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THIN €H P- SI'ZE | NTEGRATED@%@ GE @\ID NETHCD OF FABRI CAT ‘ﬁéT e
present invention relates ¢r*general to tue erg% i ntegrated

paackages and nore specifically t(qu lat i.ntegrated circult
packages having substantially the sanme outline as the circuit chip.
BACKGROUND OF THE | NVENTI ON Three of t% maj or trends in sem conduct or
packagi ng are efforts to shri t the package
consunes | ess area and | &5‘%& |l£é%gefp%ﬁd o the circuit
board, and to reach these goal ANDMETHODOREABREAIIONoOt h mat eri al - and

manuf acturi-ng cost). One of t he nost successful approaches has been the

devel opnent of so-called "chip-scal e packages". These pack agin have an
outline addi ng Thesssetttieentiooreliss ip senpral te it fipldaf iirerird W EPAckRER T ™AE| ght has

not yet reac Qﬁgt‘ &Eﬁto%%rﬁtﬂ@ﬂaﬁ &f:irdu@pacﬁ@@ hivh@bdbstﬁtﬂﬂty tieSarie@otlitn ag khe |
relative to the chip cost. 'In addition, sone of the designs and processes
bei ng mvestFi@Qﬂt‘éﬁP have a detri ment al effect on the overall device
reliability. A chip-scale package which has only the size of the chip

itself, is often re . p- si ze package". Wthin the
sem conduct orB %ﬁbﬁgﬁ%‘?‘ﬁ ?gs one of the nost prom si nﬂ con@epts
for chip- scal enmokmrl@d$theeﬂs@n@etpflmﬁagl%éﬁﬂﬁﬁf?s&‘l‘ﬂkﬁ‘ePffé?ﬁe@ livegp®¥nt | y,

patent appli gat Qhdniictid Rnte BRI mltm@ ndtoBahl G id
Arr ay Chi D Slghz !\c%%c o%gd e§§ Sr@%%%%é;ﬂle:?u 1t4 nt c and+o

T?Xas | % e gﬁ ostsu ccs% y|9apore
on 02 July lggﬁgowl@mﬁ@%f“‘éwmfl bff‘c waRsry Presal Elccessf ul ly
appr oaches t g, QEROICHEn & detRpiment 6rgo-tdnei “alﬁ;eaale poiapass (Tbest pdggagc;setme pwilipet he

tradi tional |eaded acka e desi n W|t
reduci ng t he 2ffinedest h?*b%?t?? ﬁ‘[’ haweist: g’éﬁrﬁgg ﬁ?s pﬂ%éﬁ??gﬁn%%csﬁw%ﬁ?é?ﬁgsenbl y

with a boar da@nh@hbqo;sdﬁmggmaum«/mp cossdneddftxpusqmeaf thedgsigns ol PEATRSSE

unr esol ved: ol Iy el SR v Gikep. £ Brscill SBkakORiRg 1Ry er

netal |ines 6Wes?ﬁagdli‘aveaaetqn3£§%ﬁ%gon?ﬁe% muSt. av0|ld9aCC| dént%l f ouchi ng whi ch
woul d ‘cause ehledt sizesdithe irgisels; is oftenyighiriedio a5 ‘Ghip-§ipepackpghni t s t he chance of

reduci ng the pagkagee Rficaalictor Femd ﬂeduwmme OB 18 e pranisingoope@prs foc ehip-
insul ation has to be a

Qver the. I
shorts to t héaserdass i E‘%”Wt%é‘f’ﬁﬁ% f’sfg“ }Iilmnﬂ’f '§E8 atte[g al% E.&Y%P%egzﬁ%% |31r11£g§| s
be executed uwite@ Hors badHiedBalitHdeinty CriglizelPockabst haebﬁgll @lprblmTcxaeInecWWal
groundi ng of the devjc Iy Gyr T Ui, k€ r tdadhestthe CONt 1 O
circuit i nvoIS\)’ig?'Pa“”t"hé l&n%e 'ths ale Q?}fp'll&h&l fﬁr%e Br?p:%!ixgt%&c&%ﬁglk@[g)nd ht e Ul e
def ect-free habdmne refucdidgitieprea Asmrlerm«rgbya@laﬁ*e& the radigionaligadsdrpackase desied YRR ng used,

this requirengpl pky ofdEht, I Sef Reduc gthe h&ghb{@tﬁﬂ&ﬁ‘ﬁt@r@l’aﬁl@ tﬂd’&éﬂ‘?ﬁrﬁ oR@Eip aksembfyi | N6
or flexible printed circuits ma

i nsu glg mat eru | ahes (?‘egcstPr oposed
sol uti ons enptidybese- %éé‘ﬂfi@‘ﬂi‘l%’é”e%\‘)%lﬁ@s“ﬁ?r@lgfé’ Eig ‘%“‘aé‘hnﬁér Some.
production. Aok @ss@htBoR toafmﬁlhlgtampcmtmexhesnegw tiecbloard i-osince theydrust avei)| e,
Consequently. a as - aris C ”ﬂ Kﬂkf&%& Pleadfayi ce
fabrication taf‘Fé\dF“t% ‘BVFH%WQ?W%’EIHF“SC&EBF}%@ %gst %’Bircgi@é@esmr esul ti r?g1 ¥
sinplified ane package height i Qrivtherwise ahbersome atslgxngesice ingulagigfies ojbpgpplied over e metal

lines to prevent electrical shorts to the gold wites.

Furthermore, if the process of wire bonding is to be executed using installed conventional bonder
equipment, electrical grounding of the device is required in order to close an electrical control circuit
involving the bonder as well as the bond-to-be made and to insure defect-free bonding quality. As long as
metallic leadframes are being used, this requirement is no issue, but it becomes a problem when boards,
films or flexible printed circuits made of insulating material are used. Proposed solutions employing
needle-like movable probes are cumbersome for mass production. A more elegant and low cost design

solution is desirable.
Consequently. a need has arisen for package designs and methods of device fabrication that provide

simplified, low-cost processcs resulting in simplified and more reliable products. and at the same time



2" achi eve inprovenents towards the goal of small outline and | ow profile
packages. Preferably, these inprovenents should be acconplished using the
i nstal |l ed equi prent base so that no investnent in new manufacturing

machi nes i s needed. SUMVARY OF THE | NVENTI ON The- present invention
conprises an integrated circuit package and a rret hod for fabricating an

integrated circuit: ackaet i ne profile.
The i nt egr at BHEHAPRS Wﬁ%@eﬁ‘g{"?%’" BYtg'g’éﬁﬂa qu aCkaﬁesa r%(‘;mtgs{ npg%gl fies the
desi gn and t ipronantens ﬂnilmhdan@mptishedmﬂmmmﬂed\WImmnmmtl:mm ingsptopdién nggick age.
It is an Ob]% &8&:59& HRESS&Rtql NVeNntion to provide a Iow cost nethod and
system for packagl n ?1 - slze devices in thin overall profl | e. Anot her

obj ect of the present |nvent|on isto prOV|de reliability assurance for the

fini shed proggiakR diEE INVERTRRESS control at no extra cost. Another
obj ect of the present invention is to-introduce epa(?krggi g Z gn .concepts for
207 BFd R &P

thin profiles eyt {RXA9HQn; GOFPY "t‘i‘l‘f“eéﬁﬁd e 9B H ur &
generations ﬁégrﬂ&miuﬁctp&kageﬂﬁtt ﬂ?@fdeﬂbpﬂbdutlﬁé antl A Erwmroﬁlee Titte intepratad icirayit package 0

m nim ze the cost of capit.al LR .
product i'n tﬁgh gﬁfff“d%ﬁ?’“alsfﬁlm WCS%‘ ec s ave ﬂg ﬁ%%pgggnbeﬁ%g’r@g& ce of

the inventi oof tepatkage.mass production process. Var| ous nodifications have

been enpl oyed {qr anu;']%t @%%@ht){m@xtloﬂo po%i8a 1641 bdRBmeRvd MR systeMTor HRREPRIE chiyL -
substrat-es. I n accordance wth the present invention, there is provi ded an

el ectricall yS"4'°ﬁ§’EFP%Nhﬁ'g“’§ﬂ'@S‘iﬁl‘°ate having first and second surfaces, an
outline and anApsRRbYG: of de Predditadviritivn Do poviaCieliabilie dsyraccofnoticidisiel praiudti ng
strips is integral vvlth the substrate. A plurality of contact pads is

di sposed on ‘f“i‘?gghf‘i?‘gcfss§?l‘r"?éc'€°’“aatc°ﬁ ‘east one of the pads being el éctrically
connect ed Wi t hAadther atfestof tha presofit itvengion ipotititiadpcsiaskagesiesigh concepisdertinpretdes anhi p i s

adhered to t '??yﬂ%%gca?i%Jpgﬁ:egfo?gcv&ﬂﬁltﬁé@%t{tl%gfprib& chip has an outline

that is substal outl1ne. of the substrate. The chip
has at | east oAeoﬂhmviuhmlgthpaédscntWP@Ofb'éWm*N@‘le‘!‘e@ﬁ‘Pf cagifal ipveptem e ¢ he

bondi ng pad &&e,ﬂen[&l&rls'aﬁhp'%&dﬁdtl?nhe'%ﬁunﬂn%ﬂcSt one bus bar is integral with the
substrate. I's positioned re e subséu rate o%enl ng and

is electri caI I Weé?ﬂ'?ﬁé‘c'faé"cpef‘ﬁ’c‘aev%%’d‘}eﬁ@v’%S{J‘hed'f“’e‘l‘“r‘f%a"gﬁFBSSBW P PE“E¥nt act pad
di sposed on vdweusinotifitaticis hdvatsen @iploydddor shd bséntbitofsilicht chipe@stell esvenngetiouindi ng pad
i s disposed 9 the first surface of the substrate, the groundi ng pad being

el ectricall y UshRected to at | east one bus bar. Encapsul ating materi al

fills the openimagcostaute wishibe resit mventionetheses aforided anelecitisaly s Wefing shop@RE davingo | der

balls are di ﬁRQ&Fsgcomulth}gs Qi Ghd aﬁ\%g&nmgoﬁ blﬁﬂaﬂf‘&@leﬁfbaﬂjk&mfubtfvﬁ touidglskipc e of
the substrate to enable attachnment to wring boards or ot ﬁ?ﬁew ce The

sol der bal | sis {tegrrlatit e yubsiaure ARIEIY RORRCt PRdt Hinqser omihe R systace. dhFpst ‘f‘ﬁé’§@ﬁ
Eas pr eLer Eb;lazfs bagg Qictkapssuniret w&le:n le&t &eanﬁe Outidg swaips. ARemisuthtor chipds fl;dh@éder abI y
as a thicknegs betwe The e S a
a)é‘ éeﬁorﬁ sggcc 0286 685% te. The cMas %rhouthﬁenlg' EB%HJ t%ﬂal é'qm: ars 'th% outﬁx@

t hi ckness bef nmm over
of the substrate. The chip has at least onc bonding pad. Wire bonding electncall) connects the bonding

pad to a routing strip.

At least one bus bar is integral with the substrate. The bus bar is positioned remote from the substrate
opening and is electrically connected to a bonding pad of the chip and to a contact pad disposed on the

| first surface of the substrate. At least one grounding pad is di 9posed on the first sucface of the substrate,

the grounding pad being electrically connected to at least one bus bar, Encapsulating material fills the
opening and covers the wite bonding and the bonding pads. Solder balls are disposed on the contact pads
positioned on the first surface of the substrate to enable attachiment to wiring boards or other devices.

The solder balls preferably have a diameter between 0.1 and 0.5 mm. The chip has preferably a
thickness between 0.2 and 0.5 mm. The substrate preferably has a thickness between 0.2 and 0.7 mm.

The encapsulating material has a thickness between 0.05 and 0.15 mm over the bonding wires. The



3 overal |l profile of the integrated circuit package is preferably between
0.5 and 1.7 nm More specifically, the overall profile of the integrated
circuit package of the present invention is preferably about 0.78 mm In
accordance with the present invention there is provided a nethod for .
connecting a bond- open/short-sensor system between the bonding wire and a
source of reference vol tage., An el ectr.i cal nduct qQr I to t.he source
of refer ence°"§’5'f?t3 gofitlet QR P EE HEe ﬁ?@&ﬁ%&gﬁﬁ‘ﬁﬁlﬁr&e’g{%s r?‘(::'ﬁ‘fag’f‘l of

t he i npedancie demihprefile biie idirctd cipeinpasiagrdf the prsB inveyisticprefemhdy tivet (M8awt.r i cal
conduct of 'S AU fifke wiffho HEER MG el SRS a i G LbAldg ol L e
freshly formed w re‘ﬁ or‘{’g.. A terﬂ{vﬁle.neasu?rgvrlren%s -dur‘?ndl thégjaf or mat i on of
each bond, t¢pen/ShebeeAds sgjcopletvepethehgnding yife pnd g suere of cefferce WieeheAtdssiclt ed from

t he remai ndegonditiod Bidpied Wikid sbiréedf @fends Woaesd doftgetddiethdidundifd pa®anp @ Blsagrof The

t echni cal adyance represented,b he i nventio S Il .as the objects
L her ool i | 6 Bl Sy e e P STTeL T Mg erate g s s Mo cthe
preferred enbasidentiasucefthdrtliabilitn vBint frechty, formladwirehomss iAflentieancasarements durigttheon Wi t h

t he acconpanyi ng d i N ] | - a ended
cl'ai e SRy et A R, BidSopdqb o spdef ol Al Sl Bl B BP NP
FIG | is a dihpibstfajedet compittingtheohiptsizepaghagesss secti onal view of an integrated
circuit packagenaghHSEdvaide Qi byRfd IRNeRBN, as Wil chOH?]eSta erdde Wl bdcbrRd and

schematic view of an integrated circuit Joacka e wt esi.gn features as
used by knoviRPaatIhofgieing descripgon of the preferted pp 'é‘&“‘%fﬁ&“’%ﬁ‘&%hﬂ‘*& corpidered
sectional -viigvnhctiamwiththeagdotibgingdrivdags hndiiRabvalfeatnds sdt foeth prnieappehded cleigmt i on.
FIG 4 is a sinplified and schematic cross sectional view of an integrated
circuit package with design features of the present invention. FIG 5 is a
top vi ew od BRIEF DESCRIFBION OB THE DRAWMINGDackage substrate of the present
| nvention. Fi GE[G@ 1 fd SrefeP pidr G 16, 18s SEAMA HIRRALIRREs BliodalRewstat 298
substrate of the present invention. FIG 7 is a schematic di agramof a Bond
Open/ Short Jeiessaid cisspl paskages deed POl eBol8ndi ng i n conjunction with the
package feat ur g, Dk a kif\glified £ €dhématioVienéfiaRtegrhibdloftditphiide SRR @rtas THE
PREFERRED EI\/B%I F/EI\FI'S Tt’le present invention is related to high frequency
i ntegrated FECUPEKIVPHY both-a | ow profile and a small outline package,
and are assenbFied iusdimgifieddnd fcheagticrenteaivtaliview aigegrgaiittuit pAkagdef thmed .
herein, the ptm«ggnmn;e?hlotnl ine" relates to the overall width and I ength of the
intergrated "circult package of the present invention. The outline of the
package is al sBHCr4if esimplificd and sehempatiecrgspisetiond! Hew effan infseratgbinruipackagseithdesien| t
defines the sk 8k R&:GRinRRAtA. W ri ng or assenbly board that the package
wi Il occupy. The term"substantially the same" refers to the difference in -
size of the oufFihggopyicy pra fist F‘F%‘ﬂ‘%‘g ik pé_ﬂ‘ﬁgcls‘ﬂ’é"aﬁz?f:ﬁﬁ%@?“g Lt e. As has
been denonst r aFiads ibytof €xass alsétsddrenibadinicst,of thdygtkagh shifsedtesii the preeiyt idventi@lbout 2 %
or may vani sh gltpgether . 1Lt s 0 [ h h . m
"substanti al | yﬁtbh‘gg%%E%mt’(@éaégmﬁéfg?ngé%g}agﬁ (édsstv?ﬁ?%%%g} T (ﬁité)r Jti“\r/\e/o%o{‘:og" bonent s
conjunction with the package features of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is refated to high frequency integrated circuits baving both a low profile and a
small outline package, and are assembled using existing manufacturing equipment. As defined herein,
the term “outline™ relates to the overall width and length of the intergrated circuit package of the present
invention. The outline of the package is also referred to as the footprint of the package, because it defines
the surface arca on a wiring or assembly board that the package will occupy. The term “substantially the
same” refers to the difference in size;, of the outlines of the silicon chip and the package substrate. As has
been demonstrated by Texas Instruments, that difference may be about 2 %, or may vanish altogether. It

is should be stressed that the term “substaatially the same” does not indicate which of the two components



4 is larger, as either formis entonpassed by the present invention. As
defined herein, the term"profile" . refers to the thickness or height of
the integrated circuit package. This .definition does include the height of
the sol der balls before they are reflown in board attachment. The present
invention neets the requirenent for space constraint of continually
shrinking applications such as cellul ar4comunications, pagers, hard, di sk

drives, |apt Gwmmb@f@ﬂ&ﬁﬂcmwaﬂhFﬁ%?‘WH?“aﬁBﬁﬁ-'“ed'f‘Ffé‘“ pesermyProfilfent i on

al so hel ps tFéfe@&hmhﬂ:@ne@ogﬂlgﬁm&glnﬁgcﬁtmm&a@ﬂﬂhxﬁﬂdﬂlﬁﬁﬁeﬁ irclnd: thrteighte s
associated with the electroni'c qagacl t he chip assenbly. The

princi pl es offtheseldsspalls elere thepAgTetlo %‘é"hf“ ‘orporated i At o dynanic
random access r‘lw”ﬂés)tndm&meesmedqmam&r HRANDGBBRPprtineflpshrikisgandom access

menori es (SRAM., .erasab cglupw a.?mfm § a&{eggﬂrdsaﬂwmgewsgcaﬁpéﬁmmﬂ ogi ¢

circuits (LOMPEGRIURERE rcuit corponents. The inpact
of the pr esemstmnmwml'ﬂnpm;&m ﬂb'enﬂm)%&o héeﬁsﬁ’ Tngrirpipasyabspest @HOWcﬁF‘gﬁquﬁﬁ 1hﬁg t he

shor t com ngs . afhhGed AWK th@aa&}ahagpamy ok@chip SORN ThbtinSiptedr e pregdatand
schemati c crgss section of a board-on-ch ack %z%%vt he E}I‘I opgght

conpri si ng " aimgoroney b?:‘ﬂ?"ﬂ”‘f@“‘“%‘h"@ﬁ‘c(?&ﬁ’? o] JsYohonpus PEMat ed
circuit COWD(HMM)Smbra&ﬁ;m&cdaBAMn&mquAnmee&asebmmablyrdadmmmong board 11
has a first surf econd urf rmore, it has a
plurality of ®8f @Ei‘fgfc\%c“f‘%@?% 'ét“?“y(’ ei‘ﬂteggﬁl]c?:fglﬁfa“@tweggds 13 deposited on
its first surf amem[pagmoftfzerpnhsdnasvenmcambb ingsoeasitylappecin@d bt highlightieg theshericamiggsc ond
surface | | c | dddhnafiPG8R S selildf ofGivb&dlbdchipur f ace
of chip 10. fﬂtﬁegm?‘?ntg 0101%{: ﬁ?%&% C§M{;)l§lgfﬁdll s possletll oned . on to%uof t he
circuit surf a@@gwf thelprigy a.@omyrising asilicas qhjpr1Rhich cagbe, fqf gxamgleya frfegraed cirgyit ¢ 1o

package. Thec&ﬁph?cﬁthl?éﬁ 2199 Mwé}ﬁ‘ﬂ" AQQ@EtﬂlcaMnsalaﬁhg%bdrcpl 145 d fEst am&lle@hnbyseaoid
adhesi ve | ayer . Substrate maf ?,i o E‘C‘ (ﬁg&&}gos@terl al
such as the E%‘BW“P é‘é}'i“ﬁ"‘PF% 'ﬁh"‘sf‘?l‘“ﬁlﬁ% t°§f18?°8‘é"1 '?@'"%s“fpﬁ ¢ 8F

Al ternati vel yq itsFirddSkfyde Yl aflfad b e 6ilicou bigd mattahedwtsb@onglsww Mheuctibtdhds seeond ayer
14 may be made, of or,.exa I pe. As
shown in FI GUB%® lyh% %‘i"c‘m%i 85%&5 op eﬁsp%ogqlgfagn %!gg?ll ‘F ngighx{th g?gé? a, a
plurality of thetiegi mf&alofoylpd@)mwefplred@aﬁ@}El’[SP‘ﬁ@at%tOF‘F‘kaE@ M‘t%ﬁﬁ%ﬁ‘“’eﬁ&ds 13.

These rout i ngoaﬁitlrla&&hr&%ggﬁblEdeQQIdﬂsthafehltﬁUbStrate 11 and constitute 2
net wor k of connectrio |

or el éctrical ground, power and E%%n{ab |Inﬁ§
group of cont actubsisaieisl igmade of clsefdsally intylaingmaisad sych asthe gposy &g FR il PR PIART al
edges of suUbginfcRics otd.3 mM ﬂ@@&ﬁdy,@@ol&:hﬁi&&as&ﬂﬁﬁsmémz@&dﬁbccﬁl’[‘ﬁe sindsotelaydotd | s 16
whi ch are needed for the fllna L@ g?(gheesalteta 1}11n ent . to the customer
appl i cati on B@&¥ded KiyeHEpesIs E’ onf'af’c 502 s positioned in a row
appr oxi mat el y parshdwinéd FIG.E, sumatedlgesan@pcnmpmnmgn issutase | arpluahigyof elentricalicei ve

the stitch e Wiadi Bsiis 137 Theb DR WHifsGS a REEBACHithls@bskdRe11CNi P
bondi ng padsgo%gucmaerrggﬁge kaéaﬁ&e?oa tg |sn thee centgraﬁ;s a?egﬁgf clhls le As can

be seen in FP'GSO"SH"“‘amF“E’fk °‘15‘a‘i°$“°§ff°'B'ﬁ"é“"ﬁ'éf"é‘“dlg"“i"%a“ﬁ8%’]“‘['I“Bsne(ﬂ‘eﬁ‘ﬁi"’a‘i lel and
close to edge&\taafpa&@ﬁﬁb&@o%ctcsl'mndwtﬁng thapcs:plelraeaigdslocxatstrye tio vispestdxl theee one  or

f th ds I
more o ¢ pa %t% pre 8$£&%ﬁspl6 W] ﬁ diml:'l ne\édeﬁ?r M‘%Q“ ac';kagt?(aﬁ!lm}ngﬂ tg% el Supp ies

or grounds. UK onnect e the bus
: application boards. Another group of contact pads is positioned in a row approximately parallel to the

edges of opening 15 so that they can receive the stitch ends of the whisker wires 17. These wires connect
to the chip bonding pads 18, arranged generally in the central arca of chip 10.

As ;:an be seen in FIGS. 1 and 2, a pair of bus bars 19 is positioned parallel and close to edges of
opening 15. The bus bars electrically connected to one or more of the pads 13. The bus bars may serve,
for example, as power supplicé or grounds. A number of chip bonding pads 18 are connected to the bus
bars 19 by wire bonding 17.

The whisker wires 17 (usually gold) are bonded after the silicon chip 10 has been adhered to the

substeate 1. Known technology allows a pitch of gold bails between 70 and 100 pym. Moving the bonder



bars 19 by wire bonding 17. The whi sker wires 17 (usually gold) are bonded
after the silicon chip 10 has been adhered to the substrate 11. Known
technol ogy allows a pitch of gold balls between 70 and 100 [err]. Mboving

t he bonder S capillary containing the gold wire in a predeternmnd and
conputer-controll ed manner through the air will create a wire |ooping of
exactly defined shape; for instance, refent technical advances allow the
formati on of capilauentainiak tho aelh wireif 2 predefemring pnd gomeiierrepntild gienet thopgahyeis will

capability; W& J.Q%ﬁnéufg;&ct%&mg&khip@rformfa@kyece:ﬁ{eaﬁﬁél aadchaudnite Raksocan be
manuf actured. After a

| t he baondj n a ire el ectrical
connect i on t ¥ segpential ppls Pfd’l‘f@“‘i‘f"“ﬁ‘i“ége% ﬁé%@@&apa ‘%‘”g‘%‘g??ﬁ h‘&h Tguglag)rfa\fﬁhf ed
Wi th potti ngcressingid ks be@s camieiand@ictufedashed | i ne 20 in FIGS. |-and 2) up to a
hei ght of about, 20 5 er.r N
Consequent | y, Mtgraég bongl Pﬁg lStﬁ%ﬁPTe&u?rpfl%%cLl% F%:ugér?]t %%%?éngctedr %1% 0
hei ght and pektiagig xsrfélptgmh)pomvgaqr mplding sletpriah@(ﬁh@ﬂilap @ﬁﬂ L (5EY 1§ up teadeigtyplo
di ameter, orgth b&#&@ﬁﬁlﬁmﬁﬁof&d&mﬁ&hﬂ%pmu Torb&uiM$ ineBHERAhtek N Xill ik Ckness of

t he pottlng materi a extendi ng over, surface 11a. ncﬁ:}g the high wire
| oopi Ng nec essnificatlieGura pidonp heighsand PHERE BB ove fhe syriage Lanl e BEE. e " 50| der
bal I's must havenddieteg b;aﬁlbma;k f thésoe balisaamiiseexced the wpkeslof fie paingmenid2®@5 and

Che tupr ot ootadhaavr bt 2 et Polit s o oo Mo BLRULER ARG SO0 Y
pads 18 to tmeklssshmsoi&trealbmwt thpriddvely Brgediameterof ypicssbetyysen G35 apdfA Bls  bar s
19. Under no C(h;g:ﬁ%ﬁ%&ﬁé%&&iﬁc?ﬁﬁé b am %Q.Lraﬁe?ﬁe%&uﬁté}aiby%@ep&iedgéaexaﬁes\u thes woul d

get in electri ntact "wt ar since this electrical short would

cause mal f unfeetihetrall wires Hefrom{heship P‘H‘Ei'é%ipaéﬁ 184q fhe substrpis contagt pags BiryedRerpraPiobt ed
for nore thage s LD BndeLMRrcufibtiieOcat R B tBlerated ek ol @NtEbsE GrirsbRBulil St InQ[éttﬁ@d in

the 1 Moit DRAM product fam|li eeslutlo ar e pl ol I n
known  t echnofoBEs Witth-us b sifc B {"ffﬁ‘ﬁgslh Cé%?’f)'&ﬂ@ﬁ)%f’ °§R '\/ﬁ%t'%ga§'éc\/"gr e
technical r emaﬂdﬁuﬁsg»ean&d fof mbre Gpln 4 do@ayhd, evgr dipmuter(llfle tiolhding\war Eodiiged im theHlMiEhi p
bondi ng pads tr te t I uRssS the bus
bars. This %&fl Ogcﬁtgm ‘s‘lflhrr%e S@%@% ubglgg%ﬁbﬂ%ﬁ\kﬁ% t%*ﬁﬁ)ﬁ)ﬁegl(la‘(r;s(r:aglsuI ating
mat eri al andcutnhmpmb,h@ewgmdlwithtdwremliel%fewcutsms package and | eaves the

package too thicl {185 1&'1[73{[19&“9 vﬁr&'ft‘&mﬁﬂc‘@ﬁtb‘%adﬁ@;ﬂkd (6 AL §uBfGte contadl pildstafeer €Nt
pl ane (usually phy5| cal 'y el evated) for the contact ‘ﬁadsh{(ﬁ@l nt r oquced

separate from t hesyehe cigr teres s T es i desifr; (@ reghigr fefete © Gicpradatig o

| oopi ng in a natgielal &fd@hu@theﬁvefafﬂmtchw& obif¢ gackalioae Ve@ves tht priciagd tleqtiick fos
substrates conposed . of # E ers, with nultilayer metallization for
the routing strlﬁgergmﬁﬁll“gpm “ﬁtaf’plfar‘iws linits the reduction of packa

thi ckness, and*i 4 diéixpe plsicenally pisically eevated) fa b gonfagipids ?iti!i"n@lc@émaiaﬁgmmﬁhc

applied to the byg.BALS pdsBard!th thﬁlnﬁﬁr@:s thWﬁés%re‘MoPﬁ§m%itﬁral(ifcgse? e B& bRgs bars.
Anmong the techniques tried In past were I m de

f1 ame- deposi t ed BRfeHEsthis W“‘ich%'hﬂfﬁfslc?@"’feﬂﬁfé“““ﬁf“l'aYE)‘F “‘t‘thg‘glép*/‘&"bﬁﬁblg’éﬁ%‘@‘ar e
technical Iy diffinetshdngdish. 66RO AR Yhe RAICtRE Lapitagethi€kness, and is expensive.

*  An electrically insulatiﬁg coating is applied to the bus bars in all places where wires will cross

the bus bars. Among the techniques tried in the past were polyimide layers, ﬂamc~depos_ited
oxides, or insulating tape. All of these approaches are technically difficult and econoﬁl-ically not
acceptable.
The present invention avoids these difficulties by the following design and process innovaﬁons. In
addition, the present invention also applies to designs other than centerline bonding, and it includes
provisions to perform certain assembly operations under specified electrical bias neede for easiest
performance. Although the board-on-chip layout of the intergrated circuit package will be described in .
FIGS. 3 and 4 using centralized bonding pads of the circuit chip, it should be understood by one skilled in

the art that the principles of the present invention are applicable to a circuit chip with bonding pads in



The present invention avoids these difficulties by the foll ow ng design and
process innovations. In addition, the present invention also applies to
designs other than centerline bonding, and it includes provisions to
perform certai n-assenbly operations under specified electrical ‘bias neede
for easiest performance. Although the board-on-chip | ayout of the
intergrated circuit package will- be deséribed in FIGS. 3 and 4 usi ng
central i zed iemnat: hgpupads agfositidnel ating thejides efifiesircuit ehins Futticanofretheriggeit Lied®Y by
one skilled {106 sitbdn garﬁﬁ&. alsdAfRle, R 4 thd? beicoRtuctdc il E@HMkcly WA ElbdBiar €
applicable to-a circult w th bonding pads in 6 alternate | ayout s
such as posi ¢evisneredugiopng the sides of the circuit chip. Furthernore, the

circuit chip Mg, Bes ABesine and bchdn@idorosgedttiohalVieva REIGFI. d ds,a stuplifiadyindscheamtic

sem conductor material custonar e n.electr cti on.
FIG 3 is a ©pHyiof indgesmiy c ﬁgﬁ%?‘éﬁf?f??“%"g}:? onaﬁsal\?(?'gc\\/{vipgg%a 59 is a

sinplified aEkdmﬁ@fa@{:’iﬁgmeddh&ﬁtcvmmmxnéhaamDRﬂMsgﬂméﬁaitﬁPR@M @Lﬁﬁlé(kage of t he

present invention, . o isf 19,2 t60)s il €gr at ed
circuit Conpglﬁgﬁrtocegsarc% a§1§1tall %&Rﬁg&s& %%Rkﬁﬂl Q\@ss st@[cal@)ﬁ@(m @?.t 5

M cr opr ocessprfenbly A28y Anglectsicaliy inpulatinghoard §b‘f"‘hélf‘FsbS“'f?°F dlaapg ’c?ﬁ‘r?@@sé‘rffcg 316

typically beﬁa‘é"ﬁ?&ons%rf&c@ 3} aftachiddito :Hésﬂi‘c&hﬁiglwbﬁne&& ofmladhénvoedymf Tdal |y
insulating board 31 wwth a first sur

con f has
its second swfeshament issughihatseqondsydage piho %‘ﬁ%”"%‘? %ﬁceé gﬁ C'Ecﬁﬁt i 1%6° Ch'plr%éa%(sﬁ&g%@
adhesi ve | ay@g “p3 s&ﬁte&f&ﬁﬁ%@dﬁ&t@mwmf&mﬂ anmamusswmorsmlpa&whm of the
board faces the circ ur f f,.chin.3 S
surface of cHEEY¥ge '"? ?ﬁ] eqeedr? Plr (g)]m szﬁcgﬁ& mg’%%{ijﬁéfag&/ﬁaaﬁbwagggf or
di ssi pat i ng pdaigibned bn te;mﬂtlgymamdxrfafﬁef qhingO, dfis refereed fpeap the (FubetEats oble BigkagndMehip in
operati on. sub&&c??hag; l[l%lgy gﬁﬁém&%nﬁaﬁé Qu(ﬁ&sthp% 3ﬁ)5hﬂ|abluﬁﬂ§df daﬁtad @ﬂsiﬁf t he

circuit surface o is referred to as £ substr a1 t he
package. Thedeposetanis @%&ffaﬁf‘a@a - aRpHing sgips FARndqontaqt pads 33,CRTTiSS CORRSHIAYTES: (?rve

routing stripgg ée‘"‘mﬁ @s}gblwcabﬂ,ema@@nﬁtﬁlruyasfoumdsycaﬂ:ed@pmmmw fash.its .first
surface 3 la. Routing stri 32 aqd C(P é%g % conprise copper |ayers,
ory

or copper wi tKerggYel: Pe Hy)co ‘Tcﬂ%"ér aygp Tof metal |ayers foll owed by
copper | ayers vsiutshatgml ifiméde afdvctriddlly wsutatitg maehgl such bsdFRefip yhiehgsramrep e resigmo e r
layers fol | owed eXtFr L rﬁln’r'orcgi':vﬁ{h%‘WO%E| QQ% E[@&,eAﬁ&nahﬁlyr@!%@uﬂﬁe-&k@&Ib&iaﬁ:@dal'y

i nsul ati ng e &Y 'S an epoxy_ resin, cyanate
ester resin, w@cmﬁm@@@l\MStahh@nWéﬁwgp %é“d@l7di‘t“haprﬁﬂ°'i“’étﬂﬁ°ét"?s§/'é1)§

pol yi m de- ba%ﬁ%w%ﬁ?égi ﬁﬁﬁeﬂﬁdﬁopﬁ)f Ehafple, a RIS Eilled haheshit phigigidatapd)adbéstve gise, Of
between 0.1 an eferred thickness is 0.2 nm The adhesive | ayer
34 may be rraEI@be”h"’F‘B‘?Pagfé €. a doubl e-si ded adhesi ve pol yi i de t ape,
adhesi ve gl ue, £pM¥whin BIG. 4, B@kmRpl RS hi eperdit 36 sidva.its Agfacs 3 bynpliralityofEectecally
substrate 31 has .an openi of

el ectrical | y Hﬁ:c’[?ut strlgpég% ang con&gpadg Ebaééd%gﬁgfhrésgg&g%%@m ﬁthMéﬁl Mﬂy 33b.
These rout i ngubgtari3pand3dhstintea llcntOé@rf eﬂﬂ“w‘qﬂhﬂ’%@faﬁ goud, B’EW%HHS@%EW t?ﬂ"e a

network of .c gr'aﬁ}ﬁﬁ I:dngaa%adcs 8%, iElofibdntd tﬁﬁkdl@i}f&b@&b arﬂ@i(ﬁfxmﬁf&@ pScal@n@ | thd edgeest. One
group of contac

ads 33a.is ition aél g lin
appr oxi mat el §Pepiag TE‘F“’ optagt H"@Eéﬁ‘d §‘Veo'§° 385{; ESn [ g‘ey“i‘ﬁ%gémtc%‘ tfg}g “hads 33a
recei ve the sdnhdcidns,®MAR0 Pof powkri askgounddonestios? 'i?in@surfem picofitest pads FPaark cqmpﬁé’ie
with easy stitch bonding and comprise a gold flash surface. Wires 37 connect o the chip bonding pads

38, arranged generally in the central area of chip 30 in FIGS. 3 and 4. Since these contact pads 33a are
aligned in a row, FIG. 3 shows only‘one representative on each side of opening 35. The latter contact
pads are connected through routing strips 32 to the second group of contact pads 33b which is in some
proximity to and along the peripheral edges of substrate 31. Disposed on contact pads 33b are solder balls
36 whicﬁ are needed for the final package attachment to the customer application boards. The surface of
contact pads 33b is compalible with easy attachment of solder balls; it may comprise gold, palladium, or

platinum. 1t should be mentioned that the term solder “balls” used herein does not imply that the solder



connections, but also for power and ground connections. The surface of
contact’ pads 33a are conpatible with easy stitch bonding and conprise a
gold flash surface. Wres 37 connect to the chip bondi ng pads 38, arranged
generally in the central area of chip 30 in FIGS, 3 and 4. Since these
contact pads 33a are aligned in a row, FIG 3 shows only one representative
on each side of opening .35. The latter Tontact pads are connected through
routing stri ptagpace peeasHely sebersalsthey iy pave yarioys farmas tuchs semisghagieaybalfdemes | n sone
proximty g Otggﬁc@b@m gfrgﬁ“)ﬂﬁﬁl%).lphﬁliﬂﬁ slﬁ?@ﬁﬁfu&fiorﬁdﬂkhsﬂdgas:tﬁn Bahrt]\iqﬁli (_s@mfsed OE
contact pads are sol der ba | re neede r t ackage
att achnent t8"a{"ﬁ"é'°%8§‘f't§n°éf"e§€‘5f". c"é'%s?%“n “bﬁggf g %cg%sd?f_ ?a’egg;% *‘“E:"b“ﬂ‘ﬁa?:‘f pads
33b i s conpathk imhterialompositiars \Sevetal metivdennt availblsto haiisre chuslstescy of geomrtricalslwaplyi se

gol d, pall adbﬂg&“&rammn%f%ggladd;,?i;@,mﬁlogi,e?gﬂgggggt@gjed that the term sol der

"bal | s" used herern does not I y that the sol der 7 contacts_are
necessarily spHsrcinbgpeen nFIGS. 3ang 417poieotpuybors dis pesitinted pasgiielto apd indmmedisihier.j cal |
hal f - dome, t pidfifmd 66 the SRR cHif 310 BREHRhgedienbis Riportahi or tROpRSdnt BRARA. It B beddanct i on

of the deposition technique (such as evapor.ati.on | ating, or.prefabricated
units) and r @‘fP‘iﬁW"ﬂ‘%E’ﬁ?ﬂ“ﬁ}b °"§§‘ﬁ€'ﬁ“‘“§? cf"ﬁarc&é?sgéa b&f@'ﬁ&%ﬁ'}#&ﬁ%ﬁ’tﬁ)"?s‘ﬁ?‘fd t he

mat eri al conpiisiteletticaliySeeaingihe fimtibond bushire3%ay pivkcsopply o groad hotentid. Tierbsd St ency
of geonetrical_ sh contr i . 0 terl L. Qr. of
refl ow terrpe%ést%a?’ ge?‘?%%yeé%"}?kb%gg §J ee}eggﬂllh%%%‘.ﬁ’ %‘d gﬁs&%g@amagg'?rbwyg %5%" &é?s 39
i s positi onefingtion sch asla ppwer supply.iard thaseeend bys bar Pserve aapthey funesiop.|sech avsesd-of chip -
31. This arraRM&Tealp dosdidg PREBE AMondeQbd ty Mite RIBREN ko thVOREK pad$133a lehdidgo B@sed on
t he possibili tg to connect themelectrically to contact pads 33a by neans
of conducti vVRSPBA% ng strips without electrically affecting the function of .
bus bars 39 as spesd busbiiRle\posiionia W fPMagNtite@ossing a8y diosicd) medatinmagaiser ve,
for exanple asensgov.ver. SL@EI ies or grounds, and it is preferred that one bus
bar 39 serveVSHETHRILIGE LW as a power supply, and the second bus bar
39 serve anot h&he ¥irerbotdingprocessbetinsaerdregimyii chip30reshocaradigfed tolficsuliseatafilng pads 38
are_connect gl ey £o RORNh o3 Beckdif0RAR 1RF lmiAlS: 8RB R shect he bus

bars 39. Since . ars are positioned far away fromany W re crossing,
any el ectri cAlvitetgistikyof gl solschemyitum glipyeotias g9ld 4llpy o ceppefp havia g digmetss Ppisdlye. The -
W re bondi NOrapYiRGeMmI8 RSN S sibds Aitouli Ehestid cBpillaty vHdie fhe Gehpbtatre BRAR raghier ed to
the substrate 31. To estgler the%/[wgre EEOS|'“3>W§'OI on a.hee%} ed %q)esta% to
raise their 90 To AbBRIRE LR Wiey liquidpalbin s piiRe ST 198 Of § 8P &al |y of
gol d, gol d- bedhnigde! iThesagilidaoy moed fotrdsgis chip bénldioy pad 38 and tp padlris préveed ingudpstabedi amet er
typically ranging:f" i S, Y3 8ink? B, df d AGRRbihdid ¥
where the tggrr%gl;&gt ur g&utg)ﬁ%'?gl%f/dg(?yg%&gﬁ%ett&eenl?zo*(%&ﬁd ﬁboa_’?léﬁj] C. Al\t t]lt he tip
of the wi.r e, ofgomiregtioncforpreeind uljrasonicrepesgyeserata diF fogmaipn 96 sld-gurpipugpigtegelalicsspdhys
techni que. T@&syerpRheali@bival bo?ld.niﬂ\ffe‘gasé&W%Q%ir&%cﬁhﬂd&d,bﬂf‘ﬁl&tﬂ%t@diﬂus%ﬁtaﬁéﬁd the
ball is pressed against the netallization of the bonding pad (typically
al umi num  al RRFPYIUPFIE Eypsreratedheseipe "l copper). A conbi nation of conpression
force and ul t r RB@RjcRadeREMEYeset BdnonltivereteattethtidaDidvantes Potied baldinghowuitow the
copper i e SRR Ss A SPIRIONE ARk RhA L it s RENEY B b SRRSO

achieved. Moving the éapillary in a predetermind and computer-controlled manner through the air will

create a wire looping of exactly defined shape; for instance, recent technical advances allow the formation
of rounded, trapezoidal, linear o Tooped paths. Finally, the capillary reaches its desired destination, for
instance contact pad 33a. The capillary is lowered to touch the pad; with an imprint of the capiilary, a

metallurgical stitch bond is formed, and the wire is flamed off to release the capillary.

It is important for the present inveation that recent technical advances allow the formation of small yet
reliable stitch contacts; the lateral dimension of the stitch imprint is about three times the wire diameter

(its exact shape depends on the shape of the capillary used, such as capillary wall thickness and capillary



pl aces in order to generate the strong weld. It is inportant for the
present invention that recent technical advances in wire bonding now all ow
the formation of small yet reliable ball contacts; ball pitches as small as
between 75 and 50 [err] can be achieved. Mwving the capillary in a
predeterm nd and conputer-controlled manner through the air will create a
wi re | ooping of exactly defined shape; Bor instance, recent technical
advances al | papsdoe Cbﬁéqiiamy.onie aGth offtizLenadmthadst 3B aqoe beslesigabd sofsinalicthst a ffee PSRl

paths. P Nal Loftacthll i BPlide ﬁge(deﬁ,fa&%ﬁgtt\ésﬁded&swos&ue@mmsvemﬁgé:etax i nstance
contact pad e cap efi

| owered to touch the npri nt
of the capil htmbyf of elumventeﬂt pads @?v@aplusgquﬁws piggLroptect %the‘&mﬁ‘??a‘% ﬁur?’s%%r &is
fllamed of f to nglfARRinpoRanCBRhd dr@ényinvehﬁonltlﬁtrbdaﬂ&bﬁna:ﬂtad‘faﬁnm dithe the faessiot of .

invention that recent technical s al I ow th | yet
reliable sti theMirelgppingyid a minfpm L |° ot fEeRs mowésh tngdmng?c qfersr%g%\t is =

about three tehdifrsdisidie ovés e sufacivbthesubsfrate 3. exacmsegh@péhed@p'emfswew?ﬁﬁ@f%ape
of the capillary u cedflio aiild (hrdtiey
footprint). ‘é’g %gg?ta?' 'gﬂtﬁﬁggr’@gﬁ fﬁ#ﬁawggrgﬁgthgﬁggtgﬁ a caﬁ@kl)e( d ‘PI gned
so smal | thatuteh thac igeo mmnb@rheleﬁtfql:@l’ﬂ“a@@f’dp‘a’% “‘éféﬂh‘ﬁgaq"?t?‘i’éﬂ‘eﬁﬁ‘eé“ gw @ si de
al ong the si HEnG AR we A6 B FR Uetohliondi@its)A BEcalsgE tisahiimumurb Bopigg  chi p
contact pads (power plus roung plus signal contacts) can be wire bonded to
substrate 311“81!POHI@SPW%‘ﬁ’é’erg?FﬁBFT“&nt for the present invention that recent
techni cal advangges ttﬁle'a%eédh@po%:ﬁérﬂ&tslgmcanfacttpkdsom # physicaltylenygeddpvelin erdartoni num

| engt h of bondi ng W re ﬁ% povi n ﬂtqu by gi’ apillary the shortest

feasi bl e di sfatiEE hsermsing frbe i 3 1g f“h strate 31. As a conse uence,
the | oopi ng of After stahedbbndirgipads BOGY regiiee emtqom’@“’%@ the subgfrafeall 415 CongFC
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| oopi ng spans are no on er an is ion the
si gnal cont agetiggappeniy iy °W§?SE%WV°S§‘I aeva‘!'f elé?r “seta\!/[%aﬁ%nﬂ%r éltrdﬂ%[{g%gé:l litate

the crossi ngyuhdiemhevameskiad 18414 of KME 1838 A 4 Othr wattriah choiccafnelyde eggriest he

bondi ng pads 38 that, r re e i bRedi 8131 are
conn:actgeg tslq%!yeé(ﬁré rPoWg\ (%glt:j{anoc?'laﬁaggé&nﬁcal; h&ﬁ’é‘&@tﬁﬁk le b lttGﬁl asliag ﬁlal?(fraif
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y polynmer stop 4 Ich are | 4peEN

pre-attached to&dﬁ%‘?‘?‘eﬁ‘ ghickness of %S°L98‘tbf‘llls§gmﬁfgfxwed [hf °lmes;b fg.meg nﬂé}{ﬁ
ester-type r @xkdding d%adutfbB . Biate themsiiaume wird logping Bivinits-thn BQ!F'“@N@M‘% 31“*@99 (20 Lt d.
(under the na 4V be d. ﬁ[,oghﬁt ddncl ude
epoxi es, pol @"ﬁﬂ{% sé%ﬁ' A‘ﬁ%“‘a“ Mﬁ(‘:c]rg%o&{ ‘kfag{i l%&@cetg’(flgrﬁhﬁ\)rc sili cog‘gtsrr

uret hane, andold® balleiuiveeriad-2 mml di ng materials. Like nol d| ng materials, these

potting materiay %dmé{ng‘iﬁ’élfm Bbcindnd Jr ERSsS3 bt win thaﬁtghttSMgs:&efnﬁg ﬁdneﬂbst@fé 31,
t her mal expansi on as the str

h a | exi tting
material . Theodsemasria0. apg solderibells ﬁ@é%"“ﬂ’f“gi’%‘gc ‘268?'8%‘?’ 21(‘b[e::'f ¥ 3 m a“d stu@(gqeug'geed t he
t hi ckness of r&db&loﬂﬁﬂ&obiﬂghdgﬁﬁoebdn&hg vis 37K thethidkneg (qwmﬁleémfﬂae@sailahlpsizmce

them ni mum Wu{tcegrateg Of[r)cu{;| 981:9 age of the mvct:rnl)rnp (atSttd lnﬂnMC%Féf&l‘kd I;VJ’.H‘&'K Ba6.76 078

mm. This profile is significantly reduced compared to conventional profiles of 1.0 mm for packages Wl(lll

exposed backside of the chip (and 1.2 mm when the chip is encapsulated with a thin plastic coating).
Because of its reduced profile, the chi-size integrated circuit package of the invention may be called
“thin”. In FIGS. 3 and 4, the back side of the circuit chip 30 is exposed (not covered with an
encapsulating material) which illtprévcs thermal dissipation.

The thin package of the present invention is more reliable than conventional thicker packages,

because it reduces mechanical stress.  While the difference in coefficients of thermal expansion between



to 50-[err]n), the solder balls need only the relatively small dianeter of
typically 0.1 to 0.3 mm preferred solder ball dianeter is 0.2 mm

Sunmari zi ng the enbodi nent of FIGS. 3 and 4: Wth the height savings
deriving fromsubstrate 31, potting material 40, and sol der balls 36, as
enabl ed by the design |ayout of bus bars 39 and subsequent reduction in

| oopi ng hei ght of bonding wires 37, thé& thickness (or "profile" g of the _
overal | chi ppistic@bstat &gatm@ﬁhomductmﬂct ingtameck silipon) offip 30rpéll remwemthP ¢jfinisged) 5 to 1.7
mm the prefglig opsrug ﬁr&c’:?l %Q?ﬂi‘ﬁca&yﬁéf&& 1thazl§tor5ma oIQ'cﬁpﬂ@'&ﬂif sbld&@ bhl(% 36.

significantly dced convent i onal Ero i of 1.0 mn for
packages Wit h éxm@e#ba@@b@défs“‘tsﬁ”ée%mdﬁﬂ%‘%ﬂfﬂ %c?bﬁﬁ’rﬁ%@ﬁsﬁ“ﬁéutﬁ?ﬁab‘hfs
encapsul at edewit dip3o! teenith aﬁﬁdpscksge.aﬁ foRGmpl RTINS, By b bwdeesboadals prdabi | e,

the Chl size integrated cir ck |on al |l ed
"thin". |n Fm@gvital ﬁ‘ﬁﬁ"%’”‘l‘%’“’ﬂa‘g 5’?8‘51 84‘ Y‘EE"%‘F‘?"@% ke fJ}g’& glfg exposed
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t han convent a es ecause It reduces nechani cal stress.
Wil e the di pdsigoringobthe ﬂecg@efccfnno@mmeéweeﬁmqq*reﬂtﬁﬂp Wapd i b Bbiigeise the

pl astic subs;v{tgt;o dn 7mg§ﬁ lg,qiqglgctor (for instance, silicon) chip 30
still remains, i mni she t hi ckness of subst r@.te gé‘b ﬁgx@e
significantly t”Ffeﬂ‘HF‘@@s gryempodimen of the preseqt rpentigf for g sfiggn {8 ol pdkese 5% 1 s
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substrate 31and|sd>mewte LFFftlveéM"pbaﬂﬂ ‘fksemff@%ds?‘?ﬂ"@“tﬂﬁf’ép‘i"b afdferep fpy theyspbgfrate surface

positioning g odi0® s@f&c@@lﬁarahm}e b6HARIE Ednia® Pals BoA! TWeBmitdaBuchdt diculi dhipphfepb0 and

the substrate 31 by | qopi n ondi n 7.thro i

FIG 5 |IIus'Ea|5§‘Pé3§‘°8Hl"§ﬁb?5‘ g‘tv%{:'estﬁ sﬁPaér(sJOégs"f'h e#‘%’gm' eémpdﬁlsptgfr%%n 16
Moit DRAM paSIkaﬁQélectrfEh@ cetlneet by mdnlg;tnpsrssmlcauacngdssi}bsltnpqtaelvﬁnelhlabar@%rcr st
surface 5la an b i ¥ to i
routing stri 9‘ %?mgte R gpem% X aSQ %e%ﬂsf%sygtg;em@%&ﬁ‘; dna ?(‘:‘tc se%ﬁﬂ%ia are

di sposed on saups’eabegcﬁb%stuawdeélre aI igned parallel and in close proximty to

the edge of opg g\th&l %&dmm'ahﬁ&ﬁresaﬁiﬂsen&%assaéﬁl.mt‘sr@qi@dse&\m hdr@dgtam@, strl ps
52. Contacts pads so connected with r ufl str R

arrangement #iereglaahapiispted bis p pairef graundipg pads 60 Fgcf gro ﬂf“%%i\‘h @83‘8[%8?@8% %tlltr‘%w t
chip can be a&t}{eﬂ@dodn&t&i fnseflis bisdhe 55 thtsfcameumﬂpo@pdneent@tre pdréoglar [8ckaonafid

w re bonded ads 32a  Thi s ca e, i erably
nas the. sameBUFED i e Rt ey RN SRRl L bl SRR ° 0

whi ch are i nélgd a¢mm¢¢mtwbsharsé? eougrig srineiS2andeontaqt pags $3p- E‘!ﬁﬂ‘i‘é’é‘f%“w routing
strips 52 t Oscf‘vgpgs%stcn@:@gsnoé%@ml tlemqr\éa?ﬂfch%n oftam@r\dl%bb‘ﬁ/smrs&s&%s@ﬁl%rm%t i oned

rem)tefromopenln% 5; as a mat run E‘%rallel to %nd in
cl ose proxi nihe S?supg)t ¢ padl bﬂgrapddgees'ngh baad, dlgge tbq‘bogdﬂ‘l%l??ﬁs%ff@ ation. Defects are

detected right away and can easily be corrected. This capability of real time process control is highly

desirable in semiconductor manufacturing as it permits the in-process contro!l needed for built-in quality
and reliability. As is known to persons skilled in the art, it is fac easier and more cost efficient to build-in
reliabili-ty than to test-in reliablity.

After the bonding operation has been completed, grounding pads 60 are no longer needed. They can
safely be scparated from the main package of the device, after the assembly and packaging processes have
been completed. FIG. 6 shows openings 61, which serve the purpose of simplifying the separation of the

grounding pads 60 from the main package of the device.



Anot her enbodi nent of the present invention is shown in FIG 6 Di sposed on,
and integral wth, surface 5la of substrate 51 is a pair of groundi ng pads
60. Each grounding pad 60 is designed so that it is electrically connected
to one of the bus bars 59; this connection is independent of the particular
| ocation of bus bar 59. During the wire bonding process, electrical gound

pot eni al can be applied to grounding padgs 60 and fromthere to the bus bars
59, routing st ®pd “5‘2“%@6M%F/SM§§‘S@3@OS$HYS@WP@W§ powseseeonicel fin theer ves,

as descri bedwiréboaaﬁga,peiateal TR BRI Wlecubil lﬁﬁﬂhh&ﬁ{ehﬂﬁhcﬁﬁ()ah Regehdan@n/ short
sensor systemfor %)‘fs“ he t stl ng gESsaII bond aad t he t'tﬁrh bond
tr

whi | e the bofPRE At 1dEReLtes € sfopp 8}5‘%‘1" YEET E0t dectricdlly pompest ¥y right
away and canwiespodl Youd imottsiee ¥le dhe Wikitpicaly s islnatieof gdid dre abld illoﬁﬁltqaﬁaﬁib%i‘s
control is hij ir [ mts
the in-pr ocegogsmé%orﬁ?o %g i %@gg%%%f%rg%%g F%H% &)50[ %I%/ﬁ%&l %ed m% cf“fd a5'%As IS
known to per Eromavics k3, Bdlelpll i74has been fgmmied of the hosﬂlr(ga%d Oéwce#dumdhlniﬁ bef@oeapillary

efficient tozfipiba m&u%ﬁd.aaﬁm d,.ln;smcﬁ mfamt»@ref;@ss‘mcmmhﬁeam dohiket pla7ET the
bondi ng operation h pads

een co g{r oundi ng are no | on%m/
needed. Th ey’“i?&ﬂ "g‘éif’é?‘?Fa‘Bé“%‘é‘ﬁ'éf“Qf‘@B 3? fiarked A éef‘\‘Fﬂi"W“‘ﬂféE‘R 5&; «§°‘B‘F°“f’1‘f§" i ce,
after the aseasgkilonadeh lpade kiogd MOvhih om&sie&echwe chieenrd co(grqahcqfoexihal Ahis 6

h Lify h f
S gWSr ggﬁg: Egosﬁsgtéé ela\é%cafarcuiﬁ? i\ﬁxg Baékesﬁs?e %ﬁ%ws O"’fap?hn 0}10 o n sé[one I i‘ﬁi% at i on 0

th e nal
il lustrates YaHéondBpomraBme RoSictpad 7Be¢imﬂly(:m® tossostmnie?@ddnbhf io tunptsoc ess
control in téi&m’é&n& @onp&:{l&l{o%g)u%g e Y cloddd e ﬁ%@al%ﬁcﬁﬂorﬂ%'ﬁdﬁ Jlsém(i%h@\b ned i.n

equi prent 70. 1t Ts essential that equipment 70 i's connected to ground
potential . Bbesplicgtioneharoress pagtred during fhp gtilghbondiagpps@tianed to t he bond wire spool

housed in cont aid¥natioh of tld RIAAII iCerbbIqAibG B El&&b&%ﬂofltt&oﬂ'ﬂ%c@cfmcgﬂhgof@d’yst&n gol d

alloy; alter it consists dln energes from
e 2pool - nOBEPhgheAotpuied Rsadprien 30, BRE BEmir P e e e lopechh oo
ball 74 has dostenhsyktem. nitietiraia 81 i elsdyewiet mglaphglofﬁﬁne gmmneafml umtpaﬁngehuctpbo%'is bef ore
caplllary 73 1 hr e tltc 76 fr vvlre

Stitch 76 is f?)‘tr‘eg ngal éonnegt#)gs s{ugwn 1@!} 7an9 e dirpéﬁie &Am%eﬁ inv neug al ca \ieral

insul ating smsss F%tﬂél feetions mmmmwsgwwm&em lselfne@acmlgﬂa&fm ﬁ;@adﬂct or

chip 75 is pasgHo. @oesTQN da@@Jg%rd ol &s&qng?.ty \y@ss:fbstyd&eg@mh bdn@inkkRf tHdsgal | y
connected to %round otentjal. This closes the electrical circuit to the

BOSS syst em Hrtd 98PV b"t”ﬂ‘é“[’éﬂdﬁl freak? plsnilage- °graﬂ%*@‘§§ga€b‘ﬁidf bond @igeith PABe bal |
bondi ng opermtlsmerstsg@d)lbmaﬂﬂ7p&dun?ix't’ydn$»orﬂlng§atdr ically connected to grounding

pad 78, which, ect ri ca. . pot eni aJ Thi s
cl oses the el eg{h?? t&‘%f""ég tlor"i’asq’ee" descrlhn q‘” Sttraﬂvﬁﬁ‘ﬁb 'f'\e'bflxﬂ‘f ﬁ%sc"‘apé'ﬁ'f Pcation

of process ootiftewibd tdbe domsuedtine listiting edoseb ¥ ardmngod(fp@patandmmblﬁmensfobmmt i on of
the gol d bal; dlus!ra?w@é}@amuﬁglts% wLIha@ oﬁér%ﬁ&fd%ﬁs & q'he%cr&lghewfﬂfbeg Sterdt o%SFanQ nic

fl ame-of f system ( EFO). O 1s housed In equlp

connect ed bykiifdin gafs'sm% fsfe&’“ca fog?etdaqcmé'aﬁ ﬂ@&fhe@f?fealn@n%fmt 6 vasgﬂsq %rps

El ect rode 8lndompi &9 semeitatotyor édtddinetgs. of f the gold wire after conpleti ng -
stitch bond 76. The electrical connections shown in FIG 7 and enabl ed by
the present invention, allow several process controll functions involving

t he BOSS system BOSS Test | is a feedback signal after firing of




the EFO BOSS.Test—2-detects gold ball bond integrity. BOSS Test 3 detects

stitch bond integry t 4 detects wire break ("pig tail break")
after flama-of”!“wm“ m stitch bond integrity. BOSS Test 5 tests
. L

gold ball bond on bonding pad. Wiile this invention has been

described in reference to illustrative enbodinents, this description is not
intended to be construed in a limting ,sense. Various nodifications and
conbi nations of the illustrative enbodihents, as wel| as other enbodi nents

of the i nvenWhatiscatinkd issbe apparent to persons skilled in the art upon _
reference to,the L 0L E -i:; ' I her . intended that the appended
cl ai ns encomg'ag\ss?%%%gét%ﬁh‘angl |ng‘!§fbf3'tﬁ£slg’oc§é@ﬁ§%di nents. * 11 What is -
clainmed is: 1. Anslepdealpinulafizgsubsisaic hayiog iy adiseconsurdroesran efitineand 25 opesisgipr i si ng:
an el ectrical |y Jgiakydebib@ticaiyRaddickl Erolliny 4o intdrfaSlimdsdhubamend surfaces, an
outline and an o%enl ng; : of electrically canductive routing

ng; a pluralit . d
strips integral l“t“’r\“ys"éf‘ﬁmglﬂﬁ’éfhfp&f‘%?“ sgid st guefaep. gl feasfionqqb s foptachpadss (i sposed
on said first surfdeeicaliftonheeas wittoinleasodne siabidroatngkipst pads el ectrically

.ConneCt ed WI th aattl L‘S?Oa SL s%glr?nteog];al% I gid ru%%agc,r;%d §ttlegslt nsc;bu %tar elle% §atll Qo%gec{%%ll s bar
|ntegral W th Sal(ﬁ Su s'frate, salcfaf Teas one Dbus ar EECYI’ICG. Yy

connected to said tasaid atlgst ongpantactopt aslt pad; and at | east one. groundi ng pad

di sposed on sai dy fedst ik gr3kHaingF dis;fo@éd@n &la drs@?a?f&ce}%ﬁ'ig at3aQ YRk agi

electrically connected to said at | east one bus bars. 2. The substrate
according to O ai rifectigglinraansqtedigsad abjeast ogysbyghe bus bar has at | east one
conduti ve ront TRGubstritd f2cdaBrg@Clhifit 18@krsin sald d 18asbank Bus SatRstat 18ds@ne Sbndulie

substrate according ta Clai.m1l erein said routing strips are di sposed

al ong said openi[ﬂ‘g.gﬁtf‘p%ﬁ'@‘@]‘ffﬁéw sf”gs‘?&t@%r ding to Caiml| wherein said
routing strids Tersdbsgas¢ deonding teigitn 10vhercid sad rowiing eigs arel ispoeed @ldngzhid ngenisgi d _
opening. 5. A %ﬁ&};&f?ﬂé’&&&&@{g t@é:§iﬁl(rji%¥re§9ﬁa%dtﬁ%&%s a:ti?i]’laiﬁlu‘?e%&gﬁe%ﬂé baYak NSUl at i ng

substrate having first . and second surfaces, an outline and an openi ng; a
plurality of ePigresedialord shigoreaingiucti ve routing srips integral with said

substrate; a, phYébdndutiolhsemPlaplisiigads di sposed on said first surface, at
| east one of said contact gads el ectricall connected with at | east one of

sai d routing striygicicaly latne sghsiatq figdng it a'%lfiﬁfcéﬁirs&qfac% P Rutingapd BTt e,
said at | east onepldealisy dvalecorkiBabadutiod doyting Qipsieegra cith Qidatbsiaast one of sai d
contact pads; at_Jleast ndi i on first surface,

said at least o naepI hﬁ? lc}'uor‘; g‘?‘%&t%{‘)dggl sPé’fegg g?‘%‘éspﬁuégg’%ﬁ%agg f ceozgialti oA B df’it | east one
bus bar; a seni corsl$eiteatly cogieeted sith atlbAstpraef brid reding sitipsai d second surface of
said substrate, a ﬁjfxsgong Iﬂjlsmarhﬂt‘éérﬂglit@ﬁid substrate, said at least one bus bar electrically
connected to at least one of said contact pads;
at least one grounding pad disposed on said first surface, said at least one grounding pad
electrically connected to said at least one bus bar; ‘
a semiconductor circuit chip adhered to said second surface of said substrate, said chip having an
outline that is substantially the same as said outline of said substrate, said chip having at least
one bonding pad; t .
electrical ground potential applied to said at least one grounding pad such that wires can be
bonded for electrical connection between said semiconductor chip and said substrate; and
a configuration of said substrate such that said at [east one grounding pad can be separated from
the remainder of said substrate with said chip adhered to said second surface of said substrate, .
6. A method for the fabrication of a semiconductor assembly comprising:
;iroviding an electrically insulating substrate having first and second surfaces, an outline and an

opening, further providing a plurality of electrically conductive routing strips integral with said

substrate, further providing a plurality of contact pads disposed on said fitst surface, at least



outline that is substantially the same as said outline of said substrate,
said chip having-at | east one bondi ng pad; el eCtJ"ﬂm’ _ enti al
applied to said at |east one groundi ng pad such uﬂ'ﬂyﬂ Hmye bonded
for electrical connection between said sem conductor chi prand said
substrate; and a configuration of said substrate such that said at |east
one groundi ng pad can be separated fromighe r_emai nder @f' s%ii[g stsr;“sbé}rtﬂ te
with said chip adheresfsaidsoriast grdselectsically SRppecisd withp leastong ofspif [pngsips: B

met hod for the fabE;Joqaih%aika@fmeathegmdmcdaiﬂsubaaem!bwcast@muisbﬁr#gqtrically

provi ding an el ectrical i nsul ati ng subst.r Vi Neg: £ el
surfaces, an outli ﬁ‘é‘“ﬁzﬁﬂ}:’th{gﬁﬁé'ﬁ?{ﬁa?mf’ tlaflrgf’ %dsér%dg‘r‘%\@/tlpkﬁ} %S‘E_gﬁ%%ﬂ?rﬁﬂﬁg?u?@l%
el ectrical |y condudaispove oh et firsn gpciadersaip st ldasi preggrogndingipad legigipalfy eqgprsied igisaid at
further providing ?eaﬁl urbgg.gapy of contact pads di sposed on said first
surface, at |east ¥ 0ne "of sai d contact pads electri IaII conn%ct ed
with at |east onerowiflingasenticenduatar pigpuibehin hadng ap gling dat 'b?“giﬂ“ﬂﬁ HS‘% PR

I"east one
bus bar integral Wyl Spiafh sotdpnd fdbsling SAbast oRdbohdd@Phd; ONe bus bar
electrically connected to at contact pads, and further

t to. | east olge §ff .;fﬁ'hs e
provi di ng at | eaditechingeaid PR A sdFECopR it € SUSEE R said first surface, said
at | east one gr ogyakkctig 2 pelbebherssidntdabtione bowipadan vt of BidSeHiBE P east one bus
bar, providing a senicopdyctor, circuj ' i e bt cheredch dicage
substantially th%’“%‘ﬁ‘f?éag‘g'gé’%cf‘iﬁh °o'ﬁ?“€°|lf|!r;‘?_1éwgpg t‘geé?%wsﬁgg?? éﬁe, and _havi ng §at
| east one bondi n@nipesthz awdidcaicdi candpcoedouplediin spid sayrog efireferens-vaage L0 fpifl OMIBE saji g
substrate; connecti g a W re between said at | east one bond pad and one of
; C

said routing stri.psf), onnecting a bond-open/short-sensor system ween
said wire and a Dewirioga fynctipnst fe impedancs Sty @?,‘d%@%ﬂqusg?%ﬁ"s rnsy%me%‘fl ?a?%al
conduct or coupl ed tegndgddrdonsRiet BRaiOFoMnaikgEpagnce vol t age to said grounding
pad; neasuring a function af  the inpedan S&sWing: and

bond- open/ short - ?éﬁ@%?‘%‘f‘%&%'&mrs@fn&m%grﬁu g@%%@ gtl(E:l:([)nr]ecltnégnt o saijd,
groundi ng pad; sspesinpgidaidt b getmdingral! from thel repinder ¢fstidhiubspty Wik Bid¥Png pad
after measuring; an AL NG Sl dr Gl slbg@gt one groundi ng pad fromthe
remai nder of said <u e%??%%lggc\%\n&t% sai d crsﬂ p adhered to said second surface
of said substrate. '




