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materials have carbon and hydrogen atoms incorporated into a silicon dioxide lattice,

20 which lowers the dielectric constant of the material. However OSG materials may be
susceptible to damage when exposed to Oz, Ha, and NH; gases, which are used for
stripping photo resist. Porous material has pores, which allow stripping plasmas to
reach deeper into the layer causing greater damage.

Porous OSG materials may be very susceptible to damage due to the removal

25  of organic content by exposure to the plasma used to strip the resist and sidewalls.

The plasma may diffuse into the pores of the porous OSG layer and cause damage as
far as 300 nm into the OSG layer bordering the opening. Part of the damage caused
by the plasma is the removal of carbon and hydrogen from the damage area causing
the OSG to be more like silicon dioxide, which has a higher dielectric constant.

30  Damage may be quantified by measuring the change in SiC/SiO ratio of the OSG
tayer from FTIR analysis. When translated to the trench side wall that means a
damage of a few hundred angstroms on each side of 2 2000 A trench wall.

Tt is desirable to reduce damage to porous low-k dielectric layers during the

stripping process.



It is desirable to reduce damage to porous lowk dielectric layers during
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source is in fluid connection with the gas inlet. A controller is controllably connected
20 to atleast one of the gas source the at least one electrode, the pressure regulator, the
gas inlet, and the gas outlet. The controller comprises at least one processor and
computer readable media. The computer readable media comprises computer
readable code for providing an etch plasma for etching a feature into a porous low-K.
dielectric layer, computer readable code for providing a deposition plasma for
25 forming a protective layer over the feature after the feature has been etched, and
computer readable code for stripping a photoresist mask from over the porous low-K
dielectric layer, where the stripping removes part of the protective layer and leaves
small protective walls formed from the protective layer.
In another manifestation of the invention a method of forming a feature in a
30 porous low-K dielectric layer over a substrate and disposed below a patterned
photoresist mask is provided. A feature is etched into the porous low-K dielectric
layer through the photoresist mask. A protective layer is deposited over the feature

after the etching the feature. The patterned photoresist mask is stripped, so that part



I n anot her mani festation of the invention a nethod of formng a feature in
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controller.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the
20 following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present
25  invention. ‘

To facilitate discussion, FIG. 1 is a flow chart of an etching process of porous
low-k dielectric layer used in a preferred embodiment of the invention. Where the
pores are nanometer sized pores. More preferably, the pores are from about 1 nm to
about 10 nm. In the definition and claims, the phrase porous low-k dielectric is a

30 dielectric with a dielectric constant of less than 2.3, since dielectric materials with a
diclectric constant of less than 2.3 are usually porous. Some examples of porous low-
k dielectric materials are JSR LKD-5109 Low-K. dielecfric, made by ISR Corporaﬁon
of Tokyo, Japan and Zirkon™ LK made by Shipley Microelectronics, which is a
subsidiary of Rohm and Haas of Philadelphia, PA.- Some porous low-K dielectric
3
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20 Other methods of forming a patterned resist mask may be used. The substrate 208
may have a contact 209 and a barrier layer 210.

The substrate 208 may be placed in an etching chamber where the porous
dielectric layer 204 is etched (step 120). A plasina dry etch may be used to etch the
porous dielectric layer 204, which forms an opening 224 under the aperture 220 in the

25  patterned resist mask 216, as shown in FIG. 2B. Some of the patterned resist mask
216 is removed during the porous dielectric layer etch. Such porous dielectric etches
may use a chemical etch, such as using a fluorine based etchant. For example, an etch
chemistry may use C4Fg and N; at low pressure. As a result, the sidewalls of the
feature may be etched. In addition, such etches may deposit polymer during the etch.

30 Such etches may use some O, but the amount of O; would generally be less than the
amount of O, used in the stripping process. Since the amount of O, is small and the
pressure is kept low, the etch chemistry does not damage the porous dielectrie, as

much as a stripping process would.



The substrate 208 may be placed in an etching chanber where the porous
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The protective walls 230 are thin enough to avoid adhesion failure. If the protective

20 walls are too thick, they may delaminate causing adhesion problems. On the other
hand, if the original protective layer is too thin, then there would be insufficient
protection of the porous dielectric layer. Generally, sidewalls that may form as a
result of the etch step are too thin to provide sufficient protection of the porous
dielectric layer, which is why a polymer deposition step after etching is completed is

25 nceded. Preferably, ion bombardment is used during the strip, to preferentially
remove top surfaces of the protective layer without removing the protective walls.

In some embodiments of the invention, the barrier layer 210 may be opened
after the photoresist 216 is stripped. The protective walls 230 may firther protect the
porous dielectric layer during the opening of the barrier layer 210. A next layer is

30 then formed over the protective walls 230 (step 132). In one example, a barrier layer
240 is formed over the protective walls 230, as shown in FIG. 2E, and a copper
contact layer 244 is formed in and over the feature. Chemical mechanical polishing is
used to remove excess parts of the barrier layer 240 and copper contact layer 244 to

form a copper 246, as shown in FIG. 2F.
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20 power source and a 2 MHz power source. Different combinations of connecting RF
power to the electrode are possible. An Exelan 2300™, which is made by LAM
Research Corporation™ of Fremont, California, may be used in a preferred
embodiment of the invention.

FIG.’S 4A and 4B illustrate a computer system 1300, which is suitable for

25  implementing a controller 335 used in embodiments of the present invention. FIG.
4A shows one possible physical form of the computer system. Of course, the
computer system may have many physiéal forms ranging from an integrated circuif, a
printed circuit board, and a small handheld device up to a huge super computet.
Computer system 1300 includes a monitor 1302, a display 1304, a housing 1306, a

30 disk drive 1308, a keyboard 1310, and a mouse 1312. Disk 1314 is a computer-
readable medium used to transfer data to and from computer system 1300.

FIG. 4B is an example of a block diagram for computer system 1300. Attached
to system bus 1320 is a wide variety of subsystems. Processor(s) 1322 (also referred
to as central processing units, or CPUs) are coupled to storage devices, including

6



15 confinenent rings 302 and an exhaust port by the exhaust punp 320. A
first RF source 344 is electrically connected to the upper el ectrode 304.
A second RF source 348 is electrically connected to the | ower el ectrode
308. Chanber walls 352 surround the confinenent rings 302, the upper

el ectrode 304, and . _Both t RF.soyrce 344
and the sec oﬁ%llﬁl—'y Sl %% M%@?éy ﬁ%ﬁc‘%%g?ﬁ g goén igcewe%ryp{%@d) %@JF%@'%@G a2
MHz power sopfegtory BROMI entis eeiikinbaiiin bt #f ROMAEE s Agndier dapONRI to the
el ectrode are gosm ble, An Exel an 2300TM which is made by LAM Research

Cor por at i onTNSBRCtREHiredtanpiiviorthe CPieanddbAlsis gsedityaicpie toetrpuster data
embodi ment  of, 4 f h@nﬁ%%gh# gpz-d%ﬁ;onﬁ A @{‘dBé%E of ﬂey?s ﬁ;@?% &¢ 1%51§§H8é‘ﬁ §§ system

1300, which I's suita I"eme usé
enbodi mefit s okchideanp sesaid of the eﬂrhbﬂﬁr—rdﬁﬂﬁle n&&\la&i&@mﬂ)edlbeloﬁhﬂsﬁlfbde& dﬂiltyS' cal

form of the conmput r s stem O course, the caqnputer system may have nmany
physi cal for ﬁ%znéro gllﬂ -dReqtiopaldy tor @l d P25t provides additionad dafarstaupge

board, and a; a?i@iti/ mmqggisg i8Ydd Cag%lb? tﬁegco?lbciﬁ't%gqié%gﬁrm&ﬂgﬂgstcﬁﬁeﬁgggwpUt er

system 1300 | des a nitor ousi n
di sk drive 1BG8&d dskkidghbamydeliBidio siore programs,elata3 ] thBilkk ahd ikyprally a

conput er- readable nediumused to, transfe and_from conputer system
1300. FIG 4¥°Pedary 5@&%%1‘%‘15‘69’ (spch a8 @hagg éﬂsaﬁ%tfl%? OWEhibaR BHMEETtRI34-300.
Attachedp t ofrsyBtRMPkSialeddRatithe ﬁlfé%ﬁ%ioﬂ Fthigby wﬁﬁnﬁﬁ‘;ﬂ%&ﬁﬂ@[@% BERGessor (s)

1322 (also referred  to as central processing units, or Us) ar'e coupl ed
to storage deppremssate tases, bdimeprigoratedor stanidiiedifashionws yu“mzmenmcy indesmogndom

et Rt aot 40 BB AACTAY ey BRRBE o Py e S Bbr SRS (o' ¢ he
CPU and RAM msdidsieskribepbeRid.y to transfer data and instructions in a

bi -directional manner. Both of these types of nenories may 5 include any
suitabl e of the ©BHPJIRRIS Femeramiad tﬁ@diaaefd@sfemnuyewtpbédwes,asurchﬁedlsalayk 1326

is also §OUpﬂﬁq péy'b%%rdelc.’:tlb %Léeyliitlg gg)hge]aﬁ 13;3(?‘| B e\ﬁe1? r_rgl!lt}&) dat a

storage capamty an SO 11C e medi a

descri bed belevite méy leﬁﬁh}d)fSkldﬂ’BaﬁpmS’, tiaek bslmjnima kkﬁf@rdsr ogdrapkonesiat a, and
the |i ke and | t ypical | secondary staorage nedj um (such as hard di sk)
that is slodghol ﬁlflaﬁdh% FAYSSHEaFaEr card readelsy MpSisdic 5 preditategadsint t he

i nformation thekRl KOs VHcE of hatRt rifingXeb3iBef®YiomeRics readers, or other

computers. CPU 1322 optionally may be coupled to another computer or

20 telecommunications networl using network interface 1340. With such a network
interface, it is contemplated that the CPU might receive information from the
network, or might output information to the network in the course of performing the
above-described method steps. Furthermore, method embodiments of the present
invention may execute solely upon CPU 1322 or may execute over a network such as

25 the Internet in conjunction with a remote CPU that shares a portion of the processing.

In addition, embodiments of the present invention further relate to computer

storage products with a computer-readable medium that have computer code thereon
for performing various computer-implemented operations. The media and computer
code may be those specially designed and constructed for the purposes of the present

30 invention, or they may be of the kind well known and available to those having skill
in the computer software arts. Examples of computer-readable media include, but are
not limited to: magnetic media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD-ROMs and holographic devices; magneto-optical media

such as floptical disks; and hardware devices that are specially configured to store and

7



appropriate cases, be incorporated in standard fashion as virtual nenory in -
menory 1324. Renovabl e disk 1314 may take the form of any of the
conput er -readabl e nedi a descri bed below. CPU 1322 is also coupled to a
vari ety of input/output devices, such as display 15 1304, keyboard 1310,

mouse 1312 and.seeadeRss cdd3Quc 4d ar@Bbsioaspesificiintpgiatedutipuits (Alsldste may be
any of: video displays, track balls, mce, keyboards, .m c]?’&hcines
t ouch- sensi tprogradirsgilialpgic devines Rics) avd ROMeddaM dayigest Franplenaber tape
readers, tabl et styluses, voice qr Il LiIE! $hd PleMet rics
readers, or Bt érc(‘?g‘%ﬂﬁf@leyac Cfgﬁ’f“?g?%fﬁa?‘fkg%ﬁge ig%‘:!ti’pi‘fned to anot her
conput er or c%@itéiﬁhgmg'mﬂm@laioﬂeﬂ&tra@temme@sy agometteo nking @t entbmpreerl 340,
Wth such a networ Iinterface, it is contenplated that %Q,e CPULgi gt{'})a
recei ve § nf ofemputshrendahle misdia e sl6? Re CHRPHPIGHAAC SEPHHed DY G FRRREH 15 ¢ he
network in the cousse oLy 2DAYE-1856E1cEoe nERLBRShsThaRSe
Furt her nor e, ™ a§ﬁ%lggglﬁgﬁ)%ip%%%%?g%é@%ﬁ ese}#{ga I ﬁver?ti o# may exSecute

sol el y upon &RchthBRDyarpromgs@xecut e over a network such as 25 the Internet

in conjunction with a renote CPU t hat_  shares ,a.portiopn of th rocessi ng.
I addi t1on, _enbORRRETISmER SR ESaPoT UL AR, FhptrerParga s
computer st la0h AAYSL Sl eSO IRisko RAJAN BowHhUMdabALiaNe

conmput er cod ereon perform ng various conputer-inpl emented |
operati 0fs. gdreusidieatrianyer afpuiresddivey ethrymbedinteatsenapperiam hedidinghed

and constructed for the purposes of the present. 30 i tl or they may
be of the. ki SRPOSISHE RRUGHIVE A oAl SRR B SRR1 ‘%&%%%rtse&?’?’f)' in the
conput er sof t war g1;851c8 thE4RRRL T aMenbIP BRI Afatddeddab)] tRe Rdhton mal uthe bebut
are not limted to: magnetic nmedia such as hard di sks, fl oppy. disks, and

magnet i ¢ t apesed fopttlong aviadira tersh afisr Tpakenbearriched BGEdH & VEaftEas;
magnet o- opti cal di.a,.such as f ti i.sks; d VAL SavileWlGes that
are special | 961}95‘21%16 Slﬁr bee geligdy H%E%ne&_&g%egg{é% il}t%d%rab%@r%&c ode,}gs uct as
appl i catkon- gpeei bi & thotaghabereine pUblotes(shfl stispped. [in sgnenawmb) the hexdi ¢
devi ces (PLDs) and ROM and RAM devi ces, Exanples of , conmputer code include
machi ne codelayedspositedpvenitic @motpgiivg wealispnadehe 2 phIoTsIFERAS: ont ai ni ng hi gher
| evel code that re execut ed by a conputer using an interpreter. 5 Conputer
readabl e nedi a ngy—aEf—so be conputer code transmtted by a conputer data
si gnal enbodi ed inencexample @thaviwentior apepnssisnitding layeseiidhEE 109 1s
instructions that are. - ) i ) dielectsi
spun onto a substrate. A silicon oxide cap layer is deposited onto the porous dielectric
20 layer. The cap layer is about 500 A thick. An organic ARC layer is formed over the
cap layer. A patterned photoresist mask is formed over the ARC. In this example, the
photoresist is 193 nm PR from Shipley.
The substrate is then placed in a Exelan 2300 dielectric etcher. A feature is
etched through the ARC layer and the porous dielectric layer. An etch chemistry of
25 10 scem of C4Fs, and 12 scem of O, is used to etch through the porous dielectric
layer. The chamber pressure is set to about 120 mTorr. 1,000 W are provided by the
27 MHz RF source. 1,000 W are provided by the 2 MHz RF source.
After the feature is complete etched, a protective layer is deposited over the
feature. This is done in situ. A deposition gas chemistry of 50 scom of CoHy and 5
30  scem of O, is used to form a polymer deposition on the feature. The chamber
pressure is set to about 120 mTorr. 500 W are provided by the 27 MHz RF source.
500 W are provided by the 2 MHz RF source. The deposition lasts for 15 seconds, to

provide a deposition layer of about 300 A thick.



execut.abl e by a processor. O her exanples may use ot her deposition devices.
In other enbodinents a special etch may be used to renove the protective
wal I s 230 wi thout damagi ng the 10 porous dielectric layer 204. In addition,
ot her enbodi nents may performthe etching, depositing a protective |ayer,
and stripping i epar.a .S i Bl : i.he: hirg ;i Of a
trench is ill usrf%'tﬁetr @be %’é‘%\‘}g?@@gﬁ? %(\(’Pgog}t?%@%i/owgegs%p%g& %Eggﬁ%%r Tf(ia!i? (Iiéﬁl ng a
via or a trepghiafikera al-iphﬁmg@s chegisirebE60scom EEHamiR00 seom fNods uged
trench has first been etched. After each feature is e Cheﬁ@ aTgr_oa@:tive

| ayer may bdo ssipithe peejoissist mesie Fheghambergupsste is pe BREPBr B RO s ¥t 1 i pped.
In some cases,, .t I it m,. : i ligr may be a
phot or esi st%&??l%%%%ﬂg?ﬁ%g%% 0 théelgﬁl%ﬁ%%t,még 1%?5 (%?s

di el ectrg c lgsayee. of JSR LKD-5109 is spun onto a substrate. A silicon oxide

cap layer is depaosited. onto the porous dielectric 20 |ayer._ The cap |ayer

i s about 500 A tEWBR‘?ﬂ‘#?rﬂ“@?‘&%ﬂ@%?@%ﬁ?}@?edﬂgt?lw gewrarPeEedcap | ayer. A
patterned p i i -1-he : LSy adTEsh t he
phot or esi st m?lj'isb%g%ér?%jﬁﬂ%%%ér%ﬁ a%ﬁ?%?g@?ﬁ&%&e&éﬁ%? gﬂtlﬂgtci; ?u?%en |5I aced in a
Exel an 2300 fdil elithat the Gomteatfehis invehikat. Ul ehdudd alse bhadtedthgdbre pitanARC | ayer
and the porous di.el ectr(ig;c)i Iygé/er.. Al etg&:tlg} 8he]rér1i stry._ of gﬁ 10 SEEM of CAFs,
and 12 seemd¥Emgsve Wayseidmpiementne g BEgRcT K 498 CEIEATTE | ayer. The
chanber pr e§iugoh S It~°1§%hel'é?or%QHfé}ldéH?tﬁatrﬁ[@fdllovﬁﬁ&ﬁgﬂ)e%@d ElaPhobd Wegpleledt he 27
MHz RF source. 1,000 Ware provided by the 2 Miz RF source. After the
feature i s conpiletieg el cinbdltezatipnapenniteidosapedifictigoprni tas@uy estivle
feature. This is done_ .n situ. A depgsitjon ] 50 sccm of
Corn and 5 o eEERBe byttt ne Bue BRAF b AR Sy o flon® TN
feature. The chanmber pressure is set to about 120 nTorr. 500 Ware provided
by the 27 MHz RF source. 500 Ware provided by the 2 MHz RF source. The
deposition lasts for 15 seconds, to provide a deposition |ayer of about
300 Athick. 8 After the protective |ayer is deposited, the photoresist
mask is stripped. This is done in situ. A stripping gas chem stry of 600
stem of H2 and 200 sccmof N2 is used to strip the photoresist nask. The
chanber pressure is set to about 300 mforr. 400



Ware provided by the 27 MHz RF source. 400 Ware provided by the 2 Mz RF
5 source. Wiile this invention has been described in terns of several
preferred enbodinments, there are alterations, permnmutations, and substitute
equi val ents, which fall within the scope of this invention. It should al so
be noted that there are many alternative ways of inplenmenting the nethods
and apparatuses of the present 10 invention. It is therefore intended that
the foll ow ng appended cl ains be igiggeeted as including all such
alterations, pernutations, nodifications and various substitute

equivalents as fall within the true spirit and scope of the present

I nvent i ORyp Qi il Mpis. What is clained is: 1. A nethod of formng a feature
in a porous fovv-K d| eI ectric layer, conprising: placing a porous |owK
dielectric layer over a substrate; placing a patterned photoresi st nask
over the.p K.dielectric i a feature into the porous
Pow K dt 4 Serstied HbEpE GIGELT IS urt s B Bk bk et et ur e
after th@l&ﬁlghlplog)utsﬂkﬁm-ﬁ{edi‘ehétﬁc laptovest KitppuRg the patterned photoresi st
mask, so L’ig part of the protective |ayer is renpved, where protective
wal I's foP ’&g@rpéﬁ?rfl%l’fﬁ’t‘%?%tma&’éOY%N%E‘rP‘F‘é‘F?dPW K didsicilasfure. 2. The

met hod, @ﬁhfn?%‘f&a@&ire'lﬂo%e%d%tﬁ Jof W GiBRErC ORI Sing placing a cap |ayer over
the porous FowK dielectric |ayer before "placi ng the photoresist nask,

wher ei n dfwsitippetpeetesdivs fayensver ihs ipitasadicothe ctching theajgatiegyed 3. The net hod,
as rect t atlphie Sl B Acd PRIGHSL AT GLAS-IPRASILLOR SueRashbian | aver

over the p I've , ’further
conpri si nbefeqroredtycaraliafidrined floactht yotadat lagg remurin thefeatar. | ayer bef ore
pl aci ng the photoresist mask, wherein the photoresist mask is placed over
the antireflective coating. 5. The nethod, as recited in claiml, wherein

the deposithdifethbe aPfRIt&F il ¥ fm! 12¥fther &Qﬁﬁ}[shfg%‘}a&ﬁ@goé)&ptihm oferfthgiorine free
layer. 6. The method, as recited in claim1, wherein the dep05| ting the

pr ot ect | PeronslperKiditleawas layerdwefne Bleeingtsabiotoresist maglo Wheesin thayer .

photoresist mask is placed over the cap layer.

3. The method, as recited in claim 2, further comprising depositing a deposition layer

over the protective walls.
4. The method, as recited in claim 3, further comprising forming an antireflective coating
over the cap layer before placing the photoresist mask, wherein the photoresist mask is

placed over the antireflective coating.

5. The method, as recited in claim 1, wherein the depositing the protective layer

comprises depositing a fluorine free layer.

6. The method, as recited in claim 1, wherein the depositing the protective layer further

comprises depositing a polymer layer.

7. The method, as recited in claim 6, wherein the protective layer is between 100 Ato
1500 A thick.

10



7. The nethod, as recited in claim6, wherein the protective layer is
between 100 A to 1500 A thick. 10 8. The nethod, as recited in claim?7,
wherein the depositing the polyner |ayer conprises providing deposition
gases of C2H4 and 02 9. The nethod, as recited in claim7, wherein the
stripping conprises providing a stripping gas selected fromat |east one
of hydrogen, nitrogen, ammonia and oxygen. 10. The nmethod, as recited in
cl ai m 1, gwhigreéthod, AerRedS IOV, Kheie] the téfositingYiey pol @adiiyies gnpraso et er
size pores.  11. The nethod,_ as recited in claim1l, wherein the stripping
conpr i seBrayifirgdepasitiongspnridrtliend 2. The nethod, as recited in claim 11
wherein the ion bonbardnment renoves top |layers of the protective |ayer

but | eaves protective sidewalls formed by the protective |ayer. 13. The

met hod, &sTheguéthed ap recgediinmlam Awbemsinihe boppiep eshpiissa proaykrg dleposi t ed over
the protective walls is a rrier Jayer. 14. The method recited in

ol =iy 1. rEpbEE BlhRe R L eie Bt blineiP el B Bhehanper
wherein the etching, the depositing the protective |layer, and the stripping
the patterned photoresist mpsk are done in situ within the etch chanber.
15, A redfodedrdig A Hegited ip sl eWheiein oPsaNs loyrls RISFCBICBYT i ¢ | ayer over a

substr at goafiihes MRRESiZPGhRW a patterned photoresist mask, conprising:
etching a feature into the porous |owK dielectric |ayer through the

phot oresi st mask; depositing a protective |layer over the feature after the
et chi ng f , ri PRI : - - .esi st mask, so that
art of ¢ sl e RRFeh eloRE Pt i Bb b B BGL BRI R '3 oavec
from t hebpnedréatitve | ayer remain in the feature. 16. The nethod, as recited
in claim15, wherein the depositing the protective |ayer further conprises
depositing a polyner l|ayer. 11

12. The method, as recited in claim 11, wherein the ion bombardment removes top layers

of the protective layer, but leaves protective sidewalls formed by the protective layer.

13. The method, as recited in claim 1, wherein the deposition layer deposited over the

protective walls is a barrier layer.

14. The method, as recited in claim 1, further comprising placing the substrate in an etch
chamber, wherein the etching, the depositing the protective layer, and the stripping the

patterned photoresist mask are done in situ within the etch chamber,

15. A method of forming a feature in a porous low-K dielectric layer over a substrate and
disposed below a patterned photoresist mask, comprising:

etching a feature into the porous low-K dielectric layer through the photoresist mask;
depositing a protective layer over the feature after the etching the feature; and stripping
the patterned photoresist mask, so that part of the protective layer is removed, where

protective walls formed from the protective layer remain in the feature.

16. The method, as recited in claim 15, wherein the depositing the protective layer further

comprises depositing a polymer layer.

11



