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METHOD OF FABRI CATI ON The present invention relates in general PPé|
of integrated circuit paackages and nore specifically to substantially flat
integrated circuit packages having substantially the sane outline as the
circuit chip. BACKGROUND OF THE | NVENTI ON Three of the major trends in

sem conduct or packaging are efforts tojshrink the package outline so that

t he package consune unted onto the
circuit board, and %ﬁ@kﬁﬁﬁ%ggz{%m%%gg@@mh mat eri al
and manufacturing cost). o N Olappr oaches has been the
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bei ng i nvesirduiaitipd have a detrimental effect on the overall device
reliability. A chip-scale package whi ch has only the size of the chip
itself) is often referred to as *chip-size package". Wthin the

seni conduct®HC WVWBFJMVFQHQN es, one of the nost pronising concepts
for chipscal emmektagﬁgorlt@nds eesicond@tor ﬁidkagiﬁg)ﬂe effonmo&lninp the g@kigg nutlifieactut | y,
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tradi tional Ieaded aca ign with a sol der

es concept) and o
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woul d causenlethesterof tba¢hlpslhdﬁ fspften-refogred my ‘dhip-sizeipaalags” | m ts the chance of

reduci ng t he PamkAGRmisided: mefbry PlollRl WhiB&, &,@m@rﬁa{%ﬁm BABRNS! H-

i nsul ation has to be appljed over the netal |jnes vent el ectrical
shorts to tREPYkISE it %’s“a""ﬁul?oﬁ'ﬁé’f‘ TP elesigny RP%%‘lpr?S“(‘,‘é‘g’Ble‘f"“vﬁeﬁ'aé# B&RatEYy is to
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fabricating anintegrated circuit package that provides a I't ne and
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profil e. Awnutibngsdesipplect of the present invention is to provide reliability

assurance forCox]isEkflelftl%' Ny qs a?&&‘?&@&k&g@ﬁ&%émn& mctmd9%§\§cecfﬁm G ind roU'iQe extra

cost. Anot her e pres Invention 1Is to I ntroduce package
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several future generations of products. Another object of the present
invention is to mnimze the cost of capital investnent and the novenent of
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1n accordance with the present invention, there is provided a seni conductor
device conprising. an electrically insulating substrate having first and
second surfaces, an outline and an opening; a plurality of electrically
conductive routing strips integral with said substrate; a plurality of
contact pads di sposed on said first surface, at |east one obgamiychopgnt act
pads electrically connected with at | east one of said routing strl ps; a
semn conductor circuit chip adhered to gaid second surface of said
substrate, said chip having an outline that is substantially the sane as
sai d out Pghirvedmproderaeniy towerdatiee geghiotisoall putingvanddowprafileapackasee Rysfetblyy pad;
bondi ng VMeE@%&bxﬁé%erntsCﬁJohM BéOéH&SﬁbllsHéh sahdl trat mét@l%ateqmbﬁuehpw%b% fAadnd 0 at

| east one of %I r out 'L{r]a% Stri ESH gdt one bus bar integral with said
subst r at EVeLRPY ey A 89 fig¥ "fﬁ’ir’s '%ﬁe ®rically connected to at |east one
of said contact pads and to at | east one of said bonding pads, said at

| east ongummp ﬁaggqm\ygmeg,\lrermt e fromsaid opem ng; encapsul ating
mat eri al f|| sal to cover said bonding wires and said at |east

T bondi noTscseRnEveston Shrifistssar Slspisn QA SUrIBoR S Bongi o] BRURIGhe of
sai d conhad:ﬁegmetsmrcu:t 2kadaythal @RRidas aveealboutiing andla ddw prefils tThe intedgoaisd d@uit | S

pOSI tion ont act
R T g s DA
The chi p“ﬁtﬁ@ f°p5’F‘é’?6PH‘B?9a°§a$‘5n| ckness between 0 2 and 0.5 mm The substrate
preferably lpiganabjedtiotts prsehivamn tdprdvidaslioW-céstmetidieana BEgis i Badkaging

mat eri al HE%'Z % %%'Iﬁﬁ%vé}& 3*?*39 0.05 and 0.15 mm over the bonding wres

The over & the integrated circuit package is preferably between
0.5 and 1. 7Arna,tﬁer whieet cgﬁ@e;pfeﬁemlm\g?nﬂqnhe tw@wﬁe|rel|@buw|as&urmcetfnetmrftn@gfpcht ed

circuit prrkagfowh id- b,ec@ees,ﬂmatlna\éetfuo@n is preferably about 0 78 nmm The

t echni cal ce repr ti.on well.as the o

Lhereof - wi MOREcBise 8 R Pasere stk Ty STHouRR: afthaskCoeighcoh s "Bh M °

pr ef er r egroflebent nehabnlw \mlchtd@e bie aprliad fon pevershtuhure ganeratiersead piodud®nj unction with
t he acconmpagtied ol %fh@%r&@ﬁi |ﬁ\)&ﬁtld?\qy &) mfnﬁrﬁie“th@%os'i%? cd‘pﬂéltuﬁbebtﬂwehthé%dftﬁwendw
clainms. BRI EF DE IP@ E DRAW NGS FI GS. 2 refer to prior art.
FIG 1 i&o¥eneipiratsa gﬁ@%@ﬁ@ww@%‘r 0SS secti onal vi ew of an integrated
circuit packwge objsctsifiece baenkatbiaved ey thaalevigy oFhG iventionaargi axmasd preductiord
schemat i gro\eeewmouéﬂladm&a%ﬁsaﬁm peb GiibibyeR A0 s tinbh) oFSRiARNEEL WefSs 25
used by known techno I's a sinpli an ematl C Cross

sect i onal°°r\‘ﬂeéwe(§f'bséfﬁtant egrated circuit package of the present invention.

FI G 4 is ansadtpidafidecditiartte geésentminventionpthereeve @foviaad i antsegrcatdedtoc ideace t
package \%%HWE‘ESI gn features of the present invention. FIG 5 is a top view
of a first di ment of the package substrate of the present invention.
FIG 6 is a@h 8ictfaly "E?P'aéngséwﬁﬁee*‘r%kﬂllfﬁ%rﬁ”do?recf’rﬁ’e%?é?(sagf’é‘ Aipet 3nsk @ of t he
present iopsteition. FIG 7 is a schematic diagram of a Bond Open/ Short

Sensor syst i W e package
features ofgph}éﬁtggf gsl%ﬁ{cgﬂl%c\%g’& onrg&ngAﬁg%ld%E@ M“B%”g THE PREFERRED
EVBODI VENT S Piealiky rof seriact ipadeettisnosed p saie firgt autfage ahjeght dnec saif ©pntaeitrads at ed
Ci rcui ts eleawitang cme&e@wltroav:wsﬂédeloes@mumgsembl outline package, and are
?Z?ﬁ’lnbljﬁ'?l :leenrglcg Xa’u?ttm! QI%UH cﬁ 8 a%ﬁcterlélé Itcrngalg g arf:laceeﬁsft%ald I?urklngﬁatg es%? at 23
circuit ;ba‘d'PGag'eouﬂfnetth?élsmub%@ﬂlta"w the/eamei Qﬁrﬁaldmwméef $éild1%1b§trate he'dwal@wagm is

al so ref gf k&l oh®bdaing pga;f oot print of the package, because it defi nes t he
surface area assenbl rd that the

The. ¢ or m » SBOPA PR oG el SRS, B b Y BT & ACers our 65 L he

out | i nes rafting $tépssi | i con chip and the package substrate. As has been

denpnstr at eg IQ%(st Bﬂé%s%&?ﬂr&éﬂ?@%ﬁ sén@@ﬁbs@irhﬂ(ef @5@%@q’edg?-}ﬂn@%u@lBQPEIegt%aHPr may
vani sh alto et her be stressed he term "substantially

the samecoRBEEd it 'qaﬁtcﬂné Qf ?'Wﬂ”&"ﬁt R3S ﬁ%tomaﬁg%gfﬁgﬂtbgndmg pads,

said at least one bus bar positioned remote from said opening;

encapsulating matenal filling said opening to cover said bonding wires and said at least one
bonding pad, and
at least one solder ball disposed on at least one of said contact pads;



28 May 2002 4 is larger, as either formis entonpassed by the present
invention. As defined herein, the term"profile" refers to the thickness or
hei ght of the integrated circuit package. This definition does include the
hei ght of the solder balls before they are reflown in board attachnent. The
present invention neets the requirement for space constrainbgffay3@adi nually
shrinki ng applications such as cellular comruni cations, pagers, hard di sk
drives, laptop conputers and nedical ifstrumentation. The present invention
al so helps to maxi m ze hi gh speed performance and addresses the probl ens
associ at ed wherdin séid ablpest pp@ blischat igppasitionedotiore emate fromsgideatrslasgt. ongHpending
pr|nC|pIg§jmgn§£@mﬁE@§&ﬁg i nvention may be |ncorporated into dynam c

randont acce nchr nous stati rand M access
oo e ¢ SRRk, SRS DI i FH R AL B BEIAEEN 1 T PSa Tt EIBRCS Mg o
circuit s p(efeBBCp thinkhesmhygtweeh@r2 amt 6Gr mtmed hersrubsjnate prefepabiyehdss a tﬁ‘uetessrpact
of the p%&%&t?haﬁ@@zm Tﬂ@@n(%n L[H?rﬁé rr%iéﬁbr'h)és QPrﬁc! ﬁ&és%fe%ew oF'aHJ‘bHQHrH ng the

shortcom ngs o nown tec he si I fied and
schemat i V& REONdiag Wiresh The °‘§“’=B'd’é‘rftf ‘3 r‘PedhtP?Ia]ed ﬁ%rta@%kaar 'StF’rﬁ%erﬁ'i"V Betwash )
conpri si ngs andsi. VlmnMcr’elqpedtﬁtallw\Ammhvemrprhfee of O istgrapl ejrouitnpackdge gif atieed
circuit ntroﬁ %Ief@r%bl Ve An electrically insulating board I 1
has a fi st sur ace a second surface 11 b. Furthernore, it has a
plural ity ofhecteerifet pdvanseo(aPrasented py e inyentin® asowelhas ”}?a@@ecl%thé@%é’t"t ed on
its firsbesonie appareht fraw) thrnelionay deb&riptor ofpd pefiried Bhbadiass eflthk nvehtionsecond
surface 1 IDb Sug h that this s seon nd surface the circuit srgfhrface

of ohip T reBgep HophihEn PR I eiiesiifa ey oy A550 bOBKERLER URDr T he
circuit Mheamendﬁd%mmf) 10, it is referred to as the 'substrate" of the
package. The attachnment between board 1 | and chip |0 is enabled by an
adhesi ve | de of electrically insulating

mat eri al %ﬁﬁEgié§ﬁ§HH%®§©kqe%§¢B$§§@E% It has typically a thickness of 0.3
mm Al t er naklG8el ynd 2 refer! tg ipridrciet- bigss dds 8 sivwlifedtand salienzatic avesisecTidral veeti ve

layer 14 ameglpﬁed’@r@ﬁtdﬁckad(e% uSEPETNBWN %c%% Si ded adhesi ve pol yi m' de
tape. As shown substrate 11 has en| n gqj)gon it

surface 1 LH® 3 'BI%F'H]PI'ftZGQ PP B vy 1Y aearra FF\Féf ‘t'”oB’t“ik {th |d5§£9”12 and
cont act [eetigesls. usa'dte;slmowotstchmgogstrl ps 12 are int egr al with substrate 11 and
constitut e Acnelp, ﬂed%ﬂ@%@ﬁt‘é\h@%o;sosrec@dngﬁﬁéw  (HeQHRE crBRMEbAYr S gnal
lines. One group o Eont act I'sS positione e to an ng the
peri pher e%%?@ébs'”‘@f’“@ubstrate | 1. Disposed on these , contact pads are

sol der bal | BHG16 is\hisetplifigdeandetetaticaop Vibe df ian altegvatek agit patkagd Wentdesign t he
cust oner ;appli Gatd Q&epﬂé\{ﬁﬁ Anot her group of contact pads is positioned in
a row approxi natel ci to the ed of opening |5 so that they can
receive theF'§t?tséﬁofe\’t%Oaf'rﬁtr%“bﬁﬂ%kfé}fg\ﬁnpﬁé@gi?‘ibﬁl‘ﬁ%@hwr@@tE‘éﬂ}‘l%t to the
chi p bondi ngepads alfp \iaw angedcgmananisddingent Bf thaepaerajer SUbstriteadf @le ridept 10 As
can be sgen nt|o FIGS. 1 and 2, a pair of bus bars 19 is positioned parallel
and cl ose 'to edges of opening |I5. The bus bars electrically connected to
one or nor eFlgf7 tSr?eSOb%%t'CI’J?QTth@f Rend e/ Shery Senseiayptemoised feawjse kondig ihower
suppl i es comjurBtishWithsthe Packagdredtureé ofthé prefidn@idiiopads | 8 arc connected to the
bus 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 1 1.
Known t echnoEBYVERPFBUBIPAIQN OF AHEPREGFRRERIEMBQU4MEEES 70 and 100 um Movi ng

t he bonder ThgrgeégﬁMn?eg% 19 reiARY tlo|h@h¥reﬁ%§@ln@g%dtér@urg(hlaﬂnd’\btftt?a !cﬂ/ rﬁoﬁle

predeterm nd an r-controlled Ir wl ate a
B re 1 ooBhg B SHEE Pockaar RS ASISEDER s FEEC By MRy eUBRRT o1
advances dafinedWweteing ttfedenmatqumne"qélatee@matqva‘all paitthanddéngth 6ff the antegratexbgicnity

hei ght's. My i , si ng
he bus Bareds aihEpeaRtithibit Totlolffpd I Wpepkal PR RRIR S igHpfieF
require dNeRaFragehecresiietinesing ?Y”??Fear%%? Wiing on gssgmply g?fﬁﬁ Hethe asckesr

openi ng 18I acsurdyi Tﬂeaérmwsuﬂsstqrmallylthfgsame" raddrel torte ditidgremdeanh si¢elafsteslitiinenef RO i n
FIGS. 1 2 i o a t nmum

| oop hei gﬂ?" né)néJI tﬁee gglﬁtbsggtgt'?lgﬁés &%{1 ng%ﬁsugfgd% -Ee(}gs @Igt l}nt'bﬁisggﬁ

(sum of Idtf@fﬁnPRalT@htbea?ﬁﬂut etqrrrrgaynen@htabtog@t}er It ineshayld pactesped thet thepferm
subst r at esubdtagtiafly ;EBARE")do8S ndt iHakkR&Hh oPfhe tiiecomPofiétts bal | s 16 nmust exceed
the thickness of the potting material 20 extending over surface | la. Since
the high wire | ooping necessitates significant potting material thickness)
the solder balls nust have the relatively large dianeter of typically
between 0.25 and 0.4 mm Referring collectively to FIGS. | and 2) the

probl em encountered by the depicted geonetries is the i fact that all wres
| 7 fromthe Chl P bond| ng pads 18 to the substrate cont act pads I 3 have to

______ Y " o A~ e - v Y 1




.devi ce production. FIG 3 is a sinplified and schematic cross sectional
view, and FIG 4 is a sinplified and schematic top view, of an integrated
circuit package of the present invention. The silicon chi p2§0M@én2%g§ f or
exanple) an integrated circuit conponent such as a DRAM a SDRAM) an EPROM
a LOAd C, a mcroprocessor or a digital signal processor chip. Its thickness
is typically between 0.2 to 0.5 nun, preferably 0.28 mm An electrically
insulating hoard 31 with a first su and a econgfesurfa e 31b has
its second®SHEF é&%‘h%‘f%'“éi"t“ﬁﬁfﬂ@ff‘“l%% &5t 'Pree%% éﬁi‘“ﬁ“‘ “6'3‘) £ (IS p%?

adhesi ve | sfeerto 84 thickinssor Adightofhinamegrate cizents lpackdzat ﬂﬁselemmbns!mstatuee tBeltbxghtf t he
boar d face&th&%m&'bsm re&u;;r%ﬁ oWlfin fllaRuafinenCONSequUeNt Iy, the " back"
surface of ¢ acin e environnment and is thus avail able for

di ssi pating t"ﬁ‘éPfﬁ*&P‘ ‘@’ﬁ’é!"gy“’%b}’ reqyisemaitforspace prastiaingef copsinenheipki®g, t he chip in

operati on. 4 ﬂcaﬁMsE@h @sfcclﬁdlh@ccfnﬁnﬁxhlcidaﬁ’st paBQa hald Sk dnsespgﬁdptcb.em aammt:dmx of t he

circuit surface of ?’ s referred. to g qe subst%ﬁg%

package. THEUCKH&Pa Epf:.‘;ie“ff&?"té?" e, fotrgla"ﬁq’ze@lg &hepq Redprrance K g ?Sfe\?g“”
routing st piollems3socinel \athpﬂelﬂleafomtyapalﬁty cfolrtchip hssqablys TBSprokaiplessif thedresent | ts fi r st
Surf ace S et thdy A0infifel S oyl GRM AL ORASy BRAAMIGREGBRREr | Ve S,
or copper wt surta ractory metal ers owed by
copper |ay t"rﬁa‘@fﬁlﬂ‘é?“fﬂc‘éfésrf“e“ﬂf“tsﬁw)r sresplje prqgr?gmwblgfre megeriesopper

| ayers fol (gprosh), bogldur&meaobmaﬁcﬁmanﬁutham@ta&da;leuk&n@mas of electrically

i nsul ating erial N, or a cyanate

as. F
Lot or b oot TN fmer o PR nveiqisanin sy Bt e s G geSHRR
pol yi m de- b‘a@ddowmndlm eFiGalyshives thesiamplificBuipsticand cBis shaion of abbircinays  of

ggﬁwngen 0. chgp&t&ploa‘smcoa Q?n&, gh. &}ﬁaﬁam a{,}m mpg aé&igsm ;g [ayer

-sided a
adheS| ve gfmone@ﬁwsalaliw r&mleaglﬂ"d ingelHieg paped. 11A§a§ rfbwﬁaqeﬁlw@ segond
substrate sifadda. IR, 1 as 3 Plur of BRdutiivS rovlilzls@pe123nd coamct@acﬁhmea&suédy of

el ectricall ond ctl e routing stri 3 nd cont ac ds 33a _and 33b
These 1 out P Y P 1 Bpangss deifhedicip T pie S sy Bbe iR Bl Al Pl o o
net wor k of suefaoa h Ecfhdeomscidodit suedce oitcbip $€ b spife ofiiredact haheard Elnicpositignadién thi afes. One
group of C&F&é&t wd{%@@fah@%‘ t'h§reB e%'ed?s e %b&rﬁ@e&'t%goﬁékkfgnC’n%%ﬁacmenm%een

approxi mately para o openi ng ese contact pads 33a
receive th'é’a§tlllﬂft€’f?h'ér‘1@§°'6¥’le%¥a§ esixgilayerd437 not only for signal |ine

connections, sdtra@l 1SOmidebF d&QM@dIly aqmaugg A&l @@ﬂ@@.@&po@msm Aing mhrsi,@réﬂlyof

cont act pads. 33a coppat i bl e titch se a
Gola 1 asre Bigera el P Aol peiopeetia bt gy B ﬁ% BRI, T anged
gener al | y mnay be madepé fier exaimplaraglaublefsidethadpesBOpalyimi#¢ @%. 3 and 4. Since these

cont act pads A§$I§)W§'Enq31@|2' ngs%gtellph ?al{éﬁ}%mgﬁk g;hd (::)‘h lé@lgg\?e lqglla¥lude§ of 8&:&%§ﬁnt ative

on each sid openi n . atter cont act are connecte roug
routing st‘i"f“b‘é"VSE’“E‘?ﬁSfffﬁ’é‘%"éé%a"‘gﬁ‘hdb BesceuHvaseirs Wassingey wighseoptrated 1 0 sone

proxi mty #n@canuéd @n@radieona@rraomare&km@dgaﬁm q)BwauJaﬁstgrnamﬁeSane g?owsed on

contact pads 33b are sol der bal I 3G whi ¢ g [ Qr the fi package
et achirentoopst Pl LG Qs o B R aoTE R P Soee o SR e S R st paas
33b i s congatkdt pddearpsdidar mHsA6 vaiich are nevdeditforgife find Ipabkage baklingnt o the praypmeronpr i se

gol d) pall @ﬁscm bdsP|ARbthé? Uity Aftco&amﬂ&sqs mu&n@m amﬁagpmmm; &?all%ﬁ& i sol der

"bal | s" used herein does not 002 7 contacts
are necessyEs PLoPeigdp st they Wéfﬁcwhﬁﬁ%'ée“%ﬂff"@ M’Q'S‘febW'l‘Fé i1 sﬂ‘ésﬁ wifgs connect

Sﬁm Sphel‘ltG]?\(:;,hqthnﬂmﬂ?ﬂ’El)S ilfahﬁéﬂgdnadllyﬁﬁ)mEccnﬁm algaetffelil@hdy bunp. The exact
shape is a fynction o ositign techn ati.on,

pl ati ng) or g\r ens Srcfnc'z'ifh% uzﬁllS pa“o U B Sﬁg\'ﬁ/ '“ %dlsp&rﬁgel ’s%ﬁg)ﬁetg% &5 rared or
radi ant heamerjng lén’ﬁletbhﬂémnaleemqaw com@ctfybsmteloomore Selmwalll* nﬁ@h@cbsrsamesearaal | abl e
to achi evefo.ces?messsq)e&a{ sm,n.gmmsl mhm&hmﬁpha/ndﬁagm A M J3ehe ALY BHE R
material and uniformty l'ow tenperature. can be seen In FIGS

and 4) a i B‘fW‘EﬁPQ“%r% 39 is positioned par aI lel to and in i mediate
proximty toTkdiehiskelg@ss nf(usﬁhlly@olc’s)lare Mnues afldr namgmmp 10 tas beBp@Rdrantd tkk or t he

2[ gitep;[ Clar\r{e{'r'%(%ﬂgé(ﬁ\?wn ({:c%mol?ase vaaBI ﬁ%é%%glll 1clween Oarﬁl\ﬁl(gunll_ Ou?vmﬁmerp r}dlerps

w thout electrically affectl ng the function of bus bars 39 as power supply
or ground potential. The bus bars nmay serve, for exanple as power supplies
or grounds, and it is preferred that one bus bar 39 serve one function,
such as a power supply) and the second bus bar 39 serve another function,
such as ground. A nunber of chip bonding pads 38 are connected by wre
bonding 37 to the contact pads 33a leading to the bus bars 39. Since the
bus bars are positioned far away fromany wire crossing, any electrical

| nsul ati on agal nst w re shortl ng |s no Ionger an |ssue The Wi re bond| ng
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28 May 2002 8 footprint). Consequently) the area of the contact pads 33a
can be designed so smal | that a | arge nunber of contact pads can be |ined
up side by side along the side edge of opening 35 so that evetf dlavardfd?
total nunber of chip contact pads (power plus ground plus signal contacts)
can be wire bonded to substrate 31. It is further inportant for the present
invention that recent technical advanc allow the formation of the wire

| di
capt11ary TRUS Rt A3l Pl oo oRs ik G VTR B3 o

31. As a corateqnierieping pfmeactlso@ﬁnedgwm fopinstanse, Benttaghnical edyancesallows thp formatipe 31 at
a hei ght ofr apRRAX 'pmto?hm‘crgt{plogﬂﬂg%@gh@mf@ﬁggpgbh@y RRosHH hikR&GBuAfordatlipW angl e
(at the stitch, there is no mninmmheight for a ball needed, nor is there

a heat - af f %‘e*ts'ééltf‘G\P‘fsé‘afiffﬁ@eW@ﬁ“‘%ul d be nmechanical |y weak for bending or

ot her def or mettieod tﬁettibﬁﬁi@ﬁa&)s 18 B@Ga)uiscrlcoficdl Binfeclinid thtisubitate @1 irecqnmtagw tegh

| oopi ng spans. a ran [ ssue. 0y ion the
si gnal con?pcmfl & {qu El%d wquo% "5ﬁr mdéma% Taten%wﬁ(g\s/% (fr&ﬁén\e/% ‘a"‘gi?él% oath [f%é)lc':l litate
t he crossi ahgutl) tOtSIQe;m\Am Foegftmmvh@m lmpélplslénng:qméy,Hvapeftmgumamrl@le‘rﬂl aﬁel t he

bondi ng pagi% ity (@ of B efgﬁaﬁ‘d&ﬁlfnébe@gﬁbo@@ﬂ@%ﬁﬁde@[h&fﬁlegtmﬁraﬁl"bﬂrate 31 are
connect ed he opening 35 is filled w ottln'g nmol di ng mat eri al

(dashed |ine Tht)d‘i“FF“F—"I°C§§‘°k'§ssa?f6he&‘)ld°ﬁ'ﬁ’”f BS ‘&'SWéf% ‘B‘Fk‘ﬁﬁ(?ﬁ‘f‘e %‘“@ gasgal R on
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ester-type r é?siem)\g epUentivedbtb EIGSok angl hsllea?m@bmfencomteﬂdlbn thEﬂ@uFte@E@nPtvesl is@p. , Ltd.
(t¥nder "t hg RanRSMp A W bohdpad 39 el Rk 0 Rt o GBRLRED

i ncl ude epoxi es, &Olﬁ%%t ers, F yi m des, cyanocry| ates, ceramc, silicone,
ur et hane, HnbHs B fleg ogircyrstapse ey 'YPét“é“f“l‘eglt@t ong PReBOSE I AYd B ottt hese
potting ﬁB&oﬁﬂh¢t&|1tBaﬁi&}Sar@mEHtﬁh aecfricilkl&&&vomhuadusea:iaifmﬁontohee mefgrdddeirant Tas
:Tg.tere::rlalal exg?] Sﬂll I%QPI%?s%d\fxer morc Sang he%a gtser\"cgn tcptl:%n Cég I gx%a% {n l‘%l?gcocfd mtt eelelﬁgge;:jn?he
t hi ckness BRAMpeodyspfamilipig Thm Selul"a!ls arg being e xqied -ngnmeqchwgsr albef tl&ma Since the

m ni num WIJuﬁlbér&qelc&&nmramJnalswaaerbcmltreaagusmerl al thickness (20 to 50 pm,
the solder balls need only the relatively small dianeter of ty(ﬁl cally 0. |
to 0.3 mm pr ef‘@f‘?"@&l“%s@?"défr‘h%‘&{"f frogp Qﬁﬂ‘ﬂpebf’“‘i”?Pedséoﬁ*}“rﬁ"bsgﬁ‘ﬁﬁ‘ﬁ‘FﬂF‘ﬁ g™ he
enbodi ment of EhgEyed & casnskhelbus Witd. IThis h@atlssehegiainre&awuegse ld%htldﬂhﬂglci[j’sﬂmng
substrate 31) oLtk as, e ed by the
desi gn Iayout g\terba a trnmtthe§§erall th4Q(’nes (r).lr e L&)ack'flge,ram? laaves tgen paILkrai\geI tog thie nlé hei ght of
bondi ng wires Qﬁerglnm@nvhﬂl@kawel%tw@br pr of| le") of t he over aII chi p-si ze
integrated chr ﬁulfferemg&k@@@algf h)tslaalyletava@aat fofARe doftad? pads & thurbdudedEParale Hemcef €r r ed
profile is about O profile is S|gn|f|cantly reduced

conpared to coPRBAf 5k bagsy Bh‘"?”? ‘B%‘“"(S’f‘hel“”f?s FeriopRipe ify 3 pakity) A oyr the bisbass e d
backsi de of t hHovadwérpth(sacytired substianes svinpaied diultifie Pydrs win@alpisyet aétalzawdatfbr a t hi n
plastic coatin f. i . tegrated
circuit package & oF ?@%@M?ﬁr\?gn{n }u%‘nlléﬁ%%éggdqggf' ?@34&%%}}'%%?&@# l%@‘dvg nd 4)

t he back sidé 6»‘ electrisallyjipsglafing cearifggs %hefisotwawin(ahe*@wwm‘émw“tcrpsaan
encapsul ating webRbird! Am¥ineRechdiqiEQNQIn hoREWRIe pdiyiRitde®F bk Oflime HBRsitei N
package of theﬁg esent |nvent%‘£€}ﬁ| s nore relia n conventional thicker

packages, becalld®® Pt nHEH¥E D5 2RRIpaclss F@éescEmW‘P icglipad geonpirallyogt i n

coefficients odfccdphbieral expansi on het ween 28 May 2002 9 plastic substrate
31 and se t he
di mni shedan h’? ﬁ Eﬁ%@@oggmds B‘g@?lgtﬂgﬁ%f? lrhgc (gg‘g)s]g ésélg rpan?P(‘:’%E]S l+nlovauﬁ£a¥ or ce it is
abl e t o exéditionptie preseiipyspiontiy 2amictte desigay dthsr B centeslinepndiyg, ag‘één‘CIiutiSFl GS. 3

aﬂd 4, SUQ%vEsﬁ)'hﬂo §e1foh§ceelﬂﬁhsmq ob@aub@‘(xﬁ'deﬁéémaaﬁdtrﬁzhllb)im hdag: rsaadsOout | i ne as
the circuit chi

| engt h of ckage or ex or. DRANS,
may be betRXE‘é‘H‘a‘EBo‘Nt“‘“igﬁ ths bogy 0%‘961%?“‘% ?%“‘&‘g‘g%‘?n‘d?ﬁtﬁkaé‘b‘tﬁﬁgp %‘”‘Lﬁﬂ‘ﬁel ng
pr ef er r ed.FIGY.3@ndd dinh capfralizdiicbogiing pady ef) theaxdrediahip axshonid @ ufiderstoDRANMSe skifizy inbe
beween ab ferred.
The sim | g’r’laltatﬂiha?ﬁgF%%Btéﬁmegwg&hm%n%&gtg ﬁg%pﬁgagggogﬁ%?teé@mp d@?r%&?‘t chip 30
is possible due to the internal positioning of the electrical connections
between the circuit chip 30 and the substrate 31 by |looping the wire
bondi ng 37 through the opening 35. FIG S illustrates an enbodi nent of the
present invention for a silicon 16 Mdiit DRAM package. The electrically
i nsul ating substrate 51 has a first surface 5la and an opening 55. A
plurality of electrically conductive routing strips 52 are integral with
substrate 51. Contact pads 53a are disposed on surface 5la f and are
al i gned par al I eI and in close proximty to the edge of opening S5. Contact
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with routing strips 52. Contacts pads 53b, also connected wth routing
strips 52, have an arrangerrent and geonetry to receive sol dgg @ay| s300A

sem conductor circuit chi p can be adhered to the substrate surface opposite
to suface 31 a and wire bonded to contact pads 32a. This sem conduct or
circuit chip preferably has the sane outline as substrate 51. FIG 5 shows
a pair of bus bars 59 which are |ntegral with substrate 51 and electrically
connect ed ant | t he bus
bars 59 ar g'}éﬁ'ét&aty?"?f%a?%(}r%@ cg?l?‘}? es' ﬂheaggf?d‘é’ %"rther éref)'?c"'¥ AL hey
run par al | b4 madgofsilidon, gnllo-mgem@mmymﬂteysemmtdh@orpveﬁcmqbgetpa#nhe@gbs elggftronic

st ubstrat eyike pdiRiAer enmbodi ment of the present invention is shown in FIG
6. Di sposed and integral with, surface 51 a _of substrate 51 is a pair
of groundi ng %%&S'SGGmplﬁﬁngd?hﬁ'ﬂﬁ'dFﬁﬁ sgstienabtirs YIEES f Gristrediedepichematq

el ectrical oy vﬁﬂmﬂﬁﬁh@ﬁatm"an@adkﬁgetohﬁe ﬂﬁtkSnt BRéntiorb O Thetshicen cmpacme.au @R S

i ndependent_ of Qcat e Wre

bondi ng pr 8&R&E, anglfcgm{célﬂglél}com R lﬂ{"‘fl\?can a"%PFBH{ ?‘ 6 groundi ng pads
60 and fr omctdnece@mtwatdtmalb'a@l mgcsorﬁgp Bsomclqnwglsg’@tcalb@e@@"ﬁﬁdo Gonmact pads

53a. This graundo. Ez%ﬁ”kh a&trﬁary\{@mm@%omﬁ%mﬁgt duftaclBlaGudIBERhd sultl O t he
applicatioh of a open/short sensor systemfor testing _the testing the

bal | bond Basés ‘Fﬁ’éd%“f?‘?é aer Qe pilicop Fp 100 esng ofsr sdhette "13'? 3tnMper at i on.
Defects ar atamauﬁi ishadnanat @ebna s@m 3ab\Eyhe BOUEd fa@Ntheasit sjdrfheoﬂl:ﬁlb B& Oloagbquedilyi, S
gg%aglolnldhgw ‘b %Fgra]'t{ﬁa%‘aco I’I nOlS cm E%ml}‘ogtln%nlt a:tsntdasltlgga%ﬂgﬁﬁor dlsSI%a?nr!ﬁtncr?lalnee ded for
uilt-in quallgv tng coglide q!felbqhadygetnpratyd byAbe chig idaperetiont Iy smtsloétbmfsctgm Hoprddl isn t he

l}) it is Jsﬁ{me@m;t%f tl@@gcuﬂ?&rﬁc&@&ﬁp ﬁ)flftisﬁ:'fé?l@& totaﬁhp“éﬁds(gﬂé‘ Ot tﬁ@ﬂa&l@&' I’Ihé y t han

to test-inre bondi ng operation has been conpl et ed)

groundi ng fyagategbhagp é““ﬁ@f}’ Pfcﬁ‘f@‘é‘fa"h gdnstive roptiBg strips 37 agd p %'Frﬁ"‘b%f °§‘é‘ﬁhﬁaﬁﬁ Bd from
the main p&@&ﬁ@ﬁm @f fikterfPeMa.C Routiaf §tys 32 A catneadnl 3y campesdragkagyeRprpr ocesses

have been co Fl G 1..which serv ur pose of
si nplityi ng™k 3‘% g’a‘}aﬁhwﬁ*ﬁ“8?f°‘?‘1\?i§‘yd‘f gawﬁ{'fgi(&'% G C%’BCrflalye'SW%hgemﬁﬁg'n package
of the devAmauvelthBe My coRPBLcopBr keye followed Hyumdkelddyes t he " Bond Open/ Short

Sensor " ( B%§Lbs§¥§§lﬁ%£b€ SERAEMY iRNRARE R TerRPRLY R FRINyilidNEs aW'q%(ﬁy Rap Ql)l £‘9
operation. The BOSS el ectronics is contained in equipnent

essenti al YA cEefEsirieiRtorehvitha oy plagstclof t%‘eﬁ'f“%‘%d PB'éS‘E‘\é‘thFS&‘I‘ S“bsB'EﬁSS‘aiéyst em
70 is el eCherusciabibyteatean mmtuﬂdm&sooftbae/e&mndnmmmsqqménemumsh i{ o2 @@IThai ner 71.
The V\nret%glca rnatlvely, it

CONsi st s esive laéc)[ 34*1 1 q)a den?g rexa:}nglg adoub% s1da (% t%gesw? %o eyum)‘d tape, aﬁﬁeswe %uc 71" and

is fed thr@gghord&pmplamcydhmve Fromwre 72) gol d ball 74 has been for med on

the bondi ng padn®fnisets &%@M&ts@hascahbgeng%ss ah@mﬁsesm@a@mllalgw ll?y?bfbl&tﬁleﬁd
through the air to formstit fromwre formed on

cont act pa@ Ry veritinesigs 3%“9 FP“E‘F‘é’é‘F P?a@a? AP Thrsqiryiog sgpsSame t"l‘eé‘iabw‘g‘o at t ached
t 0, sem condalbsrat®f | @h kdhstilde a doervricad Bahdetians fof Eledicdlgrautd, ot dnd dpadined daeat er

bl bck 77 tial.
Thi's. of oscloPREconpdple iy ol fe Skl e EAROBELERUP BB eBBMER ' 2
appl i cat i otwewite 3y ililcee@gnte%mdaf @b repaive theystitch ends af Whiskes witpsig nesgely for pigml lingont act

pad 77 is ghRedohd, bhkdoCRARGRd 86link Ebn%ﬁﬁﬂﬂdtﬂlgurﬁé&fz&mct\/fms@ﬁ’baré dambdt'il')l@) is
electrically connected to ground poteni al | oses the electrical

circuit toVihfasysegdoad; %gtaé?ﬁoﬁﬁﬂseélgPISWST‘ S“rfa‘iehf;w '?fﬁﬁ GORE '] “b‘ﬁe &P bpdinE@ads control
during t he38$i11ahgehlgdnaﬁld'llmge copedl afed @nchip Bhén HIGS. Taiid @mlrﬁélhéshébngmpﬁﬂsbﬁhlake IS

enabl ed by t stem
(EFO) . Thealléi%%mea rg\ﬁ;l:aés) g Ql%rsl Ll&?gnegﬁgseggalé\%gﬁ Vﬁ?ﬂ ﬁ(ﬁ& oFé)p@ﬁug% 3. ?‘{F‘?I%igigont%é( ng 83
to a di gi trafls acrarneeitd lhmugamu@cfhm%ﬂto thy secendherofl) o eentaoichadsg 3b witchgs 19®0m¢eeded for

flam ng oleoxtrm@ ngg.hd;owg tneepeaght:ﬁredge@mh@nam @tsbésmnleamt ph& 330 R€sofdeafaliy 1 cal
connecti ons Qg enabl ed

in t he re inventio al | ow
several prick ‘§B a‘&B?‘ff"i"cﬁ?fl"‘effiﬂﬂc?? altachirray ‘?/?{ﬁ{:l’s?'ﬁg’ ‘é‘f"é??é‘f*% B’Cé‘é“frest 1
i s a feedbaatket gidgithlis campagible it dasygpttahmédnel sEfObalBASHyY T@st ischotlgtatialium, gol d bal |
bond inte T b rit t 4
det ect s Wq{lelélt‘l%l? elgsk dbcﬁe%tn&nﬁ(fiiﬁ%&g% rp?otld% ‘%Qlls s@cgl}%er]oo% not l%aly @Rh%ljsﬁ sgggrl n
stitch bond integrity. BCSS Test 5 tests gold ball bond 74 continuity on
bondi ng pad. Wiile this invention has been described in reference to
illustrative enbodinents, this description is not intended to be construed
inalimting sense. Various nodifications and comhinations of the
illustrative enbodi nents, as well as other enbodi nents of the invention)
will be apparent to persons skilled in the art upon reference to the
description. It is) therefore, intended that the appended clai ns enconpass
any such nodifications or enbodi nents. 28 May 2002 11 What is clained is:



1. A semi conductor device conprising: an electrically insulating substrate
having first and second surfaces, an outline and an openi ng; 28 pla¥r abipby of
el ectrically conductive routing strips integral with said substrate; a
plurality of contact pads di sposed on said first surface, at |east. one of
said contact pads electrically connected with at | east one of said routing
strips; a sem conductor circuit chip adhered to said second surface of said

substrate, co%a&tgarekuc& sall 3 \4pHaScal they iy hm%a&ob@&nﬂsssump&h@spﬂehéél |h¥lf-3<m% sane as
said outline of said substrate, said chip havin 'east one bondi ng pad;

bondi ng wi frensatedcarey ?‘lgt’:‘ﬁ‘l“"&b“&’@nﬁ‘&&chﬁﬂfﬂapé&laé““é‘t"“l"g‘é\ depesitian BEWUIPTEPad to at

| east one @hpdsaiot] platigl dripefabiidaiearits)ahd ﬂcﬂkﬁ&%chﬁﬁt& (hus;ashxa:rareu 6d redidneheatyiabdh sai d

3 ?b:;r ‘a‘t gong%&dna?%g'g%g}ﬁ% cveeralbulfsl 3 arr avglrn]agfét: acl%eve %&g?efgg%oemec A sﬁ‘age!, gast one
| east one msoll!Immmp@Stha@nddndruemléy fffrrthstmmratypem ng; encapsul ating
material fillJdsg bseeemm@m@m Bl 4 Ppai Q¥R ba?ﬁjﬂs ;kaan&kmmmlrt@ﬁmanﬂmé@ata at | east
one bondi ng pad; | east .one sol der ball disposed on at | east one of

and
sai d cont a%’?""ﬂ‘é?tfg ‘he\ﬁﬁﬁésr‘é £hip 315 This é”f“ﬁ“@ﬁ%‘t‘s 'B‘H%‘a?}ﬁ%‘ “BQF“?"%‘“EB%Q“H? Bhwstf 9ar e
renote from ﬁo@dllﬁlltﬁto cbrecs therd Blectdzeltyds ¢vgtaqd @dlis Bladn meas 6f codndtiacioutpgsiiips 2. The
sem conduct cordi of said
device is a% St eP flaﬁy %T%]Ctmég'e %Ct}OE%%IM%S n %?:S}tlggggrg@@lly N egr%@g E&%ﬂl jn%e(?gscl aimil
wher ei n saliagh naw sdreeafor exgymide 45 newdnsppliesorgiogeds randisis psplegsestihné encdub '13639&?”4 @ast one

conduct | Vefuﬁc@bﬂ SRFasSitpbivd? s&bﬁly%d lhE‘;e@(ng Bis bWBt) Qr@%h(ﬁheﬁ&b&ﬂbﬁ 2dch as flound NG
sem conduct or devi ce accor sai d rOUtl ng stri ps are

sp‘gced abotimber8f girdisadinepads 3%‘“%"?‘1‘1‘%“@%?% ‘6‘8&8'{‘1’8’@3? todlé‘:\ff“&f@‘ RdtHr srdig e B cl ai m 1
rein sauuelbaemapsul ating material has a t hi ckness of between about 0.05
and. 0.15 mm ge th gﬁrsbacr)epﬁ%i atr a%% froma w%g crgég' X¥ l?ye?ectgcal {nsuFT‘at Tagﬁl(ﬁsq nduct or
devi ce accor |ng Sald encapsur’a

t hi ckness ‘Ufésmlsl@lqngmwmﬂer sal d bonding wires. 7. The sem conductor

device of cl the%ﬂeb\blﬂﬁ{g%ko@eé ﬂsﬁ&rth@&é&tcﬁ@@o 53 b&R hdnbrdd bo teSutigkaraen about
0.1 and 0.5 mMmin di ane sem conduct or device of claim1 wherein

said at | eXpgpthegihey ‘%‘P"&&?“eﬁ%ﬂ 3 he?“? P&‘E?B‘Elt‘o rgisothqif s magragyrepreisieen 190 ang 390 °C.
sem conduckA Gtire @icallyef gobd; guldbenglliinaloy,athen gbldwing T ¢ coppaahading hdipmdia $ypRaltyhi ckness

of between ar%l?n%lt'rtoqu % 3‘3 pgl is slr?ngr(lm)ugh a heated capillary where the temperature usually ranges
between 200 and 500 °C. At the (ip of the wire, a liquid ball is created using either a flame or a spark

technique. The capillary is moved towards the chip bonding pad 38 and the ball is pressed against the
metallization of the bonding pad (typically aluminum, aluminum-copper alloy, or copper). A combination
of compression force and ultrasonic energy create the formation of gold-aluminum intermetallics and thus
the strong metallurgical bond. In the case of copper wire on copper pad, only metal interdiffusion takes
places in order to generate the strong weld.

It is important for the present invention that recent technical advances in wire bonding now allow the
formation of small yet reliable ball contacts; ball pitches as small as between 75 and 50 pm can be
achieved. Moving the capillary 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 ot looped 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 capillary, a

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

It is important for the present invention 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 capillacy wall thickness and capillary



10. The semi conductor device according to claim1 wherein said chip has a

t hi ckness of about 0.28 nmm 11. The seni conductor device according to claim
1 wherein said substrate has a thickness of between about 0.%°

12. The sem conductor device according to claim1l wherein said substrate
has a thickness of about 0.2 mm 13. The sem conductor device according to
claim1 wherein the overall profile of sal d device is between about 0.5 and
1.7 mm S A A Af Al . A3
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Like molding materials, these potting materials may contain fillers that affect the coefficient of thermal
expansion, as well as the strength and flexibility of the potting material.
The diameter, or thickness of the solder balls 36 must exceed the thickness of the potting material 40
extending over surface 31a. Since the minimum wire looping permits thin potting material thickness (20
to 50 pmy), the solder balls need only the relatively small diameter of typically 0.1 to 0.3 mm; preferred
| solder ball diameter is 0.2 mm.
Summarizing the embodiment of FIGS. 3 and 4: With the height savings deriving from substrate 31,
potting material 40, and solder balls 36, as enabled by the design layout of bus bars 39 and subsequent
reduction in looping height of bonding wires 37, the thickness (or “profile’’) of the overall chip-size
integrated circuit package of the invention is 0.5 to 1.7 mm; the preferred profile is about 0.75 to 0.78
mm. This profile is significantly reduced compared to conventional profiles of 1.0 mm for packages with
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 improves 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 theral expansion between
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10BNOP> m)ﬁgﬁlé:may be beween about 5 and 12,5 mm, with a width of about 6.5 mm being preferred. The
similarity in length and width between substrate 31 and circuit chip 30 is possible due to the internal
positioning of the electrical connections between the circuit chip 30 and the substrate 31 by looping the

wire bonding 37 through the opening 35.

FIG. § illustrates an embodiment of the present invention for a silicon 16 Mbit DRAM package. The
electrically insulating substrate 51 has a first surface S1a and an opening 55. A plurality of electrically '
conductive routing strips 52 are integral with substrate 51. Contact pads 53a are disposed on surface 51a
and are aligned parallel and in close proximity to the edge of opening 55. Contact pads 53a are connected
with routing strips 52. Contacts pads 53b, also connected with routing strips 52, have an arrangement
and geometry to receive solder balls. A semiconductor circuit chip can be adhered to the substrate surface
opposite to suface 31a and wire bonded to contact pads 32a. This semiconductor circuit chip preferably
has the same outline as substrate S1. FIG. 5 shows a pair of bus bars 59 which are integral with substrate
51 and electrically connected by routing strips 52 to contact pads 53a. Importantly, the bus bars 59 are
positioned remote from opening 55; as a matter of fast, they run parallel to and in close proximity to the
peripseral edges of stubstrate 51.

Another embodiment of the present invention is shown in FIG. 6. Disposed on, and integral with,
surface 51a of substrate 51 is a pair of grounding 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 location of
bus bar 59. During the wire bonding process, electrical gound potenial can be applied to grounding pads
60 and from there to the bus bars 59, routing strips 52 and contact pads 53a. This ground potential
serves, as described in more detail below, the application of a bond open/short sensor system for testing
the testing the ball bond and the stitch bond while the bonding process is in operation. Defects are thus
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 control needed for built-in quality
and reliability. As is known to persons skilled in the art, it is far easier and more cost efficient to build-in
reliability than to test-in reliablity.

After the bonding operation has been completed, grounding pads 60 are no longer needed. They can
safely be separated 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 simplitying the separation of the

grounding pads 60 fiom the main package of the device.
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FIG. 7 illustrates the “Bond Open/Short Sensor” (BOSS) system needed for process control in the
wire bonding operation. The BOSS electronics is contained in equipment 70. It is essential that
equipment 70 is connected to ground potential. BOSS system 70 is electrically connected to the bond
wire spool housed in container 71. The wire typically used is made of gold or a gold alloy; alternatively, it
consists of copper. Bonding wire 72 emerges from the spool housing 71 and is fed through capillary 73, '
From wire 72, gold ball 74 has been formed on the bonding pad of semiconductor chip 75, before capillary
73 is moved through the air to form stitch 76 from wire 72. Stitch 76 is formed on contact pad 77,
integral with electrically insulating substrate 80 attached to semiconductor chip 75. Semiconductor chip
75 is positioned on heater block 77, which, in turn, is electrically connected to ground potential. This
closes the electrical circuit to the BOSS system and allows the application of process control during the
ball bonding operation. Contact pad 77 is electrically connected to grounding pad 78, which, in turn, is
electrically connected to ground potenial. This closes the electrical circuit to the BOSS system and allow
the application of process control during the stitch bonding operation.

The formation of the gold ball is enabled by the electrode 81 of the of the electronic flame-off system
(EFO). The EFO is housed in equipment 82, which is connected by wiring 83 to a digital connection and
control system. Electrode 81 is also needed for flaming off the gold wire after completing stitch bond 76.

The electrical connections shown in FIG. 7 and enabled by the present invention, allow several
process controll functions involving the BOSS system: BOSS Test 1 is a feedback signal after firing of
the EFO. BOSS Test 2 detects gold ball bond integrity. BOSS Test 3 detects stitch bond integrity. BOSS
Test 4 detects wire break (“pig tail break™) after flame-off, and thus again stitch bond integrity, BOSS
Test 5 tests gold ball bond 74 continuity on bonding pad.

While this invention has been described in reference to illustrative embodiments, this description is
not intended to be construed in a limiting sense. Various modifications and combinations of the
illustrative embodiments, as well as other embodiments of the invention, will be apparent to persons

skilled in the art upon reference to the description. It is, therefore, intended that the appended claims

encompass any such modifications or embodiments.
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a plurality of electrically conductive routing strips integral with said substrate;

a plurality of contact pads disposed on said first surface, at least one of said contact
pads electrically connected with at least one of said routing strips;

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;

bonding wires electrically connecting said at least one bonding pad to at least one of
said routing strips;

at least one bus bar integral with said substrate, said at least one bus bar electrically
connected to at least one of said contact pads and to at least one of said bonding pads;

said at least one bus bar positioned remote from said opening;

encapsulating material filling said opening to cover said bonding wires and said at least
one bonding pad; and

at least one solder ball disposed on at least one of said contact pads;

wherein said at least one bus bar is positioned more remote from said at least one

bonding pad than said contact pads.

2. The semiconductor device according to claim 1 wherein the over profile of said device is
about 0.78 mm.

3. The semiconductor device according to claim 1 wherein said at least one bus bar is
electrically connected to at least one conductive routing strip being integral with said substrate.

4, The semiconductor device according to claim 1 wherein said routing strips are spaced
about said opening.

5. The semiconductor device according to claim 1 wherein said encapsulating material has
a thickness of between about 0.05 and 0.15 mm over said bonding wires.
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a thickness of about 0.1 mm over said bonding wires.

7. The semiconductor device of claim 1 wherein said at least one solder ball is between
about 0.1 and 0.5 mm in diameter.

8. The semiconductor device of claim 1 wherein said at least one solder ball is about 0.2
mm in diameter.

9. The semiconductor device according to claim 1 wherein said chip has a thickness of
between about 0.2 and 0.5 mm.

10. The semiconductor device according to claim 1 wherein said chip has a thickness of
about 0.28 mm.

11. The semiconductor device according to claim 1 wherein said substrate has a thickness
of between about 0.1 and 0.7 mm.

12. The semiconductor device according to claim 1 wherein said substrate has a thickness
of about 0.2 mm.

13. The semiconductor device according to claim 1 wherein the overall profile of said device

is between about 0.5 and 1.7 mm.



