ETCH W TH PHOTORESI ST MASK BACKGROUND OF THE | NVENTI ON [ 00011 The present
invention relates to the use of a photoresist nmask in 5 seni conduct or
devi ce production. Mre particularly, the present invention relates to
etching a dielectric |ayer through a photoresist nask during the
production of a sem conductor device. [00021 Di ni ng sem conductor wafer
processing, features of the sem conductor device are defined in the wafer
usi ng wel | - known patterni processes In these processes,
a photoresist (PR natefid J AORUINTMASKe wafer and then is
exposed to light filtered by a retlcle The reticle may be a transparent
plate that is patterned with exenplary feature geonetries that block |ight
from propagating through the reticle. [0003] After passing through the
reticle, the light contagt n e photoresist material.
The |ight changes the CHCﬂ;uaiﬁggadggﬁLﬁ§HVg$ﬁlé phot oresi st materi al
such that a devel oper can renpove a portion of the photoresist material. hi
the case of [(#0$] ti e phednon@sitdh rélBbEthi (Rd Ge of DBh@%P9a@shsk egi ONs are
removed, _and in the case of negative phaotqresist materials, the unexposed
regi ons ar eSTERIAMEOT STVEF BB Mpse patislanys themesen Y§ni%hpve t he 20
under | yi ng reai&tb dtching QM dILRicakRABrdldalk: RSB0 lhgm-gﬁfmgﬁa@t ected by the
phot oresi st material, and thereby produce the desired features in the
wafer. [ Ooptuctonef aeemeieondaeiprdesiss density, feature size is reduced. This
may be achieved by reducing the critical dinension (CD) of the features,
whi ch  requjgos) | Wlﬁﬁ@%rﬁ%ﬁ@&&%ﬂzﬁ& ﬂrec%%ﬁg:] EQes@rghcWay of inmproving
phot oresi st 25 resolution is by provid I nner phot oresi st nasks. [00051
New phot or eginggongueier dexics ar(eﬁg@lqglna ﬂ@B’V&fﬁmﬁmBR)eﬂémeWbe&ttﬁgmp@r sued to
roduce;snma S | 1S are less
Pe5|staH? t%kﬁéﬁ% rgﬁgt B%ﬁﬁﬂ%%%&?h n%5¥§%%8ﬁ§?&ﬁaaf% DUV and 248 inn
for deposited on the wafer and then 1s 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




photoresist. Also, with the current single |ayer approach, increasingly
thinner resist nmust be used to match the resolution of the features. This
may not provide enough resist for the dielectric etch and may cause ot her
conplications, such as striation, |ine edge roughness, and |line w ggling.
In 5 order to keep up with shrinking feature di nensions, the industry has
been investigating new technol ogies such as nulti-I|ayer approaches

i nvol vi ng ﬁﬁumtﬁh pﬂmpeﬁhﬂngmﬁ&ﬁpﬁgéﬁnnamﬁdxﬁyﬁmmmﬁ&bﬁﬁﬁhﬂologies\MII

undoubt edly be enS|ve an ons n effort to reduce
he coup! | NEPEHBIR D AMAdo FRRBI PR AL Bb At Rt o KPS, 1 he

sem COﬂdUCtﬁovid@@h@ighYesm&lmﬁﬂiddﬂchr@& %g:ﬁuste@tlﬁ?Ve' op materials having
a dielectric constant |ower than that of Si which naterials " are

sui tabl e f ofomigaliopss HehphYatioe. I efigsappshacssaddrime isglingelr at ed ci reuits. A
number of  PEQBl St JAL AL ifhRing WAL E YRRy 6k gdned to as "lowk
mat eri al s", have(%%e devéﬁ%peé @]'g §%§C|%Fg§%92ngan3'clalns | ow- k 15
mat eri al s ameetightingawaschmalpgics szulcls asnntlii-layed pggireaches ipvabonst ant k that is

|l ess than 4, Fluorosili.c Seone k dielectric,

whi ch has aevﬁingm?mn%ﬁgdnngﬁga%ﬁoﬁﬁ%uCmgﬁﬁﬂgﬁwpun@“W£§Eh§ an about 7-9%
fluori ne dop@ensivaund tHicEdnsdnflRE7] There are several kinds of |owk

materi al s currently bei ng 20 developed and in use in the sem conduct or

<1 sosaut ot 1By S Sl Bt e AR aRG 10 %%Ecﬁ%&”. s a

non-f | upy i rk&io@ds tﬁHs@Hﬁdﬁn@;ﬁcﬂff&idu@try]%@ﬁéHg@dﬁlﬁbﬁa@ﬂt@@vM with a reported
k of 2.65), and inorganic systens deposited by chenlcal vapor deposi tion

(CvD) such %%te%%lﬁyé%%ﬁ Mhela@t@c gamgiegt 10‘391' iy hajrot Silmphish malrialior 25

limtation, ;8uGRnRIBANESH fohnﬁz%%e%é?éc%@élr &ré%§u 1 iRELUAE FQRALIM from Novel | us
of San lose, California; Bla D ar nond fromApplied Materials of Santa

Clara, Calitustheraf prmwmr&\}ﬂamb e sorotmASKfeaed &rasdidvokal N. V., The
Net her | ands;;, Sl 'l,(ﬁaxﬂé | éd‘vglogé/d?‘lﬂl %lsgecgﬁcg%ém ctla(?lgg Itgﬁh-%m cal Amsr Ica,

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 dielectiic, which has a
dielectric constant of about 3.7. This composes an about 7-9% fluorine doped

into SIOZ

[6007] 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-flucrinated, 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; Avrora™ available from ASM Irnternational 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




Inc., Santa Clara, California, and HOSPTM from Al lied Signal of Mrristown,
30 New Jersey. Organosilicate glass materials have carbon and hydrogen
atons incorporated into the silicon dioxide |attice which |lowers the
density, and 2 hence the dielectric constant of the material. A dielectric
constant for such films is typically < 3.0. SUMVARY OF THE | NVENTI ON 5

[ 0008] To achieve the foregoing and in accordance with the purpose of the
present |nv1@ermt:emedaeldas&icmadstﬁmrofeb®mm1 oA diekbeietcbhstank &y esichover a substrate
is provi deg hot reslst mask is formed over the dielectric |ayer. The
substrate i “b‘;llé Efa <3l asma processing chanber. An etchant gas
conprising NF3 is provided into the plasnma chanber. A plasma is forned 10
fromthe NF3 gas. The dielectric layer is etched through the photoresist
mask w th the plasma fromthe NF3 gas [0009] In another manifestation a
met hod for etching a diel < bstrate is provided. A
phot oresi st rnaslc no no 4 r—t-Ht Ct formed over the
dielectric layer. The substrate is placed in a plasma 15 processing
chanber .5 Anf6etgihanTo gasevediRsiotdgbing abisendorddntywinh ePumoee of theli | uent i s
provided into the plasma ch er s formed fromthe NF3 gas. The
dielectric ﬂ)rgifg}m}f‘gmg{lep?b@&mg&b%@mgﬁfg%ﬁq%ﬁ YEOVEL D FRERISHth the plasma
fromthe NRgo@as:. Ag&%%sxkﬂnﬁﬁ@éiﬁﬁﬁed%@f&@%%m@@ay@ﬁ BRparatus for form ng
a features |n an etch [ ayer, wherein the is supported by a
substrate afstuisis elaged in@ Riaseis procasFEe Ci@lf%%véﬂ@éhwg&? photoresi st mask is

provi ded. AlaSR NP 0588808y NATRSK, dinBLOW e ThsyBh asa processi ng

chanber conprises”a orm ng nma processi ng chamnber

encl osulte, &mbﬂterbﬁiggasuﬂmw}edmcr laycsumqadieﬂrtmguglthujﬂsmreammmk hin the plasma
processing ¢ r a 25 pressure regulator for regulating the
pressure in't hgoB tﬁ%ggsgaﬁg

[0009] In another manifestation a method for etching a dielectric layer
over a substrate is provided. A photoresist mask no more than 400 am 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.

[00106] 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 NF; source is in fluid connection with the gas inlet. A




chanber encl osure, at |east one el ectrode for providing power to the plasnma
processi ng chanber enclosure for sustaining a plasma, a gas inlet for
providing gas into the plasma processing chanber enclosure, and a gas
outlet for exhausting gas fromthe plasma processing chanber enclosure. A
gas source 30 conprising an NF3 source is in fluid connection with the gas
infet. A 3 controller is controllably connected to the gas source and the
at | east oneontsllecit rade!ialigcameed Bake gits shieasdnddlmeat prasicmssor and conput er
readabl e nedja. . The conputer readable nedia conpris conput er readabl e
code for prSGSHFﬁﬁngﬁ@%P 8%59?%HF?ﬁgmﬁ§§”?889@ﬁﬂﬁﬁ?%g§%én %sma processi ng
chanber, compet@ipieri@ddabhrdieeapfifk c@anREratddige dodelias¥Bvifiingm t he NF3 gas,
and conput er__ readabl e_code for providing plasma conditions to cause the

et ching of AW &wscim gl sireqintorfbe pleaanprofessng ¢hBbRESomREer [ 0011] These
and ot hes f%Hélﬁ@&d@ffortggﬁﬁrﬁﬁl%%%ésnia%%b R sl Andt&%mg,%?“ bed in nore

detail below in the detailed description o he 1 nvention and in 10

conj unct i onreadatie ¢dde ffrgrdvidinpplasmaeomdiionBRICERe BESERIETI@eCE THE DRAW NGS
[ 0012] The I ! I S\l lustrated by way of exanple, and not by
way of Iini?ggﬁﬁﬂ%méﬁﬁgﬂ%h%@5%$%§3%%’the acconpanyi ng drawi ngs and i n which
| i ke reference nunerals refer to simlar elenments and in which: 15 [0013]
FIG | is al@Otdw chbese and other festhyes pithepreednt inentionwelhbe deseribdd0014] FIG ' S

2A-B are schemati.c. yiews .of | rs,etched (n an enbodinent of the

i nventi on. FﬁBT%ﬁdE¥E?°§‘?g$£®%§ﬁ%%ﬁ?ﬂ@°%?€@?Bwaﬁmﬁﬁﬁgﬁh processi ng chanber
that n&y beonjigedod ohh gledbiicvgng 891EH016] FIG S. 4A-B illustrate a conputer
system which is suitable for inplenenting a controller used in

enbodi nents of the pr ﬁMDﬁgﬁﬁ%IBQ'OF%%ﬂAWHPE?CRI PTI ON OF THE

PREFERRED EMBODI MENTS

[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

mmplemeniing a controller used in embodiments of the present invention.

DETATLED DESCRIP'TION OF THE PREFERRED EMBODIMENTS

10017} 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 sel forth i order to provide a thorough understanding of the present




[0017] The present invention will now be described in detail with 25
reference to a few preferred enbodi nents thereof as illustrated in the
acconpanyi ng drawings. In the follow ng description, numerous specific
details are set forth in order to provide a thorough understanding of the
present 4 invention. It wll be apparent, however, to one skilled in the
art, that the present invention may be practiced w thout sonme or all of
t hese speci finentidetlaivilbe dppareiithierweves toasie eBilledval the &) @wnthRr ocess st eps
and/ or structures have not been cf}lescri bed in _detail in _order to not

unnecessar i IR SEHLRERR HEY brraacdined Wihquhgoamg orgH of fager1ecfi® facilitate

under st andi HgtailE| 2 otitbr inﬁtaﬁce@,ivgél'l1411%\&%|pr(fc|e£vé‘,te§5'ﬁ{d%r%{mtﬁmepﬁ%eSS Used in an
enbodi ment of the invention. A substrate with a dielectric layer is

provi ded ( stiepbeendyscripedsndetail xirder tornstiinpeefsarlytiscovedhe plegendi el ectri c

| ayer (step;LQ8ko, The substrate is placed in a plasma chanber (step 112).
An 10 etchant gas conprising NF3 is provided to the plasnma chanber (step
116). Plasma is forned fromthe etchant gas (step 120). The plasma forned
from the ef@H&ht Jashgiktaigsmderstonding KIG.Has dhishdoet flov Hayterfa( st ep 124) .
Remai ni n resq: s then.r ved tep 128). .. opl e 15 [0019]
To facil igt a{a gb% Eér%&lgfds@ tglﬁgiﬁ ﬁgdl%l? nttoggheil%\%glﬁ% o%%‘%é%%e Wgtg\aidée%%%én‘}r)oss- secti onal
i |l ustrati ofeyefis aravided (atept 4R 1Q piviviesis idisk ietmédoviepghe dielBict hat i s

rovided (ste 04 | n, an _.ex le of . a preferred enbodi nent of the
!Onventi on,( ﬁ"ﬁgr éﬁBé?@a&ge %‘ibﬁt“i%g%dﬁ%"fi{] oS BPBF dsiembl 2 8Pect ric | ayer
220 is 10r ganbas chd waipsigh AFSis pidliged th 1l S b cEAbPWtpe 1BRsed | ow Kk

dielectric terial. 20 In the preferred enbodi nent, the ARC | ayer, which
i s pref er abF\PSE2 Pt rom the eohind gos (viep 430t TheplepaREymediom| s pl aced over

the di el ect feGidnanehs %%Qeél t@‘etcﬂlﬂfé:cﬁélgrﬂicsltay%éi: 122%911&4;%1%@@ s preferably 193

um phot oresist, is forned over e dielectric layer (step 108).

Pr ef er abl y, Phafercisiamisk isthen rampraddkiar d28)of no
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 Inthe 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 patierning 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




nore than 400 iTm. Via patterning uses mask thicknesses of about 400 nu. 25
Trench patterni ng uses nmask thicknesses of about 200 run. More preferably,
the mask has a thickness of no nore than 200 nm The substrate 210 is
placed in an plasnma processing chanmber (step 112). [0020] FIG 3 is a
schematic view of a plasma processing chanber 300 that nay be used for

i nventive etching. The plasma processi ng chanber 300 30 conprises

confi nement 308 ggas 30ce 3D, MANAIxBheCHigE203 ithiRplhaiefrosdsgat r ode 5 308, a
gas source 310, and an exhaust punp.320. Wthin plasma processing chanber

300, the sulSSHPRRre091he ?@Siﬁ&?wﬁw@&iﬂa%vp@ﬁ%ﬂ logresicdiode 29 de 308.  The
lover el ect ngde,308AGRPE %B%%ra"t’essdléhﬁﬁ% &M@ﬁp&%%@%ﬁg mechani sm
| clanping, or the Il 3 or

(e.g., electrostatic, mechanic i ol di ng the
substrat e 5{(240¢lednstatioandchanicabplad@ide, anclor oy &t beldinhéheupperatel ect r ode 304

di sposed: | di-at el jte the |ower electr 08. The upper el ectrode
304, | owdr ggﬁeg ?%8%m%%§?igﬁgn€%ﬁ??ﬁ%Hﬁ%?eggﬁ §q§6 SHEFT ne the confined
pl asma vol utisemediGey dpposiiepid loeer dl@tiote3 o niis ngskr pleagsm® 300 1owe: by the gas

source 310 aﬁg;i exhausted fromthe confined Plasna vol une t hrough the
confi nement SFPRYE 308 A sonfmsmsnt e 404 eips e Bylind@lasmaa¥epunp 320. In

this enbodi tRBis subfifed t@%_c@ﬂﬂfe@%la%;lgvaﬁfﬁg'Eg%%@gbum%%lﬁQﬁﬁﬁ;e 312, a diluent
source 316, and a stripping gas source 318. e gas source 310 may further

conpri se ot FEraugas fromdhy emfnedyiashi vwburecibrosgigthc soinsment s | y connected to
the lo e . - nfinement rings
he0 uppes M EH e aa o ARG bR 308 IR BURAER 688 ' Ol er ent

302, the upper el ectrode 304, a
conbi nat i ongasgfource Gm ewtiprsgs RENKenerce B 02, khiduelt entrceddl 6, @ader possible. In a

et o0, ORI ol RTS8 Syl M pover sources
upper el ect p@gesi sn@iotncedqs A daticay dhedddho s I6watd@irb@bl y connected to
the RE soUrggy 3 miter walk £35St B Rachertings 305, Bempper " ¢€ 310
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 elecirode, and the upper electrode is
grounded. A controller 335 is controllably connected to the RF source 348,
20 exhaust punip 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 an integrated 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 8§10, 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. Aftached to system bus 820 are a wide variety of subsystems.

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




[0021] FIG'S 4A and 4B illustrate a conputer system 800, which is

suitable for inplenenting a controller 335 used in enbodi nents of the
present invention. FIG 4A shows one possible physical formof the
conputer system O course, the conputer system may have nmany physi cal
forns ranging from25 an integrated circuit, a printed circuit board, and a
smal | handhel d device up to a huge superconputer. Conputer system 800

includes a oBuplddab sBPRe davicsd] BEuddg SRhorye8 20 Wainngy B06incladddi sk drive 808, a
keyboard 810, and a nouse 812. Disk 814 is a conputer-readabl e medi um used
to transfer "4 aﬁf@sawamom(wcaaﬁﬁ%f@fﬂyg%wwﬁ%@ﬁl)- 30i0022] FIG 4B is an

exanpl e of andlPEknAhRHGW£QN0 FRARRMERS nMialeMioBRi-aifilcliagied to system bus
820 are a wide variety of subsystens. Processor(s) 822 (al5o referred to

as central pribeé&sd)ang Ridiitisused bypeplisle trpseniatoandliestuetions tnor ldge  devi ces,
i ncl udi : I RA| d
oad- oty neend Bt TR ortEde bR oSO MARE BRERTRIPLY ("o e

dat a and i nsf thectimputar-@adatilermeelia desalbey belvw. AhixeCRISk B06lisRAM | s used
typically to t sfer data a instructions in a bi 5 directional manner.
Both of 1 heSurPRE SRR rey Moyt i reddiyiuiadute o' tne

conput er - r eggadityeandeeiyaldandidelad obfl epuierirtadapls etk BHibk$ al so coupl ed
bi-directionally to CPU 822; it provides additional data storage {

capaci ty anbelpty Fhied disk§8¢ mar bapspd &t sterp grogmmsu s, 2p@ g dibp andisdi a descri bed
bel ow. I xed, digk, 826 184S EGuh BeusSih QQ3NE 5 nd the |ike and
is 10 typi g”gl I%l,(aé se%d(;gﬁ%_sar ygstoraggsume |aﬁhn%9§s%8hﬂﬁg8%@%1%;ﬂg&di sk) that is
sl ower t hanpripaysirages ttoridde apirecised thatthe mfpmetdmtckihetd wathint he i nf or mati on

retai ned w Epingqfdxed, dis 2 LD-appropri.a ases.. be incorporated
i n standar d@ééis%ﬁl{)gh as ’%ﬂ%’?lﬁjggat%ér%sf%e fnr(fg Olf?gerd;}ﬂgtg’}ffar é‘?s%‘\)/lbbl e disk 814
may take thss fisnahneinory hemanop @24 rRensadslb ik 3edhay ks deithadoibel ow. 15

[ 0023] CPU 1%22 i s al SOda%?el{ﬁc!:cggdésgribaed\tlyglg)\lv.ety of input/output devices, such

e commputer-rea

15 [0023] CPU 822 is also coupled to a variety of input/output devices, such
as display 804, keyboard 810, mouse 812, and speakers §30. 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 networlk, or might outpuf 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 8§22 or may execute over a network such as the Infernet in

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

{00241 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
operalions. 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




as display 804, keyboard 810, nouse 812, and speakers 830. In general, an

i nput/ out put device may be any of. video displays, track balls, mce,
keyboar ds, m crophones, touch-sensitive displays, transducer card readers,
magneti c or paper tape readers, tablets, styluses, voice or handwiting 20
recogni zers, bionetrics readers, or other conputers. CPU 822 optionally may
be coupled to another conputer or tel econmunications network using network

interface 840 WAitRoSHEHH NRNYRY thodk RiAH] A8n thd odninEQRLENRLAt ed that the
CPU mght receive information fromthe network, or m ght out put

i nf or mat i onati Exarhpleneffopmpkter-reafdide ediz weludd, bpleare aetdinntpdtthe above- descri bed
nmet hod st eps, Eur ) i e sent invention
may executeﬁmgﬁrgT%d%%gﬁﬂ%g%hggg&gggwgggggé@ﬁ@éiggéF$§cﬁggﬁnrk such as the
| nt er net i nmedianpabres tGIBR.OM ¢ imddictographie d8Rtdsf inagnehanties naedpor t i on of t he

processi ng. 0024].. 1 n .addi tjion, enbodi ts of .the prese i nvention

P her 79 et %% gomticg e PR R T e Serit e REERET I | Meadabl o

medi um t hat sibavad 3caRTRstrah c6asuch BeiRabaspeid iafciiatg vari ous

conput er-inpl enented operations. The nedia and conputer code nmay be those

speci al |y de&ugnetIest rrogsmapshiciosig devses (P9 arpBOdLaskRdMe present

i nvention, gLilRaY% AR¥RGr Amidhe cdddihAfuetRichink RON) 2R Gs BAldAbl e to those
having skill in the Conputer software arts. Exanples of conputer-readable

medi a i ncl ublea coypilenraad fidsts chitpining digher. levapeyiedhdt erermadivieddiyeh as hard di sks,
fl oppy di sk ' e; ' ' CD- ROMs and
hoIograg%icgﬁgﬁﬁggggg%%é%%?%%%p??@@%&%%@ﬁgggggﬁéEﬂ%%O%%optical di sks; and
har dwar e dewdmgeserichdd trasaitegdgiaabinyuiaatata signeleantodied$t atariand execut e

program code, such as application- cific integrated .circuits (ASICs),
pr ogr amabl ¥YGY CCRIEGT THLPBES Oéﬁ%”wgﬁ arﬁ%\ﬁﬁcuﬁ‘gl?ibé’é‘s. Exanpl es of

conput er coﬁgmgaﬁlude machi ne code, such as produced by a conpiler, and
files containing higher |evel code that are executed by a 10 conputer using
an interpre{er. Coggut r readabl e nedia may _ al so be
0025} etchant gas comprising NFs is provided to the plasma chamber
15 300 (step 116). In an example, the etchant gas comprises NFy and an inert gas,
such as Ar. For example, the eichant gas may be 60 sccm NF; and 100 scom
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 info the dieleciric 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 dieleciric 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




conputer code transmtted by a conputer data signal enbodied in a carrier
wave and representing a sequence of instructions that are executable by a
processor. [0025] An etchant gas conprising NF3 is provided to the plasm
chanber 15 300 (step 116). In an exanple, the etchant gas conprises NF3
and an inert gas, such as Ar. For exanple, the etchant gas nmay be 60 sccm
NF3. and 100 sccm Ar. As in this exanple, preferably, the etchant gas is

froe of {1 YAIORALANRG.FcIIg)Ofd HowcaRRomS. ubl0hZ) sThasel chant gas o

converted to a plasma (step 120). In this 20 exanple the pressure in the
pl asma chamgss. i s set at 120 nﬂorr. The RF source provides 500 Watts at 27
Miz and 100 Watts at 2 MHz. The plasma fromthe etchant gas is used to

etch feat Uifist 32 #lékfe&bfyhﬁeﬂt htﬁﬁltl{sés%éfﬁi@é51sggpl93 @Sosthew in FIG 2B (step

124). An a process e used to renove the remaining photoresist
mask, mhlIéhth§Mﬁmb$ﬁsaméhﬂEN¢nknﬁ@mvw&ghﬂk9$@6@§§“H§T@? nber (step
128). %021& The .i.nve t|on may be used to etch a variety of dielectric

mat eri al’s %ﬁ%”?%VB #%n may be used to etch silicon oxide based
dielectric materials, such as silicon oxide and organo silicate glass. In
anot her naqﬂﬂaﬁtanﬂmnnemutﬁemyﬁmméhﬁmﬁﬁwﬂﬁh@ﬂhﬁvéﬁﬁﬁdﬁﬂﬁﬁybe used to etch

| ow1 c dlelectrjc Lt her ed or silicon oxide
based. ExarpiGdy dBmgﬁﬁm%ggéggﬁﬁ M%]fga (%%%gﬂ%ﬁe ect?%cs that may be
etched by téa&cﬂiﬁmyuam@éaeec&mwmmgwmessuetchaue Hheass. [0028]
Preferably, the invention use ist o u‘& or above. Such

a hot 93
photoreS|st@”%@ﬁﬁNFbﬁH&@@eﬁﬂ?gﬁﬁﬁgﬁﬁS R mﬁ?ﬁ?&% A |o (C/Hratio) and 5

are |esg et]%&ezgs@sgﬂ)lﬁftcﬁ&rwt sd1Q92 8 bPhel-ayigshs tickelie @tch\mté ynokesthaief i ned by t he
etch rate the dielectric
the increase in the photoresist etch rate.

[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 patierns. 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
hiydrocarbon, fluorocarbon, or hydrofluorocarbon component does not seem to

deposit carbon or polymer and therefore does not cause microloading.

20 [0032] In 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 masl to reduce the
photoresist etch rate. Such protective layers of carbon or polymer apply &
force to the photoresist mask, which causes the photoresist mask to bend or

distort.
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| ayer divided by the etch rate of the photoresist. Generally, photoresist
selectivity may be increased by |lowering the photoresist etch rate. The
inventive NF3 etch is believed to increase the photoresist etch rate, but
10 increases photoresist selectivity by increasing the dielectric etch rate
nore than the increase in the photoresist etch rate. [0030] Conventi onal
etches would | ower photoresist etch rate by depositing carbon or pol yner
on the phot moesj st TARHAIBssAMayddfukdiGo rdiRcEl bdge Dusthehy Mgesses woul d cause
m cr ol oadi ng bet ween patterns. Such 15 mcrol oadl ng woul d cause uneven

et chi ng bet HEa#rIapiagngicdss reu@wéflswné&aé@unsg@maﬂwgseéhauwveas with nore
distantly s e inventive process using only an NF3
et chant vvitﬁﬁﬁrggrig r%{%lar o%,&@ﬁ?rl]oggcar bon, or hydrofl uorocarbon conponent
does not seemto deposit carbon or polyrrer and therefore does not cause
m cr ol oadi ntf034i0 [ BG8R]his mverdidirthpobeen dperibedie tering ef gsverebss may reduce or
el i m nat I.0g. I i i I.S.C ed by a

di stort |sgn ﬁljg%%f bé&m@q‘tg%}%ééygﬁofggﬁéﬂg gi%liﬁl%%%gn%%{l&édr%ig‘glhsnsf%gds bent or

di storted pifmdoos sﬂjssmteréqualemam1 =il iyl the d:cxbpesdsfahiedhvfeﬂtadmrIES It is

bel i eved t hat hdIS rt| nor en of the toresist mask materi al
e ovead bfosRb ol B MomlR it oy ba e BoReReiEde "ot on he

phot or esi St mamsés 41 apLelAERs bhle p&b@ﬁ Q{v@l&ioiit 1194 Slref@t BxendeCihapr Ot ecti ve

| ayers of carbon or polymer apply a force to _the photoresist nmask, which

causes the PREUOVERS Ppetred glans Ysdpigrssted fiiagiyling albguc{‘ B3FIOIThi s process nay
be usediq o sasRSo AR AGR LONBNDERTARA oLl WLLAL mBlspeR |1 ne edge

roughness and striafion is generally cased by uneven yner deposition
duri ng et chengrsgenesy thepresp0@eBLishi | e this i nvention has been described in
terns of several
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5 preferred enbodi ments, there are alterations, permnutations.

nodi fi cations, and various substitute equivalents, which fall within the
scope of this invention. It should also be noted that there are nany
alternative ways of inplenenting the nethods and apparatuses of the
present invention. It is therefore igﬂ‘ﬁ&&gd that the foll ow ng appended
clains be interpreted as including h alterations, 10 pernutations,
and vari ousygihstialdEisequi val ents as fall within the true spirit and
scope of the present invention. 10 CLAIMS What is clainmed is: 1. A nethod
for etchind.a | of\tmctluﬁdefbectchiing allavyekrdicleexiceita)@ubwwastub$tm@rwpnipsiising: f ormi ng
a phot or esi st W th a thickness o . nore _than 400 nmover 5 the
Yo k i o ect i o OBPE PR iR of RO F g@ﬁé‘%ﬁ&b@&i ng
chanbers pryiod- Eﬂwfliél:n‘?éﬁpé}m gas consisting essentially of NF3 and an
inert diluent into the pfasma chanber; formng a plasma fromthe NF3 gas;
and 10 etching tplmlﬂg)tlveIsu!mhtrateantarplasrﬂaqyecessihgoh@nbetrhe phot oresi st mask with
the plasma fromthe NF3 gas. 2. The nethod, as cited in claim1l, wherein
the lowk diel ety mg&g}@? P 238 ORISRt lé?sg@éﬁ s anfgngney fluspbt hod, as
recited in 2, wherein the formng the photoresist mask
fornms the 5‘?,@%{%‘? lglgds]?blnq%% rto a thickness of no nore than 200 nm 20 4.
The met hod, as rfelttmmgdpﬂammrfyomfthecmﬁjgm dnd3, wherein the inert diluent is

Ar. 5 A sem con ucttgr devi ce maldgq y the nethod of, any of clainms 1-4. 6.
A met hdH for et GHMing he lovadielpeie dyer Groughdhe M?reﬁs‘slﬂ%%‘t‘?”élﬂ & conpri sing:

plasma from the NF; gas.

2. The method, as recited in claim 1, wherein the low-k dielectric layer is

organosilicate glass.

15
3. The method, as recited in any of claims 1-2, wherein the forming the
photoresist mask forms the photoresist mask to a thickness of no more than 200
nm.
20 4. The method, as recited in any of claims 1-3, wherein the inert diluent is Ar.
5. A semiconductor device made by the method of any of claims 1-4.
6. A method for etching a low-k dielectric layer over a substrate, comprising:
25 forming a photoresist mask no more than 400 nm thick over the low-k
dielectric laver;
placing the substrate in a plasma processing chamber;
providing an etchant gas consisting essentially of NF; and a diluent into
the plasma chamber;
30 forming a plasma from the NF; gas; and

etching the dielectric layer through the photoresist mask with the plasma

from the NF; gas.

11




25 form ng a photoresist mask no nore than 400 nmthick over the | owk
dielectric layer; placing the substrate in a plasma processi ng chanber;
provi di ng an etchant gas consisting essentially of NF3 and a diluent into
the plasma chanber; 30 formng a plasma fromthe NF3 gas; and etching the

dielectric Layer. thro t he phot oresi st mask w.th the plasma fromthe NF3
gas. [ 11 Z % :IEh% oﬁ,reglge%rlgc?ﬁaﬂlé‘ > ieEqiny iyttt é\ﬂlféqng}srff% he inert
diluent is Ar. 8. The nmethod, as recited in any of clainms 6-7, wherein the
dielectric layer is organosilicate glass. 5 9. An apparatus for formng

f eat ures i n84 ow Khelirelheds as recitalierpy whdnmint-F heheremytbe diekecsimplppertied by a
substrate and V\/nelrein the lowk dielectric layer is covered by a

phot or esi st "R I@E#si ng: a pl asma processi ng chamber, comprising: 10 a
chanmber swal | form ng a plasma processi ng chanber enclosure; a substrate
support for supporting a substrate within the plasm processing chanber
encl osure; % predsupparpimglibrdboningdeaturegid lati-h did deeiqesswhereintht he pl asma

processi ng chanber enclosure;, 15 at, | east one e] ectrode for providing power
to the pl ash¥gr 6‘&&’§§F?’1§Y a SRbsvis andredrsen e Tosr él?ich?crﬂiaﬁ‘al%%‘feﬁ%a; a gas

inlet for pg}oybgétg&sg%aémg&ng{gg?gl asma processing chanber enclosure; and

a gas outlet” for exhausting g om the plasma processi ng chanber 20
encl osur e; a plasma processing chamber, comprising:

10 a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma
processing chamber enclosure;
a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;
15 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
20 enclosure;
a gas source in fluid connection with the gas inlet comprising:
an NF; source; and
an inert diluent source; and
a controller controllably connected to the gas source and the at least one
25 electrode, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for providing NF; gas from the NF;
source and an inert diluent from the inert diluent source into the plasma processing
30 chamber;
computer readable code for generating a plasma from the
NF; gas and inert diluent; and

computer readable code for providing plasma conditions to

12




a gas source in fluid connection wth the gas inlet conprising: an NF3
source; and an inert diluent source; and a controller controllably
connected to the gas source and the at |east one 25 electrode, conprising:
at | east one processor and conputer readabl e nedi a, conprising: conput er

readabl e code f OVI NF3 t he .NF3 rce n inert

di | uent froﬁP?ﬁiee ng%gWHa §H£ ﬂl&m?ﬁgmb 53?3%2@@ ng 30
chanber; caiipdher readable code for generating a plasma fromthe NF3 gas
and inert diluent; and conputer readable code for providing plasma
conditions to 12 cause the etching of an etch layer with the plasm from
the NF3 gas and inert diluent. 5 10 15 20 25 30 13
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