; e3exul " @vT18 February 2004 DOUBLE SI DED SI NGLE | NLI NE MEMORY MODULE
TECHNI CAL FI ELD OF THE | NVENTI ON The present invention rel at8eehraarye8ftal
to the field of single inline nenory nodules (SIMW), and nore
specifically, the present invention relates to a substantially flat, double
sided SIMM and a nethod for producing the sane. 1 18 February 2004
BACKGROUND OF THE I NVENTION Wthout |imting the scope of the invention,
its background is described in connection with single inline nmenory.

nodul es, as an exanple. Heretofore, in this field, integrated circuits have
been formed on sem conductor wafers) The wafers are separated into ,

i ndi vi dual chi ps and the individual chips are then handl ed and packaged.
The packagi ng. procesBOUBLENSIDED: ISENGILH INTINE MERORPSMODULRE | ntegrated
circuit fabrication process, both fromthe point of view of cost and of
reliability. Specifically, the packaging cost can easily exceed the cyst of
the integrated circuit ch¢ JRchatt RE R OF | of Gevd.ca..f ai l ures are
packagi ng rel ated. The iﬁﬁgd%g TSt D€ | ‘-Nd in a suitable
medi a t hat mﬁlllfrotect it jn subsequeni nanutacturing steps. and fromthe
envi ronnent -of 1% FTREH et AEPRFLAR| BRLabEF e IBoABPRGRAN 0 iigpSiledd Gf are
the ,two main sups. in. the packagi ng process. Wre bondi ng connects the

| eads frofinglehinpline themeryninodud esf (STMMmckayed fibeet spettdlicadlllygw
the integrated circuit package to be connected to other 2 18 February-

2004 conpaifigredealt GOMEhY &€ p@p@l&é\g,tsn&aeﬁggé%emaﬁyemhey,eﬁoté&l%ea'

the surfaces from noi sture and contam nation and to proteCt the wr
bondi ng a they. ent. QM COr T 0S| and chani cal shock
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i nvol ved attaching an individual chip to an individual |ead franme, where,
follow ng wire bondi ng and encapsul ati on, designated parts bﬁFﬁh@mné&w4
frame becone the term nals of the package. The packagi ng of integrated
circuits has also involved the placenent 'of chips on a flexible board
where, follow.ng adhesion of the chip to the surface of the flexible hoard
and wire bonding, an encapsulant is placed over the chip and t he adj acent
fl exi ble board to seal and s conponents. Conmonly,
integrated circuit packages=are3s - e
printed circuit board to forn15|ngle |nI|ne nenDry modul es which are
typically ref er Wéghpytas 1SmiNsings| NMe negcopéor ofxabhke, iberenseibri,0 its
i-ncrease the menory of typically .personal conputers. As nenory denands

i ncrease, lsackgsothe need dé&cfﬂ%&aiﬁi EBQH%QEB&UtWiéﬁO)Sl?h le18irff19{é’ary
2004 capacity and nenory capa0|ty of SIM. Efforts to enhan % t hese

capacitie % e Ilnlte by the amount of space available in
t he envi ré’r‘m@%}fﬂ? l% E% the % @te. Therefore, a need has arisen

for SIMM and a rocess for prodUC|n a_SI MM that dispenses with the need to
mount previ ousl exetefpred Fﬁté&#ét%éeédrc&PFes§@K&§e§hm¢Wﬂm§[haVﬁehhen
circuit board. A need has also arisen for materials and nethods that |ead
to increastaryed|ah lemicendhotser ywabé£di NIrhe evafieafd igree tepiirdded Mito
expansion of the materials used in the menmory nodule . Further, a need has~

,arisen fomdiwidustpubh fpsi sded éﬁ%ﬁd’?&l&ﬁﬁ’ '&ﬁé)rﬁee%tﬂeqp I{aq{dl&;}:f and.

S|I|con chip during subsequent acturing-an esting steps an romthe
envi ronme i nt.ended purpose. . 4 18 Febru 2004 SUMVARY OF

| NVENTI mrbﬁm&%‘#%‘zent&ﬁﬁﬁﬁf’ 1&%@%%?%&%.%09% ‘\{]é‘ésmas&oﬁ’@ié'—lsqaded
SI MM and a process for producing a double sided SIMMthat protects the

conponent $tEPT He Shaviinbagns brch wfigeint fglaricatdsin porosteayss, foanh thremn
envi ronnent. of its

the point of view of cost and of reliability. Specifiqélly,

the packaging cost can easily exceed the cost of the
ihtegrated circuit chip and. the majority of device fai}ures
are packagihg related.

The integrated circuit ﬁust be packeged in a suitable
media that will prbtect.it in subsequent mahufacturing steps
and from the environment of its intended applicatioﬁ. Wire
bonding end eneapsulation. are the ‘two main steps. in the
packaging'process.‘ Wire bonding connects the leads from the -
ehie to the'terminals of the package. The terminals allow the

integrated circuit package to be connected to other



i nt ended purpose. According to one aspect of the present invention, there
is provided a single inline nenory nodul e conprising a subsi8 &ebruagy200y
first and second surfaces, the substrate having a plurality of openings
extendi ng between the first and second surfaces, a plurality of chips -
el ectrically connected to the substrate, each of the chips adhered to the
substrate proxi mate one of the openings, and wherein a first portion of the
pIurallty of chips is adhered by tape to the first surface of the

' subst r at SOHMPGTE 1 | Fallpwisishedrsd booding s encag ssillattioat ¢ sobnpleyed
substrate through the openings in the substrate, and a second portion of

the pl uraltict ysex 1 chhps sus-fadher efk-dy hbestape bad Q%xﬁtﬁ?ﬁ%éﬁ?fxa&ﬁ ofe o he
substrate -and electrlcally connected to the first surface of e su strate

through t pe-aRRN ipiide a r [ ot her ect _of, the
present inRvention, there ?sbggggﬁg éﬁg ?ﬁ%;éj é%p?ﬂgééﬁm %ﬁFEOSlon
conprisin F@rSUb rate%gaV|n first and second surfaces, the substrate
havi ng a 8 %R? extending between the first and second

surfaces, a plurality of tabs disposed on-the first and second surfaces, a

pIurallty of p&eaviéirgpiowelllyn, She fadledying yo2 0Ddtédeatéd Stippsdi68ChRAE

surfaces, at |east one of the pads electrically connected to at | east one

of the tabsxodvildiraltdvhohgChnPS A davi Nen2p LBCRE iR AR, AfINFLE] 1
S e

- the substrate, each of theé chips having at { one bondi i ng pad ©

operatlve bond electrlcall nn ctlng at | east one of t he
bondi ng pagaqtgd W&aﬂ F%f(fég/ ﬁtﬁ ‘? |£n"@ri?§ibls%|¢h@nng

the wire hondi-ng and fllllng the peni ngs, and mhereln a first portion of
the plur aPPEFIBRLEH Parts 8 hehedlbydtﬁpemeobehemélthe sermiimal sf of hehe
substrate and electrically connected to the second surface of the substrate

through theckpgei.ngs Thet hackipingt &f anacagreE EQE‘Eh&"’.Esth&Qe also
plurality of chips is adhered by the tape to the second surface of

oouch CECSASRR e YCSOBET B SR g L USIARE, B L

gﬂ\éeg;' Onfﬁfo&fﬁéhgahlegglo%d%tb Ltjzi 1pb%ongcﬂents%§¥f§cewotfh tthr:ee fsluet;g}:r)fé ©
board and wire bonding, a,rt encapsulant is placed over the chip
-a@d the adjacent flexible board to seal and.pro;ect'the chip
and other components.

Commonly, integrated circuit paekages are attached to

ot:he'f components' such as a print.ed ci;‘cuit board to form
-singie inline memory modules whieh are typteally referred to
.aS'SIMMs. SIMMs may,_ﬁor-example, be used to.increaee the

‘memory of typically personal computers. As memory demands

increase, so has the need for increased Input/Output (I/O0)




18 February 2004 extending into the openings. The bus. bar electrically

connects at |east one of the bonding pads of the chips to a8 redary@R84dt he

t abs di sposed on the substrate by a conduit. The present invention is also

directed to a process for producing a double sided SI MM conprising the

steps of obtaining a substrate having a plurality of openings and first and

second surfaces. A plurality of pads are extended within the substrate to

t he openings. A plurality of tabs are al so disposed on the substrate. At

| east one $APRRELY aBEd] ey r¢apatytyomfecs BdMai. t h Bifdeast conendhnidee

pads. At |east one chip is adhered to the substrate, the chip having at

| east one tioewk nepprech t 1ed, | sowd@et | |1Q§J,éybggﬁngqhg@ehob%t tt?]‘%a%ltm?@% Qfs the
a potting

pads with wire bonding. Finally, the opening is covered

material t | sG ceal_.the di.re bonding. The.process for. producing
a doubl e s%b e gq:} lﬁ\lfl?ra{a%lyef 3% e Fﬁlgllﬁﬁ’ém}eﬁ% #bﬁf’}‘lﬁlp tg\es%%%goé’ﬁrﬁé&st
one bus bar on the .substrate arid electrically. connecting it to at |east
one bondi ng padlRFEHEWRe BoRErdghagnardisen riam $IMYoandcai pgotkesbdsrbar -
with at | east one tab di sposed on the substrate. f ... 18 February 2004

BRI EF DESERICRINCOMEF aTHEIRRAVEMES Fdispenses CoiBhetehendisd andi ngohiet he
features ‘and ' advantages of the double sided single inline nmenory nodul e

Oof L1he pr gneiti duyep! |aikedisf € °aR dgraou Tolex s ENepdelaliead descript!on

of the invention allong with the acco gures i cor di ng
nuneral s | .;He ifferent figures refer .to corresponding parts and in
whi ch: Fi s’urle c?scjaﬁcs'f ’I}??%é 'si%enﬁﬁgsg‘-asse&]i ATIIYY FPr m@besielsi ded
SI MM of the present invention; Figure 2 is a sinplified top view of, a
doubl e si e@af grekhedst Hehat edend itvednicoreageduydedd sby siond i Eledeside
cross-sectional view of one
matching the coefficient of thermal expansion of the materials
used in the memory module. Further, a need has arisen for
flat, double sided SIMM that provides protection for the
silicon chip during subsequent manufacturing and testing steps

and from the environment of its intended purpose.



enbodi ment of an .integrated circuit unit of the present invention; Figure
4 is a sinplified side cross-sectional view of a second enmbodigestiruafy 2004
integrated circuit unit of the present invention; and Figure 5is a
sinmplified side cross-sectional view of a .double sided SIMJ of the present
invention: 7 18 February 2004UNMARYL €D DERSERITHONN OF THE | NVENTI ON
Wil e the making and using of various embodi ments of the. present invention

are discussed in gptai presbaw, iLhveheubd beisappsedi aﬁ@ﬂethatcémﬁrpéésena
invention provides many' applicable inventive concepts whi ch can

embodi ed in @ophie YateR! Wil SRECH ik RUNLXS JThenARAR fd ca 'gfataa

di scussed herein are nerely | | ustrative of speC|f|c mays to make and use

t-he inventio ot Lt th scope of t i tio pr.esent

i nvention |s§1ﬁp gga@ |gh requeﬁky |ﬁ?§6¥§¥lf mnwnJ%h%es§éﬂﬁfo?uﬁéﬂgng
a doubl e sided SIMM The doub] e ai ded SI MM uses a doubl e sided substrate to
achi eve hi ghMepEEACHEFriBanance tRItND Felps t hEoBphRe Egvdmomant of its
requi renents of nodern sem conductors. The principles of the 'present

i nvention majnbenpadoppspased .into, for exanple, a SIMMwith synchronous
DRAM (SDRAM silicon chip. The present invention, however, is also
applicable to Sl M¥Bcousling tOGoGe SRAMctERROMIDE .poddhent nenveyt dou cehere
Figure 1 is a sinplified side cross-sectional view of an doubl e , sided

SIMM that iis. geseiaely sessigted i3 inelhehe@Y emod®le comprising a

substrate having first and second surfaces, the substrate
having a plurality of openings extending between the first
and second surfaces, a plurality of chips electrically
connected to the substrate, each of the chips adhered to the
substrate proximate one of the openings, and wherein. a first
pbrtion_of the plurality of chips is adhered by tape to the
first surface of the substrate and electrically connected to
the second substrate of the substrate through the openings
in the substrate, and a second portion of the plurality of
chips is adhered by the tape to the second surface of the
substrate and electrically connected to the first surface of
the substrate through the openings in the substrate.
According to another aspect of fhe present invention,
there is‘provided a single inline memory module comprising a
substrate having first and second surfaces, the substrate
having a plurality of openings extending between the first
and second surfaces, a plurality of tabs disposed on the

first and second surfaces, a plurality of pads disposed on

5




18 February 2004. sided SIMM 20 is nade up of integrated circuit units 30,
which .conprise a silicon chip 50 ( which can be, for exanpl e{g FégitMary 2004
integrated ci'rcui't conponent such as a DRAM The silicon chip 50 is
attached to a. printed circuit board 70 by an adhesive |ayer 60. The

adhesi ve Layehe60f byt bantadecobndf Grurbergd €. ata it eosiedesit adinesi yads
pol yam de tape, adhesive glue or- . epoxy. The printed circuit board 70 may
be construct gq o[ keMA1TR ebbRhettehR a8oFRad WL | Hrivaidrablef regpsf or 5
exanple, Mdtorola Inc., "US. A FR-4 is an epoxy resin reinforced mntﬁ a
woven gl ass ¢l +:kn sel egti jal _for printed circuit boar 0,
one skilled %%%Ef elléfryt O\;?\;i |‘ﬁllr[£%o%%§}2g%ﬁ%’8f Shr Op%graé:r%grteerssl .esh%?}?%r%cg zo
consi dered, nanely., .thickness, dielectric 'cqnstant, glass transition,

t enper at ur e éﬁ& stFéfs cigd At (e R %ﬁQﬁLagT%ﬁ%%Ee%%eiQondlng
depeendant on the nunber of |ayers required arid the amount . of

rei nf or cemenPadsedn ntke gicrardtbyes . sidfhe wéraf obengy yPasslelcthicanl ly
range in thickness from2 m| per . sheet ('type ':106.y to about 8 ml.
per: sheet (typen&623)ndi etectirdastonshantofs eterhonedhy .padsonbonaiton
of the 9 18 February 2004 resin used and the thickness and type of
reinforcementieisetl. .ShandargdfFR-4thas a giaelectri cpeemstippt ofmabeuti £15.
This :.constant can be reduced to about 3 by replacing.the epoxy . resin

with a cyanabhespeh sl Thendr ealer ol NI RASKILSSand1OWEY 91,1 488 the
greater the problens associated with thickness control, rough surtaces,

excessive dril] l.ectio d .resipn refy T ; at at
which a resiRC %ﬁé %’fro%n?gl g@%’f?ké st%t eeglinjf‘(g)ta hrr?a%%eqf@ﬁ s't%;l e itshe
general |y desi natfd as fi

pol yrer i zi ngPepbxy L iiat R;g"é %%nsgﬁagbggg%%%aqﬁf gﬁgpgg%eﬁ%%f%al l T
surface of the substrate and electrically connected
to the second surface of fhé substrate through the
openings in the substrate, and a second portion of
the plurality of chips is adhered by the tape to the
second surface of the substrate and electrically
connected to the first surface of the substrate
through the openings in the substrate.

The double sided SIMM of the present invention

may further include bus bars being integral with the

substrate and

5a



such as .125-150 C may be wi thstood by using a tetrafunctional epoxy. For
hi gher .Tg values, in the range of 150 to 200. C a cyanate ‘E%F%bfualé’pﬂ@@ '
bl end can be used. Additionally, polyimdes provide for printed circuit
boards having.a Tg above 250 C. The coefficient of thermal expansion for
FR-4 is about 1:6 r ppmiC. A difference in the coefficient of thermal
expansi on between the .printed circuit board" 70 nmade from.FR-4 and the _
silicon chip 50 can lead to failure of 'the double sided single 10 fi 18 .

February 2&@4ndiny i i@itemehe NBgenandd duri ffe NBLisONbY -t hélééé?ﬂ%l.ﬁl
the doubl e sided single inline nenory rmdul e 20, but also during .

use of the i nki nDduI 20. The heS|ve Iayer
60 may be Siltg)ltégz‘lntes M%éé@%ﬁ?tgtngﬁl vef3§;1 § Sh-Ch%i alg‘%@ SchR BE
adhered tgQ the printed circuit board 70 with a d| e bondi ng f| | m such as
H ATTACH 385 S(DRissdihedhaciisrassy ppt &b sgmﬁn?é:le Gifpangonduiskyo,
Japan. H ATTACH 335 , (DF-335) is. silver filled 'thernosetting type resin .

filmfor die= am‘h?acrprugserﬂ'ma.mwtﬂgnpieca&%ogai&reaideﬂ I VigBodébac bRy
the filmon the printed circuit board 70 at 160 C for 5 .seconds with an

applied f 0Q; 3 r C i C 0 t he
film at %&g’g@é’}%r% ggglck)%'d%n%nc%r a%ﬂrﬂge% %D%lﬁgf Egg rgkrrgpg %% :
18 Februarilé’ 04DF- SSSHB g Q %
propert | eSTESLRAPS: Rs SHPEERRS3 aKbB@aFaH&BW%&SVSPFv%PeT‘iLPﬁBoPPG first
Cont ent 200C-2h . wt % 96Ash Content 6. 00C-i . Sh~

Wt % 40As haeénﬁespnﬂe@mrf@cﬁs%mm:mwmm|nmds arfhi extpesd@lavithin
gauge~cm 25Tensi | eR T. kgf / mm-7. 1Strengt h~. Tensile. iR . T. kgf/mm ~. 27l

' Modul us: Bhe shbatdetentigHAIGEAL §$trﬁn?tmrall|1% bf Aldwy $2R 1540 °
.250C¢t 0.9 ,feel strength .8x8nm chip /barekgf/chi p240C " (after/all oy

42~~~85C ( 80C-
~ 230ured§§£§o %E’)sv?rslcge ? at%S HE le%[s)gctorn(?ne?f the tabs is

. Mbi sture,85C §' 59 H 48hwt% '
~ 18 FeBIGSFyY %‘&%%Fe@xé’ﬁﬁhesa?’f lgawssiona Phcithe Pﬂéﬁﬁmseﬁ:l ng

adhesi ves, such as epoxies; polyimdes ,and , silicone.. Thernoplastic
adhesi veslenaat -ane hbipn:eﬂst@dheradtm tine nsuths t sheef stive clsip Ipebssyrat
sensitive adhesive tape may al so be used to adhere silicon chip 50 to the

printed cleastt dmarsord@isyMpRAl hatseds aed 2HIaTMA v t dBRReBRSAM t) at
el astoners, silicones or acrylics . because of their ‘ease of use and' easy
least one of the pads with wire bonding. Finally, the opening
is covered with a potting material to hermetically seal the
wire bonding
‘ " The process for produc1ng a double sided SIMM may further
iﬁclude the stepsvof, disposing at least one bus bar on the
_substrate and electrically connecting it to at least one

'boriding pad with wire bonding, and electrically connecting the

bus bar with at least one tab disposed on the substraté.



i ncorporation into.production. Referring collectively to Figures | and 2,.
the silicon chip SO has bonding pads -i20 | ooted generally T&FelbreanediOda
area of silicon chip 50. The bondi ng pads 128 are connected to pads 82 by

wi re bonding 80. As appreciated fromthis top view of the double sided SI W

20 of the present invention, the _ . . silicon chips 'S0 are positioned
with the operative faces alternating between a "face-up" and a ".face-down"
position. Alternatively, the silicon chips 50 may al-'l ' be positioned
facing the sanme directi BRERE DESGRIBTIONe Ot THE DIRAWENGS Ui t board 70-

(not depicted) . I't-.shoul d be unerstood b.. one skilled in the art that

the tern3‘ftOp"F@ﬁda"ﬁﬁté06&m§§e@%”uﬁﬂéﬁ@@ah§iﬁ§'6¥Cﬁﬁea@€aEﬁ$@éfﬁﬁﬁ
used for, illustration: 18 February 2004 purposes only, as the double

si ded Sl M\ - esent i nt | an . S |l ed and used in a

vari ety of Bt G CERE JbUNER bR BunE I SRR o oA N o,
for the correctpositioning of the double sided SIMM 2-0 of the present

i nventi on GHf PTreSPNExIRYEBLigR o isfenianre| b now( Rgdedép &hedydetailmin
an expansjion slot may be |ocated on a notherboard, or alternatively, tray
be on a sidesmripaidnorobdt itdie boarvdnuded t along ewtehr ithe | wcempaaty ite
double sided SIMM 20 to a conputer. To electrically connect .to the
expansi on ¢si a 1 cr | ; t i diei.rGut

The tabs T e o oL PORRY  HomBre} i P AT
conduits 8. . .These conduits 118 y electrically,connect the integrated .
circuit u%&gyﬁﬁﬁ'¥%fﬁﬁc OOFHEF?SQP43§%91‘ &5 7Bt %POW%EH jugh tabs 104.
Power or ground may be input froma tab |1.04 to a pad .82, by .a conduit
118 .to Pin. #IFiomire pi kst gpisdapllyfrieskraiade foropsneecsiogaduvdew of a
connection. Current .then flows fromthe pad 82 to the bonding pad 120 on
silicon -ciybld $idedobImMr efbend pacHant hiedytighoviding 'silicon 14

18 February 2004 chip 50 with a power connection fromthe expansion slot to
the silicon ch ) i gur ; : assianl fi i de S= i i ew
of an integrate -%ifl?%'u?tg%n%téﬁrgﬁi)%%%ﬁ Eo #’ﬁég'dg%si' |d(%{)l’%%'c%h|%§£g°8%w
attached Eﬁ%th Hgéinted circuit board 70 by an adhesive | ayer 60: The
printed ciFchit® RETEeHD LBNERSEONGt three |ayers, a top layer 72", are
internedi ate | ayer 74, a bottom |l ayer 76 Even though Figure 3 depicts '
printed circui tFiswe ¥oias siwpliifiachraide aress-mectipnadnyiry aft ofisoul d
be understood by one skilled in the art that printed circuit board 70. may
consi st oferbclitgdet | JYEr a@r HAYefeaBedf Eirkayer ednbeardf haHe'gpaesent =
al ternate nunber of |ayers The above described conponents and'their
construct@gyﬁj dpterrelation provi de an assenbly that is encapsul at ed

as descri be elow.” The term "assenbhy" refers to the assenbl ed conponents
prior to encapsul ation, ,The asseqphly consjists of printed citcui,t board 7p,
adher ed nsLIic?ﬁQHF%s4SESaﬁds&Fnggéﬁﬁrﬁ}é%(F?o eSpFFAPBRLCc Vel PF Roard
70 . has a, top.opening 86 wth pads 82 extending into the top, opening 86.
15 18 Feigcgmd) eptetiftentwiafe aroiditeg 8t ast edessuitayrbidyiaf &fhee preiseinton®
chip :

‘invention; and
Figure 5 is a simplified side cross-sectional view of a

.double sided SIMM of the present invention.



50 has. been adhered to printed circuit board 70. .Silicon chip' 50 and
printed circuit board 70 are then positioned on a heat ed pedegtm@brddry babge
the tenperture of the conmbination to a point between 100-300C. A gold wre
having a dianmeter typically ranging from0.7 ml. to 1.3 nil. is strung
through , -a heated capillary where the tenperature may: range, between

200- SOOC. A soldering ball is created at the end .of the. wire using either
a f lame or a spark technique . 'The solderlng haII is then brought to
bondlng pad 120 on. th@EIAIIE R g e ' X N CoONpr essi on
.force. and - ultrasonic energy are used to create the desi r ed netallunglcal

bond. Usi ng -t hi sypsitd tgle u € Cross- on
of the wire at t al'fié p%t%]tgﬁﬁﬁm%qéﬁ gli]lh% %?2%1%#1083 %ﬁéo\ﬁqr“}eerb i C%%
above the bond that, has just: been achleved and the wire bonding. 80- is
routed to tEHEHRYE rdY ¥Rt t3%n. dbgcusnse p%Fn@%Eaélrééﬂ-Pwr bd?alﬂi‘lomlckdeﬁ:
as .pad 82 or bus bar (not depicted). The wi.re bonding 80 is-clanped and

t he -capi | | pprexiisdrsd suchathatthde wiresdmndi hgvéAtibhl . dreekdésee ;@;ny—he
outer. edge. of the bond. This process is repeated until all 16 f ~,

February 2Q@#itihahendifiefadse &bt s " GRS ecgﬁeﬁér éggbdﬁ%@%ﬂ | DA

the silicon chip 50 are electrlc 'y connecte print circuit boar
. Foll owi n asse | y_of .the abov scrlbe onen the to enlng
86 is fill 3’&’% '%B 9 af3°§’8: : rep Bﬁcb theeH‘S’ -

above top. opening 86 and . between SI|ICOﬂ chlp 50 and botton1surface 94
of the pri figFusseciihersin are nerghy ddduistyatdres iof SPeaificherays to
cyanate ester=type resin available from Shin-Etsu chemical Co. , Ltd. |,

such as .| @ké-ah84\AeanteFDhCehB8%ir 4nd QohabredalBhes eheP@iddpi of the
naterlals that may be .used with the present invention include epoxies, -
pol yest er s,j nvie@lefiod des, cyanoacryl ates, ceramc,. silicone and" .urethane.
The potting material’s may also contain fillers that affect the coefficient.
of thernal expaaiionﬁ as. well, as the . tre%gth and flexibility of, the

potting . materi resente  fryeniion: dishgrrkasedal soaniigh | gF?%eIQCY
depend on the. .conponents used to make the doubl e sided single inline
menory v AbYedrared giraulit Hesikgmowon cakivgeaofioshilll sidech&IMM. | The
l'ight of the'present disclosure.
double sided SIMM uses a double sided substrate to achieve
high speed performance and to meet the space constraint
requirements of modern semiconductors. The principles of the
present invention may be incorporated .into, for example, a
-SIMM WiﬁhAsynchronous DRAM (SDQAM) silicon chip. The préeent .
‘invention, however, is also applicable to SIMMS using LOGIC,
" SRAM, EPROM or.other memory devices.

- Figure 1 is a simplified side cross-sectional view of an

~ ‘double sided SIMM that is generally designated 20. The double



18 February 2004 Properties of Typical Potting
Rei ns- EpoxyPol yest er Si | i coneUr et hane. Diel ectric constant, Dﬂgﬁgmﬁé&@gowt

.3.94.72.75.7 -106.Hz3 .2---2 ~73 . ‘4. D SS|pat|on factor, D-15o0.-
~0. 040. 0170. 0010. 123 - .~10~ Hz 0 .'03~. --0 . 0010 . 03i . Di electrlc -

strength,

D-149; ., V/m 450325 ~55040f 7. Vol une~resistivityr D-259;n ~

cn110i5101101$I0|n Arc resistance, D-495; .seconds150135120180Specific

gravity,

"D-792 '1.151.2 ~i.O051. OVt er absorptlon D;570; . %24 h. 0.15

.0.30.12 ~0.dided 'stieftzafd galiodp! 6488 2641 LR/ Bh! - of s
3B09F O~ < Tomd SAIEY 20E stren8P SfpféggﬁEﬁtQa &8rcBl 28 kY 5b! - Thich
| b/ i n"900010Q 010002000 npact ren & zod), D-256;' ~ ft |b/3a ~0.5

.0.3No br eaki® le%&cﬁeﬁl &c é’ﬁlt

.7.5.4.015Ther mal conductivity, C—177 - ~stu v-ial.(h-ft'-F)1.7i:71
.5.i .5l i nearintegratad qirosis cogperiedt, such)as 4~DRAM.. @hkosgaiten, chip

WD-638

%--. "' .. '3 ~. .3 ,175 ~ .Q0 . ,Figure 4 is-'a S|an|f|ed

cross- sect | Gl 6 ext ohcheanebhar %@é&“ﬁﬁr&ﬁlé bohPHegat ¢
that is generallyde5|gnated 32 fg?q use with . thg doubletﬁﬁgggég%kggé

t he

| ayer 50.

| ayers,

S , br 04 sen venti on. The
i nt egr at ed ¢i IYCUI t% ini & -aggrer!}:?rlivseesl%‘f% #?6#563? Ohr $¥rERLe.
circuit board. ichis .attached to the S|I|con Chlp SO by an adhesi ve
| tﬂPE‘b frSddsentadhesive makvanidei ttamew d ahesdns sgiuef bour -
a.top .layer 72, an internediate layer 74 a .second internediate
| ayer 76 anépoxybotton1layer '78.. The printed . circuit board 70 has a top
opening 86 and a cavity 88. As best seen in conjunction with figure 2, pads

82 extend into .The printed circuit board 70 may be constructed from a

‘material such as FR-4 which is available from, for example,
Motorola Inc., U.S.A. FR-4 is an epoxy resin reinforced with
a woven glass cloth In selecting the material for printed

circuit board 70, one skilled in the art will recognize that

Eour parameters should be considered, namely, thickness,

dielectric constant, glass transition temperature and the

-coéfﬁicient'of thermal expansion.

.o ihickneéé-is-dépondgno on tho,number of layers required
:ah@'éﬁé amounciofvreinfofcement used in a given layer. ' The
.~reioforcing.glaso'cloth-can range in thicknoss ﬁrom-zAmil pexr
_sheet ‘(type '106)2 to abogt 8 mil per. sheet (type 7628).

..Dielectric constarit is determined by . a combination of the

Fharfii®nbe . forerxample/ Famy. 5

-



the .top opening 86 . After assenbly, top opening 86. and cavfty 88 arel
filled wwth potting naterial 90 as represented by the dashed ﬂjm@xaggwgoqop
.opening 86 and bel ow cavity 88. In this enbodi ment, a substantially’fiat

doubl e sided SIMM 20 is created with no protrusions that may interfere with

insertion into an expansion slot. w Figure 5 is a sinplified side
cross-sectional view of .an alternative enbodi nent of an. double sided SIMM-
that is . . . generally designated 22. The double sided SIMM 22. has a .

printed cireuid: boards - 20 thak eﬁi@&},ggﬁegnho t?ﬂg.jf a8 rcé]itﬁgg,lg‘?g'?‘én S{}g?gﬁr',‘ ..

Fayers 60 The . printed circuit boar const st ree
72, an interpediate |ayer .74, and 9t 18 February 2004 a bottom | ayer 76,
and a pl ur aStAPIGTd o‘fﬁ‘o‘be}ﬂ?‘ﬁgé déedsetyrist wearPEPNbf ofaBhqws 865 - Tofhis
opening 86-and.cavity 88 are filled with pitting mterial 90 to :

her net i cal | yonstlaatte ¢éme besitedwred htps dfbweihar e t pepl batiad C&H@Uéboxy'

board 70. The potting material 90 also serves to hernetically seal the wire ’

bondi ng 80 ithhe,19H i5C j ) edi I 4 S g
Chat are ol Sotiroaity ContosPan o tem toaE oy yfhreL ‘cfa hitRgHEs
best seen ig _fiqgure bondi n ads 120 l.acated _generally in the central .
area of silPFEYF CHip a?éeégﬁﬁegisaﬂﬁ9 {fes g2 B9C&§Fﬁ§z¥1%9ifgﬁeﬁn?ss_
techni que to el ectrically connect the silicon chip 5a to the printed
circuit boaF@nkgBy Wauglbohifrree. exeeshdvghdriid ldaefikect ton SidNpod
and 22' - and the' s integrated circuit units 30 and 32 as depi cted, have ‘
been descri peginsivaFidant ral i zed bondi ng pads 120, it should be ' T
under stood by one skilled in the art' that the .principles of |the~present

' ernat e | ayout ey R Safe EUREERD o b LAl oRARGLR A 5 Ghabl-

chip 50, mﬁih,an.appropriate accocanodat'ion of the top :opening 86. 20
-1ike state into a “rubbery” state is generally designated as.

Tq. Standard FR-4 is made with a bifunctionally pqume:iziﬁg

époxy that ﬁas a T, of about ‘110 °C. H;gher Tg témperatures,v

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

=e§pxy._ For higher T, values, iﬁ the range of 150 to 200 °C a
‘ éyanate ester:epoxy blend can be usea. Additionally,

pélyimides provide for printed circuit boards havipg:a Ty
:above 250 QC. |

| The cO?fficient of thermal éxpansion for FR-4 is about 16
.1§pm(5c.- A difference in the céefficientfof thermal expansion -
:;bétWeen the.grinted cirguit 50ar&'70 made from FR-4 and th¢

. 8ilicon chip S0 can lead to failure of the double sided single

10



.18 February 2004 Alse; it should be noted by one skilled in the art that
bus bars may be | ocated on'a single |ayer of printed circuit '
Generally, a layer of insulated tape or coating may .be pl ace g%llgjr%j%&?bol?sll
bars to provide for electrical isolation: ''.The advantadge of a nulti-layer
printed ctrcuit board 70, however, is .the elimnation of the need.to

insul ate any such bus bars Additionally; the mufti-layer printed circuit
board .70 .provides a greater process nmargin for wire bonding 80. The
present invenlige alem@ratesdqile POSabreAGNInet dll functd suetinipcerotHd1e

silicon chip 50 to achieve an overall reduction in height. It also allows .

for decreas, ail ur £ e, reduced nunber of .soldered. . erigls, -
havi ng vary‘?ﬁb‘ggge% %i%(?%%ls&%#gth%ﬁﬁéf Expane] %“"?‘ﬁe- r',e(;l%lhtt nﬁ%‘éna}lﬁﬂrng
further reduces the qverall nunber of steps in the assenbly of SIMW 20 and
2.2 by. streshi HSkg ofh& hes dawhle pF bdedssapglentiplimer ammany rmuedeleor0 .
steps; but also by elimnation tie curing ,steps associated with -
encapsul-ating i nThgr at adhebioel t slayeer 60J tayasspabl i BYchBRA | NER182u. -
menory nodul e.- The present .invention further~ reduces the - amount. of .
materi al USEPrbBadt i 18 Febr ugs 04,4 0dugi ng..Sl 2 '
t her eby savﬁaé?fl%}v% ey gﬁ% t%%ﬁ%r%ﬁgt .%Flr}%[rﬁeg%grge&f&%%e%{one{:ﬁgd
of the presen%nhnéen_tj on takgs., Evanta e of the opening 86 at_the center.
of the. pri e *hee FHETME pERFL07PoViddt t AnlighePRPRANGorkh 1 Stiqhats
connects the.silicon chip 50 and the printed circuit board 70 in a .single
step. By fiHIAHBACHe33HePHg386)wnahufattimed byt Bitathi Chemheali Cempany
bondi ng 80 between silicon .chip 50 and the printed circuit board 70 are -
general |y ot auigb fr o@paidle enyiAPraeni398d @i a8y i QW agh YvRrOt ££1 edy.
from noi sture due to the hernetic nature of the encapsulation. This neans

of pottinggﬁ@,ﬂggg : 'dggl-%dgg._o ) fisthe pre i nygnt i,on est
seen in figure a%ég%lﬁ n? ?a € 1(%1 rfé'tq'lq\ %u%rﬁotdlfofaat%raeaiq{)g'r eﬁ%sb?ﬁ%g)ng
overall profile bz, al | ow n% the non-operative, or backside of the silicon
chip 50  Proces denerally involves attaching the film on the printed
ch.z.'cuit 'boa:;d 70 at 160° C for 5 .sec_bnds with an applied 'forc'e.

of 1000-3000 grams; then attaching the silicon chip 50 on the

film at 220° C for S seconds under a force of 150-200 grams.

-
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'be exposed. By hermetically protecting the connections between the
SI Ilcon chip 50 and the printed circuit board 70 J at the togng%é]gzggtl
there is no need to conpletely, eneapsulate the entire asserbly
.entire . double . sided. :SIMM 20 or. 22 may be . -enca~isul ated, however.,

vvlth a thin transparent ... S 18 February 2004 1 ayer ‘to- fu'rther
hernetical |y seal the double SI ded SI MM 20 or 22: . Additionall y reduced
environnmental. i mpact is obtained . _ using the rret hod and apparatus of the

present invention die t®riies oyLs athe ILS1 £8% E}&ﬁ) gf the double
Sided SIMvE 20 .and 22. ;\Wile this m%ent?’gn Eg?n ee %iéscrl bed-in p

ref erence t-e- |||ustFat|ue enbodipents this description is not intended to -
be construedesh a |initing Bewsks Var| ous mﬁdtél catl ons. andrexyi nati ons of

the |IIustrar|ve tnbodients as—wetHt—as—other—enbodrents——of—the—

i nvention, WPPFAHE<Sppar ent Visyal persons sRilled in the arfiliponfitter ence
to the descrgoRid @nchie S thgfeglofe mtendg,g 4t hat the appegggd claims .. -
enconpass arty such w nodifications or enbodi nents. .. 18 February .
2004 24 CLAheBhlcmteAty ngl eshoIcl-nEShmsrmry woslul e corrprl Si ngo a. substrate .
-. having ﬁd‘% and econd surface said substrate, havi ng a plurality of
openi ngs ext8RdTHTe B'é ween $41°§-}iShst and ¥E 1§1urfaces 2 plurality of

chi ps el ectrbgﬂc{y connect ed to said-

* Thickness ' bia; gauge» um 25
Tensile R.T. kéf/nmﬁ' | 7.1
: étrengﬁh . ‘
Tensile ' R.T. ' kgf/uﬁﬁ ' - 271
Modulus
Die shear 4x4mm chip/aAg - kgf/chip
?trength . plat§d4alloy 42
R.T. ' | ' : 210
250°C _ ‘ o 0.9
; beel strength 8x8mm chip /bare kgf/chip 23.0
| ::_246°C‘(after/ alloy-42" 1

' -85°C 85%,48h) .

Ty © TMA, 180°C-1n°  °C - ' iz;
cured
" Modulus ,Viacselasc{q Mé; _ 1300
. sbectrddebérh
' ‘,Mg‘ijs_éﬁré_'. S ps'c/elsgn.ﬁ__, 48h  wt% N % &
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' substrate; each of said chips adhered to said substrate ' proximte one
of said openings; and wherein a first portion of said pluraligtpepphargPbba

i s adhered by tape to said first surface of said substrate -and el’ecttically
connected to said second surface of said substrate through said openlngs in
said substrate, and a second portion of said.plurality of chipsis adher ed
by said tape to said second surface of said" substrate and electrlcally
connected to said first surface of said substrate through said openings in
| ai d substrate. Qtlier, &kampilegl e dfml i adherivey niddledes reherpdsiertdng m:
1 further conprising a plurality of tabs disposed on said first- and second-

surfaces.. Zidnwi-wdagl esibhi. neagrerr@bﬁx%@ul e ﬁél;?ﬁﬁi &d in,fdai gﬁlco%e

February 2004 25 further lncludlng a pIura ity o di sposed on said
first and con C | east ectricall~,r
connect ed tslg'l a‘?‘%’éﬁ%‘?&d cg}flegévﬁs & Tﬁ sﬁgﬁgﬁﬁaml%qﬂe l?w%nﬁ??“‘nﬂful e .

as recited in claim 3. V\/nereln sai d Chl ps each further include at |east .
one bondi n$HRRES T e 3i-DyESsUNS r&emm\ye nedbteive tegd suaynatbai ined
further including wire bonding electrically connecting at |east one of sai d

bondi ng padsidd 86 adaete 08£18torAIChifAGS0 ‘6o FhHE prigied rﬂ«if@uﬂerf%&rd
nodul e as. recited, in claim5 further including potting material

ercansul ot g Satiolhty S P00 a0, U PBRLRES on DiaflBeiedl e

material en sulathggsald chips, ~ 18 February, 2004 26 8. The single
inline me L6nR 2rTigsi becansn 9f kst neaaedof e adf rster
includes a plurality. of cavities and vherein said chips are adhered.to.

sai d substdQM@nponﬁﬂubnmmnuaeproducﬁhen5|ngle inline nmenory nodul e as
recited in claim8 further including potting material encapsulating said

chips within salﬂéﬁé@&ﬂnge%oﬂﬂecéﬁéw ed Pifrd@ I ¥ngodul %Ezﬁ”@iﬁwﬂi _

a_ substrate having first and. sécond surfac€s, said subst rat aving a
ool LY S B 0y BARBUNI Rl A SR in B LaRERa -
area of silicon chip so0. The bonding pads 120 are conne"cte"d ‘
to pads 82 by wire bonding 80. As appreéiated from this tdé
iriew of_the dogble sided SIMM 20 of the 'gresent invention, the - .
* silicon chipé 50 are posit;i:oned with the operative faces
alternating between a '“f.ace-'up” and a “'faceA-dOWn’!. position.
I;i'texjné.tiveiy', ~the silicon ghipé: 50 may .all " be vpositipned'
faéihg the same direction on a siﬁgle gide of printed circu.i-t 'A
‘board 70 @of: c}epicted) . It .shogld be uxl.dlerst‘ood by . one .
, ..Skii.!.led in- fih’g art that the terms “t:ép" and “bot;_tagti”' ag we;l;l'

as the terms “side” and “end* are uged for illustration:

13
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surfaces; J a plurality of pads disposed on said first and second
surfaces,'at |east one.of said pads electrically connected tQé%eﬂ@ﬁ?bOBﬂe
of .said tabs; . a plurality of chips each having an .operative Side’ "
adhered to said substrate, each of said chips having dt [east one 18
February 2004 27 , bonding pad on said operative side; wre bonding .
el ectrically connecting at |east one of .said bonding pads to at 1east one ..

of said pads; potting maternal encapsulating said wire bonding and filling
sai d openi ngsurpsdedh iy dadi Rk RRIUBIY 0f asdl &Rwr 3b ¢ hRas
adhered by tapgg?o sai d R?rst surface of sai%dggbg%rateégnéxkﬁgg%rkggfﬁ%t .

connect ed .to, said second surface of. said substrate through said openings in
sai d substra}%?é%%hoﬁ.gﬁgoﬁa %ﬁ???%%egfagaiﬂsﬁﬁuFﬁlPtVaG.eEHiB§ Pesighersy
by said tape to said second surface of said substrate and electrically
connect ed t PBAi Wa¥srst surface of said substrate through said openings in
said substrate. 11. The single inline nenory nodule as recited in claim 10
wherein alt of saldchoilngohassiom Bal GHRATaWHRLS 090w A ¢nehBsrake
facing in the sate direction. J- 18 February 2004 28 12. The single inline
menory nodul, -fegkted d i er gk p_sal ndj hg ds,on said -
oper at i ve?sixg%ég?{ggi égchégsqﬁlggégb?% sgﬁge | r%@u%‘gcﬁr ghfaac]i:’ﬁasfaﬁ‘t

opposi ng diéﬁgtion..frpn1sai bondin% pads on sai-d operative side of said
chi ps adher e YRR WL rraEwle, 83 expansicy 1ok i(Retndapigtaddul e
as recited in claim10 .further including potting material encapsul ating
sai d chi ps. Such ghe expagisdom|swt neapr pendiidated orciat ewbtiherbadrd,10or
further including potting material sealing around the perineter of said :
chi ps al ong HiekrEbBi B £ makP bel B 8l B%%e&'lkz‘o%‘id”%?ﬁgih@idﬂ Erasu%&'o-{:Sd

q

in claim10 :.10 wherein said substrate further. i1nc es a plural

caviti o, 16 RAoRERL oohBE: B P00RETE H1RY SMER] S sttt

further includiqg. gottin% materi al encapsul ating said chips within said
cavities. To electrically connect to the expansion slot, tabs 104 are

—

12

digposed on the printed circuit board 70. The tabs 104 are.
'Fhen'connected to the integrated circuie units 30 by conduits
118. ,w.Tﬁese conduits 118 may eleqpricélly connect the -
integrated circuit units 30 to each other, or to an expansion
slot through tabs 10@. VPower or ground may be input from a
j téb 104 to a pad:éz, by a conduit llB.té Pin #1 96, a pin
t?pigally resérved_for power or ground connection. 'Cereht

.'then flows from the pad 82 to the bonding pad 120 on silicon

.¢hip 50 through wire bonding 60, thefeby‘providihg silicon

14
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]calca] ca]ca

U1 U'cal ca] ca] ca] ca] ca] ca c"a] ¢"a] cal 9?]_9?]_9?]_99,]_S"i‘l?‘?‘1,921_9?12?]__9?1 cal calca



| Pf:' 10%CBCB& () - BDEFGHYuUVA! 6 (10%CUCUE ()-10% U& ()-" 10% U&()- 10BB -
10BB 10BB! 9f 109BB& () - * &6109B& () - 80aBuVA! 6 ("10% U& ()-"10% Lé&ke(f% %8%
(y W

V& ()-"3"10% U&' ()-"!'P y#10%&' ()-: y#10% & ()-: X~_@ 6" 10%;;&'
10 U 10 U 10 W96s10% U&' () - f 2" 10% U ()- '$g#10%>U u& () -

dE~ @D6s"10%@&f() F$10%& () - 10%& () - 10%@&f() s"lO%@&f() 3 "10%@&f() h
o | :
The wire bqnding 80 prbcéss may begin éfter siiicon thip‘

50 has been adhered'to pripted circuit board 70. ~Siltcon qhip;

50 andlprihted cifcuit‘bOard 70 éré then positioned'oq a

: heatéd pedestal to taise the4téﬁperature of the c;mbinatidn to
‘a point between 100°-300°C. A gald wire having a diameter-

typically rangiﬁg from 0.7 mil;'to £.3 mil. is strung through

a heated capillary where the temperature may rénge,betWeéﬁl
' 200°-500°C. A stldering ball is created at the end of the ©

wire ﬁsing either a flame or'a spark téchnique. ‘The soldefihé

béll_is theh brought to bonding pad 120 on the silicon chip,st

and a-combination of compression.for;e.and qltrasonic eneréy

are used to create the desired'ﬁetallurgical bond. Using this

'tstitch” technique significantly reduce§ the c;st-gection of -

the wire at that point. A loop is then created in the wire

:bonding 80 above the bona that has just been achieved, and the
wire bonding'eo-is routed to thg desired gonnéction.on the:

- printed circuit board 70 such as pad 82 or bus bar,(ﬁot
.dép%cted). The wire bondlng 80 is clamped and the capillary

faised such that the wire bondlng 80 will break free at the -

Outer-edge of the bond. This process 1s repeated until all-

S 16



KdE~_ @6"" 10%& ()- "10%j& ()-s" 10%& () - F" 10%& () (')'100/@1%0() " 10998 () -
JIE~_@6610%8 () - . P0YGE () -+ 10%& ()-y) "10%& ()- 30&
% 109%g8&’ () - “\ =16/ 10% & ()-! P) 10%4CC&' () -! #) 10%9C0C&’ () - @@o}‘%%ui‘fy 20944

10g 10g<&10%& ()- #8kb@ 6! ( 10%BBE () - Fy3nl0%E& ()- S100B& () - $, 1098& ()- 10 -

U 10 U 10 U10% U& () - +cdEb@ 6! 3" 109B& () " 10988 () - 10988 () - s1098& ()-
7" 1098& ()- Y" 1098& ()-F: dEb@6! "1 " 1098& () - .‘
10988 ()-" 109B& ()- " 109B& ()-y" 1008& ()-L" 100B& ()-: u'\ dEb@ 6! f / F10YB&’ () -

SA0TEel) Vi EOURER i Sl LedIBE BP0 B el B e

X, OPE: 10B" 1QB,10Bs?: %3&'()-| (109®BB& ()-T)! X

r(lO%BB&'()g* L CPPO %O'B¥E§Rﬁﬁ§§ﬁﬁqa kﬂ»qgnnected to printed circuit
10" 10%&’ ()-S"10%& ()-!"10%P& ()- & . o |

| board 70.
. Fcilowing the §ssembly of the.abdve—describéé components,
:'thé'tbp opening - 86 is filled with potting wmaterial 90 as
. represented by.' the dashed line . above top. opening '86‘ and
'>Bethen silicon chip 50 and bottom éurface 54 of the printed
- cirquit board 70. |
The potting material 90 may be a cyanate esteréﬁype resin
'_a.vailable from Shin-Etsu Chemical Co.  Ltd., such as KMC.184VA
“and KMC 188VA-4. Other exémp1es'9f potting materials that may .
.be used with ‘the present inven;ion include epoxiés,
polYesters, pblyimides, cyanoacrylatesz.cer%mié,.si}iCQne and -
ﬁrethane. The potting'méterials may also contain fillers that
“affect the'coeffié%ént of thermal expansion, as well as the
‘_:séfength and flgkibiliﬁf. of..the ‘potting material. Tbe_
_éélectiqn-of potting maéérials aqd fillers will depend on the
': éémponéﬁts used to make the double sided single'ihline memory-

* module 20, as will be known ‘to those of skill 'in the art in

light of the present disclosure.
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"109& ()- @10% ()-"109%& ()- 10BNt dE7: S
10" @" 109& ()-"109%& ()-" 10%&' () - SH10%& () - " 10%& ()-"10%& () - %bgt%&z 4
10"5100& ()-1L: 109 ()-"| . @10%& ()-1P BL0%& ()- 2" #10U& ()3l ai
.101234}cl 1 5109%& ()-| 510%&' ()-1510%& ()-1510%& ()-1510%& ()-146789;
<=>{cJ?4 10 10510%& () -|5100& ().-1510% ()-1510%& ()-1510%& ()-|>?Pr O/qoo J'>
8s10%G G& ()- | $10%EG& ()-L Sy#lOO/G G& ()-F 3 +10% j& ()-& |

Y1096 G& ()- 1"10% & ()- 10. 70[:.3? "8s "L 1093 G& ()- S
00%G G& ()-S © ""10%G % (1; | :
&10%Ge$G&’ () - 7iv L %ﬁolc?s %%%ﬁ% téﬂﬁ/&ﬁ%e& ()-S .. . .

S +4' 1096 GRA)=L3- ﬁ1n%@Lﬁn'(\ Q " 100 ()= ) I STOUCRCR () - S
[AEEE "c"#l\l#bAJ’?loG Gs 01 #10%0 n&: () -m PEHAYY " &1(,,)35.;.5)&0%11!:{%:;& (t)rethane .

°S, 10%m m& K )= ~p~p~p||_ I"\U-".‘J.U\J (=)

* | ##10%r8m8 P %T-}WF&*“) -D-15p |@100/mrr&() , 10% m&' () -G '

T#10%m m& () - #AQWH n& () - $IBRQRURVE [ : mﬂloG’es’ -L10% &' () - fv"Y

710% & () -, 3s2$10%&a () - &;F 0@ 1800/(“1 ngfg)"@/& 21) 10tymlgz§/%$(’;q)& 0. 3.4
Y s$10‘Vm&rﬁi sl ) p MENEX B &b 450V UA s$10%B9 y" 1098%&

{FOA0%& () -  GLOGOWE ()- 10 $10)$10}$ v: MLEHEE (§-eby (Z((@balqu) s
TIM10989& () - SB35 & ()-T T 10%BYE () 9.3 Y LAYBYR () -q.00PL0YBYE ﬁ A

10989%& () - )))I* *xx| [ vi410 © $ s. wmo%w() B {s. l\/$10%)$&'() BT
j Os. I\/$10%3$%§&169t15c BErenyOBGRELLY: | SHg#10% $% & () -

| Stg#109B9& () - *¥hAmddx ++vU410 Fsf S&10% &469- ! s32B&10YM &'5§P 400
Sl SlO%~1# &"§0)1 QS%% % }% ;_[.’90/&5%&' )-s F7109%& ()-+#,b,p,,"-_-|[:vU410
i 1 v 2 .

Tovise (e 10748 17 9 10%#E () - gu Lot w08
.Arc resistance, D ~495; seconds 4 150' 135 120 180
Specific gravity, b-7%2 = = 1.1 1.2 1.05 1.0

| Water absorption, D-570; ¥ 2¢ h . 0.15 0.3 0.12° 0.4 "
Heat deflection temperature, .'
D-648; at 264 lb/in?, °F- 380 260 < 70 o< 10
Tensile strength, D-638; 1b/in? 9000 10,000 1000 2000
Impact strength (Izod), D-266; ' : . .
. t * 1b/in . 0.5 0.3 No break No break
Coefficient of thermal expansion, :
D-969; 10°5/°F : §.5 7.5 4.0 15
Thermal conductivity, c-177} » e .
Btu * in/(h-£t*°F) 1.7 1.7 1.5 1.8
- Linear shrinkage; ¥ . 0.3 3,0 0.4 " 2.0
Elongation, D-638; ¥ . . a3 175 300

".Figure 4 is a simplified'cfoss-sectionei view of~another
‘g embodiment of a. integratad c1rcuit unit that is generally ‘

de81gnated 32 for use with the dcuble sided SIMM 20 of the
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y#10% (& ()- SEEFFGOGGUEXY:!” VY. &10% $& ()-y, - #10% (& ()- )
0% & () - yHHLO0% ' & ()-: LI SH10% (& ()--#10% (& ()- m'i"é"i%%"{‘ﬁg&zom
S $10%@& ()-mie P 10%' & ()-1010%0 n3: 109& () - -
710% (& ()-02"10% (& () - mVHHHI | 1cd> Awv7! A 9@ 10%@ & () - 9@10%@

& ()-Fudou@ & ()-: VF@10%@' @ ()-3 Ts10% & ()-3 |
"10v@" & ()--CJJUKLSLt LuLvLbH. 7 4L109%@ & ()-  4L109@ & () -
L3109%@' & ().- ‘f#$10%@<&& ()- T#$109@" & ()- [#$10% + 1 & ()-0

05 P 1B L SR O o RS e «
4L10@@?I log% réilty o cavft%gZ@%§&()Togquegk%gg%% §AQ cavity 88 are
'fllled with pottlng material 90 to hermetlcally ‘isolate the
:s111oon ohlps 50 adhered to prlnted circuit bo;rd 70. The
.'ﬁotting material 90 also serves to hermetically seal the wire
.Jbonding,éo and the silicon-chips 50.
Intermediate layer 74 has pads 82 that ‘are electrically
connected to silicon chip 50 by wire bonding 80. As bésttseen .
' .i-n figﬁre 2, bonding pads 120 locateti generally in the ce'ntrs.l‘
area of siiicon chip 50 are connected to pads 82 by using'a.
,‘"st-it'ch" technique to electrically connec't the silicon chip 50
to the printed c1rcuit hoard 70 by wire bonding 80. |
Although the double sided SIMMs 20 and 22 and. the -
ihtegrated olrcuit units 30 and 32 as depicted, have been
:;described using centralized bonding'pads 120, it should be
. ;understood by one skilled in the art that the pr1n01ples of
'the present inventlon are applicable to a 81llcon chip 50 with'_
vbondxng-pads:lzo in alternate layouts such\es positioned along

"g;gthe< sides of "the sillcon chlp 50, with sﬁ appropriate

accommodation of the top opening 86.
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AL10%@" & ()- XL) 4L10%@ & ()' SLLLLLLLLfJ.] R 109%- 5& () - ' 11,.1096- 5& () -
:+,1096-5& ()- ©,1096-5& ()- :,10%-5& ()- @ C110%-5& ()-  4g February 2004
0% & ()- LLLLLLLvV6 1R 109%-5& ()- :,109%-5& ()- :, 1096- 5& ()- |
1, 109%-5& ()- :,10%-5& ()- :)?! & LL MM MVME">. ]R 1096-5& ()- :, 1096-5& () -

1 1096-5& ()- :, 109%-5& ()- :,109%- 5& ()- |

)21 & M\/I\/l\/l"I\/&M MzZ:-. 1R 1096-58& ()- :, 109-5& () - 10%5 5& () -

L 109%%-5& ()- :,109%-5& ()- :)?! &,,MI\/HI\/BI\/H\/BM-II\/ZZ ] R 10%-5& () - .
109%- 5& () - %5&t)shoula%e5&dc)ed b)lo%e5§k§.11ed in the art that

bus bars may be located on a 51ngle layer of printed circuit
‘board 70 : Generally, a layer of 1nsulated tape or coatlng may
be placed on the bas bars to provide for electrleal 1solatlon
ZiThe advantage of el multi-layer priated circuit board . 70,
ihowever, is tbe'elimination of’the need to ineulate any such
bus bars. -Additionally, the multi-layer printed circuit bqard
70 trpvides a greater precesS margin for wire bonding 80
The present 1nvent10n alternates the p051t10n1ng of the
functional face of the silicon chip 50 to achieve an overall
reduction in height. "It alsofallows for decreased‘failure dne-
to the:reduced number of soldered materials having varfing
coefficients of thermal expansion. ?he present‘invention'
'.further reduceS'the overall number of steps in the assembly of -
.QIMMS 20 and gz by.streamlining the assembly procese not only
:lﬁﬁreduced;nﬁhber.of'steps;.but-also bY elimination the quring |
':stebs aeedciated with ehcapsulating integrated circuits prior

-

to assembling them into a memory module. The presént

inyention~further'reduCes the amount. of material ‘used in-
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e 1 0 8 i nmion L 1o (e O
008 2 (). .| 109888 () 100658 () - 109658 () ._1)8 February 2004
) ? & MMMMWIWYO. | R, 109%%-5& () - :, 10%-5& ()- :, 109%-5& ()- :,109%-5& ()-
)21 &, 109%%-5& ()- - MVMMWMWI] A ] R 10%-5& ()- :,10%-5& ()- :,10%-5& ()-
1) ?1 &, , 109%-5& ()- :, 109%-5& ()- : MMMWMMWMM->. | R 10%-5& () - :, 10%%-5& () -
0, 109%-5& ()- :)?!'& ,10%-5& ()- :,10%-5& ()- : MWMNN\WY] A | R 10%-5& ()- -
; 109%- 5& () prodd¥meésinms '29 and 22, thereby saving time, money and the
environrnént[ | |
| o Fur'th'ermoz;:e',' the method "of ‘t:,h.e-present invention takes.
-advaqtage of the .ogening 86 at the ceﬁter of' the printed.
."ci'rcuit board 70. for potting the wire boﬁding 80 that cégnnéct~js
the silicon ch‘;i.p §0 and tbe.printed circuit board 70 in ‘a
single s_tép. By filling the opening 86 with pcjatting'matef‘j;'al.
.96, the wire bonding 80 ,bet';veen silicon éhip 50 ahd‘ tﬁe’
printed circuit board 70 _a;re ‘gen'ex'-a.tlly protected from the _
enviro-nmeﬁt and are particularly protected from moisture ;S.ue
to the hermetic nature of the encapsula.t_j.on.
This means of potting the double sic;ied SIMMs 26 and 22 of
the present invention,- bést seen in ~fig'ure 3 as an’ ;i;htegrat;ed
- circuit gnit 30, greatly reduces the ov'e_rall .profile t.)y.
.allowi.ng the non-operative' or backside ‘of the silicon chip SO . .
: to be expose'd. By hemetica'lly prbtiectiﬁg \the conn.ectioné
‘ :'beﬂtWee‘n the silic;of;. chip 50 and the p.rintéd circuit board ‘76

Bl

é_ltj_ the top opening 86, there :'Ls no nged to completely

- 'enéapsulate the entire assembly. The en_t-ire-double_sided SIMM -

‘ e 20 o'r, 22 may beenda{:’sulat:e,d, however, with a thin transp-a;r_ent
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()21 &, 10%-5& ()- :, 1096-58 ()- - NNNN#N) N, N~ ] R 10%. 5& () -
 1096-5& () - :, 109%-5& ()- :)?! &, 1096-5& ()- :, 10%6-5& ()- @d-ﬁ)rggyz)om
N[N NcNyY9. |'R, 10% 5& ()- :,10%-5& ()- 1096- 5& ()- I)’7|& (
1096-5& ()- : cNg\KN NNNNYY9. ] R, 109%%-5& () -- :, 109%%-5& ()- :, 109- 5& ()-
1) 21 &, , 1096- 5&'_()_, . 1096-5& () - : NNNNNNNY Y9, T R, 1096-5&' () - :, 109658 () -
, 1096-58& ()= :)?! & 109-58& ()- :, 109%%-5& ().- - NNNNNNNY T A ]R 10%- 5& ()-
1, 109%%-5& ()- :,10%-5& ()- :)?! &,,10%5 58& ()- :;109%-58& ()-
. NNNNCO' O"‘Ia&@aﬂ@%fé&tﬁér hemé‘ﬁléglﬂr sea%.ol{‘ﬁe5§o(ﬁﬂe 51ded SIMM 20 or
22.
Additic’:nally_., _reduced "‘e_nvirémﬁéntal impact is obté.ined
.us"ing the method aﬁd apparatus of the .bteéént invention dg;le to
; the overall decrease in the size of the double sided SIMMs 20
. -and 22.

While this ﬂinVent:ion has been described in~réferénce to
".illustrative embodlments, this descrlptlon is not intended to
be construed in a lim:Lt:J.ng serigse. Various modifications and
combinations .of the illustrative. veuibodiment:s,. a',s‘well as other
-embodiments: ‘of the i-nvent-idn, will be apparent .to pefspns
skilled in the art -upon reference to the description. - It is

therefore intended that the appended claims encompass any sﬁch'

~modifications or embodiments.
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'] CbOgChOOOOY] A | R, 109%6-5& ()~ :, 10%6-5& ()- :,109%-5& ()- . \8 February2004
)21 &, , 109%6-5& ()- :,10%-58& ()- : O000000~A>.] R, 109%6-5& ()- :, 10%6-5&.()-
. 1096-5& ()- :)?!8& . 10%-5& ()- :,1096-5& ()- - 0000000y] A ] R 109%-5& ()-
L 1098-5& ()- :,109%-5& ()- :)? & ,109%-5& (3 :,1096-5& ()*

. 000000P-A>. | R, 10%- 5& ()- -, 109%-5& ()- :,10%6-5& ()- :)2!8& , 10%-5& ()-
. 109%-5& ()- :PPP P P(P, Py] = ] R, 10%- 5& ()-

| CLAIMS | .

‘1. A single'inline memory modulg comprising:

a substraté-.having first and second psurfaces, said
substrate having a plurality of Qpeniﬁgs extending between séid
first and second surfaces;

a pluralit? of chips electrically .connectéd to said

" substrate, each of said-,chips adhered to said. substfate

proximate one of said openings; and \

wherein a first portion of said plur.ality of chips is adhered by
tape to said first surface of said substrate and eléctrically connected
to said second surface of said substrate through said openingé in said
substratef, and a second portion of said pldrality of chips is adhered
by said tape to said second surface of said substrate and electrically
connected to said first surface of said substrate through said openings

in said substrate.
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2. The single inline memory module as recited in claim 1
further comprising a plurality of tabs disposed on said first

and second surfaces.

3. ' The single inline memory module as recited in claim 2
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further including a plurality of pads- disposed on said first and

sedond surfaces, at least one of said pads electrically

connected to at least one of said tabs.

4., The SJ.ngle inline memory module as recited 1n claim 3

whereln said chips each further include at least ore ‘bonding

" pad.

5. The s:Lngle inline memory module as recited in clann 4

further 1ncluding wire bonding electrically connecting at

“least one of said bonding pads to at lea_st one of said pads.

6. The éingle inline memory module, as recited. in claim 5

further including potting meterial encapsulating said wire

bonding and filling said openings.

7. The single inline memory module as recited in claim IJ further

including potting material encapsulating said chips.
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8. The single ipline memory module as recitgq in claim 1

'wherein said substrate further includes a plurality of

cavities and wherein said chips are adhered to . said substrate

in said cavities.

9. The single inline memory module as recited in claim 8

further including potting material encapsulating said chips

" within said cavities.

10. &a single inline memory module comprising:

a  substrate having first and. second surfaces, said
substrate having a plurality of openings extending between said
first and secoqd surfaces;

a plurr;llity of tabs disposed on $aid first and second

surfaces;

<

a plurality of pads disposed on said first and second

"surfaces,'at least one of said pads electrically connected to at

Teast one. of said tabs;

a plurality of chips each having an operatlve side

' adhered to said substrate, each of said chips having at least one
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said tape to said second surface of said substrate and
electrically connected to said first surface of said

substrate ‘through said openings in said substrate.

~ 11. The single inline memory module as recited in claim 10

wherein all of said bonding pads on said operative side of said

chips are facing in the same direction.
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14. The single inline memory module as recited in claim 10

further including potting material sealing around the

perimeter of said chips along said- subsfrate.

~ 15. The single inline memory module as recited in claim 10

.10 wherein said substrate further includes a plurality of

cavities and wherein said chips are adhered to said substrate

in said cavities.
16. The .single inline memory module as recited in claim 15

further including potting material encapsulating said chips

within said cavities.



