< APPLI CATI ON OF FAST ETCHI NG GLASS FOR FED MANUFACTURI NG qgvoe 5§- 1
BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON The
invention relates to the general field of field em ssion devices,DJ%Dre
particularly to the formation of the mcrotip cavity. 7 “wry
(2) DESCRI PTI ON OF THE PRI OR ART Col d cat hode el ectron emi ssion
devi ces are based on the phenonmenon of high field em ssion wherein
el ectrons can be emtted into a vacuum froma roomtenperature source if
the local electric field at the surfacelih question is high.enough. The
creation of such high local electric fields does not necessarily require
the application of very high voltage, provided the emtting surface has a
sufficiently small radius of curvature.

APPLICATION OF FAST ETCHING GLASS FOR FED MANUFACTURING

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION
The invention relates to the general field of field emission
devices, more particularly to the formation of the microtip

cavity.

(2) DESCRIPTION OF THE PRIOR ART

Cold cathode electron-emission devices are based on the
phenomenon of high field emission wherein electrons can be
emitted into a vacuum from a room temperature source if the local
electric field at the surface in question is high.enough. ‘The
éreation of such high local elect¥icffields does not necessarily
require'the application of very high voltage, provided the

emitting surface has a sufficiently small radius of curvature.



-2 - _ The advent of sem conductor integrated ci'rcuit technol ogy

made possi bl e the devel opnment and mass production of arrays of cold
cathode emtters of this type. In nbost cases, cold cathode field eni ssion
di spl ays conprise an array of very small conical emtters, each of which
I's connected to a source of negative voltage via a cathode conductor |ine
or colum. Another set of conductive lines (called gate lines) is |ocated
a short distance above the cathode lines at an angle (usually 90[err]) to
them intersecting with themat the |ocations of the conical emtters or
m crotips, and connected to a source or'ﬁoéitive voltage. Both the cathode
and the gate line that relate to a particular mcrotip nust be activated

before there will be sufficient voltage to cause cold cathode em ssi on.

In FIG 6 we sFB% afKeBthefaPPRicPBUCEEL: LBheoTRECHaSIECU e orPROdPoY
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and the gaihpd8s¢OLHBR: of which is connected to a source of negative
voltage via a cathode conductor line or column. Another set of
conductive lines (called gate lines) is located a short distance
above the cathode lines at an angle (usually 90°) to them,
intersecting with them at the locations of the conical emitters
or microtips, and connected to a source of positive voltage.
Both the cathode and thefgate'line that relate to a particular

microtip must be activated before there will be sufficient

voltage to cause cold cathode emission.

In FIG. 6 we show, in schematic cross—section, the basic
elements of a single field emission device (FED). A portion of a
cathode colﬁmn is shown as layer 2 on the surface of insulating
substrate 1. Located on layer 2 is microtip 51, typically a cone .
of height about one micron and base diameter about one micron and
comprising molybdenum or silicon, though other materials may also
be used. In mapy embodiments of the prior art, local ballast
‘resistors (not shown here) may be in place between the cone and

the cathode column.

A hole in layer 4, directly over the microtip 51 allows



A hole in layer 4, directly over the mcrotip 51 allows
" streams of electrons -to energe fromthe tips when sufficient voltage is
applied. Because of the local high fields right at the surface of the
mcrotips, relatively nodest voltages, of the order of 100 volts are
sufficient. It will be noted that a cavity (designated 61) has been
formed in dielectric layer 3 in order to house mcrotip 51. In the present
invention we will be concerned with inproved nethods for form ng such a
cavity. In the prior art, it is-sgtandard practice to formthe
mcrotip housing cavity in two separate steps. First, a hole is etched
in the gate layer (layer 4 in FIG 6) then, using a different etchant,
| ayer 4 serves as a mask while layer 3 (also in FIG 6) is etched. The
second etchant is chosen so as not to attack layer 4 so etching can be

al lowed to roceed f on ugh t enoug I L &@fggigh@
base forSHH tbr%b € ee"é Ig%efl%z&? %g%e?%ﬁ%tl%go ayer .
A good des, 3 éﬁ% Of 160411 NG Hefléﬁastflghtgaten
i n Huang € G"rdaqoé %é@f’;{s&zg 0%% g gofh é‘IEII‘ equ(i%val ent of layer 3
in FlG & QﬁfOEhé'miéfatfﬁs ab &l PLVR Dy fisaubt | eolbegeseqoity ghent
of our Iayer I's conposed of silicon nitride.
order .of 100 volts are sufficient. It will be noted that a
cavity (designated 61) has been formed in dielectric layer '3, in
order to house microtip 51. In the present invention we will be

concerned with improved methods for forming such a cavity.

In the prior art, it is standard practice to form the
microtip housiﬁg cavity in two separate steps. First, a hole is
‘etched in the gate layer (layer 4 in FIG. 6) then, usingt a
different etchant, layer 4 serves as a mask while layer 3 (also
iﬁ FIG. 6) is etched. The second etchant is chosen so as nqt to
attack layer 4 SO etching can be allowed to proceed for long
enough to expose enough of layer 2 to form a base for microtip 51

and to cause significant undercutting of layer 4.

A good descripfion of this prior art method of forming the
cavity is given in Huang et al. (U.S.P. 5,461,009 Oct 1995).
Their equivalent of layer 3 in FIG. 6 is cpmposed of sil%con or
aluminum oxide while their equivalent of our layer 4 is comgosed

‘of silicon nitride.

The invention of Doan et al. (U.S.P. 5,372,973 Dec 1994) is

primarily concerned with how to minimize the gate to tip spacing.



) Thé i nvention of Doan et al. (U S.P. 5,372,973 Dec 1994) is primarily
concerned with how to mnimzeihe gate to tip spacing.

- 4 - To this end, the microtip is forned first and then the cavity is
formed around it. This nakes for a self-aligning process.

Dependi ng on the choice of materials, the cavity may be signifi- cantly

| arger than the mcrotip or be confined to a small volunme near the surface
of the mcrotip. Nakanoto et al. (U S. P. 5,499,938 Mar 1996)
are nostly concerned with novel nethods- for formng the mcrotips.

Like Doan et al., they form the mcrotip first and then build the
cavity around it. SUMMARY OF THE | NVENTI ON

It has been an object of the present invention to provide an inproved
met hod for formng the mcrotip housing cavity in a cold cathode display.
‘A furthps gRiSCteflfl,t BBePhesedtiphignforclagiketn and ftbiem the cavity -is

formed around it. This makes for a self-aligning process.
Depending on the choice of materials, the cavity may be signifi-
cantly larger than the microtip or be confined to a small volume

near the surface of the microtip.

Nakamoto et al. (U.S.P. 5,499,938 Mar 1996) are mostly
concerned with novel methods for forming the microtips. Like
Doan et al., they form the microtip first and then build the

cavity around it.

SUMMAéY OF THE INVENTION

It has been an object of the present invention to provide
an improved method for forming the microtip housing cavity in a

cold cathode display.

A further obiect of the present invention has been to form

both the gate opening and said davity using a single etch mask.

Yet another object of the present invention has been to form

both the gate opening and said cavity using a single etchant.



.both the gate opening and said cavity using a single etch mask. Yet
anot her object of the present invention has been to form both the gate
opening and said cavity using a single etchant. _ These
obj ects have been achi eved by selecting for_the di- electric layer in
which the nmicrotip housing cavity was formed a material whose etch rate
(for the sane etchant) was 3 to 20 tines faster than the etch rate of
the gate layer. Specifically, a gaseous etchant that includes CHF3 and
CH4 and, optionally, CO with err]Ha&r+] (butene), was used to formthe
cavity in a layer con- sisting of silicon oxide containing between about 3
and 10 wei ght % boron and between about 3 and 10 wei ght % phosphorus,
deposited by chem cal vapor deposition at pressures sonmewhat |ess than

at nospheric (commonly referred to as SABPSG or sub-at nospheric

bor o- phosphosﬂﬂ%@tﬁ%@é@ -haJ@%aegﬁ g%én;gy@&ea Coppi S&£dcLingN8r the di-

phor us- doped polysiliton. Using I nat1on,” once the gate opening

had beepiicthad el£&fdP0iRfwhheh Celé i PFOEESdeSuy LRy chdRtgl Wa¥ EBrhel! ke
increase in the width of the gate opening. BRI EF
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m crotip housing cavity
faster than the etch rate of the gate layer.  Specifically, a
gaseous etchant that includes CHF; and CH, and, optionally, CO
with CF, (butene), was used to form the cavity in a layer con-
sisting of silicon oxide containing between about 3 and 10 weight
% boron and between about 3 and 10 weight % phosphorus, deposited
by chemical vapor deposition ét pressures somewhat less than
atmospheric (commonly referred to as SABPSG or sub-—atmospheric
_béro—phosphosilicate glass). The gate layer consisted of phoé—
phorus—dobed polysilicon. Using this combination, once the gate

opening had been etched, etching of the cavity proceeded very

rapidly with little increase in the width of the gate opening.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1 through 3 illustrate how a microtip housing cavity

for a FED can be¢formed using only a single etching step.

FIG. 4 illustrates Ehe, structure of FIG. 3 to which a

parting layer has been added.



.for a FED can be fornmed using only a single etching step. FIG 4
illustrates the structure of FIG 3 to which a parting |ayer has
been added. - 6 - FIG 5
shows how a mcrotip is forned inside the .housing cavity. - FIG 6
shows the finished FED cell. DESCRI PTI'ON OF THE
PREFERRED EMBODI MENTS Al t hough we will describe the nethod of the
present inven- tion in terns of forning a single FED, it will be
understood that, in practice, many sach —cells are forned sinultaneously.
Furthernore, these cells are linked to each other as part of an overal
cold emssion display. In the full display, cathode colums are first
formed by depositing a | ayer of conductive material onto an insul ating
substrate and then patterning and etching it. This is followed by a

dielectric |aygg, ”%hb@%n Bowdd! © i@Vl pMIC Edrinddr Thfbild¥ Tt hdidifsg

that run orthogona
cavity.

FIG. 6 shows the finished FED cell.

. DESCRIPTION OF THE PREFERRED EMBODIMENTS

Although we will describe the method of the present inven-
tion in terms of forming a single FED, it will be understéod
that, in practice, many such cells are formed simultaneously.
Furthermore, these cells are linked to each other as part of an
overall cold emission display. In the full display, cathode
columns are first formed by depositing a layer of conductive
material onto an insulating substrate and then patterning and
etching it. This is followed by a dielectric layer and then a
gate layer which is formed into gate lines that run orthogonally
to the cathode columns. This is followed by the etching of
openings in the gate lines to form the cgvities in wh%gh the
microtips will Dbe housed and finally the microtips are formed

inside the cavities in a manner to be‘'described below.

We now begin a description of the specific method that

constitutes our invention. Referring to FIG. 1, conductive



.to the cathode col ums. This is followed by the etching of openings

.inthe gate lines to formthe cavities in which the mcrotips wll be:
housed and finally the mcrotips are fornmed inside the cavities in a
manner to be described bel ow. B We. now begin a description of the
specific nmethod that constitutes our invention. Referring to FIG 1,
conductive - 7 - cat hode
| ayer 2 is deposited on the upper surface of substrate 1 where it will be

_formed into a series of parallel lines-that will serve the function of
cathode colums for the display. Qur - preferred material for |layer 2

has been tungsten silicide on phosphorus doped polysilicon but other
mat erials such as P-doped polysilicon alone could also be used. The
t hi ckness of layer 2 is between about 500 and 5, 000 Angstrons.

Di el ect ricathade 12yer thels depgsdd Sbdon BE it | SeEh Y ofasebsexetedi

Layer 3 (in which the cavity is to be forned is between about 0.5 and 2
m crons whietle ithiwidl derforned iretoveenseniesitoHGfarall &1 (Dndwgshabmeill
thick. Layer 4 is nost commonly phosphorus doped polysilicon. The materi al
t hat nakesrwe | dher Rindsiahoseh cathdde icslwinh far etlfé ordbspbaghant Surh
as a gaseous mxture that includes trifluoronethane and carbon
t et r af | upEiefernad magnional | §0r cakawer nd@tdesnl binrgsfenssiligide: on
times
phosphorus doped polysilicon but other materials such as P-daoped
polysilicon alone could also be used. The thickness of layer 2

is between about 500 and 5,000 Angstroms.

Dielectric 1layer 3 is then deposited on layer 2 followed by

gate layer 4. Layer 3 (in which the cavity is to be formed) is
_between about 0.5 and 2 microns thick while layer 4 is between
about 500 and 5,000 Angstroms thick. Layer 4 is most commonly
phosphorus doped polysilicon. The material that makes up layer 3
is chosen so that its etch rate (for an etchant such as a gaéeous
mixture that includes trifluoromethane and carbon tetrafluoride
and, optionally, carbon monoxide and butene) is 3 to 20 times

faster than that of layer 4.

The relevant parameters associated with the etching weré as
follows: Chamber pressure 504500 mTorr; power 500—2009 watts;
CHF, and CF, flow at 10-100 SCQM; Ar flow at 50-800 SCCM.-i This
may be used alone or in combinationu with CO and/or GE as fol-
lows: _

1) Chamber pressure 20-400 mTorr; power 500-2,000 watts;
CHF; and CF, flow at 5-30 SCCM; Ar flow at 50-800 SCCM; CO flow



.faster than that of |ayer 4. ~ The rel evant paraneters associ ated
with the etching were as follows: Chanber pressure 50-500 nifori.;. power
500- 2000 watts; CHF[err] and CFerr] flow at 10-100 SCCM Ar fl ow at

50- 800 SCCM This nmay be used al one or. in conbination with CO and/or
Cerr]Flerr] as fol- [|ows: 1) Chanber pressure 20-400 mlorr; power
500- 2,000 watts; CHF3 and CF4 flow at 5-30 SCCM Ar flow at 50-800 SCCM
CO fl ow at 50-500 sCCM 2) Chanber pressure 150
mrorr; power 1,500 watts; CF4 and C4FB flow at 5 SCCM Ar flow at 600
SCCM CO flow at 150 SCCM In order to achieve the above-nenti oned
difference in etch rate between the two | ayers, the conposition and
deposition nethod for. | ayer 3 nmust be carefully chosen. W have found that
a gl ass- Iike material, consisting of silicon oxide containing between
about 3 ap %0 ﬁﬁ'QEE % boron and between about 3 and 10 weight %
phosphorus as the "nécessary properties. To deposit the material (layer

3) we have usgg§ chpghpalk ﬁﬁ@%&u?%pngthﬁﬁr%t BoGeSUAES 0DO MRt ; |Q§S Blhan
at mospheric. Specifically, we have used ozone, tetraethylorth03|llcate

triethyl gorareowand brsccmet Byl phewdbat goohsacey o ELRTRY BN SdoM ween
about 400 and 600
In order to achieve the above-mentioned difference in etch
rate between the two 1layers, the composition and deposition
method for layer 3 must be carefully chosen. We have found that
a glass-like material, consisting of silicon oxide containing
between about 3 and 10 weight % boron and between about 3 and 10
wéight % phosphorus, has the necessary properties. To deposit
. the material (layer 3) we have used chemical vapor depositionvat
pressures somewhat less than atmospheric. Specifically, we have
used ozone, tetraethylorthosilicate, triethylborate, and tri-
ethylphosphate, heated to a temperature between about 400 and'600

°C at a pressure between about 100 and 500 Torr.

FIG. 2.shows the next step in the process which is to coat
layer 4 with.photoresist layer 5 in which opening 6 is formed in
the usual way (exposuré through a mask'followed by development).
Once mask 5 is in place, etching (as described above) is initiat-
ed. Using a single etchant, first the unprotected portiqps of
layer 4 are removed relatively siéwly and then, when the etchant
reaches léyer 3, the etch rate rapidly increases (as described
above). The result is that cavity 31 (FIG. 3) soon forms,

including significant undercutting of layer 4, with only a slight



.[err]C at a pressure between about 100 and 500 Torr. _ FIG -2 shows
the next step in the process-which is to coat |ayer 4 wth photoresist

| ayer 5 in which opening 6 is forned in the usual way (exposure through a
mask foll owed by devel opnent). Once nask.5 is in place, etching (as
described above) is initiat- ed. Using a single etchant, first the
unprotected portions of |ayer 4 are renoved relatively slowy and then,
when the etchant reaches layer 3, the etch rate rapidly increases (as
descri bed above). The result is thatg cavity 31 (FIG 3) soon forns,
I ncluding significant undercutting of layer 4, with only. a slight

- 9 - i ncrease in the wwdth of the hole already etched in |ayer 4.

At this point an optional cleanup etch using dilute hydro- fluoric acid or
an anmmoni um hydr oxi de/ per oxi de solution nmay be used. This additional

procedur entseB8k eHSeRE Fidtd ofhehienhle allr@adyo ed¥Hed Uin My d¥e £] ected
for renoval of any polyner that my have been forned on the surface as a

byproduct of the etching process. Once cavity 31 has been forned,
the next step is formation of the mcrotips. Referring to FIG 4,
parting | ayer At40thds ¢efiat and opttionady ercléamupmedich afsispptdickutey ydro—-
simlar tech-
fluoric acid or an ammonium hydroxide/peroxide solution may be
used. This additional procedure is not essential for the inven-
tion to work but may be elected for removal of any polymer that
may have been formed on the surface as a byproduct of the etching

process.

Once cavity 31 has been formed, the next step is formation
of the microtips. Referring to FIG. 4, parting layer 40 is
deposited onto layer 4 by means of Sputtering or similar tech-
nique. A certain amount of the parting layer finds its way
inside the cavity to form layer 41. For the pafting 1ayér we
have typically used titanium nitride, but any similar materials
such as tungsten nitride, tantalum nitride, or pure titanium
could be used, its purpose being to allow easy 1liftoff of the
next layer.'Its thickness is between abouﬁ 500 and 2,000 Ang-

stroms.

Then, under vacuum, a stream of eQaporated condugtive
material, such as molybdenum, siiicon, tungsten, graphite, or
diamond, is directed at thg structure at an oblique angle of
incidence while at the same time rotating the structure about an

axis normal to its surface. The result of this procedure is that



. nique. A certain anount of the parting layer - finds its way inside
the cavity to form |ayer 41. For the parting layer we have typically
used titaniumnitride, but any simlar materials such as tungsten nitride,
tantalumnitride, or pure titanium could be used, its purpose being to
allow easy liftoff of the next layer. Its thickness is between about 500
and 2,000 Ang- strons. Then, under vacuum a stream of evaporated
conductive material, such as nol ybdenyg- silicon, tungsten, graphite, or
di anond, is directed at the structure at .an oblique angle of incidence
while at the sane tine rotating the structure about an axis normal to its
surface. The result of this procedure is that

- 10 - small cone 51 (FIG 5) is formed inside cavity 31. In addition,
there is a build-up of material (layer 52) on the top surface of parting

| ayer 4@malfyapieéit isn (BIG! €3 )1 imt formédnindide ocawltpl 31 shafiowaddibionet s
of the opening to 31 cease to play a role and |ayer 52 becones continuous.
Fi nal | y themeeriss2 ibuikirmvpobynatetialy | Glayéxt®2hyorothef topr surfare ef
an anmmoni um hydr oxi de/ per oxi de sol ution which attacks ﬁarting | ayer , 40,
causi ng pariyiarg Sayem 404t dJEvaporaikon sis uckerminphedwhencthgpegragdnal

shown in FIG 6. )
shadowing effects of the opening to 31 cease to play a role and

layer 52 becomes continuous.

Finally, layer 52 is removed by etching in dilute hydro-
fluoric acid or an ammonium hydroxide/peroxide solution which
attacks parting layer 40, causing layer 52 to lift off. The

structure now has the appearance shown in FIG. 6.

While the invention has been‘particularly shown and de-
scribed with reference to the preferred embodiments thereof, it
will be understood by tﬁose skilled in the art that various
changes in form and details may be made without departing from

the spirit and scope of the invention.



.\Wile the invention has been particularly shown and de- scribed with
referenceto the preferred-enbodi nents thereof, it w/ll be understood by
those.skilled in the art that various changes in formand details nay be

m0s o ML 2! oo™ or £ oo e o eant 3o hocee i crotip

conpri s- I NQ: provi ding a substrate: depositing a cat hode
| ayer on said substrate; dep05|t|qgl$ dielectric layer on said
cat hode | ayer; depositing a conductive gate |layer, thinner than said

dielectric layer, on said dielectric |ayer; t hrough a mask, etching
t he conductive gate layer with an etchant having an etch rate, for the
dielectric./aygr. that is between about 3 and 20 tines faster than its
etch rate ?or the conductive gate |ayer; and continuing said

etching procesy pe¥nda f@éeféﬁhlﬁg?]%n cdPery dt & B6hES Ca ﬁtﬁ&?&tbﬁ? cORpPis—

renoved down to the level of cat hode | ayer, thereby formng the
cavity. 4ingx The method of claim 1 wherein the conductive gate layer is
phosphor us- doped pol ysilicon.
providing a substrate;
depositing a cathode layer on said substrate;
depositing a dielectric layer on said cathode layer;
depositing a conductive gate layer, thinner than said
die;ectric layer, on said dielectric layer;
through a mask, etching the conductive gate layer with an
etchant having an etch rate, for the dielectric layer, that is
between about 3 and 20 timeé faster than its etch rate for the
.conductive gate layer; and |
continuing said etching process until material from the

- dielectric layer has been removed down to the level of the

_cathode layer, thereby forming the cavity.

2. The method of claim 1 wherein the conductive gate layer is

phosphorus—-doped polysilicon.

3. The method of claim 2 wherein the dielectric layer comprises
boron, phosphorus, and silicon oxides and said etchant is taken
from the group’¢consist1ng of trlfluoromethane, carbon tetra—

fluoride, carbon monoxide, and butene gases.

4. The method of claim 3 wberein the concentration of boron is

between about 3 and 10 weight % and the concentration of phospho- -



2 wherein the dielectric |ayer conprises boron,

phosp horus and silicon oxides and said etchant is taken .fromi the group .
con3| s umuuﬂtllutlmlml rorret hane, carbon tetra- fluoride, carbon :
nonoxi ses. 4. The nethod of claim3 wherein the
concentration of boron is between about 3 and 10 wei ght % and t he
concentration of phospho- ' - 12 -
rus is between about 3 and 10 wei ght %12 - 5, The method of claim 3
wherein said dielectric layer is formed. fromozone,
tetraethylorthosilicate, triethyl borate, and triethylphosphate, heated to
a tenperature between about 400 and 600 [err]C at a pressure between about
100 and 500 Torr.. 6. The met hod of claim 1 wherein the conductive
gate layer is deposited to a thickness between about 500 and 5, 000
Angstronmgus is- betwHes rpdid 3 qind cleiveightvierein the dielectric |ayer
Is deposited to a thickness between about 0.5 and 2 m crons. 8. The
met hod of claim 3 further conprising etching in dilute hydrofluoric acid
after the cavity has been forned.

5. The method of claim 3 wherein said dlelectrlc layer is

. 3.

formed from ozone, tetraethylorthosilicate, trlethylborate,-' and
triethylphosphate, heated to a temperature between about 400 and

600 °C at a pressure between about 100 and 500 Torr.

6. The method of claim 1 wherein the conductive gate layer is

deposited to a thickness between about 500 and 5,000 Angstroms.

7. The method of claim 1 wherein the dielectric layer is

deposited to a thickness between about 0.5 and 2 microms.

8. The method of claim 3 further comprising etching in dilute

hydrofluoric acid after the cavity has been formed.

9. A method for manufacturing a cold cathode array comprising:
providing an insulating substrate having an upper surface;
forming cathode columns on the upper surface of said

substrate; )
depositing #a dielectric layer on said upper surface'agd on

said cathode columns; ‘ |
depositing a conductive gate layer on said dielectric layer;

forming,'on said conductive gate layer, a photoresist mask

having holes that are evenly spaced and located above the cathode



'-Arﬁﬁfhﬁd-+0f—ﬂanufactur|ng a cold cathode array conprising:

prOV|d| substrate having an upper surface; - formng
cat hod mﬂi@m{iw mn%gpper surface of said substrate; deposi ting
a- dlel d upper surface and on said cathode col ums;
depositing a conductive gate layer on said dielectric |ayer; f orm ng,
on said conductive gate |layer, a photoresist mask having holes that are
evenly spaced and | ocated above the cat hode

- 13 - col ums; t hrough sai d- mask, etching the conductive gate

| ayer with an etchant having an etch rate, for the dielectric |ayer, that
I's between about 3 and 20 tines faster than its etch rate for the
conductive gate | ayer; continuing said etching process until
material fromthe dielectric |layer has been renoved dowmm to the

|l evel ofoitids;cat hode columms, thereby formng cavities whose bases -
conprise exposed cathode colunns depositing a parting | ayer onto

t he conducti véhgaugh &asdid ek ordteHing deheoshdiadthiode gatensyer with an

depositing a conductive layer on the parting layer, material for said
conduct i eéchapdr bawiggliarectah atatssi d farh dthentd eltechriobl lager anghat ol.s
i nci dence while said substrate is rotating about
between about 3 and 20 times faster than its etch rate for the
conductive gate layer;
continuing said etching process until material from the
dielectric layer has lbeen removed down to the level of the
cathode columns, thereby forming cavities whose bases'comprise
exposed cathode columns;
depositing a partigg layer onto the conductive gate layer
.and onto the exposed cathode columns; |
depositing a conductive layer on the parting layer, material
for said conductive layer being directed at said substrate at an
oblique angle of incidence while said substrate is rotating ébout
an axis perpendicular to said upper surface, thereby forming
cone~shaped microtips inside said cavities; and
removing the conductive layer by means of a liftoff process
whereby the parting layer on the conductive gate layer is etched
and the microtips remain in placé.

10. The method 4f claim 9 wherein the conductive gate layer is

phosphorus—doped polysilicon.

11. The method of claim 10 wherein the dielectric layer compris—

es boron, phosphorus, and silicon oxides and said etchant is



an axis perpendicutar—to0 said upper surface, thereby formng cone-shéped

m cr ot;| RS | ld.cavities; and renovi ng the conductive | ayer by
neansl"ﬂ@ﬂ"ﬂg' yﬂiﬁ lkess whereby the parting |ayer on the conductive
C

gate lay «and the mcrotips remain in place. 10." The net hod
of claim9 wherein the conductive gate layer is phosphorus-doped

pol ysilicon. 11. The nmethod of claim 10 wherein the dielectric |ayer
conpris- es boron, phosphorus, and silicon oxides and said etchant is
- 14 - taken fromthe group consisting of trifluoronethane, carbon
tetrafluoride, carbon nonoxide, and-bdtene gases. 12. The met hod of .

claim 11 wherein the concentration of boron is between about 3 and 10
wei ght % and the concentration of phospho- rus is between about 3 and 10
wei ght % 13: The method of claim 11 wherein said dielectric |ayer is

formed MoRLAZ0BZon! CLhRCt B! RONdiEANG UF CUUMdiUA dhediithe, _ cazbon

tri et hyl phosphate, heated tt0 a“tenperaturé€ between abo

[err]C ategrREERSHiGLCLURPROA MIOxIER , 2RAP VI LENS gases.

12. The method of claim 11 wherein the concentration of boron is
between about 3 and 10 weight % and the concentration of phospho-

rus is between about 3 and 10 weight %.

13. The method of claim 11 wherein said dielectric layer is
formed from ozone, tetraethylorthosilicate, triethylborate, and
triethylphosphate, heated,to a temperature between about 400 and

. 600 °C at a pressure between about 100 and 500 Torr.

14. The method of claim 9 wherein the conductive gate 1layer is

deposited to a thickness between about 500 and 5,000 Angstroms.

15. The method of claim 9 wherein the dielectric layer is

deposited to a thickness between about 0.5 and 2 microns.

16. The method of claim 9 further comprising etching the cavity

in dilute hydrofluoric acid after the cavity has been formed.

17. The method of claim 9 wherein'said parting layer is taken
from the group consisting of titanium nitride, tungsten nitride,

tantalum nitride, and titanium.



. 14. The method of claim9 wherein the conductive gate layer is deposited
to a thickne etween about 500 and 5, 000 Angstrons. 15. The -net hod of

claim9 wherein i | 'Ellayer is deposited to a thickness between
about 0.5 and ﬂl ﬁl“ “l l““ ““ The method of claim9 further conprising
etching the cavistyc 1A dtl ute *hydrofluoric acid after the cavity has been

f or med. 17. The nmethod of claim9 wherein said parting layer is taken
fromthe group consisting of titaniumnitride, tungsten nitride, tantalum
nitride, and titanium - 15 - - 15 -

18. The nmethod of cl.aim9 wherein the parting layer is deposited to a

t hi ckness between about 500 and 2, 000 Angstrons. 19. The nethod of claim

9 wherein the etchant used to etch the parting layer is dilute
hydrofluoric acid or a m x of ammoni um hydroxi de and anmoni um per oxi de.

18. The method of claim 9 wherein the parting layer is deposited

to a thickness between about 500 and 2,000 Angstroms.

19. The method of claim 9 wherein the etchant used to etch ‘the
parting layer is dilute hydrofluoric acid or a mix of ammonium

hydroxide and ammonium péroxide.



