METHOD OF FORM NG CONNECTI ON HOLE BACKGROUND OF THE | NVENTI ON ?@§($éﬁ £ent
i nvention relates to a nethod of form ng a connection hole, mA ' ?ﬁﬁg
applied to the field of a fine device processing in manufacture 8f' ¢
senrconduct or devices and the like, and particularly to a nethoﬂ é@yggsfﬁ@'
.ensuring a sufficient etching selection,ratio in a self-aligned contact

- pr-ocess using an etching stopper film Fn a manufacturing process for

sen conduct or devices to which a design rule since the level of 0.3 [err]m
is applied, there occurs a problemthat a design size (= hole dianmeter +
design al l owance) of a connection hol e becones excessively |arge when the
desi gn al l owance of the connection hole is determ ned in consideration of a

variation in alignment wMETHOD QFeFORMING CANNECTEN HYeE variation in

alignnment is due to shortage of an aligning performance of a reduction.
profile exposure systemused for |ithography. Such a variation is a factor
particularly difficult in scale-down anong various scaling factors included
i n sem conducBRAFKGROUND QR Mg INVENEIOVs, and it is often regarded as the
factor exerting an effect on the limtation of the exposure technique nore
t han t he The present invention relates to a method of

forming a connection hole, which is applied to the field of

a fine device processing in manufacture of semiconductor

devices and thellike, and partiéularly'to a method of

easily ensuring a sufficient etching selection ratio in a

self-aligned contact process using an etching stopper film.

In a manufacturing process for semiconductor

devices to which a design rule since the level of 0.3 um

is applied, there occurs a problem that a design size (=

hole diameter + design allowance) of a connection hole

becomes excessively large when the design allowance of the

connection hole is determined in consideration of a

variation in alignment with a lower interconnection. The

variation in alignment is due to shortage of an aligning'

performance of a reduction profile exposure system used for

lithography. Such a variation is a factor particularly

difficult in scale-down among various scaling factors

included in semiconductor manufacturing processes, and it

is often regarded as the factor exerting an effect on the

limitation of the exposure technique more than the



2 resolution. In view of the foregoing, various kinds of self- aligned
contact (SAC) processes capable of elimnating a design allowance for

al i gnnent on a phot omask have been proposed. In particular, a process using
a stlicon nitride (SIiN) filmas an etching stopper filmhas been nostly
examned in terns of an advantage in that an additional exposure process is
not required. This process will be described with reference to Fig. 11.

Fig. 11 shows a state in which a contact hole for bringing an upper

i nterconnection (bit line) in contact with a substrate between adjacent
gate electrodes (word lines) is partially opened in an SRAM nenory. The
steps until the Statiepshown in Fig. 11 is obtained will be briefly
described. Gate electrodes 83 (poly Si/Wsi x) are forned through a thermal

oxi di zed gate oxide fy %%I% bF The" Eble§Bihde vAE{AGE Binds Y1 292~

substrate 81 (Si) préviously :
aligned contact (SAC) processes capable of eliminating a
design allowance for alignment on a photomask have been
proposed. In particular, a process using a silicon nitride
(SiN) film as an etching stopper film has been mostly
examined in'térms of an advantage in that an additional
exposure process is not required. |

This process will be described with reference to
Fig. 11.

Fig. 11 shows a state in which a contact hole for
bringing an upper-interconnection_(bit line) in contact
with a substrate between adjacent gate electrodes (word
lines) is partially opened in an SRAM memory. The steps
until the state shown in Fig. 11 is obtained will be
briefly described. Gate electrodes 83 (poly Si/WSix) are
formed through a thermal oxidized gate oxide film 82 (SiO;)
on thé surface of a silicon substrate 81 (Si) previously
processed in well formation and element isolation. An
upper surface and side surfaces of each gate electrode 83
are respectively covered with an offset oxide film 84
(8i0x) and a side wall 85 (SiOx). Source/drain regions 86

having an LDD structure are formed in surface layer



processed in well formation and el enent isol ati on. An upper surface and
side sTUrfaces of each gate el ectrode 83 are respectively covered with an

of fset oxide film84 (SiOx) and a side wall 85 (Si Ox). Source/drain regions
86 Raving an LDD structure are formed in surface |ayer 3 portions of the
silicon substrate 81 in self-alignment asith the gate el ectrode 83 and the
side wall 85. A SiN etching stopper film87 is forned on the entire surface
of such a substrate in a conformal manner, and a SiOx interlayer insulating
filma88 is deposited thereon and is substantially surface-planarized. A
resist pattern 89 (PR) is fornmed on the SiOx interlayer insulating film 88
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| arger than erconnecti on space tween the adjacent gate el ectrodes
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selective ratio to t%?51hNetching stopper -£film 87 is formed on the
entire surface bf such a substrate in a conformal manner,
and a SiOx interlayer insulating film 88 is deposited
thereon and is substantialiy surface-planarized. A resist
pattern 89 (PR) is formed on the SiOx interlayer insulating
film 88 by photolithography. The opening of the resist .
pattern 89 is sufficiently larger than an interconnection
space between the adjacen£ gate electrodes 83.

The SiOx interlayer insulating film 88 is then dry-
etched using the resist pattern 89 as a mask in a condition
capable of ensuring a sufficient selective ratio to the SiN
etching stopper film 87. Here, the etching characteristic
of the SiN fi;ﬁ will be compared with that of the SiOx
film. 'Bbth the films are not different so much in energy
of chemical anding of crystal 1atticés, and they use the
basically common species. Moreover, the etching rate by F*
(fluorine radiéal) is slightly larger in the underlying SiN
film. For this reason, it has been regarded that highly
selective etching of the SiOx film on the SiN film is

extremely difficult. In recent years, however, so-called

high density plasma sources capable of achieving an ion



etchiqg stopper film87. Here, the etching characteristic of the SINfilm
wll be conpared with that of the SiOx film Both the filns are not
different so much in energy of chenical bonding of crystal lattices, and
they use the basically commobn species. Mreover, the etching rate by F*
~(fluorine radical) is slightly larger i the underlying SINfilm For this
reason, it has been regarded that highly selective etching of the SiOx film
on the SINfilmis extrenely difficult. In recent years, however, so-called
hi gh density plasma sources capabl e of achieving an ion 4 current
density of 5 mAcnferr] or nore, such as an ECR plasma, induction coupling

pl asma (1 CP) and hel i.con.wave.pka i variously _Rpr S d the
aboxe thhLyS@gfg %iggngﬁgaiﬁa %fﬁgﬁ%pgfgkgﬁﬁgﬂl%&gﬂbéénagegégrﬁgﬁsﬁgfng
such a hig ensi | asma.squrce, Specifically,, the ab v%,dr h&hing S
per f or med usi%‘?gug%'f)gs ﬁ‘&u_&l_lggf Pgﬁ?rﬁgaf%‘to%) b‘é%%aheglefscc’%g“’at e sgg ection
ratto ls ensy e Ben®hatibully proposdi? 858 {ASaniE h Ry on the

selective etching of the SiOx film has been performed using

such a high density plasma source. Specifically, the above
dry etching is performed using a plasma of a fluorocarbon
based gas and the selection ratio is ensured by depositiné
a fluoroca;bon (FC) based polyﬁer on the surface of the
underlying layer so as to form a FC based protective film
91. The reduction in etching rate due to deposition of the
"FC protective film is compensated by production of a large
amount of an etching species in the high density plasma.

In the case where the.etching selection ratio in
the above dry etching is sufficiently large, the etching of
the SiOx interlayer insulating film 88 is rapidly reduced
in its etching rate when reaching the SiN etching stopper
film 87, so that the erosion of the offset oxide film 84
and the side wall 85 is prevented: Fig. 11 shows the state
in which the above steps are completed. After that, the
SiN etching stopper film 87 is selectively etched in an
etching condition switched for the SiN filﬁ, to qomplete a
contact hole 90. -

However, if the dry etching for the SiOx interlayer



underlyjng layer so as to forma FC based protective film91. The reduction
in etching rate due to deposition of the FC protective filmis conpensated

by production of a Iarge amount of an etching species in the high density
In the case where the etching selection ratio in the above dry

pl asna.

etching is sufficiently large, the etchigg of the SiOx interlayer _
insulating film88 is rapidly reduced in its etching rate when reaching the

Si N etching stopper film 87,

so.that the erosion of the offset oxide film

84 and the side wall 85 is prevented. Fig. 11 shows the state in which the

above steps are conpleted. After that, f _ _ _
sel ectively efgherht ThqAreiGintBena sCcapdithblly Spetdvated Orid e Syl i1 m to

conplete a contact hol'e 90. However, if the dry etching for the Si Ox

i nterl ayer
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difficult to desirably performthée subsequent dry etthing for the SI'N
etching stoppgsr FiddNPHiflt Ay TREpbpe2Se$1ma7, and in most cases, an

etching residue 87r remains on the bottom surface of the
contact hole 90. This is because the FC based protective
film 91 deposited on the surface of the SiN etching stopper
film 87 has a resisfance against etching and it functions
as a non-uniform etching mask. Such an insulating etching
residue 87r reduces an effecti#e contact area and causes a
rise in contact resistance orla contact failure, and
accordingly it mﬁst be removed before forma£ion of an upper
interconnection.

To solve such a problem, there may be considered a
method of physically removing the FC based protéctive film
91 by increasing the ion-sputtefifunction upon dry etching
of the SiN etching stopper film 87 or removing the etching
residue 87r by éxcessiveléver-étching. . Such a method,
however, is disadvantageous in that the offset SiOx film 84

and the side wall 85 are eroded as shown in Fig. 13, to

' cause a fear that the gate electrode 83 is partially

exposed in the contact hole 90. When the contact hole 90
is covered with an upper interconnection 92 (Al) in such a

state, the upper interconnection 92 is short-circuited with

the SiN etching stopper film87 is



etching residue 87r remains on the bottom surface of the contact hole 90.
This i8S because the FC based protective film91l deposited on the surface of
the SiN etching stopper film87 has a resistance against etching and it
funcétions as a non-uniform etching mask. Such an insul ating etching residue
87r reduces an effective contact area aqp causes a rise in contact

resi stance or a contact failure, and accordingly it nust be renoved before
formati on of an upper interconnection. To solve such a problem there nmay
be considered a nethod of physically renoving the FC based protective film
91 by increasing the ion-sputter function upon dry etching of the Si N

et ching stopper. film87 ar _remoyiLng t chi ng. resjidue 87r by excessive

gyg;-ftfhigggsgggﬁ:g ﬁé?ﬁ&&?gﬁoggvg?,gﬁg %i£%3€%%126€0u5 in that the offset
| ilm84 and the_si wal 5.are e e Q3 N _Fl G cause
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degrades the reliability of the process that the FC based
protective film having a high resistance against etching
and neceséary for ensuring a high selection ratio to the
SiN film cannot be sufficiently removed in the subsequent

process.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a
method of forming a connection hole, which is capable of
realizing a SAC process having a high reliability.
To'achievg the above object, according to the
present inventioh; there is provided a method of forming a
connection hole, including the steps of laminating an
etching stopper film made of a SiN bésed material (
hereinafter, referred to as "SiN etching stopper film") and
an interlayer insulating film made of a SiOx based material
(hereihafter, referred to as "SiOx intérlayer insulating
film") on a substrate in this order, and opening al
. connection hole in the laminated film using an organic film

pattern as a mask, wherein a carbon based protective film



6 the gate el ectrode 83 as shown in Fig. 14. In the related art SAC process
using an Si N based filmas the etching stopper film as described above, it
degrades the reliability of the process that the FC based protective film
havi’ng a hi gh resistance agai nst etching and necessary for ensuring a high
selection ratio to the SIN filmcannot Iye sufficiently renoved in the
subsequent process. SUMVARY OF THE | NVENTI ON An obj ect of the present
invention is to provide a method of forming a connection hole, which is
capabl e of realizing a SAC process having a high reliability. To achieve

t he above object according to the present invention, there is provided a
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et chi ng stopper base mat eri erel na erred

o as bae et er e f?l )EFﬁgd er r E%E%i-ﬁygén lg% af):}gilzﬁl ggde °

a Si Ox based na er|
I nsul at i ng f'féQaveJ]bef%i%?%&a%%r&ﬂgtghg Qﬁg queﬁ¥1é¥¥ﬂ“'1 ot the SiN

etching stopper film using an etching reactive system

including an oxygen based chemical species. In addition,
the above laminated film is typically used for an SAC
process.

When the three steps, dry etching of the SiOx
interlayer ihsulating film, removal of a carbon based
protective film, and etching of the SiN etching stopper
film are all performed as a plasma process, it is
advantageous in terms of improvement in throughput and
particle management that at least cdntinuoué two steps of
the three steps are performed in a state in which the
substratg is held in the same plasma chamber. In
particular, when the above etching is performed in a state
in which a substrate (wafer) is mounted on a substrate
stage (wafer stage) having a single electrode type
electrostatic chuck, the removal of the cafbon based
protective film can be performed in such a manner as to
serve as the removal of residual charges of the single
electrode type electrostatic chuck. Even when the two

steps, dry etching of the SiOx interlayer insulating film



connection hole in the lamnated filmusing an organic filmpattern as a
mask, Wherein a carbon. based protective film 7 deposited on an exposed
surface of the SiN etching stopper filmupon etching of the SiOx interlayer
insalating filmis renoved before or during the subsequent etching of the
SiN etching stopper filmusing an etchi reactive systemincluding an
oxygen based chem cal species. In addition, the above lamnated filmis: _
typically used for an SAC process. Wien the three steps, dry etching of the
SiOx interlayer insulating film renoval of a carbon based protective film
and etching of the SiN etching stopper filmare all perforned as a plasnma

process, it is advantageous in terns of inprovene IL.n throughput and
particle mandgenthe FH&PEE?H?QEEte?ﬁﬂ&??uéghPYii)ég(ﬁﬂ? Sﬁrgﬁg Bﬁ?g st eps
are perforned in a state . in which the substrate is held _j,n the sane plasm
chanber. In BEPFPSEPH?,f%ﬁ@naPﬂet@%o%%Né$§QF%Eﬂi%§ﬂﬂﬂqgmﬁ#iw f€a state

performed as the plasma process, these two steps can be

performed in the same plasma chamber.

BRIEF DESCRIPTION Of THE DRAWINGS

These and other objects of the invention will be
‘seen by reference to the description, taken in connection
with the accompanying drawings, in which:

Fig. 1 is a typical sectional view of an example in
which the present.invention is appliéd to formation of a
bit line contact of an SRAM on the basis of an SAC process,
which particularly shows a state in which a resist
patterning is completed;

Fig. 2 is a typical sectional view showing a state
in which selective dry etching of a SiOx interlayer
insulating film in.Fig. 1 is completed and a FC based
protective film is deposited'on the surface of a SiN

- etching stopper film;

Fig. 3 is a typical sectional view showing a state
in which the FC protective film in.Fig. 2 is removed and
the SiN etching stopper film is exposed;

Fig. 4 is a typical sectional view showing a state



in which a substrate (wafer) is nmounted on a substrate stage (wafer stage)
having a single electrode type electrostatic chuck, the renoval of the
carbon based protective filmcan be performed in such a nmanner as to serve
as the renoval of  residual charges of the single electrode type

el ectrostatic chuck. Even when.-the two steps, dry etching of the Si Ox
interlayer insulating film 8 and the %i mul taneous etching removal of the
carbon based protective filmand the SiN etching stopper filmare perforned
as the plasma process, these two steps can be perforned in the sane plasm
chanmber. BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her objects of the

i nvention will be seen by reference to the description, taken in connection
with the accorPafRtey H}%ﬁ%gtq Neh SERPPEL o limi anaF’t‘ilp?Jéa’rs secti onal

vi ew of an exanple |{n which the present invention is applied to formation
of a bit Iinesggﬂ?EkYe¥ﬁ dry -sreiiesh tengopRpPEe o %ﬂ“@#é%;ﬂQk%%s,

Fig. 5 is a typical sectional view showing a state
in which the contact hole in Fig. 4 is buried with an upper
intgrconnection;

Fig. 6 is a typical sectional view of another
example the present invention is applied to formation of a
bit line contact of an SRAM based on an SAC‘proceés, which
shows a state in which a FC protective film and a resist
péttern are simultaneously removed;

Fig. 7 is a typical sectional view showing a state
in which the SiN etching stopper film in Fig. 6 is
selectively dry-etched to complete a contact hole;

Fig. 8 is a schematic sectional view of a
configuration of a magnetic field microwave plasmé etcher
used for the present invention;

Fig. 9 is a schematic sectional view of a
cénfiguration of an induction coupling plasma (ICP) used
for the present invention;

Fig. 10 is a schematic sectional view of a
configuration of a helicon wave plasma etcher used for the
present invention;

Fig. 11 is a typical sectional view of an example



which particularly shows a state in which a resist patterning is conpleted;
Fig. 2 1s a typical sectional view showing a state in which selective dry
etching of a SiOx interlayer insulating filmin Fig. 1 is conpleted and a
FC based protective filmis deposited on the surface of a SiN etching
stopper film Fig. 3is a typical sectional view showing a state in which
the FC protective filmin Fig. 2 1is renové® and the SiN et chi ng stopper
filmis exposed; Fig. 4 is a typical sectional view showing a state 9in
which the SiN etching stopper filmin Fig. 3 is selectively dry-etched to
conplete a contact hole; Fig. 5is a typical sectional view showing a state

1 oh the, SRR RS B RO o8 VAR B MRRSHaete ot a1
present inven}éfg%é §¥¥”§£%’ﬁé%JSQQTBKESQnOLh%ws a state in which
selective dry etching of a SiOx interlayer insulating film
~ is completed and a FC based protective film is deposited on
the surface of a SiN etching stopper film;

Fig. 12 is a typical sectional view showing a state
in which etching residues remain on the bottom of a contact
hole after dry etching of the SiN etching stopper f£ilm in
Fig. 11;

Fig. 13 is a typical sectional view showing a state
in which part of a gate eiectrode is exposed in the contact
hole by over-etching of thé SiN etching stopper film in
Fig. 12; and

-Fig. 14 ié a typical sectionél view showing a state

in which the gate electrode in Fig. 13 is short-circuited

to an upper interconnection buried in the contact hole.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A main feature of the present iﬁvention is to
remove a carbon based protective film using a plasma of an
active species whiéh is mainly composed of an oxygen based
chemical species. The carbon based protective film is

produced by polymerization of a fluorocarbon based compound



bit Iine contact of an SRAM based on an SAC process; which shows a state in
which a FC protective filmand a resist pattern are sinultaneously renpved;
Fig. 71is a typi cal sectional view showing a state in which the SiN etching
stopper filmin Fig. 6 is selectively dry-etched to conplete a contact

hole; Fig. 8 is a schematic sectional vigw of a configuration of a magnetic
field m crowave plasnma etcher used for the present invention;, Fig. 9 is a
schematic sectional view of a configuration of an induction coupling plasna
(1CP) used for the present invention; Fig. 10 is a schematic sectional view
of a configuration of a helicon wave plasma etcher used for the present

| nvention; Figp,ddy éﬁé@ﬂ“fﬁ%'d§?cé£8ﬁ§ﬁgv$fvé(§idﬁ‘iﬁﬁﬁﬂﬂd&ex 10 in which
a bit line conmtact of an SRAM on the basiS of a related art "SAC process,

whi ch shows aiﬁ§§§5%£ﬂ§‘¥11H1or a chemical species which is a discharge

decomposition product of the fluorocarbon based compound.
In other words, the carbon based protective film is
substantially a ﬁluorocarpon (FC) based polymer. The
removal of the carbon based protectivé film can be thus
performed using a plasma of an active species which is
mainly composed of an oxygeh based chémical species,
particularly, O (oxygen radical). This is convenient for
the process because the removal of an organic film pattern
represented by a resist pattern is performed by O; plasma
ashihg. Alternatively, the removal of the FC protective
film may serve as the function of resist ashing. - The
plasma can be excited by discharging a gas at least
containing 02; In the case where the carbon based
protective film is removed togethef with the SiN etching
stopper film, an etching species for the SiN etching
stopper film is required, and in thié case, the plasma can
be excited by discharging a gas containing at least a
fluorocarbon based compound gnd 0;.

Incidentally, the removal of the carbon based
protective film in the present invention can be performed

using an asher; however, such a removal requires a



sel ective dry etching of a SiOx interlayer insulating filmis conpleted and
a FC based protective filmis deposited on the surface of a SiN etching
stopper film Fig. 12 is a typical sectional view showng a state in which
etching residues remain on the bottomof a contact hole after dry etching
of the SiN etching stopper filmin Fig. ., Fig. 13 is a typical sectiona
view show ng a state in which part of a é te electrode is exposed in the
contact hole by over-etching of the SiN etching stopper filmin Fig. 12
and Fig. 14 is a typical sectional view showing a state in which the gate
el ectrode in Fig. 13 is short-circuited to an upper interconnection buried
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the wafer W from the asher into an etcher for etching the
SiN etching stopper film. This procedure not only
increases an opportunity of particle contamination of the
wafer W, but also:increases an evacuating load of the
chamber in the case of using the plasma chamber having a
high vacuum degree resulting in the significantly reduced
throughput.

A continuous processing using a high density plasma

system can be proposed for effectiveljﬁsolving such a
problem. épecifically, continuous two or three steps among
the steps, dry etcﬁiné of the SiOx interlayer insulating
film, removal of the carbon based protective film, etching
of the SiN etching stopper film, or the simultaneous
removal of the carbon based protective film and SiN etching
stopper film, are performed in 6ne plasma chamber. The
typical configuration examples of the high density plasma
systems, a magnetic field microwave plasma etcher,
induction coupling plasma (ICP) etcher, and helicon wave
plasma etcher will be described below with reference to the

drawings.



typically used for dry etching of a SiOx interlayer insulating filmor a
chem cal species which is a discharge deconposition product of the

fl uorocarbon based conpound. In other words, the carbon based protective
filmis substantially a fluorocarbon (FC) based pol yner. The renoval of the
carbon based protective filmcan be thui perfornmed using a plasma of an
active species which is mainly conposed 8f an oxygen based chem cal

species, particularly, O (oxygen radical). This is convenient for the
process because the renoval of an organic filmpattern represented by a
resist pattern is perfornmed by Qerr] plasma ashing. Alternatively, the

renoval of the FC pratact gvesf Ll Rmna S&E VEedSidMa WiB% beNaOhabRELSE
ashing. The plasnma can~be excited by discharging a gas at |east "contai ning

Qerr]. In tﬁe@sw% vlggglseﬁlQO& d PR Aldnee blalsiich31yenoved

toget her wt etc stopper film "an etching species for the SiN
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compound and Glerr] o 1ghdenhe! Wveblifal SP VRl ¥ ditRuid oA Rk Me 23
for guiding a microwave; a quartz made bell jar 24 for
producing an ECR plasma Pg by ECR (electron cyclotron
resonance) using the microwave; a solenoid coil 25 capable
of achieving a magnetic intensity of 8.75X10"2 T(875 G),
which is wound around the bell jar 24; a sample chamber 26
connected to the bell jar 24 and highly evacuated in the
direction of an arrow A through an exhaust port 34; gas
introducing pipes'27 for supplying processing géses to the
bell jar 24 in the directions of arrow B; and By,
respectively; a wafer stage 29 for mounting a wafer W; a
wafer clamp 28 for claﬁping the wafer W on the wafer stage
29; an electrostatic chuck 30 buried in the wafer stage 29
for fixing the wafer W on the surface of the wafer stage 29
by a coulomb force; a cooling pipe 31 buried in the wafer
stage 29 for cooling the wafer W at a specified temperature
by circulating a coolant supplied from a cooling equipment
such as a chiller (not shown) in the directions of arrows
C, and C,;; and an RF power supply 33 for applying an RF

bias to the wafer stage 29, which is connected to the wafer



protective filmin the present invention can be performed using an asher;
however, such a renoval requires a 12 conplicated procedure of carrying
a wafer Wfrom an etcher once after etching of a SiOx interlayer insulating
film carrying the wafer Winto an asher for ashing, and carrying the wafer
Wfromthe asher into an etcher for etching the SiN etching stopper film
This procedure not only increases an op@drtunity of particle contam nation
of the wafer W but al so increases an evacuating | oad of the chanmber in the
case of using the plasma chanber having a high vacuum degree resulting in
the significantly reduced throughput. A continuous processing using a high

or 0bl o Sped ARy C e BB Bo DR CE o b AT RYPE si2ps anong {he St epe. dry
etching of the SiOx interlayer insulating fil rempv.al of. the carbon based
protective film etcfitfg 3f¥LFh§ g?ﬁ?’@?’%"?nﬁe‘é?n}o ML A he
sinultaneogs induction coupling plasma (ICP). Mést of a wall surface of
a process chamber 42 of this system is made'of stainless
steel, and éart of the wall surface in the axial direction
is taken as a quartz made cylinder 44. A multi-turn
antenna 45 is wound around the outer peripheral side of tbe
cylinder 44. An upper lid 41 functioning as an upper
electrode is made of polysilicon or'single crystal silicon.
‘A plasma exciting RF power supply 47 is conneéted'to the
multi-turn antenna 45 through a first matchiﬁg network
(M/N) 46 for impedance matching. The frequency of the
plasma exciting RF power supply 47 is set at, for exémple,
2 MHz.
| The interior of the process chamber 42 is highly

evacuated in the direction of an arrow D through an exhaust
port 43 by an évacuating system (not shown), and it
receives a gas necessary for dry etching in the direction
of an arrow E through a gas supply pipe 49 opened at a
suitable position (bottom surfa&e in Fig. 9) of the process
- chamber 42.

The process chamber 42 contains a conductive wafer

stage 51 electrically isolated from the wall surface



renmoval of the carbon based protective filmand SiN etching stopper film
are pgfforned in one plasma chanber. The typical configuration exanples of
the high density plasnma systens, a magnetic field mcrowave plasna etcher,

i nduction coupling plasma (I CP) etcher, and helicon wave plasma etcher wll
be described below with reference to the draw ngs. 13 Fig. 8is a
schematic sectional view of a magnetic fi'eld m crowave plasma etcher. The
etcher basically includes a magnetron 21 for generating a mcrowave of 2.45
GHz; a rectangul ar wavegui de 22 and a circular waveguide 23 for guiding a
m crowave; a quartz nmade bell jar 24 for producing an ECR plasma P[err] by

capabl e of aCHISNARy & e & NREBREFRS® oFo B0 HRLDRa T (e ol & -
"4 and i I ShVERARR SF08 Shoa0fr S8\ PORRBTS cBY  GHSF (SIPBRN O
exhaust port 34; gas

to be thus prepared for dry etching. A bias applying RF

power supply 55 for applying a substrate bias to the wafer

W thereby controlling the energy of ions emitted from an

induction coupling plasma Pr is connected to the wafer

stage 51 through a second matching network (M/N) 54. Here,

the frequency of the bias applying RF power supply 55 is

set at, for example, 1.8 MHz. A cooling pipe 53 for

circulating a coolant in the directions of arrows F; and F;

is buried in the wafer stage 51, and an electrostatic chuck

52 for tightly ﬁolding the wafer W on the wafer stage 51 is

disposed under the wafer stage 51 for increasing the

cooling efficiency of the wafer W by the coolant.

Fig. 10 is a schematic sectional view.éf a helicon
wave plasma etcher. The plasma producing unit of the
etcher includes a bell jar.61 for producing a helicon wave
plasma Pg; an antenna 62, wound around the bell jar 61, for
coupling an RF power to the plasma; and a solenoid coil 63,
wound around the bell jar 61, for producing a magnetic
field in the axial direction of the bell jar 61.

The bell jar 41 is made of a non-conductive

material such as quartz. The solenoid coil 63 is composed



i ntroducing pipes 27 for supplying processing gases to the bell jar 24 in
the directions of arrow B[err] and B[err], respectively; a wafer stage 29
for mounting a wafer W a wafer clanp 28 for clanping the wafer Won the
waf er stage 29; an electrostatic chuck 30 buried in the wafer stage 29 for
fixing the wafer Won the surface of the wafer stage 29 by a coul onb force;
a cooling pipe 31 buried in the wafer sté@e 29 for cooling the wafer Wat a
specified tenperature by circulating a coolant supplied froma cooling

equi pnment such as a chiller (not shown) in the directions of arrows C[err]
and C[ggr];hanﬂ an RF power supply 33 for applying an RF bias to the wafer
st age , ich is connected to the wafer, 14 s e_29 thrqugh a matchin
network 32. Fefy.am jnhey fefdpheralsselrpnif GPily %f‘gafﬁo? H’éﬁféﬁ on coupl i ng )
plasma (I CP). Mst of a wall surface-of a process chanber, 42 of this system
is made of steFanswitting|a heddcerr Waye i ABAWAN| OLERY RYFIRN]EAE axi al

direction is taken as a quartz nmade cylinder 44. A multi-turn,
solenoid coil 63b for mainly transporting the helicon wave

plasma Pg. An RF power is applied from a plasma exciting
RF power supply 76 to the antenna 62.through a first
matching network (M/N) 75 for impedance matching. Here;
the frequency of the plasma exciting RF power supply 76 is
set at, for example} 13.56 MHz. At this time, when the
antenna 62 is of a double loop type for (m = 0) mode
excitation as shown in Fig. 10, a distance between the
upper and lower loops is optimized in accordance with the
frequency of a specified helicon wave and currents flow in
the loops in the opposed directions. The antenna 62,
however, is not limited to the double loop type. For
example, the antenna 62 may be of a half-turn type for (m =
1) mode excitation.

The bell jar 61 is connected to the sample chamber
64 in such a manner as to extract the helicon wave plasma
Py to thé sample chamber 64 along a diverging magnetic
field formed by the solenoid coil 63. The side wall
surface and the bottom surface of the sample chamber 64 are
made of a conductive material such as stainless steel. The

interior of the sample chamber 64 is highly evacuated in



antenna_45 is wound around the outer peripheral side of the cylinder 44. An
upper lid 41 functioning as an upper electrode is made of polysilicon or
single crystal silicon. A plasma exciting RF power supply 47 is connected
to the multi-turn antenna 45 through a first matching network (MN) 46 for

| npedance mat chi ng. The frequency of the plasma exciting RF power supply 47
is set at, for exanple, 2 Miz. The interldr of the process chanber 42 is

hi ghly evacuated in the direction of an arrow D through an exhaust port 43
by an evacuating system (not shown), and it receives a gas necessary for
dry etching in the direction of an arrow E through a gas supply pipe 49

opened at a suitahle pasitign_(bottom surface in Fig. 9)_ .of the_process
chanber 42" TS Hsesatn, oinah §5E88, CLFRESTon Gl ke et 6PLBE 5
electrically isoal ated tronlthg wal | gurﬂace %; ﬁbereot. A wafer W
(substrate t Fb& BHRLIGIFYPESHOAPESROWM) , and it receives dgas

necessary for dry etching in the direction of an arrow H
through a gas supply pipe 65 opened in the ceiling portion
of the sample chamber 64. The sample chamber 64 is
connected at the side wall surface to a load lock chamber
(not éhown) through a gate valve 74.

The sample chamber 64 confains a conductive sample
stage 69 electrically isolated from the wall surface
thereof. A wafer W is mounted on the wafer stage 69 and is
clamped by a wafer clamp 68, to be thus prepared for dry
etching. A cooling pipe 71 for receiving a coolant from a
chiller (not shown) and circulating it in the directions of
arrows I; ahd I, is buried in the wafer stage 69 for
keeping the wafer W at a specified temperature. An
electrostatic chuck 70 for tightly holding the wafér Won
the wafer stage 69 is disposed unaer the wafer stage 69 for
increasing the cooling efficiency of the wafer W by the
coolant. A bias applying RF power supply 73 for applying a
substrate bias to the wafer W thereby controlling the
energy of ions emitted from the plasma is connected to the
wafer stage 69 through a second matching network (M/N) 72.

The frequency of the bias applying RF power supply 72 is



on the wafer stage 51 and is clanped by a wafer clanp 50, to be thus,
prepared for dry etching. A bias applying RF power supply 55 for applying
a supstrate bias to the wafer Wthereby controlling the energy of ions
emtted froman induction coupling plasma Pr is connected to the wafer
stage 51 through a second matchi ng netwo (MN) 54. Here, the frequency of .
the bias applying RF power supply 55 is Set at, for exanple, 1.8 MHz. A
cooling pipe 53 for circulating a coolant in the directions of arrows
Flerr] and F[err] is buried in the wafer stage 51, and an electrostatic
chuck 52 for tightly holding the wafer Won the wafer stage 51 is disposed

under the\Mﬁ§g gﬁgg%o§1 &ghphgcrgaéi ﬁzthe cooling efficiency of the wafer
% i . 16%7°8P; :

Wby the coolan dchematic sectional view of a helicon wave

P etcher, The PhRES AN Ia0UD' by b UF S s 0oLl o
b el Lo fnd s Rnge R EBRNES U8 AREARLARTY e Rpenel
the ax ol SN OTeilln Belbikabol olfgsle! d Yorthd RIRIBCRE
for converging a diverging magnetic field near the wafer
stage 69.

In each of three kinds of the etchers described
above, continuous processing can be performed by suitably
swiﬁching the etching condition, for example, the kind of a
processiné gas, a source power such as a microwave power or
RF power,.and an RF bias power.

The present invention is suitable for an SAC
process. Specifically, in a process in which an electrode
pattern having an upper surface and side walls respectively
covered with an offset oxide film and a side wall
insulating film each of which is made of a SiOx based
material is previously formed on a substrate and a
connection hole is opened in such a manner that part of the
bottom surface thereof covers at least the éide wall
insulating film, the erosion of the offset insulating film
and the side wall insulating film is protected by the SiN
etching stopper fiim. The SiN etching stopper film having

completed its protection role is sufficiently removed



16 of ap inner peripheral solenoid coil 63a for mainly transmtting a
hel i con wave, and an outer periphéeral solenoid coil 63b for mainly
transporting the helicon wave plasma P[err]. An RF power is applied froma
pl asma exciting RF power supply 76 to the antenna 62 through a first

mat chi ng network (M N) 75 for inpedance f@tching. Here, the frequency of
the plasma exciting RF power supply 76 is"set at, for exanple, 13.56 M.
At this tinme, when the antenna 62 is of a double |oop type for (m= 0) node
excitation as shown in Fig. 10, a distance between the upper and | ower

| oops is optimzed in accordance with the frequency of a specified helicon
wave and currents flowin the |ogps in the opposed directions, The antenna
62, hovever, "EHRSE BERPEEHIOE SheAMbART.duhp BFGOTRBA Y aRhre, t ho
antenna 62 may be of .a half-turn type, for = %) node excitation. The bel

. (m=.
jar 61 is coMTESERY LHVEREISANPRR RIS HASSIIehdR SOoRAAREr WakheBtext r act
generation of a failure in withstand voltage of an

the helicon wave plasm
insulating film between an upper interconnection buried in
the finished connection hole and the electrode pattern.

The present invention will be more clearly
understood with reference to the following examples:

Example 1

This example concerns an SAC process in which a bit.
1iné extraction electrode of an SRSM is brought in contact
with a substrate between two words lines. A SiOx
interlayer insulating film is dry-etched by a magnetic
field microwave plasma etcher, and a FC based protective
film deposited on aﬁ exposed surface of a SiN etchiné
stopper film is removed by an asher. After that, a SiN
etching stopper film is dry-etched using another magnetic
field microwave plasma etcher. This process will be
described with reference to Figs. 1 to 5.

:First, a gate oxide film 2 (SiO;) having a
thickness of about 8 nm was formed by thermally oxidizing
the surface of a Si substrate 1 already processed in well
formation and element isolation by, for example, pyrogenic

oxidation. Subsequently, a tungsten/polycide film having a



Plerr] to the sanple chanber 64 al ong a diverging nmagnetic field forned by
the sol enoid coil 63. The side wall surface and the bottom surface of the
sanpl e chanber 64 are made of a conductive material such as stainless
steel’. The interior of the sanple chanber 64 is highly evacuated in 17
the direction of an arrow C through an exhaust port 66 by an evacuating
system (not shown), and it receives a 939 necessary for dry etching in the
direction of an arrow H through a gas supply pipe 65 opened in the ceiling
portion of the sanple chanber 64. The sanple chanber 64 is connected at the
side wall surface to a load | ock chanmber (not shown) through a gate val ve
74. The sanpl e ¢chanber 64 contains a conductiyve sanRIe st age 69
electrically FE&F&P@ESf?Sn???EFVkﬁq’E%F?Hﬁé‘ﬁﬂé?bgﬂ.m RaﬁéggraVVis mount ed
on the wafer stage 69 and is clanped by a wafer cl.a 68, to _be thus
prepared for &PyCERERFgGE %P‘é‘b’blf?r&d“‘bi"f?éfe?f%te"itééé' ¥i Ag*Re8oBY ant®¥ rom a

chiller (not shown) and circulating it in the directions of
example, low pressure CVD, and then dry-etched through a

common resiét mask, to form a laminated pattern of a gate
electrode 3 (poly Si/WSix) and an offéet oxide film 4. The
gate electrode 3 has a 1aminated structure of an n* type
poly silicon film (poly Si) having a thickness of about 70
nm and a tungsten/silicide film (WSix) having a thickness
of about 70 nm in this orderlfrom the lower side. The line
width of the gate electrode 3 and an interconnection space
therebetween were both set at about 0.25 um.

An LDD region was then formed in a surface layer
portion of the silicon substrate 1 by ion-implantation of
As* in a low concentration using the laminated pattern as a
mask. The ion-implantation condition was set as follows:
an ion accelerating enérgy was 20 keV; and a dose was 6X
102/cm?2. A SiOx film having a thickness of about 150 nm
was then deposited over the entire surface of the
substrate, and was subjected to isotropié etching—back, to
form a side wall 5 on each side wall surface of the
laminated pattern. Ions of As were then implanted in_a
high concentration using the laﬁinated pattern and side

walls 5 as a mask. The ion—implantétion condition was set



arrows I[err] and I[err] is buried in the wafer stage 69 for keeping the
wafer Wat a specified tenperature. An electrostatic chuck 70 for tightly
hol di ng the wafer Won the wafer stage 69 is disposed under the wafer stage
69 for increasing the cooling efficiency of the wafer Wby the coolant. A
bi as appl yi ng RF power supply 73 for applping a substrate bias to the wafer
Wthereby controlling the energy of ions emtted fromthe plasma is
connected to the wafer stage 69 through a second matching network (MN) 72.
The frequency of the bias applying RF power supply 72 is 18 set at, for
exanpl e, 400 kHz. A permanent magnet 67 as an auxiliary nmagnetic field

produci ng meaps £4PANLS: Ofn PLAUHAY & il oAUBEy MEECHE Ocdy £1dhd

di sposed outside the sanple chanber 64 for converglng a di verging nmagnetic

et hes aboSgHL 8 A0 Rt spebeBlebbLy Kacouglethe Ol
activated by RTA (rapid thermal annealing) at 1050°C for 10
seconds, to form a source/drain region 6 having an LDD
structure.

A SiOx etching stopper filﬁ 7 having a thickness of
about 50 nm was formed by low pressure CVD in sﬁch a manner
as to cover the entire surface of the substratelin.a
conformal manner. A SiOx interlayer insulating film 8 was
deposited to a thickness of about 500 nm by, for example,
03-TEOS normal pressure CVD, and the surface of the
.substrate was substantially planarized. After that, a
resist pattern 9 was formed on the SiOx interlayer
insulating film 8. The resist patterning was performed
using a chemical amplification type positive photoresist
material (produced by Wako Pure Chemical Industries, LTD.
in the trade name of WKR~PT1) and a KrF excimer laser
stepper, to provide an opening having a diameter of about
0.3 um for covering an interconhection space. Fig. 1
'shbws the wafer in which the above steps are completed.

The SiOx interlayer insulating f£film 8 was

‘selectively etched using a commercially available magnetic

field microwave plasma etcher, for example, shown in Fig.



sw tching the etching condition, for exanple, the kind of a processing gas,
a source power such as a mcr.owave power or RF power, and an RF bias power.
The present invention is suitable for an SAC process. Specifically, in a
process in which an el ectrode pattern having an upper surface and side
wal I s respectively covered with an offset oxide filmand a side wall

i nsulating. filmeach of which is nade of 22 Si Ox based nmaterial is
previously forned on a substrate and a connection hole is opened in such a
manner that part of the bottom surface thereof covers at |east the side
wal | insulating film the erosion of the offset insulating filmand the

id L1 | at i fil.mi t ect th i N et chi er fil Th
SN et ohi ng SLop e IR eeaanEty 4T CECPIDY cof b 5 e i and™ TN
fficiently renoved 19 wi thout generati,Qn qQf.any residue. Accordingly,
fﬁe ;)rlasentyime‘?élﬁeecﬁf%r?:oagﬁ e g:Ra dBS;i Pélfbaﬁ gb%’f‘a%‘fcws;f'ﬂgut'r neraltignyof

a failure in withstand vol tage of an
etching condition was set as follows.

flow rate of CHF;: 35 SCCM

flow rate of CH,F,: 15 SCCM
pressure: 0.27 Pa

microwave power: 1200 W (2.45 GHz)
RF bias power: 200 W (800 kHz)
wafer temperature: 30°C
over-etching ratio: 50%

In the above etching, anisotropic etching proceeds
at a practical rate using ions generated in a sufficient
amount in a high density plasma. At the same time, the FC
based protecﬁive film 11 produced in the plasma is
deposited on an exposed surface of the SiN etching stopper
film 7 as shown in Fig. 2 and it functions to ensure a
selective ratio to the underlying film, énd thereby the
etching rate is greatly reduced when the SiOx interlayer
insulating film 8 is removed. In this way, the contact
hole 10 was partially formed. The reason why the FC based
protective film 11 is deposited not on the surfacé of the
SiOx interlayer insulating film 8 but only on the surface

of the SiN etching stopper film 7 and reduces the etching



insulating filmbetween an upper interconnection buried in the finished
connection hole and the el ectrode pattern. The present invention will be
more clearly understood with reference to the followi ng exanples: Exanple 1
Thi s exanpl e concerns an SAC process in which a bit line extraction

el ectrode of an SRSMis brought in contact with a substrate between two
words lines. A SiOx interlayer insulatind3filmis dry-etched by a magnetic
field mcrowave plasma etcher, and a FC based protective film deposited on
an exposed surface of a SiN etching stopper filmis renoved by an asher.
After that, a SiN etching stopper filmis dry-etched using another nagnetic

field mcrovaygedl 8snheigeletcing BLoppes Yilh Pe feschdbacheMdilk
reference to Figs. 1 to 5. First, a gate oxide film2 (Si ) having a

thickness of apeyind S¥epFer FONIEY RbeshabiBabl ¥oRXigh ZbRggdher SN fdfee of a
Si substrate 1 already processed in well formation and €lenent isolation

by, for exampggyyPy{ PESHE 1R 4 Yhe S4BRCIHESH dyef INWFIEMHPIMH &

filmhaving a
and thereby it has not a function of removing the FC based
protective film 11 deposited on the surface by itself so
that the deposited amount on the surface exceeds the
removed amount by ion sputtering. The etching selection
ratio to the SiN is about 30 at the flat portion, and is
about 25 even at a corner portion being weak by ion impact.
The wafer W was fhen carried to a commercial

available single wafer type asher, and was subjected to
oxygen plasma processing in the following condition:

flow rate.of 0,: 2000 sccM

pressure: 30 Pa

RF bias power: 1000 W (13.56 MHz)

wafer temperature: 100°C |

time: 5 seconds

In this process, the FC based protective film 11

was removed by the effect of 0" (oxygen radical), so that
the SiN etching stopper film 7 is exposed on the bottom
surface of the contact hole 10 as shown in Fig. 3. At this
time, the edge of the resist pattern 9 made of the organic

film was slightly retarded; however, since the processing



20 thickness of about 140 nmand a SiOx film having a thickness of about 50
nm were sequentially forned by, for exanple, |ow pressure CVD, and then
dry-etched through a common resist mask, to forma lam nated pattern of a
gate electrode 3 (poly Si/Wsi x) and an offset oxide film4. The gate

el ectrode 3 has a | am nated structure of an n[err] type poly silicon film
(poly Si) having a thickness of about 70 ntfh and a tungsten/silicide film
(Wi x) having a thickness of about 70 nmin this order fromthe | ower side.
The Iine width of the gate el ectrode 3 and an interconnecti on space

t her ebet ween were both set at about 0.25 [err]m An LDD region was then

formed in a sytface! é‘%(8£tp°£ﬁé Oi}r&?e:&éhec %1{ LGN RUBSET %%g n ydiam?t%r
ion-inplantation of "AS[eérr]{ In a I OwW concentrati on using~the Fam nateé

pattern as a Kk he, j on: | Iﬁw%alion condition was set as follows: an
ion acceleratgﬁé 8%%?g9ym§25g€ eV, and a dose was 6X 10[err]/cnferr]. A

SiOx filmhaving a thickness of _about .150 nmwas, t hen _depasited over the
entire surface of thekgﬁbg?f% e",v 3R hen s(iﬁﬁrelt?tdeéot gnpgﬁgFOBanetlc

et ohi ng-back, 9, KOLM2 5hde YLLn® QLA kIR IRl M ERSSe%L the

polysilicon film (hereinafter, referred to as " ECR type
polysilicon film etcher"), to selectively remove the
exposed portion of the SiN etching stopper film 7. Thg
etching condition was set as follows:

flow rate of CHF3: 50 SCCM

pressures 0.27 Pa

microwave power: 1000 W (2.45 GHz)

RF bias_power: 100 W (800 kHz)

wafer temperature: 30°C

over-etching ratio: 20%

The above condition is set so that the depositing
characteristic of the FC based polymer is made weaker than
in the etching condition for the SiOx interlayer insulating
film 8 and F* is produced in a large amount by accelerating
the dissociation of the CHF; gas by the O, gas to ensure a
selection ratio to the offset oxide film 4 and the side
wall 5. With such an etching, the contact hole 10 was
completed as shown in Fig. 4.

After that, the resist pattern 9 was ashed, and an



| am nated pattern. lons of As were then inplanted in a high concentration
using the lam nated pattern and side walls 5 as a mask. The .

i on-inplantation condition was set 21 as follows: an ion accel erating
energy was 20 keV; and a dose was 3Xl1O[err]/cnferr]. Subsequently, the
Impurity (As) was activated by RTA (rapid thermal annealing) at 1050[err]C
for 10 seconds, to forma source/drain. 28gi on 6 having an LDD structure. A
Si Ox etching stopper film?7 having a thickness of about 50 nm was forned by
| ow pressure CVD in such a manner as to cover the entire surface of the
substrate in a conformal manner. A SiOx interlayer insulating film8 was

pr essur o OvD, SR (B SRrRsetapn e Lhbb Fade e i danihmy T
pl anari zed. ter that. a resist pattern 9 was forned on the S
el ayer | SR g 1B oriRe” sRsFafn 2 BITh GRS SRS 08 using a
chem cal anplégﬁéggé(ﬁaféﬂT% %%SLBE%E Ego%gé?sgftto complete a bit line
contact. The Al based multi-layer film has, for example, a
three layer structure of a Ti based adhesive layer/Al-1%Si
film/TiN based reflection preventive film.
According to the present invention, the FC based
protective film can be sufficiently removed before starting
of dry etching of the SiN etching stopper f£ilm 7, so that a
residue of the SiN'etching stoppef film 7 is not generated,
that is, excessive over-etching for removing a residue is
eliminated. A semiconductor device having a high
reliability can be thus manufactured without generation of
a failure in withstand voltage, short-circuit, or contact
failure between the gate electrode 3 and the upper
interconnection 12.
Example 2
This example concerning an SAC process is carried
out in the same manner as that in Example 1, except that
the time rgquired for the oxygen plasma processing for
removal of the FC based protective film 11 is made longer

than that in Example 1 and the resist pattern 9 is removed

together with the FC based protective film 11.



mat eri al, (produced by Wako Pure Chem cal Industries, LTD. -in the trade nane
of WKR-PT1) and a KrF exciner |aser stepper, to provide an opening having a
di ameter of about 0.3 [err]mfor covering an interconnection space. Fig. 1
shows the wafer in which the above steps are conpleted. The SiOx interlayer
insulating film8 was selectively etched g?ing a commercially avail able
magnetic field m crowave plasma etcher, f exanpl e, shown in Fig. 22 8.
The etcher is designed for etching of an SiOk filmand is referred to as
"ECR type oxide filmetcher”. The etching condition was set as follows.
flowrate of CHF3: 35 SCCM flow rate of CH2F2: 15 SCCM pressure: 0.27 Pa

rorovene PONSL! 1200 kel Ty s T 4 3haB0i L ERD6 VLR Rls e
structure shown in Fig. 1, like Example 1. Here, the
etching of the SiOx intelayer insulating film 8 was
performed using the ECR type oxide film etcher in the same
condition as that in Example 1, and the wafer W was carried
in the commercial available single wafer type asher, and
was subjected to ashing in the following condition:

flow rate of 0,: 2000 SCCM
pressure: 30 Pa

RF bias power: 1000 W (13.56 MHz)
wafer temperature: 100°C

time: 60 seconds

As a result, the FC based pfotective film 11 and
the resist pattern 9 were simultaneously removed'as shown
in Fig. 6, and thereby the SiN etching stopper film 7 was
exposed on the bottom of the contact hole.

The wafer W was then carried to the ECR type
polysilicon film etcher, and the SiN etching stoppef film 7
was selectively removed in the same condition as in Example
1, to complete the contact hoie 10 as shown in Fig. 7. The
upper interconnection 12 was then buried in the contact

hole 10. Even in this example, a semiconductor device

having a high reliability can be manufactured without



In the above etching, anisotropic etching proceeds at a practical rate
using ions generated in a sufficient anount in a high density plasm. At
the same time, the FC based protective film 11 produced in the plasm is
deposited on an exposed surface of the SiN etching stopper film7 as shown
in Fig. 2 and it functions to ensure a selective ratio to the underlying
film and thereby the etching rate isagreatly reduced when the Si Ox
interlayer insulating film8 is renoved. In this way, the contact hole 10
was partially fornmed. The reason why the FC based protective film1ll is
deposited not on the surface of the Si.Ox interlayer insulating film8 but

otching Saéé?f%f’%L??&%W%%%%%ﬁ@?ﬁ?%%@Ea%dt%WﬁZ e
et chi ng stoppgir% 090&% %éﬁ aiip@ gggg%ggnﬁere(ggége #(J:trgqiffs.er ently

fromthe SiOx"1T'n |nsu |ng as no

function of re the FC ased ecti film11l dep05|ted on the
surface by ,tgg f{g% upper 1n ercon Elon XE.

In this example, the Si substrate 1 is not exposed
upon resist ashing, differently from Example 1 in which the
resist ashing is performed after removal of the SiN etching
stopper film, and consequently any oxide film is not formed
on the Si'exposed surface by ashing. Accordingly, the
upper interconnection 12 can be buried directly after
completion of the contact hole 10 so iong as the growth of
the nétural oxide film is suppressed, to thereby improve
the throughput.

Example 3

In this example, the dry etching of the SiOx
interlayer insulating film and the removal of the FC based
protective film are performed using a common chamber.

A wafer W used as a sample in this example has the
étructure-shown in Fig. 1, like Example 1. Here, the
etching of the SiOx interlayer insulating film 8 was
performed using the ECR type oxide film etcher in the same
condition as in Example 1, and the FC based protective film
11 was removed in a state in which the wafer W was held in

the same chamber. The discharge condition in this case was



that the deposited anount on the surface exceeds the renoved anmpbunt by ion
sputtering. The etching selection ratio to the SINis about 30 at the flat
portion, and is about 25 even at a corner portion being weak by ion inpact.
The wafer Wwas then carried to a commerci al avail able single wafer type
asher, and was subjected to oxygen plasma _processing in the foll ow ng
condition: flowrate of Qerr]: 2000 SCCM%ressure: 30 Pa RF bias power:
1000 W(13.56 MHz) wafer tenperature: 100[err]Ctinme: 5 seconds In this
process, the FC based protective film 11l was renoved by the effect of Of
(oxygen radical), so that the SiN etching stopper film7 is exposed on the
bott om surfacgepf 54 heofPhh@act hole 10 as shown in Fig. 3. At this tine, the
edge of the resist pattern 9 made of the organic filmwas slightly

ret arded; homevefloﬁigggétgf(9Qo%%sgbeg 24 -

pressure: 0.27 Pa

microwave power: 1000 W (2.45 GHz)

RF bias power: 80 W (800 kHz)

wafer temperature: 30°C

time: 5 seconds

With this plasma processing, the FC based

protective film 11 was removed and the SiN etching stopper
film 7 was exposed on the bottom of the contact hole, like
Example 1. At the same time, the edge of the resist
pattern 9 was slightly restarted; however, since the
etching time was short, an increment of the opening
diameter was only about 10%. The wafer W was then carried
in the ECR type polysilicon film etcher, and the SiN
etching stopper film 7 was selectively removed in the same
condition as in Example 1 and the upper interconnection 12
was buried in the contact hole 12 completed through resist
ashing. Even in this example, a semiconductor device
having a high reliability can be manufactured without
generation of a failure in withstand voltage, short-
circuit, or contact failure between the gate electrode 3

and the upper interconnection 12.



time is;short, the increnent of the resist opening dianeter was only by
about 10% The wafer Wwas then carried to another magnetic field m crowave
pl asma etcher designed for etching a polysilicon film (hereinafter,
referred to as " ECR type polysilicon filmetcher"), to selectively renove
t he exposed portion of the SiN etching stggper film7. The etching
condition was set as follows: flowrate of CHF3: 50 SCCM pressure: 0.27 Pa
m crowave power: 1000 W(2.45 GHz) RF bias power: 100 W (800 kHz) wafer
tenperature: 30[err]C over-etching ratio: 20% The above condition is set so
that the depositing characteristic of the FC based polyner is nade weaker
than in the etching condition for the SiOx interlayer insulating film8 and
F* is produced in a | arge anount by accel erating the dissociation of the
CHF3 gas by the (Jerr] gas to ensuipgampiel ection ratio to the offset oxide
film4 and the side wall 5. Wth such an etching, the contact. hole 10 was

conpl eted as shown i npfihist.example, the dry etching of the SiOx
interlayer insulating film and the removal of the FC based
protective film are performed in the same chambér, like
Example 3, and the resist pattern is removed together with
the FC based protective f£ilm.

A wafer W used as a sémple in this example has the
structure shown in Fig. 1. The etching of a SiOx
interlayer insulating film 8 was performed using the ECR
type oxide film etcher in the same condition as in Example
1, and the ashing was performed in a state in which the
wafer W was held in the same chamber. The ashing condition
was set as follows:

flow rate of 0;: 20 SCCM

pressure: 0.27 Pa

microwave power: 1000 W (2.45 GHz)
RF bias power: 80 W (800 kHz)
wafer temperature: 30°C-

time: 60 seconds

As. a result, as shown in Fig. 6, the FC prétective
film 11 and the resist pattern 9 were simultaneously

removed, and the SiN etching stopper film 7 was exposed on



After that, the resist pattern 9 was ashed, and an 25 upper

I nterconnection 12 (Al) nade of an Al based multi- layer filmwas forned in
such ,a manner as to cover the contact hole 10 as shown in Fig. 5, to
conplete a bit line contact. The Al based nmulti-layer filmhas, for

example, a three |layer structure of a Ti hgsed adhesive |ayer/Al -1%Si
filmTi N based reflection.preventive film According to the present

i nvention, the FC based protective filmcan be sufficiently renoved before
starting of dry etching of the SiN etching stopper film7, so that a
residue of the SiN etching stopper film7 is not generated, that is,

excessi ve ove£%§t83é@ f5¥ {ﬁgnggdgaég % idue is elimnated. A

sem conduct or “device having a hig ani1'ity can be thus nmanufactured

wi t hout generation of_a failure in w.thstand vol.tage,. sh -gcircuit, or
contact failure bet we’]élﬁet‘ﬁ%}‘ tq'{ewéilse Bu&ZTATS f‘ﬂetﬂﬁp&ﬁiﬁ}’%?connection

12. Exanple 2polysilicon film etcher, and the SiN etching stopper film 7
was selectively removed in the same condition as in Example
1, to complete the contact hole 10 shown in Fig. 7. The
contact hole 10 was buried with the upper interconnection
12. Even in this example, a semiconductor device having a
high reliability can be manufactured at a high throughput
without generation of a failure in withstand voltage,
short-circuit, or contact failure between the gate
electrode 3 and the upper interconnecfion 12.

Example 5

In this example, the dry etching of the SiOx
interlayer insulating film is performed using the ICP
etcher and then the FC protective film and the SiN etching
stopper film are simultaneously removed using another ICP
etcher.

A wafer W used as a sample in this example has the
strucﬁure shown in Fig. 1. The etching of the SiOx
interlayer insulating film 8 was performed using the ICP
etcher designed for etching for the SiOx film. The etcher
has the structure shown in Fig. 9. The etching condition

was set as follows:



Thi s exanpl e concerning an SAC process is carried out in the same manner as
that in Exanple 1, except that the time required for the oxygen plasna
processing for renoval of the FC based protective film1ll is nmade | onger
than that in Exanple 1 and the resist pattern 9 is renoved together wth

t he FC based protective film 11. 26 A wafer Wused as a sanple in this
exanpl e has the structure shown in Fig. 1§1Iike Exanple 1. Here, the
etching of the SiOx intelayer insulating film8 was perforned using the ECR
type oxide filmetcher in the same condition as that in Exanple.1l, and the
wafer Wwas carried in the comrercial avail able single wafer type asher,

err]: 2000 soniohf &2 2% Larun B0’ 00,er ™ 1000 W (13, 56 M) waf er
tenperature: 10QherrlGdd B 289 36°866R ‘

pressure: 0.27 Pa

source power: 2000 W (2 MHz)

RF bias power: 1000 W (1.8 MHz)

upper electrode temperature: 250°C

wafer temperature: 30°C

over-etching ratio: 50%

Thtts, as shown in Fig. 2, anisotropic etching of
the SiOx interlayer insulating film 8 was performed while
achieving a high selection ratio (about 30) to the SiN
etching stopper film 7'by the effect of the FC based
protective film 11, like Example 1.

The wafer W was then carried in the ICP etcher for
polysilicon film etching, to simultaneously remove the FC
based protective film 11 and the SiN etching stopper film
7. The etching condition was set as follows:

flow rate of CHF3: 50 SCCM
flow rate of 0,: 30 SCCM
pressure: 0;27_Pa

source power: 1500 W (2 MHz)

RF bias power: 800 W (1.8 MHz)

upper electrode temperature: 250°C



As a result, the FC based protective film 11l and the resist pattern 9 were
si mul taneously renoved as shown in Fig. 6, and thereby the Si N etching
stopper film7 was exposed on the bottom of the contact hole. The wafer W
was then carried to the ECR type polysilicon filmetcher, and the SI N
etching stopper film7 was selectively refpved in the same condition as in
Exanple 1, to conplete the contact hole 10 as shown in Fig. 7. The upper

i nterconnection 12 was then buried in the contact hole 10. Even in this
exanpl e, a sem conductor device having a high reliability can be
manuf act ured w t hout 27 generation of a failure in withstand voltage,

short- circuit, Q%fggnﬁgﬁﬁ?%§%¢l pzﬁp&meen the gate electrode 3 and the

upper interconnectlon IS exanple, the Si substrate 1 is not

exposed upon resj ashi | f.f.eregiky from Exanple 1 in which the resi st
ashing is perfoﬁh%%:ggggﬂﬁ} §%§é%'o?b%he Si N etching stopper film and

consequently any OXidfnf{ﬂf%iﬁiéggsJ‘D%ﬂp
I

%oxygen radical) as an etching
species for the FC based protective film 11 and F* and CFx*
as an etching species for the SiN etching stopper film 7
are simultaneously produced in the plasma, so that the FC
protective film 11 is first removed and subsequently the
selective etching of the SiN etching stopper film 7
prbceeds. Of course, the FC based polymer produced during
the etching of the SiN etching.stopper film 7 is
immediately iemoved. As a result, the SiN etching stopper
film 7 is removed without generation of any residue. A
semiconductor device having a high reliability can be thus
manufactured, like the previous examples.
Example 6

In this example, the dry etching of a SiOx
interlayer insulating film is performed using the helicon
wave plasma etcher, and the Fé based protective film is
simultaheously removed upon plasma discharge for removing
residual charges of the single electrode type electrostatic
chuck used for holding the wafer. The SiN etching stopper
film is also etched using another helicon waver plasma

etcher.



on the $i exposed surface by ashing. Accordingly, the upper interconnection
12 can be buried directly after conpletion of the contact hole 10 so |ong
as the growth of the natural oxide filmis suppressed, to thereby inprove
the throughput. Exanple 3 In this exanple, the dry etching of the Si Ox
interlayer insulating filmand the renoval gf the FC based protective film
are perfornmed using a common chanber. A wafér Wused as a sanple in this
exanpl e has the structure shown in Fig. 1, |like Exanple 1. Here, the
etching of the SiOx interlayer insulating film8 was perfornmed using the
ECR type oxide filmetcher in the sane condition as in Exanple 1, and the

FC based tecti fil ] ' t ' I Ghs w
ased protective r%eéfﬁxﬂpﬂ]é(‘e@g\lfe‘i”%"%@ehnasi tﬁ Q&ﬁ?}]&t%‘?'fﬁlé@: 1 Y was

held in the sanme cha scharge con i on S case wa 28

set as fo'lOmﬁésf{ﬁgvéégé%{ﬁréiéﬂaud 120 FRGM, ‘The etching of the SiOx

interlayer insulating film was performed using the helicon

wave plasma etcher designed for etching of a SiOx film.
Thg etcher has the structure shown in Fig. 10.

In addition, the electrostatic chuck used in this
example is of a single electrode type in which a direct
current having a specified polarity is applied to a single
inner electrode buried in an insulating member and the wall
of a plasma chamber thrbugh plasma is taken as a counter
earth. In the case of using such a single type -
electrostatic chuck, charges remain even by stopping the .
supply of the direct current after completion of dry
etching, and accordingly a plasma must be excited again to
discharge residual charges through the plasma before
removing the.wafer W from the wafer stage 69. The plasma
for discharge residual charges is generally excited by
supplying a gas substantially not exerting any effect on
the result obtained by the previous plasma processing. In
this example, 0, for generating an etching species for the
FC based protective film is used as such a gas.

The dry etching for the SiOx interlayer insulating

film 8 was set as follows:



pressure: 0.27 Pa mcrowave power: 1000 W(2.45 GHz) RF bias power: 80 W
(800 kHz) wafer tenperature: 30[err]C tine: 5 seconds Wth this plasm
processi ng, the FC based protective film 11l was renoved and the Si N etching
stopper film7 was exposed on the bottom of the contact hole, |ike Exanple
1. At the sane tinme, the edge of the resiia pattern 9 was slightly
restarted; however, since the etching tine was short, an increnent of the
openi ng di aneter was only about 10% The wafer Wwas then carried in the
ECR type polysilicon filmetcher, and the SiN etching stopper film7 was
selectively renoved in the same condition as in Exanple 1 and the upper

i nt erconnecti on %‘y\%t ugfe%-EEFp%:h%OCWt hol e 12 conpl eted through
€,

resi st ashing. Even in this exa a sem conduct or devi ce having a high

reliability can ke manufactured wikh generation of a failure in
wi t hstand vol tad@,owsﬁ& < ocﬁJlAEui p’,bbogaé%nt act failure between the gate

el ectrode 3 énd I;trrgaessl{IpIpezr d.gge%%onnectl on 12.

source power: 2500 W (13.56 MHz)
RF bias power: 200 W (400 kHz)
wafer temperature: 30°C
over-etching ratio: 50%

Thus, as shown in Fig. 2, anisotropic etching of
the SiOx interlayer insulating film 8 was performed while
achieving a high selection ratio (about 30) to the SiN
etching stopper film 7 by the effect of the FC based-
protective f£ilm 11, like Example 1.

The discharge for removing residue charges of the
single electrode type electrostatic chuck and the FC based
protective film 11 was performed in the following
condition: |

flow rate of 0O,: 30 SCCM

pressure: 0.27 Pa

‘microwave power: 1500 W (13.56 MHz)
RF bias power: 100 W (400 kHz)
wafer £emperature: 30°C

time: 10 seconds

As a result, the FC based protective film 11 was



29 Exanple 4 In this exanple, the dry etching of the SiOx interlayer

I nsulating f

perfqQrmed in the same chanber

filmetcher

performed in a state in which the wafer Wwas held in the sane chanber

ilmand the renoval of the FC based protective filmare

in the sane condition as in Exanple 1, and the ashing was

| i ke Exanple 3, and the resist pattern is
removed together with the FC based protective film A wafer Wused as a
sanple in this exanple has the structure ghown in Fig.
SiOx interl ayer

1. The etching of a
insulating film8 was perfornmed using the ECR type oxide

The

ashi ng condition was set as follows: flowrate of (Qerr]: 20 SCCM pressure:

0.27 Pa nicr

dPend ]]t%%? S ¢8R 1 2 5+ Bbpdt: 361 TRV 'vwa S LYIRR0 JHz)

waf er tenperature 30[err

I me: 60 seConds
the bottom of the contact hole as shown in Fig. 3. An

increment of the opening diameter of the resist pattern 9

was only about 10%. Such a process in which the removal of-

the FC based protective film 11 serves as the removal of

the residue charges of the electrostatic chuck improves the
throughput..

The wafer W was then carried in another helicon
wave plasma etcher for etching of a polysilicon film, and
the SiN etching stopper film 7 was selectively dry—etched
in the following condition:

flow rate of CH?3: 50 SCCM
pressure: 0.27 Pa

source power: 1500 W (13.56 MHz)
RF bias power: 200 W (400 kHz)
wafer temperature: 30°C
over-etching ratio: 20%

As a result, such a contact shape as to eliminate
generate short—cirduit of interconnection and generation of
any residue was obtained. After that, the resist pattern 9
was removed by ashing and the upper interconnection 12 was
formed, like the previous examples.

In the etching of the SiN etching stopper film 7,



As a result, as shown in Fig. 6, the FC protective film 11l and the resist
pattern 9 were simultaneously renmoved, and the Si N etching stopper film7
was exposed on -30 the bottom of the contact hole. The wafer Wwas then
carried in the ECR type polysilicon filmetcher, and the SiN etching
stopper film?7 was sel ectively renoved in3éhe sanme condition as in Exanple
1, to conplete the contact hole 10 shown Th Fig. 7. The contact hole 10 was
buried with the upper interconnection 12. Even in this exanple, a
sem conductor device having a high reliability can be nmanufactured at a
hi gh t hroughput w thout generation of a failure in w thstand volt age,
short-circuit cont ai L.u b e lecty od t he
O B8 B60el i tle o534 4 SR, BCr £oF SxipBiE

upper -interco i on IS exanple, the dry e I'hg of the
SiOx interlayer in | fidmis r{ormed _usjng he lJ t.cher. and then
the FC prot ectiUE fs%q %dadig‘ t Hé §#’ﬁl g?cﬁf‘lﬁgg pHBEEGIVE 4{Tn 1 W5 Ay

remains, the SiN etching stopper film 7 can etched while

perfeétly removing the FC based protective film 11 using
the gas containing O; in the same mechanism aé described in
Example 3.

Although the present invéntion has' been described
with respect to the above six examples, such description is
only illustrative purposes. The above examples, for
example, have described the use of a common chamber for the
dry etching of the SiOx interlayer insulating film and.the
removal of the FC based protective film (6r added with the
resist pattern); and also the use of a common chamber for
the removal of the FC based protective film and the dry
etching of the SiN etching stopper film. The reason why
the use of a common chamber only for the continuous two
steps has been described is that the usual etcher has a
design optimized fér its application and the etcher is
independently designed, for example, an oxide film etcher
or polysilicon film etcher. Hoﬁever, for an etcher
contrived in a gas sﬁpply system or an in-chamber cleaning
means, all of the steps, dry etching of the SiOx interlayer

insulating film, removal of the FC based protective £film



stopper filmare sinultaneously renoved using another ICP etcher. A wafer W
used as a sanple in this exanple has the structure shown in Fig. 1. The
etching of the SiOx interlayer insulating film8 was performed using the

| CP etcher designed for etching for the SiOx film The etcher has the
structure shown in Fig. 9. The etching condition was set as foll ows: 31
flowrate of Clerr]F[err]: 20 SCCM flow r3fe of Ar: 40 SCCM pressure: 0.27
Pa source power: 2000 W (2 MHz) RF bias power: 1000 W (1.8 MHz) upper

el ectrode tenperature: 250[err]C wafer tenperature: 30[err]C over-etching
rati o: 50% Thts, as shown in Fig. 2, anisotropic etching of the Si Ox

interlayer inggkabyggaf&ich %&iﬁ:%a‘ierd‘fo@ﬁ"ed rik€ pattern) and dry
etching of the SiN etching stopper film can be of course
performed using a common chamber.

The details in the design rule, the configuration
of a sample wafer, the kind and the structure of an etcher
used, the‘dry etching condition, the oxygen plasma
processihg condition and the like can be of course suitably

changed or selected.



achievtng a high selection ratio (about 30) to the SiN etching stopper film
7 by the effect of the FC based protective film1ll, |ike Exanple 1. The
wafer Wwas then carried in the |ICP etcher for polysilicon filmetching, to
S|nuitaneously remove the FC based protective film 11l and the SiN etching

stopper film7. The etching condition set as follows: flo of

CHF3: 50 SCCMflow rate of Jerr]: 30-S pressuLef~e’27’55’§%ﬁ?%e’pomer:
1500 W (2 MHz) RF bias power: 800 W (1.8 MHz) upper H\ﬂrature:
250[err] C 32 wafer tenperature: 30[err]C over-e “g‘ﬁ% oln this
process, O (oxygen radical) as an etching species tthe FC based '

protective fhhﬂbli aegAEﬁEﬁngngx[err] as an etching species for the SIN
et chi ng st opper Fm

1. A methqd of forming a connection hole, comprising:

a first step of laminating an etching stopper film
made of a SiN based material and an interlayer insulating
film made of a SiOx based material on a substfate in this
order;

a second step of forming an organic film pattern on
said interlayer insulating film on the basis of a
connection hole pattern;

a third step of dry-etching said interlayer
insulating film using said organic film pattern as a mask
while keeping a selection ratio to said etching stopper
film;

a fourth step of removing a carbon based protective
film which is deposited on an exposed surface of said

_ etching stopper film by said dry etching, using an etching
reactive system including an oxygen based chemical species;
and

a fifth step of completing a connection hole by
selectively etching said etching stopper film.

2. A ﬁethod of forming a connection hole according to

claim 1, wherein the removal of said carbon based



are sinyl taneously produced in the plasm, so tha;ﬂ;?gﬁfgLELnggLLve—fiIm
11 is first renoved and subsequently the selectiv I ng of- the 9 N
etchi.ng stopper film7 proceeds. O course, the FC “\r\ﬂ“&“}duced
during the etching of the SiN etching stopper fil mm\\m el

removed. As a result, the SiN etching stopger film 7«1 strénmoved without
generation of any residue. A sem conductor device having a high reliability
can be thus manufactured, |ike the previous exanples. Exanple 6 In this

exanple, the dry etching of a SiOx interlayer insulating filmis perforned
usi ng the helicon wave plasma etcher, and the FC based protective filmis

o T neoe I ISR W, Ao SR SEPeROR {91 d SRS e e oes
vafer. The o BLEHEN S JRTve' bpBL18sbEEnG AREML Y LA Y ! con
oxygen based chemical species.
3. A method of forming a connection hole according to
claim 2, wherein said plasma is excited by discharging a
gas containing at least O,.
4. A method of forming a connection hole according to
claim 2, wherein the whole of said organic film pattern is
removed together with said carbon based protective film in
said fourth step.
5. A method of forming a connection hole according to
claim 2, wherein at least continuous two steps of a series
of steps from said third step to said fifth step are
performed in a state in which said substrate is held in the
same plasma éhamber.
é. A method of forming a connection hole according to
claim 2, wherein the dry etching for said interlayer
insulating film in said third step is performed in a state
in which said substrate is mounted on a substrate stage
having a single electrode type electrostatic chuck in a
plasma chamber; and the removal of said carbon baéed

protective film in said fourth step is performed in such a

manner as to serve as plasma discharge for removing



A sanple wafer Wused as a sanple in this exanple has the structure shown
in Fig. 1. The etching of the SiOx interlayer insulating filmwas perforned.

usi ng_the helicon wave plasma etcher de3|gned for etching of a SIOk film

The etcher has the structure shown in Fig. In addition, the

el ectrostatic chuck used in this exanple 49 of a si ng”mﬂ Iﬂﬂmmﬂ Mm
which a direct current having a specified polarity is gle

i nner el ectrode buried in an insulating nenber and the wall 'of "a plasna
chanber through plasma is taken as a counter earth. 1In the case of wusing
such a single type electrostatic chuck charges remai n even by stopping the

suppl y of therQFi&ﬁ&chﬁéf s 3 &a reorélgfct%aeeftfr?éng’ and

accordingly a plasma nust De excite agaln to di scharge” fesidual charges

t hrough t he pEﬁ%E@rQ@éQﬁfc gﬁ&ﬁﬁng the wafer Wfromthe wafer stage 69. The
pl asma for discharge residual charges is generally excited by supplying a

gas substantiglly notp ﬁ&Eflb?gofryO]&{l ?:taI ?5 S iBauhbi8bLaLs l}?é’ {5"9

previ ous plasma proceSS|ng err] for genérating” a

L1 SPectEgatar 1 NGy B aPioR AOUSEH B 4B aliF 86 sflce 0o The

surface and side surfaces respectively covered with an
offset insulating film and a side wall insulating film each .
of which is made of a SiOx based material, is previously
formed on said substrate; and said connection hole is

opened in such a manner that part of the bottom surface
thereof covers at least said side wall insulating film.

8. A method of forming a connection hole, comprising:

a first step of laminating an etching stopper film
made of a SiN based material and an interlayer insulating
film made of a SiOx based material on a substrate in this
order;

a second step of forming an organic film pattern on
said interlayer insulating film on the basis of a
connection hole pattern;

a thifd step of dry-etching said interlayer
.insulating film using said organic film pattern as a mask
while keeping a selective ratio to said etching stopper
film; and

a fourth step of simultaneously removing both a



film8 was set as folloms 34 flowrate of c-Clerr]F[err]: 50 SCCM f| ow
rate of Ar: 200 SCCNIpressure: 0. 27 Pa source power: 2500 W (13.56 MHz) RF
blas;pomer 200 W (400 kHz) wafer tenperature:: 30[err1F aver-etching ratio:
50% Thus, as shown in Fig. 2, anisotropic etching of the Si Ox |nter
insulating film8 was performed while achi mgahdl‘lﬂ "III Ulﬂ IE
(about 30) to the Si N etching stopper f|In1 by the ased
protective film1l1l, |ike Exanple 1. The discharge for renDV|ng resi due
charges of the single electrode type electrostatic chuck and the FC based
protective film11l was perforned in the followi ng condition: flow rate of
Jerr]: 30 S&¥bon based protective film deposited on an exposed

surface of said etching stopper film by said dry etching
and said etching stopper film, using.an etching reactive
system including at least an oxygen based chemical species.
9. A method of forming a connection hole according to-
claim 8, wherein the simultaneous removal of said carbon
based protective film and said etching stopper film in said
fourth step is performed using a plasma capable of
simultaneously producing an oxygen based chemical species
and a SiN based material etching species.

10. A method of forming a connection hole according to
claim 9, wherein said plasma is éxcited by discharging a
gas containing at least a fluorocarbon based compound and
0z.

11. A method of forming a connection holé according to
claim 8, wherein said third step and said fourth step are
performed in a state iﬁ which said substrate is held in the
same plasma chamber.

12. A method of forming a connection hole accordihg to
claim 8, wherein an electrode pattern having an upper
surface and side surfaces respectively covered with an
offset insulating film and a side wall insulating film each

of which is made of a SiOx based material, is formed on



pressure: 0.27 Pa microwave power: 1500 W (13.56 MHz) RF bias power: 100 W
(400 kHz) wafer tenperature: 30[err]C tine: 10 sgﬁgﬂ%ﬁﬁ?é,ﬁ,LﬁsuL%——the FC
based protective film 11l was 35 renoved, and t etchin pper
film?7 was exposed on the bottom of the contact hol \NYM“ \3 3. An
increnent of the opening diameter of the rgsist pa ““\ . about
10% Such a process in which the renoval of the FC séd bro?ectlve film1ll
serves as the renoval of the residue charges of the electrostatic chuck

i nproves the throughput. The wafer Wwas then carried in another helicon
wave plasma etcher for etching of a polysilicon film and the SiN etching

stopper filmg %%xﬁfét%qeeve'ahddé)ﬁet ebgfebBibRendnd | Dy gygbreandid isueh f | ow
rate of CHF3: Egb

a manner that part of the bottom surface thereof covers at

least said side wall insulating film.



pressure: 0.27 Pa source power: 1500 W (13.56 MHz) RF bias power: 200 W
(400 kHz) wafer tenperature: 30[err]C over-etching ratio: 20% As a result,
such _a contact shape as to elimnate generate short-circuit of

i nterconnection and generation of any residue was obtained. After that, the
resist pattern 9 was renoved by ashing an#3t he upper interconnection 12 was
formed, |ike the previous exanples. In the etching of the SiN etching
stopper film?7, 36 Jerr] may be added in the gas in an anount of, for

exanpl e, abo%Eﬁ%§Qﬁ\Am§Mﬂ@ iR Hgct i ve film 11 slightly

remains, the SIN etching stopper film7 can etched while perfectly renoving
t he FC based protective fil maBsTRACIJOFhEHEaBISCLOSURE Ng (Jerr] in the sane
mechani sm as described in Exanple 3. Although the present invention has
been descri bed '

A method of forming a connection hole, which
includes the steps of: laminating an etching stopper film
made of a SiN based material and an interlayer insulating
film made of a SiOx based material on a substrate in this
order; forming an organic film pattern on the interlayer
insulating film on-the basis of a connection hole pattern;
dry-etching the interlayer insulaﬁing film using the
organic film pattern as a mask while keeping a selection
ratio to the etching stopper film; a fourth step of
removing a carbon based protective film which.is deposited
on an exposed surface of the etching stopper film by the
dry etching, using an etching reactive system including an

" oxygen based chemical species; and a fifth step of
completing a connection hole by selectively etching the

etching stopper film.

FIGURE 1



with respect to the above six exanples, such description is only
illustrative purposes. The above exanples, for exanple, have described the
use of a common chanber for the dry etching of the SiOx interlayer
insulating filmand the renmoval of the FC based protective film (or added
with the resist pattern); and also the use of a conmon chanber for the
renoval of the FC based protective filqlgnd the dry etching of the SiN
etching stopper film The reason why thé use of a common chanber only for
the continuous two steps has been described is that the usual etcher has a
design optim zed for its application and the etcher is independently

desi gned, for exanple, an oxide filmetcher or polysilicon filmetcher. -
However, for an etcher contrived ijn.a ga upply system or an in-chanber

cl eaning nmeans, all of the steps,éng ZEfng f the SiOx interlayer
insulating film renoval of the FC based protective film 37 (or added
with renoval of the resist pattern) and dry etching of the SIN etchlng
stopper filmcan be of course
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performed using a common chanber. The details in the design rule, the
configuration of a sanple wafer, the kind and the structure of an etcher
used, the dry etching condition, the oxygen plasma processing condition and
the like can be of course suitably changed or sel ected. 38 WHAT | S
CLAIMED | S: 1. A method of form ng a connection hole, conprising: a
first step of lami nating an etching stopper filmnmade of a SiN based
material and an interlayer insulating f2¥% made of a Si Ox based material on
a substrate in this order; a second step of formng an organic filmpattern
on said interlayer insulating filmon the basis of a connection hole
pattern; a third step of dry-etching said interlayer insulating filmusing
said organic filmpattern as a mask while keeping a selection ratio to said

et chi ng stopper
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film a fourth step of renmoving a carbon based protective filmwhich is
deposi'ted on an exposed surface of said etching stopper filmby said dry
et ching, using an etching reactive systemincluding an oxygen based
chemmical species; and a fifth step of conpleting a connection hole by

sel ectively etching said etching stopper film 2. A met hod of form ng
a connection hole according to claiml gherein.the renmoval of said carbon
based protective filmin said fourt B/ tep is perfornmed using a plasma of
an active species being mainly conposed of an oxygen based chem cal
species. 3. A nmethod of form ng a connection hole according to claim
2, wherein said plasma is excited by discharging a gas containing at |east
Jerr]. 4. A nmethod of form ng a connection hole according to claim 2,

wherein the whol e of said organic |I|r[%§;er1555 removed together with
sai d carbon based protective filmbin . :
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said fourth step. 5. A method of form ng a connection hole according
to cldim?2, wherein at |east continuous two steps of a series of steps from
said third step to said .fifth step are perforned in a state in which said
substrate is held in the same plasma chanber. 6. A method of formng a
connection hole according to claim?2, wherein the dry etching for said
Interlayer insulating filmin said tMl{?§nep Is perforned in a state in
whi ch said substrate is nounted on a substrate stage having a single

el ectrode type electrostatic chuck in a plasma chanber; and the renoval of
sai d carbon baséd protective filmin said fourth step is performed in such
a manner as to serve as plasna di ar egEfr Vi ng 40 resi dual
charges of said single electrode tlype EI cos;atic chuck. 7. A et hod
of form ng a connection hole according to'claim11, wherein an el ectrode
pattern having an upper
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surface and side surfaces respectively covered with an offset insulating
filmand a side wall insulating filmeach of which is nade of a Si Ox based
material, is previously formed on said substrate; and said connection hole
is opened in such a manner that part of the bottom surface thereof covers
at least said side wall insulating film 8. A nmethod of formng a
connection hole, conprising: a first steg of lam nating an etching stopper
filmmade of a SiN based material and ad interlayer insulating filmmde of
a Si Ox based material on a substrate in this order; a second step of
formng an organic filmpattern on said interlayer insulating filmon the
basis of a connection hole pattern; a third step of dry-etching said
interlayer insulating filmusing said organic filmpattern as a nask while
keeping a selective ratio to said etching stopper film and a fourth step
of simultaneously renoving both a
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41 carbon based protective filmdeposited on an exposed surface of said
etching stopper filmby said dry etching and said etching stopper film
usi ng an etching reactive systemincluding at | east an oxygen based

chem cal species. 9. A nmethod of form ng a connection hole according to
claim8, wherein the sinultaneous renoval of said carbon based protective
filmand said etching stopper filminggd fourth step is perforned using a
pl asma capabl e of sinultaneously produci ng an oxygen based chem cal species
and a SiN based material etching species. 10. " A nmethod of forming a
connection hole according to claim9, wherein said plasma is excited by

di scharging a gas containing at |east a fluorocarbon based conmpound and

Jerr]. 11. A nmet hod of. form ng a connection hole according to claim 8,
wherein said third step and said fourth step are perforned in a state in
whi ch said substrate is held in the sane plasma chanber. 12. A et hod of

form ng a connection hole according to claim8, wherein an el ectrode
pattern having an upper surfage and side surfaces respectively covered with
an
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offset insulating filmand a side wall insulating filmeach of which is
made of a Si Ox based material, is formed on said substrate; and said
conpection hole is opened in such a manner that part of the bottom surface
t hereof covers at |least said side wall insulating film
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