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WD 2004/ 032222 PCT/ GB2003/ 003995 SELECTI VE CONNECTI ON

IN 1 C PACKAG NG The field of the invention is that of
woaclkageng i ntegrated circuits, in particul ar PCEB2003/003995

connection technology referred to as "flip-chip" or

C4. 5 In the process of fabricating substrates for

connecting sets of integrated circuits, (1GCs)

manuf act urers sonetinmes have occasion to make

sel ected cont agls W ch 1\?'%{\1 RYUBRcQARECt i Oons on

the bottomof an integra e CI rcuit. For exanpl e,
there may be a set of simlar products 10 that have
di ffier end1conngrt i oRstien asstmndat dackiqgingsintebadteiheircuits,

in E}gptl%ﬁrgr t.%g <ti (:r‘lhgpiol?l Eéchﬂgfmgﬁﬁggacooggk%ggé @1@9" or C4.
t ig. 3

used wth others. In the past, as shown in
in cross section, a chip 10 having a ball grid array
of Soltderpiogaps (o@r faplibyticgntubstsat3e forefcerpesying sgss of
intdgkdtra dbr&htP (reshnah@@rtOfer@sSssrbtt feh nal:@ gy rasoml to make

select:eé)%oﬁei %rx%‘.jcht th%to?&erc g%ﬁ%EnM§o&§-Q>nl thé@l bottom of an

rrespon g contac arrag tog ace 1§
lntteﬁéa%%?bgﬁ%lﬁ |Fﬁrt?fﬁ‘fﬂp¥:%fs heﬁ%&‘a%rﬁep V\%%I 8" Fave to PBOduCts
thate by €df fargnt menoécikns e Wi ttandalds chhos 60 cBiftatites kth bump
on tdhat cABr es used.wildh SsorRap&ihged 3@ TR 18sed Wtisi roahess.
di fferent chips vvith irregular sets of contacts on 20
the_bottom All t he contacts on each chi pa

bonted e sy e SOATH B ot 4t S5 CRE RACKAGE 1henvine @
baagkehersze ofmeddes soumpo (i P@Jér>eﬁ?nt@ﬁ|tﬁs3%yrefr?gw%go as "flip
ch®JYPtycHnetedyt onSason4trehadlicgy) woued s lche pohdsre@intemptyl

coA&%@tﬂagEngo 1%?5@ clarpetsigﬁcﬁln%nférhﬁht Q{J:'rtﬁys& ttﬂ@ﬁ:%p' S1r38ce 135

of a%‘& THE NSty %I}A%Sa%ncats e ¢ % %lpﬁoﬁdt g?vea ﬁ 8Q§1g91@d and

map e ptuisd| wbélembbhaé%ﬁet 6°%t8€6ﬁtté)@tt et H%e%ac‘&a%gePateﬁﬁt

6, RNt aCtis1tdabteece f iatentsedornoultt berebhlaateng'bf ¢ongacts on

th@%gﬁtg&nneztgfle@fttgle Eyr{tta@tgé <Jtna¥§é'lr§ cQ:f.p the ]&ﬁl@g@gﬁ) cdddeSponding .
was,_ pot ent | al n *

o125 GanSt Bt o BEnBrean KECEoRET (FrEF fe i ERipe oy

hagi@onerdly b?Patth@n%GBs‘theaF]élPr ept éﬂseﬁt“éﬁpc%?ﬁaéflteé‘fﬁ%/é }aggtion at

thénxght s 1k f @ctthbbechipper ahewon isfnd hend fopnedRbRDREengtidtgontact

atc%tﬁ&{ 108.:4ike Bt temabed Reothinpiouhd, cost noney for
fferent masks in formng the chip contacts. Renovi ng

the contact after 35 the chip is formed would require
ext Paterantliety; aichip t“ﬁ’él%é’@sg Hidefit§p §f contact on the package,

but contacts that were not used would be "floating", i.e. not connected to
further layers of the package. This meant that there was potential for
such contacts pads 110 to short out to other contacts. Additionally, the
metal on the substrate represented capacitance that might affect the

operation of the chip.

Removing the contact on the bottom of the chip would cost money for
different masks in forming the chip contacts. Removing the contact after
the chip is formed would require extra handling, with the possibility of
damaging the chip. Removing the contact pad 110 at that location was a
possibility, but there was a chance that the solder bump 30 would flow to
short out an adjacent contact, or a via that had been fabricated below the
contact pad 110, even with the presence of solder mask 130, a conventional
dielectric layer that is deposited and patterned photolithographically.

The solder mask in this prior art view is shown as separating the solder
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damagi ng the chip. Renoving the contact pad 110 at

that location was a possibility, but there was a
w@eb@aos22ehat the sol der bunp 30 would fl ow t o PEIYGBR003/003995

out an adjacent contact, or a via that had been

fabricated bel ow t he contact pad 110, even with the

presence of solder mask 130, a conventional 40

dielectric layer that is deposited and patterned

buRPOE0! iedE %@tg@&xmg HBea1s be‘ij@s{ctr@aﬁﬁ tLIb tRLS Rkl Yider

okl VBEMII% n%%as s%garatlng Ege sol WO

30 4P 03 268310638968 P Hhunps 30 and t he
correspondi ng netal contact pads 110 that the sol der
bunmsenplegesonhastitivht fhovaSed 8 OnRYemd anadlaiddt® in clainm 1.

pr@f&%%ﬁtféa%f-‘ég 'aQQ ovifdes @ SHhstkate Asi el aimed in
claim 1. Preferred features are recited in the

dependent clalns. Preferably, the invention isolates
unusedfechder thenpyephidrhésdetepmnuséd gnlde® bymps on the bottom
ofpad trer By @gttmlagttate héa@l GRe6Hneed drh@hé AfdpSsUfrace of the

suggtxtalgg &%Q@l’té‘ratwﬁ ??olgér EQ ttlael §bqlag§ rth@%s e& QGolder

| sol ate the unuse unps A preferred

PupRSture of the |nvent|on i s changing the shape of a
nmetal interconnect passing under an unused chip
COntAaﬁfeﬂe@réd)rﬂélamrdjeﬁrtﬁfésirﬁféntibrt he diagbett the stapdarr a

me'@f’ Kn&@réo%@ét Lhes hg %Herozﬁn tuﬁ@se%P'cQEF coﬂ:@acﬁa%‘ @'mtahe

sel ect ed r ef erncg f ea

ur
SPETRPE o O SHELEFARRG R SOFHG LRISE P igTde o, the solder
maplyady tiet selettest tethetween a contact on a chip and a
correspondi ng contact on the package. 20 Figure 1

Sho%o@héxoBré/fe%We@ffth@er Uf:ttfi‘l'éelrﬁfeﬁg:[cgﬂ El' ﬂa‘%tgﬂﬁn the solder

vent Ws, a Cross section throu
magR i BHS G SR SoEHs L BT oA T Drped
Coﬁéﬁﬂweﬁﬂcbﬂﬁ@§ﬁénﬁtﬁ@eﬂ@CFt@Mre 2. Referrlng again to
Fig. 3, there is showmn a cross section of a portion

of il RACKAY R RUPELS BE & bR MLEMEBERnL0d Sche invention.
connected to the package through a set of sol der

bumps or balls 30 that bond to an array 30 of netal
contFAERrHAdShIMEQe CHRES cRstHwt therrshakke whpiheét Bpure 1-
i nterconnects that extend down through top surface 135

of tﬁ@uzsé"tﬂsgl{cﬁ\;se ﬁ@gr%n%‘sst Q@ctcibh Qo%@egﬂénglrtbeﬁ:o Figure 2.
chi ps and/or to the outside worl
Referring again to Fig. 3, there ig shown a cross section of a

portion of an IC packaging substrate, in which chip 10 is connected to the
package through a set of C4 solder bumps or balls 30 that bond to an array
of metal contact pads 110. The contact pads are connected to
interconnects that extend down through top surface 135 of the substrate
and connect the chip 10 to other chips and/or to the outside world.
Solder mask 130 is a dielectric layer that is put down after the
conductors on the top surface has been patterned and before the chips are
bonded. It isolates the solder bumps 30 by surrounding the contact pads
110.

Solder mask 130 is put down as a photo-sensitive liquid or f£ilm
after the metal layer of contact pads 110 has been patterned, and then
patterned by exposure to light of the appropriate characteristic and then
developed after patterning. As can be seen in Fig. 3, the standard way of

patterning a solder mask is as a separation and isolation feature between
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Sol der mask 130 is a dielectric layer that is put down

after the conductors on the top surface has been
weaiotesnerl and before the chips are 35 bonded.PECT/GB2003/003995

i solates the sol der bunps 30 by surrounding the

contact pads 110. Sol der masR 130 is put down as a

phot o-sensitive liquid or film after the netal |ayer

of contact pads 110 has been patterned, and then 40

tHRabd QR eshndY , RASHY & 01! a%d0£aéhh@or?o%e£ Qs ME  1n the

hgr cEerlgééﬁ.?ﬂgthen d %9%8 dgF gat ortafgogeumﬂ‘by

meﬁé’t tlé‘lonl nd amsareger infsky Eh%l@e'aajsééﬁr‘%i‘ttle@@ﬁdah@ltween the
consadtat | tayehedd woeldekeweeghVi) 2Q0U0BIRRR? it passes over a layer
ofPEd{ 82093/ 003995 3 the sol der bunps, formng a wall
around each contact pad 110. In the cross section of
Fig. 3, none of the solder balls are shorted together
by AréfaTure10f the RE9T Eiteteqhndqug fist Hptnedifiqaigon of the IC
rigxterdecdetvicionst fre the gl det Spmpay s SDempiled de that cost

coﬁhidﬁibtibﬂﬁ ghetacwhere ide Q@fﬁﬂ%sbﬁﬁﬁaﬁ?ﬁtac@yfﬂb cghﬂgétlon remain.
a C ue
Tth %. m)g’#%f ﬁ‘ei % Eltfgtf tg% sot[['%:elplia 9{ at%[c che% p c% 10 :|.s tsooldered

i cation or connectli on

o Fﬁée SEPERSTT Bifhpsy 9% t%%ﬁé‘ﬁ&i‘%an%&hﬁﬁ%ﬁor%@%at there may be
prebiwgisder &t cormscidhrtcandddchat ttheecisiglsdey dbangifeontefctonnections
onlikk GAPHEGEEON ThesMisRi11Hd Thathe i L& Rwaf®anSt thabntact pad

ll%hfs %%:gc%rllpaééémggge%cpc? %hb.lg ?Qno‘giggln wa?l ét]gde Engoug Ot}%e

u% cont act £ et ef ore

Rere °mef bB2C Peht &fis? vﬁlﬁ?ﬁfdﬁﬁ%laf“aﬁrtte chRISd t SfRgtrical

cophiqis whih tthe wflflectbadt 3Ponnecti ons on the substrate.
Those skilled in the art are aware that a contact pad

110 AC%?]&%% %}__}lt)ée 191Q/'n§ ltO%d éhe %r]{anlgﬁ r}tegg | h% Pcols unc%anged

thro stra
bug; @Ciﬂorﬂiﬂ%%?ﬁtw%ﬁeuﬁ%ff@rera% éamﬁ?té%%?m f&& Sul?.s&ﬁﬁ%\%tlsm% by
isphetiggl der ubaddd 8@l.deAcmordi arg the dhlie hwnwepdtitemed Heelectric

that raRgeRNintdribhe Withidipnghanged, but accommodation
to different connections on the substrate is nmade by

20 i_sql atiing the unused sol der bunps on the chip by a

pat CEF Fed "8 B¥e£P €U Hat tRFFEs GOV hPePady 816 ©f an area of
a phatipoeparatiore aRedfrdird rig PowibverEiigur énlyhitches @x7sarray of
coB BOMNPAAPI130 dtn@vtrdf tanhar eandbrd a/packageasubstdrat®. Not all

ofBERO LML L 0l NELAV EOIAR, 1] WO 3 1 S BhcQledTn the
nuggftact a %@3% onfornms to the stan 6 of a

par “all

A heavy line 120 passing from left to right along the middle row of
the array represents a conductive interconnect that is required according
to the system being implemented (connecting contacts 1, 3, 4, 6 and 7).
The line passes through seven contiguous contact locations in this
example. Two contact locations are not used in this example, however,
both denoted by numeral 122 and located in an area of line 120 having the
shape of a hexagon. The function of the layout shown is that the
conductive interconnect member 120 is displaced from the location of the
solder bumps on chip 10; i1.e. it splits, defining a hexagonal opening
between the two sides. The solder mask that will be put down before the
chip bonding operation f£ills the hexagonal opening and forms a depression
in the top surface of the solder mask layer 125 at that location. That
depression surrounds the solder ball on the chip 10 and isolates it from

surrounding connectors, so that any conductive material turning to the



10

15

20

25

30

35

40

of the contacts are used, however. In this exanple,
two contacts in the mddle row are not used. A heavy

wo 20ve/03202 passing fromleft to right al ong therPai/d8k@®3/003995
row of 30 the array represents a conductive
i nterconnect that is requiredfaccording to the system
bei ng i npl emrented (connecting contacts 1, 3, 4, 6 and
7). The line passes through seven contiguous contact

moh@@ratswie dwlrtghtﬁe h%é'@'ﬂﬁ;l gnd E\A@d&oegeﬁu b@&%tstgojfgsc@ﬁﬁned In
not e

| ocggg%l%leﬁ AN esredaoréft%e ot £90° ﬂcRX% 0 will
Cheﬁ%e 3BeRhapevHTENG HéRaGoRligHeYf uﬁéeucblﬁleftrtlﬁemqt@ye%& 125
loshiinbeisveehabtaltlth® a0 ekt @ail Mtler poarect armeabeicri@{l path
frb@ @rﬁpﬁ@ce@h&r omd Q@?A&Qg&%sogno@fhet 'ﬂ&ﬂezseé&eef brtn@@ ,—;% not

I TS erl nn
ai § ettt S ihugl (b TpebR GG APBRNNR HREY
copytctdenih (sed oy @mememnwalbtzﬁ@dﬁhfgrtepe?ratthewpeml@nﬁhef the

chinex@godisngope riangeiandcd)ar ns a depression 40 in the top
surface of t he sol der nmask Iayer 125 at that | ocation.

theobo lé.llilg‘ ffﬁratlan

Th atLO ]((j SI Qn. s rrounds Zc,oltg1 b lI L 9N, thetC]D'rP .
10 and |§of’1at eS 71 Vol suﬁ%un’dl Rg ¥Shndtior st° ke pas
the Hteapgpnesh ditlr i Sfe Lhedaesi 2t Fb?"ﬁllﬁgt}t%cf‘?ﬁ? \?B’tlon' i.e. the

112604/ 032222 POTHEB2008/88389 Thrdudginbidenistaldelzumhage it
pagaes me%dgagh@egoﬁoﬂzder mhef J;vatmrpqeﬁés 03 koRbbned221dke in the
pl n? to*%o&g %é)sogrgttlvc\;lnrl 'Itl'lhgasOI Qal ﬂ%hwagrreloa% :Ujishow 6\ bump
OHSF?C&hFH‘F "F]ﬁ%red Feg setisc Al @PF%IOVfEStheI b%%ﬁreamtf’é’[tv\?e?ezn

bal | 30 and contact pad 110 prevents an el ectri cal
pat heSthd @8 fkMbNGig ThYSbot N84 CINLES 2@NSrBNatdiBd a contact

loLQty\_{%E'l &?a%ewﬁ egcljoge %%1@9& trqi %a%r ?féj fpfﬁedt PFOHPQH&%%lder

connect] ons connect1 on

magk, I@tewlcau“&}lﬁgpﬁ%%ﬁfeeasﬁ@ﬁ{:%)fraw e oERE itHEey the
contrrt the pt( byatc hegegiipg sodpetd chicepntad dloolel pige dbcathion.

Thek A rYh@WehP i Gsefdl #d1€ 2SO iR WS ch akRRep@St contact on
th%h&lknh%ftcﬁ?é‘rh%%t us.]e%]oin St%_l' t aq:(l%??ulg?t sigl vﬁ, 413 Shc%n%@x?%n the

be
SuPﬁ?%@ht}ﬁéddﬂefOchiﬁ %ﬁ%rseloF’f top%%%te@ tWSE@‘ﬁmeCt On or in

thhexdgoretk22. The two thin [ines of hexagons 122 are in
the plane of the cross section. Thus, in Fig. 2 bot h

ar eg%rg‘zél Epcg)vc!e? Ql.%gp G’Itﬁcgﬂ)segﬁg/o% g@bst\fgigé’s K e useodpw:Lth

sol oes e Interco
th FOW"&F“F?HQ ijlceb%ftf?& HBFFITES %"ﬁ’lﬁi?eaacéiﬁﬂﬁ’fd“ao connected to

othentwaces in the substrate that would increase the capacitive loading on
the circuit in the chip (if contact were made) can still be used.
Similarly, an interconnect in the substrate that shorts chip contacts K
and L in one version of a system may be blocked, so that a system that

does not have that short can still use the same substrate.

Those gkilled in the art will be aware that having a closed hexagon
is not required and that a single-gided structure would also do to
preserve the continuity of line 120. The line 120 does not have to be a
straight line and it may have a right angle or other shape. A diamond
shape, rectangle, parallelogram or other shape (preferably a closed curve)

could be used instead of the hexagon.

Preferably, the thickness of the solder mask is thick enough to
prevent electrical contact and thin enough that it does not prevent the



| ocation that will enclose a dielectric pad 125,

formed fromthe solder nmask material. This pad
w@e@vesm2g2 a path from being fornmed between t heP@DGB2003/003995

contact 110 at that |ocation and the chip contact

above the location. This arrdngenent is useful for a

situation in which there is a contact on the chip

that is not used in this particular systemand a

otGentRC tet %uilﬂ?@ fr&l Qﬁkil@é eohhRl: gogs tﬁ@@ﬁ@gtll@r ey the bond to.
Sogngo#ﬁe%gnc%ngé h rmisnstl Connetclji: gglé)er %Hmé)r su SEE%% élgrlng the

er ¢ ass °6f
bopgins B oRSSd- \MTihﬁ inveetigiy Bt |b@ﬁn %eisﬁ’éjé@e&'l &1 gbk context of the
fldnbytivap@chey idege boped it el Mt cathre Ctetinb bgias hier which a set

ofWbEBS ctH dnhensSubstdate dhat é‘l@ui)cglde@c{cpﬁﬁeam9 (zn ft:he top of
|

a C|t|ve | e circuit in the chip
th% 8% faV%C%Q%g g %ﬁﬁm%%ll be used. 30 Simlarly, an

|nterconnect in the substrate that shorts chip
contacts K and L in one version of a system may be
bl ocked, so that a systemthat does not have that
short can still use the sanme substrate. Those skill ed
inthe art will be aware that having a cl osed hexagon
35 is not required and that a single-sided structure
woul d al so do to preserve the continuity of |ine 120.
The line 120 does not have to be a straight |ine and
it may have a right angle or other shape. A dianond
shape, rectangle, parallelogramor other shape
(preferably a closed curve) could be used instead of
t he hexagon. 40 Preferably, the thickness of the

sol der mask is thick enough to prevent electrica
contact and thin enough that it does not prevent the
WO 2004/ 032222 PCT/ GB2003/ 003995 5 other sol der bunps
from maki ng contact with the pads 110 that the bond
to. Sone tolerance is perm ssible, as the sol der
bunps will flow during the bonding process. The

i nvention has been described in the context of the
flip chip process devel oped by | BM but other
technologies in which a set 5 of contacts on the
bottom of an I C are bonded to an array on the top of
the substrate could al so be used. WO 2004/ 032222

PCT/ GB2003/ 003995
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6 CLAIMS 1. A substrate for connecting integrated
circuits (10) having a substrate top surface (135)
wowao/03e28t andard- pattern array of contacts 5 (BQADEB2003/003995
formed thereon and a patter ned di el ectric layer (130)
di sposed on said top surface®(135), said patterned
dielectric layer (130) being patterned to surround
and isolate fromone another a subset of said array
~of contacts in which a condggiimée contact interconnect
menber (120) is disposed on said top surface and
electrically connecting at | east sone of 10 said array
of cont adt §uPsaPEe dont ermerringr Eumasetedreiprari t¢ 120) having a
subetrge chsphatzed {136mM @itsek eshadidopatic@n ©&fral/ne contacts

TS SRR SO U B0 BRSPS o
“{RCE R 36| Prclr AFol RALTRUIT BAMERCT ‘alokiy 4l0) being
PaSEPECHeEP FBEEURE ST 18Rliadet Byensend acethes & rmbkbat @f said array
off romeatg dnt @icich ofcmanctiabr@ntaét danéadhiectd aembed (ado) is

didposRl &n %@L@C@oﬁds&ﬁ%@yéﬁﬁ e%ct&%&?i?%ﬁhgcﬂgﬁoggIl%gsg Qome of

=0T ol e A R P i SBreROt Trobatin 1) oot
digprsed fc‘iS’F‘v% 5(61295663 LPTaS ARl afg thaicanitete Bt Pt dRi oA array,
angheridi rrigarge?0idiawitecd rleget apesrshasid sdepregsi@ation, wherein
anM A dlgRa Sl 61608 b HEY %ta;‘tial%a'sglec§§<li qgt:gglc]n()@).atéa@@ top

su§fa<%u§§lk§1g fldtt%da§§o?nrglcn ttacot Cl éoﬁrra;(/t ontactF ]tocated at

ctiVe 1 nterconnect nerbe pas
sajd fSleofd hoftddhnect ed cont act 25 to whi ch it is not
connected. 4. A substrate according to claim3, in

whi eh saiadseqnrdsied i2¥8ording ed'oC eNect , NBMRe orf QLI Bntact
1n9£§%%ggeé%UR¥§% Urﬁéb ndlr&gﬁp % a%ﬁﬂ eaSt 0 f%ctedcﬁocat%on in a

non- connecte A SBsTTat 85 acest
clepl frae ((H3AhPERrosaftna shtf et seed %an@%@r%rﬁéﬂ
ditbrarsia lhgxaden suepoerxdongrisaid satdlcaséd gneve at said

sel@=@01H2E{ &0 cont act .

3. A substrate according to claim 1, in which said conductive
interconnect member (120) extends past at least one non-connected contact

to which it is not connected.

4. A substrate according to claim 3, in which said conductive
interconnect member forms a closed curve surrounding said at least one

non-connected contact.

5. A substrate according to claim 4, in which said conductive
interconnect member forms a hexagon surrounding said at least one

non-connected contact.



