METHODS AND APPARATUSES FOR | MPRI NTI NG SUBSTRATES FI ELD [ 0001] Enbodi nment s
of the invention relate generally to the field of mcroel ectronic device
fabri cat iwo 2assh20030e specifically to nethods and appar atgsas2608023809r i nti ng
substrates to fabricate such devices. BACKGROUND [ 0002] One of the
processes of fabricating a mcroelectronic device is inprinting a
substrate. TyRuEAlbhs &Nﬁud?ﬁﬁbmmfs%emmmées@smwﬁsr an organi c
conpound, has a layer of dielectric naterial disposed on one or both sides.
The dielectric material may be corrpg’i@igt of a thermal setting epoxy. The
dihel ectri(r:] | ayer may be applied as sheet of thermal setting epoxy
that is then inprinted to formtraces. The trace re then ated. with a
conduct il0@01yt reTBIHQPdlfr@F‘@.Qf thesigyentyons! afe(ﬁeﬁ?ré‘[léé‘i éﬁ?&fq ?/J’I‘E’&ﬁ 9 traces
for the mcroelectronic device circuits. Subsequent |ayers and associ ated
el ecfr onerice fatrigation/angrraoe speracally te srpthasis @and pppagatyses £0r ipPOOENE Ty pi cal | vy,
the thermal setting epoxy layer is inprinted with an inprinting mcrotool.
The conwabitiaggzad fabeishgRudf desicel. m cr ot ool s has nmany di stinct di sadvant ages
illustrated by Figures A - 1C. [0004] Figure IAillustrates a mcrotool in
accordance with the prior art. THRCOKGROUMD plates 105 are typically a
thin metal (e.g., a 30 ml ni ckel plate) with rai sed and recessed portions
106 and 4z " COREGE It Praessth B FBHERThANIGGAEIRAR RAIC!Ofsprifirkhe

m croto known as ‘features and are typically about 50 - 70 "m crons

from top hiptrag ot O%%&S& gurbgLrgttggo%t w%pc‘:ﬁ rrrﬁf tgeoé %%lal 'ors anhngggniic Qo&b&?ﬁi, RXS a

vacuum ( 0

L0

10  alayer of dielectric material disposed on one or both sides. The dielectric material may be
comprised of a thermal setting epoxy. The dielectric layer may be applied as a ﬂat’ sheet
of thermal setting epoxy that is then imprinted to form traces. The traces are then plated
with a conductive material (e.g., copper) to form electrically conductive traces for the
microelectronic device circuits. Subsequent layers and associated electronic circuitry are

15 formed to complete the device.

[0003] Typically, the thermal setting epoxy layer is imprinted with an imprinting
microtool. The conventional design of such microtools has many distinct disadvantages
illustrated by Figures 1A - 1C.

[0004] Figure 1A illustrates a microtool in accordance with the prior art. The

20  microtool plates 105 are typically a thin metal (e.g., a 30 mil nickel plate) with raised and
recessed portions 106 and 107, respectively. The raised and recessed portions of the
microtool are known as features and are typically about 50 — 70 microns from top to
bottom. Each plate of the microtool is held in place by a vacuum (not shown) and pressed
into the thermal setting epoxy layers 110 disposed on the substrate core 115. The epoxy

25  layers are typically about 40 microns. Upon application of pressure, the recessed portions

are filled with epoxy and the raised portions displace epoxy. One disadvantage of such a
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into the thermal setting epoxy |layers 110 di sposed on the substrate core
115. The epoxy |l ayers are typically about 40 m crons. Upon application of
pressur e,woheoqesssed portions are filled with epoxy amrdriuseoosarsed
portions displace epoxy. One disadvantage of such aschene is that the epoxy
material is not contained; that is, there is nothing to prevent or restrict

the flo 3 ' Wy ngr . . .pressure is lied to
the m or Sronr oia g ool RRcHIERb! G AR B s ER P ERREE ok : K sl ght
tilt in : at coul d .cause t he epox flow in undesired anmounts
and | oca{e?tglﬁg&eﬁ%’ 9%\3{1? FRYYSP apapdssugd B%HP%etvg]b‘HWeWH’fee‘F PRPlied4a 4k excess
material to accunulate al ong the edge of the mcrotool plate, that is, the
over f | ownHgCeLRgtesdle ?Rﬂxb’dmﬁ?ﬁaéllsdﬂ%&’eﬁﬁ‘é flewguitoA dlight (i it the eppasatng a _
mal formati on of the desired features. [0005] Al so, because the mcrotool is
conpr i seePudd cause thersipaxet, flaw énundesieed pn@sguar lbtwioph.aTeswéttiay ppaettesul ar |l y
al ong the outer edges where there is | ess epoxy material to provide

resi st anefghe Fuixy havedal dafdcexterg naltang td ieuRdEesal6ALERSIROSE MBIfiGbEAY i N
t he thickness of the epoxy layer. This causes the epoxy |ayer to be thinner

. , : . |
than desplaegthaeR] tht BocrBIBaas: epbRP Al tuilgwharduidithd é&%{@%}%@l%ﬁg?@m ayer

formed using a mcrotool in accordance with the prio in

Figure | : REPH edge of epoxy layer 110 are malforned due
to the fllﬁglgir’lﬁrgarng?%?h%jdr%nﬁcr otez(l)tﬁ)l (g'pl ate. The flexing may be so pervasive as

to creat “dinplet 112 jn substrate core 115. Additionally, the raised
pgrti onsl%f act " a8 bgcagf%ﬁaél?lfm o 15 $pRTsed 8{1@‘6? éﬁﬁ’a’ WheR Under RIESUE di npl e

substrate core 115. [0007] This probl em has been addressed with limted
success @9 pfarte;?i Haﬁlcﬂga&]g@l?%hﬁ%tﬁﬁ?dg@ﬁ vihgtedherglis less epoxy andtgrial to over f | ow.

0
Thi s has not proven very effective; when an insufficient amount of epoxy is
usediO t Hroyids igsistanse o THisfimeaid\flexjngralongsthel edgss ichesds atrousiformity in the

thickness of the epoxy layer. This causes the epoxy layer to be thinner than desired near
the edges.
[0006] Figure 1B illustrates an epoxy layer formed using a microtool in accordance
with the prior art. As shown in Figure 1B, features 111 near the edge of epoxy layer 110
15 are malformed due to the flexing of the microtool plate. The flexing may be so pervasive
as to create a “dimple” 112 in substrate core 115. Additionally, the raised portions 106 act
as a standoff for the microtool and can therefore dimple substrate core 115.
[0007] This problem has been addressed with limited success by trying to gauge the
amount of material so as to limit overflow. This has not proven very effective; when an
20 insufficient amount of epoxy is used, the result is a defective part as described above.
When an excessive amount of epoxy is used, the excess forms along the edge of the
substrate, thus causing a subsequent planarization process to take longer. Additionally, the
excess material is not uniform and therefore makes it difficult to hold a vacuum during

subsequent processes. Moreover, the excess material causes the substrate to stick to the



When an excessive anount of epoxy is used, the excess fornms al ong the edge
of the substrate, thus causing a subsequent planarization process to take

| onger. Awldi2veconedsby, the excess material is not uniforrcand2dolsersbor e
makes it difficult to hold a vacuum duri ng subsequent processes. Moreover,
the excess material causes the substrate to stick to them crotool plate.
Renovi ng,,: r . , i j t SAdh t he

pl at e. ?‘8%%31& g/pdzér l’?él[rﬁr%\,clﬁ% %Iee T g{)tg%{gdé '?qrgﬁ‘lgr?gﬁ%? t!t%h@ta%)gr ot (;lga %@gﬁf‘t es al ong
t he edge? can cause the edges to becone permanently deforned. Such

def or mat 8% | eads to defective substrate features and makes it difficult to
mai ntain_a vacuum on the plate ‘LQOO% Firngure J[C illustrates the

def or matP¥Blof QVeR Wpetborepprted exing Stbs SRRl Riass deng BF FIFESSAR . As shown
in Figure 1C, plate 105 is defornmed at edges 120. This deformation is due
to repeanest tht edgentp bfcomepephaneatly daformed. npudhrdeforgagian &9k P dedgdivei n whi ch
t he epoxy has flowed in undesired anobunts or |ocations. BRI EF DESCRI PTI ON
OF THE DRDRAYaNGBa{ubBLal nidkes itrvf@ntlt anmamyaite vbasinm omtempdttaod by referring to
the foll owi ng description and acconpanyi ng drawi ngs that are used to

i '] ust r ghgog MO OHiRNIES i1RfstrhldS tHe M Riina@6n of Dmiidi6tod! plniengaccordidtd Jvithi gure 1A
illustrates a mcrotool in accordance with the prior art; [0012] Figure IB

11 ustr AheRian DRI RTIARE TR 08 BadbRAel Adkidnopoa@idance with the

prior art; gure 1 | ustrates the deformation of a m crotool

SR R S I TR

ment o

which the epoxy has flowed in undesired amounts or locations.

10 BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention may be best understood by referring to the following description
and accompanying drawings that are used to illustrate embodiments of the invention. In
the drawings:
[0011] Figure 1A illustrates a microtool in accordance with the prior art;

15 [0012] Figure 1B illustrates an epoxy layer formed using a microtool in accordance
with the prior art;
[0013] Figure 1C illustrates the deformation of a microtool plate in accordance with
the prior art;
[0014] Figure 2 illustrates a microtool in accordance with one embodiment of the

20 invention;
[0015] Figure 2A illustrates a microtool in which one of two plates has a sidewall in
accordance with one embodiment of the invention;
[0016] Figure 3 illustrates a microtool having plates with sidewalls formed to contact

the substrate core in accordance with one embodiment of the invention;



invention; [0015] Figure 2A illustrates a mcrotool in which one of two

pl ates has a sidewall in accordance with one enbodi nent of the invention;

[ 0016] Fiwonreosd2ddsbustrates a microtool having pl ates wth/skesweisbs f or med
to contact the substrate core in accordance with one enbodi nent of the
invention;[0017] Figure 4 illustrates a mcrotool having one or nore vent
holes formed therein to increase the flow of the dielectric erj al
throughi Iihe Figuterd duptrates mirraipol hayving opgpgmate veptdo rfﬂrérr‘?ggh%{“‘r{oone
enbodi nent of the invention; [0018] Figure 4A is a top-down view of a

m cr ot odhcresa the flew phdederiectah maiesiakthf @iehew theesedvairiformgddyrtiance with one
enbodi nent of the invention; and [0019] Figure 5 illustrates a process in
whi ch a sideomablt iodccodafficerwitidonaemisaidmelatrof ¢haninvéntimne enbodi nent of the

i nvention. DETAILED DESCRI PTI ON [0020] In the foll ow ng description,

numer ougoersci f Fi‘%ufi@t@is' Stop!d®whBlie Of h bhicroRIV YRfe having ventthahslk @sehelinat
enbodi nents of the invention may be practiced w thout these specific

det aisl S it Blond A5 ANSRe BLAIIAPHRLEHEHiSS andt TuCT Ures and techni ques

have not been shown 1n detall 1n order not to obscure the understandi ng of

this de idtion. [0 Ref erence .t hroughout .t he eci,fication to.rone
enbod mafgt9or Pighbech B PRRES i WERIE R arb s FRER b AR BN Bithet b o,
or characteristic described.in connection with the enbodi nent is included
in at | ©R8EMEALIMERHBIHINAENENEPNt he present invention. Thus, the appearance
of the phrases "in one enbodinent” or "in an enbodi ment" in various places
t hroughout the specificati oDEFAILED DESERIBTION 3l | referring to the sane
enbodi ment. Furthernore, the particular features, structures, or
[0020] In the following description, numerous specific details are set forth. However,

10 it is understood that embodiments of the invention may be practiced without these specific
details. In other instances, well-known circuits, structures and techniques have not been
shown in detail in order not to obscure the understanding of this description.

[0021] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in

15 connection with the embodiment is included in at least one embodiment of the present
invention. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in one or more embodiments.

20  [0022] Moreover, inventive aspects lie in less than all features of a single disclosed
embodiment. Thus, the claims following the Detailed Description are hereby expressly
incorporated into this Detailed Description, with each claim standing on its own as a
separate embodiment of this invention.

[0023] Figure 2 illustrates a microtool in accordance with one embodiment of the

25 invention. Microtool 200, shown in Figure 2, includes sidewalls 225a and 225b on plates
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characteristics nmay be conbined in any suitable manner in one or nore
enbodi nents. [0022] WMbreover, inventive aspects lie in |ess than al

f eat ur es wb 2006m2003be di scl osed enbodi nent. Thus, the cl acrstalslessverg t he
Det ai |l ed Description are hereby expressly incorporated into this Detail ed
Description, with each claimstanding on its own as a separate enbodi nent
of this jnvention. [0023] Figure 2 jl|ustrates a mcrotop| ipn accordance
with oneO8rBt?OrdnFespsctivRly- iFl%\f/ 8ng $'8 ‘?JIWFE?%t‘%W"Q@B’,“’ the “iaﬂs BiCqure 2,

i ncl udes sidewalls 225a and 225b on pl at es205a and 205b, respectively. For
one enbauliegraly farmedhveithi e @hat¢scand masde of theesaaiel matera as theepjtas. (Whigtomard wi t h
the plates and made of the sane naterial as the plates, which nay be nickel
or a ni dealickel bioynicdlallsy dEhatidewiltriomm aresevonoirourmt the idpdiftepaitonr(.at
pattern (i.e., the features) of the mcrotool plates. The di nensions of

si dewal lige ?e%ﬁ@es?@flthggﬁi@r(ﬁé(ﬁ phftds. IThe W GOMEIEHARI Bide Ra1LS M Talna25K hreSePet 1 at e

core 215 such that upon pressure being applied to the plates, the inprint

pattar “za‘%gérﬁn@g&%@ttﬁetﬁickﬁ&s Fg#ﬂg%rﬁtier&)f% ﬂisesh&?&%xl %Agﬁ%&?&?%@e&gpﬁgg%&gf“ ric

| ayers e conprise ermal settin

ot her sujt e teri.al . For one enbodi.nent of the invention, ch of the
ot dovar 12¢ B35, ERIRBRpueRaxtirgs  SRacAE R RS e 20y B ance. equal
to approximately one half of the thickness of the substrate core 215.
[0024] \JHelectpe kysisrZd OgRaly compirisediof Getmal spitigg gRo%p Hisrappiagis=y othese
sidewal I s 225a and 225b contact each other. Because the sidewalls provide
r esi st arstéalde magagial.nEer angemiodisnent phhearearon chclpokbe sidewakbp?iadnds not as
critical as in prior art schenes. For typically enployed pressures, the
edge of 225blxehdbeyonidlthe muprirt lpexerdiedis@nteeiunkwi appaniratelyeat ddlfloé theeen
sidewal I s 225a and 225b. Additionally, in a closed or inprinting position,
m crigt oghicRs enuRlsapasitd dige e.i re substrate, thus the dielectric material

cannot
[0024] Upon pressure being applied to the plates 205a and 205b, the sidewalls 225a
and 225b contact each other. Because the sidewalls provide resistance one against the
other, the amount of pressure applied is not as critical as in prior art schemes. For
typically employed pressures, the edge of each plate will not flex due to the resistance

15  created between sidewalls 225a and 225b. Additionally, in a closed or imprinting
position, microtool 200 envelopes the entire substrate, thus the dielectric material cannot
accumulate on the edge of the microtool plates nor can excess dielectric material form
along the edge of the substrate. Moreover, tilting will not cause defective parts, as the
dielectric material cannot flow as readily to undesired locations.

20 [0025] For one embodiment of the invention, the sidewalls of the microtool are
positioned such that upon imprinting, the entire substrate is encapsulated within the
dielectric material. Such an embodiment will result in reduction or elimination of the
substrate sticking to the microtool.

[0026] Various alternative embodiments of the invention reduce or eliminate flexing

25  of the microtool plates along the edges, flow of the dielectric material to undesired
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accunul ate on the edge of the mcrotool plates nor can excess dielectric
material formalong the edge of the substrate. Moreover, tilting wll not
cause defwot2oosm2pmot s, as the dielectric material cannotrcthseods2sseadi |y to
undesi red | ocations. [0025] For one enbodi nent of the invention, the
sidewal I s of the mcrotool are positioned such that upon inprinting, the
entire substrate is_encapsulated within the dielectric terjal._Such an
embod mifFRUARY fuepdih inq dechmulaien Shexesdielraatia plopmdhesdser pribe
sticking to the mcrotool. [0026] Various alternative enbodi ments of the
i nvent i chbyteathy dws provadingram imprinte@ sybstraisthaving arplel dickopssplagieien dlopft he
edges, flow of the dielectric material to undesiredlocations due to tilt,
and accupptoaimaelydfmiexasss diel ectric material along the edges of the
substrate, thus providing an inprinted substrate having a total thickness

vari ati geod71 TV) Intdn ARRI6X%é BRbEHYhent, BhBY siRSf thBZfdtodlpl@aBs Akl ichadel v e

enbodi nent, only one of the mcrotool plates may include a sidewall. Figure
2A i klu S ] [ j 1S4 Il in
ccordans art FE SR T Ao B o o e s S A oun 1

Figure 2A, includes a sidewal | F 5 .forned tge g r, pl at e..205hb, , Pl ate
209 dodCUBRE UG B ERHBRL f Tobronigin Marrosmb e bt NGt of
sidewal I, 225 is_based upon the substrate core 215 such that upon pressure
bei ng applidd asilomadl 2P dpraed qrge oy iprte peRk driplc@Rpders et fklidedd amount
into the dielectric layers 210. L0028 As descri bed above in reference to
Fi gure idemal. dorsush@slembedunensrtieheightafisidesial 22 hritleHspdnporothe sylstiaigvent i on
has sidewal | s that contact each other during the inprinting process. For
such an cerdiidi sweimthat tpen pressgiet beddg dfphied kaltempldtss, ihe iohptier patteadexterndsian stri ct
tol erances to ensure that the sidewalls do not prevent the inprint pattern
fromo desired amount into the dielectric layers 210.

[0028] - As described above in reference to Figure 2, the microtool in accordance with

one embodiment of the invention has sidewalls that contact each other during the

imprinting process. For such an embodiment, the height of the sidewalls is determined

within strict tolerances to ensure that the sidewalls do not prevent the imprint pattern from

15  properly contacting the dielectric layer.

[0029] Figure 3 illustrates a microtool having plates with sidewalls formed to contact

the substrate core in accordance with one embodiment of the invention. Microtool 300,

shown in Figure 3, includes sidewalls 325a and 325b on plates 305a and 305b,

respectively. As shown in Figure 3, upon applying pressure to the plates, the sidewalls

20  contact a substrate core 315. Each of the sidewalls 325a and 325b form a separate

reservoir around the imprint pattern of each of the respective of the microtool plates, 305a

and 305b.

[0030] For such an embodiment, it is no longer necessary to determine the height of

the sidewalls based upon the thickness of the substrate core. Instead, the height of the

25  sidewalls is approximately equal to the feature dimensions. Such an embodiment allows

6



properly contacting the dielectric layer. [0029] Figure 3 illustrates a

m crotool having plates with sidewalls forned to contact the substrate core
i n accor dgoeeosd2bizoone enbodi nent of the invention. M crotraskeddessoshown in
Figure 3, includes sidewalls 325a and 325b on plates 305a and 305b,
respectively. As shown in Figure 3, upon applying pressure to the plates,

the sidewalls contact a su@strate core 315. E ch.Pf t he idﬁyalls 325a and
325b f orffh SSSeAPMIACHRLE KBV eves RsGarse tifesd syl sapiagl Re SYOSHACITOBE t he
respective of the mcrotool plates, 305a and 305b. [0030] For such an
enbodi mshicteritelefagceson the genlicd peesswranie ehseyed & avard dmppingdhesubseatet he
sidewal | s based upon the thickness of the substrate core. Instead, the

hei ght @bretdrelamiagmgalrcsits withdrrsokstrant edry. equal to the feature di nensions.
Such an enbodi nent al |l owsfor ease of manufacturing. However, because the

si dewal Ifgo3n]! | Fanias tillishaces dbsitfoddo? heARE onSbif nbicBlent EHaAhEPEGeaN t he
applied pressure are observed to avoid dinpling the substrate core or

danmagi nqwﬁm&i&&»&é R AdieorHb aldiRt ot al tgggg%&dut@]@fégﬁvéir Kddghat es a

m cr ot 0o avi ng one or nore vent channels erein to 1 ncrease the
flow of the dielectric.material throuaho he reserveir, for by ,t he
Si deval 10 TETlsaf ooty Fihaine CERBE AL RE ErieREsT vdere B HAC Ao i n
Figure 4, mcrotool 400 has vent .channels 430 formed in upper plate 405a.
The vent™icHipr 404 hanyeny élb%n&f:ﬁééo é?mz?ﬁyn BRSPS T  Hhe $P§$®naﬁa Ty be
fornmed additionally or alternatively on |ower plate 405b. The dielectric
mat er i albeifermessas apy kaspijor on the phate arcbma pe farmed pddisiondlIn orealtewadvelpiop f or med
by the mcrotool plates. For exanple, the dielectric material is |ess
l'i kel y tlowéd pated0fte Thedialepec maenid isless likehetor fdee intocertdin aras of the cor ners
formed by the upper plate sidewalls). The vent channels help the dielectric
mat qoi alreder@it fofedbg tiRGhictdtod1PYREs. 40 ekanple, the dielectric material is less likely

to flow into the upper corners of the reservoir (i.e., the corners formed by the upper plate

sidewalls). The vent channels help the dielectric material from the dielectric layer 410 to

flow into such areas within the reservoir. Moreover, the vent channels allow excess

dielectric material to escape from the reservoir without accumulating on the substrate or

15  the microtool plates.

[0032] Figure 4A is a top-down view of microtool plate 405a having vent channels

430 formed therein in accordance with one embodiment of the invention.

[0033] Figure 5 illustrates a process in which a microtool is formed in accordance with

one embodiment of the invention. Process 500, shown in Figure 5, begins with operation

20 505 in which the dimensions of a substrate are determined. The dimensions may include

the substrate core thickness as well as the dielectric layer thickness and the dimensions of

the features to be imprinted on the substrate.

[0034] At operation 510, the height of a sidewall for a microtool plate is determined

based upon the substrate dimensions. For example, for a microtool as described above in

25 reference to Figure 2, in which each sidewall will contact the sidewall of the opposing
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flowinto such areas within the reservoir. Mreover, the vent channels

all ow excess dielectric material to escape fromthe reservoir wthout
accunmul atwogoen2v3ze substrate or the microtool plates. [pO@3R&pooGiogssoe 4A is
a top-down view of mcrotool plate 405a having vent channels 430 forned
therein in accordance with one enbodi nent of the invention. [0033] Figure 5
illustrates a process in which a mcrotool is forned in accordance with one
enmbodi mite.ghe substratg gargthisknespapweld as thgdeatyreslimensionsiag pedso defeyning wi t h
operation 505 in which the dinmensions of a substrate are determ ned. The

di mensi dhssidewall mighid&ot sishsulssthodineent,shesidewalk height faseasbiplatass t he
dielectric |layer thickness and the dinensions of the features to be

i mpr i nt egpRihitelyedbate aefeath 0R4dht Alus@pe half iod the3hibstratd o ré eHighite s For

si dewal | For a mcrotool plate is determ ned based upon the substrate

di mensi oNficrdif6] 48R IEd irf &Fer&c@t&!iﬂt{u‘?@ﬁ, tAS sieRal h&gﬂ fPONER pilal?e [sef erence to
Figure 2, in which each sidewall w1l contact the sidewall of the

grﬁgﬁis?%ﬁé%&@matglgge&ﬁ%lggE}{ee?ftggt}lnpeﬁgﬁ hi ckness as well as the feature

are u fhe sidewal | hei ght. For such an
enbodi t he si dewal | _hei ght for.each ate is approximgtely. equal to
Che t entlDThor ARPPHIGRD Bives HAFOEH is et ilites SRR b Brutusdre, &
m crotool as described in reference to Figure 3, the sidewall height for
each pl deight en aplsash enerhlata sprreyndipg the ippaint pafters- eAdirignally, paoasoting
operation 515, a mcrotool is formed having a sidewall of the determ ned
hei ght qilatet of] thaisticrotwel plaphaevesvant chandéels gornied therpinitaidghe flewrof thgldi ti onal | y,
one or both plates of the mcrotool nay have vent channels fornmed therein

to aid tdidedttiowaedrial hedisdusbedadboy€invefeesncalo Riguehssicingsied above in reference
to Figures 4 and 4A. [0036] Wile the invention has been described in terns

of g@ver@h3gNowHIRNhSinvERRHehas been described in terms of several embodiments, those
skilled in the art will recognize that the invention is not limited to the embodiments
described, but can be practiced with modification and alteration within the spirit and scope

of the appended claims. The description is thus to be regarded as illustrative instead of

limiting.



skilled in the art wll recognize that the invention is not limted to the
enbodi nents descri bed, but can be practiced with nodification and

al t er at i omowdenizos3ohe spirit and scope of the appended elaiussoosHrsoc
description is thus to be regarded as illustrative instead of

limting. CLAIMS What is claimed is: 1. An apparatus conprising: one or nore

pl at es, ﬁigﬂ Elate havi ng a corresponding inprint pattern forned thereon;
and one sidewal I s, each sidewall surrounding the corresponding

inprint pattern of a respective plate. 2. The apparatus of claim1 wherein
each si o¥hatlis clainddisiegral |y fornmed with the respective plate. 3. The
apparatus of claim1l wherein each plate is a netal plate approxinmately 30
m | s thilck, tAreappataals elpesingd from t he group consisting essentially of

ni ckel and nickel alloy. 4. The apparatus of claim1l wherein at |east one

of the pl at epnBasnfoRepiaies BALIE plaRIKavidpaneRleSpdrdinBichprite p&ietn fdrmed M cr ot ool
conprising: an upper plate having a first inprint pattern formnmed thereon,

t he gppqﬁmgdpgﬁ having a first sidewall surrounding the first inprint
pattern; and’a ?omer pl ate having a second inprint pattern fornmed thereon,
the | ower plate havin

s R R e I S A AR
the fir S;;[attglindoef‘va\ﬁles!pective plate.
2. The apparatus of claim 1 whe.rein each sidewall is integrally formed with the
respective plate.
10 3. The apparatus of claim 1 wherein each plate is a metal plate approximately 30 mils
thick, the metal selected from the group consisting essentially of nickel and nickel alloy.
4. The apparatus of claim 1 wherein at least one of the plates has one or more vent
channels formed therein.
S. A microtool comprising:
15 an upper plate having a first imprint pattern formed thereon, the upper plate having
a first sidewall surrounding the first imprint pattern; and
a lower plate having a second imprint pattern formed thereon, the lower plate
having a second sidewall surrounding the second imprint pattern.
6. The microtool of claim 5 wherein upon application of pressure the first sidewall
20  contacts the second sidewall such that the first sidewall helps reduce a flexing of the lower
plate and the second sidewall helps reduce a flexing of the upper plate.
7. The microtool of claim 6 wherein the first sidewall in contact with the second
sidewall forms a reservoir for a dielectric material of a substrate such that an accumulation

of an excess of the dielectric material on the substrate, the upper plate, and the lower plate

25  isreduced.



contacts the second sidewall such that the first sidewall hel ps reduce a
flexing of the lower plate and the second sidewall hel ps reduce a flexing
of the upperog/@bso 7. The m crotool of claim6 whereinpchashiossbsssé dewal |
in contact wwth the second sidewall forns a reservoir for a dielectric
material of a substrate such that an accunul ati on of an excess of the

dielectric erlal hes bstrate, r.plate he | oper plate
is reduc8Ed H%‘Ctﬁt‘c‘? 6’% Sl&fm largpm%hqﬁgpgﬁw ftrgteg“#é'f 6$e 395809 i r st

si dewal | and the second sidewall is determ ned based upon the thi ckness of
a subst rsideavall 33 deteriminedsdsed pperethe dhiplneshefrd yitbsigate goreph @ sybgiag todle of cl ai m
5 wherein each of the upper plate and the lower plate is a netal plate
appr oxi riaipeined30 mils thick, the nmetal selected fromthe group consisting
essentially of nickel and nickel alloy. 10. The m crotool of claimb5

wher ei n gipon BRRhicFRGSI VR cREm Bl eieréin @ad6f the Gfper plakeivil the cdrgtdis isan upper
surface of a substrate core and the second sidewall contacts a | ower

surface rﬁ%talt;ﬂ e?@é}é&frﬁ%&y%@r dsgﬂ‘lfc?l &@%etﬁl@ e%@?ﬁo’h@lth@ g?&f Sonsikis, reduce a

flexing o e an exi ng o the upper te. 11.” The
m cr ot ool of. wherein the first sidewall |n contact with the upper
surface egsenlnﬁliy 8%‘8%‘?3&{‘%"% ?l allfogr ns a reservoir for a dielectric materi al

of the substrate such t an accunul ati on. of an excess of. the dielectric
mat eri alllon tHE migHepe! @Iaémé Whigeig yipan amqaaeorf of pregpyesshe f‘asrﬁd‘dFWéﬁsecond

sidewall in contact with the |ower surface of the substrate core forns a
r eser voigonfagis anwgpeli swifaes of csubatrae cere agfl therecendyddawallecontpsts a lager an
accunul ation of an excess of the dielectric material on the substrate and
t he | oweurfatasfahe subsediecoct. sutR thal e sabgract owé helps oddacera Bexingoéihe at | east
one of the upper plate and the | ower plate
10  lower plate and a flexing of the upper plate.
11.  The microtool of claim 10 wherein the first sidewall in contact with the upper
surface of the substrate core forms a reservoir for a dielectric material of the substrate such
that an accumulation of an excess of the dielectric material on the substrate and the upper
plate is reduced, and the second sidewall in contact with the lower surface of the substrate
15  core forms a reservoir for the dielectric material of the substrate such that an accumulation
of an excess of the dielectric material on the substrate and the lower plate is reduced.
12.  The microtool of claim 5 wherein at least one of the upper plate and the lower plate
has one or more vent channels formed therein. ’
13. A microtool comprising:
20 a plate having a corresponding imprint pattern formed thereon, the imprint pattern
surrounded by a sidewall formed on the plate; and
an opposing plate having a corresponding imprint pattern formed thereon.
14.  The microtool of claim 13 wherein upon application of pressure the sidewall

contacts a surface of the opposing plate such that the sidewall in contact with the surface

25  of the opposing plate helps reduce a flexing of the plate and the opposing plate.
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has one or nore vent channels fornmed therein. 13. A mcrotool conprising: a
pl ate having a corresponding inprint pattern formed thereon, the inprint
pattern sworowndessoby a sidewall fornmed on the plate; ardtas2aspesiag pl ate
havi ng a corresponding inprint pattern forned thereon. 14. The m crotool of
claim 13 wherein upon application of pressure the sidewall contacts a

surface of the opposin | ate_such that the sidewall .in contact with the
sur f ace lof tﬁ@eéﬁ'ﬁwﬁ%gfi%?‘é?i3 Wg‘Ff?é“ thegidewall ip ponngt gvighy the purtase of theang t he
opposi ng plate.15. The microtool of claim 13 wherein the sidewall in

cont act oppeding platefomissweservoir fier opiplestrisgnaserial of a subptrate shelsthatdi r for a
dielectric material of a substrate such that an accunul ati on of an excess
of the dcaimdhtioncofmateacésalof tre didlectdchmtarmtl en thetsebstps thepdppeeplagnend he | ower
plate is reduced. 16. The mcrotool of claim15 wherein the plate has one
or nor e (NeRvef PRNEk&ut&d. med therein. 17. A nethod conprising: determn ning
one or nore dinensions of a substrate; determ ning a height of a sidewall

for g migrot agl plaks BRSEAN Y5 WhefidinTGRE ﬁggp@{aet&er 8 WPl chaiheis BRded O M ng

a mcrotool having one or nore plates, "eac aving a correspondi ng

i mprint tr?eart't ern formed thereon, at |east one of the plates having a

si dewal I'™"&8ch sidewal | surroundi ng the corresponding inprint pattern of a
respective plate. 18. The nethod of claim 17 further conprising: form ng
vent chddnel <\ Wethed$OBRESIHR: nore of the plates of the microtool .

determining one or more dimensions of a substrate;
determining a height of a sidewall for a microtool plate based upon a dimension of
10  the substrate; and
forming a microtool having one or more plates, each plate having a corresponding
imprint pattern formed thereon, at least one of the plates having a sidewall, each sidewall
surrounding the corresponding imprint pattern of a respective plate.
18. The method of claim 17 further comprising:
15 forming vent channels within one or more of the plates of the microtool.
19.  The method of claim 17 wherein each sidewall is integrally formed with the
respective plate.
20.  The method of claim 17 wherein each plate is a metal plate approximately 30 mils
thick, the metal selected from the group consisting essentially of nickel and nickel alloy.
20 21.  The method of claim 17 further comprising:
forming a sidewall on each of two opposing plates of the microtool wherein upon
application of pressure each sidewall contacts the sidewall of the opposing plate such that

the sidewall of each plate helps to prevent flexing of the opposing plate.
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19. The nmethod of claim 17 wherein each sidewall is integrally formed with
the respective plate. 20. The nethod of claim 17 wherein each plate is a
met al pl ave 2agmpnosspmat ely 30 mils thick, the netal sel eetedishoosneishe gr oup
consisting essentially of nickel and nickel alloy. 21. The nethod of claim
17 further conprising: formng a sidewall on each of two opposing plates of
the m crqtoo mherel pp] i cat on of pr.essure each sidewal | contacts
the si dédal | C{(}Htfg%‘f“ré ‘8{’%{%” %!ﬂe‘tttghmfﬂ%ta%‘l”&@m F‘ gtewg Aplate
hel ps to prevent fl exing of the opposing plate.22. The method of claim2 1
wher ei n I1¢seeyod] fQé%\ﬁlellefrtﬂmmé'@ﬁ@lalftthwltbﬁtf‘éaéwhdbﬁeafﬂ Feopmylatipelingscessidr a
dielectric material of the substrate such that an accunul ati on of an excess
of the dhedielettricenawaiatonahe ubstrdie asdidreh phthe taocplaacis reducthe two plates is
reduced. 23. The method of claim 17 further conprising: formng a sidewall
on each2gf OMBeeiethidd & AN ESRANE ddthmisalges of the m crotool wherein upon
application of pressure each sidewall contacts a core of the substrate such

that st he si deyalil. LRideat %ﬁteaem mntefa)?nw@ﬁélt%@s%cggg glfahzglo?ﬁletrﬂlc%tgéﬂent

flexing of the co respon i ng 24, T clarm 17 further
conpris Iwr}%rem %(Er{ ggplll@gtlon St pi pres l:s)ﬁrtere%ct:h sﬂewﬂpconrt]z%tsr% & rgtoP ﬁlle'substrate such

that the sidewall in contact with the substrate core helps to prevent flexing of the
corresponding plate.
24.  The method of claim 17 further comprising:

10 imprinting the substrate using the microtool.
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