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12 2. Brief Description of the Background Art

13 A 'patterned photoresist layer is often used as a template for pattern etching an |
14 underlying layer which functions as a hard mask during the etching of layers which underlie
15 the hard mask. Frequently, the hard mask is formed from an inorganic material such as
16 silicon oxide or silicon nitride (or a combination thereof).

17 Figure 1 shows a typical prior art semiconductor structure 100 which includes, from
18 bottom to top, a silicon substrate 102, overlaid with a layer 104 of an organic-based
19 dielectric material, overlaid with a hard mask layer 106, and a patterned photoresist layer
20 108. After patterning of the photoresist layer 108, there are often "feet" 110 remaining at
21 the interface between the patterned photoresist layer 108 and the hard mask layer 106, as
22 shown in Figure 1. The presence of these "feet" makes it difficult to maintain control of the
23 critical dimensions of a pattern etched in the hard mask layer 106 (and the critical
24 dimensions of features etched in the organic dielectric layer 104 underlying hard mask layer

25 106).
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13 considerable expense has been incurred in the formation of the structure 200 shown in
14 Figure 2, and rather than discard the structure 200, it is desired to remove the misaligned
15 second patterned photoresist layer 214 and to reapply a new photoresist layer.

16 In the past, since most photoresists are comprised of organic materials, a plasma
17 formed from oxygen (O,) gas has been used to remove the "feet" 110 of the kind shown in
18 Figure 1 (descumming) and to strip misaligned photoresist from a semiconductor structure
19 of the kind shown in Figure 2 (reworking). However, even when a bias v.oltage is applied
20 to the substrate, etching with O, is isotropic. With respect to the structure illustrated in
21 Figure 1, this may cause a change in the critical dimension (an enlargement) of the pattern
22 in patterned photoresist layer 108 by the time the feet 110 are removed. With respect to the
23 structure illustrated in Figure 2, this may cause undercutting of the organic dielectric layer
24 204 toward its base, as illustrated by the broken lines indicating areas 218. Also, etching
25 with O, is very fast, making it difficult to maintain good control over the amount of
26 photoresist which is removed (or organic dielectric layer which is inadvertently removed).
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11 an organic hard mask layer which is resistant to the etch chemistry of the method. These
12 methods utilize a plasma etch where the plasma is generated from a source gas which is
13 primarily (at least 50%) comprised of NH;. In many instances, the plasma source gas is
14 preferably solely NH;. A relatively high substrate bias voltage (typically about - 100 V to
15 about - 1,000 V) is applied; the result is vertically directed anisotropic etching, where
16 ionized nitrogen and hydrogen species, for example, are more active at the base of an
17 opening in the substrate structure than at the lateral sidewalls of the opening. This avoids
18 undercutting of the patterned photoresist layer during descumming. In the case of
19 reworking, the hard mask layer shields the underlying organic dielectric layer at the top of
20 the opening, and this, combined with the anisotropic direction of etch, reduces damage to
o 21 the previously etched dielectric layer underlying the hard mask layer.

22 BRIEF DESCRIPTION OF THE DRAWINGS

23 Figure 1 shows a prior art semiconductor structure 100 including, from top to
24 bottom, a patterned photoresist layer 108, a hard mask layer 106, an organic dielectric layer



21 the previously etched dielectric |ayer underlying the hard mask | ayer.
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9 of the invention, the Applied Materials IPS™ dielectric etch chamber (designated by
10 reference numeral 300). The IPS™ chamber 300 includes two plasma power sources,
11 provided by an outer coil 302 and an inner coil 304. Substrate bias power source 306
12 permits application of bias to a substrate being processed.

13 Figure 4A shows a beginning semiconductor structure 400 of the kind known in the
14 art which exhibits feet 410 at the base of patterned photoresist layer 408. Patterned
15 photoresist layer 408 overlies a hard mask layer 406, and a layer 404 of an organic low k
16 dielectric material, all of which overlie a substrate 402.

17 Figure 4B shows the semiconductor structure 400 after descumming according to the
18 method of the invention.

19 Figure 4C shows the semiconductor structure 400 of Figure 4B after pattern etching
20 of the hard mask layer 406.

21 Figure 4D shows the semiconductor structure 400 of Figure 4C after etching of a



20 of the hard nmask |ayer 406. 21 Figure 4D shows the sem conduct or
structure 400 of Figure 4C after etching of a 4 WD 02/11193 PCT/ US01/ 23992
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shows the sem conductor structure 400 of Figure 4D after deposition of 3 a
second, new photoresist |ayer 414. 4 Figure 4F shows the sem conductor
structure 400 of Figure 4E after patterning of 5 photoresist |ayer 414. In
this instance, the opening in second photoresist |ayer 414 was 6 intended
to be centered ,over via 412, but the Patterning of second photoresist |ayer
414 was CYNRFSHR fA sy g arernielopek dielestri layr #94. 8 Fi gure 4G shows t he

sem conduct or structure 400 of Figure 4F after stripping of the 9 second
phot oresi st |ayer 414, according to the nethod of the invention. 10 Figure
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6 intended to be centered over via 412, but the patterning of second photoresist layer 414 was
7 misaligned with respect to via 412.
8 Figure 4G shows the semiconductor structure 400 of Figure 4F after stripping of the
9 second photoresist layer 414, according to the method of the invention.
10 Figure 4H shows the semiconductor structure 400 of Figure 4G after deposition of
11 a third photoresist layer 416.
12 Figure 41 shows the semiconductor structure 400 of Figure 4H after patterning of
13 photoresist layer 416, including "feet" 418 overlying patterned hard mask layer 406.
14 Residual photoresist 420 may also be present on the sidewalls and bottom of contact via 412,
15 Figure 4J shows the semiconductor structure 400 of Figure 4] after descumming
16 according to the method of the invention.
17 Figure 4K shows the semiconductor structure 400 of Figure 4] after second pattern
18 etching of the hard mask layer 406.
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patterned photoresist; an underlying |ayer of hardmasking 8 material; a
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11 pattern.

12 The method of the invention comprises exposing the semiconductor structure to a
13 plasma generated from a source gas comprising ammonia (NH;). NH, typically comprises
14 at least 50% of the source gas. A substrate bias voltage within the range of about - 100 V
15 to about - 1,000 V is typically applied during the performance of the descumming method
16 of the invention. For an IPS™ dielectric etch chamber, the substrate bias power applied
17 ranges from about 100 W to about 400 W, to obtain this substrate bias voltage.

18 The hardmasking layer typically comprises silicon oxide or silicon nitride, or a
19 combination thereof. The organic low k dielectric material is typically selected from the
20 group consisting of Poly(arylene)ethers; Poly(arylene)ether oxazoles; Fluorinated
21 poly(arylene)ethers; Parylene-N; Parylene-F; Parylene-AF; Parylene-AF4; Polyimides;
22 Polynapthalene-N; Polynaphthalene-F; Perfluorocyclobutene; Polytetrafluoroethylene;
23 Polyphenyl-Quinoxalines; Polybenzoxazoles; Polyindane; Polynorborene; Polystyrene;
24 Polyphenyleneoxide; Polyethylene; Polypropylene; alpha-carbons; SILK™; BCB; FPI;

25 FLARE 2.0; and combinations thereof.
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12 source gas. A substrate bias voltage within the range of about - 100 V to about - 1,000 V
13 is typically applied during the performance of the photoresist stripping method of the
14 invention. For an IPS™ dielectric etch chamber, the substrate bias power applied typically
15 ranges from about 100 W to about 400 W.

16 The hard ymask layer typically comprises silicon oxide or silicon nitride, or a
17 combination thereof. The organic low k dielectric material is typically selected from the
18 group consisting of Poly(arylene)ethers; Poly(arylene)ether oxazoles; Fluorinated
19 poly(arylene)ethers; Parylene-N; Parylene-F; Parylene-AF; Parylene-AF4; Polyimides;
20 ‘ Polynapthalene-N; Polynaphthalene-F; Perfluorocyclobutene; Polytetrafluoroethylene;
21 Polyphenyl-Quinoxalines; Polybenzoxazoles; Polyindane; Polynorborene; Polystyrene;
22 Polyphenyleneoxide; Polyethylene; Polypropylene; alpha-carbons; SILK™; BCB; FPI;
23 FLARE 2.0; and combinations thereof.

24 The invention provides methods of descumming and photoresist stripping of
25 semiconductor structures which do not result in damage to underlying organic layers,
26 including organic dielectric layers, and in particular, organic low k dielectric material layers.



25 sem conductor structures which do not result in damage to underlying
organic layers, 26 including organic dielectric layers, and in particular,
or gani ¢ voovox1dp®l ectric nmaterial |ayers. 7 WO 02/11193 RCIUBB@BIR3992 1
Since nost photoresists are organic materials, it is difficult to renove
resi dual photoresist 2 material, or to strip a photoresist |ayer for
rework without affecting other |layers of organic 3 material which are
present in the structure. This nethod has provi ded unexpected results 4 in
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11 "an", and "the" include plural referents, unless the context clearly dictates otherwise. In
12 ‘addition, the term "substrate" includes semiconductor materials, glass, ceramics, polymeric
13 materials, and other materials of use in the semiconductor industry.

14

15 I. AN APPARATUS FOR PRACTICING THE INVENTION

16 Figure 3 shows an example of an apparatus which can be used to practice the
17 methods of the invention, the Applied Materials IPS™ dielectric etch chamber (designated
18 by reference numeral 300). The IPS™ chamber 300 includes two plasma power sources,
19 provided by an outer coil 302 (frequency typically tuned at 2.0 + 0.1 MHZ) and an inner coil
20 304 (frequency typically tuned at 2.3 + 0.1 MHZ), both of which are located exterior to
21 chamber 300. A substrate (typically a silicon wafer) is held in place upon a ceramic
22 electrostatic chuck (substrate support platen) 308. A bias voltage may be applied to
23 substrate support platen 308 by means of bias power source 306 (frequency typically tuned
24 at 1.7 + 0.2 MHZ).

25 The methods of the invention disclosed herein are preferably performed in an
26 apparatus having separate power controls for the plasma source power and substrate bias



22 electrostatic chuck (substrate support platen) 308. A bias voltage may
be applied to 23 substrate support platen 308 by neans of bias power
source 30W0(ttBoiency typically tuned 24 at 1.7 + 0.2 MEQT/USE/2Be net hods
of the invention disclosed herein are preferably perforned in an 26
appar atus havi ng separate power controls for the plasma source power and
substrate bias 8 WD 02/11193 PCT/ US01/23992 1 power. 2 3 Il. EMBODI MENTS
| LLUSTRATI NG THE METHODS OF THE | NVENTI ON 4 FOR PHOTORESI ST DESCUVM NG AND
STRIPPING 5 Referring to the figures, Figure 4A shows a typi cal

sem cond RGBT structure 400 to 6 which the méthod of the invention is

appl i ed. Sem conductor structure 400, as shown in 7 Figure 4A, includes,
fr top to bottom a patterned photoresist |ayer 408, a hard mask 8 |ayer

40 and | ayer 4 i C ielectric material, all deposited
on65a subsl?'r at ﬁ&%ﬁ%ﬁs&ﬁig@%@ﬁ fg%#EiTHQp%PFsTHE&SHENTtIQNje. 10
Thé* or gani ¢ | dWk PATETQRESIST RESSUMMINGAND SFRIPPANGon and
hydrogen-containing 11 low k dielectric material including, for exanple,
but5 not i m t eRefewingfo kbl fguréss Fpued herbows 4 B pRal hatope) sheies849! es;

Fl uorinated poly(aryl ene)ethers; Parylene-N, Parylene-F;, 13 Paryl ene-AF,;
Party| ene-vifidh tHeahsthod dEtie iPadnyina e dppliede -NmiRekdystaphtltalre 160, Rs shdén in

Per f | uor ocycl obut ene; Pol ytetrafl uoroethyl ene; Pol yphenyl - Qui noxal i nes; 15
Polly benz dgureldés ; inPludgs, ficam p Bdloytnm; bpaterasd Phbtyresist RBiper 408, a hard mask

Pol yphenyl eneoxi de; 16 Pol yet hyl ene; Pol ypropyl ene; al pha-carbons; SILKTM
BCB; FPI ;layet A:and glayerstOdelf bn exganit Tow bdixlevatd matsrialf alhdgpositedidnesabsimker i al s,
whi ch have a dielectric constant |lower than that of 18 silicon dioxide. In
pati cul 402, whish isiypically gidiapwe of gilicdn nlirdleectric material™ refers to a carbon

10 The organic low k dielectric material may be any carbon and hydrogen-containing
11 low k dielectric material including, for example, but not limited to, Poly(arylene)ethers;
12 Poly(arylene)ether oxazoles; Fluorinated poly(arylene)ethers; Parylene-N; Parylene-F:
13 Parylene-AF; Parylene-AF4; Polyimides; Polynapthalene-N; Polynaphthalene-F;
14 Perfluorocyclobutene; Polytetrafluoroethylene; Polyphenyl-Quinoxalines;
15 Polybenzoxazoles; Polyindane; Polynorborene; Polystyrene; Polyphenyleneoxide;
16 Polyethylene; Polypropylene; alpha-carbons; SILK™; BCB; FPI; FLARE 2.0; as well as
17 combinations of any of these materials, which have a dielectric constant lower than that of
18 silicon dioxide. In particular, the term "organic low k dielectric material" refers to a carbon
19 and hydrogen-based dielectric material having a dielectric constant ("k") value lower than
20 4.0.

21 The low k dielectric material is deposited on the substrate according to methods
22 known in the art, depending on the particular low k dielectric material used. The layer 404
23 of organic low k dielectric material is typically deposited to have a thickness within the
24 range of about 7000 A to about 11,000 A.

25 The hard mask layer 406 is typically silicon oxide or silicon nitride, or a combination
26 thereof, but could also be silicon carbide or silicon oxynitride. The hard mask layer 406 is
27 debosited overlying the organic low k dielectric material layer 404 according to me;chods

9



19 and hydrogen-based dielectric material having a dielectric constant
("k") value lower than 20 4.0. 21 The low k dielectric material is

deposi t edv@n2/1he3 substrate according to nmethods 22 knownPCTUBOIE23992t |
depending on the particular low k dielectric material used. The |ayer 404
23 of organic low k dielectric material is typically deposited to have a

t hi ckness within the 24 range of about 7000 A to about 11,000 A. 25 The
hard mask | ayer 406 is typically silicon oxide or silicon nitride, or a
conbi nation 26 thereof, but could also be silicon carbide or silicon
oxyni t ri d8OWERthE aFtedepgading apdhe poticulay hantmmaplsesidriad dsedv he Jirdgnask éayer gani ¢
I:¥g k dielgctric Haterial | ayer 404 according to nmethods 9 W) 02/11193
PCFH US01/98db8pically sirRositeditn dayg ¢ thigkgisshuaithig Be range o abeutd@PAA teeabdubrask
materi al Uafg. The hard mask layer 2 406 is typically deposited to have a
t hitcknes$ hin the range of about 1000 A to about 3 2000 A 4 Deposited

be Jany. o t anHEpHIE Uy B e i e BrBrafle s S phatospst st Bhabisiaaner i s
oAt or i BeRLURaR PP F R el B ulRerinirs T SBriy e shaseri. wop
ok DrafoofBiethastt T ERb8 aGPearpatBub Bkt Y rlotfSitlefenty”
Fefors.t a0t bl BBl RS phb TP RGBT R, B elifuscBliMes] GRUH ©

uBet 1t 8780t Qe oghL DUZ M e HIbOR-F Kt ey RORPRAIDDY, Aylesittn et

di gensi 0fyaihRifof i@t W or éhfpy%cg e }érﬂnmféa{gﬁrekgeg% té,%{u&% RYY.RRatgr esi st

used to produce a feature size ess than out , umranges from

ahgut 4, QCoARcRAVkacl vRQ0rdhchdd ak Btﬁért sﬁﬂkﬁﬁésr\jvﬂgh ffaxt g tf%h@ﬁ&grgpﬁyst ,

there are often "feet" 410 renmmining at e

11 of the substrate surface. The term "feature size" typically refers to the smallest dimension
12 of a feature. A typical film thickness for a DUV photoresist used to produce a feature size
13 of less than about 0.25 um ranges from about 4,000A to about 10,000 A.

14 After patterning of the phétoresist, there are often "feet" 410 remaining at the
15 interface between the patterned photoresist layer 408 and the hard mask layer 406, as shown
16 in Figure 4A. The present invention provides a method for "descumming" the
17 semiconductor structure 400 shown in Figure 4A, whereby the feet 410 are removed.

18 The method of the invention for descumming the semiconductor stfucture 400 shown
19 in Figure 4 A includes exposing the structure to a piasma generated from a source gas
20 comprising NH; for a short period of time (typically, about 15 - 60 seconds). Although the
21 source gas may include other, inert gases (such as argon, helium, or xenon) or may include
22 nitrogen, use of gases other than NH; may be less desirable in some instances, because this
23 tends to slow down the rate of descumming. If other gases are included in the plasma
24 source gas, they should represent less than 50 volume % of the total gas flow. In the IPS™
25 apparatus, a typical total gas flow is about 200 sccm, of which gases other than NH; are
26 typically less than about 100 sccm.
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15 interface between the patterned photoresist
| ayer 406, as shown 16 in Figure 4A. The present
17 sem conductor structure 4POTAR@R3I992n Fi gure
18 The nethod of the invention for

met hod f

4A, whereby the feet 410 are renoved.
descunm ng the sem conductor structure 400 shown

Vo '0zlegeumm ng" t he

| ayer 408 and the hard mask

I nvention provides a

19 in Fi
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exposing the structure to a plasm generated froma source gas 20
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es the desired results.
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i s used. Conmonly applicable process conditions for descunm ng a
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presente
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13

14
15
16
17
18
19
20
21
22

23

din Table 1.

Table 1. Preferred Process Conditions for Descumming and Photoresist Strlp p’ii’lg’ -

Process Parameter Range of Process Preferred Mo?e: Pféferred
Conditions Process Process
Conditions Conditions
NH, Flow Rate (sccm) 50 - 200 75 - 150 75 -125
N, Flow Rate (sccm) 0-100 0- 50 0-50
He Flow Rate (sccm) 0-100 0-50 0
Ar Flow Rate (sccm) 0-100 0-50 0
Plasma Source Power - Outer (W) 600 - 2000 600 - 1500 600 - 1200
Plasma Source Power - Inner (W) 100 - 1200 200 - 1000 200 - 800
Substrate Bias Power (W) 100 - 1000 100 - 800 100 - 600
Process Chamber Pressure (mTorr) 5-60 5-40 5-40
Substrate Temperature (°C) -15to +15 -15to +15 -15to +15

Figure 4B shows the semiconductor structure 400 after descumming according to the

11



12 Table 1. Preferred Process Conditions for Descunm ng and Phot oresi st
Stripping 13 Process Paraneter Range of Process Preferred Mre. Preferred
Condi ti om0 Pr/oaexss Process Conditions Conditions 14 NH3 PFCDWSRZ3092( sccm)
50 - 200 75 - 150 75 - 125 15 N2 Flow Rate (sccm) O - 100 O- 50 0-50 16
He Flow Rate (sccm O - 100 0-50 0 17 Ar Flow Rate (sccn) O - 100 0-50 0 18
Pl asma Source Power - Quter (W 600 - 2000 600 - 1500 600 - 1200 19 Plasm
Source Power - lnner (W 100 - 1200 200 - 1000 200 - 800 20 Substrate Bias
Power (W 0.,-.1000 100 - 0.100 - 600 21 Process Chanmber Pressure
(niTorr) 5@%180%9@1 © g1vggtion f @@B‘grﬂ% ‘gﬁséu‘?@ﬁ%F%h&F%méiblaY%éoﬁéﬁP&%m-eltﬁledo +15
B,sho the sem uct or sﬁructure 400 after

o A A R e 0l 110
[ i ! Wl i t har.d k | 06 i tt t
o o s el 58 T Shocit B8 PR e ardiog 40 Bre aﬂagﬁ?wg e

t t i k t chi f d 406
s er o e A deferhitiihe Bedtbual B R B e, B b TR e e
parg i cul Q@ﬁggﬁﬂicgﬁ%ﬁcﬁ?? ?}migah %%ﬁg som%}dag e gr?%?%%a%gl/e? gtgéa(qtggc Ogsc%l:mt

silicon oxi a typica S source S con
] It o : I as
Ty al S0 e e e Bl sl BB AR e

gages kn@vhkaiind ESmpéind Haforlvalighs GRS gagézg\é\%ioo%w%] @g@g@é@gp% ti%&é?ccm

ot her process conditions 1nclude 1200 -

(oBter); chbRthonlyl ARt YEPLRENBLRPHCEsRENA ok iREHY 12030000 ¥PBRsMY Sipss rat e

bi as

9 power (outer); 500 - 1000 W plasma source power (inner); 800 - 1800 W substrate bias
10 power; 5 - 60 mTorr process chamber pressure; -15 to +15 °C substrate temperature; 30
11 seconds typical etch time for a 2000 A thick layer of silicon oxide hard mask material.

12 After pattern etching the hard mask layer 406, a contact via 412 is etched in the
13 organic low k dielectric layer 404, as shown in Figure 4D. Etching of the organic low k
14 dielectric material is carried out using the method most appropriate for the particular
15 dielectric material. Typical process conditions for etching a contact via 412 in a layer of
16 10\%1 k dielectric 404 of SILK™ or FLARE™ are as follows: 50 - 300 sccm of plasma source
17 gas flow, where the plasma source gas may contain reactive etchants more comrﬁonly used
18 in the art such as at least one of O,, a fluorine-containing compound, a chlorine-containing
19 compound, and a bromine-containing compound. Often, a chemically inert gas is used in
20 combination with the oxygen or halogen-containing source gas etchant species. In the
21 alternative, the low k dielectric may be etched using a hydrogen/nitrogen-based plasma
22 source gas. This hydrogen/nitrogen-based plasma source gas may comprise ammonia,
23 hydrogen, nitrogen, or a combination thereof as the reactive etchant species. A hydroxyl
24 amine may be used as the reactive etchant species when copper is not the conductive layer
25 used in the device. Again, a chemically inert gas may be used in combination with the
26 reactive etchant species. Typically, the total gas flow rate for hydrogen and nitrogen based

12



10 power; 5 - 60 nmlorr process chanber pressure; -15 to +15 C substrate
tenperature; 30 11 seconds typical etch tinme for a 2000 A thick |ayer of
silicon ox0dw1hayd mask material. 12 After pattern etchi nBCT/H80RRPL mask

| ayer 406, a contact via 412 is etched in the 13 organic low k dielectric
| ayer 404, as shown in Figure 4D. Etching of the organic low k 14
dielectric material is carried out using the nethod nost appropriate for
the particular 15 dielectric material. Typical process conditions for
etching a contact via 412 ip a layer of 16 low k dielectric 404 of SILK
or FLARE Plasa soyrse 12354y piepilysmnsesc Eamorboyt ara abeut 80 saom. g&hdrl prasesaher e

el T S A GRS S
LT e SRRl SRR, BB TS £ 3 RopS Compeun, Of o
9T SR8 OHE S SR IR PREEES s b Byl LA 50
S0 c© 9%y N RAGD] DA AR5 AT AR GRS e REL

oL ent pSFidR, 4 RO, AL ARG B8 SRR hn. S Ene e

A9 2 ARSI el 05, TNCIRASES, OSRATLRPL R L R BORORS

ancy ni trogan, Qéﬁcﬁfétiw}ala'[/&qap&ﬁ%&@ﬁu@%&%%&@%@%%co&iﬁgﬁé gEPeﬂ?o%H khGwd T

typically ranges from about "50 to abo rocess

coryli ti OnRe &k SrarthdIgrOWSsin80Pthe s&gggnwcmr%mx%%é}pgesﬁﬂﬁﬁm% ?H&retro)the 300 -

600 Wplasma = 3 source power (Inner); 300 - 600 Wsu ate as power; 5

A0[ oM Tor RpPRARRRS GRS RS in4 AP dsMhfene brockssS URSS hithifodt ﬁm@ﬁlﬂﬁ%raedual

Preferably, when the hydrogen/nitrogen-based 5 plasma source gas IS used,

the et ch daasdae istudtul, 8Ree@ASThblorédiR 347Rr BRY i@ pBsiRIdas R tHeRFidohdubopf at
|l east 5 x 1010 e /cnB. A typical etch tinme for an 8000 A thick layer of

SII2K'  or structure 400, as shown in Figure 4E. The second photoresist layer 414 is then patterned

13 according to methods known in the art, depending on the pérticular photoresist used. At
14 times there is an inadvertent error in alignment of the pattern in second photoresist layer 414
15 with an underlying pre-metallization structure, such as via 412. The result is a misaligned
16 patterning of the second photoresist layer 414 as shown in Figure 4F.

17 Since a considerable expense has been incurred in producing the structure shown in
18 Figure 4F, it is desirable to rework the structure, to redeposit the second photoresist layer
19 412, and to repattern the photoresist.

20 The present invention also provides a method for stripping a misaligned, patterned
21 photoresist layer. The stripping method of the invention includes exposing the
22 semiconductor structure to a plasma generated from a source gas comprising NH,. Typical
23 process conditions for photoresist stripping are set forth in Table 1, above. Performing the
24 method of the invention using the process conditions set forth in Table 1 provides a
25 photoresist removal rate of about 2000 to 6000 A per minute. The optimum time‘period for
26 performing the photoresist stripping process can be calculated based on the deposited
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7 FLARE is about 90 seconds. After etching of the contact via 412, the via
may be filled 8 wth a conductive material (such as al um num or copper)
accor di ngvo o2/maphods known in 9 the art, or further procPEBEURY/3HI2A he
sem conductor structure nmay be perfornmed prior to the 10 application of
metal, as in a dual damascene process. In a nethod for formng a dual 11
damascene structure, a second photoresist |ayer 414 is deposited over the
sem conductor 12 structure 400, as shown in Figure 4E. The second
phqtoresist. layef 414 is then patterned 13 according to nethods known in
art, Udelssee %wéﬁopﬁﬁuﬁgﬁ@T%UYar photoresi'st used. At 14 tines there
is,an inadvertent error in_ alignment of the pattern in second photoresist
| ayer 414 15 5MYH 4§1 Sl&ﬂ%ﬁ%ﬁeyﬁegﬁoﬁgéﬂﬁ’éﬁwqtilrfa‘{qoo?ﬁ%tSFrmptuw af theusshond vi a
412. The yesult js a msaligned 6 ternin f the second phot oresi st
ager a1EngRrstry i efsropiin 8 Wametiod Btk Bvanitoy Spbesuen . Moy inter been

i d,i i he . h i 18 Fi AF, it desi bl
o bor 16 REPBOH R AobO T B E Sl clol s NS i iniFigyiee 36 g1o.
t tt h hot i st 20, T toi J | id

aohod 1 or s Ak biles RS bRk 1ayeP 4 1K' (RS R ROl BYENPER Selbpalliohnrg

t i i t i J i | ud i h 22 i duct
ot B i R e Rnalion B B O BB P RNt s AP o c ol
23~ inhi i i i t . forth i Tabl 1,
above.  PETERA0L AR ool LA AR A 418 ARl Brlsiet Rt ©
cogdi ti onpg $8he frfle b&twlePihe Pi‘tté?frﬁiéﬂh%&ﬁeﬁst la%ér Pﬂ)o%artl?esﬂéi% %1%1 Qlgopate of

about 2000 to 6000 A per m nu optrmum’ti ne perio perform ng
the phot pE&aigthhsloréshR UPGmRAY A6 S predtht BR AW DR osi ted
13" WD 02] 11193tpPCT/ S 79y 6 De piceh o tictide taﬂ% phot O‘ri‘rggﬁg%é(fh%cg?%“_ 2
Fijgure 4g3shows the sem conductor structure 400 after stripping of the
second 3 photoresist |layer according to the nethod of the invention.

Subpsequent !y, Agsebtnd @scii@iMih@MOEess may then be performed according to the method of

12 the invention. Typical process conditions for descumming are set forth in Table 1, above.
13 The second descumming process results in removal of the "feet" 418, as well as residual
14 photoresist 410 present on the sidewalls and bottom of the contact via 412. Figure 4] shows
15 the semiconductor structure 400 after performance of the second descumming process.

16 Pattern etching of the hard mask layer 406 is then performed, usiné the patterned
17 photoresist layer as a template. Typical process conditions for pattern etching a silicon
18 oxide hard mask layer are presented above. Figure 4K shows the semiconductor structure
19 400 after second pattern etching of the hard mask layer 406.

20 After a second pattern etching of the hard mask layer 406, a trench 422 is etched in
21 the organic low k dielectric layer 404 to a desired depth "A", as shown in Figure 4L.
22 Etching the organic low k dielectric material is performed according to methods known in
23 the art. Typical process conditions for etching a trench 422 in the low k dielectric layer are
24 as previously described with reference to etching of via 412.

25 At this point, the trench 422 and underlying contact via 412 can be filled with a
26 conductive material (such as aluminum or copper) according to methods known in the art.
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4 416 of photoresist is deposited over the sem conductor structure 400, as
shown in Figure 4H. 5 The third, new photoresist |ayer 416 is then

patt er neav@ovorigd ng to net hods known 6 in the art, depenBChgsSare3pize
particul ar photoresist used. Figure 41 shows a sem conductor 7 structure
400 with a correctly aligned, patterned photoresist |ayer 416. Again, there
are feet 8 418 at the interface between the patterned photoresist |ayer
416 and the hard mask | ayer 406. 9 Residual photoresist 420 may al so be
preient onhthe.sid%ﬁgbls and .bott om of .t he cont act vi? 10 412, 11 A second
desburmi nglPPELEY THEjermiesesHing pany Yepcrionmed Hérmpissomplexduparnisdesired. 12 t he

DTN TyDkesl B AeSt S CONAL OIS oL desu g g set Lot 1 Teble
et e gt Rl bG8 AR TS e o
S R R A R T RE
U510 e B AR RS L NS P e JURLERL g5

pr esent ed, Y &w Bl EidKaghgs the semi conductor structure 19 400 after
second patr ern etch% (1)?‘ ta%e l\rqgrd mask | ayer 406. 20 After a second

patiern etchi ngheQfietht® FtleIniBRSkn hRAYSEMHIP ser@ig&ﬂcﬁl@g)l? a%ﬂe?%%ﬁ%%%%@ 21

the organic low k dielectric layer 404 to a desire shown in

Fi ggir e 4lsizes 3¢ sBRICRE 093L/Ae organic low k dielectric material is perfornmed
according to nmethods known in 23 the art. Typical process conditions for

etghing a trenmy #bdde iehctibal prefired dhdbaiddntCart AYEhteAN& todfnReheicEyd OUS! y
described with reference to etching of via 412. 25 At this point, the

trench 427 tagregerteintotitive, EOohAsKilld B the 2rtc@n, Bevibv dfafe Wdsbntadiscdsure
conductive material (such as alum num or copper) according to nethods known
i ntit he arekpandlshch\OnBdditdch®3ioROIkiHNd MABOIBE subject matter of the invention claimed

12 below.
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1 Alternatively, further processing can be perfornmed if a nore conpl ex
structure is desired. 2 The methods of the invention described above for
phot or esivé® oledesinmi ng and 3 phot oresi st strippi hg have PCHUREI23992f ect on
underlying organic layers such as the organic 4 dielectric |ayer. The

met hods of the invention provide excellent critical dinension control 5
during pattern etching of the hard mask | ayer and subsequent etching of
features in the 6 organic low k dielectric material. 7 The methods of the
invention are useful for sem conductor structures having feature 8 sizes
as small as 0.13 ,um 9 The above described preferred enbodi nents are not
intended to limt the scope 10 of tggﬂg@ﬁ ent invention, as one skilled in
the art can, in view of the present sure 11 expand such enbodi nents
to correspond with the subject matter of the invention clained 12 bel ow.
15 WD 02/11193 PCT/ US01/ 23992 CLAIMS W claim 1 1. A nethod of

descumm Rg a%ﬁnic residue froma sem conductor structure which 2 includes
a patternea phot oresi st layer in a manner which does not inpact a critical
3 dinmension of said patterned photoresist |ayer, by contacting said

sem conductor structure 4 with a plasnma etchant where the chenically

r eqct i ve pl as §84& ﬁngﬁﬂga%tagfé H5am MR g ﬁ]’mgond-{llat%r g@%&&rg ve’hé%a;(m

mhereln underTying said patt photoresist Tayer I's a

| aﬁer CONR&IL@dsng 0p§ttlefn%8 k%r@ﬁspfayéﬂ b GORailel Wideh Aped nGO {H?}é%@vo idaper eof .

1 3. The nethod d ai wherefn NH3 conprises at 1east unme % of a

sogrce  2liMegsise 6esdi@p mé?ﬂétpl?’ncﬁ@tbﬁsﬂh%rn% c&t&tlngaﬁd%&quwtoﬂtﬁbmré

wherein a substrate bias voltage is applied to sai

4 with a plasma etchant where the chemically reactive plasma species are generated from NH3.
1 2. The method of Claim 1, wherein underlying said patterned photoresist layer is a hard
2 mask layer comprising silicon oxide or silicon nitride or a combination thereof.

1 3. The method of Claim 1, wherein NH; comprises at least 50 volume % of a source
2 gas used to produce said plasma.

1 4. The method of Claim 1, wherein a substrate bias voltage is applied to said
2 semiconductor structure during said descumming, and wherein said bias voltage is within
3 the range of about - 100 V to about - 1,000 V.

1 5. The method of Claim 1, wherein a power ranging from about 100 W to about 400
2 W is applied to bias said substrate during said descumming.

1 6. The method of Claim 2, wherein said hard mask layer is not patterned.

1 7. The method of Claim 2, wherein said hard mask layer is patterned, and wherein

16



2 sem conductor structure during said descumm ng, and wherein said bias
voltage is within 3 the range of about - 100 V to about - 1,000 V. 1 5.
The net hodoo02/11@b&AI m 1, wherein a power rangi ng from about PADOSW23892about
400 2 Wis applied to bias said substrate during said descuntming. 1 6. The
met hod of Claim2, wherein said hard mask | ayer is not patterned. 1 7. The
met hod of Claim2, wherein said hard mask | ayer is patterned, and wherein
16 WO 02/11193 PCT/ US01/ 23992 2 underlying said hard mask layer is a |ayer

rgani ¢ 41 @lectr%ga P 1 8. The nethod of Caim?7, wherein said
org ni ¢ dMetEetEs & g 14Y§r%§qléwfl@fﬂré’élp@&l@lﬁ%trlcmaﬁmaér| al. 1 9. The
nmet hod of Caim?7, wherein said low k dielectric material is selected from
the 2 group consisting of Pol y(aryl ene) et hers; Pol y(aryl ene) et her

oxazol es; ,Flu |nat (a ene thers Iene N, Paryl ene-F;

Par §| ene- AF; ﬁgdﬂ Q&“}% V["‘f\‘/ﬁ Orﬂa%fl’fﬁ H’ézft%ﬁ*?é igg lowk dielectric
PoI napht{;{g{iﬁ F Per f | uor ocycl obut ene Pol yt et rafl uoroet hylene; 5

Pol ypheny I'hoxal i nes; Pol ybenzoxazol es; Pol yi ndane; Pol ynor bor ene;

Pol ystyrene; 6 Pol yphenyl eneoxi de; Pol yet hyl ene; Pol ypropyl ene;

al pha-carbons; SILKTM BCB; FPI; 7 FLARE 2.0TM and conbi nati ons ther eof .

1 10. Th th t I

Lo e e oot Ba i MRS <5018, ARRLE: AUPLEPL IR b, Lo
h

bt or noc Bt ArSSI et 15, SPV OTREEIREROYEN Eioedel WakNOr BB et gani ¢
31 d el d -
e i, epﬁi‘é&m@?‘ﬁh"eﬂ”@ R S i

reactive BRpRipafaldd-1921Pd 1 fHapRIR B -EN AR Ecy R ARG BoBHe LRI N lene;

5 Polyphenyl-Quinoxalines; Polybenzoxazoles; Polyindane; Polynorborene; Polystyrene;
6 Polyphenyleneoxide; Polyethylene; Polypropylene; alpha-carbons; SILK™; BCB; FPI;
7 FLARE 2.0™; and combinations thereof.

1 10.  The method of Claim 6, wherein said organic dielectric material layer includes an
2 etched contact via.

1 11. A method for stripping a patterned photoresist layer from a semiconductor structure
2 including said patterned photoresist layer, without adversely affecting an exposed organic
3 layer underlying said patterned photoresist layer, by contacting said semiconductor structure
4 with a plasma etchant where the chemically reactive species in said plasma etchant are
5 generated from NH,.

1 12, The method of Claim 11, wherein a patterned hard masking layer underlies said
2 patterned photoresist layer and overlies a portion of said exposed organic layer.

1 13.  The method of Claim 12, wherein said hard masking layer is selected from the group
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1 12. The nmethod of Claim 11, wherein a patterned hard nmasking | ayer
underlies said 2 patterned photoresist |ayer and overlies a portion of
sai d exposedonganic |layer. 1 13. The nethod of C aim 12, peéhv@sei239®ai d hard
masking layer is selected fromthe group 17 WO 02/11193 PCT/ US01/ 23992 2
consisting of silicon oxide, silicon nitride, silicon oxynitride, and
silicon carbide. 1 14. The nethod of Claim 11, wherein a | ayer of organic
dielectric underlies said 2 patterned hard masking layer. 1 15. The net hod
of ,Cl aim . J: 45 i ani ¢ di i .aver i.s.a |low,k,dielectric 2
I a;;er .1 C%gs}s%(g%é%@?xg?e?%ﬁglglgﬁmﬁlfgé}ee’E%grn{elb%’dslg%ég’ Efngvxslﬂgcoaicéﬁbé%et' ric materi al
is selected fromthe 2 group consisting of Poly(aryl ene)ethers;

Pol y(aryl ene) et her oxazol es; Fluorinated 3 poly(aryl ene)ethers;

Panyl ene-  Pafel gRAE oPRIAIEDE - MsreiR YdyeP 61 DFghnidAleYdoBi difierlidk said

Pol ynapt hal ene- N, Pol ynapht hal ene-F; Perfl'uorocytl obut ene;

Pobyt et r abksaE@REAh&RSIg laperP0l yphenyl - Qui noxal i nes; Pol ybenzoxazol es;

Pol yi ndane; Pol ynorborene;” Pol ystyrene; 6 Pol yphenyl eneoxi de;

Pol yet hyl ene; Pol ypropyl ene; al pha-carbons; SILKT"'; BCB; FPI; 7 FLARE
2.0; and conbinations thereof. 1 17. The nethod of C aim 11, wherein NH3
conpri segsat I@Rshethéd ¥OCIIR 1% WhersinSeidIEEaniddigRetridISfkr ia RPRaduRRCER d

pl asma etchant. 1 18. The method of Claim 17, wherein a substrate bias

vobt age ilgeappl ied to said 2 sem conductor structure during said stripping
of said patterned photoresist, and wherein said 3 bias voltage is within
the range of about - 100 V to about - 1,000 V. 1 19. The nethod of Claim
17, wherein a power ranging fromabout 100 Wto about 400 2 Wis applied
tolbi as d44i d Thostetlmideofdiiainm, sdiectipsrad mels dstectraypatesalis pbdcteg]. frabB the

2 group consisting of Poly(arylene)ethers; Poly(arylene)ether oxazoles; Fluorinated
3 poly(arylene)ethers; Parylene-N; Parylene-F; Parylene-AF; Parylene-AF4; Polyimides;
4 Polynapthalene-N; Polynaphthalene-F; Perfluorocyclobutene; Polytetrafluoroethylene;
5 Polyphenyl-Quinoxalines; Polybenzoxazoles; Polyindane; Polynorborene; Polystyrene;
6 Polyphenyleneoxide; Polyethylene; Polypropylene; alpha-carbons; SILK™; BCB; FPI;
7 FLARE 2.0; and combinations thereof.

1 17.  The method of Claim 11, wherein NH; comprises at least 50 volume % of a source
2 gas used to produce said plasma etchant.

1 18.  The method of Claim 17, wherein a substrate bias voltage is applied to said
2 semiconductor structure during said stripping of said patterned photoresist, and wherein said
3 bias voltage is within the range of about - 100 V to about - 1,000 V.

1 19. The method of Claim 17, wherein a power ranging from about 100 W to about 400
2 W is applied to bias said substrate during said photoresist layer stripping.
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