ETCH W TH PHOTORESI ST MASK BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates to the use of a photoresist nask in sem conductor device
product i onNO 2MwR4qEarti cul arly, the present invention relpatras2aoe/oed3ohi ng a
dielectric layer through a photoresi st mask during the production of a
sem conduct or device. [0002] During sem conductor wafer processing,
features of the sem con@PWIEN FIEOTORESISTN®IASK t he waf er using
wel | - known patterning and etching processes. I'n these processes, a
photoresist (PR) material may be deposited on the wafer and then is exposed
tolight filtered by a reticle. The reticle may be a transparent plate that
is patterned with exenplary feature geonetries that block |ight from
propagating through thepqgqty QAB TS iFng through the reticle,
the light contacts the % KERD INEPREN terial. The |ight
changes the chem cal conposition of the photoresist material such that a
devel oper d@60¥enpibe arepart inventiof rddies tphibd aveariagthotoasststimagk ithi t he case of
posi ti ve photoreai st teria t he exposed regjons are renoved, and in the
n

case of “ned&tHARIpHEE GrEsirge WS’?QP%r Morg parfigglariy, %H@%Pt FGREMs are renoved.
Thereaf t er refafig téf‘@tfcﬁfng'a%i&&&ﬂ@ﬁ#é%hﬁc@%?\églhgﬁﬁesmg&fsllc )ﬂhl?rx% faterial fromthe

areas that are no | onger protec ot or esi st erial, and thereby
produce t herdésiipedf f eahispedicion dehiee.waf er. [ 0004] To provi de increased
density, feature size is reduced. This may be achi eved by reducing the

critical di ion. (CD) of.the features, which requires inproved
phot or esi st[H.&@ol UPIQIBH.% S%O@@WW#WW%&QW%F ekihet resol ution is by
provi di ng tsBini¥REuRBOIRERSSbcfiTRE kS the wafer using well-known patterning

10 and etching processes. In these processes, a photoresist (PR) material may be

deposited on the wafer and then is exposed to light filtered by a reticle. The
reticle may be a transparent plate that is patterned with exemplary feature

geometries that block light from propagating through the reticle.

[0003] After passing through the reticle, the light contacts the surface of
15 the photoresist material. The light changes the chemical composition of the

photoresist material such that a developer can remove a portion of the

photoresist material. In the case of positive photoresist materials, the exposed

regions are removed, and in the case of negative photoresist materials, the -

unexposed regions are removed. Thereafter, the wafer is etched to remove the
20  underlying material from the areas that are no longer protected by the

photoresist material, and thereby produce the desired features in the wafer.

[0004] To provide increased density, feature size is reduced. This may be
achieved by reducing the critical dimension (CD) of the features, which
requires improved photoresist resolution. One way of improving photoresist

25 resolution is by providing thinner photoresist masks.

[0005] New photoresist materials (193 and 157 nm PR) are being pursued
to produce small CD sizes in the photoresist, but these resists are less resistant

to damage from the plasma than previous masks of DUV and 248 nm



[ 0005] New photoresist materials (193 and 157 nni PR) are being pursued to
produce small CD sizes in the photoresist, but these resists are |ess
resi st antwocoazmagse from t he pl asna than previ ous masks pofr/uSedeansso248
runphotoresist. Also, with the current single |ayer approach, increasingly

t hi nner resist must be us to match t resolution of. the features. This
nmay not pr Oﬁ’éeséﬁi-oﬁ‘g%“ P’Vétillqg? Cq‘roernE flﬁ%leg'%(aef SRR ‘?ctch’ &Cﬁq%s%ﬁléﬁ “cause ot her
conpl i cat i gBsist n5ukE Be aSedSth mhAH B8 resbiufien SHER feAUBBNEERE.mANht! | ne wiggling hi
order to keep up with shrinki ng_ feature di nensions, the industry has been

i nvest i gat ipEgVifeopauehiemit deyi the dislechicasichandimay eapss opbr oaches i nvol vi ng
several processi steps. The.swi.tch,to new technol ogies. will undoubtedly
be expensi \?8“15%8&%1%@8%ﬁ%fmlatﬁ(al\.imhflﬁﬁ%%e]m ¥ ﬁ&gp@ﬁpq %llgg?lfng'dkﬁe t he coupling
capaci t ancerd@\teksep wp With Slii@ bt Sdinfetsiohd) ehSRBMESNMANGEQ | ndustry has
engaged in research to develop materials having a dielectric constant | ower
t han that dnvesiigingwsivciaclimglagidssieh ayreukiidiayertsipprooliesaselying f or mi ng t he
dielectric layers in.integrated cjrcuits, unber .of prom.sing materials,
whi ch are §8Y*%?"%%es?18g 8?8563%305“’&{5{1&? B ﬁecﬁﬂ{’]]@g}eép’Véﬁ}ln@O&@Ee elé% devel oped
in the speGkpéfaplel 08 tRdcdils@niy, | owk materials are defined as materials
with a dielectric constant k that is less than 4. Fluorosilicate glass is

one exanple of a lowk dielectric, which has a dielectric constant of about
3.7. This doMdseslraan effutio redwodlid eouplingcapopitance tavels$h @eegrp®d07] There are

sever al, ki nds _.of .| owk terials . currently.bein evel oped and in use in
th\é ser%‘loclor%ﬁ% SOFII%S\%F%%Q?@V%ONH@S %8??5@%@@??‘%“@&? J@X@‘PP uoride (FSG,
hydrogen sinh£8$04hiae dletddo confthi-10W et SR tHaC of SIS ! Whilch nidailis Si LK(tm) is

a non-fluorinated, highly aromatic, organic spin-on polyner
are suitable for use in forming the dielectric layers in integrated circuits. A

number of promising materials, which are sometimes referred to as "low-k
materials”, have been developed. In the specification and claims, low-k

15  materials are defined as materials with a dielectric constant k that is less than
4. Fluorosilicate glass is one example of a low-k dielectric, which has a
dielectric constant of about 3.7. This composes an about 7-9% fluorine doped

nto SiOs,.

[0007] There are several kinds of low-k materials currently being

20  developed and in use in the semiconductor industry, i.e. fluorinated silicon
oxyfluoride (FSG), hydrogen silsesquioxane (HSQ), spin-on organic materials
(Dow’s SiLK™ is a non-fluorinated, highly aromatic, organic spin-on polymer
with a reported k of 2.65), and inorganic systems deposited by chemical vapor
deposition (CVD) such as organosilicate glass. By way of example, but not

25  limitation, such organosilicate dielectrics include CORAL™ from Novellus of
San Jose, California; Black Diamond™ from Applied Materials of Santa
Clara, California; Aurora™ available from ASM International N.V., The
Netherlands; Sumika Film ® available from Sumitomo Chemical America,
Inc., Santa Clara, California, and HOSP™ from Allied Signal of Morristown,

30  New Jersey. Organosilicate glass materials have carbon and hydrogen atoms

incorporated into the silicon dioxide lattice which lowers the density, and



with a reported k of 2.65), and inorganic systens deposited by chem cal
vapor deposition (CVD) such as organosilicate glass. By way of exanple, but
not | i m twoi2006/108a56h or ganosi |l i cate di el ectrics i ncl ude PCORAR{060PS3DE OmM
Novel | us of San Jose, California; Black D anond(tm from Applied Materials

of Santa C ara, lifornia; Aurgra(tm. available fro M | nt er nati onal
NV e rerstupt Bt et piihhbeR L R A s e Sho Chem ca
Anerica, | f0msi aifkar@, California, and HOSP(tm) fromAllied Signal of
Morri stown, New Jersey. Organosilicate glass materials have carbon and
hydrogen atons incorporated into the silicon dioxide lattice which |owers

the density, andhence the dielectric constant of the material. A dielectric
constant for such filnms is typically < 3.0. SUMWARY OF THE | NVENTI ON [ 0008]

To achi eve the foregoing I ARICSP 'Irfbl{lhe pur pose of the present
invention a nethod for et over a sSubstrate is

provi ded. A photoresist mask is fornmed over the dielectric |layer. The
substrafe i[8008] aceTo achievephasoregdin@aesiaiaogprdhnsivdth thpuposhafithe gas
conprising NF is provided jnto the plasma chanber. A plasmg is formed from

the NF gas ProfRg 1y @itige prnetheddps cichings dielegirie MYSD@YPT@H&’%W& resi st mask
Wi th the pga?oi}iﬂ(?;edf r&g%xc'itﬂxees{élf 19855 fb AR Yvethe ARQLIREL 1ag§xf."fh§5t ation a met hod
a di FOVi

for etchin el ectric l'ayer over a substrate is ed. A phot oresi st

mask no noiebstiagris ARGedin 4 plasika pocéRmgrtaavel Aheackingbactric |ayer. The
substrate is placed in a plasma processing chanber. An etchant gas
consi st i ng cedwBEng A ys prvied infp thepleima @imbes  pidasnade farmed t he pl asma

chanber, A is fo fr . i ctric layer is
e AT SPE G LA ol Sk
with the plasma from the NF; gas.

[0009] In another manifestation a method for etching a dielectric layer
over a substrate is provided. A photoresist mask no more than 400 nm thick is
formed over the dielectric layer. The substrate is placed in a plasma

15  processing chamber. An etchant gas consisting essentially of NF; and a
diluent is provided into the plasma chamber. A plasma is formed from the
NF; gas. The dielectric layer is etched through the photoresist mask with the
plasma from the NF; gas.

[0010] In another manifestation an apparatus for forming a features in an

20 etch layer, wherein the layer is supported by a substrate and wherein the etch
layer is covered by a photoresist mask is provided. A plasma processing
chamber is provided. The plasma processing chamber comprises a chamber
wall forming a plasma processing chamber enclosure, substrate support for
supporting a substrate within the plasma processing chamber enclosure, a

25  pressure regulator for regulating the pressure in the plasma processing
chamber enclosure, at least one electrode for providing power to the plasma
processing chamber enclosure for sustaining a plasma, a gas inlet for providing
gas into the plasma processing chamber enclosure, and a gas outlet for
exhausting gas from the plasma processing chamber enclosure. A gas source

30  comprising an NF3 source is in fluid connection with the gas inlet. A



plasma fromthe NF gas. [0010] hi another manifestation an apparatus for
formng a features in an etch layer, wherein the layer is supported by a
subst r at evendoontoessei n t he etch | ayer is covered by a phecomssesoossack is
provi ded. A plasnma processi ng chanber is provided. The plasma processing

hanb ' .a_ch ||, farni | i hamb
anct osur o, " BEEF if BRI R Bt P ARt BB PR RER R 1 e pl asma
processi ng Shadhein@rnhRuE 85 ledst BhESRYERY SAWoIAfer tRIdabIe IRt | ng the

pressure in the plasma processing chanber enclosure, at |east one el ectrode
for provi diThy oooweter readabie msldzaseranrises emspuier redrkbizerode fiod pwsvidingf or

sust ai ni ng pl asma, .a s inlet for providing gas into the plasm
processi ng h@%ﬁ%gﬁp%ﬁéﬁ\%@&f"é{wéﬁﬁa e lﬂgsgnaoﬂf’?‘??mg(?ﬁm DHaRPHT gas from t he
pl asna gr _()Ci@mbﬁg:oﬁéﬁﬁ%@ﬁex’éﬁ%Qﬁ%lﬁa OnD@E NIQ@hE @n€ esmphiet Ng an NF3 source
is in fluid connection with the gas inlet. Acontroller is controllably
connect ed treadehls cgds fos pueddingmirstiiaecoaditipeaivtcanseghe tlebingedenateh conpri ses at
| east one pr.oces nd ¢ ut e eadabl e nedi a. The conputer readabl e

medi a conpﬁ?%%gwigﬁ%ﬁ?gpa%ggbgﬁﬁgﬂé%ﬁe for providing NF3 gas fromthe NF3
source into the plasma processi ng chanber, conputer readable code for

gener at i ng [aopl]as Mhdse @AY bher WaBireast thepds&® Mvehesn wHRBRMseris@de for
provi ding plasnma conditions to cause the etching of an etch layer with the

pl asma f r orfi fpse AFail helow ipdlgedqtaitrdadsecription of Herinfestipnred inf t he present
inventi;gn will be descri in re detail below in the detailed

descri 6 i or?ogfln(f‘tﬁoélWﬁ%gﬁﬁggﬁwﬁgﬁe%onj unction with the follow ng figures.
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The present invention is
illustrated by way of BRIBRPESCRREIONIOMYHE DRAWINGS

[0012] The present invention is illustrated by way of example, and not by
way of limitation, in the figures of the accompanying drawings and in which

like reference numerals refer to similar elements and in which:
15 [0013] FIG. 1 is a flow chart of an embodiment of the invention.

[0014] FIG.'S 2A-B are schematic views of layers etched in an

embodiment of the invention.

[0015] FIG. 3 is a schematic view of a plasma processing chamber that

may be used for etching.

20  [0016] FIG’S. 4A-B illustrate a computer system, which is suitable for

implementing a controller used in embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] The present invention will now be described in detail with
25  reference to a few preferred embodiments thereof as illustrated in the
accompanying drawings. In the following description, numerous specific

details are set forth in order to provide a thorough understanding of the present



way of limtation, in the figures of the acconpanying drawi ngs and in which
| i ke reference nunerals refer to simlar elenents and in which: [0013] FIG
1 is a flwe2eodvamtessf an enbodi ment of the invention. [0@LF]JUSEIGOVSIRA-B ar e
schematic views of layers etched in an enbodi nent of the invention. [0015]

FIG 3 is a_sc C..vi ew of processi ng.ch that may be used
for etchi ngmv‘fr?%?%]tltI b ecappgign hBW g‘? F@@Féﬁn@&@%m which is
sui tabl e f QsredeiPlRBRINH M B Eﬁdealvhﬁ{ouyﬁﬁﬁewhf‘dﬁiﬂ OI%E iffc Of the present

i nventi on. DETAI LED DES ON OF THE PREFERRED ENMB MENTS [ 0017] The
pr esent in\ﬁkemilSorInmhletmatamcdsewcﬂékmwinprbcass stbpt and/omdttustures lmmvence to a few

eferred e di nents thereof .as jllustrated in e acconpanyi ng draw ngs.
PF] the fol It D n‘geégril?qddFldSWﬂ ”ﬁﬁ’ﬁiﬂ&l’%" élﬁg‘iﬁefsiaﬁlydgﬁsé‘?r%hed?rés%’ét forth in

order tg prigvéfi®na thorough understanding of the presentinvention. It wll
be apparent, however, to one skilled in the art, that the present invention

may be practl ced vmthout sone or all of these speC|f| c details. In other
i nstances, 2618} knawfacphtatﬁe@sielssta@émgaﬁﬂ} drlsaﬁmghdbwlébma afet been

described in detail,.in or n unnecess id resent

i nvention. JOOT8ISCRdMAREM Pihﬁ}eélt ﬁ‘ﬁtgﬁ‘gﬂ%‘feﬁ ]f;‘%@? %hetl?ﬁ%d bI evel flowh
chart of a |pyReesHvIace ttég] AR BB Htm §ﬁﬁm’e@\6€&tﬂé’ﬁ1 Jerpubstrate wit
a dielectri ?:yl ay%?vl S gsroﬁ\jl(ggd (step1 n)1. “A A phot or esi ét r?ask is formed

over the dileyedstep £08)aybe sybstrets 1&93):ed Trﬂveplssmstthaatb@l {séeppl megln n ahpl aisrra
chanber (st An .etc si.n [ oVi to the plasm
chanber? st g%aﬁ%%s COPPLENE s lﬁg N&%ﬁ%@m 81 ectlliéﬁli’éﬁ]’t(pﬁasugét ep 120). The
pl asnma f or rEgsrhd RFdrmed from the etchant gas (step 120). The plasma formed from

the etchant gas is used to etch the dielectric layer (step 124). Remaining

photoresist mask is then removed (step 128).

Example

15 [0019] To facilitate understanding of the invention, FIG. 2A is a cross-
sectional illustration of a substrate 210 with a dielectric layer 220 that is
provided (step 104). In an example of a preferred embodiment of the
invention, the substrate 210 is a silicon wafer and the dielectric layer 220 is
organo silicate glass, which is a silicon oxide based low-k dielectric material.

20  In the preferred embodiment, the ARC layer, which is preferably a bottom
antireflective coating (BARC) 224, is placed over the dielectric layer 220. A
photoresist mask 228, which is preferably 193 nm photoresist, is formed over
the dielectric layer 220 (step 108). Preferably, the mask has a thickness of no
more than 400 nm. Via patterning uses mask thicknesses of about 400 nm.

25  Trench patterning uses mask thicknesses of about 200 nm. More preferably,
the mask has a thickness of no more than 200 nm. The substrate 210 is placed

in an plasma processing chamber (step 112).

{0020} FIG. 3 is a schematic view of a plasma processing chamber 300
that may be used for inventive etching. The plasma processing chamber 300

30 comprises confinement rings 302, an upper electrode 304, a lower electrode



the etchant gas is used to etch the dielectric |ayer (step 124)]; Relmai ni ng

hot oresi st mask is then renoved (step 128). Exanple [0019] To facilitate

ﬁnderstan\dbngomlfmdsbe invention, FIG 2Ais a crosssecti enaluszodemsssoati on of

a substrate 210 with a dielectric layer 220 that is provihded E)s{ept 103)16 hi
' S

2"Si 1 con vile S EPUEFHC iy BIGELPRBAT:AEP 20 SUBRYARS BRGFSH o gl ass.

enbodi ment e BB S R ] TR bR A®, ookt fve

enbodi nent , , _

coaL i ng (BAR@)lﬁmmlebtsofdmlmlénbom%c&ates; hl&l];daibﬂ mbpura’;ted!mjc?fg 1ﬂéﬁglaréi€r:|roh?}] ce)r esi st

mask 228, ich.is preferably nm photoresist, Is forne

di el ectric Fly&iccds a@%t”éﬁfg?a%sé)%.c qﬁ?@‘?gt"ég}eﬂk _ Ff?h?ﬁglkg Wﬁfu%gltaﬁl CZBSSS of no

nore than 40Q nfe; HASIORSer LRk GEROSRSS ou nm

Trench gatte@nﬁr?glégs%%ﬁﬁgggg%f}%ﬁnesses rtg%out 200 nrh- Nor e preferably,

t he mask hamnsedistelyloppsstedhe hmerrareetrmdeaﬁ)SZG&empper'lém@tmdé]sozt,abﬁeﬁ 10 is

| aced in an pl as praocessi ng chanber (step 112). [0020] FIG 3 is a

E chematic \ﬁlmogfﬁ gg&&ngé"’ﬁﬁfs“ﬂﬁ%éé@gﬁ%o g dlpe @@@nﬁiﬁlﬁsmﬁyo@@leused f or

I nventive ' : | e . | s&s confi nenent

rings 302, Qg%hﬁg%peprﬁgﬁ%?{ﬁggn%ﬁg@fdg%g%gﬂ%c%aﬁ gg]ggggwé&g%s source 310,

and an exhaubdbugpedfrorB2Be ctifinbd plaphasomne theagh ittgopfiasbeit r3@0, t he

substrate IS posjtioned upon the |ower electrode 308. The I_ovver

el ect rghe %(])Og ' ﬁr@&ﬁﬁ%ﬁw&f Rt By digiex WSEP%THB§t29'a{1’eﬂlt§rf—ﬁ&9ﬁﬁgelﬁe@ﬁaﬂ| sm 1(3 e.g.,
el ectrost aty ' : DRIFD L ke) | di:zng the substrate
210. The regggﬁ%é{%fggg@%%‘gbﬂl%%%r po?g%%gé%t%%lﬁilb%éﬁ 88{‘@%??@(1&&8%04 di sposed

i Mmedi at el wtgppos gissoutve 31 8WEhe ghsewuiroedd 0308, fuithe coppeise ethecgasode 304,

| ower

sources. An RF source 348 is electrically connected to the lower electrode
308. Chamber walls 352 surround the confinement rings 302, the upper

15  electrode 304, and the lower electrode 308. Different combinations of
connecting RF power to the electrode are possible. In a preferred embodiment
of the invention, the 27 MHz, and 2 MHz power sources make up the RF
power source 348 connected to the lower electrode, and the upper electrode is
grounded. A controller 335 is controllably connected to the RF source 348,

20 exhaust pumip 320, and the gas source 310.

[0021] FIG.’S 4A and 4B illustrate a computer system 800, which is
suitable for 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 physical forms ranging from
25  anintegrated circuit, a printed circuit board, and a small handheld device up to
a huge super computer. Computer system 800 includes a monitor 802, a
display 804, a housing 806, a disk drive 808, a keyboard 810, and a mouse
812. Disk 814 is a computer-readable medium used to transfer data to and

from computer system 800.

30 [0022] FIG. 4B is an example of a block diagram for computer system
800. Attached to system bus 820 are a wide variety of subsystems.

Processor(s) 822 (also referred to as central processing units, or CPUs) are

6



el ectrode 308, and confinement rings 302 define the confined plasma vol une.
Gas is supplied to the confined plasma volune by the gas source 310 and is

exhaust edwbnomasconfi ned pl asma vol ume t hrough the cenfriuseonsnds3né ngs 302
and an exhaust port by the exhaust punp 320. In this enbodinent, the gas

source 310 ¢ ri.ses_an NF3 source 312, a di nt soyrce 316, and a
stri ppi ng g%’glg%gt}?ééor éi.gwfﬁ%l Agcﬁg%w@gr%%. %mpﬁ’r 4elflcll:‘é?§pri se ot her gas
sour ces. Anrafffors QUSRS nidAfbry SR VB Ghd Fadlony BERABALERIMY OAL fewbipwer el ectrode
308. Chanber walls 352 surrjr/ound t he confli}ynerrent ri ngg 302, the upper

el ectrode 3owwigindhe s ROWesctelodrnsisrdatdas] inpirfdtmne nhi-dicrrkionati gns ngf |
connecti ng RE t . electro are sgible hi a preferred enbodi nent
of the ingetﬁtt%lgﬁﬁaﬁlg%ﬁe WC%?W%%&%SW H’é@‘ﬁ&?@ n?;lﬁ{”(-he RF power
source 348 d@fResdeshuiner. TB6h b@WREe §h&IMRIRoriday RSP RS wiflaBfet r 0de i's

grounded. A controller 335 is controllably connected to tthe RF source 348,
exhaust purffphgcanpuyanreafablegmedigdgsaribedbelow] F0ALPd #HkIG26 B A% and 4B

il Ut , ich i Lt.abl e for inplenmenting a
control ter SuSRABILEEAARIER EBhadh Sl AR ik e 4R ahows
one possi bl @pafiysin@ahay Asdmefudt bey SOAP U&lﬁﬁu@l}é‘l%fa@émle Qfedﬁ%éééﬁoegt he conputer

system may have many physical forns ranging froman integrated circuit, a
printed ciruslow. Bixgd diskai2d nsayshreaiskd testoth @lapratey,idot, apd the likehndés super

conput er.. put er system 800 i ncl udes nopi toy. 802, .a_ display 804, a
hoTs)i ngwsog?’&géi |%?<e°§?ﬁ5%s@69§? l%edkwg%‘ﬁﬁ 8 %[i]%f,d ‘@ﬂ% that iiQeerghan b sk 814 s
a conput er -greadaklioeadee dt Wil bSaHrdctrtdd BRSHE InfiRi Aich Qet@ddda Wiy conput er
system 800. [0022] G 4B is an exanple of a block diagramftor conputer
system fixed disk 826 may, in appropriate cases, be incorporated in standard fashion

as virtual memory in memory 824. Removable disk 814 may take the form of

the computer-readable media described below.

15 [0023] CPU 822 is also coupled to a variety of input/output devices, such
as display 804, keyboard 810, mouse 812, and speakers 830. In general, an
input/output device may be any of: video displays, track balls, mice,
keyboards, microphones, touch-sensitive displays, transducer card readers,
magnetic or paper tape readers, tablets, styluses, voice or handwriting

20  recognizers, biometrics readers, or other computers. CPU 822 optionally may
be coupled to another computer or telecommunications network using network
interface 840. 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.

25  Furthermore, method embodiments of the present invention may execute
solely upon CPU 822 or may execute over a network such as the Internet in

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

[0024] In addition, embodiments of the present invention further relate to
computer storage products with a computer-readable medium that have

30  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 invention, or they may be of the



800. Attached to system bus 820 are a wide variety of subsystens.
Processor(s) 822 (also referred to as central processing units, or CPUs)
ar ecoupl eaot2o06sassage devi ces, including nmenory 824. Meromyus8@d/onsses udes
random access nenory (RAM and read-only nenory (ROM. As is well known in
the art, Macts to transfer data and instructions uni-directionally to

t he CPU anc‘?nﬁw- knqpua and gysilablety thoge h%val?&?rl%ﬁj uythe SOmRYter pffWaEL i ons in a
bidirectio ] - i . i.ncl ude any
suitabl e o?ﬁ%'hﬁe%%m%?%gaééﬁﬁﬁﬁe&dﬁ?&gf ’3‘8@@?’{5& giF HEEA T e di sk 826
i s al so coupdgadtibinediarsaci aoimad disks, dlopPJdBRESL and mapnerid tdes optckilt i onal dat a
storage capacj.ty and pay al so include any .of the conputer-readable nedia

descri bed Beidifeuchiay &d-HAMs aabhclegraphic dederst Bagide-ericdgredics, data, and
the Iike ang.j ' LY. M [ a hard di sk)
that 1 s0si uar oy RRERt, oo R SR BT 21 "he

i nfor mat i ontaretad exedutsiprégramfdodeducl ssapBBéativhyspecific appgrapdi at e cases, be

incorporated in standard fashion as virtual nenory in menory 824. Renopvabl e
di sk 814 n&ycltué‘@ﬁﬁ apm%%ma‘?lﬁéog%%&%@%@&&ﬂﬁ@w cribed bel ow.

[ 0023] CPU4822.d : i J vi ces, such
as displ ay dggli?é. %g%@%ﬁ §@§%§&ﬁ%‘%§ g ng%d,e%g%cgmsepdgg%ﬂ:ﬂg%% IaP%%gener al, an
i nput / out pby adewipiler, nmay fis cantpirdfig highetdevellbedd thytare txavatedibdld s, m ce,

keyboargs m cr ophaones, . touch-sensitive displays, transducer card readers,

il o COmRPISH usiRg a0 interpEster. Goaputr geadably medigmay alsedeor handwri ti ng

magnet i

recogni zer %omgh@%%%irt?&sm?m 4 co gpéﬁ?&%ﬁ%#ﬁgg%&bﬁ&ﬁed QDUcag‘aér optional ly may

be coupl ed to anot conmput er or eco Ions network using network

interface 84fe aii tdprayentinga sevamelof imtrections ehat bie dxcwabie il at ed that the
CPU m ght receive information fromthe network, or m ght output information

to processor.
[0025] An etchant gas comprising NF3 is provided to the plasma chamber
15 300 (step 116). In an example, the etchant gas comprises NF5 and an inert gas,
such as Ar. For example, the etchant gas may be 60 sccm NF; and 100 sccm
Ar. Asin this example, preferably, the etchant gas is free of fluorocarbons and

hydrofluorocarbons.

[0026] The etchant gas is converted to a plasma (step 120). In this

20 example the pressure in the plasma chamber is set at 120 mTorr. The RF
source provides 500 Watts at 27 MHz and 100 Watts at 2 MHz. The plasma
from the etchant gas is used to etch features 232 into the dielectric layer 220,
as shown in FIG. 2B (step 124). An ashing process may be used to remove the
remaining photoresist mask, while the substrate is in the plasma processing

25  chamber (step 128).

[0027] The invention may be used to etch a variety of dielectric materials.
The invention may be used to etch silicon oxide based dielectric materials,
such as silicon oxide and organo silicate glass. In another manifestation of the
invention, the invention may be used to etch low-k dielectrics, which may be

30  either organic based or silicon oxide based. Examples of organic based low-k



the network in the course of perform ng the above-described nethod steps.
Furt hernore, nethod enbodi nents of the present invention nay execute solely
upon CPU W8R20@vioms®y execute over a network such as the POTAS2@/008306

[0024] In addition, enbodinments of the prese i nyention.further relate to

conput er sdiglegliss Prap ey s ewhf’%bétl'&?dﬁ%‘PQP??eeﬁhgﬁp OFealP §Hicat have

comput er cg de thereon for performng various conputer-inplenented

oper at i ons¢ ¥he nedia and conput er code nay be those specially designed and

constructed for the purposes of the present invention, or they may be of

th]gatu nd \AB[OOZBPEX\MPrailf&ﬁhb@x{&id iabtreiohastsrosmtdrasising 19&inhi orf gbovhe conput er

software arts. ampl es of conputer-readabl e nedi a. | ude.. byt are not

limted tpSuWrP@Stﬁ&?ﬁéo§ﬁ%a]E§’é”%l?@tﬂﬁ’§ ,ge’”aglp‘)’é%ir%%@,an nd magnetic

t ape; O?t'g.elleﬁqeegdhg'e?ikiﬁﬁ. as CD-ROVs and hol ographi c devi ces;

magnet o- optical” nedia such as floptical disks; and hardware devices that

are specially configured to store and execute program code, such as

gpp! i cat |( gi—l[ﬁgjppm ;F}mtoraﬁiﬁgemt@vit}ciis ldeﬁniletd@y(thSB@g)E}te of thgrdagtpeBt e | ogi ¢

evi ces and ROM and RAM devi ces. | | es, of [ er code include

lmach: ne goé?é’gf diyrdied by t%%@h%%oﬁge Bﬁ@BWﬁ%%leé%Q’ P]ilcﬁ(gls@%%nt ai ni ng hi gher

evel code pbat ;ane AxeaUedaRY 16wEHPME BhotdkRPetaRrtall ERpr et er . Conput er
S 1 a (6} T9UC i ! .

readabl e msc}! a rrtgy ﬁéo %p‘ea co%ut er codestransm'tted by a conputer cr}gta

si gnal enbadieativé NFaetch isrbetieveibivenanae tephotaptistreirhaattehifence of

instructions that are executahl e b .. 00
conpri $9ng 1@%@5?@1%%9?15@8%?%‘”_{% F%gﬁégﬁ’%mécrmé E)tﬁﬁ %Astf: ep r%%%.??‘n}[ ng:ﬁ
exanpl e, t@ﬁeiﬁgﬁﬁgqht@ﬁlo@&gggﬂeﬁﬁﬁa%B and an inert gas, such as Ar. For

exanpl e, the etchant gas may be 60 seem NF3 and 100 seem

[0030] Conventional etches would lower photoresist etch rate by
depositing carbon or polymer on the photoresist before or during the etch.
Such processes would cause microloading between patterns. Such

15  microloading would cause uneven etching between areas with closely spaced

features and areas with more distantly spaced features.

[0031] The inventive process using only an NF; etchant with no
hydrocarbon, fluorocarbon, or hydrofluorocarbon component does not seem to

deposit carbon or polymer and therefore does not cause microloading.

20  [0032] Tn addition, the inventive process may reduce or eliminate
photoresist wiggling. Photoresist wiggling is caused by a distortion or bending
of the photoresist mask material. The bent or distorted photoresist mask
causes irregularly shaped features. It is believed that such distortion or
bending of the photoresist mask material is caused by protective layers,

25  hydrofluorocarbon polymer, put on the photoresist mask to reduce the
photoresist etch rate. Such protective layers of carbon or polymer apply a
force to the photoresist mask, which causes the photoresist mask to bend or

distort.



Ar. As in this exanple, preferably, the etchant gas is free of

fl uorocarbons and hydrofl uorocarbons. [0026] The etchant gas is converted
to a pl aswe 20&tepssi20). In this exanpl e the pressure i npPCmaspéoasnsso€hanber
is set at 120 mlorr. The RF source provides 500 Watts at 27 MHz and 100
Watts at 2 . Th |l asma fromthe etchant gas is used tqg etch features
232 into tl{%]el e?ﬁgipéoqea%ﬂ@?yg]%ﬁe%ég f%dﬂ‘ﬁ&iin? ?ﬁ&ﬁﬁ@g@s‘—*%@éep 124). An

ashing progessioifndidtside IhghRlRYRd Etﬁgti&?ﬁ?g?érgﬁ}(r g{&g% ng@éj&h mask, while

the substrate 1s 1 n the pFas processing c ber [ 0027] The

i nvention mayyoe depedtidrodieingleteh pracdset y of dielectric materials. The

i nvention may be used to etch silicon oxide based dielectric materials,
such as silicon oxide and.organo, silicate glass h another manifestation of
t he invent i[hﬁéﬁt hekzﬁﬂl?éﬂltsiubvﬁnﬂ‘é‘yhﬁebe&%éasq eHR MO VERkl ectri cs, which
may be i t hetrQLgaRhodiRRIE el 254 Al ' JAm or gani ¢
based | ow E)Si gl ectri cs1 tﬁai m;eya %e'téé?‘g‘r?g’é‘&eg@“t ﬁéﬁs?m/entl ohﬁédrag&Si Lk and
organo sil iveabes gibastate dg0D2BhtsPwiafolrfal wthirt the stopeartthio mvessn. alt phot or esi st
of 193 nm o; alao e. Sucgert;!l ﬁhot oresists tend to have_ a | ow carbon to hydrogen
ratio (G HSPQt &3/80&*&&0 dh3idide ardRapeAicRiaLie WAy DRRoI I PR BedaT st

sel ectivi tXnétﬁo&%ﬁﬁﬁgar%séshﬁﬂ%Iﬁgséh‘?hﬁie Font. heisdhGLerd fn&&dk@ﬂﬁ'ﬁ. di vi ded by
the etch rate of the photoresist. Generally, photoremst selectivity nmay be
i ncreased ltlye foblaeinghappehdedpitmmes be sitstpraed i ineluding Bliesutnylesratiors, NF3 etch i s
bel i ev to increase the photqresist etch rat hut increases photoresist
sel ect ﬁ&l tyegpu@ﬁg}seggr@opﬁé&&pgt%ewy erds %g}lﬂl@l%ﬂ?eémﬁaﬁltt he increase

in the photgy %&ﬁtof%ﬁézﬁ}eéfeﬂ{ fvention.
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[ 0030] Conventional etches would | ower photoresist etch rate by depositing
carbon or polyner on the photoresist before or during the etch. Such

pr ocesseswoamaioesa@ase mn crol oadi ng between patterns. SuekTrisesosloossds ng
woul d cause uneven etching between areas with cl osely spaced features and
areas with nore distantly spaced features. [0031] The inventive process
using only an NF3 etchant with no @ididSar bon, fl uorocarbon, or

hydr of | uor ocar bon conponent does not seemto deposit carbon or polynmer and
t herefore s not cauyse mcrol oading. [0032] hi addition, the inventive
process na&gﬁ@dﬂé UBfA®l i m nate photoresist wggling. Photoresist wiggling
is caused by a distortion or bending of the photoresist mask naterial. The

bent or distorte nﬁ’éﬁﬁ& i .6 i features. It
is beli evedl't hat‘qsuc |0§?68§1%1\g§?§%?& eirsldglérn%‘;eg?g%e a%%%@g@%gﬁ 't mask

material is caused by protective |ayers, hydrofluorocarbon polymer, put on
t he phot or esi st foaslngtagphotutesis niask opdrchodeticsic leyesh rate. Such protective
| ayers of carbon or polyner apply a force to the photoresist nmask, which
causes tshe phot orlesi S maﬁk o bend or distort. [0033] This process may be
used to’reduce I8 ?ﬁ’én%ﬁ“ﬁéu %&%ﬁ@é’%asmrg‘ﬁsflﬁgic% 0 hee |ine edge roughness

and striation is generally cased by uneven pol yner deposition during etch

process. [0034] phbiildingtani cichiaAvVRBtoRPrifiAs N¥E efto YeSHhdRSehanibeler M8 of several
preferred enbodi nents, there are alterations, pernutations nodifications,

and various substitute equivalents, which fall within the scope of this
i nvention. It sHeun@ga s wdiomthedNFheas; aidere are nany alternative ways of
i npl enenting the nmethods and apparatuses of the present invention. It is

therefore inte n%‘%&uﬁé@f&; dielectric layer through the photoresist mask with the
plasma from the NF; gas.

10

2. The method, as recited in claim 1, wherein the etchant gas is essentially

free of fluorocarbons and hydrofluorocarbons.

3. The method, as recited in any of claims 1-2, wherein the dielectric

15 layer is a low-k dielectric layer.

4, The method, as recited in any of claims 1-3, wherein the dielectric

layer is a silicon oxide based dielectric layer.

20 5. The method, as recited in claim 4, wherein the silicon oxide based

dielectric layer is organosilicate glass.

6. The method, as recited in any of claims 1-5, wherein the forming the

11



the follow ng appended clains be interpreted as including all such
alterations, pernutations, and various substitute equivalents as fall

wi t hi n t wotneseioggssrit and scope of the present inventi eaTEIS200WB03806 at i s
clainmed is: 1. A nethod for etching a dielectric |ayer over a substrate,

ising: faQrm. t [ K he dielectric | ; pl aci
hesubst r aPistPiE AP R Riagn g E B Blor R S Be Imbon emigham ®fvnant gas

conpri sing MNpo hmt 0 the plasna chanmber; formng a plasma fromthe NF3 gas;
and etching the dielectric |ayer through the photoresist mask with the
plasma fromthe NF3 gas. 2. The nethod, as recited in claim1l, wherein the
etchant gas is essentially free of fnorocarbons and hydrofi uorocarbons. 3.
The nethod, as recited in any of clains 1-2, wherein the dielectric |ayer

(50 Lotk e LBt T TR S5 S L L

1-3, wherein the ectiic layer l ectric

layer. 5 Thistorebibodasia®rmetepattorddist habiida thMXRESR T nbRors ildncon oxi de
based dielectric layer is organosilicate glass. 6. The nethod, as recited

in any of Y ¥ 1-5, wherein the form ng thephotoresist mask forms the
photoresi st mask to a thickness of no nore than 400 nm 7. The nethod, as
recited in any of clainms 1-5, wherein the form ng the photoresist nask
fornms the photoresist mask to a thickness of no nore than 200 nm

8. The method, as recited in any of claims 1-7, wherein the etchant gas

consists essentially of NF; and an inert diluent.

10

9. A semiconductor device made by the method of any of claims 1-8.

10. A method for etching a dielectric layer over a substrate, comprising:

forming a photoresist mask no more than 400 nm thick over the

15  dielectric layer;
placing the substrate in a plasma processing chamber;

providing an etchant gas consisting essentially of NF; and a diluent

into the plasma chamber;

forming a plasma from the NF; gas; and

20 etching the dielectric layer through the photoresist mask with the
plasma from the NF; gas.
11. The method, as recited in claim 10, wherein the dielectric layer is a

low-k dielectric layer.

12



8. The method, as recited in any of clainms 1-7, wherein the etchant gas
consists essentially ONF3 and an inert diluent. 9. A sem conductor device
made by twe 2nevioacssof any of clains 1-8. 10. A nethod f ecTatsedvcogs3as
dielectric |layer over a substrate, conprising: form ng a photoresist nmask
no nore than 400 nmthick over the dielectric |ayer; placing the substrate
in a plasma processi ng chanber; providing an etchant gas consisting
essentially ONF3 and a diluent into the plasnma chanber; form ng a plasna
from t he NFlZas; Thshetiod sigcitddan ehebRdliifisCl oL Bl @hetdi Sle@ic1tdi@e phot or esi st
mask with the plasma fromthe NF3 gas. 11. The nethod, as recited in claim
10, wher ei nlay#ds gsice pxide bpspdealicleddrialayeny- k di el ectric | ayer. 12. The

nmet hod, as recited in any of clains 10-11, wherein the dielectric |ayer is
a silicon oxide based dielectric layer. 13. The nmethod, as recited in claim
10, wherein the dielectric layer is organosilicate glass. 14. An apparatus
for formng a features in an etch | ayer, wherein the |ayer is supported by
a subst Bat el3and Tiemeihodf dsecatediin tiaired 0) whaomahedieleyir Ipfeptior esi st nask,
conprising: a I%srra rocessi ng chanmber, conprising: a chanber wall form ng
a plasma pré }Wﬁteogiaasl%er encl osure; a substrate support for supporting a
substrate within the plasm

14.  An apparatus for forming a features in an etch layer, wherein the layer
is supported by a substrate and wherein the etch layer is covered by a

10 photoresist mask, comprising:
a plasma processing chamber, comprising:

a chamber wall forming a plasma processing chamber

enclosure;

a substrate support for supporting a substrate within the plasma

15  processing chamber enclosure;

a pressure regulator for regulating the pressure in the plasma

processing chamber enclosure;

at least one electrode for providing power to the plasma

processing chamber enclosure for sustaining a plasma;

20 a gas inlet for providing gas into the plasma processing

chamber enclosure; and

a gas outlet for exhausting gas from the plasma processing

chamber enclosure;

a gas source comprising an NF; source in fluid connection with the gas

25  inlet,

13



processi ng chanber enclosure; a pressure regulator for regulating the
pressure in the plasma processing chanber enclosure; at |east one el ectrode
for proviwongogowss to t he pl asma processi ng chanber enelCodise@6cinas3o06
sustaining a plasma; a gas inlet for providing gas into the plasna

processi ng chanber osu nd a gas, outlet for ust i n gas fromthe
pl asma_processi ﬁf&ﬁaﬁﬁ éﬁl@b oct gboa G%WO&%CG@Gﬁﬁ & lfa5 an NF3 source
in fluid conpperkiage ‘%fn?nhﬁg gas i nI et,a controller cont roI | ably connected
to the gas source and e al | east one electrode, conprising: at |east one

processor; and conputer readable media, conprising: conputer readabl e code
for provi d| ng NF3 ga@tﬂmmmmrwdr ce into the plasma processing
chanber; conputer readabl e code for generatl ng a plasma fromthe NF3 gas;

and corrput er readable rovi.din sma conditions to cause the
etching of an etch Iay%l(r%%?ertrefiadfﬂﬁ1 %eldé? glm n onT't he NF3 gas.
5 computer readable code for providing NF; gas from the

NF; source into the plasma processing chamber;

computer readable code for generating a plasma from

the NF3 gas; and

computer readable code for providing plasma conditions

10 to cause the etching of an etch layer with the plasma from the NF; gas.

14



