re3e&NRRS, U@ UWOVEVT&WW 2r BOC SEM CONDUCTOR PACKAGE | NCLUDI NG A

SEM CONDUCTOR DI E AND A SUBSTRATE BONDED CI RCUI T SI DE Dcvwhggmmuggﬁbg Field

of the Inv mmmmmnventl on relates generally to sem co&q -7

packagi ng,“‘w ally to a board-on-chip package t hat |ncI es a

sem conductor digmwe«and a substrate bongled circuit side down to the die,

This invention also relates to a nethod for fabricating the package, and to

el ectroni c assenblies incorporating the package. Background o the Invention

One type o kage is referred t

Chi p scal e ﬁ?ﬁ‘ "e(d NCLURING A

dice are r&H ﬁ)ArSHBS??RA'EE ' BONDED| GIRGUIT 34

be fabricated in "uncased" or "cased" confi guratl ons. Uncased chi p scal e

packages have a "footprint™ (peripheral. outline) that is about the same as

an unpackaged die. Cased chip scal e packages have a peripheral outline that

is sli ght%%l@g@gﬁimﬁ% unpackaged die. Fox exanple, a footprint for a

typical ¢ Tp sca package can be about 1.2 times the size of the die

cont ai ned wi t hiThitshe 1pac€kralgﬂe0 A TRt | SIS Icht bY sdd e SEEdIEEIYGIcPTides a

substrate *g% tgg i Se c iTYRELRLY Yoo t@%amiéﬁlalf@@&m@@e aEhQEanl c
is

mat eri al , suc mal ei'm de triaZine (BT), an epoxy resin_(e.g
or a pol y|1MCdalde@3|an sEive asuiskictere dige| aBEs 2asphetErheobPordRdUe BFYi Esuch

as copper [frac 30w111h’?:§> af fe Wi bongigds  QhvRhReLIW SE:&! eellRkEa! I a
connect ed,” 't'0 bond s, or ofher connection points, on the die. The

subst r at e m@l tdwd n(flqmeéfaé)(tlé?frfa’rn%oﬁth&ct @alcl‘raé'leect APdal LR oMARAIERTHR Wi t h

t he condu leSibl 1 C¥PE Rab LbengXtiey plckee@t.act s conprise sol der balls
arranged %Tr?%a ense a‘rra%;ﬁ(s)ﬁch a% a bg%l gri d array (ﬁﬂmm“ulm luwm “ ne bal |
grid array (FBGA). These dense arrays permt a high i 18 JUNE
2003 2 cammm_ﬂﬂ_ehﬂpﬂscal e package Fox exanpl egs&+ FBGA on a
chip scal e pac e can_include.sev u ol.der The ttern of
conduct ors on f s%?rggefegﬁﬁopﬁhggggo ?qg%bo%dlrnéﬁs% & t{boré)%hé
external cedtigctstalies zorieigates figr ﬁ@dlteopaskag'egl e alS@néef?péeéf chip
scal e package,d s, &ﬁ%‘“ﬁﬁ%oar%@é&eé’m“&rﬁh(@l@@d?@&kéﬂé -YELhraqBES package

the substrate (i. honded to the circuit side (face) of the
di e, and ma@mohmn&mlﬁaﬂepaémg@ﬁ the €BhBUGSSYLE oRaEhaIgdbtatht B€and

the bond pags iQuddie ftheruliehsedr ngrtmcgggar eaoﬂt:\lgﬂﬁlatlﬁona COUM_&BBEdnal
BOC package 10 i s |IIustéat ed., The .f g i ncl. ug se (ionguctor
die 12 ha®H® £@Ieprcsrdes 1ﬁavﬁna a gg (BSHEIP 35? 1846n PR
circuit si}.l;tjﬁ,tmlsTabd@ﬂﬂd OttpfadSax(ijxé arse am @zhp@d:kagaﬂ_ dam*rum@?é@_ncwiph Erﬂe
integrated circuits, and semnm.con uct e al N, e
BOC packad& 2@ P38 PHEFudSEY S 4 %{}8{1%3 %g(r{;‘gqg' % c%'rglljr'ﬂ%’ﬁ e 14
of the di da@erThmmbmrlmmaq}Sam dalet:l r diAn egqadualm @ofoatpragta fﬁ’aft tern
of CO“dUC%\Of@ﬁ% a1aRt Al Qﬁiﬂpps's\é%ﬂeaibﬁékgge &k Obe bl ther subels ate 1B to
the die 1 Substrate 18 er her.al cﬁ(ﬁl ne that is smaller than
the peri pidiz® dutihensics CPH(EaEIP@ 1‘21 H-heh 22¥RIhond pads 16 axe not
covered by the A’SL&Iﬁixﬁ@lﬁeldﬁaBndhibes&dhespuekhggein@Qud@beaB@Gbpa;cdaangae 10

al so incl ydes, a xt er pal c 6 b
el ectri ca;)gogﬁqﬁélqn %I)A@h Th tﬁ‘g &%%Eagt'orgl fq’rb%tgl?aé?(%e?%{a‘ gg%tgagtqg 26
conpri se &rﬁg:haud:)ahﬂas:emaal,grisdcmra@y bismhlebnadpaltirigdinher (BY) (B@&) or a
fine ball F The annalcaont e ed taphal |
,gélfasvrg]%%’* FRCyeN xCoflt g6 gl%ﬁd% handed ta
0 on Jt r‘?du i

bondi ng SI e co ctors 24 using a ng tec ni que such as
sol deri ng sumldradge oinpludiesga Matdiaray %S‘RO’B@U%F\OFﬁe §UBbt A&t CORPET

Faci | it at g5 fangi nﬂp%ﬁ;d &f@cwmlz‘éalbdrm&&,tl ep Q)ftﬁeh:e ®XE &' Bale ERIRAL Sy 26.

The conductors 24 also include ondlhn sites and
connected, to bond pa s, or ot connectlon points, on the

die.

The substrate also includes external contacts in
electrical communication with the conductors. Typically, the
external contacts comprise golder balls arranged in a dense
array, such as a ball grid array (BGA), or a fme bhall grid
array (FBGA). These dense arrdys permit a hlgh J.nput/output:



18 JUNE 2003 3 wires 34 are wire bonded to the wire bonding s~.tes 30, and
to the bond pads 16 on the d~.e 12. The BOC package 10 al sk JUNE.2BO3 an
encapsul ant 36 that encapsulates the wires 34 and the; associated wi re bonds
on the wire bonding sites 30 and on the bond pads 16. Typ~.cally, the
encapsul ant 36 conprises a Novol ac based epoxy formed in a desired shape
using a transfer nolding process, and then cured using an oven. One feature
of this type of BOC package ~.0 is that using standard w re bondi ng
techniques the wires 34 are forned wwth a |oop height WL. In addition, the
encapsul ant 36 nust have a width x1, and a thickness Y1 which insures that
the wires 39 are fu3.ly covered by a desired covering thickness ZI (e.g.,
0.02 mMmto 0.10 nmm. Accordingly, the thickness Y1 of the encapsul ant 36
nmust be selected to be at |east equal to the | oop height WL plus the
covering thpekidssyZfofYrha «hidp supley @catiade gtﬁ'oIYFEWmﬂf&,I &) BBGAhe

package 10 is t e e LA0R R t %c&/

t hi ckness®P12 aért}l(gisgbq‘;%%fé ﬂ ﬁaggsc\% o ?ltltlgl@ens‘\(%vfslh%l ant CT% woul d be
advant agebad 10 be“t@blp@tttmmco%a@,@lctwetqrcﬁ)pametlgwsWst@mtet,hemdu elreness
Y1l of the _enca i.qul ‘%gé] t hei

and the tHAP @I?ﬁ’g]satst ?‘dtl‘r%{g; encta:gguj‘%]ht \M%IB.I(;E% QOWQ(§3 Egg\ggr'al ?Qhel ght
YP of thespateltageslﬁeferbeddev:rétms?edClSleFarI y, it vvoul d be advant ageous

to be able to e‘cr?%%t Ooftp %&gcg m&@l@fpééﬁj‘é‘cﬁ%ﬁ A0 36,2 ASod A Somoul d

decrease the footp BUC package to er feature 0 the BOC
package 1e@hip t(RC)t packedeat i erélly 3| §P§epﬁﬁké‘ﬁﬁe§§eY§Ub$tt‘@tée ehtaPsul ant

36 form LR -38 I Bdime O Ehe extainal s fQat aﬁaéeﬁ%flth@r@ﬁé to
make el ectrlcal contact with a matj ng‘ﬂsubstrate such as a printed circuit

board, thénskiwingl ReOMLactAF 26MAiG Rabreghy-thgecandycty PR | P Ger
than the %%E}sltra%eofmah%éets@w Bedds lon mﬂealbo satisfy this requi r enent

t he external contacts, 26 nust_be Iarggé a‘g gé erw se regg qDQJé woul d
18 JUNE 2003 4 R§FSIRA a§Qods 3782 4h) & ¢r ehs §OPHERSd SR ¢ the
recess 38pat¥acanotleisf ddflustreftddhe B2 pROKagack@gies 1t0ha:tn®[urdeag ar

no~. dzng of t.he capsul .ant .36, I y e e

sol der nadieMLe r%‘]i' %ﬁ% (?a% eléd h(az}% d\ggfggllmtl %gclzite ggr‘tdm18 8 Bgf’tg 5e’ﬂJ;(lternaI
contacts 2 ﬂa@rtdt@aldendﬁngnsthescigcuﬂheﬂﬁﬂ dl‘b-l edthe dong) ‘@édad&ér 3ERy
affect the,e é%@dﬂf%ﬂaﬂ”yyﬁﬁaﬁfﬂgiﬂd% Wienexher Rak «eeakaat 8i2buidldahhe

cosnetic appearance o~ the BOC package, 10) The €resent i nvention is

directed tsererdnxdved Mlﬁ%&%a@%“ ha’ﬂeﬂa@r’a haudd® thd ckndde BPFd a
smal | er foidn-gu ﬂohailsbhe.nanumasaat smwam Béhddd tadeblel efirctihe BOC

package uses Iess ant ha SsS d_bleed, and a.
subst anti a‘EPi‘%F ﬂt"a Js‘ﬁl a%‘ébs?rheg regglﬁ Sj ﬁv(éhFc ngi Elngo

directed ta» acdmtdnbnllﬁgr af aiaulnatr_l ngfthendnpr-gved 2fac lkeagk, amnddhesingr oved
electronl a ARsemy. ﬁgleﬂcesaaga%gst,tt,et%%a% R el 1he | puent P

I n accor dan gr esent inventiqn, an a.nproved, BOC package
met hod fomuhaiate i Wy bae popgrdabsgel A Jdinec t Yl cl%ts%'é%iﬁésthan

i ncor por atiyg ﬁéﬁﬁf@a&a@@gﬁn@ ofPER¥i dbd. 12’ hes i fiaakagr bupldugasi=a
sem conduct or "di e, substrate hesi vel_g ﬂ d%mg) the%\ﬁﬁ&nd an array
of externdlb a¥shtial §:0(vgre§1 YpEREs §HEE %ﬁ?l § {He laygd Boc
package al®p, i ncl udes wres that are wire bonded to the die and to the

substrate, and -ﬂg - resgggggggs 19" Qi S d#%’ | nc ShEa ‘it%%ha&e

encapsul ating t Sem conduct or es circuit si
(face) hawankacpat2erenothdi éubéﬁtfaéﬁslﬂnlé~eé@Frtir¢§Ialc§Wir’e§ta|téﬁﬂM th

the integr ta?f EhéCH hauceekal nad omidicegt &endiiecsibabal gealepprigaides a

c~XCcuUit si ac~ aV| ng a pattern of conductors and wre bonding sites
(1 ~Qcat ecisamhday d:mlls in a grid array, such as a ball grid array (BGA)

or a fine ball grid array (FBGA). The external contacts 26
are bonded to ball bonding sites 30 on the conductors 24
uging a bonding technique such as soldering, welding ox
brazing. A solder mask 32 on the substrate 18 facilitates
bonding and electrical isolatioh of the external contacts 26.
The conductors 24 also include’ wire bonding sites 30, and



18 JUNE 2003 5 of the perl.pheral edges of the substrate. In addition, the
substrate includes a back side with the external contacts g@JduNElobandi ng
sites for bonding the external contacts to the subsCrate. In the HOC
package the substrate is bonded to the'die with its circuit side "down", or
"fac~.ng" the circuit side of the die (i.e.) circuit side to circuit sidel.
Stated differently, the circuit s~. de o8B the substrate faces "in" relative
to the exterior of the package, rather thane "out"” as with conventional HoC
packages. This arrangenment permts a | oop height of the wires, and a hei ght
of the nol ded segnents, to be decreased by a distance ec,;ual to a
t hi ckness of the substrate. In addition, a wdth of the nol ded segnents is
decreased, such that a footprint of the BOC package is decreased. Further,
a planarity of exteriox surfaces of the nolded segnents is inproved, and
nmol d bl eed wiurdan@ & ereatiisre donded Kol bbe wigerdperding d@dl%s?@d afide toet hod
for fabri C%ﬂé‘%&ﬂa B%%‘éagl%'&‘%' udes dike 4 epsTHE Bogrgy ik 18 a1s0
cont ac

sen conduct or he circuit side having t ts:

providl . ng Jtrtfeltgiﬁﬁst%te@qmptsh‘ltaﬁé ébr Ehnt %m@m:ml,atr@s tiiee peitesy Adofnd
conduct or s Aﬁa‘[r}"d W o R RE x$ tb%%dsaﬂg vhé e @&&k;h@ sqeté? g e

bal .| ~ bon g 'sites 1n electrical comunication wt he con uctors
adhesi vel . ychsorthing Rads dh ¢ cuityRicd 191 tthe snsapsatanto 3t6he:ompmmes i de

of the die; SEa 00 t R MV Efot-Relinei gV e ¢l S
substrate eyr\%%tga?hgﬂdgl%dco%t ac){s 8n ? dr:!\llea f%??n %Ea éﬁ%%?de segrrents

to encapsulté%aé‘%ﬁ‘?é WOLEdnda RYORBHT ~. FeA t %%%ﬁﬁapswat aBteven- t he bal |
bondi ng sites orbrté1efe%tb&ter ajfe thAR e&pétbenls@cags&@@&é' 16 UG 33 d udlihll
chip nodule, in es a sratﬁadrrultl e$£%£%4<)?ga%fllpchlp
mount ed t hé® fg-r &¢ Mﬁ%k@b"é h 5
B:l ght of t@@;c&:&ﬁ&f&ﬂ%& W som ,addiltciec, thJeBehu:HEstQQ&& 3Fr mékt have

, _, Scni R~ gure i s, an enlar om vi ew of
prior art q;%@k %/J; u?e |§esé%]€ﬁl‘5%)b%’8 &9888‘*%5?? Sy &R CSt the
5 prior ar tBHCEcpacﬁ‘tBnga(tahmr@Id)rtg{ sactdesridechecdvetBngl thigtke=d &\ ZEi gure
2A is an enaiged ol g ey 9b AnfiOC RACKASSEANSIENELSH dihAgcgrdapee
with the invention; ure 28 s an enlarged cross sec |ona Vi ew of
BOC packagéih%k@rpfa? wleci b ORUTF ne 2BebErord Frgube 2l 1PRglr eaRel| soa
cross sectigpal] 94 Welly HchW189@ueaehég@o¢,@i<ﬁfg PN a0 (Imﬂma%‘ﬁc of

Figure 2B; Figure 2D i$S Cross_secti %ﬁp)w ew of the aOC package taken
I

al ong sect i®h ‘PYﬁEaléDhZﬁngt FfHulBre g®fe b= Bagkagry M gbsl £hyss

sect i onal \amcm‘edarbyettﬂewaloo@omaaghtomt hey BKa pasdaating altfrkale@g zagct i on
i ne 2E--2E %bkﬁ'e%%r§f BEA ?}‘F are sch k ggcr 0ss sectional vzews

i 7. J~ust r at?™h bé’t eps | od % ¥EbrCAP OC package of Figures

2A~2D, Figure AAY gicallsl &e mdewn@faganuél é@tb@mlvl@slserﬂﬂqrqatm tihec ledes BOC

packages cousidHictRY hRGAGIHR daNESayddd weofnv_ﬁ@t 'e%aﬁaﬁ{ YHE 9BI'nS a

side el evation view o~ the elegtronig¢ asse Ily taken allong |1ne gB-~a of

Fi gure 4A. particular, reductions in oop height” Wl and the
thickness Y1 of the encapsulant 36 would allow the overall
height YP of the package 10 to be decreased. Similarly, it
would be advantageous to be able to decrease the width X1 of
the encapsulant 36, as this would decrease the footprint of
the BQC package 10.

Another feature of the BOC package 10 is that the

relatively large thickness Y1l of the encapsulant 36 forms a
recess 38 proximate to the external contacts 26. In order to
make electrical contact with a mating substrate, such as a
printed circuit board, the external contacts 26 must have a
diameter D1l that is larger than the depth D2 of the recess
38, In order to satisfy this requirement the external
contacts 26 must be larger thad otherwise requirdd. It would



Det ai | ed Descul Zfi oB of the Preferred Enbodi nents Referring to Figures 2A
and 2B, a BOC package 90 col ~structed in accordance with t{gJUNER008z~ is
illustxated. The BOC package 40 includes a sem conductor die 4~ and a
substrate A4 bonded to the die ~2. The di.e 42 includes a sem conduct or
substrate, such as silicon or gallium arsenide, containing integrated
circuits fabricated using well known pr8cesses. The die~42 can be a 18
JUNE 2003 7 conventional sem conductor conponent such as a dynam c random
access nmenory (DRAM, a synchronous DRAM (SpRAM, a static random access
menory (SRAM, an exasabl e progranunabl e readonly; nenory (EPSOM, a |logic
circuit (LOEC), or any other sem conductor device that requ7~res
packagi ng. The die 42 includes a circuit side 46 (face) and a back side 48.
In addition, the die 42 incJ.udes a pattern of. die contacts 50 on the
circuit S|de 46 ] i cal 1e0 [ t [ atyed Gi T ts
cont ai ned on N VA§F§&§§§E L8 ﬁ% %HHQ%S?%A?Qaﬁéi Qﬁ @éﬁ@?hEQng égﬁ%acts
SO conpr|SRKnH&n@ﬂ bond pads formed of a wire bondable material (e. g.,
a~.umnum. Ho i qg?gg

cont act |ncludr§g bunpe ]gdﬁ%ac %ﬁfs%%fgﬁelp?ﬁ@%?%?ﬁ%gﬂ%dy%%gégf QEF
contacts @mkﬂrngh@anhs becngsnéﬁséd3éb0$9mehmoédrmaterohltmamnhhﬁﬁd S|de

46. However %;E%é“ %EE%LE% o8 %81 ebi8885§§ﬁ’JE&E{H&?&Q%?ﬁ%tyation

| ayer on fﬂ% rcu~.t side |e as I's convention
t hi ckness loindirg @& leec*ax‘feﬁlﬁea‘ed?ﬁﬂé?ﬂ¢%a35 via Hthe teinckines = idfesh@Breen

about 0.2 470 fiad L. 51 BBUPRIAD AEREESRIGA 4 Iy Il@%eéub%ﬁ@tgl%tfr%atlhe BOC

package 40 conprises an el ectrica~. ~.y Insul material such as an
or gani c mﬂ%ﬂﬁ#CFé@Fﬁ S it cRULGF BA gF8§§aﬁqﬁﬂ » ARG Bhpatcesmgtiq s

soneti mes [fgfedFArhd Q)tasthecgb@ubbchagédiormt erial, such that the substrate
44 can also be referred to as a "board,. Suyitable materials fox the

substrate 44 i nERg dRrSSSH e‘lr}ﬂ‘ﬂé‘;}‘?’}(l ifndigserede f6x 20 edMREOVEERBAC. and
"FR-5"), WMMmﬂe hi&sidredideDbsekhakky cahdli & kassl dr (footgiﬂ‘ﬁthB) of

t he substr te 44 can be fro 6 ar. So
Figure 28,430 SH6sH=RAY 437 ngﬁ%ﬁlé) szik?%% i)grde Ig]aa‘ﬁ%l%l%n’rigﬁ de 54.
The back s;_baiekﬁeomsehelea@sctmtaaps&lmt ned telesa ballas Hendi mga]sdtlrékaeaﬁ and

eternal contacts 6.
Fi gure 2C, I% ééba?$ g%ﬁg?%bifs¢?§29§6e %%rls é%§§% éﬁ?%qﬁg%EthOS 8
squar e shapedenkiah padslao shigerted steleasweghe ﬁpraﬁabrh@aé;atm ridie
contacts BG Rhger hald scBondfghr-bPebh@if@ldripndi Be HiRS 6. A
representgﬁnéggg]gh§%€§ og fhe ertexnal c%nt%cts 58 g%n be fromabout 0.1
mmto 0.5 ipFomprrfhng dihe Br€kéfter nal contacts 58 can be bonded to the
ball bonding sites 56 using any suitable process, such as solder reflow,
wel di ng, gﬁazingE §Ethg§ﬁg ggaﬁing. The material .tor the ball. bonding
sites 56 he external contacts 58 can be selected to
fac~. ~. itate thEnberdionglamcecesis:h Thee barksenteibgentiohe substmateved al so
i ncl udes I K g t

el @é KRR S%O Ttaaﬂer 4 fbﬁ PREPH BYE1RG Ehb gsé waékédgf bahd

bondi ng s sk 60 can conprise a phot oi nagea

di el ectri ceh'aﬁtéFPalllc sBERCAblA efeghRFRFROGA LAY tq% Befe %gkgse @EH a
materi al GaFoPeadd. anket dep05|ted to a desired thickness, then exposed and
devel oped to fo%g1th§0¥ia ogg éA representatlve thchggss of the
sol der mask 60 fib r o 8§F 6;4 nlfgmlfRQQﬂﬁﬁ?Fat 41 aTso

i ncl udes as@hbteaMaﬁadbeduvebysbhhdﬁdthe Mhandiesldad5¢n1lmnmﬁﬁt@bn a

plurality of E%ﬁﬁgx%o )é%c\éga?eﬁ gﬂnggﬁérSHQf%%ﬁt&“% éséﬁ‘ﬁét

electrical® |ca i'on betwe conductors e CIrCUI Sld , 4,
and the barhebBAgi pgckiages aa@com‘tcﬂeldmlwlm@e tﬁ@tofanehmmﬁbsbmad@dmo As

shown in F.gur E t r

substrate gﬁga? f%eas d]gtffﬁi%ufédﬁlﬁ%ﬂ#ﬁdaﬁct?ﬁ@dc%ﬁﬁgve }ferl a sucl i
as metal osidecofidulei sebparakiter orl@@cgn@wﬁatnngaghnewxaps the conductors 64
fan out from the,conduel Ly @s: 68160 {8 RGeS, 70irdei ef Etlhfesg@é&é?te

44) zn addit~ on, the conductors 64 |ncI e wre bondin tes 66 arranged
in a spacéhaunﬂgyaapéﬁ§eﬁﬁe°£d§é§ ?Gnt?Etéflph@1§GE§%¢® ecﬂmmUPFPéFéPley

the conducyoig Gélhéomrae@a:aetéa 08k ¥caoRductdnta Mid® bandafl earrtal eHeh as

copper. 18 JUNE 200
substrate also includes a cjircuit side (facg) having a

pattern of conductors and wire!bonding sites logated outside



9 As shown in Figure 217, the wire bonding sites 66 conprise portions of
the conductors 64 that overhang the edgel's 70, 72 of the $8QRUNB?20034. In
addition, the wire bonding sites 66 a~' e |ocated on a backside of the
conductox's 64, The configuration of the wire bonding sites 66 provides
access for wre bonding thin bond wires 74 (F~.gure 2B) to the conductors
64. As shown in Figure 2B, the bond wir®s 74 are also wire bonded to the
die contacts 50 on the c~.rcuit side 46 of the die 42. zn addition, an
encapsulant 78 is nolded to the substrate 44, and to the die 42. to form
genera~.ly rectangul ar shaped nol ded segnents 84, 86 (Fi.gure 2A) along the
edges 70, 72 of the substrate 44. The nol ded segnents 84, 86 encapsul ate
and protect the bond wires 74, and the associ ated w-.xe bonds on the
bonding sites 66 and die contacts 50. As also shown in Figure 2H the HOC

package 4Q 4 S} ayer ds the o) trate 44 to
the die 4 [Fﬁjl g@%eﬁl%gg?gy%éri&%% }égntégn\g{r&:bggrge oubﬁ g%lg pBI'yr‘f“e"r t ape
such as aSIlé:&cFItﬁf—Q:rﬂft?]t% appagkcgidg pokhnbhe aghhtesrnale sudiacas amdepoxy,
pol yi m de bsira 4 ed . to th dre 42
wWthits %)%(10]301 é(llla 5%5]?%9& YSr ﬁgaélﬁ cu%?lte Le?&éraéf E g C&Fetﬂz%
circuit saa\dest@mna rcu|t s| de). Wth this arrangement t he surfaces of the
conductors 64 f o] package
40, and are pro ecte hﬁ'c%'a]'g %"% ege(‘hg% treftajtt{e 4‘% %é 8rt Fnhé&' N

bondi ng siwidsh @Gl%rPJtlﬁéllcFv@rlﬁ’a’ngdoh@ POPT] dﬁgcqugt heher aridumtidr s igke aarfe

| ocated onide osvln@ i,nngy -8uR kacgsqQf écheccz?etlat‘ﬁt Oéfdéx‘; ‘0 BeLiRd
access for wre aonln% rn addition, the adhesive |la 6 h

peri pher aldigiferaRtiKat the |Gt hahdehefpéﬂteprﬁemtmenﬁ@ces t“n@"

substrat e i 41008 QA AheS R oOb £t RBeWphEKAGE I N 1L 8HfP  outk8 ~LUNE
2003 10 Al'so vmth this. c nfrguratron of wre_hondi ng sites 66, a | oop

he~. ght WWidih tfenvenkional | BOC-RackadRsrh Thigearrapaenentopermditshia W
(Figure | ao®b tHheighitorofar thBOGvprekageadd. aSpreighealst y,tﬂétembqeedtel ght

W2 is reduced b adstanc r ox ter ual toth thrckn T of the
subst r at e SFPNG ‘Y‘é \/&“b‘gg/)g éﬁ Cl; Fit IR eSSy

covering td wilree s s Uit anei .nt alImeda(ldJ.e,lonzl a i’rzdt.ho @.9_ rtirmatmoﬁtdb@i n~ni )

, then th e en%gaul e/ ver I e Y of
t he packau%eé%elglrsg a sog?(g{clﬁ%‘:ggd |s? g%ce%ap%?%ﬁg %’t’ fa %‘é‘r tBo
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reduced fdﬂ@rﬂ%tf%’%qﬁ 2§ sheetind ﬂdpﬁ%ﬂ‘i‘qﬂé‘-s Aﬁo@ﬁereaée‘ant age of t he
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of the no d_segnments 38 S re err~.n ur es

steps in dondigl 5 dresamnd sHithy tﬁ‘l‘i’ebBQE § ﬁ?c’é@t‘dmg drhq)a‘wlalgém@m

IIIustrat@ttébthmgrénéa&elaalep&mrﬁ@a@i@ﬁ haitl) PRkl OEHBEluét%'r%Q; a
singl e subs rate be under, st 0Q steps can

per f ox' med ?h‘ées%ngmt’fih’ég ﬁhﬁuFfFSPetsﬁﬁ 8?e§L34SPBSF§BFiec§Pe tRetiple
BOC semi cenideron D p:hdkagésthé diex eiaepbendiubt the. @igebstioatths 44 aan be

cont ai ned ;0 f a e S s to faollqw can
be perfor r]rDe:}Ll %:Lani % % rehrl EE’h %’tur%astte:?%%QahﬁnFﬂeE% %’re 9%‘&5% & the
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form nmul t igl et IBOGWaikeades 40 at the sane trrre In e|ther case, foIIovm ng
the fabricatio r p he eL .C n
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i ncl ude bisnaleim de tri 2| n g zpoxy resins (FR-4

pol yi ni de Fesdigrd gﬁ g% eanthe o7kl viish ad seegerpead: h| ckness,
and then punched machr ned or otherwise formed with a required peri pheral
configuration and with requi red features. In addition, nultiple substrates
44 can be provided on a panel of material simlar to a | eadframe, which can
then be singulated into nmultiple BOC packages 40 follow ng the fabrication
process. The substrate 44 |ncI udes the back side 52 and the Ci rcurt Sr de
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18 JUNE 2003 12 wave or a vacuum system Alternately, rather than being a
metal, the conductive material can conprise a conductive pt8 JUNE 2808h as a
netal filled silicone, or an isotropic epox~ar. , A conductive polynmer can
be deposited w thin the openings 88 by screen printing or stencil.~.ng,
fol 7.owed by curing as required. As also shown in Figure 3B, the ball
bonding sites 56 can he forned on the bfck side 52 of the substrate 44 in
el ectrical conmunication with the conductive vices 68. Rither a subtractive
process (e.g., etching through a mask), or an additive process (e.g.,
deposition through a mask) can be used to formthe ball bonding sites 56.
In the illustrative enbodi nent the ball bonding sites 56 conprise generally
sduare shaped pl anar pads. However, other geonetrical configurations are
possi ble. 11,3 Dte's. ibhe Rk D A0 sites 56 can conprise any suitable
metal, such er, nickel or gold, to which the external. contacts 58
can be bonded. ASF]ajLBG?. shovirs iam Eingunmgedt- bathtens olider ofask p6ogaarie pBor ned
on the back _si q\e 52 of the substrate 9.Q The solder nask 60 can be farned
by initiall Y Akcet depositing a photoi rageabl e dielectric material, such
as a negatl ve or Higpite vEBt dre areststarged acdesikr edctthionkiess €. gf, them' | s

to4m| h |r%ﬂ_ea el erj al Lan hen exposed
and dev gy}t olpf g%ﬁ']t e v?écgﬁ‘glﬁ ntgagﬁ %%tgcusl’r% | ridﬁfarg%_iz(}ﬁ P&e
illustrati vé’l@mx@dll@ent the via o~aeni ngs 62 ali gn with the ball bonding
sites 56 and hav risp i [ S
comerc~.ally avgl‘]lélgrléea%?omgT&aPy%g&%rg%ga Hﬁom@ﬁsﬁ &(fté eB(Ré E)Egkaﬁe
tradenar k " RORsUEGLedhdnharcardanee evitdsitdie iinveotiene| al I y avail abl e Loan
Shi pl ey under t hesiiqademsy ris aB enQQQ ed MBXks aéce%ar/gnte (quﬁr QY &RCpolche

conductors 64 and the_w re_bondi ng es, 66 can on the alrcul~

sa. de 54 of Packagrutpksdos ?Qgth%c%{%ﬁ‘a‘t% 2Br2Bnof Fégwreethpattern. A
preferred netal froiquke DONkici ofBoSd aadtibalVi veekosfi Be ShOES phSKhage
copper. t hod .f or forgt ng ihe Cé)étdzttct 64 ancrj the wire;bonding sites
66 is by Iarﬁ r?&ongr SeFata ng™ "% copper J1gutr‘8 Ré substrate 44, and

t hen etching theR:lrga.pear IDiis tdf¢oogh ae«nasdma]l'nviewsofasbetBGCCpapelagfeOI |
will have a phgral k § 1S n, hat of the substrate
4~, such tha@&{e‘h1 Q’bO?’ %w:ls:?t&gsi oiv%r aﬁ"?%ﬁgur‘% eiét fromthe edges 70,
72 of the substratleJlmZIB gﬁelb"orﬁﬁ ngné‘,PFésdGGﬂ%wSeSthgsti@mukdvb@rwmé an
termnal poxhic@sAf ddHtLANGICIYeS B0 PaldidW lkia@ln E.Ee QOQQhE@oﬁr 585,656
are on the gp 03|n surfaces_of the conductors 64 whic f‘ ce away fx"omthe
circuit si d@‘?‘g‘ Iﬁ‘égs‘i‘iﬁs??ate 4~. |f desired, the wire bonding sites 66
can be plated w tﬁhg’:hf@&abm &SregObthﬁ\am:ilQﬂ(ebroEQ fagbdibhatie {heww re

bondi ng progess. S t he ,substrate 4 nd ctors 64 can be
fabri cat ed Tlﬁ'étﬂsa@l’é%ﬁ%?cisa‘tﬁgﬁ p%gidu%eﬁ‘e%’h-o tg?f: FEREh e aBO6pper
cl ad bi smal packade- ofr Fagunes (M) 2Rpre, ava~.l able from M tsubi shi Gas
Chemi cal Co : I t t

emi cal Corp. gft[ s AP Pl %bOtJl% g‘tngna%l%rc%‘f%m GEBLERIY Fhiaye

wei ght of the c fro out quare-f oot.
Next, as shé\nr‘r‘%%?ﬁ gBPE IBchaneserPRERIUEESA dite agcaﬁdanﬁe athies | ube
Iayer 76 ar @ nRle@didad. ahAe seniconductor die ~2 includes the contacts 50 in
el ectrical communjcation, with the jntegrated.circuits contained on the die
~2. xn addition, dé’de’h‘?ji?‘éﬂ il Fhé#@%r?%%‘(?%hc’préf&&'s Yhh e fﬁﬁtc‘fé.’ﬁ‘lc
conpri se a sissgumbdiyedattiee alowanlime cihidd ndd Fadguae$eni conduct ox wat er. For
exanple, if the substrate 44 is contained ox~ a panel with multiple
substrat es, Dtt%en slgul at ed di ce ~2 can be attached to the panel.

Alternately QR CEIdedr) 12 -~""~'"~i”'u2="5 of
dice, and a subst[{@fé:rg tt@php_d; h‘} 2acha di hth
adhesive | ayer 76 can cjghrr%rl se oub:3 szls‘daﬁ1 %é. ve tape sucgbge 40

pQ-. y~. mi decomsErusg e g aqeordameJ mehzeea MVtenrelszahegu 8 Liayana t261 can
conprise a qe,@o%@@dpapqta@érepb POhYTREEEUGH Hén Bl $BXYor 2gR8! Y4 M Qﬁd ¥ an

acrylic material. In the case_of si ngsci ated dice 92 a conventi onal

attacher cafubstFade 146 PERAPENEC dbie dife 4%ayer 76 and to attach the die 42

to the substrateq‘tﬂe ﬁ@uw fxEclttctérstaaeeﬁl&beaeeeoﬂs&%te&tag ehrcecrsréent
to t he adhesi, the,circuit side 46 O~ the

er fs own in_Figu

die 42 face§ r%l'i’a]s ﬂr%?ntﬁ% sﬁpgt?é%naAmtﬁegaFedl ﬁ’léféfr\’tlr%Fst
to the convéahrmmadteaiﬁlqjauj(a@l]:L(krtcﬁurgtp:eod@sem. whTlhd dhe 4Rredint b de of
the substrate 18 (Figure 1B) faces outward. However, the wire bonding sites
66 on the opposing side of the conductors 64 are exposed to permt access
for wi xe banding the wires ?4 to the wire bonding sites 66 and to the
contacts 50 on the die 4.2. A conventional w .xe bonder can be used to wire
bond the WI res 7 1 As preV| ousI y epr a| ned because the substrate 44 has

o Y S -—



18 JUNE 2003 15 sites 56, and a furnace can be used to formnetall urgical
sol der bunps between the external contacts 58 and the bal [1&dUMER083t es
56. During bonding, the via openings 62 in the solder nmask 60 facilitate
alignment of the external contacts 58 to the ball bonding sites 56.
Alternately rather than a solder ref~. ow process the external contacts 58
can be bonded by wel ding or braying pro€ess. As another alternative) a

| aser heating process using a commercial ball bunper apparatus can be used
to attach the external contacts 58. further the external contacts 58 rather
t han bei ng sol der can conprise another netal or a conductive pol yner
material. In the conpleted BOC package ~0 the external. contacts 58 can be
used to establish electrical cornmunicatipn with the integrated circuits
contai-ned on the die A2. zn addition, the external Contacts 58 can be used
to bond theoﬁ@@nm@vmgemmit:onﬁuqh@r ngerpeReRhit suducts as dynapdal Fapdom

printed cir It g to e [ﬁﬂglg el ect

assenbly 98%% Sﬁ%ﬂor ?%A%pplhraphtyrS?KEI C packa g§3§8 |§§|FP§g§Fated.
zn the ill matnrchmi—\ﬁe:caﬁmdumyth%Rl@ﬂ)ect@@nﬁcaasbéabbyogﬁamoadpleseead—rrul ti
chi p nodul e. o] ecLr a 1.es | so_ be n ted
us~. ng one orlli}oho\qﬁe orY B}Eﬁé@ a%kqgggc4%& elt:s(s%@ ’90°t|bnc §Eég‘%
substrate %Emla@@danteugéeeomﬁeﬁbﬁﬁ EEHQ*?QSRP&Q&@Qﬂnate 92. The substrate

92 also includesyp, plsy ald tlxﬁcqfudcésecat r.ﬁ%%l%ﬁ glraeeh%ct(gbea GRAMYN|GRLI on

with the edge connector 9~". The pack ages 40 are f chip nounted to
t he substr@@@qxﬁ&v—t¥ﬂt¢@dh&%%ﬂna¥ %0@%%c 3 SBCéHd?ﬁeaBﬁﬁtbatkagésdA@

bonded to fcfaﬁl@%@ey o%s %h E’Letc@us&_m%uioc Ppakages 49nha\éqe%ﬂleﬂeaqd
overal | hei ght (prafi7.e~_the assenbl Xté«ﬁd al so has a reduced hel

(profile) COMMNIGREIQR bty ther tRE i AbECB Y Eﬁnt@bm¢é09ndgb@o
package, aghiret4pod~-1a1 &raiomlqaism@m% m@ﬂ@werﬂnd th@paweeoﬁeabegn@@ctor

ass~nbl .i es ~constructe t E 003 .16
i nventi on FRYPILST d’ésaé}ai’%é\gd"\% Yo 2 JAES ﬁﬁ‘gZFr E‘Bterlaq
enbodi nent e .as ,vvial]lunbmxmppar emwe{v@xt.hm skiid |ceghtiacty st 59 aah, compirdise
h t 2 Tl t
Che Prvent PBY S ket %, whcat TR IO R Uo95HEAT, (BTSBORAT |

CLAI MED | s111Lusmr§é‘mveom;r@péwpa@hag@leommtéw@ 5G aymrisbomtuetsobeding;, a
substrate Bavidg afivst cfbIehrfAcAPBESitHE: SECANH S| deangs a pﬁaygt}%&a'

edge, the substrate corrpr|S| ng a plurality of conductors on th irst sid

and bondi nghs e étﬂﬁﬁﬂ S D& S VP FETHRGL D560 RrePREAGVAG 1R

peripheral jedger atd acpbur@dirtyiel exderndls comt ache oalbhewecaad sisde in
el ectri cal cormunltcatl ?n W'Rtist he cong’ ors an adt\mm ve | a in contact
with the dF@PYHRSHPPEL  si dB18RA tHhe EOREUITE? s °Thoh néhtehe ece{rb

substrat e aehvsupponElngithe apbhitbness of between about 0.2 mm and 0.5
mm being representative.

The substrate 44 for the BOC package 40 comprises an
electrically insulating material such as an organic polymer
rasin reinforced with glass fibera. Such a material is
sometimes referred to as “circuit board" material, such that
the substrate 44 can also be referred to as a "board".
Suitable materials for the substrate 44 include bismaleimide-
trizine (BT), epoxy resins (*FR-4" and "FR-5*), and polyimide
resins. A repregentative thickness T (Figure 2B) of the
substrate 44 can be from about 0.2 mm to 1.6 mm.

As also shown in Figure 2B, the substrate 44 includes a
back side 52 and a circuit side 54. The back side 52 of the
subgtrate 44 includes ball bonding sites 56, and external
contacts 58 bonded to the ball bonding sites 56. As shown in
Figure 2C, the ball bondingfsites 56 comprise generally



a plurality of wires bonded to the die and to the bonding sites; and a

nol ded segnment on the die encapsulating the wires. 2. The paJkENE 2003cl ai m
1 wherein the conductors conprise outer surfaces in contact with the
adhesive | ayer and the bonding sites conprise inner surfaces of the
conductors. 3. The package of claim21 further conprising an encapsul ant

nol ded to the die and the substrate. 4.8A sem conductor package conpri sing:
a sem conductor die; a substrate having a first side, an opposing second
side and an edge, the substrate conprising a plurality of conductors on the
first side having portions thereof overhanging the edge) and a plurality of
external contacts on the second side in electrical communication with the
conductors, the substrate attached to the die with the first side facing
towards the die and the second side facing away fromthe die; an adhesive

| ayer bonded to the first side, to the conductors and to the die; and a

plurality efusireeshagrdbdetalt badpoatiangedninte ddesdli uﬁﬁaf?% pagﬁ%ge of
claim4 further o] [ |%% a&Penca sul ant | ded to the die and’to f
substrate SFEEFE atlﬁéat & wior S8MBhESEhECHIRT | ks borglesge thesbad 16.

The packagbomﬁuﬂgmsmubsMﬁﬁwa h tiep redseertizal i veo 1 idedet. e ORT kB8 Bakk$nlh

bunps in a t%c rr$% c aqk e of c#a I m4~wherein the adheS|ve Iayer
conprises fape Ke SR KR 8? %Yﬁ1% VPEhE? Lonpitt-si 4§ adddskoon t he

second S|dehhawxnﬁxmmM|ogstattgnéﬁ wahh Hehdb@rdel ngd Rt B&1E. b8nalhg

Cibst rat e Mo b TotuE Sl RL oo POrEar. EnBhore SRACEForebhBbet or o,

10. A seni weddisigpor b@@kégg CQWpMQﬁan;heatlng The material for the
ball bonding sites 56 and the material for the external
contacts 58 can be selected to facilitate the bonding
process.

The back side 52 of the substrate 44 also includes a
solder mask 60 having via openings 62 aligned with the ball
bonding sites 56, The solder mask 60 can comprise a
photoimageable dielectric material, such as a negative or
positive tone resigt. Such a material can be blanket
deposited to a desired thickness, then exposed and developed
to form the via openings 62. A representative thickness of
the solder mask 60 can be from about 1 mils to 4 mils.
The substrate 44 also includes a pattern of conductors

64 on the circuit side 54. In addition, a plurality of
conductive vias 68 through the substrate 44 establish
electrical communication between the conductors 64 on the
circuit side %4, and the ball bonding sites 56 on the back
side 52 of the substrate 44. As shown in Figure 2E, the
conductive vias 68 comprise openings in the substrate 44 at
least partially filled with a conductive material, such as
metal or a conductive polymer, As shown in Figure 2D, the
conductors 64 fan out from the conductive vias 68 to the
edges 70, 72 of the substrate 44, In addition, the
conductors 64 include wire bonding sites 66 arranged in a
spaced array along the edges 70, 72 of the substrate 44.
Preferably the conductors 64 comprise a highly conductive
wire bondable metal such as copper.



a sem conductor die conprising a plurality of die contacts; a substrate
attached to the die having a thickness and a circuit side PHJAUNE 2003 he
die; a plurality of conductors on the circuit side having surfaces bonded
to the substrate and portions overhangi ng the substrate form ng bondi ng
sites; an adhesive layer in contact with the die, the circuit side and the
surfaces of the conductors; and a plura@ty of wires bonded to the die
contacts and to the bonding sites. 11. The package of claim 10 wherein the
substrate has a peripheral edge and the bonding sites conprise portions of
t he conductors overhangi ng the peripheral edge. 12. The package of claim 10
further conprising a plurality of external contacfs on the substrate in

el ectrical comunication with the conductors. 13. The package of claim 10
wherein the substrate conprises a polyner resin and glass fibers. 14. The
package of claim 10 wherein the substrate conprises a material selected
fromthe group consisting of bisnaleimdetrizine (BT), epoxy, and

pol yi mi de. 18a JUNFh @RA3 kP FiguAeserDoondiet aripackagaiagnpsiceény s@
sem conductor die having. a cirguit side gnd a plurality of die contacts on
tHe ci rcui €ORPHASCa R PR% e “haiy %O‘f’gPEFOWdé‘l ahbdppBYrRiesgcdrie si de
and an edggdgthe 7aubstpabe atmprighagracel ual i tynohdaeBdyat oheOniNE
first slde havi ng bonglng sites tgeregn overgan |Eg th edge, ~a§gEL§g
plural ity BPne@xPErAdFesoRPacts LRCRREYsBRoAIPEFREITRA oF ellh?ice
comuni cat §an Wrhé tbafégoductionspft hheswbser bbadbngdeiicéo §dheprbheiabcsh the
civouit s aEcernerotrefreHahafnd TRl BRer Yitty M EiRuPRcREf !ty s
plurality eéndiiceerbofided Bs thewhohui RjgsireedBonthhebondduites s7anre
also wire bonded to the die contacts 50 on the circuit side
46 of the die 42. In addition, an encapsulant 78 is molded
to the substrate 44, and to the die 42, to form generally
rectangular shaped molded segments 84, 86 (Figure 2A) along
the edges 70, 72 of the substrate 44, The molded segments
84, 86 encapsulate and protect the bond wires 74, and the
associated wire bonds on the bonding sites 66 and die
contacts 50.
As also shown in Figure 2B, the BOC package 40 includes
an adhesive layer 76 which bonds the substrate 44 to the die
42 . The adhesive layer 76 can comprise a double sided
polymer tape such as a lead-on-chip tape, or a cured polymer
adhesive such as an epoxy, polyimide or acrylic adhesive.
The substrate 44 is bonded to the die 42 with its circuit
side 54 facing the circuit side 46 of the die 42 (i.e.,
circuit side to circuit side).
with this arrangement the surfaces of the conductors 64
face inward relative to exterior portions of the BOC ﬁackage
40, and are protected by the bulk of the substrate 44.
However, the wire bonding sites 66 on the overhanging
portions of the conductors 64 are located on the opposing
inner surfaces of the conductors 64 to permit access for wire
bonding. In addition, the adhesive layer 76 has a peripheral
outline that is larger than the peripheral outline of the
substrate 44 to provide support for the wire bonding sites
66.



to the die contacts. 16. The package of claim 15 further conprising a
plurality of external contacts on the second side in el ect 18cANE 2003
comuni cation with the conductors. 17. The package of claim 15 wherein the
bondi ng sites conprises outer surfaces in contact with the adhesive |ayer.
18. The package of claim 15 further conprising a nolded segnent on the die
and the substrate encapsulating the w rlds. 19. The package of claim 15
wherei n the adhesive | ayer conprises a cured polynmer. 20. A board-on-chip
sem conduct or package conprising: a sem conductor die conprising a
plurality of die contacts; a substrate attached to the die having a circuit
side, a back side and a peripheral edge; a plurality of conductors on the
circuit side and a plurality of bonding sites conprising portions of the
conductors extending fromthe peripheral edge; a plurality of external
contacts on the back side in electrical comunication wth the conductors;
an adhesi ve | ayeksq widdhttdrs wanfigwragilpRupt Wike, bendingmdi@soné and t he

die, and afd@¢hdigHhers Wt &ilrd e dieredud8a WNE 20329 to the
loop height wl (Figure 1B) of the prior art BOC package 10.
Specifically, the loop height W2 is reduced by a distance
approximately equal to the thickness T of the substrate 44
(i.e., W2 < Wl by T). If a same covering thickness %2 for
covering the wires 74 is maintained (i.e., 21 = Z2 = 0.02 ym
to 0.10 nm), then the thickness Y2 of the encapsulant 78, and
the overall height Y of the package 40 are also reduced by a
distance approximately equal to the thickness T of the
substrate 44 (i.e., Y < YP by T). Similarly, with the
thickness Y2 of the encapsulant 78 being reduced, a width X2
of the molded segments 84, 86 can also be reduced (%X2,X1).
The BOC package 40 thus has a reduced footprint as well as a
reduced profile.

Another advantage of the BOC package 40 is that the
molded segments 84, 86 have a more planar exterior surface 80
than with the prioxr art BOC package 10, because a depth D3 of
a recess 82 formed by the molded segments 84, 86 is
decreased. In addition, with the more planar exterior
surface 80 and smaller recess 82, bleed through of the
encapsulant 78 onto the solder mask 60 during molding of the
molded segments 84, 86 is reduced.

Referring to Figures 3A-3F, steps in a method for
fabricating the BOC semiconductor package 40 are illustrated.
Although these steps are shown as being performed uging a
single substrate 44, it is to be understood that the steps
can be performed at the same time on multiple substrates 44
to fabricate multiple BOC semiconductor packages 40. For
exanple, multiple substrates 44 can be contained on a panel
similar to a lead frame and the steps to follow c¢an be
performed on all of the substrates 44 on the panel. As
another alternative, multiple semiconductor dice 42 can be

contained on a semiconductor wafer, and a,wafer level



a plurality of wires bonded to the die contacts and to the bonding sites;
and an encapsul ant nolded to the die and to the substrate 48\WUNEQ@00Be
wires. 21. The package of claim 20 wherein the adhesive |ayer has a

peri pheral shape |larger than that of the substrate such that the bonding
sites are supported by the adhesive |ayer. 22. The package of claim 20
further conprising a plurality of condutrlive vias in the substrate in

el ectrical communication with the external contacts and the conductors. 23.
The package of claim 20 wherein the bonding sites conprise plating on the
portions. 24. The package of claim 20 further conprising a mask on the back
side of the substrate having openings for the external contacts. 25. The
package of claim 20 wherein the external contacts conprise balls or bunps
inagrid array 26. The package of claim20 wherein the substrate conprises

a materi al fésff@a@ﬂoﬁrggbba@&rc@m 15onsd Stil g o 'E%F' %eé{é% L e, { BT)

epoxy, and pol yi m de he package of claim 20 ereln esi ve
| ayer conpkpskBeadperyfer aph @ &oourEH PYaladoC 28 ckagmst il dtorthe

fabricating, ﬁesgﬂ&gondgpngftpégkgggécqﬁghb%hgg tBEO¥LAL DGR SEM ﬁonductor

die; providing a substrate having a firs an opposI ng sedondSfYe and
an edge, thbesbdaelaps EbrprREEHgcanpber aingylated oimlint rdividudke BOC st
si de havi nga@esddonao t hereof overhanging the edge; form ng an adhesive

| ayer in contact mnth he firs %§_S|de t he conductors and the portions to
attach the substRht&aldY(h8Sqifham AN He Fitesddsi dder satlignadkards eare die

and the sepengrevil@etianinh analediem thifdinessand (.38 ,JWNE 208030 1.6
mm). As previously mentioned, suitable materials for the
substrate 44 include bismaleimide-trizine (BT), epoxy resins
("FR-4" and "FR-5"), and polyimide resins. These materials
can be formed with a required thickness, and then punched,
machined, or otherwise formed with a required peripheral
configuration and with required features. In addition,
multiple substrates 44 can be provided on a panel of material
similar to a leadframe, which can then be singulated into
multiple BOC packages 40 following the fabrication process.

The substrate 44 includes the back side 52 and the
circuit side 54, which are the major opposing planar surfaces
thereof. As also shown in Figure 3A, a pattern of openings
88 for the conductive vias 68 are formed through the
substrate 44 from the back side 52 to the circuit side 54.
The openings 88 can be formed using any suitable process such
as laser machining, etching, punching, or drilling. In
addition, the pattern of the openings 88 can match the
desired pattern of the external contacts 58.

Next, as shown in Figure 3B, an electrically conductive
material, such as a metal, is deposited into the openings 88.
Suitable metals include solder, aluminum, titanium, nickel,
iridium, copper, gold, tungsten, silver, platinum, palladium,
tantalum, molybdenum, and alloys of these metals. The metal
can be deposited within the openings 88 using a deposition
process such as CVD, electrolytic deposition, or electroless
deposition. A sgolder metal can be screen printed in the
openings, or drawn by capilla;y action using a hot solder



21 bonding a plurality of wires to the portions and to the die. 29. The

nmet hod of claim 28 further conprising formng a plurali tme@Nﬁezm
contacts on the second side melectrical conmmunication with the conductors
and encapsul ating the wires in an encapsul ant. 30. The nethod of claim 28
further conprising formng a mask on the second side having a plurality of
openings and forming a plurality of ted@inal contacts in the openings in

el ectrical conmmunication with the conductors. 31. The nethod of claim 28
wherein the adhesive | ayer conprises tape or a cured polyner. 32. The

met hod of claim 28 wherein the substrate conprises a polyner resin and
glass fibers. 33. A nethod for fabricating a sem conductor package
conprising: providing a sem conductor die conprising a circuit side, an
edge and a plurality of die contacts on the circuit side; providing a
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| ayer supporting the portions., 34.,The nsthod of claim 33 further
conpri si ng encapsuPaSonFhord i cEignEeatBr 58 bakd bendiags g6 and

the die in.gp epcapsHhadt oho ther maek deddsegnE/is. the ' 48bdUNEL2003 22, 35.
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portions. a subtractive process (e.g., etching through a mask), or an
additive process (e.g., deposition through a mask) can be
used to form the ball bonding sites 56. In the illustrative
embodiment the ball bonding sites 56 comprise generally
square shaped planar pads. However, other geometrical
configurations are possible. In addition, the ball bonding
sites 56 can comprise any suitable metal, such as copper,
nickel or gold, to which the external contacts 58 can be
bonded.

As also shown in Figure 3B, the solder mask 60 can be
formed on the back side 52 of the substrate 44. The solder
mask 60 can be formed by initially blanket depositing a
photoimageable dielectric material, such as a negative or
positive tone resist, to a desired thickness (e.g., 1 mils to
4 mils). The photoimageable dielectric material can then be
exposed and developed to form the via openings 62, and cured
as required, In the illustrative embodiment the via openings
62 align with the ball bonding sites 56 and have the same
peripheral outline. One suitable resist is commercially
available from Taiyo America Inc. Carson City, NV under the
trademark “PSR-4000". Another sujitable resist 1is
commercially available form Shipley under the trademark “XP-
9500*.

Next, as shown in Figure 3C, the conductors 64 and the
wire bonding sites 66 can be formed on the circuif side 54 of



36. The nethod of claim 33 wherein the external contacts conprise balls in
a ball grid array. 37. The nethod of claim 33 wherein the

conprises a plurality of second bonding sites on the second side in a grid
array in electrical communication with the conductors and configured to
attach the external contacts to the substrate. 38. The nethod of claim 33
wherei n the adhesive |ayer conprises td@e or a cured polyner. 39. A nethod
for fabricating a board-on-chip sem conductor package conprising: providing
a sem conductor die conprising a face and a plurality of die contacts on
the face; providing a substrate conprising a circuit side, a back side, an
edge, a plurality of conductors on the circuit side and a plurality of
bondi ng sites conprising portions of the conductors overhangi ng the edge;
form ng an adhesive |ayer between the circuit side and the face to bond the
substrat e the thebsdieatet hdt hp adlresq’uziefdchwttmrn acti norabhdrsagpoetaidg t he

portions; wre bondin lurality W es to t ndi n ites. and to the
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peripheral outline that is greater than that of the substrate
44, such that the bonding sites 66 overhang or project from
the edges 70, 72 of the substrate 44. The bonding sites 66
are thus formed by the terminal portions of the conductors
64. In addition, the bonding sites 66 are on the opposing
surfaces of the conductors 64 which face away from the
circuit side 54 of the substrate 44, If desired, the wire
bonding sites 66 can be plated with a metal such as gold or
nickel, to facilitate the wire bonding process. Also, the
substrate 44 and the conductors 64 can be fabricated from a
commercially produced bi-material core, such as a copper clad
bismaleimide-~triazine (BT) core, available from Mitsubishi
Gas Chemical Corp., Japan, as well as other manufacturers. A
representative weight of the copper can be from about 0.5 oz
to 2 oz. per square foot.

Next, as shown in Figure 3D, the semiconductor die 42
and the adhesive layer 76 are provided. The semiconductor
die 42 includes the contacts 50 in electrical ¢ommunication
with the integrated circuits contained on the die 42, 1In
addition, depending on the fabrication process the die 42 can
comprise a singulated die or can be contained on a
semiconductor wafer. For example, if the substrate 44 is
contained on a panel with multiple substrates, then
singulated dice 42 can be attached to the panel.
Alternately, the die 42 can be contained on a wafer with a
plurality of dice, and a substrate 44 attached to each die 42
on the wafer. The adhesive layer 76 can comprise a double
sided adhesive tape, such as pélyimide tape. Alternately,



23 42. The nmethod of claim 39 further conprising formng a_sol der sk on
the back side of the substrate having a plurality of openiﬁg&’ﬁ‘grzome
external contacts. 43. The nethod of claim 39 wherein the substrate
conprises a material selected fromthe group consisting of bisnaleimde
trizine (BT), epoxy, and polyimde. 44. The nethod of claim 39 wherein the
adhesi ve | ayer conprises tape or a curdd polyner. 45. A nethod for
fabricating a sem conductor package conprising: providing a sem conductor
die conprising a face and a plurality of die contacts on the face;

provi ding a substrate having an edge, a circuit side and a back side;
formng a plurality of conductors on the circuit side and a plurality of
bondi ng sites conprising portions of the conductors overhangi ng the edge;
formng a plurality of external contacts on the back side in electrical
comuni cathen adhhsile dewydwctbF scanoQdny e adhdspes ikagderarskt eeadt he
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pol yner tatfie de &Ff the MRSt4Rt Faces the circuit side 54 of the
substrate 44. This is in contrast to the conventional BOC
package 10 (Figure 1B) in which the circuit side of the
substrate 18 (Figure 1B) faces outward. However, the wire
bonding sites 66 on the opposing side of the conductors 64
are exposed to permit access for wire bonding the wires 74 to
the wire bonding sites 66 and to the contacts 50 on the die
42. A conventional wire bonder can be used to wire bond the
wires 74, BAs previously explained, because the substrate 44
has an inward facing circuit side 54 a loop height of the
wires 74 is reduced by the thickness T of the substrate 44.

Next, as shown in Figure 3F, the encapsulating resin 78
can be molded to the die 42, and to the substrate 44 to form
the molded segments 84, 86. The encapsulating resin 78 can
comprise a Novolac based epoxy formed in a desired shape
using a transfer molding process, and then cured using an
oven. Because the wires 74 have a reduced loop height the
thickness Y2 (Figure 2B) of the encapsulating resin 78 and
the overall height Y (Figure 2B) of the package 40 are
reduced substantially as previously explained. ‘
Ag also shown in Figure 3F, the external contacts 58 can

be bonded to the ball bonding sites 56 uging a suitable
bonding process. For example, with the external contacts 58
comprising solder bhalls a solder reflow process can be
employed. 1In this case solder flux can be deposited on the
ball bonding sites 56 and on the external contacts 58. The
external contacts 58 can then bé placed on the bill bonding



18 JUNE 2003 24 49. The nethod of claim45 further conprising formng a
mask on the back side of the substrate having openings fori8 Uhﬁiﬂﬁegal
contacts. 50. The nmethod of claim45 wherein the substrate conprises a
material selected fromthe group consisting of bisnaleimdetrizine (BT),
epoxy, and polyimde. 51. An electronic assenbly conprising: a substrate
conprising a plurality of electrodes; dtS5|east one senm conductor package on
the substrate conprising: a sem conductor die; a board having a first side)
an opposi ng second side and a peripheral edge; a plurality of conductors on
the first side having portions thereof overhangi ng the peripheral edge; a
plurality of external contacts on the second side in electrical

conmmruni cation with the conductors and bonded to the el ectrodes; an adhesive
| ayer in contact with the die, the conductors and the first side; and a

plurality_of wr b ed tQ, . the | t ' : enbly
of claim g? t\(lxel\nger%?h tgﬂg %ac age |62Q1€EIM| gﬁéhlﬁ%@r‘?{)&rﬁ glgoﬁ)q?%gglsh‘ggg%gtaz 53.
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cured pol yner.
solder reflow process the external contacts 58 can be bonded

by welding or brazing process. As another alternative, a
laser heating process using a commercial ball bumper
apparatus can be used to attach the external contacts 58.
Further the external contacts 58 rather than being solder
can comprise another metal or a conductive polymer material.

In the completed BOC package 40 the external contacts 58
can be used to establish electrical communication with the
integrated circuits contained on the die 42, 1In addition,
the external contacts 58 can be used to bond the BOC package
40 to a mating substrate such as a module or printed circuit
hoard.

Referring to Figures 4A and 4B, an electronic assembly
90 constructed with a plurality of BOC packages 40 is
illustrated. 1In the illustrative embodiment the electronic
assembly 90 comprises a multi chip module. However, other
electronic assemblies can also be constructed using one or
more of the BOC packages 40. The assembly 90 includes a
substrate 92, and an edge connector 94 on the substrate 92.
The substrate 92 also includes a plurality of electrodes 96
in electrical communication with the edge connector 94% The
BOC packages 40 are flip chip mounted to the substrate 92
with the external contacts 58 on the BOC packages 40 bonded
to the electrodeg 96. Because the BOC packages 40 have a
reduced overall height Y (profile), the assembly 90 also has
a reduced height YA (profile).

Thus the invention provides an improved BOC
semiconductor package, a method,for fabricating tye package,
and improved semiconductor assémblies constructed with the



18 JUNE 2003 25 57. The assenbly of claim51 wherein the package further
conprises a mask on the second side. 58. The assenbly of dpaltﬁéfqlmerei n
t he package further conprises a plurality of conductive vias in the board
electrically connecting the external contacts and the conductors.
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WHAT IS CLAIMED IS:

1. A semiconductor package comprising:

a semiconductor die; ’

a substrate having a first side, an opposing second side and a
peripheral edge, the substrate comprising a plura]ity of conductors on the first
side and bonding sites comprising portions of the conductors overhanging the
peripheral edge, and a plurality of external contacts on the second side in
electrical communication with the conductors;

an adhesive layer in contact with the die, the first side and the
conductors, bonding the die to the substrate and supporting the portions;

a plurality of wires bonded to the die and to the bonding sites; and

a molded segment on the die encapsulating the wires.

2. The package of claim 1 wherein the conductors
comprise outer surfaces in contact with the adhesive layer and the bonding
sites comprise inner surfaces of the conductors.

3. The package of claim 1 further comprising an
encapsulant molded to the die and the substrate.

4. A semiconductor package comprising:

a semiconductor die;

a substrate having a first side, an opposing second side and an edge,
the substrate comprising a plurality of conductors on the first side having
portions thereof overhanging the edge, and a plurality of external contacts on
the second side in electrical communication with the conductors, the substrate
attached to the die with the first side facing towards the die and the second
side facing away from the die;

an adhesive layer bonded to the first side, to the conductors and to the
die; and

a plurality of wires bonded 1o the portions and to the die.

5. The ’package of claim 4 further comprising an
encapsulant molded to the die and to the substrate encapsulating the wires
and the portions.
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Ialm 4 wﬂﬁeln the external contacts
comprise balls or bumps in a grid array.

7. The package of claim 4 wherein the adhesive layer
comprises tape.

8. The package of claim 4 further comprising a mask on
the second side having openings aligned with the external contacts.

9. The package of claim 4 further comprising a plurality of
conductive vias in the substrate electrically connecting the external contacts
and the conductors.

10. A semiconductor package comprising:

a semiconductor die comprising a plurality of die contacts;

a substrate attached to the die having a thickness and a circuit side
bonded to the die;

a plurality of conductors on the circuit side having surfaces bonded to
the substrate and portions overhanging the substrate forming bonding sites;

an adhesive layer in contact with the die, the circuit side and the
surfaces of the conductors; and

a plurality of wires bonded to the die contacts and to the bonding sites.

11. The package of claim 10 wherein the substrate has a
peripheral edge and the bonding sites comprise portions of the conductors
overhanging the peripheral edge.

12. The package of claim 10 further comprising a plurality
of external contacts on the substrate in electrical communication with the
conductors.

13. The package of claim 10 wherein the substrate

comprises a polymer resin and glass fibers.

14, The package of claim 10 wherein the substrate
comprises a material selected from the group consisting of bismaleimide-
trizine (BT), epoxy, and polyimide.
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15. A semiconductor package comprising

a semiconductor die having a circuit side and a plurality of die contacts
on the circuit side;

a substrate having a first side, an opposing second side and an edge,
the substrate comprising a plurality of conductors on the first side having
bonding sites thereon overhanging the edge,'and a plurality of external
contacts on the second side in electrical communication with the conductors,
the substrate bonded to the die with the first side facing the circuit side;

an adhesive layer in contact with the circuit side, the first side, the
conductors and the bonding sites; and

a plurality of wires bonded to the bonding sites on the conductors and
to the die contacts.

16. The package of claim 15 further comprising a plurality
of external contacts on the second side in electrical communication with the
conductors.

17. The package of claim 15 wherein the bonding sites

comprises outer surfaces in contact with the adhesive layer.

18. The package of claim 15 further comprising a molded
segment on the die and the substrate encapsulating the wires.

19. The package of claim 15 wherein the adhesive layer
comprises a cured polymer.

20. A board-on-chip semiconductor package comprising:

a semiconductor die comprising a plurality of die contacts;

a substrate attached to the die having a circuit side, a back side and a
peripheral edge;

a plurality of conductors on the circuit side and a plurality of bonding
sites comprising portions of the conductors extending from the peripheral
edge;

a plurality of external contacts on the back side in electrical
communication with the conductors;

an adhesive layer in contact with the circuit side, the conductors and
the die, and attaching the substrate to the die;
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an encapsulant molded to the die and to the substrate covering the

wires,

21. The package of claim 20 wherein the adhesive layer
has a peripheral shape larger than that of the substrate such that the bonding
sites are supported by the adhesive layer.

22. The package of claim 20 further comprising a plurality
of conductive vias in the substrate in electrical communication with the
external contacts and the conductors.

23. The package of claim 20 wherein the bonding sites
comprise plating on the portions.

24. The package of claim 20 further comprising a mask on
the back side of the substrate having openings for the external contacts.

25. The package of claim 20 wherein the external contacts
comprise balls or bumps in a grid array

26. The package of claim 20 wherein the substrate
comprises a material selected from the group consisting of bismaleimide-
trizine (BT), epoxy, and polyimide.

27. The package of claim 20 wherein the adhesive layer
comprises a polymer tape or a cured polymer.

28. A method for fabricating a semiconductor

package comprising:

providing a semiconductor die;

providing a substrate having a first side, an opposing second side and
an edge, the substrate comprising a plurality of conductors on the first side
having portions thereof overhanging the edge;

forming an adhesive layer in contact with the first side, the conductors
and the portions to attach the substrate to the die with the first side facing
towards the die and the second side facing away from the die; and

1000
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bonding a plurality of wires to the portions and to the die.

29. The method of claim 28 further comprising forming a
plurality of external contacts on the second side in electrical communication
with the conductors and encapsulating the wires in an encapsulant.

30. The method of claim 28 further comprising forming a
mask on the second side having a plurality of openings and forming a plurality
of terminal contacts in the openings in electrical communication with the
conductors.

31. The method of claim 28 wherein the adhesive layer
comprises tape or a cured polymer.

32. The method of claim 28 wherein the substrate
comprises a polymer resin and glass fibers.

33. A method for fabricating a semiconductor package
comprising:

providing a semiconductor die comprising a circuit side, an edge and a
plurality of die contacts on the circuit side;

providing a substrate having a first side and a second side, the
substrate comprising a piurality of conductors on the first side, a plurality of
bonding sites proximate to the first side comprising portions of the conductors
extending from the edge, and a plurality of external contacts on the second
side in electrical communication with the conductors;

forming an adhesive layer between the first side and the circuit side in
contact with the conductors and the portions to bond the substrate to the die;
and

bonding a plurality of wires to the bonding sites and to the die contacts
with the adhesive layer supporting the portions.

34. The method of claim 33 further comprising
encapsulating the wires and at least some of the substrate and the die in an
encapsulant to form molded segments.
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35. The method of claim 33 wherein the

has a peripheral shape larger than that of the substrate

adhesive layer supports the portions.

36. The method of claim 33 wherein the ex
comprise balls in a ball grid array.

37. The method of claim 33 wherein

03s<10%& () -
S10%1& () -

adhesive layer
such that the

ternal contacts

the substrate

comprises a plurality of second bonding sites on the second side in a grid
array in electrical communication with the conductors and configured to attach

the external contacts to the substrate.

38. The method of claim 33 wherein the adhesive layer

comprises tape or a cured polymer.

39. A method for fabricating a board-on-chip

semiconductor package comprising:
providing a semiconductor die comprising a face and a
contacts on the face:

plurality of die

providing a substrate comprising a circuit side, a back side, an edge, a

plurality of conductors on the circuit side and a plurality of
comprising portions of the conductors overhanging the edge;

bonding sites

forming an adhesive layer between the circuit side and the face to bond

the substrate to the die with the adhesive layer contacting and
portions;
wire bonding a plurality of wires to the bonding sites

contacts;
encapsulating the wires in an encapsuiant; and

supporting the

and to the die

forming a plurality of external contacts on a back side of the substrate

in electrical commmunication with the conductors.

40. The method of claim 39 wherein the encapsulating
step comprises forming molded segments on the die and the edge of the
substrate.

41. The method of claim 39 wherein the external contacts

comprise balls in a ball grid array.
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solder mask on the back side of the substrate having a plurality of openings
for the external contacts.

43. The method of claim 39 wherein the substrate
comprises a materal selected from the group consisting of bismaleimide-
trizine (BT), epoxy, and polyimide.

44. The method of claim 39 wherein the adhesive layer
comprises tape or a cured polymer.

45. A method for fabricating a semiconductor package
comprising:

providing a semiconductor die comprising a face and a plurality of die
contacts on the face;

providing a substrate having an edge, a circuit side and a back side;

forming a plurality of conductors on the circuit side and a plurality of
bonding sites comprising portions of the conductors overhanging the edge;

forming a plurality of external contacts on the back side in electrical
communication with the conductors;

forming an adhesive layer between the circuit side and the face in
contact with the conductors configured to attach the substrate to the die and
to support the portions;

bonding a plurality of wires to the die contacts and to the bonding sites;
and

molding an encapsulant to the die and to the substrate to cover the

wires.

46. The method of claim 45 wherein the forming the
external contacts step comprises bonding or forming balls on the substrate.

47. The-method of claim 45 wherein the forming the
adhesive layer step comprises attaching a polymer tape to the die or the
substrate.

48. The method of claim 45 wherein the forming the

adhesive layer step comprises applying a curable polymer to the die or the
substrate.
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mask on the back side of the substrate having openings for the external
contacts.

50. The method of claim. 45 wherein the substrate
comprises a material selected from the group consisting of bismaleimide-
trizine (BT), epoxy, and polyimide.

51. An electronic assembly comprising:
a substrate comprising a plurality of electrodes;
at least one semiconductor package on the substrate comprising:

a semiconductor die;

a board having a first side, an opposing second side and a

peripheral edge;

a plurality of conductors on the first side having portions thereof
overhanging the peripheral edge;

a plurality of external contacts on the second side in electrical
communication with the conductors and bonded to the electrodes;

an adhesive layer in contact with the die, the conductors and the
first side; and

a plurality of wires bonded to the portions and to the die.

52. The assembly of claim 51 wherein the package is flip
chip mounted to the substrate.

53. The assembly of claim 51 wherein the assembly
comprises a multi chip module.

54. The assembly of claim 51 wherein the package further
comprises an encapsulant encapsulating the wires.

55. The assembly of claim 51 wherein the external
contacts comprise balls or bumps in a grid array.

56. The assembly of claim 51 wherein the adhesive layer
comprises a tape or a cured polymer.
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58. The assembly of claim 51 wherein the package further
comprises a plurality of conductive vias in the board electrically connecting
the external contacts and the conductors.



