ANi SOTRGPI C PLASMA ETCHI NG OF TUNGSTEN 2195294 BACKGROUND OF THE

I NVENTION 1. Field of the Invention. This invention relates to the freld of .
pl asma etching of tungsten and nore specifically to the etching of a- ("
tungsten layer in the fabrication of::a sSémconductor device. 2. Prior Art.
In the fabrication of high-density semi conduct or devices, refractory netals
are increasingly used as Iomrresrsthlt 4 nter connect and cont L.e
These refractory netal s Y nti onal ?iﬁgégd

Al um num based netal | i zee cale intergration
(VLSI) i nvghmdp{gumehalmxtm”qﬁn conduct or (NDS) t echnol ogy. Typically,

these netafs are gepostted py various deposition techniques well-known in
the prior art. ThenrileddeofethesIaventién erned and et ched using various

prior art techni ques. However, one of the nore popul ar nethods of etching

is provided by pMhdsanioventign: zelatescto the fhedd afe pdrsprashehinghofig
refractory nmetals is disclosed in an article titled by A_ Picard and G

Turban; Pl &é’r‘?ﬂ’EﬁBhFﬁg BPIReIPECiEIGal e ke WAF efdasrppgstenn [err]
d An A f.t tl P ts t d
and Lerr] . GeRahvehs ShotigaEaRieRn gt Boaonp e sty ar

refractory et aly, ngggk* hYpgsten (W, has recei ved favorabl e response for
use in fabrlcatlng deV|ces Tungst en prOV|des a high electrom gration

resistance and ghf ghe B8bktEatish sﬁweigwmérsi Qeffdlconugbt bt devieds'sed
as a netallization |layer in the manufacturing of VLSI devices.

\{/ refractory metals are increasingly used as low-resistivity
3

interconnect and contact barrier. These refractory metals
prqvide an alternative to conventional Aluminum-based
metallizaﬁion. When use& in ve:yllarge scale intergration
(VLSI) involving metal-oxide semiconductor (MOS) technology.
Typicaily, these metals are deposited by various deposition
techniques well-known in the prior art. Then these metals are
patterned and etched using various prior art techniques. | )
However, one of the more popular methods oé etchiag is provided

'by plasma etching techniques. An advantage of plasma etching

\J’ Eefractozy metals is disclosed in an article titled by A. Picarzd {\

and G. Turban; Rlasma Etching of Refractory Metals (W.MO,TA) and |
Silicon in SF¢ and SFg=O-. An Analysis of the Reaction Products;
Plasma Chemistry and Plasma P:ocesaing; Vol. 5, No. 4, 1985; pp

. 333-351.

One particular refractory metal, namely tungsten (W), has
received favorable response for use in fabricating VLSI devices.
Tungsten provides a high electromigration resistance and offers
better step coverage and thermal stability when used as a

metallization layer in the manufacturing of VLSI devices,



-2- Etching of tungsten is typically performed by .the use of a dry plasma
etchi'ng technique using [err] or oxygen i-npregnated ‘gas m xtures, such as
[ermh~plus [err], or [err] plus [err]. Al though plasma etching is normally
preferred, reactive ion etching also perforns well, such as when [err]
Br-[efr]-He gas mixture is used. Etching of tungsten using fluorinated
gases or the CF3 Br mxture are docunentgd_in an article by E Degenkolp,

M Burba, S. Henck, M Tabasky, E. Jungbluth; entitled Selective Dry
Etching of TurfESRing &f vusgsten dd taypioallyiperfacnedibpcrhe 4be d6US Ndiy Of

t he El ectro- ' N Y v/ C| ti Vol upe 85-1, 1985; 353;
ang al gg rﬁ ;nwz;ﬁ‘iﬂclegaggﬁéysé@g@% ngg §|3; Q? bt ?50"%8 FRIRATSY and
d . . t O .

ey 1984, D Th e Pty Wy S acbiad v, B2 SPE FIUE Y, P hEhdaen

et ching tungstpinsma e8ehPhg Of's ﬁ&:&;ﬂﬁ?hﬁ‘@f&%ﬁii beset i #H?\”QEEﬁPnfsﬁcﬂo
rate for [err] Br-[err]-He plasma is too slow to be cost-effective. SO,
the reactive RfF eWell, ich @asswhen(GEa) Bx-parke |gas mixturel dsmusext.cher .

her, fl.uorg f, th I f , err lus [err] or
I[:g; ?] e}r:)l us "Fg;irﬁﬁ?‘g’gu??zg’ﬁf%WSﬁs?ﬂgZﬁs :(}\MI gér;'h%lﬁ Lﬂ‘F]q_ﬁ‘Enc%sa’bFi ng
hed. Still -oxygen concentration in [err] plus
Cerr] o proviitehifoart HndiiiRed 4R 4 Areizie Pe s Bagenhart: ghoRimaes
of oxygen whi @) Refi¥r)iMINABaRKYGCES SUHYI1dkh; entitled Selective Dry
b - - Etching n1_Inn3a:en;:nz.!LSI.MﬁtnlizatinnL Abstract Number 244;

~— : Journal of the Electro-chemical Society; 167 SQciety Meeting

Volume 85-;, 1985; p 353; and also in an artic1e by C.C. Tang;

D.N. Hess; titled Tungsten Etching and CFy and SFe Discharges;
Journal of the Electrochemical Society; January 1984; pp 115-
120. |
There are several disadvantages related fo etching tungsten
by the prior arts methods described. The tungsten etch rate for
CP3'Br-Oz-He plasma is too slow to be cost-effective. Also, the
reactive ion etcher is more costly than a parallel plate plasma
etcher. Further, fluorinated gases of the plasmas of CF4, SFg,
.KNJ . CF4 plus Oz or SFg plus Oy resulted in mask undercut while the

tungsten was being etched. Still further, the range of oxygen. -
concentration in SFg plus O to provide anisotropic tungsten

etch requires such small quantities of oxygen which prevent good
process control.

It is appreciated that what is needed is a.method to
anisotropicallj etch a tungsten metal film in a conventional
plasma etcher without undercutting the conventional photo resist
mask, and yet, provide close process control over the etching

cycle.



It is appreciated that what js needed is a method to .anisotropically etch a ‘
tungsten metal filmin a-conventional plasnma etcher without undercuttlng

t he conventional photo resi-st mask, and yet, provide close process’ contrt&t

A

over the etching cycle. -~ -3- SUMVARY OF THE | NVENTI ON According to the’’
present invention there is provided a process for anisotropic etching of
tungsten, conprising the steps of: form.n a pl asma gas m xture

having fluorinated and chl orinated gases; subjectlng said tungsten-to said
- plasma gas mixture;:said chiorinated. gases form ng-along -side walls

devel oped dur g §§'3F thhiggEN@&@@ess and preventing etching of said
side walls; wh of said tungsten i's achieved.
-4- BRI EF DESCRI PTI ON. OF THE. DRAMVNGS Figure -1 is a cross-sectional view

illustrating a forrrat'0nAccording to the present invention there is
provided a process. for anisotropic etching of tungsten,
. comprising the steps of. .

_ . forming. a plasma gas mixture  having

fluorinated and chlorinated gases; '

o subjecting said tungsten to said plasma gas

‘mixture; ' ' S S |
. said: 'chlorinated ~gases - forming -along side C

walls developed during said etching process and .EJ

:preventing etching of said side walls, '

whereby anisotropic etching of said tungsten

"1s ‘achieved.’ ' - '



of a tungsten |ayer over an underlying dielectric.layer. Figure 2 is a
cro$5=sectipnal‘vjeM/éhomﬁng a formation of a photoresist |ayer over the
tungsten | ayer. Figure -3 is a cross-secti-onal viewillustrating a
pattérni ng of the photo-resist layer. Figure 4 is a cross-sectional. view
illustrating a placenment of a seniconductoE device on an el ectrode that is
negatively charged due to a self-biased DC'electrical potential devel oped

by the presence_of RLASOBwmELOULE al.expanded view illustrating the
tungst en | ayemSany s 0 tortiated-and fluorinated gases on the
tungsten layer. Figure 6 is a cross-sectional view illustrating a forned
tungsten | ayer after the etching process.. -5- DETAI LED DESCRI PTI ON OF

THE PREFERRED EMBOph iEbE ©r £ cdicddbscdecfofl@ECviéw i Austiraedngoa formation
ani sotropically pl.asma etching a | ayer of tungsten film In the follow ng
description, pgnareungspesilayerever anavsderlying tdielechric layer: ates,

el ectrode tenperatures and an el ectrode gap, etc., in order to provide a
nore thorough understandi ng of the present invention. It will be obvious,
however, to one skilled in the art, that the prese

nt .invention na e
practiced without Fhgusespcls a crpssysectional of 'ﬁQQﬂﬁgﬁcés,°ﬁﬂ¥?£§9uﬂﬁ1a

prOcesseS hanhg8£:£§Tgk(¥§¥§}1%%%9'theegﬁésééh(¥§y§'.nOt to unnecessarily

'Figuré 3isa cross-sectional view illustrating a

phtternihg of the photeresist'layer.

Figure 4 is a cross-sectional vieﬁ-illustrating a placement
of a semiconductor device on an electrode that is negatively
| éharge& due to a self-biased DC electrical potential developed

by the presence of plasma.

figuté S is an expandéd'Vieﬁ illustrating the tungsten _
1éyer and.a reaction of chlorinated and fluorinated gases on the

7 ;tungsten'laygr.

.Figure 6 is a cross-sectional view illustrating a formed

tungsten layer aftéf the etChing process.



obscuré the present invention. Referring to Figure 1, a |ayer of tungsten
11 i s deposited over an underlying dielectric |ayer 10. The underlying
dielectric layer 10 may be conprised of al nost any dielectric,’ such- as ang
oxi de; however, the underlying |ayer need not necessarily be of a - \“ -
dielectric material. Tungsten |ayer 11 nmay be deposited over another netaL

| ayer, ~a silicon or a polysilicon |ayer, Al nost. any prlor art deposition

- technique may be utilized to deposit tungsten | ayer 11. "The preferred

enbodi nent . deo03|ts a f|In1of tunosten by a chen1ca| vapor. depositi on (CVD)
techni que, t™ e oo .- 282 BB t ungst en | ayer

11. Such dep05|t|on of a photoreS|st | ayer 12 on tungsten layer 11 is
wel | -known in the prior art. as is the subsequent patterning of photoresist '

| ayer 12. n r osed
and devel oped- SUCEQLEEPE gntg éﬁzg§€§?ikgge?hﬁgfﬁéﬁkggﬁ;éﬁ@%&t sgééﬁiig
portion of 1 t ‘j&g e ten

| ayer 11. Re?grs?rﬁge?gﬂjﬁ{lg[ﬁ e:l t%g Sgﬁaggﬁﬁaﬁiﬂ d:‘t\ﬁ?ehggga ::I%B?ngtg oduced -
into a pl asngestelipt ion) cnmierdue sperificldetsilenafeilsed FRrtheBuENOas

-el ectrodes by applying radi o-frequency eléectrical power.to:either -

el ectrode. Midawhratesa slaedt:tndesmmrsturearammmlqi(etotlrodb gapgnetel, i s

devel oped between the
; in order to provide a more thorough understanding of ‘the present

invention. It will be .obvious, however, to. one skilled in the _
art, that the present invention- may be practiced without these &_;
specific details. In other instances, well-known processes hsve
not been described in detsil in order not to unnecessarily .

- obscure the. present invention. | o _ _

Referring to Figure 1, a layer of tungsten ll is deposited
over an underlying dielectric lsyer 10. The underlying
dielectric layer 10 may be comprised of almost any dlelectrlc,

- such as an oxide; however,_theuunderlying layer need not
necessarily be of a dielectric material.. Tungsten layer 11 may
be deposited over another metal layer, a silicon or a .
' polysilicon layer. Almost any prior art deposition technique maykiuf
be utilized to deposit tungsten layer 11 The preferred
embodiment deposits a film of tungsten by a chemical vapor
deposition (CVD) technique, then a photoresist layer 12 is
formed above the tungsten layer 1. Such deposition of a
photoresist layer 12 on tungsten layer 11 is well-known in the-.
prior art as is the subsequent patterning of photoresist layer

>

12,



posi tively biased plasma 13 and the negatively ‘bi ased -el ectrode 14.

Al t heugh-the preferred enbodi ment utilizes a single wafer, parallel-plate
pl:asig/ ét cher, alnobst any prior art etcher may be utilized such as batch
etchers and reactive ion etchers. The preferred enbodi nent uses a single
waf er, parallel plate plasma etcher mainly to reduce the cost of the
requi red equi pment. The plasma 13 introduced-iénéo the etcher is conprised

of- a m xture of fluorinated,and chlorinatedtgasesr Theﬂfreferred en?odinent'
uses a nixture of [er REISERing o Figure S/n thRcPROIRESRISK i1QyesT 12his prROSed

Lungsten 1o phot SAg. FEVeARRed  dudtl e BAR"mhaFafteid Yale ngRelbing oniy,
Lerr] mxture-iseglrl@Os 3?91&&06‘%8;itagﬁrlxegiuiﬂﬁ_ FE00Lbrd W 20MakR fﬁp. tHO T

The el ectrode gap is se? rom Q0. centineters between two el ectrodes

and t he eIectrodegbnaagranfﬂnggteﬁ LYye® 11he RF power supplied to the
el ectrode is set at 150-275 watts. Also in the preferred enbodi nent, helium

is introduced at flowRefeesing €6-Figwmcd,t thenpeniconductsix idevice 15 is-
uniformty.  -7- Referring to Fiqure 5, an expanded drawing illustrates
the ani'sotropic jpsgeduced mte netehes; ridheradmithecplagmar 1 cist ons

T o o, Ghab e RN S oTAREER S R TR
absorbtion of flypbPRical power to either electrode. Meanwhile, a self-biased
) ~ direct-current electrical potential is developed between the
: ~ . positively biased plasma 13 and the negatively biased electrode
14,  Although the preferred embodiment utilizes a single '

wafer, parallel-plate plasma etcher, almost any prior art etche;:
may be utilized, such as batch etcherg apd.reactive ion etchers.
The preferred embodiment uses a single wafer, parallel plate
-plasma.étcher mainly to reduce the cost of the required
equipment. _ | ’
The plasma 13 introduced into the etcher is comprised of
a mixturé of fluorinated and chlorinated gases. The preferred
J | embodiment uses a mixture of SFg plus Cly, wherein the
concentration of chloriné is between 20-50 percen; mainly to
increase the etch raie ratios of tungsten to photoresist and the
underlying dielectric. The flow rate of the SFg-Clz mixture is
at 100-200 sccﬁ at pressures :angéd from 200 to 400 mtorr. The
electrode gap is set from 0.6 to 1.0 centimeters between two |
electrodes and the electrode temperature is at 20 C. The RF
power supplied ﬁo the electrode is set at 150-275 watts. Also in

the preferfed embodiment, helium is introduced at flow rates of

20-40 scem to improve the etch rate uniformity.



atons 21 into the exposed portion 23 causes the etching of the exposed -
portion "23.. However, portion-22 under photoresist |ayer 12 does not etch;.

~ because fluorine atons 21 cannot penetrate into pértion. 22. The photoresu-
12 prevents the penetration fluorine atonms along the top surface 28 of "
portion 22. The tungsten side wall 26 covered by a |layer of chlorine atons. .
I's protected frombeing reacted with the fluorine atons 21. Chlorine atons -

20 operate as an additive to passivate theedite -wall 26. The vertical
stacki ng of chlori neretexring togridieresiSycancékpatiedcdravingtillugt satey the
side wall. and generally_not al ong surface 27. The chlorine atons absorbed

on the surface ®Fisptrdpdic prepertien ofuthe pranant etabiag W"‘F‘I%S“?on
bonmbard t of t t d t 13 t

ol ectrical DO pREpkine stons 28 ask shepsbrq oh 5 he, BuEFAce o Ehe) fpdied e
fl [ t |

attack the Sﬁeééff*% B HHINGI 1hief! £19 i Q6Sode 04 of phaaPine

underlying | ayegrdds iifbcedCBR NEive ifon bombaidierit ¥nal abscrisgicon o LIb6Hire
spectra of fluorine or tungsten fluoride is detected by a conventional gas

emi ssi on end- poetbmsieliedmtmtheotmw pPrtion \23 capsgarthe etchiognef the

tungsten region 22 whjch ori ted fromtun sten I yer 11 i.s . shown
di sposed above 9@%M$#R§ ggel douevery BRdeT Photoresist pver

_?2§| ;ﬂcggugg 'S £ 58085 Hbe ok in! "ediiiile e&&sgzﬁm%mnh ot Pediatzbed e

into portion 22, 'rhe photoresist 12 prevents the penetration '} Vo
o

fluorine etons along the top eurfece 28 of portion 22. 'rne
tungsten side -ue_-11-2_6 covered by a layer of chlorine atoms is
protected from being reacted with the fluorine atoms 21,

Chlorine atoms 20 operate as an. eddi_tive‘ ‘to pessi\_r_ete the side

~wall 26. The vertical stacking of chlorine atoms along the side wall .

26 results mainly along the side wall and generally not along surface
27. The chlorine atoms absorbed on the surface 27 are believed to be
subsequently removed by the ion bombardment of the p031t1ve ions

generated 1n the plasma 13 since its- o
_seleotricel DC potentiel is positive reletive to the electrode.

In essence, fluorine et_oms 21 etch ew_e_y tungsten 11 along

surface 27 and will not _ettee_k the sidewall 26. " \U

the_tungsten_etching-process stops onlthe underlying layer
10 when a ehenge in the intensity of the optidel emission
~.spectra of fluorine or tungsten fluoride is detected by a
_ conventionel gas emission end-point detection technique.
rinelly in rigure 6, a formed tungsten region 22 which
origineted from tungsten layer 11 is shown disposed above the..
underlying dielectrio leyer 10. E .

Although a perticuler ges mixture ‘4s disclosed with the
preferred embodiment, the SFg ges can be replaced by other

" .



-8- .fluofide conmpounds-such as [err] and [err] ‘and.the [err] gas can be
repl aced by .ot her .chl oride conmpounds, such as [err], [err] and [err].
Furthef, the etching apparatus can be replaced by a reactive ion etcher,

pl asima di ode or triode etchers,. magnetron etcher or other types of plasm
etchers used in IC fabrication. Thus, a novel technique to etch tungsten
has been descri bed. -9- CLAIMS 1. A process for anisotropic etching
of tungsten, conprising the steps of: form & -pl asma gas mi xture having
fluorinated an rdn S, ?ugégﬁt' j Gyt U tep.t
said plasma ga;*]%ux!;l uree;%tagglogﬁggl %‘?léﬁa seé:'rdisgg'?‘ or m, g&'g?o%gd $1ae3\%§| ?gn Be
devel oped duri ' ' I R ESEL /AL N ' [ Lhfte
wal | s; Mer.eby%ﬁ?ﬁﬁmb&ﬁgﬁi ﬁg of ngla?ﬁg\rfggtgénﬁ?? ;{:Bhirtgecvlgjﬁ%. écil"’f‘ﬂ'he
process definedCiFzll @®crgl, wher eFurtdiz gthesevching napgaratuss canpei sed of

[err] and [err]. 3. The process defined by claim2, wherein said plasm
gas 15 M epladeds by ahkeattive Auir kitcherpNplismy divdewireityidde50
per cent . :

~ etchers, magnetron etcher or other typés of plasma etchers used

© 4in IC fab:;cation.

Thus, a novel technique to etch_tungsten has been

o/ described.



4. - The process defined by claim3, further including the step of

I ntroducing heliuminto said-plasnma gas m xture. 20 5. " A process for_ i,
ani sotropic etching of a tungsten layer in an etcher during a fabr1cat|0uJ
of a sem conductor device, conprising the steps of : formng a | ayer -of-
phot oresi st on a predeterm ned surface 25 -of -said tungsten | ayer;

subj ecting said tungsten layer to a mxture of fluorinated and chlorinated
gases in said etcher; said chlorinated g%ses form ng along side walls

devel oped during sald et ching process and preventing etching of said side

30 wal I's; said photoresist | &8&M3reventing said quorlnated gas from
etching said tungsfen | ayer. exce re,d sai,d tupgste |s exposed,;

appl yi ng RF power ﬁo el eCtR*0GR®® &Hﬁr%ﬁﬁ%%ﬂp&c ng’f PE é-' f or s

pl asng; et chi-ngcemprdsing dhe estepatafi: an underl ying layer i.s exposed

her eby ani str opi ¢ et olpoglyra®h g Yl RS BN 8l 1Bt et dd 3l 0CE5S

defined by claimb5, whereinvsai ure conprised of
[err] and [err]. 7Chhﬂﬂaabﬂb9@¥§.def|ned by cIa|n16 wherein said plasma

gas m xtureghas a chi OlsLBfectPRE YalLA HhingBted 4018 ;Pfésﬁnﬁ"ﬁas mixture;
sald chlorinated gases forming -along side walls developed
during said etching process and preventing etching of said
side malls;_ _
|  whereby anisbtrepieLetehing of said tungsten'is achieved. . -
10 _ ) v ' s
| 2. The process defined by claim 1, wherein said plasma
gas mixture is comprised of SF6 and 812.

3. The process defined by claim 2, wherein saidplasma gas
15 mixture has a chlorine concentration of approximately 20-50
percent. '

4, The process definmed by claim 3, further including the
step of introducing helium into said plasma gas mixture.
20 |
5. A process for anisotropic etching of a tungsten layer
in an etcher during a fabricafiun:nf a semiconductor device, \
comprising the steps of : |
forming a layer of photoresist on a predetermined surface
25 of said tungsten layer; ' '
'subjecting said tungsten layer to a mixture of fluorinated
and chlorinated gases in said etcher; ' '
said chlorinated gases forming along side walls developed
during said etching process and preventing etching of said side -
-30 'wells; ' |
said photoresist layer preventing said fluorinated gas
from etching said tungsfen layer except where said tungsten
layer is exposed;
applying RF pouwer to electrodes wherein said gas mixture
3B forms plasma;

A



10 8. The process defined by claim7, further:ingluding the step of

i ntr.educi ng heli‘'uminto said plasma gas mixture. 9. -The process defined
by ¢lgi‘m5, ‘'wherein said electrical 15 . power is 150-275 watts. 10.

The process defined by claim9, wherein said tungsten |ayer is deposited by
a chem cal vapor deposition process. 20 11. The process defined by
claim$5, wherein said fluroinated gas is selected fromthe group consisting
of [err] and [err]. 12. The process defiBed by claim5, wherein said 25
chlorinated gas is sel ected fron1the.§rouﬂ conSisting of [err] and [err].

13. A process for etchin g1 I ' ol '
a fabrication of a sem con l}%{‘%’kﬁ]ggéfggaé%gh ﬂgéoénngm#%gfﬁégi%gé %{ﬁ%%
formng a |layer of photor egtherelnh apighropin eteh ofgsaidr tungsten isaspchievedyst en

filmlayer; placing said sem conductor device between electrodes in said

pl asma etcher; 35 - subjecting said tungsten lLayer to a m xture of
SF6 and [err] at 100-2d0 sccri®iPropesy gefined by sisimp, pﬁ\@ES{ﬂ gaid plgspa yi ng

el ectrical power sof 15Qad7himiaté st Conpeiskdos SR xénd €150 forma plasng; -

7. The process defined by claim 6, wherein said plasma gas
mixture has a chlorine concentration of 20-50
percent. o
. 10 _
/ _ 8. The prncéés defined by clsim 7, further including the
| I step of introducing helium into said plasmas gas mixture.

9. The process defined by cleim 5, wherein said electrical
15 power is 150-275 vatts.

10. The process defined by claim 9, wherein said tungsten
layer is deposited by e chemicel vepor deposition process.

20 11. The process defined by claim 5, wherein said
fluroinated gas is selected from the group consisting of
SFg» CFh and NF3.
12. The process defined by claim 5, wherein said

25 chlorinated gas is selected from the group consisting of

C12. CC12F2, EC13F, CC1F3 and CC1“.

13. A process for etching a tungsten film layer in e
plasma etcher during a fabrication of a semiconductor device,
30 ﬁomprising.the steps of :-
forming & layef of phntoreéist on a predetermined
surface of said tungsten film layer;
plecing said semiconductor device between electrodes in
said plasma etcher;

35 subjecting said tungsten layer to a mixture of SF6 and
012 at 100-200 scem at 200-400
millitorr of pressure; e

LT



‘etching’'said tungsten until an underlying |ayer is exposed and detected

usi ng ‘optical em ssion end-point 5 detection techni'que; whereby ...,
ani sotropic etch-is achi eved.. 14. The process defined by claim13, - g W
wherein said plasnma gas m xture has a chlorine concentration of 10 R
20-50 percent. 15. The process defined by claim 14, further including the -
step of introducing heliuminto.-said plasnma gas m xture. 16. The process .
defined by claim15, wherein said electrodeg have a gap of 0.6-1.0 S
centinmeters and an el ectrode tenperature of [err] centrigrade. 17.- The

process for etching tungsippbyirguékicapidcall powetOof 15G:27besatitabef or e
descri bed vm th r'e_f efet%cgaféjggg_%ig cr%n%ir})éw% giaasv%a’gs
| '.efching sald.tuhgstehfuntii an dnderlying layer is
_ exppsed'qundetectgd_dsing:pptical.emiésiqn end-pdint '
s  detection technique; - R

whereby anisotropic etch is echieved.

h1§._.- Th¢ prchs§.dgf1ngd¥by clﬁim_is,'uherein said plasma
gas mixture has & chlorine concentration of d
10 . 20-50 percent. 2 e
15, The,procesg_defingd by claim 14, further including the
step of introducing helium into said plesma gas mixture.
45 16;¢_.The process defingd:by.Eiai¢i15,,mherein said electrodes
ha$ a gap of 0.6-1.0 centimeters and an electrode
temperature of 20° centrigrade.

17.. The process fur et@hing tungsteﬁ, substentially
20 - @&s hereinbefore describeq;with;refefen:e_tn the sccompanying
drawings. . '
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