1 2 3 4 METHOD TO FORM A CONTACT HOLE 5 6 7 8 Background of
9 1) Field of the Invention 20 This invention relates generally to
fabrication of sem conductor devices 11 and particularly to a process for
etching an opening in sem conductor structures and nore 12 particularly to
an etch nethod to forma contact hole in a dielectric film 13 14 2)
Description of the Prior Art 15 16 In the manufacture of integrated
circuits, silicon-containing layers on a 17 substrate are etched to form
gates, vias, contact holes, trenches, and/or interconnect |lines. 18 The
etched areas are later filled with electrically conductive material to form
elgctrically 19 conductive interconnects or with insulating materials in
th
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| nventi on

case of gate structures.

4 METHOD TO FORM A CONTACT HOLE

8 Background of Invention

9 1) Field of the Invention |
10 This invention relates generally to fabrication of semiconductor devices
11  and particularly to a process for etching an opening in semiconductor structures an§ more
12 particularly to an etch method to form a contact hole in a dielectric film.
13
14 2) Description of the Prior Art
15
16 In the manufacture of integrated circuits, silicon-containing layers on a
17  substrate are etched to form gates, vias, contact holes, trenches, and/or interconnect {ines.
18 The etched areas are later filled with electrically conductive material to form electrically
19 conductive interconnects or with insulating materials in the case of gate structures.
20  Examples of such silicon-containing materials include silicon dioxide, silicon nitride,

21 polysilicon, metal silicide, and monocrystalline silicon. The substrate may also contain.
1




20 Exanpl es of such silicon-containing materials include silicon dioxide,
silicon nitride, 21 polysilicon, netal silicide, and nonocrystalline
silicon. The substrate nay also contain | 1 |ayers of other materials, for
exanpl e netal conductor layers, insulative |layers, anti- 2 reflective

| ayers, or diffusion |layers, anong others. 3 4 In a typical etching
process, a patterned mask conposed of a nmaterial 5 | ess susceptive to
etching, such as photoresist, or a hard nask | ayer such as silicon dioxide
6 or silicon nitride, is formed over the substrate. Thereafter, the
substrate is placed wwthin a 7 process chanber and etched by a plasma of
etchant gas in the .chapgber. Th [ f deiab 1 smti-ed on the
subst lezare of atheh@RACHESH a?XW%%e§§%%§§ﬁ??§%1%§“§ﬁ§ﬁ5esiJﬁ?ﬁ?s 9 dependent
upon the etchant gas that, is used, the substrate material,

s tr and conposition
ofy t hefledtberaeits,oF At laype O PRY% | mport ance of over comi ng t he
various deficiencies is evidenced by 12 the extensive technol ogi cal

deyvel opnent directed to the subject, as docunmented by the 13 rel evant
patent and technical literature. The cl osest and appar

en(%]é}y n;org} rel evant
teghni cal 14 deveghepypidtistdting precpat epattemedanak soBPOsH W Pidfded by
considering US 5,505, 816(Barnes 15 et al. shows a process to etch oxide
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6 or silicon nitride, is formed over the substrate. Thereafier, the substrate is placed within a
7 process chamber and etched by a plasma of etchant gas in the chamber. The residue of
8  material deposited on the substrate is then etched. The composition of the residue is
9 dependent upon the etchant gas that is used, the substrate material, and composition of the
10 mask or resist layer.
11 The importance of overcoming the various deficiencies is evidenced by
12 the extensive technological development directed to the subject, as documented by the
{3 relevant patent and technical literature. The closest and apparently more relevant technicai
j4  developments in the patent literature can be gleaned by considering US 5,505,816(Barnes
15 etal.)shows a process to etch oxide selectively to SiN and poly.
16 US 6,583,065B1(Willlams) shows a sidewall polymer removing etch
17  process.
18 US 6,536,449B1(Ranft et al.) shows a down stream plasma process.

19 Hu et al., “Resist stripping for multilevel interconnect integration with

20 Low K dielectric material”, AVS first inter conference on Microelectronics and interface,

21 Feb 2000.




17 process. 18 US 6, 536, 449B1(Ranft et al.) shows a down stream pl asna
process. 19 Hu et al., "Resist stripping for nultilevel interconnect
integration with 20 Low K dielectric material", AV S first inter
conference on Mcroelectronics and interface, 21 Feb 2000. 2 1 US
5,423,945(Marks et al.) shows a selectivity for etching an oxide over 2 a
nitride. 3 4 There is a need for an inproved etch process. 31 2 3 4
Summary of the Invention 5 It is an object of an aspect of an enbodi nent of
the present invention to 6 provide a nethod for etching a opening. 7 8
Some non-limting enbodi ments show a nmethod for renoving a residue

1 US 5,423,945(Marks et al.) shows a selectivity for etching an oxide over

2 anitride.

3

4 There is a need for an improved etch process.




9 oxide spacer froma contact opening sidewall. A contact opening is etched
into a dielectric 10 |layer conprised of oxide. The etch process creates an
undesi red residual oxide spacer on 11 the contact opening sidewall. A

pl asma treatment using nitrogen, fluorine and hydrogen 12 containing
gasses is used to forma by-products |ayer over the undesired residual

oxi de 13 spacer. Then the by-products |ayer and the undesired residual

oxi de spacer are renoved 14 preferably using one of the follow ng: (1)
heating, (2) DI rinse and (3) UV radiation. 15 16 The above advant ages and
features are of representative enbodinents 17 only, and are not exhaustive
and/ or exclusive. They are presented only to assist in 18 understanding the
invention. It should be understood that they are not representative of al
19 the inventions defined by the clains, to be considered limtations on
thé invention as 20 defined by the clains, or limitations on equivalents to
the clains. For instance, sone of 21 these advantages may be nutually
cofdtradictory, in that they cannot be sinultaneously 4 1 present in a
single enbodinment. Simlarly, some advantages are applicable to one aspect
of 4 2 the invention, and i rwphiacabf halavertigts. Furthernore, certain
aspects of the clalned 3 invention have not been discussed herein. However,
nosi nf erence shoul @ iben drjawrof4nregat df ag etrbodienali stirs pegFehidnEsniiondp at i ve to
those not discussed herein other than for 5 purposes of space and reducing

regetitLffe 2 ifod foRbRuSYWBHeHing! features and advantages
7
8 Some non-limiting embodiments show a method for removing aresidue
9  oxide spacer from a contact opening sidewall. A contact opening is etched into a dielectric
10  layer comprised of oxide. The etch process creates an undesired residual oxide spacer on
11  the contact opening sidewall. A plasma treatment using nitrogen, fluorine and hydrogen
12 containing gasses is used to form a by-products layer over the undesired residual oxide
i3 spacer. Then the by-products layer and the undesired residual oxide spacer are removed
14  preferably using one of the following: (1) heating, (2) Dl rinse and (3) UV radiation.
15
16 The above advantages and features are of representative embodiments
17 only, and are not exhaustive and/or exclusive. They are presented only to assist in
18  understanding the invention. It should be understood that they are not representative of all
19  the inventions defined by the claims, to be considered limitations on the invention as
20  defined by the claims, or limitations on equivalents to the claims. For instance, some of

21 these advantages may be mutually contradictory, in that they cannot be simultaneously
| 4




6 shoul d not be considered dispositive in determ ning equival ence.

Addi tional features and 7 advantages of the invention wll becone apparent
in the follow ng description, fromthe 8 drawings, and fromthe clains. 5 1
2 Brief Description of the Drawings 3 The features and advantages of a

sem conduct or device according to the 4 present invention and further
details of a process of fabricating such a sem conductor 5 device in
accordance with the present invention will be nore clearly understood from
the 6 follow ng description taken in conjunction with the acconpanyi ng
drawings in which Iike 7 reference nunerals designate simlar or

f ?}{ (r)ﬁ%rp gglr sm%i% TN Jn?gg@{‘l%rl?rk@nfé%rdbhﬁﬂﬁes%ﬂéja ppiichile Whbsduspeetifgur es 1

5SS sectional views for illustrating an etch 10 nethod

according tq an e n S a schematic
view & lavepHes.an é’ga F‘S\fgbrlr% (WG{E f@%{ﬁ%%%% &B&as %C:%?{l%gt gdng%&enbodl nment of
the invention. 13 Figure 9 is a s%{ematlc Vi H fgrrared heating tool
acXor divegtianchayn nOtLheeér%i?H?Sﬁéﬁf’feB? VPP AT {f’ﬁce il'%’u gureWTO is a x-SEM

m crograph showing a void in oxide gap filling.
4  regarding those discussed herein relative to those not discussed herein other than for

5  purposes of space and reducing repetition. Thus, this summary of features and advantages
6  should not be considered dispositive in determining equivalence. Additional features and
7 advantages of the invention will become apparent in the following description, from the

8  drawings, and from the claims.




16 Figure 11 is a x-SEM mi crograph after a highly selective contact oxide
17 etching that shows the reside oxide spacer within the contact hole. 18
Figure 12 is a SEM m crograph showi ng the oxi de residual spacer 19 forned
during the contact opening etch. 6 1 2 Detailed Description of the
Preferred Enbodinents 3 |. Overview of an aspect of the invention 4
Enbodi nents show a nethod for renoving a residue oxide spacer 5 froma
contact opening sidewall. A contact opening is etched into a dielectric

| ayer 6 conprised of oxide. The etch process creates an undesired residual
oxi de spacer on the 7 contact opening sidewall. (See figure 3, residual
sgﬁcer 70) A plasnma treatnment using 8 nitrogen, fluorine and hydrogen

cont ai ning gasses (e.g., NF3 and N2 + H2) is used to form 9 a by-products

| ayer over the undesire ne dual ..oxi S - (See figure 4, by-products
0‘2/I ayer 72) Then the by* W&f‘?tlpgfg?heaﬁ?‘gﬁgsundesi red residual oxide

spacer are 11 preferably re d usi n one of foI heat i ng,
(5D i nse and: (B otircpang ayaesnor Seggpudittrgvipd AgRaink td ol

4  present invention and further details of a process of fabricating such a semiconductor
5 device in accordance with the present invention will be more clearly understood from the
6 following description taken in conjunction with the accompanying drawings in which like
7 reference numerals designate similar or corresponding elements, regions and portions and
8  in which:
9 | Figures 1 through 7 are cross sectional views for illustrating an etch
10 method according to an aspect of the present invention.
11 Figure 8 is a-schematic view of a preferred plasma treatment t001 :
12 according to an embodiment of the invention.
13 Figure 9 is a schematic view of a preferred heating tool according to an

14  embodiment of the invention.

15 Figure 10 is a x-SEM micrograph showing a void in oxide gap filling.
16 Figure 11 is a x~-SEM micrograph after a highly selective contact oxide

17  etching that shows the reside oxide spacer within the contact hole.
18 Figure 12 is a SEM micrograph showing the oxide residual spacer

19  formed during the contact opening etch.




15 16 I1. Method to an opening 17 Enbodi nents of present invention will be
described in detail with 18 reference to the acconpanyi ng draw ngs. Sone
enbodi ments provide a method of 19 form ng a contact hole. 7 | An aspect
of the invention is a method of fabrication a contact hole. 2 Aspects
remove an oxi de residue and an oxi de spacer beside a nitride spacer after
an oxide 3 etch. An enbodi nent of the process is described as follows. 4
A. a gate structure, line and dielectric layer 5 Referring to figure 1, we
provide a gate structure 20 24 26 over a 6 substrate 10. The gate
structure is preferably conprised of a gate dielectric 20, a gate 7

el ectrode 24 and a nitride hard mask 26. 8 W provi de spacers 30 over the
sidewal | s of the gate structure 20 24 26. 9 The nitride spacers 30 are

preferably conprised of nitride a ef.er ahl A hi ckness 10 of
bel ween 300 and 2d¥tailed ﬁi“\'i@%r"é'r%q‘&giﬁf?‘?‘f‘%g ‘?"%‘ﬁg‘?‘ﬁé t%ver the nitride
spacers 30 and the gate 12 structure 20 24 26 and the substrate 10. 13 The

nitride liner 36 preferably has, a thickness between 50 and 1500 A
3 L Overview of an aspect of the invention

4 Embodiments show a method for removing a residue oxide spacer
5 from a contact opening sidewall. A contact opening is etched into a dielectric layer
6 comprised of oxide. The etch process creates an undesired residual oxide spacer on the
7 contact opening sidewall. (See figure 3, residual spacer 70) A plasma treatment using
8  nitrogen, fluorine and hydrogen containing gasses (e.g., NFz and Ny +Ha } is used to form
9  aby-products layer over the undesired residual oxide spacer. (See figure 4, by-products
10 layer 72) Then the by-products layer and the undesired residual oxide spacer are |
11 preferably removed using one of the following: (1) heating, (2) DI rinse and (3) uv
12 radiation. See figure 5.
13
14

15

16 IL Methed to an opening
17 Embodiments of present invention will be described in detail with
18  reference to the accompanying drawings. Some embodiments provide a method of

19  forminga contact hole.




14 W provide a dielectric layer 50 preferably conprised of oxide over 15
the nitride liner 36. 16 The dielectric layer 50 is preferably fornmed by a
HDP oxi de or BPSG 17 oxide process and has a thickness between 3000 and
10,000 A. 18 B. contact photoresist pattern 19 Still referring to figure 1,
we forma contact photoresist pattern 54 over 20 the oxide dielectric

| ayer 50. The photoresist pattern has an opening over a contact area. 8 |
C. contact opening and a residue spacer 2 Referring to figure 2, we place
the substrate into a etching chanber and 3 etch the dielectric |ayer 50
using fluorocarbons (CXFy) to forma contact opening 60, an 4

uni ntentional - esir esid &tk a pol yner
| dyer 71. 5 The Cg‘ﬂtaaeef mve'ﬂgé saxglethoﬁié @'ﬁ:)h,cﬁﬁ)@r?@ﬁor?tgct poly

exposes e nitride liner on the gate
structure 6 sidewal|s and on the S bstra e cture. 7
The rAgiedueregipae 8n OYeISIBIF atnﬁémﬂ‘&gv?ﬁ??%%ﬁﬁ?%ﬁ QFB% ggr %géégg?k{#he 8
resi dual spacer is preferably nostl r]f'prl sed of oxi de (fromthe
dizel eqt iAn dralyelimbi)of dlmdpriosess 95 ¢aserd Oligfteat er than 90 % oxide and is
preferably greater than 99 % oxide. The 10 residual spacer usually has a
thi ckness of less than 150 A. 11 The polyner layer 71 is preferably over
the residugl spacgate’Struthae, line and dielectric layer

5 Referring to figure 1, we provide a gate structure 20 24 26 overa
6  substrate 10. The gate structure is preferably comprised of a gate dielectric 20, a gate
7 electrode 24 and a nitride hard mask 26.
8 We provide spacers 30 over the sidewalls of the gate structure 20 24 20.
9  The nitride spacers 30 are preferably comprised of nitride and preferably have a thickness
10 of between 300 and 2000 A.
i1 We form a nitride liner 36 over the nitride spacers 30 and the gate
12 structure 20 24 26 and the substrate 10.
13 The nitride liner 36 preferably has a thickness between 50 and 1500 A.
14 We provide a dielectric layer 50 preferably comprised of oxide over
15 the nitride liner 36.
16 The dielectric layer 50 is preferably formed by a HDP oxide or BPSG

17 oxide process and has a thickness between 3000 and 10,000 A.

18 B. contact photoresist pattern
19 Still referring to figure 1, we form a contact photoresist pattern 54 over

70  the oxide dielectric layer 50. The photoresist pattern has an opening over a contact area.
8




12 nitride line 36, the sidewalls of the dielectric |ayer 50. The pol yner

| ayer 71 is thought to 13 be conprised of a CxHyFz. 14 The etch process of
the contact opening preferably conprises: a RF bias 15 power between 500
and 1000 W a process pressure between 5 and 200 nmforr, a carbon 16
fluoride containing gas (such as CFy, CAF8 or C5F8, C4F6, C2F4, etc.) wth
a flow between 17 3 and 50 seem a 02 flow between 0 and 50 sccm a CH2F2
(or CH3F) flow between 0 18 and 50 seem an inert gas (such as Ar or He)

fl ow between 0 and 1000 sccm 19 This highly selectively oxide etching to
nitride using a high 20 polynerization gas |ike C4F8, C5F8, CAF6 is used to

get high selectivity oxide.to nitri e polyner layer 71 (e.qg.,
CHYF, ) gen€r at e@Q!lf??ﬁﬁpﬁﬂ"é%a%g@h}ie%gd%%%péf:%—g less nitride 2 etching rate
and hi gher oxide etching rate to |lead to high selectivi oxide to nitride.

3 P. striping the Rgakiagto fotedr, e rdacepbg subsialg iﬂgfaé‘rtth%cleagﬁfelr gife 3, we
pl'ace the substrate into a stripping chanber 5 and stripe the contact
Dt bR A B B et vt 100, And 1000W &
A AT s e A S i el G P
COS The contact opening 60 exposes the nitrid(j, liner on the gate structure
6 sidewalls and on the substrate adjacent the gate structure.
7 The residue spacer 70 is on the sidewalls of the nitride spacer. The
8  residual spacer is preferably mostly comprised of oxide {(from the dielectric layer 50) and is
9  preferably greater than 90 9% oxide and is preferably greater than 99 % oxide. The
10  residual spacer usually has a thickness of less than 150 A.
11 The polymer layer 71 is preferably over the residual spacer 70, the
12 nitride line 36, the sidewalls of the dielectric layer 50. The polymer layer 71 is thought to
13 be comprised of a CxHykz.
14 The etch process of the contact opening preferably comprises: a RF bias
15 power between 500 and 1000 W, a process pressure between 5 and 200 mTorr, a carbon
16  fluoride containing gas (such as C,Fy, C4f's o1 CsFg, C4Fg, CoFy, etc.) with a flow between
17 3 and 50 sccm, a Oy flow between 0 and 50 sccm, a CHF2 (or CH;F) flow between 0
18 and 50 scem, an inert gas (such as Ar ot He) flow between 0 and 1000 sccm.

19 This highly selectively oxide etching to nitride using a high

20  polymerization gas like C4Fa, CsFs, C4Fg is used to get high selectivity oxide to nitride.




10 H2, 02, (lots of volatile materials are generated) 11 12 E. plasm
treatnent to deposit a "by-products" layer 13 14 As shown in figure 4, we
pl ace the substrate into a plasna treatnment 15 tool and perform plasm
treatment preferably using a fluorine (F), nitrogen (N) and 16 hydrogen (H)
(el ements) containing gasses. The plasma treatnment reacts with the residual
17 spacer 70 and fornms a by-products |layer 72 on sidewalls of the contact
opening (the 18 nitride liner 36, the dielectric |ayer 50, residue spacer
70). The plasma treatnment gases are 19 preferably NF3 (nitrogen
trifluoride) and nitrogen (N2) & hydrogen (H2 ). 20 The by-products | ayer
72 is preferably conpris f. Nx . : ok Rt

pref é?kam%fﬁ@nﬁﬁp%’é]s@efg'oﬁﬂqﬂgﬂl@gel%{gﬁ Wdeurelﬁégxglﬁg @az{:gévne%r g%ﬁf | owi ng N2
between 5 and 5000 seem flow ng H2 bet n nd. 200 at a 3

nixcr amehigg powerd ib'ehmmﬁﬁcmﬁ%ir @éwf?ﬁﬁgﬁh?e??cgﬁgﬁ Ogind% tﬁygr ogen feeds are a
4 "M crowave (MN down stream plasna feed. 5 The plasma treatnent nore
preferably conprises flowng NF3 between 6 10 and 500 seem flow ng N2

bet ween 50p. andsfiiiingshernoritachphgtaiesEhRME™O0 and, 7 500 seem at a

m crowave power between 50 and 5000W the nitrogen and hydrogen

4 Referring to figure 3, we place the substrate into a stripping chamber

5 and stripe the contact photoresist pattern 54 and polymer layer 71.

6 The stripping process preferably comprises : a microwave bias power
7 between 100 and 1000W, a process pressure between 5 and 5000 mTorr.,, a0y /Ny ratio
8  between 10: 1 and 20:1.

9 A reaction thought to oceur is: CxHyOz (PR) + O* => CO,, 1,0, CO,

10 Hy, O, .... (Jotsof volatile materials are gencrated)

11

12 E. plasma treatment to deposit a “by-products” layer

13

14 As shown in figure 4, we place the subsirate into a plasma treatment

15 tool and perform plasma treatment preferably using a fluorine (F), nitrogen (N) and

16  hydrogen (H) (elements) containing gasses. The plasmg treatment reacts with the residual
17  spacer 70 and forms a by-products layer 72 on sidewalls of the contact opening (the

18 nitride liner 36, the dielectric layer 50, residue spacer 70). The plasma treatment gases are
19  preferably NF; (nitrogen trifluoride) and nitrogen (N) & hydrogen (Hz )

20 The by-products layer 72 is preferably comprised of NxHyFz .
10




8 feeds are preferably a "M crowave (MN down streant plasma feed. 9 10 In
an aspect, the plasma treatnent preferably conprises flowwng gas i i wth a
nol ar conposition of NF3 % between | and 75 % N2 between | and 99 % seem
12 flow ng H2 between 1 and 75 % at a m crowave power between 50 and 5000
W the 13 nitrogen and hydrogen feeds are a "M crowave (MN down streant
plasma feed. As 14 shown in figure 8, preferably the nitrogen and hydrogen
feeds pass thru the plasma 15 applicator 110 before entering the chanber.
Preferably, the NH3 flowinlet is after the 16 plasma applicator 110 and
before the chanber. The NF3 feed preferably does not pass thru 17 the

p' f‘s ﬁngJsfnﬁ%Qﬁnen%ﬁrefét%bﬂ;h@orﬂér?s%gﬁoﬁ[@qp?'BEtv&e@Q'S apaabes sy, sel ect ed

e“group consistin a Mcrowave tool, ICP tool, a MERLE tool,

g; pg élggg?gtsﬁ? bof eens aﬁiﬁ%fo%f £ RIRARS FL, A LAOS oh@DOhOLIRL kD Of

using as’ma t reat nent N2+H2 + NF3 gas m xture 3

The wafer is transferred eS|s er. t 0 a preferred
4 Pl asHEromREaPRERT PEISHED 0[ @aétogﬁ“})gl? ad"éﬂﬁ'dg%ﬁbfeecg%eé figure 8. The
plasma 5 source is upstream of the chanber and not in the chanber.

4 “Microwave (MW) down stream” plasma feed.

5 The plasma treatment more preferably comprises flowing NF; between

6 10 and 500 scem, flowing N, between 500 and 5000 scem, flowing Hy between 10 and-

7 500 sccm, at a microwave power between 50 and S000W; the nitrogen and hydrogen

8  feeds are preferably a “Microwave (MW) down stream” plasma feed.

10 In an aspect, the plasma treatment preferably comprises flowing gas

11 with a molar composition of NFj; % between 1 and 75 %, N, between I and 99 % scem,
12 flowing H, between 1 and 75 %, at a microwave power between 50 and 5000 W; the

13 nitrogen and hydrogen feeds are a “Microwave (MW) down stream” plasma feed. As

14  shown in figure 8, preferably the nitrogen and hydrogen feeds pass thru the plasma

15  applicator 110 before entering the chamber. Preferably, the NH; flow inlet is after the

16  plasma applicator 110 and before the chamber. The NF; feed preferably does not pass thra
17  the plasma applicator.

18

19 The plasma treatment tool preferably selected from the group consisting

20  of a Microwave tool, ICP tool, a MERIE tool, and a RIE tool.

11




6 Referring to figure 8, we introduce N2 +H2 gas to vacuum chanber 7
through top gas inlet port. The N2 +H2 flows thru the top inlet tube 122 to
the plasna 8 applicator device 110 that is connect to a mcrowave 112. The
m crowave excites the N2 9 and H2. The N2 and H2 plasma flows thru the
inlet tube 120 into the chanber 100. 10 We introduce NF3 gas through Bottom
gas inlet port 114 below the 11 plasnma device 110 as shown in Fig. 8. The
NF3 gas flows thru the inlet tube into the 12 chanber. 13 In an aspect,

the plasma treatnment preferably conprises flowwng gas 14 with a nol ar
conposition of NF3 % between | and 30 % N2 between 70 and 95 % 15 sccm

f1.owipg, H2 bet | 00 ' 0 and 5000 W
10 TH e BEtreny wi s P10 tpttnaln B B UG LR SR, AR 2 or s

shown in figure 8 17 pref er,ablLJy the nitrogen and hydrogen feeds pass thru
tRe pireatmensohN2e Gt NFP@as#MiZfl® 18 entering the chamber. Preferably, the

NF3 flowinlet is after the plasma _applicator 110. 19 and befcife he
chanber. 20 21 Ithewaferistransianed frow ihe BRUGESELMHPPIIAR 0 RETTERTt e pl asma

in the plasma 2 applicator 110 and generate a N2 and H2 plasma. The N2 and
H2 pl Raéma faamcaaodl withla downstream plasma chamber. See figure §. The plasma

5 source is upstream of the chamber and not in the chamber.
6 Referring to figure 8, we introduce N» +H, gas to vacuum chamber
7 through top gas inlet port. The Np +H; flows thru the top inlet tube 122 to the plasma
8  applicator device 110 that is connect to a microwave 112. The microwave excites the N3
9  and H,. The N and H, plasma flows thru At.he inlet tube 120 into the chamber 100.
10 We introduce NF; gas through Bottom gas inlet port 114 below the
i1  plasma device 110 as shown in Fig. 8. The NF; gas flows thru the inlet tube into the
12 chamber.
13 In an aspect, the plasma treatment preferably comprises flowing gas
14  with a molar composition of NI % between 1 and 30 %, N, between 70 and 95 %
15  scem, flowing Hy between 1 and 30 %, at a microwave power between 50 and 5000 W,
16 The NH; feed preferably does not pass thru the plasma applicator. As shown in figure 8,
17  preferably the nitrogen and hydrogen feeds pass thru the plasma applicator 1 10 before
18  entering the chamber. Preferably, the NF; flow inletis after the plasma applicator 110
19 and before the chamber.
20

21
12




3 the NF3 to produce the F-contained activated radicals. The NF3 gas can be
activated to 4 lead to radicals (such as NF2 +, F-) as Figure 8. The
radicals can react with 142 to from 5 by-products conposed of for exanple
NxHyFz. 6 As shown in figure 8 and figure 4, we deposit a by-products |ayer
72 7 on the wafer which can be conprised of NxHyFi with x between | and
10; Y between | 8 and 7; and z between | and 7. 9 10 F. renove byproducts
| ayer preferably using one of the following 11 (1) heat (2) D rinse or

(3) ITRor W radiation 12 Referring to figure 5 we renove the byproducts

| ayer and the residual 13 oxide spacer 70 using one of the follow ng (1)
heat (2) DI rinse or ( r Wra .

3).IR O ration,. 14 1. i.gure 9 shows
an exanpl e of a hédtf ﬁfﬁ%‘&‘ﬁ%ﬁﬁ’é:fassf@f}gﬁlggﬁ ToEr é{e @agmlé‘z&hﬁéﬁ e}‘Sgllée?dual oxi de
spacer and the by-products layer. Figure 9 sho a . heater 220 heating a 17
waf erapplifatand 10 hed gersede & Nompil b prybesde &‘88#%@2\/%1?%?3 T 1574 f“@ﬁ‘abl y heat ed
to a tenperature greater than 50 Cin 19 preferably a N2 gas Qbut can be
aiy ) , 1n@ NI, 6 rodbbytherasmised actiried satienls. Thetfd gassianuby akivrigd W pacer and

NXHYFZ by-products preferably are '
4  lead to radicals (such as NF; +, F-) as Figure 8. The radicals can react with Hy to from
5  by-products composed of for example N)_{H}/Fz.
6 As shown in figure 8 and figure 4, we deposit a by-products layer 72

7 on the wafer which can be comprised of NxHF, with x between 1 and 10; Y between 1

8 and 7; and z between 1 and 7.

9
10 F. remove byproducts layer preferably using one of the fol!owing
I (1) heat (2) Dl rinse or (3) IR or UV radiation
12 Referring to figure 5, we remove the byproducts layer and the residual

13 oxide spacer 70 using one of the following (1) heat (2) DI rinse or (3) IR or UV radiation.

14 1. Heat

15 Figure 9 shows an example of a heating chamber 200 used to remove

16  the resi&ual oxide spacer and the by-products layer. Figure 9 shows a heater 220 heating a
17 wafer 210 and the gases from the process.

18 The wafer is preferably heated to a temperature greater than 50 °C in

19  preferably a N gas (but can be air), a preferably atmospheric pressure.

13




removed by the followng reaction: (A) SiQ2 + NxHYF, --- heat and/or Dl --
SSHA + NH3 + N2 + RO (g) + Oz + ....others The residual oxide spacer and
NxHYF, by-products are renmoved. 2 DI Rinse The NxHYF, by-products |ayer is
soluble in water. The F reacts to beconme HE The HF in the water can etch
and renove the remaining residual oxide spacer. 3. UV radiation The NxHYF,
by-products | ayer can also be renoved by UV radiation. The reaction to
renove the NxHYF, by-products layer is so simlar to the above shown for
heating. G nitride et dhe Asidshlownde spader gud N J6,F, hpwradaals préferably-2pr oduct s

| ayer and residual spacer are renoved, then we etch the nitride liner

pr ef er ablymersking the followimgeestion (sel ective to oxide) to expose the surface
of the substrate in the contact opening 60. The nitride etch preferably

conpri Se?Ag§i@g{~ﬁd@|ﬁg(—oﬁea@E%®1'!ﬂ:~4> NER - NIBFON, -+ HD (8f + @M Qwothet ween 1 and
500 seem 02 (or N2)3 fl ow between 0 and 500sccm Ar 14 { | (or He) flow
between 0 and 1000 sccfi. @sifRfal BRMESpRE! NRAQILE, ANF0QOME Jhsvat ch

2 DI Rinse
The N H,F, by-products layer is soluble in water. The F reacts to

become HF. The HF in the water can etch and remove the remaining residual oxide spacer.

3. UV radiation
The N¢H,F, by-products layer can also be removed by UV radiation.

The reaction to remove the NyH,F, by-products layer is so similar to the above shown for

heating.

G. nitride etch
As shown in figure 6, now that the by-products layer and residual spacer
are removed, then we etch the nifride liner preferably using a nitride etch (selective to
oxide) to expose the surface of the substrate in the contact opening 60.
The nitride etch preferably comprises using CHoFa(or CH;F, CFy, NF;,

SFq,...) at a flow between 1 and 500 sccm, 02 (or N2) flow between 0 and 500scem, Ar
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2 can be perfornmed in a MERLE (or DRM |CP, TCP, DPS, M crowave, plasm
tool 3 4 H contacts 5 As shown in figure 7, we formcontacts 80 to the
substrate in the contact 6 openings 60. 7 After this we forma first

i nsul ation | ayer over the contacts and the 8 substrate and oxide
dielectric layer 50. 9 10 1. a problem addressed by sonme enbodi nents 11
Referring now to the drawing and nore particularly to Figs 10, 11 and 12
12, there is shown a structure over which sone enbodi nents are an
inmprovenent. It is k> 13 be understood in this regard that no portion of

Figures 10, 11 and 12 are admtted to be 14 prior art as the present
i nventi on,

Rather . thi s Ninghly..Si bk ' wi fldktetdho 15
orov aE AR DR (B R B B O over o

rstan e problens that are overcone by sone
of the 16 enbodinents, e it t %ﬁ{%tj)(;[portant. 17 A
priocese bsagtforped M@%ﬁ%%ﬁ@ﬁﬁﬁaght JE?E’ ﬁgsfgﬁ%ggg%ﬁ% gned 18 Cont act
(SAC) is as follows: 15 1 1) Highly selective contact oxide etching to form
contact Metal 1 to Si-active

4 H.  contacts

5 As shown in figure 7, we form contacts 80 to the substrate in the contact
6  openings 60.

7 After this we form a first insulation layer over the contacts and the

§  substrate and oxide dielectric layer 50.

9
10 I a problem addressed by some embodiments |
11 Referring now to the drawing and more particularly to Figs 10, 11 and

12 12, there isshowna structure over which some embodiments are an improvement. It is to
13 be understood in this regard that no portion of Figures 10, 11 and 12 are admitted to be

14  prior art as the present invention. Rather, this highly simplified diagram is an effort to

15  provide an improved understanding of the problems that are overcome by some of the

16 ° embodiments. The recognition of the problem was important.

17 A process sequence known to the inventors to form Self-Aligned

18  Contact (SAC) is as follows:

15




2 without short between gate and Wplug of Metal 1 can be obtained by using
3 high polyner gas |ike C2F4, C3F8, C4F8, C5F8, and C4AF6. 4 2) PR strip is
to renmove photo mask. 5 3) Wet cleaning like SPMor APMis to renove
polymer that is generated during 6 highly selective oxide etching. 7 4)
Nitride etching is to renove nitride that is used as etch barrier |ayer for
highly 8 selective contact oxide etching. 9 10 But highly selective -
contact oxide etching to Si3N4 (or SIiON) like self- I1 aligned contact

(SAC) formation uses high polyner gas and nakes two issues as follows. 12
1) In the case of sone void in gap-filling oxide like Fig. 10, sonme pol yner

fills this 13 vojd and polyner wthin.void pr t i.de..et ching so that

odi de r esh)diighlygeleguvg Og\ﬁ%?ﬁ?gﬁm@otﬁtfgac Cg\‘ff‘?%@ %é\lllcyé}lgé 11. This

oxi de residue makes 15 contact area decrease o |lead ta high contact

resi st ance aswﬂhmﬁSb@tbﬁ@&eﬂgaﬁﬁééywﬁhg(ﬁﬂﬁgﬁhbC?%b%P@@%¥$ﬁ¥P@P%graph shows
void in oxide gap-filling. Fig. 11. is a 17 X-SEM m crograph after highly

sgl ective coniigkpolyxicd gaskilochCily, SifovEtaxiCda, atBCdesi due wi t hi n cont act

hole. 19 20 2% Thin oxi de spacer beside Si3Nd as SEM Fig. 12 is forned by

pol ymer bﬁ)oﬂi's‘ﬂtgp is to remove photo mask.

5 3) Wet cleaning like SPM or APM is to remove polymer that is generated during
6 highly selective oxide etching.
7 4) Nitride etching is to remove nitride that is used as etch barrier layer for highly
8 selective contact oxide etching.
9
10 But highly selective contact oxide etching to Si3N4 (or SiON) like self-

11 aligned contact (SAC) formation uses high polvmer gas and makes two issues as follows.

12 1) In the case of some void in gap-filling oxide like Fig. 10, some polymer fills this
13 void and polymer within void prevents oxide etching so that oxide residue is
14 formed within contact hole like SEM Fig. 11. This oxide residue makes

15 contact area decrease to lead to high contact resistance as well particle source.
16 Fig. 10 is a X-SEM micrograph shows void in oxide gap-filling. Fig. 11.is a
17 X-SEM micrograph after highly selective contact oxide etching shows oxide
18 residue within contact hole.

19 |

20 2) Thin oxide spacer beside S13N4 as SEM Fig. 12 is formed by polymer blocking
21 against oxide etching that decreases contact area and leads to high contact

i6




21 agai nst oxide etching that decreases contact area and | eads to high
contact 16 resistance. To renove this two kinds of oxide residue and oxide
spacer, if wet <cleaning |ike diluted HF and BCE is used, as contact hole
sidewal | etch rate is faster than oxide residue, void as well as contact
hole size is enlarged. This makes netal gap-filling bad and cause hi gher

el ectrical short between contact hole through enlarged void. Therefore,

uni que nethod to renove little amount of oxide, diluted wet etching |ike
HF and BOEesismneoTobemogdtisttao kanlpbovsds weidpesidiuradagpdearhif webxi de spacer .
Fig. 12. is a X-SEM m crograph after highly selectively etching to nitride
shows ancxhidg likpdideed HESindBGE Biused, decapackole skewSbneh Beosf it s of the sone
enbodi ments These benefits apply to sone enbodi nents and do not limt the

i nter pr etrgkdr MunQfxidd18si@led v as Brhad comat Soleaed @ar@IIOTRIsOXI de resi due
Wi thin contact hole due to void. But this process cannot enlarge void

because Hﬁeik%s &g&ggﬁﬁﬁﬁiﬁg%% find datid 1B EhRkictiicSIURBt bARRUALoRSctet chi ng oxi de
and sel f-cl ose y by-product. Enbodi nents can nake contact area enl arged

to |ead th?)ledtﬁ%rugﬁéﬁn%%g@g@iﬁt Tﬂe?éf.{)kset ?xglgﬁe h&nd&to RELVENRYUAMLAY Of device

characteristics i ments can a

of oxide, diluted wet etching like HF and BOE, cannot be used to remove

oxide residue and thin oxide spacer.

Fig.12. is a X-SEM micrograph after highly selectively etching to

nitride shows an oxide spacer beside a nitride spacer.

K. Some Benefits of the some embodiments

These benefits apply to some embodiments and do not limit the
interpretation of the claims.

Embodiments can also remove oxide residue within contact hole due to
void. But this process cannot enlarge void because this process is self limited after some
amount of etching oxide and self-closed by by-product.

Embodiments can make contact area enlarged to lead to decrease
contact resistance to get better quality of device characteristics. Embodiments can also
make better yield of device to remove oxide residue within contact hole that can cause
particles within contact hole during pre-cleaning of Ar sputter before deposition of metal

layer.

17




make better yield of device to renove oxide residue within contact hole
that can cause particles within contact hole during pre-cleaning of Ar

sputter before deposition of metal layer. 17 1 2 Gven the variety of
enbodi mrents of the present invention just 3 described, the above
description and illustrations should not be taken as limting the scope 4

of the present invention defined by the clains. 5 Wile the invention has
been particularly shown and described with 6 reference to the preferred
enbodi ments thereof, it will be understood by those skilled in 7 the art
t hat various changes in formand details may be nmade w t hout departing from
the 8 spirit and scope of the invention. It is intended to cover various
mddi fi cations and similar 9 arrangenents and procedures, and the scope of
t he appended cl ains therefore shoul d be 0, accorded t he bropadest
it erpretation soGiven deaateineisabatimential homierst BYBHE MY sinmilar 11
arrangenments and procedures. 18 } What is claimed is: 1. A nethod of
f oy i Qgebaziotieabbvopeniipdgon auhpnitstiogs siauldpeihs talon as limiting the scope

4  of the present invention defined by the claims.

5 While the invention has been particularly shown and described with

6 reference to the preferred embodiments thereof, it will be understood by those skilled in

7 the art that various changes in form and details may be made without departing from the

8  spirit and scope of the invention. It is intended to cover various modifications and similar

9  arrangements and procedures, and the scope of the appended claims therefore should be

10 accorded the broadest interpretation so as to encompass all such modifications and similar

11  arrangements and procedures.
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a) providing a gate structure over a substrate; the gate structure having
gate structure sidewalls; b) formng a nitride |liner over said gate
structure and said substrate; the nitride Iiner having sidewalls; c)
providing a dielectric layer over the nitride liner; d) formng a contact
phot oresi st pattern over the dielectric |ayer; e) perform ng a contact
opening etch by etching the dielectric layer to forma contact opening and
a residual spacer; said contact opening exposes portions of said nitride

| i ner Wherisshimedgat e structure sidewalls and over said substrate adjacent
to said gate structure; said residual spacer is over the sidewalls of said
nitride liner; f) striping said contact photoresist pattern; g) performng
a plasma treatnent conprising gases containing fluorine, nitrogen and

hydrOgﬁmtr@tkﬂsla@wrhn%éwcnwco@y@ﬁ;ﬁg,loamhsmgmes@sdfreS|dual spacer and said
dielectric Iayer removi ng said by-products |layer and said residua

spacer . mvT&lﬁg Hg&ﬁ&%guaﬁre%lv@ Mdbsithtl;ahe FHE LARuE RAMRE SRS stnicRPVi Ng sai d
by- products ayer sai d residual spacer using a process of. (1) heating;

(2) D rinsing; Ofaﬁéxmh? or WV radiating.

b) forming a nitride liner over said gate structure and said substrate; the nitride liner
having sidewalls;

¢) providing a dielectric layer over the nitride liner;

d) forming a contact photoresist pattern over the dielectric layer;

e) performing a contact opening etch by etching the dielectric layer to form a
contact opening and a residual spacer;

said contact opening exposes portions of said nitride liner over said gate structure
sidewalls and over said substrate adjacent to said gate structure,

said residual spacer is over the sidewalls of said nitride liner;

f) striping said contact photoresist pattern;

g) performing a plasma treatment comprising gases containing fluorine,

nitrogen and hydrogen to deposit a by-products layer over said residual spacer and said
dielectric layer; and

h) removing said by-products layer and said residual spacer.
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3. The method of claiml| which further conprises: said residual spacer is
conpri sed of oxide; step (e) further conprises formng a polyner |ayer over
said residual spacer and said nitride liner; and step (f) further
conprises striping said contact photoresist pattern and said pol yner |ayer.
4. The nmethod of claim1 which further conprises: etching said nitride
liner using a nitride etch to expose the surface of said substrate in said
cont act ogening; formng a contact to said substrate in said contact

openi ng. The meficd @l alaim f sthigh@gthertcommripesy emoyingrsasldydrredistslérerand sai d
substrate and said dielectric layer. 5. The nethod of claim1 wherein said
gat e stndisidircsidid spowpriispdpotesa ofjdf chediied; €2 P1 dpsing oyEX) éR ek 8 raddkngnd a
nitride hard nask. 6. The nethod of claim| wherein said dielectric |ayer
is conprised of oxide and said residual spacer is conprised of oxide. 20
7. The nethod of claiml1 wherein the contact opening etch conprises: a RF

bi as  pOVR! mBELIEENAPD whRM LARY cWhpidcPlARIGSS IR Sk i€ chapwean 5 and 200
mrorr, a carbon fluoride containing gas with a flow between 3 and 50 stem

a 02 fbpwhggtmeen

step (e) further comprises forming a polymer layer over said residual spacer and said
nitride liner; and

step (f) further comprises striping said contact photoresist pattern and said polymer layer.

4. The method of claim 1 which further comprises:
etching said nitride liner using a nitride etch to expose the surface of
said substrate in said contact opening;
forming a contact to said substrate in said contact opening ;
forming a first insulation layer over said contact and said substrate and said

dielectric layer.

5. The method of claim | wherein said gate structure is comprised of a gate dielectric,

a gate electrode and a nitride hard mask.

6. The method of claim 1 wherein said dielectric layer is comprised of oxide and said residual

spacer is comprised of oxide.
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0 and 50 sccm a CH2F2 or CH3F flow between O and 50 sccm a inert gas flow
between 0 and 1000 sccm 8. The nethod of claim|l wherein the stripping of
said contact photoresist pattern conprises: a mcrowave bias power between
100 and 1000W a process pressure between 5 and 5000 mforr, an 02/N2 ratio
between 10: 1 and 20:1. 9. The nethod of claim1l wherein the plasm
treatnent in a down stream plasma tool conprises flowing N2 and H2 and
using mcrowave or RF energy to create a nitrogen and hydrogen pl asma

upst r earihefmethad efafaimnt whdraimtles contret epening ebairompsises: R &FHEId; adding NF3 to
the nitrogen and hydrogen plasma and flowi ng the gases into the treatnent
chanbepow@ bplvasnd00 aeht 4000Vt hprocsu bsbssuat between 5 Tink2(Wethiod, ©f cl ai m |

wherein the plasma treatnent conprises: flowng NF3 between 5 and 1000

sccm  £4:00M MbrRiR B MERNE vamd fRR0B:teeaN add IMcog, D, Hletwiemen5 and 2000
sccm at a mcrowave power between 50 and 5000 W the nitrogen and

hydr 093%& §@Q§¢R{ g@@qzw&oegnr AP basi¥Bn AR FC R, a RRG0S8 flRGL eri ng a chanber .
21 11. ) |

e met of claim 1l wherein the plasnma treatnment conprises:

flow n i ar conposition of NF3 between | and 75 % N2 between
1 and g§g§§1¥%%£39g9Sﬁghbetmeen | and 75 % the nitrogen and hydrogen feeds

flow through a plasna applicator before entering a chanber

8. The method of claim [ wherein the stripping of said contact photoresist pattern
comprises: a microwave bias power between 100 and 1000W, a process pressure

between 5 and 5000 mTorr, an O2/N2 ratio between 10: 1 and 20:1.

9. The method of claim | wherein the plasma treatment in a down stream plasma tool comprises
flowing N, and H, and using microwave or RF energy to create a nitrogen and hydrogen plasma
upstream of a treatment chamber where the substrate is held; adding NF; to the nitrogen and
hydrogen plasma and flowing the gases into the treatment chamber to plasma treating the

substrate.

10. The method of claim 1 wherein the plasma treatment comprises: flowing NI
between 5 and 1000 scem, flowing N; between 5 and 5000 scem, flowing H; between
5 and 2000 scem, at a microwave power between 50 and 5000 W the nitrogen and

hydrogen feeds flow through a plasma applicator before entering a chamber.
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12. The method of claim 1l wherein the plasma treatnment conprises: flow ng
gas with a nolar conposition of NF3 between | and 30 % N2 between 70 and
95 % and-and H2 between 1 and 30 % the nitrogen and hydrogen feeds fl ow
through a plasma applicator before entering a chanber. 13. The nethod of
claiml wherein the renoval of said by-products |ayer and said residual
spacer conprises heating the substrate to a tenperature greater than 50 C
in a N2 gas or air anbient. 14. The method of claim 1l wherein the

by- pr odickis rhahat ofi cdaimonphérsiedhaopladdeHydazmentichmprisdseflaveiep ghs wridl 10; vy
between 1 and 7; and z between | and 7. 15. A method of form ng a contact
openi ng n&Mmbinpbsigot SENBL basvead | a®) 7Y0N;, demgern | gad €9 $§,ructure over a
substrate; b) providing spacers over sidewalls of the gate structure; c)

form ngoqify %Ee@@eén‘ ngld wrthgaﬁ@g&pmy&@g@ﬁ &k dogak@u 4 ucture and said
substrat e; providing a dielectric |ayer over the nitride liner; said

dielecéﬁﬁ&ag Bliok BefoleORL i g%ghgerX|de 22 e) formng a contact

iy . . .
phot oresi st pattern over t ectric layer; f) etching the dielectric
| ayer using fluorocarbons to forma contact opening, a residual spacer and
a polyner |ayer; |

12. The method of claim 1 wherein the plasma treatment comprises: flowing gas with
a molar composition of NF; between 1 and 30 %, N, between 70 and 95 % and-and H; between
1 and 30 %; the nitrogen and hydrogen feeds flow through a plasma applicator before entering a

chamber.

13. The method of claim 1 wherein the removal of said by-products layer and said residual
spacer comprises heating the substrate to a temperature greater than 50 °C in a N gas or air

ambient.

14. The method of claim 1 wherein the by-products layer is comprised of NxHyFz with

x between | and 10; y between 1 and 7; and z between [ and 7.

5. A method of forming-a contact opening comprising the steps of :
a) providing a gate structure over a substrate;
b) providing spacers over sidewalls of the gate structure;
c) forming a nitride liner over said spacers and said gate structure and said substrate;
d) providing a dielectric layer over the nitride liner; said dielectric layer is

comprised of oxide;
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sai d contact opening exposes portions of said nitride |iner over the
sidewal | s of said gate ti structure and over said substrate adjacent to
said gate structure; said residual spacer is over the sidewalls of said
nitride liner; said polynmer |ayer is over said residual spacer and said
nitride liner; said residual spacer is conprise of oxide; (1) the etching
to formsaid contact opening conprises: carbon fluoride 02, and CH2F2
etchants; g) striping said contact photoresist pattern and said pol yner

| ayer; h) perfboring mgordadipBotarsdishpaticogeier biedidgednoges: pl asma treatment to
deposit a by- products |ayer over said residual spacer and said dielectric
| ayer; and f)ktch@mehd diglestat thybyupnoiuaterbony ér foamd @aiadt apegindimitesigpacer
usi ng one of the following processes: (1) heat; (2) D rinse; or (3) IR or
w radiatiogmméﬁndgbayﬁﬁtmga;of claim15 which further includes: etching
said nitride liner using a nitride etch to expose the surface of said

substrate i 0;8anthcCOMhAGLexPRRIbOGiond OF AldNGtle HABL AGE the Qideahith SFUBRIg@L e i n
sai d contact opening; ormng a first insulation |ayer over said contact

and said s u&ﬁltc{u% &nd o%gpsa% SlbREHE 'a&ﬁ ab Y & said gate structure;

said residual spacer is over the sidewalls of said nitride liner; said polymer layer is over
said residual spacer and said nitride liner;

said residual spacer is comprise of oxide;

(1) the etching to form said contact opening comprises: carbon fluoride O,
and CH,F; etchants;
g) striping said contact photoresist pattern and said polymer layer;
h) performing a NF; and nitrogen and hydrogen plasma treatment to deposit a by-
products layer over said residual spacer and said dielectric layer; and
i) removing said by-products layer and said residual spacer using one of the following

processes: (1) heat; (2) DI rinse; or (3) IR or UV radiation.

16. The method of claim 15 which further includes:
etching said nitride liner using a nitride etch to expose the surface of
said substrate in said contact opening;
forming a contact to said substrate in said contact opening;
forming a first insulation layer over said contact and said substrate

and dielectric fayer.
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23 17. The method of claim15 wherein said residual spacer is conprised of
over 90 % oxide. 18. The nethod of claim 15 wherein the etching to form
said contact opening conprises: a RF bias power between 500 and 1000 W a
process pressure between 5 and 200 niforr, a carbon fluoride containing gas
with a fl ow between 3 and 50 sccm an 02 flow between O and 50 sccm a
CH2F2 or CH3F fl ow between 0 and 50 sccminert gas fl ow between 0 and 1000
sccm 19. The nethod of claim 15 wherein step h) further conprises placing
said substrate in a plasma treatnment tool; said plasma treatnent tool

sel ected fromthe group consisting of a Mcrowave tool, ICP tool, a MERLE
tool , Hhd'he mRtPG@elaimAd wierin pid rstlualspeesismormrisebolaivir $h% pl asma
treatment conprises: flowing NF3 between 5 and 1000 sccm flow ng N2

bet weesxie.and 5000 sccm flow ng H2 between 5 and 2000 sccm at a

m crowave power between 50 and 5000 W the nitrogen and hydrogen feeds fl ow
through a plasm applicator before entering a chanber; the NF3 fl ow does
not pass thru a plasnma applicator. 21. The nethod of claim 15 wherein the

NF3 angg AitRges @RehiMNEreden Hcasdhngd 6 eatIRM cont RIS dntRSonfkigWt FRFgas with
a conposition of NF3 between 1 and 75 % N2 between 1 and 99 % and H2

bet wee ! pl asma
appl i ngtaL P&p‘% bf7e g}’cﬁesﬁ{jlg?cli]%%doqge ﬁ)géejsrs W&g@gﬁﬂ\gfe%ggﬁ (f Eglgoyn%?b%ass thru
a plas Hio R con{: mmg, gas with a flow between 3 and 50 scem, an O, flow between 0 and 50 scem,

a CH,F, or CH;F flow between 0 and 50 scem inert gas flow between O and 1000 scem.

19. The method of claim 15 wherein step h) further comprises placing said substrate in a plasma
treatment tool; said plasma treatment tool selected from the group consisting of a Microwave

tool, ICP tool, a MERIE tool, and a RIE tool.

20. The method of claim 15 wherein the plasma treatment comprises: flowing NF; between 5 and
1000 scem, flowing N; between 5 and 5000 scem, flowing H; between 5 and 2000 scem, at a
microwave power between 50 and 5000 W; the nitrogen and hydrogen feeds flow through a
plasma applicator before entering a chamber; the NF; flow does not pass thru a plasma

applicator.

21. The method of claim 15 wherein the NF; and nitrogen and hydrogen plasma treatment
comprises: flowing gas with a composition of NF; between 1 and 75 %, N between | and 99 %
and H; between [ and 75 %; the nitrogen and hydrogen feeds flow through a plasma applicator

before entering a chamber; and the NF; flow does not pass thru a plasma applicator.
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24 22. The method of claim 15 wherein the plasma treatnent conprises:
flowing gas with a nolar conposition of NF3 % between 1 and 30 % nitrogen
between 70 and 95 % and H2 between I and 30 % the nitrogen and hydrogen
feeds flow through a plasma applicator before entering a chanber; and the
NF3 fl ow does not pass thin a plasma applicator. 23. The nethod of claim15
wherein the by-products |ayer is conprised of NxHyFz with x between |I and
10; y between 1 and 7; and z between 1 and 7. 24. A nethod of formng a
contact opening; conprising the steps of: a) providing a gate structure
over a substrate; the gate structure having gate structure sidewalls; b)

f or mi ng2.aheimgtheteof dlavar! Sovhereir Biedlasmadregtment cupRrisgfidlopdng Lasuibh ¢ @eBr t he
nitride liner having sidewalls; c) providing a dielectric |ayer over the
ni t ri deothposiian d)NF: 66 betmgeral emhiGt niplrgtrobatwiat 700mdt%r’n and Be bethveerd] el ectri ¢
| ayer; e) perform ng a contact opening etch by etching the dielectric |ayer
to for mdEscantialirogpand hgirogai fdeds dhtaditoughapiagaexpiases bpord émvamegaf sai d
nitride liner over said gate structure sidewalls and over said substrate
ad] acepfaniRrSAkthIRELSH AbGELIEE Bass thru SpldsRiaRgplfated. contact phot or esi st

pattern;
23. The method of claim 15 wherein the by-products layer is comprised of NxHyFz with x

between 1 and 10; y between | and 7; and z between | and 7.

24. A method of forming a contact opening; comprising the steps of:

a) providing a gate structure over a substrate; the gate structure having gate structure
sidewalls;

b) forming a nitride liner over said gate structure and said substrate; the nitride liner
having sidewalls;

¢) providing a dielectric layer over the nitride liner;

d) forming a contact photoresist pattern over the dielectric layer;

e) performing a contact opening etch by etching the dielectric layer to form a contact
opening;

said contact opening exposes portions of said nitride liner over said gate structure
sidewalls and over said substrate adjacent to said gate structure;

f) striping said contact photoresist pattern;

g) performing a plasma treatment comprising gases containing fluorine,

nitrogen and hydrogen to deposit a by-products layer over said dielectric layer; and
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g) performng a plasma treatnment conprising gases containing fluorine,
nitrogen and hydrogen to deposit a by-products | ayer over said dielectric

| ayer; and 25 h) renoving said by-products |ayer. 25. The nmethod of claim
24 which further conprises: in step e) perform ng the contact opening etch
by etching the dielectric layer to forma contact opening and a residual
spacer; said residual spacer is over the sidewalls of said nitride |iner
and in step h) reanLn%ysaid by- products | ayer and said residual spacer

using a probdsgoyng faisl bypetuctidayer2) DI rinsing; or (3) IR or WV radiation
26. The nmethod of claim24 which further conprises: In step e) performng
the contact opening etch by etching the dielectric layer to forma contact
opening and a residual spacer; said residual spacer is over the sidewalls
of sai #85.Aikemeded dfreéim 2dnhicthiertbertoagtisepeni ng et ch conprises flowing a
carbon fluoride containing gas; and in step h) renoving said by-products
|l ayer and siaistepred pedittaling pacefitatisiptgngcih 0¢ eRRingfthe didlpctribéats oo 28) D
rinsing; or (3) IR or UV radiation. 26

contact opening and a residual spacer; said residual spacer is over the

sidewalls of said nitride liner; and

in step h) removing said by-products layer and said residual spacer using a process of: (1)

heating; (2) DI rinsing; or (3} IR or UV radiation.

26. The method of claim 24 which further comprises:

In step ¢) performing the contact opening etch by etching the dielectric layer to form a
contact opening and a residual spacer; said residual spacer is over the
sidewalls of said nitride liner; and
the contact opening etch comprises flowing a carbon fluoride containing gas;

and
in step h) removing said by-products layer and said residual spacer using a process of: (1)

heating; (2) DI rinsing; or (3) IR or UV radiation.
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