NETHOD OF MANUFACTURI NG SEM CONDUCTORS DEVI CES HAVI NG A BU LT-1 N CAPACI TOR
:FFELD OF THE INVENIIUV |n|s rmverntion rel at es: to -a--aet hod;f or manuf act uri ng
a sem conductor in IrCUIt Chl HaV?ﬁ“ﬁa‘bUPhﬁh¢hrcapaC|tor in

whi ch hi gh di.el ect ' i al LB ric terial is used
as a capacitance |2J BACKGROUND | ON Recently,

r emar kabl e devel op red in the field of m croconputers having
built-in capacitors of high dlelectrlc constant materials. Such
m croconputers contri bute to reduci ng unnecessary radiagggﬂyg

el ectro-magnetic interference. Equally ﬁenarkable are d s inthe
field of ferroelectric non-volatile RAM which facilitates | ow voltage
operation and high read/wite speed. The high dielectric constant
materials or ferroelectric materials are made mainly of sintered netal

oxi de, and contain a substanti al armount of very reactlve oxygen In form ng
a capacitor with MEBIE @i e oy i ETica R ;g r odes .nust be
| east reactive; thus, precious netals such as platlnun1(Pt) pal | adi um
(Pd), etc. nmust be used. :

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.

' BBCRGROUND OF THE INVHNTION
Recently, remarkable developments have occurred in tha" fleld
of mzcrocomputers having built—in oapacltors of hlgh dlelectrlc
constant materials.’ " such’ mlcrocomputers contribute to reduclng
unnecessary radlation that causes electro—magnetic interferance.
Equally remarkable are developments 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'of'very reactive oxygen. In
forming a capacitor with such dlalectrxc £ilm, material for its
alectrodes must be least reactlva, 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 xsotroplc etchlng, such as wet etchlng with
aqua regia or by lon milling with ar gas. Because of the nature
of isotropic etchlng, using wet etchlng with aqua regza and lon
ml}llng causes deteriorated processing accuracy ' Furthermore, an

additional problem with ion milling occurs because the etching
- speed on platinum,” which is to form the electrode, and on silicon
oxide, etc., which is underneath the platinum, are almost the
same, the $ilicon oxide is also etched'during'ion milling,
In order to increase processinq accuracy, research and -
development has becn qulte adtxve in the precision proce551ng



I n*the prior art, platinumand palladi umetching has been conducted by
~means of isotropic etching, such as wet etching with aqua regia or by ion
mlling wwth Ar gas. Because of the nature of isotropic etching, using wet
etching with aqua regia and ion mlling causes deteriorated processing
accuracy. Furthernore, an additional problemw th ion mlling occurs
because the etching speed on platinum which is to formthe el ectrode, and
on silicon oxide, etc., which is underneath the platinum are alnost the
sane, the silicon oxide is also etched during ion mlling. In order to

i ncrease processing accuracy, research and devel opnent has been quite
active in the precision processing technology with respect to the

pl ati num | hgehnelroytidih sessecti v &he Plathnumf 1ayepnande aedadf oxidey

et chi ggdprAggsﬁéetm@;berﬂﬂmaa ¢ dfindleE taﬁael astmﬁugatp%mfsgaﬁhéﬁegm,
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Japan SOC|Bn§umm H&ﬁﬂiﬂgjlﬁﬁﬁslgbe ZapawBSogiepy. oS 7Applied Physlcs. 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
£film) 6 and a second platinum layer 7.- ' . s

The srlxcon oxlde layer 4 refleots 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 uneven surface of silicon oxide layer 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 dielectrlc £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 capacltor, electrode w1r1ng and’ protectron '
layer for the ‘alectrode wiring are’ fcrmed 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 (BasSrTiQ,, hereinafter referred to



A conventional nethod for manufacturing sem conductor devices is described
Ww.ith reference to FIGs. 8(a)-(c). As shown in FIG 8(a), a silicon oxide.

| ayer 4 is formed as an insulation |ayer on top of a circuit elenent 1 and
a wring 2 shaped on a silicon substrate 3. Over the silicon oxide |ayer 4
is afirst platinumlayer 5, a film of hish dielectric constant material or
ferroelectric material (hereinafter referPed to as dielectric filn) 6 and a
second platinumlayer 7. The silicon oxide |layer 4 reflects unevenness due
to the circuit element 1 or wiring 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). 5& use dlelectch fil I's spin-coated on the uneven surface
of silico®d %g PAgeFE: Yh’r%l@ﬁ@éélﬁ?dt Hf hent Gle ¥5 14598 i3S |1B1%ye at.

t he hol | ovetshingdgesnl | FE6. t9mshmwetdapeﬁ@eﬁherwndtnaa%c&hewq speklG£8(b),
top el ect rpde jFAnaNEs@RAE | FENGR hasii#;%w%,f ' '@ Al of Rl ;rgqotax 1 axi
ectric i R T,

dry-etchin the sggond Iatlnun1la er

HBr as th gBEv rﬂ?ﬁpﬁzﬂﬁrtFFilu%Eﬁsf%ﬁnqqﬁﬁ &tchilng presdfng etron
reactive |mﬁau¥nmm nSTRAEE meslistdry etcher. Through

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 :
about 0.15 to about 0.29 along with the increase of RF power rram
200W to 600W. - The BST/resist etchinq speed ratlo also increases’ -
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 (200mm thick)
and BST (200nm thick) with RF power at 600W is 4 min. 52 sec.

The etching quantlty of the resist. durlng 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 {e51st is- entirely etched whlle etchlng 15-515' .
conducted on tﬁe”platinum and BST. If this is to be’ prevented, a’
thick resist layer of more than about ‘3 Hm thick has to be used.;-

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. Consequently, while platlnum and BST are being
etched for a certaln required thlckness,ﬁthe resist layer is also .
etched szgnlflcantly In order to p;evéht thls from occurring a




the ‘sane etching procedure the first platinumlayer 5 is etched to forma

. bottomel ectrode 5a; and a capacitor is thus forned. A layer to protect the
capacitor, electrode wiring and protection |layer for the el ectrode wring
are formed through process steps not shown in the figure; and a '

sem conductor device is conpleted. An ex | e of the etching
characteristics on platinum high dielectric constant material ([err],
herei nafter referred to -3- as BST) and resist is explained bel ow when

[err] is used-as the etching gas. FIG 9 shows dependence of the etching
speed of platinum BST and resist to RF power. \Were, the horizontal axis
denot es REiptm&ayerheeststinzddsatbdeeﬂsé@S eawithg theerslafepl nasise) BST
rcher . TRSoata,che etintefis Llﬁé'ﬁhérf?t? } RAEEE B8 ”?SESS?Z 1
Pa, RF péWEF°®ﬁFﬁFﬁ ﬁnP 280 GBDWF'ﬁaFgPetEgﬁ BERUYRT¥uri ng
et chi ng kElfficRQEerr] C as |ts back surface
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. © 0

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 L-
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 N '

SUMMARY OF THE INVENTION
_The objective of this invention is to offer a new method.for
manufacturing semiconductor devices having & built-in capacitor




is<cooled with He. EILG 9 exhihits that platinum etching speed is increased
ffom 30 nmmn. to 100 nm mn., BST etching speed is |ncreased from 20

nmnn to 70 nrrfmissheeﬂ{théea&é dceft Chi ng speed FT0 500

nmmn. to 350 nn1 power isgraise FH@h$ﬁﬁﬁﬂV$ When,
t he platinuniresis
0.29 along with th

d ratio increades frBE AHbhE 5lito about
RF power from ZOOWTto 600W The BST/resi st
etching speed ratio al so increases fromabout 0.10 to about 0.20. Under
any condition, the etching speed of resist is nuch faster than that of
pl ati num eniciBSE forfied bynmsloeimd etk tacatinly ispeep| ahi thian i:ay'st,( 200nm

L

t hi ck) anﬂa}BﬁT (Q—&Ofyattﬂ&l o'f) ¥k gbnser&@%sf oétplg‘%‘l%hsaéd”a e . The
et chi ng res ur pan _Is ca ted fromthe
resi st et ‘7‘?{} ete°d rﬁ?"ﬁ‘g‘ ;?ﬁgﬁm a‘&gv%Y Velackd ‘KF&VUS”Y“FFF‘% e that, if

t he re5|sp;atgnnm|andlﬁumdectrhenmaﬂﬁﬁﬁﬁn aﬁuhlﬂusmsetchlngtspee¢'etched
brevented, a th ‘ffmiif";*?‘*“%?e%“i?&n%‘?%”%ﬂ‘aﬁ% gilreptichts 43,402 be
used. As a@s cm HoFanut BREVELDT UL Gandyctar: HieNg gt v@em@a’ 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 enly'minimally etched, hence
circuit elements and wirings, etc, are protected from damage;
thereby highly reliable semiconductor devices can be
manufactured. o 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 aelectroda and a capacitance film by dry etching the sacong -
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 abcut
10%~35%, oo : o :
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 .. ;?'
insulation layer’ on the substrate,'and a platinum layer or .
palladium layer as the first and. sacond metal layers. Dry
.etching of the second netal layer and dielectric film is
conducted in a low pressure region not higher than ‘about 5 Pa, h
where the etching speed is high. .
Further, in.this- lnventlon, an 1nsulat10n layer, a flrst
metal 1ayer, a dielectric film and a seccnd metal layer are




thé-etching speed of resist is very high relative to that of platinum and

. BST. Consequently, while platinumand BST are being etched for a certain
required thickness, the resist layer is also etched significantly. 1In
order to prevent this fromoccurring a -4- thick-layer resist needs to
be used. But the thick-layer resist affécts the definition |Ievel 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 platinumlayer. So, as shown in FIG 8(c),

ldurl n94f pérmdd wh af shbeteate! &@tvm%%ﬁ é&rgilxié SR 13 Yna Ul%ﬁak;e: C@RcoXl dg
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first pl am-’rmﬁll%é-tal’sr( PEEaf@mqsh btvhdrhoetmxﬂg dthesiddcomd meitdd layer 4)
i's conpl ghel g eteditad cOftilnt bR €l NI pYassuidi Sdyfdd GAflte 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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etched the thin part of first platinumlayer 5 (located on the extrusion 9
~of silicon oxide | ayer 4), quickly . attacks the underlying silicon oxide

| ayer 4 to etch it off, and when gate electrode la of circuit elenment 1 and
wiring 2 are exposed, they are also etched, rendering the transistor and
other circuit element 1 inoperable. In the case of ion mlling where Ar gas
Is used as the etching gas, because the ratio of the etching speed of the
second platinumlayer 7 and dielectric film6 to the etching speed of the
silicon oxide layer 4 is low, when formng a capacitor in two separate

et chi ng t I.ng 0 he second. tlnun1l y 7 and

di el ectr ?g@?ﬁ?iné &Qé%{f%‘gnd%%lrtc%tlgr‘ g#‘ﬁf‘a’t’? i tﬁ Egeext renel y
d|ff|cuIFCFSmBPBbI¥%éd¥ﬂYﬁH9ﬁJ procedure so that the flrst platlnun1layer is
not etched. In the case mHIEF mM&D@Qoﬁnoplﬁg rﬂﬁﬂﬁ%&sf er roel ectric

e on oT458; oL ] 58] Wl Hagd2BE Fhna 15 ok Y She! PFot (1 s

i nventi oRats €8 5F9ePr%F?ﬁﬁN§ﬁaﬂﬁodnfsmbndhuémbt1wqﬁu;hmanﬂnvnd&abnr devi ces

havi ng a buil Figs. capay+{ey are cross-sectional views showing the second .
.half of the process steps in embodiment 1. :

Fig. 3 is a characteristic chart showing the atching 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 HF
power, when chloroform is used as etching gas in embodiment 2 of
this invention. . . .

Fig. 5 is a characteristic chart showing the relationship
batween the etch;ng 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. X :

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. e ;-:. -.;fi

Fig. 9 is 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)-(4d) and Figs. 2(a)=-(c) .whetd "the same constituent




mhrch Is formed by slowing the etching speed on the resist, nmaking the
ratio of etching speed of platinumand dielectric material to resist |arge,
“and by selectively dry-etching the platinumand dielectric naterial at a
fast etching speed. Further, another objective of this inventionis to
offer a new nethod of manufacturing semcgnductor devices, wherein, even if
sufficient tinme is provided for overetching during the process to formthe
bottom el ectrode of the capacitor, the silicon oxide |ayer underneath
the-electrode is only mnimally etched, hence circuit elenments and w rings,
etc. are protected from damage; thereby highly reliable sem conduct or

devi ces cOArBE ARNEAGGUTENEIPHRAL Pavkstshavrn: dipFides8prbecidentibied o

- form on gigHbehéaésemé muskizallsCiahaUthe B} eawna&aeadnm aragemittea, are

and o seconainrare) S5ty Uich stiBencd tndf ol ilraeRURE Bol BAE°LI LT, [ ae
and a capaonvantéomalerﬁhQﬁy'etchlng t he second

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. ..Then,_top electrode 7a and a
capacitance insulation film 6a are formed by dry etching the
second_platinum layer 7 and dielectric film 6, through a ;esist ‘
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 electrode Sa 15 thus formed, ee shown "=:
in FIG. 1(d). R N T [

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. ;(c))
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nefal | ayer and the—dietectric—fiinm and forn§a~thLon1electrode by dry
set'ching the first netal Iayer mhereln at | egpt et ohrRgegas.for dry

etching the first %dn1xed gas dontal Qing H8mEmgan|jhal i de” and
oxygen, having a ra agalnst t he ttetal_Q \ hgl i de and
oxygen set at about he hydrogen halide, HBri ~ ! and a gas

cont ai ni ng hydrocarbon such as chloroforf s used as the etching gas. This
i nvention enploys a silicon oxide layer as the insulation |layer on the’

substrate, and a platinumlayer or palladiumlayer as the first and second
nmetal layers. Dry etching of the second netal |ayer and dielectric filmis

conﬂuct ed | ndméomwrdiswmﬁ@aggaa Gﬁtnﬁhﬁiﬂ fﬁlﬂm%oﬁlﬂg gakein the
Fren ng.3By°ebarts Shp SRR okt Rehl E bR B0y Rl ShEhAleTy @
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 loyer 4, lowering the etching speed.
This makes it possible to selectivoyg-eﬁéh the first'platinum

B Y
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formed on a substrate on which circuit elenments and wirings, etc. are

al ready shaped; and then a top el ectrode and a capacitance insul ation |ayer
are formed by dry etching the second netal layer and dielectric filmin the
| ow pressure region where the etching speed is high. Wen the first netal

| ayer is exposed, the dielectric filmleff unetched on the first netal

| ayer is renoved under the high pressure regi on where the etching speed
relative to the first netal layer is low, and then the nask pattern is
applied, and the bottomelectrode is formed by dry etching the first netal

| ayer undéraysire Sl-onNpredyurin raginleteler etthingtatt nhes paedt pib't:ghum

Therefore,la@e_@or | Rfet 9ilDéén i M | e HRS f.
hal i de and 0X g@g egél as thé'etéﬁlerm@ ig:ﬂ%e eﬁgh anaH on SI?ICOH

oxi de | ayeét® h?f?Qﬁ(ﬁﬂﬂ%?nFégP?%l%ﬂ?%@?QQYRHEQ:“GﬁhPﬁe sEBBHd
netal | ayerossddd eoflapage atd rithe |ciyeuior edepahtadindnizieigs whichi arway, the

excessive lecid‘ameaguﬁﬁei'ﬂéaﬁh|t)¥é’n.51q)i'c‘3?t EQY?& 1:’%;%:‘ Yo g%q_debr st netal

under neat h ¢ he SETRERH B PIRE TSR b8 breh i dhe AR S1eFERPAB) 63

sem conducrgr bddEicpecslaahrode i uiachisedmbbdbmdnitgh the same” effect is
also obtained by the use of a less reactlve metal, such as
palladiunm. . . K

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 tha bottom electrade 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. 'ff&'“

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 : " T - i L ' "

Dry etching on the- platlnum and dlelectric materlal 1n the " **
second embodlment u51ng chloroform (CHCl;) as the etchlng gas is-
explalned below.”~-= ‘J'?=H- ~=-=w5~ 2 '

FIG. -4 shows the dependence of: etch;ng speeds of platinum,,ff
BST and resist to HF power when chloroform (CHCl,) is used as the
etching gas. En FIG. 4, the’ horlzontal axis denotes HF power, '
and the vertical axis’ etchlng speeds of platlnum, BST and re51et;f
The etching raclllty used is a magnetron RIE mode dry etcher.--
" The etching conditions are as follows: . chloroform (C@Cla) flow -



production yield rate. By properly controlling the etching speed of

~platinumand ferroelectric material the throughput of manufacturing
facilities may be raised. Furthernore, the ratio of etching speed of the

pl ati num and dielectric material to the resist can be increased by | owering

t he etching speed on the resist. Therefore, etching of the platinum and

dielectric material may be conducted hy4ysing a mask of nor nal

| ayer-thickness resist (generally speaking, about 1.2[err]mto about

2.0[err]mthick), instead of using a conventional thick- |ayer resist

(about 3[err]m and thicker) The invention itself, together mﬁth further

the S a@"ﬁ%‘k "R GRUNBILATP T Ml HELolSs WS, o aRke! BECHBAGE, {°
acconmpanyid}¥-4 QW|ngs BRI EF DESCRIPTICN OF THE DRAW NGS Fi gs. 1(a)-(d) are
Cross-secti onals Frewssshndiegtédie aliongt 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 increasee"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
about 0.38 to about 0.94. . .
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 reSist 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 i'
(ahout 3um and thicker) Therefore, a flne pattern can be’ shaped
with a high proceSSLng prec151on, w1thout deteriorating the level
of defimitiom_otna mask pattern. 5-5;:*; R ‘~4;-- '-
Wﬁen~61, das is. used carbomlfC)'and hydrogen (H), being the
.'elements contained in the resist, reaot with Cl, gas to compose ;4
- eel,, HCl, which are then separated and exhausted. The etching -_
is considered to" proceed this way, and the speed of etching on i'
" the resist increases. . e : T f&r

", On’'the other hand, when chloroform gas is used, the etching

speed of. the resist is decreased beqause of the carbon and




hal f of the process steps in enbodinent 1 of this invention. Figs. 2(a)-(c)
.ar‘e cross-sectional views showi ng the second half of the process steps in
enbodiment 1. Fig. 3 is a characteristic chart showi ng the etching speed of
the etching gas used in enbodinent 1. Fig. 4 is a characteristics chart
showi ng the rel ationship between the etchpng speeds of platinum BST and
resist and the HP power, when chloroformis used as etching gas in

enbodi ment 2 of this invention. Fig. 5 is a characteristic chart show ng
the relationship between the etching speed of platinumand the pressure of

et chi ng gasydrogmbedintanined oh €Hed cHIRERRbLERANgaE] 0.1t iisS FaIGRVeaCkERRLStI C

materi ol ooihers T rRactISt §10F o R bk bR e e resistls ©

. Fig. 7 i%ade &faﬂ%a V& | erchaﬂtlnsmngbpneamdalrwdm Bshpolyesrized

i ntensity ddirire dtchiingewhithdpiidd Qpf ke €hel e£ide Wity Iaaicuﬁ: gisnNg,

e 2ok RS ettt lh il LB ELEE e 0% B0 (0) o

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 cbtain the same results. A
mixed gas of Cl, gas and chloroform, 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 pressure 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
mm/nin to about 5 nm/min 'lg ”ﬁ{ --m»sc-b'-" <L - ~:'

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 ﬁhe_
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.“ ) '

S e, - A )




met hod for manufacturing sem conductor devices. Fig. 9 is a characteristics
chart showi ng the rel ati onship between the etching speeds of platinum BST
and resist and the HF power, when [err] gas is used as the etching gas in
a. conventional manufacturing nmethod. DESCRI PTI ON OF PREFERRED EMBODI MENTS
Enbodi nent 1 of this invention is described below referring to Figs.
1(a)-(d) and Figs. 2(a)-(c) where t he sdde" constit uent -8- parts as the
conventional parts shown in Fig. 8 are identified with the same nuneral s
and their explanations are omtted, explaining only those elenents that are
different fromthe conventional nethod. In Figs. 1(a)-(d) and Figs.

2(a)-(c), the xd repilaicledndnt the afskaydinty dhsazriphion, | scddfiimy e this
omtted aibdilichd he Sttt BF 2cORRAFdiPpratiABACHLPEy FldSinm@S Shown
in FIG 1 ,_an 1 nsulation |ayer
"aetching can ke lncreased 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
back surface is cooled with He. . '

"As FIG. 6 shows, the etching speed on the dielectr;c ':_ S
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 etching speed on the dielectric
material due to dltferent gas pressure reglons is explalned
below. i T EX

In dry etchlng the dlelectrlc material in the low pressure .
reglon (1—5 Pa), the physical spatter etchlng dcmlnates, and the '

'etchlng speed 1ncreases steeply along with the lowerlng pressure.
In the high pressure region (5-50 Pa),_the physical spatter
etching is weak,- and etchlng ‘'by the chemical reactlon with the
dielectric mater1a1 and’ 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

-



silicon oxide, etc. is forned on the substrate 3 nmade of silicon, etc. on
top of the insulation layer 4 is a first platinumlayer 5 of about 200nm

t hi ckness. On top of the first platinumlayer 5is a dielectric film®é
having a high dielectric constant material or ferroelectric material of
about 200nm thickness. Further on top of,the dielectric film6.is a second
pl ati num | ayer 7 of about 200[err]n1thick ess. The dielectric film®6 is
formed by neans of the spin coating nmethod. Then, top electrode 7a and a
capacitance insulation filmé6a are formed by dry etching the second
platinum|ayer 7 and dielectric film®6, through a resist layer 10 applied
on the se& & andn&hel hgzizdntaln d:dilssdeaytea thieyar messmrenang Fl G

1(b) is fwdrEdalNaxis &ﬁeshﬁgéhs (?4&% 1;%&{ ‘$$#€§é(”) eIFctrode ra .

capaci t ance i a .par, I rst platinum ayer are

covered with arb%?é'c %inelé'%'g]t ?ﬁ% episgdop eh 19k ’fl%t"’%ﬂle&ﬁ"ﬁ Fapmr 5

with a niS&t gad 6Ff KRP-aAnaw[fren TiM@oweom ebsatvealle he sintenmsiker sed, as

igown i n fild51ikht) temASsibﬁV\ﬂrbxﬂ' ﬁfﬂ@s&ﬁahvt.m ; Lﬁﬁi%@téﬁ@oﬁ%‘tgﬂt' gyer

is co er ur .. contact hol es

provi deda';%%vg\bt he - E‘%F tg %ﬁ?gﬁg rd@&?‘@agﬁﬁdpfﬁis‘é‘}"étt ’Bfilé&)’i from Tic:).
also stays constant at about 0.6, lrresPectlve of the gas'- :
pressure. '

e

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 phy51cal spatter etchlng is. added
to the etch;ng by chemlcal react;on.. As a.result, in the 1ow
pressure region, “the etching speed ls 1ncreased accordzngly. ;"L*
' Based-on the above, tha. etching speed can be’increased by _Jﬁ
setting-the etchlng conditions within ‘the 1-5 Pa'low" pressure'”"“
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 ' ey
performlng the etchlng in the 1-5 Pa low pressure reglon, and the N
etchlng by chemlcal reactlon can be‘performed 1n the 5 50 Pa hlgh‘
pressure region._: '-p' ”35 3;ﬂ5' ' : : ' x

semlconductcr devxces accordlng to .ﬁfourth embodiment are the

same as those shown in FIG., 1.. Therefore, the follow;ng :

'explanatlon is directed to the condltzons and means for the ‘

manufacturlng method.. ,Z;Eﬁ S FEAR }““‘ e N
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 ff

..... .
. R q'.. ..;




respectively (Fig. 2(b)), and electrode wirings 14a and 14b, which connect
t'o the top electrode 7a and bottom el ectrode 5a, respectively, via the
" contact holes 13b, 13a, are fornmed to conplete a capacitor (FIG 2(c)).
Substitute sheet - 12 Decenber 1996 9 The use of a mixed gas of HBr and
[err] as the etching gas in dry etching fshe silicon oxide |ayer 4, the f
irst platinumlayer 5 and the second platinumlayer 7, is explained bel ow
with reference to Fig. 3. FIG 3 shows the etching speeds of platinum and
silicon oxide when HBr and [err] mxed gas is used. The left vertical axis

denot es tehenelchs ngosmaedss Cifsophﬁt l:ﬂf'“?u?é% SialjaC @ReAXbHCenb N@1éidilric
verti cal I S d notes th ectivity ratio at1 num et chi ng
speed/5|ﬁﬁ§8n 0 ﬁes%ﬁ%ﬁéié}égiggg) ayer T RE ﬁ&Pl?@hF§E°59?§slhﬂl fned
per cent agerog Fepréléd¢tweder the HBr and [err] total etching gas flow. The
etching faciliphy #Hspsk | SafiSPQAGLEONs 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 discontinued The ratio of etching speed of the
dielectric film '6 to ‘the first platinum layer 5 underneath the
~£ilm 6 needs to he high. Then, the second resist layer 11 is
applied 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 platinum layer 7/the first platinum layer ‘5 and k v
electrode wirings 14a/14b which are located above the respective[
: platinum layers.u ;" o ",ug~r“fwsi._s,u; u:neie,.-
For this purpose, in the process to etch down the second
;:platinum layer.7 and dielectrio film 6 first, the second -
'platinum layer 7 must be etched in the low pressure region, where';
the speed of " etching ‘on platinum is’ high "The etching conditions.
in this process are.' etching gas flow 20 scem, gas pressure 1
Pa, HF powver soow .and etching time 2 minutes. Next, start the .”t'
etching of dielectric film 6 in the 1ow pressure region, where _"
the etching speed ls high {-The etching conditions should be.-' _
) etching gas flow 20 sccm, gas pressare 1 Pa, HF~ power soow and ?:’:
_etching time 3 minutes --As sgon as the first platinum layer 5 is
‘exposed. shift?tﬁeﬁgas pressure toﬁthe.high pressure region, in’
,order that the remaining dielectric fllm 6 still on_the surface n"'
of first platlan layer 5" is chemically etched off while" .
”'maintaining the tirst platinum layer 5 unetched The etching .
. conditions at this process are: etching gas flow 20 scom, gas P
. Pressure 50 Pa, HF power soow and etching time 1, min '

. . e ——
o, . .



R:E node dry etcher, wth RF power 400Wand pressure 1.33P during etching.
As indicated in FIG 3, the etching speed on silicon oxide when HBr al one
is used as the etching gas. is about 80 nmmin., which is about half the
speed. when chloroformis used as the etching gas, or alnost the sane |evel
as that on platinum (90 nmimn.). Nanely the platinumsilicon oxide
etching selectivity ratio is inprovag 1o approximately 1. Wen [err] is

m xed with HBr such that [err] conprises about 30% of the total flow of
etching gas, the speed of etching on silicon oxide decreases to. about 1/3
as conpared wth the case of EBr alone; while the etching speed on platinum

stays almost unckangcsusodiientials ddidllo bRCepkitidd uledh! bEopngXi de et ching

sel ecti vi £ d 3 |ca cases the
process c%% )bE%érTg'l n?gjc%g{?ols%nggaW HRCTrAEPS “r”é"p’i apouk[0yp, T At e,

t he quant3t\alemg] ¥ieh the tinsresasing egashiprgsgusef foam mbpubelchases from t he
range of gibwut 5b0%@35@6 In the case when platinumis dry et ched using HBr

R TRES I R AR Uk SRS ST LN A R
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. - : ‘ s e , .

In embodiment 3 and embodlment 4 above, a mixed gas of Cl,
gas . and’ ghloro:orm is used as an example of etchlng 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‘iné fourth embodimené, 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 dielectric material may be chosan by properly
controlling ths 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 dlfflculty .of manufaoturlng . -

of course, it should be understood tnat a wide range of .
fchanges and modlflcations can be made to the preferred embodiment
described above._ It is therefore intended that the foregoing
detailed doscrlption be- regarded as 1llustratxva rather than
lxmxtxng and that it be understood that it xs the following



-

to, protect the silicon oxide |ayer 4, lowering the etching speed. This
.makes it possible to selectively etch the first platinum - 10 - layer 5.
Nanely, in conpletely etching off the first platinumlayer 5, the silicon
oxi de layer 4 is never substantially etched as was the case in the " =————.
conventional manufacturing nmethod. Thusgypossi ble damage to the circuit

el emrents and wirings which are | ocated underneath the silicon oxide |ayer 4
is avoi ded. Although a platinumlayer is used as the top el ectrode 7a and
bottom el ectrode 5a in this enbodi nent, the same effect is al so obtained by

t he use of S jh I . h_as |l adi um . Besi de errl..gas used
inthis en%%%%fﬁ%ntlnggg?%sggg taJ g%’gg%eﬁgﬂ’ P’%"ﬁgr T W %’age%éﬁfai ni ng
oxygen maytlf P 9lefhigsingantioped above, in this enbodi nent, where a

m xed gas of oxygen and hydrogen halide such as HBr is used as the etching
gas for formng the bottomel ectrode 5a made of platinum etc., only




the first netal |layer 5 made of . platinum etc. is se
and etching of the siticomn—oxide layer 4 is suppresselmml mlilmqmmn
circuit elenents and wiring, etc. underneath the i'con coxiLdenl ayer

not damaged. . ﬁ ﬁmiﬁrmmumufacturlng sen1conductor devices in a second

embodi nent is t i n enbodi ment =T FLae. 1fja) - (d) and
FIGs. 2(a)-(c), cond embodigrent |LJE4S BHEBT BASHRERS ||t he et chi ng
gas on the platinumand dielectric material. et ipl ati num
and dielectric material in the second enbodi ment using chloroform[err] as
the etching gas is explained below FIG 4 shows the dependence of etching
speeds of platinum BST and resist to HF power when chloroform[err] is used
as the et CHARGAFaSHAIMERIS: 4, the horizontal axis denotes HF power, and

]Ehe ?/ert i cal da>1i S ekcﬁ&mamgﬁén@f%ﬂ iina.um ?]gﬁ_'gcg}gr?chg,?ih_s@_ev{ré@d_et chi ng
a?gl a;tgor‘%soaﬁglﬁéﬁggggge% nelgf]‘ ][rloo\(lav ry et cher. e etching conditions
zorminq an insulation layer, 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 manutacturing a somiconduotor davxco
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 seniconduotor device
according to clam 1 or claim 2, whergin the hydrogen halide is
HBz.' ‘ .

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

forming an lnsulatlon layer, a first metal 1ayer,'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 olectrode and a capacitance xnsulatxon :xlm,
wherein at least this dry etching step Ls performed usxng a gas
contoining hydrocarbon, and .
dry etching said first. metal layer to form a hottom )

electrode after dry etching said second metal layer and said
diaelactric film g




20 sccm gas pressure 1 Pa, and HF power within a range of about f 600W
As FIG 4 indicates, along wwth the el evation of HF m “\‘\ 200W
to about 600Wt he speed of etching on platlnun1|ncreg

nm mn to about 70 nninin, ‘on BTS from about 15 nn m f t® about 75 nninln
and on resist from40 nn1n1n to 80 nnminggn. Pl ati num resist etching speed
rati o i ncreases fromabout 0.25 to about” 0. 88 when HF power is raised from
about 200Wto about 600W BST/resist etching speed ratio increase from
about 0.38 to about 0.94. The tine needed to etch platinum (200nm t hi ck

| ayer) and BST (200nmthick film is 5 mn. 32 sec. at HF power | oad 600W
During that tife framethodeofesdanuficsurihgua aseanicondhnaber bdevica ched of f by

443nm whlaeeoeepﬁ@swtﬁaamr QBGKER 1§, ItRRM QY6 NEIHE A% 1AGRpdLSE AR tilwe .
conventi on etghlng guantity 1703nm As éxpl ai ned above, according to the
second entft by~u5|ng chloroform[err] as the etching gas to etch

pl ati num and B8T, theneliihedoff marutagtprdngt AcseRigionductorcdevid®d, and the

rati o of eicebirAdngPesE1Aindlhat whetre B &h8Sdak Ocdifd iningaRy@foc@tison is a
mixed gas of chloroform and Cl, gas.

7. A method of manufacturing a samiconductor davice
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 tha steps of: . :
rorming an insulation layer, a first metal layer, a
dialectric film, and a‘'sacond metal layer on a substrate having
circuit elements formed thereon; . .

' - dry. atchinq said second metal layer and said dielectric -
£ilm to form a top elactrode and a capacitance insulation film;
and, ‘

"hodry. etching said first metal layer to form a bottom
electrode aftar, dry etching sald sacond metal layer and said
. dielactric’ £film, wherein dry etching of said first metal layex,
said second metal layar, and saia dielectrio film is conducted in
a low' preasure region whexre etching speed is high. _

11. © A metﬁod of manufacturing a semiconductor devics
according to claim 10, wherein the low pressure region does not
axceed about 5 Pa. ]

12. - A method’ for manufacturing a semlconductor device
comprising the .steps of: ) -



| arger. These changes in etching speed nake it possible to conduct etching

on platinumand BST using a normal |ayer thickness ' m “‘rlmrmum
speaki ng, thicknesses of -about 1.2[err]mto about 2“mm I d of a
conventional ly used thick resist (about 3[err]mand thitker)." Theré&fore, a
fine pattern can be shaped with a high processing precision, wthout
deteriorating the | evel of definition of20a mask pattern. \Wen [err] gas is
used, carbon (C) and hydrogen (H), being the elenments contained in the
resist, react with [err] gas to conpose [err], HCL, which are then
separated and exhausted. The etching is considered proceed this way, and

the speed of etchin ; ' | . { t he and en
chl orof orm ﬁé S ugoﬂﬂ;ﬁ gar{eﬁéhia%a.u]%%ggiggf ﬁlkeﬁr%s%sat aﬁﬁ%’é%?'eé%ed

d, t
because or® ‘5‘§riﬁo§"yﬁd and a gscondg \RRtadeAaRen i ReFubstrate G or m
gas. It iscixsuisyedenhnts ofqdred thereancti on with carbon and hydrogen in

the resist is 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 £ilm;-and

etching off any remaining dielectric film left unetched
on the first metal layer as soon as the first metal layer is
exposed, said etching off being performed in a high pressure
raegion where th'e.etching spaeed of the first metal layer is slow;

applying a mask pattaern 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
glect‘.rode. :



made | ess active,_or a filmof carbon and hydrogen is polynerized during
. etching which piles up on the resist while etching is going on, rendering

" the etching speed wm;gkaegsg&@Rg §1enbod chloroforn1[err] i's used as
an exanpl e of the et ver, be |ﬂgﬁﬁch oroFerm==ot her gases
cont ai ni ng hydrocar to obt &, Sae“ et . A nixed gas
of [err] gas and chl m xed gas:ﬂ{-kﬁk L chIo#ofornlnay al so

be used to obtain the sane results A third enmbodi nent oF=thl's invention is
described with reference to FIG 5, FIG 6 and FIG 7. In FIG 5, the

hori zontal axis denotes gas pressure and the vertlcal aX|s speed of etching
on platinum The eigaiiofC i X RIS pgde dry etcher.
The etching conditions are as etc I ng gas .20 sccm and HF
power. 600W The substrate tenperature during etching is bel ow about .

20[ err] C because its back s®BRIBACT SOR RHE:BIHCLASYRE| um (He). As

:CI | ust [)at ?dgbmﬂﬁuidd’hgswg gt ng_mgogrbﬂ@ hayer| ngrpﬁ_sg;@ rapidly

from abouPLacHith ddyelt 1dbmeqirsiialun a8 aeeiplpFiags e S1e°°

i ncr easedfbroed arng thepgthe second platinum layer and the dielectric
£ilm are dry etched, via a resist layer, in a 1-5 Pa low pressure
region with a mixed gas of HBr and 0, as the etching gas. As
soon as the first platinum layer is expoéed, the unetched portion
of dielectric film is etched off in a 5-50 Pa high praessure
ragion, and then the first platinum layer-is dry etched again in
thae low pressure reglion to form a capacitor consisting of a top
electrode, a capaclitance insulation layer and a bottom electrode
in a semiconductor integrated circuit chip. Using this
manufacturing method prevents the detaerioration in defxnztion
causad by the use of a thick resist and the operation failure of
circuit slements such as transistors due to over etching on the
insulation layer. '

"Fig. 1 to accompany the abstract when published"



about 50 Pa, the etching speed slows down fromless than about 30 nmmn to
“about 5 nminin. The difference in the speed of etching on platinumdue to
different gas pressure.regions is explained below In dry etching.the
platinumin the |l ow pressure region (1-5 Pa), the physical spatter etching
* donmi nates, and the etching speed increases-steeply along with the | owering
pressure. In the high pressure regi dnfa(S 50 Pa), the physical spatter
etching is weak, and etching by the chem cal reaction with platinum and
etching gas seens to be proceedi ng, where the etching speed is very sl ow
-.13 - As explained in the foregoing description, according to this

enbodi nent th e of etching on platinumduring platinum etching can be
i ncreased steiﬂii-ﬁﬁ conducting the etching in the | ow pressure region,
about 1 Pa-5 Pa. ,FIG 6 shows the dependence of the etching speed of the
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dielectric material on the gas pressure when a m xed gas of [err] gas and
chloroformis 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 enbodiment, the dielectric material used as an
exanple is [err] (BST). The etchingéiégﬂlity used is a magnetron RI E node
dry etcher. The etching conditions as follows: etching gas flow 20
sccm and HF power 600W The substrate tenperature during etching is bel ow
20[ err] C because its back surface is cooled with He. As FIG 6 shows, the
etching speed on the dielectric material increases fromabout 30 nmimn to
about 60 nmimn along with the decreasing gas pressure fromabout 5 Pa to
about 1 Pa. Mean |[§, en the gas pressure goes higher (fromabout 5 Pa
to about 50 Pa), i ng speed gradually slows down (from about 30
nmmn to about 15 nmmn). The difference in the etching speed on the
dielectric material due to different gas pressure regions is explained
below. In dry etching the dielefaric nRgerial in the | ow pressure

(a)
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région (1-5 Pa), the physical spatter etching dom nates, and the etching

speed increases steeply along with the |owering pressure.

pressure region (5-50 Pa),
etching by the chem ca

t he physi cal

reaction with the dielectric materi al

In the high
spatter etching is weak, -and
and et ching

light emtted

gas occurs. FIG 7 shows the dependgpge of the intensity of
erial
etching conditions remain the sane as those in

during etching of.

the dielectric na
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Fromthe above, it is understood that in the high pressure region (5-50
Pa), where the etching speed is al nost constant, etching on the dielectric
mat erial proceeds by chemical etching. It is also understood that in the

| ow pressure region (1-5 Pa), where the etching speed increased steeply,
when the intensity of, light emtted is not different fromthat in the high
pressure region (FIG 7), the effect Bff hysical spatter etching is. added
to the etching by chem cal reaction. As a result, in the | ow pressure
region, the etching speed is. increased accordingly. Based on the above,

t he etching speed can be increased by setting the etching conditions within
the 1-5 Pa | ow pressure region. Thus, there is an inproved production

t hroughout. Wen etching the dielectric material, according to this

enbodi nent the etching speed can be increased steeplyby. performng the
etching in the 1-5 Pa | ow pressure region, and the etching by chem cal
reaction can be erforned in the 5-50 Pa high pressure region. The
processsteps of the nethod for manufacturing sem conductor. devi ces
according to a fourth enbodi mrent are the sane as those shown in FIG 1.
Therefore, the foll ow ng
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expl anation is directed to the conditions and neans for the manufacturing
nmethod. On the insulation |ayer 4 fornmed on a substrate of silicon, etc.,
the first platinumlayer 5 of 200nmthickness is forned as a bottom

el ectrode, on the first platinumlayer 5 the dielectric - 15 - film6 is
formed of 180 nmthickness, and theg Qn the dielectric film®6 the second
pl ati num |l ayer 7 of 200 nmthi cknes [8s formed for a top el ectrode. The
first resist layer 10 is then applied on the second platinumlayer 7 to
etch down the second platinumlayer 7 and the dielectric film®6. Wen the
first platinumlayer 5 is exposed, the etching is discontinued. The ratio
of etching speed of the dielectric film6 to the first platinumlayer 5
under neat h thel?] m & needs to be high. Then, the second resist layer 11
is applied to . the first platinum-layer 5, in order to formthe
bottomelectrode 5a. In this step, the size of the first
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plati num layer 5 needs to be | arge enough to provide contacts through the
i‘'nterlayer insulation |ayer 12 at two points between the second plati num

| ayer.7/the first platinumlayer 5 and el ectrode wirings 1l4a/14b,, which
are' |l ocated above the respective. platinumlayers. For this purpose, in the
process to etch down the second platinumlayer 7 and dielectric film§6,
first, the second platinumlayer. 7 nust be etched in the | ow pressure

regi on, where the speed of etching dof/Blatinumis high. The etching
conditions in this process are: etching gas flow 20 sccm gas pressure 1
Pa, HF power 600Wand etching tine 2 mnutes. Next, start the etching of
dielectric film6 in the | ow pressure region, where the etching speed is

hi gh. The etching conditions should be: etching gas flow 20 sccm gas
pressure 1 Pa, HF power 600Wand etching tinme 3 mnutes. As soon as the
first platinumlayer 5 is exposed, shift the gas pressure to the high
pressure region, in order that the remaining dielectric film®6 still on.the
surface of first platinumlayer 5 is chemcally etched off while

mai ntairning the first platinumlayer 5 unetched. The etching conditions at
t hi sprocess are: etching gas flow 20 sccm gas

FIG
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pressure 50 Pa, HF power 600Wand etching time 1 mn. - 16 - In this

" enbodi nent, the ratio of etching speed of the.dielectric material to

pl ati numincreases fromabout 0.6 to about 3, along with the increasing gas
pressure fromabout 1 Pa to about 50 Pa. As explained in the foregoing
description, platinumand dielectric material can be selectively etched by
shifting the pressure region of the7fﬁching gas. As the next step, the
first platinumlayer 5 is etched in e |l ow pressure region, where platinum
etching speed is high. The etching conditions at this step are: etching gas
flow 20 sccm gas pressure 1 Pa, HF power 600Wand etching tine 2 m nutes.

I n enbodi nent 3 and enbodi nent 4 above, a m xed gas of [err] gas and
chloroformis used as an exanple of etching gas. However, [err] gas al one
may be used as etching gﬁlGang t he sane
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ef.fects may be obtained by controlling the pressure region during the dry
et ching process in the sane way as described in enbodi nents 3 and 4 above.
As descri bed above, according to the fourth enbodi nent, a desirable etching
speed may be chosen to fit each platinumand dielectric material. Also a
required ratio of the etching speed of platinumto dielectric material may
be chosen by properly controlling t?eé?ressure regi on of the etching gas.
Through the process steps as expl ai J by the foregoing description, a
capacitor consisting of the second platinumlayer 7 as top el ectrode,
dielectric film6 and the first platinumlayer 5 as bottom el ectrode nmay be
formed with high precision and wthout difficulty of manufacturing. O
course, it should be understood that a wi de range of changes and

nodi fications can be made to the preferred enbodi nent described above. It
is therefore intended that the foregoing detailed description be regarded
as illustrative rather than [imting and that it be understood that it is

the foll owi ng
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.-scope of this invention. - 18 - WHAT IS CLAIMED | S: 1. A net hod of

clains, .including all equival ents, which are intended to define the

qmanuf acturi ng a sem conductor device conprising the steps of: - form ng
an insulation layer, a first netal |ayergyupBstitiueé 86kbt C 17 Detemibérd gowond

net al

et ching said second netal
el ectrode and a capacitance insulation filmdry etching sdid first netal

| ayer on a substrate having circuit elements fornmed_thereon; dry

| ayer and said dielectric film on,g‘q_mgr, WPSHEET [i
I
4

layer to forma bottomelectrode after dry etching said sdcend: nﬁ@bmﬂhhﬂﬁﬂ

and said wherein at |least this dry etching step is perfor
dielectric filmgass containing hydrogén hal i de and oxygen.

(o] G SEMICONDUCTOR
HAVING A BUILT-IN CAPACITOR

FIELD OF THE INVENTION

This invention.relates to a method for manufacturing 2
semiconductor integrated circuit chip having a built-in capacitor
in which high dielectric constant materzal or ferroelectric
material LS used as a capacitance insulatzon layer.

) BhCRGROUﬁD OF THE INVENTION
Recently, remarkahle develcpments have occurred in' the field
of mxcrcccmputers hav1nq bullt—in capacxtors of hth dzelectrzc
constant materials:’ " Sueh” mzcrocomputers contribute to reducxng
unnacessarcy radlation that causes electro-magnetic interferance.

Equally remarkable are develcpments zn the fzeld of ferreelectric

non-volatile RAM which facilitates" IQWavcltage operatxon and high
read/write speed. The high dielectric constant materlals or
ferroelectric materials are made mainly of sintered metal: oxide,
and contain a substantlal amcunt ‘af’ very reactive oxygen. In
forning a capacitcr with such d;alectric film, material for Lts
electrodes must be laast react;va, thus, precious metals such as
platxnum (Pt),-palladlum (Pd), etc. must be used.

. In the prior art, platznum and “palladium etching has been
ccnducted by means of isctrcplc etchxng,'such as wét etchlng thh
agua regia or by ion milling with ar: gas.' Because of the nature
of isotropic atchlng, using wet etcning with aqua reqla and ion

_ mlllxng causes deteriorated processing accuracy. Furthermcre, an

additional problem with "ion mllllng occurs because the etch;ng

. speed on’ platznum, whicn is to-form the electrode, and on silicon

oxide, etc., which is underneath the platinum, are almost the
same, the silicon oxide is also etchc&'during'ion nilling.

' In crder to anrease processing accuracy, research and -
devclopment has been quxte active in the precision processzng

U _i
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‘2, " A method of manufacturing a sen1conductor device according to claima1,
_ Wherein the percentage of oxygen in, the etching gas of hydrogen halide and
oxygen is about 10%to about 3. .A net hod of manuf act uri ng a sem conduct or

devi ce according to claim1 or claim2; %ﬁgﬁufb gﬁ@ethyqlgqg@éb.hgbt dgges HBr .
8nduct

4. A nmet hod of manufacturing a sem<T or device conprSFRg—HRE=—StEpS—
of: formng an insulation layer, a first netal |ayer, a d| GEPCLLACEMENTISHEET

and a second netal |ayer on a substrate having circuit ellgnents 63% 97
t hereon; dry etching said second netal |ayer and said dig| &eter:i.¢ tlam-

form a Wﬂclelmtwﬂ&@w %J.samg' &ﬁ&c&éﬁfﬁ& Add b/ 'Eha“@ﬁkzsﬂ at—teast
this dr {:éé% |§§p corne sueén as contalnlng édrocarbon and-
dry etc fiTs SEPADR SRY ‘Fo’?‘?n AT AR BERSBESE I Cer dry
et chi ngm%%ﬁ"dl%%%c}‘ﬁﬁé{% lpgger amdl swiskeliatismly drfi-etching the

platinum and dielectric material at a fast etching speed.

"Further, another objective of this invention is to offer a
new method of maputacturing semiconductor devices, wherein, even
if sufficient. time is prcvigeé for overetching during the procass -
to form the bottom electrode of the capacitor, the silicen oxide
layer underneath the .electrode is dnly'minimally etched, hence
circuit elements and w1r1ngs, etc. are protected from damage;
thereby highly reliable samiconductor devices can be
manufactured. o

This invention comprises process steps to form, on a
substrate in which circuit elements and wirings, etc. are already
shaped, an insulation layer, a first metal layer, a dielectrxc
film and a second .metal layer, one aftexr another, and then, forﬁ -
a top alcctrcda and a capacitance film by dry etching tha second -
metal layer and the dielectric film, and form a bottom elactroda
by dry etching the first metal layer; wherein, at least the
etching gas for dry etching the-égggaé-metal layer is a mixed gas
containing hydrogen halide and oxygen, having a ratzo of oxygen
against the total af hyd ragen halide and oxygen set ‘at about -
10%~35%. A ) : "

As the hydroqen halxde,_HBr is usad and a gas contaznzng
hydrocarbon such as chloroform is used as the etching gas._fﬁ-".u.

This invention employs a silicon oxide’ layer.as.the .. ;k'
insulation’ layer on the substrate, and a platinum layer or .
palladium layar as tha first and. sacond matal layers. Dry

. etching of the sscond metal layer and dielectric fxlm is
conducted in a lov pressure region not higher than about 5 Pa,
where the etching speed is high. i

Further, in.this invention, an insuiation layer, . a first.

metal layer, a dielectric film and a sectnd metal lé?er are
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.19 - 5. . A nethod of nanufacturlng a sen1conductor device according to
, cla|n14 wherei n the gas contai.ning:hydrocarbon is chloroform 6. A
“method of manufacturing a sem conductor device according to claimé4,

wherein the gas containing hydrocarbon igygstitu€dhgas- a2 ggb@mpmrggmd
[err] gas. 7. A met hod of manufacturing a sen1conductoiz M- 0-—AtCOEEHITg
et

to claim4, wherein the gas containing Bydrocarbon is a ABEMENTSHEET
chl orof orm and HBr. 8. A met hod of manufacturing a senlconducqu MQVH&E
according to claim4, wheréin the insulation layer is a 5|bg@on Qdee ............
| ayer. 9. A nmet hod of manufacturing a sem conductor deVice—scGoFaiTT '

claim4, wheg I&}msw%ff arﬁaxggil '&y%raaﬂgtaeaseeaadaasaﬂhl STl e

conprlsed of at 1 num or, hod of nuf ac in
seni con&ﬁﬁt%ﬁc%ﬂ &5’306&]31"?8? r@“tdr?e layess 4of Ehe of Sy P;E% 3‘["'5 5% Sayer
a firstanetehe |samnd platinum layer 7, is explained belcw thh

reference to Fig. 3.

FIG. 3 shaows 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 denctes the etching selectivity ratio

' (platinum etching speed/silicon cxida'etching speed), -and the
horizontal axis indicates percantage of 0, flow to the HBEY and O,
total etching gas flow. The etching facility used is a magnetron
RIE mode dry etcher, with €9 power 400W and pressure 1.33P during
atching. BE . .- .o

As indicated in FIG. 3, the etching speed on silicon oxide
when HBr alone is used as the etching gas. is about 80 nm/mzn.,
which is about half the speed.when chlorororm is used as ‘the
atching gas, or almost the same level as that on platinum (90
nm/min.) . 'Namaly, the platinum/szlzccn cxxde etcnxng selactzvity .
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 s;licon
oxide decreases to about 1/3 as compared with the case of HBr
alone; while the etching speed en platinum stays almost
unchanged. This means that the platlnum/sxlxcon oxide etchxng
selectivity ratio 'is improved to more-than 3. In practlcal cases_.
the process can be maxntained stable.when the ratio is'1.s and
up, therefore, the quantxty of O, to tha total etcnlnq gas flow o
may be chosen from the range of about 10%-35%. .

In the case when platlnum ‘is dry atched using HBr and o2
nixed gas, the sxlicon oxide reacts with Br and 0, ta compose a
ncn—volatxle compound which plles up on the silicon oxide- layer 4
to protect the silicon oxide 1§yer 4, lowering the eccnznq speed.

- This makes it possible to selactiveyg-eﬁéh the first platinum
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dLeIectrlc film and a second netal Iayer on-a substrate having circuit
‘ el enents forned thereon; dry etching said second netal |ayer and said
. dielectric filmto forma top el ectrode and a capacitance insulation film

and SR IR, ot L2 e subeyiite shest omzebesénege 1gdeer dry

et chi tal layer and said dielectric film_wherein dry

dlelectrlc filmis conducted in a |ow pressure region whefe etc

etching of said fFrst netal layer, gajgl_second netal Iay redid ﬁ@EﬂTSPEET
is high. 11. A method of rmanufacturing a sem conductor d Ek

claim 10, wherein the | ow pressure region does not exceed
A net hod for manufacturing a sem conductor device conprising the steps of

- - 2z Ter gLATMBED Iswsul ation layer, a first netal |ayer, a

1. A method of manufacturing a semiconductor davics
ccuprxsinq the steps of:

- forming an insulation layer,.a.:irst metal laver, a
dielectric film, and a second metal layer on a substrate having
circuit elements formed thereon; '

~ dry etching said sacond metal layer and said dielectric
£ilm to form a top electrode and a capacitance insulation film.
i '.. £_1 |”._i' i A . g 3 M . 3
aining hyd Bals . and
dry etching said first matal layer to form a bottom

1 r and said
electrode afterwﬁf¥e3ﬁ§?ﬁ %ﬁ% 336°Qchﬁ5t§%p %?geﬁonnedtmuuLnuxed

dielectric £illf gase gggtgmmg hydrogen. halide and oxygen
2. A methad of manufacturing a samnicenductor devxce

according to claim 1, 'wherein the percentage of cxygen in the
etching gas cf_@ydrcgen halide and oxygen is about 10% to about
1ss. I '

3. A mathod of manufacturing a semiconductor device
according to clalm 1 oz claim 2, wherein the hydrogen halide is
HBr.' : )

4. A method of manufacturlnq a sem;ccnductcr davice
comprising the steps of:

forming an insulatien layer, a first metal layer, a

dielectric film, and a secand metal layer on a substrate hav:nq
circuit eleaments formaed thereon; ]

. ' dry etch:ng said second metal layer and sald dxelectrxc
“film to form a top electrode and a capacitance xnsulatxcn :xlm,
wherein at least this dry etching stec Ls performed usxng a gas
ccntcining hydrccarbcn, and . . .
ary etching said first. metal layer to form a bcttcm |

electrode after dry etching said second metal layer and said
dialactric rilm -



‘dicel;ectric film, and a second netal |ayer on a substrate having circuit

el ements formed thereon; dry etching said -second netal |ayer and said
dielectric film in a Iom/pressure regi on where etching speed is high, to
forma top el ectrode and a capacitance i ngpatitoe éhddti- PROsEerthb&01996 any
remaining dielectric filmleft unetched on the first netal =
the first netal layer is exposed, said etching off being pdrREPAGENENBSHEET

hi gh pressure regi on where the .etching speed of the first t al r
sl ow, applying a nmask pattern to the first netal [ayer; an lets - eﬁgﬁuﬂgfﬂgy

first netal layer in a Iom1pressure regi on where the etching speea ST gn
to forma bottom el eqEpnod : : .

HAVINQ A BUILT-IN CAPACITOR

ABSTRACT OF THE DISCLOSURE _

on a silicon substrate, a silicon oxide layer, a first
platinum layer, a dielectric film and a second platinum layer are
formed, and then the second platinum layer and the dielactric
£ilm are dry etched, via a resist layer, in'a 1-5 Pa low pressurae
ragion with a mixed gas of HBr and 0, as the etching gas. As
soon as the first platinum layer is expoéed, the unetched partion
of dielectric film is etched off in a 5-50 Pa high prassure
ragion, and then tha first platinum layer-is dry etchad again in
tha lo¥ pressure ragion to form a capacitor consisting of a top
electrode, a capacitance insulation layer and a bottom electrode
in a semiconductor integrated circuit chip. Using this
manufacturing mathod prevants the deterioration in defxnxtxon
caused by the use of a thick resist and the operation failure of

circuit elements such as transistors due to over etcnxng on the
insulation layar.

"Fig. 1 to accompany the abstract when published"



