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TITLE OF THE INVENTION

Dry Processing Gas

Background of the Invention

1. Field of the Invention

The present invention relates to dry processing
gas such as etching gas having CF3I as an ingredient, a
process for dry etching of conductive oxides such as
Indium Tin Oxide (ITO) by using said gas, and a dry
cleaning process for equipment interior contaminated by
carrying out dry etching, vacuum deposition and other

operation.

2. Description of the Related Art

The thin film of ITO has been widely used for a
transparent electrode of a liquid crystal display. A
transparent electrode is formed by etching the ITO thin
film. This etching has conventionally been carried out
by wet process.

However, the wet etching process renders the
etching shape isotropic and thus it is difficult to
process fine patterns. In addition, a large amount of
waste water generated by the process has- led to prob;ems

also in view of protectioning the env1ronment ' ot
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etching velocity is faster than the RIE process by CHy
and Hy. However, the process by HI has a problem of
large fluctuation in the etching velocity due to proper-
ties of the ITO tﬁin film, and in particular, leads to a
defect of lowering the etching velocity in a location
where the bond of tin and oxygen is segregated, as
described in Japanese Patent Laid-open 251400/'93.

Japanese Patent Laid-open 251400/’93 has also
described that the introduction of H, gas as a reduction
initiator into HI gas protects the etching target surface
from covering with tin-iodine bonded substance.

However, the process for introducing H, gas as
the reduction initiator of HI gas as described in the
Laid-open publication has a restriction that the etching
temperature must be in the range of 80 - 250°C. Af a
temperature lower than this range, etching is scarcely

promoted. Thus etching is difficult at room temperature.

OBJECT AND SUMMARY'OF THE INVENTION

The object of the invention is to provide an

etching process which can inhibit underetch formed in the
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mati ci gain control (AGC) systenms for super- wth the gain of the anplifier

stage remaining 60 het er odyne receivi ng apparatus, and, parti-
relatively constant. cularly, to AGC systens applicable to use in
The above-described arrangenent facili-3 _ 15 association wth

super heterodyne receivers tates handling of a wide range of input sig-
incorprating internediate frequency (IF) nals by the IF anplifier, with
distortion atyet procéd®!iih&'€ofpPbicated &Hrheté'ﬁﬁﬁ?a%ﬁgce,@(srﬁ&blngt he
strong-signal end of the range avoi ded 65 (1S techniques.

wi t hout introglugi§l vapetitenat OfoShdbahpéfature where & sgsoeed in our
United States Patent, No. noise ratio at the weak-signatlend of the range.
20 3628166, enbpdsed SFVHE-fGandaddpredueiny, gadbeannet , pasmatectbeed in
said United States is a gain-controllable IF anplifier arrange-
patent, the eetemimgoreaectiwnk and associ ated ment suitable for
fabrication in integrated delay transistor circuit may_ conveniently be 70
formon a nonolithic inkegtherdokieeti ofchhg. inyeariordis nte npEQYd€@daf or m

on the same nono- . In the arrangenment disclosed in that aEpIica-
lithic integr@®¥edctearing pFegees fpe theocpatapinated equipmeRhput signal s
are applied tp a vpltage anplifier stage. anplifier stage via a

dynam ¢ at t entAtF L6t - The present invention is directed to a
A further object of the invention will be made

clear by the following description.

The invention is based on the present
inventors’ discovery that the high-velocity anisotropic
etching of conductive-oxide thin films of SnO;, ITO and
Zn0 at a room temperature can be attained by using the
etching gas which contains CF3I.

These objects of the invention can be

accomplished by the following inventions.

1. Dry processing gas having CF3I as an
ingredient.
2. Etching gas having CF3I as an ingredient and

being suitable for etching a conductive oxide, wherein
the dry processing according to 1 is an etching process.
3. Etching gas according to 2 wherein the moisture
content of CF3I is 100 ppm or less.

4. Etching gas according to 2 wherein the gas
further includes a reducing ingredient.

5. Etching gas according to 4 wherein the reducing



work.: A delay transistor biased into saturation, nodification of the
above-descri bed arrange- 75 hol ds of f a transistor serving as the
active nent enabling accurately controlled associa- devi ce of the
attenuator network over a first tion of, a delayed RF AGC action with the
30 range of received signal |levels bel'ow a given aforenentioed IF gain
contol and threshold level, resulting in a constant, snal

| F
attenuator actjgpsqiBHESYaNhvhRoLREG Present degree of introduced
att enuat on. Acgggiaé nngifpgatPgn, derivation of an AGC potential 80

variations apglied to tRhechinyt gaseaccedaing tbon «neiredh thk Bhs _
anplification of received the anplifi'er stage serve to vary the gain

of signals pehgthbe £A8YAHSEOR]1AbriinEegaRIAAGZor n3brogba amplfillubendet age
wi t hout changing the net- frequencies is associated with the delay

work attenuatgas.in the first range of opera- apparatus controlling IF
attenuat or action. tion. Use
of common del @y appar at Asdegakbkebing5process fofthettbingr dxbides ionthkee base
of the delay accurate relating of the respective thresholds

transi stor |spragencespénargent gndier fEyIes PRFtheceiriing g@fenuat or
actions. 40 bias. At a chosen_ AGC biaslevel, reflecting a In .a
preferred. apBFFeafiBd &P PRE BEi dcipPes gi ven received signal

| evel , the de%gy tran- TRL hgg RLE gg% b@%%g%gogccgkﬁﬁﬁgegot9“%-grein

the oxide is a conductive oxide selected from SnO,, ITO
and ZnoO.

9. The dry etching process according to 7 wherein
etching is carried out by introducing etching gas which
includes CF3I according to one of 2 - 6 into a dry-
etching equipment and by inducing discharge while holding
an etching target material consisting of conductive oxide
in the dry-etching equipment, the equipment being
provided with at least evacuation means, electric power
application means, etching target material introduction
means, etching target material holding means, and etching
target material discharging means.

10. Cleaning gas having CF3I as an ingredient
wherein the dry process according to 1 is a cleaning
process.

11. Cleaning gas according to 10 wherein moisture
content of CF3I is 100 ppm or less.

12. A dry cleaning process comprising carrying out



sistor conmes out of saturation, permtting the optimzing the signal
handl i ng range of the 90 del ay transistor collector potential to
vary superhet erodyne receiver, signal anplitude (inversely) with
AGC bias. At a still greater <control in response to an AGC potenti al
source 45 signal level, the delay‘tﬁhﬁSistor collector follows a
sequence including at |east three potential variation fromits

satratLon PoLgatt A S LSS o g B A, co 10 1
cont e o g e PRRIIHRAE) o SRS et oo
cleaned which is provided with at least an evacuation
means and electric power application means and by
-inducing discharge.
13. The dry cleaning process according to 12
wherein the equipment to be cleaned is dry etching

equipment, vacuum deposition equipment, plasma CVD

equipment or sputtering equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration showing an
etching treatment substrate. Figure 2 is a schematic
illustration showing an evaluation method of an etching
processed shape. In these figures, 1 is a mask (for
example, composed of Inconel), 2 is a layer of conductive
oxide thin film, 3 is s substrate, a is a top width of a
channel in the conductive oxide layer, and b is a bottom
width of a channel in the conductive oxide layer,

respectively.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

CF3I (trifluoro-iodo-methane) which is an
ingredient of the dry processing gas in this invention is
incombustible gaé and has a molecular weight of 195.91,

boiling point of -22.5°'C, and density of 2.3608 g/cm3 at

M
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2 si gnal phase, wherein IF anplifier gain varia- AGC potentia
from detected IF signals are tions are acconpani ed by RF
anplifier gain known to the -art, and the present invention

variationis; and (c) a strong-signal pPhase is not concerned with the
details thereof. For wherein AGC action is confined essentially

to the particyhar-glhedi 5. 4RSTIGVERE gt LG 6Faw 5 |F attnenuator
. Ing, 1t may be

action. assuned that source 50

supplies 70 _ al BeaRAOGHANESr WktAgaceRechEi eteniagi grst and
positive, bias potential to termnal T5 which of the present

invention, a ggliayttbpnehsliyretbREAgea keiscpnei subetwath witheases in
recei ved functioning as previously descri bed is signal

| evel . To explhadarthie hasubtengdiébabgsed in Japanesal Patient bamtdropeboth an
| F attenuator of the receiver operation, which changes 10

transi stor ami3883RF’@0iveTheahechhdgqueConilirzedutbet fackf thats of received
signal level 75 duction of the latter is initiated, at a signal
vari ations onsthéconepfiermsgpavolatéleacomppund with flpprdsfel d | evel

(indicated by IF inplifier bias mnal 0, the schematic details of. the
dr awi ng | evel ) HBWPBRLY hihergubpfgPPRM: JEL6R BP ﬁFPBEﬁaPBrEhﬁiI

now be descri bed. . .
trial of dry etching ITO and other conductive oxides by

using CF3I, because these oxides do not form a volatile
compound with fluorine.

As opposed to the recognition of those who are
skilled in the art, the present inventors have
unexpectedly found that ITO and other conductive oxides.
can be dry etched at room tempeiature by using CF3I. In
addition, the present inventors have found that moisture
content is preferably at a low level because CF3I
corrodes metals in the presence of moisture. Specifi-
cally, in the case of using CF3I for dry etching or dry
cleaning, moisture content of CF3I is preferably 100 ppm
or less, more preferably 10 ppm or less, most preferably
1 ppm or less. It has been found tha;, by such means,.
pipe lines of CF3I gas become difficult to corrode and
good effect is simultaneously provided for the properties
of etching and cleaning.

In the case of dry etching, the moisture

contained in CF3I corrodes pipe lines and the corroded



transi stor conduction, and a full range of RF In the illustrated circuitry
for chip 30, the 15 ACC action is traversed before reachingi the

i nternmedi ate frequency signals supplied by 80 latter |evel. Wen
attenuator action begins, selectivity getwork 20 to chip termnal T5

the previously nentioned negative feedback are directly aplied to the
base of a transistor | oop closing serves to stabilize IF anplifier

QL01, arrangegngsedfeREl &heladaelk e thl'e_ndrgr etchi%g Bqﬁfiﬁﬁze'h%' ahigvel y

constant val ue. "The sane place of an emtt resistor,” the collector-

20 nonol i thi gghekegr abednhsi £edhinghtRrgBiChateMibier RakBrahtavlng)si stor
Q19 priovides a 85 I ncorporatés the controlled IF anplifier,

delay retur nchIt bengaoHiflgt RoME8akeT¢eabtehivRtBOthe interhBan®aglobs
circuit and attenuator network may fromthe emtter of QLOL (for reasons

to be thenequipméhy, ateotrodet er the eBEhiAGCtargehsagtiemntiby
descri bed) . drive transistor circuit. The
si gnal s appeafpngsatompeundst centaining25oding hedt the mhtekdapr ébusi t

i nvention provides transistor Q01 are applied to an attenuator 90

a super het er ofgreedcadhoreswtehthederahéng terge pptariedi st 86 R1I01 and
the emtter RF AGC system associated in a such manner collector
path of a trEREP{by thpoBrocapsing propgripefrsurhngf e5RPABE as to

enhance the s|gal 8t RUBLE T Y8l L Rlpe heb RS HLELTY LOELRYEY

On the other hand, in the case of dry cleaning,
the above formed compounds containing iodine adhere to
the internal wall of étching, sputtering and othef '
thin film forming equipment, or the electrode.
Satisfactory cleaning effect becomes difficult to obtain
due to such adhesion.

In this invention, as will be described below,
CF3I gas is preferably incorporated with hydrogen gas,
fluorine gas, nitrogen fluoride gas and/or argon gas,
when necessary. It is also desired that the moisture
content of these addition gases be extremely reduced, to
the extent of the moisture content of CF3I, or preferably
is less than the moisture content of CF3I.

As described above, the present inventors have
made a discovery that the layer of an ITO thin film and
other conductive oxide thin films ig anisotropically
etched by using CF3I gas as etching gas and exposing ITO

and other conductive oxides to plasma at room temper-



handl:i ng range of the receiver.: output will appear at the

-fesistor-transistor 30 In the acconpanyi ng drawing a portion of
junction, the degree of attenuation depending 95 a superheterodyne
recei ver enbodying the upon the inpedgnce presented by the emtter
present invention is illustrated, partly in collector path of transistor
QL03. The func- schematic detail and partly by bl ock di agram
tioning of this attenuator network will be representation.

described in 3?85?ér detail subsequently. 35 In the drawi ng, a tuner

18 i illustrated in - ThecAblpouaLAt BALUAESOAY! BUEclBcangPlhgdeal e

bl ock form the tuner I ncorporates appara- via a pair

emtter-foll oyg ptOk@PaBIY added tbUEhEOEtBRihE" GhBINERENnGORY¥ST! henah
functions QLO7)"in cascade to the base of a fransistor of

sel ectively ajphiéyiagta dﬁfafégeﬁneaﬁf isQhB8t prBe€epubAUfor @he the
cascaded various received RF signals, and converting the
emtter-fol | onedGcingpprréageAtl 0SSt RALL h@6o béen feledt etlaBy iai ghal to
i nternedi ate frequencies. resistor R107. Transistor QL09 is dis- 105
A sel ectivi apsentaook BPdrogeni drngthebandducpoagedasp &heastotiéngai r
arrangenent with pass characteristic appropriate to the parti-
transi stor Qltelooityris highgh dmi bhenphityal etchipgugtaget padout put of

tuner 18 frequencies ing stage sugplying an output to the chip's
ith passage of time.

gradualiy decreases wi

Addition of reducing gas is effective for
reducing time dependence of the etching velocity.
Consequently, mixing of CF3I gas with hydrogen or other
reducing gas is also'found to be capable of aniso-
tropically etching the ITO thin film at a higher velocity.

Further, the present inventors have found that
a still higher etching velocity can be obtained by
addition of fluorine gas and/or nitrogen trifluoride gas
to the etching gas having CF3I as an ingredient.

The present invention also provides cleaning
gas which includes CF3I as an ingredient.

Conventionally, the internal wall and/or
electrode of the equipment for carrying out thin film
etching or thin film forming by using dry etching
equipment, vacuum deposition equipment, plasma CVD
equipment and sputtering equipment are contaminated by
the raw materials and products of the etching. Thus{ the

cleaning of the equipment (chamber) is essential in order



couples the output of tuner 18 to the IF input IF output termnal T8. In
t'he cascode pair 45 terninal T5 off a nonolitthic integrated <circuit
arrangenenit, QL09 is a base-input, grounded 110 chip indicated by
the dotted outline 30. Chip enm ter stage, the collector of which is
directly 30 includes circuitry ';?er‘form' ng an |F connected to
the emtter-inptt, grounded base anplifier function (as will be

described in _stage._gonstituted by transistor 111. era-. nor e
detai| subseqlé |53"PP§iyda ﬁro&f’?'&ég' Py Breditent icﬁ%eoathtrhaellé’dscode
anplifying s e . i fJ r, Qu | I Mol p¥ MY T8. is
supplied fromtt%%hec%ggﬁ"?%pthgrsm%ﬁﬁ Eg%gltel?f%% caq'lrlcéaA%sl{atggr?drb?gl ectivity
network 40, funtlgfing/kdidh S6es Mlsds FiorRf AMbR Higouddd Mich
defining the IF passband, couples™ the IF selectivity network 40.

signals at claispcts%r Anldalc T‘%.t O H_reAd Ut he dHRY I faIBbciot ned, in
addition to IF term falP 0. Wiile the su sequent receiver . input
signals, an, AGmpouddis’ uchoeNCFg ansi ¢ Havalid sil@icddifidtileaited)f may
di ffer depending supplied to input termnal T5. By virtue of the 120

I S the parti colzanesidgsairachtdonMaingh aldee nosc diargyetsdiafestordaupl i ng vi a
emtter follower QL0I Is provided, typically additional |IF anpliffer
resistor R Olregulatiemi.tter-followers QLO5 stages willbe initerposed

between termnal 0 and QLO7 such ACC i TPUt directly affects
On the other hand, CF3I used in the present

invention has a ozone destruction coefficient of 0.008
or less, earth warming coefficient of 5 or less, and thus
is a friendly compound for earth environment. Consequ-
ently, CF3I can be suitably used as substituting gas for
gaseous fluorocarbon compounds such as CF4 or C,yFg which
have been conventionally used for dry cleaning.

That is, according to the present invention
which uses a cleaning gas which contains CF3I, dry
cleaning can be effectively carried out when the internal
wall and electrode of the cleaning equipment is
contaminated with these raw materials and products. The
equipment to be cleaned in the invention refers to the
dry etching equipment, vacuum deposition equipment,
plasma CVD equipment or sputtering equipment.

The present invention will be specifically
illustrated hereinafter by using etching of the ITO |
thin film as an example.

However, the present invention, which uses gas



and the receiver's |F signal detecting the bias at the base of

transi stor QL0O9 of the 60 apparatus.

cascOde pairs the supplied AGC potential 125 An | F ACGC

potential source 50 suppplies variatign are poled to provide reverse AGC
a variable bias to the |IF input term & “T5 of action; that is, as
signal strength increases, chip 30. The IF AGC potential source 50 is

the bias voltage at _the.base, of 09 i s..made hown i n bl ack formonly
in the draw 89S col“é‘s?&“ﬁo?rFBiI\{e%g PhirSduds £F ees??creo alrneddulcstion 65

XZ;L:% g‘;ml ‘Ié’%lfx%gfr% agéf)'ﬂ%hggg EnUieihg of i Sty 3R QN Bha
ZznO thin film in addition to the ITO thin film which will
be illustrated below. Further, the inventors have found
that copper can also be etched by the gas containing CF3I
in addition to the conductive oxides. The gas containing
CF3I.has also been confirmed to have an effect on the
cleaning of etching equipment and thin film forming
equipment which are contaminated with a metal, metal
oxide, metal nitride, metal carbide, organic compbund or
silicone base compound. The conditions which will be
illustrated below for gas containing CF3I can be equally
applied to both etching and cleaning. In the specific
examples below, CF3I used has a moisture content of 1 ppm
or less. The analysis is carried out by gas
chromatography. |

The etching gas which comprises CF3I as an
ingredient of the invention and is suited for etching the
conductive oxides has a CF3I concentration of usually 1 -
100%, preferably 30 - 100%.

The ITO thin film which is used for the target
of dry etching in the invention is the ITO thin film, for
example, film-formed by sputtering on a glass substrate
to a thickness of 200 nm. The ITO thin film is for
example, patterned by Inconel and used as a resist.

No particular limitation is generally imposed



As discussed in the aforenmentioned United degrees of attenuation of the IF

signal to be States Patent No. 3628166, it is desirable to delivered
to the base of transistor QL09. provide in addition to the gain
vari ati ons of An additional transistor QL17 is provided t he cascode

anpl i fying stage further aid in for driMimg the delayed RF AGC output 5 -
gain reduction, and, in particular, further aid termnal T6. The base of

transistor QL17 is, .70 .. ~of a character .to provide, .under .stra i.gnal
directly conn88P8dth§ ERACKIREE 89?&3%( ﬁ%‘m fg&gh(ﬂptqlolr?gifj‘ aFlsol rrietq‘g’f | ol%’on
the voltage swing. resihstors.. R115 .4 6 ] he «y§ s e?éqz?_lied
to the base 6f tgrlgngﬁ‘él o?‘a@]ﬂg, a é—'lhrlc%gclnt@stjjsf 0£1’ Oter-sf%g Itr{l)‘{\?\e}rs (81’-'1 . The
emtter 2 l4St i i : f Iy St{Or WA
eturned to gPbiNatsby) febalel Bpkte st RSO ncd Tald Ahe S

an emtter regi $h0tnRbhfiel VR €o1ke FaRM For FHquid Wresdan nemtreoned
ROL/ QL03 attenuator is of transistor QL17 is linkKed via chip term nal

provi ded. ITO thin film which can be used ilf thied iewiedrtiadn riesiaslisey 58
to the power Control of the attenuator is provided in the supply
(+30V) regul abstaiyiedh®ycEiilm8Forminigoldnos rsg. nmomer s ulvsttr@atss S taara@lil3 i s
pro- as wll be subsequently described. Under

substrate or various plastic substrates in place of
glass.

The ITO thin film formed as above is held, by
using Inconel as a resist, in a qhamber having parallel
plate type RF electrodes and is etched by treatiné with
plasma in a CF3I gas flow. 1In the etching step, the
plasma treatment is preferably carried out in a
simultaneous gas flow of reducing gas such as hydrogen,
argon gas and/or oxygen.

Any reducing gas which is added to the CF3I gas
can provide high etching velocity so long as the reducing
gas has reducing power. Particularly preferred reducing
gas 1is hydrogen.

Addition of argon gas to the CF3I gas can
accelerate dissociation of indium-oxygen and thus can
improve etching efficiency. 1In addition to argon gas,
oxygen gas has also been found to improve etching
efficiency.

The amount of the additional gas can be

arbitrarily selected and has no critical limitation. The



15 wvided, deriving its collector potential froman the no-signal and
weak-si gnal conditions which 80 external receiver power supply via an
external hold transistor QL15 off, transistor QL17 is resistor 52,
and with its base responding to Iikemﬁi of f. the voltage at the base
of transistor QL09 by When, homever,"signél strength is suffi- virtue
of the connection of resistor RL13 <ciently high that emtter follower QL15
con- 20 Dbet t e i es, r - S | yfsfdqi ent 1y,
fhe base of 1 o0y Cosr Gig” KBETBITRE W i M e e e ace. of
tran- beconeg;fetyRidnPhndcdanaBd BrdItrarqnyQkblected.sistor Q13 is
sufficiently forward biased that starts conducting. Setting of the
threshol d of the t pn8Ndest@ibed abovel Ukdlel @tching gas whiclRF  AGC
delivery my be controlled Under such saturation conditions,

an external |l gongaihg rbduse¢hgcyaenpebvtide hilghe edkching emlicodrtyf.ol [Theer
transi stor QL15, having its resistor 52 to determ ne the saturation
current 90 etchhagevdipedtlyycaanbectfadthert eahasicedcbyr fafrtheir t he del ay

transi stor QL13. transistor QL13 and its emtter returned to For
si gnal | evel saddévdonhefséluorddet gpssor nitrggedndriifdwosdidet ¢a$-R115 and
R116 in series, hold level, i.e., for AGC | evel s_beyond that Is held

i n nonconduct i ng condi t I8nther gxampdes degemibieshbedow r &l P Eansi st or

QL13 for .
hydrogen gas, argon gas, oxygen gas, fluorine gas and

nitrogen trifluoride gas which are introduced into the
chamber simultaneously with CF3I are fed independently
through a separate line. However, the introduction
method is not limited to such a procedure. A gas mixture
obtained by previously mixing two or more kinds of the
gas can of course be used.

The feed rate of the CF3I gas and hydrogen gas
or argon gas, that is, flow ratio of each gas, has a
close relationship with the pressure in the chamber. No
particular limitation is imposed upon the flow rate. The
flow rate of hydrogen gas or argon gas is usually 10 -
80%, preferably 20 - 60%, for the total flow rate of the
gas. The flow rate of fluorine gas or nitrogen
trifluoride gas is preferably 2 - 25% for the total flow
rate of the gas. Too small amount of fluorine gas or
nitrogen trifluoride gas has no effect. On the other
hand, too much amount of the gas sometimes leads to

corrosion on the chamber. The flow ratio of the gas has



30 Q103, in the previously nentioned attenuator saturation, and in turn

render transistors QL15 95 network, has its' base directly connected
to the and QL17 conducting, the voltage at term nal emtter of the
emtter-follower transistor T6 will vary in accordance with the AGC
QL15. - 13 - potential at the base of
QLO07. Shifted to a Thus, under weak-signal conditions, tran- |ower
vol t age range by the shiftin netmork 35 . sistor 03 is |ikewise
nonconduct i ng,2 Og\f’mé’sﬂ’é’ttﬁ}st %4“%’% 5%‘75161‘: shars °f100

as a conseque smal | ne t|ve potentlal

supply), the &g}%lcﬁd’d%csttl%??gé) i 312 I \z; erﬁﬁﬁé}to%d |asn$r%’ os t he
vol tage at t h%dfllér&ﬁéédorlnonue%?'o% q:rhse A%la%qor}%e}}la%’edmoy Q103 n_et wor k. The

interposition o constitutes AGC pot enti al

cascaded em tter-foll owgy ttr}énga'%teo tidiHq Rraihld fifremgentrol in
tuner 18. Filter- 40 Cﬂé% I'n the sign %llto t he cé%code I ng of the

RF AGC pot ent ij3lydnt ifodG IHilgesd p%erlQﬁf the R lddtfodedUleffd &Y i shes a

dynami c input the coupl i ng of Capacitor 57 between The I npedance
sufficiently highereledidhigig &dlloeityasi Iy grdiehd iandHdeHymmased chip
ter- | npedance of the attenuator resistor R101 as mnal T7. to

ensure that thkimdegy etcdfingigismsalgreatofef fedtt amythee etmtteichg hat ,
desirably, the del ay
processed shape. 1In order to hold the processed shape
anisotropic, the internal chamber pressure is preferably
maintained at 0.1 torr or less. The internal chamber
pressure exceeding 0.1 torr is liable to make the
processed shape isotropic.

Further, the substrate including the conductive
oxide layer (hereinafter referred to as base plate) can
be satisfactorily treated at room temperature. Heating
is not needed but can be applied when necessary.
According to the present invention, even though treated
at room temperature, anisotropic etching can be carried
out at a velocity of several dozens nm/min or more by
controlling the above etching conditions.

The present invention can employ various
etching equipment other than the above parallel plate
type RF plasma etching equipment. In particular, ECR
(electronic cyclotron resonance etching) equipment can be

suitably used.

According to the present invention, in addition



45 \Wak signals (when transistor QL03 is non- threshold associated with
tthe RF AGC drive 110 conducting) is indeed small

transistor QL17 is less than the delay thres- Under strong signa
conditions, however, the hold associated with the attenuator transistor
AGC potential derived fromthe source53%i11 Q103. That is, RF AGO action

is initated at |l ower the voltage at the base of transistor a |ower
whi oh r aﬁ'.g“""y Fh%eiéé“géﬁén%“ik%atﬂ%ﬁﬁ% %%dsemgt{ﬁ“h s
si stor Q113 e oLy a2 oLbsat ti Nelp aI | oW I . V\:hcl ch . Attenuator
action begl gylfs d5F-€8: &° t&gﬁ evéi SRS ent to

| ndeed, prefeggghxngtgg fdbh E@E%%r%%u@% gain formard bi as the
emtter-foll ower transistor con i's traversed before the start of

QL15. The emtter of transistor QL15 there- attenuator action. Thus,' for
exanple, in the 55 after. follows the rising base voltage; trans-
illustrated expgprtts the RF AGC drive 120 sistor QLO3 will
begin to conduct when' the transistor QL17 reaches saturation for a |evel
emtter of transistor Qrhé pirreeento iavieotiionverildf heoleiagef tadr tHee em tter

of transistor QL15 vol tage sufficient to overcone the reverse that
associ at ed wi ihlthérateti fuictherf inodetail by weiya®fatexamplestter of
transi stor QLO3. tion of attenuator transistor QL03.

However, these examples are merely practical embodiments
to aid the understanding of the invention and are not to

be construed to limit the scope of the invention.

Example 1

An ITO thin film was formed by sputtering on a
glass substrate to a thickness of 200 nm. The base plate
thus obtained was etched by using an Inconel pattern as a
resist on the ITO thin film. Figure 1 illustrates the
section view.

The base plate was held in the parallel plate
type RF etching equipment and etching was carried out
under the following conditions.

Etching condition:

Power source high frequency 13.56 MHz
400 W

Internal chamber pressure 50 m Torr

Gas flow rate CF3I | 100 sccm

Base plate temperature 25°C (constant)



60 -: For signal strengths above the conditions It should also be
Observed that, once 125 just described, the current drawn by tran-
attenuator action is conmenced by the conduc- sistor QLO03 will

i ncrease and the inpedance tion of transistor QLO3, a negative 'D.C feed-
presented by the enitter-col | ector path!®f~ back |oop of relatitvdly high
gain is conpleted, QL03 will decteasee as the signal strength the

R R s e U R iy
obtained in the example are summarized in Table 1.

The etching velocity was examined by observing
the section of the base plate under an electron
microscope.

In Table 1, the processed shape is illustrated
by the ratio [a/b] in Figure 2. "a" shows a channel
width of the conductive oxide on the surface side and "b*
shows a channel width of the conductive oxide on the
substrate side.

As seen in these results, satisfactory etching
velocity can be obtained even at room temperature and the

processed shape is also almost completely anisotropic.

Example 2

An ITO thin film was formed by sputtering on a
glass substrate to a thickness of 200 nm. The base plate
thus obtained was etched by using an Inconel pattern as a
resist on the ITO thin film. Figure 1 illustrates the
section view.

The base plate was held in the parallel plate
type RF etching equipment and etching was carried out
under the following conditions.

Etching condition:
Power source high frequency 13.56 MHz

400 W



A consequence of such feedback is that the bias sistor devices previously

di scussed. A. regul ated at the base of transistor QL09 is held rel a-

B+ voltage (illustratively, 11 wvolts) s tively constant in the

face of further increases developed by a regulator circuit 80 from a

in the AGC potential supplied at ternmnd® -power supply (not illustrated)
provi ded el se- 5 Tb5. where In

the receiver ‘and is supplied to chi 70 Acgprdingly, t he control
sequence'incI586§r“9irEgﬁggeflﬂFe?ﬁ§r§4 vol tagd M 1858 ied to at | east
three distinc hases. Ln a fitst rela- a sinpl coupling network-
conprising th ab %iPVv5F§emeak%§%gnal | evel pﬁ@é%?g GC action is series
conbi nation of resistor RL19 gnd zener confgi Redy 0 gain variations for
t he cascode diode Z101. 10 a@plifier st age 09, QL11 for a second Wile
this sinple network providgs 75 medi ugpssisgedl | evel phase, gain
variations for adequate decoupling, the zener di ode opera- t he cascode

anplifier staggsarplaceORBapedtuleon nMay i nt ediecq cdnswagasi red | evel. -of
by RF gain variations; in athird, strong sig- noise in the voltage
appearing thereacross. nal | evel phase, AGC action is confined essen-
Accordi ngly, the voltage across zener diode 15 tially to the operation of
the attenuator net- Z1@bei stapphnigedreliosidy emd paocksisedvsha@e21 80

obtained in the example are summarized in Table 1.

The evaluation of etching velocity and etching
processed shape was carried out according to the
procedures in Example 1.

As seen in these results, sétisfactory etching
velocity can be obtained even at room temperature and the

processed shape is also almost completely anisotropic.

Example 3

A Sn0O, thin film was formeq by sputtering on a
glass substrate to a thickness of 200 nm. The base plate
thus obtained was etched by using an Inconel pattern as a
resist on the Sn0, thin film. Figure 1 illustrates the
section view.

The base plate was held in the parallel plate
type RF etching equipment and etching was carried out
under the following conditions.

Etching condition:

Power source high frequency 13.56 MHz



wor k' ‘R101, QL03. A fourth phase, involving a to a dynam c noise filter
networ k conpri si ng reversion to |F anplifier gain variations al one;
transi stor QL23, resistor R121 and capacitor may optionally be
associated with the tran- ClA. The «colLlector of transistor Q123
sition between the above-nentioned seco “is directly connected to the
emtter of tran- 20 and third phases, as governed by the degree sistor
Q121. Resistor 1R121 links thg gaﬁe of 85 of separation of |evels for
transistor QL17 transistor Cﬂ% to the emtter of transistor

saturation aﬂﬂteiﬁaﬂséﬁéﬁﬁegﬂgﬁesQQEQUCtiOn 6821, vl e capacitor Cl101
is coupled initiation. bet ween the

base of . transéas of 16¢ 28ated tOeIT As previoustymnot ed, the
collector-emtter T4 ground lead. There is thus available at 25 path of
transistor Q19 provides a refsrn to an emtteb stemtrode of the filter
transistor 90 ground fromthe emtter of the input emtter Q23 a
relatively noise free B+ potEntial, fol | okBrstemnsi stor QLO1.

Transi stor QL19 is adequately decoupled fromadditional circuits used
in place of an emtter resist%% to provide |i#Re®Ce® term nal T12. a
relatively constant_ current supply for the |t _has been found to be

addi ti onal | y BRRA PLa%e (SRRIERER (ransi st ordd Folcamgtandl, with able
to decouple the collectors of transistors 95

”

The etching velocity and processed shape
obtained in the example are summarized in Table 1.

The evaluation of etching velocity and etching
processed shape was carried out according to the
procedures in Example 1.

As seen in these results, satisfactory etching
velocity can be obtained even at room temperature and the

processed shape is also almost completely anisotropic.

Example 4

A ZnO thin film was formed by sputtering on a
glass substrate to a thickness of 200 nm. The base plate
thus obtained was etched by using an Inconel pattern as a
resist on the ZnO thin film. Fiqure 1 illustrates the
section view.

The base plate was held in the parallel plate
type RF etching equipment and etching was carried out

under the following conditions.



the current being of sufficient nmagnitude as to QLO1 and QL03 fromthe
col | ector of sub- prevent the current "robbing" (from tran- sequent
stages in the chip circuitry. To this sistor QLO1) by transistor QL03
fromlimting end, transistor Ql23 is nstructed in doubl e- t he AGC
range. - “emtter form with a first enmitter
suppl ying 35 That is, in the strong signal -node of opera- B+ potential

to the CO”(HEéHﬁiéﬁ ég@y@%;ﬁ ;s 100 tion, when transistor QLO3 cones
QL03, an

into con- QLO1 an with a second emtter duction and draws
greater and PRALsAMRILS 1PIQYI Fkdgudicy SOl ai pds@upet ential source for
of current, there will be a corresponding the collectors of transistors
QL05, QL07, reducti on of gggrent through transistor QLO1. QL09 and
QL15. The base of the emtter- 40 To avoid cutoff of transistor QLO1l under
such input transtsd breidnidenfpideswescade anpl 56 ierTdob ci rcunst ances,
the emtters nust see an 1is also returned to the latter B+ potenti al
adequat e currGas Soow ceatdgrar@igtor QL19 sourcel sccmserves as such a

source, with its base suitabl Illustratively, one type of
super het er odyne bi ased t M®&ptablish a rel ati¥ef§“Bonstant cur-
receiver in which the principles of the present_45 rent of the desired
magni t ude. i @t ion have been sRc®SSRully enployed is 110
H, 10 sccm
Base plate temperature 25°C (constant)

The etching velocity and processed shape
obtained in the example are summarized in Table 1.

The evaluation of etching velocity and etching
processed shape was carried out according to the
procedures in Example 1.

As seen in these results, satisfactory etching
velocity can be obtained even at room temperature and the

processed shape is also almost completely anisotropic.

Example 5

An ITO thin film was formed by sputtering on a
PET substrate to a thickness of 200 nm. The base plate
thus obtained was etched by using an Inconel pattern as a
resist on the ITO thin film. Figure 1 illustrates the
section view.

The base plate was held in the parallel plate



The required bias current for supply tran- a color television receiver. In
our United sistor QL19 is derived fromthe emtter of the States

pat ent 3564125, details of such a color emtter-foll ower.transistor
QL05 by a biasing television receiver enbodi nent are presented.

networ k conprising the series conbinatiroh9of In that exanple of use, the
circuitry shown 50 resistor R104, resistor R105 and a forward herein for
chip 30 was incl uded on tne sane 115 Biageﬁ.stabilizin%.dhode D101,
with the base S¥BRoRFt RFCP AT GAREBAEF, BB SERPSTY PRSaGRFL1ed ot

transi stor QL19 conngcte t he junchlion ional circuitry performng such
functions as un&%f gé%ig?%?gw#&34cogﬁéglﬁﬁg5. The total final IF

anplification,gyi d i .video resi stance. value of the series
conbi nati on isgygﬁ%ﬁ?fE%gﬁigggnAcc control potential develop- 55 chosen to

give a bias cu§é§g£ g@gfggriatﬁiﬁﬁ fEE&EenEgterCQ@(F@rMﬁQU”d det ect or
drive, inter- 1 set the constant “currént supply 1 n the desired
carrier sound detection, interggprier sound IF range. The resistance
val ue of resistor R104 anplification, automatic fine tuning (AFT) is
chosen to be suhtéche&btéyahbegeprebahirge to drige angoregul ator reference
control. The that of resistor RLO5 to prevent transistor AGC control
potential devetapnEhowcratei tsCBQI QL19 from  bAtsodmci ng any
significant used therein enbody the invention disclosed 125

H, 15 sccm

NF3 _ 10 sccn

Ar 25 sccm
Base plate temperature 25°C (constant)

The etching velocity and processed shape
. obtained in the examplé are summarized in Table 1.

The evaluation of etching velocity and etching
processed shape was carried out according to the
procedures in Example 1.

As seen in these results, satisfactory etching
velocity can be obtained even at room temperature and the
processed shape is also almost completely anisotropic.

Results of Examples 1 - 5 are illustrated in

Table 1.



degeneration of the AGC potential (in the in our Application 9873/70
(Serial No. weak- si gnal node). 1290091) .

The circuitry of chip 30 additionally By way of exanple only, a set
of val ues for i ncl udes a decoupling network for supplying the
circuitry of chip 30 and off-chip conF 88 -operating potentials to a nunber
of tran- ponents associated therewith in the draw ng, 1-30

Table 1 Etching velocity and processed shape

Example etching velocity Etched shape
(nm/min) (a/b)
1 . 350 0.85
2 850 0.90
3 300 0.89
4 180 0.90
5 1100 0.90

Example 6

To the inner wall of the sputtering equipment,
a thin plate composed of the same material (SUS) as the
sputtering equipment was adhered with a polyimide tape,
KAPTON (Trade Mark of E.I. Du Pont du Nemours & Co.). A
portion of the thin plate was masked with a glass plate.
While ventilating argon gas, thin film forming operations
were individually carried out on ITO, SiO,y, ZnO and Al,
respectively, by sputtering. By such procedures, inner
wall of the equipment was contaminated. Thereafter, the
tape adhering the thin pléte to the inner wall of the
equipment was removed. Contamination was measured with a
thickness indicator. A thin film having a thickness of
92.5 mm was found. The composition of the thin film was
measured by AES (Auger Electronic Spectroscopy). As a

result, In, Sn, Si, Zn, Cu, C, N and O were detected in



1, 290, 092 5 whi ch val ues
provi ded satisfactory operation work, an RF AGC drive transistor, and
in the aforenentioned color tel evision receiver conmon delay neans
controll ed by said enbodi nent re set forth in the tables
varying D.C. potential for preventing cg 45 bel ow.

duction of both of said attenuator and RF

ACC drive trapggig FBf’nénWQQ“r 856! ¥ed2pl, 9aal 15, 5, 20, 15, 5, and 15slTABLE A

| evels fall in a first S|gnal rangé,
COVMPONENT VALUES The thin fRIAYAAheRed PAAHECa@N adhered Ggain to
at t enuat or Resistor R10OL - 1,000 ohns transi st or
and pernittingheopdiginan pbssaien #@th the polyimRee tfape a4 - 2, 000
ohns RF AGC drive transistor when received
Resi stor Rl106leanifi§Owabknmesarried out undeirgitile feddlosring lcomdid ioasond,
medi um si glal 10 Resi stor R107 - 700 ohns range,
and for perni €leagingndaondibnont bot h Resistor R113 - 1,000
ohns of said attenuator and RF AGC drive tran-
Power source high frequency 13.56 MHz
400 W
Internal chamber pressure 1.0 Torr
Gas flow rate CF3I 50 sccm
Hy 15 sccm
NF, 10 sccm
Ar 25 sccom
Base plate temperature 25°C (constant)

After carrying out cleaning for 30 minutes
under the above conditions, KAPTON tape was removed again
and elementary analyses was carried out by AES. None of
the above I, Sn, Si, Zn and Cu was detected because they
were less than the detection limit. Some C, N, and O
were detected. The cleaning effect of the gas containing
CF3I in this invention was confirmed by these results.

As described above, the present invention
provides a high velocity anisotropic etching process at
room temperature and an earth enviromment-friendly dry
cleaning process for conventionally impossible conductive

oxide.



Resistor R115 - 1,600 ohns si stors when received signa
l'evels fall in a 55 Resistor R116 - 3,200 ohns
third, strong-signal range. Resi stor R117 - 800 ohns

2. Acircuit as claimed in claiml in |ch R121 -
3, 000 ohns sai d del ay means el udes Hmulmﬂmu’m ll

Capacitor C101 - 20 pi cof ar ads bi ased i nto satwurdti dn *n the

absence of recei ved
signals WHAT IS CLAIMED 1S: 60, TABLE B:

3. Acircuit gs clained g = COVPONENT
VALUES X WRE?e n%c'c;:(?r? ulgitl or?SbJIagalln zﬁ%eq;l?asgoﬂrft ran-

Resi stor 52 lng;gglggg ohmns sistor when received signal |evels
fall in said Resistor 54 - 2,400 ohns :
strong- si gnal range closes a D.C. negative Resistor 55 -

62, 000 ohns f eedback | oop opposing variations in the D.C. 65
Resistor 56 9. 1, 200EekiEng gas havingo@FyT ias aat isgjrediferdn@nd i er
input circuit. Resi stor 58 - 6, 800 ohns 4. A
circuit as cl deind sniCables for 2tciving conductlvm@dq,om}gag:eln theyol

m cr of ar ad 3 arranged so that said RF AGC drive tran- 25

Capaci tor 57 dry Progegsingr ergexding tosicdiadm dpdisatads qtr?*b‘d’c%ratl on when

recei ved
process.

3. Etching gas according to claim 2 wherein CF3I

has a moisture content of 100 ppm or less.

4. Etching gas according to claim 2 wherein the

gas further comprises a reducing ingredient.

5. Etching gas according to claim 4 wherein the

reducing ingredient is hydrogen.

6. Etching gas according to claim 2 wherein the
gas further includes fluorine gas and/or nitrogen

trifluoride gas.

7. A dry etching process for etching oxide in the
presence of argon and/or oxygen by the etching gas

according to any one of claim 1 - claim 6.



Capaci tor 59 - .001 microfarad si gnal | evels—aH—n—=sai
strong-signal range. 70

d
5. Acircuit as claimed in any one of the Nm“”tml JlmE -
preceding claims in which said circuit L dis- it ' tic

gain control (AGC) circuit posed in a nonolithic integrated circuit.
adapted to be used in a superheterodyne 6. Acircuit as clainmed in Caim
4 wherein g 30 recei¥gs QY 88cRMnGPreeEsseapeeyidhgite clhgmRF ACGC
drive transistor is arranged to 75 DC potential varying in
response to rgrer¥ed tRElU%x28€8 {orareeniuedisegonideeselectatl frgmi n

signal level variations, the AGC circuit a fourth range bel ow said
strong-5|gnalsﬁ@Qge1To and 2zno.including an IF anplifier having an input

as well as in the latter range. circuit, means including a
dynam c attenuat or 7. A superheterodyne receiver wth 35
network, adapted to receive internediate circuitry substantially as

described in 8on- 80 The dry etehbingnpyoseg§hanscandiagpty Sapdmsi/gnal s
and junction with the acconpanying draw ng. . sai d varying, K DC
potential frowheseiénAgtching is Ca§6ﬂ?€e°tlg BY; dntrodnping; Ehe; RHGhing
circuit, an M._SM TH attegua&on t5ansiitor

c -"claim 6

T. 1. ) .
i ncl uded i n s&f8 G9RLAFRINg CBpl, peFeydpagehP RFEnP aim

into a dry-etching equipment and by inducing discharge,
while holding an etching target material consisting of
conductive oxide in the dry etching equipment, the
equipment being provided with at least evacuation means,
electric power application means, etching target material
introduction means, etching target material holding means

and etching target material discharging means.

10. - Cleaning gas having CF3I as an ingredient
wherein the dry process according to claim 1 is a

cleaning process.

11, Cleaning gas according to claim 10 wherein the

moisture content of CF3I is 100 ppm or less.

12. A dry cleaning process comprising carrying out
cleaning by introducing cleaning gas having CF3I as an
ingredient according to claim 10 or claim 11 into an

equipment to be cleaned which is provided with at last



40 attenuator, the degree of conduction of said ~ 50 Curzon

Street, attenuator transistor controllin

London WY 8EU. attenuation introduced bﬁummwﬂl net -
Agent for the Applicant. Printed for c s ationery
Ofice, by the Courier Press, Leam ngt‘oﬁ48|5a, 1972. Publ i shed

by The Patent O fice, 25 Southanpton Buil di ngs, London, WC2A | AY, from

whi ch copi es g@Xcggtggkahgggs and electric power application means and

by inducing discharge;

13. The dry cleaning process according to claim 12
wherein the equipment to be cleaned is dry etching equip-
ment, vacuum deposition eguipment, plaéma CVD equipment

or sputtering equipment.



whi ch val ues provided satisfactory operation work, an RF AGC drive

t'ransi stor, and in the aforenentioned color tel evision receiver
comon delay means controlled by said
in the tables wvarying D.C. potential for prg
duction of both of said attenuator and -
AGC drive transistors when received signal

| evels fall in a first, weak-signal r f

VALUES preventing conduction of said attenuator
Resistor R101 - 1,000 ohns i r and permttin
conduction of said 50 Qstgﬁ%ﬁegg éﬁé& 000 ghns J

RF AGC drive transistor when received Resi stor R105 - 360
ohns signal levels fall in a second, nedi um signal 10
Resistor R107 - 700 ph&Binvention providéangey pedcéesipgr gakting
conduction of both Resistor R113 - 1,000 ohns of
sai d attenuatiosv bigl éﬁzr(ihdanvEngradient, a highReeiletity Rf@iiSotropi600
ohns S|stors when received signal levels fall in a 55

Resi stor Rlifry eBckRidgopnecess of ITO (Indinm, TénrOmgde)gantl pihge.
conductive oxide, and a dry cleaning process of
contaminated equipment by carrying out operations such as

dry etching or vacuum deposition.

Sheet Has Been RTlaced
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Resi stor R117 - 800 ohns 2. Acircuit as clained in
claim11 in which 15 Resistor R121 - 3,000 ohns said
del ay neans includes a delay transistor et Eny] O] - 20

pi cof ar ads bi ased into saturation |W‘Stﬁ’r§E§bﬁ”@1&EEr0f
recei ved signal s. |60 REPLAGED
TABLE B: 3. Acircuit as clarnedn g2im 1 or 2
OFF- CHI P COVPONENT VALUES wherei n conduction by said
attenuator tran- Resistor 52 - 100,000 ohns si stor
when received signal levels fall in said 20 Resistor 54 - 2,400
ohns strong-signal range closes a D.C. negative
Resistor 55 - 62, 000 ohns eegback | oop opposing variations
inthe D.C. 65 Resi storFS& G J200 ohns
potential at said IF anplifier input circuit. Resistor 58 -
6, 800 ohns . i i med hnzc ' 2 or
Capacitor 53 - 0 o[ that daidl RF AGC
drive tran- P5 (¥ i ¢r of ar apl si stor
operates in sptati-oA—nhet SGhpaci--el—50—4 ~001
m i crof ar ad signal | eveI S faI | in said strong- s]gnal range. 70
5. Acircuit ps clainmed in any one of the

|

)

3

2 — 12

f— b —=
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WHAT WE CLAIM IS - pr ecedi ng sai d

circuit is dis- 1. An automaticigain contr , . ) posed
in a nmpnolithic integrated circuit. adapted jtd be used 1Th a

super het er odyne 6. Acircuit as clained in Cdaim{ \Ah%@egfgg 4080

recei ver having an AGC source providing 5 the RF AQC|drive transistiof is
arranged to 75 DC potential varying in resgonse-to-recetved
saturate for received signal levels falling in signal |evel
variations, the AGC circuit a fourtABEER8§ETbel ow sald strong-signal
range, including an IF anplifier having an input as well as in the
| atter range. circuit, neBA¥ PreredsihggaGdgnam c attenuat or 7.

A superheterodyne receiver wth 35 network, adapted to receive
internediate circuitry substantially as described in con- 80

frequency signals and apﬁlle}/ said signals and junction with the

acconpanyi ng drawi ng. Ve PURENG IS e RGeS I F8% AGC

source to sai I.qp@'f' i t ¢l it . . T . TH,
att enuat or trglr?sf)i:l stor F: fclea{Jsdeé(}pilir? g(s;r'laeelrcfﬂcf'lgd'i/trfaZrin“"nchlgh Velo(ﬁ%atri{ egrnel%aﬁ%gn d
Agent, | 40 aly @ity g deOIde Ao SNt APlo.aa th 50
Curzon Street, a téanuat or transc?s or {é}éﬂntro IqJﬁ'g étj)heand%gor eee%f
London WY 8EWonductive oxide, and a dry cleaning process of

contaminated equipment by carrying out operations such as

dry etching or vacuum deposition.

Fig 1
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attenuation introduced by said attenuator net- Agent for the
V - i

Appl i cant. Printed for Her Mjesty's St oyt by t he
Courief Press, Leam ngton Spa, 1972. PYBEX EAEHMENT SEEB f ent

O fice, 25 Southanpton Buil dings, London, WC2A | AY, ;
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