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MJJTHop 01 KAH!Ji':AC'rlJBING sg+coNPOC'l'OR mrnc1s. 

FIELD OF THE ~NVENT~ON 

This invention.~elates to a method for manufacturing a . 
semiconductor integrated circuit chip hav~ng a built-in capacitor 
in which high dielectric constant material or ferroelectric .. 
material is used as a capacitance.insulation layer. 

BACKGROUND OF 'l'HE INVENTION 
Recently~ ·remarkable deveiopments have occurred in·tha"field 

of microcompute~s havfnq built-in.capacitor~ of hiqh d~el~c~ric 
constant materials~~ ·.such ·=microcomputers contribute 'to reducing·· 
unnecessary radiation that causes electro-magnetic interference~ 
Equally remarkable. are d~Velopm~~ts."in' t~e field of .ferroeiectric 
non-volatile.RAM which facilitates·l~w-voltage operation and high 
read/write speed. The high dielectric constant materials.or · 

·•· . .'...:,~;:" f erroelectriC Materials are made mainly Of Sintered lUetal. OXide I 
and contain a substantial amount ·~f 1very reactive oxygen. In 
forming a capacitor with. such dielectric filin, material for its 
electrod~s ·must be. least· ;eact.iva;'" thu~, precious inetais su~ii as 
pla:tinum (Ptf: :pal:1~dium" .(Pd)', e~c: · nius.t· be used~ . 
· . . :tn the prior~·art; platinu~ 'ci.:r{d.:pailadium etching has t>een 
conducted.~by ~~~~s o'.e".isot~op.i~ ·e~."ching, such .as ·w~t "etching. with 
aqu; regia or by ion miliing with .. Ar·qa"s .. Because of the natur~ 
of isotropic etchi~g, using wet etchinq.with aqua reqi~ and.ion 
mi~ling cause~·det~riorated .proce~sin~ accuracy.~ Furth~or~, an 
additional problem.with 'ion miliinq occurs because the etching 
speed on· piatinum,'" ·,;,liich is to ·form the elec;trode, and on siiicon 
oxide, etc.; which is'underneath th~ platinum, are almost ~he 
same, tbe $tilicon o~d.de is also ·etched- during· ion lUilling •.. 

In order to ·increase processinct acc.uracy, z:ese~rch and · 
de~elopment h~s b~e~ quit~ adtive in the precision process;nq 
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technoloqy with respect to the platinum layer and metal oxide 

dielectric thin film by means of a dry etcnin9 process, Where Clz. 

and HSr are used as the etchinq gas (see, Extend~d Abstracts, 

Autumn Meetinq 1991, The Japan Society of Applied Physics, 9P-ZF­

l 7, p. 516; Extended Abstracts, Spring Meeting 1993, The Japan 

Society of Applied Physics, 30a-ZE-3, pp. 577}. 

A conventional method for manufacturing semiconductor 

devices is described with rafarenca to ~kGs. 8(a}-(c)~ As shown 

in FIG. 8(a), a silicon oxide layer 4 is forme~ as ari insulation 

layer on top Of a circuit element_ 1 and a Wiring 2 shaped on a 

silicon substrate J. Over the.silicon oxide layer 4 is a first· 

platinum layer 5, a film of high dielectric constant material or 

ferroelectric material (hereinafte"r referred to as dielectric .-

film) 6 and a second platinum layer 7 •.. · • ..... 

The si~icon ox~da layer.4 reflects unevenne~s due to the 

circuit element 1 or wirinq '2: already. shaped on. the silicon. ' .. 

... 

:• 

_substrate J to have a hollow a or protrusion 9 on its surface, as 

shown in FIG .. &(a)~ Because dielectric film 6 is.spin-coated on 

tha unaven surface of silicol'l oxide layar· 4, thickn.ass of ·tll.e 

dielectri.c film 6 is large at the hollow a, and small at the 

protrusion 9. 

Next, as shown in FIG. 8(b), top electrode 7a and 
. . 

..... 

capacitance insulation film 6a are formed by dry-etching the 

second platinum· lay~r 7 and dielectric film G with. CJ.i", HB~ as·: : ·. · 
the etchinq gas. '· The facility u~ed "£ o~. the etching· .is. a :- : :.. _.... -: . 

magnetron-reactive "ion· ~tchin'g (RIB) mode. dry .etcher. · 'l'hro~gh-- .: . .. . . . ·. .. . .. -. .. ·. . . . . . . . . 
the same etchincf procedure the first ··piatinum '1ay~r· s ·is e~ched: ; . 

to form a bottom electrode Sa; and a capacitor is thus formed •. A_ 

layer to prot~~t: the ·capacitor,· eiectrode wirinq and .. protectio~· :· · 

layer for the 'electrode wiring ara'"··f~~me~ through process steps 

not shown in the.figure; and a· semiconductor device is completed. 

~n example.of the etching cha~ac~eristics on platinum, high. 

dielectric constant material (BaSrT_i93 ; ·f1ereinafter referred to 

· .. ··.··. 
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as SST) and resist is explained below when Cl2 is used as the 
etchinq gas. FIG. 9 shows dependence ot the etching speed of 
platinum, BST. and resist ta RF power. Where, the horizonta1 axis 
denotes RF power, the vertical axis denotes etchinq speeds of 
platinum, BST and resist. 

The facility used for the etchinq is magnetron RIE mode dry 
etcher. The etcher conditions are: Clz gas flow 20 seem, gas 
pressure 1 Pa, RF power within a range ~etween 2oow and 600W, 
wafer temperature durinq etchi~9 below 20°c as its back surface 
is cooled with He. · 

FIG. 9 exhibits that platinu~ etching speed is increased 
from JO nm/~in. to 100 nm/min., SST.etching speed is increased 
from 20 nm/min. to 70 nm/min. and resist etchinq speed is 
increased from 200.nm/min. to 350 nm/min., when RF"power is . 
raised from. 200W .. t~ .. 6oow. · .. . :: ·.·· 

When, ·the platinum/resist etching speed ratio increases from ~ 
about 0.13 to about 0.29 alonq with the increase of RF power t~om 
2oow to 600W •. ·:·'l'h·e" BS'l'/resist etching' speed ratio als~ increases·.·. 
frol'll about O.lO to'·about 0.20. Under any condition, the etc~inq 
speed ot resist is much faster ·than that of platinum and BST. 

The time requ,:.~red to etch the platinum layer (200nm thick) 
and BS'.1' (200nm thick) with RP power at 60.0W is 4 min. 52 see. 
The etching quantity of the resist.during this time span is 
calculated fro-nl the resist etching speed to be l703nm,· a very . 
large value. ·This·m~ans that, if th~ ~~~ist layer.is thinner 
than l700nm, the resist is· entirely etched while etching is·:~: ..... ·. 
conducted ·on tii'ei-: {;ia~inult\ ,.and BST. ."]:!. ~hi·~ i~ ~o b~ · preve~t~d/ 8:,-:­
thick resist laye~· of mor~. than about ·3 .µ.m thick has to be· used ..... :. 

As descril:>ed. al:>ove,_ however, .when ·ell etchinq gas is use~,· ... 
• • ... I ' • • • •. • the etching speed.of resist is ve-ry high relative to tbat.~t 

platinum and BST. ·consequently, while platinum and BST are being 
etched for.a. certa~n ~equired ~hick~~~s,~th~ resist layer is' also 
etched signifi~antly. In order' to pr.event this from occurring a .. 

. ~--···· ... . · /~:/ ,::··· ·.• 
.. 
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thick-layer resist needs to be used. But the thick-layer resist 
aftects the definition lavel of the :mask pattern at 
photolithoqr~phy, rendering the formation of a tine pattern very 
difficult. 

The etchinq speed of the silicon oxide layer is about 2.s 
times taster than that of the platinum layer. So, as shown in 
FIG. 8(c), during formation of bottom electrode Sa, its 
underlayer, the silicon oxi~e 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 a of silicon oxide 
layer 4) is completely etched oft, .the etching qas, which already 
etched _the thin part of first platinum layer 5 (located on the 
extrusion 9 of silicon oxide layer 4), ·quickly attacks the ·. 
underlying silicon oxide layer .4 to etch it off, and when gate . 
electrode la of. circuit element l and .wiring 2 are exposed,·· they 
are al$o etched, rendering the transistor and other circuit 
element l inoperable. · · · 

In the case of ion milling where Ar gas is used as the· 
etching gas, because the ratio of the etchinq speed of the second 
platinum layer I and dielectric film 6 to the etching speed of 
the silicon oxide layer 4 is low, when forming a capacitor in two 
separate atc.:hinq process steps ( e. CJ. , etc.:hinq on the second · 
platinum layer 7 and dielectric film 6,. and then on tbe first ·· 
platinum· layer=s): it is.extremely difficult to stop th~ etching 
procedure so that the first platinum layer.is not etched. . 

In the case of dry etching -~n "platin~m · and ferroelectric ...... . 

material, because of its slo~ etching speed, the.throughput of 
the production facility is poor. · ··· : · · · 

SUMMARY OP THE INVENTrON 
Tbe objective of this invention is to offer a new method.for 

manufacturing semic.oncluctor devices !'lav±rrq· il. built-in capaci~or 

... -
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which is formed by slowing the etching speed on the resist, 
makinq the ratio of etching speed o~.platinum and dielectric 

material to ~esist large, and by selectively dry-etchinq the 
platinum and dielectric material at a fast.etchinq speed. 

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

This inv~ntio~ comprises process steps to form, on a 
substrate in which circuit elements and ~irinqs, etc. are. already 
shaped, an insulation _layer, a first metal layer, a dieleetr.ie 
film. and. a secand'.metal laye;r,· one after another, and th~n,.:·form ··· 
a top electrode and a capacitance film by dry etching the s~cond 
metal layer and the .dielectric film, and form a·bottom electrode 
by dry etching the tirst metal layer; wherein, at least the 
etching gas tor 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 set at about 
10%-35%. . . 

As the· hydrogen halide, HBr is used, and a gas containing 
hydrocarbon such as chloro.form is used as the etching gas~ _: ~· : ... : ... ·. 

This inve~tion. employs a silic~n o'xide. layer. as". the .· ·:: ~- · .. · 
insulation· layer ··on ·the· subst~ate,· and a pl~tin~ lay"er. or·_:.··' 

palladium layer as the first and. sec.ond. matal layers.. Dry 
_etc~ing of the ~econd metal layer and dielectric film is 
cond~cted i~·a low p~essure ~egion not.higher th~n-aboqt 5 Pa, 
whare the etching speed is high. 

Further, in. this · inventiC!n, an insul·a tion layer,: . a first .. 
metal layer,.a dielectric film and a .second· metal layer are 

.· 
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tormed on a substrate on which circuit elements and wirings, etc. 
are already shaped; and then a top electrode and a capacitance 
insulation layer are formed by dry etching the second metal layer 
and dielectric film in the low pressure reqion where the etching 
speed is high. When the first metal layer is exposed, the 
dielectric film left unetched on the first metal layer is removed 
under the hiqh 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 etchinq the 
tirst metal layer under the low pressure region where the etching 
speed is high. 

Therefore, according to this invention, where a mixed gas of 
hydrogen halide and oxyqen is used as the etching.gas, the · 
etching speed on silicon oxide layer can ae ~ade sutficiently.low 
relative to that on the second metal layer mada ot 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 circuit elements.and wiring, etc. 
underneath the silicon oxide l~yer can be prevented. Hence: 
reliable semiconductor devices may be manufactured at a high 
production yield rate. By properly controllin9 the etching speed 
of platinum and ferroelectric mat7rial the throughput of . 
manufact\trinq facilities may be raised. 

Furthermore, the· ratio of etching speed of the platinum and 
dielectr le· ma·te:_rial to the resist. ~an. be· in~reased by lowe:rinq : " .. · 
the etchinq speed on the resist. Therefore, etching of.the 
platinum and di~lectric m.aterial may."be ·conducted. by ·using a mask 
of normal layer-thickness resist (generally speaking, about l.2µm 

~ . . . .. 
to· about 2.0~m thick}, instead of Using a conventional thick-
layer resist (about Jµm and thicker). 

The inven~ion itself, together with further objects and 
attendant adyanta9es, will best be understood by reference to the-
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followinq detailed description ·taken in conjunction with tl1e 
accompanying drawings. 

BRIE~ DESCRIPTION OF !HE DRAWINGS 
Figs. l(a)-(d) are cross-sectional views showing the first 

halt of the process steps in embodiment 1 of this invention. 
Figs. 2{a)-(c) are cross-sectional views showing the second 

.half of the process steps in embodiment 1. 
Fiq. 3 is a characteristic chart showing the etchinq speed 

of the etching gas used in embodiment 1. 
Fig. 4 is a characteristics chart showing the relationship 

between the etchi~q speeds of platinum, BST and resist and the HP 
power, when chloroform is used as etching gas in embodiment 2 of 
this invention. 

Fig. 5 is a characteristic Chart showing the relationship 
between the etchi~g speed of ~latinum and t~e pressure of etching 
gas. in embodiment J ot . this invention. .· : .. ·:· ... ·.r...: .• : 

• Fig. 6 is a characteristic chart showinq the relationship ~ · 
between the etching speed of dielectric'material and the pressure 
of etching gas in e~odiment J, 

Fig. 7 is a characteristic chart showin9 the relationship · ·. 
between the intensity of the light emitted while the dielect~ic 
inaterial is being etched and the pressure of etching gas in . 
embodiment 3. 

Figs. a(a)-(c) show cro~~-sect~~nal views of a conventional, . . . 
method for manufacturing semiconductor devices·. ·· · · · . -~ .. · ·. ·. · :" 

Fig. 9 ~s a characteristics chart showing the relationship .': ·· .. : 
between the etch~ng speeds 

0

0f .. Platinum,. 
0

BS~ and resist and the HF·_.: 
power, when Cl2 gas is used. a~. the etching gas in a . conventional ;.- ; . . .... . 
manutacturinq n1ethod. 

DESCRIPTION OF PREFZRRED EMBODXMEN'l'S 
Embodiment 1 ~f this invention is.described below referring 

to Figs. 1 (a)-(d) and Figs·. 2 (a) -(c) .wh"efe ... -the same constituent 

("" 
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parts as the conventional parts shown in Fig. a are identified 

with the same numerals and their explanations are omitted, 

explaining o~~y those elements that are ditfer~nt from the 

conventional method. 

In Fiqs. l(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. l(a), an insulation layer 4 of 

silicon oxide, etc. is formed on the substrate 3 made of siiicon, 

etc. on top of the insulation layer 4 is ~ first platinum layer .. . , . 
5 of about 200nm thickness. on top.of the first platinum layer 5 

is a dielectric f ~lm 6 havinq a high dielectric constant material 

or ferroelectric material of about 2oonm thickness. · Further on 

top of the dielectric film 6.is a.second. platinum layer 7 of 

about 200nill thickness. The di"._le'?tric ·film 6 is form~d. l?Y me~ns 

of the spin coatinq 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 resist 

layer 10 applied on the se~ond platinum layer 7. In this way, a. 

device as shown in F.IG. l(b) is formed. ·Next, as shown in FIG. 

l(c), tbe top electrode 7a, capacitance insulation film 6a and a . .. ... 
part o~ the first pl~tinum layer 5 are covered with a second 

resist layer 11 to etch the.first.platinum layer 5 with a mixed . •, 

qas of HBr and 02 • Bottom electrode Sa is thus formed, .a.s _shown·· 

in F:CG. l ( d) : :: . · . · .. · .. : : · . ." .. ~ : :.:·-> :·:., ~ . . :. :· .:, ·: · · · .· ·. ·: ·. . · .· .. _,.:··_.:::~ : . . ~· 
As sho.wn in FIG. 2 (a),"° an interlayer insulation. lay~r. 12. is 

coated over the. ·e~th:~ surf~ce, c~ntact hol.es 1Ja and lJb. ~re·· ' 
-· . . . . 

provided above the bottom ·electrode Sa and top electro~e 7a, 
. ·, . 

respectively (Fig. 2 (b)), and electrode wirings 14_a and 14b, 

which connect to.the top electr~de 7a and bottom electrode Sa, 

respec-t:-ively, via the co~t~ct holes. 13b,. l3a, are f.ormed to 

complete a cap_aci ~or. (FIG. ~ ( o) )° .... · -. 

. :;:-~ 
=·~·::. • . • ~ ... 

.:.: 
. ~ ;. 
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THIS SHEET HAS B;N =i1 
REPLACED c 

The use of a mixed qas ot HBr and <>i as the etching gas in 

dry etchinq the silicon oxide layer 4, the first platinum layer s 
and the saCOJld platinum layer.7, is explained below with 

reference to Fig. 3. 
FIG. 3 shows the etchinq speeds of platinum and si1icon 

oxide when HBr and o2 mixed gas is used. The left vert;ca1 axis 

denotes the etchinq speeds ot platinum an~ silicon oxide, the 

riqht vertical axis denotes the etchinq selectivity ratio 

(platinwn etchinq·speed/silicon oxide. etching speed), and the 

horizontal axis indicates percentage of ~ flow to the HBr and Oi 

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 l:lBr alone is used as t;he etchinq qas. _is. about .s_o nm/min., 

which is about half the speed.when chlor?torm is used as "the 

etching gas, or almost the same level as that on pla~inum (90 

nm/min~). Name.ly·, the platinum/silicon· oxide etching s·eleetivity 
. . . 

ratio is improved to ap1>roximately 1. ·· 

When 01 is mixed with 
0

HBr such that 02 comprises about 30% of 

the total ~low ~f etching gas, the speed of etching on silicon 
oxide decreases to.about 1/3 as compared with the case of HBr 

alone; while t~e etching _speed.on platinum stays almost 
. . 

unchanged. This means that the platinum/silicon oxide etching 

se1ectivity ra~io .is improv.ed to mor~ ·than 3. In pr~ctical ·.cases 

the process can be maintained stable.when the ratio is"1.5 and 

up, the;~f ore,:· th~. ·q~ant.i ty" of· ol to tl~~ t~tal etching gas flow 
may be chosen from the range of about.10%-35%. 

In the. c~se ~hen platinum "is dry "etch.ad using HBr and Oi 
mixed gas·, ·the silicon oxide reacts with Br and 02 to com.pose a 

" • I '1 I o 

non-volatile compound which piles up on the silicon oxide-layer 4 

to protect the silicon oxide l~yer·4,· lowerinq the et~hinq speed. 
.. . 

This makes it possible to selectively.-e~ch the fi~st platinum . ·. 
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layers. ·Namely, in completely etchinq off the first piatinum 
layer 5, the silicon oxide layer 4 is never substantially etched 
as was the ca.se in the conventional manufacturing method. Thus, 
possible damage to the circuit elements and wirings which are 
located underneath the silicon oxide layer 4 is avoided. 

Although a platinum layer is used as the top electrode 'la 
and bottom electrode Sa in this embodiment, the same"effect is 
also obtained.by the use of a less reactive metal, such as 
palladium. ... . . 

Besides ~ 9as used in this eml:lodiment as the gas to be 
mixed to HBr, a compound qas containinq oxygen may also be used. 

As described above, in·this embodiment, where a m~xed gas of 
oxygen and hydro9en halide such as HBr .. is 'used as the etchinq gas 
!or forming the.i:iot:tom ele~trode Sa mad~ ~f platinum~ ·etc.1 ·only 
the first 111.eta.l layer 5 macte of :platinum, etc. is sel~ctively 
etched oft,·· ~nd ~tchi~q on· ~he ~11.i'c~~···oxi.de layer 4 is.::· .. ·:·. 
suppressed; therefore' the circuit elements and wiring,· etc. 
underneath the: silicon: oxide layer·· are. not damaged. . ·,' : ·: .. :... :. ·. 

The method f~r manutact~ring semlconductor·devices i~·a· ' ... 
second em~odiment is the same"as that in' ~mbodiment l' shoWn in 
i'IGs. 1·(a)-(d) and !'IGs. 2(a)-(c), except the second embodiment ... . . . . 
uses chloroform as the etching gas on the platinum and ~ie~ectr~~ . . .,, . . . . . . .. . .. 
material. ·: · · · · · · · · · · · .... ,, 

Dry etching on the· platinum and dielectric material in' the·:.~·:. 
second ·einbodim_ent using chlo~of·;~- c'cif'<::1;) 0

aS the. etch~ng .. gas. is ....... .. 
explained belo~ ·• : ..... : · : .. : ··:: ;:·:·· ;· : .. ,;. · ... :,~. =. :-;<·;_'., . . ·. ~ . · '. :.: .... . ,,...·:.· ~· 

• • • • -i.'•.. • •• ',/,.\,: ,. :::: ... • • • •• ··.~. :. :-: ... ~:.:: ......... • • •• •• 

FIG • .'4 shows. t;he. dependence··. of.: eb~hing speeds ···a{ platinum/'.:-~ 
BST and resist to' HF power .wli.en .chlorof~~m (CHC13 ) is used as the 
etching gas. · ·;n: FIG~:. 4, the :··ho~iz~~tai .. ~xis ·denotes. ·HF .. p~w~r-~ · . 

• e • ' "' • , '•'I • o ' ~ • ~· 1 1 ,. • "' ; ,' ' I ' , •' .I' .._ • ~ • • • • and the vertical axis etching speeas"pf platinum, BST and resist •. 
The etching taciiity used is a m~~~et~~~. RIE mode ~ etc}1.er.· ·· :.,.. 
The etching condi.tions are as follows: : .. chloroform (c~Cl,). flow·: 

.. . .. 
~ ... 
.... 
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20 seem, qas pressure l Pa, and HF power within a ranqe of about 
200W-600W. 

As FIG •.. 4 indicates, along with the elevation of HF power 
from about 200W to about 600W the speed of etching on platinum 
increases from about 10 nm/•in ta about 70 nm/min, on &TS from 
about 15 nm/min to about 75 nm/min, and on resist from 40 run/min .. · 
to 80 nm/min. Platinum/resist etching speed ratio increases f~o• 
about o. 25 to about o. SS when ... ·H:r powar is ·raised :trom about 2oow 
·to about 6oow. ~~T/resist·etchin9 speed ratio incr~a~e tr~ 
about 0.38 to about 0.94. 

The time needed to etch platinum.. (~OOnm thick layer) and BST 
c2oonrn thick film) is 5 mi.n. 32 sec> at HF power load soow •.. 
During that ~ime. frame~ the resist is calculated to have been .,._. . . . 
e·tched ·off by: 443nm; which represents a remarkable improvement as 
c~mpa~ed ~i~t1 th~_ ... ~onven.~ional etching qua~tity l703mn·~ · ·_.. ·· :: ... 

.. :. As expiained. above, according to the second embodiment; by . ' . 
using chlorotorm (CHCl5) a~ the .etching gas to etch platinum:~n~ 
BST, the ·speed· "of' .. etchinq .on the resist is decreased, and _the 
ratio of. et~hing · ipeed ·of· platinum and BS~ to resist can be made.· .. : . . 
larger. These:c:hanqes in etching speed make it possible to ,. . 

conduct etchi.n9 o_n platinum and BST using a normal layer 
thickness. resist·~ (qeneraily speaking, thicknesses of about l.2µm .. 
to .about 2. Oµm), .instead of a· conventionally used thick resist .. 
(about Jji.m and .th-icker). :·. ··Therefore·, ... a .. fine ~atter~ can be· shaped 
with. a high ·~~~ce~·~inq· .pr~~ision/:~ith~~~:· deteriorat:i.nq th~·-ievei:. 
of defi-~itic;;n·· ~f-:a::·mask pattern~ ·<::~··.-;;'"':- · :.":· ., -: . :: ·· .. ~ ..•. .-.-.···· ·. :.:~ .. :· . . _.::::\.: . 

• : : 1 •• Wh.;~~:c:Li. ·9~;-~::r~·: u~ed,· :: oa:rbo~ .. c"c")"·:· ~rid•. hyd~oq~n ~ ni», · . be"in~· .the".:: 
. elements .. conta:i.n~d· tn. the 

0

rest~t,· rea.~t with CJ.i gas· to compose <. · 
. : "cci4,·· HCl;: whic~~-~~e th~n···~eparat~d ·~nd .. ~xhausted. Th~ etching:-:::­

is. COnS ider.~d- to ·;.p~~c"e~d this. Way I ~nd. the Speed Of etching; On : .. · .. 
· ·the ·resist .inc:rea's~s. .. . · · . : .... ~· 

·, On ·.the oth~r .. hand,-when ch.loroform gas is used, the etching . 
. ·. :·· .. · · .... ··· ~--· 

speed of . the resist·, is decreased bec)'use or the carbon and · . ·, 

··.· 
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hyc:lroqen contained in tbe chloroform qas. It is believed that 
either the reaction with carbon and hydrogen in the resist is 
made less ac't;,ive, or a film ot carbon and hydrogen is polymerized 
during etching which piles up on the resist while etching is 
going on, rendering the etching speed retarded. 

In this eml:>odiment, chloroform (CHC13 ) is used as an example 
ot the etchinq qas. However, besides chloroform, other gases 
containing hydro~arbon ~ay be used to obtain the same results. A 
mixed qas of Cl2 gas ~nd 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. S, FIG. 6 and FIG. 7. In FIG. 5 1 the 
horizontal axis denotes gas pressure and·the vertical axis speed 
of etching on platinuni. The etching.facility used is a magnetron . . . . . 
RIE mode dry .etcher •. The etching conditions are as follows: .. 
etching··~as f~~r,;. 20 .seem. an"d HF power. 600W. · The substrate .. ·· . ' -
temperature during etchi~g is beiow· about 20°C·be~ause its back . . 
sur,face is cooled with helium (He).· . , . 

As ill\.1strated in FIG.· s, the speed of .etching on platinum 
increases rapidl¥ from about Jo nm/min to' about 100 nm/min when 
the gas pressure decreases from about 5 Pa to about l Pa. 
Meanwhile: when the g~s pressure is increased from about 5 Pa to 
about 50 ~a, the et~hing speed slows qown from iess than ab~ut ~o 
nm/min. to . a.bout 5 · nm/min •. · · ... · ·:>.· . __ · ."\·.,..: ·= .. :. ·· : 

, ,• 'I , .. • ;,, o 1 
0 lo:',~. , • Oo o •' 

0 
•: o 

0 
,
1

' &' o • , o 
0 0 

o 
0 

.: The~·diff~rence in the speed of ··etchinq on platinum due· to · ~ 
• •• • •••• • • t • •t.. ~ : • • • • • • • • • • • • 

different gas pressure .. regions is. explained below. ·. . 
.. 1~· dry .·etc~i~q ,0

the
0 

plati~~· "in the 
0

10~ pressure region. ci.:.!5 
·Pa) ; : the physi_cal .spatter etching dominates, and. the etching · · . . . . . . . . . . 
speed increases-steep~y ~long with the lowering pressure. In the 
high pr:ess~~re -~~~~.~n ( 5..:.50 ·Pa) , the physical spatter _etching is 
weak, and etching by the chemical reaction with platinum and 
e~ching.gas seems to be proceeding, where the etching speed is 
very slow. ~. 

Ooo •" 0 o~ 0 .. I 

~~:·_ -_.:, 

..... . .: . : .. 
. . . . ~ 

.... . .. 



- 13 -

As explained in the foreqoinq description, accordinq to this 

embodiment the speed of etching on platinum during platinU11l 

·etching can ~e increased steeply by conductinq the etching in the 

low pressure region, about l Pa-5 Pa. 

FIG. 6 shows the dependence of the etching speed of the 

dielectric material on the gas pressure when a aixed qas of CJ.i 

gas and chloroform is used as etching qas. In FIG. 6, the 

horizontal a.xis denotes the gas pressure and the vertical axis 

denotes the etching speed on the. dielectric material. 

In this embodiment, tha dielectric material used as an 

example is aasrTi03 (BST). The etching facility used is a 

magnetron RIE mode dry etcher. The.etching conditions are as 

follows: · etching gas tlow 20 seem and HF power 600W. The 

substrat~ temp~rature d~rinq etching is below 20°c ~ecause its 

back surface is cooled with He.· ·· .· . ' 
•. ·As FIG. 6 shows, the etching spe.ed on the dielectric 

material increases trom about 30 nm/min to about 60 nm/min along 
. . 

with tlle decreasinq gas pressure from about 5 Pa to·about 1 Pa. · 

Meanwhile, when the qas pressure goes h_i9her (from about S Pa to 

about so Pa), the ·etching spe~d gradually slows down (tram about 

30 ~/mln to about 15 nm/min). 
· The difference in the etchinq speed on the dielectric 

material due to different gas pr~ssure regions is explained 
. . . . 

below. ..... . .. . <': .. : . · · : ·:. · .. : · . ·' .· 
. :tn dry ·e:tehin'g t.h~· dielec.tri-C: ~aterlal in the low pressure . 

• • • • • • • : •• .#. • • • • • : • 

region (1-5 Pa.), the. physical- spatter etching dominates, and the 

etching spe~d i·ri~~~a-ses · s'teeply .alonq ~ith the l~wering· pressur'e". · 

In the high pressure region (S-50 Pa),_the physical spatter 
.. . .. 

etching is weak~- and etching·by the chemical reaction with the 

dielectric materi.al and' etchinq gas occurs •. 

FIG_. 7 shows._'_the de~end~n~~ 'ot the intensity of liqht 

emitted during etching of .. the dielectric material to the gas .. . 
pres~ure. The etchinq conditions remairt ~he same as those in 
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FIG. 6, and the horizontal axis denotes the gas pressure and 
vertical axis the intensity of light emitted. 

Ourinq ~tching, liqht emission of 396.l nm wavelenqth from 
SrCl and of 419.2 nm from Ticl.wera obse~ed. ·The intensity o~ 
the light emission from the srcl durinq etching stays constant at 
about o.s, .irrespective of the qas pressure;- and that from Tici . . 
also stays con~tant at about O.G, irrespective of the gas·. .. ··:: 

.. pressure. .. 
From the 'above, . it is. understo~d:.::~~~~ ... i.n the hlgh pressure 

region (5-50 Pa),·where the.etching.speed is almost constant, 
etching on the dielectric mat'erial proceeds by chemical etching. · 
It is also understood that in. the lC?W pr.assure r~gion ( 1-5 Pa) I • . 

where the etching speed increases steeply, when the intensity of ... ::· 
light emitted' is. not differe~t 0

from·:.th~t: in' the hi'gh pr~ss'ure .... · 
regi~n (FIG. 7)';:th~ effect' of physic~l.spatter etchi~g.is.added· 
to the etchinq· by: .. ch~m.i.c~l· ~~~-ction·.~'.·-'.::~~-~ a·:." result,· in. the .l~w: ·· ·~:•:·~~. . . . .· . . . . . . ,,... . . 
pressure ·region,.· the etching ~speed -is'.' increased· accordingly."· · .... , 

· Based .. on the: above, the. etching:. ;peed can be·: increased by · '· 
. . :· . . . :;. · ...... ··: .. · ... setting· the etching .conditions within ·t~e· 1-5 Pa' low· pressure:,,-":·-'··:~ 

region. Thus, there is an improve.cf prciduction throughout. ··:.·; .. , 
Wh~n etching the dielectric ·mate;:,ial, . ~ccording to this ., . .' 

embodiment the. et~hi~q speQd ·can. be· increased steeply: by'.. .: .. · : ... 
o oOo O O I o, o •,' :o I Oo 'o •• ... • 0 O e O 0 •:v·~~ · ........ ~.-.• 

performing the etching in the 1-S·Pa·low·pressure region, ~nd the· 
etching .by chemical . reaction': .. ca~ . .l~~~.:~-~rf 9r111ed .. in t~e . 5...:50': ·p~· ,high· ... :; 

pre~.s~r~ ·~eq itin:::.:~.~ '.:·~(:: ~ ::·:·· ·::~·'. ;.:-_ 1-":". ·°'.:":!:.'.:~.:~~:~~:~~I:.·; j:.::·: ~·· : \ '. · : .'.:·~ ~.::.:'/:~· ... ·.~:··;.:.\-;-.'.· -:~>~ :::. .. ~ 
'l'he process: s:teps of . the method. for manufacturing ':_-·· ... :;~·,.~:· ; .. · .. :..:j~·:·.:· .. 

• • • .: •. ... • • .. • ••••• ;:.··. • • • • • ••• . : • ..... •.-:·· .: .1•':0 •• ...... •• ......... ·:· ·~ •• '.!:·;"'I,:-:···:.: .. ·· .· .•. ·:1: 
semiconduc~or . dev.;:c~s. · acco:rdinq ·' -t~ : .. K~~.ourth ···embodiment·· are: the .. ·~ '··:: ~ ·=·: 

sam;a·· as those shown ·in FIG .. : i. ·.:·Th~j;:~f~~·e,· the .fol.lQw.ing .· .· '· ·. · : .. · . 
. e~l~na~i~n i~·d.ix:~~ted. t~.:~h~ ·~·c,·~diti.~n~ and me~ns"::·f~~ th~· .. -; .. .:-..··:. 

' • .: ,' '•, • ••• :· .. ;,,, ·, ~·-. ... ~·::..)~ ': .. :,.,;,'·.:~:.•ti'{:ii;t::•." :.:,••,•'.~ ... •:: •, •:·: ... •• .. · ... · •. :.£• ::~:.i":•:'.:: .. - ... ·::·,,·'• I manufacturing -method •... .:.: .::·:;: .. _ ..... "!,>. : · .:.~... · . . . ~.··. .. . . . . .•. . . . ·. . . . ···•:·- -~·-· .. ····'·"':: ··.. . . :: .. . . ·. . . . .. . . .: 
on. the insulation layer .. 4 formed·. on' a substrate. of silicon,:·""'·· . . . . . . . ·: . \ . . . . ... .. . . . . . . . . . 

etc·., _the first platinum. l;.ayer· 5 .of 200nm .thickness is. formed as.-·::·:' 
• • ~·., • 1 I oo' '• • ol • o• o • • , • • •' ' o ' 1 ' 0 

a, bott~m. electrod~;·-.·on' the fir~t pl;,,tinum· iaye~ 5 the. dielectric -.:: . :· "'...... . · .. ?):?·".':·-:·-·· : ,·.;~• . .:· ... \ . . .. · .. _..:-,.-·- ......... ':.; 
. : .: · ... .. . .. 

·,, ..•. 
·,: 

'· 
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tilm 6 is formed of 180 ru11 thickness, and then on the dielectric 
film 6 the second platinum layer 7 cf 200 nm thickness is formed 
for a top el~ctrode. 

The first resist layer 10 is then applied on the second 
platinUl'll ~ayer 7 to etch down the second platinum layer 7 and the 
dielectric ~ilm.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 . : 

... ~fil11l· 6 ne~ds ·t:.~· b~. high.· Then, the·. seco~d resist iayer· ll is ... .... . 
applied to etch otf.the first platinum·layer 5, in ord8J'. to torm· 

. the. bottom electrode ·Sa • . : In this step,. the size of .the tir~t . · : 
platinum· layer . .5 · ·n~~ds' to· ·be larqe enough to provide C?ontact~ .: · 
through the .. interlayer insulation layer .12 at two points between 
the s.e·~~nd pl~ti~~. :i:ayer. 7 fthe f i·rst platinum iayer · s. ·and -~ :··· :":: .. 
elect;~de wirings .14ail4b·,·: which a;e· l~cat~d ~bove the r·espective: . . .. . ..,. ... ' ...... ,,.. .. . . . . . . . ·-. .. . . . . 
platinum'.layei:s> · ·. ·· ., ·. .~· .... ... ::· ··.:·; :-.· . .: .. . ··: ... '~ ·· ~:;·:··.: .. ~~ •. ·.;--.... · :::· .... :. 

· · ···,:For~ :this .. ~~~o.se, in th~ proce~~ t~ ·~tch down the se-~ond . 
. . ... :. i~. . •'·. . . ·. .· . . . . .· .. 

:: platimua. layer :1 and dielectric film·· 6,"· first, the second · ::.·. ·· .:.' ... . ·.:· .. ·- .. :······ ·: ,. ··.·· ........... ::· 
·platinum :·layer :7 ·•must· be etched in: the. low pressure ·reqion, where : 

o o, 1. oo • 0 I o o o o o 0 

the spe,ed of.· "etch°iriq ·on platinum is\ hiqh: .. The etching conditions' . . .. . . . . . . 
in this process· are: etchinq qas flow· 20 seem, gas pressure l · 

. . · .. ~ ··. -~ . . . . .· . . .. · .. 
Pa, HF power 600W and etching time 2 minutes. Next,· start the . ':' .. . ·"' .'""' .... ,. . : . . . . . . . : . . . . : : . . . . .. 
etching of dieleqtric film 6 in· the low pressure region, ··where . . .. · . . .... •. '" .. ~ . . . . . . . .. . . . .. ~ ·. 
the etching :speed .i.s .. _"high.: ~·:·The etching ~~nditi<?ns s~ould ·be:. · · · · 

. ·•. .. . . . .. . . . . ,;,..·,,.: ... . .. . . . : . . . . .... ,;,· .. :. .. .• ·. .. .• . . . . .. . . .. . . ... 
. etching ·gas fl.Qw··to.".sc.cm,· qas ."pressure ·1""Pa,· ·HF.power 600t{ and··:_·.· 

: ....... , .. ,. ..... ·""····/·.·· .... ; :. ·. · ..... · ..... · ... ·.·· ·:· 
etchinq .time. 3_"~ininut;es~<· .:As. soon as the ·:eirst platinum layer 5 is"".-: . . · .. ·. . . ·;t~ ...... :.·-.·:.-;~~ .... : .... ~:,, .... ~ .:.': .. · .. : .• .. ,.; .· ... · . . ••'-.•; .......... ·· .. . .. .. .. •. . .·· ·- .... . :· . .. . . : ..;.: 

. · exposed,·:·shift~:the :gas· pressure to' the. hiqh pressure region,· in· .... :. .... . . . .... -.,.... .·. .. . . . . 
order :that" the-~r-eliiaini.nq""dielectric .. tiim:.6.

0

still 0on~th~ surface ... 
. . . . ~ .. i .... ·. ··. . . .. ~- ' : . . . . . .... ~ . . . ·.- . . . ... . . . . . . 

of first platinum· .layer· S ·is chemically· etched off while· : · 
. . • . .. •, . . .............. ·:\l' ·. . . . .. . • . . . .• • . • . . .. . ....... •• •• 

·maintaining· the :tirst platinum layer s unetched. The "etching : ·=. 
condit.i~ns" .at". t!ii's'~ .. p;ocess·. are:.· etchi~q·· 9'~~ 

0

flow 20"· seem, gas. ·. . 

... ~X:~~~ure s~ .. P~~:~:·~F. .po~~r .··~~~W .. and. ~~~h~~g time 1. min_. ... .,:··. 
• o • • •• • •. • ' o I ' _ ... --. 
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In this embodiment, the ratio of etching speed ot the 
dielectric material to platinum increases !ram about 0.6 to a~cut 
3, alonq witn the increasinq qas pressure trom about l Pa to 
about 50 Pa. 

As explained in the foraqoinq description, platinum and 
dielectric material can be selectively etche4 by shifting the 
pressure region of the etchinq gas. 

As the next step, the first platinum layer 5 is etched in 
the low pressure region, where platinum etching speed is high. 
Tha e~ehin9 conditions at this step are: etching qas tlow 20 
seem, qas pressure l Pa, HF power.&OOW and etching time 2 

· min\.ltes. ·.·· 

In embodiment J and embodiment 4 above, a mixed gas ot Cli 
qas .·and. c.:hloro!orm is' used as a~ example of etching qas. . . . . . . . . . . . 

. However, Cl2 gas. alone may be used as "etchinq qas, and the same . 
t • • • • • 

affects "may be. obtain~d by con~roll~nq the pressure region during 
the dry.etching pr9cass in the same way as described in 
allbcdime~ts 3 and 4 above. :, .>·:· .. : ~ · ." ··· / ·· · ... 

~.,,. 

• • t ...... ••• ••• - • : 

As described above, according to the fourth embodiment, a 
desirable etching speed m~y be chosen to fit each platinuM and 
dielectric material. ·"Also a r~quired ratio of the etching speed 
ot platinum to dielectric ~aterial may be chosen by.properiy 
controllinq the p~~ssu~e region of the "etching gas. . . 

~hrouqh the process steps as"explained by the fora9oin9 
d~sc;ripti.~~' ·-~~c~-p~citor --~'9risistin9 of the :s.aco~d platinum .ia.Yer : . 
7 as top·-··e-iectrode,' diele~tr.f~ film ~;'and the first :p'latinum: . 
layer 5 'a~··· bott~1ri:·~iectrode .. m~y···~~~.fo~nied:·~ith hiqh pr.ec:i~io·n··a~d .. . ,. . . . 
without difficulty:ot manufa9turinq .... . - . . . . . : :· ~ : .· . . 

Of .course, it should be.understood· that a wide ranqe of 
_"chanqe"s. and inodifi~ations. c~~- be 

0

made. t~: th~ p~eferred
0 

em:boclilDent 

described above. It i~ therefore intended that the foregoing . 
detailed description b•·reqarded as illustrative rather than 
limiti~q an~ that it be und~r~t~od -~~-~t ls the tollowinq .. 
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claims, includihq all equivalents, whien a~e intended to define 
the scope a~ this invention. 
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mi is CLAIJllD XS: 

1. A method Of manutactarinq a semiconductor device 
comprisinq th..;e steps ot: 

f~rlllinq an insulation layer, ·a first metal layer, a 
dielectric tilm, and a second metal layer on a sub~trata having 
circuit elements formed thereon; 

dry etcninq said second metal layer and said dielectric 
film to form.a top electrode and.a capacitance insulation film, 
wher~in at least this dry etching step is performed usinq mixed 
qas containing hydrogen halide and oxygen; and 

dry etching said ~irst metal layer to form a bottom 
electrode after dry atchinq said second metai layer and said 
dielectric tilm. 

2. A meth.od of m11mutacturin9 a semiconductor devica 
according to cl~i~ .1, . · wherei~ the percentaqe of oxygen in the 
etching gas ot .~ydrcqen halide and oxyqen is.aDoUt 10% to about 
3 :5-t • . . . . ·. . 

J. A ·method ot·manutacturinq a semiconductor device 
according to claim l o~ claim 2; wherein the hydrogen halide is 
HBr •. 

4. A method at manufacturing a semiconductor device 
comprising tho steps of: 

forminq an insul_ation layer, a first: meta~ layer, ·a 
dielectric fil_m, and a.second metal layer on a s\lbstrate haviJ'.9 . . . 
circuit elements formed thereon; · · · · · .. 

. ·. dry etching said second metal layer and said dielectric 
film to form a top oi~ctrod~ ·. anci a "c:apacitanc~ i_nsulation til~, 
wherein at least .. this dry etching step is perfoX'1!'ed usi~9 a gas 
containing hydrocarbon; and . . . . . . .. 

dry ~tchinq said first.metal layer to form a bottom 
electrode after dry etching said second metal layer and ·s~id 
dielectric film. ·· 
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I s. A method of manU:facturing a semiconductor.device 
according to claim 4, Wherein the gas containing hydrocarbon is 

chlorotorm. 
6. A method Of manutactilring a semiconductor device 

accordinq to claim 4, wherein the gas containing hydrocarbon is a 

mixed gas of chlo~oform and CJ.i gas. 
7. A method of manufacturing a semiconductor device 

according to claim 4, wherein the qas containing hydrocarbon is a 
mixed gas o~ chloroform and HBr. 

a. A method of manufacturing a semiconductor device 

according to claim 4, wherein the insulation layer is a silicon 

oxide layer. 
9. A method of manufacturing' a semiconductor device 

according to claim 4, wherein the tirst mcatal l.ayar and the 

second metal layer are comprised of plati~um or palladium. 

10. A method of man~tac:turinq a semiconductor device 

comprising the steps of: . 
tormin9~an insulation layer, a firs~ metal layer, a 

~iel'ec:tric: tilm, and a· sec.end meta_l layer on a su))strate having 

circuit eleme~ts formed thereon; 
· dry etchinq said second metal layer and said dielectric . . . . 

film to form a top electrode and a capacitance insulation film; 

and. 
· · :: dry.etchinq said first metal layer to form a bottom 

electrode a!t~r:cti:-y et~hin9 said sec~nd
0

metal layer and said 

· dielectric"tilm, -~herein dry •tching of said first metal layer,·. 

said second met'ar='iayer ,· and said dielec
0

tric :film is conducted in 
. ·• . : . . . ~· ~: . . . . . . 

a low'pressure region where etchin9 speed is high. 

· 1i~ ··: A metftod of manufacturing a semiconductor device 
according to claim 10, wh~rein the low pressure region does not 
exceed about 5. Pa·: 

l~ •.. A method'tor.ma~ufacturing a semiconductor device 

comprising· the steps of: - · . . · .. 
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forming an insulation layer, a first metal layer, a 
dielectric film, and a second metal layer on a sullstrata having 
circuit elam~nts formed thereon; 

dry etching said second metal layer and said dielectric 
film, in a low pressure region where etching speed is high, to 
torm a top electrode and a capacitance insula~ion film;· and 

etching ott any remaining dielectric film lett unetched 
on the first metal layer as soon as th~ tirst metal layer is 
exposed, said etching off being performed in a high pressure 
region where the.etching speed of the first metal layer is slow; 

applying a mask pattern to the first metal layer; and 
dry etching the first metal layer in a low pressure 

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

'. 


