DESCRIPTION . - ENITTER,’ENITTER MANUFACTURI NG METHOD, AND COLD- ELECTRON
EM TTI NG ELEMENT MANUFACTURI NG METHOD TECHNI CAL FI ELD The present
invention relates to an emitter for emtting a cold-electron which is

enpl oyed as an el ectron source of diverse electron beamutilization

devi ces such ,as flat-type imge display devices, various types of sensors,
hi gh-frequency oscillators, ultra-fast devices, electron m croscopes,

el ectron beam exposure apparatus, and an em tter manufacturing mnethod.
BACKGROUND ART - As an el ectronpeggRI®TION col d el ectrons of a
conventional electric-field-em ssion display device or the |ike, a source
in which many coni cal subm croscopic emtters each having a nearly
1{err]mof height and a nearly 1[err]m of bottom di ameter are forned at

‘the cat hode gufeTER, CRRIOYER MENUFNOMER NG METROD £ MAlDeCOLAR EIFDTRGN
el ectron by concentratlng the electric field on its tip portion. This

basic structure is kn@mm*WTﬁ@eEﬂEMﬁﬂﬁ MASGFACADRING METMOPPI Nt et al .
(Journal of Applied Physics, Vol. 47, No.12, p.5248, 1976). Since the

el ectron em ssion characteristics depend on the shape of the tip portion
of the emtter, in order to equalize the electron em ssion

TECHNICAL FIELD

The present invention relates to an emitter for emitting a
cold-electron which is employed.as an electron source of
diverse electron beam utilization devices such as flat-type
image display devices, various types of sensors, high-frequency
oscillators, ultra-fast dévices, electron microscopes, electron

beam exposure apparatus, and an emitter manﬁfacturing method.

BACKGROUND ART

As an electron source for cold electrons of a conventional
electric-field-emission display device or the like, a source in
which many conical submicroscopic emitters each having a nearly
lpm of height and a nearly lpm of bottom diameter are formed at
the cathode side is employed. The above-mentioned emitter can
emit an electron by concentrating the electric field on its tip
portion. This basic structure is known by the method suggested
by C. A. Spint et al. (Journal of Applied Physics, Vol. 47,
No.12, p.5248, 1976). Since the electron emission
characteristics depend on the shape of the tip portion of the

emitter, in order to equalize the electron emission



2 - * ch8racteristics of réspective emtters; it is desired that the
shapes of emtters manufactured in plurality, particularly shapes of the
tip portions, are forned uniform I2n addition, as a biggest problem
for this emtter, the electron em ssion anmobunt varies with tinme. The
emtter manufacturing nethods to solve this problemw || be divided
broadly into the follow ng two. One is a nethod for formng a neta
emtter on a glass substrate and connecting a |arge electrical resistance
to this ohiaddeteristsicsesf rbspebyitve smwilitddrss tie isridssbneduthaitt the
anount. The other is a nethod for formng an emtter and a transistor by
sem condytiapes chdemdbtens| nagufhetatiesSiion plairakity aAnpantiealavdly by
this transistor. This nmethod is feasible with | ow power consunption and a

hi gh opersMdpys speethe eff poreipast edrico fdrery ati fouhher devel opnent.
In cases where the emtters are forned enploying the sem conductor as

descri bed aboviy ddwei€DbhpWaBdat Biggelsitngdrdflencnid efhi@t emidtekl | Eheare
conceivable. The first one is a nonocrystalline filmhaving no grain

boundary carcthai Némi £6 V6habmauas WairGl sarhd tiidighd) | nrige féxededirr ection at
all parts. The second one is a polycrystalline filmwhich is formed by

that crysi{Rldfdie FaidsmbaNbis EbSBRNYeE tHISIFHoWER wilf Bat Aekedeglhe
third one is an anorphous filmhaving no crystal structure. Anong the

three ki pds,0f1£0l &l egbre8118Wihly Ree! ement materials as described
above, the
One is a method for forming a metal emitter on a glass
substrate and connecting a large electrical resistance to this
emitter in series, thereby to stabilize the eﬁission current
amount. The other is a method for forming an émitter and a
transistor by semiconductors, and controlling the emission
current amount actively by this transistor. This method is
feasible with low power consumption and a high operation speed,
and is expected to achieve a further development.
In cases where the emitters are formed employing the
semiconductor as described above, the following three kinds of
emitter material films are conceivable. The first one is a
monocrystalline film having no grain boundary and having
crystal axes which are uniform in a fixed direction at all
parts. The second one is a polycrystalline film which is
formed by that crystalline grains having disparate crystal axes
are gathered. The third one is an amorphous film having no

crystal structure. Among the three kinds of cold-electron

emitting element materials as described above, the



3 - * .noffocrystalline Filmor the polycrystalline filmare preferable in
view of formng the transistor of excellent characteristics. I n cases
where the nonocrystalline filmis enploygd, since there is no grain
boundary and the crystal axis is uniformin a fixed direction, the

I sotropic etching rate of wet etching or ‘the anisotropic etching rate of
reactive ion etching is uniform whereby an emtter superior in uniformty
can be manufactured. However, since the nonocrystalline filmrequires a

high mpwndEnfdt ciosd ahimcopnehebpolwrufyaaialldhent ikl ai pe- prederable
substrate such as a glass substrate, 1t lacks in practicability in the

present shatBew of f£é¥mife BhéetrBaBdstbie oTaRKEILIhchasaotvbeBtics.
enploying the polycrystalline filmis inexpensive as conpared with the

monocrystal | i ng fddseairwhépe PREYREMSLRYSitaa Lfiinem fidm biss empubgedyr ednere a
| arge-area substrate at a |ow tenperature, and this filmis suitable for a

mnute ehgEldon SHY CFr&in Bbephayydantceneandydtal ikeis is unkegemeihla s
a cross sectional view of the conventional polycrystalline filmsubstrate

as menti ﬂ?%{‘%vﬁcfi&w erid i58tBopiesSe RPNty i S Wit a8t 8L hebr
manuf act ur e y enploying the polycrystalline filmin figure 10. In

floure 1QndUIdle loflfnot eeningubateabE SRRV S 1dH 3ch Mg Mk Clind form,

pol ycrys m~14 conpose mcro crystalline grains 13 of

ggr;g;en%qﬁﬁﬁgfﬂaﬁ”éﬁi%@éfOguﬁggiogrihﬂdﬂf¥3¥ﬁ¥£§E%Jﬁ”ﬂ@dmaﬁﬁfhéﬁured.
ystalline film14,
However, since the monocrystalline film requires a high
manufacturing cost and cannot be manufactured on a large-area
substrate such as a glass substrate, it lacks in practicability
in the present state.

On the other hand, the manufacturing costs when employing
the polycrystalline film is inexpensive as compared with the
monocrystalline film and the polycrystalline film can be
manufactured on a large-area substrate at a lqw temperature,
and this film is suitable for a minute electron source of
display devices and the like.

Figure 10 is a cross sectional view of the conventionai
polycrystalline film substrate as mentioned above. Figure 11
is a cross sectional view of an emitter manufactured by
employing the polycrystalline film in figure 10.

In figure 10, numeral 1 denotes a substrate such as a
glass, on which a polycrystalline film 14 composed of micro'

crystalline grains 13 of different crystal orientation and

grain diameter is formed. In the polycrystalline film 14,



4 ' sifice there are present crystalline grains 13 of various sizes and
directionalities on the substrate 1, nunmerous grain boundaries exi st

t herei n. Further, an emtter 15, s#own in figure 11, which is

manuf actured by enploying the polycrystalline film 14 can be forned by
etching the polycrystalline film 14 conposed of mcro crystalline grains
13 having different crystal axes and grain dianmeters on the substrate 1 of
a glass or the like. As descri bed above, in the prior art, since the
em tter Binceambheast wd gneseniyi agyshalpdhgcgystialsl L3e off Ivaniowhn shees
substrate, a transistor and a cold-electron emtting el enent of favorable
char act eahdt dd s ecai dmea Ineniud saoomir ehle asubstoatpr ¢ e ssmeromsergtake, and
therefore an inexpensive | arge-area glass substrate can be used.

Accor di ngbyindalre emarsfiatt Wwhewetiwst of the enmitter 15 can be | owered.
However, there is a problemthat the emtter 15 forned by enploying the
above- nent i ongdrpdlewcr vt admiteefi 1) 1dhban ivafiguirendl,n wiiectel st ron

em ssion characteristics. This is because crystalline grain dianmeters in

the pol ymewsiraldtied idyn eyl dgiry cbrd gaagclrgrsgalmim vidlIm ais4 tdven csgst al
axis and crystal orientation surtface of the respective crystalline grains

vary | ar ggkedany RNEMRY &chd ol peEYIPAT1Ohe EANGOUMORIGINRI LU NGE Bt €ro

differs for each crystalline grain wth the grain boundary as a boundary,

while therggikhtehinkd draidP ITBhBYiLECHL Blerent crystal axes and grain
diameters on the substrate 1 of a glass or the like.

As described above, in the prior art, since the emitter is
manufactured by forming the polycrystalline film 14 on the
substrate, a transistor and a coid-electron emitting element of
favorable characteristics can be manufactured at a low process
temperature, and therefore an inexpensive largé—area glass
substrate can be used. Accordingly, the manufacturing cost of
the emitter 15 can be lowered.

However, there is a problem that the emitter 15 formed by
employing the above-mentioned polycrystalline film 14 has
variations in the electron emission characteristics. This is
because crystalline grain diameters in the polyérystalline film
to be etched wvary largely as well as the crystal axis and
crystal orientation surface of the respective crystalline
grains vary largely, and therefore, the isotropic or
anisotropic etching rate differs for each crystalline grain
with the grain boundary as a boundary, while the emitter 15 is

formed by etching.



5 ' *Mre particularli, since in the convent i omat———- .
polycrystalline film 14 the isotropic or anisotropic etchlng rate differs
for each crystalline grain, nunerous irrégul ar unevennegé ‘E”ﬁ@B&Ed@ Akked

the surface of the emtter 15, as shown in figure 1 1,

variations in the electron em ssi on characteristics. I,Hm
reproducibility is obtained in the formation of the en1tter

et chi ng. Ther ef ore, when enpl oyi ng such irregul ar polycrystalllne film:

14, it is difMaxs tpaovticuhaalyar géncenher tife wurfvenhisomdlers 15 on a

| ar ge- area substrate with good reproducibility, and the manuf act uri ng
cost of Ppaigwimesteanil ye nfilmeldntheed sbf rogiec e arkpersopec etching The
present invention is made to solve the problens described above, and has
an obj ectrate @iffekes afoeneathr capd talld neydadiat,urmunge et dodrragutbrcan
obtain the uniformty of the emtter shape with good reproducibility as

vwel | as uepmsssyadtrat fonmetdnohhehel evirfatee B UM aitestelbst aes due
to variations in the emtter shape, even when many emitters are forned.

DI SCLOSURR dWn THE #INMENT I ON, resultifig ef tiaaiaficie forehefelbetpoasent

I nvention is
emission characteristics. Moreover, no reproducibility is
obtained in the fo;mation of the emitter 15 by etching.
Therefore, when employing such irregular polycrystalline film
.14, it is difficult to form a large number of uniform emitters
15 on a large—area substrate with good reproducibility, and the
manufacturing cost of a device employing the emitter 15 becomes
expensive.

The present invention is made to solve the problems
described above, and has an object to provide an emitter and
its manufacturing method, which can obtain the uniformity of
the emitter shape with good'reproducibility as well as suppress
variations in the electron emission characteristics due to

variations in the emitter shape, even when many emitters are

formed.

DISCLOSURE OF THE INVENTION

An emitter as defined in Claim 1 of the present;invention_
is formed by performing etching to a columnar polycryétalline
film which comprises columnar crystalline grains being

deposited on a substrate along a same crystal axis. Thereby,



f or med by depoe"TTﬁg—Cofunnaf—efy%{aJI|ne grains -on a

6 substrate al opg, a as crystal axis, and thereafter patterning a first
i nsul at or on the ?%talllné film and perform ng etching to
t he col ummar poly m enploying the patterned first insulator.
Ther eby, even whe er of emtters are forned, the uniformty
of the emtter shape can be obtained with good reproducibility as well as
variations in the electron em ssion characteristics due to variations in
t he enite¥ensiwisd canlargsuppneesedf emitterAname thcomend, ctlaé neniformiaym
2 of the present invention is fornmed by formng a second insulator on a
subst r at efartdef emititpra strapemean pbeyobyatakd we thi lgodd refppoduacibhlity
columar crystalline grains _on the second insulator along a sane crystal
axi s, andst welddafaservdmiratiions jpat thenetlectiroat emisdiatrorclarddiee zbktifmaar
polycrystalline film and performng etching to the col umar

pol ycr ystakl itwe iadiratisnys aiym nghé hempateer shdpki kahn bes Wiwgdmresddar eby,
even when a |large nunber of emtters are forned, the uniformty of the

em tter shapeAnarmntie tey ad nede M héd ghndcLapmodueifbithd prssente! Inesntion
variations in the electron em ssion characteristics due to variations in
the em tier foare ¢3n depE3iPPLRGS€lumnar crysfalaiiengGripied abn 8 of the
present invention, in the emtter as clained in claiml or claim2, the

col umar substrate along a same crystal axis, and thereafter patterning

a first insulator on the columnar polycrystalline film, and
performing etching to the columnar polycrystalline film
employing the patterned first insulator. Thereby, even when a
large.number of emitters are formed, the uniformity of the
emitter shape can be obtained with good reproducibility as well
as variations in the electron emission characteristics due to
variations in the emitter shape can be suppressed.

An emitter as defined in Claim 3 of the present invention
is formed by forming a second insulator on a substrate and
forming a columnar polycrystalline film by depositing columnar
crystalline grains on the second insulator along a same crystal
exis, and thereafter forming a patterned first insulator on the
columnar polycrystalline film, and performing etching to the
columnar polycrystalline film employing the patterned first
insulator. Thereby, even when a large number of emitters are
formed, the uniformity of the emitter shape can be obtained
with good reproducibility as well as variatioﬁs in the electron

emission characteristics due to variations in the emitter shape



crysiallfhe grains constituting the columar polycrystalline film have
crystal axes and crystal faces, which are uniformin a fixed-direction
Wi th respect to the substrate. Thereby, éven
7 when a large number of emitters are formed, the uniform tyhigPhectilapBeen Repla
em tter shape can be obtained with good reprodu0|b|I|ty as mjﬁw

v

variations in the electron em ssion characteristics due m lumm
the emtter shape can be suppressed. ' According to cIa|n14 0
present iGRrerRe osupPpPResAed.enitter as claimed in any one of clains 1 to 3,
the columar polycrystalline filmincludes at |east silicon. Thereby, the
col umar pol dee9sdangi te Clahmadh M thalpreseny invewtionenper dthe e
process at 500[err]C or lower. Therefore, the columar polycrystalline
film can doel tteheas i debinednihoamy Qrfaﬁé.adma 1 arge3 arebesabdumage, t her eby
obtaining the uniformty of the emtter shape with good reproducibility as
wel | as supystesklime varaatsogsnish it imlge dtreorcaEmmsa pnpot argstadildiniecs
due to variations in the emtter shape even when a |arge nunber of

em tters firlm favedcrystal afesondidngrystdlaifacef wikbchr agentuntifoeni iion,
in the emtter as clainmed in any one of clains 1 to 4, the set of

ori ent at isprE ifsed sdi retbeonolwtirhat epleydy i e nubstrats. { 1¥Akreby, even
Therefore, the crystal axis and the crystal face are easy to be aligned,

t hereby enmdil ia1dlamgé onimbbape fekahith@r sThafeifitned | heh&nihOEBIri t§f dfhe
emtter shape can be obtained with good
the emitter shape can be obtained with good reproducibility as
well as variations in the electron emission characteristics due
to variations in the emitter shape can be suppressed.

According to Claim'5 of the present invention, in the
emitter as defined in any of Claims 1 to 4, the columnar
polycrystalline film includes at least silicon. Thereby, the
columnar polycrystalline film can be realized by a low-
temperature process at 500C or lower. Therefore, the columnar
polycrystalline film can be etched into a uniform shape on a
large—-area substrate, thereby obtaining the uniformity of the
emitter shape with good reproducibility aé well as suppressing
variations in the electron emission characteristics due to
variations in the emitter shape even when a large number of
emitters are formed.

According to Claim 6 of the present invention, in the
emitter as defined in any of Claims 1 to 5, the set of
orientation faces in the columnar polycrystalline film is {110}.

Therefore, the crystal axis and the crystal face are easy to be



reproduci®ility as well as variations in the erectromenission
characteristics due to variations in the em ttgf sRARE pGARNE.. SUPPr essed.

8 - According to claim6 of the pr8sent | cﬁ% emtter
as claimed in any one of clainms 1 o 4, an oriegnmn ﬂ”’

3
l ce of the
columar polycrystalline filmis {100}. Thereb

| orientation
and the crystal face are easy to be al i gned whi ch enabl es etching of the
col umar pol ycrystalline filminto a uniformshape. Therefore, the -
uni f or m el igheidhe thearebyt eenaihhiorg canifermbshaped etichiingood Therebeeebi ity
as wel|l as variations in the electron em ssion characteristics due to
vari ati oghei nnfilfforemitty e f stipecmbtée shppeessedbe obdatimgd witkh beweders
produced by the grain boundary can be suppressed as well as the trap
| evel s f eepeddatcitid iitnt exd acelbfas vaeiansohat an &he ledwertxhn &ikseione,
the mobility of the running el ectron is increased, thereby realizing the
ef fi ci entharedtidrdistics due toAcapidthgnsoial ghe emifttche ghapentan be
invention, in the emtter as clainmed in any one of clainms 1 to 6, the
curvat ur gyppadisgedf a tip portion of the emtter formed by perfornng
etching to the columar polycrystalline filmis 50nmor less. Therefore,
the concentr apicdbrfidde®lerdimcyfoel dhenpibeehnitp inR@rtian ofint ke tter
is increased, thereby enabling the
emitter as defined in any of Claims 1 to 5, an orientation
surface of the columnar polycrystalline film is {100}. Thereby,
the crystal orientation and the crystal face are easy to be
aligned, which enables etching of the columnar polycrystalline
film into a uniform shape. Therefore, the uniformity of the
emitter shape can be obtained with good reproducibility as well
as variations in the electron emission characteristics due to
variations in the emitter shape can be suppressed. Further,
the barriers produced by the grain boundary can be suppressed
as well as the trap levels formed at the interface of the
insulator are lowered. Therefore, the mobility of the running
electron is increased, thereby realizing the efficient emitters.
According to Claim 8 of the present invention, in the
emitter as defined in any of Claims 1 to 7, the curvature
radius of a tip portion of the emitter formed by performing
etching to the columnar polycrystalline film is 50nm or less.
Therefore, the concentration of the electric field on the tip

portion of the emitter is increased, thereby enabling the

emission of the electrons at low voltages.



>

| ow vol t ages. According to claim8 of
the present invention, in the emtter as clained in any one of clains 1 to
t he ébﬁﬁhﬁdin@m lamdlne grains cons?ituting the col umar

7,

polycryst 9 filmhave a
shorter of at least 100nmor nore. Therefore, the grain
boundarles at e t|p portion of the emtter which cause variations in

etching are decreased " thereby enabling etching of the col umar
polycrystalIiAeckaingimboGiaﬂﬁf&ndﬁsﬁm@epréhenEfbnventﬁenumﬁhnthay'of
the emtter shape can be obtained with good reproducibility as well as
vari at i ogmitbtetrhasededtined em ssiwofRlaiherl stoc8, duhet colwammiaat i ons i n
the emtter shape can be suppressed. According to claim9 of the
present ¢hyebhldfinel gridims eyordieirtwsing athedcobunharnps ! yar yartglld ifroy ned
between the columar crystalline grain and the substrate is 83 or nore.

Ther ef or gi1hhRageabn shoundar igmial diwndter peftatnlekstheooem tdremord ch
cause variations in etching are decreased, thereby enabling etching of the

col umarrpety¥epye!, aEhbn@ﬂdﬂﬂnbddﬁdhﬁlé@r& Uehé Otﬂpsﬁaeelo’ﬁh@feftqfee, t he
uniformty of the emtter shape can be obtained wth good reproducibility

as vellemsr¥ari ghieRs dadd &Gt 16K e Set ORifHaR 26! Beltldagedjue to
variations in the emtter shape can be suppressed:
thereby enabling etching of the columnar polycrystalline film
into a uniform shape. Therefore, the uniformity of the emitter
shape can be obtained with good reproducibility as well as
variations in the electron emission characteristics due to
variations in the emitter shape can be suppressed.

According to Claim 10 of the present invention, in the
emitter as defined in Claim 9, an angle formed between the
columnar crystalline grain and the substrate is 83° or more.
Therefore, the grain boundaries at the tip portion of the
emitter which cause variations in etching are decreased,
thereby enabling etching of the columnar polycrystalline film
into a more uniform shape. Therefore, the uniformity of the
emitter shape can be obtained with good reproducibility as well
as variations in the electron emission characteristics due to
variations in the emitter shape can be suppressed.

According to Claim 11 of the present invention, in the
emitter as defined in Claim 3, the second insulator includes at
least oxygen or nitrogen. Therefore, the diffusion of

impurities from the glass to the columnar polycrystalline film



Acco?dinﬁ to clai mro—of the present 1tnvention, in the emtter as clained
in claim2, the secopgd dnsulalorpdfgliudes at |east oxygen or nitrogen.

Therefore, the diffu5|{ es lfomthe glass to the col umar
I]IE M:"ﬂgmm: t her eby providing the col umar
L I rystallinity. Further, the uniformty

polycrystalline filmi

pol ycrystalline film

of the 10 emtter shape can be
obtai ned with good reproducibility as well as variations _in the electron-
eni ssi onighaprpresised cFhareby PIRYI &t RInELe ncohumpart POL et abhine
suppr essed. According to claim 11l of the present invention, in the
em tter filml afnegcedlendi wrysraklinity, tFRerpherer tbe undsiormidsviiafor is
circular. Thereby, the emtter with a sharp tip portion can be realized
easi | y bthet enit§erhshereurgan bpodthaired| vihh gopth reproducilyceivkyiiag to
claim12 of the present invention, inthe emtter as clained in claim1l or
claim 2, weh¢ pat vernedifdnsstin it eléopgrén| emisspohy ghaalactimrstdGs i due
addition to the effect of claim1l 1 of the present invention, the exposure
accur acytof vaphatabnshdgr dpitey exaint ber esihape edansbeekhpasetstsedi.ost of the
exposure mask can be | owered. An em tter manufacturing nmethod as
clainmed in clAacoording to Claim 12 of the present invention, in the

emitter as defined in Claim 2 or 3, the patterned fist
insulator is circular. Thereby, the emitter with a sharp tip
portion can be realized easily by etching the columnar
polycrystalline film.

According to Claim 13 of the present invention, in the
emitter as defined in Claim 2 or 3, the patterned first
insulating film is polygonal. Thereby, in addition to the
effect of Claim 12 of the present invehtion, the exposure
accuracy of photolithography can be enhanced as well as the
cost of the exposure mask can be lowered.

An emitter manufacturlng method as defined in Claim 14 of
the present invention includes a step of forming a columnar
polycrystalline film by depositing columnar crystalline grains
on é substrate along a same crystal axis, and a step of
performing etching to the columnar polycrystalline film.
Thereby, even when a large number of emitters are formed, the
uniformity of the emitter shape can be obtained with good
reproducibility as well as variations in the electron emission

characteristics due to variations in the emitter shape can be



13 of the present i nvention includes a step of formng a cotumar
polycrystalline filmby depositing columar crystalline graips_on a
substrate along a sane crystal axis, a l3tep of formi ng a pat

’Iﬂ eplaced
i nsul ator on the columar polycrystalline film and a step of 1#m
columar polycrystalline filmenploying the patterned first i
Ther eby, even when a |arge nunber of emtters are forned, the wuniformty
of the emtter shape can be obtained with good reproducibility
as wel |l seppeesaedons in the el ectron emission characteristics due to
variations in the emtter shape can be suppressed. An emtter
manuf act ur i nAmeenbtites vhaufetturisiqimethad a$ daéipedsém Claiantiorf
includes a step of forming a second insulator on a substrate, a step of
f or m ng theeppasenti nsweatdononncludes ratstep sfefoohifigr i w@lamydimar
pol ycrystalline filmby depositing columar crystalline grains on the
second ipslyatpstalbngea fidme by \depdsidxding eoktmpanf crybtediligen graitneg ned
first insulator on the columar polycrystalline film and a step of
et chi ng é¢hea cotibishaate pdloney ystsalnd nerfstal eapi oyi agsthe pdt thommeichd ia st
I nsul at or. Ther eby, even when a |arge nunber of emtters are forned, the
uni formigyteérhse €ENrsteinsdRa carheodt@dnefnstt pogetys tadiriomuciidinh, ty
as well as variations in the electron en ssion

and a step of etching the columnar polycrystalline film

employing the patterned first insulator. Thereby, even when a
large number of emitters are formed, the uniformity of the
emitter shape can be obtained with good reproducibility as well
as variations in the electron emission characteristics due to
variations in the emitter shape can be suppressed.

An emitter manufacturing method as defined in Claim 16 of
the present invention includes a step of forming a second
insulator on a substrate, a step of forming a columnar
polycrystalline film by depositing columnar crystalline grains
on the second insulator along a same crystal axis, a step of
forming a patterned first insulator on the columnar
polycrystalline film, and a step of etching the columnar
polycrystalline film employing the patterned first insulator.
Thereby, even when a large number of emitters are formed, the
uniformity of the emitter shape can be obtained with good
reproducibility as well as variations in the electron emission
characteristics due to variations in the emitter.shape can be

suppreséed.
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characteristics due to variations in the enitter shapé can be-——suppressed.

According to claim 15 of the present inventi oThisSheetlhf3ee .fage%r
manuf act uri ng method as claimed in claih?3 or ' col umar
crystalline grains constituting the columar p “Im

[

filmhave
crystal axes and crystal faces, which are unif di rection

wth respect to the substrate. Thereby, even when a | arge nunber of
emtters are forned, the wuniformty of the emtter shape can be obtai ned

. { y .

with good repcs@rding %y @kaimi 17 2ef\ERpaPFEAENtN ITWETRIQR 1 cHR MRS si 0N
12 characteristics due to variations in the emtter shape can be
suppr esse@itter manufggigiming retlkedi as defénedhdnppayent iGhAHES ok tA
the emtter manufacturing nmethod as claimed in any one of clainms, 13 to
15, the &6l uithsr oedlwmnamsteryskeliine, greingdesoastidadingithe wolunmareby,
the columar polycrystalline filmcan be realized by a | owtenperature
process RolyeoystEldigre il havhereystal akescendmenysielly cfacesu | vhech
filmcan be etched into a uniformshape on a |arge-area substrate, thereby
obt ai ni ngret haifivirorim tay Hixededbnéctbonshapb wespegdoda ephreodshdptrate.
as well as suppressing variations in the electron em ssion characteristics
due to v@heatbgns evert whemm 4 t bargdapembe enofween td elrar grenufidoemedf the
emtters are formed.

uniformity of the emitter shape can be obtained with good

reproducibility as well as variations in the electron emission

characteristics due to variations in the emitter shape can be

suppressed.

According to Claim 18 of the present invention, in the

emitter manufacturing method as defined in any of Claims 14 to

17, the columnar polycrystalline film includes at least silicon.

Thereby, the columnar polycrystalline film can be realized by a

low-temperature process at 500°C or below. Therefore, the

columnar polycrystalline film can be etched into a uniform

shape on a large-area substrate, thereby obtaining the

uniformity of the emitter shape with good reproducibility as

well as suppressing variations in the electron emission

characteristics due to variations in the emitter shape even

when a large number of emitters are formed.

According to Claim 19 of the present invention, in the
emitter manufacturing method as defined in any of Claims 14 to

18, the orientation surface of the columnar polycrystalline

film is {110}. Thereby, the crystal axis and the crystal face



According to claim17 of the present invention, in the emtter
manuf act uring net hod g ;s ShediHiSHech RepMt¥d one of clainms 13 to 16, the

orientation surface r Yblycrystalline filmis {100}.
Ther eby, the crystal agﬂ'ﬂﬂmnmﬂlﬂmystal face are easy to be aligned,

t her eby enabling unifor ng. Therefore, the uniformty of the
emtter shape can be obtained with good reproducibility as well as
variations in the electron em ssion characteristics due to variations in
the enitace shasre tabdbakigpedsstbereby enabling uniform shape etching.
13 According to claim18 of the present invention, in the emtter
manuf act Fhiemg fivetehodheess wibfoenity afiytbreenfittleal rshad3 cdm bd 6obthtned
orientation surface of the columar polycrystalline filmis {100}.
Ther eby, wilhh gopst ateppoduaiblilbey asywedl Bacwaariatdams tim behal ejeetdron
t hereby enabling uniform shape etching. Therefore, the uniformty of the
emtter shipsiocmarcHeraiter etiostdugood vapiatdiony lid yties ewlitt@s shape
variations in the electron em ssion characteristics due to variations in

the emttah phapaippressesguppressed. Further, the barrier by the grain
boundary can be suppressed as well as the trap level formed at the

interface of hkedmEUHANHS ¢BalwVeoedr EherP_E@;@@nt ik i da | YiRf thée

running electron is increased, thereby realizing efficient emtters.

Accor di ngmi @ tehrdimankF Lt EnPresenddi a¥eakir9Red Ant Ry of Claims 14 to
18, the orientation surface of the columnar polycrystalline
film is {100}. Thereby, the crystal axis and the crystal face
are easy to be aligned, thereby enabling uniform shape etching.
Therefore, the uniforﬁity of the emitter shape can be obtained
with good reproducibility as well as variations in the electron
emission characteristics due to variations in the emitter shape
can be suppressed. Further, the barrier by the grain boundary
can be suppressed as well as the trap level formed at the
interface of the insulator is lowered. Therefore, the mobility
of the running electron is increased, thereby realizing
efficient emitters.

According to Claim 21 of the present invention, in the

emitter manufacturing method as defined in any of Claims 14 to
20, etching is performed to the columnar polycrystalline film
such that the curvature radius of a tip portion of the emitter
becomes 50nm or less. Thereby, the concentration of the
electric field on the tip portion of the emitter is increased,

thereby enabling emission of electrons at low voltages.



eni tter—manufacturing method as clained in any one of clains 13 to 18,

et chi | s perforrad o the columar pol ycrystalline filmsuch that the
curva’llr'(l]l oot s Boch At p portion of thed4enitter becomes 50nmor | ess.
Ther eb ﬁllH HHE£ llration of the electric field on the tip portion of the
emtte ,  thereby enabling em ssion of electrons at | ow

vol t ages. ~According to claim20 of the present invention, in the
emtter manufacturing nethod as clained in any one of clains 13 to 19, the
col umrmar cryst@aanting &nClaimnhé2 cof ukhar Presepdr yavantinn f iimm Hage a
shorter grain dianeter of at |east ) _ _
14 100nemait tegr sanufagtuming e ghadnapodedineds imt ame af Claons i bh bod
the emtter which cause variations in etching are reduced, thereby
enabl i ng21let chiengolomnahecrystahhine gokjosydnalthienedliymmamto a uni form
shape. Therefore, the uniformty of the emtter shape can be obtained
wi t h googolyemysdadiliine t§ilkms hevé asshartetri gmsinn dilmedleactobDmenisasbn
characteristics due to variations in the emtter shape can be suppressed.
Accor di ng00ancload mc¥e of Thergbesethei grahhi boundartilkes amitiertip
manuf acturing nethod as clained in claim?20, the angle fornmed between the
col umar petkytdionl lofMmecigy adnni Btelr t ki ciubatiset €airs. a8l otvs M etdiigbyret he
grain boundaries at the tip portion of the emtter which cause variations
in etchi pgdaced, thereby enabling etching of the columnar
polycrystalline film into a uniform shape. Therefore, the
uniformity of the emitter shape can be obtained with good
reproducibility as well as variations in the electron emission
characteristics due to variations in fhe emitter shape can be
suppressed.

According to Claim 23 of the present invention, in the
emitter manufacturing method as defined in Claim 22, the angle
formed between the columnar crystalline grain and the substrate
is 83° or more. Thereby, the grain boundaries at the tip
portion of the emitter which cause variations in etching are
decreased, thereby enabling etching of the columnar
pochrystalline film into a more uniform shape. Therefore, the
uniformity of the emitter shape can be obtained with good
reproducibility as well as variations in the electron emission
characteristics due to variations in the emitter shape can be
suppressed.

According to Claim 24 of the present invention, in the

emitter manufacturing method as defined in Claim 16, the second



decreased, there enabllng etching of the columar polycrystalline film

into a nore unif BeehRegiREpre, the uniformty of the emtter shape
can be obtai ned mn duci bil 18y as well as variations in the

el ectron em ssi on MEMCS due to variations in the emtter shape
can be suppressed. ording to claim?22 of the present

i nvention, in the emtter manufacturing nmethod as clainmed in claim14, the
second insulator includes at |east oxygen or nitrogen. Thereby, the
di f fusi okn®Rlakplr incdgdesomtt HeaftaRxkyIen her Bbtuagan.poMpenehval Ithee
filmis suppressed, thereby providing t he col umar _
pol ycr ysdaffusdoni pih dmparddlilesntfrony sthe |ghasy. toFtheheolumn@runi fornity
of the emtter shape can be obtained with good reproducibility as well as
vari ati apelyoryvataéléver dnlmedisssSupprdssedt ethsteby gueviidiwnar itdd ons in
the emtter shape can be suppressed. According to claim23 of the
present ¢olenhaonpoilyciriye t addiimteerfitamud fcexice hjenet bogsaaldliaingd i n cl ai m
13 or claim 14, the patterned first insulator is circular. Thereby, the
em tter Pattharshaéhp unp fpantiitoyn cfartHee et teedskapel gahebeeobitiaigdde
col umar polycrystalline film
with good reproducibility as well as variations in the electron
emission characteristics due to variations in the emitter shape
can be suppressed.

According to Claim 25 of the present invention, in the
emitter manufacturing method as defined in Claim 15 or 16, the
patterned fist insulator is circular. Thereby, the emittér
with a sharp tip portion can be realized easily by etching the
columnar polycrystalline film.

According to Claim 26 of the present invention, in the
emitter manufacturing method as defined in Claim 15 or 16, the
patterned first insulator is polygonal. Thereby, in addition
to the effect of Claim 12 of the present invention, the
exposure accuracy of photolithography can be enhanced as well
as the cost of the expdsure mask can be lowered.

A cold-electron emitting element manufacturing method as
defined in Claim 27 of the present invention includes a step of
manufacturing an emitter by the emitter manufacturing method as
defined in Claim 15 or 16, a step of forming a third insulator

and an extraction gate electrode with leaving the patterned

first insulator on the columnar polycrystalline film, and a



According to claim?24 of the present invention, in the emtter

manuf acturing nmethod as clainmed in claim13 or claim 14, the patterned
first insulator is polygonal. Thereby, i¥# addition to the effect of claim
11 of the present invention, the exposure accuracy of photolithography can
be enhanced as well as the cost of the exposure mask can be | owered.

A cold-electron emtting el enent manufacturing nethod as defined in claim
25 of the present invention includes a step of manufacturing an emtter by
t he em t séepmefuffpamima@n nePpedtNasberEROTing endivmtie dipre ki PaUR of
step of formng a third insulator and an extraction gate electrode with

| eavi ng thie fdatstterimaii¥ating | fslinapattennede opoltienaolymnar yst al | i ne
film and a 16 step of form ng an
openi ng bplyemysted ldme fihkmuppBhepaforef thieeikitrsactimsulgatageiethrode
patterned on the columar polycrystalline film Therefore, the extraction
gat e el ecanode ﬁnnmdﬂaéasx&m wathbytmempmoylagpbophq}aixﬂhﬂgﬁaphpgraphy
process, resulting in a reduced cost for manufacturing a cold- electron
em tti ngpeberas, resBRfrkg DESGR PGl OFcoLE BRAVWSER facturingus ecdlds a
cross sectional view of a columar polycrystalline substrate according to
a first embedintententfttime ¢resent.invention

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross sectional view of a columnar
polycrystalline substrate according to a first embodiment of
the present invention.

Figure 2 is a sectional view showing processes of a method
for manufacturing a cold-electron emitting element employing
the columnar polycrystalline substrate shown in figure 1.

Figure 3 is a diagram showing a Raman spectrum of the
columnar polycrystalline substrate according to the first
embodiment of the present invention.

Figure 4 is a cross sectional view of a columnar
polycrystalline substrate in which an underlying layer is
provided according to a second embodiment of the present
invention.

Figure 5 is a cross sectional view of a columnar
polycrystalline substrate in which a crystal orientation and a
crystal face are uniform in a fixed direction according to a

third and a fifth embodiments of the present invention.



Figutre 2%is a secti onal viéM/shomﬁng pr.ocesses of a nmethod for
manuf acturing a cold-electron emtting el enent enploying the columar

pol ycrystal li ne substrate shown in figurldl 1. Figure 3 is a diagram
showi ng a Raman spectrum of the columar polycrystalline substrate
according to the first enbodinent of the present invention. Fi-gure 4

is a cross sectional view of a columar polycrystalline substrate in which
an underlying layer is provided according to a second enbodi ment of the
present inveRtiigwre 6 is &Figuess S5séctionadsyiswcifordle doavd-oflectobumar
pol ycrystal line substrate in which a crystal orientation and a crystal
face areemmnttanqg iedemenixextathrding oboagchodirhy ewbadimsntd ahdtlaefifth
enbodi rents of the present invention.

17 presBnguiaventsian.cross sectional view of the cold-electron
emtting el enent according to a fourth enbodi nent of the present

i nvention. Figulhegr s/ 4 diaghtagr foxrf expeiphiang nhet kd edtaodn osmess S6hon
anount fromthe cold-electron emtting el ement depending on the difference

in film ghouatureocacadiediduld-cePesStxdh enbedifgnelementhelgyas®iig on the
i nvention. Figure 8 is a diagram show ng a XRD spectrum of the

col umar gpelepeensiealiln e 1o |d€0icOhird 1d0toRHARG: to a siktHIEnbdEmént of
diagram for explaining the relationship between the intensity of the
el ectrictheepdearpl! Qhvienttidn P

Figure 8 is a diagram showing a XRD spectrum of the
columnar polycrystalline silicon of {110} plane.

Figure 9 is a diagram for explaining the relationship
between the intensity of the electric field applied to a tip
portion of the emitter and the cﬁrvature radius of the tip
portion of the emitter.

Figure 10 is a sectional view of a polycrystalline film in
the prior art.

Figure 11 is a sectional view of an emitter which employs

the polycrystalline film in the prior art.

BEST MODE TO EXECUTE THE INVENTION
(Embodiment 1)

Hereinafter, a first embodiment of the present invention
will be described with reference to figures 1 and 2.

Figure 1 is a cross sectional view of a columnar
polycrystalline substrate according to the first embodiment of

the present invention. Figure 2 is a sectional view showing



portion of the emtter and the curvature radius of the tip portion of the
emtter. Figure 10 is a sectional view of a polycrystalline filmin
the prior art. Figure 11 is a sectli®nal view of an enitter which

enpl oys the polycrystalline filmin the prior art. BEST MODE TO EXECUTE
THE | NVENTI ON ( Enbodi nent 1) Hereinafter, a first enbodi nent of the
present invention wll be described with reference to figures 1 and 2.
Figure 1 is a cross sectional view of a colummar polycrystalline substrate
accor di.nprocetsisesf iafsta arfrotfacturbig nathpdeodnen ewdrittiegh.arid gqureoRdrs a
sectional view show ng 18

pr ocesseelettaommafidoting regl emembdactorndingi tbethandixsdvlambodirent onf
emtting elenment according to the first enbodi nent of the present

i nventi oBhe present fimperetilon nuneral 1 denotes a substrate such as a

gl ass, and nuneral 2 denotes a columar polycrystalline film Further,
nurmer al 3 dengheSidnuyeailn hounsteay Shavhoges hosndatyradis vaerh s ystglasae
grains, and nuneral 4 denotes a colummar crystalline grain.

Her ei naf had, nulie dar mRtdénbitd s tdeceDhnnaar ppolyyersdiadllinee £iimm 2Futthebe

described. By a plasma enhanced chem cal vapor deposition (PCVD) nethod

whi ch enplhpryalasg MRSl HagradnlBOendary showing a boundary between
crystalline grains, and numeral 4 denotes a colqmnar
crystalline grain.

Hereinafter, the formation of the columnar polycrystalline
film 2 will be described. By a plasma enhanced chemical vapor
deposition (PCVD) method which employs, as material gas, silane
gas of 0.1-3% diluted by hydrogen gas, the columnar
polycrystalline film 2 as a columnar polycrystalline silicon
film with a'grain diameter of about 100—140nm in which crystal
orientation and crystal face are uniform is formed on the
substrate 1 such as a glass shown in figure 1 under the
condition of substrate temperature of'200-350°c, film formation
pressure of 0.1-5Pa, and RF power of 300W-1kW. The film formed
under this condition becomes the columnar polycrystalline film
2 which has mainly {110} plane.

Further, when the film is formed on the substrate 1 such
as a glass shown in figure 1 by, for example, the same PCVD
method employing mixed gas of silane gas and silicon
tetrafluoride gas as the material gas under the condition of

substrate temperature of 250-450°C, film formation pressure of



gas of 0.1-3%diluted by hydrogen gas, the columar polycrystalline film2
as a columar polycrystalline silicon filmwth a grain dianmeter of about
100- 140nm i n which crystal orientation ¥hd crystal face are uniformis
formed on the substrate 1 such as a glass shown in figure 1 under the
condition of substrate tenperature of 200-350[err]C, filmformation
pressure of 0.1-5Pa, and RF power of 300W 1kW The filmformed under this
condition becones the columar polycrystalline film_ 2 which has mainly
{110} pl 4R8-170Pa, mpd HRY PoWeR P£e5 rPRPF: themSPidMMde substrate 1 such
as a glass shown in figure 1 by, for exanple, the same PCVD nethod

enpl oyi npodiveay sl bing fikm ga¥ibRdasprréan digdetdy R iaROYas238MR—he
materi al gas under the condition of substrate tenperature of

250- 450[ ahrijod, Had maiontnt { bR0 presapeeisf obtained.

19 100- 170Pa, and RF power of 50-500W the col umar polycrystalline
film2 wth aTeispdicrmedrcolumbagt PR3gerysieildineastinm i y1dv1dBy pl ane
i s obtained. The so-forned columar polycrystalline film 2 having

ei ther {&ithex {IIOD} @t abk0CGhnpieanki zent headdlz¢ dihectewid-ehectroy el enent
with emtters of uniformshape as the effect of the present invention.
Wi | e t hemidtimare jpahgmt yeibhl eméttelrm 2fi moliddesn shapphosisthayeffect is
desirable that the crystallinity rate, 1i.e., the rate of polycrystalline
and anor pifouhd ptestadt i inventioarea, is 80%or nore in order to form
emtters of uniform

While the columnar polycrystalline film 2 includes
amorphous layer, it is desirable that the crystallinity rate,
i.e., the rate of polycrystalline and amorphous included in
unit area, is 80% or more in order to form emitters of uniform
shape.

The crystallinity is represented by I (520)/{I(520)+I(480)},
as a relation between the intensity I(520), which is measured
by Raman spectrometry to be the intensity of Raman shift amount
of the crystalline phase as about 520cm™, and the intensity
I(480), which is measured by Raman spectrometry to be the
intensity of Raman shift amount of the amorphous phase as about
480 cm™! (see Fig.3).

Further, in this embodiment a typical deposition condition
is specified. Under a deposition condition having particular
ranges of gas flow rate, gas mixture ratio, substrate
temperature, film formation pressure, RF power and the like,

the columnar polycrystalline film 2 can be obtained by

employing mixed gas including silicon gas, and the grain



shape. ’ The crystallinity is represented by 1(520)/{1(520)+I1(480)},

as a relation between the intensity 1(520), which is neasured by Ranman
spectronmetry to be the intensity of Ran@8f shift anpunt of the crystalline
phase as about 520cnierr], and the intensity 1(480), which is neasured by
Raman spectronetry to be the intensity of Raman shift anmount of the

anor phous phase as about 480 cnjerr](see Fig.3). Further, in this
enbodi ment a typical deposition condition is specified. Under a deposition
condi t i aiidreetey eartheusize cangbe ofanjayd finvieperdenae anxthis ratio
substrate tenperature, filmformation pressure, RF power and the Ilike,

t he col ubemowspoignr gehdlitiopa.fil m 2 can be obtai ned by enploying m xed gas
including silicon gas, and the grain

20 di anetPoroexamplei z€igarebd \sdvavwed am Xtepeydéhféraatibins (X&osi ti on
condi tion. For exanple, figure 8 shows an X-ray diffraction (XRD)
spectrummdcttrimpdb€ab tgbtimaldr codlumrarstmdlyaeystdltonef shinicbar dadmunder
the condition of substrate tenperature of 300[err]C, filmformation

pr essur eefm@Paunasd BhePewndiafi o3 QN ubdterape asempacatuaced fcBOMI°CH
vapor deposition (PCVD) nethod enploying m xed gas of silane and hydrogen.

The fil ng{foh nedrnatibhepeerdlreon AP S Wnd erlF abower has 309Wr bRY theak at

about 47.4[err] of 2[err] and is oriented to (220) face. Furt her,

the col Ymesmpohyeivatabl chenfiidal Zayydrerd@sbsdcion (PCVD) method
employing mixed gas of silane and hydrogen. The film formed on
the condition és described above has a strong peak at about
47.4° of 20 and is oriented to (220) face.

Further, the columnar polycrystalliné film 2 oriented to
{110} face is obtained when the film is formed under the
condition of substrate temperature of 300°C, film formation
pressure of 100Pa, and RF Power of 300W by the PCVD method
employing mixed gas of silane gas and silicon tetrafluoride gas,

_and the peak of (400) face appears at about 63.2° of 26 in the
XRD spectrum (not shown).

Then, a manufacturing method of an emitter and a cold-
electron emitting element manufactured by employing the above-
mentioned columnar polycrystalline film 2 will be described
with reference to figure 2.

After the columnar polycrystalline film 2 is formed on the
substrate 1 (Fig. 2(a)) as described above, first insulator 5
of Si02 or the like is patterned on the columnar

polycrystalline film such that each dot takes the circular or



{110} face is obtained when the filmis formed under the condition of
substrate tenperature of 300[err]C, filmformation pressure of 100Pa, and
RF Power of 300W by the PCVD nethod enploying m xed gas of silane gas and
silicon tetrafluoride gas, and the peak of (400) face appears at about
63.2[err] of 2[err] in the XRD spectrum (not shown). Then, a

manuf acturing nmethod of an emtter and a cold- electron emtting el ement
manuf act ured by enpl oyi ng the above- nentioned columar polycrystalline
film2 wolypenakstoihedbywuishngeftdveeREVD ond ol e gpatteringf merthode
columar polycrystalline film2 is fornmed on the substrate 1 (Fig. 2(a))-
as descrddyses abboe, méthet, i wsulthteorl i%ke ,ofassi sHfewn ] inr figurki Rdbi)s pathier ned
on the col umar polycrystalllne filmsuch that each dot takes the circular
or patterning is performed by, forlexamphe) ydepabiftonm the using the
PCVD net hod, spattering nethod, deposition nethod, or the |like, as shown
ir1figyuin§ﬁratoihts apah&emmem;idf;xﬂdundnnbmmm,fmndeappmyéngdepositing
the insulator to a thickness of around 200nm and applying a processing
to the ipsedéesoingotbotheddhnspalEtRIMMTOffein cdibarpat tepaby g@nali dowlamidh a
di aneter of around 1[err]m by photolithography process. After the

formatic;sbpgf gbéhelf Ebghn Wwithl at didmdteridEdasundr 1pal pgonal form the
col umar polycrystalline film2 is processed by performng reactive ion

etchlng:ﬁﬁagalltnsgggphyopr@Q@%sn emtter 6 as shown in figure 2(c). As the
et chi ng gas,

After the formation of the first insulator 5 in circular
or polygonal form, the columnar polycrystalline film 2 is
processed by performing reactive ion etching (RIE), thereby to
obtain emitter 6 as shown in figure 2(c). As the etching gaé,
halogen gas such as SFs is used.

Subsequently, a gate insulating layer 7 comprising such as
Si0z and a drawing gate electrode 8 comprising such as Nb are
formed by the deposition method or the like as shown in figure
2(d). By controlling the film thickness of the gate insulating
layer 7, the distance between the tip portion of the emitter 6
and the drawing gate electrode 8 can be varied easily, and the
electric field can be concentrated on the tip portion of the
emitter 6 effectively, whereby the cold-electron emitting
element of favorable electron emission efficiency can be
thained.

Finally, as shown in figure 2(e), upper parts of the first
insulating film 5 which was processed into the circular or

polygonal dot pattern are removed by a lift-off method, thereby



hal ogen gas such as SF6 is used. Subsequently, a gate insulating

| ayer 7 conprising such as SiQ2 and a drawing gate el ectrode 8 conpri sing
such as No are forned by the depositio®%ethod or the |ike as shown in
figure 2(d). By controlling the filmthickness of the gate insulating

| ayer 7, the distance between the tip portion of the emtter 6 and the
drawi ng gate el ectrode 8 can be varied easily, and the electric field can
be concentrated on the tip portion of the emtter 6 effectively, whereby

t he col dferméngoepemindsng Eurghex, ovhideoiabthisl &dmsdn eafaadingnt the
efficiency can be obtained. Finally, as shown in figure 2(e), upper
parts of gahe finsstlatiimgullayer) 7idamdsthei extrnastponcgaded almarnode o8 ranear
or polygonal dot pattern are renoved by a lift-off nmethod, thereby

22 f vembngdogenifiogsn thrurageningdi by thet biftHofdt metiioti neit thealgate
insulating layer 7 and the extraction gate electrode 8 are renoved to form
t he openpogsibyet e Ifidnm dffe M@ dyi &ni etahdong-pask methtard f or m t he sane
by an et chi ng-back net hod. As descri bed above, according to this
first enbodi nast destdrd berd tabsove, | scoandiagt toethly [Friastdiembddienemt prmar
polycrystalline film2 and perform ng the etching thereto, whereby the

crystal eheeemidtitens s tmemcfystated abgspebvittage dhev e olaimmarar
crystalline grains are nade uniform Therefore, at all portions except for

on the gpalpchkgynddnynd filme 2 soid opéffoOrmangs ¢heopitedimitike rete, whil e

performng the
whereby the crystal orientations and the crystal faces of
respective columnar crystalline grains are made uniform.
Therefore, at all portions except for on the grain boundary 3,
the isotropic or anisotropic etching rate while performing the
wet or reactive ion etching is equalized. Thereby, the emitter
6 can be manufactured with good reproducibility and, the
uniformity for a large number of emitters 6 formed over a wide
range can be obtained.

In addition, the columnar polycrystalline film 2 at least

includes silicon and, specifically, it comprises a
polycrystalline silicon film or a polycrystalline silicon
germanium. By employing these materials including silicon, the
columnar polycrystalline film can be formed on a large-area
substrate by a process at a low temperature of 500°C or below.
Therefore, the columnar polycrystalline film can be etched into
a uniform shape on a large-area substrate, thereby obtaining

the uniformity of the emitter shape with good reproducibility

as well as suppressing variations in the electron emission



wet ‘or reéactive ion et%hing I's equalized. Thereby, the emtter 6 can be
manuf actured with good reproducibility and, the wuniformty for a |arge
nunber of emitters 6 forned over a w de 2% ange can be obt ai ned. In
addition, the columar polycrystalline film2 at |east includes silicon
and, specifically, it conprises a polycrystalline silicon filmor a

pol ycrystalline silicon germanium By enploying these materials including
silicon, the columar polycrystalline filmcan be forned on a |arge-area-
subst r at ehbyag temicdsis alue towarhptiangr énothso@mdrtites thars oveven
Therefore, the columar polycrystalline filmcan be etched into a uniform
shape onwhehalgd-aangen mutisdr a0 £, emhbtebs ebeaifoirmgd tdne audigrgerrayeaf the
emtter shape with good reproducibility as well as suppressing variations
in the ebebistaaten ssion

characteristic due to variations in the emtter shape, even when a |large
nunber of(Eablodietentarad formed on a | arge-area substrate. (Enbodi nent 2)
Herei nafter, a second enbodi nent of the present invention wll be

descri bed w t Herefierafitoer 1 a fs@tidRddenbodimehitguife the pressarct i imeénview of
a columar polycrystalline substrate according to the second enbodi nent of
the presitll beverisdaribell ool th etecérenceniot ifigualeenent according to this

second enbodi nent differs fromthe above-nentioned cold- electron emtting

el ement accor giigreo 4 hies fd rsécerbndingiibw of a columnar polycrystalline
substrate according to the second embodiment of the present
invention. A cold-electron emitting element according to this
second embodiment differs from the above-mentioned cold-
electron emitting element according to the first embodiment,
where the columnar polycrystalline film 2 is formed without
coating the substrate with an insulator, only in that the
emitter and the cold-electron emitting element are manufactured
by forming the columnar polycrystalline film 2 which comprises
columnar crystalline grains being deposited along the same
crystal axis after ;he insulator is formed on the substrate.
Thus, the same elements as those shown in the first embodiment
are denoted by the same reference numerals and their
descriptions will be omitted.

In figure 4 a second insulator 9 is formed on the glass
substrate 1. As this processing for forming the second
insulator 9 on the glass substrate 1, a silicon dioxide film
Si02 of about 300-1000nm is formed under the condition of

substrate temperature of 200-300°C, film formation pressure of



[ 3 ¢ .
where the col ummar polycrystalline film2 is forned without coating the
substrate with an insulator, only in that the emtter and the
cold-electron enmtting el ement are nmanuf®&ctured by form ng the col umar
polycrystalline film2 which conprises columar crystalline grains being
deposited along the same crystal axis after the insulator is forned on the
substrate. Thus, the sanme el enents as those shown in the first enbodi nent
are denoted by the sane reference nunerals and their descriptions will be
omtted. 0.1-10Ha) famylirRF pewsrcofid3PAsbPaWob YO tihe RS duerheteemphoying
substrate 1. As this processing for formng the second insulator 9 on the
gl ass sumdtxeat eyals @f siforoexampkedesilbme §aGl amid AhOuga300-crOEOSR iand
formed under the condition of substrate tenperature of 200-300[err]C, film
f or mat i ooxyrgess s mfterial gas. The process after the folMationOof- tBPa,
and RF power of 300-500W by the PCVD nethod enploying mxed gas of, for
exanpl e, seidodtk igesulnti NP Of him, 901 s TERE aate asyddatashmrerial tijasfishe
process after the formation of the second insulating film9 is the sane as

that shoembodimet isid €dodésepipandnt heldeder igudiitgedd || be onitted.
As descri bed above, by form ng the second insulating film 9 on the

substrate 1, did fasd@rwddi apsve) i By Faehiagd the orrdibixis@l£tinguehias
boron or sodium can be suppressed, thereby enhancing the crystallinity of

the col umnan Rele/ Futsdetdtdel, fdifFdsion of hHmpadditiied,iddEugegond the
insulating film9 may be the one
substrate 1 such as boron or sodium can be suppressed, thereby
enhancing the crystallinity of the columnar polycrystalline
film 2.

In addition, the second insulating film 9 may be the one
that includes at least oxygen or nitrogen. In other words,
such as a silicon nitride film SiNx, a suboxide nitride film,
or a composite film of these can also be employed other than
the silicon dioxide film SiO2, and the same effect can be
obtained.

(Embodiment 3)

Hereinafter, a third embodiment of the present invention
will be described with reference to figure 5.

Figure 5 is a sectional view of a columnar polycrystalline
substrate in which the crystal orientation and the crystal face
are uniform in a fixed direction. The same elements as those
shown in the first embodiment are denoted by the same reference
numerals and their descriptions will be omitted.

In figure 5, the columnar polycrystalline grain 4 is



that' i ncl’'udes at Ieast'oxygen or nitrogen. In other words, such as a
silicon nitride filmSiNerr], a suboxide nitride film or a conposite
filmof these can al so be enployed othe2& han the silicon dioxide film
SiJerr], and the sane effect can be obtained. (Enbodinment 3)

Hereinafter, a third enbodi nent of the present invention wll be described
with reference to figure 5. Figure 5 is a sectional view of a

col umar polycrystalline substrate in which the crystal orientation and
the crysaarahged sach diidtorihe rceystxbdagiseandotheToavsdad dfagemreas
those shown in the first enbodi nent are denoted by the sanme reference
nuner al suahformeiin destiriqs idimseakion beibhi reegect to the fsuhatrdiet he

col umar polycrystalline grain 4 is 25
arr angedNsmemrafthdi0 demadressttie axtgsttal ohienkgstion fladd carteinqinifi®rmin a
fixed direction with respect to the substrate. Nuneral 10 denotes the
crystal directdbnomfi rdiciatdrystaklinergraiop ehdedble orysttal iTecgrisn,
and the crystal face is oriented by {110} or {100} vertically to the
crystal exient@d by {l1l¥ierot hEl@Oystettitylligt €ol ther efrersaddly 86006 or0 nore,
this arrangenent of the columar polycrystalline grain in the columar

pol ycrystal || waeh |uhec @t yet 01 bt peflh ey ebswpes ferablH MO @S ndwse this

i ncluded in the columar polycrystalline film2. The process after formng

the col ugpzangemearty dffldHeecoBulsd f apS1 ¢ePPELallgnehgredininiarthe

pol ycrystalline grain 4 of
columnar polycrystalline film can be obtained even when the
amorphous phasé is included in the columnar polycrystalline
film 2. The process after forming the columnar polycrystalline
substrate comprisiﬁg the columnar polycrystalline grain 4 of
uniform shape is the same as that shown in the first embodiment
and the description will be omitted.

As described above, according to this third embodiment the
columnar polycrystalline grain 4 in the columnar
polycrystalline film 2 has the crystal axis and the crystal
face uniform in a fixed direction with respect to the substrate
1, whereby the etching rate of the isotropic or anisotropic
etching can be made equal not only in the same crystalline
grains but also in all the crystalline grain areas other than
the grain boundary. Therefore, the emitters are manufactured
with good reproducibility and the uniformity of the shape can
be obtained in numerous emitters formed over a wide range.
(Embodiment 4)

Hereinafter, a fourth embodiment of the present invention



2 [ ;
uni form shape is the sane as that shown in the first enbodi nent and the
description will be omtted. As described above, according to this
third enbodi mrent the col ummar polycryst%ﬂll ne grain 4 in the col umar
polycrystalline film2 has the crystal axis and the crystal face uniform
in a fixed direction wwth respect to the substrate 1, whereby the etching
rate of the isotropic or anisotropic etching can be made equal not only in
t he sane cr stalllne rains but also in all the crystalline grain areas
ot her thHﬁl t he gesari dak§h neEerenee, tehéigwicet &r-s are manuf act ured
wi th good reproducibility and the uniformty of the shape can be obtained
in numerous efilgudes & dredl IRQEieNad deiewngé. an( EMiddereman) of a cold-
Hereinafter, a fourth enbodiment of the present invention
26 melecbeoaegmdiute’mgmiel\em@m'ermmefagtﬁrgdr bycemployirg dihe 6 is a
sectional view of an emtter part of a cold- electron emtting el enent
manuf act apédmig re pollydmgs takl ime| findmr 2 pakbgordsngl tionehfd |fm@rtdrcording to
the fourth enbodi nent of the present invention. In figure 6, nuneral 11
denot es embbdimentgreedi thd spmesenbf inhentbbommalncifistald ide ngneranl 11
nunmeral 6 denotes an emtter, and nunmeral 12 denotes a tip portion of the
em tter.denoteguie shorttexr sarei rel @heméseasoft bhee collawmmam dihestfaXbine
enbodi mrent are denoted by the sane reference nunerals and their
descri pt gpasnyi humee admig tdshotes anGemeétakky, anbehuied aQuriatdeotasi as of
the tip portion of

tip portion of the emitter. In figure 6, the same elements as

those shown in the first embodiment are denoted by the same
reference numerals and their descriptions will be omitted.

Generally, when the curvature rédius of the tip portion of
the emitter 12 is 50nm or more, concentration of the electric
field on the tip portion of the emitter 12 by the drawing gate
electrode 8 (see Fig.2(e)) is not performed effectively, and
therefore, it is required to apply high voltage of 50V or more
to the draWing gate electrode 8 in order to obtain the electric
field intensity of 10°vV/mm which is required for electron
emission of silicon. Since it is preferable for a driving
circuit that the gate wvoltage is 50V or less, the curvature
radius of the tip portion of the emitter 12 is preferably 50nm
or less.

In addition, 10°v/mm or more of electric field intensity
is generally required for cold-electron emission of silicon,
and provided that the distance between the emitter and the

drawing gate electrode which applies voltage V (V) to the



the ‘emitt'er 12 is 50nmor nore, concentration of the electric field on the
- tip portion of the emtter 12 by the drawi ng gate electrode 8 (see
Fig.2(e)) is not performed effectively, Zhd therefore, it is required to
apply high voltage of 50V or nore to the drawing gate el ectrode 8 in order
to obtain the electric field intensity of 10[err]V/ mmwhich is required
for electron emssion of silicon. Since it is preferable for a driving
circuit that the gate voltage is 50V or less, the curvature radius of the
"tip portewmdtsen posdtiivesky 19s|d, pardethBl gus@akursr nagkigls of thentip
addition, 10[err]V/mmor nore of electric field intensity is generally
requi r edpbation dfeltdut remi ebheéssisnref thel edectriandimleiidutensityt Feat

di stance between the emtter and the draw ng gate el ectrode which applies
vol t age YheVkipopdmr-ion of the emitter is represented by 2Zthe fokhpwirg
positively is d, and the curvature radius of the tip portion of the
emtter eguatitdme @ectric field intensity F at the tip portion of the
emtter is represented by the following equation (1). F=2V/rLn(2d/r)
(M)  F=¥)/rLn(2d/Me relefm@n of -the)electric field intensity F to the
curvature radius r of the tip portion of the emtter in case where

d=0.5x10[ err] (e PéIBLidH, oBNENd081EYWLrikn fike dequatdryi {)F 6| thbe
described in figure 9. In the figure, the conditions of V>80V and r<50nm

nust be sakivafted iradingerr tef obhai 8iplpbetily ¥ Whdmreiftsr Fin case

Accordingly, the larger r is, the
where d=0.5x10"°%(m), V=60, 80, and 100 (V), in the equation (1)
will be described in figure 9. In the figure, the conditions
of V>80V and r<50nm must be satisfied in order to obtain
10°V/mm or more for F. Accordingly, the larger r is, the
higher voltage is required, in order to apply an electric field
of 10°%/mm or more to the tip portion of the emitter and
conversely, the smaller r is, only a lower voltage is required.
When a high voltage is required, the driving circuit for
controlling the emitter becomes complicated, and moreover,
there occurs a problem of a breakdown voltage of the insulating
layer underlying the drawing gate electrode, resulting in an
expensive cold-electron emitting element device. Accordingly,
by setting the curvature radius as 50nm or less, an inexpensive
low-voltage driving circuit can be provided.

By the usual reactive etching method employihg halogen gas

or wet etching method including hydrofluoric acid, it is very
difficult to sharpen the curvature radius of the tip portion of

the emitter 12 extremely to be less than 50nm, for example,



hi gifer voltage is required, in order to apply an electric field of
10[err]VI i mmor nore to the tip portion of the emtter and conversely, the
smaller r is, only a lower voltage is ré&fuired. Wen a high voltage is
required, the driving circuit for controlling the emtter becones
conplicated, and noreover, there occurs a problemof a breakdown voltage
of the insulating I|ayer underlying the drawi ng gate el ectrode, resulting
in an expensive cold-electron emtting el ement device. Accordingly, by
setti ng areund \atfievwe nabhmstass 560nnless| easd asuaidypdis virvatrarel t age
driving circuit can be provided. By the usual reactive etching nethod
enpl oyi ngakbdhesydegaes arowid eS¢mng Thtubedbiynmakdineg thalrsiidtioer cgraid,
it is very difficult to sharpen the curvature radius of the tip portion of
the em t deambteaxtirleret VtHe delhmesart bapsbafbinkogredaniee,100nm or more,
28 around a few nanoneters or |ess, and usually the curvature radius

becones aheurdlaxWlhecirtn dwitbkngJdelBRefbOhbOt ngr &infi t t weved £rudifoefmt he
columar crystalline grain be 100nmor nore, the cold-electron emtting

el ement Bawipeg cam Weersefizedf orm shape can be realized. Furt her
when the shorter grain dianeter 11 of the columar crystalline grainis

snmal | er than QQHRdr) Gaseh Wieé eshbheefUlyatli H Gikbaldites af1 tdie ¢hd portion
of the emtter 12 is forned as small as around 50nm the probability

(possi bi Lo Vinalth@irydta M e ppapdaiy sphah0es! ehadl 1100t I1h RIS OheLet he
emtter is high, resulting in that the tip portion of the
the curvature radius of the tip portion of the emitter 12 is
fbrmed as small as around 50nm, the probability (possibility)
that the grain boﬁndary is located at the tip portion of the
emitter is high, resulting in that the tip portion of the
emitter 12 which has the curvature radius of around 50nm is not
formed with good reproducibility because of the grain boundary.
In addition, the grain boundary 3 has many defects, which
results in that the electron emission amount is decreased when
the defects are located on the tip portion of the emitter 12.
For the reasons described above, the shorter grain diameter 11
of the columnar crystalline grain is preferably 100nm or more.
As described above, according to the fourth embodiment,
since the shorter grain diameter 11 of the columnar crystalline
grain is at least 100nm or more, grain boundary having
different etching rate does not exist at the tip portion of the
emitter 12, whereby the tip portion of the emitter 12 can be
formed with good reproducibility.

(Embodiment 5)



em tter 12 which has the curvature radius of around 50nmis not forned
with good reproducibility because of the grain boundary. In addition
the grain boundary 3 has many defects, M8 ch results in that the electron
em ssion anmount i s decreased when the defects are |ocated on the tip
portion of the emtter 12. For the reasons descri bed above, the shorter
grain dianeter 11 of the columar crystalline grain is preferably 100nm or
nor e. As descri bed above, according to the fourth enbodi nent, since
the shorter gHareigisfitsmr a1fofth hembodimeant ofyshel preserngr dinveérnt bon

| east 100nm or nore, grain boundary having different etching rate does not
exi st atwihéd biepdesdridredfwitie refietércello Bhgnelky thand 2 (@rii dthef the
emtter 12 can be formed with good reproducibility. (Enbodi nent 5)

29 sameHelemeafttscras ecHodé¢ hskkodmwdinenheothtilrtd pmbodimeantyvete on  wi | |
be described with reference to figures 5 and 2(e). The sane elenents as

t hose sh@ehnoitedt bg tihe daambock ferénas enunlepalledahyl tthe ivarde yefigy eimes
nunerals and their descriptions wll be omtted. In figure 5,

nuner al #01demet emiditest.al axis indicating the direction of each
crystalline grain. Each crystalline grain 4 is forned at an angl e of

83[err] or norg FIure I hehumest rap eddnothksciryskagassd s hiamdivLkiegs of
the columar polycrystalline film2 with a grain dianmeter of at |east

g-m_lE te; ; ]Sﬁhenagé%cttq&ﬁ A df@stceyorarl On8[ gralif. i nEAhe ety farmdide
érain 4 is formed at an angle of 83° or more against the
substrate 1. This is because the thickness of the columnar
polycrystalline film 2 with a grain diameter of at least O0.lum
needs to be at least around 0.8um in order to form the emitters,
and tan™ (0.8/0.1)=83° is required so as not to make grain
boundary with different etching rate exist in the area of the
tip portion of the emitter while forming the emitters. In
addition, as shown in figure 2(e), when the electron is drawn
by concentrating the electric field on the tip portion of the
emitter 12, because the electron flows in an approximately
vertical direction to the substrate 1, the electron has to flow
to the tip portion of the emitter crossing the grain boundary
if the crystalline grain is formed at an angle of 83° or less
against the substrate 1. On the other hand, when the angle is
83° or more, the electron can flow to the tip portion of the
emitter in the same crystalline grain without crossing the
grain boundary including many defects, thereby the emission

current is not decreased.



and tan[érr] (0.8/0.1)Terrf83[err] I's required so as not to make grain
boundary with different etching rate exist in the area of the tip portion
of the emtter while formng the emttergp In addition, as shown in figure
2(e), when the electron is drawn by concentrating the electric field on
the tip portion of the emtter 12, because the electron flows in an
approximately vertical direction to the substrate 1, the electron has to
flow to the tip portion of the emtter crossing the grain boundary if the
crystalline grmd raéscipe@daBbval aggbedanhgBHertte ofi 115 Sembgaimehtt he
substrate 1. On the other hand, when the angle is 83[err] or nore, the

el ectron sGafrd |WeR OciPeralpiRer firainof tike foridd eft idh tdegEemef 83° or
crystalline grain without crossing the grain boundary including nany

def ect's, pidi efyaidwr ephssi@BstedEeent, igeanel HRGIRASPdiith different
30 As descri bed above, according to the fifth enbodi nent, since

each crygttifp e Nddes Snber BRY s@t adn +4R0§ PIH A £I4 1 0 £7 thEDERL BGRL)ST
the substrate 1, grain boundary wth different ™ etching rate does not exist
at the ti ' f Lt Ler r ' ty ty on e Wt ter
“ﬂ’feg%r doév&(?htigggg%%%iﬁoggci i%I %?%’ttel\?% elojee&r)é,}{ tkhé) f8%13{e3 wEen

12 can be e co el ectron
emtting t e em,ssi I Sticscan._he
obt ai ned STHETRRT SanFIEELL £, CHBEL e e o ot £
presentlérgﬂgﬂgnbf excellent electron emission characteristic can be

obtained.
(Embodiment 6)

Hereinafter, a sixth embodiment of the present invention
will be described with reference to figures 1 and 7. The
description of the respective components in figure 1 will be
omitted as they were described in the first embodiment.

The crystal face of the columnar crystalline grain 4 is
{110} or {100} orientation surface. By making the orientation
surface of the columnar polycrystalline film 2 {110}, the
crystal orientation and the crystal face are easy to be aligned,
thereby enabling uniform shape etching, and realizing the
cold-electron emitting element with the emitters of excellent
uniformity.

Further, by making the orientation surface {110} or {100}
orientated, an energy barrier against electron movement by the
grain boundary while the electrons in the columnar
polycrystalline film 2 run through the semiconductor layer can

be lowered, and the mobility of the electron is increased,



will*be described with reference to figures 1 and 7. The description of
the respective conponents in figure 1 will be omtted as they were
described in the first enbodi nent. 81The crystal face of the col umar
crystalline grain 4 is {110} or {100} orientation surface. By naking the
orientation surface of the columar polycrystalline film2 {110}, the
crystal orientation and the crystal face are easy to be aligned, thereby
enabl i ng uni form shape etching, and realizing the cold-electron emtting:
el enent twhekeblye reqiltitzdmsyy @&n exoetéase innther siegtron emifagidreramdwynt
maki ng the orientation surface {110} or {100} orientated, an energy
barrier agaweil elsea rquickesenssdpdayséhe grain boundary while the

el ectrons in the columar polycrystalline film2 run through the

sem conduct or Fuayte rGamhdie Howes elleneati bhesuaelialkiet W sof{ 10ty eliactron is
I ncreased, 31 thereby realizing an

i ncr eaSGcbﬂpblﬂQs%heQiﬂtQﬂ 198 SSd 9 GFDYDL0} agave! braent atdCkethd e5PPREEr
Further, when the orientation surface is {100}, in conparison with the

case of p¥lehefl agaior ninioey 1dhelbéré@l th¥rthe @odied SOWHEAIN dStron
| owered, thereby to ease the electron flow, and trap of carrier on the

boundar Yfiéﬁe BauweeRd e Gale-idPSeh aEh@beﬁM&érﬁrn(fa"c*ée RSN A Offate
crystal face is decreased with relative to {110} face orientated, thereby

to f urtbﬁguga%gnt;hqa@;le%cta&fw ﬁﬂé’%é&ﬂlé@ﬁdh&“c@&f e&%%&%%é hes

sem conductor and“the”insulating |ayer. Therefore,
decreased with relative to {110} face orientated, thereby to
further ease the electron flow on the interface between the
semiconductor and the insulating layer. Therefore, the
mobility of the electfon is further increased, thereby
realizing an increase in the electron emission amount and a
quicker response.

Figure 7 shows the result of the measurement for the
electron emission from the emitter of a thousand of chips due
to the difference in the crystal structure, that is carried out
in the présent invention. The voltage applied to the drawing
gate electrode is made equal. In figure 7, in case where the
emitters are formed by the columnar polycrystalline film 2 of
{110} face orientated, the electron emission amount is twice or
more as that in case where the emitters are formed by the
amorphous silicon film. The electron emission amount has a
relation with the light emission luminance from a phosphor and
the light emission luminance is in proportion to the electron

emission amount. Accordingly, only a lower extraction gate



mobility of the electron is further increased, thereby realizing an
increase in the electron em ssion ambunt and a quicker response.

Figure 7 shows the result of the neasure@®nt for the electron enission
fromthe emtter of a thousand of chips due to the difference in the
crystal structure, that is carried out in the present invention. The

vol tage applied to the drawing gate electrode is nade equal. In figure 7,
in case where the emtters are forned by the columar polycrystalline film
2 of {1™M3l¥age bsiregaisdd the ogidest rton ahitiaigi drthanvame edecwirom or nore
as that in case where the emtters are formed by the anorphous silicon
film Themlsciomnmrousti ¢hightuemilsascn Iumtiatarore W ih theel whktreerthssi on
| um nance froma phosphor and the light em ssion lumnance is in

proporti emittttdie &tecfoomedebiysthen cainmtar Ascloyait ystyllbnky falmorern £
extraction gate 32 voltage is
requi red {100y dekatt® théni hint baseanhealee oo remicnt &8s car @nbupinell bghtthe

em ssion |um nance) in case where the emtters are formed by the col umar

pol ycr ystamdipitods | §12ie6n £106) pheredyharesultiase ivmes elbhered voaragy.e
formed by the anorphous silicon film thereby resulting in a | owered

vol tage. FUREREES , ihNceAPRRLIsDAN wiithh dHe clwiiar polyerystahhiine
filmof {110} plane, that of {100} face orientated realizes an" increase in

the curreilimr@enf110pnplagefoktatl & (AN EMAdddbreéeiRild £BEN1EREs an
resulting in a |owered voltage. As descri bed above, according to the
sixth emieiisde in the current amount from the cold-electron emitting
element, thereby resulting in a lowered voltage.
As described above, according to the sixth embodiment,
when the crystal face of the columnar crystalline grain is
{110} or {100} plane, there is provided an increase in the

electron emission amount, thereby resulting in an cold-electron

emitting element that is driven by a low voltage.

APPLICABILITY IN INDUSTRY

According to an emitter and an emitter manufacturing
method of the present invention, by performing etching to the
columnar polycrystalline film which is obtained by depositing
the columnar crystalline grains on the substrate along the same
crystal axis, the emitters having regular shapes in their tip
portions can be formed with good reproducibility, whereby the
uniformity of the emitter shape is obtained even when a large
number of emitters are formed on a large-area substrate.

Thereby, variations in the electron emission characteristics of



when* t he 'crystal face of t he col umar crystalline grainis {110} or {100}
pl ane, there is provided an increase in the electron em ssion anount,
thereby resulting in an cold-electron &#8tting elenment that is driven by a
| ow vol t age. APPLI CABI LI TY I N | NDUSTRY According to an emtter and
an emtter manufacturing nethod of the present invention, by performng
etching to the columar polycrystalline filmwhich is obtained by
depositing the columar crystalline grains on the substrate along the sane
crystal @Kescollkdeedridtirmis dmitting eglémenshdpes tion vialdiatitans jorthens can
be formed with good reproducibility, whereby the wuniformty of the emtter
shape i sephtgiere@heen ddrerbe swppeessedbeandS therefere arthd camittens a

| ar ge- area substrate. Thereby, variations in the electron em ssion

char act egphst beSu@fed as an electron source of diverse ed&ctron Heeam
cold-electron emtting elenent due to variations in the emtter shape can
be supprg$3$edzadiéd yefaae, stidle 881 4t e1at-egpebamaded dispiael @estios,
source of diverse electron beam wutilization devices such as a flat-type

i mage di gphayudeYesiory/ald WSgELPE0g8endyhblifineauencyulasd+taser,
ultra-fast devices, an electron m croscope, an el ectron beam exposure

appar at UgeyQkelsh® drd kf.ectron microscope, an electron beam exposure

apparatus, or the like.



CLAVS 1. An emtter fornmed by form ng a columar polycrystalline
film which conprises columar crystalline grains being deposited on a
substrate along a sane crystal axis, an@84 thereafter patterning a first

i nsul ator on the columar polycrystalline film and ____performng

etching to the columar polycrystalline film enploying the pattered first

I nsul ator. 2. An emtter which is fornmed by formn
i nsul ator on a substrate and form ng a columar pol ycrﬂmmm[m!“wfuﬂ
depositing columar crystalline grai n€LAGNMSt he second i nsul at or 0

sanme crystal axis, and thereafter formng a patterned first insulator on
the columar polycrystalline film and performng etching to the
col umar polycrystalline film enploying the patterned first insulator.

3. Thelenm it afr epstelead fodnied Wyiperfomingattch2ngt be acaolmmarar
crystalline grains constituting the columar polycrystalline film have

crystal gyegcapdtallshal fideesvhidh fesnmptsas f taBdmiakectivetalillime espect
to the substrate. 4, The emitter as clained in any one of clains 1 to

3, Wwhergtfins being deposited on a substrate along a same crystal axis.

2. An emitter formed by forming a columnar polycrystalline
film which comprises columnar crystalline grains being
deposited on a substrate along a same crysﬁal axis, and
thereafter patterning a first insulator on the columnar
polycrystalline film, and

performing etching to the columnar polycrystalline film

employing the patterned first insulator.

3. An emitter which is formed by forming a second insulator
on a substrate and forming a columnar polycrystalline film by
depositing columnar crystalline grains on the second insulator
along a same crystal axis, and thereafter forming a patterned
first insulator on the columnar polycrystalline film, and
performing etching to the columnar polycrystalline film

employing the patterned first insulator.

4. The emitter as defined in any of Claims 1 to 3 wherein
the columnar crystalline grains constituting the columnar

polycrystalline film have crystal axes and crystal faces

This Sheet Has Been Rep
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35 - " the 66TUﬁﬁ‘Tlpo#§ﬁfys%aLline film includes at least silicon.
5. The en1tt any one of clains 1 to 4, wherein an
orientation s ﬂ” i’% u ar polgérystalline filmis {110}. 6.

The em tter as c anne of claims 1 to 4, wherein an
orientation surface of the colunnar polycrystallien filmis {100}. 7.
The emtter as clainmed in any one of clains 1 to 6, wherein t he

curvature radius of a tip portion of the emtter fornmed by performng
et chi ng Bl faEmcaruAndixgdl Pompntdian nelth i respeckohm thel sybstrat®.  The

emtter as clainmed in any one of clains 1 to 7, wherein the
columar crystalline grains constituting the colunnar polycrystalline film
have a shorter grain dianeter of at |east 100nm or | ess. 9. The

emtter s cl aThedemhtteasi @ss defligresl nin any of Claims 1 to 4, wherein
the columnar polycrystalline film includes at least

silicon.

6. The emitter as defined in any of Claims 1 to 5, wherein
an orientation surface of the columnar polycrystalline

film is {110}.

7. The emitter as defined in any of Claims 1 to 5, wherein
an orientation surface of the columnar polycrystalline

film is {100}.

8. The emitter as defined in any of Claims 1 to 7, wherein
the curvature radius of a tip portion of the emitter
formed by performing etching to the columnar polycrystalline

film is 50nm or less.

9. The emitter as defined in any of Claims 1 to 8, wherein
the columnar crystalline grains constituting the columnar
polycrystalline film have a shorter grain diameter of at least

100nm or more.

10. The emitter as defined in Claim 9, wherein

This Sheet Has Been Replaced




36 ° " an angle formed between the col umar crystalline grain and the
substrate is 83[err] or nore. 10. The emtter as clained jn Laim?2,.
wher ei n t he second insul ator incldfdes at | east oxygen '9‘ l H]m,”l
11. the emitter as clainmed in claim1 or claim2, wherein RERRILI "
patterned first insulator is circular. 12. The enitter aé clﬁl““‘“fhs *
claim1l or claim2, wherein the patterned first i nsul ator is '

pol ygonal . 13. An emitter manufacturing method conpri sing:. a

step of forn ag angdlauniamed|yetysenl thaecbilumnby chysdsilliine cotaimaand
crystalline grains on a substrate along a sane crystal axis; a step
of form bheaspbistterated ifs 1&3° iossuhater on the columar pol ycrystalline
film and a step of etching the columar polycrystalline film

enpl oying the patterned first insulator. 14. An emtter manufacturing
met hod conpri sing: a step of formng a second insulator on a

substrat &l. The emitter as defined in Claim 3, wherein

the second insulator includes at least oxygen or nitrogen.

12. The emitter as defined in Claim 2 or 3, wherein

the patterned fist insulator is circular.

13. The emitter as defined in Claim 2 or 3, wherein

the patterned first insulator is polygonal.

14. An emitter manufacturing method comprising:

a step of forming a columnar polycrystalline film by
depositing columnar crystalline grains on a substrate along a
same crystal axis; and

a step of performing etchihg to the columnar

polycrystalline £ilm.

15. An emitter manufacturing method comprising:

a step of forming a columnar polycrystalline £film by
depositing columnar crystalline grains on a substrate along a
same crystal axis;

a step of forming a patterned first insulator on the

columnar polycrystalline film; and
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37 a step of forn1ng a colunnar polycrysta%%rﬁe ffkﬁ+by-—dep05|t|ng
columar crystalline grains on the second |ns1:“ mnab s o o g

axi s; a step of formng a patterddd fi

polycrystalllne film and a step of et chEfi@ e gt Tt

pol ycrystalline film enploying the patterned first |nsulator - 15. The
emtter manufacturing nmethod as clainmed in any one of clainms 12 to 14,
wherein the col ummar crystalline grains constituting the columar -
pol ycryst al | i neaf isltephane etslsing ohée enobuinnas prdycevpdtadlling eSilhi ch are
uniformin a fixed direction with respect to the substrate. 16. The
em tter emplbgdngrithe mpetthioermesd cfarskdinauadagorone of clainms 12 to 15,
wherein t he col ummar pol ycrystalline filmincludes at | east

silicon. 17. The emtter manufacturing nethod as clainmed in any one of
clainms 12 to 16, wherein the orientation surface of the col umar

pol ycrystgll i neanf iembtte{ Mdjufacturing method comprising:

a step of forming a second insulator on a substrate;

a step of forming a columnar polycrystalline film by
depositing columnar crystalline grains on the second insulator
along a same crystal axis;

a step of forming a patterned first insulator on the
columnar polycrystalline film; and

a step of etching the columnar polycrystalline film

employing the patterned first insulator.

17. The emitter manufacturing method as defined in any of
Claims 14 to 16, wherein

the columnar crystalline grains constituting the columnar
polycrystalline film have crystal orientations and crystal
faces which are uniform in a fixed direction with respect to

the substrate.

18. The emitter manufacturing method as defined in any of
Claims 14 to 17, wherein
the columnar polycrystalline film includes at least

silicon. —_—
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The emtter hanufacturing met hod as clainmed in any one of

clains 12to-16—wherein the orientation surface of the col umar

_polycry
clainegz

perfor

l Mmﬂﬂ"ﬁ“ | ai nB 12 to 18, wherein the etching is
polycrystalline filmsuch that the curvature

ﬂﬁlllne filmis {100}. 19. 38he emtter manufacturing nethod as

radi us of a t|p portloﬁ of the emtter becones 50nm or | ess. 20. The

emtter
wher ei n

manuf acturing method as clainmed in any one of clains 12 to 19,
19. Théeendt teramaanfaicdrimeg greihesd i as t deftoedniar any of

polycrystalline filmhave a shorter grain dianeter of at |east 100nm or

nor e.
wher ei n

cPdims The €61 L8er whemefiact uri ng nmethod as clainmed in claim 20,
the angle formed between the columar crystalline grain

and

the substrate tie83keentatioidistirface?df the @il tituesr npolilaetsitiang inwt hod
as clainmed in claim 14, wherein the second insul ator includes at

| east oxyOEH L§ {110}.

20. The emitter manufacturing method as defined in any of
Claims 14 to 18, wherein
the orientation surface of the columnar polycrystalline

film is {100}.

21. The emitter manufacturing methﬁd as defined in any of
Claims 14 to 20, wherein

the etching is performed to the columnar polycrystalline
film such that the curvature radius of a tip portion of the

emitter becomes 50nm or less.

22. The emitter manufacturing method as defined in any of
Claims 14 to 21, wherein

the columnar crystalline grains in the columnar
polycrystalline film have a shorter grain diameter of at least

100nm or more.

23. The emitter manufacturing method as defined in Claim 22

wherein

the angle formed between the columnar crystalline grain
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ni t r'ogen.’ 39 23. The enitter

manuf act uring net jned in claim 13 or claim 14, wherein

the patterned fi rlmﬂlﬂmlj ﬁ ﬂHlltl rcul &9 24. The emtter

manuf acturi ng net sy claim 13 or claim14, wherein

the patterned first insulator is polygonal. 25. A cold-electron

emtting el enent manufacturing nethod, conprising: a step of

manuf acturing an emtter by the emtter manufacturing nethod as clainmed in

cl ai m 13and thei sub&trate is 83t eprafoterning a third insul ator and

drawing gate electrode with leaving the first patterned insulator on the

col utmar polycrystalline film and a step of form ng an openi ng by

renoving only the upper part of the first insulator patterned on the

col umar 24pol yehgsteniltter fmdmafacturing method as defined in Claim 16
wherein

the second insulator includes at least oxygen or nitrogen.

25. The emitter manufacturing method as defined in Claim 15

or 16 wherein

the patterned fist insulator is circular.

26. The emitter manufacturing method as defired in Claim 15 or
16 wherein

the patterned first insulator is polygonal.

27. A cold-electron emitting element manufacturing method,
comprising: |

a step of manufacturing an emitter by the emitter
manufacturing method as defined in Claim 15 or 16;

a sﬁep of forming a third insulator and a drawing gate
electrode with leaving the first patterned insulator on the
columnar polycrystalline film; and

a step of forming an opening by removing only the upper
part of the first insulator patterned on the columnar

polycrystalline film.
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