TI TLE OF -THE%! NVENTI ON Manuf act uri ng nmet hod of sem conductor devices
FI ELD OF THE | NVENTI ON This invention relates to nmanufacturjng nethod
of .sem conductor integrated circuits having built-in cap it@?&&n whi ch
ferroelectric material is used as capacitance insul atyq ilm especially
to fine pattern dry etching process to be-abplied to el ectrodes of said
capacitor. BACXGROUND OF THE | NVENTI ON In the mdst of general

ELSPS?t}g?qkigéféggtHfthﬁ&Hﬁhﬂg of sem conduct or devi?es, devel opnent
o Nanufagturing wethod of semiconductor devices
- FIELD OF THE INYENTION
This invention relates to manufacturing method of
semiconductor integrated circuits having built-inm capacitor in
which ferroelectric material is usad 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 materials which 1s effective to reduce
unnecessary radiation, or electro-magnefic interference, and in
the field of non-volatile RAM having built;in ferroelectric.
capaciﬁors which facilitates low-voltage operation and high
read/write speed. The ferroelectric materials are made weinly of
netal oxide,.and contains substantial amount of very reactive
oxygen. In fofming a capacitor gith such dielectric filam,
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, 1a denotes top electrode, 2a capacitance insulation film,

3a bottom electrode, 4 underlayer, 7 contact hole, 8 inter
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remarkable i the field of mcroconmputers having capacitors of high
dielectric constant materials which is effective to reduce unnecessary
radiation. or electro-nmagnetic interference, and in the field of
non-vol atile RAM having built-in ferroelectric. capacitors which
facilitates | owvoltage operation and high- 2ead/ wite speed. The
ferroelectric materials are nade mainly of netal oxide, and contains

substantial anount of very reactive Oxygen. |In formng a capacitor with
such dieIectriqhgmlbqnonnpafsjeﬂoxﬁQe-1§§egy(a@urgde§rmﬂﬁt be | east reactive;
precious netals such as Pt, palladium etc. nust be used. FIG 9

shows typical strughutge OibPRPACNTEnAD HRFUEENMARE EE¥EE odR\Jangs
built-in dielectric capacitor. There, |a denotes top el ectrode, 2a

ﬁgfg?igapﬁfei%QﬂbaiﬁPQeiiiHHn 39 BOLEOMBE! 9l OHE rehs¥RAeE| BY §fpovi deont act
contacting individually at two points, viz. top electrode la and
bottoﬁ electrode 3a, with the upper wifing 9.

Etching proqesé-to form the capacitor congists of that on Pt
top electrode layer and dielectric file, 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 electrode,

‘ 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 milling bgars
yith 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 et;hing; 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, explanatlon will be nade on dependence of_Ff etc@inz
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- 2- I nsul ation |ayer (oxide layer) and 9 wiring, In the above
mentioned structure, bottomelectrode 3a is nade |larger than top el ectrode
| a; the reason is to provide contacting individually at two points. viz.
top electrode la and bottomelectrode 3a, with the upper wiring 9.
Et chi ng process to formthe capacitor consi$ts of that on Pt top el ectrode
| ayer and dielectric film and that on Pt bottom electrode |ayer 3;

£l ectrode

LA LR R B TR
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 exhibits 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, when RF power is raised.from
200¥ “to 600¥, also shows upward trend from 0,2 to 0.3; hawever,
the étching speed ratio remain§ 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 whgre single substance gas such

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



on Pt bottom el ectrode. The Pt etching has been conducted by neans of
wet etch with aqua regia. ion mlling with Ar gas, or by other neans.
However, the nature of both wet etching and ion mlling is isotropic
etching, which neans the grade of precision kf not high enough for the.
fine pattern processing, Especially, ion ml1ling bears with it a
drawback that there is not nuch difference in etching speed between Pt and
under | ayer material,., to overcone the above nentioned

dr awback, actiQEir%ﬁk&ﬂ(ﬂF4§hgig;§giﬁﬁnﬁiﬂ¥ dPR8r tnhare afednPiagé anrequired
Corr] and Fbr tht GRaeiior el oeok SRUMEP fomIaceBeratntsm a NESRRAGR 1051 The
Japan Soct et yéggezﬁpoplutee% Qrﬁ¥ghgﬁbu’?p6f2';—rgéhction 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 p;ocedure, however, causes piling up of carbon layer within
reaction cham?er, vhich 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 ff 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



D51 6; Extended Abstracts. Spring Meeting 1993, The Japan Society of Applied
Physics. 30a-ZE-3. p577. and others). Now in the follow ng, explanation

wi | . be made on dependence of Pt etching
- 3- speed to high frequency (RF) electricngomer when [erer] gas is used
as etching gas.. FIG 10 shows dependente of Pt etching speed, and of

Pt/resist etching speed ratio to RF power, with [err] gas as etching gas.

There, horizontal axis denotes RF power, left vertical axis Pt etching

speed. and rPghlayertdftar selechivelnidty etching tymedecirnde Pt layer and
dielectric film{.

it comprises process to dry etch Pt layer consisting botton
electrode or top electrode, wherein, either Pt layer is dry
etched vhile 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 ﬁeans of iou'implgntation to compose S and Pt compound, and
then dry etch the Pt compound thus composed,

Therefore, according to 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



Facility used for the etching is a nmagnetron reactive ion etching (R E)
node dry etcher. Etching conditions are: [err] gas flow 20 SCCM gas
pressure 1 Pa. lafer tenperature during etching is below [err] because
its back surface is cooled with He, FIG 10 exhibits a trend that

Pt etching speed is increased from 10 nmminé to 100 nm m n. when RF power
Is raised from200W to 600[err]. Pt/resist etching speed ratio, when
RF power is raised from 200Wto 600W also shows upward trend fromO0. 2 to

0. 3 however sidig ghshidErtaidenst s uf QRNIn¥eAvidRW | The above quot ed

papers al so report S|n1lar results in the dependence of Pt. etching speed

;t0 RF pover when [ef¢]4dab dhard8eeriatics chart that shovs dependence of Pt

| etching speed and Pt/resist etching speed r;tio to BF 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 gf Pt
etching speed fto sixing ratio between HBr gas and H:S gas, in
Babodiment 3 of this invention, ‘

FIG. 6(A)~(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 vas 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 diagran, -

FIG. 9 shovs cross-section of typical capacitor manufactured
by conventional semiconductor device ganufacturing method.

FfG.lO is characteristics chart that shows dependence of Pt
etching 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

conventional structure as shown ia FIG.9 is gliven the same



In addition, the above quoted papers describe about a case where HBr gas
was used as etching gas; in which case, according to the papers, Pt

etching speed was reported to be 120. nm m n, I n such conventi onal
cases where single substance gas such as [err] or HBr is used as etching
gas. Pt etching speed is very - 4-

1ow, which neans it takes very long time to etch Pt of a required

t hi ckness (several hundreds nm), therefore, a drawback of deteriorated
t hr oughput cﬁu duction facilities. Furt hernore, the prol onged
etching tine |s able to cause a

In FIG. 1¢AY-(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 insdlgtion
layer 2a, as shown in FIG.1(A), Next, as shown in FIG.l(B),Letch
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
exposed, Then, place res;Qt § to entirely cover top electrqde
la and capacitagce {nsulation layer 2a, as shown in FIG. 1(C).
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.



probl em of etched resist |layer during etching tinme. |If resist layer is
made thicker, it affects grade of definition. making fornmation of fine
pattern very difficult. A possibility for increasing Pt/resist
etching speed ratio is to add a gas contggning carbon conponent and
conducts etching by means of plasnma polyfteri zati on while piling up carbon
| ayer. Thi s procedure, however, causes piling up of carbon |ayer within
reaction chanber, which becones source of particle generation. Thi s

Oper at i ng. ortCs Fonngis Bt T RRARCARY oAt T kel ehite spffltlo
thi's invention iis et 8n0h§ &g RFSH IR 3BY FRfodient.
; 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 ffom 100 nm/min, to 200 nm/min. when mixing ratio of
etching gas s changed from 100X Cl{z gas to 100¥ S2C!: 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.



met hod of sem conductor devices, wherein Pt etching speed is increased,

hence, throughput of production facilities can be inproved. I n order
to.inplenent the objective this invention features in such sem conductor

devi ce manufacturing nethod, wherein insulation |ayer, bottomelectroe Pt )
| ayer, dielectric filmand tap electrode Pt Sayer are provided on top of a -
substrate having  already-conpleted circuit elenents and wiring, and then, ’

‘capacitor is forned by.selectiyely,dfy et ching bottom el ectrode
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 1S gas 25 additive.gés. Horizontal axis denotes RF
pover, 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:
g£88 wvas 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



-5 Pt layer after selectively dry etching top electrode Pt |ayer and
dielectric film It conprises process to dry etch Pt | ayer consisting
botttom electrode or top electrode, wherein, either Pt layer is dry etched
while a compound of Pt and S is being conposed, or first Pt and S conpound

is made and then the Pt conpound is dry et ch&d:~ It uses a gas -
containing S conponent as etching gas for Pt etching, or an etching gas
containing S conponent as additive gas; and it inplants Sinto Pt

layer, before Jt z8§ yatedrcliBogges ciessed by dRAI9gOfasd 0rfiSTRhanaatddd tive
jconpose S and 5t conpound, and :
: gas, Horizontal axis demotes gas sixing 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 belax 20T by means gof vafe£ 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 of praoduction 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
rade on a case vhere S is implanted into Pt by weans 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



then dry etch the Pt conpound thus conposed, Therefore, according to
this invention, Pt and S conpound is conposed during etching. Because
boi.ling point of this conmpound is far |lower than that of Pt, etching speed
for Pt layer can be increased to the inproved throughput of manufacturing
facilities, ‘Pt etching tine can be shortenéd,- and resist etching
prevented. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1(A) - (D)
illustrates formation of capacitor in an_enbodinment of this invention.
FIG 2 is chagpmteaitst i 8élensp 200aat thichnd tddpaededcfontbatton ehratredred
;and Pt/resist etching sgeed ratio to RF power in Enbodinment 1 of this
linvention, wii Pt dayergdsfer tatdiomnglestrode pilerus 18)nm thigkadi ebeatniss
ichart that shows dependence of Pt etching speed to nixin% rati o of etching
;gas bet ween {ignr 2;9a8 dnelectric 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 showvn 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,

FIG. 7 shows dependence of Pt etching speed to RF power,
vherein, S is implanted into Pt by means of ion implantation to
compose S and Pt compound, and thea Cl. gas is used &s etching
gas, Horizontal axis denotes RF power, vertical axis Pt etching
5peed, '

Facilities used is a magnetron RIE mode dry etcher. Ion
implantatidn conditions are: acceleration voltage 600KeY, dope
quantity 5x10!3atm/cm?. Etching conditions are: Ciz gas flow
20 SCCX, gas pressure | Pa. Fafer temperature during etching is
maintained belo¥ 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



-6 - [err]

gas in Enbodi nent -2 of this invention. FIG4 is

characteristics chart that shows dependence of Pt et chi ng speed and
Pt/re5|st etching speed ratio to RF power in  Enbodinment 3 of this

I nventi on;

)FIG. 5is characterlstlcs chart that shomskhependence of Pt

where., etching gas was HBr gas, additive gas was HzS gas.

to mxing ratio between HBr gas and [err] gas, in

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

et chi ng speed



Enbodi nent 3 of this invention. FIG6 (A-(D illustrate formation
of capacitor in Enbodinment 4 of this invention, FIG7 is
characteristics chart that shows dependence of Pt - etching speed to RF
power in Enbodi ment 4; where, S was inplanted into Pt by neans of ion

I npl antation to conpose S and Pt. conpound; {3and then Pt is etched with
[err] gas, FIG8 is Pt/S alloy phase diagram FI G 9 shows
!cross-section of typical capacitor manufactured by conventi onal

'sem conduct off sdeiciateduinf pdsnd rgaotd hwicth Pt to ddufpdde ias lowaballiarg stics
chart that shows dependence of Pt etching speed and Pt/resist etching
,8peed ratio gfinFcpapeundn Because of this, Pt etching speed is increased

| as conpared with the case vhen Cl, gas is used as etching gas.

So, in the process vhere Pt 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

. ghere Pt layer 3 for bottom electrode 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 production facilities,



t he above manufacturing nethod, where, single subst ance [err] gas was. used
as etching gas. DESCRIPTI ON OF PREFERRED EMBODI MENTS

’*“hﬁ—%*#;‘_ﬁh__ﬁ____
f.ol 'ow ng, explanation wi 11 be given on an enbodi nent i on
referring to FIGs; where, sanme part as the14 conventlonal mﬂﬁiﬂﬁlmww
i'n RIG9 is gi%ﬁn # sane
nuner al . ‘G "1(A)-(D). 1 denotes Pt layer for top electrode fa*
1, Semiconductor dévice manufacturing method. ¥herein capacitancas
alaaent is faormed by:
firs? 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, seilectively dry etching said top electrode
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, -



top el ectrode; 2a capacitance insulation film .3 Bt
| ayer for bot t4 l im‘ml 1 I[}ﬂsul ation underl ayer, ﬁ Liest B8 -BEEN

t he sake of cla@tlmn sregions of circuit elenents

Fhﬁﬁmb@mo notk

appear in the dramnngs On under | ayer. 4 provided o e
sem conductor. substrate, pile up 200nm tthi€k Pt |ayer 3 for bot t om

el éctrode; R f t t hi ;
‘dielectric 4|Ir#a%é fgfeggyPgsfﬁgﬂéﬁf%%hfgqugéiﬁ? Fﬁ?gaqhng%g§%%‘i9?%r
‘top eIectrodeelementhbm/f@vqﬁdamqtlon will be nade on process to form
capaci-tor out of multi-layered structure thus fabricated. First,

place resist 5 on Pirétyerovlidiog, top HEGs @d%ubﬁﬁfaté hﬁvﬁﬂ@p%?emy-ﬁ‘ikl ng
‘top electrode | a and capacitance insulation |ayer -:2a, as showm in FIG 1(A).

yleélt Wt h?rf??nmglaﬁ é&ri%)culett eNendprd did va¥ehgl 464, ¢ AR5 &€L 6@ AR P

: 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,

5. Semiconductar device manufacturing method according to Claim 4,
wherein tﬁe additive gas is at leést one member selected
frow the group consisting of sulfur fluoride, sulfur chloride, -
HzS and S0:. | |

§. .Semiconductor device manufacturing method, wherein capacifance

'element is formed Sy:
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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top el ectrode | a_and capacitance insulation |ayer 2a; ndSLop
when surface of Pt layer 3 for bottomelectrode is eXOfﬁﬁ%SHé—@pHASBE&.
resist 6 to enti re’lmnﬁﬂmrllllﬁum”mtrode | a and capaci anceplkm,nbm on Hi
| ayer 2a, as shown i nal | etch down Pt'==ay 56
el ectrode to form bottomel &ct fode 3a, ag shown in FIG 1(D) As
Enbodi nent 1 to manufacture capacitor of above Mentioned structure, [err]

gas is used as Pt etching gas. FIG- 2 shows Pt etching speed and
Pt/resist etchingisptentimdi® into Pt by means of ion implantation to

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

thus composed,

//
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under a changi ng RF power in this Enbodi nent. Conpari son bet ween Fl G
2 characteristics of in this Enbodinent, and FIG 10. those in
conyentional manufacturing nethod, cl arifies that Pt etchi ng speed |n
Enbodi ment is tw ce as high, and Pt/reS|st et chi ng speed ratl

0. 4to 0. 5 along wth the increased RF power from 200\ €
Furthernore, Pt/resist etching speed rati aAgsa been al Eggs,GF_D
FIG 3 shows, as Enbodi nent 2, dependence of Pt etching peed o= X1 Ng
rati o of etchl ng gas when [err] gas and [err] gas are med used as
etching gas. Horizontal axis denotes gas mxing ratio, vertical axis Pt
et chi ng speed. Facility used is a magnetron RI E node dry etcher.
Etching conditions are: mxing ratio of [err] etching gas is varied, RF
power 600W gaF{quessure 1 Pa. Wafer tenperature during etching is

mai nt ai ned bel ow 20t" by nmeans of wafer back surface cooling.
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FIG 3 clarifies that Pt etchlng speed follows the upward

nmimn. to 200 nnm m n.

trend from 100

when m xing ratio of etching gas is changed from

100% [err] gas to 100% [err] gas,

Pt- et chi ng speed can be increased by the use of an etching gas ¢
and t hroughput of production facilities can b
Pt/resist etching speed ratio can be nade higher.

use of sulfur chloride gas such as:
[err] mxed gas were exanpled as etching gas.

conponent,

Enbodi nent case,

contai ni.ng S conponent, sulfur

Fla.2

Fren e SEERD Coonfhice

According to this Enbodi ment case,
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fluoride gas ,such as [err] gas or [err] gas may be used to obtain sane
results.

As Enbodi nent 3, a case when [err] gas is added to etching
'gas in Pt et ching process will

be explained referring to FIGs. ERG 4
. shows dependence Pt etching speed and Pt/resist etching sp Aot F
'power when HBr gas is used as etching gas,

and [err] ga
Hori zontal axis denotes RF power, left vertical axi

right vertical axis Pt/resist etchlng speed ratio. _ F§gf,, 5 sed is
a magnetron RI E node dry etcher, Etching conditiq '

s=&re. HBr gas flow
20 SCCM [err] 4as Lgow 10 SCCNl gag pressure 1 Pa. Wafer tenperature
during etching N 9ndint ai

i nt ai ned bel ow [err] by means of wafer back surface
cool i ng. g
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FIG4 clarifies that Pt etching speed follows the upward trend from 20
nfmn. to 200 nnimn. when. RF power is increased from 200Wto 600W as
conpared with conventional case shown in FIG 10, Pt etching speed is

al nost doubl ed. Pt/resist etching speed ratio follows the upward trend
from0.4 to 0.5 as RF power increases from200Wto 600W As conpar
t heé case when [err] gas was used as Pt etchj gas,

ratio with resist is al nost doubl ed. F 5 shoy
etching speed to mixing ratio _

Rt L

ETERING SPEED (tmfmin.y

Mixive RATO H;S/(HxS+HBa.) (;/oJ

Thls Sh
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of gas when HBr gas is used as etching gas, H S gas as additive gas.

Hori zontal axis denotes gas mxing rati-o, vertical axis Pt etching speed.
Facility used is a magnetron RIE node dry etcher. Etching conditions
are: [err]/(HzStHBr) mxing ratio is varied, RF power
Pa..Wafer tenperature during etching-is$ maintained below [err]l_by
waf er back surface cooling. FIG 5 claff®ies that S
reaches the fastest. 200 nminmin.. when gas nmixture f
According to Enpodi ment case, Pt etching speed-Gg
the use of a E‘Q %on Yaining S conponent as additive "\
production facilities can be raised, and

N /7774 S /7//7//)

T
s N —

L J,'.H.L |

(8)
vz777A s+ ¥ Y v7777/7)

(&

_ % ‘7/f//

(&

W)
| : 1/////_*/\ a 4

" Tlu Sheet Has Been Repl

illll lIIIlHHI IHIII -




Pt/ resi st etching speed ratio can be nade high In this Enmbodi ment
case, use of [err] gas as additive gas was exanpled. Hovever, as the gas
. containing S conmponent, [err] gas mnmy be used to obtain sanme results.

" Next, as Eobodinent 4 of this invention, explanation will be nade on a

i case where S is

inplanted into Pt by means of ion |nplanthLba— 0 conpose
- S.aand Pt conpound; and then Pt is dry etched.

illustrates formation of capacitor in this 6 LA
| ayer for top electrode. la top electrode, 2 di§
for bottomelectrode, 4 underlayer made of ins

T, 7

Iayer

183 =

z;nm;/q- SPERD (n b4 fucin. )
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On underl ayer 4 provided over silicon sem conductor substrate,
pile up 200nm thick Pt layer 3 for bottomelectrode; on Pt layer 3 for
. bottom el ectrode pile up 180nmthick dielectric film2; on dielectric film

2 pile up 200nmthick Pt layer 1 for top electrode. - Now, expl anation
will be made on process to formcapacitor out of nulti-layered struc
‘thus fabricated. First, place resist 5 on Pt layer 1 for o g

' el ectrode, as shown in FIG 6(A). Next, .as shown in Fl

~ioninto Pt layer 1 for top electrode by means of ion |V;Kéﬁi
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conpose a conpound of Pt and Sin the region to be etched off, as shown in
FIG 6(C, In this stage, Sis not inplanted into dielectric f|Im2 Then,
as:FIG 6(D) illustrates, etch off the Pt and S conpound. FIG 7
shows dependence of Pt etching speed to RF power, wherein, S is inplanted

into Pt by nmeans of ion inplantation to conpose S and Pt CO”EEE—L”"" hen
[err] gas is used as etching gas, Horizgpgal axis denotes—RF Ne

vertical axis Pt etching speed, Facilities useg
node dry etcher. lon inplantation conditions. are: &
600XeV, dope quantity-[err] Etching conditions are: €
SCCX, gas q?_QgLQe 1 Pa. Wafer tenperature during etc |ng i s maintained
bel ow 20t by ans of wafer back surface cooling, FIG 7 clarifies

that Pt etching speed follows upward trend from 15 nmimn. to 150 nnf mn.
when RF power is raised from 200W
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-12- to 600W As compared-with FIG 10. conventional case, Pt
etching speed is about 1. 5 tines. as' high. =" According to this

i Embodi ment case. etching speed of Pt layer 1 for top electrode can be
'increased by first inplanting Sinto Pt layer 1 for top el ectrode by neans
| of ion inplantation to conpose S and Pt conpound, and then dry etching the
* conpound. By so doing, throughput of production facilities can be

| mpr oved. ABST&XE% O%GQREdbfgtfb§ﬁ§Ee’ wherei n a gas containing S conponent
" TITLE OF THE INVENTION

" Manufacturing method of semiconductor devices

On top of a substrate having already-completed circuit
elements and wiring; etc.. insulation under layer 4, Pt layer 3
for bottom electrode, dielectric film 2 and Pt layer 1 for top
electrode are shaped.

And then, form top electrode la, capacitance insulation film
9a and bottom electrode 3a by etching Pt layer 1 for top
electrode or Pt layer 3 for bottom electrode, using an etching
gas containing S component while composing Pt and S compound; or.

first compose Pt and S compound, and then etch the compound.

(Figure 1)
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gl FEL O

i stused.ds etthing gas and a gas|| RERLACEMENTSSHERT Q@EP@%%PTSHEET
~additive gas, and another case, \1/g1 AL peRd.
. conmpound i s being conposed, or f y DO\ =i
" thén Pt is dry etched, explanati '
. etching speed is increased. FIG 8 is Pt/Ssabs@iiteshest diZBIMEP 1996
- Which one will see that by mxing vefw&mall quantity of Sinto Pt, it
starts evaporating at 1175[err]. It is known that boiling point of

fPt is as high as 3804[err], However, as nentioned above, boiling point of

i Pt is lowered by mxing a very snyg A oF ]S i nto. Pt [err]
- gas and [err] gas, both are S-contgj WM "‘FargeSS/X ratio

: (X-CJerr]. F) and easily piTe UBSWne_n di ssocl at ed . 1
at—— 2
t——— 3
FIG 1A) | b
5
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23
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in‘plasm,’ Therefore, when S-containing gas is used ' -
and S-containing gas is used as additive gas. the S conpon rﬁEPLAGEMENTSHEET
dissociated in plasma reacts with Pt to conpose a |ow boilffng g Q{Y 1
conpound.. Because of this, Pt etching speed is increased || &ste! % %d%h
t he case when [err] gas is used as etching gas.g ,_Fg,s TL
wrere Pt |layer 1 for top el ectrode a%cy di el ectrlctf‘ mg are to et ched,
conduct etching under relatively slo etching conditions, and stop it as
soon as Pt : '
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| ayer 3 for bottomelectrode is exposed, In the next p’ %cé?(ﬂ:"?\'iﬁ

| ayer 3 for bottomelectrode is to be etched. conduct chlingq ast

- Pt _etching conditions. In this way, required .capacitoj lﬁté

- forned . As the above nentioned Enbodi ments cl ar{lfie :""f'H'cﬁ""r'\'r"ﬁ'r"H""
according to this invention uses a S ai ni ngg Cc or

a‘gas containing S conponent as additﬁx/%gas to g |t%iephe8¥0|r§5; é’g 89

into | ow boiling point ?% onpound; and conducts etchl ng after conpound
i s conposed;. therefore l étchl ng speed can be increased. Etching speed
ratio with respect to resrst can also be increased. This invention,

t herefore, inplenents ngw manufacturing net hod of sem conauctor qevi ces
whi ch provi des jli gh pro:essi ng
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accuracy and hi gh throughput.of production facilities. = U S
. Sem conduct or devi ce manufacturing nethod. wherein cap iREFRASEMENT SHEET,

is formed by: first providing, on top of a supstra XY 1996 ]
al f eady- conpleted circuit element and wiring, etc. |[}‘?§€U?e§1 on-tayer:

bottom el ectrode Pt |ayer, dielectric filmand gggsﬂtﬁgtgh@gg 25 M3y ugggr
~and then. selectively dry etching sai 4,[8p el ectrode | ayer and

dielectric film thereafter, selectively dry et chi ng bottom el ectrode Pt
| ayer; and in conducting dry :

FIG 5
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et
CT—C T T T OuUCTT

et chi ng on said Pt consisti ng bottom el ectrode or top

- proceeding dry etching work while conposing a Pt and S RERUASEMENT SHEET
 first making a Pt and S conpound and then dry etch tHe con'2 rnlmtm :
. conposed. 2. Sem conductor device nmanufacturing nethod, jjWwbeeefn™.........ceeienee
~ capaci tance element is forned by; f SuBLtiRfte\d ,

substrate having al ready- conpl e circuit elenents and w rind, Y

i nsul ation | ayer. bottom el ectrode Pt | ayer, dislectricfilmandtop

el ectrode Pt layer, and then sel ecti hing said top el ectrode

ely dry et chi ng

Pt layer and dielectric film t
bottom el ectrode Pt |ayer;|

FIG 6(A) -

S

Y, A

FIG 6(B) ——

5

FiG_6(C) —— -

FIG 6(D) -




et chi ng on said Pt consisti ng bottom el ectrode or top

using a gas containing S conponent as etching gas.
- devi ce manufacturing nethod according to Claim 2,
containing S conmponent is one menber selected

3. Sem
wher ei

P@@@.ﬁgwem SHEET
Y 396

ondu@t §r
aﬂe}‘gas ....................

—tr

fromthe

roup COMSTStT 1y

of sulfur fluoride gas and sul fur chl ori de gagybstitute sheef'- Z‘Tymaﬁpq\gggt or

devi ce manufacturing nethod, wherei n6(7&B)aC| tance

FIG 7

el ement

is forned
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first '‘providing, on top of a substrate having al ready- §W—_ConpLe u't
el enments and wiring, etc., insulation |ayer, bott omj ﬁggH\@ M}Eﬁ? ﬁ%ﬁr
dielectric filmand top el ectrode Pt | ayer, and thenj sel ezlgl\’/nw _
et'ching said top el ectrode Pt layer and dielectric fli Pm* edryer
selectively dry et'ching bottom el ectrode Pt |Sub%htut%n§ﬁddl -C2R WSy 1199alr y
etching on said Pt consisting bot t'Z) | ectrode or top el ect r ode,

using a gas containing S conponent as additive gas to Pt et chi ng gas.

5. - Sem conduct or devi ce manufacturing nmethod according to C aim4.
wherein the additive gas is at |east one nenber selected fromthe group
"consisting of sulfur fl uorid& sul fur chloride,

‘ )
Q. a.
\ \
1769 \(Q L1Q. + VAP, N\
M P \ \ .- :
~1560 \
of Pt N\ 5—-l R N
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[err] '6." Sem conductor ~device manufacturing net hod, wheFerr—capacitan

el ement is forned by: first providing, on top of aEeum@EMENESHEET i
" havi ng al ready- conpleted circuit element and wiring, 9 tMAY 1996 |

i nsul ation | ayer, bottom el'ectrode Pt |ayer, dielecttligate:.l.Lil.m.and... .
. top el ectrode Pt layer, and then sg ti vel QuBstituté GREBET S8R ke -
- electrode Pt | ayer and di ekectruc thereafter selectlvely dry

~etching bottom electrode Pt |ayer; and before conducting dry et chi ng
. on said Pt consisting bottom el ectrode or top

FIG 9
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4. Semiconductor device manufacturing pethod, wherein capacitance

element i3 formed by:
first providing, on top of a 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 botton electrode or top
electrode,
using a gas containing § component as'additive gas to Pt
etching gas.
5.'S$miconductor device manufacturing method according to Claim 4,
wherein tﬁe a&diti&e'gas is at leést one member selected
frow the group consiéfing of sulfur fluoride, sulfur chloride,
HzS and S0a.
leieﬁent is formed Ey: _
first providing, on top of a subsfrate havirg already-
completed circuit elegent and wiring, eter7 insulation- laver,
bottom electrode Pt layer, dielestfic film and top electrode
Bt layer, and then selecpively dry étching.said top electrode
Pt layer and d‘e sefric film, thereafter selectively dry
etching bgeton ‘electrode Pt layer; and before conducting dry

etohtfig on said Pt consisting bottom electrode or top
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