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[ 0001] The present invention relates to sem conductor fabrication

techni ques generally, and inter-layer interface bonding in particular. 5
BACKGROUND [0002] In conventional integrated circuits, a plurality of
dielectric and netal |ayers are appl4jed to a sem conductor substrate
(e.g., silicon, GaAs, or the like). For exanple, a dual danmascene process
may be used to forman integrated circuit having copper conductors. An

oxi de layer is deposited over the substrate by chem cal vapor deposition
(CvD). Athin etch stop 10 layer, such as Silicon Nitride (SiN), is forned
on the oxide layer. Athin dielectric layer is formed on the etch stop

| ayer. Hol es (vi as)INFERFACERMPROVENENTSB Y ELECTRONIBEN®! FFRONCESS O 1 egi ons
(e.g., source and drain) in the substrate, and trenches are etched in the
oxide layer. Then a layer of netal is deposited on the oxide layer to fil
the vias and trenches. Excess nEIEID OF THERRMENIIOS ng chemi cal mechani cal

pol i shi ng , for itional dielectric and 15 netal |ayers
Pre deposi MO0 | DT bR e LR sefiePfielek uition oilchensilins
consecut i vandingdrdayer interfacptendingin fretiontaen adj acent netal and dielectric

| ayers results in delam nation and peeling during chem cal nechani cal
polishing (CWP) and packagi ng. [0004] In the prior art, pre-deposition
treat memts have been used in attenpBAGKGROPNBve 20 interface adhesion and

prevent delrgggonati o . e: .ncl |.ying heat
only or pl zgg(;nﬁnz]s1 or gﬁg%g@lgf%% ﬁg%d%%%v@%g}%{ﬁ‘g&“ %%%tpa?fé?%r%’%rgt ment s
usual |y d#npligd to neemieandygtensubstrater(c.gi, silicrat 6rAgbsthe [iBE)0 Fpr dxamiphepa dwadd

;)Pz)ga-s !s a%/ g ;da%%gr? ﬁ!emgy%?g%vs}nk %ﬁé go%%\(g gﬁ%&gt rﬂa%g :‘\’%ré)glr\l‘ﬁoé%ﬁ%%g'ogﬁep\st eps
of : (a) ampidgilayer iadérosited oderthesibstrate byagtemicabeaper depsditiai (CMDY, A(thin ebystopi ng
a secongh difgleLcldi a6 difteENiffe ($1R), is formed on the oxide layer. A thin dielectric layer is
formed on the etch stop layer. Holes (vias) are formed in the oxide layer above conductor
. regions (e.g., source and drain) in the substrate, and trenches are etched in the oxide layer. Then
a layer of meta] is deposited on the oxide layer to fill the vias and trenches. Excess metal is
removed using chemical mechanical polishing (CMP), for example. Additional dielectric and
15 metal layers are deposited and processed.
[0003] Poor interface adhesion between two consecutive dielectric layers or bctwéen
adjacent metal and dielectric layers results in delamination and peeling during chemical
mechanical polishing (CMP) and packaging.
[0004] In the prior art, pre-deposition treatments have been used in attempts to improve
20  interface adhesion and prevent delamination. Examples of such pre-treatments include applying
heat only or plasmas or chemical dipping. However, these types of pre-treatments usually

damage the integrated circuit materials.

[0005] An improved ihter~layer interface is desired.

SUMMARY OF THE INVENTION _
25  [0006] A process for bonding layers within a semiconductor device includes the steps of:
(2) applying a first dielectric layer above a substrate, (b) applying a second dielectric layer on the
first dielectric layer, and (c) exposing the dielectric layers to electron beam irradiation under

conditions sufficient to cure the second dielectric layer and cure at least a portion of the first




first dielectric layer, and (c) exposing the dielectric |ayers to electron
beamirradiati on under conditions sufficient to cure the second dielectric
| ayer and cure at |least a portion of the first 2 dielectric |ayer adjacent
to the second dielectric layer. The interface adhesion is thus increased
between the first dielectric layer agd the second dielectric layer. [0007]
Anot her process for bonding layers wthin a sem conductor device includes:

(a) applyi a.first Jayer onto ubstrate, the first |layer being fqrmed.
from one dHclede f@?%&édaseynémg? weogielectiae Byl The infeclarsadsrion b e mertAed al ,
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under conditiops sué{fici ent to_ cure at |east a ortig}g of the dielectric
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exenpl ary seednlddayef being formedoratheiotier oMael gionp esristing dfeliedielactliametetaliand an

integrated circuit. ;0009,] FI GS. 2A-2C show a variation of the nethod of
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drawi ngs, which are to be considered part of the entire witten
~description. In the description, relative terns such as "lower," "upper,"
"horizmntal ," 20 "verti calBRIEF DESCRETION®F TWE DRAWINGSdown, " "top" and
"bottom' as well as_derivative thereof (e.g., "horizontally," :
" downwar di K008} ypwaFHISs 1A-1G shoy agiesemplamy ancthadJer fomaing an imgreved dnfenface
orientati %hﬁe%ntlzggﬁixg%?ﬁﬁé & Qs shown in the draw ng under discussion.
These relative téerns are~-for conveni ence of description and do not require
that the Hpped)at us BEGSQASIC shotvediatiationaf éfeahatitbd of FIGRAX-ICul ar ori entati on.

Ter s conc%r(l)i ng attachments, coupling and the |ike, su&h
{0010] FIGS. 3A-3C show another variation of the method of FIGS. 1A-1C.

15 [0011] FIGS. 4A-4F show a further variation of the method of FIGS. 1A-1C.
DETAILED DESCRIPTION
[0012] This description of the exemplary embodiments is intended to be read in

connection with the accompanying drawings, which are to be considered part of the entire

upper," “horizontal,”

"n

written description. In the description, relative terms such as "lower,
20  “vertical,”, “above,” “below,” “up,” “down,” “top’; and “bottom” as well as derivativg thereof
(e.g., “horizontally,” “downwardly,” “upwardly,” etc.) should be construed to refer to the
orientation as then described or as shown in the drawing under discussion. These relative terms
are for convenience of description and do not require that the apparatus be constructed or
operated in a particular orientation. Terms concerning attachments, coupling and the like, such
25  as “connected” and “interconnected,” refer to a relationship wherein structures are secured or
attached to one another either directly or indirectly through intervening structures, as well as

both movable or rigid attachments or relationships, unless expressly described otherwise.




25 as "connected" and "interconnected,” refer to a relationship wherein
structures are secured or attached to one another either directly or
indirectly through intervening structures, as well as both novable or
rigid attachnments or rel ationships, unless expressly described otherw se. 3-
[0013] FIGS. | A-1C show an exenpl ary gorocess for inproving the bondi ng of
| ayers wthin an integrated circuit 100. As shown in FIG 1A, the

i nt egrated Gi{cuit i e substrate 110, with a.firs Iayer 120 and a
second Iay@ﬁ @30 fokﬁéédngﬁggmw XerBRlE Arecess foriproving the Aenduigos byers of t he
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[0015] For the purpose of the examples described herein, the term “layer” can bc but is

not limited to, a continuous layer that covers the entire surface area of the integrated circuit. A
layer may be discontinuoﬁs, and may have holes (vias) therethrough or trenches therein. A layer
20 may only include lines and/or pads that occupy a relatively small fraction of the total area of the
integrated circuit.
[0016] In some embodiments, the first layer 120 is a first dielectric layer, applied above
the substrate 110, and the second layer 130 is a second dielectric layer applied on the first
dielectric layer. Exemplary dielectric materials for layer 120 or 130 include, but are not limited
25 to, silicon containing spin-on glasses, i.e. silicon containing polymer such as an alkoxysilane
polymer, a silsesquioxane polymer, a siloxane polymer; a poly(arylene ether), a fluorinated
poly(arylene ether), other polyméric dielectric materials, nanoporous silica or mixtures thereof.
Other exemplary dielectrics for layer 120 or 130 include polymeric dielectric materials such as
an nanoporous silica alkoxysilane polymer formed from an alkoxysilane monomer, such as
30 tetracthoxysilane (TEOS). Also useful are hydrogensiloxanes, hydrogensilsesquioxanes, and

hydroorganosiloxanes. Exemplary polymers include but are not limited to hydrogensiloxane,




dielectric layer. Exenplary dielectric materials for layer 120 or 130

i nclude, but are not limted 25 to, silicon containing spin-on gl asses,
i.e. silicon containing polynmer such as an al koxysilane polyner, a

si | sesqui oxane pol yner, a siloxane polyner; a poly(arylene ether), a
fluorinated poly(arylene ether), other polyneric dielectric materials,
nanoporous silica or nixtures thereof. O her exenplary dielectrics for
| ayer 120 9&0 ncl ude nerl 9%‘gelectrlc material s such as an
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which is incorporated by reference herein in its entirety. For example, the electron source may

Qﬁc polymers for layers

include a glow discharge cathode 150 and an intermediate grid anode 151 between the cathode
and the dielectric layers 130, 120. Other suitable electron beam sources may alternatively be
20  used, in accordance with the electron energy, flux and dos ranges described below.
[0019] The level and duration of the irradiation may be any of the types referenced or
described in U.S. Patent No. 6,207,555 B1, which is incorporated by reference herein in its
entirety. For example, the electron beam may have an energy level between about 1 KeV and
about 60KeV, and the electron beam may provide an electron dose between about 10 pC/em? and
25 about 50,000 pC/cm?. In some embodiments, the electron beam has an energy level between
about 1 KeV and about 30KeV, and the electron beam provides an electron dose between about
50 pC/em? and about 50,000 pClem?.
[0020] FIG. 1B shows one exemplary configuration 100 after the electron beam
irradiation is applied. The second dielectric layer 131is completely cured. At least an upper
- 30 portion 122 of the first dielectric layer 120 is also cured, so that the material in the interface

between the layers 120 and 130 is cured. The thickness of the cured portion 122 may be very




and the dielectric layers 130, 120. O her suitable el ectron beam sources
may alternatively be 20 used, in accordance with the el ectron energy, flux
and dos ranges described bel ow. [0019] The | evel and duration of the
irradiation may be any of the types referenced or described in U S. Patent
No. 6,207,555 B1, which is |ncorporat§d by reference herein inits
entirety. For exarrpl e, the electron beam may have an ener gy | evel between
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first and secon

duelectric layers 120, 130 is an etch stop layer, and the other of the first and
second dielectric layers has a relatively low dielectric constant. The etch stop layer can be either
the bottom one or the top one of the two layers.

20 [0024] For example, the layer having the relatively low dielectric constant may be
formed (by CVD or Spin-on) from an SiOC:H material or an organic material, and may have a

thickness between about 1,000 Angstroms (A) and about 10,000 A.

{0025] The etch stop layer may be formed from SiN, SiCO and SiCN, or other suitable
etch stop material. The etch stop layer may have a thickness bétween about 100 A and about
25 1,000 A.
- [0026] In another example according to FIGS. 1A and 1B (or 1A and 1C), the first

dielectric layer 120 has a relatively low dielectric constant, and the second dielectric layer 130 1s
an anti-reflection layer. For example, the anti-reflection layer may be an SiON layer having a

thickness between about 100 A and about 5,000 A.




degree of freedomin terns of the energy |evel and dosage that produce

i nproved interface 15 bonding results. [0023] In one exanple according to
FIGS. 1A and 1B (or FIGS. 1A and 1C), one of the first and second
dielectric layers 120, 130 is an etch stop |layer, and the other of the
first and second dielectric |ayers s arelatively low dielectric
constant. The etch stop | ayer can be either the bottom one or the top one
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formed fr dmtdwe, il tadgstegr oup consi sting of a dielectric material and a

metal may B@?ilppll g onto i’:l substrate 110, followed by a second | ayer 130
formed ort fi r svubseayently, fhedaverstidg, S0atrap9saq torthe elegtionrhsam irashiatione ot her
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al l OYSp5  dielectric layer and the metal layer.
[0030] For example, the first layer 120 may be formed from a material having a
relatively low dielectric constant, and the second layer may be formed of 300 A of TaN. The
electron beam irradiation may be similar to that described above. That is, the electron beam may
have an energy level between about 1 KeV and about 60 KeV, wherein the electron beam

20 provides an electron dose between about 10 uC/cm? and about 50,000 pC/em?.

[0031] In another example, the first layer 120 is formed from copper, and the second
layer 130 is an etch stop layer such as SiN, SiCO and SiCN, or other suitable etch stop material.
The etch stop layer may have a thickness between about 100 A and about 1,000 A. The electron
beam irradiation treatment may be the same as, or similar to, that described above.

25  [0032] In an experiment including a first layer of 500 A of SiCO and a second layer of
5000 A SiOC:H, the interface adhesion after electron beam treatment was measured at 4.5 Gpa
using a 4 point bend test. Without the electron beam treatment, the interface adhesion for an
otherwise similar configuration was 2.5 Gpa. |
[0033] FIGS. 2A-2C show another exemplary embodiment. Items in FIGS. 2A-2C that

30 are the same as items in FIGS. 1A-1C are indicated by reference numerals that are increased by

100. These include assembly 200, substrate 210, first layer 220, upper portion 222 of first layer,



tantal um and tungsten. [0029] Subsequently, the layers 120, 130 are
exposed to the electron beamirradiation 152 under conditions sufficient
to cure at least a portion of the dielectric layer at the interface
between the dielectric and netal |ayers, thereby increasing interface
adhesi on between the 15 dielectric layer and the netal |ayer. [0030] For
exanple, the first layer 120 may be fornmed from a naterial havi ng a
relatively |O$/dleB§Ctrl constant, and the second | ayer. may be formed of
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treat ment 1Bayrhb€irst hgersEO0RNA Secold lafdr7BO & apyslied tddk selRGate 2 bE dndihe ¥ers 2@
[0032] In an experinment including a first layer of 500 A of SiCO and a

second | ay&posed to igadigion 257 Guffigientlng qurn the nfpsfacelbrtuetndhe fistlayer 82&endr on beam
treatment wB34 EQS%ES# P\% fl%ilr%d %):gr}q: %%eé Qgh%déla c?xr gpgz)%gloél,?%ﬁ of t\f% H%?HL ert he

el ectron beam Si on eérwi se si
confi gur at220arevigned - 5 Gpa [0033] FIGS. 2A-2C show anot her exenplary
enbodinent. ltens in GS. 2A-2C that 30 are the sanme as itens in FIGS.

| A-1C ¥t e [P0 cat edFIEry 29@%1/%@ MPFéMQIaBPIICﬁa@ thercared seqoad yer 19y aftagle  These
| ud 22 of
:‘ P?s? IeaaZCre%&Q{ %eeaél gg%dl g& Zs? glgsogrgzeur 24 %Tgeétgh rd:fa?ﬂ%&l!ﬂ? g&)gfeﬁlggg% gr |Od

251 and |rmaid1aaas thersc2itl Iaﬁhaal Il&ﬂcxdﬂﬂe;lthembwnﬂan@mndaayersdﬂlhmaw mdydres are
described above with reference to Fl | A~-1 C, substrate

not repeated. .
210 ey DO e LI BIe G UHF0 It A b0y et GHOKREer
havi ng Oriﬁ‘clﬂngZTBﬁt%k R¥REd !oaﬂ’fc[cﬁeséég%wm%o SRPALANLE Ebé&tr&ﬁi%@x%'ztsﬁ% t her eon.

5 [0034] FIGS. 2A and 2B show a configuration 200 simlar to that shown in
FI GS. 15A agenketrate the third layer if the same energy level and dosage of FIGS. 1A and 2A are used. By
depositing arelatively thin second layer 230 and exposing the second layer to the beam 252
before the third layer 240 is applied, bonding strength between the first layer 220 énd second
layer 230 can be increased, even where the combined thickness of the second and third layers
230, 240 is too great for penetration of the beam. Thus, in a configuration having a need for an
20  “upper layer” (on top of the first layer 220) that is too thick for the beam 252 to penetrate all the
way to the interface, the “upper layer” can be split into two layers 230 and 240 of the same
material, the first of which is deposited before the electron beam treatment, and the second of
which is deposited after the electron beam treatment. This technique is advantageous where'the
material of the layers 230 and 240 has a good cohesion at the interface between the layers 230
25  and 240, but improvement in the adhesion between layers 220 and 230 is desired.
[0036] Note that there is no requirement for the layer 240 to have any minimurh
thickness. This technique can be used regardless of how large or small layer 240 is (but the
technique is most advantageous where the combined thickness of the layers 230 and 240 1s too
thick for the beam 252 to penetrate completely to cure the interface material). Nevertheless, one
30  of ordinary skill will understand that, if the total thickness of the material to be formed on top of
the first layer 120 is sufficiently thin so that at least an upper portion 122 of the first layer 120 is



1B. The first layer 220 and second | ayer 230 are applied to the substrate
210, and the layers are exposed to irradiation 252, sufficiently to cure
the interface between the first |ayer 220 and second |ayer 230. Thus, a
cured second layer 231 and a cured upper portion 222 of the first |ayer

220 are formed. 10 [0035] FIG 2C shgws a third |layer 240 applied on the
cured second | ayer 231 after the electron beamirradiation step. In sone

mbodi Ment et ] 240 is. formed _material as th
second | ayare bl t Bl AL BU e ciath oshlos AR ad T, st it or0 ey
be for mecuppr miteria anetved 1&}eRed bﬁteaﬁép%ilfa!te@;}asiff PRod. DAL, | & bPBYs v e any

desired thickness, including, but not limted to, thicknesses Ich are too
great for EHEIEEeEFIGSN]4dBrinwbees depotBiopefeterfave Iybethbmihalb IFAGEr2A-IC the same

energy | evg} of FIGS. 1A and 2A are used. By depositing a
relativel ;-t%?ﬁag%g%g%gﬁsae B350 and exposing the second | ayer to the beam

252  bef or[603Me t hi Oge bRYERa 4@11iv§121§g&ér§tﬁﬂ¢ha@%£§i£&e ﬁg&&@&tﬂ tggéc the

first layer 220 and second ayer can be I ncreased, even ere the
conbi ned tiAyeE kHbdepengs on ks typscus muteiat bedaiisedtiffaste nmteriald BavediFerest rttigreat

20 tpper Tagaprtiogh RF 4 o sk inedhafon, dor cxdtopley e syt pitcmnes 1 ho

beam 252 tof SPEISCK a8ieOati e, i r' can
be"spli 1 1o tyo | HEORSTON, Bfen arrk® hiBel Tt 856 i i SURRER ShANSA |
e

which is 8% Lelf theseoons layee 230 isatade of AnRIOCHH materisltayinga dov Bielesigicond of
whi ch 4 | t.er.the el ectron be treatment, This fechnique is
advantlgaecoéglg&%teﬂr%g atai?%lra%ﬁatplgﬁeéﬁ &thefFFé’n‘iﬂgy%‘r% SWernarautoAY “L&%d #0goed
cohesi on 40038he i ntGiveR&S IR MRS HARHAIFYEHS sed I(%y@iéﬂﬂ.oﬁégf orﬁfﬂ&rg skill[ 0036]

i nprovenent in } he adhesi on between |ayers 220 an 30°1s desire
Not e that ‘AhEspdily determine @ dasivableghickress for the s¢candlaye@ 280.t Forleasmepleyaydesiradi muim

t hi ckness ;b j be .used regardl.ess.of..how. | arge or small

| ayer 240 ilglm(‘3 u({mpr\tB %g}ugéglg%%%lm&uag’ af”é’“ﬁé’éf%%‘(?&’ﬁ?‘&g%ﬁ&&@%ﬁ@? %aq‘tpr?é"‘%*rbi ned

t hi ckness seeral bayers af essec@@dy diffdredtiBickiseséed @nd deftbilg thomakiRRINDRAE AREndsSat

penet tevgchc&gmjetely to cyre the interface materi ali. Nevert hel ess, one 30
r

.
of ordfna § fnergy|Pengiizting e materihhes a threshpld dntensity levelniAdlemegiselpfa desied

mat eri al  gclRssk - Of j . 120 is sufficiently thin
so that at fea?t&gggﬁ)gggw %gt}n%is(% %%ﬁge}g#) ﬁ%shzge?(‘i%%gcrefpacflté‘fe?)iéglcﬁcgt Eed, then
it is advéyeabsbuss aod sdetingthe neginimg thckaéss seSat wilclame b stiength dach of

splitting tﬁr@s%old adhesion level (e.g., as measured by 4 point bend test).
[0039] Once the thickness of layer 230 is determined, the thickness of the layer 240 is
20 readily determined by subtracting the thickness of layer 230 from the total desired thickness of
the given material.
[0040] In other embodiments, layer 240 can include one or more layers of different

materials from the material of layer 230. In other words, once the electron beam irradiation is
applied to the layers 220 and 230 in FIG. 24, any number of additional processes may be

25  performed, and additional layers added. Layer 230 need not be the last layer deposited on the
integrated circuit 200. .
[0041] FIGS. 3A-3C show a configuration 300 having bottom layers similar to that
shown in FIGS. 1A and 1B, with like items indicated by reference numerals that are increased by
200 from the reference numerals of FIGS. 1A and 1B. The first layer 320 énd second layer 330

30 are applied to the substrate 310. In addition, a third layer 340 is deposited on the second layer



upper material into two |ayers deposited separately as in FIGS. 2A-2C. This
is because the technique of FIGS. | A IB involves deposition of one fewer

| ayer than that of FIGS. 2A-2C, and is thus quicker and | ess expensive. 5
[ 0037] One of ordinary skill will understand that a desirable thickness for
the second |ayer 230 depends on thegtype of material, because different
materials have different reflectivity and absorptance for the el ectron

beam i r r adifty i c | aye 0 i de. of SiN,
SToN. 51 00 S ORy PRPAOTRE Pl 377 BB S A0 il B T o ¢
bet ween abdifferest ndateraahthat @12 sécondl faytdB30second | ayer 230 is made of an Si OC: H

~material h@éjhﬁg a lowdielectric 10 constant, then a desirable thickness

for the se | ayefs SROVIERKEG B 2a Hhsuleyes012003 W3 0200expased tg godR}ion$S2en

any- ot her ' t I 230.. ane aof, ordinary skill
can readi Iifd%%?ng& rtr({rﬁfé@glh géecglg(?é{gl tgﬁ‘% ﬁ?%ﬁﬁ%’sagn%?g@ r?sﬁgdtg’ &do q’e gﬁgcfSO. For
exanpl & abetheseh tiedfirsttiiyee B2aE send kgef3ond by testing an anount of electron

beamir rad&oﬁ%i on that can penetrate several |ayers of respectively .
di ff erent HBkness dhusapshewn auklGn 3B druredeseond fayes3d] eduredithikhleys 34t ars

whi ch the A ' e erj al S t hreshold i.ntensity | evel.
Al ternati vg F]e?,gtgié: ugagrsiﬁ? ééég&t{aﬁ|3%€ﬂ%tg§h§éhy%g'9$6‘iﬁ§m igéchh@q‘é%ver al

assenbl i essift@ifanbousiyrigeréedinetfhosaliNesinbbaicenthe 38R Ayer!33Y 8hd thBkGINSRS. and
sel ecting the maxi mum_thi ckness tested at which the bond strength "has a

t hr eshol d 3drdiesreases interfpas aghesion detwsens the dicst lyer820 aidhithe benoud tagst380. [0039]
Once the t i s deterni he £hick f the |
220° 1 57 2 105 SBi0w  pol N u Sl R TR R Sy RS S 6 o)

fromt he tlehmliratiationed t hi ckness of the given material. [0040] In other.

enbodi rrent@ 4Iayer ﬁﬁ) an include one or nore |ayers of different
materi al s PP t he Fit dFishpwaanothsyexemply configwatinar30Qsferdhe elptonbpam el ect r on

e nalieh s S ok ey DR RUIR B S YO,

nunber of additiona océsses ma
added. LayeectroBbeansieddinian. (he fine dlekestricllaye32 Igthp s@bh&dicletiric Irer 331taag that ed

oot PR A L B e e o AT o
by ref er eneRerperRK the i dicdkcRic 18Vl §2S €hiLliring of material increases bonding density,
and thus increases interface adhesion between the first dielectric layer 321 and the second
dielectric layer 331 and between the second dielectric layer 331 and the third dielectric layer 341.
[0045] Although FIG. 3B shows only a very thin upper layer 322 of the first dielectric
20 layer 320 being cured by the electron beam irradiation, and FIG. 3C shows a completely cured
first dielectric layer 321, the depth of the curing of the first dielectric layer can be anywhere
bet\Néen these two extremes.
[0046] One of ordinary skill understands that FIGS. 3A-3C may be gerieralized to even
larger numbers of layers. If the upper layers are sufﬁciently thin, then the electron beam
25 imradiation can be applied to cure three, four, five or more inter-layer interfaces simultaneously,
to improve bond adhesion. ‘ ,
[OQ47] An exemplary configuration according to FIGS. 3A-3C includes a first dielectric
layer 320 (321) formed of 500 A of SiCO, a second dielectric layer 330 (331) formed of 5,000 A
of a material having a relatively low dielectric constant, and a third dielectric layer 340 (341)
30 formed of 1,200 A of SiON. The electron beam 352 may have an energy of 1 to 60KeV, and a
dose between about 10 uC/em?” and 50000 pC/cmz.




200 fromthe reference nunerals of FIGS. I A and 113. The first layer 320
and second | ayer 330 30 are applied to the substrate 310. In addition, a
third | ayer 340 is deposited on the second |ayer 9 330 before appl.ication
of the electron beam 352. The third |ayer 340 may be forned of a different
material than the second |ayer 330. {@042) As shown in FIG 3A the layers
320, 330, 340 are exposed to irradia 1on 352, sufficiently to cure the

second an rd | 330 ectivel t i

ot voan 1 R08] 1S ! A San 2y Bt ERREEM A FIGT AT i SR RD
FIG 3B, &yeuis eldetsm@mﬁyérame&ecaﬁcﬂmae&ﬂé Rertifforided shaghatdfbl haish a Rlativedpst a
cured upper portion 322 of the first |ayer 320 are fornmed. This technique

si mul t anedysfiglertre penatants and-the third dielestiiedayeo an @éltrﬂ@@ﬁom hié’efsecond | ayer 330

and the.t | ayer 40 nd.in reases i nt erface S|on n the
first | ay@dd glzo ano}rl’te%e ar%%x@%%an}i §ffo“°t “ﬁn%ftﬁlt %appélc Eiﬁorti on of
the fipgst t&hﬁhwgbﬂ:m}g axsyC.320 i s subst antially not cured by the el ectron
beam i rradi ation. 004{4 FI G 3C shows anot her exenplary configuration 300
after thel@®56kt r on HHE&MA-HE skt atothsnedspl. sf“I@%yﬂlAlmd‘iB/dheW@lmn@gdraﬁmﬂOO
portion of. t di.el ri.c l.ayer. 321 jis.cured by the ect.ron

i rradiati SH" ﬁ‘r?‘?éf‘%tls Gt BIFZ¢%' 3}5 VE?‘C@QJF’ itgrpshay 85%?8“%“&“8 SPRGEeef

331 and t kg ZG@fréerH&eféte%&@ﬁﬁﬂdrﬁs SENES. z%;mﬁne TR TR 8ot aao%aesbomlayé;e

el ectron beamirradiation, including the. |ower portion of the first

di el ectri 430 apeppled to thy Substr:tclﬂl(hgndihe lvaexemeakpqsqttoea&hmdneﬁm sufficetathgiot v,
and thys increases. i nterface esi wee st di e tr| | ayer
391 adll": FECHEIRGTCeR Bleedfp i P5ud st ool s al o SRRt e 1
| ayer 3314anahdtamarddhippapdnﬁ>hq92 bf the h@mszer&éom foraf245] Al though FIG 3B
shows onl iQpa very thin upper layer 322 of the first dielectric 20 Iayer 320.

bei ng cur M/ t he lﬁﬁe‘&@ Fhﬁwslgéblrﬁlﬁyqféé@ml%on%ﬁm sseomaxan gk affer the
| et el | eps. f
Chert v ot Ugitiltam iiddphich s 83 £y, e Bnnipblle dREA 10} 105 Bl ©

[ 0046] Onéhechme frﬂtcﬁalray tl&@e&dnd llu}éﬁ@it amﬂm. Ylathe HirdIaye344Bis G‘uﬂﬁaijthﬁy tg|nso
eralized to ev | ar nunbers_of |ayers. |If the upper |ayers are
suf f i (Z%Se nihaja f'ﬁ’mucqt ﬁ%ﬁwwa@i 1gadiztion tisaiment can penetrate layer 440 and cure the

interface between the cured layer 431 and layer 440. (By comparison, the third layer 240 in FIG.
2C could optionally be of a.thickness so large that an. electron beam treatment could not
penetrate layer 240.)
[0052] FIG. 4D éhows a second electron beam irradiation treatment being applied to the
20  layers of assembly 400. This treatment exposes the dielectric layers 431 and 440 to electron
| beam irradiation under conditions sufficient to cure the third dielectric layer 440 and an interface
between the second dielectric layer 431 and the third dielectric layer, thereby increasing interface
adhesion between the second dielectric layer and the third dielectric layer. -
[0053] FIG. 4E shows an example of a resulting configuration, having a cured third layer
25 441, a cured second layer 431, and a cured upper portion 422 of the first layer 420.
[0054] In one example of a structure 400 according to FIGS. 4A-4D, the first dielectric
layer 420 is an etch stop layer, the seeond dielectric layer 430 is formed of a material having a
relatively low dielectric constant, and the third dielectric layer 440‘is an anti-reflection layer. -
[0055] FIG. 4F shows another possible configuration resulting from the steps of FIGS.
30 4A-4D. InFIG. 4F, the first layer 420 and second layer 430 are completely cured (by the first
electron beam treatment (FIG. 4A) to fomi»cured layers 421 and 431.(corresponding to the



25 irradiation can be applied to cure three, four, five or nore inter-1|ayer
interfaces sinultaneously, to inprove bond adhesion. [0047] An exenplary
configuration according to FIGS. 3A-3C includes a first dielectric .lay er
320 (321) fornmed of 500 A of SiCO a second dielectric layer 330 (33 1)
formed of 5,000 A of a material havipg a relatively low dielectric
constant, and a third dielectric layer 340 (341) 30 forned of 1,200 A of

between aniioron b b TR EG B eomited YR s bafiom AT s HREN Teel ary
conf i gur atthethirddser 450gagpliek laffPa scdoft dedtronbby {Sr mdnt ‘f&'&)‘%lff?ﬁﬁerdi %) imk?}ﬁ? 'El%ci S an

etch stop layer, the second dielectric layer I ormed of a hate avi ng
a rel ati veldpesiqnaj ihgiieteriase betwecnlaytrasd ], andrdd0t Tiest FGr 4F abhidvecs reiult siailatto a n

i-reflegti 0Q49]. Th | , and i ded
Fo 11t i GBI BaRheshnafeet frasts 85, BEhl arcsprplich i, 3Evergobe] Fi GS.
4AA- AE sh X1Hh | inBRv&00
s lar Lot nat ahoen hD dnd 0 oyt Aot Bepl ot R I Binfihyd

ref er ence adhiepandiebvacn e seies efithrdsyr RO hyeos)ss hag setheeledinn baamaeasntat edch GS.

2A and 2B._The fifst ]ayer 420 and second | ayer 430 are applied to the
substrat e FEHE ngfl h{-? ﬁéa?}@%fﬁaweme%w%@tﬂ)@tlma&ﬂxaﬁr.e@imemmd theinterticent | y

to 10 cur gpinfrgial t i -S8C0o r 430.
Thus, o cormalisld) RAAGE WS % ddt hidesra DB ihe ANHARGERGT GHRY 70,

| ayer 420 layess togathee gem{iQ@dtfatibh 6f thd Elesthot@an. Finihiet] theayepk ofiddodiiy ired on t he
cur ed 1q)(-,\coaragiﬁl a%gqr 4%%1 after %h(ﬁ el gct ron beamirradiation step if FIG

4A. I n sone R0 AY e LePepig the,flpciop WIWWP%CZ‘P&FH%E”&MSWY BIeas

mat eri al afsitddo ERGOVARE AHREiorftSf sﬁcceédlnggférs, &1&?0{)&]& fothl k@rﬁ@ﬁg{"iﬂ%@e&

sufficiently thin so 15 that a subsequ el ectron beamirradi

treat nent Qf&“oﬁ@ﬁé%)’ﬂé{e | ayer 440 and cure the interface between the cured
| ayer 431 and | ayer 440. (By conparison, the third layer 240 in FIG, 2C
could optionally be of a thickness so |arge that an el ectron beam treat nent
coul d not [0gf@het r at Althougk theddinlior 1095 debBbediR 1590 W cnpfP BHb&RGHE @1

beam i{radi ation treatnent being apdpl ied to the
5  1snot limited thereto. Rather, the appended claims should be construed broadly, to include other

variants and embodiments of the invention, which may be made by those skilled in the art

without departing from the scope and range of equivalents of the invention.




20 |l ayers of assenbly 400. This treatnment exposes the dielectric |ayers 43
1. and 440 to electron beamirradi ati on under conditions sufficit to
cure the third dielectric layer 440 and an interface between the second
dielectric layer 431 and the third dielectric |ayer, thereby increasing
interface adhesion between the second dielectric layer and the third
dielectric layer. [0053] FIG 4E shows an exanple of a resulting
confi gur atyan. ipng. a cured third layer 25 44 1, a cured second | ayer 43
1, and a awﬁédsﬁgﬁgggportion 422 of the first |ayer 420. [0054] In one
exanple of a structure 400 according to FIGS. 4A-4D, the first dielectric
| ayer 420 15 agﬂgﬁch §t8$ |l ayer, the second dielectric |layer 430 is forned
of a matertal PSS 19t bondingtlayeey Vyitlip asamigpndugtes devicesemansing tiastepsaf: ¢ hi r d
di el ectyi ¢, ayg i Iy | I yer. [0055] FIG 4F shows
anot her pggéibI%ﬂggg?Fgﬁ?EF?g%1?@?%???%8% P%%1the steps of FIGS. 30 4A-4D.

I n FI G3 4HD) t hepilying b sdcayddickeific fiyer chahofidt disly@ric B$&; are conpletely cured
(by the4 first el e.ctron,tieamtreat ment (FIG, 4A) to formcured |ayers 421
and 43 (Ekor FEOSHR thedielectiq lyersioelpsironmbeantigndiationamdershrditions sefficienttp GS.

4B- 4D opi ngj it by . Layer_ 420). e .he . third lLayer 430 is
appl i eg? %ggéé%%&gnméé%%%%@&ég%g‘%&“ﬁ%@é& P&Fﬁ%n ?fg'ijtgrftf%‘lg?ﬁ%c 24 aiijﬁ%‘?"g(?e t he
adhesi @n ahe tebendididletriciayer ibérdBSiicreauR iftedaob aditdioft 6Bwedd s firstligtectiE

achi eves g resulf simlar to that of FIG 3C, wherein three layers 321, 331
and 347 ar'®<% eteepnd diglectac lappiwever, the 5 nethod of FIGS. 4A-4D and 4F
al-l ows the electron beamtreatnent to be used to i-nprove adhesi on between a
series of three or nore |ayers, so long as the el ectron beamtreatnent at

each dtade isThepppess eflaimgl, plawinrapostionrd thedistoléslectrinlayer distal from the ne of
the t t e | i i | I the & t | ot
i's © n o'[ 9f\lec ess gﬁi @@‘6‘{? @ﬁ%@%ﬁ%&aﬁﬁ%%éog’ém?doﬁ @f Xlg?qﬁmg’\gm? Hﬁad‘ﬁ%%gf st gé g'[ her

pernmt penetration of the el ectron beam Further, the steps of depositing

an 10 gddiqtion d repeating the electro am rradi ati on.can be
reiter 6alt ed as %?1 3 c?%r%%q%{? L Zlgﬁe}n@gowg ROW&%@eﬁﬁg%hﬁ% i1y E?fcugeg(!’é( di ng
| ayer s,2 r efpatroll eam iohdisthm. t ot al conbi ned thickness of all of the | ayers.

[ 0056] Although the invention has been described in terns of exenplary
enbodi nents, it 15 is not |limted there to. Rather, the appended cl ai ns

shoul d 1be 4¢0NS TheiRdcdas @ﬂﬂlalih‘pl,wgeﬂeﬁh%l’,@?thehﬁ?ﬁnd s\e&rmsm&m%{e?ﬁegﬂuaﬁm s of

the invention, which may be nmade by those skilled in the ar
stop layer, and the other of the first and second dielectric layers has a relatively low dielectric

3 constant.

—

5. The process of claim 4, wherein the layer having the relatively low dielectric constant is
2 formed from one of the group consisting of an SiOC:H material and an organic material, and has
3 athickness between about 1,000 A and about 10,000 A.

1 6. The process of claim 4, wherein the etch stop layer is formed from one of the group

2 consisting of SiN, SiCO and SiCN, the etch stop layer having a thickness between about 100 A
3 . and about 1,000 A.

1 7. The process of claim 1, wherein the first dielectric layer has a relatively low dielectric

2 constant, and second dielectric layer is an anti-reflection layer.



wi t hout departing fromthe scope and range of equival ents of the invention.
12 What is clained is: 1 1. A process for bonding layers within a

sem conduct or device, conprising the steps of.- 2 (a) applying a first
dielectric |layer above a substrate; 3 (b) applying a second dielectric

|l ayer on the first dielectric layer;44 (c) exposing the dielectric |ayers
to electron beamirradi ati on under conditions sufficient to 5 cure the
second dielectric layer and cure at |east a portion of the first dielectric
|- ayer adjacent to 6 the second dielectric |layer, thereby increasing '

i nt er f acegadheRieqiod28s s R t7NRhdréif e AtibMRetio Byef id 2a)RONaRR: hdvdngsecond
dielectric layer. 1 2. The process of claim1, wherein a pi'~rtion of the

first @i efhidkpessbetwggrabodt KA andabovtth¥0 2 second diel ectric |ayer is
substantially not cured by the electron beamirradiation. 1 3. The process
of claim1, wherein a |ower portion of the first dielectric layer is cured
by thel 29el ecThegmodeesoficiaimdgwhdréinthe electton bdren s ax arsgydévet betivaernlabowther ei n
one of _th {rs nd nd dielectric layers is an etch 2 stop |ayer, and
t he ot iznern{ek’{%aﬁg‘?‘%@&g& second dielectric layers has a relatively |ow
dielectric 3 constant. 1 5. The process of claim4, wherein the |ayer
having the relatively |low dielectric constant is_ 2 formed fromone of the
group &ond¥st i Hig nseceanofsiadr:1 Hvhaeia theslectranibesm preydesian cleglrer dagp betwaen has 3
a thickne n2abput and about lopo A 1 6. The process of
claim1, miogggéé\etﬁﬁeg%f%?uéoﬁglp {/Cé‘?'is -formed fromone of the group 2
consisting of SiN, SiCO and SiCN, the etch stop | ayer having a thickness

betvveeﬂ aﬁgut 00 A S%tzgc?d gb ut 1,000 .A. 1 7. The process of claim1,
wherein the fitSiPEFeE e ,Mgrco%gfsxgg.r elatively low dielectric 2
const ant, (Hnd FpHAEL Hire dREkcTayePdiPihe s&oAd\diglétlic 29 @6t dt€)\(c), @eahird 13 1 8.

The process of claim7, whereinthe anti-reflection layer is an SiON | ayer
havi ng3a dielectric layer being formed of the same material as the second dielectric layer.

12.  The process of claim 11, wherein a combined thickness of the second and third layers is
too thick to completely cure the second and third layers if the second and third layers are

exposed to electron beam irradiation having the same energy level and dose as applied to the

$a N =

second layer in step (c).

1 13. The process of claim 12, wherein the second dielectric layer has a thickness between
2 about 5 A and'about 500 A.

1 14.  The process of claim 12, wherein the third dielectric layer has a thickness between about
2 500 A and about 10,000 A.

1 15. The procéss'of claim 12, wherein the second dielectric layer is one of the group
2 consisting of SiN, SiCN, SiCO, SiON.

1 16.  The process of claim 12, wherein the second dielectric layer has a thickness between
2 about 500 A and about 2,000 A.




2 thickness between about 100 A and about 5,000 "A. 1 9. The process of
claim1, wherein the electron beam has an energy | evel between about 2 1
KeV and about 60KeV. 1 10. The process of claim1l, wherein the el ectron
beam provi des an el ectron dose between 2 about 10 C/ cn2 and about 50, 000
Ccnm2. 1 11. The process of claiml, further conmprising: 2 (d) applying a
third dielectric |ayer on the second dielectric |layer after step (c), the
third 3 dielectric layer being forned of the sane material as the second
dielectric layer. 1 12. The process of claim1l, wherein a conbi ned

t hi cknebs Bt t Hie pecemndf elaih 16)iwherelnatiiesesondsdielttliclaydr v foknddofenBi@Hel y cure
the second and .third layers if the second and third |ayers are 3 exposed to
el ectr b’@gtﬁ’i"il'rradi ation having the sane energy | evel and dose as applied
to the 4 second layer in step (c). 1 13. The process of claim 12, wherein
the second_ diel ectric |ayer has a thickness between 2 about 5 A and about
500 A h 1. THa&e prosessofclafm tifuither ¢amprisfrgr ein the third diel ectric |ayer

h tfi t t. 2 500 d about. 10,000 A. 1 .15. Th
bt ocess or L1 ai Rk S S aHbin By 08 St Ribhicdenbdviose e of 't he
group 2 consi Siliefigh s@%) @) McludsRbosrig@ disieht 1ag»eﬁ§§>-e1&&&1 PEREBaga®dn Whgl M

12, wherein the second dielectric layer has a thickness between 2 about
500 A &hd wsditionssuffpEnpto clue the thitd diptestrivrlaes $ie sofond delaviricBayenirel a least thee

second dielectri.c layer .is.formed of an SiOC.H. 2 mgterial. 1 18.. The
proces sgiof po%‘lloéll %ﬂf fﬁ%{&iﬁ?‘ﬁ%w @8%%?@5@ the S@Ef)“dgﬂﬂcﬁgﬁ@y . tﬁ?ﬁ?@d{“ﬁ?"é%ct ric
llayer of tinefaecdndioditeiveeh MHeGedodd Blelcd@ic Myer SR thivd dieRcidBiyet shast ep (c)

i ncl udes exposing the dielectric layers to electron beamirradi ati on under

4 condi ti opgeasimeinteifeogadhesionbpelaverhie firsit digledirie layer and dhd segand diddéstricdlaxeond
dielectric layer and at |east the

19.  The process of claim 18, wherein a lower portion of the first dielectric layer is

2 substantially not cured by the electron beam irradiation.

1 20.  The process of claim 18, wherein a lower portion of the first dielectric layer is cured by

2 the electron beam irradiation.

21.  The process of claim 18, wherein:

the first dielectric layer is formed of 500 A of SiCO,

the second dielectric layer is fonnéd 0f 5,000 A of a material having a relatively low
dielectric constant, and

the third dielectric layer is formed of 1,200 A of SiON.
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22.  The process of claim 18, wherein:
the first dielectric layer is an etch stop layer,
the second dielectric layer is formed of a material having a relatively low dielectric

constant, and
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the third dielectric layer an anti-reflection layer.

1 23. The process of claim 1, further comprising:

2 (d)  applying a third dielectric layer oﬁ the-second dielectric layer after step (c); and




5 portion of the first dielectric |ayer adjacent to the second dielectric
| ayer, thereby increasing 6 interface adhesi on between the second
dielectric layer and the third dielectric |layer and increasing interface
adhesi on between the first dielectric |ayer and the second dielectric

| ayer. 1 19. The process of claim18,.wherein a |ower portion of the first
dielectric layer is 2 substantially hot cured by the el ectron beam

irradiatio 120..T rocess of cl.aim 18, wherein | ower. portion of the
first d% el @Zt r ieép?sé‘&ﬁ}elﬁc ?‘ggﬁtﬂF I o electiop beamn E@EPB?P hFODEtiges spificat tog 21
The pr ogesaur®the il didldcdd (=Y J A i I ool i med of
500 A of S CO, 3 the o MR I ine rrfdggfeg‘l{/éee?tﬂ?ege nf Al otic lg’?égérbdtie%gaa

mat eri a¥ hdigkeetge lyerethateby sicreasingiintetfack mhesidrr ietween tigtsacvind divhdtrks liyeearidthe d
dielectgic lrﬁé%{ e’s formed of 1,200 A of SION. 1 22. The process of claim
18, whe? ei { CRUICHANEEL di el ectric layer is an etch stop layer, 3 the
second dielectric layer is fornmed of a material having a relatively | ow

dielectyic,, 4 nstant, and 5 the third dielectric |ayer an anti-reflection
| ayer. 1 24 THdCprosesoEclgim 23, ayherem: f urt her conprising: 2 (d) applying a
third dyelectri -second dielectric |ayer after step (c); and
15 3 (e) expositﬁegﬁﬁcgélaﬁlg? fgg rl;g"fp ﬁé}vé?pslaqlc& el ectron beamirradiation under

condi tibns suf fthecseestid didlectrdc laytr & folifed dTianthtdHaPhRflglal relativlElowaidecddic
interface between the second dielectric |ayer and the thitd 5 dielectric

| ayer, ‘t hefoBBnY ®r easi ng interface adhesi on between the second dielectric
| ayer and the & Hhi i el ¢l ayer. 24. The process of claim 23,
wherein: 2 the 1?(:' rstB%}ﬁgﬁngé&r%%%{#gyrgg@lhgnéxermch stop layer, 3 the second
dielectric layer is forned of a material having a relatively low dielectric
1 25.  The process of claim 1, wherein the substrate is one of the group consisting of Si and
2 GaAs.

26.  The process of claim 1, Wherein the electron beam irradiation is formed by a cold cathode

2 gas discharge electron source.

1 27.  The process of claim 1, wherein the electron beam irradiation is formed by an electron

2 source having a glow discharge cathode and an intermediate grid anode between the cathode and

3 thedielectric layers.

28. A process for bonding layers w1th1n a semiconductor device, comprising the steps of:

(@)  applying a first layer above a substrate, the first layer being formed from one of the group |
consisting of a dielectric material and a metal;

(b)  applying a second layer on the first layer, the second layer being formed from the other of
the group consisting of the dielectric material and the metal;

(¢)  exposing the layers to electron beam irradiation under conditions sufficient to cure at

least a portion of the dielectric layer at the interface between the dielectric and metal layers,
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thereby increasing interface adhesion between the dielectric layer and the metal layer.

1 29.  The process of claim 28, wherein:

2 the first layer is formed from a material having a relatively low dielectric constant, and




4 constant, and 5 the third dielectric |layer an anti-reflection layer. 1
25. The process of claiml, wherein the substrate is one of the group
consisting of Si and 2 GaAs. 1 26. The process of claim1l, wherein the

el ectron beamirradiation is forned by a cold cathode 2 gas discharge

el ectron source. 1 27. The process of1 claim1l1, wherein the el ectron beam
irradiation is formed by an el ectron 9 source having a gl ow di scharge

.cat hode, and an j nterngdi ate. grid _anode between the cathode and 3 the

di el ecttic | ayét‘%s.ec‘in%erﬁ% dedaNor ponding 1 ayers within a

sem conductor device, conprising the steps of: 2 (a) applying a first |ayer
above a supstrate, the first layer being fornmed fromone of the group 3
consi st I ng %t abgipErcssstaficlaimas.efiessiniand a netal ;: 4 (b) applying a second

| ayer o the fi I econd | ayer being formed fromthe other of
5 the g?oup cor%fsliéértséﬁ &clﬁfo%ﬁgdfﬁ?%f:@@f‘?‘f’f%frmt erial and the netal; 6 (c)
exposi ny the | aledesortddapdr @Cdn'etdh sRpaiiet.r r adi ati on under conditions
sufficient to cure at 7 least a portion of the dielectric |layer at the
interface between the dielectric and netal |ayers, 8 therehy increasing

i nterfare sdhegy ; Féﬂ»ﬁaﬁ ' 29.
The process of %@gf%%%\éﬁ%m&h%?g’i@e thék?tférnst g%;%‘%ng&?(%cft‘¥%%ﬁ?& ,
mat eri a? hBeY agl abonedkieWel y | ow di el ectric constant, and 16 3 the second

| ayer is formed of TaN. 1 30. The process of claim28, wherein: 2 the first
layer is fornmed fromcopper, and 3 the second |ayer is an etch stop |ayer.
1 31. The $# ocd&ds podcesslddichir? 88, WiRRieihe eleftfontle ipfdvideh endledirsh dake RAREY

| evel bet %gth@b}&}t 1 2 KeV and aboyt 60KeV. 1 32. The process of claim

28, whefei et ‘i“’cSirf‘bB‘étaerwOBPBW"Gb-s an el ectron dose between
1 33.  Anintegrated circuit, comprising:
2 a substrate;'
3 a first dielectric layer above the substrate; and
4. a second dielectric layer on the first dielectric layer,
5 wherein the dielectric layers have been exposed to electron beam irradiation under
6  conditions sufficient to cure the second dielectric layer and cure at least a portion of the first
7  dielectric layef adjacent to the second dielectric layer, whereby the integrated circuit has
8 increased interface adhesion between the first dielectric layer and the second dielectric layer,
9 relative to another integrated circuit having first and second dielectric layers that‘were not -
10  exposed to electron beam irradiation. |

1 34,  The integrated circuit of claim 33, wherein one of the first and second dielectric layers is

2 anetch stop layer, and the other of the first and second dielectric layers has a relatively low

3 dielectric constant.

1 35.  Theintegrated circuit of claim 34, wherein the layer having the relatively low dielectric
2 constant is formed from one of the group consisting of an SiOC:H material and an organic

3 material, and has a thickness between about 1,000 A and about 10,000 A.



2 about 10 C/cn? and about 50,000 C/cnR. 1 33. An integrated circuit,
conprising: 2 a substrate; 3 a first dielectric |ayer above the substrate;
and 4. a second dielectric layer on the first dielectric |layer, 5 wherein
the dielectric |ayers have been exposed to el ectron beamirradi ati on under
6 conditions sufficient to cure the Z cond dielectric |ayer and cure at

| east a portion of the first 7 dielectric |layer adjacent to the second
dielectric layer, whereby the integrated circuit has 8 increased interface
adhesi on between the first dielectric |ayer and the second dielectric

| ayer, 19 36el atthy Ritdgeat@nsdichie bf d15ne! *h&6in ¢hd dtdh stopayer RfofnhddSFondetR o geond
dielectric layers that were not 10 exposed to electron beamirradiation. 1

34. The i rir@iproapsdingiof SN, i and SiCH, the etclm@p &dyar lswing gfthicknsss bietveren bt second

dielectyic n etch stop layer, and the other of the first and
second:%le(bqygﬁgb%§§é§g%ﬁas arelatively low 3 dielectric constant. 1 35.

The int egr ated circuit of claim34, wherein the |ayer having the relatively.
| ow di ric onstant is_farned fromo the gro Si of an
SO0 H e | aTHERF AR DAt eI oy whora el Gilee e Bt ooy e °"
about b Owel&t@%nﬁm%d%gﬁogﬁ’gleﬁc&ﬂ:;3111 gnF:RgFeﬂb&kﬁ yaed circuit of claim

34, wherein the etch stop | ayer m one o the 2 group
consisting of SIN, SiCO and SiCN, the etch stop |layer having a thickness

o 3o Bher e PRt AR Bl e g e ok FUEAL B GOp Gy ¢
di el ect? i chacinp 4 tiicknessativeee alund 100 £ hetdboucs,000ykr is an anti -reflectl on

|l ayer. 1 38. The integrated circuit of cIa|m37 wherein the
anti-reflection layer is an SiON | ayer 2 having a thickness between about

100 A and 3bouTh&irkpeated cicuid Of clihe33) ﬂ&tﬁ&’fo%fr%ﬁs@gmwt of claim33, further
conprising: 2 a third dielectric |layer_on the second dielectric |l ayer, the
third di el ect r péhirdgdjelectrglajyes on the second dielectric layer, the third dielectric layer being

3  formed of the same material as the second dielectric layer.

40.  The integrated circuit of claim 33, further comprising:

a third dielectric layer on the second dielectric layer,

wherein the third dielectric layer has been exposed to electron beam irradiation under
conditions sufficient to cure the third dielectric layer and an interface between the second
dielectric layer and the third dielectric layer, thereby increasing interface adhesion between the

second dielectric layer and the third dielectric layer, relative to another integrated circuit having
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first and second dielectric layers that are not exposed to electron beam irradiation.

41.  Anintegrated circuit, comprising:
a substrate;
a first layer above the substrate, the first layer being formed from one of the group
_ consisting of a dielectric material and a metal;
a second layer on the first layer, the second layer being formed from the other of the
group consisting of the dielectric material and the metal;
wherein the layers have been exposed to electron beam irradiation under conditions

sufficient to cure at least a portion of the dielectric layer at the interface between the dielectric
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and metal layers, whereby the integrated circuit has increased interface adhesion between the




3 fornmed of the sane material as the second dielectric layer. 1 40. The
integrated circuit of claim33, further conprising: 2 a third dielectric
| ayer on the second dielectric layer, 3 wherein the third dielectric |ayer
has been exposed to el ectron beamirradiati on under 4 conditions
sufficient to cure the third dielectric layer and an interface between the
second 5 dielectric layer and the thi®d dielectric |ayer, thereby

i ncreasing interface adhesi on between the 6 second dielectric |layer and
the thiod déledtgchydrand tigefetal 1Bkgtdlatee toamtiet hepratadtorguibhavihgei didediric lageyi ng
7 first and second dielectric layers that are not. exposed to el ectron beam
i rradi bt i otd ameta layapthatwee pefresppsed oclfctron b@RIFRYAME: 2 a substrate; 3 a
first |ayer above the substrate, the first |ayer being formed from one of
the group 4 consisting of a dielectric material- and a netal; 5 a second

| ayer on the first layer, the second | ayer being fornmed fromthe other of
the 6 group consisting of the dielectric material and the netal; 7 wherein
the | ayers have been exposed to el ectron beamirradi ati on under conditions
8 sufficient to cure at |least a portion of the dielectric |ayer at the
interface between the dielectric 9 and netal |ayers, whereby the
integrated circuit has increased interface adhesi on between the 18 10
dielectric layer and the netal l|ayer, relative to another integrated
circuit having a dielectric layer 11 and a netal |ayer that were not
exposed to el ectron beamirradiation. .




