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TITLE OF THE INVENTION 

Manufacturing method of semiconductor devices 

FIELD OF THE INVENTION 

This invention relates to manufacturing method of 

semiconductor integrated circuits having built-in capacitor in 

which ferroelectric material is used as capacitance insulation 

·film; especially to fine pattern dry etching process to be 

applied to Pt electrodes of said ~apacitor. 

BACXGROUND OF THE INVENTION 

In the midst of general trends tovards finer structuring of 

s.ernico.nductor devices, development activities have been 

remarkable in the field of microcomputers having capacitors of 

high dielectric constant materials which is effective to reduce 

unnecessary radiation. or electro-magnetic interference. and in 
. . 

the field of non-volatile RAH having built-in ferroelectric. 

capacitors which facilitates 101-vdltage operation and high 

read/1rite speed. The ferroelectric materials are made mainly of 

metal oxide, and contains substantial amount of very reactive 

.oxygen. In forming a capacitor with such dielectric film, 

material for its electrodes must be least reactive; precious 

metals such as Pt. palladium, etc. nust be used. 

FIG. 9 shows typical structure of capacitor in a 

semiconductor device having built-in dielectric capacitor. 

lhere, la denotes ·top elect rode, 2a capacitance lnsula ti on f i l 111,. 

·3a bottom electrode, 4 underlayer. 7 contact hole. 8 inter 
, ..... '> y . 

·:~. ,. 
~ ... ,).. "·" 
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insulation layer (oxide layer) and 9 wirin~i 

In the above mentioned structure, bottom electrode 3a is 

made larier. than top electrode lai the reason is to provide 

contacting individually at two points, viz. top electrode la and 

bottom electrode 3a, ~ith the upper wiring 9. 

Etching process· to form the capacitor consists of that on Pt 

top electrode layer and dielectric film, and that on ·pt bottom 

electrode layer 3: wherein, etching on Pt top electrode layer and 

dielectic film must be conducted at a speed different from that 

on Pt bottom electrode. 

The Pt etching has been conducted by means of wet etch Yith 

aqua regia. ion millin.i with Ar gas, or by other means. However. 

the nature of both wet etchlni and ion milling is isotropic 

etching. 1hich means the grade of precision is not high enough 

for the. fine pattern processing, Especially, ion milling bears 

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

. speed between Pt.and underlayer material. 

In order to overco~e the above mentioned drawback, active 

· research and development efforts have been made in Pt fine 

Pattern proce.ssing by means of dry etching; There, as etching 

gas, use.of Cl2 and RBr.are reported (Extended Abstracts, Autumn 

Xeeting 1991, The Japan Society of Applied Physics. 9p-ZF-17, 

P516; Extended Ab~tracts, Spring Meeting 1993, The Japan Society 

of Applied Physics. 30a-ZE~3. p577. and others). Now in the 

following, explanation will be Qad~ on dependence of Pt etch1ni 
·c• . ~ 
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sDeed to high frequency (RF} electric power rhen Clz gas is used 

as etching gas. 

FIG. 10 shows dependence of Pt etching speed, and of 

Pt/resist etching speed ra·~io to RF poier, ri th ci 1 gas as 

etching gas. lhere, horizontal axis denotes RF power, left 

vertical axis Pt etching speed, and right vertical axis Pt/resist 

etching speed ratio. 

Facility used for the etching is a magnetron reactive ion 

etching (RIE) node dry etcher. 
. . 

Etching conditions are:· Cl2 gas flow 20 SCCI, gas pressure 

l Pa. Jafer temperature during etching is·beloY 20t because its 

back surface is cooled with He, 

FIG. 10 exhibits a trend that Pt etching speed is increased 

from 10 nm/min. to ·100 nm/min. rhen RF power is raised from 2001 

to 600'1. 

Pt/resist etchini speed ratio, rhen RF power ia raised from 

2001 ·to 6001, also shofs ~pward trend from 0.2 to 0.3; however, 

the etching speed ratio remains very low. The above quoted 

papers also report similar results in the dependence of Pt 

etching speed to RF porer 1hen C!2 gas is used. 

In addition, the above quoted papers describe about a case 

where HBr gas was used as etcbing gas: in Jhich case, according 

to the papers. Pt etching speed was reported to be 120.nm/min. 

In such con~entional cases where single substance gas such 

as Cli or HBr is µsed as etchin~ ~as. Pt etchini speed is very 
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lor; which means it takes very long time to etch Pt of a required 

thickness (several hundreds nm)~ therefore. a drawback a~ 

deteriorated throughput of production facilities. 

Furthermore, the prolonged etching time is liable to cause a 

problem of etched resist layer during etching time. If resist 

layer is made thicker, ·1t affects grade of definition, making 

formation of fine pattern very difficult. 

A possibility for increasing Pt/resist etchini speed ratio is 

to add a gas containing carbon component and conducts etching by 

means of plasma polymerization while piling up carbon layer. 

This procedure, horever, causes piling up of carbon layer within 

reaction chamber. rhich becomes source of particle generation. 

Thia necessitates frequent maintenance servicing of facilities, 

making operating efficiency poor. 

SUllARY OF THE INVENTION 

. Objective of this invention is to offer a new manufacturing 

method of semiconductor devices, Therein Pt etching speed is 

increased, hen~e. throughput of production facilities can be 

improved, 

In order to implement the objective this invention features 

in such semiconductor device manufacturing method, wherein 

insulation layer. bottom electroe Pt layer, dielectric film and 

top electrode Pt layer are provided on top of a substrate havin~ 

already-completed circuit elements and wiring, and then, 

capacitor is formed hy selectively dry etching bottom electrode 
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it implants S into Pt layer, befor~ Pt dry etching proce~s, 

by means of ion' implantation to com~oae S and Pt compound, and 

then dry etch the Pt compound thus composed. 

Therefore, according to this invention, ·Pt.and S compound is 

composed during etching. Because boiling point of this compound 

is far lower than that of Pt, e~ching speed for Pt layer can be 

increased to the improved throughput of manufacturing facilities. 

Pt etching time can be shortened, and resist etching prevented. 

BRIEF DESCRIPTION OF THE DRAJINGS 

FIG. l(A)-(D) illustrates formation of capacitor in an 

embodiment of this invention. 

FIG. 2 is characteristics chart that shows dependence of Pt 

etching speed and Pt/resist etching SDeed ratio to RF power in 

Embodiment 1 of this invention, with S2Cla gas as etching gas. 

FIG.3 is characteristics chart that shoTs dependenc~ of Pt 

etchin£ speed to mixing ratio of etching gas betYeen Cl2 gas and 
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Si.Cl 2 gas in Embodiarent 2 of this invention. 

FIG. 4 is characteriatics chart that shows dependence of Pt 

etching speed and Pt/resist etching speed ratio to RF power in 

E111bodiment 3 of this invention; where .. etching gas taa HBr gas, 

additive gas 1as H2S gas. 

FIG. 5 is characteristics chart that shows dependence of ?t 

etching speed to mixing ratio between HBr gas and HzS gas, in 

Embodiment 3 of this invention. 

FIG.6(A)-(D) illustrate formation of capacitor in Embodiment 

4 of this invention. 

FIG. 7 is characteristics chart that shors dependence of Pt 

etching Bpced to RF power in Embodiment 4: rhere,· S was implanted 

into Pt by means Of ion implantation to compose S and Pt compound, 

and then Pt is etched with Clz gas. 

FIG. 8 is Pt/S alloy phase .diagram. · 

FIG. 9 shoYs cross-section of typical capacitor man~factured 

by conventional semiconductor device nanufacturing method. 

FIG. 10 is characteristics chart that shows dependence of Pt 

etchin~ speed and Pt/resist etching speed ratio to RF po1er in 

the above manufacturing method, where, single·sub~tance Clz gas 

was used as etching gas. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

In the following, explanation will be given on an embodiment 

of this invention referring to FIGs; where, same part as the 

conventional structure as shown in FIG.9 is given the same 
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numera 1. 

In FIG. 1(A)-(D). 1 denotes Pt layer.for top electrode. la 

· top electrode; 2 dielectric f~lm, 2a capaci~ance insulation film, 

3 Pt layer for bott~m electrode, 4 ins~lation underlayer, 5 and 6 

resists. For the sake of simplifiaction. regions of circuit 

elements on substrate do not appear in the drawings. 

On underlayer 4 provided over silicon semiconductor. 

substrate, pile ~P 200nn thick Pt layer 3 for bottom electrode; 

on Pt layer 3 for bottom electrode pile up 180nm thick dielectric 

film 2; on dielectric film 2 pile up 200nm thick Pt layer 1 for 

top electrode. 

Now, explanation will be made on process to form capacitor 

out of multi-layered structure thus fabricated. 

First, place resist 5 on Pt layer 1 for top electrode, for 

the ~urpose of makina to~ electrode la and capacitance insulation 

layer 2a, as shown in FIG.1(A). Next, as shown in FIG.l(B), etch 

down Pt ~ayer l for top electrode and dielectric film 2 to form 

top electrode la and capacitance insulation layer 2a; and stop 
. . 

etching when surface of Pt layer 3 for bottom electrode is 

exposed, Then, place resist 6 to entirely cov·er top electrode 

la and capaci tanc;:e insulation layer 2a, as shown in FIG. l(C). 

Finally, etch down Pt layer 3 for bottom electrode to form bottom 

electrode 3a. as shorn in FIG, l(D). 

As Embodiment 1 to manufacture capacitor of above ~entioned 

structure. S2Clz ~as ia used aa Pt etching gas. 
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FIG. 2 shors Pt etching speed and Pt/resist etching speed ratio 

under a changing RF power in this Embodiment. 

Comparison· bet~~en FIG.2, characteristfcs of in this 

Embodiment. and FIG. 10. those in conventional manufacturing 

·method, clarifies that Pt etching speed in this Embodiment is 

twice as high, and Pt/resist etch~ng speed ratio rises from 0. 4 

·ta 0. 5 along 1ith the increased RF power from 200f to 6001. 

Furthermore, Pt/resist etching speed r$tio hsa been almost 

doubled. 

FlG. 3 shows, as Embodiment 2, dependence of Pt etching speed 

to mixing ratio of ~tching gas when Cl2 gas' and SiCi2 gas are 

mixed and used as etching i8S. · Korizontal axis denotes gas 

mixing ratio. vertical axis Pt etching speed. 

Facility used is a magnetro~ RIE mode dry etcher. 

Etching conditions are: mixing ratio of SaCl2/(SzCl2+Cl2) 

etchini gas is varied, RF power 600J, gas pressure l Pa. 1af er 

temperature during etching is maintained belor 20t by means of 

wafer back surface cooling. 

FIG. 3 clarifies that Pt etching speed fallows the upward 

trend from 100 nm/min. to 200 nm/min. when mixing ratio of 

etching gas is changed from 100~ Cl2 gas to lOOM S2Cla gas. 

Accordin2 to trris Embodiment case, Pt etching speed can be 

increased by the use of an etching gas containina S component, 

and throughput of production facilities can be raised, and 

Pt/resist etchina speed ratio can be made hiiher. 



In this Embodiment case, use of sulfur chloride gas such as 

s~ct~ gas or use of Cti and S2Cll nixed gas vere exampled as 

etchiag gas. Hovever. as the gas coritaining S component, sulfur 

fluoride gas such as SFo gas or s~Fi gas may be used to obtain 

same results. 

As Embodiment 3, a case when RiS gas is added to etching gas 

in Pt etchlng process 1ill·be explained referring to FIGs. 

FIG.4 shows dependence Pt etching speed and Pt/resist 

etching speed ratio to RF power ihen HBr gas is used as ·etching 

gas. and H2S gas as additive gas. Horizontal ax~s denotes R~ 

po1eri left vertical axis Pt etching speed, right vertical axis 

?t/resist etching speed ratio.· 

Facilities used is a magnetron RIE mode dry etcher. 

Etchina conditions are: HBr gas flow 20 SCCt. H2S gas flow , 

10 SCCX, gas pressure 1 Pa. lafer temperature during etching is 

m~intained belo~ 20t by.means of wafer back surface cooling. 

FIG.4 clarifies that Pt. etching speed-follows the upward 

trend from 20 nm/nin. to 200 nm/min. when. RF pover is increased 

from 2001 to 6001; as compared with conventional case ahown in 

FIG. 10. Pt etching speed is almost doubled. Pt/resist etching 

speed ratio follows the upward trend from 0.4 to 0.5 as RF power 

increases from 2001 to 6001. As compared with the case when Cf z 

gas 1as used as Pt etching gas, the etching speed ratio with 

resist is almost doubled. 

FIG.5 shows d~pendence of Pt etching speed to mixing ratio 
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oi gas 1nen HBr gas is :ised as etching gas, f!:S g-as as add i ti Ve 

gas. Horizontal a:cis denotes i!S ~f.xini ratio. vertical axi~ Pt 

etchini speed. 

Facility used is a ~agnetran ~IE mode dry etc~er. !tching 

conditions are: HzS/(HzS~[Br) mixing.ratio is varied. RF porer 

6001. gas pressure 1 Pa. Jafer temperature durini etching is 

maintained belar 20~ by means of vafer back surface cooling. 

FIG. 5 clarif iea that Pt etching speed reaches the fastest. 

200 nm/min. , then ias mixture ratio is around 30~. 

According to this Embodiment case, Pt etching speed can be 

increased by the.use of a gas containing S conoonent as additive 

gas. and throuihput of production facilities can be raised, and 

Pt(resist etching speed ratio can be made high •. 

In this Embodinent case, use of H2S gas as additive gas was 

exampled. Hotever. as the gas containin2 S component. S02 ~as 

may be used td obtain same results. 

Next. as 8mbod!~ent 4 of this invention, explanation ~ill be 

made on a case there S is implanted into Pt by means of ion 

implantation to compose Sand.Pt compound; and then Pt is dry 

etched. . 
FIG. 6CA)-(0) illustrates formation of capacitor in this 

Embodi:oent case; where. 1 is Pt layer for too electrode, la· top 

electrode, z dielectric film. 3 Pt layer for bottom electrode, 4 

underlayer made dt insulation lay~r. 5 resist. 

On undertayer 4 provided over silicon seoiconductor 
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substrate. pile up 200nm thick Pt layer 3 for bottom electrode; 

on Pt layer 3 for bottom electrode pile up 180nm thick dielectric 

film 2; on dielectric film 2 pile up 200nm thick Pt layer 1 for 

top electrode. 

Now, explanation will be made on process to form capacitor 

out of multi-layered structure thus fabricated. 

First, place resist 5 on Pt layer 1 for top electrode, as 

sho1n in FIG. 6(A). Next. as shown in FIG. 6(B), implant S ion 

into Pt layer 1 for top electrode by means of ion implantation to 
. . 

compose a compound of Pt and S in the region to be etched off. . . 

as shown in FIG. 6(C). In this stage, S is not implanted into 

dielectric film 2. Then, as FIG. 6(D) illustrates, etch off the 

Pt and S compound. 

FIG. 7 shows dependence of Pt etching speed to RF powert 

wherein, S is implanted into Pt by means of ion ~mplantation to 

compose S and Pt compound, and then Cl2 gas is used as etching 

ias. Horizontal axis denotes RF power, vertical axis Pt etching 

speed, 

Facilities used is a magnetron RIE mode dry etcner. Ion 

implantation conditiona are: acceleration voltage 600IeV. dope 

quantity 5X10 1 ~atm/cm 2 • Etching conditions ·are: Ct2 gas flow 

20 SCCX. gas pressure 1 Pa. iafer temperature durini etching is 

maintained below 20t by.·means of wafer back surface cooling, 

F[G, 7 clarifier that Pt etching speed follows upvard trend 

from 15 nm/min. tq 150 nm/mi~ when RF power is raised from 200f 
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to 600l. 

As compared vi th FIG. 10. conventional case, Pt etching speed 

is about 1. 5 times as high. 

According to this Embodiment case. etching speed of Pt layer 

1 for top electrode can be increased by first implanting S into 

Pt layer l for top electrode by means of ion implantation ~o 

compose S and Pt compound, and ·then dry etching the compound. By 

so doing, throughput of production facilities cari be improved. 

Now, regar~ing a case, wherein a gas containing S ~omponent 

is used as etching gas and a gas containing S com~onent is used 

as additive gas, and another case, wherein Pt is dry etched while 

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

first composed and then Pt is dry etched, explanation will be 

made on the mechanism how Pt etching speed is increased. 

FIG.8 is·Pt/S alloy ~base diairam, in which one will see 

that by mixing very small quantity of S into Pt, it starts 

evaporating at 1175t. 

It is known that boiling point of Pt is as high as 3804~. 

However, as mentioned above, boiling point of Pt is lowered by 

mixing a very small quantity of S into Pt. 

S?Ct2 gas and S1Fz gas, both are S-containing gas, have 

large S/X ratio (X=Cl. F) and easily pile up S then dissociated 

in plasma. 

Therefore, Then S-containing gas f5 used as etching ·gas and 

S-containing ga3 ~s used as additive gas. the S component 
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dissociated in plasma reacts with Pt to com~ose a !or boiling 

point com:pound.. B~cause of this, Pt etching speed is increased 

as compared with the case then C!a gas is used as etching gas. 

So, in the process where Pt layer 1 for ~op electrode and 

dielectric film 2 are to be etched, conduct etching under 

relatively slow Pt etching conditions, and sto~ it a~ soon as Pt 

layer 3 for bottom electrode is exposed. rn the next process 

. rhere Pt layer 3 for bottom electrode is to be etched. conduct 

etching under fast Pt etching conditions. In this way, r~quired 

capacitor s truc·ture may be for111ed. 

As the above mentioned Embodiments clarified, the process 

according to this inven~ion uses a S-containing gas as Pt etching 

gas, or a gas containing S component aa additive gae to change Pt 

for electrode into low boiling point S/Pt com~ound; and conducts 

etching after compound is com~osed; 

therefore, Pt etching speed can be increased. Etching speed 
.. 

ratio with respect· to resist can also be increased. 
. . 

This invention, therefore, implements new m~nufacturing 

method of semiconductor devices which provides high processi~i 

accuracy and high throughput.of production facilities. 
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1. Semiconductor d~vice manufacturing method. therein capacitance 

element is formed by: 

first providing, on top of a substrate having already­

completed circgit element and wiring, etc., insulation layer 
bottom electrode Pt Laye~ dl~lectri~ film and top ele~irode ' 

Pt layer, .and then, selectively dry etching said top electrode 

Pt layer and dielectric film, thereafter. selectively dry 

etchin~ bottom electrode Pt layer; and in conducting dry 

etching on said Pt consisting bottom electrode or top 

electrode, 

proceeding dry etching work while coaposing a Pt and S 

conpound, or. first'makini a Pt and S compound and then dry 

etch the compound thus composed . . . 
2. Semiconductor device manufacturing method, Therein capacitance 

element is.formed by: 

first providing, on top of a substrate having already­

completed circuit elements and wiring, et~. insulation iayer . 

. bottom electrode Pt layer. dielectric film and top electrode 

Pt layer .. and then selectively dry etching said top electrode 

Pt layer and dielectric film. thereafter. selectively dry 

etching bottom electrode Pt layer: and in conducting dry 

etchini on said Pt ·consisting bottom electrode- or top 

electrode, 

using a gas containing S component as etchlng gas~ 

3. Semiconductor .device manufacturing method· according to Claim 2. 

wherein the ias containing S component is one member selected 

from the group conststing of sulf~r fluoride gas and sulfur 

chloride gas. 
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4. Semiconductor device manufacturing uethod, wherein capacitance 

element is foraed by: 

first providing, on top of a substrate having already­

completed circuit elements and wiring, etc,, insulation layer, 

bottom electrode Pt layer, dielectric film and top electrode 

Pt layer, and then selectively dry etching said top electrode 

Pt layer and dielectric film, thereafter, selectively dry 

etching bottom electrode Pt layer; and in conducting ~ry 

etching on said Pt consisting bottom electrode or top 

electrode, 

using a gas containing S component as additive gas to Pt 

etching gas, 

p. Semiconductor device manufacturing method according to Claim 4. 

wherein the additive.gas is at least one member selected 

from the iroup consisting of sulfur fluoride, sulfur chloride. 

HzS and SO:. 

6 .. Semiconductor device manufacturing method, wherein capacitance 

element is formed by: 

first providing. on top ~f a substrate having already­

completed ci~cuit element and _wiring, etc., insulation· layer, 

bottom electrode Pt layer, dielectric film and top electrode 

P.t layer. and then selectively dry etching said top electrode 

Pt layer and dielect"ric. film, thereafter selectively ~ry 

etching bottom electrode Pt layer; and before conducting dry 

etching on sai~ Pt consistin~ bottom electrode or top 

electrode, 
.. ·· 
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implar.ting S into Pt by means of ion implantation to 

com~ose S and Pt compound, and then dry etch the P~ compound 

thus composed. 

i1imtlr 


