oy

EET HAS BeEN ||
REPLACED

| —

-1 -

1S &M
. This Sheet Has'Been Re

AR

Qe &1

(o] ACTYU G 8 c 0

FIELD OF THE INVENTION
This invention. relatas to a method for manufacturing a
semiconductor integrated circuit chip having a built-in capacitor
in which high dielectric constant materlal or ferroelactric
material LS used as a capacitance insulatlon layer.

' BACRGROUND OF THE INVHNTION
Recently, remarkable developments have occurred in tha" fleld

of mzcrocomputers having built—in capacltors of hlgh dlelectrlc
constant materials.’ " such’ mlcroccmputers contribute to reduclng
unnecessary radlation that causes electro-magnetic interference.
Equally remarkable are develcpments 1n the field of ferroelectric
non-volatile RAM whlch facilitates’ 1ow—voltage operatzon and hlgh
read/write speed. The high dielectric constant materlals or
¥’~¢g;ferroelectr1c materials are made mainly of sintered metal -oxide,

and contain a substantial amount'cf'very reactive oxygen. In

forming a capacitor with such dlelectrxc £ilm, material for its

electrcdes must be least reactlve, thus, preclous metals such as
platxnum (Pt), palladlum (Pd), etc. must be used.

. In the prior art platlnum and "palladium etchlng has been
'conducted by means of xsotrcplc etchlng, such as wet etchlng with
aqua regia or by 10n milling with ar gas. Because of the nature
of isotropic etchlng, using wet etchlng with aqua regza and lon
mllllng causes deteriorated processing accuracy ' Furthermore, an

additional problem’ w1th zon mllllng occurs because the etchlng
- speed on’ platlnum, which is to-form the electrode, and on silicon
oxide, etc., which is underneath the platinum, are almost the
same, the $ilicon oxide”ie"aISO-etched'during'icn milling,
In order to increase processinq accuracy, research and -
development has hecn qulte adtxve in the precision proce551ng



technology with respect to the platinum layer and metal oxide
dielectric thin film by means of a dry etching process, where Cl;
and HBr are used as the etching gas (see, Extended Abstracts,
Autumn Meating 1991, The Japan Society of Applied Physics, 9P-ZF-
17, p. 516; Extended Abstracts, Spring Meeting 1993, The Japan
Society of Applied Physics, 30a-2E-3, pp. S577). ) -

A conventional method for manufacturing semiconductor
davices is described with rafarenca to FIGs. 8(a)—-(c). As shown
in FIG. 8(a), a silicon oxide layer 4 is formed as an insulation
layer on top of a circuit element 1 and a wiring 2 shaped on a
silicon substrate 3. Over the silicon oxide layer 4 is a first-
platinum layer S, a film of high dielectric constant material or
ferroelectric material-(hereinafter referred to as dielectric
£ilm) 6 and a second platinum layer I ' -t

The srlxcon oxlde layer 4 reflects unevenness due to the
circuit element 1 or wxrlnq 2 already shaped on the silicon’

substrate 3 to have a hollow 8 or protrusion 9 on its surface, as

shown in FIG. 8(a). Because dielectric film 6 is spin-coated on
the unevan surface of silicon oxrde layex 4, thickness of ‘tha '
dielectric £ilm 6 is large at the hollow 8, and small at the
protrusion 9. :

Next, as shown in FIG. 8(h), top electrode 7a and
capacitance lnsulatron film 6a are formad by dry-etchlng the'
second platlnum layer 7 and dielectrrc £ilm 6 with clu HBr as-
the etching gas. ' The faclllty used for the etching is a.
magnetron- reactlve Lon etching (RIE) mode ary . etcher. Through
the same etchlng procedure the first platlnum layer 5 is etched
to form a bottom electrode Sa; and a capacitor 15 thus formed._-&u
layer to protect the capacxtor, electrode w1r1ng and’ protectron '
layer for the ‘alectrode wiring are’ formed through process steps
not shown in the figure; and a’ semiconductor device is completed.

An example of the etching characterlstlcs on platlnum, high.
dielectric constant material (BaSrTlo“ h@rexnafter referred to



as BST) and resist is explained below when Cl, is used as the
etching gas. FIG. 9 shows dependence of tha etching speed of
platinum, BST and resist to RF power. Where, the horizontal axis
denotes RF power, the vertical axis denctes etching speeds of
platinum, BST and resist.

The facility used for the atching is magnetron RIE mode dry
etcher. The etcher conditions are: Cl, gas flow 20 sccm, gas
pressure 1 Pa, RF power within a range between 200W and 600W,
wafer temperature during etchlng below 20°C as its back surface
is cooled with He. -

FIG. 9 exhibits that platinum etching speed is increased
from 30 nm/min. te 100 nm/min., BST etching speed is incfeased
from 20 nm/min. to 70 nm/min. and resist etching speed is
increased from 200 nm/min. to 350 nm/min., when RF power is
raised from 200W.to 600W. .- o oo

When, ‘the platinum/resist etching speed ratio 1ncreases from_l
about 0.15 to about 0.29 along with the increase of RF power from
200W to 600W. - The BST/resist etchinq speed ratlo also increases ﬂ
from about 0.10 to‘about 0.20. Under any condition, the etching
speed of resist is much faster than that of platinum and BST.

The time required to etch the platinum layer (200nm thick)
and BST (200nm thick) with RF power at 600W is 4 min. 52 sec.

The etching quentity of the resist. during this time span is“:
calculated from_the reSlSt etching speed to be 1703nm, a very -
large value. -This means that, if the resist layer ‘is thinner _
than 1700nm,_the re51st is- entirely etched whlle etchlng 1s-;¥f' .
conducted on tﬁeqﬁiatinum and BST. If this is to be’ prevented, a’
thick resist layer of more than about ‘3 Hm thick has to be used.;n

As descrlbed above, however,.when c12 etching gas is used
the etching speed of resist is very high relative to that of
platinum and BST. Consaquently, while platlnum and BST are being
etched for a certaln required thlckness,ﬁthe resist layer is also .
etched smgnzflcantly. In order to p;evéht thls from occurring a




thick-layer resist needs to be used. But the thick-layer rasist
affects the definition laevel of the mask pattern at

photolithography, rendering the formation of a fine pattern very
difficult.

The etching speed of the silicon oxide layer is about 2.5
times faster than that of the platinum layer. So, as shown in
FIG. 8(c), during formation of hottom electrode 5a, its
underlayer, the silicon oxide layer 4 is significantly etched.

The problem with etching the silicon oxide layer 4 is
illustrated in FIGs. 8(b) and B(c). Before the thick part of
first platinum layer 5 (located on the hollow 8 of silicon oxide
layer 4) is completely etched off, the etching gas, which already
etched‘;he thin part of first platinum layer 5 (located on the
extrusion 9 of silicon oxide layer 4), quickly attacks the _
underlying silicon oxida'layer_4 to etch it off, and when gate
electrode l1la of circuit element 1 and .wiring 2 ara exposed, they
are also etched, rendering the transistor and other c;rcult
element 1 inoperable. ) )

In the casa of ion milling where Ar gas is used as the-’
etching gas, because the ratio of the etching speed of the second
platinum layer 7 and dielectric film 6 to the etching speed of
the silicon oxide layer 4 is low, when forming a capacitor in two
separate etching process steps (e.g., etching on the second
platinum layer 7 and dielectric £ilm 6, and then on the first _
platinum’ layer 5), it is extremely d;fflcult to stop the etching ..-
procedure so that the first platinum layer 1s not etched._

In the case of dry etchlng on platlnum and ferroelecttic

matexial, because of its slow etchlng speed the throughput of
the productlon facillty is poor. ; :

SUMMARY OF THE INVENTION
_The objective of this invention is to offer a new method.for
manufacturing semiconductor devices having & built-in capacitor
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which is formed by slowing the etching speed on the resist,
making the ratio of etching speed of platinum and dielectric
material teo resiet large, and by selectively dry—-etching the
platinum and dielectric material at a fast etching speed.

Further, another objective of this invention is to offer a
new method of manufacturing semiconductor devices, wherein, even
if sufficient time is provided for overetching during the process
to form the bottom electrode of the capacitor, the silicon oxide
layer underneath the .electrode is only'minimally etched, hence
circuit elements and wirings, etc, are protected from damage;
thereby highly reliable semiconductor devices can be
manufactured. : S

This invention comprises process steps to form, on a
substrate in which circuit elements and wirings, etc. are.hlready
shaped, an insulation layer, a first metel layer, a dielectric
£ilm and a second.metal layer, one after another, and then, form
a top elactrode and a capacitance film by dry etching the second -
metal layer and the dielectric film, and form a bottom electrode
by dry etching the first metal layer; wherein, at least the
etching gas for dry etching the second metal layer is a mixed gas
containing hydrogen halide and oxygen, having a ratio of oxygen
against the total of hydrogen halide and oxygen sat ‘at about
10%~35%, . : : ' .

As the hydrogen hallde, HBr is used and a gas contalnlng
hydrocarbon such as chloroform is used as the etchlng gaS..:ﬁ""-w

This lnvention employs a silicon oxide layer.as.the .. é?'
insulation layer on the substrate,'and a platinum layer or |
palladium layer as the first and. sacond metal layers. Dry

_etching of the second metal layer and dlelectrlc film is

conducted in a low pressure region not higher than ‘about 5 Pa,
where the etching speed is high.

Further, in.this- lnventlon, an 1nsulat1on layer, a flrst
metal layer,.-a dielectric film and a _se_cond metal layer are




formed on a substrate on which circuit elements and wirings, etc.
are already shaped; and then a top electrode and a capacitance
insulation layer are formed by dry etching the second metal layer
and dielectric film in the low pressure region where the etching
spaed is high. When the first metal layer is exposed, the
dielectric film left unetched on the first metal layer is removed
under the high pressure region where the etching speed relative
to the first metal layer is low, and then the mask pattern is
applied, and the bottom electrode is formed by dry etching the
first metal layer under the low pressure region where the etching
speed is high. . . ' )

Therafore, according to this invention, where a mixed gas of
hydrogen halide and oxygen is used as the etching gas, the ’
etching speed on silicon oxide layer can be made sufficiently.low
relative to that on the second metal layer mada of a platinum
layer or a palladium layer; in this way, the excessive etching of
the silicon oxide layer underlying the first metal layer is
avoided, and damage to the circu;t elements and wiring, etc.
underneath the 5111con oxide layer can ha prevented. Hence, -
reliable semiconductor devices may be manufactured at a high
production yield rate. By properly controlling the etching speed
of platinum and ferroelectric material the throughput of
manufacturing facilities may be ralsed.

Furthermore, the ratio of etchlng speed of the plarlnum and
dielectric maLerlal to the r951st can be increased by lowerlng
the etching speed on the reSLSt Therefore, etchlng of the
platinum and dielectric material may be conducted by using a mask
of normal layer-thiokness resist (generally speaklng, about 1. me_
to about 2.0um thxck), instead of using a conventxonal thlck—
layer resist (about 3xm and thicker). . .

The invention itself, together thh further objects and’
attendant advantages, will best be understood by reference to the-
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following detailed description taken in conjunction with the
accompanying drawings, _
BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1(a)~(d) are cross-~sectional views showing the first
half of the process steps in embodiment 1 of this invention.
Figs. 2(a)-(c) are cross-sectional views showing the second

.half of the process steps in embodiment 1.

Fig. 3 is a characteristic chart showing the etching speed
of the etching gas used in embodiment.l.

Fig. 4 is a characteristics chart showing the relationship
between the etching speeds of platinum, BST and resist and the HP
power, when chlorotorm is used as etching gas in embodiment 2 of
this invention. . . .

Fig. 5 is a characteristic chart showing the relationship
batween the etch;nq speed of platinum and the pressure of etchlng
gas in embodiment 3 of .this invention. . w.ﬁb;s

Fig. 6 is a characteristic chart showing the relat;onshlp
between the etching speed of dielectric’ mater1a1 and the pressure
of etching gas in embodiment 3. .

Fig. 7 is a characteristic chart showing the relationship -
between the intensity of the light emitted while the dielectric
material is being etched and the pressure of etching gas in
embodlment 3.

Figs. 8(a)=-(c) show cross-sectlonal views of a convent1ona1
method for manufacturlng semlconductor devices. . :. .

Fig. 9 1s a characterlstlcs chart showzng the relatzonshlp
between the etching speeds of platlnum, BST and resist and the HF
power, when Cl, gas is used as the etchlng gas in a conventlonal
manufacturing method. : "’

DESCRIPTION OF PREFERRED EMBODIMENTS _

Embodlment 1 of this invention is described below referring

to Figs. 1(a)-(q) and Figs. 2(a)=-(c) wheté the same constituent



‘e

[ — —

parts as the conventional_parts shown in Fig. 8 are identified
with the same numerals and their explanations are omitteaq,
explaining only those elements that are different from the
conventional method. ’

In Figs. 1(a)-(d) and Figs. 2(a)-(c), the circuit element 1
and wiring 2 as shown in FIG. 8 are omitted, and only the sector
of a capacitor is described.

First, as shown in FIG. 1(a), an insulation layer 4 of
silicon oxide, etc. is formed on the substrate 3 made of silicon,
etc. On top of the insulation layer 4 is a first platinum layer
6§ of about 200nm thickness. On top of the first platinum layer 5
is a dielectric filﬁ 6 having a high dielectric constant material
or ferrocelectric material of about 200nm thickness. - Further on
top of the dielectric film 6.is a second platinum layer 7 of
about 200nm thickness. The dlelectric fllm 6 is formed by means
of the epin coating method. .. hen,_top electrode 7a and a
capacitance insulation film 6a are formed by dry etching the
sécond,platinum layer 7 and dielectric film &, through a resist
layer 10 applied on the second platinum layer 7. In this way, a.
device as shown in FIG. l(b) is formed. -Next, as shown in FIG.
1(c), the top elactrode 7a, capacitance insulation f£ilm 6a and a
part of the first platlnum layer 5 are covered with a second
resist layer 1l to etch the.first.platinum layer 5 with a mixed
gas of HBr and 02. Bottom eleotrode Sa 1s thus formed, as shown T
in FIG. 1(d). RSP P AL

As shown ln FIG. 2(a), an 1nterlayer 1nsu1atlon layer 12 1s
coated over the entzre surfece, contact holes 13a and 13b are
prov;ded above the bottom electrode 5a and top electrode 7a,
respectively (Fig. 2(b)), ‘and electrode wirings 1l4a and 14b,
which connect to the top electrode 7a and bottom electrode Sa,
respectively, via the contact holes 13b, 1l3a, are formed to
complete a capaclpor (FIG. 2(¢)).
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The use of a mixed gas of HBr and 0, as the etching gas in

dry etching the silicon oxide layer 4, the first platinum layer S

and the second platinum layer 7, is explained below with
reference to Fig. 3. '

FI1G. 3 shows the etching speeds of.platinum and silicon
oxide when HBr and O, mixed gas is used. The left vertical axis
denotes the etching speeds of platinum and silicon oxide, the
right vertical axis denotes the etching selectivity ratie
(platinum etching speed/silicon oxide'etching speed) , and the
horizontal axis indicates percentage of ¢, flow to the HBr and O,
total etching gas flow. The etching facility used is a magnetron
RIE mode dry etcher, with HF power 400W and pressure 1.33P during
etching. . - .

As indicated in FIG. 3, the etching speed on silicon oxide
when HBr alone is used as the etching gas. is about 80 nm/min.,
which is about half the speed.when chloroform is used as the
etching gas, or almost the same level as that on platinum (90
nm/min') Namely, the platlnum/5111con oxzde etchxng seleotxvxty
ratio is improved to approximately 1. - ) .

When O, is mixed with HBr such that 0, comprises about 30% of
the total flow of etching gas, the speed of etching on sxlicon
oxide decreases to about 1/3 as compared with the case of HBr
alone; while the etching speed on platinum stays almost
unchanged. This means that the platlnum/5111con oxide etchlng
selectivity ratio is improved to more than 3. In praotlcal .cases
the process can be maintained stable .when the ratio is'1.5 and :
up, therefore, ‘the ouantlty of O, to the total etchlng gas flow o
may be chosen from ‘the range of about 10%-35%. .

In the case when platlnum 'is ary atched using HBr and o,
mixed gas, tha 811100n oxide reacts with Br and 0, to compose a
non~volatile compound which piles up on the silicon oxide.layer 4
to protect the silicon oxide layer’ 4, lowering the etching speed.
This makes it possible to selectivoyg-eﬁéh the first'platinum

B Y
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layer 5. -Namely, in completely etching off the first platinum
layer 3, the silicon oxide 1ayer.4 is never substantially etched
as was the case in the conventional manufacturing methed. Thus,
possible damage to the circuit elements and wirings which are
located underneath the silicon oxide layer 4 is avoided.

Although a platinum layer is used as the top electrode 7a
and bottom electrede Sa in this embodiment, the same effect is
also cobtained by the use of a less reactive metal, such as
palladiun. : _' ' ' .

Besides 0, gas used in this embodiment as the gas to be
mixed to HBr, a compound gas containing oxygen may alsc be used.

As described above, in'this embodiment, where a mixed gas of -
oxygen and hydrogen halide such as HBr is used as the etching gas
for forming the bottom electrode Sa made of platinum, etc., ‘only
the first metnl layer 5 made of. platxnum, etc. is select;vely
etched off, and etch;ng on’ the silicon oxide layer 4 is.
suppressed; therefore the circuit elements and wiring," etc.
wnderneath the silicon- oxlde layer-are not damaged. 'fff'“

The method for manufacturlng semiconductor ‘devices in'a’
second embodiment is the same as that in embodiment 1' shown in
FIGs. 1(a)-(d) and FIGs. 2(a)- (c), except the second embodlment
uses chloroform as the etching gas on the platlnum and dxelectric
material. W : e T - . . ' "

Dry etching on the- platlnum ano dlelectric materlal 1n the " **
second embodlment u51ng chloroform (CHCl;) as the etchlng gas is "’
explalned below.,~.: ‘:'ﬁ=x= na;;uwr i : . e B

FIG. ) shows the dependence of Zfohzng speeds of platinum,_f:
BST and resist to HF power when chloroform (CHC1;) is used as the
etching gas. En FIG. 4, the’ horlzontal axis denotes HF power,_':
and the vertical axis’ etchlng speede of'platlnum, BST and re51st.f
The etching raclllty used is a magnetron RIE mode dry etcher.--

" The etching conditions are as follows: .. chloroform (C@Cla) £low -

LY
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20 sccm, gas pressure 1 Pa, and HF power within a range of about
200W-600W. |
As FIG. .4 indicates, along with the elevation of HF power
from about 200W to about 600W the speed of etching on platinum
increases from about 10 nm/wmin to about 70 nm/min, on BTS from
about 15 mm/min to about 75 nm/min, and on resist from 40 nm/min
to 80 nm/min. Platinum/resist etching speed ratio increases"from
about 0.25 to about 0.88 when HF power is raised trom about 200W
"to about 600W. BST/resxst etching speed ratio increase from
ahout 0.38 to about 0.954. . .
The time needed to etch platinum (200nm thick layer) and BST
' (200nm thick f£ilm) is 5 min. 32 sec., at HF power load 600W. . ’
During that time. frame, the resxst is calculated to have been - ..
' aetched- off by: 443nm, which represents a remarkable improvement as
compared with the conventional etching quantity 1703nm. :
© As explained abave, according to the second embodiment, by
usxng chloroform (CHCLQ as the etching gas to etch platinum- and
BST, the epeed of etching on the resist is decreased, and the
ratio of etching’ speed of platinum and BST to resist can be made
larger. These: chanqes in etching speed make it possible to -
conduct etching on platinum and BST using a normal layer
thxckness resist’ (qenerally speaking, thlcknesses of about 1.2pm
to .about 2.0pm), instead of a conventionally used thick resist B
(ahout 3um and thicker) Therefore, a flne pattern can be’ shaped
with a high proceSSLng prec151on, 1thout deteriorating the level
of definitioq of ‘a: mask pattern. 5-5;:*; R ‘~4;- -
W&eﬁ~al; §a§”15 used carboﬁ fCJ and hydrogen (H), being the
.'elements contained in the resist, reaet with Cl, gas to compose ;“
_cey,, HCl, which are then separated and exhausted. The etching
is considered to" proceed this way, and the speed of etching on i'
" the resist 1ncreases. . ' Ce : '
", On’'the other hand, when chloroform gas is used, the etchxng
speed of. ‘the resist is decreased beqause of the carbon and
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hydrogen contained in the chloroform gas. It is believed that
either the reaction with carbon and hydrogen in the resist is
made less active, or a film of carben and hydrogen is polymerized
during atching which piles up on the resist while atching is
going on, rendering the etching speed retarded.

In this embodiment, chloroform (CHCl;) is used as an example
of the etching gas. However, besides chloroform, other gases
containing hydrocarbon may be used to obtain the same results. 2
mixed gas of Cl, gas en& chlorofornm, and a mixed gas of HBr and
chloroform may also be used to obtain the same results.

A third embodiment of this 'invention is described with
reference to FIG. 5, FIG. 6 and FIG. 7. In FIG. S, the
horizontal axis denotes gas pressure and-the vertical axis speed
of etching on platlnum. The etchlng facility used is a magnetron
RIE mode dry etcher.. The etching conditions are as follows:
etching gas flow 20 sccm and HF power 600W.  The Substrate .
temperature durlng etchlng is below about 20°¢C- because its back
surface is cocoled with helium (He). . -

As illustrated in FIG.’ 5, the speed of etching on platinum'
increases rapidly from about 36 nm/min to about 100 nm/min when
the gas prassure decreases from about 5 Pa to about 1 Pa.
Mea.nwhile; when the gae pressure is increased from about 5 Pa to
about 50 Pa, the etchlng spead slows down from Yess than about 30
nm/min, to about 5 nm/min.'.g ”?{ ,;:Ugfqd“ ce e, e . ~I'

The dlfference in tha speed of etchlnq on platlnum due to
dlfferent gas pressure reglons ls explalned below.

In dry etcnlng the platxnum 1n the low pressure region. (1~
'Pa), the phy51cal spatter etchlng dominates, and the etching
speed 1ncreases-steep1y along with the lowering pressure. In the
high preesure reglon (5-50 Pa), the physical spatter etching is
weak, and etchlng by the chemical reactlon with platinum and
etching gas seems, to be proceedlng, where the etching speed is
very slow.“ ) '

L P
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As explained in the foregoing description, according to this
embodiment the speed of etching on platinum during platinum
‘etching can be increased steeply by conducting the etching in the
low pressure region, about 1 Pa-5 Pa.

FIG. 6 shows the dependence of the etching speed of the
dielectric material on the gas pressure when a mixed gas of Cl,

" gas and chloroform is used as etching gas. In FIG. 6, the
horizontal axis denotes the gas pressure and the vertical axis
denotes the etching speed on the dielectric material.

In this embodiment, the dielectric material used as an
example 1s BaSrTiO; (BST). The etching facility used is a
magnetroﬁ RIE mode dry etcher. The etching conditions are as
follows: ' etching gas flow 20 sccm and HF power 600W., The
substrate temperature durlng etchinq is below 20°C because its
pack surface is cooled with He. ~ .

"As FIG. 6 shows, the etching speed on the dielectr;e ':_ -
material increases from about 30 nw/min to about 60 nm/mln along
with the decreas;ng gas pressure from about 5 Pa to- about 1 Pa.
Meanwhlle, when the gas pressure goes higher (from about 5 Pa to
about S0 Pa), the etching speed gradually slows down (from about
30 nm/mln to about 15 nm/min). '

The difference in the etchiné speed on the dielectric
material due to different gas pressure reglons is explalned
below. .. - R SR

) In dry etchlng the dlelectrlo material in the low pressure )
reglon (1—5 Pa), the physical spatter etchlng domlnates, and the.'.
'etchlng sﬁeed 1ncreases steeply along wzth the lowerlng pressuref
In the high pressure region (5-50 Pa),_the physical spatter
etching is weak,- and etchlng ‘'by the chemical reactlon with the
dielectric mater1a1 ahd’ etching gas occurs.' ' -

FIG. 7 shows the dependence ‘of the 1nten51ty of light
emitted durlng etchlng of. the dlelectric material to the gas
pressure. The etching condltlons remeln The same as those in

-
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FIG. 6, and the horizontal axis denotes the gas pressure and
vertical axis the intensity of light emitted.

During etching, light emission of 396.1 nm wavelength from
SrCl and of 419.2 nm from TiCl were observed. ' The intensity of
the light emission from the SrCl during etching stays constant at
about 0.5, irrespective of the gas pressure; and that from Ticl
also stays constant at about 0.6, lrrespectlve of the gas'- C
pressure. '

-

From the above, it is understood that in the hlgh pressure
region (5-50 Pa), where the ‘etching speed is almost constant,
etching on the dielectric material proceeds by chemical etching. -

It is also understood that in the low pressure region (1-5 Pa), °
where the etching speed increases steeply, when the 1ntens;ty of '
light enitted is not dlfferent rrom that in the hlgh pressure _
reglon (FIG. 7), the effect of phys1cal spatter etchlng is. added
to the etch;ng by ohemlcal react;on.. As a.result, in the 1ow 4
pressure region, “the etching speed ls 1ncreased accordzngly. ;"L*

Based-on the above, the. etching speed can be increased by _Jﬁ
setting-the etohlng conditions within ‘the 1-5 Pa'low" pressure' e,
region. Thus, there is an improved’ productzon throughout., e

When etchlng the dielectrlc ‘material, according to thls
embodiment the etchzng speed can be increased steeply by '

O .
ad . .
L e ‘. -

performlng the etchlng in the 1-5 Pa low pressure reglon, and the -
etchlng by chemlcal reactlon can be performed 1n the 5 50 Pa hlgh‘
b s '\ . . IR o

semlconductor devxces accordlng to a fourth embodiment'are the
same as those shown in FIG., 1.. Therefore, the follow;ng .
'explanatlon is d;rected to the condltzons and means for the - T
manufacturlng method.. ,?xi;i"; : AR ! : ' .
On the 1nsulatlon layer. 4 formed on.a substrate of 5111con, '?.
etc., the flrst pletlnum layer 5 of 200nm thlckness ls formed as.

a bottom electrode, on the first platlnum layer 5 the dielectric

::‘_. R
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film 6 is formed of 180 nm thickness, and then on the dielectric
£ilm 68 the second platinum layer 7 of 200 nm thickness is formed
for a top electrode.

The first resist layer 10 is then applied on the second
platinum layer 7 to etch down the second platinum layer 7 and the
. dielectric film.6. When the first platinum layer 5 is exposed,
the etching is dxscontznued The ratio of etching speed of the
dielectric fllm '6 to ‘the first platlnum layer 5 underneath the
~£ilm 6 needs to he high. Then, the second resist layer 11 is
applled to etch otf the first platinum- layer 5, in ordexr to torm
_the bottom electrode 5a. "In this step, the size of the first -
platinum layer 5 needs ‘to be large enough to provide contacts
through the interlayer insulation layer 12 at two points between
the second platlnum layer 7/the flrst platinum layer 5 and kK v
electrode wirxngs 14a/14b . which are located above the respectlve
. platznum layers.u '“".." . “,“;frrﬂ”a;.ﬂ.h-.,,,;;s;e,.--z",qf
For thls purpose, in the process to etch down the second
;:platinum layer.7 and dzelectrlc film 6 flrst, the second -
'platinum layer 7 must be etched ln the low pressure region, where :
the speed of " etchxng ‘on platlnum is’ hlgh "The etching condztlons.
in thls process are.' etching gas flow 20 scem, gas pressure 1
Pa, HF power soow .and etching time 2 mlnutes. Next, start the .”t'
etchlng'of dlelectrlc fllm 6 in the 1ow pressure reglon, “where _"
the etchlng Speed is, hlgh.‘ The etchlng ccndltions should be.-} _
) etchlng gas flow 56 sccm, gas pressare 1 Pa, ‘HF' power soow and f":
_etchlng tlme 3 minutes.:—As soon as the £irst platxnum layer 5 is
‘exposed. sﬁlft tﬁeﬁgas.pressure toﬁtne.hlgh pressure reglon, in"
,order tnat the remalnlng dlelectric rzlm 6 still on.the surface n"'
'of flrst platlan layer 5" lS chemlcally etched off whlle"" .
”'maintaxning the tirst platlnum layer 5 unetched. The etching .
. condltzons at thls process are: etchlng gas flow 20 sccm, gas .
. pressure 50 Pa, HF power soow and etchlng tlme 1. mln. . .

. - e —
LTI
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In this embodiment, the ratic of atching speed of thae
dielectric material to platinum increases from about 0.6 to about
3, along with the increasing gas'prsssure from about 1 Pa to
about 50 Pa. '

As explained in the forageing description, platinum and
dlelectric material can be selectively etched by shxfting the
pressure rsgion of the etching gas.

As the next step, the first platinum layer 5 is etched in
the low pressura region, whera platinum etching speed is high.
The etching conditions at this step ara: atching gas flow 20
scem, gas pressure ‘1 Pa, HF power 600W and etching time 2
‘minutes. - . ‘ ST )

In embodiment 3 and embodrment 4 above, a nixed gas of Cl,
gas . and’ rhloro:orm is used as an example of oéchzng gas.
.However, CL,gas alone may bhe used as etching gas, and the same o
erfects may be obtained by controlling the pressure region durlng
the dry etchlng procass in the same way as described in
embodimants 3 and 4 abova. =v~ﬂ“" N )

As described ahove, according to‘iﬁé rourth ombodimené, a
dagirabla etching speed may be chosen.to £it each platinum and
dielectric material. "Also a required ratio of the etching speed
of platinum to digloctric material may be chosen by properly
controlling the prassure region of the etching gas.

Through the _process steps as expla;ned by the fozego;ng
descriptlon, a capacxtor consistlng of the second platinum- layer .
7 as top electrode, dlelectrlc lem 6 and the first. platinum )
layer 5 as bottow’ electrode may be formed with high precxsion and
without dlffrculty .of manufaoturlng . -

of course, it should be understood tnat a wide range of
fchanges and modxflcations can be made to the preferred embodiment
described abova. It is therefore intended that the foregoing
detailed doscrlption be- regarded as 1llustratxva rather than
lxmrtxng and that it be understood that it xs the following
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claims, includihg all equivalents, which are intended to define
thae scope of this invention.

~
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1. A method of manufacturing a semiconductor device
comprising the steps of:

- zorminq an insulation 1ayer,'a £irst metal layer, a
dielectric :iln, and a second metal layer on a substrate having
circuit alements formed thereon;

dry etching said second metal layer and said dielectric
£ilm to form a top electrode and a capacitance insulation film,
wherein at least this dry etchxng step is performed using mixed
gas containing hydrogen halide and oxygen; and

dry etching said first metal layer to form a bottom
elactroda after dry etching said second metal layer and said
dielectric f£ilm. : ' )

2. A method of manufacturing a semiconductor device
according to claim 1, 'wherein the percentage of oxygen in the
etching gas of hydrogen halide and oxygen is. about 10% to about
3sk. .
3. A method of wanufacturing a semiconductor device
according to clalm 1 or claim 2, whergin the hydrogen halide is
HBz.' ' .

4. A method of manufacturing a semiconductor device
comprising the steps of: '

forming an insulationlleyer, a first metal layer, a
dielectric film, and a second metal layer on a substrate hav1ng
circuit elements formed thereon; .

- dry etching said second metal layer and said dielectric
fxlm to form a top electrode and a capacitance xnsulatxon :xlm,
wherein at least this dry etching step Ls performed usxng a gas
containing hydrocarbon, and .

dry etching said first. metal layer to form a hottom '
electrode after dry etching said second metal layer and said

dialactric film
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5. A method of manufacturing a semiconductor device
according to claim 4, wherein the gas containing hydrocarbon is .
chloroform.

6. A method of manufacturing a semiconductor device
according to claim 4, wherein the gas containing hydrocarbon is a
nixed gas of chloroform and Cl, gas. )

7. A method of manufacturing a semiconductor device
according to claim 4, wherein the gas containing hydrocarbon is a
mixed gas of chloroform and HBr.

8. A method of manufacturing a semiconductor device
according to claim 4, wherain the insulation layer is a silicon
oxide layer. ' '

9. A method of manufacturing a semiconductor device
according to claim 4, wherein the first metal layer and the
second metal layer are comprised of platinum or palladium.

10. A method of manufacturing a semiconductor device
comprising the steps of: :

rorming‘én insulation layer, a first metal layer, a
dialectric film, and a‘'sacond metal layer on a substrate having
circuit elements formed thereon; . .

: dry etchinq said second metal leyer and said dielectric -
£ilm to form a top elactrode and a capacitance insulation film;
and,

ary. etchxng saxd first metal layer to form a bottom
electrode aftar. dry etching said eecond metal layer and said
. dielactric’ £film, wherein dry etching of said first metal layex,
said second metal layar, and saia dielectric filnm is conducted in
a low' preeeure region whexre etching speed is high.

11. © A metﬁod of menufacturing a semiconductor devica
according to claim 10, whereln the low pressure region does not
axcaeed about 5 Pa.

12. - A method’ for manufacturlng a semlconductor device
comprising the steps of: ) -
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forming an insulation layer, a first metal layer, a
d%olactric film, and a second metal layer on a substrate h;vin
‘cxrcuit elaments formed thereon; ' ;

dry etching said second metal layer and said dielectric
£ilm, in a low pressure region where etching speed is high, to
form a top electrode and a capacitance insulation film;-ané

etching off any remaining dielectric film left unetched
on thg first metal layer as soon as the first metal layer is
exposed, said e?ching off being perforﬁed in a high pressure
region where the etching speed of the first metal layer is slow;
applying a mask pattarn to the first metal layer; and’
dry etching the first metal layer in a low pressure

region where the etching speed is high to form a bottom
electrode. )



