;e3efsJd/fp**+,-:f-2.6.TIJ/S\9 1 2 3 q METHOD TO FORM A CONTACT HOLE 5 6 7 8
9 1) Field of the Invention Background of Invention 10 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 |ayers on a 17
substrate are:etched to formgates, vial, contact holes, trenches, and/or

i nterconnect lines. 18 The etched areas are later filled with electrically
conductive material to formelectrically 19 conductive interconnects or

wi th insulating materials in the case of gate structures. 20 Exanpl es of
such silicon-containing materials include silicon dioxide, silicon nitride,
21 Dolysilicon, netal silicide, and nonocrystalline silicon. The substrate
may al so contain | | ayers of other materials, for exanple metal conductor
| ay®rs, insulative layers, anti 2 reflective layers, or diffusion |ayers;
anong others. In a typical etching process, a patterned nask conposed of a
matgrial |ess suscept METHORTENFORMAEIONEA, ist, or a hard mask

| ayer such as silicon dioxide 6 or silicon nitride, is fornmed over the
subgtrate. Thereafter, the substrate is placed within a process chanber and
etched by a plasnma of etchant gas in the chanber. The residue of material
depgsited on the substrate is then etched. The conposition of the residue
is 9 dependent- upon the etchant gas that is used, the substrate material,
and conposition of the 10 mask or resist |layer. 11 The inportance of
oveffcom ng the various deficiencies is evidenced by 12 the extensive

t echnol ogi cal devel opnent direcied tq the suybject, as docunmented by the 13
rel eSvantgpatent and !toechni caIchf‘g@”é'&ﬂjgw L*%adncl osest and apparent I>/y nor e
rel evant technical 14 devel opnents in the patent literature can be gl eaned
by aonsiyBidldof {48 Isye#mB16( Barnes 15 et al. ) shows a process to etch

‘oxi de selectively to SiN and poly. 16 US 6,583,06581(VWJIi£nE shows a

si dgyal | pol ynmer r enmd ingetiontrelhiesgeoaedsto fabrication of semiconductor devices

11 and particularly to a process for etching an opening in semiconductor structures and 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 foﬁn gates, vias, contact boles, trenches, and/or interconnect lines.
18  The etched areas are later filled with electrically conductive material to form electrically

19  conductive interconnects dr with insulating materials in the case of gate structures.
20  Examples of such silicon-containing materials inclﬁde silicon dioxide, silicon nitride,

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




1 g US 6,536, 449B1(Ranft et al.) shows a down stream plasma process. 19 Hu
et al., "Resist stripping for nultilevel interconnect integration wth 20
Low K dielectric material", AVS first inter conference on M croel ectronics
and interface, 21 Feb 2000. 2 US 5,423,945(Marks et al.) shows a
selectivity for etching an oxide over 2 a nitride. There is a need for an

i nproved etch process. 3 Summary of the Invention It is an object of an
aspect of an enbodi nent of the present invention to provide a nethod for
etching a opening. 7 Sone non-limting enbodi nents show a net hod for
renoving a residue 9 oxide spacer froma contact opening sidewall. A
contact opening is etched into a digle I I e i $ad- of oxi de.
Thel ot veprafods g SourRRsTRr L P aep eSS EBREL S8R 0 The
contact opening sidewall. A plasma treatnment using nitrogen, fluorine and
hydgogeeﬂébﬂvetaybaimdiﬁugaéb%@fsiémﬂ%%ﬁ&ﬁr& forma by-products |ayer over the
undesired residual oxide 13 spacer. Then the by-products | ayer and the
undegsi red residual oxide spacer are renoved 14 preferably using one of the
following: (1) heating, (2) DI rinse and (3) ITV radiation. 15 16 The above
advgnt ages and featm@@padaeetaﬁjng@moemamaﬁémaimnﬂomran:@Oﬁ_amﬁFﬁrﬂ and are
not ‘exhaustive and/or exclusive. They are presented only to asg_i@;éiin 18
under standi ng_t.he. | i osheststdoehara ek layedsichas sdicey enot
rep%ese‘ﬁfsaﬁ‘?‘%ghﬁ toaf{a%llﬁ{f% Staﬁleagi1§1hve'nti ons defined baget he clains, to be
considered limtati.ons on the,li {.0 I 1Y plabed ¢dthinas, or

| i mi6t at ProHcoBAL ﬂi’\?g?rgﬁasovﬁbth?%yé&gdg' %&E%%%?tﬁfg?%ﬁge, Some of 21 these
advant ages may be nutual |y contradi ¢t in.that

simit apeocasl@ambfprra@é@mheahyé Hﬁloge%cﬁ% h.%cg%lﬁ? ar i Y, Qﬁ;‘%ltér;gfadvant ages
are applicable to one aspect of 2 the invention, and ig%pglii cea.lgl eto

ot heg S. riaiahésposite] orctbe sabstratedp Snstehed « Hie OmEoFugR ioh st 3 Rave not been
di scussed herein. However, no inference should be drawn 4 regardi 2@ t hose
di scy'ssggpdAaeRivpon leadidhaat g thirasesedothe dilstatospaeridy andeosmstiopypd 1 o

10 mask or resist layer.

il ‘The importance of overcoming the various deficiencies is evidenced by
12 the extensive technological development directed to the subject, as documented by the

13 relevant patent and technical literature. The closest and apparently more relevant technical
14  developments in the patent literature can be gleaned by considering US 5,505,816(Barnes
15 etal.)shows a process to eich oxide selectively to SiN and poly.
16 US 6.583,065B1(Williams) shows a sidewall polymer removing etch
17  process.
18 US 6,536,449B1(Ranft et al.) shows a down stream plasma précess.

| 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.




pur poses of space and reducing repetition. Thus, this summary of features
‘and advant ages 6 shoul d not be considered dispositive in determning
equi val ence. Additional features and advantages of the invention wll
becone apparent in the foll owi ng description, fromthe drawi ngs, and from
t he cl ai ns. 2 Brief Description of the Drawi ngs The features and

advant ages of a sem conductor 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 fromthe follow ng description taken in conjunction with the

acconpanyi ng draw i i L.ike .7 reference. nuner al s. i t imlar
or torresponding eP@ ﬁﬁ@?ﬂﬁﬁgw$ﬁ§?ﬁﬁa$B8FPF@ﬁ@“QﬁQEY%3@ﬁg§§9§2%6ﬁ9§s 1
through 7 are cross sectional views for illustrating an etch 10 net hod
‘accdr diangtride. an aspect of the present invention. 11 Figure 8 is a schematic
view of a preferred plasma treatnent tool 12 according to an enbodi nent of
t hesinvention. 13 Figure 9 is a schematic view of a preferred heating tool
according to an 14 enbodi nent of the invention. 15 Figure 10 is a x-SEM

m cyogr aph show ng auMeiidla héedwst seing@pvéd dtth p@ceskb Figure 1 1 is a x- SEM

m crograph after a highly selective contact oxide 17 etching that shows the
resi de oxi de spacer within the contact hole. 1 g Figure 12 is a SEM

m crograph showi ng the oxi de residual spacer 19 forned.during the contact
opening etch. 6 1 2 Detail ed Description of the Preferred Enbodi nents 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 |layer 6 conprised of oxide. The
etch process creates an undesired residual oxide spacer on the '




7 contact opening sidewall. (See figure 3, residual spacer 70) A plasm
treatnent using 8 nitrogen, fluorine and hydrogen contai ning gasses (e.g.,
NF3 and Nz + HZ ) is used to form9 a by-products |ayer over the undesired
resi dual oxi de spacer. (See figure 4, by-products 10 |ayer 72) Then the

by- products | ayer and the undesired residual oxide spacer are 11 preferably
renoved using one of the followng: (1) heating, (2) D rinse and (3) 11V
12 radiation. See figure 5. 13 14 15 16 Il. Method to an opening 17

Enbodi ments of present invention will be described in detail with 18
reference to the acconpanyi ng drawi ngs. Sone enbodi nents provide a nethod
of 19 formng a contact hole. 7 1 An aspect of the invention is a nethod
of }abrication a contact hole. 2 Aspects renmpve an oxide residue and an

oxi de spacer beside a nitride spacer after an oxide 3 etch. An enbodi nent
of 2he process is described as follows. 4 A a gate structure, |ine and
dielectric layer Referring to figure 1, we provide a gate structure 20 24
26 gver a 6 substrate 10. The gate structure is preferably conprised of a
‘gate dielectric 20, a gate 7 electrode 24 and a nitride hard mask 26. g W
proyi de spacers 30 over the Sffaey bftlefInvietignt e structure 20 24 26. 9 The
nitride spacers 30 are preferably conprised of nitride and preferably have

a thickness 10 of bgtineeq,i30QaAGspRP8f An ehibodinehooftha pristutiiteenkibner 36
over the nitride spacers 50 and the gate 12 structure 20 24 26 and the

substrate 10. 13 The nitride liner 36 preferably has a thickness between 50
and615025°ﬂ.213'11&n OJ;ﬁBﬁchglggaoéjleé@gbtri c layer 50 preferably conprised of

oxi de over 15 the nitride liner 36. 16 The dielectric layer 50 is
preflferably formed by a HDP oxide or BPSG 17 oxide process and has a

t hi ckness between 3000 and 10,000 A 18 B, contacgpg&otoresist gagﬁgrn 19
Stilg referring to fSomenenslimifageaioefHnedhhoRt 2 By SSFEPOVES: § £ 54 over
20 the oxide dielectric layer 50. The photoresist pattern has an opening
overg a @Rt asdccfiéi.a Bntaclop@ninpridercil. dpwmiastopaningis Ciobpd R0 3 Jiedesir E‘?

Referring to figure 2, we place the substrate into a etching chanber and 3
etcyt hfaggxi @dnﬁﬁls@@i 6f bAME TR talsprogesk ktiates aanhdssired sidupl 0xid¢ spagerorcont act
, a

openi ng 4 unintentional - undesired residual (e.g., oxide) spacer 70
an dl f‘ paleycg%{ac% & elenrng7s%dewall. A plasma treatment using nitrogen, fluorine and hydrogen

12 cbntaining gasses is used to form a‘by-products layer over the undesired residual oxide

13 spacer. Then the by-products layer and the undesired residual oxide spacer are removed

14  preferably using one of the following: (1) heating, (2) DIrinse 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 611 the invention as

20  defined by the claims, or limitations on equivalents to the claims. For instance, some of

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




5 The contact opening 60 exposes the nitride liner on the gate structure 6
sidewal | s and on the substrate adjacent the gate structure. 7 The residue
spacer 70 is on the sidewal k of the nitride spacer. The 8 residual spacer

is preferably nostly conprised of oxide (fromthe dielectric |layer 50) and
is 9 preferably greater than 90 % oxide and is preferably greater than 99 %
oxi de. The 10 residual spacer usually has a thickness of |less than 150 t~.
11 The polyner layer 71 is preferably over the residual spacer 70, the 12
nitride line 36, the sidewalls of the dielectric |layer 50. The pol yner

| ayer 71 is thought to 13 be conprised of a CxHyFz. 14 The etch process of

t he contact .openi pg preferably .comprises: i : ' n 500
andl 100D 1B SRR Be g P T &aRae 0. ARt Bhe RELAGE
fluoride containing gas (such as CxFy, CAF$ or.CSFg Cﬁgp, CZFn, etc.) with
a f2owthizshwesionlandinapplicaige & athersal ethicrngrg. srstaiaswets ShHCs @ "5 cheF
(or CH3F) flow between 0 18 and 50 scan, an inert gﬁ;@ésuch as Ar or He)
f1 ow bejvagsn Bavensht béaliswased hegeiTHlewdvegmoyinfednee § be gsa™le et ching to
nitride using a high 20 polynerization gas |ike C4Fg, CSFB, CQF6 is used to
get 4hi Qg%ﬁcﬁhg%sé’ His¥usaXd BerefnGelative iottosedot dikcidsed hakipreherithapedor 71 (e. g. ,
CxHyF~) generated during oxide etching can give less nitride 2 etching rate
and shi herqsﬁsx &fﬁ‘i)a@éeﬁﬂ&@@u&%}ﬁp&tﬂi&f@ﬁu& hib seimas! Eqtdtitiet ¥indudw@tages ni tri de.
s g [o}

3 D> st e contact oresist pattern 4 Referring to figure 3, we

place the subsirate.jnto,.a SLiippi | . [ opgact
photor shpyd nﬁéﬁ’? W‘cgffdﬂﬁﬂ)oﬁgﬂ? g&%ﬁ.ﬁ@%ﬁ&v@eﬁﬁ% As%tdﬁd%g} fr?%%oc ess
preferably conprises : a mcrowave bi as power het ween. 100 O00W a
pr oGes sadyamiagagiod %@MWHWHMC%EBPWB? &5‘)]&”)‘1&@%0&1% n’ﬁ%gtd\;/\e}een 10: 1
and 20:1. g Areaction thought to occur is: &xHyOz (PR) + O > COz, HZO

CO, 810 diawir@e, and.from (Heaflsimsf vol atile materials are generated) 11 12 E.
‘plasma treatnent to deposit a "by products” |ayer 13




14 As shown in figure 4, we place the substrate into a plasma treatnent 15
tool and perform plasma treatnent preferably using a fluorine (F), nitrogen
(I~ and 16 hydrogen (|~ (el enments) containing gasses. The plasna treatrnent
reacts with the residual 17 spacer 70 and fornms a by-products |ayer 72 on
sidewal I s of the contact opening (the 18 nitride liner 36, the dielectric

| ayer 50, residue spacer 70). The plasnma treatnment gases are 19 preferably
NF3 (nitrogen trifluoride) and nitrogen (Nz) & hydrogen (Hz ). 20 The
by-products layer 72 is preferably conprised of NxHyFz . 10 1 The pl asma
treatment preferably conprises flow ng NF3 between 5 and 1000 sccm 2

floi/vi ng N2 between 5 and 5000 scan, flow ng HZ between 5 and 2000 scan, at
a 3'mcrowave power between 50 and 5000W the nitrogen and hydrogen feeds
are a 4 "M crowave (MN down_ streani pl feed. The plasma treatnment nore
preterably conprises floﬁﬁﬁfﬁﬁmgﬁ%ﬁlﬁwm 500 scan, flowi ng Nz

bet ween 500 and 5000 sccm flowi ng Hz between 10 and 7, 500 s¢gcm at a

m cBowave power bet Tesetsamoesand a@mspﬁéswpwrﬁ?ﬂmﬁ%‘?%é‘é‘ﬁt%&‘faeeds are
preferably a "M crowave (MAN down streant plasma feed. 9 10 In an aspect,

t heqpl gedm@nttineationahd furdfee dethily otoproress of fabiricaiingsugh e semiconducter ol ar
conposition of NF3 % between | and 75 % Nz between 1 and 99 % sccm 12

f1own efnde FH (S LenfinventBroR VR BoRAEE yheldesaodFbmte 5000 W
thew13%ﬁ?%?ggéear%€and hydr og%@nr feeds are a "M crowave (MN down streant

| d. 14 .. i ie . i - . d
Peofs JalEving MEscnids Pl i o hn drbhe pSciaky BB HOMBRILEY Da7"
Pr ef bly, the N | i nl [ ft t.h 6 pl l4i 0 d
bet d e TefnenanBERs dentEoRieBm Lt spuraanys ot ARk bRl A sl 2"

pl asma applicator. 18 19 The plasma treatnent tool preferably selected from
t he 8gr dopvhddnsi sting 20 of a M crowave tool, ICP tool, a MERIE tool, and a

RIE tool. 11 1 Preferred process and tool for formation of by-products

| ayer 72 using pl asifigu?es I taouphiit acf crii-septionaNFgwy der ihistrating ag € wafer is
transferred fromthe photoresist stripper tool to a preferred 4 plasm

tr bthb@ Abcopdih b tPar ayest Jfekeprebans irventigmber . See figure 8. The plasma 5
soﬁﬁ:gellﬁs upstcreamgof t%gechanber and not in the chanber. 6 Refernng to

figure 8, we introdyg i N2 Rasiit QiR mé trdakaeghodlop gas inl et
port. The Nz +Hz fIlé‘ﬁ\/\é’“%%rlir t%e top ilenl et ??Sbe 122 to the plasma 8

applicator device 110 that i.5 con to a mcrowave 112. The m crowave
excld es24°R 1%to§nang1]bqq§penfﬁg%mgngl%hz plasma flows thru the inlet tube 120
into the chanmber 100. 10 VW& introduce NF3 gas through Bottom gas.inlet port
1141%bel ow the 11 pl a@ﬁ‘ﬂe@éﬁFé@‘eﬁﬁmé’éevgﬂg@\ﬂrﬁ%wegillj@g%g %?Lﬁccﬂ&gn%g’sanf | ows
thru the inlet tube into the 12 chanber.

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 self;ctive 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.




13 In an aspect, the plasma treatnent preferably conprises flow ng gas 14
with a nolar conposition of NF3 % between 1 and 30 % Nz between 70 and 95
15 scan, flowing Hz between 1 and 30 % at a m crowave power between 50 and
5000 W 16 The NH3 feed preferably does not pass thru the plasna
applicator. As shown in figure 8, 17 preferably the nitrogen and hydrogen

- feeds pass thru the plasnma applicator 110 before 18 entering the chanber.
Preferably, the NF3 flowinlet is after the plasnma applicator 110 19 and
before the chanber. 20 21 12 | After stabilize process conditions, we
ignite plasma in the plasma 2 applicator 110 and generate a Nz and HZ

pl asma. The NZ and HZ plasma can react with 3 the NF3 to produce the
F-cbntai ned activated radicals. The NF3 gas can be activated to 4 lead to
radical s (such as NFZ +, F-) as, Fi gfuile 8. T%abx(ag‘iz&al scan react with HZ to
froth 5 by- product s Resailes Pascatptiogyofdhe Freferngd Rmpodiments o i i gure 8
and figure 4, we deposit a by-products layer 72 7 on the wafer which can be
conprised of NxHyFz with x between 1 and 10; Y between 1 8 and 7; and z

bet geerd. | ar@vervieww dfanraspeeifithe BBMSDHE0ct s | ayer preferably using one of
the followng 11 (1) heat (2) D rinse or (3) IRor UV radiation 12

Refgrring to figure FuMRIi%Hens v sl o teicitgyessiduedidespaesi dual 13
oxi de spacer 70 using one of the following (1) heat (2) D rinse or (3) IR

or radi ation. 14 1. 1 ' : ; Bydreating
chagt\)/er 9P et qunpg%k@g&al%i[@%;dg@e%@ 9%%}1%&‘63126%5%2&3% {he by- pr oduct s
| ayer. Figure 9 shows a heater 220 heating a i . 7. . e gases
frorm t eomrsed eboxige.glheichprpegss creales ap g?ﬂrﬁd ﬁeégi%%&%ggé%fgﬁn}%e@gt ure
greater than 50 Cin 19 preferably a NZ gas (Y&tgt can be aj r%{& a greferably
at nos p heonitzet ppassgsidewal (Seeifiguie 3y waiduglaPacsk 7ok 4 PRSER TEATNEHYE

by- products preferably are 2 renoved by the follow ng reaction: 3 (A) Si02
+ NogHy Fefitropen, Matineme nydr&len-contiiting gasdued (arg NNFs-andlYz (-djz Jis ggedito form ™ ot her s
4 The resi gual oxi de spacer and NxHyFZ by-products are renoved are 5

rF e ;Tg%/t §f'% bgggoéahts%m%vémﬁe MXddslred Bysiduabekidé spacary Beeifipusod hHeoductwat er . The

8 becone HF. The HF in the water can etch and renove the

' er’r% ni Pa%elr ﬁgji %%}1 ﬂ%ﬂﬂﬁoﬁ&&g fdyer 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 1L Method 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 forming a contact hole.




9 10 3. W radiation 11 The NXHyFZ by-products |ayer can al so be renoved by
L1V radiation. 12 The reaction to renove the NXHyFZ by-products |ayer is so
simlar to the above shown for 13 heating. 14 15 G nitride etch 16 As
shown in figure 6, now that the by-products |ayer and residual spacer 17
are renoved, then we etch the nitride liner preferably using a nitride etch
(selective to 18 oxide) to expose the surface of the substrate in the
contact opening 60. 19 The nitride etch preferably conprises using CHZFZ
(or CH3F, CF4, NF3, 20 SF6,...) at a fl ow between 1 and 500 scan, 02 (or

N2) flow between 0 and SOOsccm Ar 1 (or He) flow between 0 and 1000
SCC a RF power Dbejween &80 eﬁfé Renherigened in a
MERFE (or DRM | CP, &?Pec%ﬁ-éﬂé q’gef@&mnggﬁ%tﬁ cFasma t ’ 2 H contacts As

shown in figure 7, we formcontacts .80 to the.substr e.C ct 6
opedi ndspeds TRnews an gide WéldPSPﬂ‘?ﬁan & SPASREDIdCA {r}d%fﬁ?éeg\a}{et% (gpéz%nt act s
and the 8 substrate and oxide dielectric Ia er 50 9 10 1. a problem
addB es sad. By esthodinaens of theemaecsss it drasribed ap fp to the drawi ng and nore
particularly to Figs 10, 11 and 12 12 , there is shown a structure over
whi.ch sorme enbodi nents are an inprovenent. It is to 13 be understood in
thi g regard Ahat agatestiumturd, Imegmédralectrlqlw 12 are adnmitted to be 14
prl or art as the present invention. Rather, this highly sinpliffed diagram

s gn effort to 15 R@f&}ﬁ?ﬁ aq%kwr%?goﬂaée sibandéiae W 24 Peorirabl ens t hat

are overcone by sone 0 |rrent The recognition of the
robl em was | ant n ors to form
2L0 St T8 RESEE SAUBASD o dicthe dnigal

7  electrode 24 and a nitride hard mask 26.
8 We provide spacers 30 over the sidewalls of the gate structure 20 24 26.
| 9  The nitride spacers 30 are preferably comprised of nitride and preferably have a thickness
10 of between 300 and 2000 A.
11 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 comp'rised 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

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




1) Highly selective contact oxide etching to formcontact Metal 1 to
Si-active 2 without short between gate and Wplug of Metal | can be

obt ai ned by using high polyner gas |ike CZF4, C3F8, CaFB, CSFB, and CaF6. 4
2) PRstripis to renpove photo nask. 5 3) Wet cleaning Iike SPMor APMis
to renove polyner that is generated during highly selective oxide etching.
7 4) Nitride etching is to renove nitride that is used as etch barnar | ayer
for highly selective contact oxide etching. 10 But highly sel ective contact
oxide etching to Si3N4 (or SION) like self 11 aligned contact (SAC

formati on uses high polynmer gas and nmekes two issues as follows. 12 1) In
the case of sone void in gap-fill,jng axi | Fig. 10, sone polyner fills
this 13 voi & -and ?Rﬂ‘i'ﬁé?”%ﬂ?’?ﬂﬁ"dcﬁ %sdajéga)tascbgm de etching so that oxide
residue is 14 fornmed within contact hole like SEMFig. 11. This oxide
reshdue makes 15 com&faﬁ{ngabe‘@uchel,nmﬂecatheBd@datednﬁagﬁc@ﬁﬁﬁléf’é?beﬁégﬁlstance
as well particle source. 16 Fig. 10 is a X-SEM m crograph shows void in

oxi ge -£ 1 Lk i ng.: . Ei ind tarbdfnsS )& toradct epering)bl.yarsel ecti ve
?act%% thd éilléel%gﬂ? féggr 50-dsing Buérotar EQATN) a6 G gbl.y

con oxid ng shows oxide | g residue within contact hole. 19 20 2)
Thin oxi de spacer heside I%Ffl O%MQF Geer 170 drsd £ gr fayerpml. ymer bl ocki ng
21 ﬁgai%m%ﬁpg]é‘ﬂ}%gﬂfe%gre&a g&%?:’r eas sépcorl{t act ar%ﬁ;ﬁ’%nd | eads to high
contact 16 resistapce. To renpve.thi d : laeid 8sicdiye and
oxi de spacer, if wet ?c‘&‘}t@%ﬁpﬁ@mglggee ?fetﬁﬁged&'ﬁ%ghr%}ggﬂl used, as contact

hol e sidewal|l etch rate is 3 faster than oxide residue, void as well as
contactsidewatis snd en it suhsteatgyadiacenh fhe SR pt ol gap-filling bad and cause
hi gher el ectrical short between contact hole through_enlarged, yoid.
Therefore, uni que nahboesidue specen@ i on thesidemsllnef & nEXTEEPEET T ed wet
etching |Ii ke HF and BOE, cannot be used to remvem7dp>£cg¢%]éesii%bjg@fnd thin
OXi SPAGELT. cnbded i b RmbsHEM b sedf apliedfrom thi dgtdcyriciay @ 1p
etc%ﬁng{é?lgﬁ%lsﬁﬁegiﬁ e'&ghow}/sﬁnl oxi de rquj)acer beside nitride spacer. 10 K. Sone
Benefits

erb i ng%fqgaﬁéggre %%@W!d%aﬁd]iép%@ﬁy enedrithaen B okideo There

o not Timt the 12 interpretation of the clains.
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 sidewails of the dielectric layer 50. The poly:mef layer 71 is thought to
13 be comprised of a CxHyFz.

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, C4Fg or CsFs, C4Fs, CoF4, etc.) with a flow between
17 3 and 50 sccm, a Oy flow between 0 and 50 scem, a CH,F; (or CH3F) flow between 0
18  and 50 sccm, an inert gas (such as Ar or He) flow between 0 and 1000 scem.

19 This highly selectively oxide etching to nitrid; using a high

20  polymerization gas like C4Fs, CsFg, C4F¢ is used to get high selectivity oxide to nitride.




13 Enbodi nents can al so renove oxide residue within contact hole due to 14
void. But this process cannot enlarge void because this process is self
limted after some 15 anount of etching oxide and self closed by

by- product. 16 Enbodi nents can nake contact area enlarged to lead to
decrease 17 contact resistance to get better quality of device
characteristics. Enbodi nents can also 1g nake better yield of device to
renove oxide residue within contact hole that can cause 19 particles within
contact hole during pre-cleaning of Ar sputter before deposition of netal
20 | ayer. 17 G ven the variety of enbodi nents of the present invention
just described, the ove i pti i '&ﬂﬁg be taken
as 1 i n'kg pjymge 1@@5@?%—0?3@5 %‘1[1)"8 g%@%\%@%#ﬁ%@ﬁ%él nefét;% %g&g ai ms.
Wiil e the invention has been particul arly .shown and descri with 6
reﬂkreﬂdﬁnguﬂthedb@bﬂéﬁﬁ@ﬂﬂ€Wﬁ5&ﬁﬁﬁh¥§éF%@ggﬁégmpwyﬁﬁﬁﬁﬁggaﬁﬁﬁerstood by
those skilled in the art that various changes in formand details my be
made without departing fromthe spirit and scope of the invention. It is

i ntended t opcovestrpingothe contact photeresishpalerl | ar 9 arrangements and
procedures, and the scope of the appended clains therefore should be 10

accorded the broad #ﬂlltgq b Riofited, v phide e substRIlEpassipping chamher
nodr ficati ons and ??‘Ir:rfle a 11g§£rrangeﬁents and procedures. 18 12 345

What is clained is; 1., A et ] & 1geatAact. hole; conprising the
st ePs aadw%ma&%ﬂ@tam&ﬁ?@&sﬁ%{%% gver g substrate; 7 b) forning a
nitride liner over said gate structu

Le.and said s : oviding a
~di ebectric |ayer ov he sUHRPREDPIPGSS Qrie.%qb?y comprises X H%Elro@\;a%e bids %))wgf

7  between 100 and 1000W, a process pressure between 5 and 5000 mTorr., a O, /Ny ratio
8 between 10: 1 and 20:1.
9 A reaction thought to occur is:  CxHyOz (PR) + O* => CO,, Hy0, CO,

10 Hy, Os, .... (lots of volatile materials are generated)

11
12 E. plasma treatment to deposit a “by-products” layer
13 |
14 As shown in figure 4, we place the substrate into a plasma treatment

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

16 lhydrogen (H) (elements) containing gasses. The plasma treatment reacts with the residual
17  spacer 70 and forms a by-products layer 72 on sidewails of the contact o_pening (the

18 nitﬁde liner 36, the dielectric layer 50, residue spacer 70). The plasma treatment gases are
19  preferably NF; (nitrogen trifluoride) and nitrogen (No) & hydrogen ().

20 The by-products layer 72 is preferably comprised of NxHyFz .
_ 0 _




9 d) formng a contact photoresist pattern over the dielectric layer; 10 e)
perform ng a contact opening etch by etching the dielectric layer to forma
11 contact opening and a residual spacer; 12 said contact opening exposes
said nitride liner on said gate structure 13 sidewal k and on said substrate
adj acent to said gate structure; 14 said residual spacer is on the
sidewal s of said nitride liner; 15 f) striping said contact photoresist
pattern; 16 g) performng a plasma treatnent conprising gases containing
- fluorine (F), 1~ nitrogen (I~ & hydrogen (F~ to deposit a by-products |ayer
over said 1 g residual spacer and said dielectric layer; 19 h) renoving
sai d by-products ]Jayer and .said resi C The net hod of
clalm i-hg/ﬁﬁ‘é‘ﬁ‘aﬁ%‘?‘?%‘?p@%ﬁ%@?s@&”@%ﬁ%&ﬁ% §5%”§?-g‘8r50 %(1:?(10 §§/nér 2 and said
resi dual spacer usin% a process sel ected fron1t?e gz WP consjsting of: (1)
3 h2at flewing N3 bprwaen 3and 009 scomyytlowang Fz | bpbweenyp ap @ #C8L B e net hod of
claim1l which further conprises: said residual spacer conprised 5 of oxide.
6 43 Theciostahegdowér beavenn 1504ndS00 W theonitregeppanddwdrogen deedipfigasai d nitri de
liner using a nitride etch to expose the surface of 8 said substrate in

sai d CoMiaeva0® BViWIdovh §tesani lastenfedt s to said substrate in said contact
openings; 10 formng a first insulation |ayer over said contacts and said

subgtrate 11 and oxigepdigh aehthleat mdySprefetablp comtpreseB Bk NF; bbfean 1
whefein said gate strugture is-conprised of a gate dielectric, 13 a gate

i cPoctitiana g arcoifig Bt TBRISsor b Soph G cRg Bl R fo ) % e o
For fed 09 shem b AgRFERVEE PEPSE BRI 1 S D0NT o gt fRERiED 2 Bt veen
3000 and 10,000 ~..

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

9

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

11 with amolar composition of NF; % between 1 and 75 %, N, between 1 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 thru

17  the plasma applicator.

18

19 The plasma treatment tool preferably selected from the group consisting

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

11




18 8. The nmethod of claim 1l wherein the contact opening etch conprises: a
RF bias 19 power between 500 and 1000 W a process pressure between 5 and
200 mlorr , a 20 carbon fluoride containing gas with a fl ow between 3 and
50 sccm a OZ fl ow between 20 11 0 and 50 scan, a CHZFZ or CH3F fl ow
between 0 and 50 sccm a inert gas flow 2 between 0 and 1000 sccm 3 9. The
nmet hod of claim 1 wherein the stripping of said contact photoresist pattern
4 conprises: a mcrowave bias power between 100 and 1000W a process
pressure 5 between 5 and 5000 mforr., a 02/N2 ratio between 10: 1 and 20: 1.
-6 10. The nmethod of claim1l wherein the plasma treatnent in a down stream

pl asma_t ool i, 7 conpri,ses £l ew ng. i-30. 17l e or RF

en ef gy FT ‘?}%'(?'reg&’cr 8ce§gﬁflfl 3%"3&?." ?MQ{%& %@%@éﬁa&ﬁﬁaﬂugﬁg ? am of the

treat ment chanber wher&qé he supstrate is held; 9 adding NF3 to the nitrogen
and? hy ereatyaeptf N33t A# NES &35 MEWfe gases into the 10 treatnment chanber to
plasma treating the substrate. 11 11. The nethod of claim 1 wherein the

pl a3ma treat ment cohbips walesis transfermed frsthe phptersaist upperioltogorefedsd f1 owi ng
NZ between 5 and 5000 scan, flowing HZ between 13 5 and 2000 sccm at a

m cy Omﬁmmamumdmetmmth%dmﬁtrsﬁﬁ@)lwmtcﬂmnhén BegBguraBdThe plasthgdr ogen f eeds
flow through a plasma applicator before entering a chanber. 15 16 12. The

”Etg'odsﬁ&rcsis%i darVBENRI RaiBe: AaRbEh the @RmBR conprises: flowing gas with
17 a nolar conposition of NF3 % between 1 and 75 % NZ between 1 and 99 %

scap, 18 flow ng HZ f?giu?@ : 0 L&¥. O di-garp feeds

flow through a 19 ng%%@gp ca?’ogégﬁ%%ugggg?gzi %q%@gﬁlz\i%éer. 28 21 1
13. The met hod of _¢laim rej nat he .pl asma treat C rd . flow ng
gas wi gh;ogglbt%agglﬁg&ﬂ%i[ﬁmr? fﬂﬂﬁ§ﬂ&1§§%gﬂe%ug%gi%@q§%opfﬁ§ﬁ%et ween 70

and 95 % scan, 3 flow ng Hz between 1 and 30 % the nitrogen and hydrogen
fee@s fapplicatorrdsuish 140 4hasissennaedt ip pnrigioiave di HridicdmcEryayg cacasdmbee . 5 14.
The nethod of claim1 wherein the heating of the substrate to renove said
by69pr afddls TheWerand ity phasma flesis dualthesinda dubeci@inioghbs chesaher 380.t he substrate
to a 7 tenperature greater than 50 Cin aN2 gas or air anbient. g 15. The
metjgod of clai m 1 Wyes RilddbdeNBy g ©esiphBdtayesasiislecporpl 1 sbelowfthdNXHYFz wi t h
9 X between 1 and 10; Y between 1 and 7; and z between 1 and 7. 10

11  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 NF; % between 1 and 30 %, N, between 70 and 95 %

15  sccm, 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 thelplasma applicator 110 before

18  entering the chamber. Preferably, the NF; flow inlet is after the plasma applicator 110
19  and before the chamber.

20

21
12




11 16. A nethod of fabrication a contact hole and renoving a resi due spacer
beside a 12 nitride liner after contact opening etch; conprising the steps
of 13 a) providing a gate structure over a substrate; 14 b) . providing
spacers over the sidewal k of the gate structure; 15 c¢) forming a nitride

| i ner over said spacers and said gate structure and said 16 substrate; 17
d) providing a dielectric |layer over the nitride liner; said dielectric

|l ayer is 1 g conprised of oxide; 19 e) form ng a contact photoresist-
pattern over the oxide dielectric layer; 20 t) etching the dielectric |ayer
usi ng fluorocarbons to forma contact opening, a 21 residual spacer and a
pol ynmer |ayer; 22 sai d..contact openi ng_exposes_said nitrl i ner on
sai d gate stncture é&i&é%ﬁg 1Z° Progris “8&&3811 vgedggxfer@ m%at§%§La§g§O sai d gate
structure; 3 said residual spacer_is on the sidewalls of said nityride

i nér; pplieatproll Yrend genpic aNowed Hs aplasti ding s andt e elasia ol x5t Wit | e
liner; 5 said residual spacer is conprise of oxide;, 6 (1) the etch process
of gai cthe BIF, acprodpenihe §-anigmddset vated rdsieals. [The NFd egagzan dedctiyatedioet chant s;
8 g) striping said contact photoresist pattern and said polyner |ayer; 9 h)
per 4or NiRPodadicds adh A NFY9eR-)aaFibwdrso gkt miliaslsteah remt withtH, o fleposi t a 10
by-products | ayer over said residual spacer and said dielectric layer; | 1

| cts Tayer o er and ‘sai . !
he 512 PPRaR SompoRUORKE Sp B NEBR200) O o e, o (3) 1R of OV

radi ation. 13 17. Th thod of chajm ' . o ~~+44 etching
sai ® nitride |iner u‘gﬁ vgurqit?guirea ag@@%&e‘éﬁ]év}%@g@@&{%@gh@%%iﬁ%{7 5 said
substrate in said contact opening; .16, farm contacts 1 i d substrate
i n Shi dorthetveader Wisehcayke %mﬁr&ngﬁéx%yf%ziW%Xp%@ﬁF%t‘i B Hoa%i’g’a%‘ﬁlfsai d
contacts and said substrate 18 and dielectric layer. 19 -18. The nethod of

cl ai8n 1fmd\hendizibetmien idinsi Bctric | ayer is formed by a HDP oxi de or 20 BPSG
oxi de process and has a thickness between 3000 and | 0,000 ~.

9
10 F. remove byproducts layer preferably using one of the following
11 , (1) heat (2) DI 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 Figur_e 9 shows an example of a heating chamber 200 used to temove

16  the residual oxide spacer and the by-products layer. Figure 9 shows a heater 220 bheating 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




23 1 19. The nmethod of claim 16 wherein said residual spacer conprised of
over 90 2 oxide. 3 20. The nethod of claim 16 wherein the etch process of
said contact opening 4 conprises: a RF bias power between 500 and 1000 W a
process pressure between 5 5 and 200 mlorr; a carbon fluoride containing
gas with a fl ow between 3 and 50 scan, a 6 Oz fl ow between 0 and 50 scan ,
a CHZFz (or CH3F) flow between 0 and 50 sccm a 7 inert gas (such as Ar or
He) flow between 0 and 1000 sccm 8 21. The nethod of claim 16 wherein the
stripping process conprises: a mcrowave 9 bias power between 100 and
1000W a process pressure between 5 and 5000 mforr., a 10 02/ N2 ratio

bet ween 10: 1 and 1. .11 .12.22. T f i in said ‘
pl akma treat nent téﬁperg: g%ltoé( %Spg%qgﬂgﬁfgggrbgﬁgéﬁdﬁﬁéﬁrng?(%% a M crowave
tool; ICP tool, a MERLE tool, a RIE tool. 14 23. The nmethod of claim 16
whe ei mernéreedpiyabedpllondng MBREOTEonpri sing fl owi ng NF3 15 between 5 and 1000
sccm flowing Nz between 5 and 5000 scan, flow ng Hz between 16 5 and 2000
sccp atA)a $i0sr-onaMeF pevient dnelandd>s8iHa it NEBOob Noy+ Hif(Ed M Q0 gen- ARES17
hydrogen feeds flow through a plasma ‘applicator before entering a chanber;
t hegNF3 18 fl ow doeghegisiduabsxiddspacer sndasiRF Apppiodatts are reoger ar¥he net hod
of claim 16 wherein the NF3 and nitrogen and hydrogen plasna 20 treat nent
CONRri Sg 'ovéc{ owi ng gas with a conposition of NF3 between 1 and 75 % Nz 21
bet ee and 99 % scan, flowing Hz between 1 and 75 % the nitrogen and
hydr ogen Z.Iﬁ%m 1 feeds flow through a plasma applicator before entering a
chafber? )] f#3 fl ow does 2 not pass thru a plasma applicator. 3 25. The

nmet hod of claim 16 wherejn_ the pl.as t reat t. conprises...f ing gas with
4 anol ar conpositi dhedk YoRoaucts erllséﬂlgg gugyat i?ﬁ%%@er?c Sgwween 70 and

95 5. sccm flowing Hz between 1 and 30 % fhe nitrogen d .hydr ogen feeds
f1 0w t hsepumgle HF.@hpFESinsthe pister can oich pad symovetherenyyniag gf}?éiﬂﬁ%@?%ld% K3 1 ow
does not pass thru a plasna 7 applicator. 8 26. The nethod of claim 16
whergein the by-products |layer is conprised of NXHyFz 9 with x between 1 and
10; Y between 1 and 7; and z between 1 and 7. 10

10 3. UV radiation

11 The NyH,F, by-products layer can also be removed by UV radiation.

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

13 heating.
14
15 G. nitride etch
- 16 As shown in figure 6, now that the by-products layer and residual spacer

17  are removed, then we etch the nifride liner preferably using a nitride etch (selective to
18  oxide) to expose the surface of the substrate in the contact opening 60.
19 The nitride etch preferably comprises using CHF, (or CHiF, CF4, NF3,

20  SF,...) at a flow between 1 and 500 scem, 02 (or N2) flow between 0 and S00scem, Ar

i4
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1 (or He) flow between 0 and 1000 sccm, a RF power between 10 and 1000W. The etch

2 can be performed in a MERIE (or DRM, ICP, TCP, DPS, Microwave, } plasma tool

3

4 H.  contacts

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

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

8  substrate and oxide dielectric layer 50.

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

12 12, thereis showna 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




| val gb] X] ca] ca] ca] ca] ca] cal] ca] ca cal

] ca] ca] ca] ca] cal] ca] ca] ca] ca] c!a] c!afigglpgg]@?%fa/gﬂg?tgﬂ Fﬁlchgfggf]agﬂ:;?
gg] gg] gg] gg] EZ!U] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]
Flitht" "4 CHU (A((((((B)]))*2*ysl gb] XSzupkf

UV] caV] ca] ca] cal] ca] ca] ca] ca UV] cal] cla ?J\/} cafJ]u(F:)a] LQ?LQ?Lgamaig?cg]wc;?gaf?a
W] cal] ca] ca] caz2*v***x****6-{[s2y2{2] 25777::: C:J: X' [ q: x:

<{voi b] WRzup] caU] ca] ca UV]cal]ca WV]ca]ca U\/] cal] ca

UV] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca UV] cal]

UV] caV] ca] ca] ca] ca<<<=i ====== ? 29272, A

| M cal B ]YC?IW‘& SR gty @J& Eﬁfelétf%’f@fgm oyl psoveest e
a] ca] ca] ca] ca] ca cajc

c BriBpBuBBDD- EyﬁﬁﬁqmsL ]wg}g;%ﬁ% ] o m] 0 Ca] §Fwsw cal] ca

UV] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

W]zaU ca W] chighgmlymer gas like CoF4, C3Fs, CaF's, CsFs, and CyFe.

WO O0O+PnPP" QQQORUR] R_ReRyR| RRROTTUIV?WsWN XXX+YXYVZuZ} xsni d_Zca] ] ca] ca] ca

] Caz}C&] caj Qﬁlﬁé‘&tﬁgh§@]@ﬁnb9@ E&b(ﬁﬂiSEa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

]caljca]ca]cajcaluzZn[t[v][~[[ bccc/ d] drdrddd%ef f f gMyai dj k

kok) wr mhc”
S s s ekl il )

b e R o o e e caca o
Gt b Mo gl miria e Lokl
109@& () - =f < 1G¥@atie sont@t pxide etching.

9

10 But highly selective contact oxide etching to Si3N4 (or SiON) like self-

11  aligned contact (SAC) formation uses high polymer 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
i4 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 Si3N4 as SEM Fig. 12 is formed by polymer blocking
21 against oxide etching that decreases contact area and leads to high contact

16
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resistz;nce. To remove this two kinds of oxide residue and oxide spacer, if wet
cleaning like diluted HF and BOE is used, as contact hole sidewall etch rate is
faster than oxide residue, void as well as contact hole size is enlarged. This
makes metal gap-filling bad and cause higher electrical short between contact
hole through enlarged void. Therefore, unique method to remove little amount
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 oxide spacer beside 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.

Fmbodiments can make contact area enlarged to lead to decrease
contact resistance to get betier 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
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2 _ Given the variety of embodiments of the present invention just

3 described, the above description and illustrations should not be taken as limiting the scope

4  ofthe 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 thoée 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. Itis intended to cover various modiﬁcaﬁons 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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3 What is claimed is:
g 1. " A method of forming a contact hole; comprising the steps of :
6 a) providing a gate structure over a substrate; -
7 b) forming a nifride liner over said gate sﬁucture and said substrate;
8 ¢) providing a dielectric layer over the nitride liner;
9 d) forming a contact photoresist pattern over the dielectric layer;.
10 €) performing a contact opening etch by etching the dielectric layer to form a
11 contact opening and a residual spacer;
12 said contact opening exposes said nitride liner on said gate structure
13 sidewélls and on said substrate adjacent to said gate structure;
14 said residual spacer is on the sidewalls of said nitride liner;
15 f} striping said contact photoresist pattern;
16 g) performing a plasma treatment comprising gases containing fluorine (F),
17 nitrogen (N) & hydrogen (H) to deposita by-products layer over said
18 residual spacer and said dielectric layer;
19 _h) removing said by-products layer and said residual spacer.
20

19
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3 heating; (2) DI rinsing; or (3) IR or UV radiating.

4 3. The method of claim 1 which further comprises: said residual spacer comprised
5 of oxide.
6 4. The method of claim 1 which further comprises:
7 etching said nitride liner using a nitride etch to expose the surface of
8  said substrate in said contact opening;
9 . forming contacts to said substrate in said contact openings;

10 forming a first insulation layer over said contacts and said substrate

11 and oxide dielectric layer.

12 5. The method of claim 1 wherein said gate structure is comprised of a gate dielectric,
- 13 a gate electrode and a nitride hard mask.

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

i5 7. The method of claim 1 wherein said dielectric layer is comprised of oxide; said

16 dielectric layer is formed by a HDP oxide or BPSG oxide process and has a thickness

17 between 3000 and 10,000 A.

18 & The method of claim 1 wherein the contact opening etch comprises: a RF bias
19 power between 500 and 1000 W, a process pressure between 5 and 200 mTorr , a
20 carbon fluoride containing gas with a flow between 3 and 50 scem, ‘a0, flow between
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The method of claim 1 wherein the stripping of said contact photoresist pattern

- comprises: ‘a microwave biag power between 100 and 1000W, a process pressure

between 5 and 5000 mTorr., a 02/N2 ratio between 10: I and 20:1.

10.  The method of claim 1 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 the 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.

11.  The method of claim 1 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.

12.  The method of claim 1 wherein the plasma treatment comprises: flowing gas w1th

a molar composition of NF; % between 1 and 75 %, N, between 1 and 99 % scem,

flowing H, between 1 and 75 %:;

the nitrogen and hydrogen feeds flow through a

plasma applicator before entering a chamber.
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1 13.  The method of claim 1 wherein the plasma treatment comprises: flowing gas with
2 a molar composition of NF3 % between 1 and 30 %, N> between 70 and 95 % scem,
3 flowing Hy between 1 and 30 %; the nitrogen and hydrogen feeds flow through a

4 plasma applicator before entering a chamber.

5 14 The method of claim 1 wherein the heating of the substrate to remove said  by-
6 products layer and said residual spacer comprises heating the substrate to a

7 temperature greater than 50 °C in a N; gas or air ambient.

8 15. The method of claim 1 wherein the by-products layer is comprised of NxH,F, with

9 x between 1 and 10; Y between 1 and 7; and z between land 7.
10
11 16. A method of fabrication a contact hole and removing a residue spacer beside a
12 nitride liner after contact opening etch; comprising tﬁe steps of :
13 a)  providing a gate structure over a substrate;
- 14 b) . providing spacers over the sidewalls of the gate structure;
15 ¢) forming a nitride liner over said spacers and said gate structure and said
16 substrate;
17 d) providing a dielectric layer over the nitride liner; said dielectric layer is
18 comprised of oxide;
19 e¢) forming a contact photoresist patiern over the oxide dielectric layer;
20 f)  etching the dielectric layer using fluorocarbons to form a contact opening, a
21 residual spacer and a polymer layer;
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1 - said contact opening exposes said nitride liner on said gate structure sidewalls

2 and on said substrate adjacent to said gate structure;

3 : said residual spacer is on the sidewalls of said nitride liner; said polymer layer
_ 4 " over said residual spacer and said fxitride liner;

5 said residual spacer is comprise of oxide; |

6 (1) theetch process of said contact opening comprises: carbon fluoride

7 0., and CH,F; etchants;

8 g)  striping said contact photoresist pattern and said polymer layer;

9 h)  performing a NF; and nitrogen and hydrogen plasma treatment to deposit a
10 by-products layer over said residual spacer and said dielectric layer;
11 i)  removing said by-products layer and said residual spacer using one of the
12 following processes: (1) heat; (2) DI rinse; or (3) IR or UV radiation.

13 17. The method of claim 16 which further includes:
14 etching said nitride liner using a nitride etch to expose the surface of
15 said substrate in said contact opening;
16 forming contacts to said substrate in said contact openings;
_17 forming a first insulation layer over said contacts and said substrate
18 and dielectric layer.
19 18,  The method of claim 16 wherein said dielectric layer is formed by a HDP oxide or

20 BPSG oxide process and has a thickness between 3000 and 10,000 A.
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1 19.  The method of claim 16 wherein said residual spacer comprised of over 90 %

2 oxide.

3 20. The method of claim 16 wherein the etch process of said contact opening

4. comprises: a RF bias power between 500 and 1000 W, a process pressure between 5

5 - énd 200 mTorr, a carbon fluoride containing gas with a flow between 3 and 50 sccm, a
6 0, flow between 0 and 50 sccm , a CHal (or CH;F) flow between 0 and 50 scem, a

7 inert gas (such as Ar or He) flow between 0 and 1000 sccm;

8 21.  The method of claim 16 wherein the stripping process comprises: a microwave

S bias power between 100 and 1000W, a process pressure between 5 and 5000 mTorr., a
10 O2/N2ratio between 10: 1 and 20:1. |
1
12 22.  The method of claim 16 wherein said plasma treatment tool selected from the
13 group consisting of a Microwave tool, ICP tool, a MERIE tool, a RIE tool.
14 23. The method of claim 16 wherein the plasma treatment comprising flowing NF3
15 between 5 and 1000 scem, flowing Np between 5 and 5000 scem, flowing Hy between
16 5 ﬁnd 2000 scem, at a microwave power between 50 and 5000 W; the nitrogen and
17 hydrogen feeds flow through a plasma applicator bef;)re entering a chamber; the NF;
18 flow does not pass thru a plasia applicator.
19 24.  The method of claim 16 wherein the NF3 and nitrogen and hydrogen plasma
20 treatment comprises: flowing gas with a composition of NF; between 1 and 75 %, Na

21 between 1 andl99 % sccm, flowing Hy between 1 and 75 %; the nitrogen and hydrogen
24
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1 feeds flow through a plasma applicator before entering a chamber; the NF; flow does

2 not pass thru a plasma applicator.

3 25.  The method of claim 16 wherein the plasma treatment comprises: flowing gas with

4 a molar composition of NF; % between 1 and 30 %, nitrogen between 70 and 95 %

5 . sccm, flowing Hy between 1 and 30 %; the nitrogen and hydrogen feeds flow through a
6 plasma applicator before entering a chamber; the N¥3 flow does not pass thru a plasma
7 applicator.

8 26. The method of claim 16 wherein the by—produéts layer is comprised of NyHyF;
9 with x between 1 and 10; Y between 1 and 7; and z between 1 and 7.

10
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