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Specification
Etching Method

Technical Field

The present invention relates to an etching method.

Background Art

To keep pace with the great improvements made with respect to
the degree of intégration of semiconductor devices in recent years,
miniaturization of various elements formed on semiconductor
substrates has become one of the émcial technical requirements. In
order to meet this requirement, the distances between the individual
gates (electrodes) formed on a semiconductor substrate must be
reduced. If contact holes are formed between the gates, the contact
holes, too, must be miniaturized. However, as the distances between

the gates become increasing small, the difficulty in forming ever

.smaller contact holes at accurate positions increases, due to the limits

of the alignment performance of the stepper and the like. Accordingly,
a self-aligning contact technology, whereby self-aligned contact holes
are formed within the minute space between individual gates by
forming a protective film (base) constituted of, for instance, an SiNx
film (silicon nitride film) at the surfaces of the gates and thereby
preventing the gates from becoming etched during the contact hole
formation, has been proposed of late. '

For the etchihg process implemented to form the contact holes
and, more specifically, during the etching process implemented to
form contact holes passing through the insulating film covering the
individual gates and constituted of, for instance, an SiO, film (silicon
oxide film) between the gates, a mixed gas constituted by adding CO

to C,F,, for instance, is used as the processing gas. The processing
,_P-—,———~————-‘—'—,
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Background Art . To keep pace with the great inprovenents nmade with -
respect tprThbhegbem/&Gof integration of sem conductor devices in recent
yealfs, miniaturization of various elements fornmed on sem conduct‘gle
Substrates has becone one of the crucial technical requirenents. 1n order
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(el ectrodes) forned on a sem conductor substrate:nust be reduced. If

contact holes are.forpged b e s..the con : 0,..must be
mini aturi g@ﬁ:cm&?aﬁ% aﬁﬁa?@@ﬁ%@%&?mﬁ%%@%ﬁﬁgﬁﬁoﬁgﬁ #r easi ng
smal |, thgydbbf 'Mﬁw'étchﬁ&g b5 85 SORicvRH GAM! ¢!t ehe Adeldeonat €
positions I ncreases, due to The Iimts of the alignnment performance of the
st epper anatio fof thiek8iOAfilmr th the BiNa fileh {(SHD; filmnetotringaate t/Sibxofibyy, -

wher eby sel f-aligned contact hales are formed within the ninute space

bet ween iﬁtﬁmpawateb&%é@gﬁrf FRTRg 1@ 3% Ecselretion FeE83ds) ut ed

of  for LnstancasodBud, Ve O, (SWhiciPNid! hbt dFeddt) dribias th' dies ©f
atmosphere, is directly released into the atmosphere without having
been dissociated during the processing, it becomes a greenhouse
effect inducing gas to hasten the process of global warming.

For instance, it has been reported that.the life of C,Fy in the
atmosphere is 3200 years (Climate Change 1995, the Current Status
and Measures Taken with Respect to the PFC Problem At
Semiconductor Mass Producing Plants ), whereas the life of C;F; in the

atmosphere is only one year.

Disclosure of the Invention __

An object of the present invention, which has been completed by
addressing the problems of the prior art discussed above, is to provide
a new and improved etching method that allows an etching process to
be implemented using a gas that becomes .tﬂgéi"aded in a relatively
short period of time when it is released into fhe atmosphere and does
not induce the greenhouse effect while achieving vertical etching of an
SiOQ, film and a selection ratio which are comparable to or better than
those in the prior art.

In order to achieve the object described above, in the etching
method according to the present invention, in which an SiO, film
formed on a workpiece placed within an airtight processing chamber
is etched by raising a processing gas induced into the processing
chamber to plasma, the processing gas contains at least C;F; and O,,

as disclosed in claim 1.
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processi ng gas:
according to the present invention becomes degraded in a relatively

“ short period of time in the atmosphere compared to the CF gases that
are used as processing gases in the prior art such as CF,, C,F; and
C.,Fs. Thus, the use of C.;F;, which does not induce the greenhouse
effect even when it is directly released into the atmosphere, will
contribute toward prévention of global warming.

In addition, since C,F; is relatively rich in carbon compared to
the CF gases such as CF,, C,F, and C,F; mentioned above, a carbon-
containing film that is to constitute a protective film can be formed
with ease at the etching mask, at the shoulders of the etching mask
pattern or at the inner side walls of the contact holes. However, if
C;F; alone or a mixed gas constituted of C;F; and Ar is used for the
etching process, the carbon-containing film remains at the bottoms of
the contact holes to result in a so-called etch stop. Accordingly, the
processing gas according to the present invention contains O, so that
the quantity of carbon-containing film within the contact holes can be
controlled through the O, to prevent the occurrence of an etch stop
and to achieve control of the contact hole angle. As a result,
compared to the prior art, which uses a gas containing C,F; and CO
for the etching process, the contact holes achieving an equal or higher
degree of verticality can be formed.

Furthermore, forming an SiO, film over an SiNx film formed on
the workpiece as disclosed in claim 2 prevents etching of the exposed

- surface of the SiNx film by the carbon-containing film covering the
exposed surface to achieve an improvement in the selection ratio.

Also, by setting the flow rate ratio of C;F, and O, within the
range of 1 < (C,F; flow rate/O, flow rate) < 1.5 as disclosed in claim 3,

a high selection ratio comparable to or better than the selection ratios
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2 gas constituted by adding COto Clerr]F[err] provides advantages in

t hat an i;q[xfg et ching shape is achieved and in that the sel ection
ratio of t i'ggyl/‘%-@fllmto the SINk film(Siderr] filmetchl ggate

+SIiNk filmetching rate) (hereafter referred to as the "sel ection ratlo )
I's 1 nproved. _ However, if Clerr]F[err], which is not readily
degraded in the at m)sphere is directly released into the at nosphere

wi t hout hayvjn ee ssoci ated durin the r QCess econes a

o eenhousathieved, Whsth BRE e Pipdessig Eaeks JHote & FAFRGERRANg
For instagg JREN reported that the I|fe of C[err]F[err] in the
at m)spherg ﬁgegéggﬁ;%ars (Cdimte Change 1995, the Current Status

v Moreover, a nearly vertical etching shape can be obtained by,
for instance, setting the flow rate ratio of C;F; and O, within the range
of 1.3 = (CsF, flow rate/O, flow rate) < 1.625, by setting the
atmosphere pressure within the processing chamber to 45mTorr ~
SOmTorr, by setting the temperature of the stage on which the -
workpiece is mounted within the range of 20°C ~ 40°C or by adding an
inert gas such as Ar to the processing gas, as disclosed in claims 4 ~
8.

Brief Description of the Drawings
FIG. 1 is a schematic sectibnal view of an etching apparatus
that may adopt the present invention;

FIG. 2 is a schematic sectional view in an enlargement,
illustratiﬁg a wafer processed by using the etching apparatus shown
in FIG. 1;

FIG. 3 schematically illustrates a wafer processed in
embodiments of the present invention and in comparative examples
from the prior art; and

- FIG. 4 schematically illustrates the taper angle of the contact
hole.

Best Mbde for Carrying Out the Invention

The following is an explanation of the preferred embodiments of
the etching method according to the present invention, given in
reference to the attached drawings.

First, the structure of an etching apparatus in which the

etching method according to the present invention may be adopted .

and is explained in reference to FIG. 1.
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-and Measures Taken with Respect to the PFC Probl em At Sem conductor Mass

Pr oduci ng @Ig@b Mhgreas the life of (Jerr]Flerr] in the atnosphere is
only one };gg% 3 3 g)I/%ILOSURE
©F THE | NVENTI ON

A processing chamber 102 of an etching apparatus 100 is
formed within an airtight conductive processing container 104. In
addition, a magnet 106 capable of generating a rotating magnetic field
in the plasma area formed within the processing chamber 102
surrounds the processing container 104. Inside the processing
chamber 102, an upper electrode 108 constituting the ceiling of the
processing chamber 102 and a lower electrode 110 facing opposite the
upper electrode 108 and constituting a susceptor are formed.

~ An electrostatic chuck 112, to which a high-voltage DC source
114 is connected is provided on the lower electrode 110. A workpiece
such as a semiconductor wafer (hereafter referred to as a "wafer") W
can be a vacuum-held onto the mounting surface on the electrostatic
chuck 112. In addition, an elevator mechanism (not shown) is
connected to the lower electrode 110 via an elevator shaft 116 to allow
the lower electrode 110 to move freely along the vertical direction. A
focus ring 118 constituted of an insulating material is provided to
cover the side surface of the lower electrode 110. A baffle plate 120
having a plurality of through holes formed therein is attached to the
side surface of the focus ring 118. The baffle plate 120 is constituted
of a conductive material and is grounded via a conductive bellows 121
and the processing container 104. The lower electrode 110 is also
connected with a high-frequency source 124 capable of outputting a
specific level of high-frequency power for plasma generation via a
matching device 122.

The upper electrode 108 having formed therein numerous
through holes 108a communicating between the space inside the
processing chamber 102 and a gas supply source 126 achieves a
showerhead structure. By assuming this structure, the processing
gas in this embodiment, e.g., a mixed gas constituted of C;Fg, O, and

Ar is discharged evenly via the through holes 108a along the direction
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An object of the present invention, which has been conpleted by addressing
t he probl L(gsdéga lor art discussed above, is to provide a new and

i mproved etchi'ng ms/t od that allows an etching process to be ir‘rBI qeent ed
#sing a gas that becones degraded in a relatively short period 01/ 1 me
when it is released into the atnosphere and does, not induce the
greenhouse effect while achieving vertical etching of an SiJerr] film and

a selection ratio which are co rable ., tqg or better than . tho in the
prior art in which the ¥rafef @%@&ﬁ%ﬂ%%ﬂ@?em%@b&ﬁ 2 from; e

et chi ng ”?‘f*?%%?ﬁln@%fy'a%éﬁr@é??gt of the present invention, in which an

Sierr] a woikpi ece placed within an airtight processing
chanber is et chiefdalditionsthe aanfusplrae imgide thensitovedsing ehaheber 402ssi ng

chanber to plasma, the processing gas contains at |east C[err]zz)[eerr] and
Jerr], afsidischatged frome a dischargeqiper 1 2Bevie] thebalfle plate 420t Thie hi n
the range Olosphert pressure inside the"prét&dsith thhmlbe” 104 % set as
appropriate by adjusting the quantity of the processing gas described
above supplied into the processing chamber 102 and the quantity of
the atmosphere within the processing chamber 102 that is discharged
from the processing chamber 102. _
Next, a method of fofming contact holes in the minute space
between the individual gates formed on the wafer W by implementing
an etching process on the wafer W with the etching apparatus 100
described above is explained. ,
First, in refefence to FIG. 2, the wafer W to be processed is
explained. Gates 202 are formed via an SiO, film 201 on an Si
(silicon) substrate 200 constituting the wafer W, and an SiNx film 206
is formed to cover the gates 202. The SiNx film 206 prevents the gates
202 from becoming etched during the formation of contact holes 210
which is to be detailed later so that self-aligned contact holes 210 are
formed between the gates 202. In addition, a silicon type oxide film
constituting an insulating film, e.g., an SiO, film 208, is formed on the
SiNx film 206. It is to be noted that an insulating film constituted of
BPSG (silicate glass constituted of boron and phosphorous), PSG
(silicate glass constituted of phosphorus), TEOS (tetra-ethoxy
orthosilane), Th-OX (thermal oxide} or SOG (spin on glass), may be
formed instead of the SiO, film 208.
Next, the process implemented to form the contact holes 210
between the gates 202 at the wafer W mentioned above is explained in
reference to FIGS. 1 and 2.
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ferr] 1.5. . “I,t has been confirnmed that Clerr]F[err] constituting the
processi ngr gg@gggfg@ng to the present invention becones degraded in a
relatively short périod of time in the atnosphere conpared to the,gh gasses
that are used as processing gases in the prior art such as CF[er_r{,
Cerr]Flerr] and Clerr]F[err]. Thus, the use of Clerr]F[err], which does

not induce the greenhouse effect even when it is directly released into the
at nosphere, wll. contribute tqward,preventign of .gl obal rmng. In
S thon, si nce ESbr AP dROHIERE SHE RAR WieR b 1oPee FRSEdPelifo « ne
CF gases gjigh; I Gheish r d apphF 8 ' ove, a
car bon-cont al htl%ﬁtg?%)?fnﬁ&#ﬁgt 'S %aghgg’néstt??fj?e gbp‘]r:(’){tgg |r\?e%%$%?%1§§%?ﬁe
fornmed w the emsbodiméehe, eig hisnmixedkgastcdrstituted of CsFg, O, and Ar is

induced into the processing chamber 102 and vacuum drawing is

implemented to sustain the atmosphere inside the processing
chamber 102 at a specific level of reduced pressure, e.g., in a range of
45mTorr ~ 50mTorr. During this process, the flow rate ratio of CsFy
and O, is set within the range of 1 < (C;F; flow rate/O, flow rate) <
1.625 and, more desirably, within the range of 1.3 < (C;F; flow rate/O,
flow rate) < 1.5. In addition, a rotating magﬁetic field of 100 Gauss ~
200 Gauss is generated in the plasma area inside the processing
chamber 102 by rotating the magnet 106. Next, when specific process
conditions are achieved, a specific level of high-frequency power, e.g.,
1500 W, with a specific frequency of, for instance, 13.56 MHz is
applied from the high-frequency source 124 to the lower electrode 110
to cause a glow discharge to occur between the lower electrode 110
and the upper electrode 108. This dissociates the processing gas in
the embodiment supplied into the processing chamber 102 to excite
the plasma. |

Since the processing gas in the embodiment is a mixed gas
constituted of C;F;, O, and Ar, an atmosphere that is rich in carbon
can be created inside the processing chamber 102 without having to
add a carbon gas such as CO, and a carbon-containing film that is to
constitute a protective film can be formed reliably at the inner wall
surfaces of the contact holes 210. As a result, the CF (fluorocarbon)
type radicals which are the etching seed, are not allowed to reach the
SiNx film 206 readily. Thus, the SiNx film 206 is protected to improve
the selection ratio. In addition, the contact holes 210 achieving the

desired uniform shape are formed in the minute space between the
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4 shoul ders of the etching mask pattern or at the inner side walls of the

cont act thTFsL géﬁy@ If CJerr]F[err] alone or a m xed gas constituted of
Clefr]F[err] and Ar '3 used for the etchi ng process, the carbon- gzlibal ni ng

filmremains at the bottons of the contact holes to result in a Sb6-Called
etch stop. Accordingly, the processing gas according to the present
I nvention contains (Qerr] so that the quantity of carbon-containing film

the ‘occur EBHE200- ol lsr@nbe Mo hatcA BAAOYEHEh MFLA 125 THETCINIEEE hol o

angle.  ysed as an etching mask, is formed on the SiO, film 208 in the figure.

Embodiments

Next, embodiments of the etching method according to the
present invention are explained. It is to be noted that since the
embodiments below were all implemented by employing the etching
apparatus 100 in the embodiment described above with specific
conditions such as the composition of the processing gas and the gas
flow rates varied as explained below to form the contact holes 210
between the gates 202 formed at the wafer W, the same referénce
numbers are assigned to components having roughly identical
functions and structural features to preclude the necessity for
repeated explanation thereof.
(A) Contact hole taper angle

First, in reference to Table 1, the taper angle of the contact

holes 210 is explained. It is to be noted that the term “taper angle”
refers to the angle (theta) formed by a side surface of the SiQO, film 208
inside a contact hole 210 and the upper surface of the SiNx ﬁlrh 206
shown in FIG. 3(c) and FIG. 4 when the SiO, film 208 is etched by
using the photoresist film 212 having a specific pattern formed
therein as a mask, as illustrated in FIG. 3(a) presenting a view of the
area over which the contact hole 210 is formed, FIG. 3(b) presenting a
sectional view through a plane along line A-A in FIG. 3(a) and FIG.
3(c) presenting a sectional view through-a plane along line B-B in FIG.
3(a). '
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As a result,

C[err]F[eﬁ![-E

equal

selection ratio conparable to or

.conpared to the prior art,

98@)

whi ch uses a gas contai ni ng
the contact hol es achieving an

d@r the etching process,

ree of verticality can be forned.
since the flow rate ratio of CJerr]Flerr] and Jerr]
range of 1 [err] ((Jerr]F[err] flowrate /dJerr] flowrate) s 1.5, a hlgh

Furth
is set withi

PhTPh

better than the selection ratio achi eved

by using {,ﬁaﬁggr(}cessi ng gas in the prior art is realized. In a second
aspect of ﬂresent invention there is provided, an etching nethod for
etching an Si filmforned at i rkpi eqe placed jns|de an girtight
processi ng ch ntﬁr erai Bcimn_:] a cegslng das i nduced into tthe processing
chanber to pl asrﬁ,-at eﬂzprogoesg & q@rtal .| @t| Lepst C[ rr]F[err] and
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Processi ng chanber to 45mlorr ~ 50mforr, setting the tenperature of the
stage on kpi ece is nmounted within the range of 20[err]C -
40[err]C or ad I ng ‘an |nert gas such as Ar into the processing 985192
?gafly vertical etching shape is achieved. :

The results presented in Table 1 were achieved by forming
contact holes 210 at the SiO, film 208 under various' etching
conditions corresponding to embodiment 1 ~ embodiment 9 and
comparison example 1 listed in Table 1.

Now, the difference between the shapes of the contact holes
210 formed through etéhing processes implemented using processing
gasses constituted of C;F;, O, and Ar as described above and the
shape of a contact hole resulting from an etching process
implemented using the processing gas constituted of C,F;, CO and Ar
in the prior art is explained by using a relational expression;

c = a - (2b/tan theta)... (1),
which expresses the relationship that the taper angle (theta) has with
“a” representing the diameter of the upper portion of the contact hole
210 (hereafter referred to as the "etching diameter"), “b” representing
the depth (height) of the contact hole 210 (hereafter referred to as the
"etching film thickness") and “c” representing the diameter of the
lower portion of the contact hole 210 (hereafter referred to as the _
"contact diameter") in FIG. 4.

Assuming that the etching process is implemented through
ultra-fine machining with the etching diamefer (a) at 0.25um and the
etching film thickness (b) at 1.5um, the contact diameter “c” for the
comparison example 1 is calculated to be 0.056um and the average
contact diameter for embodiment 1 ~ embodiment 9 is calculated to
be 0.103um by substituting the taper angle (theta) in expression (1)
above, with 86.3° for comparison example 1 with the average 87.2° for
embodiment 1 ~ embodiment 9 respectively. Using these results, the
area ratio of the average bottom area of the contact hole 210 among
the embodiments and the area of the contact hole 210 in the
comparison example is calculated to be;

-
(0.103/0.056)° = 3.38. .
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4n a third aspect.of the present invention, an etching nethod for etching
an Si Q2 fFTEngU@gyg@.a.morkpiece pl aced inside an airtight processing
chanber by raising a processing gas induced into the processinQI%Zggber to
Pplasma, in which the SiJerr] filmis formed on an SiNx filmfor at the
wor kpi ece and the processing gas contains, at least, Clerr]F[err] and 02 is
provi ded, and wherein the flowrate ratio of CJerr]Ferr] and 02 is set

within the, range,of, 1 Jerr flow rate of s/ fl.ow r of of [err]
1 605 | EnbET v clpbping the teer afe dEhetnl B o B ey the’ ot ¢ he
wor kpi ece ' ' | [ : - | film
Cover st nar e o8 LUPDORA SRR cotalh Hillh 210 e AP BY 58 TACH 28

et ched, t88&himestthevbogonharealiacth®pricrt aot, to greatiy cohtriburte, toi & i s
desirable to set the flowrate ratio of Cerr]Ferr] and Jerr] within the

range of IedNGUQRn thELoNtaCEHEpiStABRer ate/ Jerr] flow rate) [err] 1.5, to
set the atmospher g RESR UhG ekl el ARy 2568 $hlld SP RS Ln' L o iRih ~ 50

the range of 1.3 < (C;Fy flow rate/O, flow rate) < 1.625, setting the
atmosphere pressure within the processing chamber 102 to 45 mTorr
~ 50mTorr and setting the temperature of the lower electrode 110
within the range of 20°C'~ 40°C as indicated in Table 1, the taper
angle (theta) is increased compared to that achieved by using the
processing gas in the prior art.

(B) Selection ratio

Next, the selection ratio is explained in reference to Table 2.
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@f 20[err]C ~ 40[err]C or to add an inert gas such as
gas. '

to set the.tenperature of the stage on which the workpiece is
(Table 2)

mount ed | FTEROS0MAIS
Ar to the processing

Jmlorr,
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Brief Description.of the Draw ngs FIG 1 is a schematic sectional view

of an et chray oROUY As@s that may adopt the present invention; FIG 2
is a schematic sectiional viewin an enlargenent, illustrating alglz?g
Processed by using the etching apparatus shown in FIG 1;

schematically illustrates a wafer processed in enbodi rrents of the present |
I nvention and in conparative exanples fromthe prior art; and FIG 4

~schematically Jrh U3t EdhsS ptdSed @l in18ble % Wife®38hifed by forming

contact holes 210 at the SiO, film 208 under various etching
conditions corresponding to embodiment 10 ~ embodiment 15 and
comparison example 2 listed in Table 2. By performing the etching
process using a processing gas containing C,;F; and O, with a flow rate
ratio of C;F; and O, set within the range of 1 < (C.F; flow rate /O, flow
rate) < 1.5 as indicated in the table, a selection ratio that is
comparable to or better than that achieved in the etching process
implemented by using the processing gas of the prior art constituted
of C,Fs, CO and Ar is achieved. |

It is to be noted that the results presented in Table 3 were
achieved in embodiment 16 ~ embodiment 19 implemented by using

processing gasses constituted of C;F,;, CO and Ar.
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dol e. Best .Mbde.for Carrying Qut the Invention The followng is an
expl anatlmmfggdmm@ferred enbodi ments of the etching nmethod according to
the present invention, given in reference to the attached draw g 7
First, the structure of an etching apparatus in which the etching’nmethod
according to the present invention may be adopted and is explained in
reference to FIG 1. :

(Table 3)
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v A processing chanber 102 of an etching apparatus 100 is forned
W thi n- anp-gR] bR /Mrpduct i ve processing container 104. In addition, a
maghet 106 capabl e of generating a rotating magnetic field in tf /Phasma
area formed within the processing chanmber 102 surrounds the processing
container 104. Inside the processing chanber 102, an upper el ectrode 108
constituting the ceiling of the processing chanber 102 and a | ower

e 2050 110 460 SRR %S s RO s GRS, B S ofpbdth™ °
hi gh-vol t '?@sﬁ@é‘f ) fdrte§O d r?tsp'i:ﬁc\,‘f(«ﬂg(r’gg“ r&fé?xr-iégé‘ﬁpeghém rode

110 A |ece such as a sem conduct or waf er fter to as a
fwafer") éﬂz‘tached drawings, the present mvention is not limited to these

examples and it will be understood by those skilled in the art that

various changes in form and detail may be made therein without
departing from the spirit, scope and teaching of the invention.
According to the present invention, in which an etching process
is implemented by using a gas containing C:F; that is degraded in a
relatively short period of time in the atmosphere, a contribution is
made toward the prevention of global warming since C;F; does not
induce the greenhouse effect even when it is directly released into the
atmosphere without becoming degraded during the process. In
addition, since O, is added to the processing gas, an etch stop is
prevented, and an etching shape that is almost vertical is attained.
Furthermore, the process can be implemented at a high selection

ratio.

Industrial Applicability

The present invention may be adopted in an etching method,
and, more specifically, in an etching method in which an SiQO, film is
formed at a workpiece placed .within an airtight processing chamber
by raising a processing gas induced into the processing chamber to

plasma.

This Sheet Has Been Replaced
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can be a vacuumhel d onto the nmounting surface on the electrostatic chuck
112. I'n aegeiog0p3a8Ge! evator mechanism (not shown) is connected to the
| ower el ectrode 110 via an el evator shaft 116 to allow the | ower /lﬁ;trode
110 to nove freely along the vertical direction. A focus ring 11

constituted of an insulating materi al |ﬂmmunw “ “uller t he side surface
of the |ower electrode 110. A baffle pl it -0 plurality of

t hrough h stforrIe tk}gie_i nis attached to'the side surface of the focus
ring 118. 8 gﬁf‘?? mrﬂ ® 120 is constituted of a conductive material and
I's grounded via a conductive bellows 121 and the processing contai ner 104.
The | ower electrode 110 is also connected with a high-frequency source 124
capabl e ofl.out An t etchiags pmethod  feweétolfingi gin f SEy cfilty forwaedf at @ asma
generation via a matching, device 122. The, upper el ectrode, 108 havi ng
formed t hevQikpigcedplaged: mside AmAlEdght PIOCERSIAE ERAMRLT DYWERISIRE A space

| nsi de 1 NG Braeasy heNAARTe! (AeS Said FDcBUBRlY PMRERr 125 BRINAYSS @

wherein,;

said processing gas contains at least C,F; and O,.

2. An etching method according to claim 1, wherein;
said SiO, film is formed on an SiNx film formed at said

workpiece.

3. An etching method according to claim 2, wherein;
the flow rate ratio of said C.,F; and said O, is set within the

range of 1 < (flow rate of said C;Fg/flow rate of said O,) < 1.5.

4. An etching method according to claim 1, wherein;
the flow rate ratio of said CsF; and said O, is set within the
range of 1.3 < (flow rate of said C;F;/flow rate of said O,) < 1.625.

5. An etching method according to claim 1, wherein;
the atmosphere pressure within said processing chamber is set

to 45mTorr ~ SOmTorr.
6. An etching method according to claim 1, wherein;
the temperature of the stage on which said workpiece is

mounted is set within the range of 20°C ~ 40°C.

7. An etching method according to claim 1, wherein;

said processing gas further contains an inert gas. This Sheet Has Been R
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showerhead ﬁéﬁicgt ure. Bé assum ng this structure, the processing gas in

this enmbodi m xed gas constituted of (Jerr]F[err], derr] and
Ar-is di scharged evenl y via.the through holes 108a along the direction
8 17/19

8.

An etching method according to claim 7, wherein;
said inert gas is Ar,

-

N 0
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Jn which the.wafer Wextends inside the processing chanber 102 fromthe gas
supply soprEeodd03/SG In addition, the atnosphere inside the processing

‘thanber 102 is discharged froma discharge pipe 128 via the bafiéflglate
7120. The atnosphere pressure inside the processing chanber 102 1s" set as
appropriate by adjusting the quantity of the processing gas descri bed above
supplied into the processing chanber 102 and the quantity of the atnobsphere
Wi t hin thg g£ocq§sing chanber 102 that is discharged fromthe processing
chanber I B_rac -Next, a nethod of forming contact holes in the mnute

'space bet ween Uprbéeciisindunls Sah Al RUITBACIR, [OF iR A AMviHPATIBRL [ ng an

et chi ng process r Wwth the etéh?’ng appar atus 100 descri bed
above is eatelmticdf 1 < C;FF flew rate /@f Aoencate s FI6Q5 i supplied artovat o be

processed is explained. Gates 202 are forpged via an SiJerr] film201 on an
Si (silicoFocesstag r shamber cHpdt pifutanngetphéns/aﬁ@paa\ﬁ%ﬁ&d S ﬂ%ff'm 206

atmosphere pressure is set within a range of 45mTorr ~ SOmTorr.
High-frequency power is applied to a lower electrode 110 sustained
within a temperature range of 20°C ~ 40°C on which a wafer W is
mounted to raise the processing gas to plasma, and using the plasma,
a contact hole 210 is formed at an SiO, film 208 on an SiNx film 206
formed at the wafer W. The use of C;F; and O, makes it possible to
form a contact hole 210 achieving near-perfect verticality at the SiO,
film 208 and also improves the selection ratio of the SiO2 film 208
relative to the SiNx film 206. C.F,, which becomes decomposed over a
short period of time when released into the atmosphere, does not

“induce the greenhouse effect.



N s formed to cover the gates 202. The SiNx film 206 prevents the gates 202
“from becpTElg during the fprmatlon of- contact holes 210 which is to

be detailed |ater so that self-al, s 210 8 hoiiEs bet ween
the gates 202. In addition, a sil] 2 HAG 8

. |mCOI’lStItUtII’i|g/
insulating film e.g., an Si fifl m 20BEPLACEDor nedjon the SiNx filVm 206. It
" is to be noted that an insulatingTTTmconstrtuted of BPSG (silicate glass

consti t G (silicate glass constituted of
phosphor %éﬁ%@#ﬁﬁg s, Qﬁmgﬁ) ne), Th-OX (thermal oxide) or SOG
(spin on glassjpn & 8 for nate | ?%%%%toﬁﬂ%t@b@ Whie0&as beenNext,

t he process.inpl errent ed to formthe contact holes 210 between the gates 202
at t he wedmrplétednby addir ebsing theeppobiems of thef prioncert discGSsedl and 2.

above, is to provide a new and improved etching method that

allows an etching process to be implemented using a gas that

becomes degraded in a relatively short period of time when it is

released into the atmosphere and does not induce the

greenhouse effect while achieving ve_rtical etching of an SiQO, film

and a selection ratio which are comparable to or better than
> | those in the prior art.

In order to achieve the object described above, in the
etching method in a first aspect of the present invention, in
which an 8SiO, film formed at a Workpieéé placed within an
airtight processing chamber is etched by raising a processing gas
induced into the processing chamber to plasma, the processing
gas contains at least C;F; and O,, and the flow rate ratio of C;F,
and O, is set within the range of 1< (CsF; flow rate/ O, flow rate)
< 1.5, as disclosed in claim 1. _

It has been confirmed that CiF; constituting the
processing gas according to the present invention becomes

% degraded in a relatively short period of time in the atmosphere
compared to the CF gasses that are used as processing gases in
the prior art such as CF,, C,F4 and C,F;. Thus, the use of C;F,,
which does not induce the greenhouse effect even when it is
directly released into the atmosphere, will contribute toward
prevention of global warming. _

In addition, since CsF; is relatively rich in carbon
compared to the CF gases such as CF,, C,F, and C,F; mentioned

above, a carbon-containing film that is to constitute a protective

film can be formed with ease at the etching mask, at the
~ [REPLACEMENT SHEET
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9 . First, after 'nounting the wafer Won the lower electrode 110
"Wwith- its 1€ re aintained at 20[err]C ~ 40[err] C, the processing gas
i'n the\erﬁ%@é#/s%., a m xed gaS—consttdt C[err]F!err|, err]
and Aris induced into the process|fgiScSHRbeH d vac i s

I :
i mplemented to sustain the - atnosphere RERABEDt he pk ocessing ch r 102
at a specific level of reduced pressure;-€.0., In a range of

* shoulders of the etching mask pattern or at the inner side walls
of the contact holes. However, if C;F; alone or a mixed gas
constituted of CsF; and Ar is used for the etching process, the
carbon-_containing film remains at the bottoms of the contact
holes to result in a so-called etch stop. Acéordingly, the
processing gas according to the present invention contains O, so
that the quantity of carbon-containing film within the contact
holes can be controlled through the_Oz.to prevent the occurrence
of an etch stop and to achieve control of the contact hole angle.
As a result, compared' to the. prior art, which uses a gé.s ;;sm :
containing C,F, and CO for the etching process, the contact ‘
holes achieving an equal or higher degree of verticality can be
formed.
Furthermore, since the flow rate ratio of CsFy and O, is set
within the range of 1 < (C;F; flow rate /O, flow rate) < 1.5, a high
selection ratio comparable to or better than the selection ratio
achieved by using the processing gas in the prior art is realized.
~ In a second aspect of the present invention there is
provided, an etching method for etching an SiO, film formed at a

workpiece placed inside an airtight processing chamber by

~ raising a processing gas induced into the processing chamber to
plasma, the processing gas contains, at least, C;F; and O, and
the flow rate ratio of C;F; and O, is set within the range of 1.3 <
(CsFg flow rafe /O, flow rate) < 1.625, as disclosed in claim 2.

In addition, by setting the atmosphere pressure inside the
processing chamber to 4SmTorr ~ SOmTorr, setting the
temperature of the stage on which the workpiece is mounted
within the range of 20°C ~ 40°C or adding an inert gas such as Ar
into the processing gas as disclosed in claims 3 ~ 6, fg];__i_t;stance,

a nearly vertical etching shape is achieved. RE.EL..A_CEMFNT SHEET

2 3 I"’\UG ._LL:.;J ;:
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45mT?{r ~ 50mTorr. During this process, the flowrate ratio of CJerr]F[err]
~and ercl] .S .Lhiin the range.Q errl (Clerr]Flerr] flow :

rat e/qer%lrr]ﬂﬁ%?%efgé [err] 1.6 fably, within the range of
1.3 [err] (Clerr]F[err] flow rat , err] 1. 5.Amgngament on, a
rotating magnetic field of 100 Geerss —auss—1's generated i n3/€e plasma
area inside the processing chanber 102 by rotating the magnet 106. Next,

when specific process conditions are achieved, a specific |evel of
hi gh-frequencyImoaethimi gasp&600ofythe t hbresent cirfven tioequamc ye twhinfgor

instance, 13.56 MHz is_applied fromthe high-frequency source 124 to the

| over el B¢t foro eﬁﬁhbﬁgsﬁnasépc\q}]i%éjéﬁgb@&t%t @c&fgﬂﬁm%d’ &4 ower

el ectrodg. 1. . . . ' ' | essi ng
gas i n t RS A A RE B AR R Y, aSSii B Brd R R T
the pl asgas inducé&diegottite proeessing ctan et te plakath entwhich thiexed gas
constituted of Clerr]F[err], Jerr] and Ar, an atnosphere that is rich in

_carbon c8iOpefilmeia fornuest 0o aneSpNaclim formiednaéthrowomlspiece anding to

the processing gas contains, at least, C;F; and O, is provided, as

disclosed in claim 7.
When the SiO, film is formed on an SiNx film formed at the
workpiece as in the third aspec't of invention, the carbon-

containing film covers the exposed surface of the SiNx film to

.

protect it from being etched, there‘by improving the selection
ratio.

Furthermore, it is desirable to set the flow rate ratio of
CsFg and O, within the range of 1 < (C;F, flow rate /O, flow rate)
< 1.5 or 1.3 < (CsF; flow rate/O, flow rate_) < 1.625, to set the
atmosphere pressure within the processing chamber to 45mTorr
~ 50mTorr, to set the temperature of the stage on which the
workpiece is mounted in the ra,n.ge of 20°C ~ 40°C or to add an
inert gas such as Ar to the processing gas, as in the inventions

disclosed in claims 8 ~ 13.

This Sheet Has Been Replaced -
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add a car.bon gas such as ‘CO, and a carbon-containing filmthat is to
‘constitute a protective filmcan be formed reliably at the inner wall
s‘urfacesFa‘PEIt @3AiBSkt holes 210. As a result, the CF (fl uorocarbon) type
radi cal s which are the etchigg .are not allowed to redaendmert Nk film
206 readily. Thus, the Si Nx ¥i ' ed to inprove the4gd ection

ratio. In addition, the cont'p't hREm é eving Lhe desired uniform
shape are formed in the minute '

St jhe
What is claimed is; ) O DR

1. (amended)

An etching method for etching an SiO, film formed at a
workpiece placed inside an airtight processing chamber by
| raising a processing gas induced into said processing chamber to
plasma, wherein; _ '
said processing gas contains at least CsFg-and O,; and
the flow rate ratio of said CsF,; and said O, is set within the

range of 1 < (flow rate of said C;F; /flow rate of said O,) < 1.5.

&

7
o
7

(

i

2. (amended) _

An etching method for etching an _SiOz film formed at a
workpiece placed inside an airtight processing chamber by
raising a processing gas induced into said processing chamber to
plasma, wherein;

said processing gas contains at least C;F; and O,; and

the flow rate ratio of said C.F; and said O, is set within the
range of 1.3 < (flow rate of said CsFy /flow rate of said O,) =<
1.625.

(amended)
An etching method according to claim lor 2, wherein;
the atmosphere pressure within said processing chamber

is set to 45mTorr ~ 50mTorr.

4. (amended)
An etching method according to claim 1 or 2, wherein;

the temperature of a stage on which said workpiece is.

This Sheet Has Been Replaced’ _ - 2.3 AUG 20D ‘ ‘

- mounted is set within the range of 20°C ~ 40°C:
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_gates 202. It is to be notedtha film212, which is to be -
"used- as. an etchln mask, |sforrrll"lm &g!'&m& f|Im208|nthef|gure

Embodi meAtEL9 O03/8%t , enbodi nent's o g nmet hod according to the
pr esent inventlon are expl ained. It is to be noted that sifsendmeent
enbodi ments bel ow were all inpl erferee-bycgpl oyi ng the etchi ng &ifar at us
100 in the enbodi ment descri bed & % bp conditions such as the
conposi tion of the processing gag.,and RERiACRS rates varied as

Meen the gates 202 forned

expl ai ne® bel opaimerdded) t he cont act
at the wafer W the sane reference - . . .
- An etching method according to claim 1 or 2, wherein;

said processing gas further contains an inert gas.

6. (amended) _
An etching method according to claim 5, wherein;

said inert gas is Ar.

7. (amended)
B An etching method for etching an SiO, film formed at a
workpiece placed inside an airtight processing chamber by
raising a processing gas induced into said Processing chamber to
plasma, wherein;
said Si0, film is formed on an SiNx film formed at said
workpiece; and |

said processing gas contains at least C,F; and O,.

8. (amended)
An etching method according to claim 7, wherein;
the flow rate ratio of said 'Cst and said O, is set within the

range of 1 < (flow rate of said C;F; /flow rate of said O,) < 1.5.

9. (added)
An etching method according to claim 7, wherein;
the flow rate ratio of said C;F; and said O, is set within the

range of 1.3 < (flow rate of said CsFg; /flow rate of said O,) <

1.625.
10.  (added) | ..REPLACEMENT SHEE
An etching method according to claim 7, wherein; !
g coraing | m wpoerein QSAUE}WQ
This Sheet Has Been Replaced




_nunbers -are assigned to conponents having roughly identical functions and
"structural _fe o.preclude the necessity for repeated explanation
t'her eof . %#9%@&@ hol e taper angle First, in reference to Table
1, the taper angle of the coniaet=hels 0 expl ai ned. Amendmenihe not ed
that the term "taper angle" rfTHl&SHEETMSaB@Na (theta) formed bp/& side
surface of the SiJerr] film 208 wﬁ&RLﬂCEDcont t hole 210 and .t he upper
surface of the SINX' film 206 STTOW - 4 and FIG 4 when the
Siderr] film 28 aﬁneSpﬂlmi'ebprassugetmtlpimtsmdspsocésd;mgthdmhewg a
specific pattern forrred therein as a mask, as illustrated in FIG 3(a)

pt esent i Hy StV bR TORE amr -which the contact hole 210 is forned,

FL.G 3(b) presenting a sectional view through a plane along line A-Ain
FI-G 3(a) and FIG 3(c) presenting a sectional view through a plane al ong

line B-Biiin Fl fad&@éd) -

An etching method according to claim 7, wherein;

the temperature of a stage on which said Workpiece is

mounted is set within the range of 20°C ~ 40°C.

12.  (added)

An etching method according to claim 7, wherein;

e
£
B
)

P e
&

said processing gas further contains an inert gas.

13. (added)
An etching method according to claim 12, wherein;

said inert gas is Ar.

A

Sheet Has Been Replaced
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Substitute sheet — 27 November 2000

_ 1. REPLACEMENT SHEETS SG
Specification O Description : paged Q.1 to paged 3.
_ 0 Claim(s) :paged 18. to paged 1.
Etching Method O Drawing(s) : paged .. to paged ..™.
0O Abstract  : paged 2\ to paged .7..

The present invention relates to an etching method.

Background Art

To keep pace w1th the great improvements made with respect to
the degree of integration of semiconductor devices in recent years,
miniaturization of various elements formed on semiconductor
substrates has become one of the crucial technical réquirements. In
order to meet this requirement, the distances between the individual
gates (electrodes) formed on a semiconductor substrate must be
reduced. If contact holes are formed between the gates, the contact
holes, too, must be miniaturized. However, as the distances between
the gates become increasing small, the difficulty in forming ever
smaller contact holes at accurate positions increases, due to the limits
of the alignment pérformance of the stepper and the like. Accordingly,
a self-aligning contact technology, whereby self-aligned' contact holes
are formed within the minute space between individual gates by
forming a protective film (base) constituted of, for instance, an SiNx
film (silicon nitride film) at the surfaces of the gates and thereby
preventing the gates from becoming etched during the contact hole
formation, has been proposed of late.

For the etching process implemented to form the contact holes
and, more specifically, during the etching process implemented to
form contact holes passing through the insulating film covering the
individual gates and constituted of, for instance, an SiO, film (silicon
oxide film) between the gates, a mixed gas constituted by adding CO

to C,F,, for instance, is used as the processing gas. The processing

REPLACEM=7 SHEET
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The results presented in Table 1 were achi eved by form ng contact holes 210
at- the' SiO2 film 208 under various etching conditions corresponding to
enbedi ment 1 ~ enbodi nent 9 and conparison exanple 1 listed in Table 1.

Substitute sheet ~ 27 November 2000

gas constituted by adding CO to C,F, provides advantages in that an
almost vertical etching shape is achieved and in that. the selection
ratio of the SiO, film to the SiNx film (SiO, film etching rate /SiNx film
etching rate) (hereafter referred to as the "selection ratio”) is improved.

However, if C,F;, which is not readily degraded in the
atmosphere, is directly released into the atmosphere without having
been dissociated during the processing, it becomes a greenhouse
effect indlicing gas to hasten the process of global warming.

For instance, it has been reported that the life of C,F, in the
atmosphere is 3200 years (Climate Change 1995, the Current Status
and Measures Taken with Respect to the PFC Problem At
Semiconductor Mass Producing Plants ), whereas the life of C;Fg in the

atmosphere is only one year.

REPLACEMENT SHEET
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shapes of the contact holes 210 forned
t hr ough et chi ng Nt ed using processi ng gasses constituted
of CJerr]Ferr] . descri bed above and the shape of a

contact hole repujting froman etiching proce I npl L

processi ng gas d"“&i?1 qeyr]Fler ”Es g Seet — Uit 0 is

expl ai ned by usi{ng a rel ati onald ekpression; c =a- (2b/tan theta)...
(1), which exprqsses the relation$hip that the taper angle (theta) has with
"a" representing_t | = of—t he upper portion of the contact hole 210

(hereafter referred to as the "etching dianeter"”), "b" representing the

depth (hei gDISCLOSETREORCTER INVENTIONafter referred to as the
"etching filmthickness") and "c" representing the dianeter_ of the |ower

portion of the cofpacobjette ofiothecnugsent rEleeRE®Ro WaiCHe hasntheen
di ") i FI.G . As ' th h ' '
o enent o SRRISSR Py adAr S STEHER RihiERTs B LR Gl S sa5

0.25[err] m #9dvtNgs to provide a new and improved etching method that

Now, the difference bet weer

allows an etching process to be implemented using a gas that
becomes degraded in a relatively short period of time when it is
released into the atmosphei'e- and does. not induce the
greenhouse effect while achieving vertical etching of an SiO, filmr
and a selection ratio which aré comparable to or bétter than
those in the prior art.

In order to achieve the object described above, in the
etching method in a first aspect of the present invention, in
which an SiO, film formed at a workpiece placed within an
airtight processing chamber is etched by raising a processing gas
induced into the processing chamber to plasma, the processing
gas'contains at least C;F, and O,, and the flow rate ratio of C,F,
and O, is set within the range of 1s (CsF, flow rate/ O, flow rate)
< 1.5,

It has been confirmed that CgF, constituting the
processing gas according to the present invention becomes
degraded in a relatively short period of time in the atmosphere
compared to the CF gasses that are used as processing gases in
the prior art such as CF,, C,F, and C,F,. Thus, the use of C,F,,
which does not induce the greenhouse effect even when it is
directly released into the atmosphere, will contribute toward
prevention of global watming.

In addition, since C F, is relatively rich in carbon
compared to the CF gases such as CF,, C,F, and C,F, mentioned
above, a carbon-containing film that is to constitute a protective

film can be formed with ease at the etching mask, at the



etching filmthickness (b) at 1.5[err]m the contact dianeter "c" for the
conpari son exanple 1 is calculated to be 0.056[err]mand the average
contact dianeter for enbodinent 1 - enbodinment 9 is calculated to be

abover i 1h 86. 3[err] for Gompari con expabpeitgafizet ;27 REGEREEEZ0ED
for enbodinment 1 - enbodinment 9 respectively. Using these results, the area
ratio of the average bottom area of the contact hole 210 anong the
enbodi nent s sara Idee sas £ahef etdieimpmhask palteePiOon atttiee enmear §5be vexHspl e
I's calculated to be; (0.103/0.056)[err] =_3. 38. )
of the contact holes. However, if C;F; alone or a mixed gas
constituted of CsFg and Ar is used for the etching process, the
carbon-containing film remains at the bottoms of the contact
holes to result in a so-called etch stop; Accordingly,' the
processing gas according to the present invention contains O, so
that the quantity of carbon-containing film within the contact
holes can be controlled through the O, to prevent the occurrence
of an etch stop and to achieve control of the contact hole angle.
As a result, compared to the prior art, which uses a gas
containing C,F; and CO for the etching process, the contact
holes achieving an equal or higher degree of' verticality can be
formed.

Furthermore, since the flow rate ratio of C;Fg and O, is set
within the range of 1 < (CsFs flow rate /O, flow rate) < 1.5, a high
selection ratio comparable to or better than the selection ratio

. achieved by using the processing gas in the prior art is realized.

In a second aspect of the present invention there is
provided, an etching method for etching an SiO, film formed at a
workpiece placed inside an airtight processing chamber by
raising a processing gas induced into the processing chamber to
plasma, the processing gas contains, at least, CsF; and O, and
the flow rate ratio of CsFs and O, is set within the range of 1.3 <
(CsFg flow rate /O, flow rate) < 1.625.

In addition, by setting the atmosphere pressure inside the
processing chamber to 45SmTorr ~ SOmTorr, setting the
temperature of the stage on which the workpiece is mounted

within the range of 20°C ~ 40°C or adding an inert gas such as Ar

into the processing gas, TACEMENT SHEET

? 8 \!Q\l could

a nearly vertical etching shape is achieved.




13 Thus, only by changing the taper angle (theta) by as little as
0.9[err], the area at the bottom of the contact hole 210 increases by as
much as 3.38 tinmes the bottomarea in the prior art, to greatly contribute
to a reduction in the contact resistance . | N, adgdy i QRm i ng
the flowrate ratio of (Jerr]F[err] and L S 44 L (?3
[err] ((Jerr]F[err] flowrate/(err] flowrate) [err] 1.625, setting the
at mosphere pressure within the processing chanpber 102 to 45 niorr -~
50mTorr and setting the tenperature of the |ower electrode 110 within the
range of 20[err]C ~ 40[err]C as indicated in Table. 1, the taper

In a third aspect of the present invention, an etching method for
- etching an SiO2 film formed at a workpiece placed inside an airtight
processi;ig chamber by xjé.ising a processing gas induced into the
processing chamber to plasma, in which the SiO2 film is formed on an
SiNx film foﬁned at the workpiece and the processing gas contains, at
least, CsFg and Oz is provided, and wherein the flow rate ratio of CsFs and
O2 is set within the range of 1 < (flow rate of CsFg/flow rate of O3) £ 1.625,

When the SiOz film is formed on an SiNx film formed at the
workpiece as in the third aspect of invention, the carbon-containing film
covers the exposed surface of the SiNx film to protect it from being etched,
thereby improving the selection ratio.

Furthermore, it is desirable to set the flow réte ratio of CsFs and O,
within the range of 1.3 < (CsFs flow rate/O2 flow rate) < 1.5, to set the
atmosphere pressure within the processing chamber to 45mTorr ~ 50
mTorr, to set the temperature of the stage on which the workpiece is
mounted in the range of 20°C ~ 40°C or to add an inert gas such as Ar to

the processing gas.

et
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angle (theta) is increased conpared to that achieved by using the

processing gas in the prior art. (B) Selection ratio Next, the
selectionratio is explained in reference to Table 2. 14 (Tabl e
2) Substitute shest — 27 November 2000

. .

Brief Description of the Drawings
FIG. 1 is a schematic sectional view of an etching appararus
that may adopt the present invention; _

| FIG. 2 is | a schematic sectional view in an enlargement,
illustrating a wafer processed by using the etching apparatus shown
in FIG. 1;

_ FIG. 3 schematically illustrates a. wafer processed in
embodiments of the present invention and in comparative examples
from the prior art; and _ _ _ .

_ FIG. 4 schematically illustrates the taper angle of the contact
hole.

Best Mode for Carfying Out the Invention

The following is an explanation of the preferred embodiments of
the etching method according to the present invention, given in
reference to the attached drawings. '

First, the structure of an etching apparatus in which the
etching method according to the present invention may be adopted

and is explained in reference to FIG. 1.
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A processing chamber 102 of an etching apparatus 100 is
formed within an airtight conductive proceséing container 104. In
addiﬁon, a magnet 106 capable of generating a rotating magnetic field
in the plasma area formed .within the processing chamber 102 °
surrounds the processing container 104. Inside the processing
chamber 102, an upper e_lectrodé 108 constituting the ceiling of the
processing chamber 102 and a lower electrode 110 facing opposite the
upper electrode 108 and constituting a susceptor are formed.

An electrostatic chuck 112, to which a high-voltage DC source
114 is connected is provided on the lower electrode 110. A workpiece
such as a semiconductor wafer (hereafter referred to as a "wafer") W
can be a vacuum-held onto the mounting surface on the electrostatic
chuck 112. In addition, an elevator mechanism (not shown) is
connected to the lower electrode 110 via an elevator shaft 116 to allow
the lower electrode 110 to move freely along the vertical direction. A
focus ring 118 cohstituted of an insulating material is provided to
cover the side surface of the lower electrode 110. A baffle plate 120
having a plurality of through holes formed therein is attached to the
side surface of the focus ring 118. The baffle plate 120 is constituted
of a conductive material and is grounded via a conductive bellows 121
and the processing container 104. The lower electrode 110 is also
connected with a high-frequency source 124 capable of outputting a
specific level of high-frequency power for plasma generation via a
matching device 122. _ |

The upper electrode 108 having formed therein numerous
through holes 108a communicating between the space inside the
processing chamber 102 and a gas supply source 126 achieves a
showerhead structure. By assuming this structure, the processing
gas in this embodiment, e.g., a mixed gas constituted of CsFe, O, and
Ar is discharged evenly via the through holes 108a élong the direction



wer e achieved by form ng contact holes 210

The results presented in Tabl _
W eravra ; arious etching conditi-ons corresponding to

at the Siqerr . .
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the gas supply source 126.

In addition, the atmosphere inside the processing chamber 102
is discharged from a discharge pipe 128 via the baffle plate 120. The
atrnosphere pressure inside the processing chamber 102 is set as
appropriate by adjusting the quantity of the processing gas described
above supplied into the processing chamber 102 and the quantity of
the atmosphere within the processing chamber 102 that is discharged
from the processing chamber 102. _

Next, a method of forming contact holes in the minute space
between the individual gates formed on the wafer W by implementing
an etching process on the wafer W with the etching apparatus 100
described above is explained.

First, in reference to FIG. 2, the wafer W to be processed is
explained. Gates 202 are forined via an SiO, film 201 on an Si
(silicon) substrate 200 constituting the wafer W, and an SiNx film 206
is formed to cover the gates 202. The SiNx film 206 prevents the gates
202 from becoming etched during the formation of contact holes 210
which is to be detailed later so that self-aligned contact holes 210 are
formed between the gates 202. In addition, a silicon type oxide film
constituting an insulating film, e.g., an SiO, film 208, is formed on the
SiNx film 206. It is to be noted that an insulating film constituted of
BPSG (silicate glass constituted of boron and phosphorousj), PSG
(silicate glass constituted of phosphorus), TEOS (tetra-ethoxy
orthosilane), Th-OX (thermal oxide) or SOG (spin on glass], may be
formed instead of the SiO, film 208.

Next, the process implemented to form the contact holes 210
between the gates 202 at the wafer W mentioned above is explained in
reference to FIGS. 1 and 2.
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First, after mounting the wafer W on the lower electrode 110
with its temperature maintained at 20°C ~ 40°C, the pr_oqessing gas in
the embodiment, e.g., a mixedigas constituted of C;F;, O, and Ar is
induced into the processing chamber 102 and vacuum drawing is
implemented to sustain the - atmosphere inside the processing
chamber 102 at a specific level of reduced pressure, e.g., in a range of
45mTorr ~ 50mTorr. During this process, the flow rate ratio of CsF,
and O, is set within the range of 1 s (C,F, flow rate/O, flow rate) <
1.625 and, more desirably, within the range of 1.3 s (CsF, flow rate/O,
flow rate) < 1.5. In addition, a rotating magnetic field of 100 Gauss ~
200 Gauss is generated in the plasma area inside the processing
chamber 102 by rotating the magnet 106. Next, when. specific process
conditions are échieved, a specific level of high-frequency power, e.g.,
1500 W, with a specific frequency of, for instance, 13.56 MHz is
applied from the high-frequency source 124 to the lower electrode 110
to-cause a glow discharge to occur between the lower electrode 110
and the upper electrode 108. This dissociates the processing gas in
the embodiment supplied into the processing chamber 102 to excite
the plasma.

Since the processing gas in the embodiment is a mixed gas
constituted of CsFy, O, and Ar, an atmosphere that is rich in carbon
can be created inside the processing chamber 102 without having to
add a carbon gas such as CO, and a carbon-containing film that is to
constitute a protective film can be formed reliably at the inner wall
surfaces of the contact holes 210. As a result, the CF (fluérocarbon)
type radicals which are the etching seed, are not allowed to reach the
SiNx film 206 readily. Thus, the SiNx film 206 is protected to improve
the selection ratio. In addition, the contact holes 210 achieving the

desired uniform shape are formed in the minute space between the
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gates 202. It is to be noted that a photoresist film 212, which is to be
used as an etching mask, is formed on the SiO, film 208 in the figure.

Embodiments _
Next, embodiments of the etching method according to the

present invention are explained. It is to be noted that since the
embodiments below were all implemented by employing the etching
apparatus 100 in the embodiment described above with specific
conditions such as the composition of the processing gas and the gas
flow rates varied as explained below to form the contact holes 210
between the gates 202 formed at the wafer W, the same reference
numbers are assigned to components having roughly identical
functions and structural features -to preclude the necessity for
repeated explanation thereof.
{A)  Contact hole taper angle

First, in reference to Table 1, the taper angle of the contact
holes 210 is explained. It is to be noted that the term “taper angle”
refers to the angle (theta) formed by a side surface of the SiO, film 208
inside a contact hole 210 and the upper surface of the SiNx film 206
shown in FIG. 3(c) and FIG. 4 when the SiO, film 208 is etched by
using the photoresist film 212 having a specific pattern formed
therein as a mask, as illustrated in FIG. 3(a) presenting a view of the
area over which the contact hole 210 1s formed, FIG. 3(b) presenting a
sectional view through a plane along line A-A in FIG. 3(a) and FIG.
3(c) presenting a sectional view through a plane along line B-B in FIG.
3(a).
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v e npl enented at a high selection ratio.
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The results presented in Table 1 were achieved by forming
contact holes 210 at the SiO, film 208 under various etching
conditions corresponding to embodiment 1 ~ embodiment 9 and
companson example 1 listed in Table 1.

Now, the difference between the shapes of the contact holes
210 formed through etching processes implemented using processing
gasses constituted of C;Fg, O, and Ar as described above and the
shape of a contact hole resulting from an etching procéss
implemented using the processing gas constituted of C,F;, CO and Ar
in the prior art is explained by using a relational expression;

¢ = a - (2b/tan theta)... (1),
which expresses the relationship that the taper angle (theta) has with
“a” represent_ing the diameter of the upper portion of the contact holé
210 (hereafter referred to as the "etching diameter”), “b” representing
the depth (height) of the contact hole 210 (hereafter referred to as the
"etching film thickness”) and “c” representing the diameter of the
lower portion of the contact hole 210 (hereafter referred to as the
"contact diameter”) in FiG. 4. _

Assuming that the etching process is implemented through
ultra-fine machining with the etching diameter (a) at 0.25um and the
etching film thickness (b) at 1.5um, the contact diameter “c” for the
comparison example 1 is calculated to be 0.056um and the average
contact diameter for embodiment 1 ~ embodiment 9 is calculated to
be 0.103um by substituting the taper angle (theta) in expression (1)
above, with 86.3° for comparison example 1 with the average 87.2° for
embodiment 1 ~ embodiment 9 respectively. Using these results, the
area ratio of the average bottom area of the contact hole 210 among
the embodiments and the area of the contact hole 210 in the
comparison example is calculated to be;

© (0.103/0.056)* = 3.38.



- 18- " What is clainmed is; 1. An' et ching nethod for etching an
SJerr] filmfornmed at a workpi ece pl aced inside an airtight
processing chamber by raising a processing gas 5 induced into said

processi ng chanber to plasma, wherein; ) ai d essi n '
contains at least Clerr]Flerr] and J err.Bub te sheet - 27 (igydinby. 7 0_
ratio of said Cerr]F[err] and said Jerr]. is set wthin the range of. 1
[err] (flowrate of said (Jerr]F[err]/Jerr]) [err] 1.5. '

Thus, only by changing the taper angle (theta) by as little as 0.9°, the
area at the bottom of the contact hole 210 increases by as much as .
3.38 times the bottom area in the prior art, to greatly _cc-)ntribute to a
reduction in the contact resistance. .

In addition, by setting the flow rate ratio of C;F, and O, within
the range of 1.3 s (CsF; flow rate/O, flow rate) < 1.625, setting the
atmosphére pressure within the processing chamber 102 to 45 mTorr
~ S0mTorr and setting the temperature of the lower electrode 110
within the range of 20°C ~ 40°C as indicated in Table 1, the taper
angle (theta) is increased compared to tﬁat achieved by using the
processing gas in the prior art.

(B)  Selection ratio
Next, the selection ratio is explained in reference to Table 2.
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set within the range of 20[err]C ~ 40[err]C 25 5. An et chi ng et hod

according to claim1l or 2, wherein; sai d processing gas further
contains an inert gas. 6. An et ching method according to claimS5,
wher el n; said inert gas i's Ar- giftinute sheet — 27 November 2000
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The results presented in Table 2 were achieved by forming
contact holes 210 at the SiO, film 208 under various etching
conditions corresponding to embodiment 10 ~ embodiment 15 and
comparison example 2 listed in Table 2. By performing the etching
process using a processing gas containing C;F, and O, with a flow rate
ratio of C;Fy and O, set within the range of 1 s (C;F; flow rate/O, flow
rate} < 1.5 as indicated in the table, a selection ratio that is
comparable to or better 'tha.n that achieved in the etching process
implemented by using the processing gas of the prior art constituted
of C,Fg, CO and Ar is achieved.

It is to be noted that the results presented in Table 3 were
achieved in embodiment 16 ~ embodiment 19 implemented by using
processing gasses constituted of CsFg, CO and Ar.
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-19- 7. An etching nethod for etching an SiJerr] filmforned at a
wor kpt ece pl aced inside an airtight processing chanber by raising a
processi ng gas i nduced into said processing chanber to plasma, whereinh;
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Jerr]2) [err] 1.625.
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.
g‘égo ot b)) <
R ©
k':xo'a' S| o=
SZ g - T
= A
4]
L
v
5385
2850 S|IS|F(F
28a
< 8
[3)
=)
BA
3; (V] w0 w0 [ Te]
ox —— y— w— —
QV
v
-T+]
I i
S s3g 30 b
2augfe |S|F|F|F
EE"g5E
o Q.
2 - 1g2lg8|s!8
= = RN R
@
a g
%o oclololo
W& Q
g o
«
g = -
o =, W | |w |
5 S
bt
a
8
. £ |elz|=le REPLACRIVENT SHEET
& 2
g s ?8”0\!55100
9 o




10 8. An etching nethod according to claim?7, wherein; the flow
rate ratio of said (Jerr]F[err] and said Jerr] is set within the range of
1.3 [err] (flowrate of said CsFs/flowrate of said JQerr]) [err] 1.5.

9. An et ching method according to clai Z) .wher ien'_ overr{ﬁ%? 00
at nosphere pressure within said processi %MM orr ~

50nmTorr. 10. An etching nmethod attording to claim 7, wherein;
the tenperature of a stage on which said workpiece is nounted is 20 set
within the range of 20[err]C ~ 40[err]C 11. An etching nethod

according to claim?7, wherein,;

While the invention has been particularly shown and described
with respect to preferred embodiments thereof by referring to the
attached drawings, the present invention is not limited to these
examples and it will be understood by those skilled in the art that
various changes in form and detail may be made therein without
departing from the spirit, scope and teaching of the invention.

According to the present invention, in which an etching process
is implemented by using a gas containing C.,F; that is degraded in a
relatively short period of time in the atmosphere, a comributjon is
made toward the prevention of global warming since C;Fg does not
induce the greenhouse effect even when it is directly released into the
atmosphere without becoming degraded during the process. In
addition, since O, is added to the processing gas, an etch stop is
prevented, and an etching shape that is almost vertical is attained.
Furthermore, the process can be implemented at a high selection

ratio.

Industrial Applicability

The present invention may be adopted in an etching method,
and, more specifically, in an etching method in which an SiO, film is
formed at a workpiece placed within an a1rt.1ght processing chamber
by raising a processing gas induced into the processing chamber to

plasma.
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sai d processing gas further contains an inert gas. 25 12. An etching
met hod according to claim 11, wherein; said inert gas is Ar.
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What is claimed it RO 0

1. An etching method for etching an SiOz film formed at a workpiece

placed inside an airtight processing chamber by raising a processing gas
induced into said processing chamber to plasma, wherein;

said processing gas contains at least CsFg and Oz; and

the flow rate ratio of said CsFs and said O2 is set within the range of
1 £ (flow rate of said CsFg/Oz) < 1.5. |

2. An etching method for etching an SiO film formed at a workpiece
placed inside an airtight processing chamber by raising a processing gas
induced into said processing chamber to plasma, wherein;
| said processing gas contains at least CsFs and O32; and

the flow rate ratio of said CsFs and said Oz is set within the range of

1.3 < (flow rate of said CsFg/flow rate of said Og) < 1.625.

3. An etching method according to claim 1 or 2, wherein;
" the atmosphere pressure within said processing chamber is set to
45mTorr ~ SOmTorr.

4, An etching method according to claim 1 or 2, wherein;
the temperature of a stage on which said workpiece is mounted is
set within the range of 20°C ~ 40°C.

5.  An etching method according to claim 1 or 2, wherein;

said procéssing gas further contains an inert gas.

6. An etching method according to claim 5, wherein;

said inert gas is Ar. -

¢
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7. An etching method for etching an SiO2 film formed at a workpiece

placed inside an airtight processing chamber by raising a processing gas

induced into said processing chamber to plasma, wherein;
said SiO2 film is formed on an SiNx film formed at said workpiece;
and
said processing gas contains at least CsFg and O2; and
‘wherein the flow rate of said CsFs and said Oz is set within the

range of 1 < (flow rate of said CsFs/flow rate of said O2) < 1.625.

8. An etching method according to claim 7, wherein;
the flow rate ratio of said CsFg and said Oz is set within the range of
1.3 < (flow rate of said CsFs/flow rate of said O2) < 1.5.

9.  An etching method according to claim 7, wherein;
the atmosphere pressure within said processing chamber is set to
45mTorr ~ 50mTorr.

10. An etching method according to claim 7, wherein;
the temperature of a stage on which said workpiece is mounted is
set within the range of 20°C ~ 40°C.

11.  An etching method according to claim 7, wherein;

said processing gas further contains an inert gas.

12. An etching method according to claim 11, ﬁrherein;
‘said inert gas is Ar.
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Abstract

Etching Method

A processing gas constituted of C;F,, O, and Ar achieving a flow
rate ratio of 1 s C;F, flow rate )02 flow rate < 1.625 is supplied into a
processing chamber 102 of an etching apparatus 100 and the
atmosphere pressure is set within a range of 45mTorr ~ 50mTorr.
High-frequency power is applied to a lower electrode 110 sustained
within a 'temperature range of 20°C ~ 40°C on which a wafer W is
mounted to raise the processing gas to plasma, and using the plasma,
a contact hole 210 is formed at an SiO, film 208 on an SiNx film 206
formed at the wafer W. The use of C;F; and O, makes it possible to
form'a contact hble 210 achieving near-perfect. verticality at the Si0,
film 208. and also improves the selection ratio of the SiO2 film 208
relativé to the SiNx film 206. C;F,, which becomes decomposed over a
short period of time when released into the atmosphere, does not

induce the greenhouse effect.




