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BACKGROUND OF THE INVENTION
Semiconductor device geometries have dramatically decreased in size since their introduction
several decades ago. Modern semiconductor fabrication equipment routinely produces
15  devices with 250 nm, 180 nm, and 65 nm feature sizes, and new equipment is being
developed and implemented to make devices with even smaller geometries. The decreasing
feature sizes result in structural features on the device having decreased spatial dimensions.
The reduced dimensions, in turn, require the use of conductive materials having a very low

resistivity and insulation materials having a very low dielectric constant.

20  Low dielectric constant films are particularly desirable for premetal dielectric (PMD) layers
and intermetal dielectric (IMD) layers to reduce the RC time delay of the interconnect
metalization, to prevent cross-talk between the different levels of metalization, and to reduce
device power consumption. Undoped silicon oxide films deposited using early CVD
techniques typically had a dielectric constant (k) in the range of 4.0 to 4.2. In contrast,

25  wvarious carbon-based dielectric layers that are now commonly used in the semiconductor
industry have dielectric constants below 3.0. Many of these carbon-based layers are
relatively unstable when initially deposited and are subsequently cured in an oxygen

environment and/or annealed to increase the film’s stability.
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The module may further include an access door on both the curing chamber and the treatment
25  chamber. Each access door is operable to be moved to an open position to receive a
substrate, and operable to be moved to a closed sealed position during while the substrate is

being cured or treated.

Embodiments of the invention further include a substrate processing system that has a
plurality of deposition chambers, and a first robotic arm operable to move a substrate

30  between one of the deposition chambers and a load-lock substrate holding area. The system
may also have a second robotic arm operable to move the substrate between the load-lock
substrate holding area and a curing chamber of a substrate curing and treatment module. The
substrate curing and treatment module is attached to the load-lock substrate holding area, and

may include: The curing chamber for curing a dielectric layer in an atmosphere comprising
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by reference to the remaining portions of the specification and the drawings wherein like

reference numerals are used throughout the several drawings to refer to similar components.

20  In some instances, a sublabel is associated with a reference numeral and follows a hyphen to
denote one of multiple similar components. When reference is made to a reference numeral

without specification to an existing sublabel, it is intended to refer to all such multiple similar

components.

Fig. 1 shows a simplified cross-section drawing of a substrate curing and treatment module

25  according to embodiments of the invention;

Fig. 2 shows a simplified drawing of substrate processing system that includes a pair of

substrate curing and treatment modules according to embodiments of the invention;

Fig. 3 shows another drawing of a substrate processing system with a pair of substrate curing
and treatment modules coupled to a load-lock chamber according to embodiments of the

30 invention;

Fig. 4A shows a simplified front-side perspective drawing of a substrate processing system

with a pair of substrate curing and treatment modules positioned on opposite sides of a load-
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while the substrate is being cured or treated. Module 100 shows substrate racks 112a-b that
can hold a plurality of substrates 108a-c in the chambers at the same time. This makes
module 100 a batch cure and treatment module that can perform curing and treatment steps
25  simultaneously on multiple substrates (e.g., 2 or more substrates, 3 or more substrates, 4 or
more substrates, 5 or more substrates, 10 or more substrates, etc.). Additional embodiments
may include an alternate structure for holding the substrates, such as a platen that may be
translatable in a vertical, horizontal, and/or circular direction. These alternate structures may

be operable to hold a single substrate or multiple substrates.

30  The module 100 may receive substrates from a robotic arm 114 that has a positioning arm
116 operable to move a substrate into and out of the curing chamber 102 and transfer

chamber 104. The positioning arm 116 may place a substrate 108a-c into the substrate rack
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be mixed and sent to the curing chamber 102 in a single stream, or provided separately and
first mixed in the chamber. The gases delivered to the treatment chamber 104 by distribution

system 118 may include water vapor, argon, and molecular nitrogen, among other gases.

25  The heating system 122 is operatively coupled to heating elements (not shown) in both the
curing chamber 102 and the treatment chamber 104. These heating elements are
independently controlled by the heating system 122 to permit the temperature of the curing
chamber 102 to be different than the temperature of the treatment chamber 104. Independent
temperature sensors (not shown) may be present in the chambers to monitor the chamber

30  temperature and provide feedback to the heating system 122 for adjusting and/or maintaining

the temperature in the chamber.

Referring now to Figs. 2 and 3, a substrate processing system 200 is shown that includes a

pair of substrate curing and treatment modules 202a-b, according to embodiments of the
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whi | as distribution s ten1and he tin envi r onnent
' e CibRRge Sl s P GehEiiear Tesied o BOBPR AT Wb gER 5 on
the sub%alﬁ{g@y E@lﬁ)l@%&ﬁe FUs @, TRNRbAEAESRa ?é%'é tlﬁﬁﬁ{ meweoegmd ARt Nead: obot
arm may take cured substrate and trans it o t he treatnent chanber

of the §a¢i90hfmd19r éo@w@hilbe aifhéa adhodis 9rmd gt shéwrhpositionad frethe FB0Aobteber may
be pl aced, i n a cl os eal t a st utlon stem and
. rgb%t% S araja% en LANS thlg Sthst[ra%t oIy tl%el?llgaég-ﬁoagg ﬁarnt)%r j’04t%? Qng %Et%g

heat i ng e eV state

t o prodygecdsifig tRntRng2 t0acheticposisdicadrenor®luntiied etbeaic laj@s bh aat ment
process, the access door may be opened, and the robot arm may renove the
curd, tub¥rEl substrate fromthe modul e 210a-b and return WO
2012/ 048044PCT/ US2011/ 054984

After the deposition, the robotic arm may transfer the substrate from the processing chamber

210a-f back to the load-lock chamber 204, where the initial robotic arm may place the
substrate into a curing chamber of one of the modules 202a-b through an open access door in
the chamber. As noted in the description of Fig. 1 above, after the robot arm has placed the

25  uncured substrate in the curing chamber, the access door may be placed in a closed-sealed
position while the gas distribution system and heating system adjust the environment in the
curing chamber to a curing state. Once the dielectric layer(s) on the substrate has been cured,
the access door may be opened, and the robot arm may take the cured substrate and transfer it
to the treatment chamber of the same module 210a-b. The access door of the treatment

30  chamber may be placed in a closed-sealed position while the gas distribution system and
heating system adjust the environment of the chamber to a treatment state to produce a cured
and treated substrate. At the end of the treatment process, the access door may be opened,

and the robot arm may remove the cured, treated substrate from the module 210a-b and return



it to a FOUP 208a-d while the substrate awaits renoval from system 200.
Alternatively, the cured, treated substrate nay be transferred back to one
or nore ovVorbhe/@s@dessi ng chanbers 210a-f for additi onalPClaSe&l1054984
etching, CWP, etc., before finally being transferred to one of the FOUPs

208a- d. 1651 HleOUR AQBa-dhvdhvilostherputistrpie g watts rrmaexsd frpaictystemd0 0p ¥ legpeattvielye the

dr aw ngs i 0 i pair
of *subarPiFEREEEY hiloky Pl B SRR S e S AL BRI R e o o
si des of2]8alfdackddainacdupabicion Adhind) MP el beoeSinMly beimg3@hsfofres tdsicroft e
processi ng_chanmhers 406a-f according to enbodi ments of the invention. These
figurestgﬁgﬁﬂgﬁéo%ﬁéules 402a-b attached on opposite sides of the | oad-I|ock
chanber as 10substantially planar to a front side of the |oad-Iock chanber
t hat Sat tlaghdd &B shdve sihadifiod yronhérer baak siderpetspsttowrdrawiags,medpeckinadowéa t hi s

configuration of the nodul es 402a-b perpit themto be integrated with the
overal | Sélt]ﬁg?ﬁ? BOECHINESEEE Os”‘aﬁfé?rp éepwtbﬁﬁﬁ%}ﬁfuﬁl%?@a%‘?%gﬁtﬁ%o idth of the

system 4yBq 1Okre b&i%ﬁe@r j %p&‘@ifeﬁi&é@ &f 8 WHALIbRY cifmBh 204 padmkQEichANRA]E: 406
with the FI. Figs. 5 shows a sinplified overhead view of a substrate

pr ocessiaiguksjraterro&B0ing shaimbrra4d&Gs ibsordmetocmtiodgnenttiof the atvieeinen. nbthst e 502
positioned adjacent tq th . 504 ositioning of .th ring and treatnent
odul oS08 SarBEaR mpfulndoda s nad PERbieloRe hebEfulon il bt as T r om
t he 1depasibithnllghemaeioss @bntsitR dFakkphélgo&f chifi®ethat AQEhEE WY fact@gy well as
delivery of the substrates fromthe curing and treatnent nodule 502 to the

FOUPs 508igrfdce Gehshoavnon As etetiragaye, shigleodfgurgiwnmf therpedway 447g-aprrmitteemnent
dul . . i . . i I 1. bed
cover ar Db areRARANE Ry ARR sERFuicIROTE Bihecth 408 Fyfbu KA (ESAELDC

t hat vardfelssyswrei 400G at inddreringlviiel thalcbwingwTshid ledlaischaaber Aguiiathe s may
be used without departing fromthe spirit of the invention. Additionally, a

nunber gf; é’."%!shb%ﬁ'9%ﬁf%ﬁ%ﬁé&%@)@%wﬁ‘dﬁ%ﬁ%&é{gg@eﬁﬂl 55?&@1% BPHaLiged N

order to VOl unnecessar |l scuri ng t ent nventi on.
Accdsdi mgbstrat¢ heirabodéredesat ipilitlers 02 positidnebidjdment mkbnFRS04. i Rusttionipgtdfe

scope of  the.invention. \Wer range of values is provided, it is

cinder st dBHOHRE Bt Ty SR g Geae. o i TS whvPrEbe RO B e
lower | igibitraddd 58 thRpeQRbEXhantBb the Balitsidctst tRE PEMVE SRwn) Sl WRENst he
upper and lower limts of that range is also specifically disclosed. Each

smal | er delimgre db ghasebriraies/T@0shacuwsmaeal treatorent modrleSn e thediQIePY Hta-&t at ed

2n0e g gL S L ALl B B AR

i ndependgmbliysig Jfmed pided or excluded in the range, and each range where
either, neither or both limts are included in the snmaller ranges is al so

enco npasﬁ?ﬁ@ﬂé"éiésmigedt J%@eﬂaf‘é’rﬁ%dn%@ms, it will be recognized by those of skill in the art that

various modifications, alternative constructions, and equivalents may be used without

departing from the spirit of the invention. Additionally, a number of well-known processes

and elements have not been described in order to avoid unnecessarily obscuring the present
25 invention. Accordingly, the above description should not be taken as limiting the scope of

the invention.

Where a range of values is provided, it is understood that each intervening value, to the tenth
of the unit of the lower limit unless the context clearly dictates otherwise, between the upper
and lower limits of that range is also specifically disclosed. Each smaller range between any
30  stated value or intervening value in a stated range and any other stated or intervening value in
that stated range is encompassed. The upper and lower limits of these smaller ranges may
independently be included or excluded in the range, and each range where either, neither or

both limits are included in the smaller ranges is also encompassed within the invention,



WD 2012/ 048044PCT/ US2011/ 054984 subject to any specifically excluded Iimt
in the stated range. Where the stated range includes one or both of the
limts, reoger/esedudi ng either or both of those includ@dTiiseit®sese al so

included. As used herein and in the appended cl ains, the singular forns
"a", "arbubjegite any Keecifigadly gueludgsl limiiin thefstatechragge nWaises thstated fensetind péasr | y

di ct at es, L gr Wl e TANS o[ AL SARL il S BLANGGIR 1o RUAEFRE o LG udes”

pIurallty 0 processe rence he 'su rate nc
r ef er endaclu@edone or nore substrates and eqU|vaIents t her eof knomn to those
skiIIed inthe art, and so forth. Also, the words "conprise," "conprising,"

"I ncl Ude%s usehﬁgﬁeﬁgéﬂlﬁn th@'«?@en&&f%léﬁﬂfsst g’fﬁ?ﬂlayfcﬁﬂlslg" gt B BrefRERLIRpCAt i on

and in e tollowng cl are i ntenhde 0 specify’the’presence of stated
f eat 0r eplutahteggyents pnlcentponertts, clarlysti@pss othetwisd eI/huslofom Gkarpplemefﬁdﬂwb e

O epe,  aaEoctoy igHBa PICREYRS to AR Lestrncs b sBss v’ FSNEER NED
I S: reference to one or’mor® s3b¥atds ahe e@f&l%l@ﬂs angkedr 'kﬁ@@vﬁ%‘{hogpﬂ&ﬂl@d BAAPLk S NY:

a curing chanber for curing a dielectric layer in an atnosphere conprlslng
ozone, amd safentleat ment chanber for treating the cured dielectric layer in
an at nosphere conprising water vapor, wherein the curing chanber is

verti cal Ao, aRS Wol@Medmptiidy' TeoaPeisingl'Oifldde ik @@iiAENhnIANNESS" when used a
heat i ng systen1 eratively coupled to the curin anber and the treatnent
charifer ,infHe meqcrtp Hien preehini they f@@mlwlagnw@ rra@ndfzg te gpostly taxpresenpe ef stated

e e e PR O s S T s RE P B, L

about 1Q€;or atvde other features, 1ntegers, components, steps, acts, or groups.



10an access door on both the curing chanber and the treatnent chanber,
wherei n each of the access doors are operable to be noved to an open
positi on WO 20208B0M@ a substrate, and operable to be novedTius2@105498€d

seal ed position while the substrate is being cured or treated. 2. The
modul e AWHABRISCLAIMERS:n t he curing chanber and the treatnent 15chanber
can receive a plurality of substrates at the sane tine. 3. The
nmodul e of claim2,; wherg . vertically
positioned with respect %@m%g%ﬁﬂgygg£&%¥m eg§%§§9%86@§n%%§r or the

treat ment chanber .a curing chamber for curinga didleetrioctaitt & af atelogpher@conhrizigs N t he

nodule is a batch substrate c rlng .20 and treatment nodul e 5.
The modfiZen% e pATCAImMent Ghamber Eort TFrating g @ ad i ﬁ@FlCi%yﬁf)m WmgSRIgEe

di stri by sﬁ%%a%? GOUR W dif e RGrifY EhEh & RAPRELal 'r{ﬂsfftllaﬁe& &J?Lﬁtr Blt to
chanber, erern the gas distribution systemis opérable to intr duce a
curlﬁg qhsntﬁnpnidmn@eozone to the curing chanber, and a treatnment gas
conpri sing water

SRR IR KL ot e A Qgﬁi@?ﬁ%ﬂgﬁ%@g e B b wobming, ™ >

exhaust dhB@bEUWheLiEmS hbateHR dyiRnlild bbaidti chRMHARIst &gkt k8 dritgRl JTRAS c&ﬁi"g from
the treatnment chanber. 7. A substrate groce55|ng system conpri si ng:

plural i toylamberderf@m et lé%"é:n@eqbgut 20401 20uixp e4BBUA RCTNUS2OE I OS 9§ 81
a first %BﬁﬁnﬁgﬁnmeQ hn&g %f%raﬁé £ bet ween one of the

dep05|t|on o ers'and oad ol ding area; a second

robgpi ¢ arm oper abinéact@s ldﬁéﬁébtﬂb‘tﬂh ﬂtmrnﬁlgtcﬁarbeérmelﬂmtmtﬂl@@@hmb& substrate
hol di ng area and a_curing chanber of a substrate curing and treatnent
nodul e, Sh#ieRSpeh efithe %%&St doprearg 9pPBledp Be Movsd it ONHPEPEoN 0 KceiERed t o

the | Oadsu‘bﬁ&'fe,%ﬂﬁ’ %I)ér%l@ to be moved to a closed sealed position while the substrate is being

cured or treated.

2. The module of claim 1, wherein the curing chamber and the treatment

15  chamber can receive a plurality of substrates at the same time.

3. The module of claim 2, wherein the plurality of substrates are
vertically positioned with respect to each other in the curing chamber or the treatment

chamber.

4. The module of claim 2, wherein the module is a batch substrate curing

20  and treatment module.

5. The module of claim 1, wherein the module further comprises a gas
distribution system coupled to the curing chamber and the treatment chamber, wherein the
gas distribution system is operable to introduce a curing gas comprising ozone to the curing

chamber, and a treatment gas comprising water vapor to the treatment chamber.

25 6. The module of claim 5, wherein the module further comprises a gas
exhaust system configured to exhaust the curing gas from the curing chamber and the

treatment gas from the treatment chamber.

7. A substrate processing system comprising:

a plurality of deposition chambers;



hol di ng area, and wherein the substrate curing and treatnent nodul e
conprises: the curing chanber for curing a dielectric layer in an

at nospherwocomMssitng ozone, and a treatnent chanber foPCrisaeitiogoshe cured
dielectric layer in_an atnosphere conprising water vapor, wherein the
curing chanber i s a/istiobali¢ ymperdrehle fe@ovs & Rubstsisdetwacy ong of He depestiorent

chanber(jl%mFsangalo%lﬁgg&hﬁgﬁggﬁfﬁ&%gggratlver coupled to the curing

chanber erein the heating systemis operative

to adjust a first d4eopel@boticadf opdighle w inoge thbanbratd etk éanthabadtiodd0C to
about 200C, and to adjust a second tenperature of the treatnent chanber to
fr om aboubsteéchel 61ng@&ﬁanﬂ@cfeﬂnaﬁaa@3ﬁaﬂf acpledsteraing gRd Hsetenh@ogdylei ng

chamiger ma&% &%@@ét@%{?ﬂ rgﬁﬁl%'EmeﬁWEJa%!&s SRsthcfto {hlaefo&gﬁ)@ﬁ §u6§&9{e5 are

operabl e to be nobved to an open position to receive a substrate, and
oper abl eholdngpercapanddvlicocia titd substthts eatirerhnposiatrhen nchduiengpmvgdrisee t he substrate

is being cured or treate e systemof claim7, wherein
the second robot | éﬁ%ﬂﬁl}gscha@é%iﬂr SUHiRE %616&&?63@%% ay afs%qSPﬁﬁrs COMBISiPGe

curing cisAdend andaGeint ¥RImid SorstHahs alc@ut dib8cttit 8/ RN ARBRREC

9. The systen1of claim7, wherein the systemconprises a plurallty of
subst r ateempuisinggvaerdvappie atheran thewdtihg shanlbes ievartieslyrpompign¢dwith respeetdhed t o
thelloa |9 % Rﬁf te holding area. 2510. The systemof claim7, wherein
t he gurlﬂ a’the treat ment chanber can receive a plurallty of

substrates at the S@aBng ky¥om operatively coupled to the curing chamber and the treatment
chamber, wherein the heating system is operative to adjust a first temperature of the curing
chamber to from about 150°C to about 200°C, and to adjust a second temperature of the
treatment chamber to from about 80°C to about 100°C; and
15 an access door on both the curing chamber and the treatment chamber,
wherein each of the access doors are operable to be moved to an open position to receive a
substrate, and operable to be moved to a closed sealed position during while the substrate is

being cured or treated.

8. The system of claim 7, wherein the second robotic arm is operable to
20  remove the substrate from the curing chamber and deliver the substrate to the treatment

chamber.

9. The system of claim 7, wherein the system comprises a plurality of
substrate curing and treatment modules, wherein each module is attached to the load-lock

substrate holding area.

25 10.  The system of claim 7, wherein the curing chamber and the treatment

chamber can receive a plurality of substrates at the same time.

10



