.2 091 ;70 SELECTI VELY ETCHED BODI-ES. Thls |nvent|on relates to etchin and
nmorg-particularly, anisotropic etching. 5 The efflcacyﬁbFD
material for .a particular application is often nore strongly dependent on
the internal geometric structure of the material than its conposition. For
.exaine t he useful ness of a porous nedia, i.e., a body having channels or
asLAti cul ated 10 structure, as a chem cal catalyst strongly depends on
the €onfiguration of the channels or reticulations. The |arger the surface
area provided by a given channel or reticulation configuration generally
the nore efficient the catal yst. 15 ~Optical properties are also
significantly affected by the internal configuration. In particular, porous
bodi es such as dendritic tungsten having needle-like structures with

. dimensions of or greater than 2[err] have been enpl oyed as sol ar absorbers.
-These needle-like 20 structures w th spacings nuch greater than the
wavel ength of visible light induce multiple reflection of light entering
the area between the needles. On each reflection sone absorption of |ight
occurs and, through repeated reflections a significant anount of light is
25 ultimately absorbed. This enhanced absorption naturally leads to
~enhanced efficiency in the use of solar radiation. 28 Al t hough
structures such as porous bodies deriwe 4 --2 - many of their attributes
feomtheir internal geonetry, for some applications it has been desirable
to severely limt the extent of this internal geonetry. For exanple,

el ectron enmtters used in prodl@@mmmDESS beans for

Govi e fabrioat ron ar S AR Aéhicds B Gediind dadp merg £ONPOTt Of
i ndeed a non- @ardtienl anlﬁerms@wmqwt%m ly, a single
5 - The efficacy of a material for a particular
application is often more strongly dependent on the
internal geometric structure of the material than its
composition. For example, the usefulness of a porous
media, i.e., a bcdy_having_channels or a reticulated

10 structure, as a chemical,catalyst_strongly,depends_on the
configuration of the channels or reticulations. The
1arger the surface area provided by a given channel or
reticulation configuration generally the more efficient
the catalyst.

15 Optical properties are also significantly
affected by the internal configuration. - In particular,
porous bodies such as dendritic tungsten having needle-like

' structures with dimensions of or greater than 2um have
been employed as solar absorbers. These needle-like

20  structures with spacings much greater than the wavelength
of visible light induce multiple reflection of light
enterlng the area between the needles. On each reflection

- gome absorptlon of light occurs and, through repeated
reflections, a slgniflcant amount of light is

25 ultlmately absorbed. This enhanced absorption naturally
leads to enhanced efficiency in the use of solar
radlatlon. ; " |

28 Although structures such as porous bodies derlve
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crystal material with a low work function, i.e., a material 10 with a
£herm onic work function |less than 5eV, is forned so that it cones to a

i gl e sharp point. Wen an electric potential is applied, the electric
feld is extrenely intense at this point and el ectron em ssion occurs
primarily fromthe area of strongegt field. In this 15 manner, a relatively.

I ntense el e n Jbeam.i s,.produced. | revi ously descri bed _
si t uafeds %&’%ﬁ}% qrﬁﬁzprqu oﬁer‘?ﬁ h@*e%ﬂ-#?%??#%ﬁe‘?%%??m B9Ti nt er nal u"
geotrretsope sap@dt:rcmma’lqns rﬁrmrnaamtbedhts dbt§ﬁhwbéi20 56 rl?éﬁéﬁélfoﬂimﬂt'{ ﬁt ionis
parti rt.an applications. such as those
i nvol Vi ng%%“-t a yS| s i q{e‘&’g‘?&%m%‘?ﬁ%ngé% e¥apRt®y  bviously, the
devel edeshrox mﬂm faged dimt rprddurgs.ngltmhahnstewcéw@srm produce a

f @4%@ I cant.
Ac?or rﬁgﬁ% ceig}er?'tajmlilnéven | onéﬁeﬁéeﬁregde })row Igé%?%\gess for
produ@aﬂ@ré# Buariag aendcandpatnr devyicef abrmm@.mrm« on the surface
of a %‘ﬁﬁid‘bi‘ir‘ésa%éﬁ Cfiﬂ‘&’a%”ﬁ d et Risndly £M 'E&i)' Cikd & {kier@ wher ei n

the mask is . f eposi tin nto said 30 substrate a rial that
does OB ?ﬁ‘l}&%'al’i%ﬁ‘?é{ﬁs q’tﬁﬁlfydce W%@Eu%tﬁ’eﬁ&le and wherein the
etchl W‘Uuiumﬁﬂ:a'nrail iwltd o rdw G&irletﬂihdﬁm, od.dhe substerigLto the i

a0y A 5 eilepmidhat, ik ﬁf‘@#ﬁaﬂ‘é{‘ﬁ S PG S ARed coni cal

st r uctiizeds 11-'I'I¢<§>msi®l;t0t @ saingle ishe pcnmt{ hémmmamobbeatmimr e i s
cont agiodnitt a3015 aPpld o qmea'elté@érqu]ﬁa H st elgalyy wet 1. The

mask materi al does .not forma contl nuous forms a

pl ur aPPEPOSe @Y (tads Podmt and e%leq;arqrécﬁmwapn deuRsl to as a nask. The
spaci pgimaraly tﬂieﬁﬁ'dmé |mdeld<Q>iSt§ﬂi‘3 @eﬂ:ffﬁr@ﬁt rEA'ME.éO that 5 they are

Chan Bedheg °far&2t% St e Shestmon. WRahi 1% RROGUEdnder | ving
et chabl e In all the prev1ously descrlbed situations and in
a multitude of other applications, control of internal
geometry is extremely important. As discussed, internal
configuration is particularly significant for important
20 applications such as those involving catalysis, optical
devices, and energy transfer. Obviously, the development
of methods for controlling internal structures to produce a
desired configuration, and thus a desired result, is
significant.
25 According to the present invention there is
provided a process for producing an article comprising
the steps of forming a mask on the surface of a
substrate and etching said substrate by anisotropic etching,
wherein the mask is formed by depositing onto said .
30 substrate a material that does not substantially wet
said surface of said substrate, and wherein the
etching produces a ratio of vertical etch rates of the
substrate to the mask of greater than 1.
The application of an embodiment process leads
35 to the production of bodies having a multiplicity of |
closely spaced conical structures. The body to be
fabricated into the desired structure is contacted by'
38- a mask material that does not substantially wet it.




material. During the etching process not only is a portion of the etghabl ¢
mat eri al renoved, but also the extremties 10 of the hills are erqd
By contralling the rate of etching of the mask relative to the rate \of
etching of the underlaying body a series of conical shapes are produced
that .yl el d advantageous properties for-th® t+eated body. For exanples when

t sten s tr | i ght

emssivity is @%% %?IL'?%I %@%%%ﬁ?ﬁa% %{fﬁ@:{.nﬁ?ﬂ i@%o?rgspondl ng

unt r eat ed tungmtarn.nmteadaformsmsplmmlitgmfehrils]s-rbnkefsmcmvgseen body

S enhanced | PSPl ek Rty Eeteirdsuqlh 2 ShaBkl | OoRL EpEbLnga! | Ons for
Ilght % rac

i ncandescent oduct1 on Since tungsten i1s r ory and has

shown electroﬂﬂﬂﬂﬂ§st¥mﬁ%ﬁ@1 Lrhike 1 serectnres apepeentretited sopbhablity
of points,s5thighéy rams UL tive adbEderS6f Ubhé OavEteRgtHUSE | ¢PDsPble! BEFRHD

T oat ment thi'ﬁwé}ﬁl 7 St reieh g5e HisR et 8 maskrbOpossibil ity
for enhancgn? raﬂfﬂitateaséldttﬂveSetﬁhin@raﬂutﬁd uﬂ@dwlyihs etﬁh&ble :
process and gtk | opgkBlcisy' £ Lo HAOEIRL LTI o B N
achi evabl e in Mbdﬂms et@mﬁmleymawenmmbdrqnqve®sdbutsaIShethatextaemitlee
patternedihs ehf hge anPPLY Qﬁ@p@f&ge@f Ovei'@%'@rﬁi‘ifngathg ratedoPO0Y

apnmposed of a base; material having an I%/lnglil ayer or gers The 35.
body is direct¥§chingRf i the magh petative torthe. ?ﬂﬁelﬂﬁt% cRing ofhthe
overlying | ayeajfd®erbayisg Cdswa@dserieslesfredmwr shsbesSanenprﬁaﬁded
t hrough the Iq&g,é%} gﬁi nto, t he under%g 5 ﬁo ﬁr a% é gy
conveni ence, gt yield adveritResous PR ﬁft Br hf  hEeRtedy RPIY i | |
be referred to as the Bobsexample, Twizert ttmggten ilsntregtedidbyzthg =
gln'r Zg% Irgﬁlzugt?xﬁ%?@lﬁnﬁ préé&8apy, S8 wéibiéelfgﬂétéﬁi&siﬁﬁ&cﬁgdabﬂﬁved
that is approx1mate1y double that of a correspondlng
untreated tungsten material. Thus, the light emission of a
tungsten body is enhanced twofold. This result has quite
51gn1f1cant ramifications for incandescent light
20 production. Since tungsten is refractory'and has shown
electron emission and, since the conical shapes present a
plurallty of points, this structure is also useful for the
. production of electron fluxes. Finally, the surface area -
of structures formed by the subject treatment has been
25 significantly increased and thus the possibility for
enhancing catalytic activity is also produced. Thus, the -
subject process and the resulting products lead to
~ extremely important benefits. '
: The single Figure of the accompanying draw1ng
%0 illustrates. properties achleyable in bodies etched by -
an embodiment process.’ : _ - :
_ The mater1a1 to be patterned is either a body -
'composed of a single material or is a body composed of a
base mater1al having an overlying layer or layers. The
35 body is dlrectly etched in the former case, or in the
latter case, the overlylng layer(s) are etched and,
(if desired, the etch is continued through the layer(s)
38 into the underlying or base material. (For convenience,



ched in a direction substantially parallel to the substrate. The ratio of

e rates could for exanple be at least twice. In a preferred enbodi nent
eactive ion etching is utilized. 10 (See H. Lehmann and R Wdner,
Journal of Vacuum Sci ence and_Teq.hna.I ogy, 15, 319 (1978), for a general -«

descr | n . of ct| n rticul ar..etchant utilized for e
gi ven£§ g?flgt go F‘eF a i%&#‘é’é‘tpﬂr&m?& ,"%ﬁ'sui_t abl e etchant for
a varbet yeferdedi tabhae $hbsbubts¢rb$e).rraﬂhei alts:h'mg(nmmdone( Sees for
exXaDh, phEATH e WhsRokEpdc" YEREIRITIOs S AP Sl 7 2 O ven
[err]theesubstuateonsmabsdsa@haa :meg:sm M‘b}taiQJWm [err] for

U BFhal o5kl £hY' stbldhiaReo R s 30b e Bredted TultPlle Mot Or 0aNI ¢

teri ore th ng procedu re |s |n|t|at |s forned on
t he séﬁs?‘h&ﬁh ithis edshkedsipage d3¥ tankdeddiYal onto the

SUPtst pabaln.eat th%ae?%hb%%ba%nt I ﬂ?ey mlwaslﬁth% rz%lwés d%mﬂéint ni {ml

wet ti eractio n the mas erial and substrate is

requi ESH ?Eapﬁgt?r €, 8ffede \A%WE"I?@ maﬁ a\/@%"&a &bwever, shoul d be

suf fi embb&hmemblea&dzmbauomhetmmmuﬁ]lﬁwdrs curved hillocks rather
an in d { | for a 30

%laveneéggspr’a?%m ghgxged?é'n Mﬂ %clisgég di agrans.

The ppadecTechaodesyar 454 (ﬂ&?&)t, ot & @ememadpdesarigbion the

conbi gat u MeXle t-h c‘i‘%ﬂ t |. form ng
t he sgrff gggcggv? Ié'légubst !Pg'tng)t ha?ﬁg%ﬁﬁl [f. a rd(;?;@ sigz'r od'?her 35 than

a si nBPE 8oBAVEdn suRsiFate Mrterialagaenaid haTiats WAWSR Y at e
mat er pakulitabenedebant ¥okobRerdletye e Gudired 1 idubtthdte t he deposition

95 ' NGpERRk il se Wb (BT ARG Callbe PSRl e RETH
gi vencempendium afe snddablel attichants for a given material). For :
example, CF4 and CFBBr are useful for silicon, GF4 and
CF3Br are useful for metals such as tungsten and
molybdenum, CCl4 for aluminum, G’HF3 for silicon oxide and
20 O2 is useful for most organic material.

Before the etching procedure is initiated the mask
is formed on the substrate. This mask is made by
depositing a material onto the substrate that does not
substantially we: the substrate. Some minimal wetting

25 interaction between the masking material and substrate is
required to insure adhesion of the mask. Wetting,
however, should be sufficiently small so that the mask
material forms curved hillocks rather than a continuous
film. In determining what material is useful for a

30 given substrate, it is expedient to use the results from
phase diagrams. The phase diagrams are determined at
different temperatures for the combination of bulk mixing
of the mask material with the material forming the surface
of the substrate that is etched. If a third phase other

'35 than a simple solution in addition to that of the mask
and the substrate material is spontaneousiy formed at
temperatures utilized in the deposition of the mask,

38  the particular combination is in general not useful.

normal to the substrate at a rate greater than the rate at which it is
f




Al t hough nost materials which pass this criterion are appropriate, in a fe

| st ances surface effects 5 sonetinmes limt the useful ness of a

particul ar mask material, i.e., prevents the formation of the npst :
desirabl e spacings for a given application between the hill features of the
mask, However, a controlled sanple is ea('s;l)ly utilized to determne if a
pau;f}cul ar 10 conbination is totally adequate. If no convenient mask for
a given mat er iThus o hraghdhis netlidaEppropriatedstidtials fomwl oy a

o pl . ayem%& Sl re‘gl %A CENI%%IIF% %ﬁéxeéisecon& leJt#’I]; Fr coedure

i nvol ves ch005|n mask
material that & itm&h mAst matienials mm Pasg hskp i tanion arehabl e

mat eri al ShOU'a(i) e, Uie IHS Dlstendds aitube Werdope or base |ayer
- (the mater aI to e et ched coat ed h the second et e materi al

that, in ¢ egz g&"&?fsq?é* 8s 9 & RARTig %%%‘ﬁed by

£ . .

| rst gt ghl ng mdteni@i, I,t he.s.gcqméﬁm&m lbﬁkm :mjmaﬁﬂ(?[mmt‘ t4iee pedti Ng t he
expose ase ayer. s vep 1O ) usin n
a1 mum sk LediEebhe Wanined T Sivad e AR e o
Qice a mask i Qnﬂdr fehtures ofalie nagk evHowendmn mfcqrmroﬁséd nedmplel
onto the substlrsate%s]%? 1@9%&1 Q&Q%Mrff)rdr?gﬂ preferred that

renpva

"the etchiing causes of_ _at tw ce as mnuc su strate materi al
in the vé&Q i cAompinakiom 18 tobaddy adaeaiatii n the horizontal direction

during the sane tine. rmrlwl cdmremmﬁﬁ el D QfligBrin BERtiaE 4P e
etching is utilgd t.0. pro t he .desd red ani.sotropic ejlt’chln For
exanple, anis tr%’rﬁ eri‘;" & nirigs thfh TSR 1’7’(9113
etching utili diayem Sﬁbsiﬁ'ateat'mmovn chokmertof a |mfne&nmmppal'm1313.
(Itshould be ts i+ | e, i At : i S, enmpd oyved
(0 s o AR oV WRigRe' e GOl Sl kil I
etchant #%o0 @esed tertes:h@&ﬁ@ rmiamal that git does not substantially
wet. The chosen second etchable material should adhere to
the material to. be etched. The base or base layer _
(the material to be etched) is coated with the second
etchable mater:.al that, in turn, is coated by the mask.
20 The substrate is etched by first etch:.ng through the
second etchable mater:n.al and then etchlng the exposed
base or base layer._ For example, to etch tungsten using
an aluminum mask, silicon oxide is used as the second |
etchable material.

25 ~ Once a mask is formed, for example, by
evaporation of the mask material onto the substrate,
. anisotropic etching is performed. It is preferred that
- the etching causes the removal of at least twice as
v much substrate material in the vertical direction as is

30 removed in the horizontal direction during the same
time period. In a preferred embodiment, reactive ion
etching is utilized to produce the desired anisotropic
etching. For example, anisotropic etching of tungsten
- is attained by reactive ion etching ut111zlng a 034
35 etchant in a reactive ion etching apparatus. . (It should
be noted that if an intermediate etchable material is
employed an etchant suitable for this material should be
38 utilized. 'If this etchant also etches the base material,



urther etchant is required. However, if the initial etchant is not

able for etching the base material or, if desired, a second etchant

is an anisotropic etchant for the base material is enployed). In such
procedure, a plasma is_stguck in an etchant atnosphere. This plasna

I § struck utilizing a power denSity sufficient to maintain the plasma. N

CGener nbl §urther etichentonsi regutiredf.cdHoweweimg if pneerinddislty in the S

an0eeBeRaht a0nBf! LBRikEbIL: £h3 etching thESadRP B [ oSul (N0 et oh

pits I's contr varyin pre e etchant conposition,
t he p@%rIGeFi?BP-V‘ed{ahé seﬁ%ﬁ@dateﬁpélw fbh@tse@smteéumqm& etch time. The

part'éﬁbﬁénﬁoﬂ!rn%h'eOBaB%Cﬁ&%&'iaB.O:.I%r EPADYR a@ew rmps%mﬂa in a given

Ber PABAERRFEs AnBLASHRA e SHTEND1E. C°“” o SRR TRopos, 1 on |

pewer s PnP arge mposi tion

gy oon t b0 300, oo ene O i iaies ?“T%""ﬁ%‘mwra g1 mnute {01 hour

are e §§ %8 1;% g‘a&&%&gﬁ %@%t %la:éﬁlat *he regr?&‘@rjg'y%%sﬁerr] For

exarrpbe;.tmennalsulsatbmé'eﬂabwngtm plower dengsitton dmodsheand 0. 1[ err]

t hi ckp cpn d | Ilzed as a substrate, a total gas pressure
sahlc 002000 B (U ey o ’

ln the rr wWth an et chant _conposition of [err] produces a
tQannel dept hThe ﬁﬁ@t b5 of FH‘ﬁgé'e@ ing E[bé’lhr]Plé?Scé'iS etching for 1 to 50

m nut eéntréllh’ﬁﬂ.%eb&r%&yﬁ.ﬁg s%u&‘eaiﬂa the EdHadthable with a power
density in th Vat.t/ 30 35 The . desired depth
gener&%f"? ﬁéﬁé‘ﬁ&s %ﬁ‘et Pgwﬁé'r# 1&& %%BPW’Q% Bee etch body
wi | | beabstirbitegd andn thiee etele tdmean et mhﬁcxﬂlactdommmmcm radi ati on
o1" EgBRgRLEIES, BUAILY sl bl e e gib gl o 1 e
1Bhe rangée@emmedobzpmsmsefaemtpoa 3&1@1@!-8[ &erqeraés}pacmaimly for visible
power densities in the range 0.2 to 2.0 Watts/cm2 etchant
composition pressures in the range 1 mTorr to 50 mTorr, '
temperatures in the range 15 degrees C to 300 degrees C,
and etch times in the range 1 minute to 1 hour are employed
20 to obtain depths in the range 0.05 to 2um. For example,
when a substrate ha'vingw()'._me thick tungsten body and O.41pm
thick silicon oxide layer is utilized as a substrate, a
total gas pressure in the range 10 to 50 mTorr with an
etchant composition of CFq_ produces a channel depth in the
25 range 0.05 to 2um after etching for 1 to 50 minutes. At
these pressures, a stable plasmé. is maintainable with a
power density in the range 0.2 to 4 Watt/cma. '
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light generation, it is desirable that the depth of the etch pits be |ess

~than the wavelength of infrared 10 radi ation, i.e., |less than about =

: Q.8[err]ﬁ In.this manner, the ampbunt of visible radiation that is produced'ﬁ

is significantly enhanced relative to the production of infrared radiation.

FOJ ot her applications, such as cataly5|s or electron em ssion, the depth
Agt as 15 inportant. Generally, for Bucth appllcatlons t he depth S

oo o biLs a5 Tnfahes (a0 g F“’eé”‘“@- PQ‘QW cr (Cont
l,.enc e t

i s defined at PREE1CRARYOARP %&°§uﬁpﬁb@&9tﬁi 3ﬁ5h ¥ ﬁﬁ%( e
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t enper at ur & ofiestieabliestfoat thet Idepd:bqo@ﬁ tthen etehe pitts RO e i khey Arder:

relative surfg Fc;e ﬁ@bwa‘vteﬁ.eﬂ ?hq.’n ihe, sulfb%t ¥ &he E@rngéoraf_em ant

n |05

deposi ti on techni ques, €. evapor a useful_ dep rates not
al | ow adequat &%&m,opreﬁamlana Ry S rﬁs@ éedéﬂ &:ﬂ to
yield a desirqdgp p%:braftqroﬂ ,ndt iisalddzidablel thatathe sie’.iﬁlprc:ﬂmhhe y

chosen t hat d I h
obt ai nezO (Sggtlclt?e eea'r %isgt B %%og{ag}\ﬁﬁ%%WWHé%ﬁgﬁr?hg ﬁwragk,

(as al so dicscuasddtienwi.shqulesse thar iakiowt Q.8up.el din this mannami h of

etching in th u € dt Kk
deposi tion ra'?‘g% %%toéﬁlgsﬂ;thl fb(r?'esg‘ears&il S éﬂiterm ne}? ?ﬂdﬁb&eg&)nbist ngft E§S
consi der at i onsignidicamtd mr_t@ncadamqigtidret Ho d&e iomQfg of
hills in the E@&'i'are-&“i'aﬂil&%ﬂoﬁe PP et sppno%tm ommtas ng mask

o Sl 5k At ahdiehsione e sl SE TG S"&[e”]
to 0.5[errs arimmmmge@aieramm,om Masmuaajstme theideptly s
achi evabl e usiyy é%%'fﬁéaéﬂﬁnﬁiégffféséﬁﬂiéﬁbiatéa use.
The center-to-center spacings between etch pits
also influence the efficiency of a light emitter. (Center
_ is defined at the centroid of the surface of the mask hill
20 at the substrate ) The spacings obtained depend on the
- distance between hill structures of the mask material. _
Generally, the spacings (center-to-center) between hills is
determined by the mask material thickness, the deposition
temperature of the substrate, the deposition rate of the
25 mask, and the relative surface mobility of the mask on the
substrate. For convenient deposition techniques, e. g.,_

o | evaporation, useful depdsition_rates do not allow adequate
control. Additionally the substrate is generally chosen to
v yield a desired property for the final body. The mask is

30 primarily chosen so that the desired relative etch rates of
mask to substrate are qbtained. _(See the detailed
discussion below). The thickness of the mask, (as also
discussed below) should'be sufficient to yield a desired
depth of etching in the substrate. Therefore choice of

" 35 relative mobilities, mask deposition rates, and mask
 thicknesses is determined for the most part by
considerations other than those relating to the desired

38 spacing of hills in the mask. The substrate temperature



/fFormgtion in the range -200 degrees C to 800 degfees C, preferably 20
degrees C to 300 degrees C. A control sanple is utilized to determne the

At rature best suited to yield the desired spacing. 10 . The shape

f ¥he resulting etched body i's also controllable. If etching continues

until the mask is entirely reangd a cone-shaped structure i s obtained. If-
etching continues after the mask is rempved, the tops of these cones also> N
begi n hmmmbyaﬂnﬂuxﬁnghnaShngeposhtiwﬁ.etbmmqfanau|iauprtmnni1yhe mask has

been r n he e s |ight
eni SSI } {&?%Iég %%egﬁéggnkﬁat% epgjc‘:;’(ﬁargs %fﬁm rﬁflfﬁgxﬁ &t edgl S
not pamanmgnntq~@¢gher|an&cinssménethefGanaaﬂqxinncts QuBpmasre| ectron
em ssi tur q@hg nost
desirable resﬁmg éﬁgif,gtataer gb‘gf‘.? tion, ét/héez‘réef &:{'i?s general ly
und&si eshievable nsing substrater tepperatures during maskal |y renoved,
. e, tmmﬁ'@iwgmheuédraﬁﬁecnaoonueme@u X W eccent of the
s |

cone is 25 Ve ter t of the mask
oS BreteralLy 2Q. dechans EnEb ohD: dedirend (& o %tmidmn e
fSI mul twmﬁm:ﬁ@&&%eg&nmﬁermﬁ! Itemu-h awl ; beemtiff_sm_wtalm auﬁ_rage .

i gure t S e t chi ng shou e sufficiently thick so.
t hat tﬁ?jse-ac‘fl ‘S?lngﬁ 115 ggfiggi'ed. The desired thickness is easily
deti@ ni ned frorfhéeshapet ofetbecresuldding etuedmemlhndjat:ies aallsoask. To
obtaln4§3¥§ éﬁ#EStrfft LER1. tcbﬁtﬁﬁﬁ%s lﬁpérﬁgsﬁ_ ?etchant for

sk and r ose

the ma ate erla S approprla I's, the
reIatwﬂ&ti?&lyterPVe@charQPéeoﬁhﬂﬂé A8 ohtained: chEf body

using pENAIE % aﬁhgmuésoakéebetﬁaomaksast %&n&s}&a Jogig ee’o;gst £Pit depth

and structure tal ned. For - articul ar cone struct ures t hat
exhi bi tthege cones alge,hegipctash ﬁrSB@P@F@s Bethe inventive

Pr qees etéhihg aécommuébea!eéi-l tnb fhgk halse beeri fi%lhﬁfb’dpetm Bépéed to
the Ver‘éxl'ucr? l te‘f ttrxea t gor%.t hg,oga gppﬁ St'i%lns such as light
emission and catalysis, the fact that the cones are
somewhat truncated is not particularly significant.
However, for applications such as electron emission, the
20 pointed structure is necessary to obtain the most'desirable
results. In the latter application, therefore, it is
generally undesirable to continue etching after the mask is
substantially removed, i.e., the etching should not
continue so that more than 50 percent of the cone is
25 removed after the depletion of the mask hill., (Not all
mask hills are the same size and, thus, not all hills are
depleted simultaneously. The 50 percent requirement
corresponds to an average figure.) Thus, the mask béfore
etching should be sufficiently thick so that this criterion
30 is satisfied. The desired thickness is'easily-determined
from the relative etch rates of the substrate and mask.

To obtain the desired structures, it is most
important that the etchant for the mask and substrate
material is appropriately chosen. That is, the relative

' 35 vertical etch rate of the mask material and the etched body
using a given etchant should be chosen so that the desired
etch pit depth and structure is obtained. For - -

38 the particular cone structures that exhibit the
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Illustrate reaction conditions suitable for the subject invention: Exanple
1 A cennercial grade tungsten foil neasuring 0.12mmthick and 6mm w de by
7cm llang was cl eaned by sequential 10 irmmersion i nacetone and i sopropyl

al cohol . The cleaned foil was placed on the substrate hol der of an electron
beam evaporati on apparatus. The apparafud Was evacuated to a pressure of

about 1x[err] a&%hta’ﬂi%wrﬁﬂ ertidr cttinsble withr thesihvehtdveo 15

300 degrees C. Pé?t gr et % frog%t%z Was %arggﬂ ?%Bel e tr ns h%w ng
an energy of 4 I
deposi t ed af abedng ckchbdANGBummquntles&xstbhnrate 6ﬁ|thghmahkwmat§§ia1
appr oxi nat e t a
t11con oxi de éﬁ%@‘k R Rrpet on P At e JRRbaRRE LAY 5.0, 2°, 2
changed t oSone cont ai nilhe @DM@MWQsailﬂmamtEhneab&&nnum t ar get
bormbar ded an 480 k b t
of 500 mamps. UPBR! %%?Sﬁ o RgT S S deef Eivihtiofs THT M ITE of
5 Angstrons/sec. The de lﬁ]_l/vas continued until an average al um num

thi ckness of about. 250 pA d/]_a @lfmgs{é\(efggg hehslap 02 A %%m
that the amun%ﬁgm %bused w I% L 250 Angstro eth| ck If
a continuous u W ccleanedqbyr seAuedtdAd at e
Libelraio"ing Samersaca 'ﬂe“ﬁﬁwfmd o oLy L
el ectrodes vverg par al I ﬁ&%ﬁﬂeéﬁ%e# ‘iz"’?cﬁﬁ ﬁﬁgﬁ g and
were spaced 2 holﬁixOMna)a[uiracﬁroThmm atbSonvapparaﬂuBO aTheessure
"ht toduced | nt SPPRERe, Wbl UL B & pilfbing’ o bputtixii], 2ors,
was used to igfhec sample amther leubatxte by h01der was heated to
1 5 300 degrees C. A target formed from 5102 was bombarded by :
electrons having an energy of 4keV and a current of about
100 mAmps. Silicon oxide was deposited at a rate of
20 Angstroms per second on the foil which was approximately
15cm from the target.: Deposition was continued until a
20 silicon oxide thickness of 1000 Angstroms was achieved.
) ' The target was than changed to one containing
- 99,99 percent pure aluminum. The aluminum target was
bombarded with electrons having an energy of 4keV with a
beam currerit of 500 mAmps. This bombardment produced an
25 @aluminum deposition rate of 5 Angstroms/sec. The
~ deposition was continued until an average aluminum
thickness of about 250 Angstroms was obtained. (Average
thickness means that the amount of aluminum used would form
‘a layer 250 A.ngstroms th:lck if a continuous uniform £ilm
30 has been formed).
- The etching of the substrate was perzormed in a
parallel plste reactive ion etching apparatus. The
~ substrate was placed on the powered electrode of the
_ *appa vtus. . (The electrodes were parallel, measuredusanches
35 ;_ﬂz 7€m) in diameter and were spaced Znnxﬁ"osa-,)cpart. ) The .
apparatus was evacuated to a pressure of less than
- 0.1 mTorr. An environment of 40 mTorr of CF, was
38 introduced into the spgaratus. A rf power density of

nmust. be-greater than 1, preferably greater than 3. The foll ow ng exanples @
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s\continued for 7 mnutes and then the sanple was renoved. The resulting
c'g‘h s produced in the tungsten foil 5 had horizatonal dinensions.of
pfoximately 0.15[err] and heights of about 0.3[err]. The etched surface
. appeared quite black to the unai ded eye. The refl ectance of the etched
tungsten relative to the reflectance of an unetched tungsten sanple 10 is
shown in the Figure. As shown Ry the Figure, through the visible spectrumys

the refl ec e of 2t he etched .tungst.en s significantly reduced, while at
| onger E\i\svhg%%ﬁﬁf? t WaS, Usedito, & eet@%ieﬂavungr‘g%%r?%%ches t hat
of thewast coatdnued doral7. minutes and themxahd sahpire wapcedure of Exanpl e
1 was 98%)9‘ d except a part of the foil was maske(y so that it was not

e

et ched: dil was resistively heated in a vacuum The etched area gl owed
significantly Bheghresultiing conesngrodatesti dn 2@ tungsten fdanple 3 The

progedypg Bbrisatehall fsqlon@est I ' was initially
dong in a ZOI'mTo‘rErB atlrrg\gg%grsgég% [err] ~at g%?ﬁ%fméﬁ%mo 0.5
Wat t s/ petentsTREs abod YadHBontinued for 2.5 minutes until the silicon 25
(():)éi4de porti o_anrge_t btca@hsltsuatlfad@agwl mdq%@nggmw.toT% 40meor r of
as ri;bed in Exa was emnp r nutes to produce cones

in theuggilégfleﬁyﬁavi ﬁg‘eggﬁgﬂrﬁﬁt%"& ﬁ\éﬁ?’ﬂ e%@eﬁn%qﬁfrbf 0.3[err]. The
resul t regatdse ftooithe geiffllectiancle. o¥0an unetched Eumgstien 4a grocedure
of agl f 0 cepty A i t f 40 mlorr of, [err] was
err?) oygg ?gr QSixnli ‘r*}htbegqgrlfgééadhgf %P%SX‘[ ?&Ff& nMﬁéntt%er’cﬁr{ i onal 'y, The
[err] thecHimiblesspestinme¥heoredlegtaace indh e 2tvhed dungstimn
resul tyag Beghihsantdpeseatced,y whidek at3donger WavelSrths the

reflectance of the etched tungsten approaches that of the

untreated material. -

15 - Example 2
The procedure of Example 1 was followed except a
part of the foil was masked so that it was not etched. The

foil was resistively heated in a vacuum. The etched area

{ A}

€

n

20 Example 3
The procedure of Example 1 was followed except
the plasma etching was initially done in a 20 mTorr
atmosphere of CHF3 at a power density of 0.5 Watts/cmz.
This etch was continued for 2.5 minutes until the silicon
25 oxide portion of the substrate has been etched through.
Then 40 mTorr of CF4 as described in Example 1 was employed
for 5 minutes to produce cones in the tungsten having a ’
depth of 0.35um and a spacing of 0.3um. The resulting body
looked quite black.
30 Example 4
The procedure of Example 3 was followed except an
environment of 40 mTorr of CFBBr was employed for
15 minutes instead of the CF4 environment. Additiohally,
The CHF3 etching was continued for 3 rather than

35 2.5 minutes. The resulting body also appeared very black.

% 2ol
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mask-on the surface of a substrate and etching said-

ani sotropi c etching, wherein 5 the mask is formed by de aid
substrate a material that does not substantially wet lmﬂmm mm“ia. d
substrate, and wherein the etching produces a ratio o icalm esch*rates
oﬁmihe substrate to the mask of greaterqdthan 1. 10 . A process
accopdlng to claim1, wherein said ra#%RIM% greater .than 3. 3 A process
according to claim1 or 2, wherein sa strate conprises tungsten. 4. A

" process according to c1a|nﬁsprqmeseuﬁosapnodacenghangartipbefcompuising
enpl oying a [eghg §ﬁ¥ 5 OHFE, F&rmfn%php6£§ﬁséna€ﬁ8r $at@ 6 ab ﬁbsf@ﬁ%&'n

sai d substrate conprl es a t ungst en and ayer o |con oxl de.
6. A process 3R FEPRINE oS %ﬁ@sﬁ?at¢ébﬁsaEiSQtrQBlc39§9h§n8mhﬁherﬁl§ald

etching is 5eae&evmsﬁn1§twrﬂed By dépOs0EeAg enter gand Bﬁbﬁ’tﬁaﬁeﬁa -

According to diapsrgel BRt) freoet) SupREERtIBLIyovEoeeid irBaps©oE
envi ronnent . Zﬁaid substraéte, fapd ovkeseincthei egchingl prodGceshar patieai d
alching s pergeryEgteaughinatlyek nofrfig bLBREERLe Okal £hE]nagRroker 11

10. A process accordin erern sal 'S pertorned
sequential ly i gremtemnthamntnt of 30 [err] and [err]. 11 A process of

et chi ng ay@rticle, su@stamt édsésaéébfdﬂﬁgfﬁéecﬁﬁiﬁrﬂbeﬁh&béﬂnrQéﬁ&ence
to any one of the, ex nples FééEaét|C|e produced by t he process

according 35 tTAE eSEF%E%B| tm 38

3. A progess according to claim 1 or 2, wherein
said substrate comprises tungsten. '
4. A process according to claim 3, wherein said -

15 -etching is performed employing a CF4 environment.

: 5. A process according to claim 1 wherein said
substrate comprises a layer of tungsten and a layer of
silicon oxide. ' - .

6. - A process according to any one of claims 1, 2,

20 3 or 5, wherein said etching is reactive ion etching.

7. A process according'to claim 6, wherein said
etching is performed in a CFA environment.

8. A process according to claim 6, wherein said
etching is performed E._n a CFs-Br environment.

25 9. A process according to claim 6, wherein said
etching is perfcrmed sequentially in an environment of
CHFB.and CFBBr. :

10. A process according to claim 6, wherein said
etching is performed sequentially in an environment of

30 CHF; and CF4.

_ 11. - A process of etching an article, substantially
as hereinbefore described with reference to any one of the
examples.

' 12. An article produced by the process according

35 to any one preceding claim.

1., Aprocess for producing an article conprising the steps of formng a
substrate by —

R AokY)
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