13 June 2005 WD 02/51222 PCT/ US01/ 44788 PARALLEL PLANE SUBSTRATE

BACKGROUND OF THE INVENTION 5 Field of the Invention: The present ?{]\\Jg"?té %05
rel ates to apparatus and nmethods for fabricating a conductive sua .

In particular, the present invention relates to a |am nated substrate,

formed fromalternating conductive and dielectric material |ayers, which

may be usewoawsem i nt erposer. State of the Art: H gher puardsersrmsce, | ower
cost, increased mniaturization of 10 integrated circuit conponents, and

greater packagi ng density_ are qongoj the conputer industry. As
these goals are achi eved,P%%gM%%m becone smaller. A snaller
size allows nore mcroel ectronic dice to be produced on each sem conduct or
waf er, which reduces theBC?@eiqR%N%ﬁpTﬂﬁﬁ;@@éﬁmm c die. However, the
smal | size of each mcrael _ rt difficult to directly
| ncorparate t hﬁ%‘g l)f( F"lg[ns'cgltigﬂ GO e S hlifveit o rdlftdé kS ParartUhd mefod¥f&! oel ectronic

i
. ! .
die may be att nterposer to allow for easier connection of the

m croel ect ertﬁ'fc&inEL@oﬁdQcti@E 8oy pﬁﬁicnﬂ&ﬁﬁ@&%@ﬁt%veﬂoﬁmla&%_t&d lustrates a
package 200 conprising a mcroelectronic die 202 electrically connected to

an i nt er poSghindQrubsiie, fhriie@ tBR SiRFnadMtoRe kikRel@trRuisiinlaiyerscor e 206 (e.g.,
bi smal ei mde triazine resin, FR4, polyimde materials, and the |ike) having

di el ectri c wifkhlnfy®E Gsed 8 @ interpR@Xy resin, polyimde, bisbenzocycl obutene,
and the |like) and conductive traces (e.g., copper, alumnum and the |ike)
on a top surf agige bhig £ Hizher pa@formancd, bpertoosdecreanaitmininkri2tich ofand di el ectric

| ayers and conductive traces on a bottom surface thereof to forma bottom
trace et wiitkgrddeirciiocomphrieats,@nddreatsy pickaging iderisity woomgeing sdabstoftien t he t op
trace network 212 and the bottomtrace network 214, holes are drilled

t hr ough t heodputgitissiryatie thesraealP@6achiavedyaigiogipagronip dige begoree sabert hese hol es are
plated with a conductive material. The resulting plated holes are known in
the art as Ama@p@@eplﬂm@@@mm@o@eqrprﬁ.gwe to he produced on each semiconductor

wafer, which reduces the cost of each microeiectronic die. However, the small size of
each microelectronic die makes it difficult to directly incorporate them into

15 microelectronic devices. Thus, a microelectronic die may be attached to an interposer to
allow for easier connection of the microelectronic die to other device components.

FIG. 18 illustrates a package 200 comprising a microelectronic die 202 electrically
connected to an interposer 204. The interposer 204 comprises a substrate core 206 (¢.g.,
bismaleimide triazine resin, FR4, polyimide materials, and the like) having dielectric

20 layers (e.g., epoxy resin, polyimide, bisbenzocyclobutene, and the like) and conductive
traces {e.g., copper, aluminum, and the like) on a top surface thereof to form a top trace
network 212, and dielectric layers and conductive traces on a bottom surface thereof to
form a bottom trace network 214. To achieve electrical interconnect between the top
trace network 212 and the bottom trace network 214, holes are drilled through the

25 substrate core 206 in specific locations and these holes are plated with a conductive

material. The resulting plated holes are known in the art as “plated through-hole (PTH)”
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13 June 2005 WD 02151222 PCTIUSO01/ 44788 vias 218. FIG 19 illustrates the

i nterposer 204 with the top trace network 212 and the bottomtrag?’ Qﬁﬁ/é)zbos
214 on the substrate core 206. The top trace network 212 conpris

dielectric layer 222 having first conductive traces 224 fornmed thereon,
wherein the first conductive traces 224 extend through the first dielectric

| ayer 222 woo¥spentact the PTH vias 218 or traces 226 wiwwdoi/eosst act the PTH
vias 218. A second di el ectri c Iayer 222' i s disposed over the first

dielectric I_ag 222 and glctl ve traces §24 Second
conduct i ve 4 &?ESFl@Zlﬁ"li“étFi’t?sf I“V‘F&i’s‘?)?l thedeRfpge oLt H2AP B | ayer 2227,

e RSSO R TR BT o

es €c TSt conductive trace 224. A

Lhird 10 digl8eet] filaiketic ag&mnawgécﬁrmg.gdqgwﬁgcﬁ@f&,ﬁmm i el ectric | ayer

222" and the 8&cond  con rve tr irst solder ball |ands

228 are foryiRdlyl g GGk ERLG LG L e BRIRRIE gersy@r 2227 A Tirst

sol der resi st over the third dielectric layer 222" to

surroungd t he,dd s PTEEEIR oP@lcks 20eRRsh 2380t thEPEHRAL 2 BMAlERRE network 214 is
formed 1n a simlar fashion as the top trace network 212 with first,

second, andjididirlcthydi228tiiedig6ded bver hafier deldci?id dyer232and tmifiekt 234", respectl vel y)
and first, second, and third conductive traces (236, 236', and 236",
respect i velggpductiva @adei 204s Seomitosinttive tradesd2i’ drafochsed o2 B8seaord f ormed with the
third conductive traces 236" and a second solder resist 242 is forned over
the third diedceictiayer@2? aylereirdBaisecondcbnducprttapes 324 exteridehreugh hd conducti ve trace
236" to surround the second solder ball |ands 238. 20 Referring to FIG 18,
t he m cr oelsewhd disleatricdayer 2020 catagttatresptetiv firg cenductiveirase 29t Aitl  contact with
the top trace network 212 through small solder balls 244. The small sol der
bal | s M4 alidetid letxet?%eﬂdmwﬂater@emwdéwlesmlamré%?o@}démss@mc di e 202 and

the first solder ball |ands 228 (see FIG . External contacts 248
(shown as sohduetiverades 2", andefirgt sqldep bl lapds %Zi%émg”%'e’smeéimdd‘g?"gb% | ands 238

(see FIG 19). The external contacts 248 5 t o an external
el ectri cal th‘p@ﬁ@?ﬁ@ teyer 23R o inf)rst ot EesistZigis gé“@ecﬁ?"‘*ﬁ’?éﬁf‘{r}’?‘gercﬁﬁs er 204
layer 222” to surround the first solder ball lands 228. The bottom trace network 214 is
formed in a similar fashion as the top trace network 212 with first, second, and third
15 dielectric layers (234, 234°, and 234", respectively) and first, second, and third
conductive traces (236, 236, and 236”, respectively), wherein second solder. ball lands
238 are formed with the third conductive traces 236” and a second solder resist 242 is
formed over the third dielectric layer 234” and a portion of the third conductive trace
236" to surround the second solder ball fands 238.
20 Referring to FIG. 18, the microelectronic die 202 is attached to and in electrical
contact with the top trace network 212 through small solder balls 244. The small solder
balls 244 extend between contacts 246 on the microelectronic die 202 and the first solder
ball lands 228 (see FIG. 19). External contacts 248 (shown as solder balls) are formed
on the second solder ball Iands 238 (see FIG. 19). The external contacts 248 are

25 attached to an external electrical system (not shown). Thus, the use of the interposer 204
2



2 13 June 2005 WO 02/51222 PCT/USQO /44788 all ows el ectrical conmunication
between the mcroelectronic die 202 and an external electrical sg%t gw%os
shown). FIGs. 20-24 illustrate a panel plating nethod of form ng C

pl ated t hrough- hole via, such as shown as the PTH vias 218 in FIGs. 18 and
19. As showmn in FIG 20, a 5 first copper layer 252 disposed on a first
surface 25wo0/istke substrate 206 and a second copper |egruso2s6ssdi sposed on
a second surface 258 of substrate 206. A hole 262 is drilled through the
first copper layer 252, the substrate 20 and .t sSecq opper | ayer

256, as shdhp®s CF’FECO"Z‘E?“‘C)@%O%FF&’W%“W'EP otrgnc di £b?@?)paé'reg[g’iﬂ ewal | |ayer 264
is formed on a sidewpll(gﬁkZGG of the hole 262 with an el ectrol ess copper
pl ating t ecHfSGH&sE® FYF8Med by a copper el ectropl ating process, as known
inthe art. A #1@%,'2@%4%}@%% ial%gn[%l piatin Hi%{:oecff@&ﬁling‘i@Jpp%’rﬂﬁtehmrd%g]?ﬁz (see FIG

22) and a port copper Tayer 252 an t he second copper

layer 256, as shown. dn Fl.Gne 88 viddRshi 188 189! A AYeH in28E 2and the second
copper Iayer°§eiléa6%\§€aessp?1“leir?ﬁeh?c e(\ﬁ1 andlthe resist layer 268 is renoved to

forma 4pl aﬁrﬁ@o&p@l%%%@f)o@ed‘@n@ fitel Qufa@@D54 bltheshisadrehoiand £ebond 24. 15 The
fabri ca%l on of ‘the interposer 204 requires a nunber of processing steps

whi ch i ncr@asenyd-iss &@sded O a sedtRd RRfadeRGBof shb3rpe206i AWbRL62 it he for mation of
the PTH vias 218 has nunerous, tine-intensive processing steps. Therefore,

it woul d begmevmpb@oroits chper lghesisythembsirat 2itpod ére sewoudl capreeleymi que f or
fabrication the same, which elininates the need for formng PTH vias. 20
BRI EF DESCRI5BEk 6wk FIGIE 1 DRASNOINGS T 22ea obsr sidravell ayes 364 infe ncl udes with
claims particularly pointing out and distinctly claimng that which is
regar ded asortaniepallés 268 of tha bam2420vith an Hlectigl§raprraigdaing®echii9PS | nventi on can be
nore readily ascertained fromthe foll ow ng description 2 .t he
10 followed by a copper electroplating process, as known in the art. A resist layer 268 is
patterned over the hole 262 (see FIG. 22) and a portion of the first copper layer 252 and
the second copper fayer 256, as shown in FIG. 23. The first copper layer 252 and the
second copper layer 256 are then etched and the resist layer 268 is removed to form a
plated through-hole via 218, as illustrated in F IG. 24.
15 The fabrication of the interposer 204 requires a number of processing steps which
increases the cost of the package. In particular, the formation of the PTH vias 218 has

numerous, time-intensive processing steps. Therefore, it would be advantageous to

design an interposer and a technique for fabrication the same, which eliminates the need

for forming PTH vias.
20
BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly pointing out and
distinctly claiming that which is regarded as the present invention, the advantages of this
invention can be more readily ascertained from the following description of the
25 invention when read in conjunction with the accompanying drawings in which:
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25 invention when read in conjunction with the acconpanying drawings in

which: 3 13 June 2005 WO 02/51222 PCT/USQO /44788 FIG 1 is an Obhpﬂ‘gﬁne 2005

view of a parallel conducting plane substrate bl ock, according to

present invention; FIG 2 is a side cross-sectional view of the parallel

pl ane substrate bI ock of FIG 1, according to the present invention; 5
FIG 3 is aWo8Ki%Hue view of a parallel plane substrat edrasongdseen cut
fromthe block of FIG 1, according to the present invention; FIG 4 is a

side cross-sectygng n‘éils;ﬁdwgﬁ?ifi\%%fzpﬁhﬂl Shué%k@@%e%ﬁﬁ?é&é &@ 2@y ding to the

present invention; ars side cro sectional Views of a nethod of

form ng an k&h@ﬁr&@:ﬁ‘i’i{veml&@ using a parallel plane substrate, according to
the present invention; FIG 13 is a side cross-sectional view of a

i cr oel ect r oni GFIOAGKARR crBEERIoH NBwbPte parRlelMBS BBl BIGIDSAFRR:, FI G 14 is an
oblique view of a first alternate substrate |ayer, according to the

present i nvegtbiddgio tAdprésbibinvddtion;S an obl i que view of a second alternate
substrate | ayer, according to the present invention; FIG 16 is an oblique
vi ew of 5an al t ¢FiGatieanpaliqat Viek ofd mrdel plalrsuibsarbte hdving beeg clodm theut  from a bl ock
including the first alternate substrate |layers of FIG 14 and the second
al ternate sbletof&l 1 aagoeting tothe fik@nt ilGntioaccor ding to the present invention;
20 FIG 17 is a side cross-sectional view of a mcroel ectroni c package,
according to FHe 4prasileaosssagional View of Ftallel pBng sybsgrate.jaghordingds®e sect i onal vi ew
of a mcroel ectronic package, as known in the art;
present invention;
FIGs. 5-12 are side cross-sectional views of a method of forming an interposer
10 using a paralle] plane substrate, according to the present invention;
FIG. 13 is a side cross-sectional view of a microelectronic package, according to

the present invention;

FIG. 14 is an oblique view of a first alternate substrate layer, according to the
present invention;

15 FIG. 15 is an oblique view of a second alternate substrate [ayer, according to the
present invention;

FIG. 16 is an oblique view of an alternate parallel plane substrate having been cut
from a block including the first alternate substrate layers of FIG. 14 and the second
alternate substrate layers of FIG. 15, according to the present invention;

20 FIG. 17 is a side cross-sectional view of a microelectronic package, according to
the present invention;

FIG. 18 is a side cross-sectional view of a microelectronic package, as known in
the art;

FIG. 19 is a side cross-sectional view of a plated through-hole via in the interposer

25 and the top and bottom trace networks of FIG. 18, as known in the art; and
4




FIG 19 is a side cross-sectional view of a plated through-hole via in the
interposer 25 and the top and bottomtrace networks of FIG 18, 3@ ;Eﬁﬁ 005
inthe art; and 4 13 June 2005 WO 02/51222 PCTI USO1/ 44788 FI Gs. - «;
side cross-sectional views of a nethod of fabricating a plated

t hrough-hol e via, as known in the art. DETAI LED DESCRI PTI ON OF THE

| LLUSTRATEDOEBRBEZEI MENT 5 In the foll owi ng detail ed descruspt/iuoss, reference
is made to the acconpanyi ng draw ngs that show, by way of illustration,
specific enbodi nents in which the 'nven%ioqgﬁng be. ra?giced. These

enbodi nent s ar BOgeees pEde FosSSRHIPEIRRO HETR P %%"cgtrﬁlglpe“fihough skilled in
the art to Era%tice.thgrinveﬁ}i€n. It is to be understood that the various
enbodi nment sBPERRE ViZAF SRR 8Tt hough different, are not necessarily
mutual Iy 10 exclusive. For exanple, a particular feature, structure, or
characteristic described herein, in connection with one enbodi nent, nmay be
i mpl ement wi t hi Beok Heh MRERAIGILE TV RAGED @MEOTaMERNPM t he spirit and
scope of the in - In addirtion, 1t 1Ts to be understood that the

| ocatiop or arf3ngH dthiidd AEkoitidh rer@lce R0 W hdtbipaagind di scl osed

enbodi ment may be nodified without departing fromthe spirit and scope of
the 15 i nveftviRR thaldh6w, o9 Wapud ingiralih, apdcitid etiR@intent tni whiichitis, inveirenef ore, not to
be taken in a limting sense, and the scope of the present invention is
defined onl yay¥ plabiRed[Thess d@bbdirhenis e® descatpp mopificient ¢etmil toptable thosghed, al ong wi th
the full range of equivalents to which the clains are entitled. In the
drawi ngs, | dkkled indeenad gacies tr inteotianh & isse heunderstend thal the varigesct i onal ity

t hroughout the several views. Furthernore, the drawi ngs are not neant

i |lustrate arbydidéntsafaiednverition ashquglediBerentiarpneinescesarilymutualle merel y
illustrative of the general concept of the Eresent invention. FIG |

i |1 ust n@t esexalughar Hbrlesdmpl, aprsticylaboatvratsisucsirg ereharesteristiccdesFbd Beo t he present

i nvention. The parallel plane substrate block 100 conprises alternating
substrate inconnection with one embodiment, may be implement within other embodiments

without departing from the spirit and scope of the invention. In addition, itis to be
understood that the location or arrangement of individual elements v;fithin each disclosed
embodiment may be modified without departing from the spirit and scope of the

15 invention. The following detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the pres;ent invention is defined only by the appended claims,
appropriately interpreted, along with the full range of equivalents to which the claims are
entitled. In the drawings, like numerals refer to the same or similar functionality
throughout the several views. Furthermore, the drawings are not meant illustrate any

20 scale of the present invention but are merely illustrative of the general concept of the
present invention.

FIG. 1 illustrates a parallel plane substrate block 100, according to the present

invention. The paralle! plane substrate block 100 comprises alternating substrate
dielectric material layers 102 and substrate conductive material fayers 104. The

25 substrate dielectric material layers 102 may include, but are not limited to, filled epoxy
5




dielectric material layers 102 and substrate conductive material |ayers

104. The 25 substrate dielectric material |ayers 102 may i ncl ude, 1%]'[ l,@‘gé2005
not limted to, filled epoxy 5 13 June 2005 WD 02/51222 PCT/ USO1 421l

resin, FR4, polyimde, bisbenzocyclobutene, ceramc materials, and the

| i ke. The substrate conductive material |ayers 104 may include, but are

not |imteWOds128opper, copper alloys, alum num al unPemmsonhkdrgsy, tungsten,
tungsten alloys, and the like. The parallel plane substrate bl ock 100 may

preferably be %ﬁas‘ﬁ’?@@ﬁ&?%’%Mto;ygfégﬂ%"%%éfﬁ“%is%ke{i"gs’%'%he lgéegﬁelm’ and deep 108.

As shown in Bp e SUbSty ornmed by providing a first

layer of  sybsbl alRudhEhaGHal i &rs{ﬁ%ib by Mliudt Q2 sr@ il kR Shper, @ i rst

substrate conductive materi a ayer 104, over said first substrate

di el ectric gBLLEIH, athRidm, AhndREPMEy, BRSNS B BreshiRl L aldiedike. BT i @l | ayer
1022 is disposed over the first substrate conductive material |ayer 104,

and 10 a segae phrdaibimic 8106010 Wy préRrablbEbdntden AWEr ankO42thick di sposed over
the second substrate dielectric material |layer 1022. This process is

r epeat esl untoi) high 1083hd &dp ro8nber of substrate dielectric material |ayers
102" and a desired nunber of substrate conductive material |ayers 104,, .,
are formed. Thidsshoes inlAG. 2 the substrafebloniat0d drfomfed bihpoddilgsa firstlayertsf ock 100 t hat
is essentially a lam nation of dielectric and conductive material |ayers.
It is, of l@byewdiskstriumaeiatidoud disesingabint sybstsaie poadustiveiredtesigh ri c nateri al

| ayer 102 may conprise a plurality of dielectric material |ayers, and that

each subst rlayes1QMoengusaidfipss subsitatsdickeirip mptatial 1029 4A pagond sehsimts ddeclicpl ural ity of
conductive material |ayers. Preferably, a filled epoxy resin js deposited
with a thi MERBHerT G s dapsgeedie fFabusl cPyusive B0 3 i nati on
fioat AEALAIN dE AT R L
|l vi dual SRSEREERIREI0E 1P RPPRSH SR S GRS GNESASbt her and | ani nat ed
to each ot hs%ﬂstrgtg difel%gtm:- zglggriaplg;e%l ll()iland a desired number of substrate conductive
material layers 104, are formed. This results in the formation of the substrate block
100 that is essentially a lamination of dielectric and conductive material layers. It is, of
15 course, understood that each substrate dielectric material layer 102 may comprise a
plurality of dielectric material layers, and that each substrate conductive material layer
104 may comprise a plurality of conductive material layers.
Preferably, a filled epoxy resin is deposited with a thin copper foil disposed
thereon in a sequential lamination repeated to form a 25-layer block (12 layers of copper
20 foil and 13 layers of filled epoxy res"in). Thereafter, the 25-layer blocks are pressed ina
lamination process well known to those experienced in the art. Individual 25-layer
blocks are then aligned with one another and laminated to each other to form the parallel

plane substrate block 100. Other means of lamination with block layer counts of greater

than or less than 25 are possible. The critical factor required during lamination is the




pl ane substrate bl ock 100. O her means of | am nation wi th bl ock |ayer

counts of greater than or less than 25 are possible. The critical igcjaﬁe 200~
required during lamnation is the 6 13 June 2005 WD 02/51222 -
PCT/ USO / 44788 mai ntenance of a well-controlled dielectric materi al

t hi ckness, "{@%ﬂ 1%%5 uni form between the many | ayers contained in the

bl ock. As sh T Fl G 3, the substrate block 100 is siczadoiperspendi cul ar

to the l|amnated substrate dielectric nmaterial |ayers 102 and substrate

conducti ve Nhhmichdhbe of 2 a8t dieit@rid R PnRekal el iPhAb%: b%wéﬁr[ rate 110.

Slicing the parallel plane substrate 110 in this manner results in each of

t he substr at e diaf) 1RREsichifaitd@iand Bdck] ayers 102 and each of the substrate
conductive material |ayers 104 extending froma first surface 116 of the
paral | el plane subigivhai BG13] e tubstak b 0BiingGicaipepadicsiit dase 130 of the
paral l el plane substrate 110 (shown in FIG 5). The slicing may be

achi eved wi t hmiatgd syppradicleatiemdti@iatlagers 102 ardievbsege tondustiveimatetifle art, i ncl udi ng
but not limted to, dianond saws and water saws. The parallel plane
substrat e 11Byssy ¥ éxrfat) apatilie planetshibsaitn bs Slididk thef pami¢lpleersulssbaet 10 0. 5 mm and 3
mm nost preferably about 1 nm As shown in FIG 4, the parallel plane
substrate 11 thismainerrespligtin spchd dic sihstntasdieleptrichmpterieltiayers i9snd extleofconduct i ve
material |ayers, 104 %Fle, on apﬁroxi mately a 0.3175 nm §12.5 ml) pitch "A"
in order to ‘g%?ib%“ia“’icﬁ“ Svemagiahlayess 18 extsofing from p figsegurfacg | {60f e r ay package, as
known in the art. Pre eraghﬁéathe substrate dielectric material |ayers 102

have a thic k‘??&’é‘%lpla%“" Sugfrag PPRBTE SitRTSyTacs B0 fhe parglistplang he substrat e
IR S M NN RIS N RO N
Core LN | JFRIEE e B il Um0, SH 2
R T S T
0.5 mm and 3 mm, most preferably about 1 mm. As shown in FIG. 4, the parallel plane
substrate 110 is preferably designed such that the substrate conductive material fayers
104 are on approximately a 0.3175 mm (12.5 mil) pitch “A” in order to assist in forming
15 a 50 mil pitch ball grid array package, as known in the art. Preferably, the substrate
dielectric material layers 102 have a thickness “B” of about 0.2825 mm (11.12 mils) and
the substrate conductive material layers 104 have a thickness “C” of about 0.035 mm
(1.38 mils).
The parallel plane substrate 110 may be used as a substrate core in an interposer.
20 FIGs. 5-12 illustrate the fabrication of such an interposer. As shown in FIG. 5, at least
one conductive land 111 is formed on the parallel plane substrate first surface 116 at
desired locations. The conductive lands 111 contact individual respective substrate
conductive material layers 104 in a substantially perpendicular orientation. The
conductive lands 111 may be formed by any technique known in the art. Preferably, the

25 conductive lands 111 are formed of copper with any known panel plating technigue.
7




conductive material |ayers 104 in a substantially perpendicul ar
orientation. The conductive lands | | | may be fornmed by any teﬁa
known in the an. Preferably, the 25 conductive lands 111 are for 3 n€!2005
copper with any known panel plating technique. 7 13 June 2005 WD 02/51222
PCT/USO / 44788 As shown in FIG 6, a first dielectric material layer 114 is
t he di spose@dwnns: the parallel plane substrate first pefiaaegdsl6 and the
conductive lands 111. As showmn in FIG 7, at |least one via 118 is forned
through the first dielectric material |ayer 114 tog expos at least a
portion of at AeshewnighiG. sutfustdiglearieyperiit WWé”ﬁh*%¢ﬂﬁF PY¥EBFf 104. The vias 5
118 can be formed by any known techni que .inclu q t not limted to,

| aser dri| |Hardel Pﬁmfuﬁfétﬁﬁﬁbs‘"f%eﬂlﬁraé‘f"hFé‘g‘fi‘é“f‘vellgaépl 19‘? % then patterned on
the first dielectric na er 03 At least one
first condddti% é”‘fafta?E%"‘ﬁglﬁ 'ﬁaflgm’fegﬁ’ﬁ%@ é‘hﬁrﬁt etleccr)'ns oﬁ"al?iﬁfr Prst dielectric
material | ayer Ve ed b r | ayer 122 and
10 ext ends Hqsﬁﬂd%étaﬁgﬁl?'}ogs to“ Xub%nlraf%g%ﬁ gﬂﬂg laf b ezléml?ﬁé?%s contact a
respectjve tr t 1AS dsiTe in FIG 9. As
shown |gn ?or'%ed %gﬁg&gg{léﬁje(‘;&t%ﬁgh%ggf%ﬁﬁgmm%%é%rﬁirm %M; di sposed over
the first 41§£@ﬁﬁéﬁc material layer 1 14 and the first conductive traces
124. As shown In Fl G 11, at least one second conductive trace 124" is
formed on the gerendstdiyel 2Lt iick piiRiar dndle firaViekctdcldateriabloyegl 1d, pat t er ned 15
second resist |ayer 5 in a manner previously described. The second
conductive sthDrﬁﬁ?Rl%Zét lef¥dne Rigkt dohduotivgradeH 4 s Emontbngbbesof the ¢ nat eri al | ayer
114" to contact a respective first conductive trace 124. A third

diel ectric fmtdRtebtit mhtayselayet 110 not @vetedydisepdtteroy Grst redie lage d2eddr esi st | ayer
122' and the second conductive traces 124'. First solder ball |ands 126

(i 11 ustg at estends tidolgh deérsl ddledrinnatgialdnledie # tolpgad epseive stbeiceon) are for med
20 using a patterned third resist |layer 122" to extend through the third

di el ectri ¢ cvaduetieaateribldayer104, 2eshowminfFIG.9t Asehowein H@dPsrsecppd may be for med

over the third resist layer 122" to
diclectric material layer 114" is disposed over the first dielectric material layer 114 and

the first conductive traces 124. As shown in FIG. 11, at least one second conductive
trace 124’ is formed on the second dielectric material layer 114’ using a patterned

15 second resist layer 122°, in a manner previously described. Thg second conductive
traces 124’ extend through the second dielectric material layer 114’ to contact a
respective first conductive trace 124. A third dielectric material layer 114” is disposed
over the second resist layer 122° and the second conductive traces 124°. First solder ball
lands 126 (illustrated as a trace 127 having solder 129 disposed thereon) are formed

20 using a patterned third resist layer 122” to extend through the third dielectric material
layer 114”. A first solder resist 128 may be formed over the third resist layer 122” to
surround the first solder ball lands 126, thus forming a top trace network 144. It is, of
course, understood the each of the first resist layer 122, the second resist layer 122°, and

the third resist layer 122” could have been removed.




surround the first solder ball lands 126, thus formng a top trace network
144. It is, of course, understood the each of the first resist | r ,
the second resist layer 122', and the third resist |ayer 122" 003@‘]%2005
been renoved. 8 13 June 2005 WD 02/51222 PCTIUSO /44788 As shown in FIG
12, a bottomtrace network 146 nay be formed on the parallel plane
substrate ¥dBAR2Bsurface 130 in a simlar fashion as therusywidzesace net wor k
144 with conductive |ands 131, first, second, and third dielectric
material | ayer 132, L.o.and 132"  respectivelv). .fi second, and
third resist | §§/ wn ‘(’fﬁ%zﬁ’ ‘Qo,m Pt ?&ga?'e%f\ég%e;éio\i}g’le%@}eénd first,
second, and.,thir anduct i . Bion A d %ﬁﬁl‘:'lﬁ fspectively),
wher ei n sec%?{laS"sb%fagfesgégﬁa%uffxﬁ%e{%%ﬁg%%élsr;f%elo? ormet%f)%@t[ﬁ t he tmnrd conducti ve

traces 136" angdqa Iﬁl@sclgﬁl,q‘lrs?,%%élﬁ%ng?ﬁ}dSﬁelell%@mﬁériJl RFed3RYEr, shfie third resist

| ayer 134" and a portion o ird conductive trace 136" to surround

the second @94’,9@]‘3&:@/@')(5, fiks8 R Sndl 4hd third TddisSlaye@ 13411347 shdaBs” nt er poser 148, as
shown in FIG '12. It 1s, of course, understood that 10 al though three

layers of dicglk@Rély) fd ARE, Sdcbiid and Bikd CoIGHCA thave (13621365 aire6, | | ustrated, the
present invention is not so limted. There may be any nunber of such |ayers
greater or redpeamely)haitreinseead sdider batl landd Id2iart Favhedt with the thistcondprtivact i ve trace
124 of the top trace network 144 need not be vertically aligned with a
cor r espondi tngesf186 shd £omwhd sdldev eesistr] dtie fohB@! owdr theltirdaesist byar 1 H45evd2 15 net wor k
146 (between which el ectrical comunication is desi re?. The first

conduct i ve fortine ef the thirddondusvettiogs 186 4e surmendulisrsreondiseldgitall jands 1831 r espondi ng
first conductive trace 136 of the bottomtrace network 146 need only
contact a cHrsronitsiobsinewes: S shorp ineFiGakZe Hisapf coyrspy widersigof By where al ong a
| ength (perpendicular to FIG 12) of the substrate conductive materi al

| ayer 104. aithoush three fayerp pf dipdaciris malgriah ang cpndyelive KeCPLARY '@“Sﬁﬁtﬁiaﬁe 150 conpri sing
a mcroelectronic die, 152 .is a tacheqj to ang ip ehllectri ctal contact with
the top tr aEBCHAVGHHPKS 1f40 ipitedy, Shegeypay be ajy number of such layers greatcr or

less than three.
| It is noted that the first conductive trace 124 of the top trace network 144 need not

be vertically aligned with a corresponding first conductive trace 136 of the bottom trace
i5  network 146 (between which electrical communication is desire). The first conductive

trace 114 of the top trace network 144 and its corresponding first conductive trace 136 of

the bottom trace network 146 need only contact a common substrate conductive material

layer 104 anywhere along a length (perpendicular to FIG. 12) of the substrate conductive

material [ayer 104.

20 FIG. 13 illustrates a microelectronic package 150 comprising a microelectronic die
152 is attached to and in electrical contact with the top trace network 144 of the paraliel
plane substrate 110 through small solder balls 154. The small solder balls 154 extend
between contacts 156 on the microelectronic die 152 and the first solder ball lands 126
(see FIG. 12) of the top trace network 144. External contacts 158 (shoiwn as solder

25 balls) are formed on the second sotder ball lands 142 (see FIG. 12) of' the bottom trace
9




pl ane substrate 110 through small solder balls 154. The small solder balls

154 extend between contacts 156 on the mcroelectronic die 152 aq% tﬂli"e 2005
first solder ball lands 126 (see FIG 12) of the top trace networ ‘f .

Ext ernal contacts 158 (shown as solder 25 balls) are fornmed on the second

sol der ball |ands 142 (see FIG 12) of the bottomtrace 9 - --------- - -
------- - W®0demez 2005 WO 02/51222 PCTI 1JSO / 44788 nerewvdorddss. O cour se,
this invention is not limted to mcroelectronic dice 152 connected

t hrough sol der balls 154, as il ]l ust ra](tggg in .Fl (? %3.. J?helSEn' croelectronic die
152 can be wotAtetdel! (e MHMETR Yih _'GSFO'%‘frﬁ%?“%rB?\rl“éectl on techni que known
to those fam i ar ot DigtNeuars o ubhech He0ls, GRS e MAGRLR! 00d € hat

nul tiple n ©pegese € connected to discrete top trace
netvorks on g | arae parallel St ok iod AOhmidtiRintsnati ced to form
di screte paggéﬂjefgogng%%ﬁ!ggﬁsjr‘fgr{?m%?sn&llélnbc 13, “The n|cl)dygsent11 i nvention is not
limted to %apﬁiaﬁ%prﬁera%e conductive material |ayer 104 being a conductive

across the éntire ayer. For exanple, one enbodi nent of the present 10

inventign may Qe @chéane?EndieH%@J tht b BIpE mERRRttRhic iR SRl icanedte@y er 160, as
illustrated in FIG 14. The first intermttent conductive material |ayer

160 conpri sggistred tdplBeeineinerks tbSligapatalic bhine {ubsate 1805 whickRdicatto BT resi n
substrate) having alternating sections of conductive material 162 (such as
copper), f ofore ¥t faciReductDas 3i@ba imfIG(1B. 5 nils) wide 166, and dielectric
material 164 (such as filled epoxy resin), for exanple about 0.1524 nm (6.0
15 mls) w de 168 prefenrineskionsatotionited Bk sibstrae conducivermaterialityet®hduct i ve
material |layer 160 itself may be about 0.3175 mmthick 170. The first
i Nt er m t t enbeirgarduinétive ecromithe eritied layer. FpeqxatiB® oreeynbpdimed B8y i n t he same
manner as a single layer printed circuit boards are fabricated using
st andard pr inventiei maybe & filsoiatednifearondiative ortesd) i gt s llugragdinF i nown in~ the
art. As will be seen, the use of intermttent (;ondé{lct ive material layer 160
in the 14. The first intermittent conductive material layer 160 comprises a dielectric subsirate

165 (such as a FR4 or BT resin substrate) having alternating sections of conductive

material 162 (such as copper), for example about 0.1651 mm (6.5 mils) wide 166, and

dielectric material 164 (such as filled epoxy resin), for example about 0.1524 mm {6.0

15 mils) wide 168, formed thereon. The first intermittent conductive material layer 160

itself may be about 0.3175 mm thick 170. The first intermittent conductive material

layer 160 may be fabricated in the same manner as a single layer printed circuit boards

are fabricated using standard print circuit board fabrication equipment, as well known in

the art. As will be seen, the use of intermittent conductive material layer 160 in the

20 fabrication of a substrate results discrete conductive vias extending through the substrate
rather than a conducting plane as with the embodiment shown in FIG. 3.
Furthermore, the conductive material width 166 or the dielectric material width
168 may be varied. As illustrated in FIG. 15, a wide section of conductive material 172,

for example about 16.9 mm (665.4 mils) wide 174 may'be fabricated amid the

25 aliernating sections the conductive material 162 and the dielectric material 164 as
10




20 fabrication of a substrate results discrete conductive vias extending

t hrough the substrate rather than a conducting plane as with the

enbodi nent shown in FIG 3. Furthernore, the conductive material \;\|/i3 HHF&%@OOS
or the dielectric material width 168 nmay be varied. As illustrated in FIG
15, a w de section of conductive material 172, for exanple about 16.9 mm
(665.4 m | Wowse2174 may be fabricated am d the 25 al tmrmabi/sagsssecti ons

t he conductive material 162 and the dielectric material 164 as 10 13 June
2005 WD 02/51222 /1 USQ1/ 44785 described,ip FIG. 14 to farma second

i nt erni tten‘{es%@?ijdﬁgﬁ'r\} to frmaspegpd ’f’tﬁw'l&e"ic?@qu#ﬁema%\malﬁa egfellgt ?%en of conductive
material 172 may.be.used.to carr | Yo rabkMply! OCat ed
directly be‘i”gwegnoﬁiog?ogg Cte“gt'?agerrllfilcﬁ%j?l@p %‘éﬁﬁ{g t??ag'gla)bgssé%ﬁﬁ‘ and’t he sections

of CondUCtlioé{et?edqﬁ'écﬁgi)I w%ﬁ%ro%éfro?t@dgﬁﬁpﬁrﬁpas&%li%anglﬂ‘ﬁ%&cﬁi%io? signals. 5 FIG

16 illustrates an o gque view of a substrate 8 having been cut from

substrate blockkGeti 18PmRAR sdAGOLROERER kR i st internittent
conductive material |ayer 160 and the second intermttent conductive

mat eri ad | ayer gl 6 @RI HBBhde view of 4 dubduten 78 IRding ReelrbiB&om14 and 15, and nmay
i ncl ude planar conductive material layers 182 (simlar to substrate
conduct i ve ¢iBdu@eibRtk 18a@ich Adncoforbte@he fist id@dmittechh@nductigtmaleribler mi tt ent 10
conductive material layers 160, the second intermttent conductive naterial
| ayers 176, layed 06D ahdhehe pAcaddntermtantwartdustive materal lagdr 1Pegmhodimt@R aair e separ at ed by
dielectric material |ayers 184. As shown in FIG 17, a mcroelectronic
package 190illnsrgtebip FIGh 14 and i Bdndyayfiepludi plgnar eondestivamaieriel lpesid? k 186 and a
bottomtrace network 188 on a substrate 195 simlar to 15 that shown in
FIG 16 to Gismieite subetratervondyetive peisea layg 104 ofiFiPs. Jnt3) dh Fpldntgméien 48 as shown
in FIG 12). A mcroelectronic die 194 is attached tqQ and in electrical
cont ac0 wi tdendugeve magspialilsyats 460, the Sesprd intermnitieRtUAYRIVE Material Lyer8&10: bal | s 196. The
smal | sol der balls 196 extend, between cont aggs ,21197_on the] m croel ectronic
die 194 an Cﬁnﬂﬁépfaﬁ‘ﬂ cprdytize materipblaers kg are separate y dielectric material layers

184.

As shown in FIG. 17, a microelectronic package 190 may be fabricated by forming
a top trace network 186 and a bottom trace network 188 on a substrate 195 similar to
15 that shown in FIG. 16 to fabricate an interposer 192 (similar to interpose 148, as shown
in FIG. 12). A microelectronic die 194 is attached to and in electrical contact with the
top trace network 186 through small solder balls 196. The small solder balls 196 extend
between contacts 197 on the microelectronic die 194 and the top trace network 186.
External contacts 198 (shown as solder balls) are formed on the bottom trace network
20 188.

With regard to the present invention in general, due to the placement of numerous
parallel planes in close proximity to each other, the current supplied to the
microelectronic die for the purpose of supplying power, follows a path of lower
inductance and lower resistance than would be typical in a standard multilayer package

25 with plated through holes. In addition, the signal traces going through the parallel plane
11




External contacts 198 (shown as solder balls) are forned on the bottom
trace network 20 188. Wth regard to the present invention in ge d
to the placenent of numerous parallel planes in close proximty 3?39&? %05
other, the current supplied to the mcroelectronic die for the purpose of
supplying power, follows a path of |lower inductance and |ower resistance

t han woul dwioesym cal in a standard nultil ayer packagep@uson/idisspl at ed
through holes. In addition, the signal traces going through the parall el

pl ane 11 13 June 2005 WD 02/51222 PCT/USC&L44?§§.coEe q&e shi el ded from
one anot hereofedrehipidsd feom oqnpanotherdn & mawes that SERperiofdq hatipastatdard jar 4 nul ti | ayer
package with plated through hole As i L] ust rat ieNy. this results
from the Fﬂ@ﬁmFﬂﬁf ?H@8§%8ﬂ§F° ﬁg%g%Aﬁg%#ﬁkgH?ﬁﬁ&ﬁnpgég%§%§?|e| pl ane core
are surrou n.allk f ' J ELENGE Rl @REndighflapt €i ther the
ground or rslﬁe;e)fgclt& atvtg st'%%lgg%égloé'}g%@ﬁ)s{he%a{agcl)Flo attlgc‘:.i)nS'iﬁ-sHJ tFlot p%ssi ble in a

t andard [ L4 1 e 5 evel . oh
descr | bed R R Al Kl & e By e Y s U

ments of the present 1nvention, it is wunderstood
that the i nygMibPR n6lbisBRGh qu&ﬂ&m@lﬂﬁgé?g@ﬁagﬁbvﬁh Pllked throfi@thole@ be |inited by
particul ar details set forth in the above description, as many apparent
variations thereof 10 are possible without departing fromthe spirit or
scope thereof. 12 13 June 2005 CLAIMS What is clained is: 1. A
m cr oel ect r oni Bavig kit deddribed i dapt dntbodigienteof e presdni inventivh, igist er nat i ng
substantially planar | ayers of substrate dielectric material and substrate
conduct i ve unddredoid elat thavhentxindefdad by hedppended drimoinoh totbieVimiteddtyer i al | ayers

conprise at |east one intermttent conductive material |ayer; and
particular details set forth in the above description, as many apparent variations thereof

10 are possible without departing from the spirit or scope thereof.
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a first surface and a second surface wherein said plurality of alternating
substantially planar |ayers of substrate dielectric material and ZgBStraEﬁb
conductive material extend substantially perpendicularly between1 pgne 2005
first surface and said second surface. 2. The m croel ectroni c substrate of
claim1l1, wherein said substrate dielectric material |layers 1is selected
fromthe group consisting of filled epoxy resin, FR4A material, polyimde,
and bisbenzocycl obutene. 3. The mcroel ectronic substrate of claim1,
wherein séﬂdléﬁbstrate conductive material layers is a conductive materi al
sel ected d8n9haup consisting of copper, alum num and alloys

thereof. 4. The mcroélectronic substrate of claim1, wherein said

substrate conductlve naterlal | ayers conprises at | east one continuous
conductlv?lg%h%% ﬁ é'Fﬁ The .m croel ectronic substrate of claiml,
wherein said’a 5%%? oﬁl PEPRPEF 88t conductive nmaterial layer conprises
al t er nat i agplamlityi oﬁaltﬁﬁatﬁignm&hﬁﬂlﬂlaﬁﬁﬂ tlyernsk Sitgic@et diklectiBlBhtb@dl: andd- A
nlcroelectroglc devi.ce, conprisi a substrate having a first surface and

a second sUVPSaLe cadpeiive Jpaiprals ‘@ﬂ‘érSWpﬁai%W’?@mée prashgtive atsriakleyess semphty

substant i a'dtYeaﬂ'o%@%fterhﬁﬁf&ft%oﬁucﬁ%ﬁfcﬁﬁl% ydigectric material and substrate
conductive material, wherein sald su strate conductive material |ayers

conpri se &first é'afé'?tcecﬂﬂé 3 sgeqndriurfaehwhersindwaist plvmlifynofeatieniating pebstantinklly pﬂam:rel n

each subst i h subst.rate can

mat eri al er ext EP\%’% S%i‘g&ﬁlgéne&fﬁ gly subsﬁb ?{:alcwgfféyﬁeﬂ’&f@ﬁf

bet ween sa|sdbs$amulsliymrpeﬂdiqumriygacnvmeaﬂrﬁs&mﬁbmbsmdaé@naemm surface and
a trace network di sposed on at | east one of said substrate first surface
and said substrate second surface. 7. The m croel ectronic device of cI aim
6, wher eil) BeimicideRELoMe bi3irkte GTHUIMSE WiRteit SAS kuliifte dIEUAE tifakGial

di sposed on said substrate first surface, and further includi ng at east

one con ds Seiected fiog deggrop sepsigingnfailisd: envaty resie.FRA aretesial.dpodyintidasnd one
first surfigeRzdiabeigidd C

3. The microelectronic substrate of claim 1, wherein said substrate conductive material layers
is a conductive material selected from the group consisting of copper, aluminum, and alloys
thereof.

4. The microelectronic substrate of claim 1, wherein said substrate conductive material layers

comprises at least one continuous conductive material layer.

5. The microelectronic substrate of claim 1, wherein said at least one intermittent conductive

material layer comprises alternating sections of conductive material and dielectric material.

6. A microelectronic device, comprising:

a substrate having a first surface and a second surface;

said substrate comprising a plurality of alternating substantially planar layers of substrate
dielectric material and substrate conductive material, wherein said substrate conductive
material layers comprise at least one intermittent conductive material layer, and wherein each

. Substrate dielectric material layer and each substr_atc conductive material layer extend
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| ayer to contact at |east one substrate conductive material |ayer. 8. The

m croel ectronic device of claim?7, further including a trace net Kk
di sposed on said substrate second surface conprising at |east o\rll\@B June 2005
conductive trace disposed on said at |east one second surface dielectric

| ayer and extending through said at | east one second surface dielectric

| ayer to contact at | east one substrate conductive nmaterial |ayer. 9. The

m croel ectroni c device of claim6, wherein said substrate dielectric

materi al PaRAAnLally pergendiewlaty botwaen said gubstrpte fimissustace gnd saifl isnbsiratecssosnyd
resin, FRéReekided tra&q{e}'\iv&}k SF%OW%Q' 1SR BROSY S ® %ﬁ'ﬁsﬁﬂt@ ﬁrgtosmafl Cand said

m croel ectronic devi ce o erein sald substrate conductive
mat eri al et seqopd aunfasaduct i ve material sel ected fromthe group

consi sting of copper, aluminum and alloys thereof. 11. The

m croel ectronic device of claim®6, wherein said substrate conductive
mat eri al Va¥es microdeopohivelevizk of ehsh @Me@mﬂmumm&ﬁmhipﬁeemu@@ﬂ éte

| ayer. 12.. The, i crogl ect onlc de |ce cl erei.n | east one
intermtt digtec %Wﬂ cfﬁpé’s B spid 1%’%6‘ ?‘fes é%d %Iliﬂ?? agl 11 Pl of
conduct i veordatplel ttdce @f@oﬁﬂdﬂhﬁzﬁ{dréx@erﬂﬁiﬁhfoﬁbh sdifl at least one first surface dielectric

layer to contact at least one substrate conductive material layer.

8. The microelectronic device of claim 7, further including a trace network disposed on said
substrate second surface comprising at least one conductive trace disposed on said at least
one second surface dielectric layer and extending through said at least one second surface

diclectric layer to contact at least one substrate conductive material layer.

9. The microelectronic device of claim 6, wherein said substrate dielectric material layers is
" selected from the group consisting of filled epoxy resin, FR4 material, polyimide, and

bisbenzocyclobutene.

10. The microelectronic device of claim 6, wherein said substrate conductive material layers
is a conduetive material selected from the group consisting of copper, aluminum, and alloys
' ~ thereof.

- 11. The microelectronic device of claim 6, wherein said substrate conductive material layers

comprises at least one continuous conductive material layer.

-12. The microelectronic device of claim 6, wherein said at least one intermittent conductive

- material layer comprises altemating sections of conductive material and dielectric material.
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