H GH DENSI TY ORGANI C BRI DGE DEVI CE AND METHOD 5 [0001] Thi s application
clainms the benefit of priority to U S. Patent Application Serial No.

13/ 722,203, filed on Decenber 20, 2012, which is incorporated herein by
reference in its entirety. 10TECHNI CAL FI ELD [ 0002] Enbodi ments pertain to
integrated circuit (1C) dies, nmulti-chip packages, and associ at ed

nmet hods. More particularly, enbodi nents pertain to using an organic bridge
in an organi c package substrate to interconnect dies with 15a high density
i nt erconnect. BACKGROUND [0003]In order to enhance performance, processing
unit products are 20increasingly integrating nultiple die within the
processing uni t paglaguNsi b ATChRfpeE i RIE KD Mngiwepmodul e (MO
format. In traditiona format, the chip die are I nterconnected via
connections within the substrate. One way to increase the input-output (JO
capacity issto connect the die through enbedded 10 bridge die featuring a
very high wring density locally between 25 die. Patterning dense netal
features on a #l00lkon subss ammlieatio ctaires the herefit plgmerityf @dd.Scketéndon appr oach
Thi s enabl es very.fi.ne.fe r i Qnsi st en 2tallization, and
a great nunber %8%411? OriI% r@?@%hﬁ%’éﬁ’@ﬁs. eﬁglﬁésgeébef)%?gpggrﬁgé@fgni ficant

m smat ch bet weéarotphataddefdn by efitrerat it ivamnrisdy. expansi on (CTE) of an organic
package and a silicon bridge, |eading to delam nation and cracki ng
30between nultiple materials. Wth nultiple process steps used in
productionjef the MCM after the sTECEHOMCALFdgeD has been placed in the
substrate, the manufacturing process itself can lead to cracking and

del ami nation. Additionally, enbedding an external bridge made out of
silicon to incjmege the EhedhendDaBIAS i,{t&%atgd Lt diddgauilénia- t hin and
enbeddi ng the silicon bridge within the substrate can be chal |l engi ng. BRI EF
DESCRI PTI ON OFParkfzepRAARMCeSatd nptods. AMeare pertjqujaglys gnaodinent yesyiaingp

m croel ectroni gAY BC&555hi AHKYeH Horkthis PARa G RO BB ifierconnect dies with

15  ahigh density interconnect.
BACKGROUND

[0003] In order to enhance performance, processing unit products are

20  increasingly integrating multiple die within the processing unit package in a
side-by-side or other multi-chip-module (MCM) format. In traditional MCM
format, the chip die are interconnected via connections within the substrate. One
way to increase the input-output (I0) capacity is to connect the die through
embedded IO bridge die featuring a very high wiring density locally between

25  die. Patterning dense metal features on a silicon substrate is the conventional
fabrication approach. This enables very fine feature, size consistent backend
metallization, and a great number of IO interconnections. However, there is a
significant mismatch between the coefficient of thermal expansion (CTE) of an
organic package and a silicon bridge, leading to delamination and cracking

30  between multiple materials. With multiple process steps used in production of
the MCM after the silicon bridge has been placed in the substrate, the
manufacturing process itself can lead to cracking and delamination.

Additionally, embedding an external bridge made out of silicon to increase the
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10005 FIG 2 illustrates a plan view of a m croel ectronic package accordi ng
to sone enbodi nents; 10[0006]FIG 3 illustrates a cross sectional view of
an organic bridge placed within a substrate according to sonme enbodi nents;
and 100071FIG 4 illustrates a process to create an organic bridge
according to sone enbodi nents. 15DETAI LED DESCRI PTI ON [ 0008] The fol | ow ng
description and the drawi ngs sufficiently illustrate specific enbodi nents

t o enabl e t hoséocakid melkksittie sﬁlhﬁnafiﬂgetﬂtr:pﬂﬁhﬁ:ﬁﬂmtiehﬁﬂgth@sh'ﬁbneﬁﬁgbdi ments may
i ncorporate stru ectrical, process, and other 20 changes.

tu
Portions and f &3 H‘r&%S‘H’FU‘g al?frﬁ%lg‘? N&W&t s may be included in, or
substituted for, those of other enbodi nents. Enbodi ments set forth in the
cl ai ms enconpass all avail abl e equivalents of those clains. 100091FIG 1
illustrates a general ni CBB@F&EEQ?}IP@IQN&%&IEMW% to sone
enbodi nentss The process, illustrated generally as 100, takes assenblies
25made froma substrate rranuf acturing process 102, a bridge manufacturing
process 104 aniP04kenbl e@Gt hélstafesthesnaral mlqwéectr@mppwa@éw@prﬁmgﬁmel ectronic

package/ devi ce (ﬁ#f {.ichip package 110. [0010] Di e manufacturing
process 106 is | ustratecti in dashed formto indicate that the die can

be assenbl ed o00RE subsl'EIGaE éiltamdempldrgeiewofa necreelr@r@fyradcgss 108 or in a
separate process at a,[O Som em I mems e manufacturing process 106 can be any
process sufficiéen % d&&'Ped dies that will be
10 [0006] FIG 3 illustrates a cross sectional view of an organic bridge
placed within a substrate according to some embodiments; and
[0007] FIG. 4 illustrates a process to create an organic bridge according

to some embodiments.
15 DETAILED DESCRIPTION

[0008] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
20  changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the
claims encompass all available equivalents of those claims.
[0009] FIG. 1 illustrates a general microelectronic process according to
some embodiments. The process, illustrated generally as 100, takes assemblies
25  made from a substrate manufacturing process 102, a bridge manufacturing
process 104 and assembles them as shown in 108 to produce a microelectronic
package/device such as multichip package 110.
[0010] Die manufacturing process 106 is illustrated in dashed form to
indicate that the die can be assembled on the substrate and bridge in the same
30 process 108 or in a separate process at a later time. Die manufacturing process
106 can be any process sufficient to produce desired dies that will be
incorporated into the final product. No further description of die manufacturing

106 will be given as it is not important to the disclosure herein.



incorporated into the final product. No further description of die

manuf acturing 106 will be given as it is not inportant to the disclosure
herein. 100111Substrate manufacturing process 102 nay conpri se any process
to produce a suitable package substrate that may be used, for exanple, in
mul ti- chip packagi ng. Separate substrate nmanufacturing process 102 all ows
the process to be tuned effectively for the particul ar package substrate.

I n general, 5theE1jreans $utdkratt Ranplckageprstdest ah@scoapdispincgssesd02 can be
tailored to onIgBthose asﬁﬁcts driven by t he packag sublgrate and t he

bri dge pl acenef Jrodbfd 2Bl qerckaggsphips tht imay 68?3 WG gkl £ 1 n

general, this @hlb%\&a?ﬁgnle@rdt@&fos@at@&aﬁlfy&urmgqﬁ&%&10@ AoRsaRS that
prOV|des a hi gher her vol unme, nore rel axed gegnetries on

conductors on amew@ h¢ wn@%ffeﬁambagétwgtw@f@ackagelseé -AaepsEdlof al | of
these, or soneuplt hel Rk epHbidke SiusthaEtd ea«ld%ocem*@wa&b@tau&%dmrhﬁrI a.

Typi cal | y package substrates are nmade from an organic gl ynmer such as an
epoxy. Package thosbapreis divendy thranaekage welrsirate yandfthmbridee ipgicemenicandanst si | i ca,

cal ci um oxi de, ul{gggggggétyﬁﬁ\%ﬁ'b ?helg extse@f’ﬁﬁgeﬁef) tH% aﬁ{)\g@ﬁgl ngszpl%gsy mer to

achi eve partic ropertie suc as a |re "ass 1tron

t enperature or ezqiehs've mﬁdasiar};eobepﬁrtb@tqmmm a hﬂgb@ﬂjzlilﬂaa:klgg@ volunst matees
produced by sub§ nuf ac tu%lgg proces. &L qu |@pque various | ayers
and geonetries SUE ggxn i'7°ed FA AL EHL B RRLaE] HOSHEC & anl e,
substrates1canc&ﬁmﬁﬂﬂﬂuﬁemoﬂﬁmngmdﬁﬁm@ﬂwruheaﬂmﬂxmﬂ@uic@n&ﬁunnMﬁTe wi dt h

and about a 40umw r cin | ar | up layers, if 20any, can be
Ehi cRer t han ¢ HOgH:CURORY ke B HERGRLERTS T BF SieBlE pobact Bhdbduco
organi c bridgesn eﬂoagalaac@agad@lestfmuﬁa@%uuwlegrm&lalﬁﬁcmysm@rrprl se a

process to produce a high density_interconnect bridge suitable for
pl acenent in tﬁ%mﬂééﬁéﬁem%%5§ﬁméﬁéh o wdsdiin the prearie 8elyMer (fiaskis¥&sed in

conj unction wi f)ﬁﬂ&ile@prélpeg%lsgﬂ\éh A2 dBkiled FO=s MRNiE dBstRathilc QFLARr OF gani c

pol ymer such as an epoxy without its own substrate (e.g. with only a few
bui | d-up Ié@er@”éﬁiﬁﬂﬁﬁﬁgie bui | d-up | ayer conprising routing and pad

orocess 104 ar R TERS 1 han oot ABsrr oRr R Y PR e AR o O i ¢

process 104 ar I n anot ment, organic
bri dges producé&@ ibyy inciudgearivan lafyers bud gevgne8 ks prahce s6res 64d emgedivout 15gm

thi ck. points. In one example, substrates can be produced using design rules of about a

40pum wire width and about a 40pum wire spacing. Similarly, build-up layers, if
20  any, can be thicker than those used by bridge manufacturing process 104 to
produce organic bridges.
[0013] Bridge manufacturing process 104 may comprise a process to
produce a high density interconnect bridge suitable for placement in the package
substrate. An example process is discussed in conjunction with FIG. 4 below.
25  Bridges may be made from an organic polymer such as an epoxy without its own
substrate (e.g. with only a few build-up layers or a single build-up layer
comprising routing and pad layers). In one embodiment organic bridges
produced by bridge manufacturing process 104 are less than about 30pm thick.
In another embodiment, organic bridges produced by bridge manufacturing
30  process 104 are about 15um thick.
[0014] In embodiments of the bridge that have no substrate, when the
bridge is placed on the package substrate as part of assembly process 108, the

bridge conforms to the contours of the layer in the package substrate beneath it.

3



[ 001411 n enbodi ments of the bridge that have no substrate, when the bridge
is placed on the package substrate as part of assenbly process 108, the
bridge confornms to the contours of the layer in the package substrate
beneath it. This helps mnimze inter-material issues such as cracking,
chi ppi ng or delam nation. The thinness of the bridge nmakes it easier to
satisfy any z-height requirenents of the process and/or package. For

enbodi nent s lrrarmfsaﬁtpu&rﬁﬁinﬂietlh@utna&nsumw@was Bndkilge ciipiug act uri ng process
104 can use |l ow cost, reusable 5 rriers. [[0015] The or nl c pol yner
AT 5

used in bri dge dAamieHet uHheiBinpsss pakes f SeiE 40 rﬁnéfz #hes may be

the same as, Ofelirbh&li€htiné pOMss hitPorfaBlaRb CFRUnHIBImeATs n'&eﬂﬁfa%t&l?&it rate. Since
both materials are organi c, the organic bridges have better interfacial

adhesi on ( conpaiit@ent afssbst@t@ahﬁml@ mangfagiuriageipcerade enuseiov ek resgly . Since
both materials ﬁdée a%ﬂgnl c, cracking, chipping, delam nation and ot her

i ssues associ at use of dissimlar materials can be m nim zed.
100161Bri dge nﬂ?ﬂlﬁhct ur i Py qrganeepdy m@asereiyp bhdgdaaiudg@radingerencsdidddo smal |,

hi gh density ge r a
i nt er connects. ? n §n0r anrlr%baat ?m?yb%@%g%rﬁ%g 5}&’%&%9”%%81? At&%?r%g process 104
15uses desi gn polymsr afthadbstrat@niimarbotlessteiinls ere\mgimkc thadrabettidgem or | ess

Wi re spacing. |n n t her nment,, organic bri uf acturing process
104 usbe” dogi ghwitRY BT AT Bl kF eoimle To PR BREE SR ho e
sone areasior blﬁy@DSSﬁBdbMﬂ&feersraﬁ: Mdgzdhch cﬁiﬁldngp:atppmg, delaminhgon deas or

| ayers of the bridge e width and about l10umwre

spaci ng). 20[ Oetf?rl‘ﬁﬁl“@ asﬁo‘i‘?thig”ttlF Bﬁee%f ES’B}I Fmgieddls 630 b MinEPigeY ect r oni ¢

package accor djgagef © SonmiRRBeshHeRtiSe prbb&s Perkagee 2RnBak Radkage
substrate 212 and an organic bridge 2g114)1 enbedded i n packa e substrate 212.

Package subst r &nal digh deasitycsppetiseindbe biidga M @rpdightanst as an epoxy.

Organi c bri dgejdld,iBts. ahDRe EABRIMSR, GBarRE &%Eeqna%fa)éﬁﬁﬁg pHebssd8san epoxy.
The 25organi c pol yner of organic bridgé 214 may be the Same as, or

different ¥ omlsets Hesimriglen péah@m %mepr lo$s Wiz Wigfeand gbeutSameor dasy WirE001810x gani ¢
bri dge 214 co g o’[}{é &gtoﬁ%mé‘&ﬁ %a%&éct}aﬂﬁ%{)ﬁ%s@i%@uée?cat 1on
F'Co ruc ure oC

220 and an int cat at a ion
| nt er connect sdeSLgntruﬂleeonab@umluh oriesric o eddthand smpting én @ areag oconpri se a

layers and wider wire width and spacing in other areas or layers of the bridge
(e.g., about 10pm wire width and about 10pum wire spacing).

20 [0017] FIG. 2 illustrates a plan view of a microelectronic package
according to some embodiments. The package 200 has package substrate 212
and an organic bridge 214 embedded in package substrate 212. Package
substrate 212 may comprise an organic polymer such as an epoxy. Organic
bridge 214 may also comprise an organic polymer such as an epoxy. The

25  organic polymer of organic bridge 214 may be the same as, or different from, the
organic polymer of package substrate 212.

[0018] Organic bridge 214 comprises an interconnect structure 216
located at a location 220 and an interconnect structure 218 located at a location
222. Interconnect structure 216 and interconnect structure 218 may comprise a

30  plurality of connection points, such as the connection point illustrated as 208.
The various connection points within interconnect structure 216 and 218 are
connected by conductive paths. In FIG. 2, example conductive paths are

illustrated by 210. Connections between the various connection points are
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30plurality of connection points, such as the connection point illustrated
as 208. The various connection points within interconnect structure 216 and
218 are connected by conductive paths. In FIG 2, exanple conductive paths
are illustrated by 210. Connections between the various connection points
are appropriate to the die that wll be interconnected by organic bridge
214. Locations 220 and 221, shown in dashed lines, indicate the |ocations
wher e di e i nt eapmonecd ©dhddic dageaill e ibtetdageecd bywrdahichheidpt ated.

1001911 nt t. struct 16 & 218 : ic bridge 214
St ypi cal |y | 0CLOGHOTtAR tHian oht b PR JRGaMARB [HBe 1 PFRL: | ocati ons

220 and 222 ar enér¥gineatbd by bRUAE Briddee 18RS boplagddgani ¢ bridge 214. However,
the location of interconnect structures 216 & 218 are deternm ned by the die

that will be i HEPEonnectsecomyect HEcBigalP & bt e Pgapic bridge 214 are

[ 0020] M cr ogl ?%Ip'fc%ﬂ%r focRiag kRGEd A0 dTRYheREINd BRRIED 4.1 L8, 18EGRME £2010br i dges
214, each having multiple interconnect structures 216 & 218 in order to

i nter connect nand 323 ae wpisally towardghe ondsafiericenie hedgectigafiosveren dges are _
illustrated by IQ%Qt?(m df@ﬁtglrcﬁlﬁ{&gtes%ctﬁ{fg ??\é %bq% a%r (fr%térllnlnléghofl %e%ge ﬁ’i}{t V%QIA' and die

pl acement | ocations are i Strate ashe I nes by 206. These organic
bri dges 202 nmaye mterginmidted byt the orgguinibudgerdldge 214. | nterconnect structures

204 may be sim to 15i.nterconnect  Strycture i.pt er connect
structure 218“‘{036121] FI lcéoelkic ust P %lctkgée éﬁc@%scgﬁébéé‘%ﬁ%g{r? [e d\fggen\?\?r of an
or gani ¢ brilolgeb2di2s pl 4eech havinginml@pls inostonate sactord? gk 268 somrdereorbodi ment s.

The assenbly, illustrated.general s 300, may c¢ ise substrate 302
and an organi cl%?r?%'élé‘:t%”flg% S?I}éllt%eaiﬁgmr?ﬁ? %%angﬂgg{gﬁ%adgﬁgﬁ%%ﬁ e 302,
such as that npoyfiastennect s8Q&yres bilsiivsahed bR acitdid plagnEholesHnd 02 of FI G

1 and may conprise an organjc polyner such as an epox 0022].Sybstrate 302
may conprise c%rﬁh]@@fr?t@ﬁlrb‘éﬁSWI@E%Y £ owrfettganie ?fi‘%,es Z%‘%?a%ée %15“13“318 and

319 to substraﬁeeor%mcbrggeaw.tjn@d?cd@ﬁéd%@uoaﬁ@smqn@s&%hﬂare@l conductive paths
(not shown) may adhere to deagn rul es appropriate 25for substrate 302. In

one enbodi hent intereraners sirgiure ¢l @andaar inigisentiest Bug@ 4Pt ow | ar ger geonetries
(for e.g. conngghjpn pO'P{]E}% ﬁﬁ@&a‘c&%o%%@ﬁgﬁﬁ'% btdnEReic Bidedded organic

bridge 304. In one exanple, substrate 2 can be produced using design
rul es of about placediOvithimi subsinitd aérordiel atsome cabadiments.eThpaesémlgy, Sinmilarly,

bui [ d-up | ayer ﬁlustirJtecﬁ g%eraﬁggs %, }nmf S&I%riste Q%{Pbsw@%%z iaIQd o &@Eﬂlg blt?(ﬁé-edge 30304.

304. Substrate 302 may be a package substrate 302, such as that manufactured

20 by substrate manufacturing process 102 of FIG. 1 and may comprise an organic
polymer such as an epoxy.
[0022] Substrate 302 may comprise connection points 306 to connect a
die, such as die 318 and 319 to substrate 302. Connection points 306 and
associated conductive paths (not shown) may adhere to design rules appropriate

25  for substrate 302. In one embodiment, the design rules of substrate 302 allow
larger geometries (for e.g. connection points 306) than the design rules of
embedded organic bridge 304. In one example, substrate 302 can be produced
using design rules of about a 40pum wire width and about a 40um wire spacing.
Similarly, build-up layers, if any, can be thicker than those in organic bridge

30 304.
[0023] Substrate 302 has a recess to receive organic bridge 304.
Depending on the thickness of the dielectric and other layers of substrate 302

and the thickness of organic bridge 304, the recess may only need to extend into
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[ 0023] Substrate 302 has a recess to receive organic bridge 304. Dependi ng
on the thickness of the dielectric and other |ayers of substrate 302 and

t he thickness of organic bridge 304, the recess may only need to extend
into the outernost |ayer or nultiple outernost |ayers. Such a recess can
be formed within substrate 302, for exanple, by using |aser scribing.

[ 0024] Organi c bridge 304 may conprise an organi c pol ynmer such as an epoxy.

The organi ¢ pokpeter@bst My@ast ulBple dgRrmdeié laf&y. Bechtahecsaom eSorn@d 5
different from .the organic g}olyrrer of substrate 302. For clarity, sone of
the various | ayéhi §pstgteiia; for pFanRle bEOANG RAeetSPIRIa% r at ed in vari ous

patterns so theyqpn be @ioahit BHMESTRIM @MpLRCASHELRUPN ARG subieiBan
[0025] Organic bridge 304 i's placed into a recess of substrate 302 using an
organi ¢ pol yneepaxy. ddhergenispgkyaict o aiebritag 3hmay bpthesapess or The or gani ¢

10 pol yner gan dgtﬁﬁe%t q%8 ggfgaﬂglpy% oA TbERPXY02. For agﬁft&'%otﬁ?é’ ofiype of

organi ¢ pol yner at sufficient eres organic bridge 304 to substrate
302. In FIG 3yaiyondiyag of ogganic bribgd Hyergidissttagedsn bariquaatt@@soitheyi | | ust r at ed

by 308. Since substrate . n rgani ¢. brj dge 304 both conprise an organic
pol ymer, | ayer C%btéi ({%Sglﬁlglgg%ér%ngtrhg5%?%““&?"2&63’304 to substrate 302 in a way

t hat m ni m zes [WRFf obl en®rearit bridge F0danplbded intn b eccessod sofstrated 0Aiusisg m | ar

mat eri al s such as chi ppj ng,. cracki ng .and.d nm.nation. 026] O ic brid
Toa 1 1 opr econt gt DR 0 A aEp e BRas AT AR S LSRR, S, P510%°

representsi@ npslgnel @QY&E a\lyt Boddlirgy fla) b egoiy dgenOdher typed efforgamyc be i ncl uded
as part of the bridge 304, Layer 314 represen a netal rout i | ayer
enbedded wi t hi Rolyingy Bty spfficiqnyly adhetep preapycdirides f’ﬁ?‘kt_ols ?ﬁgﬁteﬁi)g' g‘b#&?gses_ an
organi ¢ _pol yrreBorﬁm%mrgaiﬁ@mi@@gwt@daﬁstfa@aomsseﬂmratmwjoaa\smedl electric

| ayers 312. Layer 316 represents a ayer where, for exanmple,

ad | / (
i nt er connect sﬁ%@ﬁtﬁﬁ%a@mg@&nbr%eg%%@C%pfﬁféraflOfﬂan’éﬂiﬁli/ﬁ‘i% IBYt dge 304. In

one enbodi nent 5o¢ hie RSk BiafilbRded W O LARMIE 367 1nd08y 04 FaRLéSe about 3m
or less 25wire wdth and about 3mor Iess wre spaci'ng. |In another

embodi ment |5 t hproblegisgrisingfrem thointepfagaefi tyoldssitduler @orials sphiasekippiveut 3um or

less in wre w | in some areas or layers and wider wire width
and spaci ng i%rg%lﬂna&gr%ggﬁ%#gpayers of the bridge (e.g., about 10umwre

wi dt h and abouf002] i m wiQ@measphddged)4 i13CpO&EAT S0 FHG.SHydayand h®,S 12fndr gani ¢
AR RN STC NG [ T e e R
interl eaved di @hiekiraly e liyirkes asdazt dfuhe WMdgBO04., Liyer 3 eixa@piebaats aamsubst r at e
302, Having no SubS) Al e redded e ans ditfiakic layer 312. Diclectric layer 312
comprises an organic polymer such as an epoxy and represents interleaved
dielectric layers 312. Layer 316 represents a pad layer where, for example,
interconnect structures 204 can be formed as part of organic bridge 304. In one
embodiment, the design rules for organic bridge 304 comprise about 3pum or less
25  wire width and about 3um or less wire spacing. In another embodiment, the '
design rules for organic bridge 304 comprises about 3pum or less in wire width
and spacing in some areas or layers and wider wire width and spacing in other
areas or layers of the bridge (e.g., about 10um wire width and about 10pm wire
spacing).
30 [0027] Some embodiments of organic bridge 304 have no substrate 302.
Such embodiments may comprise routing and pad layers 314 & 316 and,

possibly some additional metal layers all with interleaved dielectric layers 312

but without, for example, a substrate 302. Having no substrate 302 means that

6



t hose enbodi nents of organic bridge 304 have no | ayer that has substanti al
silicon content. In such enbodi nents, any "substrate" |ayer woul d be nade
substantially of a netal or an organic polyner such as an epoxy. The
organi ¢ pol ynmer may include various additives such as silica, calcium

oxi de, magnesi um 5o0xi de, or other additive to nodify certain desired
properties of the organic polyner. [0028]1n one enbodi nent organic bridge

304 has no subgtos@éBbeiibe@6l drganddigitze 364Have b ¢dger that law eltzemntignbodi ment
organic bridgej§04 has no substrate 302 and is |ess thqﬂggbou 20nm t hi ck.
S

I'n yet anot her SERYLEIFEht NSPFFRROMIAES B S8paltaBYRVQUHE? A% 302 and is

| ess than aboUEu@;QHﬁﬁltymf‘éKﬂetﬁiop&?o@ﬁﬂ@ﬁ@)lzm@r Judegs Apok@AsTOorsatst r at e 302,
it tends to conformto the contours of the recess into which it is placed.

I'n such enbodi relitsr meyicluge karispus addititss srcas sibion caliym Pede MAARBEEN of
organi ¢ brigge 304 bW o LG ROtkd RoRfidsBE feRPLALLd into a

sol der mask cavity on the surface layer of the of substrate 15302 and ultra
fine pitch diegolgamar.be directly connected by therno-conpressi on based

bondi ng. [ 0029 4 il ustr [ . 1 I.c, bridge 304
according to shﬁ%gLnbodﬂhﬁﬁ%?%Eéﬁ%%“gq%gggég'Qggwggégﬁggggkggghéianple, in
bri dge manuf actswbbud Spmabiek.sInldddthef entho@imdnt otganikbGdgedd 04tHae np pubsests

illustrated 20 er al s 400 is a.spin-on-glass ((S0G) technique. SoG has
the ability t09§$§Wﬂﬂk&V$Wéém?F%@%P%$ -i%%%ﬁ%ﬁﬁrﬁ%#°§€#@¥m§?8%esses, and
thus is il lost badgedohaneno ddowere3(2 ot hekssphachsse®unayickl Smcbe used.
[0030] I n 402 a carrier fer of silic or glass i.s obtained. Since the

i ncoming carri Bﬁga%f’ﬁﬁg%“ﬁlaﬁﬁ? SYOgiFis g@r ft t%tgls fheonfqrdp M 9RINe Yr i dge 304,
25i nexpensi ve, tHe@ttedihR WEH i &plaed elnSsubidmbRlitaRd] tedick JTR sPPRAGERSS .

[0031]In 404 a release layer and the |ower dielectric (SoG |ayer is
deposited. As pP%¥iddbesihipngsod pragaig briders (i allowe preppic PHIE 30419 beonpri ses an

organi ¢ pol ynef, su6htdsnt®d s8R Mask cavity on the surface layer of the of substrate
15 302 and ultra fine pitch dies can be directly connected by thermo-compression
based bonding.
[0029] FIG. 4 illustrates a process to create an organic bridge 304
according to some embodiments. Such a process can be used, for example, in
bridge manufacturing process 104 of FIG. 1. In FIG. 4, the process illustrated
20  generally as 400 is a spin-on-glass (SoG) technique. SoG has the ability to
provide finer trace and spacing than other processes, and thus is illustrated here.
However, other processes may also be used.
[0030] In 402 a carrier wafer of silicon or glass is obtained. Since the
incoming carrier wafer will not form part of the final organic bridge 304,
25  inexpensive, reusable carrier wafers can be used for the process.
[0031] In 404 a release layer and the lower dielectric (SoG) layer is
deposited. As previously described, the dielectric layer 312 comprises an
organic polymer such as an epoxy.
[0032] In 406, seed layer deposition occurs, for example by sputtering.
30  Dry file resist (DFR) and patterning of the seed layer also occurs.
[0033] In 408, plating occurs along with DFR stripping and application

ofthe next dielectric layer 312 using SoG techniques.



[0032] I n 406, seed | ayer deposition occurs, for exanple by sputtering.
30Dry file resist (DFR) and patterning of the seed | ayer al so occurs.
1003311 n 408, plating occurs along with DFR stripping and application of
the next dielectric layer 312 using SoG techniques. f0034]in 410 via
formati on occurs along with seed | ayer deposition using, for exanple,
sputtering. DFR application and patterning al so occurs. 10035]In 412

conti nuation off0t84] et aln 41ayer formetion oscudd Dovg; witl feel hgef depaditiaol der resi st

(SR) layer and patternin 5 00§ggl 414 the resultant assenbly is rel eased
rom the carr| @RGPl BRIEIE. STOUPIETER “LL Py S tHG t he assendly
into individualjpgsgani ¢ Br41dgesinaddon (768 Wekal 1218003 éddrNaleRNRIREhe MBDANI C

bri dges 304, such as those described. in conjunction with FIGs. 1-3, are

only a few | ayépldertpiig kKSR)Jaye apdraisining he routing 101 ayer 314 , pad | ayer

316, groundsangygsgf " encg 4 aYRS Ssuli @t 2bdRbH) i Adasd PHGh $he dAkS Wl er | eaved
dielectric layers 312. In such a situation, this tw |ayer organic bridge

304 will be abeud bridgs sipgylatiorcie.s. piparatieg the pssepblyjiptedndiyideal prgsaiss s
illustrated in 10 can be repeated as appropriate to achieve an
organic bridgebéggsgpgggbﬁgps three or four layers having a thickness of
about 20pmto #98GF 1530mrgendrd0B8)nihbriddseded, dethais tlwde dessibddpni on i ncl udes

references to the acco i.ng dr awi ngs ich.form.a part ..,of the detail ed
oter ot on CrhaTu R ARG A RS sy M leRr B BeP B afrohlfe
enbodi ment $0i nlaykd XA | phelagerssd b ogrouirel amdyefbrengeriactd foethe siphaldeyeesypdi ment s are

also referred to herein.as.20 "e | es.." Such exanpl es may i.ncl ude
ol enents 1 n adEIBH B E RS BY SR o 1B AT R AT OOERME pr esent
inventors al sobG@RiEAWiIAbE a@ Mg thidkd WO &, Takyired/ 188 proeb B iMBRtsted hown or

described are provided. Moreogver, the present inventors also contenplate
exanpl es usi ng™HH 28¢RbT e bR rartp TARPLOPTIBS tORCh{aYs 8k OBPRIFEHEES shown or

described (or %woﬂ;ferﬁapmre%sope&{r%y%maﬁia%hthi&énmeffaw&bo;%ﬁ&@mm to a
particul ar exanple (or one or nore aspects thereof), or with respect to

ot her exanpf es3¢®. one or nore aspects thereof) shown or described herein.

[0039]In this ﬂ)@gﬂ']mant » TSRS J&il@@ﬁes@ﬁptfoﬂ%ol@d’e?réfé@ﬁjoes @k S common in

accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments in which the
disclosure may be practiced. These embodiments are also referred to herein as

20 “examples.,, Such examples may include elements in addition to those shown or
described. However, the present inventors also contemplate examples in which
only those elements shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination or permutation of
those elements shown or described (or one or more aspects thereof), either with

25  respect to a particular example (or one or more aspects thereof), or with respect
to other examples (or one or more aspects thereof) shown or described herein.
[0039] In this document, the terms “a, or “an,, are used, as is common in
patent documents, to include one or more than one, independent of any other
instances or usages of “at least one, or “one or more.,, In this document, the

30  term “or,, is used to refer to a nonexclusive or, such that “A or B, includes “A
but not B,,, “B but not A,, and “A and B

document, the terms “including,, and “in which, are used as the plain-English

unless otherwise indicated. In this
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equivalents of the respective terms “comprising,, and “wherein.,, Also, in the
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pat ent docunents, to include one or nore than one, independent of any ot her

i nstances or usages of "at |east one" or "one or nore." In this docunent,
the 30 term"or" is used to refer to a nonexclusive or, such that "A or B"
includes "A but not B," "B but not A", and "A and B", unless otherw se

indicated. In this docunent, the terns "including"” and "in which" are used
as the plain-English equivalents of the respective terns "conprising" and
"wherein." Al sGlldwing figims, ﬂlekdrmvi‘lﬁgu@lhgi a1, “cbhgrisigy, Be oﬂeﬁehwi gt and
"conprising” are open- ended that is, ystenl devi ce, tlclg

conposi tion, f6%ﬁﬁW%T@dﬁvw%@“BF@E@%@”FW&tOpﬂﬂwdde@WEPﬁﬁ% Sn¢lHdSsddi tion to

those |isted a%feﬁfent%%%ﬁd?ﬂdneﬂ') MokdNifRedd R} mcﬁ'é@erﬁxtlh|a|cla‘i11ﬁ%i’€9§‘€|ﬂltdéeﬁ1@d | within
the scope of that claim Moreover, in the follow nq clainms, the 5Sterns
¢

"first", "secofffail Vﬁﬁwthﬁﬁ‘?qu“’fthé‘t%almaﬂ\éﬂfa%@d indbedpliowiae ¢labnst §¢ and are not
i ntended t o] TRODE - AITE ‘Eéeg(ﬁigé G AU g TR %e%@edtrﬁébgagpdb@lgtﬁld aLeOIQﬁO] The above

description’is inte | ust?at 1 ve restrictive. For
exanpl e, the abﬁm@edmcmpﬁﬁeldm@maﬁm@gemts ontheiobispise aspects thereof) may

be used in Cogii)d'o@ LI on V‘h%eab ?CSQI‘IPH%HISIQGFC?CdtggPHH L{]ﬁl@% nd @t 10be used,

such as by on rdi nary s upon revi ew ng the above
description. Thatridbsé. rlantexamplpmba/abdeddesonb@irqthpm ton oBF orGnéreRspetts72(b), to

al l ow t he read r t ickly,asce ta technl cal
G solosure 1t eedof i fatisth RO ROt RISy B R bl Oloet SR F8 ot pe used
to interpr eo obe hseﬂ] duch REeLYSORPE otinafedill hohefrt tubten reliaiving theMt®oe in the

above Detail ed Descriptio var| ous  15f eat ures (o] d together to
streaniine t hed%ﬁc’éP:Foé‘sJF‘SI}‘b“i‘*Fﬂcélsé’ﬁ‘de < RGP With ﬁ ‘%f& égyg@) iht endi ng t hat

an uncl ai med dagsl 9 echdbEBIgUIcRIylaScRBRARS haddre bOthaRehicaidicloRatheris i nventive
subject matter may lie in less than all features of a particular disclosed

enbodi ment . Therpmitieewitlyihe sieiganding that iyl ieebebipd fnibtypsr adiByt Hht o the

Det ai | ed Descr ifhi Bmefind f%céaalﬁll aiAMoShanditage BBlItEDAER, dsids Separ at e
embodiment, and It Is contenplated thai such enbodi nents may be conbi ned

with each 6% hefeafuresvaayiboigsoupesisigatasi toryseagling érerdiscdasisnd hissheuld sepe of t he
I nventive matepl @ker E@H%Q Fe?ldﬂ tt}?a‘igi#{?&ﬁjalﬁ%ﬁ sélgieﬁrf@a 1st Qs g (3pRENded

clainms, along w pe of equivalents such clains are
entitled. CLANB. \Vikatherj isvattiae pabject smattedr. mak liviic ie@eihemalﬂ fmhmesmiekage

gﬁbng{jithn?h ? E%aréﬁ@agr;cf: sgg)ge(y enetgodlsrrlfeb %t {“ﬁl set’he ?&ﬂm rggcefz?llrn% ape%e}/e%?/ bri dge

incorporated into the Detailed Description, with each claim standing on its own
20  asa separate embodiment, and it is contemplated that such embodiments may be

combined with each other in various combinations or permutations. The scope

of the inventive material should be determined with reference to the appended

claims, along with the full scope of equivalents to which such claims are entitled.



a first interconnect structure at a first |ocation of the organic polyner
bridge and a second interconnect structure at a second | ocation of the
organi ¢ pol yner bridge; and an electrically conductive path in

t he organi c polymer bridge connecting 10the fist interconnect structure to
t he second interconnect structure. 2. The m croel ectroni c package of claim
1 wherein the organic polynmer substrate contains a recess and the organic
pol ymer bridge is enbedded into the r€tad&Susi ng an organic polyner. 3. The
m croel ectronic pacgﬁg .0L¥cl i m2 wherein the organic pol yner 15substrate
and the organi c pol yrer's§ 4Ha§&are nmade fromthe sane organic polymer. 4.
The m croel ectroni c package of claim2 wherein the organic polyner

substrate and the organic polyner bridge are made fromdifferent organic
pol ymers. 205. The ni*cRGOCEErTBnPACkIEECRABESBE clai m 1 wherein the organic

pol ymer substrate ig &Gogat gslymel A8siwacd; i rst set of design rules having a
first wire wwdth and first wre spacing and wherein the organic pol yner

bridge is cPeated u¥torganc BRlEBAbrider coPeddedinghe fabsEdehavi ng a second wire
wi dth and a second yifgiSRamhdsuftbs MGl REkEFLF ARl RRGIAGROf Claim 5

wherein the first wre width is 25l arger than the second wire width and the
first wire spabiifgy and alsegogd interbemneetissueiereahalsasprdeloggiipaiofithe orgapic The

m croel ectroni of ;claiml wherein the organic polynmer bridge has a
total thicknes 0@?£¥ﬁg%ef&gn about 20um 8. An organic bridge adapted to

i nterconnect a pl uraldeyriatly domluctiveeatrigain awgdmid pigenadmdee simmgetinga et al
routing | aygr th% f{er itrl%lrcoaggct lstzrai}/c?urré to the second interconnect structure.

2. The microelectronic package of claim 1 wherein the organic polymer
substrate contains a recess and the organic polymer bridge is embedded into the

recess using an organic polymer.

3. The microelectronic package of claim 2 wherein the organic polymer
15  substrate and the organic polymer bridge are made from the same organic

polymer.

4. The microelectronic package of claim 2 wherein the organic polymer
substrate and the organic polymer bridge are made from different organic

polymers.

20 5. The microelectronic package of claim 1 wherein the organic polymer
substrate is created using a first set of design rules having a first wire width and
first wire spacing and wherein the organic polymer bridge is created using a

second set of design rules having a second wire width and a second wire spacing.
6. The microelectronic package of claim 5 wherein the first wire width is

25  larger than the second wire width and the first wire spacing is larger than the

second wire spacing.

10



i nterl eaved organic polyner dielectric |ayers; and wherein there is no

| ayer nade substantially of silicon. 9. The organic bridge of claim8
wherein all |ayers have a conbi ned 10t hi ckness | ess than about 30um  10.
The organic bridge of claim8 wherein all |ayers have a conbi ned thickness
of about 15um 11. The organic bridge of claim8 wherein the nmetal pad

| ayer conprises a plurality of interconnect structures. 1512. The organic
bri dge of claimlll mmehﬁhﬂdamﬁhkahdaﬁebhﬂmﬁiuﬁ@&émymnﬁghﬂéﬁﬂ@ﬁanect
structures is ted to connect irst die and wherein a second of the
plurality of i ? é@ﬁﬁgﬁﬁt@q? ‘Hﬂ%@quagﬂﬁﬁ BB to connect to a second die.
13. The organic bridge of claim8 further conprising an additional netal

| ayer and an additional interleaved organic yner. di el ectric | ayer.

2014. A ni croel &ct r of\l €r&3BicIbEgee 2danisd F%IP??@“O“%W %)P@’éﬂlﬁyco figtis Wﬁa‘frg%% kage
substrate; andyigee coffpri@h@ani ¢ pol ymer bridge conprising a netal pad |ayer,
a netal routing layer and interleaved dielectric |ayers, the organic

pol ymer bridlge bei ngmeigbwddesilayer; t he or gani ¢ pol yner package substrate.

15. The nlcroelectrgguggﬁﬁqé% ge of claim 14 wherein the organic polymer
bridge has a t hi ckness ut 15pmto about 20pm 16. A net hod

conpri sing: provi diingrlaaved oganicpolymieddieleciviopayiessi gt 5a nmetal routing | ayer;

a metal pad layer; wherein there is no layer made substantially of silicon.

9. The organic bridge of claim 8 wherein all layers have a combined

10 thickness less than about 30um.

10.  The organic bridge of claim 8 wherein all layers have a combined

thickness of about 15um.

11.  The organic bridge of claim 8 wherein the metal pad layer comprises a

plurality of interconnect structures.

15 12.  The organic bridge of claim 11 wherein a first of the plurality of
interconnect structures is adapted to connect to a first die and wherein a second

ofthe plurality of interconnect structures is adapted to connect to a second die.

13.  The organic bridge of claim 8 further comprising an additional metal

layer and an additional interleaved organic polymer dielectric layer.

20 14. A microelectronic package comprising:
an organic polymer package substrate; and
an organic polymer bridge comprising a metal pad layer, a metal routing
layer and interleaved dielectric layers, the organic polymer bridge being

embedded in the organic polymer package substrate.

11



i nterl eaved organic polynmer dielectric |ayers; providing an organi c package
substrate having a recess forned therein; and 10bondi ng the organic bridge
into the recess of the organi c package using an organic polyner. 17. The
met hod of claim 16, wherein all layers of the organic bridge have a

t hi ckness of |ess than about 15pm 18. The nethod of claim 16, wherein al

| ayers of the organic bridge have a 15t hi ckness of |ess than about 20pm

19. The net hod1®f clTae mid6eledteneipackaheof@dial 1 4pelctrdimpheror goimprolges a
plurality of interconnects and wh in the nethod further conprises bonding
a first die tog%§§ Sfaﬁﬂﬁqﬁﬁd)3??$;§g?u%a95¢§%ﬂhects and bondi ng a second
die to another of the plurality of interconnects, the bonding of the first
die and the 20second di e being .acconplished using therno-conpression based
bondi ng.  20. e netHRPISPMENSPE 16, wherein the organic bridge is bonded

into a single buil dyBviiAgyah oRfanicheides @afprkingackage substrate.
5 a metal routing layer;
a metal pad layer;
interleaved organic polymer dielectric layers;
providing an organic package substrate having a recess formed therein;
and
10 bonding the organic bridge into the recess of the organic package using

an organic polymer.

17. The method of claim 16, wherein all layers of the organic bridge have a

thickness of less than about 15um.

18. The method of claim 16, wherein all layers of the organic bridge have a

15  thickness of less than about 20pm.

19.  The method of claim 16 wherein the metal pad layer comprises a
plurality of interconnects and wherein the method further comprises bonding a
first die to one of the plurality of interconnects and bonding a second die to
another of the plurality of interconnects, the bonding of the first die and the

20  second die being accomplished using thermo-compression based bonding.

20.  The method of claim 16, wherein the organic bridge is bonded into a

single buildup layer of the organic package substrate.
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