WD 2006/ 020330 PCT/ US2005/ 025806 METHODS AND APPARATUSES FOR | MPRI NTI NG
SUBSTRATES FI ELD [0001] Enbodi nents of the invention relate generally to
the field of mcroelectronic 5 device fabrication and nore specifically to
met hods arMOapled2e3B0ses for inprinting substrates to faBCTASReSHRIBA6

devi ces. BACKGROUND [0002] One of the processes of fabricating a

m croel ectronic device is inprinting a substrate. Typically, a substrate
core, which mpMBEEHEDSAND APPARATUSES FOR IMPRINGINGSUBSTRATESer  of
dielectric material disposed on one or both sides. The dielectric materi al
may be conprised of a thernmal -settipmgpﬁxy. The dielectric |ayer may be
applied as a flat sheet of thermal g epoxy that is then inprinted to

copper ) 00hy m EphBEREadof OflafioR e thbidu i RETHE S RichBuRbf o
devi cg cidrc,ui%l%._ Subsequent éngcgga?l gnd %;Sosﬂgd@t ed etl ec%rqai&wgiprcuitry are
15 f o? medeYlet HOREH 1feorg -allydo 0w BPe Apnajatuges ok 1 €setting
epoxy layer is inprinted with an inprinting mcrotool. The conventi onal
desi gn ofubstrates ko fabocate bechndevicemny di stinct di sadvantages illustrated by
Figures 1A -1C [0004] Figure |Aillustrates a mcrotool in accordance with
the prior art. The 20 m crotool MACKGROUNDe typically a thin nmetal (e.g.,
a 30 n}[I &Ckell'hgl ate) with raised an recessed portions 106 a#nd 107i<
respecti : . - i re known
Es 1;] ealt u:tfesoz%n? a?éeéf;@g?{:%a%}?g ggga?g 8%5&%:%%%%8%%? bchﬁ) tr?g:gg‘ottomd
ach plate o m croto is held,.i ce vacuum.(not sho an
b essed SThTES PPV oSERE e Epishyiaiye el o B CHRUE OROHHE P et r at o
core 115. The epoxy 25 layers are typically about 40 mn crons. Upon
app! i18at iadayes of diclsstisrmatetipldisnosedseipengyrhotivsides. shhe digleetag material BY PP and
the raised portions displace epoxy. One di sadvantage of such a -

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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1 WD 2006/ 020330 PCT/ US2005/ 025806 schene is that the epoxy material is not
contained; that is, there is nothing to prevent or restrict the flow of the
epoxy in an undesired manner. \Wen pressure is applied to the nicrotool
pl ates, tMO2963033hterial is allowed to flow out. A sliBRT/USH|0F035806 e
apparatus could cause the epoxy to flow in undesired anmounts and | ocati ons.
The wetting properties 5 of the epoxy material cause excess material to

accunul atsehemheisghdt ltie G639 mdteridiés ot conthined; thil igltBerelidadthing to pheemwgr f | owi ng
epoxy may build up around the edge of the plate causing a malformation of

the desi ngdridfd Ho®of thd il Bnde3REfHiafinde N SYRENOdsAER is hpplfedtBifesed Of

thin plates, when under preSsure the plates flex ‘particularly along the

out er edge re there is |ess.epo epial to 0, proVi resi.stance.

Thi s i rvdrarotra ot Hecorgiy pietisf B ARRIE A onl BRI HE AR CKress
of the epoxy layer. This causes the epoxy |ayer to be thinner than desired
near theol Se thggpey toi flQy in yndesirad amquatsaanddacations. The,yetting propgHiessi ng a
m crotool in accordance wth the prior art. As shown in Figure 1 B,

f eat uSes of e ¢poay material dgeseeikcesp mayeriahtosaccimOlatel dopg theredé of the dhiciotool 0 t he
flexing of the mcrotool plate. The flexing may be so pervasive as to create
a "di npl eplatd,lat i, thelbdrfIaveglepory ik build dptakcuindlthe/ed el teplardaidig 4 ons 106
act as a standoff for the mcrotool and can therefore dinple substrate core

115. [Ooqz%lg&maﬁopgpme%@ip&pfemfe@éaddr essed with limted success by trying

to gauge t anmount of material so as to limt overflow This has not
proven v ffegtive; when an O.,i.nsufficiept.a nt of epoxy is used, the
Peoult | J0808Tcr ey Beostes the Hgeatont i paristd B b BRiEE S SR8 Hs bt of
epoxy is used, the excess fornms_ along the edge of the substrate, thus
causi ng dhe platesdlex particulastyralong the Quisk edees whers therieds leshepaxy mateialitonal |y, the
excess material is not uniformand therefore makes it difficult to hold a
vacuutf duprovide resistaeeu@his ipwarddbexeang along tho edges catses apn-asfometyenithé causes
the substrate to stick to 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
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2 WD 2006/ 020330 PCT/ US2005/ 025806 m crotool plate. Renobving the substrate
(e.g., prying it fromthe plate) can damage the plate. [0008] Over tine,

t he repeat ed flexing of the mcrotool plates along the edges can cause the
edges to b¥OFRR/BePRanent |y deformed. Such deformation | PAFUL2B05B86ti ve 5
substrate features and makes it difficult to maintain a vacuumon the plate.
[0009] Figure 1Cillustrates the deformation of a mcrotool plate in

accor dananicwitédi pldtd)eRgmoving dret subghrates eagypryinght fiomeahe plate) can darhéige the def or ned
at edges 120. This deformation is due to repeated flexing of the plate,
while i mya@ting an epoxy layer in which the epoxy has flowed in undesired
anounts or |locations. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] The

vent oo, DeoREN e e fpkACK nink B AL HBRAS o4 AgHd BleRgedgROr Pt or

and acco I ng draw rigs ts of the

invention. In edr 001 A.i|l ustrat crotool in
accor danc,cé“?l?nt’E“T'le‘ii1 ?CSF“ é}"{&‘ ti’ée%?g’}‘“gi é!ﬁheéefmqupai%daf%g é\‘ﬁ“’époxy
| ayer forned using a mcrotool in accordance with the prior art; [0013]
Fi gur & | Gubstfatesfepairesand meakge it@liffiguit emmaintain pivaeuwnpon theiplate. i n accor dance
with the prior art; [0014] Figure 2 illustrates a mcrotool in accordance
wi t h one [6089di nEig’ureOIC ilhstrat2d therdeforination of Hicrbtobl platecin 28cordanestwiti es a
m crotool in which one of tvvo pl ates has a sidewall in accordance with one

enbodi menje fiod € Aé‘éh%Wd iAF QQéGiuaFCI wsrlﬁdgfofdlédlﬁteﬁ?ése&@ THig' ot ool having
plates with sidewalls forrre to contact the substrate core in accordance

With one c%%q{lgf [ltdug to r&%aﬂegmgﬁh%? the plate, while imprinting an epoxy layer in

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;



3 WD 2006/ 020330 PCT/ US2005/ 025806 [0017] Figure 4 illustrates a m crotool
havi ng one or nore vent holes forned therein to increase the flow of the
dielectric | hr oughout the reservoir formed by th | i n
accor dancewm(ﬁg/gﬁgsotenbodi ment of the invention; [0018] |%ﬁ/¥]gﬁ’§%bilsgwa

t op-down view of a microtool plate having vent channels forned 5 therein in
accordance with one enbodi nent of the invention; and [0019] Figure 5

i Il ustrat@17] pr Figuss4iillustlaies la maicratao] hheial one of moreevknt holes formad tieezeinitd h  one
enbodi nent of the invention. DETAILED DESCRI PTI ON [0020] In the foll ow ng

descri pt i RireafttAE FIBWOf TS GielecGicdfitediAlthrRughdi thef reSdrioir fIMRY DY the 10 it is
under st ood that enbodi nents of the invention may be practiced w thout these

specific _ il I .40 NSt - ircuits, structures and
t echni que%l a@éc’ 11?]8?cogciea§%£'9étﬁodﬁ eﬁggﬁegﬁ%%ﬁ%@g@?&not to obscure the
under standi ng of this description. [0021],K Reference throughqut th
specificaﬂﬁﬂbﬁl t o Figgie48riH 8 onr ?I‘Y“VGL"szZﬁ’]mcé?FB%'olﬁﬂ‘E ving¥eHichapngls fprmed
particul ar feature, structure, or characteristic described in 15 connection
with the beteinlinaspordancewith orpeembodiment| of she inyersionpdadii nent of the present
I nvention. Thus, the appearance of the phrases "in one enbodinment” or "in an
enbodi menf0019n v&Higuees ihhistars atprocesginouhich henisroewil iis fordned in &cerdande with
necessarily all referring to the same enbodi ment. Furthernore, the
parti cul agnd GRbddiRent of thiaVet®s. OF characteristics may be conbined in any
sui tabl e manner in one or nore enbodi ments. 20 [0022] Moreover, inventive
aspects lie in less than all -ﬁ . ) PESH “.‘i‘ aydi scl osed enbodi nent.
Thus, the clainms follow ng t he B Destt —on are hereby expressly
I ncor pora [ntQ this Detailed Description, w.th each claimstanding on its
own as a [‘@gﬂjar at %@Haw eSEfPLion; BUINEFoUs, $REGHic qeﬁgléﬁewg‘mbe W?Welgjst rates
a mcrotool in accordance with one enbodi nent of the

10  itis 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 ail
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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25 invention. Mcrotool 200, shown in Figure 2, includes sidewalls 225a and
225b on plates 4 WO 2006/ 020330 PCT/ US2005/ 025806 205a and 205b,

respectiv ) e enbodi nent of the invention, the si%

i nt egr a||3%¢39‘§:?8‘%"%ﬂth the plates and nade of the sane mater gh&éoggst%ﬁe

pl ates, which may be nickel or a nickel alloy. The sidewalls forma
reservoir around the inprint pattern (i.e., the features) of the m crotool

pl ates. Tiosa dhdT205Y, Ridpectiveli. dRtahé smBaditennst tBS Mvedtién, Sied sidewdilsagc onmodat e
t he thickness of substrate core 215 such that upon pressure being applied to

t he pl at : ' [ Narfpeh ' . i ' tric

| ayers Zﬁgt.eg#ng féﬂgglvg@% ?@é}lflgyers gdlég(;frggeyggl? '@‘g‘gnﬁfﬂ{%gg@ Blfa &%ﬁéﬁﬁgkﬁgetti ng
epoxy, thern astic, qr,oth uitable materi al. For .ode enpodi ment of the
i nventi orP® %Loroa} "‘Fh@ aélf’?j'e&éf‘ F’?e‘f O & ressheyr %')‘?P%‘F]H‘CBE‘QB'HEP%W@ {;ﬁpri nt’
pattern; a distance equal to approxinmately one half of the 10 thickness of
t he substthefeatuges) ef theanicraseolplates ohheshimensions af sideyallp g nd 225D 1REe §6t 1t es
205a and 205b, the sidewalls 225a and 225b contact each other. Because the

si dewdl | sacpsrombdate thesthickaess of oulstragaions215 dueh thatt hpon piebsirabeing appiedpo essur e
applied is not as critical as in prior art schenes. For typically enployed

Pr essur esthe plaRs 48 empiintGR&Brikdxtdmds WidedirddimduneintéldR1dcid 1afers 250.STRNCEe 15
created between sidewal |'s 225a and 225b. Additionally, in a closed or

I mprinti VL ' . ' t hus the
di el ectr P(gelerr‘gﬁg ;aleg rbclg %g}{ b g@hc%rr?rsugﬁ 8? gl\égﬁr}alt% Etgmg% g‘é’?’;c}?“{‘ﬁ’é’ ﬁ%Qt?:ér %l?%tg?r pl at es
nor can excess dielectric material farm. along th e.of th ubstrat e.
Vor eover SANE PSR For g cesidumens oL iR inerfiaf, coch of B pideallsRada T
material cannot flow as readily to undesired |ocations. 20 [0025] For one
enbodi mend25bfexiend beypndithe snprintipattemga distanse equal tocapproximatedy ongrhalf fghs t i oned
such that upon inprinting, the entire substrate is encapsulated within the
di el el r i thickmdse of thle.substeate eore @Bodi ment will result in reduction or
elimnation of the substrate sticking to the mcrotool.

[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

S



[ 0026] Various alternative enbodi nents of the invention reduce or elimnate
flexing 25 of the mcrotool plates along the edges, flow of the dielectric
material to undesired 5 WO 2006/ 020330 PCT/ US2005/ 025806 | ocations due to
tilt, and woooskes3doon of excess dielectric material al orgTUS2005M2%886 of t he
substrate, thus providing an inprinted substrate having a total thickness
variation (TTV) of approximately 7 mcrons. [0027] In an alternative

enbodi ment, .only one, of the mcrotool plates nmay include 5 sid 1.

Fi gure 2A0GafipRiquede Llt, %‘“‘lrﬁCEP’BP pn Pﬂe’(vﬁﬁ%‘iie'ﬁﬁé‘céﬁat?f% A&ng?%%ecreggo thei dewal |
in accordance with one enbodi nent of the invention. Mcrotool 200A shown in
Fi gur e 2Aubstrates thug provading ae mprinted sutistsateddving attplal thickaesspiagiadorp(BEY) ¢l at e
205a does not include a sidewall. For such an enbodi nent, the hei ght of

si dewal | apploximatélgFadictien t he substrate core 215 such that upon pressure
being applied to the plates, the inprint pattern extends a 10 desired

anount i gym7he Gl Sekdative Em@m&e%&Qn#&@%@heﬁw&w@&egnﬁp%}mﬁmnt o

reference to " Figure 2, the mcrotool Iin accordance wt one” enbodi

t he inventjon,has si | Ls that. contact .each other ring._t LAprinting
or oceds. shaly Bieoid, 2 Witsdteh AMicflRO AL i e O RS ofeif p SR walld ey 1 e
wthin strict tolerances to, ensure that the_sidewalls do not prevent the

i nprint  [Fesardanse prthAne eenbhodunent of thedpyention Mierorook 2804 shewr 1 ﬁlgefe.%f,oozg]
Figure 3 illustrates a mcrotool having plates with sidewalls formed to
cont act indledes alssdematl 26 domnddonethe towkarptate 205th Rlate 26fddokismotinchifdetahe

I nvention. Mcrotool 300, shown in Figure 3, includes sidewalls 325a and

325b on pidewal. Fobsuchiad ed{WolimertIRe BéiphedfsideMall N9 ibdsed bpErithe sBbsttareon
appl ying pressure to the plates, the sidewalls 20 contact a substrate core

Che | oS e B AR ST 2 o0,
and 31%5b "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
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[ 0030] For such an enbodinent, it is no |longer necessary to determne the
hei ght of the sidewalls based upon the thickness of the substrate core.

| nst ead, t%ﬂﬁ&/g{é&‘ of the 25 sidewalls is approximately %@ﬁ@%ogl&sﬁ&e

feat ure di nensi ons. Such an enbodi mrent allows 6 WO 2006/
PCT/ US2005/ 025806 for ease of manufacturing. However, because the sidewalls
wi Il contact the substrate core, stricter tolerances on the applied

pressure fof easeo$ aravefictudingy Blosvesienypédange the eidewhld will contgdtiee substeeragreNg
circuits with the substrate core. [0031] Figure 4 illustrates a m crotool

havi ng ongriQer (ORIMcEENM tHe PP SrefAFdRE obserier t@'a@oi‘d%in@ﬁﬁf #Substfad | ow of

the dielectric material throughout the reservoir forned the sidewalls in

accordance w ention. As shovvn in Figure 4,

ni cr ot ool © jﬁ@%ﬂﬂgﬁ%&%ﬁgqﬁ@@ %G%S Er%d in upper plate 405a. The vent
channel s may. . be forned at any |ocation on the plate and rna){ pbe forned

addi ti onaﬁopgllor aﬁ‘S@Frﬁ‘dﬂP‘é}B}‘?ﬁ HRicrptggidiavingane 0465}55 vechannsistormed nateri al
is less likely to flowinto certain areas of the 10 reservoir formed by the
m cr ot Dol thptet todncrbase thexflow|of thetdielectiie matarial throwghent the reservaisformekbyy to
flow into the upper corners of the reservoir (i.e., the corners formed by

t he upper thplsiie@allsSindRe6rdhsde. wilhene/@iodiment ¥ kige ietmidnh Askholvadh Figare®t er i al

fromthe dielectric layer 410 to flow into such areas within the reservoir.
Mor eover E4to 158 3eRUnindd £38 BHGESH upfkhIStei0s, THE SeAthatdticngape from
t he reserr\rl%“{?(?oy\n oﬂtjdte accumu agt?jr(lﬁg on tﬁ\epg ﬁétratdegorﬁ %he mlcro ool

pl at es 4A 1S V|e ot 0 te 405a havi ng
vent chanﬁ%ﬁ?l" (igt%np'g?%lan ngpeeﬁlﬁte- \3‘8 %ﬁ’ ﬁ§ Ogﬁ@ GRREN OBt ¢ he
invention, [0033] Figure 5 |IIustrates a ;i)rocess in which a mcrotool is

formed i nioskes BlateANSH: ihe Wielestric ikelyitp Sopriptogergin arpgspfdhe 50,

shown in Figure 5, begins with operat | on 20 505 in which the dinensions of
a subk@ r atescraoie fatated hyithe thicrdtoel pliates.n Eomsxampley thenditlecksictaterial bskesslikely or e
thickness as well as the dielectric |ayer thickness and the dinensions of
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 S 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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the features to be inprinted on the substrate. [0034] At operation 510, the
hei ght of a sidewall for a mcrotool plate is determ ned based upon the

substrate Wd@ﬂ%ﬂigﬁ)‘ For exanple, for a mcrotool as des&#ﬁg&og}@gx& in 25
e

reference to Frgure 2, in which each sidewall w Il contac e sidéwal | of
t he opposing 7 WD 2006/ 020330 PCT/ US20051 025806 pl ate, the substrate core
t hi ckness as well as the feature dinensions are used to determne the

si dewal | flefeptit suthsbratesdoedithidknessRovelERtthe fdagiré Hidungiohs Aeiughd td ddteraigd pl at e
is approximtely equal to the feature height plus one half of the substrate

core thi Cﬁ@%ﬁéwaﬁ' figh? FBrSh& M&mﬁ%ﬂiﬁ‘ﬁﬁ& tHeQGsbwal Hef‘gh?fclfrrét‘égh Pl‘%&éﬁ%gur e 3, the

sidewal | height for "each plate Is approxi matel y equa eature

hei ght. [0035]. operation.b515 .a marotoal .is.for havi ng. a si dewal | of
e det r FPRRRImaleLy B o186 Feitie Bl S bk hait G b FSfra B ickpeer
pattern. Additionally, one or_both plates of the mcrotool may have vent
channel s 4 Bisreiol Medessribaddn st erensratorfigued theridevwaildiciadi fareagplaia ial as

di scussed above in reference to Figures 4 and 4A. 10 [0036] Wile the

i nvent$ onagpaeximately elpmtiol the feature height of several enbodi nents, those skilled
inthe art will recognize that the invention is not limted to the

enbodi menfg@3spes KtidperatioR §15,%AMidAGtodl i8 férnfed thavingh sidedlall oFdlid duteraiifed
alteration within the spirit and scope of the appended clains. The

e g Bl SRS AR B SABIAN. Byl 1110 ©
SUDS 1 8t D 2y S R o s oS ot o DR Moi of r ©PON o
dielectric material as discussed above in reference to Figures 4 and 4A.
10 [0036] While the invention has 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.



one or nore sidewalls, each sidewall surrounding the corresponding inprint
pattern of a respective plate to forma reservoir around the correspondi ng
inprint pattern; wherein the one or nore sidewalls are dinmensioned to
accommopdat e a thickness of a substrate core having an inprinting |ayer

di sposed t hereon, such that upon application of pressure to the one or nore
pl ates the corresponding inprint pattern extends into the inprinting |ayer.
2. The apparatus of claim 1l wherein each sidewall is integrally fornmed with
the respeatixpvpl ate. 3. The apparatus of claim 1l wherein each plate is a
nmetal plate approximately 30 mls thick, the netal selected fromthe group
consisting essentially of nickel and nickel alloy. 4. The apparatus of claim
1 wherei n awhite@dhintedas:of the pl ates has one or nore vent channels forned
therein. 5. A mcrotool for inprinting a substrate conprising: an upper
plate having a first inprint pattern fornmed thereon, the upper plate having
a first sidewal IAmsiaipriating api@rdtiefof inigintingRrsubstrapadohmpri®ingwher ei n the fir st
sidewal | surrounds the first inBrint pattern of the upper plate to forma
first reservoir %8f QlrgoEenRlates each| pipfei iy ingpa coBrIPONGRg INPrghPRtSEN feEmsday i ng
a second i nRE&ES: ap@ttern fornmed thereon, the lower plate having a second
sidewal | surrounding the second inprint pattern, wherein the second

si dewal | surr ounds ot meressdovellsj ¢aoh sidewglhsursunding theheortespemndingl isdpeint patttor m a

second reseryvoir around the second.inpri,n attern. 9 wherein the first and
second st dQAITLesiiE RithisOTB Ao A LTS PINE RMEC Lo o subst r at o
core having a fivwkgkein BRI dneldr Mebré SMEWalR e BinSRSidREM to"REbMinbBste laakiBknedd sf00sed
t hereon, such that upon application of pressure to the upper and | ower

pl at es the & jubsifate forphRYing paimpniminglayen disppsed shareen, suchsthati upn iapplication efyer ,
and the Secp?&?ul’er%rthgtonea&rt fblE plates the corresponding imprint pattern extends into the

imprinting layer.

2. The apparatus of claim 1 wherein each sidewall is integrally formed with the

respective plate.

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.

5. A microtool for imprinting a substrate comprising:

an upper plate having a first imprint pattern formed thereon, the upper plate having
a first sidewall surrounding the first imprint pattern, wherein the first sidewall surrounds
the first imprint pattern of the upper plate to form a first reservoir around 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, wherein the second
sidewall surrounds the second imprint pattern of the lower plate to form a second reservoir

around the second imprint pattern;



extends into the second inprinting layer. 6. The mcrotool of claim5
wher ei n upon application of pressure the first sidewall contacts the second
sidewal | such that the first sidewall helps reduce a flexing of the |ower

pl ate and the second sidewall helps reduce a flexing of the upper plate. 7.
The m crotool of claim®6 wherein upon application of the pressure an excess
of the first and second inprinting |layers accunulates in the first and
second reservoirs. 8 The mcrotool of claim®6 wherein the height of the

first sidewal |l pdrdihthesRGOME sec§)‘n9§)@@¢vhll§ e ARASEBhELH Q@&ﬁﬂoﬂ'ﬂ@ﬂtﬂx%ess
thi ckness of the substrate core of the substrate to be inprinted. 9. The

m cr ot ool off acjubstrat&carh dpeing aefér@hmmrlmne layprp@rrd @Lsmoed amarlnm MaMSpps@t eis

a netal pl 0 tely 3 rom

gr oup consﬁ@%rg?{lg%gehs)g?g?ﬁpg?Ia\})p@(i‘a%'!l é’lgéresgura t%“@?(gs P ° 40) p?af'ﬁs fh flcEErIrS}ot ool
of clai m5 iwpeinebittedp @RteadPlint6 ahé ditstOimPindAs umrtm fher §eTc01$d Glapantl patte@nt act s
an upper surface of a substrate core and the second sidewall contacts a

| ower  sur fexieadyinta the second IPPRIMINGJAT-such that the substrate core hel ps
reduce a flexing of the lower plate and a flexing of the upper plate. 11.
The m crotool of claim 10 wherein upon application of the pressure an excess
of the firGt arfthessiconebliafpraing § wgheteiry epen appdicatidnaoipressurd the first sideveatid
second reser v m.cr ot qol .of. cl aj m erejn at. | east. .one of the
pper i at cholis Sieesepongndespalf Sueh L o sl SRS e & il o R
therein. 1048 andthBlsédofil @i@hwﬁl@ﬂﬂ?& fedii@ a fexing SttthdhpHeeplayi Ng a first inprint
pattern formed thereon, the first inprint pattern 'surrounded by a sidewall

formed on the first plate to forma reservoir around the first inprint

pattern; angd an-QRRORI RS R Bafin BN ApSiEPatl NSRS pRALISET Bl Bithe

t her eon;
first and second imprinting layers accumulates in the first and second reservoirs.

8. The microtool of claim 6 wherein the height of the first sidewall and the second
sidewall is determined based upon the thickness of the substrate core of the substrate to be

imprinted.

9. The microtool of claim 5 wherein each of the upper plate and the lower plate is a
metal plate approximately 30 mils thick, the metal selected from the group consisting

essentially of nickel and nickel alloy.

10.  The microtool of claim 5 wherein upon application of pressure the first sidewall
contacts an upper surface of a substrate core and the second sidewall contacts a lower
surface of the substrate core such that the substrate core helps reduce a flexing of the lower

plate and a flexing of the upper plate.

11.  The microtool of claim 10 wherein upon application of the pressure an excess of the

first and second imprinting layers accumulates in the first and second reservoirs.

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.
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wherein the sidewall is dinensioned to accommpdate a thickness of a
substrate core having a first and second inprinting | ayers disposed

t hereon, such that upon application of pressure to the plates the first
inprint pattern extends into the first inprinting |layer, and the second
inprint pattern extends into the second inprinting |ayer. 14. The m crot ool
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 of131heAapmﬁ8MHgop@ameghelps reduce a flexing of the plate and the

opposi ng pl ate. he m cr ot of , claim inu appl i.cation of
the pressure an? é@[?ég%te(lj*v‘f‘ﬁé rF‘i fmpyring peftesn, ‘Hﬁ’t? |t£r?¥F‘i’rhth)"n§rSF Rt R3fePhe

substrate @@&wﬁ%@ﬁo% blﬁe\bh? f8rRRETHOME - fird©p latt® 3 rPtRN o R arGindl ik Jist
wherein at | east oné of the first pIate and opposing plate has one or nore

vent channéhpriftpatierd; afider ei n.  17. nethod of |npr|nt|ng a substrate
conprising: determ ni nor e ubstrate; determ ning
a height of a s?ﬁ%qng%&a&e avr‘r?%?%etc%éj ga%ge&%g %fﬂ‘ffe& di mension of the
substrate; and Wherimge didewell tdimendicnet If@a@ﬂﬁmﬁfdamrtﬁlc[ahe%ﬁ 6fa sEh3thte bRt €
havi ng a correspondg&g i mprint pattern formed thereon, at |east one of the
pl ates havihayngadird@pgsecond dpArintingdanars diseased digrranngich faat ypen arpbisaténnrrf

| mpri nt pa}pﬁe%d?e RTth@ ‘i‘e%ﬁﬁecﬁ}si’ﬁn ln@éﬁtetrﬁe{tgﬁdpl rtﬁ'esﬂlrsyf?ﬁﬂr}ntlﬂé@dérgp ah@fhe

cor respondi ng |npr|n pattern, I'n upon applicationo Gre t6 the
one or nor eeqohdumprmﬂpattcrmexesqmnuhthgsecnmprmprtntnpgﬂatyern of at |east one of the
pl ates extends into a dielectric material formed on the substrate. 11 18.
The nethod of claim 17 further conprising: formng vent channels within one

or nore of jghe ghatBRrdbolt b cHint 1Bt waéremlaponTlaﬁplrmﬁds}p@f Presshrdi fhe 1sidetfa@r i n
each sidewall is integrally formed with the
contacts a surface of the opposing plate such that the sidewall in contact with the surface of

the opposing plate helps reduce a flexing of the plate and the opposing plate.

15.  The microtool of claim 13 wherein upon application of the pressure an excess of the

first and second imprinting layers on the substrate accumulates in the reservoir.

16.  The microtool of claim 15 wherein at least one of the first plate and opposing plate

has one or more vent channels formed therein.

17. A method of imprinting a substrate comprising:

determining one or more dimensions of a substrate;

determining a height of a sidewall for a microtool plate based upon a dimension of
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 to form a reservoir
around the corresponding imprint pattern;

wherein upon application of pressure to the one or more plates the corresponding
imprint pattern of at least one of the plates extends into a dielectric material formed on the

substrate.

11



respective plate. 20. The nmethod of claim 17 wherein each plate is a netal

pl ate approximately 30 mls thick, the netal selected fromthe group
consisting essentially of nickel and nickel alloy. 21. The nmethod of claim
17 further conprising: formng a sidewall on each of two opposing plates of
the m crotool wherein upon application of pressure each sidewall contacts
the sidewall of the opposing plate such that the sidewall of each plate

hel ps to prevent flexing of the opposing plate. 22. The nethod of claim?21
wher ei n t hes.si dehemkthod 6f €laim AT furthef dongizthgot her forma reservoir one each
of the two oppog%ng plate for the dielectric material of the substrate such
that an accunul Brm#ig vsnt eanesls wihingme oRmogs; ofjtheplates ohle &RiF®Ioohn t he
substrate and each of the two plates is reduced. 23. The nethod of claim17
further conprising: formng a sidewall on each of one or nore correspondi ng
pl ates of #%e nihe otatiodd whetasnnllpdwereapphihc aidewall df iptegmliyrformatk withsthdewal |
contacts a core of. the substrate such that the sidewall in contact with the
substrate "CBYEVRBISs to prevent flexing of the corresponding plate. 24. The
met hod of claim 17 further conprising: inprinting the substrate using the
mcrotool. 25. A nmethod of inprinting a substrate with a m crotool

conpri si ng20pr oVheimsthod of iclatm 17| vehesein gadhrjatg is p imetaliphgie appropimatedy 30 fmilsned

t hereon ang.. C | at.e havi econd i . attern f.qr t her eon,

1 east - oftidk HERAS 5B Y Filfih: 3B BRGRNE Bl Mo RS E AT B, panai n

inmprint pattern of the respective plate, wherein 12 each sidewall forns a

reservoir around the corresponding inprint pattern of the respective plate;
0

posi ti oni ngla shbsmethod oslaimdy ferheriaeaprisingt fogmings 8 cistedall o exsh of
substrate 6piding el bt ! mitkotbdIPivhilein"pdrP¥flicaiith 3f PEERME LR SdiaY

| ayer di spo
contacts the sidewall of the opposing plate such that the sidewall of each plate helps to

prevent flexing of the opposing plate.

22. The method of claim 21 wherein the sidewalls in contact with each other form a
reservoir one each of the two opposing plate for the dielectric material of the substrate such
that an accumulation of an excess of the dielectric material on the substrate and each of the

two plates is reduced.

23.  The method of claim 17 further comprising: forming a sidewall on each of one or
more corresponding plates of the microtool wherein upon application of pressure each
sidewall contacts a core of the 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: imprinting the substrate using the

microtool.

25. A method of imprinting a substrate with a microtool comprising:
providing a first plate having a first imprint pattern formed thereon and a second
plate having a second imprint pattern formed thereon, at least one of the plates having a

sidewall surrounding the corresponding imprint pattern of the respective plate, wherein

12



applying pressure to the first and second plates so that the first inprint
pattern extends into the first inprinting |ayer, and the second inprint
pattern extends into the second inprint layer. 26. The nethod of claim 25,
further conprising accunul ating an excess of the first and second
inprinting layers in the at |east one reservoir. 27. The nethod of claim 26,
wherein the first and second inprinting |layers are dielectric |ayers. 28.
The net hod of claim 26, further conprising contacting a first sidewall of

the first edehaldewdll fbin? sSIREQVSIr alotfdVRel coftbspol@ing SmPARL pHtRfELIHE kddfectine

inprinting process. 29. The nethod of claim 26, further conprising
contactingplatefi rst sidewall of the first plate with the second plate during

the inprinting ) i e L.Si
contacting a filggsﬁ %gﬁ‘geamgﬁ%r"’“%?%?@e .‘%’S? he gl'sgtaga \%\n&tb H(fi g!lartét}béhg?sgggt}{aﬁ%dggof t he
substr at e havig a fimsdingointiag layagaml secandmpridenglalerafispobed] thareegnd pl ate with a
| ower surface of Ehe substrate c?re. &3 L
applying pressure to the first and second plates so that the first imprint pattern
extends into the first imprinting layer, and the second imprint pattern extends into the

second imprint layer.

26.  The method of claim 25, further comprising accumulating an excess of the first and

second imprinting layers in the at least one reservoir.

27.  The method of claim 26, wherein the first and second imprinting layers are

dielectric layers.

28.  The method of claim 26, further comprising contacting a first sidewall of the first

plate with a second sidewall of the second plate during the imprinting process.

29.  The method of claim 26, further comprising contacting a first sidewall of the first

plate with the second plate during the imprinting process.
30.  The method of claim 26, further comprising contacting a first sidewall of the first

plate with an upper surface of the substrate core, and contacting a second sidewall of the

second plate with a lower surface of the substrate core.
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