

‘“ﬁfi‘mayzbeﬁused; In such a system each component of the solderlngl;':"

-._system. is dlrectly exposed to radlatlon from. ‘a” heatlng ]"“

'element Heat from the radiant energy element 1s absorbed by

'"-,.-the dlfferent components accordlng to ltS molecular structure

Conventronal radlant heat systems expose only the outer_'
ﬁfi?surfaces of the eomponents to the radlant heat, ‘which may not -
Jeff:each'lnterior areasJas'efgicient;y-asrwith vaporteaturated”
':heeting methpas'ee.deeeribedfebevé{wthe:éresent invencion,
however,’is'notﬂaffeeteq by this t&ﬁicalﬂprbblem because_qf
:'the use'ef solder instead Qf.leedsfor.wire behding; In fact,
due to the re&uced'overall_size either metﬁpd, vapor phese_
.solder reﬁleﬁ or ;rediaﬁt ﬂheated _solder.'reflow; ‘may be
_ efféctively.gsed'with-the present in&entionf'
In one embodiment of the present iﬁvention eutectics
'--having different;ﬁelting teméeratures maylbe.used for'theﬂ
eoiderfbonding 80-andEthe,sdlder.ballsalso.- Factors usad to .
determine the relative:melting.temperatures for the solder
bondlng 80 and the solder balls.lso'will include the relacive
operating temperature and the amount of encapsulation, if any,
of'the integrated.eircuit package 30 components. Also a
factor, is the tetal number of reflow steps to which the
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- '-..solder bondlng 80 and/or th.e solder balls 150 wa.ll be exposed
_' 'If the solder bond:.ng 80 and the solder balls 150 are: exposed'.
o to the same number of heat reflow steps, .as :ls the case whern- 3
-idall;the components-aresreflowedbatpthe;same,tlme, then the:ﬁl

-same eutect:.c may be" used | Ifoneof tﬁ-e' other -'-compone_nt. is-"_'-.' PR

) texposed to one or mo.re heat reflow steps lp.rlor.to- flr;al, -
assembly, then d:.fferent eutect:.cs may ‘be chOSen | _.'_E"o'r': ._ |
'.'-l":example, of the solder bond:.ng 80 is to occur before -the"'
-solder balls 150 are attached, then a eutectlc havzng a higher
melt;ng'temperature may:be chosen,for the flrst heat reﬁlow.
steofin'order'to-éreventfa'secoﬁd meltiﬁé'of'the.solder:
_bondibg 86. | |

"In :Flgdre 3,_'one embodiment"of a threet dimehsiogal
:lntegrated circuit- module is 'depicted in a si:mpl'ified- cross-
sectional view ahd'is;generalli deslgnated-130. A.silicon-
chip 50 is.electronically.conoected.to the CirCuit_fo by @eaos
of solder bonding 80-and.mechanicallY'attacbed'by adbesived
layer 60_'.".-  Integrated  eireuit pa'c:;age 30 _is' then
'- inte_rconnected'with -o'th'e'r. integrated c_:-ircu_it.'_ backages 30 using
solder balls 150. Solder balls 150 replace'the leads used to
connect- conrentional_ integrated clrcuit. packages to, for

example, a mother or a sister-bocard. The use of solder balls
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:ﬂlSO;rédﬁéesethe'ovefEIl'profilé-oﬁothe integféted:cirCﬁitf]
fpackage 30 and the lntegrated c1rcu1t module 130 It can"bei
fﬂ'.}seen that Chlp 50 has an exposed backsxde 51, such that the:

B chlp SO can’ be dlrectly cooled by alr flow1ng between;_yﬁ

ffpackages

Fn.gufe 4 :.s e -s.:.mpl:.fled top view: of an altoematlve '_ .
,.embodlment of an 1ntegrated c1rcu1t package.32 for-use w1th an_
v,fglntegrated c1rcu1t module..IThe 1ntegrated'c;rcu;tapapkage:327'
ﬁ:has a carrier 70 ‘that is. atteched to a s111con chip 50 by an.
) 'df‘adhesive-layer'so._ | |

Two ;oWS'of-termina}elloo, 108 are located on each side -

the“carrier, namely,'top surface 92 and bottom surface 94 of
-carriexr 70. .The~first.row of solder balls; 150 is located on

terminals 100. The secondf:ow of solder balls 150 is located

on terminals 108. Términals-loo.may be electrically connected

.co~terminals 108 by'conduits (not depicted). The terminals

108 -that are located on top surface 92 may be electrlcally

e_ connected through vias 84 or condults (not deplcted) to the

" terminals 108.f vias 84 can 1nterconnect the terminals 100,

'108 on the top surface .92 with the terminals (100) -on Lottom

surface 94. Again, it can be seen that chip 50 has en.exposed :
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"%ffback51de 51, such that the chlp 50 can be dlrectly cooled by

"';alr flow1ng between packages.
In F:.gure 5 one embod:.ment of a three d:unens:.onal __

51ntegrated 01rcu1t unlt 1s depzcted 1n a Slmpllfled cross-W

'”73,fsectional v1ew and 1s generally de51gnated 160 A szllcdn¥l'

'f;chlp 50 is. electronlcally connected to the carrler 70 bY meansﬁ'

"-ﬁiof solder bondlng 80 and mechanlcally attached by adhe51ve

-dlayer .1éq;::._ Integrated : CIrCULt package -f52f~iisf- then |
.i 1nterconnected w1th other Lntegrated c;rcult pacrages 32 n51ng-
solder balls 150. Solder nalls.lso replace the leads used to
connect conventlonal -inteérated.'Circuit,'packages:“to, .for
, erample, a mother'or sister board; The use of solder balls
150. reduces the-overall profile of the-integrated circuit
_'package 32.and the lntegrated circuit memory module 160
| The present :.nvent:.on also can solve other problems
__aséociated,W1th solder-reflow 5ystems..'These problems lnclude
" the 'creation or- failure due ‘to voids, .coplanarity,

tombstoning, open jOlntS, COmponent cracking,.thermal shock
-and thermal.stre551ng. The present 1nventlon can solve rhese;
problems because it dispenses with the need for electrlcally

connecting the silicon chip sb to the carrierl70'using wire
bonding. The present invention also eliminates the need to
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. "_".'-5_e_1'ectr'ica,11y connect :Lntegrated :-circuit:-' :'package's-" using
| "so_lder'ing. ?'ll.eads By u51ng solder bondlng 80 and solder balls'

.‘LSO :Lnstead of w1re bond:.ng or leads, respectlvely, he

. '._-problems assoc:.ated w:.th vo:.ds around term:.nal areas or unoar S

:""_'leads. caused by 1ncomplet:e. reflow .or poor weldlng of t:he
-'.-"-I_solde.rz.ng surface due t:o improper flux or badly oxxdlzed
surfaces as ellm:.uat:ed .The problems of | coplanar:.ty and-

| tombstonz.ng are also reduced or el:Lm:Lnated usmg the solder,
balls 150 because surface tensn.on on both s:.des of the, solder
'balls 150 lS equal. .. Al.so, t:_he pro_lolem of st-i;’ching a very.
'.fi'ne wire bond't_h'at.' can be easil,y -broken' by -.'s-lilg.h_t mechanical’
_st"re_ss' is further eliminated.

.0per1 -_joints '-a're usual;y caused' by. problems . with
cop'lanar.ity,: while. cracking ﬁay occur .wheu trapped moisture
within an 'integrace;d. circuit -package expands as _i:he ‘device is.
g heai:ed for reflow. 'Thle increase. in internal -'_p.re.s_sure,-. causes
che z‘._ntegrat.ed ci..rcui.t.package to' s‘plit: open,_-usually at one
of the corners. . The spl:.tt:.ng of the package causes solder
bond:.ng from the lead frame to the silicon Chlp to break and
in some cases the s1licon chips have cr_ack-e_d' due to the

warpage at the top of the package as the temperature
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 aifferentials becisen the top and the botcom of the devide
ITCénse diﬁferent“ratesdoﬁ;expansdon;f . |
U81ng the present 1nventlon, the two surface temperature',
-ddlfferentlals that ooéurs are between“the solder-bondlnc 80 :
tﬁand ‘the oarrler 70 or the solder ball 150 and the carrler 70.
.;By lsolatlng the.reflow stens and u51ng dlfferent eutectics,: |
or’ by concurrently reflow1ng botn solder bonds 80 and solder'_'
;fballs 150 when using elther vapor . phase solder reflon or .
-radlant“ heat' solder- reflow{.the _present--invention can be:
electrically-conneoted.: | - -

The small size of ‘the - soider bonds 80 and the.solder
balls 150, and of the 1ntegrated 01rcu1t package 30 as a
whole, allows for -any of the reflow systems to belused with
the becanse the: temperatnre- differential between - the
components is-alnost.negliéible. |

~Aithou§nfthe board-on-chip leyout_of_integrated circuit
| package 30 nas.been described-using centrelized.bonding'pads
120, it should be understood by one skllled in the art that
the pr1n01ples of the present invention are appllcable to a
8111con chmp-so with hondlng'pads 120 in alternate lavouts

such as positioned along the sides of the silicon chip 50.
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Also, 1t should be noted by ‘one skllled 1n the art that-_

'termlnals 100 and bus bars may be located on a sxngle layer olf

| .carr:.er 70 Generally, a layer of 1nsulated Cape or coatmg'

may be placed on the bus bars to prov1de for electrlcal'

"f_'¥$QlaQ1QBd{ ) Th§1~advantage_-0ﬁ_.a,5mult131ayer--carrrern,70;'

L however ische élimina'tlén""of"_ .t;hé' "il;ee__d-_'to._.:‘._ns-_liljate '-t"he.' bus -
bars The present :.nvent:t.on dlsposeswn.th the need for -
.' 1solat:.on H,Addltionaliy-,' the mult:.-layer carr:.er 70 ﬁfgvlaes |
‘a greater processtmarginffor'solder bendingtso.. Additionall§,
teduced.envifennentalfimpaétlis ebtained'uslng the method3and:
'apparatus of the present 1nventlon due to the overall detrease
in the size of the integrated circuit packagelBO

Whlle this 1nventlon has been descrlbed in reference to.
illustrative-embpdiments, thls description is-not-intended to
be-construedein:aIlimiting-sense. ‘Various modlfications and
combinations ef.the'illnstrative-embodiments,'ae well as other
embodiﬁentezdf the invention, nill'be-apparent;to persons.
skilled in the art nnon'reference to:the.descriptiqn. It is
therefore intended that.the:appended claims.encqmpaes any such .

modifications or embodiments.

o
Py
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S RS A hlgh den31ty unlt CQmprlSIng

i ‘What 'is'-.ciai'meﬂd"is':

-f a flret lntegrated c;rcult package hav1ng a carrler,~
:s;ilcon Chlp attached to.sald carrler by an adhe51ve 1ayer and._
i'caolder bond;ng_e}%qtrlcallyiccnnecclggfsa;d;s;l;qpaﬁchlp.toﬁ -

asald carrler, aﬁdc' - o R o

.: a eeccnd aategrated.czrcult gackage hav1ng a carr;er; a_'
:slllcon Chlp attached to eald carrler by an. adhe51§e layer and.
;=:solder bondlngleleccrlcaliy connectlng sala 3111con chip . to

‘said carrler stackably whereln 'sald flrst and - second -

:.1ntegrated c1rcu1t packages are electrlcally connected to Sald..

first 1ntegrated c;rcult package.

2. The high7density unit as_recited-in claim 1 further
comprising a third integfated circuit packageﬂscackably and
electrically connected to said seccnd ‘integrated circuit

- package.

3. - The high density unit as recited_ip claim 1 wherein
eight integrated «circuit. packages are 'stackably and

electrically conaected;
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JlA,“ The hlgh den51ty unlt as rec1ted in. clalm 1 whereln
"fﬁice" integrateds c1rcuit -pacgages. faie. stackablv -and

électriéeiiy_chnectec},uf -

erlééc The hlgh densxty unlc as-rec1ted in clelm 1 whereln'
isaid flrst and second 1ntegrated c1rcu1t packages are further_'
deflned-as comprlsing | | o
a’ plurallty of routlng strzps belng enteéfal With seldi:
'cergle;; | | |
_e piuralityeof terﬁinalsc¢is§osad'on said girst and 
‘second eurﬁaces, at least one éf eaid_cerminals-dieposed on
said first surface belng electrlcally connected with at least
one of said routing strips and at 1east one of sald terminals
disposed,on said-eecond-surface being electrlcally connected
rwith-at-leaet cne.of eaid roﬁtiﬁg scrips; end |
at least one via electrically connecting at least one of
.said;terminals-dispcsed'on said fi:st_euf£ece'with ac leest

one-df_said terminals disposed on said second surface.

6. The high dens;ty unit as recited in claim 1 wherein
said flrst and second 1ntegrated circuit packages further
include at least one bus bar being integral with said carrier,
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I A

bonding pads. and at least onesaid terminals.disposed on said

© first.-and said second surfaces -of said carrier.

7. Thé'high?deﬁéityéﬁnit*ES-récitéd-inﬁclaim's'Wherein ; 

| -fat 1east one ‘of sa1d termlnals dlsposed on Sald second surface' J_'

~qof sald flrst 1ntegrated c1rcu1t packages 1s electrlcally,
;connected w1th at 1east one of said termlnals dlsposed on - sald-

f::st surface of said sgcond ;ntegrated q1rcu1t packages.

': 8. The high denéity'unitfas recited. in claim.l_further
cbmprising-soldef balls disposed'between-said first and said

second integrated circuit packages.

9. The high density unit as recited in claim 1 further-
gomp:ising.COlumns disposed between said first and said second

integrated circuit packages.
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: ;iou A hlgh den51ty unxt compri51ng.,
-a flrst 1ntégrated c1rcu1t paékagé cémérlslng;
a.Slﬁéié layef cérfier havzng flrst and second surfac=é':'
% _?énd oné br more of routlng strlps belng.lntegral w1th sald'
carcter; S |
| an gdﬁé?#ﬁgﬁ%@ﬁé:_éﬁt@qhgd £pis§idf$¢ébndjsurfécéj§f_éaid-
pé?&ie#;;;:.-' | | - .
| % chip;ac£a¢h§d t6;ééidﬂédhesivéeléYeﬁ;'
"sblde#.bonding;eléct;icalié CQnﬁeépiﬁg saidlsilic&n éhip_
"ﬁé_séid_roﬁting:Stfips:ca;fiéf gsiﬁgfaiédldei ball; and
one orgmbreUterminélS?disp0sed-6n said_first'aﬁd.secondE
éurfacés said terminals.disposéd.on Said first and second
surfaces being electrlcally connected by a v1a, ‘and
a second -rntegrated_ c;rcult'-pégkage stackably and
electricallyi attached to said first  integrated--circuit
péckage,.each first éhd sécon§.integrated circuit pazkage

‘being electrically cdnnécted.tqgether.

11. The high density unit as':edited in claim 10 further
comprising solder balls disposed between said. first and sscond

integrated circuit packages. - _ : .
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: '1__-2'. ’I‘he h:.gh dens:.ty un:.t as rec:.ted in claJ.m 10 furt:her_ |
. compris:.ng columns d:.sposed becween Sald mtegrated c:..rcult. _'

o modules and a pr:.nted c:.rcu:.t board
T3l ‘I‘he h:.gh dens:.ty un:u: as. rec:Lted in cla:un 10 whereln"'
"eight’ Lntegrated c:.rcu;._t‘ packages;- agre'_ stackably 'ai_nd:
."_electrlcally connected
141' The hlgh denszty unlt as rec;ted in clazm 10 where1n 

nine -:.ntegrat:ed c:.rcu.lt _packages are 'stackably and

elect_r‘ical-ly connected.
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;:#Q;E A':érodeSé.'ﬁbr‘fﬁrédudiﬁgu a..higpk'densipy' un?t
J'Vdomprlslng thé steps of; R | 3

':.obtalnlng a flrst 1ntegrated c1rcu1t édckaga comprlslng
ddé]}grrder‘pav;ngdflrst'dndisegond s;deﬁi ;ls;llconlthp

':attéchédgtdlsaid~cérxier;byfan'adhgsivé3l§Yérﬁand'soldef:

':f{ hond{ngTe;e¢tri§é1k{=connEQtigg~éaid-éiliéoﬂVChiP to  said

carrl exs. and
ébndédtiﬁg}. stackably ‘and electr1cally' at inaSs one
Zintegrated-dircult.package:comprising-a.cafrier.havingifirst_
and Second'sides, a Silicon chip-attached Eo said'carrier-byd
l7én adhesive layer and solder bonding electrzcally connectlng
said 51llcon chip - to sald carriér to said first side of said

first integrated circuit package.

16. The process as recited in claim 15 wherein the step
‘of. connecting, -stackably and electrically a third integrated
circuit paqkages to said first aﬁd'secqnd.integrated.circuit

packéges;'

17. The process as recited in claim 15 wherein the step
of'connecting, stackébly and electrically further includes

connectlng at least six integrated c1r‘“1t\9ackages to said

Thls
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g f:.rst and second :Lntegrat:ed cz.rcu:.t packages to form .an eight-

' : J.ntegrated c:.rcuit package unlt

: -;8 The process as rec:Lted in: Clalm 15 whereln tha step oo

: of.'con_nectlng-',- _-st-ackably-.-'and ..electrlcally furthe,r 1ncludes | o

'connect:.ng at: least seven mtegrat:ed c:.rcu:.t: packages to. Sald- _

o ..f:.rst and second :.ntegrated c:.rcult packages to form a n:Lne

' _:'.:.nteg_ra'ted c;.::Culi; pa_ckage .'__1_1_1111:.

19. The process as rec:.ted 1n clalm 15 where:.n the step
_of._congect:.ng, st:ackably and electr:.cally said :Lntegrated'
” .cifcuit:fi;packag'_es_ls _fur;her-d,ef:.ned_ as us;.ng_._s_old_.er 'oolom.ns to

comnnect said integrated _c‘ircui‘t _packag;es'.

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

. . .connect said integrated circuit"pacl_cages_.
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