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TITLE OF THE INVENTION
o Nanufagturing wethod of semiconductor devices
- FIELD OF THE INYENTION

This invention relates to manufacturing method of
semiconductor integrated circuits having built-in capacitor im
which ferroelectric material is used as capacitance insulation
- film; especially to fine pattern dry etching process to be
applied to Pt electrodes of said capacitor.
BACKGROUND OF THE INVENTION

In the midst of general trends towards finer structuring of
semiconductor devices, development activities have been |
remarkable in the field of microcomputers having capacitors of
high dielectric constant ﬁaterials vhich is effective to reduce
unnecessary radiation, or electro-magnefic interference, and in
the field of non-volatile RAM having built;in ferroelectric.
capacitors which facilitates low-voltage operation and high
read/write speed. The ferrcelectric wmaterials are made weinly of
netal oxide,.and contains substantial amount of very reactive
oxygen. In fofming a capacitor with such dielectric film,
material for its electrodes must be least reactive; precious
metals such as Pt, palladium, etc. must be used.

FIG. 9 shows typical structure of capacitor in a
semiconductor deviee having built-in dielectric capacitor.
Yhere, la denotes ‘top electrode, 2a capacitance insulation film,.

3a bottom electrode, 4 underlayer, 7 contact hole, 8 inter
a oL w
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insulation layer (oxide layer) and 9§ wiring

In the above meationed structure, bottom electrode 3a is
pmade larger than top electrode la; the reason is to provide
contacting individually at two points, viz. top electrode la and
bottoﬁ electrode 3, with the upper wifing R

Etching proqesé-to form the capacitor congists of that on Pt
top electrode layer and dielectric film, and that on Pt bottom
electrodé layer 3; wherein, etching on Pt top electrode layer and
dielectic film must be conducted at a speed different from that
on Pt bottom electraode,

‘ The Pt etching has been conducted by means of wet etch vith
aqua reéia. ion millinz with Ar gas, or by other means, However,
the nature of both wet etching and ion milling is isotropic
etéhing. which means_the grade of precision is not high encugh
for the. fine pattern processing, Especially, ion mflling bgars

with it a drawback that there is not much difference in etching

. speed between Pt and underlayer material,

In order to overcome the sbove mentioned drawback, active

+ research and development efforts have been made in Pt.fine

pattern processing by means of dry etching; vhere, as etching
gas, use of Cl. and HBr are reported (Extended Abstracts, Autumn

Neeting 1991, The Japan Society of Applied Physics. 9p-ZF-17,
D516; Extended Abstracts, Spring Yeeting 1993, The Japan Society
of Applied Physics. 30a-ZE-3. p577. and others). Now in the
following, explaanion 7ill be made on dependence of_Ff et;@inz
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speed to high frequency (RF) electric power when Ci/. gas is used
as etching gas.

FIG. 10 shovs dependence of Pt etching speed, and of
Pt/resist etching speed ratio to RF pover, with Cl. gas as
etching gas. VWhere, horizontal axis denotes RF pover, left
vertical axis Pt etching speed, and right vertical axis Pt/resist
etching speed ratio.

Facility used for the etching is a magnetron reactive ion
etching (RIE) mode dry etcher.

Etching conditions are:-Cl, gas floy 20 SCCK, gas pressure
1 Pa, TYafer temperature during etching is below 20T because its
back surface is cooled vith He, |

FIG. 10 exhibi{s a trend that Pt etching speed is increased
from 10 nm/win. to 100 nm/min: vhen RF power is raised from ﬁOOY
to 600, '

Pt/resist etching speed ratio, vhen RF power is raised.from
200¥ “to 600¥, also shows upward trend from 0,2 to 0.3; hawever,

the etching speed ratio remains very low. The above quoted

". papers also report similar results in the dependence of Pt

etching speed to RF pover when Cl2 gas is used.

In addition, the above quofed papers describe about a case
#here HBr gas wés used a§ etching gas; in vhich case, according
to the papefs, Pt.etching speed was reported to be 120 nn/ain,

_In'such conventional cases where single substance gas such

88 Cl, or HBr is used as etching gas, Pt etching speed is very



low; which means it takes very long time to etch Pt of a required
thickness (several hundreds nm), therefore, a drawb;ck of
deteriorated throughput of production facilities,

Furthermore, the prolonged etching time is liable to cause g
proolem of etched resist layer during etching time. If resist
layer is made thicker, it affects grade of definition. amaking
formation of fime pattern ver} difficult,

A possiblility for increasing Pt/resist etcﬁing gpeed ratio is

to add a gas containing carbon component and conducts etching by
neans of plasma polymerization while piling up carbon layer.
' This procedure, hovever, causes piling up of carbon layer within
reaction chamber, which becomes source of particle generation,
This necessitates frequent maintenance servicing of facilities,
making operating éfficiency poor.

SUXMARY OF THE INVENTION | |

. Objective of.this invention is to offer s nevw manufacfuring

method of semiconductor devices, wherein Pt etching speed {s
increased, henpé, throughput of production facilities can be
improved,

In order to implement the ohjective‘fhis invention features
in such semiconductor device manufacturing method, wherein
insulation layer, bottom electroe Pf layer, dielectric film aﬁd
top electrode Pt layer are proéided on top of a substrate having
aiready—completed.circuit elements and wiring, and then,

Ccapacitor is formed by selectively dry etching bottow electrode
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Pt layer after selectively dry etching‘tqp electrode Pt layer and
dielectric film;.

it comprises process to dry etch Pt layer consisting bottonm
gelectrode or top electrode, wherein, either Pt layer is dry
etched while a compound of Pt and S is being composed, or first
Pt and S compound is made and then the_?t coapound 1s dry etched;

it uses a gas containing S component as etching gas for Pt
étching, or an etching gas containing S component as additive gas;
and

it implants S into Pt layer, before Pt dry etching process,
by means of iou'implgntation to compose S and Pt compound, and
then dry etch the Pt compound thus composed,

Therefore, according ta this invention, -Pt and S compound is
composed during etching, Because boiling point af-this compound
is far lower than that of Pt, etching Speed for Pt layer can be
increase& to the improved throughput of manufacturing facilifies,
Pt etching time can be shortened, and resist etching prevented.
BRIEF DESCRIPTION OF THE DRAYINGS .

FIG. 1(A)~(D) illustrates formation of capacitor in an
embodiment of this inventionm.

FIG. 2 is chargcteristics'chart that'shows dependence of Pt
etching speed and Pt/resist etching speed ratio to BF power in
Embodiment 1 of tﬁis invention, with S,C!: gas as etching gas.

FIG. 3 is chaiacteristics chart that shovs dependence of Pt

etching speed to mizing ratio of etching gas betveen Cl2 gas and



§,Cl2 gas in Embodiment 2 of this invention.

FIG. 4 is characteristics chart that shows d?pendcnce of Pt
etching speed and Pt/resist etching speed r;tio to RF power in
Embodiment 3 of this inventiqn; where, etching gas vas HBr gas,
additive gas was H:S gas.

FIG. 5 is characteristics chart that shows dependence of Pt
etching speed fto sixing ratio between HBr gas and H:S gas, in
Babodiment 3 of this invention, :

FIG. 6(4)-(D) illustrate formation of capacitor in Embodiment
4 of this invention,

FIG. 7 is characteristics chart fhat showrs dependence of Pt -
etching speed to RF power in Embodiment 4; vhere, S was implanted
into Pt by means of ion implantation to compose S and Pt compound,
and then Pt is etched with Cl; gas,

FIG.8 is Pt/S alloy phase diagranm, -

FIG. 9 shovws cross—sec&ion of typical capacitor maanéctured
by conventional seamliconductor device ganufacturing method.

FfG.lO is characteristics chart that shows dependence of Pt
etcaing speed and Pt/resiét etching speed ratio to RF power in
the above panufacturing method, where, single -substance Cl. gas
¥as used as etching gas.

DESCRIPTION OF PREFERRED EMBODIMENTS

In the foliowing. explanation will be given on an embodiment

of this iﬁvention'referring fo FIGs; where, same part as the

conventianal structure as shown ia FIG.9 is given the same



aumeral,
In FIG. 1CA)~(D), 1 denotes Pt layer for top electrode, la

"top electrode; 2 dielectric film, 2a capacitance insulation film,
3 Pt layer for bottom electrode, 4 insulation underlayer, 5 and §
resists. For the sake of simplifiaction, regions of circuit
elements on substrate do not appear in the ﬁrarings.

On underlayer 4 provided over silicon semiconductor.
substrate, pile up 200nm thick Pt layer 3 for bottom elecfrode;
on Pt layer 3 for bottom electrode pile up 180nm thick dielectric
fila 2; on dielecfric film 2 pile up 200nm thick Pt layer 1 for
top electrode. '

Now, explanation will be made on process to form capacitor
out of multi-layered structure thus fabricated.

First, place resist 5 on Pt layer 1 for gop electrode, for
the purpose of making top electrode ls and capacitance insulation
layer 2a, as shown in FIG.1(A), Next, as shown in FIG.l(B),jetch
down Pt layer 1 for top electrade and dielectric film 2 to form
top electrode la and capacitance insulation layer Za; and stop
etching when surface of Pt layer 3 for bottom electrode is
expoged, Then, place res;Qt § to entirely cover top electrode
la and capacitance insulation layer 2a, as shown in FIG. 1(CC).
Finally, etch down Pt layer 3 for bottom electrode to form bottom
electrode-3a._as shorn in FIé.l(D).

As Embodiment 1 to manufac%ure capacitor of above mentioned

8tructure, S2Cl2 gas is used as Pt etching gas.
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FIG. 2 shows Pt etching speed and Pt/resist etching speed ratio
under & changing BF pover in this Embodiment.

Comparison between FIG, 2, characteristics of in this
Embodiment, and FIG.10, those in conventional manufacturing
-method, clarifies that Pt etching speed in this Embodiment is
tyice as high, and Pt/resist etching speed ratio rises from 0,4
"to 0.5 along vith the increased BF pover from 200¥ to 600F.
Furthermore, Pt/resist etching speed ratio hsa been almaost
doubled.

F1G. 3 shows, as Embodiment 2, dependence of Pt etching speed
to mixing ratic of etching gas when Cl2 gas and S22 gas are
mixed and used as etching gas. - Horizontal axis denotes gas
mixing ratio, vertical axi; Pt eftching speed.

Facility used is a magnetron RIE mode dry etcher,

Etcning conditions are: mixing ratio of SaCl2/(S2C12+Ci2)
etching gas is varied, RF pawer §00Y, gas pressure 1 Pa. TVafer
temperature during etching is maintained belowx 20T by means df
vafer back su;face cooling,

FIG. 3 clarifies that Pt etching speed follows the upward
trend from 100 nm/ain, to 200 nm/min. when mixing ratioc of
etching gas {s changed from 100X C{2 gas to 100¥ Sz2C!: gas,

According to this Embodiment case, Pt etching speed can be
lncreased by the use of an etching gas containing S coaponent,
and throughput of ﬁroduqtiﬁn facilities can be raised, and

Pt/resist etching speed ratio can be made higher.
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In this Embodiment case, use of sulfur chloride gas such as
S2C(x gas or use of Cl2 and SaClz mixed gas vere exampled as
etching gas. fovever, as the gas containing S component, sulfur
fluoride gas such as SF¢ gas or SaFx gas may be used to obtain
same results, '

Aé Embodiment 3, a case when H.S gas is added to etching gas
{n Pt etching process %ill-be explained referring to FIGs. |

FIG. 4 shows dependence Pt etching speed and Pt/r;sist
etching speed ratio to RF power when HBr gas is used as etching
gas, and E2S gas as additive.gés. Horizontal axis denotes RF
sover, left vertical axis Pt etching speed, right vertical axis
Pt/resist etching speed ratio. |

Facilities used is a magnetron RIE mode dry etcher.

Etching conditioﬁs are: HBr gas flow 20 SCCK, Ha2S gas flqw
10 SCCX, gas pressufe 1 Pa, Tafer temperature during etchiné 1s
maintained beloy 20U by means of wafer back surface cooling;

FIG. 4 clarifies that Pt.etching speed:fullows the upward
trend from 20 nm/min. to 200 nm/min. when RF power is increased
from 200¥ to 600¥; as compared with conventional case shawn in
FIG. 10, Pt etching speed is almost doubled. Pt/resist etching
speed ratio follows the upward trend from 0.4 to 0.5 as RF power
increases from 200Y to 600V, As compared with the case when Ci:
gas vas uged as Pf’etching gas, the etching speed ratio with
resist is almost doubled,

FIG. 3 shows dgpendénce of Pt atching spead to mixing ratio
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of 228 whgn HBr gas is used as etching gas, H2S zaé ag addi{tive
gag, Horizental axis denotes gas mixiné ratio, vertical axis Pt
etching speed. |

Facility used is a'magnetron R1IE mode dry etcher. Ztching
conditions are: HaS/(H:S+iBr) mixicg ratic is varied, BF pover
5007, gas pressure | Pa, Yafer temperature during etching is
paintained bdelaw 20T by seans of vafer back surface cooling,

FIG. 5 clarifies that Pt etching speed reaches the fastest,
200 nm/uin., 7hen gas mixture ratio is around 30X

According to this Embodiment case, Pt etching speed can be
increased by the use of a gas containing S camponent as additive
gas, and throughput qf praduction facilities can he r;ised, and
Pt/resist etching speed ratio can be made high..

In this Embodiment case, use of H.S gas as additive gas was
exanpled. Howvever, as the gas containing S couponent, SOz gas
" may be used to obtain same results,

Kext, as Bmbadiment 4 of this Laventiaa, expfanation rill be
made on a case where S is implanted into Pt by means of ion
lwplantation to compose S and Pt compound; and then Pt ig dry
etched, | '

FIG. 6CAY~(D) illustrates formation of cépacitcr in this B
Enbodinent case; where, ! is Pt layer for top electrode, la top
électrode, 2 dieléctric film, 3 Pt layer for bottom electrode, 4
underlayer made of insulation layer, § resist.

On undecrlayer 4 provided over silicon seslcoaductaor
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substrate, pile up 200nm thick Pt layer 3 for bottom electrode;
on Pt layer 3 for bottom electrode pile up 180nm thick dielectric
film 2; on dielectric film 2 pile up 200nm thick Pt layer 1 for
top electrode.

Now, explanation will be made on process to form capacitor
out of multi-layered structure thus fabricated.

First, place resist 5 on Pt layer 1 for top electrode, as
shown in FIG.6CA), Next, as shown in FIG.6(B), implant S ion
into Pt layer 1 for top electrode by means of ion implantation to
compose a compound of Pt and § in the region to be etched off,
as shown in FIG.8(C). In this stage, S is not implanted inta
dielectric film 2. Then, as FIG. §(D) illustrates, etch off the
Pt and S compound,

¥1G. 7 shows dependence of Pt etchiné speed to RF power,
vherein, S is implanted into Pt by means of ion implantation to
compose S and Pt compound, and t&en-CZz gas 1s used as etchiﬁg
gas, Horizontal axis denotes RF power, vertical axis Pt etching
speed, | '

Facilities used is a magnetron RIE mode dry étcher. Ion
implantatidn conditions are: aqceleration voltage 600XeV, dope
quantity Sxiolsatm/cmz. Etchidg conditions are: Ci2 gas flow
20 SCCN, gas pressure | Pa, Fafer temperature during etching is
maintained below éUE by means of wafer back surface cooling,

FIG. 7 clarifies that Pt etching speed follows upward trend

from |5 nm/min. to 150 nm/min. wxhen RF power is raised from 2007
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to 600Y.

As compared with FIG, 10, conventional case, Pt etching speed
is about 1.5 times as high, o

According to this Exbodiment case, etching speed of Pt layer
1 for top electrode can be lncreased by first implanting S into
Pt layer 1| for top glectrode by means of lon implantation to
compase S and Pt compound, and ‘then dry etching the compouad. By
so doing, throughput of production facilities can be improved.

Now, regarding a case, wherein a gas coataining S component
is used as etching gas and a gas containing S combonent is useq
és additive gas, and another case, wherein Pt is dry etched whi}e ,

Pt and.S compound is being composed, or Pt and S compound is

first éomposed and then Pt {s dry etched, explanation will be

vade on the mechaniswm how Pt etching speed is increased,

FIG. 8 is Pt/S alloy phase diagras, in which one will see
that by mixing very small quantity of S into Pt, ;t starts :
evaporating at 11757, |

It is known that boiiing point of Pt is as high as 3804T.
However, as mentioned'above, boiling point of Pt i{s lowered by
mixing a very smalllquantity of § iato Pt.

S:Ctz gas and S:F: gas, both are S-containing gas, have
large $/X ratio (X=C!{, F) and easily pile up S vhen dissociated
in plasma, .

Therefore, when S-containing gas is used as etchiang gas and

S-containing gas is used as additive gas, the S component
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dissociated in plasma reacts with Pt to compose a low boiling
point compound.. Because of this, Pt etching speed is increased
as conpared with the case yhen Cl, gas is used as etcﬁing gas,

So, in the process where ét layer 1 for top electrode and
dielectric film 2 are to be etched, conduct etching under
relatively slow.Pt etching conditions, and stop it as soon as Pt
layer 3 for bottom electrode is exposed, In the next process
. shere Pt iayer 3 for bottom slectrode is to be etched, conduct
etching under fast Pt etching conditions, In this wyay, required
capacitor structure may be formed. . |

As the above mentioned Embodiments clarified, the process
accordiné fo this invention uses & S-contsining gas as Pt etching
gas, or a gas containing § component as additive gas to change Pt
for electrode into low boiling point S/Pt compound; and conducts
etching after compound 18 composad; | .
therefore, Pt.etching speéd can be increased, Etching speed'
ratio wxith regpect to resist can also be increased.

This invention, therefore, implements uew-manufacturiné
aethod of semiconductor devices which provides high processing

accuracy and high throughput of pro&uction facilities,
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1, Seaiconductor dévica manufacturing method. ¥herein capacitanca
alaaent is faormed by:
first providing, on top of a substrate having already-

coppleted circuit element and wiring, cté.. insulation layer,
bottom elec#rode Pt layer, dielectric filam and top electrode

Pt layer, and then, selectively dry etching said top electfode
Pt layer and dielectric film, thereafter, selectively dry
etching bottow electrode Pt layer; and in conducting dry
etching on said Pt consisting battom electrode or top
electrode, |

broceeding dry etching work while composing a Pt and S
compound, or. first making a Pt and S coampound end then dry
etch the compound thus composed,

2. Semiconductor device manufacturing method, vherein capacitance

elament is:formed by:

.firsf providing, on top of a substrate having already-
completed circuit elements and wiring, etc., insulation layer.
-bottom electrode Pt layver, dielectric film and top electrode
Pt layer, snd then selectively dry etching said top electrode
Pt layer and dielectric fiimn thereafter, Selectively dry

- etching bottom electrode Pt layer; and in conducting dry

etching on said Pt consisting bottom electrode or tap
electrode, ' |

using a gas containing S component as etching gas.

3. Seaiconductor device manufacturing method according to Claim 2,

whergin the gas containing S coaponent i3 one meubef selected
from the group consisting of sulfur fluoride gas and sulfur

——

chloride gas, -

A e
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Semiconductor device manufacturing method, wherein capacitance

element is formed by:

first providing, on top of 2 substrate having already-
completed circuit elements and wiring, etc., insulation layer,
bottom electrode Pt layer, dielectric film and top electrode
Pt layer, and then selectively dry etching said top electrode
Pt layer and dielectric fflm, thereafter, selectively dry
etching bottom electrode Pt layer; and in conducting dry
etching on said Pt consisting bottom electrode or top
electrode,

using a gas containing § component as additive gas to Pt
etching gas,
Semiconductar device manufacturing method according to Claiam 4,
wherein tﬁe additive gas is at leést one member selected
frow the group consisting of sulfur fluoride, sulfur chloride, -

HzS and SO,.

.Semiconductor device manufacturing method, wherein capacitance

element is formed by:

first providing, on top of a substrate having already-
completed circult element and wiring, etc., insulation- layer,
bottom electrode Pt layer, dielectric film and top electrode
Pt layer, and then selectively dry etching said top electrode
Pt layer and dielectric film, thereafter selectively dry
etching bottom.electrode.Pt layer; and before conducting dry
etching on said Pt consisting bottom electrode or top
electrode,
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implanting S into Pt by means of iona implantation to.

compose S and Pt compound, and then dry etch the Pt compound

thus composed,

-
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