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10 in the art of semiconductor manufacture. Titanium mtnde is one material that is under
11 investigation for use in gates. The use of titanium nitride as a gate material has been
12 described, for example, by Thomas Tang et al. (International Electronic Devices Meeting
13 Technical Digest, pp. 590 - 593, 1985; IEEE Transactions on Electron Devices, Vol. ED-34,
14 No. 3, pp. 682 - 688, 1987); J. G. Fleming et al. (Proceedings of the 9th International
15 Vacuum Microelectronics Conference, pp. 375 - 379, 1996); D. B. King et al. (Proceedings
16 of the 9th International Vacuum Microelectronics Conference, pp. 411 - 414, 1996); J. T.
17 C.Leeetal. (J Vac. Sci. Technol. B, Vol. 14, No. 5, pp. 3283 - 3290, 1996); and Dong-Gu
18 Lee et al. (J. Vac. Sci. Technol. B, Vol. 18, No. 2, pp. 1085 - 1088, 2000).

19 Titanium nitride has frequently been used in the past as a barrier layer material in
20 aluminum metallization structures, to prevent the migration of silicon from an underlying
21 substrate into an overlying aluminum metallization layer. Conventional chemistry for
22 etching titanium nitride layers has been chlorine-based. Chlorine provides a very high etch
23 rate for titanium nitride. However, & high etch rate is not always desirable when one is
24 considering etching a very thin (i.e., < 1000 A) titanium nitride layer, particularly when that
25 thin layer is used as a gate within a semiconductor structure.
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11 to an adjacent (commonly underlying) oxide is important.

12 The method (or main etch step) of etching titanium nitride employs a plasma source
13 gas comprising chlorine and a fluorocarbon gas to produce the chemical etchant species.
14 Chlorine is the main etchant species, while the fluorocarbon serves as the secondary etchant
15 and also provides sidewall passivation. The fluorocarbon is selected from fluorine-
16 containing compounds having the formula CH,F,, where x ranges from 1 to 4, y ranges
17 from 0 to 3, and z ranges from 1 to 10. By changing the ratio of chlorine to fluorine in the
18 plasma source gas, the etch rate can be controlled. In addition, when the etch is a patterned
19 etch, the etch profile of the etched titanium nitride feature, such as a gate structure, can be
20 - accurately controlled. Addition ofa fluorocarbon to the source gas also allows control over
21 the amount of sidewall passivation and thus, the sidewall profile, for example, of an etched
22 gate. The presence of the fluorocarbon also reduces the titanium nitride etch rate, permitting
23 greater control over the etch process than when chlorine is used as the sole etchant for
24 titanium nitride.

25 For example, a titanium nitride metal gate within a semiconductor structure is etched
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13 control toward the end of the etchback step. When the titanium nitride layer is thin (less
14 than about 1,000 A), the use of CF, alone as the reactive etchant provides a simplified
15 process. When the titanium nitride is thicker, to an extent that etch time becomes important,
16 it may be necessary to use a chlorine-containing main etch step and then to use solely a CF,
17 reactive etchant to complete the etchback. In the alternative, after the main etch step, an
18 overetch step using the chemistry described below may be used to reach the underlying
19 surface layer to which the titanium nitride layer is to be etched back.

20 In addition to the use of the etch chemistry described above, we have discovered that
21 improved selectivity for etching titanium nitride relative to an underlying oxide layer (such
22 as, for example and not by way of limitation, silicon oxide, silicon oxynitride, barium
23 strontium titanate, tantalum oxide, zirconium oxide, zirconium silicate, hafnium oxide,
24 hafnium silicate, and silicon nitride, as well as combinations thereof), can be obtained by
25 using a two step etch method. In the two step etch method, the main etch is carried out using
26 a first plasma source gas comprising chlorine and a fluorocarbon, as described above (or an
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13 feature (such as a gate) is etched during the main etch step, with the remainder being etched
14 during the overetch step. When the main etch step is a timed etch, typically abdut 80 % of
15 the etch is carried out during the main etch step, with the remainder being etched during the
16 overetch step.

17 By controlling the etch rate in the main etch step, even thin layers (i.e., < 1000 A)
18 of titanium nitride can be etched reliably. By controlling the gate etch profile in the main
19 etch step, more devices can be placed on a given surface area of a semiconductor substrate.
20 By controlling the selectivity of the etch of the titanium nitride gate relative to an underlying
21 oxide layer, the gate can be etched without the danger of etch through of the underlying
22 oxide layer.

23 BRIEF DESCRIPTION OF THE DRAWINGS

24 Figure 1 shows an example of an apparatus which can be used to carry out the
25 etching processes described herein.
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10 step etch method after a timed main etch step has been performed, and prior to an o{/eretch
11 step.

12 Figure 2D shows the semiconductor structure 200 after etching through the entire
13 thickness of the titanium nitride gate layer 206.

14 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 Described in detail below is a method of etching a titanium nitride metal gate within
16 a semiconductor structure. In particular, the method comprises exposing a titanium nitride
17 to a plasma generated from a source gas comprising chlorine and a fluorocarbon, where the
18 ratio of chlorine : fluorine in the source gas is preferably about 1 : 5. Also described below
19 is a two-step method of plasma etching a titanium nitride gate consisting of a ﬁlain etch step,
20 followed by an overetch step. The two step method employs a main etch step plasma source
21 gas comprising chlorine and a fluorocarbon (or other known source gas useful in the etching
22 of titanium nitride), and an overetch step plasma source gas comprising chlorine and
23 bromine.

24 As a preface to the detailed description, it should be noted that, as used in this
25 specification and the appended claims, the singular forms "a", "an", and "the" include plural



16 a sem conductor structure. In particular, the nethod conprises exposing
atitaniumnitride 17 to a plasnma generated froma source gas conpri sing
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Santa Clara, 5 California. The systemis shown and described in United

St al es Pdtalifornip. Tk sy8®nyisghowmand descliilsas] in $Inited SfatastPatant No. 5128& B8, the
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etch 8 processors available in the industry should be able to take
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11 by Yan Ye et al. at the Proceedings of the Eleventh International Symposium of Plasma
12 Processing, May 7, 1996 and as published in the Electrochemical Society Proceedings,
13 Volume 96-12, pp. 222 - 233 (1996), which is hereby incorporated by reference. The plasma
14 processing chamber enables the processing of an 8 inch (200 ' mm) diameter wafer.

15 Figure 1 shows a schematic of a side view of an individual CENTURA® DPS™
16 polysilicon etch chamber 100. The etch chamber 100 consists of an upper chamber 104
17 having a ceramic dome 106, and a lower chamber 108. The lower chamber 108 includes a
18 monopolar electrostatic chuck (ESC) cathode 110. Gas is introduced into the chamber via
19 gas injection nozzles 114 for uniform gas distribution. Chamber pressure is controlled by
20 a closed-loop pressure control system (not shown) using a throttle valve 118. During
21 processing, a substrate 120 is introduced into the lower chamber 108 through inlet 122. The
22 substrate 120 is held in place by means of a static charge generated on the surface of
23 electrostatic chuck (ESC) cathode 110 by applying a DC voltage to a conductive layer (not
24 shown) located under a dielectric film (not shown) on the chuck surface. The cathode 110
25 and substrate 120 are then raised by means of a wafer lift 124 and sealed against the upper
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by separate controllers (not shown). 7 Although the Exanpl es provided
herSei n wdroen Applied Maberfalyydncag a CENTURA(r) DPSTM 8 etch system a
capacitive etch tool such as an eMax' CENTURA(r) etch systemavailable 9
from Applied Materials, Inc. 10 II. METHOD OF ETCH NG A TI TANI UM NI TRI DE

METAL GATE 11 Referring to the figures, Figure 2A shows a begi nni ng
sel¥ conddkt or MEH&QIQ& EBGHING A TITANIUM NITRIDE METAL GATE

11 Referring to the ﬁgurés, Figure 2A shows a beginning semiconductor structure 200
12 of the kind which is illustrative of the method of the invention. Figure 2A is not to scale.
13 The Semiconductor structure 200 includes, from top to bottom, a patterned layer 210 of
14 photoresist, a dielectric ARC (DARC) layer 208, a titanium nitride gate layer 206, and a
15 layer 204 of an oxide (or silicon nitride), all deposited on a substrate 202, which is typically
16 silicon. The term ARC refers to a layer of material that is used as an anti-reflective coating.
17 | The thickness of and patterning method for the photoresist layer 210 will depend on
18 the particular photoresist material used. Photoresist layer 210 may be any suitable
19 photoresist material known in the art. Typically, the photoresist is an organic, carbon-
20 containing material. A frequently used photoresist is a DUV photoresist available from
21 either JSR or Shipley. A typical film thickness for such a DUV photoresist ranges from
22 about 4,000 A to about 10,000 A.

23 The DARC layer 208 typically comprises silicon oxynitride (SiO,N,) and is typically
24 formed to have a thickness within the range of about 300 A to about 600 A. The silicon
25 oxynitride DARC layer 208 is typically deposited using conventional methods known in the

7
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typically e;%?i%elg ugisrllg cgn\%gﬁ?f}%ﬁ\ﬂg 1rne%th(c)) S noyr}nk\ltdliéngxt?’hsg é@égcé} 13241
PCY USO1/ x%%é}oéeplasfﬁf)ﬁ (PPDYBr a&nﬁbﬂ%ﬁﬁoﬁéﬁéﬁﬁ&fi(@&l’@m cal vapor deposition
(PECVD). The use of an organic- 2 based” ARC layer”is also contenplated as a
part of this dywaeh esideClayet Jaeist Jilichh sTud)i fof efenplay e 88 1dyeP Mivhicsh the
gate is to be forned, typically gxh! bits 4 a thickness within the range of
abagut 20Qommrhénlplentes Frd@bdut A foi dbani SNAI Whetlethg akRlel lBy&Tis thntddéh | S
typi cally deposited using conventional nethods known in the art, such as
physsi cal pefitokidep fordspmpld, itenoxi@/Eyeothidinessi aimomdp eangde fioni tbouw 30V . 7
VWhen oxide |ayer 204 is silicon oxide, for exanple, the oxide |ayer
t hilck nes sabo@t 200Antshich oxale dayers are typatatiy tefidsitéd uingdowentihalmethbdnkadven oxi de
| ayer is tantalum 9 pentoxide, for exanple, the oxide |ayer thickness

canonl y in dregast; shehoas tagronal ogidatdont or PECVD.

12 After patterning of the photoresist layer 210, to achieve the structure shown in Figure
13 2A, the DARC layer 208 is etched, as shown in Figure 2B, to expose a surface of the
14 titanium nittide gate layer 206. Often (as shown in Tables Two and Three), the DARC layer
15 208 is etched in a single processing step with the titanium nitride gate layer 206 ; using the
16 same etch chemistry and process conditions. Alternatively, the DARC layer 208

17 may be etched in a separate step, using conventional etch chemistry and methodology known
18 in the art.

19 After etching the DARC layer 208, the titanium nitride gate layer 206 is etched,
20 according to the method of the invention, using a plasma generated from a source gas
21 comprising chlorine and a ﬂuorocarboﬁ. The source gas for the main titanium nitride etch
22 step typically employs Cl, and a ﬂuorine-cqntaining compound to provide the reactive
23 etchant species. The fluorine-containing compound is preferably a fluorocarbon having the
24 formula C,H,F,, wherein x ranges from 1 to 4, y ranges from 0 to 3, and z ranges from 1 -
25 10. In one preferred embodiment, the source gas for the main titanium nitride etch step is
26 Cl, and CF,. HCI may be used to provide the reactive chlorine species, depending on



10 about 200 A. Such oxide layers are typically deposited using
conventional nethods known 11 in the art, such as thernmal oxidation or
PECVD. 13vewrexn4patterni ng of the photoresist |ayer 210, porT/@shimy@ t he
structure shown in Figure 13 2A, the DARC | ayer 208 is etched, as shown in
Figure 2B, to expose a surface of the 14 titaniumnitride gate |ayer 206.
Oten (as shown in Tables Two and Three), the DARC | ayer 15 208 is etched
in a single processing step with the titaniumnitride gate |ayer 206 ;

el Darc 1405 en Bl I8 SO dhe AP I RU RS Do SB0KE oad B 1 RS BROT | D
etch che rﬂi§fcfe3étcﬁ@ﬁzgqﬁéﬂﬁaﬂhé’9 Xhelﬁﬂ?égfg i% it %ds Rudtf a%%r, ?%O%é@&hgﬁ’ oertl'%gﬁrrﬁg the

DARC | ayer 208, t ti'taniumnitr ( layer
accor di ngrof &xahlpe, MaLAIE pﬁ%‘seﬁt@?a!c&’{c%ﬂirht%’ufﬂlﬁ 'aﬂ&tqo%ﬁﬁﬁ@}ﬂg@ﬂﬁ{tﬁé &eif om a

source gas 21 conprising chlorine and a uor ocar bo source gas for

t het mai N dak RN NBEéd Mdl@ behaded 2% fab@Pant R v SRk e¥ri RS atiGALuAR B Ut |
fl uori ne-contai ni ng conpound to provide the reactive 23 etchant species.

Thes f | uorioneleagtiiabhbige 00smRIWASb%. PriRfaicakt of ifert kA0S o6Rsd2aRd0aMb g t he

24 formula CXHYFZ, wherein x ranges from1 to 4, y ranges fromO to 3, and
z r@nges plaspin dource?aslls dererirdpbyetier sadutndophyseial (béhbar8uits @tdhass f or
the main titaniumnitride etch step is 26 C2 and CF4. HClL may be used to
pr i de tdoetribatioh whéchdh desitederelpiveitethe clepalradgtiodetcBinO 02/ 13241

PCT/ US01/ 24501 1 adjacent materials in the sem conductor structure. The
solk ce gas forThelammiratic oft duborine: foring i tHe medrcéicls plrpmasyurtagdsugisicaly
chemcally inert gas such as argon, neon, krypton, or helium 3 for.

exdhmpl e, reges fronsatpubdend tagbaut d6nd eprefeaably frommbout bbbt atp@t vol umet ric % of
the overall 4 gas flow. N trogen may be added as a passivant, at

volQurret r iS5 ordodhr main Gels chlering/femeerbop chemisty gar be usediostchithewugh dreal | gas
flow. The -amount of inert gas or, nitrogen_added to the 6¢ﬁ0| asnma source gas

i stldet er entieedhisinesh of tediteniummitsdy gate sayver Hnpmagingrspriaeeefi thgoxide layer
12 204, as shown in Figure 2D. However, the underlying oxide layer 204 is a relatively thin
13 layer (typically about 15 A to about 50 A thick for silicon oxide, or about 30 Ato about 200
14 A thick for tantalum pentoxide, for example, depending on the device), and there is the
15 danger that the selectivity in favor of etching titanium nitride relative to oxide may not be
16 adequate for the chlorine/fluorocarbon chemistry, to prevent etch through of the oxide layer
17 during completion of etching through the titanium nitride gate layer 206. The selectivity
18 for etching titanium nitride relative to silicon oxide for the chlorine/fluorocarbon chemistry
19 typically ranges from about 2 : 1 to about 5 : 1. When the oxide layer thickness is about
20 50 A or greater, a selectivity of about 2 : 1 is adequate. When the oxide layer thickness is
21 about 20 A or less, the titanium nitride gate layer is preferably used using a two step main
22 etch/overetch method.

23 A two-step embodiment of the method of the invention can be used. as illustrated
24 by a combination of Figures 2C and 2D. In the two-step embodiment, the main etch step
25 may be a timed etch, which is used to etch about 80 % of the thickness of the titanium
26 nitride gate layer 206 , as shown in Figure 2C. In the alternative, when the underlying oxide



7 contribution which is desired, relative to the chem cal, reactive
etching. 8 The atomc ratio of chlorine : fluorine in the main etch plasm
source gawovypizenl ly 9 ranges fromabout 1 : 10 to about PADUS01124501
preferably fromabout 1 : 5 to about 10 5 : 1. In the main etch,

chl orine/ fluorocarbon chem stry can be used to etch through the 11 entire
thi ckness of the titaniumnitride gate | ayer 206, exposing a surface of the
oxi de layer 12 204, as shown in Figure 2D. However, the underlying oxide

| aygr 204, i j 13 layer (typically about 15 A to about 50
AT okt aRch SEAAHIP IRl b mal B O 3 Bstrod R Boihu e ke e A0

t antal um i de. r ‘9 | devi ce nd.there s the
15 &anger Bﬁ%tefl%é glcs%ﬁ(aéjc??%%g{%ﬁa} 1rslql? %%l[c(@% bg{l]tc%ﬁ}%gortgr?%ﬁﬁﬁﬁ%&f%% of

rel ative yp it dfiesale IR 286 Y}% lipd f bRk LiQrgcarbon
chem stry, to 6r event egt th}t‘%ﬁr ougt o?&tgﬁgc%tgith e@%@%&ﬁ(sf&%{l}??%&éﬂg&g&gl etion
of @t chi ns & MopUaihReerbh), BRbWRA Wb AanaRbE AR o A0 the KRRl SId st Y 18
for etching titaniuninitride relative to silicon oxide for fhe

chl gri ne/ feURIREES AN At Mitridd Jayley, RhOBtInY rEABMRDFROMeBBOD Zng 1f tO
about 5 : 1. When the oxide |layer thickness s about 20 50 A or greater, a

sel gcti Vi bypaaé tiRgider]ding kilicon dtRRUALR 200N ONtH fRE:rénce 48 tHeMBisutlicaM BBAR | S
21 about 20 A or less, the titaniumnitride gate layer is preferably used

usi Mg a t vehSdneierBiéiisteR B thé pérdred teRmvvE fadualBtafivhyBitideaRatedlgient  of
the nethod of the invention can be used. as illustrated 24 by a

conBi nat i pattephedrirgasrebicR Gt Mbte protetioe (Where alley theiagiufenitride [Bger@s N et ch
step 25 may be a tinmed etch, which is used to etch about 80 % of the

t hi 8knessbexh relnevéd inamongraxp@@dnrdas). de gate | ayer 206, as shown in Figure
2C. In the alternative, when the underlying oxide 9 WO 02/13241

PCTOUS01/ 2450 1Inl theapmeretéls stepif the cémaining titaiivt, nitride ismiched uisihg whiprine aad
measured end point etch (such as an 2 interferonmetric end point), which is
uséd to ebiominpisacti Gosposigs. dhealasmaseurehgasidmmaredss thyf ovegetelhgien fypmallyum

nitride gate |ayer 206. Wth reference to the tinmed etch (sonetines
reflér r ed ¢@mprises Cl, and a bromine containing compound such as HBr. The atomic ratio of

13 chlorine : bromine in the overetch step typically ranges from about 1:4 to about 4: 1.
14 This generally provides a selectivity for etch of titanium nitride : silicon oxide which ranges
15 from about 50 : 1 to about 100 : 1, and an etch rate ranging from about 800 A/min to about
16 500 A/min. The selectivity can be altered by the application of substrate bias power, where
17 the effect is apparatus sensitive. However, one skilled in the art can develop a combination
18 of an atomic ratio of chlorine : bromine with applied substrate bias which will produce the
19 desired result. An emission endpoint detection system is used to detect breakthrough to the
20 underlying oxide layer 204.

21 Typical process conditions for the main etch and overetch steps according to the
22 method of the invention are presented in Table One, below.

10



4 as a "soft landing" etch), an overetch step is then perfornmed to etch the
remai ning 20 % of 5 the thickness of the titaniumnitride |ayer, including
renoval ofoovhes2ifeet” 212 , and to 6 expose the underlyi POT/EBIIVISN OXi de

| ayer 204. Wth reference to the neasured end point 7 etch, an overetch
step is then perfornmed to renove residual titaniumnitride material from 8
patterned areas which nmay be nore protected (where all of the titanium
nitride |layer has 9 been renoved in nore exposed areas). 10 In the

ovey et ch st epTafiB® e MBipftal Brdcbds&nd AL F M&in fitf &bﬁﬂn‘dg Gakk Thl=1| orine and
11 prom ne reactive specres. The Pl A3 oqYl CE€ gas enpioyed 1 e overetch
step typically 12 conprises C2 anu a prom ne cont ai ni ng conpound such as

ceh ot an

HBr. The me——bromre—1—fhe—overeteh SH+eP-
typdcal |y rangeSracesnPapmgter1 : 4 I‘to abdlainEtch 1. {14 Thi @vgetwkral |y
provi des |a sel ectivity for etch of| titaniumnitridel: silicon oxide yhich
ranges 1 T 100. I, and amjetch rate ramgrg from
abohit 80( W%R%aw%mm Gags 500 Am n. PAG-480ectivjty ca0be0lltereldl by
t heS appl i dﬁ@wd{(ate)qscsm})strate bi as jpower, where 17 fhe effect is apparatus

sen5| t i vg—However, —onmeskrtted T the—art—can—devetrop—a—conbiratien{ 18 of
n @t oni ¢ GlaFlow Batedsdean)i ne : broni ne w20h 3PPl i ed jsubst r20 €20 as whi ch
WI|| produce The _ I9 desired resul|t. AM_em S50 € ' ' Eyst em

is Used t&-Tadtl@¥Ras GskBhr ough tofthe 20 uABRriyinlg oxide tayer 204] 21
cal ditions for theg main etch and ovjeretch, st accof di ng
p% 4.5%2@%’3?%? (St i nvent i of are presented i n Tabl 28 bel ow 10 WO
02/ 3241 E?QIH?&{ Tabl e (¢n i C rocegss it for Mai n
Ti t%ni um tride E‘-m p%rr(ﬁg'v)? and [er p?_(g ﬁgrégcess Parcg'rargt e?%ﬁ}zl Ei ch

Ovgy et ch | sdbdiedtaBidsIresyer (Wour ce Gis 2004 496p 200 -| 400 19 - ¢p

hY

11 Process Chamber Pressure (mTorr) 4 -10 10 - 50

12 Substrate Temperature (°C) 10 - 100 10 - 100

13 The term Bias Power refers to the power applied to the substrate (typically to the
14 substrate support pedestal) to produce a negative voltage on the substrate surface. Generally,
15 the negative voltage is used to control bombardment of the substrate surface by high energy
16 species. The term Source Power refers to the power that is applied to generate and sustain
17 the plasma.

18 The overetch chemistry described above can be used in conjunction with the main
19 etch chemistry of the invention, as shown in Table 1, or may be used with a different
20 titanium nitride etch chemistry known in the art.

21 Tables Two and Three provide exemplary data generated during development of the
22 main etch and overetch steps of the method of the invention. Tables Two and Three provide
23 process conditions for the DARC etch, TiN main etch (ME), and TiN overetch (OE) steps.
24 Process conditions presented include the following: process gas flow rates (in sccm),
25 process chamber pressure (inmTorr), plasma source power (Ws), substrate bias power (Wb),
26 substrate temperature during etching (°C), and endpoint time (in seconds). All endpoints

27 are timed endpoints unless designated "EP", in which case they were determined using an

11



5 Flow Rate (sccn) 6 Cl2 Flow Rate (sccm 20 - 200 20 - 200 7 CF4 Fl ow
Rate (sccnm) 10 - 100 - 8 HBr Flow Rate (sccm -- 20 - 200 9 Plasma Source
Power (Ww@O0D13248, 000 300 - 3,000 10 Substrate Bi as PowePCTApoM561 200 10
- 60 11 Process Chanmber Pressure (mforr) 4 - 10 10 - 50 12 Substrate
Tenperature (C) 10 - 100 10 - 100 13 The term Bias Power refers to the
power applied to the substrate (typically to the 14 substrate support
pedestal ) to produce a negative voltage on the substrate surface.

Gener al | yinterfdpotbeicnegmbint deté@ldnagsteins used to control bonbardment of the
substrate surface by high energy 16 species. The term Source Power refers
to 2he power tht¢ exerinpyntal echstdesgttrdrialabrnTwodusidaTRree Tor RIEHP] a®Bere 18 The
overetch chem stry descri bed above can be used in conjunction with the nain
19 3tch cpefurstedyusofg thhdoliowiegfilmnstacks(Igeosntisted fibablop td,bottomimy $FHOUSed
wth a different 20 titaniumnitride etch chemstry known in the art. 21
Tab#es TwShiplest DY photoresist Bperdpenplusly patderned) g3 ASEINY ARG layer, @h 8p0ent  of
the 22 npin etch and overetch steps of the nmethod of the invention. Tables
TwoS and TATEN Igeoveinde 5008 TasQdayss, allclaposited ns a fidicon $ubstBARCT bt etperifiiehtalai n
etch (ME), and Ti N overetch (OE) steps. 24 Process conditions presented

i ncbude tRen #o¥ lapdiBrig Taple dowaspegfasmed vsing thessmeifimsstaskywith 8 epeaption ©f
chanber pressure (in nmforr), pl.asma source power (W), substrate bias power
(WY, 26thegkisedases W@ﬁb&aaﬁégéﬁhlﬂlﬁlwr@w ng (C), and endpoint tinme (in

aﬁpgnds) . AL e}rlld oints 27 1a}'r er t1ned engﬁgi a{1t s unl ess desjgnated "EP", in
i€h case t heVhssra "gish erafileid@r (srtyee piptileThasnsedbelowmenerpibryatisy 19, 2m601
9 is not limited to, a cross-sectional view of a gate structure, as shown in Figures 2A through

10 2D, and is described in terms of an angle between the etched sidewall of a gate layer and the

11 surface on which the gate structure stands (7.e., the underlying layer of tantalum pentoxide).

12 The term "vertical profile" refers to a cross-sectional view of the etched gate layer, where

13 the sidewalls of the etched gate layer are perpendicular to the silicon oxide surface. The

14  term "undercut" profile refers to a cross-sectional view of the etched gate layer, where the

15 width of the etched opening is larger as the distance away from the opening on the substrate

16 surface increases. The term "tapered" profile refers to a cross-sectional viéw of the etched

17 gate layer, where the width of the etched opening is smaller as the distance away from the

18 opening on the substrate surface increases. The term "critical dimension" typically refers

19 to the smallest dimension of the feature which must be controlled to produce the desired

20 structure.

12



1l interferonetric endpoint detection system 2 The experi nental
described in Tables Two and Three for

Run #s

1- 6 were

runs
3 perforned

usi ng

the fol | owbny1Ril m stack (layers listed fromtop to bottorgT/USOIZESO A 4

Shi pl ey DUV phot or esi st
an 800 5 A TiN Ilayer;
The experi nent al

| ayer;

silicon substrate.

| ayer (previously patterned);
and a 500 A Taz205l ayer,
6 Run #s 7 and 8 in Table 3 was

a 300 A SiQ, Ny DARC
al |

deposited on a

performed using the sane filmstack with the exception of 7 the oxide
| ayer, which W@Eleal‘vé‘@ Ptabhin€ Kithiay 81aiF1h H3-0Breldle Ueeélgbr'fl@ﬁﬁtheasofi le" (or
"feature profi as use el ow generally refers u is not limted
to, a crgss-sg a da ructune Shown[in |—|gures A
through k020 ‘and fls deccrthbe M@Eﬁéﬂ@m CPMIMERS ot Fhed
sidewal | jof a gate | ay ? fcqce Ofbd’%h@bclﬁh ructure
stands (if. e., the u dezfds)él ngtll aye S50 pen Tg’ﬁég f erm
"verticall profile" r =fer§ 2cr "E;t& lﬁ 1epéct al e
| ayer, vvtnere 13 the 122\i5em %hed | gat n} L (RAIP e Cul ar
to the sil hcao(g 9 1de elf sur¢ g@rr The 135Qe‘fm "inde$QUW: prpfi Iuedfrrelﬂters to a
cross-segt 'onal w of S0@Wst ched g&i0eW| ayel, M@Nébthe pEofiie dfiér of t he
et ched openi ng |s | afjger 1zWbhe di st af’€ away fr @orChe opesv&gichsot he
substrat¢ 16 surfacg incg@ases. Th;g)ge@r(gp)"tapergg edr of | I e Jbekghs tp a
cross-se¢tional vi e\’m ?@1@@‘3@}? ed 17 gat'e lfayer, where the %h of the
etched opening is s er as't di stance away fromthe ni ng pon t he
substrat ¢ surface infreases. Thejfterm"criti¢al dinensiop” ? B# Iyl refers
19 to the smallest d rrensi on of fhe feature 'vhi ch nust bp codPilst | ed| to
produce {he desired stry % PCT/LUSP1/ 501d Tapl e
Two. Titnium Nitridp %%f % a ggé%? %qlfg%mal P&°Run| # DARC
Etch Ti N[Main Etch T NOSFBECh § OteRcd: holW B0 PEERRitsE 100
sccm C12 Tapergd 120 sccm Ar 4 mTorr 10 mTorr main etch and
‘. 4 mTorr 300 W, 500 Ws overetch, so
(Ta,0; Oxide) 500 Ws 60 W, 60 Wb overetch does
120 Wb 50°C 50°C not attack
50°C 13.9 sec (EP) 30 sec profile.
17 sec (EP)
40 sccm CF, 30 sccm CF, 100 sccm CI2
40 scem Cl, 15 scem ClL, 100 sccm HBr Tapered
120 sccm Ar 4 mTorr 10 mTorr profile after
3 4 mTorr 250 W, 800 W, main etch, but
(Ta,0, Oxide) 500 Ws 60 W, 10 W, undercut
120 Wb 50°C 50°C profile after
50°C 20 sec (EP) 20 sec overetch, so
16.4 sec (EP) overetch
species
attacking
profile.
40 sccm CF, 10 sccm CF, 100 scem Cl, | Increase Cl, to
40 sccm Cl, 35 scem Cl, 100 sccm HBr | CF, ratio and
120 sccm Ar 4 mTorr 10 mTorr increase W, in
4 4 mTorr 350 W, 500 Ws main etch from
(Ta,05 Oxide) 500 Ws 60 W, 60 Wb Run #3; profile
120 Wb 50°C 50°C more vertical
50°C 12.2 sec (EP) 30 sec thantRuﬂ #3hbut
not enougn.
16.8 sec (EP) Sor Tazgos
loss.
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40 seem Cl12 15 seem Cl2 100 seem HBr profile after 120 seem Ar 4 mlorr 10
mlorr main etch, but 1 4 mlforr 250 W5 800 W5 undercut (Ta205 Oxi de) 500 W
60 W 10wdoptxiiile after 120 W 50C 50C overetch, so 5BCI/B01E=601( EP) 20
sec overetch 16.4 sec (EP) species attacking profile. 40 seem CF4 15 seem
CF4 100 seem Cl12 Tapered 40 seem Cl2 30 seem Cl2 100 seem 02 profile after
120 seem Ar 4 mlorr 10 mforr main etch and 2 4 mlorr 300 W 500 W
overetch, so (Ta2® Oxide) 500 W 60 W 60 Wb overetch does 120 W 50C
50C not attack 500C 13.9 sec (EP) 30 sec prof| le. 17 see (EP) 40 seem CF4

30 seem CF4 190.;S@EM ered 120
seem Ar 4 mlorr IO 500 W5—hai n etch,
but (Ta2@—Sxide)—50p— V&6 W1 b—urdereutr—120-W-50C-50C profile after
50C 20 sde (ERyn sge BAREHh, [sTNIMaid Egabe | (BR) Owrgctet ¢h Comments
40 sccm CF, 10 sccm CF, 100 scem Cl, | Increase in Cl,
40 sccm Cl, 45 scem Cl, 100 sccm HBr to CF, ratio
120 sccm Ar 4 mTorr 10 mTorr and increase
Ta.0 50Xide) 4 mTorr 450'W, 500 Ws W, in main
25 500 Ws 60 W, 40 Wb etch from Run
120 Wb 50°C 50°C #4; profile
50°C 10.5 sec (EP 30 sec vertical, but still
16.8 sec (EP) some Ta,0O;
loss.
40 sccm CF, 10 scem CF, 100 sccm Cl, | Reduced time in
40 sccm Cl, 45 scem Cl, | 100 sccm HBr overetch to
120 sccm Ar 4 mTorr 10 mTorr reduce Ta,Os
.6 4 mTorr 450 W, 500 Ws loss. Vertical
(Ta, 0, Oxide) 500 Ws 60 W, 40 Wh prfJf"lle with no
120 Wb 50°C 50°C visible Ta,0;
o loss. Final
50°C 10.4 sec (EP 20 sec Process
17 sec (EP) )
40 sccm CF, 20 sccm CF, No overetch Punchthrough
40 scem Cl, 60 sccm Cl, step of the SiO,
120 scem Ar 4 mTorr layer. Slightly
1 4 mTorr 300 W, undercut
(810, Oxide) 500 Ws 60 W .
120 Wh b profile.
50°C 50°C
15.3 sec (EP) 19.6 sec (EP
80 sccm CF, DARC etch 100 scem Cl, TiN main etch
120 sccm Ar and TiN main 100 sccm HBr endpointed
4 mTorr etch performed 10 mTorr correctly, very
8 500 Ws as a single 800 Ws low etch rate,
(Si0O, Oxide) 120 Wb process. 10 Wb very tapered
20°C 50°C TiN profile.
100 sec (EP) 30 seconds
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species attacking profile. 40 seem CF4 10 seem CF4 100 seem Cl12 I ncrease
Cl2 to 40 seem Cl2 35 seem Cl12 100 seem HBr CF4 ratio and 120 seem Ar 4
mrorr 10 wd@eori32increase Ws in 4 4 mlorr 350 W6 500 W nai hPCRUSH/X45@M
(Ta2Gb Oxide) 500 W 60 W 60 Wb Run #3; profile 120 Wb 500C 500C nore
vertical 50C 12.2 see (EP) 30 see than Run #3 but 16.8 sec (EP) not
enough. Sone Ta2 05 loss. 13 WO 02/13241 PCT/ US01/ 24501 Tabl e Three.
Titanium Nitride Main Etch and Overetch Devel opnental Data Run # DARC Etch
Ti NLMai n Etch &k MiseWRE@itthe C4OmateyvGhé Inh@ns&L b Ehnk M (8E£MHGE2 | ncrease
in Cl2 40 sccm C12 45 seem C12 100 seem HBr to 4 ratio 120 seem Ar 4
nTo2r 10 ¢hleritic tarfihorine fe dreeplasmalsonticergas, 4a0e thbradsh W cMFrofife srahdtifad@a5

Oxi de) 500 W 60 W 40 W etch fromRun 120 Wb 50C 50C #4; profile 50C
10.5 sec dfifriRle3fatesemn bearcturatdly cdnttolled.i Tabld Bod, below( pidyideo TN @R Ofte ahdSS.

4 etch profile data obtained using various chlorine : fluorine atomic ratios in the plasma

5 source gas, with all other process conditions held constant at about 55 sccm of total gas

6 flow, 4 mTorr process chamber pressure, 450 Ws, 60 Wb, and a substrate temperature of

7 50°C.

8 Table Four. Effect of Varying the Chlorine : Fluorine Atomic Ratio

9 on TiN Etch Rate and Etch Profile
10 Cl: F Atomic Ratio Etch Rate Etch Profile
11 30:15 3,450 A/min slightly tapered (~87°)
12 35:10 3,930 A/min more vertical ( ~ 88°)
13 45:10 4,570 A/min vertical profile
14 The atomic ratio of chlorine to fluorine used in a particular titanium nitride gate etch
15 process will depend upon a number of factors, in particular, the thickness of the titanium
16 nitride gate being etched. For example, when etching a very thin TiN gate (i.e., <5 00A),
17 a lower chlorine : fluorine ratio in the plasma source gas is desired in order to provide a
18 slower, more controllable titanium nitride etch rate. One skilled in the art of semiconductor
19 manufacture will be able to determine the particular chlorine : fluorine atomic ratio that is
20 optimal for etching a particular titanium nitride gate thickness by routine experimentation,
21 after reading the present disclosure.
22 As shown in Table Four, by adjusting the atomic ratio of chlorine : fluorine in the
23 main etch step of the present invention, it is possible to provide excellent control over both
24 the titanium nitride etch rate and gate etch profile.
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40 sccm CF4 10 sccm CF4 100 seem C12 Reduced time in 40 sccm Cl2 45 seem
Cl2 100 seem HBr overetch to 120 seem Ar 4 mlorr 10 mlorr reduce Ta205 6
| oss. Vewoozl324¥ mlorr 450 W5 500 W (Ta2056 Oxi de) 500 VeCHOSMIR48@ W
profile with no 120 Wh 50C 50C visible Ta205 50C 10.4 see (EP 20 see

| oss. Final 17 see (EP) Process. 40 seem CF4 20 seem CF4 No overetch
Puncht hrough 40 sccm Cl2 60 sccmd 2 step of the Si02 120 seem Ar 4 mlorr
| ayer. Slightly 7 4 mlorr 300 WS undercut (Si02 Oxide) 500 W 60 Wb
profile. 120 5 5 . e (EP). 19. ec. (EP 8 eem CF4 DARC et ch
looflseem Cl2 Ti thrrrglg:%ecg%’ CW%%X%BP‘%SE? ‘Kith%ﬁdqﬁ%ﬂn}?arﬁﬁo ?ggﬁs Al O W,
endpoi nte | . . Lr r I very 8 500, W as a
ol e 800 I o ard it reteniledi i ALt BT G gl edpabett “20C
progess. PR LRI iHe%tched BibEEE hERanih SRENHSS thifered after the main etch,

4 but undercut after the overetch, indicating that the bias power (W,) was too low. When the
5 bias power was increased to 60 W, this was too much bias power, and some oxide loss was
6 observed (the selectivity had been reduced to less than about 10 : 1). The bias power was
7 adjusted to 40 W,,, which provided a vertical titanium nitride etched profile with no apparent
8 loss of tantalum pentoxide. The overetch step is typically carried out until about 25 % of
9 the underling oxide layer thickness is removed. A removal of 10 % of the underlying oxide
10 layer thickness would be adequate, and the 25 % value is used to ensure that any "feet"
11 remaining from the titanium nitride main etch step are removed. In general, when it is
12 desired to increase the chemical etchant effect, the Wy, is lowered and the etching becomes
13 more isotropic. While the selectivity is higher relative to the underlying oxide with a lower
14 W,, care must be taken to avoid undercutting of a vertical etched profile of titanium nitride.
15 When it is desired to increase the physical bombardment etching contribution and to provide
16 more anisotropic etching, the W, is increased. While the vertical profile tends to be
17 maintained during overetch at higher W, the selectivity in favor of etching titanjum nitride
18 is reduced and the underlying oxide is etched more rapidly. One skilled in the art can, with
19 minimal experimentation, adjust the bias power level to accommodate a given underlying
20 layer, such as, for example, silicon oxide, silicon oxynitride, barium strontium titanate,
21 tantalum oxide, zirconium oxide, zirconium silicate, hafnium oxide, hafnium silicate, silicon
22 nitride, or a combination thereof, which may be underlying the titanium nitride layer.
23 By combining an atomic ratio of chlorine : fluorine which is advantageous in the
24 main etch step with an atomic ratio of chlorine : bromine and substrate bias power which are
25 advantageous in the overetch step, it is possible to achieve optimal results in any given
26 process apparatus.
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WO 02/ 13241 PCT/ US01/ 24501 1 As discussed in the "Summary of the

I nvention", by changing the ratio of 2 chlorine to fluorine in the plasm
source gas0Qorie4etch rate and etch profile of the titani uRCT/BSel24561de gat e
can be accurately controlled. Table Four, below, provides TiN etch rate and
4 etch profile data obtained using various chlorine : fluorine atomc
ratios in the plasma 5 source gas, with all other process conditions held
constant at about 55 sccmof total gas 6 flow, 4 niforr process chanber

pressure, 450 Yg, a@cgz_e%scrﬁ%q %f@%&ﬁ%@&ﬁ@g&i\kﬁt&ﬁg If_.?agrln%(%ﬁ:egs 8 Tabl e

Four. Effect of Varying t orine : H uorine Atom ¢ GRETi N Et ch

Ratg and &b phseht In®editbrClas ond ' | QunE LR rdhlg a1 30 :
15 3,450 Almh slightly taSSeF’reldSl@ésH%rpth%Hé%n? b e IR el el T 0.

( -388) ckpaddsuchlémbodifibnitMdrtdireépord with Y ibj ebﬁn&ﬁer}@%eﬁh%ﬂtﬁn rc?a{h'n%d of
chlorine to fluorine used in a particular titaniumnitride gate etc 15
process Wdldwdepend upon a nunber of factors, in particular, the thickness
of the titanium 16 nitride gate being etched. For exanple, when etching a
very thin Ti N gate (i.e., < 500A), 17 a lower chlorine : fluorine ratio in
the plasma source gas is desired in order to provide a 18 slower, nore
controllable titaniumnitride etch rate. One skilled in the art of

sem conductor 19 manufacture will be able to determ ne the particul ar
chlorine : fluorine atomc ratio that is 20 optimal for etching a
particular titaniumnitride gate thickness by routine experinentation, 21
after reading the present disclosure. 22 As shown in Table Four, by
adjusting the atomic ratio of chlorine : fluorine in the 23 main etch step
of the present invention, it is possible to provide excellent control over
both 24 the titaniumnitride etch rate and gate etch profile.
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15 WO 02/ 13241 PCT/ USO1/ 24501 1 Wth respect to the overetch step, wth a 1
1 atomc ratio of 2 : Br and a 10 W, 2 the selectivity in favor of
etching woaniam nitride relative to tantal um pentoxi de i BCEOSU245@ 100: 1;
however, the etched profile of the titaniumnitride was tapered after the

main etch, 4 but undercut after the overetch, indicating that the bias
power (W) was too |low. Wien the 5 bias power was increased to 60 Wy, this
was too nmuch bias power, and sone oxide |loss was 6 observed (the
selectivity had been reduced to | ess than about 10 : 1). The bias power was
7 adjusted to 40 Wy, which provided a vertical titaniumnitride etched
profile wth no apparent 8 |oss of dragt@kum pent oxi de. The overetch step
is typically carried out until about 25 % of 9 the underling oxide |ayer

t hi ckness is renoved. A renoval of 10 % of the underlying oxide 10 | ayer

t hi ckness woul d be adequate, and the 25 % value is used to ensure that any
"feet" 1Weadami:ning fromthe titaniumnitride main etch step are renoved.
In general, when it is 12 desired to increase the chem cal etchant effect,
the W is |owered and the etching becones 13 nore isotropic. Wile the
selectivity is higher relative to the underlying oxide with a |ower 14 W,
caré nust lbe t akmethod efvachingadettemtd ititanioh mitrider hyaabitieihchegnips@iuctee of
titaniumnitride. 15 Wen it is desired to increase the physical

bonBar drefftuciireh¢aigpresng exnosing enlagercofttdapinoyhitiide tbéa plasea gencsated diRine a
etching, the W is increased. Wile the vertical profile tends to be 17
mai At ai nePusts gasgompsisingchlosine ang h dluowsartonewberkinché eiomjc ratiofefichlorint :
etching titanpiumnjtride 18 is reduced and the underlying oxide is etched
mor® r api BVSrinecRsaigisopTce @as rngeidrem ebegd, il to abeot M wilval experi ment ati on,
adj ust the bias power level to accommpdate a given underlying 20 |ayer,
such as, for exanple, silicon oxide, silicon oxynitride, bariumstrontium

o O TR B ol RO T T gy R o
whi ¢h der | yi the titani itrjde | . ~.23. B nmbi ni
HERRTE X TR TR A L

1 3. The method of Claim 2, wherein said fluorocarbon is CF,.

1 4, The method of Claim 1 or Claim 2, or Claim 3, wherein said titanium nitride layer
2 has a thickness of less than about 1000 A.

1 5. The method of Claim 4, wherein a thickness of an oxide or nitride layer underlying
2 said titanium nitride layer is less than about 500 A.

| 6. The method of Claim 5, wherein said thickness of said oxide or nitride layer is less
2 than about 50 A, and the atomic ratio of chlorine : fluorine in said source gas ranges from
3 about 2 : 1 toabout5:1..

1 7. The method of Claim 6, wherein said thickness of said oxide or nitride layer is less
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24 main etch step with an atomc ratio of chlorine : brom ne and substrate
bi as power which are 25 advantageous in the overetch step, it is possible
to achi ewmeooptizeml results in any given 26 process appar RCDESO1IEB50M0

02/ 13241 PCT/ US01/ 24501 1 The above descri bed preferred enbodi nents are
not intended to limt the scope 2 of the present invention, as one skilled
inthe art can, in view of the present disclosure, 3 expand such

enbodi ments to correspond with the subject nmatter of the invention clained
bel @w. 17 thd £:204 3P4 lanBEHd 44581/ r24SOfchISelebl: NBorindén Qi@bcmrce]géi%i d%‘lquttalgggt of
etching a patterned titaniumnitride layer within a semc nofuctor
strgcture,5 cnpri sing exposing a layer of titaniumnitride to a plasma
generated froma 3 source gas conprising chlorine and a fl uorocarbon,
wherein the atomc ratio of chlorine : 4 fluorine in said source gas
ranges fromabout 1 : 10 to about 10 : 1. 1 2. The nethod of Caim1l,
whedein s&id f [Themetladad Cl4ins], ph€laiin@rbr@lain 8y whdréin CXHYEZern ixi’cwhﬁ:@légafé
ranges from1l to 4, y ranges fromO to 3, and z ranges froml to 10. 1 3.
TheZmet hodtraétu®. ai m 2, wherein said fluorocarbon is CF4. 1 4. The nethod of
Claim1l or Caim2, or daim3, wherein said titaniumnitride |ayer 2 has
a thickness of |ess than about 1000 AL 1 5. The nethod of Caim4, wherein
a thickness of an oxide or nitride |ayer underlying 2 said titanium
nititide | dyer ilde|msod pdClaisepdt os@daim 2,106 Clamed, mutdreid safd @micondictorher ei n

saig t hi ckness of said oxide or nitride |layer is |ess
structure includes a dielectric ARC layer overlying said titanium nitride layer, and said

3 dielectric ARC layer is etched in the same processing step as said titanium nitride layer.

1 10. A method of etching a patterned titanium nitride layer within a semiconductor
2 structure, comprising the following steps:

3 a) a main etch step wherein a layer of titanium nitride is exposed to a plasma
4 which etches through less than about 98 % of said layer of titanium nitride; and

5 b) an overetch step following said main etch step, wherein a portion of said
6 layer of titanium nitride which was not etched during said main etch step is exposed toa
7 plasma generated from a source gas comprising chlorine and a bromine-containing
8 compound.

1 11. The method of Claim 10, wherein said etch in step a) is through less than about 80
2 % of said layer of titanium nitride.

1 12 The method of Claim 10, wherein said overetch source gas comprises Ciz and HBr.
1 13. The method of Claim 11, wherein said overetch source gas comprises Cl, and HBr.
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2 than about 50 A, and the atomic ratio of chlorine : fluorine in said
source gas ranges from 3 about 2 : 1 to about 5: L. 1 7. The nethod of
Claim 6, wher/eizm sai d t hi ckness of said oxide or nitride pap®sovssiiess 18
WO 02/ 13241 PCT/ US01/ 24501 2 than about 20 A, and the atomic ratio of
chlorine : fluorine in said source gas is at least about 3 5 : 1. 1 8. The
nmethod of daiml, or daim2, or aim3, wherein said pattern includes a
gate 2 structure. 1 9. The nmethod of Caiml1l, or laim2, or Claim3,
wheyrein sajd sem conduct . tractu i,ncl.udes a.dielectric ARC | ayer
ove¥| yi ng?"is‘ai d |etn%1€2€%cﬁ?% l?lrnlg 1dfeorl %@,ﬁ?’fr{ﬁr%ﬁ?@%@m&?g‘? 8€‘%1'ﬂl‘?rb“eAg%“i“8 er is
et ched in;.t i ajd fitani nh.tride layer. 1 10. A
nmet hod of megta&?%gﬁ%%lgﬁg%n%ggﬁ%ﬁf%?%Onl%%nfl t r% écgegtfoélyerﬂr \}VI thin a sem conduct or
2 structure, conprising the following steps: 3 a) a main etch step wherein
a layer of titaniumnitride is exposed to a plasma 4 which etches through
| esg than about TIR8#ned of &ldm! BY Shefin bdid élﬁlbﬂg% NblohiferatidNdd 2 bl?e)sf;ﬂover
overetch step follow ng said main etch step, ereln a portion of sard
layer of iglieid/eRid sdrhicdfduvidrcirub@se d@ingSdafd\Sbrabl LRE aftdGudi® @ g&&ﬁ{ae step
is exposed'to a 7 plasma generated froma source gas conprising chlorine
and3 a br ogsldeavEPRIAivEitdsh urllefl PIMBONIIE or Aitdde lajdtandBHEGR d Hanii@ hiRiddetciVher €i n
said etch in step a) is through | ess than about 80 2 % of said | ayer of
titani umptofilel de. 1 12. The nmethod of C aim 10, wherein said overetch
source gas conprises G2 and HBr. 1 13. The nethod of C aim 11, wherein
sai d overetch source gas conprises 2 and HBr. 19

1 16. The method of Claim 15, wherein said main etch step plasma is generated from
2 a source gas comprising chlorine and a fluorocarbon.

1 17. The method of Claim 16, wherein an atomic ratio of said chlorine : fluorine in said
2 source gas ranges from about 1 : 10 to about 10 : 1.

1 18.  The method of Claim 10 or Claim 1 1, wherein said pattern includes a gate structure.
2 19, The method of Claim 10, wherein said semiconductor structure includes a dielectric
3 ARC layer overlying said titanium nitride layer, and said dielectric ARC layer is etched in
4 said main etch step.

1 20. A method of etching a patterned titanium nitride layer within a semiconductor

structure, comprising the following steps:
a) a main etch step wherein a layer of titanium nitride is exposed to a plasma
which etches through about 98 % or more of said layer of titanium nitride; and

b) an overetch step following said main etch step, wherein a portion of said

A W A WD

layer of titanium nitride which was not etched during said main etch step is exposed to a
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WO 02/ 13241 PCT/ US01/ 24501 1 14. The nethod of Claim12 or Caim 13,
wherein an atomc ratio of chlorine : bromne 2 in said second source gas
ranges fmnoowzixut 1 @ 4 to about 4 : 1. 1 15. The net hod PET/CR@2as@4,
wherein said chlorine : bromne ratio and a bias power 2 applied to said
sem conductor structure during said overetch step are adjusted to provide
3 selectivity relative to an underlying oxide or nitride |layer and a
desired titaniumnitride etch 4 profile. 1 16. The nethod of Caim 15,

vvhe ein s tep asmals er at from, 2 a source gas

corrprl si nglagﬁllaogenﬁ%tte; §og fa I 5?508?18”1513% .Cﬁ%ﬁ@enﬁﬁhé&remlfér%mlmeg
whegei n ap, I@Ig@mdc rati o of sald chlorine : fluorine in said 2 source gas
ranges from ut 1 : 10 to about 10 : 1. 1 18. The method of daim 10 or
Claim 11, wherein said pattern includes a gate structure. 2 19. The net hod
of Claim 10, wherein said sem conductor structure includes a di electric 3
ARC; | ayer ppver I ¢ I ARC

I ayér is %’? C he}dnl(l |b %tﬁﬁsgédhlﬁ@n%%# %’Edej%eké%&g%w%%? %hgr Ié%fg hll—;]%r a
patterned titaniumnitride |ayer within a sem conductor 2 structure,
conprising the followng steps: 3 a) a main etch step wherein a | ayer of

titani um ptri deneBetBIPOEEHin 20 8 ChAsIR wréremarpﬂoxﬁi&%éoftcmo%&g hpRBAHL 98 %
or nore of said layer of titaniumnitride; and 5 b) an overetch step

f ol ow nginSqid s¢éthA s6ired gad RBgesiYR Bbdut A Par td %u@fét said 6 layer of
titaniumnitride which was not etched during said main etch step is exposed
to a 20 WD 02/13241 PCT/ USO1/ 24501 7 plasma generated froma source gas
conprising chlorine and a brom ne-containing 8 conpound.

1 23. The method of Claim 22, wherein a combination of said atomic ratio of chlorine
2 : bromine and a bias power applied to said semiconductor structure are adjusted during said
3 overetch step to provide selectivity relative to an underlying oxide or nitride layer and a
4 desired titanium nitride etch profile.

1 24, The method of Claim 20 or Claim 21, wherein said main etch step plasma is
2 generated from a source gas comprising chlorine and a fluorocarbon.

1 25. The method of Claim 24, wherein an atomic ratio of said chlorine ; fluorine in said
2 source gas ranges from about 1 : 10 to about 10 : 1.

1 26. The method of Claim 20, wherein said semiconductor structure includes a dielectric
2 ARC layer overlying said titanium nitride layer, and said dielectric ARC layer is etched in
3 said main etch step.

1 27. A method of plasma etching back a layer of titanium nitride, wherein a plasma
2 source gas comprises a single chemically reactive species generator which is a fluorocarbon
3 gas.
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1 21. The nmethod of C aim 20, wherein said overetch source gas conprises
Cl2 and HBr. 1 22. The method of Caim20 or Caim?2l1l, wherein an atomc
rati o of vwobpirizae : bromine 2 in said second source gas Panyssl/f4s@m about
1: 4to about 4 : 1. 1 23. The nethod of C aim 22, wherein a conbination
of said atomc ratio of chlorine 2 : bromne and a bias power applied to
sai d sem conductor structure are adjusted during said 3 overetch step to
provi de selectivity relative to an underlying oxide or nitride layer and a
4 desired titaniumnitride etch profile. 1 24. The nmethod of C aim 20 or
Claim 21, wherein said main etch step plasma is 2 generated froma source
gasjconprigi ng G I ) 25.. The t.h of .Cl ai m 24,
whet ei n a%§'at om@eﬁ{é{itlﬂgd %? qjgl%{t%i’}éﬁ{l%%%ﬁgﬁﬂ qlgoﬁ%crair%oél i ﬁgg%ltfe(g?roﬁl diorings gas
ranges fr t ’ : ' t of. C ai m 20,
wherei n s aateohpeudd hAE AN orhs G Sheregl Sl IR 1 Rl o
ovegl yi ngrsdl kot LaaLym bk nokded pyer, and said dielectric ARC layer is
etched in 3 said nain etch step. 1 27. A nethod of plasma etching back a
| ayer of titaniumnitride, wherein a plasma 2 source gas conprises a
single chem cally reactive species generator which is a fluorocarbon 3
gasl 21 \¥9.02/ 1384 ndtkad &4S014in2 49 OdhekeidBaid HiRrsBatddRds oF, Cl ai m 27, wherein
said fluorocarbon is selected fromfluorine- 2 containing conpounds havi ng
the formula CXHYFZ, where x ranges from1l to 4, y ranges 3 fromO to 3,
and z ranges from1l to 10. 1 29. The nethod of Caim 27, wherein said

f1 ubrocartfon i s ACHéthall @plastanettingbadk plagearaf tinibinngtrides Whereinay slasod
titaniumnitride, wherein a plasna 2 source gas conprises chlorine and a
f | udr ocardourcegascdmpnres vhldene el famkdoartenghstotpreyidedtemically etchant species.

1 31. The method or Claim 30, wherein a ratio of chlorine : fluorine in said plasma
2 source gas is adjusted to control said titanium nitride layer etch rate.

1 32. The method of Claim 31, wherein said fluorocarbon is selected from fluorine-
2 containing compounds having the formula C,H,F,, where x ranges from 1 to 4, y ranges
3 from O to 3, and z ranges from 1 to 10.

1 33. The method of Claim 31, wherein said fluorine-containing compound is CF,.

1 34. The method of Claim 31, wherein a chemically inert gas is present as part of said
2 plasma source gas.

1 35. The method of Claim 31, wherein said chemically inert gas is selected from the
2 group consisting of argon, neon, krypton, xenon, or helium.

1 36. The method of Claim 32, wherein an atomic ratio of chlorine : fluorine ranges from
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1 31. The nmethod or Claim30, wherein a ratio of chlorine : fluorine in
said plasma 2 source gas is adjusted to control said titaniumnitride

| ayer etovopzatx41 1 32. The nethod of C aim 31, wherein sapdritbu@s@ar bon i s
selected fromfluorine- 2 containing conpounds having the fornula CXHYFZ,
where x ranges from1l to 4, y ranges 3 fromO to 3, and z ranges from1l to
10. 1 33. The nethod of Caim 31, wherein said fluorine-containing conpound
is CF4. 1 34. The nethod of Claim 31, wherein a chemcally inert gas is
present a t |Qf i 2.pl asma source gas. 1 35. The nethod of C aim 31,
whe?ei n s%i"ﬁ?ci:hégnt%gﬁ?ug 1|0t’1é‘rt gas is selected fromthe 2 group consisting
of argon, neon, krypton, xenon, or helium 1 36. The nethod of O aim 32,
wherein an atomic ratio of chlorine : fluorine ranges from 22 WD 02/13241
PCT/ USO1/ 24501 2 about 1 : 10 to about 10 : 1. 23
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