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5 BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an
electron-emitting device, particularly an
electron—emitfing device which can maintain stable

10 electron emission for a long time, an electron source
using the elecfron—émitting devices, imége-forming
apparatus, such as a display deﬁice and an exposure
device, using the electron source, as well as
manufacture methods of the electron-emitting device,

15 the electron source, and the image—forming apparatus.
Related Background Art

There are hitherto known two major types of
electron-emitting devicésf i.e., thermionic cathode
type electron-emitting dévices and cold cathode type

20_ electron-emitting devizes. Cold cathode type
electron-emitting devices include the field emission
type (hereinafter abbreviated to FE), the
metal/insulating layer/metal type (hereinafter
abbreviated to MIM), the surface conduction type, etc.

25 Examples of FE electron-emitting devices are
described in, e.g., W.ﬁ. Dyke & W.W. Dolan, "Field

emission", Advance in Electron Physics, 8, 89 (1956)



type (hereinafter abbreviated to FE), the netal/insulating | ayer/nmetal type
(hereinafter abbreviated to MM, the surface conduction type, etc. 25
Exanpl es of FE electron-emtting devices are described in, e.g., WP. Dyke
& WW Dol an, "Field emission", Advance Fn2EFectron Physics, 8, 89 (1956)
-2- and C. A Spindt, "Physical properties of thin-filmfield emssion

cat hodes with nol ybdenum cones”, J. Appl. Phys., 47, 5248 (1976). One

exanple of MMelectron-entting devices is 5 described in, e.g., CA
Mead, "Operation of Tunnel -Em ssjon Devices Phys., 32, 646
(1961). One exa"iﬂ‘b‘? Cob- sBP1BLEE, coRNRIFHh %T%Q?FW%&? t‘F’PPg“ﬂ%’v]r'Ees |s

described in El ectron Phys.

(500, (1965 SEfeacehindton; SRERIeT Bt o v et e@sloYd: & pased on
-such a phenonenghy,{ happuhen g, thisyg (1976).

Oné example of MIM electron-emitting devices is
5 described in, e.g., C.A. Mead, "Operation of
Tunnel-Emission Devices", J. Appl. Phys., 32, 646
(1961).
One example of surface conduction
electron-emitting devices is described in, e.g., M.I.
10 Elinson, Radio Eng. Electron Phys., 10, 1290, (1965).
Surface conduction electron-emitting devices
operate based on such a phenomenon that when a thin
film of small area is formed on a base plate and a
current is supplied to flow parallel to the film
15 surface, electrons are emitted therefrom. As to such
surface conduction electron-emitting devices, there
have been reported, for example, one using a thin film
of SnO, by Elinson cited above, one using an Au thin
film [G. Dittmer: Thin Solid Films, 9, 317 (1972)], one
20 using a thin film of In,0,/Sn0O, [M. Hartwell and C.G.
Fonstad: "IEEE Trans. ED Conf.”, 519 (1975)], and one
using a carbon thin film [Hisashi Araki et al.: Vacuum,
Vol. 26, No. 1, 22 (1983)].
As a typical example of those surface conduction
25 electron-emitting devices, Fig. 20 schematically shows
the device configuration proposed by M. Hartwell, et

al. in the ébove-cited paper. In Fig. 20, denoted by



filmof small area is formed on a base plate and a current is supplied to
flow parallel to the film15 surface, electrons are emtted therefrom
As to such surface conduction electron-emtting devices, there have been
reported, for exanple, one using a thin #iBm-of SnQ2 by Elinson cited
above, one using an Au thin film[G Dittnmer: Thin Solid Filns, 9, 317
(1972)], one 20 using a thin filmof [err] [M Hartwell and C G .
Fonstad: "I EEE Trans. ED COnf , 519 (1975)] and one using a carbon thin
film[H sashi Araki et al.: Vacuum kB Vol : 22 (1983)]. As a
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devices, Fig. 20 schegatically sho { he, devjce confl atlon roposed by
M Hartwel |, etrf ‘Hﬂ ?fe Qb %ec?vf%‘éep ‘per‘i % #f ‘f @

reference numara]‘ rocogg'ﬁ aég ( e el In:f‘frﬁ%eéal |<; ufe rteﬁﬁ{egaﬁl? "%?gase

plate"). 4 is an'e |ve t ornme oxi de
thin filmnade sputterlng into an H-shaped pattern, in which an

5 ' electron-emitting region 5 is forméd by energization
treatment called energization Forming (described
later). Incidentally, the spacing L between opposed
device electrodes is set to 0.5 - 1 mm and the width W
of the electroconductive thin film is set to 0.1 mm.

10 In those surface conduction electron-emitting
devices, it has heretofore been.customary that, before
starting the emission of electrons, the
electron-emitfing region 5 is previously formed by
energization treatment called energization Forming.

15 Specifically, the term "energization Forming” means
treatment of applying a DC voltage or a voltage
gradually increasing at a very slow rate of about
1 V/minute, for example, across the electroconductive
thin film 4 to locally destroy, deform or denature it

20 to thereby form the electron-emitting region 5 which
has been transformed into an electrically
high-resistant state. In the electron-emitting region
5, an electron emitting region is.produced in part of
the electroconductive thin film 4 and electrons are

25 | emitted from the vicinity of the electron emitting
region. -

Since the above surface conduction



by sputtering into an H shaped pattern, in which an 5 el ectron-emtting
region 5 is forned by energization treatnent call ed energi zati on Form ng
(described later). Incidentally, the spacing L between opposed device
electrodes is set to 0.5 - 1 mmand the wdth Wof the el ectroconductive
thin filmis set to 0.1 nm 10 I n those surface conduction

el ectron-emtting devices, it has heretofore been custonmary that, before
starting the emi ssion of electrons, the electron-emtting region 5 is

previously fornmed by energization treatnent called energization Form ng. 15
Specifically, tRdeCEFAN-SRdtFing: OsViceenrrg" SHBRAST: LBaSHEHETYFeapplyi ng a
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characteristics and efficiency of electron emission are
improved, it will be possible in image-forming
apparatus using a fluorescent film as an image-forming
member, by way of example, to realize low-current,
10 bright and high-quality apparatus, e.g., flat TV units.
Also, with a lowering in current required, the cost of
a driving circuit and so on making up the image-forming
apparatus can be cut down.
However, the afofementioned electron—émitting
15 device proposed by M. Hartwell et al. is not
sufficiently satisfactory in points of stable electron
emission characteristics and efficiency. Thus, it is
very difficult in the state of art to provide
image-forming apparatus, which has high 1uminance and
20 excellent stability in operation, by using such

electron-emitting devices.

SUMMARY OF THE INVENTION
In view of the above-mentioned technical problems
25 to be solved, an object of the present invention is to
provide an ele¢tron-emitting device which has stable

characteristics of electron emission and also has



region. Since the above surface conduction -4- electron-emtting devices
are sinpler in structure and can relatively easily be fornmed in a |l arge
nunber at a high density, their application to inage-form ng apparatus or
the like is expected. If stable electron~5 = emission is continued for a
long tine and characteristics and efficiency of electron em ssion are

i nproved, it wll be possible in inmage-form ng apparatus using a
fluorescent filmas an i mge- forning menber, by may of exanple to realize
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excellent stability in operation.

5 To achieve the above objects, the present
invention is featured by the following aspects.
According to an aspect of the present invention,
there is provided an electron-emitting device
including, between electrodes, an electroconductive

10 £film having an electrbn emitting region, wherein the
electroconductive film has a film formed in thé
electron emitting region and made primarily of a
material having the higher melting point than that of a
material of the electroconductive film.

15 According to another aspect of the present
invention, there is provided an electron-emitting
device including, between electrodes, an
electroconductive film having an electron emitting
region, wherein the electroconductive film has a film

20 formed in the electron emitting region and made
primarily of a material having a higher temperature, at
which the material develops a vapor pressure of
1.3 x 10" pPa, than that of a material of the
electroconductive film.

25 According to still another aspect of the present
| invention, there is provided a manufacture method of an

electron-emitting device including, between electrodes,



em ssion characteristics and efficiency. Thus, it is very difficult in the
state of art to provide i mage-form ng apparatus, which has high | um nance
and 20 excellent stability in operation, by using such electron-enmtting
devi ces. SUMVARY OF THE | NVENTION I n view gf -t he above-nenti oned techni cal
probl ens 25 to be solved, an object of the present invention is to
provide an electron-emtting device which has stable characteristics of

el ectron em ssion and al so has -5- inproved efficiency of electron

em ssion. Another object -of the present invention is to provide an

i mage- f or mi ng AHRILCErIPERIUGELVS HHLN hawhe amedestaan enitiing ity in
operation. 5 . To achi eve the above objects, the present invention is
featured by thef9HtPRmi FREERIRCERe meihadyiifFivwem aasier f fardinedent

i nvention, there js provided an, el ectron-eni_tt.in Vi
faim *%ég pr{karily é¥ é)mé¥gftin§%ﬁ¥3efg%tron emitting

region of the electroconductive film.

5 According to still further aspects of the present
invention, there are provided an electron source
comprising the electron-emitting devices arrayed in
large number on a base plate, an image-~forming
apparatus comprising such an electron source and an

10 image-forming member, and manufacture methods of the

electron source and the image-forming apparatus.

'BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are schematic views showing one

15 exemplary structure of an electron-emitting device of
the presenf invention.

Fig. 2 is a schematic view showing another
exemplary structure of an electron-emitting device of
the present invention.

20 Figs. 3A to 3D are scheﬁatic views for explaining
a manufacture process according to the present
invention.

Figs. 4A and 4B are charts showing waveforms of
triangular pulses used in the manufacture process

25 according to the present invention.

Fig. 5 is 'a diagram schematically showing a vacuum

treatment apparatus_used in the manufacture process



I ncl udi ng, between el ectrodes, an el ectroconductive 10 filmhaving an

el ectron emtting region, wherein the electroconductive filmhas a film
formed in the electron emitting region and nade primarily of a.-material
havi ng the higher nelting point than that ¢f —a material of the

el ectroconductive film 15 Accordi ng to anot her aspect of the
present invention, there is provided an el ectron-emtting device including,
bet ween el ectrodes, an el ectroconductive filmhaving an electron enitting
region, wherein the electroconductive filmhas a film 20 formed in the
el ectron enittiageprding tadthadergsentrinvention nandrfor éralwytiomi gher
tenperature, at which the material devel ops a vapor pressure of 1.3 x [err]
Pa, than that oPfacharefteristi€fie el ectroconductive film 25 :

According to still apother aspect of t%ﬁ prese i nvention, there is
provi ded a manuf act uFE9nePhdl Bf IEAPR| TRYVRE FHETFTRP RSPl udi ng,

het ween eleCtrOgﬁgracteristics of the electron-emitting device of the
5 present invention.

Fig. 7 is a diagram for explaining matrix wiring
of an electron source of the present invention.

Fig. 8 is a perspective view, partly broken,
schematically showing an image-forming apparatus using

10 the electron source of matrix wiring type.

Figs. 9A and 9B are schematic views for explaining
arrangements of a fluorescent substance film.

Fig. 10 is a block diagram for explaining a
driving method of an image-forming apparatus using the

15 electron source of matrix wiring type.

Figs. 11A and 11B are charts showing waveforms of
rectangular pulses used in the manufacture process
according to the present invention and for evaluation
of characteristics.

20 ' Fig. 12 is a diagram of an electrolytic -plating
apparatus used in the manufacture process according to
the present invention.

Figs. 13A to 13C are schematic views showing
arrangements of an electron-émitting region fissure and

25 coating films made primarily of a metal in the
elecfron-emitting device of the present invention.

Figs. 14A to 14H are sectional views for



-6- an el ectroconductive filmhaving an electron emtting region, wherein
the nmethod includes a step of formng a filmmade primarily of a netal in
the electron emtting region of the electroconductive film 5

According to still further aspects of the Present invention, there are
provi ded an el ectron source conprising the electron-emtting devices
arrayed in | arge nunber on a base plate, an inmage-form ng apparatus
conprising such an el ectron source and an 10 i mage- f orm ng nenber, and
manuf act ure nethodgﬁof,the el ectron source and the inage-formng a ggéatus.

h
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show ng one 15 8x%ngkar¥ itru ture of an electron-emtting device of the
pr esent inventi8ﬁ. ﬁiﬁ. 2V LRI ERRRat i ¢ vi ew showi ng anot her exenpl ary

structure of an el eckign-¢81 tLi 00adeylag BLr | 0gPLERERL LA A1L00::20:

Fi gs. 3A to 3D are sc trc views explai ni acture process
according to thgoRh88eibn! BYENFbPHing treatment performed in the

5 manufacture process of the electron source of matrix
wiring type.

Fig. 16 is a diagram showing a wvacuum treatment
apparatus used in the manﬁfacture process of the
image-forming apparatus of the present invention.

10 Fig. 17 is a block diagram for_explaining one
system configuration using the image-forming apparatus
of the present invention.

Figs. 18# to 18C are views for explaining a
manufacture process of an electron source of ladder

15 wiring type.

Fig. 19 is a perspective_view, partly broken,
schematically showing an image-forming apparatus using
the electron source of 1addér wiring type.

Fig. 20 is a schematic view showing the structure

20 of -a prior art device proposed by M. Hartwell et al.

Fig. 21 is a schematic view showing arrangements

of the electron source of ladder wiring type.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 One reason why sufficiently stable characteristics
of electron emission are not achieved in the prior art

surface conduction electron-emitting devices as



Figs. 4A and 4B are charts show ng waveforns of triangular pul ses used in

t he manufacture process 25  according to the present invention. Fig. 51is
a di agram schematical | y showi ng a vacuum treatnent apparatus used in the
manuf act ure process -7- according to +h® present invention and for

eval uati on of characteristics. Fig. 6 is a graph showi ng el ectron em ssion
characteristics of the electron-emtting device of the 5 pr esent
invention. Fig. 7 is a diagran1for explaining matrix wiring of an electron
source of the present- invention. Fig. 8 is a perspectLve1%%$m4 partly

blroken schenatieniigneh AR ats |Pﬁ‘5&ﬁ‘“ﬁ3?1m ng 10 t he

el ectron source of matrix wirjn Fi 9A .and 98 '
for expl ai ni ng %9%9%%??%# %‘?ﬁ/%cﬁfe te%ﬂ %1051}1 ]Tq-‘rﬁ%'nsgc ?1% Ylse\(gs
bl ock di agram foruseeé)l ai n_‘l:l_lil

due to heat generated by the current
flowing through the electron-emitfing region, the
5 material making up ends of the'electroconductive thin
film facing the fissure is lost by sublimation, or the
electroconductive thin film is locally melted and
deformed.
To solve that problem, in the present invention, a
10 coating film of which material is primarily made of a
metal and different from the material of the
electroconductive thin film in the eiectron—emitting,
region is formed in the electron-emitting region
comprising the fissure formed in the electroconductive
15 thin film. To prevent the electroconductive thin film
in the electron-emitting region from being deformed by
local melting or consumed by sublimation, the metal
material of the coating fiim is required to have the
higher melting point than that of the ﬁaterial of the
20 electroconductive thin film in the electron-emitting
region, or to have a higher temperafure, at which it
develops a vapor pressure equal to the pressure of a
vacuum atmosphere where the device is actually driven,
generally at which it develops a vapor pressure of
25 about 1.3 x 10 Pa (nearly 10°° Torr), than that of the
material of theé electroconductive thin film. Even when

any of the conditions is not satisfied in a metal



~driving nethod of an image-form ng apparatus using the 15 el ectron
source of matrix wring type. Figs. 11A and 11B are charts show ng

wavef orms of rectangul ar pul ses used in the manufacture process according
to the present invention and for eval uatd d® of characteristics. 20

Fig. 12 is a diagramof an electrolytic plating apparatus used in the
manuf act ure process according to the present invention. Figs. 13A to 13C
are schematic views show ng arrangenents of an electron-emtting region
fissure and 25 coating filnms nade prinari%%rof a netal_in the

el ectron-eni ttifiFtRyi RS HPLIPE FHEATRIG vt eanegreda R vamiPhr e
Source of mat ISR Ry 15 rye Y 2 e B B o
el ectrical conn@ﬁé i%égrmgg{@%téfaé@@or%%fgﬁd i'IQ'xet rg’i)plicants
have found that electron-emitting regions of surface
5 conduction electron-emitting devices tend to be
consumed at a higher rate on the high potential side
than on the low potential side. Therefore, it is
regquired for the coating film to cover at least an end
of the electroconductive thin film positioned on the
10 high potential side and facing the fissure of the
electron—émitting region, preferably to cover an end of
the electroconductive thin film on the high potential
side as well. Additionally,.the present invention also
includes such a structure that the coating film covers
15 an area of the electroconductive thin film extending |
from its end facing the fissure toward a device
electrode, but near the fissure..
Figs. 1A and 1B are a schematic plan and sectional
view, respectively, showing one'exemplary structure of
20 a plane type surface conduction electron-emitting
device of the present invention.
In Figs. 1A and 1B, denoted by 1 is a base plate,
2 and 3 are device electrodes, 4 is an
electroconductive thin film, 5 is an electron-emitting
25 region, and 6 is the aforementioned coating film made
of a material Having the higher melting point.

The base plate 1 may be made of any of various



5 manuf acture process of the electron source of matrix wiring type. Fig.
16 is a diagram showi ng a vacuum treatnent apparatus used in the

manuf acture process of the inage-form ng apparatus of the present

i nvention. 10 Fig. 17 is a bl ock diijagram for explaining one system
configuration using the i mage-form ng apparatus of the present invention.
Figs. 18A to 18C are views for explaining a manufacture process of an

el ectron source of |adder 15 wiring type. Fig. 19 is a perspective view,
partly broken, schematically showi ng an i nmage-form ng apparatus using the
el ectron sour ccaIkAsses|cichyas mpaskre glass, Zlass soadmdna an ew showi ng
the structure 20 of a prior art device proposed by M Hartwel| et al
Fig. 21 is a scHRREy sush apliadimmedusadk qantent hSada dtimeh source of

e e DS CE I FREFTECD BODENES e are o
achieved in t heglpe[é'sorblg’r te.sgu_r’f aéi)eui&oer}c%_q%,i U ecle%catn{i%' %rﬁ'ctt{[ ia%q devi ces as
5 alumina. |
The device electrodes 2, 3 opposed to each other
can be made of any of usual conductive materials. By
way of example, a material for the device electrodes
may be selected from metals such as Ni, Cr, Au, Mo, W,

10 Pt, Ti, Al, Cu and Pd or alloys thereof, printing
conductors comprising metals such as Pd, Ag, Au, Ru0Q,
and Pd-Ag or oxides thereof, glass and so on,
transparent conductors such as Ing%-sﬁoz,'and
semiconductors such as polysilicon.

15 ' The spacing L between the device electrodes, the
length W of each device electrode, the shape of the
electroconductive thin film 4, etc. are designed in
view of the form of application and other conditions.
The spacing L between the device electrodes is

20 preferably in the range of several tens nm to several
hgndreds pm, more preferably in the range of several pm
to several tens pm, taking into account the voltage
applied to between the device electrodes, the
electrical intensity capable of emitting electrons, and

25 SO0 on.

In consideration éf a ;esistance value between the

device electrodes and characteristics of electron



-9- nentioned above is presumably a change in the mcrostructural shape of
the electron-emtting region caused by that, due to heat generated by the
current flow ng through the electron-emtting region, the 5 mat eri al
maki ng up ends of the el ectroconductive4tHizhfilmfacing the fissure is

| ost by sublimation, or the electroconductive thin filmis locally nelted
and deforned. To solve that problem in the present invention, a 10
coating filmof which naterial S prinarily made of a nmetal and different

fromthe material, of, the | rocqonduc ve thipn filmin the
el ectron-eni t t i FHYEFEH RN F ef Ih%%‘ ‘ﬁ 6 ?‘b‘rFeerﬁ]ﬁ‘?frﬁquegﬁ% be

conpri si ng thee%%ésfﬁ Oﬁgr{:@g h| nk%ee roriflotrgjuct 'evreallemrﬁr %sn film To

prevent the el f oconductTve e-BIECL T on: i on

from bei ng def ofyede Py, I?ﬁaékﬂ;@gg I d%HP ¢ dg@% %V]le%ﬁlldd@é ion,3 tdg, metal

material of the coating ['mis require ave
set in the range of several tens nm to several pum.

5 In addition to thé structure shown in Figs. 1A and
1B, the surface conduction electron-emitting device may
also be structured by laminating the electroconductive
thin film 4 and the device electrodes 2, 3 opposed to
each other on the base plate 1 successively.

10 In order to provide good characteristics of
electron emission, it is preferable that the
electroconductive thin film 4 be formed of a fine
particle film made up by fine particles. The thickness
of the electroconductive thin film 4 is appropriately

15 set in consideration of step coverage to the device
electrodes 2, 3, a resistance value between the device
electrodes 2, 3, conditions of Forming treatment
(described later), and so on. In general, the film
thickness is preferably in the range of several 0.1 nm

20 to several hundreds nm, more preferably in the range of
1 nm to 50 nm. Also, the electroconductive thin film 4
has a resistance value R, in the range of 10? to 10’
Q/0. Note that R, is determined based on R = R,(1/w)
where R is resistance of a thin-film having a thickness

25 of t, a width of w and a length of 1. While Forming
treatment will "be described in this specification with

regard to, by way of example, energization treatment,



hi gher nelting point than that of the material of the 20

el ectroconductive thin filmin the electron-emtting region, or to have a
hi gher tenperature, at which it devel ops a vapor pressure equal to the
pressure of a vacuum at nosphere where the gw ce is actually driven,
generally at which it devel ops a vapor pressure of 25 about 1.3 x [err]
Pa (nearly [err] Torr), than that of the material of the el ectroconductive
thin film. Even when any of the conditions is not satisfied in a netal

- 10 - state, a simlar advantage is al so expected, by way of exanple, if
an oxi de | ayer manpersgedf oparhgirg réui cthenForping i treatnant ane giot he
conditions. The_ applicants have found that_ e] ectron-entting regions of
surface 5 co%ﬁ%gF?Gnt%I%@?F@%Z%ﬁi?@ir&PQkAHQkﬂ@QeQﬁPQR)QRQ ned at a

hi gher rate on the hi otential side than on the | ow potentjal side.
et orar ©i o ehvetff «B2f Ghenfial SRottptes HARPRIA GF HAYRUE S ond of

the eIectrocondgfééggetgﬁntﬂélglIQSAA (g§¥géihéﬁ¥%g a high-resistance

5 state.

Practical examples of a material used to form the
electroconductive thin film 4 include metals such as
P4, Pt, Ru, Ag, Au, Ti, In, Cu, Cr, Fe, Zn, Sn and Pb,
oxides such as P40, SnO,, In,0,, PbO and Sb,0,, borides

10 such as LaB,;, CeB,, YB, and GdB,, carbides such as TiC
and SiC, nitrides'such as TiN, and semiconductors such
as Si and Ge.

As there often appears the term "fine particle" in
this specification, the meaning of this term will be

15 explained.

A small particle is called a "fine particle" and a
particle smaller than the fine particle is called a
"ultra fine particle". It is also customary that a
particle smallef than the ultra fine particle and

20 consisted of atoms in number hundred or less is called
a "cluster".

However, the boundary between particle sizes
represented by the respective terms is not strict, but
varied depending on which property is taken into

25 consideration when classifying small particles. "Fine
particle" and “ultra fine particle" are both often

called "fine particle" together, and this specification



10 hi gh potential side and facing the fissure of the electron-emtting
region, preferably to cover an end of the el ectroconductive thin filmon
the high potential side as well. Additionally, the present invention also
i ncl udes such a structure that the coating4i4 mcovers 15 an area of the
el ectroconductive thin filmextending fromits end facing the fissure
toward a device el ectrode, but near the fissure. Figs. 1A and 1B are a
schematic plan and sectional view, respectively, showi ng one exenpl ary
structure of 20 a plane type surface conduction electron-emtting device
of the present PRAREAYFoRMi$SNIWIQ®s. 1A and 1B, denoted by 1 is a base plate,
2 and 3 are device elgctrodes, 4 igs an, electroconductive thin fjlm 5 is an
el ectron-enitting 25 E"p?ﬁb’f'%h?a]a Bo1es ﬁﬁp%“fﬁ ntY oat™hg film
made of a materjal. havipng } he higher L0 | nt... . The e.plate 1 may be
made of any of %%F%%%e g g?%'s’g%ge'gu%’ﬁésreq‘%a@f osg}?iatsas’, a%ls@sc‘bnt ai ni ng an
Publishing, published September 1, 1986) reads as
5 follows.
"It is assumed that, when the term "fine particle"”
is used in this Lecture, it means particles having a
diameter roughly ranging from 2 - 3 um to 10 nm, and
the term "ultra fine particle" is especially used, it
10 means particles having a particle size roughly rangihg
from 10 nm to 2 - 3 nm. Both the particles are often
simply expressed as "fine particle" together, and the
above-mentioned ranges are never strictly delimited,
but should be understood as a guideline. When the
15 number of atoms making up a particle is on the order of
from 2 to several tens to several hundreds, the
particle is called a cluster." (page 195, pp. 22-26)
Additionally, based on definition of "ultra fine
particle" made by "Hayashi-Ultra Fine Particle Project"”
20 in New Technology Development Operation Group of Japan,
a lower limit of the particle size is lower than above
as follows.
"In "Ultra Fine Particle Project” (1981 - 1986)
according to Creative Science & Technology Promotion
25 System, we decided to call a particle having a particle

- size (diameter) in the range of about 1 to 100 nm as

"ultra fine particle". Based on this definition, one



I mpurity such as Na in reduced content, soda linme glass, and gl ass having
[err] lam nated on soda |ine glass by, e.g., sputtering, or ceramcs such
as 5 al um na. The device el ectrodes 2, 3 opposed to each other can be
made of any of usual conductive materials.15By way of exanple, a material
for the device electrodes may be selected fromnmetals such as N, C, Au,
M, W 10 Pt, Ti, Al, Cu and Pd or alloys thereof, printing conductors
conprising nmetals such as Pd, Ag, Au, [err] and Pd-Ag or oxides thereof,
gl ass and so on,_transparent conductors such as {err] and sem conductors
such as pol ysi |4ke¥p fitpe particle ds mniasdgyegsd Qs e qumber

el ectrodes, the le h f each, device el egtrode, the shape of the
eIectroconductiEQPé$ﬁ¥i?%é%ﬁﬂnlg%c.LQP ipgsEgRBythR SFOMAGH SCALSs otheof

appl 1 catlon, andoeherc I EIG e e SRAE & ielumen g device
o P o PLELET S0 Mol g S SR ol SRl ¢ ore P
the 5 Technology -", compiled by Chikara Hayashi, Ryoji Ueda,
| and Akira Tasaki; Mita Publishing 1988, page 2, pp. 1

to 4); and "A particle smaller than the ulfra fine

particle, that is to say, one particle consisted of

atoms in number several to several hundreds is usually

10 called a cluster.", (Ibid., page 2, pp. 12 to 13).

In view of the above phraseology generally
employed, the term "fine particle” used in this
specification is assumed to mean an aggregate of
numerous atoms and/or molecules having a particle size

15 of which lower limit is roughly from several-b.l nm to
1 nm and upper limit is roughly about several pm.

The electron-emitting region 5 is constituted by a
high-resistance fissure developed in part of the
electroconductive thin film 4, and is formed depending

20 on the thickness, prqperties and material of the
electroconductive thin film 4, the manner of the
energization Forming (described later), and so on. The
electron-emitting fissure 5 may be made up by
electroconductive fine particles having a particle size

25 in the range of several 0.1 nm to several tens nm. The

electroconductive fine particles contain part or all of

elements making up a material of the electroconductive



el ectrical intensity capable of emtting electrons, and 25 so on. In
consideration of a resistance val ue between the device el ectrodes and
characteristics of electron - 12 - emssion, the length Wof each device
el ectrode can be set in the range of seveilbl -pmto several hundreds [err]m
The filmthickness d of the device electrodes 2, 3 can set in the range of

several tens nmto several pm 5 In addition to the structure shown
in Figs. 1A and 1B, the surface conduction electron-enitting device may

al so be structured hy I nating the el ectrqconductive thip film4 and the
devi ce electroa%gné 0s &¢et &§§$ﬁ°8fﬁgﬁt§ﬁn9h518§§€ep aPBciudes

cl'actron om sstBR °°atin9pre=§f - Bmelel R pne2RReTo RRREhEL FOE FRofer | m 4

be fornmed of a fllnlnade up by flne particles. The thickness
of the electroconganpa? %ﬁfn film4 is appropriately

A step type surface conduction electron-emitting
5 device will now be described.

Fig. 2 is a schematic view showing one exemplary
structure of a plane type surface conduction
electron-emitting device which can also be used as the
surface conduction electron-emitting device of the

10 present invention.

In Fig. 2, the same components as those in Figs.
1A and 1B are denoted by the same reference numerals as
those-in.Figs. 1A and 1B. Denoted by 7 is a
step-forming section.. A base plate 1, device

15 electrodes 2 and 3, an electroconductive thin film 4,
and an electron-emitting fissure 5 can be made of
similar materials as used in the plane type surface
conduction electron-emitting device explained above.
The step—forming section 7 is formed of, e.g., an

20 electrically insulating material such as SiO, by vacuum
vapor deposition, printing, sputtering or the like.
The film thickness of the step-forming section 7
corresponds to the spacing_L between the device
electrodes in the plane type surface conduction

.25 electron-emitting device éxplained above and, hence, it
can range from‘severalltens nm to several tens am.

While the film thickness of the step-forming section 7



15 set in consideration of step coverage to the device el ectrodes 2, 3,
a resistance val ue between the device el ectrodes 2, 3, conditions of

Form ng treatnent (described later), and so on. In general, the film

t hi ckness is preferably in the range of several 0.1 nm 20 to several
hundreds nm nore preferably in the range of 1 nmto 50 nm Also, the

el ectroconductive thin film4 has a resistance value [err] in the range of
102 to 107 [err]. Note that [err] is determ ned based on R = [err](l/w)
where R is resistance of & thin filmhaving a thickness 25 of t, a width
of w and a | engif setiin gpnsiédesation of chhermanufactuge REREEsROEN t hi s
specification with regard to, by way, of exanple energlzatlon treat nent,

- 13 - manners BPecﬁFF9|ﬁBerPgtﬁ%° ?hrﬁP?r%Q} RLIRA ¥Pnited to

t d h h
apabl 6 of chusPRYVESP] SB8: BOThoEHELEPHRERRY Ot SHT L HAFRAELRE: ance

5 st at e.

capable of emitting electrons, and so on, it is
5 preferably in the range of several tens nm to several
pm. |

The electroconductive thin film 4 is laminated on
.the device electrodes 2, 3 after the device electrodes
5, 6 and the step-~forming section 7 have been formed.

10 Although the electron-emitting fissure 5 is formed
linearly in the step-forming section 7 in Fig. 2, the
shape and position of the electron-emitting fissure S
depend on the manufacture conditions, the Forming
conditions, etc. and are not limited to illustrated

15 ones.

While the surface conduction electron-emitting
devices explained above can be manufactured by various
methods, one example of the manufacture methods is
illustrated in Figs. 3A to 3D.

20 ' One manufacture method will be described below
following successive steps with reference to Figs. 1A
and 1B and Figs. 3A to 3D. In Figs. 3A to 3D, the same
components as those in Figs. 1A and 1B are denoted by
the same reference numerals as those in Figs. 1A and

25 1B. | _

1) The base plate 1 is sufficiently washed with a

detergent, pure water and an organic solvent. A device



Practical exanples of a material used to formthe el ectroconductive thin
film4 include nmetals such as Pd, Pt, Ru, Ag, Au, Ti, In, Cu, C, Fe, Zn,
Sn and Pb, oxides such as PdO, SnQ2, [err] PbO and [err] borides 10 such
as LaB6, [err] and [err] carbides such-ad8TC and SiC, nitrides such as
Ti N, and sem conductors such as Si and Ge.” As there often appears the term
“fine particle” in this specification, the nmeaning of this termwll be 15
explained. A small particle is called a "fine particle" and a particle

smal ler than the fine particle is called a "ultra fine icle '
al so cust omary S4eft %P‘f?aﬂQYﬁ%i%q dhen, 9eposd ted; PR &’Giﬁ |Pc]1"’é:eand 20

consi sted of atonms in nunber red r less i.s called a

However, the b nd’eﬁ ‘B'ét‘(&%‘?‘?’ on, §put, é‘?gmo@dt&? 'liﬁg(er *‘especti ve
terms i s not Styd ut, v 4C ken into
25 consi der a |on vméf c?%ris%l }ng'r%%rfd; %%5% clrlesg%%%%ﬁ}%g particle" and

"ultra fine pardialey's G RYRY Of 4 SRMIL, " it S Ra thel Geviie@et her, and

t hi s specificatlon
5 electrodes 2, 3 on the base plate 1 (Fig. 3A).

2) Over the base plate 1 including the device
electrodes 2, 3 formed thereon, an organic metal
solution is coated to form an organic metal thin £ilm.
As the organic metal solution, a solution of an organic

10 metal compound containing, as a primary element, a
material metal of the electroconductive thin film 4.
The organic metal thin film is heated for calcination
and then patterned by lift-off, etching or the like to
form the electroconductive thin film 4 (Fig. 3B).

15 While the organic metal solution is coated on the base
plate 1, the electroconductive thin film 4 may be
formed by not only simple coating, but also vacuum
vapor deposition, sputtering, chemical vapor
deposition, dispersion coating, dipping, spinner

20 coating, etc.

3) Subsequently, energization treatment called
Forming ;s perforﬁed. When a voltage is applied to
between the device electrodes 2, 3 from a power supply
(not shown) to form, the electron-emitting fissure 5 is

25 formed in part of the electroconductive thin film 4
(Fig. 3C). Examples of voltage waveform applied.for

the energization Forming are shown in Figs. 4A and 4B.



- 14 - enploys this rule. "Experinmental Physics Lecture 14 Surface .Fine
Particle", (conpiled by Koreo Kinoshita, Kyoritsu Publishing, published
Sept enber 1, 1986) reads as 5 follows. J4t_is assumed that, when the
term"fine particle" is used in this Lecture, it nmeans particles having a
di aneter roughly ranging from2 - 3 pmto 10 nm and the term"ultra fine
particle" is especially used, it 10 nmeans particles having a particle
size roughly ranging from10 nmto 2 - 3 nm Both the particles are often

sinply expressed as thengoldhhkClheveEsdRt N8 prafdribey 266VE- PRIEEONERe
ranges are never strictly delimted, but should be understood as a
gui del i ne. \Wenwatefdbm. vThabehepfinhbiennBéining pcanpbetperforme@nbyhe
order of from2 to several tens to several hundreds, the particle is called
a cluster." (pagppl9$ngppoledgltpuldesthavingya tesstamb ceéshi vabueof
ultra fine successively (Fig. 4A), or by applying voltage pulses
5 having crest values gradually increased (Fig. 4B).
In Fig. 4A, Tl and T2 represent respecfively a
pulse width and a pulse interval of the voltage
waveform. Usually, Tl is set to fall in the range of 1
pusec. to 10 msec. and T2 is set to fall in the range of
10 10 psec. to 100 msec. A crest value of the triangular
waveform (i.e., a peak voltage during the energization
Forming) is appropriateiy selected depending on the
type qf surface conduction electron-emitting device.
Under these conditions, the voltage is applied for a
15 period of several seconds to several tens minutes at a
proper degree of vacuum. The pulse waveform is not
limited to triangular one, but may have any other
desired waveform such as rectangular one.
In the method shown in Fig. 4B, Tl and T2 can be
20 set to similar values as in the method shown in Fig.
4A. A crest value of the triangular waveform (i.e., a
peak voltage during the energization Forming) is
gradually increased, for example, at a rate of 0.1 V
per pulse.
25 The time at which the energization Forming is to
be finished can be detected by applying a voltage whose

value is so selected as not to locally destroy or



particle" made by "Hayashi.Utra Fine Particle Project” 20 i n New
Technol ogy Devel opnment QOperation G oup of Japan, a lower limt of the
particle size is |lower than above as follows. "In "Utra Fine Particle
Project” (1981 - 1986) according to Creatd wg Science & Technol ogy Pronotion
25 System we decided to call a particle having a particle size
(dianeter) in the range of about 1 to 100 nmas "ultra fine particle".
Based on this definition, one - 15 - ultra fine particle is an aggregate
of atoms in nunber roughly 100 to 108. Looking fromthe atom c scale, the
ultra fine partideform the glrctroconductisreycthiay tiidime 4' andUmessuriing

Particle - Creative Science & 5 Technol ogy -", conpiled by Chikara
Hayashi, Ryoji RE3EViFR ysrentrAundng \the muise dntervedgd2-pafy ¥avpp. 1
to 4); and "A parficle syaller than the ultra fine particle, that is to
say, one particl® cHRTRYRd HIVeAae i9f mhmt: %@Néfé@ &F 2n9h@ndr eds
I's usually

resulting device current is measured to determine a
5 resistance value. When the resistance value exceeds 1
MQ, the energization Forming is finished.
~4) Then, the coating film made of a material having
the higher melting point is formed. The material of
the coating film is preferab1§ a simple metal or alloy
10 of elements belonging to Groups IVa, Va, VIa, VIIa and
VIiIa in fifth and sixth periods, or a mixture thereof
because of having the high melting point. More
specificaily, Nb, Mo, Ru, Hf, Ta, W, Re, Os and Ir have
the melting point not lower than 2000 °C in the form of
.15 a simple metal and, therefore, are preferably used as
the material. 2r and Rh are also usable because of
having the melfing point near 2000 °C. The temperature
at which the material develops a vapor pressure of
1.3 x 10 Pa (10°° Torr) is 1370 K for Pd that is used,
20 by way of example, to form the electroconductive thin
film, whereas that temperature is 2840 K for W, 2680 K
for Ta, 2650 K for Re, 2600 K for Os, 2390 K for Nb,
and so on. Thus, any of those elements can preferably
be employed. In particular, W is a preferable material
25 because it has the highest melting point of 3380 °C
among those metals. Also, Ni belonging to the fourth

period has the melting point of 1453 °C as a simple



10 called a cluster.", (lbid., page 2, pp. 12 to 13). In view of the
above phraseol ogy generally enployed, the term"fine particle” used in this
specification is assuned to nmean an aggregate of nunerous atons and/ or

nol ecul es having a particle size 15 of @iieh lower limt is roughly from
several 0.1 nmto 1 nmand upper limit is roughly about several [err]m The
el ectron-emtting region 5 is constituted by a high-resistance fissure

devel oped in part of the electroconductive thin film4, and is forned

dependi ng 20 on the thickness, properties and nmateri of the.
el ect roconduct i e%ak e than Hgsr?hnr‘?‘erofofpdt'h “é:n?PgF‘gétPVoﬁ’thgl?‘m ng

Up' by el ect r acorAFRATY & [RBRE H GEatolh A0 Stelie & BUET shey e ing Il
anae of severlpdinte WUSAPRPLAlqd OB imerHle SLESHGCOURG ey 11 e
eleCtrocondUCti\Gkide'léy%f is formed on the alloy surface, the melting
5 point rises to near 2000 °C and the rate of evaporation
due to the electric field is extremely reduced.
Therefore, Ni is also expected to exhibit an effect of
preventing wear of the electron-emitting region.
Since the coating film is formed only near the
10 electron-emitting region, it is simple to use any thin
film deposition process by which the coating film is
deposited by applying a voltage to between the device
electrodes. More specifically, there can be used a
process of applying a voltage to between the device
15 electrodes and forming a plated film by electrolyte
plating, or chemical vapor growth by which a voltage is
applied to between the device electrodes in an
atmosphere containing a compound of a metal to be
coated and the compound is decomposed to deposit a film
20 of the metal.
Plating baths used in the plating process inclﬁde,
for example, a citric acid - ammonia bath containing
Na,W0, and NiSQ,, and a nickel sulfosalicylate bath for
forming a Ni thin film. Metal compounds used to create
25 the atmosphere in the chemical vapor growth include,
for example, metal halidés such as fluorides,

chlorides, borides and iodides, metal alkylates such as



thin film4. The electron-emtting fissure 5 includes the coating film®6
made of a material having the higher nelting point. A step type surface
conduction el ectron-emtting 5 device will now be described. Fig. 2 is a
schematic view showi ng one exenplary structjye of a plane type surface
conduction el ectron-emtting device which can al so be used as the surface
conduction electron-emtting device of the 10 present invention. In Fig.
2, the sane conponents as those in Figs. 1A and 1B are denoted by the sane
reference nunerals as those in Figs. 1A and 1B. Denoted by 7 is a
step-form ng seatetiylatedasethybdted  ante\barezyilates,elmetalodes 2. and 3, an
el ectroconductive thin film4, and an electron-emtting fissure 5 can be
made of sim|ar Predtretdmatss uwech ias tawe i lavwettonatesyr f ace conducti on

el ectron-emtting device expl ai ned above. The step-formng section 7 is
fornmed of, e.g.,dipivaloylrethanates 3nd hagafluaroanetvilgcedonates Si 2 by
vacuum vapor deposition, printing, sputtering or the like. The film

t hi ckness of thém§¥%%r?Q¥£%qﬁﬂﬂﬁﬁﬁqﬁnﬁqph as allyl complexes and

5 cyclopentadienyl complexes, arene complexes such as
benzene complexes, metal carbonyls, metal alkoxides,
and compounds combined with any of the above. From the

-necessity of depositing the above-mentioned material
having the higher melting point, examples of preferred

10 compounds used in the present invention include NbF,,

- NbCl;, Nb(CzH;)(CO),, Nb(C.H;),Cl,, OsF,, Os(C,H,0,),,
Os(CO);, 0s,;(CO),,, Os(C,H;),, ReF,, ReCl;, Re(CO),,,
ReC1(CO);, Re(CH,)(CO),, Re(C.Hs)(CO),, Ta(CsH)(CO),,
Ta(OC,H;);, Ta(CgH;),Cl,, Ta(CH;),H,, WF,, W(CO),,

15 W(C4H;),Cl,, W(CH;),H,, W(CH;),, etc. Depending on the
conditions, othér substance such as carbon than the
metal to be coated may be contained in the coating
film.l

In this treatment, crystallinity of the coating

20 film may also be controlled by introducing a substance
having etching ability, such as hydrogen, together with
the metal compound. It is also possible to control the
shape and others of the coating film by, e.g., heating
the device. Such control is appropriately performed

25 depending on the conditions.

As the coating film is formed with progress of the

treatment, the current flowing between the device



corresponds to the spacing L between the device electrodes in the plane

type surface conduction 25 el ectron-emtting device explained above and,
hence, it can range fromseveral tens nmto several tens pm Wiile the film
t hi ckness of the step-forming section 7 = 23 17 - is set in consideration

of the manufacture process of the step-formng section, the voltage applied
to between the device el ectrodes, the electrical intensity capabl e of

emtting el ectrons, and so on, it is 5 preferably in the range of
several tens nm 1,0 §§¥§g [ er.r ne p\ elﬁftro l%g ct|¥§eth|n film4 is
| ani nat ed on thé device élcstr" s af &y ‘488  8bes 5, 6

and the step-forg r&s&@ Qe BeGR |Y mlstt@. g eiguanaLhe

el ectron- entttlng I ssure I near 'y step-formng S&cti on

7in Fig. 2 theshapard Rsiddnt) vafivehe %%C%aal%thy grfissure 5
depend on the manuf acture conditions, the Form ng

determining whether the treatment is to be finished or
5 not are appropriately decided in consideration of the
treatment manner, the shape of the device, and so on.
After completion of the treatment, the device is
cleaned. More specifically, in the case of employing
the plating process, the device is washed with water or
10 the like and then dried. In the'case of employing the
chemical vapor growth, the metal compound is evacuated
from a vacuum treatment apparatus to create a cleah
vacuum atmosphere while heating the device and/or the
vacuum treatment apparatus to a proper temperature, if
15 necessary, and the device is left to stand in the clean
vacuum atmosphere for a certain period of time.
The coatihg film formed by the above treatment may
be such that fine particles are densely arrayed to form
the film. In this state, the fine particles have a
20 size roughly in the range of 30 to 100 nm although the
patticle size is varied depending on the wvoltage
applied durihg the treatment and/or locations on one
device.
Basic characteristics of the eléctron-emitting
25 device of the present invention manufactured through
the above-explained steps will be described below with

reference to Figs. 5 and 6.



conditions, etc. and are not limted to illustrated 15 ones. \Wile the
surface conduction electron-emtting devices expl ained above can be
manuf act ured by vari ous net hods, one exanple of the manufacture nethods is
illustrated in Figs. 3Ato 3D. 20 - ¢ +manufacture nethod will be
descri bed bel ow foll owi ng successive steps with reference to Figs. 1A and
1B and Figs. 3Ato 3D. In Figs. 3Ato 3D, the sane conponents as those in
Figs. 1A and 1B are denoted by the sane reference nunerals as those in
Figs. 1A and 25 1B. 1) The base plate 1 is sufficiently washed with a
detergent, pure waterFadgd anisrdaprhenati@ntien showing one epmmpls «f r ode
material is then deposited on the base plate by vacuum vapor deposition,
sputtering or thEhFiKE?“HPtEFQ?F%$Ptt?E§%EEEE§t%RF?EuQﬂ? ¥ £H@t t erned by

photol|thographymeggargégypégélég%lggr%éég;g@ugye In Fig. 5, the same

reference numerals as those in Figs. 1A and 1B denote

5 identical parts to those in Figs. 1A and 1B. Referring
to Fig. 5, denoted by 15 is a vacuum vessel and 16 is
an evacuation pump; An electron-emitting device is
placed in the vacuum vessel 15. The eleétron—emit;ing
device comprises a base plate 1 on which the

10 electron-emitting device is constructed, device
electrodes 2 and 3,'an electroconductive thin film 4,
and an electron-emitting fissure 5. Though not shown,
the coatihg film made of a material having the higher
melting point is coated inside and near the fissure.

15 Further, 11 is a power supply for applying a device
voltage VEf to the electron-emitting device, 10 is an
ammeter for measuring a device current 1If flowing
through the eiectroconductive thin film 4 between the
device electrodes 2 and 3, and 14 is an anode electrode

20 for capturing an emission current Ie emitted from the
electron-emitting region 5 of the device.

Additionally, 13 is a high-voltage power supply for
applying a voltage to the anode electrode 14, an@ 12 is
an ammeter for measuring the emission current Ie

25 emitted from the electron-emitting region 5 of the
device. The measurement is performed, for example, by

setting the voltage apblied to the anode electrode in



5 el ectrodes 2,7 3 on-the base plate 1 (Fig. 3A). 2) Over the base plate
1 including the device el ectrodes 2, 3 forned thereon, an organic netal
solution is coated to forman organic netal thin film As the organic netal
solution, a solution of an organic 10 +re2%l - conpound containing, as a
primary elenent, a material netal of the electroconductive thin film4. The
organic netal thin filmis heated for calcination and then patterned by
lift-off, etching or the like to formthe el ectroconductive thin film4

Fig. 3B). 15 Wi | h ' I lut L on i d b

blate 1. ihe el cHPoEBRUECOPVE Ehi FOT10rkd S0 oie GHRE P B OSSR ol o
e 1, the ol (s _ _ _

Geposi U on, i spers SHOB, SPRLEGRE LA e MRS B bn CORMS ey Tap

Subsequently, enghgi 2ahh8Nok! SahMERS, §ahkhed Forming is performed. Wen a
voltage is applied to between the device electrodes 2, 3 froma power

supply (not shown) toThargachif V68661 015 e thidieh ddch Wi #h additional for med
in part of the electroconductive thin film4 (Fig. 3C). Exanples of voltage
wavef or m appl i eduh®ts (not shown) such as a vacuum gauge necessary to
create a vacuum atmosphere for measurement, so that the
device is measured and evaluated under a desired vacuum
atmosphere. The evacuation pump 16 includes a normal
high vacuum apparatus system comprising a turbo pump
10 and a rotary pump, and a ultra-high vacuum apparatus
system compfising an ion pump or the like. The whole
of the vacuum treatment apparatus in which the
electron-émitting is placed can be heated to 250 °C by
a heater (not shown). Accordingly, the vacuum
15 treatment apparatus can be used to perform the steps
subsequent to the foregbing.ehergization Forming.
Denoted by 18 is a material source in the form of an
ampule or a bomb for storing the material to be
introduced to the vacuum treatment apparatus, as
20 required. 17 is a valve for adjusting the amount of
the material introduced tc the apparatus.
Fig. 6 is a graph plotting the relationship
between the emission current Ie and the device current
If and the device voitage Vf measured by the vacuum
25 treatment apparatus shown in Fig. 5.. Note that the
graph of Fig. 6 is plotted in arbitrary units because

the emission current Ie is much smaller than the device



the energization Formng are shown in Figs. 4A and 4B. - 19 - The

vol tage waveformis preferably of a pul se-like waveform The energi zation
Form ng can be performed by applying voltage pul ses having a constant crest
val ue successively (Fig. 4A), or by applw 2% woltage pulses 5 . having
crest values gradually increased (Fig. 4B). In Fig. 4A, Tl and T2 represent
respectively a pulse wwdth and a pulse interval of the voltage waveform
Usually, T1 is set to fall in the range of 1 psec. to 10 nsec. and T2 is
set to fall in the range-of 10 10 [err]sec. to 100 nsec. A crest value
of the triangul SFUNERRS okfn (iThe vertiqad Aid hgrigentad ©reserechi zation
Form ng) is appropriately selected depending on the type of surface
conducti on eIect?%bF%ﬁﬁQYiﬁu}%ﬂﬁﬁ¥x§c r these conditions, the voltage is

STV N - TE R R A R
one, but may ha%%n%ﬂ%:é&éﬁ”electron-emitting device of the present
5 invention has three characteriétic features with regard
to the emission current Ie aé follows.

(i) In the electron-emitting device, the emission
current Ie is abruptly increased when the device
voltage greater than a cerfain value (called a

10 threshold voltage, Vth in Fig. 6) is applied, but it is
not appreciably detected below the threshold voltage
Vth. Thus, the present device is a non-linear device
having the definite threshold voltage Vth for the
emission current Ie. |

15 | (ii) The emission current Ie increases monotonously
depending on the device voltage Vf and, therefore, the
emission current Ie can be controlled by the device
voltage Vf£.

(iii) Emitted charges captured by the anode electrode

20 14 depend on the time during which the device voltage
Vf is applied. Thus, the amount of charges captured by
the anode electrode 14 can be controlled with the time
during which the device voltage Vf is-applied.

As will be understood from the above explanation,

25 electron emission cha;acteristics of the surface
conduction electron-emitting device of the present

invention can easily be controlled in response to an



desired waveform such as rectangul ar one. In the nmethod shown in Fig. 4B,
T1 and T2 can be 20 set to simlar values as in the nethod shown in Fig.
4A. A crest value of the triangular waveform (i.e., a peak voltage during
the energization Formng) is gradually incregased, for exanple, at a rate of

0.1 V per pulse. 25 The tinme at which the energization Formng is
to be finished can be detected by applying a voltage whose value is so
selected as not to locally destroy or - - 20 - deformthe

el ectroconductive thin film4 and neasuring a device current during the
pul se interval TAnPB§ ®ignal.exBphtilizingt thisofeabwre, caEpMeatignsi ed
and a resulting device current is neasured to determne a 5 resi stance
val ue. Wen t hetPed ¥agAetyafutiekdsedinglufing) an alecahern) SRUTCHy

Forming is finished, 4) Then, ,the coatipg film made, of a material _having
the higher neltiAg ﬁBPﬁF‘?SerPﬁeBPP?ﬁétﬁﬁte?Fﬁr bFing dn'srray ‘of the
numerous electron-emitting devices are realized.

5 Further, in Fig. 6, the device current If
increases monotonously with respect to the device
voltage VEf (called MI characteristic hereinafter). The
device current If may exhibit a voltage controlled
negative resistance eharacteristic (called VCNR

10 characteristic hereinafter) (not shown) with respect to
the device voltage VE£. These characteristics of the
device current aie controllable depending on the
manufacture conditions.

Application examples of the electron-emitting

15 device which can be achieved in accordance with fhe-
present invention will be described below. An electron
source or an image-forming apparatus, for example, can
be made up by arraying a number of surface conduction
electron-emitting devices of the present iﬁvention on a

20 base plate.

The electron-emitting devices can be arrayed on a
base plate by severai methods.

By one method, a number of electron-emitting
devices are arrayed side by side (in a row direction)

25 and interconnected at both ends thereof in parallel by
wires to form a row of electron-emitting devices, this

row of electron-emitting devices being arranged in a



the coating filmis preferably a sinple nmetal or alloy 10 of elenents
belonging to Groups |Va, Va, Vla, VIla and VIlla in fifth and sixth
periods, or a mxture thereof because of having the high nelting point.
Mre specifically, Nb, M, Ru, H, Ta, W ®,-0Cs and Ir have the nelting
poi nt not |ower than 2000 [err] in the formof 15 a sinple netal and,
therefore, are preferably used as the material. Zr and Rh are al so usable
because of having the nelting point near 2000 [err] The tenperature at

which th | d I <
S T etlaRs o VSRR AT Siale hel Zokadd 1268 LB oD

I d
. or 92"t W A U e, bk SRR ag04eE TR 2000
of those. elenentgigpgggg §'P! &aggtghasg¥ﬁqmﬁ:gﬁggegisﬂ?ar, Wis a

preferable mat er’i al eca se est nelting point of 3380

Lerv] among thogg SuldrS o NnebebanaiiRactaohht heveshsaeriod has the
melting point o 3 er}] as a sinple

5 controlling emission of electrons from the
electron-emitting devices. This is an electron source
of ladder wiring type. By another method, a number of
electfon-emitting devices are arrayed in a matrix to
lie in the X-direction and the Y-direction. Ones of'

10 the opposed electrodes of the plural eledtron-emitting
devices lying in the same row are connected in common
to one X—directionallwire, and the others of the |
opposed giectfodes of the plural electron-emitting
devices lying in the same column are connected in

15 common to one Y-diréctional wire. This is an electron
source of simple matrix wiring type. A description
will first be made of the simple matrix wiring type in
detail.

The surface conduction electron-emitting devices

20 to which the present invention is applicable have the
abové-mentioned characteristics from (i) to (iii). In
other words, electrons emitted from each of the surface
conduction electron-emitting devices are controlled |
depending on the crest value and width of a pulse-like

25 voltage applied to between the device electrodes
opposed to each other when the applied voltage is

higher than the threshold value. On the other hand,



- 21 - metal lower than 1554 [err] of Pd, but an alloy of Ni formed by
addi ng Wof about 10 atomc % has the nelting point raised to 1500 [err] or
nore. Further, when an oxide layer is formed on the alloy surface, the
melting 5 point rises to near 2000 [er+]29%and the rate of evaporation due
to the electric field is extrenely reduced. Therefore, Ni is also expected
to exhibit an effect of preventing wear of the electron-emtting region.

Since the coating filmis fornmed only near the 10 el ectron-emtting
region, it is sinple to use any thin filmdeposition process by which the
coating filmis T (RR SLeEHAns Mre stttk ato the weditagee lowerce

el ectrodes. Mire s ecificaﬁ%%gqfhere can be used a process of applying a

vol tage to bet wet R heheeth : ald vatue.t r Rpsed,qp fl'&erﬁeng a plated film by
clestrolyte bl atingaShoclitlcsl danoogioly L MIC Beligne 1o opp! 1 ed
o L O A BT A S TR TR g bl 20
5 it is possible to select any desired one of the

electron-emitting devices and to control the amount of

electrons emitted therefrom in response to an input

signal by properly applying the pulse-like voltage to

each corresponding device.

10 ' An electron source base plate constructed in
accordance with the above principle by arranging a
number of electron-emitting devices of the present
invention will be described bglow with reference to
Fig. 7. 1In Fig. 7, denoted by 21 is an electron source

15 base plate, 22 is an X-directional wire, 23 is a
Y-directional wire, 24 is a surface conduction
electron-emitting device, and 25 a connecting wire.

The surface conduction electron-emitting device 24 may
be of either the plane or step type.

20 Then, m lines of X-directional wires 22, indicated
by Dxl1l, Dx2, ..., Dxm, are formed using an
electroconductive metal or the like by wvacuum vapor
deposition, printing, sputtering or the like. The
material, film thickness and width of the wires are

25 appropriately designed case by case. Also, the
.Y—directional wires 23 are made up of n lines of Dyl,

Dy2, ..., Dyn and are formed in a like manner to the



for exanpl e,

acitric acid - amoni a bath containing Na2WX and [err] and a

ni ckel sulfosalicylate bath for formng a NN thin film Metal conpounds
used to create 25 t he atnosphere in the chem cal vapor growth incl ude,

for exanpl e,

i odi des, net al

benzyl at es,

metal halides such as fluoride3¢ €hlorides, borides and
al kyl ates .such as - 22 - nethylates, ethylates and
netal [err]-di ketonates such as acetyl acet onates,

dipivaloylnethanates and hexafl uoroacetyl acetonate, netal enyl conplexes

such as allyl

conpl exes such a
conpounds conbi n
t he above-nentio

preferred 10
[err]

10

15

20

25

gplexes and 5 cycl opent adi enyl _conpl exes, arene
GA et ACRBIpIAKES, 2Ant aANcARBERYPECE ninaN LAt kegi HEEST and

oo HhePRY, T, SPESTBRuSs, BRBFRRCERECEoRl e b doPOSL 1L 10
R 2AALS oHIT Il Peb52PERECRhe ' AVEDRLS o E “fl&gxeeé»?{&lai err]
wires 23-to electrically isolate the wires 22, 23 -from
each other. (Note that m, n are each a positive
integer.)

The not-~shown interlayer .insulating layer is made
of Si0, or the like which is formed by vacuum wvapor
depoéition, printing, sputtering or the like. By way
of example, the interlayer insulating layer is forméd
in a desired shape so as to cover the entire or partial
surface of the base plate 21 on which the X-directional
wires 22 havé been formed. The thickness, material and
fabrication process of the interlayer insulating layer
is appropriately set so as to endure the potential
difference, particularly, in portions where the
X-directional wires 22 and the Y-directional wires 23
infersect each éther. The X-directional wires 22 and
the Y-directional wires 23 are led out of the base
plate to provide external terminals.

Respective paired électrodes (not shown) of the
surface conduction electron-emitting devices 24 are
electrically connected to the m lines of X-directional
wires 22 and the n 1inés of Y-directional wires 23 as
shown by the connecting wires 25 which are formed using
an electroconductive metal or the like by vacuum vapor

deposition, printing, sputtering or the like.



[err] [err] 15 [err] etc. Depending on the conditions, other substance
such as carbon than the netal to be coated nmay be contained in the coating
film In this treatnent, crystallinity of the coating 20 filmmay al so
be controlled by introducing a substance-ha&lrrg etching ability, such as
hydrogen, together with the netal conmpound. It is also possible to control
the shape and others of the coating filmby, e.g., heating the device. Such
control is appropriately performed 25 depending on the conditions. As
the coating filmis formed with gé&gress of the treatnent, the current

fl owi ng between the dJENFcRateriabof g?%d’f’r‘iﬁ_ﬁ?% §qq13r3ea§’g?. meteFiding v,
e e i SRR S 2 B Y Rl 2 o
paired device electrodes may be the same iﬁ part or all
of the constituent elements thereof, or may be
5 different from one another. Those materials are
appropriately selected, for example, from the materials
explained above in connection with the device
electrodes. Note that when the device electrodes and
the wires are made of the same material, the term
10 "device electrodes" may be used to mean both the device
electrodes and the wirings connected thereto together.
The X-directional wires 22 are electrically
connected to a scan signal generating means (not shown)
for applying a scan-signal to select each row of the
15 surface conduction electron-emitting devices 24, which
are arrayed in the X-direction, in response to an input
signal. On the other hand, the Y-directional wires 23
are elecfrically connected to é modulation signal
generating means (not shown) for applying a modulation
20 signal to modulate each column of the surface |
conduction electron-emitting devices 24, which are
arrayed in the Y-direction, in response to an input
signal. A driving voltage applied to.each of the
surface conduction electron-emitting devices is
25 supplied as a differential voltage between the scan
signal and the modulafion signal both applied to that

device.



determ ning whether the treatnment is to be finished or 5 not are
appropriately decided in consideration of the treatnent manner, the shape
of the device, and so on. After conpletion of the treatnment, the device is
cl eaned. More specifically, in the case of 3l oying the plating process,
the device is washed with water or 10 the like and then dried. 1In the
case of enploying the chem cal vapor growth, the netal conpound is
evacuated froma vacuum treatnment apparatus to create a clean vacuum

at nosphere whil e heatipqﬁthe devi ce and/or the vacuum treat nent apparatus
to a proper tenperatfEthjthe mbove arrangementy the dadgiydduall eft to
stand in the clean vacuum atnosphere for a_certain period of tinme. The

coating film for?RYESS 15" Mdveetecteddnd ArA R dadenendentlys ofaong| es
have & 20 sl ASTEUERISY TR GD S RPN RO g he.
e e R
te'hregbgﬁn' endttingige, 8, 4] OB Ynd O PISEH Il ot hitR dbpairidied
constructed by using the above electron source of
simple matrix wiring type. Fig. 8 is a schematic
perspective view showing one example of a display panel
of the image-forming apparatus, Figs. 9A and 9B are

10 schematic views of fluorescent films for use in the
image-forming apparatus of Fig. 8, and Fig. 10 is a
block diagram showing one example of a driving circuit
adapted to display an image in accordance with TV
signals of NTSC standards.

15 In Fig. 8, denoted by 21 is an electron source
base plate on which a number of electron-emitting
devices are arrayed, 31 is a rear plate to which the
electron source base plate 21 is fixed, 36 is a face
plate fabricated by laminating a fluorescent film 34, a

20 metal back 35, etc. on an inner surface of a glass base
plate 33, and 32 is a support frame. The rear plate 31
and the face plate 36 are joined to the support frame
32 by applying frit glass or the like and baking it in
an atmosphere of air or nitrogen gas at a temperature

25 ranging from 400 °C to 500 °C for 10 minutes or more,

thereby hermetically seal the joined portions to make

up an envelope 37.



t he above-expl ained steps will be described belowwth reference to Figs.
and 6. - 24 - Fig. 5is a schematic view show ng one exanple of the
vacuum treat nent apparatus whi ch doubl es as a neasuring/-eval uating
apparatus. In Fig. 5 the same reference nygperals as those in Figs. 1A and
1B denote 5 ‘identical parts to those in Figs. 1A and 1B. Referring to
Fig. 5, denoted by 15 is a vacuumvessel and 16 is an evacuation punp. An

el ectron-emtting device is placed in the vacuum vessel

15. The

el ectron-em tting device conprises a base plate 1 on which the 10

el ectron-emtting deviseidentalky, ucdfererthse i ropnextalc t3d dmpresents3, an

el ectroconductive thin film4, and an electron-emtting fissure 5. Though
not shown, the csarfagefcomdnationfekectran-ienitcing deeas gnd Jbl t39g

point is coated inside and near the fissure. 15 Further, 11 is a power

supply for appl yrepreseryi ceespectieely. t%- t3npd Jwlirestiqnal iHgafvi ce, 10

s an
connected to respective ones of the paired device
5 electrodes of the surface conduction electron-emitting
devices.

The envelope 37 is made ﬁp by the face plate 36,

the support frame 32 and the rear plate 31 as mentioned

above. However, since the rear plate 31 is provided

10 for the purpose of mainly reinforcing the strength of

. the base plate 21, the rear plate 31 as a separate

member can be dispensed with if the base plate 21

itself has a sufficient degree of strength. In this

case, the support frame 32 may directly be joined to

15 the base plate 21 in a hermetically sealed manner,

thereby making up the envelope 37 by the face plate 36,

the support frame 32 and the base plate 21.

Alternatively, a not-shown support called a spacer may

be disposed between the face plate 36 and the rear

20 plate 31 so that the envelope 37 has a sufficient

degree of strength against the atmospheric pressure.

Figs. 9A and 9B schematically show examples of the

fluorescent film 34. The fluorescent film 34 can be

formed of a fluorescent substance alone for monochrome

25 display. For color display, the fluorescent film 34 is

formed by a combination of black conductors 38 and

fluorescent substances 39, the black conductors 38

5



ameter for nmeasuring a device current If flow ng through the

el ectroconductive thin film4 between the device electrodes 2 and 3, and 14
i s an anode el ectrode 20 for capturing an em ssion current le emtted
fromthe electron-emtting region 5 of thegewice. Additionally, 13 is a

hi gh-vol t age power supply for applying a voltage to the anode el ectrode 14,
and 12 is an ammeter for neasuring the em ssion current le 25 emtted
fromthe electron-emtting region 5 of the device. The neasurenent is
performed, for exanple, by setting the voltage applied to the anode

el ectrode in beiag -cahked dmtpchfstiripes ©x @ Wi ackn datird xd idepemndd ng

bet ween the anode el ectrode and the electron-emtting device in the range
of 2 nmto 8 nmomrRatERTRe eksthe fRioresgent @ubPstiansesddi {Thenpurpose
units (not shown) such as, a vacuum gauge necessary to create a vacuum

at mosphere for nebRFRYEMNg sthe Rtagh sStiipes Q%BQ%F'\?Gr&FFd isyfuat ed

under a desired vacu
proviﬁg black areas between the fluorescent substances

5 39 in three primary colors necessary for color display,
so that color mixing becomes less conspicuous and a |
reduction in contrast caused by reflection of exterior
light by the flﬁorescent film 34 is suppressed. The
black stripes or the like can be made of not only

10 materials containing graphite as a main ingredient
which are usually employed in the art, but also any
other materials which are electroconductive and have
small transmittance and reflectance to light.

Fluorescent substances can be coated on the glass

15 base plate 33 by precipitation, printing or the like
regardless of whether the image is monochrome or
colored. On an inner surfade of the fluorescent film
34, the metal back 35 is usually provided. The metal
back has functions of increasing the luminance by

20 mirror-reflecting light, that is emitted from the
fluorescent substances to the inner side, toward the
face plate 36, serving as an electrode to apply a
voltage for accelerating electron beams, and protecting
the fluorescent substances from being damaged by

25 collisions with negative ions produced in the envelope.
The metal back can be fabricated, after forming the

fluorescent film, by smoothing an inner surface of the



at nosphere. The evacuation punp 16 includes a normal high vacuum appar at us
system conprising a turbo punp 10 and a rotary punp, and a ultra-high
vacuum apparat us system conprising an ion punp or the |ike. The whol e of

t he vacuum treatment apparatus in which th | ectron-emtting is placed can
be heated to 250 [err] by a heater (not shown). Accordingly, the vacuum 15
treatnent apparatus can be used to performthe steps subsequent to the
foregoi ng energi zation Form ng. Denoted by 18 is a material source in the
formof an anpule or a bonmb for storing the material to be introduced to

t he vacuum tr eat fradrappantt f5lmactRids stépdeimyl. usublliys calMaldve for

adj usting the anount of the material introduced to the apparatus. Fig. 6 is
a graph plottingfilming) aandnthep depowittindgAknilssiean dy r@aguune vapdrt he
device current If and the device voltage Vf neasured by the vacuum 25

treat nent appar a@eroshbiwni nfer gex@plete that the graph of Fig. 6 is

plotted in arbitrary units because the emssion_current le is nuch smaller
t han t he devi ce To increase electrical conductivity of the

5 fluorescent film 34, the face plate 36 may include a
transparent electrode (not shown) provided on an outer
surface of the fluorescent film 34.

Before hermetically sealing off tbe envelope as
explained above, careful alignment must be performed in
10 the case of color display so that the fluorescent
substances in respective colors and the
electron-emitting devices are precisely positioned
correSponding to each other.
The image-forming apparatus shown in Fig. 8 is
15 ‘manufactured, by way of example, as follows.
As with the treatment step explained above, the
envelope 37 is evacuated through an evacuation tube
(not shown) by an evacuation apparatus which uses no
0il, such as an ion pump or a sorption pump, while
20 properly heating it if necessary, to thereby establish
an atmosphere at a vacuum degree of about 10° Pa where
an amount of remained organic materials is sufficiently
small. Then, the envelop 37 is hermetically sealed
off. To maintain sucﬂ-é.vacuum degree in the'sealéd
25 envelope 37, the envelope may be subjected to
gettering. This process is performed by, immediately

before or after sealing off the envelope 37, heating a



- 26 - current If. The vertical and horizontal axes each represent a

| inear scale. As will be apparent fromFig. 6, the surface conduction

el ectron-em tting device of the present 5 i nvention has three
characteristic features with regard to tte3®ni~ssion current le as follows.
(1) I'n the electron-emtting device, the em ssion current le is abruptly

I ncreased when the device voltage greater than a certain value (called a 10
threshold voltage, Vth in Fig. 6) is applied, but it is not appreciably

det ect ed bel ow t voltage Vi Thus, 1 I t ice is.a
non-1|inear devi Li@%‘%’\% ﬁda%%edgfjinn% @l{%eét&rgqaéle\#;ﬁ%d'%%%?’h (g%r FE’@W%)
em ssion current,4483 : id1) 1SS Nt L ;i ses
nonot onousl y depweln |ln!$5tot}1e t%‘(e‘}é(}'eo\;);gg?ﬁ\;orqif?ge f 5{10% thtef?grl? 0}5_)2.:3 t he

eni ssi on cur r entn dgh Cardiferkan el dio a6 e wWeam ol vage V. (iii)

Em tted charges captured by the anode el ectrode 20 14 depend on the tinme
during which t haieppdd i #iA9€ of the getter. The getter usually
5 contains Ba as a primary component. The inner space of
the envelope can be maintained at a vacuum degree in
the range of 1 x 10 to 1 x 10° Pa by the adsorbing
action of the vapor deposition £1ilm. Incidentally, the
steps subseguent to the Forﬁing treatment of the
10 surface conduction electron-emitting devices are
appropriately set.

One exemplary configuration of a driving circuit
for displéying a TV image in accordance with TV signals
of NTSC standards on a display panel constructed by

15 using the electron source of simple matrix wiring type
will be described below with reference to Fig. 10. 1In
Fig. 10, denoted by 41 is an image display panel, 42 is
a scénning circuit, 43 is a control circuit, 44 is a
shift register, 45 is a line memory, 46 is a synch

.20 signal separating circuit, 47 is a modulation signal
generator, and Vx and Va are DC voltagé sources.

The display pane1'4l is connected to thé external
electrical circuits through terminals.Doxl to Doxm,
terminals Doyl to Doyn, and a high-voltage terminal Hv.

25 Applied to the terminals Doxl to Doxm is a scan sighal
for successively driviﬁg the electron source provided

in the display panel, i.e., a group of surface



Vf is applied. Thus, the anmount of charges captured by the anode el ectrode

14 can be controlled with the tinme during which the device voltage Vf
be understood fromthe above expl anation, 25 el ectron

applied. As will

S

em ssion characteristics of the surface confiction el ectron-enmtting device

of the present i
- input signal.

nvention can easily be controlled in response to an
By utilizing this feature, applications to a variety of

fields, including an el ectron source, an image-form ng apparatus, etc.

using an array of kG BHIR' OUS.ELEKILRICEILL L dap devigasdrgeal i zed. 5

Further, in Fig.

vicé curren CTr edases nono onoué?y W th

respect to the dﬁxkffxvaktﬂgﬁ?gé 468! & 6o Mimsd AT G LL TR 1Sy NSRBI LT ) -

The device current If may ex

Wi th respect to

10

15

20

25

t he device voltage Vf. These characteristics of the
On the other hand, applied to the terminals Doyl

to Doyn is a modulation signal for controlling electron
beams output from the surface conduction
electron-emitting devices in one row selected by the
scan signal. The high-voltage terminal Hv is supplied
with a DC voltage of 10 kv, for example, from the DC
voltage source Va. This DC voltage serves as an
accelerating voltage for giving the electron beams
emitted from the surface conduction electron-emitting
devices ehergy enough to excite the corresponding
fluorescent substances.

| The scanning circuit 42 will now be described.
The scanning circuit 42 includes a number M of
switching devices (symbolically shown by S1 to Sm in
Fig. 10). Each of the switching devices selects an
output voltage of the DC voltage source Vx or O V
(ground level), and is electrically connected to
correspoﬁding one of the terminals Doxl to Doxm of the
display panel 41. The switching devices S1 to Sm afe
operated in accordance with a control signal Tscan
output by the control circuit 43, and are easily made
up by a combination of typical switching devices such
as FETs.

The DC voltage source Vx outputs a constant

27

I't a voltage controlled negative resistance
characteristic (galeed VeNmifs of Cliadasi&ssplic hereinafter) (not shown)



device current are controllable depending on the manufacture conditions.

Application exanples of the electron-emtting 15 devi ce which can be

achieved in accordance with the present invention will be described bel ow.
An el ectron source or an inmage-form ng appa@3&tus, for exanple, can be nade
up by arraying a nunber of surface conduction electron-emtting devices of
the present invention on a 20 base plate. The electron-emtting devices
can be arrayed on a base plate by several nmethods. By one nethod, a nunber

ALV TR SEEEAE T KDV I RN MTR R SN
Dol o of o oL OB SEhb b5 £ bl Ll ST A S
grids) are_diSpo?fge?pogfeégfoﬁléﬁlfeﬂﬁfn%ﬂfééﬁbf&“@é%%%&éﬁlééathat the
| driving voltage applied to the devices not under
5 scanning is kept lower than the electron-emitting
threshold voltage.

The control circuit 43 functions to make the
various components operated in match with each other so
as to properly display an image in accordance with

10 = video signals input from the outside. Thus, in
accordance with a synch signal Tsyn supplied from the
synch signal separating circuit 46, the control circuit
43 generates Eontrol signals Tscan, Tsft and Tmry for
the associated components.

15 The synch signal separating circuit 46 is a
circuit for separating a synch signal component and a
luminance signal component from an NTSC TV signal
applied from the outside, and can be made up using
ordinary frequency separators (filters) or the like.

20 The synch signal separated by the synch signal
separating circuit 46 comprises a vertical synch signal
and a horizontal synch signal, but it is here
represented by the signal Tsync for convenience of
description. Also, the video luminance signal

25 component separated from the TV signal is represented
by a signal DATA for convenience of description. The

signal DATA is input to the shift register 44.



in a direction (called a colum direction) perpendicular to the
row-directional wires for 5 controlling em ssion of electrons fromthe
el ectron-emtting devices. This is an electron source of |adder wring
type. By another nethod, a nunmber of el ectr®m-emtting devices are arrayed
inamtrix tolie’in the X-direction and the Y-direction. Ones of 10

t he opposed el ectrodes of the plural electron-emtting devices lying in the
same row are connected in comon to one X-directional wire, and the others
of the opposed el ectrodes of the plural electron-emtting devices lying in
the same colum are c@ﬁﬁe§bé§tiHGHSStercéﬁnﬁﬂr¥Be%n%uﬁC%FF%ﬁ%JRﬁﬁﬂlﬁé#e.
This is an electron source of sjinple matrix wiring type. A descrjption wll
first be made ofCPHXeEFﬁﬁPeoﬁnfk?xs%FP? PR TRe thﬂ%t£§l?lq?ﬁ§%ﬁﬁ$ik%
conducti on electron-ﬁnkttgﬁg devlcgs 20 to mhich thg resent inyention
i's applicabl e hatBPPhetQnEVE.- FEALFERED £RRSRER14R? RF 1390 (151 ).

Lok or s, BhEh 905,85k B0, LA°BRRPELnS i "end EAAERE ENEAL 0
width of a gul sepliekegyppiied from the control circuit 43 (hence, the
control signal Tsft can be said as a shift clock for
the shift register 44). Data for one line of the image
(corresponding to data for driving the number N of
electron-emitting devices) resulted from the
10 serial/parallel conversion is output from the shift.
register 44 as a numbe; N of parallel signals 1Idl to
Idn.
The line memory 45 is a memory for storing the
data for one line of the image for a period of time as
15 long as required. The line memory 45 stores the
contents of the parallel signals Idl to Idn in
agcordance with the control signal Tmry supplied from
the control circuit 43. The stored contents are output
as 1'dl to 1'dn and applied to the modulation signal
20 generator 47.

The modulation signal generator 47 is a signal
source for properly driving the surface conduction
electron-emitting devices in accordance with the
respective video data I'dl to I'dn in a modulated

25 manner. Output signals from the modulation signal
generator 47 are applied to the corresponding surface

conduction electron-emitting devices in the display



25 vol tage applied to between the device el ectrodes opposed to each

ot her when the applied voltage is higher than the threshold value. On the
ot her hand, - 29 - alnost no electrons are emtted at the voltage | ower
than the threshold val ue. Based on these-cHfracteristics, even when the
surface conduction electron-emtting devices are arrayed in |arge nunber, 5
It is possible to select any desired one of the electron-emtting devices
and to control the amount of electrons emtted therefromin response to an

put st onal by BLORPTLY ARRLILIN S Bt ke ol age Lo eeeh
el ot ron- e 11 ng devit-alose i R i elttsnen e hecerisa=bel ow
‘l’)"'étsg rlef erence to, 'ﬂr%gg? -tHd! ;ine%ﬁnYU _i%%‘?xtztg%nb&sz%pbii%%bﬁlee%%ﬁ”hé%rCe 15
plate, 22 is an directional wre, IS a
basic characteristics below with regards to the
5 emission current Ie. Specifically, the
electron-emitting device has a definite threshold
voltage Vth for emission of electrons and emits
electrons only when a voltage exceeding Vth is applied.
In addition, for the voltage exceeding the electron
10 emission threshold, the emission current is also
changed depending on changes in the voltage applied to
the device. Therefore, when a pulse-like voltage is
applied to the device, no electrons are emitted if the '
applied voltage is lower than the electron emission
15 threshold value, but an electron beam is produced if
the applied voltage exceeds the electron emission
threshold value. On this occasion, the intensity of
the produced electron beam can be controlled by
changing a crest value Vm of the pulse. Further, the
20 | total amount of charges of the produced electron beam
can be controlled by changing a width Pw of the pulse.
Thus, the electron-emitting device can be
modulated in accofdance with an input signal by a
voltage modulating method, a pulse width modulating
25 method and so on. In the case of empioying the voltage

modulating method, the modulation signal generator 47

can be realized by usihg a circuit of voltage



Y-directional wire, 24 is a surface conduction electron-emtting device,
and 25 a connecting wire. The surface conduction electron-emtting device
24 may be of either the plane or step type. 20 Then, mlines of
X-directional wires 22, indicated by Dx1- B2~ ..., Dxm are formed using
an el ectroconductive nmetal or the |ike by vacuum vapor deposition,
printing, sputtering or the like. The material, filmthickness and w dth of
the wires are 25 appropriately designed case by case. Also, the

Y-di recti onal V“n(o?ﬁxl?aatfc{ng %e vﬂﬁ_ccffééé_r{ei){%}%sog %llfF%-ng%SS’zbgﬁngnd are

forned in a |ike manner fecti-ona

nterl ayer i nsulté i ARl Und iRMLdred W RLBATeYaRGEVBEN e M | i nes

of X—directional wres 22 an nes of rectional wires 23 to
electrically i S@@I&@%ﬁ’!é@&r@%cc%}darr@@ with fi?aﬁhtohﬁ%h-. (Note that m

n are each a positive integer.)
In the case of employing the pulse width
5 modulating method, the modulation signal generator 47
can be realized by using-a circuit of pulse width
modulation t&pe which generates a voltage pulse having

é fixed crest value and modulates a width of the

voltage pulse in accordance with input data.

o

10 The shift register 44 and the line memory 45 may
be designed to be adapted for any of digital signals
and analog signals. Anyway, it is essential that the
seria;/pafallel conversion and storage of video signals
be effected at a predetermined speed.

15 For digital signal design, it is required to
convert the signal DATA output from the synch signal
separating circuit 46 into a digital signal, but this
can easily be realized just by incorporating an_A/D
converter in an output pottion of the circuit 46.

20 Further, depending on whether the output signal of the
line memory 45 is digital or analog, the circuit used
for the modulation signal generator 47 must be designed
in somewhat different ways. More specifically, when
the voltage modulating method using a digital signal is

25 employed, the modulation signal generator 47 is
constituted by, e.g., é D/A converter and, if

necessary, may additionally include an amplifier, etc.



The not-shown interlayer insulating layer is made of [err] or the |ike
which is fornmed by vacuum vapor deposition, printing, sputtering or the

| i ke. By way 10 of exanple, the interlayer insulating layer is forned in
a desired shape so as to cover the entire &2 partial surface of the base
plate 21 on which the X-directional wires 22 have been forned. The

t hi ckness, material and fabrication process of the interlayer insulating

| ayer 15 is appropriately set so as to endure the potential difference,

par i cular 1, 1 gl (NS WIGT & 4l Xl 18O e e3P0 ol e ¢ o1

Y-directional w ersect each I'r ectional fes 22 and

the Y-directional; yddesi & Infioyef! Ytle %d‘ﬁ%ﬁ??ﬁ? r%gnsalah?hg}att? pygvi de

external term nals. Respective pair el ectr hown e surface

conduction el ectidresHBEitied DY G Tidb e i@l ROmbigdltivnCoRnNegbed to the m
lines of X-directional wires 22 and the n lines of Y-directional wires 23

as 25 = shown laxdniisles,ora aniighiGpadd st IMEtoT ,ake couhted ¥erng an
el ectroconductive netal or the |like by vacuum vapor deposition, printing,
sputtering or thmodntdng the number of waves output from the
oscillator, and a comparator for comparing an output
value of the counter and an output value of the line
memory. In this case, if necessary, an amplifier for
amplifying a voltage of the modulation signal, which is
10 output from the comparator and has a modulated pulse
width, to the driving voltage for the surface
conduction electron-emitting devices may also be added.
On the other hand, when the voltage modulating
method using an analog signal is employed, the
15 modulation signal generator 47 can be constituted by an
amplifier using, e.g., an operational amplifier and, if
necessary, may additionally include a level shift
circuit. When the pulse width modulating method using
an analog signal is employed, the modulation signal
20 generator 47 can be constitutgd by a voltage controlled
oscillator (VCO), for example. In this case, if
necessary, an amplifier for amplifying a voltage of the
modulation signai to the driving voltage for the
surface conduction electron-emitting devices may also
25 be added.
In the thus-arranged image-forming apparatus of

the present invention, electrons are emitted by



- 31 - The material of the wires 22 and 23, the material of the connecting
wires 25, and the material of the paired device el ectrodes may be the sane
in part or all of the constituent elenents thereof, or may be 5

different fromone another. Those materiraf8 are appropriately sel ected,
for exanple, fromthe materials explained above in connection wth the
device el ectrodes. Note that when the device electrodes and the wires are
made of the same material, the term 10 "device el ectrodes” may be used

to nean both the device el ectrodes _ ang,the._w rinas e hereto '
tpgetrer. The xﬁﬁéiXﬁQQMﬁﬂVQﬁqﬁgf 35 4he sﬂs@?%?§§Fﬁ§Q@§§ﬁe§?gg8%% a scan
signal generati neans 0 f p | a a hgral sel ect
each row of theq%gouagsuér%agtéﬁj(?:@'n 0t %rﬁefygé/%ﬁl- g?ﬁat tﬁf’?tgl ggv?%grsl 24,

whi ch are arr ayed dhddify %ulaidiyOe ithel eRRNISpel0 3el BRubtebgnal . On
the other hand, e Y-directional "wires 23 are electrically connected to a
nmodul ation si gngle RN e idttd RIS By SPPIN)ingOe ARBhyvBgtagavdul gheon
5 metal back 35 or the transparent electrode (not shown)

through the high-voltage terminal Hv. The accelerated

electrons impinge against the fluorescent film 34 which

generates fluorescence to form an image.

The above-explained arrangements of the

10 image-forming apparatus are one example of |
image-forming.apparatus to which the present invention
is applicable, and can be modified in various ways
based on the fechnical concept of the present
invention. The input signal.is not limited to an NTSC

15 TV signal mentioned above, but may be any of other TV
signals of PAL- and SECAM-standards, including another
type of TV signal (e.g., so-called high-quality TV
signal of MUSE-standards) having the larger number of
scan lines than the above types.

20 - An electron source of ladder wiring type and an
image-forming apparatus using such an electron source
will now be described with reference to Figs. 21 and
.19,

Fig. 21 is a schematic view showing one example of

25 the electron source of ladder wiring type. In Fig; 21,
denoted by 21 is an electron source base plate, 24 is

an electron-emitting device, and 26 or Dxl to Dx1l0 are



20 signal to nodul ate each colum of the surface conduction
electron-emtting devices 24, which are arrayed in the Y-direction, in
response to an input signal. A driving voltage applied to each of the

surface conduction electron-entting devicdd s 25 supplied as a
differential voltage between the scan signal and the nodul ation signal both
applied to that device. - 32 - Wth the above arrangenents, the

i ndi vi dual devices can be selected and driven independently of one another
by utilizing the sinple matrix wiring. A description will now be made, with

reference to 5 ComRqps wigesLonHnLaToRRNesting ithey &1eGHToRy Sl 80us
Cype. Fio. 8 s dPOtmmads pompuatii s ammony e epanire t6e e
G oBl 2y, Pane o0 e TSR U LAPRAI 90 B3, AR Ui %o
line up in the X-direction (a resulting row of the
5 electron-emitting devices being called a device roﬁ).
This device row is arranged in plural number to make up
an electron source. By properly applying a driving
voltage to between the common wires of each device row,
respective device rows can be driven independently of
10 one another. Specifically, a voltage exceeding the
electron emission threshold value is applied to the
device rows from which électron beams are to be
emitted, whereas a ﬁoltage lower than the electron
emission threshold value is applied to the device rows
15 from which electron beams are not to be emitted.
Incidentally, those pairs of the common wires Dx2 to
Dx9 which are located between two adjacent device rows,i
e.g., Dx2 and Dx3, may be each formed as a single wire.
Fig. 19 is a schematic view showing one example of
20 the panel structure of the image-forming apparatus
including the electron source of ladder wiring type.
Denoted by 84 is a grid electrode, 85 is an aperture
for allowing eleét;ons to pass therethrough, 86 are
terminals extending out of the envelope as indicated by
25 Doxl, Dox2, ..., Doxm, 87 are terminals extending out
of the envelope as indicated by Gl1, G2, ..., Gn and

connected to the corresponding grid electrodes 84, and



| mage-form ng apparatus of Fig. 8, and Fig. 10 is a bl ock diagram show ng
one exanple of a driving circuit adapted to display an imge in accordance
with TV signals of NTSC standards. 15 In Fig. 8, denoted by 21 is
an el ectron source base plate on which a hfter of el ectron-emtting
devices are arrayed, 31 is a rear plate to which the el ectron source base
plate 21 is fixed, 36 is a face plate fabricated by lamnating a
fluorescent film34, a 20 nmetal back 35, etc. on an inner surface of a

gl ass base plat e 310 %M Sfedfrdn WOBS HLAIDIME | Sfeeplidiet ShuAnd (e

face plate 36 are joined to the support frane 32 _ yin t glass or
the like and bakyfg.iig] NtRd Sdd®SFREEFeriie Alumé¥alll [dLIMNOPAI AFiGs.

tenmperature 25 ranging from400 [err] to 500 [err] for 10 m nutés or
nore, thereby hegpeiizoahd FERIddmete Oldwitkivdl inibdres .Nalhealp an envel ope
37. - 33 - Incidentally, reference nuneral 24 represents

image-forming apparatus of this embodiment is
5 principally different from tﬁe image-forming apparatus
of simple matrix wiring type shown in Fig. 8 in that
the grid electrodes 84 are interposed between the
electron source base plate 21 and the face plate 36.
The grid electrodes 84 serve to modulate electron
10 beams emitted from the surface conduction
electron-emitting devices. The grid electrodes 84 are
stripe-shaped electrodes extending perpendicularly to
the device rows in the ladder wiring, and have circular
apertures 85 formed therein for passage of the electron
15 beams in one-to-one relation to the electron-emitting
devices. The shape and set position of the grid
electrodes are not necessarily limited to ones
illustratea in Fig. 19. For example, the apertures may
be a large number of mesh-like small openings, or may
20 be positioned in surroundings or vicinity of the
surface conduction electron-emitting devices.

The external terminals 86 and the external grid
terminals 87 both extending out of the envelop are
electrically connected to a control circuit (not

25 shown).
In the image-forming apparatus of this embodiment,

irradiation of the electron beams upon fluorescent



surface conduction electron-emtting devices and 22, 23 represent,
respectively, X- and Y-directional wres connected to respective ones of

t he paired device 5 el ectrodes of the surface conduction

el ectron-enitting devices. The envel ope 374Ps—made up by the face plate 36,
the support frame 32 and the rear plate 31 as mentioned above. However,
since the rear plate 31 is provided 10 . for the purpose of mainly
reinforcing the strength of the base plate 21, the rear plate 31 as a

e t mb be di d w i f A
U T i nt dogr ORI G, i et cpded” < BEaRARYT oy tbi8 b8 °

sufficient degr case, t fra

directly be joi m%qk%_%&;-a'pil}%g}%r%\%l p@ign%ﬁbt%héoﬁsiyh%bﬁ&iiﬁél |y seal ed

manner, thereby ma e the face plate 36, the support

frame 32 and thgNase flH Sidhald L dre’alihe d£Nehesinagestppestchcal | ed a
spacer may be di sposed between the face plate 36 and the rear 20 pl ate

31 so that the eaweloperdy Jau @1udticdein dgmicke wafths thengelriagairnes t he
at mospheric pressure. Figs. 9A and 9B schematical |y show exanples of the
fl uorescents fi | m&ihg el vdrqrsesmaed ¥ isuncdésiaellyeon a row-by-row

basis. -

The image-forming apparatus of the present
invention can be employed as not only a disﬁlay for TV
broadcasting, but also displays for TV conference

10 systems, computers, etc., including an image-forming
apparatus for an optical printer made up by a |
photosensitive drum and so on.

_The present invention will be described below in
connection with Examples.

15 [Example 1]

An eleétron-emitting device of this Example has
the same structure as shown in Figs. 1A and 1B. A
manufacture process of the electron-emitting device of
this Example will be described below with reference to

20 Figs. 3A to 3D.
(Step-a)

A silicon oxide film being 0.5 pm thick was formed
on a cleaned soda lime glass by sputtering to prepare
the base plate 1. A photoresist (RD-2000N-41, by

25 Hitachi Chemical Co., Ltd.) was formed and patterned on
the base plate 1. A fi film being 5 nm thick and an Ni

film being 100 nm thick were then deposited thereon in



formed of a fluorescent substance al one for nonochrone 25 di splay. For
color display, the fluorescent film34 is formed by a conbination of bl ack
conductors 38 and fluorescent substances 39, the black conductors 38 -
34 - being called black stripes or a bIaCk4Zarrix dependi ng on patterns of
the fluorescent substances. The purpose of providing the black stripes or

bl ack matrix is to provide bl ack areas between the fl uorescent substances 5
39 in three primary col ors necessary for color display, so that color

m xing becones lggs %ﬁ"%&i"é%&o%&cﬁg ?FESQUSEE%E#?PS‘?M FAS! gﬁé‘%é%gs%_t The

reflection of exterl oresc m 34" 1's Suppresse

bl ack stripes oOpalthe W%scﬁ&sgﬁlgggebgfaﬂobrﬁahiclgolv?ﬁﬁt€6i?%év

contai ning graphite as a nain ingredient which are usually enp yeﬁ in the
art, but also a%heohh®bsﬁ%barN&V&iwhiihsabgtQHQGLBQQQHQHéféH f8Embaye

smal|l transmttance and reflectance to light. Fluorescent substances can be
coated on the glhesdevice electrodes 2, 3. The spacing L between the
5 device electrodes was set to L = 3 ym and the width W
of each device electrode was set to W = 300 pm.
(Step-b)
To form the electroconductive thin film 4, a Cr
mask was formed as follows. A Cr film being 100 nm
10 thick was deposited by vacuum vapor deposition on the
base plate 1 having the device electrodes 2, 3 formed
thereon, and openings were defined corresponding to the
shape. of the electroconductive thin fiim 4 by the
ordinary photolithography process. The Cr film was
15 thereby formed.
Then, a paradium (Pd) amine complex solution
(ccp-4230, by Okuno Pharmaceutical Co., Ltd.) was
coated on the base plate under rotation by using a
spinner, followed by heating for calcination in air at
20 300 °C for 10 minutes. The thus-formed film was a fine
particle film containing Pd0 as a primary component and
having a thickness of 10 nm.
(Step-c)-
The Cr mask was removed by wet etching. The P4o
25 fine particle film was patterned by lift-off to form
the electroconductive thin film 4 in the desired form.

The electroconductive thin film 4 had a resistance



15 base plate 33 by precipitation, printing or the |like regardl ess of
whet her the image i s nonochrone or colored. On an inner surface of the
fluorescent film 34, the nmetal back 35 is usually provided. The netal back
has functions of increasing the |um nancé 88 20 mrror-reflecting light,
that is emtted fromthe fluorescent substances to the inner side, toward
the face plate 36, serving as an electrode to apply a voltage for

accel erating el ectron beans, and protecting the fluorescent substances from

bei ng damaged by, 2%« r C8k! hSLop§+ W Ay negative ions produced in the
envel ope. The nefélebaék can te ?ab/ﬁ%ated, after formng the fluorescent

film by snoothigepyrdynner surface of the - 35 - fluorescent film(this
step being usually called filmng) and then depositing Al thereon by vacuum

vapor deposition, foNet3MRhe db¥iceckeaseranegbiiredl iAtBduRei vatdumf the 5
fluorescent film34, the face plate 36 may include a

treatment apparatus, doubling as the

5 measuring/evaluating apparatus, shown in Fig. 5 for the

Forming treatment. The Forming treatment was perfofmed

by evacuating the interior of the vacuum vessel 15 by

the evacuation device 16 until reaching a pressure of

2.3 x 10 Pa ahd, thereafter, applying a pulse voltage

10 to between fhe device electrodes 2 and 3.

Thelevécuation device used in this Example was the
so-called ultra-high vacuum evacuation system
comprising a éorption pump and an ion pump. In the
following description, if not otherwise specified, such

15 an ultra-high vacuum evacuation system was employed as
the evacuation device.

Voltage pulses used for the Forming treatment had
the waveform as shown in Fig. 4B in which the pulse
width was Tl = 1 msec. and the pulse interval was

20 T2 = 10 msec. A crest value of the triangular waveform
was raised in steps of 0.1 V. A rectangular pulse (not
shpwn) of 0.1 V was inserted between one Forming pulse
and next one to carry out the Forming while monitoring
a resistance value. The Forming treatment was finished

25 at the timg the resistance value exceeded 1 MQ. The
crest value (i.e., the Forming voltage) upon the

completion was 5.0 to 5.1 V.



transparent el ectrode (not shown) provided on an outer surface of the
fluorescent film34. Before hernetically sealing off the envel ope as
expl ai ned above, careful alignnment nust be perforned in 10 t he case of
col or display so that the fluorescent subs#8nces in respective colors and
the electron-emtting devices are precisely positioned corresponding to
each other. The inmmge-form ng apparatus shown in Fig. 8 is 15

manuf actured, by way of exanple, as follows. As with the treatment step
expl ai ned above,, t{ he gggelope 37 is evacuated through an evacuation tube
(not shown) by a WR&ht i on apparatus which uses no oil, such as an ion

punp or a sorption p%ﬁp’w%gikgtgggugeBrQBGEh psahiMOvisseél 1SCEESShYn O

t hereby establish an at®nosphere a vacuum degree of about [err] Pa where

an amount of rergifed, g,lr%;}pi‘;a]lr@ a7 alaghd SheHfifridustite Wnsahel vakhem the

envelop 37 is hernetic seal ed off.” To maintain such a vacuum degree in
the sealed 25 &dnel OBF whs ddjustiveEepdamelide atulj.acixedoto Bget t eri ng.

This process is performed by, imediately before or after sealing off the
envel ope 37 heatiid¥hgular pulses having a crest value of 14 V was then

applied to the device for activation treatment. The
pulse width and interval were set to the same ones as
used in the above Forming treatment. With the
activation treatment, a tungsten (W) film was formed in

10 the electron-emitting region. During the activation
treatment, the pulse voltage was applied while
measuring the device cﬁrrent If and the emission
cuirent Ie. In this Example, because the electron
emission efficiency n (= Ie/If) reached a maximum after

15 about 30 minutes, the introduction of WF, stopped and
the activation treatment was finished then. The
determination as to whether the electron emission
efficiency reached a maximum or not was made by
calculating m from the measured results of Ie and If,

20 calculating the time differential dvn/dt of m, and
determihing the point ip time at which the differential
value was staying around 0 for one minute.
[Example 2]

After following Example 1 until Step-d, H, was

25 introduced to the vacuum vessel together with WF, in

Step-e. The remaining steps were the same as in

Example 1. A partial pressure of H, was adjusted to



- 36 - getter disposed in a predeterm ned position (not shown) wthin the
envel ope 37 by resistance heating or high-frequency heating so as to form
an vapor deposition filmof the getter. The getter usually 5 cont ai ns Ba
as a primary conponent. The inner space-of5& ke envel ope can be maintai ned
at a vacuum degree in the range of 1 x [err] to 1 x 10-5 Pa by the
adsorbi ng action of the vapor deposition film Incidentally, the steps
subsequent to the Form ng treatnment of the 10 surface conduction
electron-enitting evig&g gre appropriately set. - One .exenpl ary
configuration of™da d¥ i ng Btrcuit for di splaying a TV image i n accordance

with TV signals g(fr:]org%%g{‘g?dg# ﬂgng di spl ay panel constructed by 15

using the electr e rix wwring type will be described

bel ow wi th reference £gcdi Ioilfbwidly FHfhmpi® 1981ALHAD dBeptly | S | mage

di splay panel, 42 is a scanning circuit, 43 is a control circuit, 44 is a
activation treatment was performed as follows.

5 (Step-e)

In this Comparative Example, the vacuum vessel was
evacuated by an ultra-high vacuum evacuation system
comprising a rotary pump and a turbo pump, and the
pressure in the vacuum vessel was adjusted to about 2.7

10 X iO* Pa. Triangular pulses having a crest value of 14
V was then applied to the device for activation
treatment. With the activation treatment, the emission
current Ie and the device current If were drastically
increased. During the activation treatment, the pulse

15 voltage was applied while measuring the device current
If and the emission current Ie.

After performing the activation treatment for 30
minutes, the pulse application was stopped and the
evacuation system was switdhed to the same ultra-high

20 vacuum evacuation system as in Example 1, followed by
continuing evacuation while heafing the vacuum vessel
to about 200 °C. Upon confirming that the pressure in
the vacuum vessel reached 1.3 x 10" Pa, heating of the
vacuum vessel was stopped and the activation treatment

25 was finished.

Electron emission characteriétics and

time-dependent changes thereof of Examples 1, 2 and



shift register, 45is a line menory, 46 is a synch 20 signal separating
circuit, 47 is a nodul ation signal generator, and Vx and Va are DC voltage
sources. The display panel 41 is connected o the external electrical
circuits through term nals. Doxl to Doxm teérmnals Doyl to Doyn, and a

hi gh-vol tage term nal Hv. 25 Applied to the termnals Doxl to Doxmis a
scan signal for successively driving the electron source provided in the

di splay panel, i.e., a group of surface - 37 - conduction
el ectron-enitti rehmigadSEErer Ksethp T8 O &rdfd micasifrdd.r Oturandg Mheol ums, on a
row by-row basis (i.e., in units of N devices). On the other hand, applied

to the term nal anddxsurdment,! ctHe \pressuramidilltiid sraciiugnaesiseld agtrol | i ng
el ectron beans output fromthe surface conduction electron-emtting devices
in one row sel emathtaindd atdn iy Fhe Waltags tpjeas@ppidedita s
supplied with a DC voltage of 10 kV, for exanple, fromthe DC

the devices for measurement were rectangular pulses of

5 14 V with the pulse width of T1 = 100 pusec. and the

pulse interval of T2 = 10 msec. Ie was measured by

setting the distance between the anode electrode and

the device to 4 mm and the voltage to 1 kV.

The devices were continuously driven for 100 hours

10 during which time changes in the emission current Ie
were measured.

One of the devices fabricated in plural number for
each of Examples 1, 2 and Comparative Example 1 was not
subjected to the measurément and the topography of its

15 electron-emitting region was observed by using a
scannig.electron microscope (SEM). Further, to
evaluate crystallinity of the coating film of W;
electron beam diffraction of the coating film was
observed to confirm whether a diffraction pattern

20 appeared or not.

The measured results of the emission current le

are below.



10 vol tage source Va. This DC voltage serves as an accel erating voltage
for giving the electron beans emtted fromthe surface conduction

el ectron-em tting devices energy enough to excite the correspondi ng
fluorescent substances. 15 The scan®®ng circuit 42 will now be
described. The scanning circuit 42 includes a nunber M of sw tching devices
(synbolically showmn by S1 to Smin Fig. 10). Each of the swi tching devices
sel ects an output voltage of the DC voltage source Vx or 0 V 20 (ground

| evel ), and is electrically corn respo. te nal s
Doxl to Doxm of {he display pane ?8£¥§§#%a£2&rgi 1%% g@%ﬁggpgg g %ﬁig}
operated in acco dagggmﬁ@éhla controllsbgnal Tsqan ouj pyt by tihe coegrol
circuit 43, and g+e—eas+Hy—radq tHp—by—a—ecgibirat+en—of—ypi-ca

swi t chi ng devi ces sgﬁgmggeFﬁTs. The D, gol t age dour ceg Vx outths a ggnst ant
- 38 -

Com. Ex. 1 1.5 0.5 33

As a result of the cbservation by SEM, it was
confirmed that the coating film of W was formed on the
high potential (positive electrode) side of the
electron-emitting fissure for both the devices of

10 Examples 1 and 2, as depicted in Fig. 13A. On the low
potential (negative electrode) side, no appreciable
coating film was found. For some of the devices
fabricated under conditions similar to those in this
Example, a slight coating film was also found on the

15 low potential side depending on the conditions, as
depicted in Fig. 13C.

Results of the electron beam diffraction
measurement were aslfollows. A crystalline portion
exhibiting a clear diffraction pattern and an amorphous

20 portion for which a halo was observed were mixed in
Example 1, whereas a clear diffraction pattern of W was
observed iﬁ Example 2. It was also confirmed that the
peak shape was somewhat sharper in Example 2 than in
the crystalline portion of Example 1, and a higher

25 degree of crystallinity was achieved in Example 2.
These results are presumably due to that the hydrogen

introduced in the step of forming the coating film



voltage set in this enbodi ment based on characteristics of the surface
conduction electron-emtting devices (i.e., electron-emtting threshold
voltage) so that the driving voltage appllﬁg to the devices not under 5
scanning is kept lower than the el ectron-e ?ting t hreshol d voltage. The
control circuit 43 functions to nmake the various conponents operated in
match with each other so as to properly display an imge in accordance with
10 video signals input fromthe outside. Thus, in accordance with a

synch signal TsygesvaBl h8dettAinghgasyasa éhﬂ?%r?@ﬁ@l@tbﬂgwchéﬁﬂh 46, the
control circuit 43 generates control signals Tscan,” Tsft and Tnry tor the
associ at ed conpoges8scr¥btallinityThaveygebwalgnal separating circuit 46 is
a circuit for separating a synch signal conmponent and a | um nance signa
conponent from abEkB@®G1&V33i gnal applied fromthe outside, and can be nade
up using ordinary frequency separators (filters) or the like. 20 The
synch si gnal separateﬂf§9rtﬁ@lg9wéngsEgﬁaplgebaﬁatihg5§$9t®4ttbﬁ conpri ses

a vertical synch signal and a horizontal synch signal, but it is here
5 activation treatment was performed as follows.

(Step-e)

WF, was introduced to the vacuum vessel through the
slow leak valve, and the pfessure in the vacuum vessel
was adjusted to be held at 1.3 x 10 Pa. Rectangular

10 pulses having a crest value of 14 V and polarity
alternately switched over, as shown in Fig. 11lA, was
fhen applied to the device for activation treatment.
The pulse width T1, T'l and period T2 were 1 msec. and
10 msec., respectively, and the interval T'Z between

15 the pulses of opposite polarities.was 5 msec.

At the time the electron emission efficiency 1
reached a maximum( the treatment was stopped and the
interior of the vacuum vessel was_continﬁously
evacuated to hold the pressure at 1.3 x 10™° Pa or

20 below.
[Example 4]

The device was fabricated following Example 3
except that H, was introduced to the vacuum vessel
together with WF6 in Step-e. A partial pressure of WF,

25 was adjusted to 1.3 x 10 Pa and a partial pressure of
H, was adjusted to 1.3 x 10™* Pa.

The devices of Examples 3 and 4 were subjected to



represented by the signal Tsync for conveni ence of description. Al so, the

vi deo | um nance signal 25 conponent separated fromthe TV signal is
represented by a signal DATA for conveni ence of description. The signal
DATA is input to the shift register 44. - 5439 - The shift register 44

carries out serial/parallel conversion of the signal DATA, which is
time-serially input to the register, for each line of an inmage. The shift
register 44 is operated by the control signal 5 Tsft supplied fromthe

control circuit é%?gnggﬁngr°§4§93§a?3nssﬁn9513'fé%ﬁ?ﬁCf??f d as a shift

clock for the shi regis one n

(corresponding  ndak-detebndbEVtagobbephy ™ |§ﬁﬁ4°fa§é%ﬁééé’&é‘rﬂéﬁ£'

devi ces) resulted ron1t conversion I's output from

the shift registgiedfraa seamrr&ﬁfﬂaehaﬁr a E6ha St S SEdH Ind fshFing The
l'ine menory 45 I's a menory for storing the

the electron emission characteristics were the same as
5 those set for Examples 1, 2 and Comparative Example 1.

The results are below.

Ie(initial)(pA) | Ie(100h)(pA) [Ratio(%)

Example 3 1.7 1.2 71

10 Example 4 2.0 1.6 80

As a result of thé topography observation by SEM,
it was confirmed that coating films of W were likewise
formed on both the high and low potential sides for the

15 devices of Examples 3 and 4, as depicted in Fig. 13B.
Results of the electron beam diffraction were that a
portion exhibiting a clear diffraction pattern of
crystals and a portion for which a halo was observed
were mixed in Example 1 as with Example 1, whereas a

20 clear diffraction pattern of crystals was observed in
Example 4 as with Example 2.

[Example 5]

After following Example 1 until Step-d, the
activation treatment was performed as follows.

25 (Step-~e)

W(CO), was introduced to the vacuum vessel by

opening the slow leak valve, and the pressure in the



data for one line of the image for a period of time as 15 | ong as
required. The line nmenory 45 stores the contents of the parallel signals
Idl to Idn in accordance with the control signal Tnry supplied fromthe
control circuit 43. The stored contents are> uCput as 1'dl to I'dn and
applied to the nodul ati on signal 20 generator 47. The nodul ati on si gnal
generator 47 is a signal source for properly driving the surface conduction
el ectron-em tting devices in accordance with the respective video data |'dl

to I'dn in a nmdyhin %iSﬁel ra{ i e S AN ReS af G@MLAe xmRgu 3 on

signal generator 47 are applied to the corresponding surface con uction
el ectron-eni tti nRedBERA dr gulsed Hahvdhg a crédt vAane! ofl1hkough the

termnals Doyl to Doyn. As described above, the electron-emtting devices
to which the prestiriwn ntreRiqan 118,apEs atere appdlicdave hhel device for
characteristics belowwth regards to the
activation treatment. The pulse width Tl and interval
5 T2 were 3 msec. and 10 msec., respectively. With the
activation treatment, a tungsten film was formed in the
electron-emitting region. During the activation
treatment, the pulse voltage was applied while
measuring the device current If and the emission
10 current Ie. |
At the time the electron emission efficiency n
reached a maximum, the pulse application and the
- introduction of W(CO), were stopped and the interior of
the vacuum vessel was continuously evacuated to hold
15 the pressure at 1.3 x 10°® Pa or below.
[Example 6]
The device was fabricated under the same
conditions as in Example 5 except that the pulses
applied in Step-e were rectangular pulses of 18 V.
20 [Example 7]
The device was fabricated under the same
conditions as in Example 5 except that H, was introduced
to the vacuum vessel together with W(CO), in Step-e. A
partial pressure of W(CO), was adjusted to 1.3 x 107 Pa
25 and a partial pressure of H, was adjusted to 1.3 x 10

Pa.

The devices of Examples 5 to 7 were subjected to



5 em ssion current le. Specifically, the electron-emtting device has a
definite threshold voltage Vth for em ssion of electrons and emts

el ectrons only when a voltage exceeding Vth_ is applied. In addition, for
the vol tage exceeding the el ectron 10 2n?&ston threshol d, the enission
current is al so changed depending on changes in the voltage applied to the
devi ce. Therefore, when a pulse-like voltage is applied to the device, no
el ectrons are emitted if the applied voltage is |ower than the el ectron

eni ssion 15 t:ﬁéééﬂ?éﬂeﬁ@' Hre.ee?&&t?aneéﬁféé %@gﬁ Sed @ whadpe

applied vol tage exceeds t ctron em Ssion On this
occasion, the lntﬁésééMeOéohBQtﬂéﬁgU5§d16|EﬁéﬁﬁﬂebEaHWﬁEE‘ﬁé%&l%%réiéed by
changi ng a crest value Vmof the pulse. Further, the 20 total anount of
charges of the ppedowed el ectron beam can be control | ed by changing a wi dth
Pw of the pulse. Thus, the electron-emtting device can be nodul ated in
accordance with an input signal by a voltage nodul ati ng net hod, a pul se

wi dt h nodulatingr%é: ret-hed—gha—se—ei—tHr—the—ecase—of—enploying—the
vol t age nodal atijng met hod, the {nbe(initbal 3(ighhl| IROEICh brpAYy | Ratio( %)
Example 5 1.4 0.9 65
Example 6 1.8 1.2 67
Example 7 1.8 1.3 | 72
10 As a result of topography observation by SEM,.it

was confirmed that, for any of the devices, a coating
film of W was formed on the high potential side of the
electroh-emitting region as with Example 2.

[Example 8]

15 After following Example 1 until Step-d, the
activation treatment was performed as follows.
(Step-e)

W(CsH;),H, was introduced to the vacuum vessel by
opening the slow leak valve, and the pressure in the

20 vacuum vessel was adjusted to be held at 1.3 x 107 Pa.
Rectangular pulses having a crest value of 18 V, as
shown in Fig. 11B, was then applied to the device for
activation treatment. The pulse width Tl and interval
T2 were 3 msec. and 10 msec., respectively. With the

25 activation treatment, a tungsten film was formed in the
electron-emitting regionQ During the activation

treatment, the pulse voltage was applied while



can be realized by using a circuit of voltage - 41 - nodul ation type

whi ch generates a voltage pulse having a fixed I ength and nodul ates a crest
val ue of the voltage pul se in accordance w sbh Lnput data. In the case of
enpl oying the pulse width 5 nodul ating nethod, the nmodul ation signal
generator 47 can be realized by using a circuit of pul se wi dt h nodul ati on
type which generates a voltage pulse having a fixed crest value and

nodul ates a width of the voltage pulse in accordance with input data. 10
The shift regist eeasirdng tthe |devdaeemmryend Ty apd tbei gmddstionbe adapt ed
for any of digital signals and analog signals. Anyway, it is essential that
t he serial / par al C8Frést d€si on and storage of V|deo signals be effected at
a predeterm ned speed.. 15 For digital gnaL desi is required
to convert the S|gnalAﬁAﬁer&ﬁmﬁ:tPFbﬁ%ﬂﬁ??Qﬂﬂ S§S4RR7 © %ﬁgﬂéPFXg"C|rCU|t

46 into a dlgltal SE ed a %%&fﬂ&m, the pulse application and the

5 introduction of W(CiH;),H, were stopped.

The device of this Example was subjected to
measurement of electron emission characteristics under
the same conditions as in Example 1. The results are
below.

10

Ie(initial)(pA) | Ie(100h)(pA) | Ratio(%)

Example 8 1.9 1.2 63

JAs a result of tdpography observation by SEM, it
15 was confirmed that a coating film was formed on the
high potential side of the electron-emitting region as
with Example 1. As a reéﬁlt of examining composition
of the doating film by an electron probe microanalyzer
(EPMA), it was found that the coating film contained a
20 substantial amount of carbon in addition to W.
[Example 9]

After following Example 1 until Step-d, the
activation treatment was performed as follows.
(Step-e)

25 Mo(CO), was introduced to the vacuum vessel by
opening the slow leak valve, and the pressure in the

vacuum vessel was adjusted to be held at 1.3 x 10°? Pa.



can easily be realized just by incorporating an A/D converter in an out put
portion of the circuit 46. 20 Furt her, dependi ng on whether the out put
signal of the line nenory 45 is digital or analog, the circuit used for the
nodul ati on signal generator 47 nust be desiggped in sonewhat different ways.
More specifically, when the voltage nodul ati ng nethod using a digital

signal is 25 enpl oyed, the nodul ati on signal generator 47 is constituted
by, e.g., a DIA converter and, if necessary, may additionally include an
anplifier, etc. - 42 - \Wien the pul se width nodul ati ng nmet hod using a

digital signal iReehphgylar pwisepdiawndm Frprl Rike QbrluV, as
constituted by a circuit in conmbination of, for exanple, a high-speed

oscillator, a cothPe€® #BrFig. 1iByH3highere RS dfo R d5HG%uE X om the

ool 1 ator, 29 SeERIBRLS) obrlSnERIPohd S0 OV Bl %0l dllntant e

.anplifier for T2 were 3 msec. and 10 msec., respectively. With the

5 activation treatment, a molybdepum film was formed in
the electron-emitting region. During the activafion
treatment, the pulse voltage was applied while
measuring the device current If and the emission
current Ie.

10 At.the.time the electron emission efficiency 1
reached a maximum, the pulse application and the
introduction qflMo(CO)s were stopped and the interior of
the vacuum vessel was continuously evacuated to hold
the pressure at 1.3 x 10™° Pa or below.

15 [Example 10]

After following Example 1 until Step-d, the
activation treatment was performed as follows.
(Step-e)

Hf(C;H;),H, was introduced to the vacuum vessel by

20 opening the slow leak valve, and the pressure in the
vacuum vessel was adjusted to be held at 1.3 x 1073 Pa.
Rectanguiar pulses having a crest Qalue of 18 vV, as
shown in Fig. 11B, was then applied to the device for
activation treatment. The pulse width T1 and interval

25 T2 were 3 msec. and 10 msec., respectively. With the
activation treatment, a hafnium film was formed in the

electron-emitting region. During the activation



anplifying a voltage of the nodul ation signal, which is 10 out put from
t he conparator and has a nodul ated pul se width, to the driving voltage for
t he surface conduction electron-emtting devices may al so be added. On the
ot her hand, when the voltage nodul ating met3%d using an anal og signal is
enpl oyed, the 15
, €.g., an operational anplifier and, if necessary, may
additionally include a | evel shift circuit. Wien the pul se wi dth nodul ati ng

anplifier using
met hod using an

for exanple. In
vol tage of the

are emtted by

5

10

15

20

25

nmodul ati on signal generator 47 can be constituted by an

L og. S ONal | loved. the modulation signal 20
Bt frePulFS A en Yo i et BB St o (veo).

generator 47 can“be

ARPUTET 1 RS e, NPl (o Yo 1 70

conduction el ectg@pr&ttidnNg devices may al so 25 be added. In the
t hus-arranged i mage-form ng apparatus of the present invention, electrons

At the time the electron emission efficiency 1

reached a maximum, the pulse application and the

introduction of Hf(CH;).,H, were stopped.

The devices of Examples 9 to 10 were subjected to

measurement of electron emission characteristics under

the same conditions as in Example 1. The results are

below.
Ie(initial)(pA) | Ie(100h)(pA) | Ratio(¥%)
Example 9 1.6 1.0 63
Example 10 2.0 1.2 60

As a result of topography observation by SEM, it

was confirmed that, for any device of Examples 9 and

10, a coating film was formed on the high potential

side

of the electron-emitting region.

[Example 11]

After following Example 1 until Step-d, the

activation treatment was performed as follows.

(Step-e)

The device was immersed in a plating solution

filled in a plated film forming apparatus schematically

shown in Fig. 12 to form a metal film by plating.

Electrolyte plating was performed by applying



- 43 - applying a voltage to the electron-emtting devices through the
termnals Doxl to Doxm and Doyl to Doyn extendi ng outwardly of the

envel ope. The el ectron beans are accel erated by applying a high voltage to
the 5 met al back 35 or the transparent- €élGectrode (not shown) through the
hi gh-vol tage term nal Hv. The accel erated el ectrons inpinge against the
fluorescent film 34 which generates fluorescence to forman i nage. The
above- expl ai ned arrangenents of the 10 i mage-f orm ng apparatus are one

exanpl e of i nmage-form ‘ap atus to. which the present Jjnvenjiaqn.i

appl i cabl e, and %ﬁha%%ﬂié)@%e? }Q/‘élrr?%ﬁ RS B’f?é’(? (ﬂ# [l\r/?e% 3’6‘33“ 3:519'
concept of the :g%[eé]é ' ' he, i g?!u. ' .. J |i g . n
NTSC 15 TV s%na maér!l |%€%%o€/e?3 bu rrlialfrd %gganréf%(%}'%et haéI? %@%&8‘6’% s of
PAL- and SECAM i | W0 heredndhf 1Qfngl 'a@?t?' . 0.,

so-cal | ed hi gh- Zéua | ty&fi'e\/s'sirgéna %‘?’L IVU%E stcadndar c%n%;fva?ng thgq‘ﬁérger
number of scan |N&SEri EEEd6E ARPBL4a4I0S Yafhmoto, "SudEadleECtron source of

| adder wiring type and an i mge-form ng apparatus using such an el ectron
source 5 Technology", Vol. 40, No. 2311-~-316 (1989), the
composition of the plating solution was made up of
Na,Wo,.,H,0; 40 g/1, NiS,-6H,0; 70 g/l and citric acid; 80
g/1l, and was adjusted to pH 6 by using NH,OH.
At the time the current flowing through the device
10 reached 5 mA, the pulse application was stopped,
followed by washing and drying the device.

With the above activation treatment, a coating
film made of an alloy of W and Ni was formed primarily
on the side of the device electrode 2 in the

15 electron-emitting region formed by the Forming.

The devices of this Example 11 was subjected to
measurement of electron emission characteristics under
the same conditions as in Example 1. The measurement
was performed by rearranging the device electrodes 2, 3

20 to serve as positive and negative electrodes,
respectivély, in opposition to the polarities in the
plating étep. The interior of the vacuum vessel was
evacuated to hold the pressure at 1.3 x 10 Pa or
below. The measured results are below.

25

Ie(initial)(pA) | Ie(100h)(pA) | Ratio(%)

Example 11 1.7 1.1 65



will now be described with reference to Figs. 21 and 19. Fig. 21 is a

schematic view showi ng one exanple of 25  the el ectron source of |adder
wiring type. In Fig. 21, denoted by 21 is an el ectron source base plate,
24 is an electron-emtting device, and 26 &1 Bxl to Dx10 are - 44 -

common wires for interconnecting the electron-emtting devices 24. A
plurality of electron-emtting devices 24 are arrayed on the base plate 21
side by side to line up in the X-direction (a resulting row of the 5
electron-enittiqgﬁdevice%_ eing called a device row). This device rowis
arranged in plur 3ﬁﬁﬁ)r make up an el ectron source. By properly
applying a driving v ¢! en e ] f. e hGe I ow,
respecti ve device roe\ﬂls& %ﬁi%gh il Y/igerf ittrll"%e e‘i%?éﬁ)ﬁ \yn%%%fg‘on %%%eggﬁgtlﬁ r.

Specifically, a Iﬂﬁg&a@gﬁ?@id}g ér%ﬁ eg{eg.gt{fo‘ﬁ” T ggmtpg.g_gggal d value is

applied to the device rows from whi ron beans are'to
number of surface conduction electron-emitting devices

5 arrayed on a base plate and interconnected in matrix
wiring as schematically shown in Fig. 7, and also to
manufacture of an image-forming apparatus using the
electron source. The number of devices is 100 for each
of X- and Y-directions.

10 The manufacture process will be described below
with reference to Figs._14A to 14H.
Step-A
A silicon oxide film being 0.5 pm thick was formed
on a cleaned soda lime glass by sputtering to prepare
15 the base plate 1. A Cf film being 5 nm thick and an Au
film being 600 nm thick were then laminated on the base
plate 1 in this order by vacuum vapor deposition. A
phoforesist (AZ1370, by Hoechst Co.) was coated thereon
under rotation by using a spinner and then baked..
20 Thereafter, by exposing and developing a photomask
image, a resist pattefn for lower wires 22 was formed.
The deposited Au/Cr films were selectively removed by
wet etching to thereby form the lower -wires 22 in the
desired pattern.
25 Step-B
Then, an interlayer insulating layer 61 formed of

a silicon oxide film being 1.0 pum thick was deposited



emtted, whereas a voltage |ower than the el ectron em ssion threshold val ue
Is applied to the device rows 15 fromwhich electron beans are not to be
emtted. Incidentally, those pairs of the common wires Dx2 to Dx9 which are
| ocat ed bet ween two adj acent device rows; 62g-, Dx2 and Dx3, may be each

formed as a single wire. Fig. 19 is a schematic view show ng one exanpl e of

20 t he panel structure of the inmage-form ng apparatus including the

el ectron source of |adder wiring type. Denoted by 84 is a grid el ectrode,
85 is an aperture for allomn | ectr % %Wpass th rethrough 86 are
ternminals exten®YfF ddt® &% é‘g'é‘ 8s O¥n&Fc 5P * Doxl, Dox2,
..., Doxm 87 aEﬁ:ter1nals ext endi ng out of ‘the envelope as indicated by
G, &, ..., J’connected to the corresponding grid el ectrodes 84, and

;eﬁgrengé Inﬁrrgrnale!segtsp[ ose |en%ql—é%a§%t?e%1£°glﬁgsﬂlgﬁgeﬁgtaeglbggr?talgcaf he same
menbers. The holes 62 in the silicon oxide film deposited in Step-B
5 was coated and, by using it as a mask, the interlayer
insulating layer 61 was selectively etched to form the
contact holes 62. The etching was carried out by the
RIE (Reactive Ion Etching) process using a gas mixture
of CF, and H,.
10 Step-D
A photoresist (RD-2000N-41, by Hitachi Chemical
Co., Ltd.) was formed~in a pattern to define device
electrodes 2, 3 and electron emitting regions G
therebetween. A Ti.film being 5 nm thick and an Ni
15 film being 100 nm thick were then deposited thereon in
this order by vacuum vapor depoéition. The photoresist
pattern was dissolved by an organic solvent to leave
the deposited Ni/Ti films by lift-off. The-device
electrodes 2, 3 each having the electrode width of 300
20 pm with the electron emitting regions G of 3 um between
were thereby formed.
Step-E |
A photoresist pattern fo; upper wires 23 was
formed on the device electrodes 2 and 3. A Ti film
25 being 5 nm thick and an Au film being 500 nm thick were
then deposited thereon in this ordef by wvacuum vapor

deposition. The unnecessary photoresist pattern was



I mage-form ng apparatus of this enbodinent is 5 principally different
fromthe image-form ng apparatus of sinple matrix wiring type shown in Fig.
8 inthat the grid electrodes 84 are interposed between the el ectron source
base plate 21 and the face plate 36. The-g6Bd-el ectrodes 84 serve to

nodul ate el ectron 10 beans emtted fromthe surface conduction

el ectron-emtting devices. The grid electrodes 84 are stripe-shaped

el ectrodes extending perpendicularly to the device rows in the | adder
wiring, and have circul ar apertures 85 forned therein_far ssage of the
electron 15 BERAYeth thdomdL $he HEPSE HATES LebY| S4EFORTEN tting

devi ces. The shape agp set position of the grid electrodes are not
necessarily lim to ones illustrated in Fig. 19. For exanple, the

apertures may be a | grgg ngM@?*fg&mngghP%kgs égghh Qﬁggknggs 8EPg%%t%8

be positioned in surroundi ngs or “Vvicini surtrace conduc

Coro o hy bolly SRR bt elpatcheLin Bkt bpatcblenill o1 01
to a contr@ Ci igyéningilcodrespondiWg) to the shape of an

electroconductive thin film 64. A paradium (Pd) amine
complex solution (ccp4230) was coated thereon under
rotation by using a spinner and then heated for
calcination at 300 °C for 12 minutes. The

10 electroconductive thin film 64 made up of PdO fine
particles was thereby formed and had a film thickness
of 70 nm.
Step-6

The Cr film 63 was etched away by wet etching

15 using an etchant along with unnecessary portions of the
electroconductive thin film 64 made up of PdO fine
particles. The electroconductive thin film 64 in the
desired pattern was thereby formed and had a resistance
value R, of 4 x 10* Q/0O.

20 Step-H

A resist was coated in a pattern to cover the

surface cher than the contact holes 62. A Ti film
being 5 nm thick and an Au film being 500 nm thick were
~then deposited thereon in this order by wvacuum vapor

25 deposition. Unnecessary portions were removed to make
the contact holes 62 filled with the deposits by

lift-off.



In the image-form ng apparatus of this enbodinent, irradiation of the

el ectron beans upon fl uorescent - 46 - substances can be controlled to
di splay an inage on a line-by-line basis by simultaneously applying

nodul ation signals for one line of the i rage t-0 each row of the grid

el ectrode in synch with the device rows 5 bei ng driven (scanned)
successively on a row by-row basis. The imge-form ng apparatus of the
present invention can be enployed as not only a display for TV

broadcasting, but also dj'splays for TV conference 10 systens, conputers,
etc., including an i %é@%%%@ﬁﬁraﬁdﬁ éff?%ﬁq’@é]r“&r‘i ek & nmade up

DY, B, POt 05N L th g i LS 00 o LI P RET R Vi b desor | bed
device of this EX3WB£§E{E¥§ process of the image-forming apparatus will
be described with reference to Fig. 8.
5 Step-1I1

-The electron source base plate 21 was fixed onto a
rear plate 31. Then, a face plate 36 (comprising a
fluorescent film 34 and a metal back 35 laminated on an
inner surface of a glass base plate 33) was disposed 5

10 mm above the base plate 21 with the intervention of é
support frame 32 betweep and, after applying frit glass
to joined portions between the face plate 36, the
support frame 32 and the rear plate 31, the assembly
was baked in an atmosphere of air or nitrogen gas at

15 400 °C to 500 °C for 10 minutes or more for
hermetically sealing the joined portions. Frit glass
was also used to fix the base plate 21 to the rear
plate 31. In Fig. 8, denoted by.24 is an
electron-emitting device and 22, 23 are X- and

20 Y-directional wires, respectively.

The fluorescent film 34 is formed of only a
fluorescént substance in the monochrome case. For
producing a color image, this Example employed a stripe
pattern of fluorescent substances. 'Thus, the

25 fluorescent film 34 was fabricated by first forming

black stripes and then coating fluorescent substances

in respective colors in gaps between the black stripes.



the sane structure as shown in Figs. 1A and 1B. A manufacture process of
the electron-emtting device of this Exanple will be described bel ow with
reference to 20 Figs. 3A to 3D (Step-a% A silicon oxide filmbeing 0.5
pmthick was fornmed on a cl eaned soda |ine alass by sputtering to prepare
the base plate 1. A photoresist (RD 2000N-41, by 25 Hi tachi Chem cal
Co., Ltd.) was forned and patterned on the base plate 1. A Ti filmbeing 5
nmthick and an Ni filmbeing 100 nmthick were then deposited thereon in

- 47 - this ordefhe)b R0 B 4FRA wdeROFOrind bYasRRgt ar AdikatiRat tern was
di ssol ved by an organic solvent to |l eave the depositéd Ni/Ti filnms by

lift-of f, therelsodtaifiing ddwphied ae el pelimades cdmpdnehltcwhpabi Bg L
bet ween the 5 device el ectrodes was set to L = 3 pmand the width W of
each devi ce el eciamsnticonaddly emplbyed0@nprithe( 8rep- bFluorescent
substances were coated on the glass base plate 33 by
5 the slurry method.

On the inner surface of the fluorescent film 34,
the metal back 35 is usually disposed. After forming
the fluorescent film, the metal back 35 was fabricated
by smoothing the inner surface of the fluorescent film

10 (this step being usually called filming) and then
depositing Al thereon by vacuum vapor depositioh.

To increase electrical conductivity of the
fluorescent film 34, the face plate 36 may be provided
with a transparent electrode (not shown) on an outer

15 side of the fluorescent film 34 in some cases. Such a
transparént electrode wés omitted in this Example
. because sufficient electrical conductivity was obtained
with the metal back alone.
Before the above hermetic sealing, alignment of
20 the respective parts was carried out with due care
since the fluorescent substances in respective colors
" and the électron-emitting devices must be precisely
aligned with each other in the color case.
Step-J
25 The atmosphere in the glass envelope thus
completed was evacuated by a vacuum pump through an

evacuation tube to a vacuum degree of about 10"* Pa. As



To formthe el ectroconductive thin film4, a O mask was fornmed as foll ows.

100 nm 10 t hi ck was dep05|ted by vacuum vapor deposition
on the base plate 1 having the device electrodes 2, 3 formed thereon,
openi ngs were defined corresponding to the6&6hape of t he electroconductive'

A Cr filmbeing

thin film4 by the ordinary photolithography process.
Then, a paradium (Pd) am ne conpl ex solution (ccp-4230,

t hereby forned.

The C filmwas 15

and

by

Okuno Pharmaceutical Co., Ltd.) mas coated on the base plate under rotation

by using a spin
[err] for 10 m

o Lo 5 1 e Ao, e iond el Peis S

cont ai ni ng PdO adsnga}ﬁ.rir{@réh S O'Beége r}ﬁ:\glr&n%nté)clﬁg%n%% of 10 nm

(Step-c) The Cr mm

particle filmwag

film4 in the desire rn1 The

resi st ance

10

15

20

25

was renoved by wet etc fine

ing

300

irzﬁgalbx,ifegg ATt T e AeapieEacRoeRt ke of hi 1

ectroconductive thin film
common electrode for interconnecting the Y-directional

wires 23, 67 is a power supply, 68 is a resistor for
measuring a current, and 69 is an oscilloscope for
monitoring the current.

Step-K

Subsequently, a coating film was formed. The
configuration of a treatment apparatus is shown in Fig.
16. An image-forming apparatus 71 is connected to a
vacuum-chamber 73 through an evacuation tube 72. The
vacuum chamber 73 is evacuated by an evacuation device
74 and the atmosphere therein is detected by a pressure
gauge 75 and a quadruple mass spectrometer (Q-mass) 76.
Connected to the vacuum chamber 73 are two gas
introducing systems one of which is used to introduce
an activating material and the other of which is used
to introducé a material (etching gas) for etching the
activating meterial. In this Example, the etching gas
introducing system was not employed.

The'activating material intreducing system is
connected to a material source 78 through a gas
introducing unit 77 comprising a solenoid valve and a
mass flow controller. 1In tﬁis Example, the material
source 78 was prepared by filling W(CO), in an ampule

and then vaporizing it.



- 48 - value [err] of 2 x [err] (Step-d) Next, the device was transferred
I nto the vacuum treat nent apparatus, doubling as the 5
measuri ng/ eval uati ng apparatus, shown in Fig. 5 for the Form ng treatnent.
The Form ng treatnent was perforned by evabWating the interior of the
vacuum vessel 15 by the evacuation device 16 until reaching a pressure of
2.3 x 10-3 Pa and, thereafter, applying a pulse voltage 10 to between
the device electrodes 2 and 3. The evacuation device used in this Exanple

bunp. and_an 1 on' purp en Seo {PRFPANENGSALBAE 7) RS PPOREPLLSRoRRFse |
22 The ovacuati dncasgnEard i Pols e S8 HREdE T B SR 4 %V@?ei?ﬁéﬁtyeﬂad
e vaveTor m a5 SBQUA)1E! Gpo BB CholScltta i ), ¥a5 Tgrcpl eoe
tr{angular “ﬁveE%ﬁEbwed by applying rectangular pulses of 18 V. The
5 pulse width and interval were set to 3 msec. and 10
msec., respectively.

The activation treatment was perfofmed on

row-by-row basis. Rectangular pulses having a crest

value Vact 18 V were applied to each of the

10 X~-directional wires connected to one row of devices,
and all the Y-directional wires were connected to the
common electrode as with above Step-J.

At the time the device current If flowing through
one row increased to meet If > 200 mA (2 mA per

15 device), the activation treatment for that row was
finished, followed by treating a next row. Thus, the
activation treatment was repeated likewise until the
last row. |
Step-

20 '~ Upon completion of the activation treatment for
all the rows, the valve of the gas introducing unit was
closed td stop introducing W(CO),, and the glass
envelope was then continuously evacuated for 5 hours
while heating the envelope in its entirety to about

25 200 °C. After that, the electron-emitting devices were
driven in a simple matrix manner to emit electrons,

causing the fluorescent film to generate fluorescence



was raised in steps of 0.1 V. A rectangular pulse (not shown) of 0.1 V was
i nserted between one Form ng pul se and next one to carry out the Form ng

whil e nonitoring a resistance value. The Forn1ng treatment was finished 25
at the time the resistance val ue exceeded 8 [®rr] The crest value (i.e
the Form ng voltage) upon the conpletion was 5.0 to 5.1 V. - 49 -

(Step-e) [err] was introduced to the vacuum vessel 15 through a slow | eak
valve 17, and the pressure in the vacuum vessel 15 was adjusted to be held

at 1.3 x _[err] ??ﬁm its. &%@PQ“L&#Q& Se§opa¥6£@1ﬁnﬁ{£%hg@|%%aﬂéﬁv was

then applied to asvi €8 I'vatf on treatnent he pul se wi dth and

interval were s ﬁekgtéaenamlfges REc&? Ot odhiei AR FROTER t1 cat ment

Wth the activatton treatnent tungsten (W filmwas forned in 10 t he

el ectron- emtt'@@a&ﬁﬂ’t@Bn t{;?aal Qgstﬂéaeé&'é{z@dlnﬁlé\ltéd?aﬁdr&sé the pul se
vol t age was applied

hermetlcally sealed off. Then, the getter (not shown)

5 placed in the panel was flashed by high-frequency
heating.

In the thus-completed image-forming apparatus of
the present invention, elecfrons were emitted by
applying the scan signal and the modulation signal to

10 the electron-emitting devices from the respective
signal generating means (not shown) throﬁgh the
terminals Dxl to Dxm and.Dyl to Dyn extending outwardly
of the enveloﬁe. The electron beams were accelerated
by applying a high voltage of 5.0 kV to the metal back

15 35 through the high—voltage terminal Hv, causing the
accelerated electrons to impinge against the
fluorescent film 34 which were excited to generate
fluorescence to form an image. As a result of
continuously driving the panel for 100 hours in a

20 full-surface luminous condition, the state of
displaying a good image was maintained during the
period. |

Fig. 17 is a block diagram showing one example of
a display device in which the image-forming apparatus

25 (display panel) of Example 12 is arranged to be able to
display image information provided from various image

information sources including TV broadcasting, for



measuring the device current If and the em ssion current le. In this
Exanpl e, because the electron emssion efficiency [err] (= le/lf) reached a
maxi nrum after 15 about 30 minutes, the introduction of [err] stopped and
the activation treatnment was finished then69The determ nati on as to whet her
the el ectron em ssion efficiency reached a nmaxi num or not was made by
calculating [err] fromthe neasured results of le and If, 20 cal cul ati ng
the time differential [err] of [err] and determining the point in tinme at
which the differential value was staying around O for one nminute. [Exanple
2] After fol | owieHpmBdaw| n Rig- 117t denptegde by dads28 displayos 't o

t he vacuum vessel together with W6 in Step-e. The_renginin t.eps_were the
sane as in Exanpie € h JEHeTIEgR &&P&S&ﬁ-%#’ﬁ‘r%s dj’ﬁsge J‘Fg’iay - 50 -

1.3 : '
x [err] Pa Jé%%?ﬁffﬁé)“543¥§“§‘%ﬁﬂtiplexer, 95 is a decoder, 96 is

an input/output interface, 97 is_a CPU, 98 is an image
5 generator, 99, 100 and 101 are image memory interfaces,
102 is an image input interface, 103 and 104 are TV
signal receivers, and 105 is an input unit. (When the
present display device receives a signal, e.g., a TV
signal, including both video information and voice
10 information, the device of course displays an image-and
reproduces voices simultaneously. But circuits, a
speaker and so on necessary for reception, separation,
reproduction, processing, storage, etc. of voice
information,‘which are not directly related to the
15 features of the present invention, will not described
here.)
Functions of the above parts will be described
below along a flow of image signals.
First, the TV signal receiver 104 is a circuit for
20  receiving a TV image signal transmitted through a
| wireless transmission system in the form of electric
waves or-spatial optical communication, for example. A
type of the TV signal to be received is not limited to
particular one, but may be any type of the NTSC-, PAL-
25 and SECAM-standards, for example. Another type TV
signal (e.g., so-called high-quality TV signal

including the MUSE-standard type) having the larger



After follow ng Exanple 1 until Step-d, the activation treatnment was
performed as follows. 5 (Step-e) In this Conparative Exanple, the vacuum
vessel was evacuated by an ul tra-high vacuum evacuati on system conprising a
rotary punp and a turbo punp, and the pressi0e-in the vacuum vessel was

-adj usted to about 2.7 10 x [err] Pa. Triangular pulses having a crest
val ue of 14 V was then applied to the device for activation treatnent. Wth
the activation treatnment, the em ssion current le and the device current If
were drastically increased. Durjing the activation treatnent, the pulse 15
vol tage was appl PeRPGRi PE HE3R L} 10RF t thanicthe 2haie hPes I tHI&) ssi on

Ul 5o appl i cati oFOHEESSFOBpER URHLLFE YR LS e iR R hed (o he
conti nui ng cvacuBrrsh YRFFE EAETHERHEE SIS A fhecthed Thude oGty
2O o e or® hL2k B8 PRESAUSeL b AT O, eI el kd o)
' 5 by the TV signal receiver 104 is output to the decoder
95.

Then, the TV signal receiver 103 is a circuit for
receiving a TV image signal transmitted through a wire
transmission system in the form of coaxial cables or

10 optical fibers. As with the TV signal redeiver 104, a
type of the TV signal to be received by the TV signal
receiver 103 is not limited to parficular one. The TV
signal receivedlby the receiver 103 is also output to
the decoder 95.

15 The image input interface 102 is a circuit for
taking in an image signal supplied from an image input
unit such as a TV camera or an image reading scanner,
for example. The image signal taken in by the
interface 102 is output to the decoder 95.

20 The image memory interface 101 is a circuit for
taking in an image signal stored in a video tape
recorderr(hereinafter abbreviated to a VITR). The image
signal taken in by the interface 210 is output to the
decoder 95.

25 The image memory interface 106 is a circuit for
taking in an image signal stored in a video disk. The

image signal taken in by the interface 100 is output to



25 was finished. Electron em ssion characteristics and tinme-dependent
changes thereof of Exanples 1, 2 and - 51 - Conparative Exanple 1 were
measured. During the measurenent, the pressure in the vacuumvessel was

mai ntained at 1.3 x 10-6 Pa. Vol tage pulserl applied to the devices for
measur enent were rectangul ar pul ses of 5 14 V with the pulse width of T1
= 100 psec. and the pulse interval of T2 = 10 nsec. |e was neasured by
setting the di stance between the anode el ectrode and the device to 4 nm and
the voltage to 1 kV. The devices were continuously driven for 100 hours 10
during which ti¥becAargderi ASthe enission current le were neasured. One of
the devices fabricated in plural nunber for eac 2 and

Conpar ati ve Exanpl e ThﬁaémﬁS? BEBPEX: tatertase a%%r%d%ﬂfc%ﬁé 9

topography of its 15 . electron emi il nderegi QNada5 OnSEL VAT, kel N0

picture data, such as a so-called still picture disk.
5 The image signal taken in by the interface 99 is output
to the decoder 95.
The input/output interface 96 is a circuit for
connecting the disﬁlay device to an external computer
or computer network, or an output device such as a

10 printer. It is possible to perform not only
input/output of image data and character/figure
information, but also input/output of a control signal
and numeral data between the CPU 97 in the display
device and the outside in some cases.

15 The image generator 98 is a circuit for generating
display image data based on image data and
charactef/figure information input from the outside via
the input/output interface 96, or image data and
character/figure information output from the CPU 97.

20 Incorporated in the image generator 98 are, for
example, a rewritable memory for storing image data and
charactef/figure information, a read only memory for
storing image patterns corresponding to character
codes, a processor for image processing, and other

25 circuits required for ;mage generation.

The display image data generated by the image

generator 98 is usually output to the decoder 95, but



scannig el ectron mcroscope (SEM. Further, to evaluate crystallinity of
the coating filmof W electron beamdiffraction of the coating film was

observed to confirmwhether a diffraction %attern 20 appeared or not.
The neasured results of the emission curref® te are bel ow. - 52 -
le(initial)(pA) 1e(100h)(pA) Ratio(% Exanple 1 1.6

1.1 69 Exanple 2 1.8 1.4 78 Com

Eﬁ. 1 . 1.5 0.5 : ] 33 5 As a rFsuIt of thef |
. . _ : / : W
Chehechy on o%, Y shcrs BABEALTES BskytiEyRRcbbf tht hehulhier g1 e

on the high pot el ectrode e ron-emtting

155 n the |onrporent VAT hegaPys/ erERIF oy s Pate e En flhe ol " T
cases. |

The CPU 97 carries out primarily operation control

5 of the display device and tasks relating to generation,
se;ection and editing of a display image;

For example, the CPU 97 outputs a control signal
to the multiplexer 94 for selecting one of or combining
ones of image signals to be displayed on the display

10 panel as desired. In this connection, the CPU 97 also
outputs a control signal to the display panel
controller 72 depending on the image signal to be
displayed, thereby properly controlling the operation
of the display device in terms of picture display

15 frequency, scén mode (e.g., interlace or

| non-interlace), the number of scan lines per picture,
etc.

Furthermore, the CPU 97 outputs image data and
-character/figure information directly to the image

20 generator 98, or accesses to an external computer or
memory via the input/output interface 96 for inputting
image daté and character/figure information. It is a
matter of course that the CPU 97 may be.used in
relation to any suitable tasks for other purposes than

25 the above. For example, the CPU 97 may directly be
related to functions of producing or processing

information as with a personal computer or a word



coating filmwas found. For sone of the devices fabricated under conditions
simlar to those in this Exanple, a slight coating filmwas also found on
the 15 | ow potential side depending on the conditions, as depicted in
Fig. 13C. Results of the el ectron beam diff#&cti on neasurenent were as
follows. A crystalline portion exhibiting a clear diffraction pattern and
an anor phous 20 portion for which a hal o was observed were m xed in
Exanpl e 1, whereas a clear diffraction pattern of Wwas observed in Exanpl e

2 ot 55 2120 cOMLLLIEGL ol L1e DERN ARG e PR SRR
O ot Cire Thbt I B EE LRSS Vio WRESIFRIARE
oo 8 LA o FPREEASEI N 85 AMGELSRASHY) o Nl it
computations and other tasks in coopgration with
5 external equipment.

The input unit 105 is employed when a user enters
commands, programs, data, etc. to the CPU 97, and may
be any of various input equipment such as a keyboard,
mouse, joy stick, bar code reader, and voice

10 recognition device. |

The decoder 95 is a circuit for reverse-converting
various image signals input from the circuits 98 to 104
into .signals for three primary colors, or a luminance
signal, an I signal and a Q signal. As indicated by

15 dot lines in the drawing, the decoder 95 preferably
includes an image memory therein. This is because the
decoder 95 also handles those TV signals including the
MUSE-standard type, for example, which require an image
memory for the reverse-conversion. Further, the

20 provision of the image memory brings about an advantage
of making it possible to easily display a still
picture,.or to easily perform image processing and
editing, such as thinning-out, interpolation,
enlargement, reduction and synthesis of images, in

25 cooperation with the image generator 98 and the CPU 97.

The multiplexer 94 selects a display image in

accordance with the control signal input from the CPU



[ Exanpl e 3] After follow ng Exanple 1 until Step-d, the 5 activation
treatnent was perforned as follows. (Step-e) W6 was introduced to the
vacuum vessel through the slow |l eak valve, and the pressure in the vacuum
vessel was adjusted to be held at 1.3 x i 644 ]- Pa. Rectangul ar 10 pul ses
having a crest value of ‘14 V and polarity alternately switched over, as
shown in Fig. 11A, was then applied to the device for activation treatnent.
The pulse width T1, T'1 and period T2 were 1 nsec. and 10 nsec.,

respectively, and the_interyal J 2 t 5 th [

pol aLi éi es was ggni‘%c‘.leﬁf'rFﬁe t%‘rﬂeo{?ﬁ ’\:Ng‘f?cgﬁ‘%?'ont%‘?ﬁ"g%l oﬁ%%i%%gssi terer]
reached a naxi nu the treatngen gm%t ' ' h

vessel was contF%%%ﬁgfyaggégggtéa&?éfﬁéﬁggﬁ%% pn&éﬁhﬁé%ﬁg%f%?égTérs]Vggugr

20 e "enct s A Lyl st o pod e fromiend,
Step-e. A partigljpeesggre eh tRi&lconnection, by switchingly
5 selecting two or more of the image signals in a display
time for one picture, different images can also be
displayed in plural respective areas defined by
dividing one screen as with the so-called multisdreen
television.

10 The display pahel controller 93 is a circuit for
controlling the operation of the driver 92 in
accordance with a control signal input from the CPU 97.

As a function relating to the basic operation of
the display panel, the controller 93 outputs to the

15 driver 92 a signal for controlling, by way of example,
the operation sequence of a power supply (not shown)
for driving the display panel. Also, as a function
relating to a method of driving the display panel, the
controller 93 outputs to the driver 92 signals for

20. controlling, by way of example, a picture display
frequency and a scan mode (e;g., interlace or
non-inteflace).

Depending on cases, the display panel controller
93 may output to the driver 92 control signals for

25 adjustment of image quality in terms of luminance,

contrast, tone and sharpness of the display image.

The driver 92 is a circuit for producing a drive



25 was adjusted to 1.3 x 10-3 Pa and a partial pressure of H2 was
adjusted to 1.3 x 10-4 Pa. The devices of Exanples 3 and 4 were subjected
to - 54 - measurenment of electron em ssion characteristics, observation
of topography by SEM and measurement of =el”&tron beam diffraction.

Condi tions for measuring the electron em ssion characteristics were the
sane as 5 those set for Exanples 1, 2 and Conparative Exanple 1. The
results are below. le(initial)([err]A 1e(100n)(pA Ratio(@@ Exanpl e 3

1.7 Lo .
1.6 Oéjﬁénal %ijfe%fg% é{) dls rla h el rvat [ on eby léé’%r |9t2 was
confirmed that tdﬁ@rét‘:écimu?fa d(f‘cia%éé Ka\%rﬁecﬂeori%%eo@ 9%41 gh and

| ow potential sides for the 15 devi ces of Exanples™3 an epi cted

in Fig. 13B. Resgidm €He Ml €l Prdten dpandithd wdt@mwl@ﬁahatu@uwtlon
exhibiting a clear diffraction pattern of
from the display panel controller 93.

5 With the various components arranged as shown in
Fig. 17 and having the functions as described above,
the display device can display image information input
from a variety of image information sources on the
display panel 91. More specifically, various image

_10 signals including the TV broadcasting signal are
reverse-converted by the decoder 95, and at least one
of them is selected by fhe multiplexer 94 upon demand
and then input to the driver 92. On the other hand,
the display controller 93 issues a control signal for

15 controlling the operation of the driver 92 in
accordance with the image signal to be displayed. The
driver 92 applies a drive signal to the display panel
91 in accordance with both the image signal and the
control signal. An image is thereby displayed on the

20 display panel 91. A series of operations mentioned
above are controlled under supervision of the CPU 97.

Ih éddition'to simply displaying the image
information selected from plural items with the aid of
the image memory built in the decoder 95, the image

25  generator 98_and the CPU 97, the present display device
can also perform, on the image information to be

displayed, not only image processing such as



crystals and a portion for which a halo was observed were m xed in Exanpl e
1 as wth Exanple 1, whereas a 20 clear diffraction pattern of crystals
was observed in Exanple 4 as with Exanple z [ Exanpl e 5] After follow ng
Exanple 1 until Step-d, the activation tre ?nﬁnt was performed as foll ows.
25 (Step-e) [err] was introduced to the vacuum vessel by opening the

sl ow | eak val ve, and the pressure in the - 55 - vacuum vessel was
adjusted to be held at 1.3 x 10-2 Pa. Rectangul ar pul ses having a crest

val ue of 14 V, an1shgment, r@dubtBonV@eotheRoAPPhbeenbAt! hedssv' ce for
activation treatment. The pulse width T1 and inferval 5 were 3 nsec.

and 10 msec., remprisive! thinWihh-ble, achteepblatioaat &ambr a tungsten film
was formed in the electron-enmtting region._EUring the activation
treatnent, the ponversiongendasoapprstdnwbfl tmage aspect ratio, but

also image editing such as synthesis, erasure,

5 coupling, replacement, and inset. Although not
especially specified in the description of this
embodiment, there may also be provided a circuit
dedicated for processing and editing of voice |
information, as well as the above-explained circuits

10 for image processing and editing.

Accordingly, even a single unit of the present
display device can have functions of a display for TV
broadcasting, a terminal for TV conferences, an image
editor handling still and motion pictures, a computer

15 terminal, an office automation terminal including a
word processor, a game machine and so on; hence it can
be applied to very wide industrial and domestic fields.

It is needless to say that Fig. 17 only shows one
example of the configuration of the display device

20 using the display panel in which the electron source
comprises surface conduction electron-emitting |
elements; and the present invention is not limited to
the illustrated example. For example, those circuits
of the components shown in Fig. 17 which are not

25 necessary for the purpose of use may be dispensed with.
On the contrary, depending on the purpose of use, other

components may be added. When the present display



nmeasuring the device current If and the enission 10 current le. At the
time the electron emssion efficiency [err] reached a maxi num the pul se
application and the introduction of [err] re stopped and the interior of
t he vacuum vessel was conti nuously evacuét22 fo hold 15 the pressure at
1.3 x [err] Pa or below [Exanple 6] The device was fabricated under the
sane conditions as in Exanple 5 except that the pulses applied in Step-e
were rectangul ar pul ses of 18 V. 20 [ Exanpl e 7] The devi ce was

fabricated undergdfie:s e pidiyida0ds @S Tvh tEiaphbaed exCeBt prBabrhBluas
I ntroduced to the vacuun1vesse?kiogether W th Fgrrf'in Step?e. Arpartial

pressure of [errdo Watowidid!Star daditidnal] ebmpolen2s, a &Wdcampaati ah
pressure of H2 was adjusted to 1.3 x [err] Pa. The devices of Exanples 5 to
7 were subject ecaidio microphone, an illuminator, and a
transmission/reception circuit including a modem.
5 [Example 13]

This Example concerns an electron source of ladder
wiring type and an image-forming apparatus using the
electron source. Figs. 18A to 18C schematically show
part of the following steps. The manufacture process

10 of fhe electron source and the image-forming apparatus
of this Example will be described below. The electron
source is constructed by arraying the electron-emitting
devices in number 100 x 100.

Step-A
15 A silicon oxide film being 0.5 pm thick was formed
"on a cleaned soda lime glass by sputtering to prepare
the electron source base plate 21. A photoresist
(RD-2000N-41, by Hitachi Chemical Co., Ltd.) was formed
and patterned on the base plate 21 to have openings

20 corresponding to the shape of common wires doubling as
device electrodes. A Ti film being § nm thick and an
Ni film being 100 nm thick were then deposited tﬁereon
in fhis order by vacuum vapor deposition. The |
photoresist pattern was dissolved by an organic solvent

25 to leave the deposited Ni/Ti films by lift-off, thereby
forming common wires 81 doubling as the device

electrodes. The spacing L between the device



- 56 - nmeasurenent of electron em ssion characteristics under the sane
conditions as in Exanple 1. The results are below. 5

le(initial)(pA le(l100h)([err]A) Ratio(%gExanple 5 1.4
0.9 65 Exanple 6 1.8 1.2 67
Exampl e 7 1.8 1.3 72 10 As a result

of topography observation by SEM it was confirned that, for any of the
devices, a coating filmof Wwas forned on the high potential side of the
el ectron-em tti edectyicdesawas setbtanil & 3. pmExanpl e 8] 15 Af ter
following Exanple 1 until Step-d, the activation treatnent was perforned as
follows. (Step-&tepe®] was introduced to the vacuum vessel by opening the
sl ow | eak val ve, and the pressure in the 20 vacuum vessel was adj usted
to be held at 1.3 x Pefx] fAdm RedngndM0anmp¥hiek waei Agrasitedtbval ue of 18
V, as shown in Fig. 11B, was then applied to the device for activation
treatnent. The YRCIWmM\vEPOTTieprgition ¢py the base plate 1, and

5 openings 82 were defined corresponding to the pattern
of an electroconductive thin film by the ordinary
photolithography process. A Cr mask 83 was thereby
formed. '

Then, a paradium (Pd) amine complex solution
10 (ccp-4230, by Okuno Pharmaceutical Co., Ltd.) was
coated on the base plate under rotation by using a
spinner, followed by heating for calcination.in air at
300 °C for 12 minutes. The thus-formed film was an
electroconductive fine particle film containing Pd0 as
15 a primary component and having a thickness of about 7
nm.
Step-C
The Cr mask was removed by wet etching. The PA0
fine particle film was patterned by lift-off to form
20 the electroconductive thin film 4 in the desired form.
The electroconductive thin film 4 had a resistance
value R, of 2 x 10* q/0.
Step-D
Next, the base plate was place in the vacuum
25 treatment apparatus shown in Fig. 5 where the Forming
treatment was performed on a row-by-row basis. The

manner of the Forming treatment was set following that



T2 were 3 nsec. and 10 nsec., respectively. Wth the 25 activation
treatment, a tungsten filmwas forned in the el ectron-emtting region.
During the activation treatnment, the pul se_yoltage was applied while -
57 - neasuring the device current |f and t ﬁé eéni ssion current le. At the
time the electron enission efficiency [err] reached a maxi num the pul se
application and the 5 i ntroduction of [err] were stopped. The device of
this Exanple was subjected to neasurenent of electron em ssion

characteristics rs condiz4 -
bel ow. 10 le(i ni%)?})%aiﬁ%lo%\) (ﬂ[ﬁe?d?]ﬁaA?ﬁliﬂaétqi%rﬂéé%as#angég%Q&@ oF arl.eg

\}vag confirmed t%(ﬁi %%%éefﬁdn:ﬂggﬁ}ﬁ)%@mmgd Wrearmch S 15
that row was finished, followed by treating a next row.
Step-E

5 The base plate was immersed in the same plating
solution as used in Example 11, and rectangular pulses
of 10 V was applied to between the wires on the
positive and negative electrode sides. The plating was
performed on a 1iné-by-line basis. At the time the

10 current flowing through each device reached 5 mA, the
plating for that line was finished, followed by plating
a next line. 1In fhis freatment, the voltage was
applied by setting polarities in opposition to those
actually set for emission of electrons. As a result, a
15 coating film made of a W-Ni alloy was formed on the
negative electrode side in the plating, i.e., the
positive electrode side in the actual driving.
Step-F
A display panel was fabricated in a like manner to.
20 Example 12. However, since the display panel of this
Example has a grid electrode, its construction is
somewhat different from that in Example 12. The
electron source base plate 21, the rear plate 31, the
face plate 36 and a érid electrode 84 were assembled,
25 as shown in Fig. 19, with terminals 86 and grid
terminals 87 connected to extend outwardly of the

envelope. Incidentally, 85 is an aperture for passage



hi gh potential side of the electron-emtting region as with Exanple 1. As a
result of exam ning conposition of the coating filmby an el ectron probe

m croanal yzer (EPMA), it was found that the coating filmcontained a 20
substantial anmount of carbon in additiont&W [ Exanpl e 9] After follow ng
Exanple 1 until Step-d, the activation treatnent was performed as foll ows.
(Step-e) 25 [err] was introduced to the vacuum vessel by opening
the slow | eak valve, and the pressure in the vacuum vessel was adjusted to

be held at 1.3 xofesidcfPons. - 58 - Rectangul ar -pul ses having a crest
value of 16 V, as shown in Fig. 11B, was then applied to the device for

activation treatnent.Adhe pessrt oflitdortimitshd 1} QIniatink? 8y € 3 nmsec. and
10 nmsec., respectively. Wth the 5 activation treatnent, a nol ybdenum
filmwas forned imegdéefetming cappardtus digplay dandls) dfe ExaEmplats dr?
and 13 for 100 hours in a full-surface luminous
5 . condition, stable performance was maintained in
operation of any panel.

As fully described hereinabove, in the
electron-emitting devices of the present invention, the
electron source using the electron-emitting devices,

10 and the image-forming apparatus using the electron
source, deterioration in characteristics of electron
emission over long-time driving is suppressed and,
hence, stable characteristics of electron emission and

stable display functions of images are achieved.

15



treatment, thepul-se—voltage—was applied while neasuring the device current

If and the em ssion current le. 10 At the tinme the electr

em ssi on efflmlsESh edR kadhed a nmaxi nu t he pul se appl é‘rgdAggBEEN 4
i ntroduction o opped and the%hnterlor of the ﬁ@ggeb k
was contlnuous hol d tm%ﬁﬁfﬁﬁufe—a%—i%}ﬁe[ "

15 [Exanple ] Iomﬁng Exa d, e activation
treatment was perforned as fol | ows. m ﬂ“ﬁgﬂ i& |ntroduced to the
vacuum vessel byudln Is%ﬁ%tﬂ?' sI OW* €a the pressure in the
vacuum vessel juste 0 eld at 1.3 x 10- 3 Pa. Rectangul ar pul ses
having a crest value pf 18, eBsctienitthiny deiB.cevdandl@inggplied to the

device for activation treatnent. The pulse width T1 and interval 25 T2
were 3 nsec. anthdEwddeCeledEEiBsd,) Ve YoledNidedriducdrivey atiilan Haveaigr@an , a

hafniumfilmwas formed in the electron-enmtting region. During the
activation electron emitting region, wherein said
5 electroconductive film has a film formed in said
electron emitting region and made primarily of a

material having the higher melting point than that of a

material of said electroconductive film.

10 2. An electron-emitting device according to
claim 1, wherein said film made primarily of a material
having the higher melting point is formed on the high

potential side of said electroconductive £ilm.

15 3. An electron-emitting device according to
claim 2, wherein said film made primarily of a material
having the higher melting point is also formed on the
low potential side of said electroconductive film.

20 4. An electron?emitting device according to
claim 1, wherein said material having the higher

melting point is a metal or a metal oxide.

5. An electron-emitting device according to
25 claim 1, wherein said material having the higher
melting point is a metal made up of an element selected

from a group of elements belonging to Groups 1IVa, Va,



- 59 - treatnent, the pul se voltage was applied while neasuring the device :
current |f aﬁd—phe_enLSS|on current le. At the tine the el ﬁ@gs ﬁW@BEEN]
efficiency [err reached a_ maxi mum t S pul se applicatjto CED 5
i ntroduction E m,ﬂmgped The devi‘ces of Exanpl es} :

subj ected to ctron em ssion characteristics under the

sane conditions as |n Ié 1. The results are 10 bel ow.
Ie(|n|t|al)([err]ﬁo Ie(lOOh)([err]A) Ratio(% Exanple 9 1.6
1. GArExarpt£ dd vIiiia, 910 an oxide of said metal. 60 15

As a result of topography obser vati on by SEM it was confirmed that, for
any device of Exanples 9 and 10, a coating filmwas forned on the hlgh
potential side of the electron-emtting region. 20 [ Exanpl e 11]
6. An electron-emitting device according to
claim 1, wherein said material having the higher
5 melting point is a metal made up of an element selected

from Mo, Hf, W and Ni, or an oxide of said metal.

7. An electron-emitting device according to
claim 1, wherein said film made primarily of a material

10 having the higher melting point is formed of fine
particles having an average particle size not less than

30 nm.

8. An electron-emitting device according to
15 claim 1, wherein said electron emitting region is a

fissure formed in said electroconductive film.

9. An electron-emitting device including,
between electrodes, an electroconductive film having an
20 electron emitting region, wherein said
electroconductive film has a film formed in said
electron'emitting'region and made primarily of a
material having a higher temperature, at which said
material develops é vapor pressure of 1.3 x 1072 Pa,

25 than that of a material of said electroconductive film.

10. An electron-emitting device according to

This Sheet lﬁi'ﬁiﬂn Irilaced




After follow ng Exanple 1 until Step-d, the activation treatnent was
performed as folHews.— (Step-e) The device was imersed in a plating

sol ution 25 fi in a plated filmforpng apparatus :ff’ﬁ&@ﬁeeawy
shown in Fig. 12, mm"l" ,Hmﬂ | m by"pPatTng. El ectroy e phaPiMER s
perfornmed by app L #iri angul ar pul ses havi ng §_exesE==rar te of
10 Vwith the device electrodes 2, 3 serving as negative and positive

el ectrodes, respectively. Consulting Takashi Qmi, Msaru Batate and Hi sash

Yamamoto, 'Surfggesf o ¥ACRAGhOGKia ¥ohim AfdaeNpriRdiiiFles(doRGkertie

conposi tion of the plating solution was nade up of [err] 40 g/l, [err] 70
g/l and citric aavdng8ng highte¢ WastafdhUpbeatt @sprofméy ofi tBe[Righ At the
time the current flow ng through the device 10 reached 5 mA, the pul se

appl i cation was peitepraal sakdeowgdshydwasbcagoeodddeyivg £himdevi ce.

5 11. An.electron—emitting device according to
claimllo, wherein said film made primarily of a
material having the higher melting point is also formed
on the low potential side of said electroconductive
film.

10
12. An electron-emitting device according to
claim 9, wherein said material having the higher

melting point-is a metal or a metal oxide.

15 13. An electron-emitting device according to
claim 9, wherein said material having the higher
melting point is a metal made up.of=an element selected
from a group of elements belonging to Groups IVa, Va,
Via, VIIa and VIIIa, or an oxide of said metal.

20

14. An electron-emitting device according to
claim 9, wherein said material having the higher
melting point is a metal made up of an element selected
from Mo, Hf, W and Ni, 6r an oxide of said metal.

25

15. An electron-emitting device according to

claim 9, wherein said film made primarily of a material

is Sheet Has Been Replaced
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Wth the above activation treatnment, a coating filmmade of an alloy of W

and NI was forned—primarity-en—the-side of the device eler__e:-

ava

el ectron-emtting 0 the Form ng. The devi cdistafs SHEST HXQ BIEM
11 was subjected l el ect rorP%rii ssi on chari teri gePeaceEDdder f
the sanme conditions as It 1. The neasurenent was pPeFEBFRET Ty ———"

rearrangi ng the device el ectrodes 2, 3 20 to serve as positive and
negative el ectrodes, respectively, in opposition to the polarities in the

plating step, Thiadfherifl RIghOP MELLIKR VSSRRt MBS EMRLIYL G Mol g the

pressure at 1.3 x 10-© Pa or w. The asured results are below 25

le(initial)([er rﬂgﬂti@ié@@iﬁ&izﬁ r&pi\)avéi?ég'{@(ﬁ@r_@@wl@iz?el not lessl-than
1.1 6 - 61 - [Exanple 12] Tn this Exanple, the present

i nventi on was -appod i mfl.

5 16. An electron-emitting device according to
claim 9, wherein said electron emitting region is a

fissure formed in said electroconductive film.

17. An electron-emitting device according to any
10 of claims 1 to 16, wherein said electron-emitting
device is a surface conduction electron-emitting

device.

18. An electron source comprising a plurality of
15  electron-emitting devices arrayed on a base plate,
wherein said electron-emitting devices are each the
electron-emitting device according to any of claims 1

to 16.

20 19. An electron source according to claim 18,
wherein said electron-emitting devices are each a

surface conduction electron-emitting device.

20. An electron source according to claim 18,
25 wherein a device row comprising a plurality of
electron-emitting devices electrically interconnected

is arranged in plural number. I

This Sheet Has Been
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to manufacture of the electron source conprising a nunber
conduction electron-emtting devices 5. arrayed on a bd

t o manuf acture of
nunber of devi ces

i nt er connect ed |r1EE”r|x W ring as schenat&gglly shown i
|

Cr f|In1be|ng

phot oresi st (AZ1370, by Hoechst Co.) was coated thereon under

using the el

WH"’HEMM? p)p(f;lr gtnd Y-_d; recti on.s

of

10
manuf acture process w || ‘be™dedcribed bel ow with reference to Figs. 14A to
14H. Step-A A silicon oxide filmbeing 0.5 [err]mthick was forned on a

cleaned soda |inme gl asp. byas RtdSrdly dduRiERREDOng td1e1kase 1, ate 1.

Fig. ﬂmPquEDalso

' i e 4 W

The

5 nmthick and an Au filmbeing 600 nmthick were t hen
| am nat ed on t heyleaseimp| Sdid Pplurd ity GflsldytnAacEnl by adEesd ade A

rotation by

usi ng a spi nner elettiiere ik echtefConnediaad alfrt angthixk evdpdsigng and
devel opi ng a photomask i mage, a resist pattern for |ower wres 22 was
formed. The deposited Au/Cr filnms were selectively renoved by wet etching

to t hereby forn1the lower wires 22 in the desired pattern.
22, An image-forming apparatus comprising an

10

15

20

25

electron source which comprises a plurality of

electron-emitting devices arrayed on a base plate, and

an image-forming member, wherein said electron source

is the electron source according to claim 18.

23. An image-forming apparatus according to claim

22, wherein said electron-emitting devices are each a

surface conduction electron-emitting device.

24. An image-forming apparatus according to claim

22, wherein said electron source is an electron source

in which a device row comprising a plurality of

electron-emitting devices electrically interconnected

.is arranged in plural number.

25. An image-forming apparatus according to claim

- 22, wherein said electron source is an electron source

in which said plurality of electron-emitting devices

are electrically interconnected in matrix wiring.

26. An image-forming apparatus according to claim

22, wherein said image-forming member is a fluorescent

———
—
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25 Step-B T |nterlaye?.insulating | ayer 61 for

oxi de fil m bei ng 1 weed deposited - 62 over
pl ate by RF sput photore5|§§ pattern for
contact holes 62 “l OXIde film d%p05|ted in

coated and, by u5| the interlayer |nsulat|ng | ayer 61 mas
selectlvely etched to formthe contact ng was carried

out by the RIE (Reactive lon Etching) pr N s mxture of [err]
and [err] 10 shsPcdhde phot or esi st (Rqﬂmﬁuﬁﬂlﬂmmt achi Chem cal Co.,
Ltd:) was fornmed in a pattern to define s 2, 3 and el ectron

emtting regions G therebetween. A Ti filmbeing 5 nmthick and an Ni 15
firlmbeing 100 nmthick were then deposited thereon in
27. A manufacture method of an electron-emitting

 FHISRTE

nS YEeN
orm n t@m

device including, between electrodes, an

5 electroconductive film having an electron emitting’
region, wherein said method includes a step 6f forming
a film made primarily of a metal in the electron
emitting region of said electroconductive film having
the electron emitting region.

10 |
28. A manufacture method of an electron-emitting

device according to claim 27, wherein said step of
forming a film made primarily of a metal includes a
step of applying a voltage to said electroconductive

15 film.

29. A manufacture method of an electron-emitting
device according to claim 27, wherein said step of
forming a film made primarily of a metal includes a

20 -step of applying a voltage to said electroconductive

film in a plating bath.

30. A manufacture method of én electron-emitting
device according to claim 27, wherein said step of
25 forming a film made primarily of a metal includes a
step of applying a voitage to said electroconductive

film in an atmosphere of a metal compound containing



this order by vacuum vapor deposition. The photoresist p
di ssol ved by anngs;ﬁetHasBae:il& m:edto | eave the deposited N
lift-off. The deimu E‘ﬁﬁ 2, 3 each gw ng the el ectrode Wi dth of 300
20 [err]mwit enitting regions G of 3 pm between were

t her eby forned. photoresi st pattern for upper wires 23 was forned
on the device electrodes 2 and 3. A Ti fI|n125—_-“B§Tﬁ§_5‘ﬂﬁ%PhLGK and an
Au filmbeing 500 nmthick were then deposited gmﬂuw der by
vacuum vapor depfd tdl@menithe flHaEEE wetial .phot or n (,m M - 63 -
renoved to formthe upper wires 23 by lift-off. Stef-F-Next, film

being 30 nmthick was deposited by vacuum vapor deposition and patterned to

have. 5 openi ngs corresponding to the shape of an el ectroconductive thin
filme64. A paradium @d) @nmanufacture method of an electron-emitting

ﬂﬂSSHEETHASBEEN
1tter _ (E‘ED -

J'I‘

e

device according to claim 30, wherein said step of
5 forming a film made primarily of a metal further

includes a step of applying a voltage to said

electroconductive film in an atmosphere containing

hydrogen.

10 32. A manufacture method of an electron-emitting
device according to claim 30, wherein said metal
compound is a compound 6f an element selected from a
group of elements belonging to Groups IVa, Va, VIa,
Viia and VIIIa.

15

33. A manufacture method of an electron-emitting
device accofding to ciaim 30, wherein said metal
compound is a halide of an element selected from a
group of elements belonging to Groups 1IVa, Va, VIa,

20 Viia and VIiIla.

34. A manufacture method of an electron-emitting
device according to claim 33, wherein said halide is a
fluoride.
25
35. A manufacture method of an electron-emitting

device according to claim 34, wherein said fluoride is




conpl ex sol ut+en—{eecp4230)—was--coated t hereon under rotatigad
spi nner and then heated for calcination at 300 C for 12 m

el ect r ocondudhjsphee
f ormed and had
away by wet et

tHigs BeqniReplaggdl made up of RdO fine parti cl A3
i ess of 70 nm~ 8fep-G The o fitEmres—we hed |
_ I ng an etchant along with unnecessary portions

of the electroconductive thin film 64 Tade up of PdOTfine particles. The

el ectroconductive thin film64 in the deguugdiny s thereby forned
and had a resistgnge value R of 4 x [exmlmﬂuwmﬂmﬂmﬁt ep-H A resi st was
coated in a pattern to cover the surface*otfertthan sthé& contact holes 62. A
'Ti filmbeing 5 nmthick and an Au fil mbeing 500 nmthick were then
deposited thereon in this order by vacuum vapor 25 deposi tion.

Unnecessary portions 3 r e A eranefhctmres me thod ofhieac eledtronS2niitdtied w t h

t he deposits by lift-off. :
device according to claim 30, wherein said metal

5 compound is a carbonyl_compound of an element selected
from a group of elements belonging to Groups 1IVa, Va,

VIa, ViIa and VIIIa.

37. A manufacture method of an electron-emitting
10 device according to claim 36, wherein said carbonyl

compound is W(CO), or Mo(CO),.

38. A ménufacture method of an electron-émitting
device according to claim 30, wherein said metal
15 compound is an enyl complex of an element selected from
a group of elements belonging to Groups IVa, Va, VIa,

VIIa and VIllia.

39. A manufacture method of an electron-emitting
20 device according to claim 38, wherein said enyl complex

is W(CgHg),H, or HE(C.H;),H,.

40. A manufacture method of an electron-emitting
device according to claim 27, wherein said electron
25 emitting region is a fissure formed in said

electroconductive £ilm.



- 64 - An image-form ng apparatus was constructed by usi 2%%?3.& §H§\§f [128 BEEN

source thus fabricated. The manufacture process of the i @gmgcep

]

apparatus w IT"Be descri bed: EL‘!E ref erenceg i 0_ Fig. 8. 5

el ectron sour ce‘\m‘m\\‘ﬁ‘ ‘ﬁu s fixed onto a rear plate 31. Then, a face
pl ate 36 (conprii nt film34 and a nmetal back 35 Iam nat ed on

an inner surface of® a glass base plate 33) was disposed 5 10 nm above
the base plate 21 with the intervention of a support frame 32 between and,

after applying frit dhassat aanheiraed¢upar hb@nsdbeEvannetBettafiseni etengd, the
support frame 32 and the rear plate 31, the assenbly was baked in an
at nosphere of aidevacehiactegdingatoatngsof c18imE 28 £604C, f ehet®ini nutes or
nore for-hermetically sealing the joined portions. Frit glass was al so used
to fix the base splidt el2ttront-eaittingpievécelis| a Sugfage denduetiion 24 is
an electron-emtting device and 22, 23 are X- and

electron-emitting device.

42. A manufacture method of an electron source
comprising a plurality of electron-emitting devices
arrayed on a base plate, wherein said electron-emitting
devices are each manufactured by the method according

10 to any of claims 27 to 4l.

43. A manufacture-method of an electron source
according to claim 42, wherein said electron-emitting
devices are each a surface conduction electron-emitting

15 device.

44. A manufacture method of an image-forming
apparatus comprising an electron source which comprises
a plurality of electron-emitting devices arrayed on a
20 base plate, and an image-forming member, wherein said
electron source is manufactured by the method according

to claim 42.

45. A manufacture method of an image-forming
25 apparatus according to claim 44, wherein said
electron-emitting devices are each a surface conduction

electron-emitting device. I
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20 Y- di rectiomal wites, respectively. The fluorescent

of only a quores e in the nonochrone case. SrE T

col or inmage, & Lok ﬂ&%yed a st 9® pattern of {3E§;sﬁehﬂ

subst ances. Thu IHHM‘ uorescent film 34 was fabrieated TSt

form ng bl ack st coating fluorescent substances in respective -
colors in gaps betmeen the bl ack stri pes. - 65 - The black stripes were

forned by using a material containin raphite as a primry conmponent which
is conventionamﬂiﬂﬁ%&ﬁ uor escent substances were coated
on the gl ass base plate 33 sl ur net had. the inner surface
of the fluorescent ff’?rﬁ%ff)%cﬁ%r%t e'l'b |1§eus’15’:§i a}‘&%p&fed" SR t er

forningtheflugigéffﬁéllgg éi@é@% é)_‘acqjé_v’%S Sa TR tgd by snoot hing
the inner surface o € fluorescen g é(/:@'h ste%abel ng usual ly
called fil ”‘ng)efgﬁkf$ﬁ”bmitt1ng region, the electroconductlve fllm
5 has a film formed in the electron emitting region and
made primarily of a material having the higher melting
point than that of a material of the electroconductive
film. Alternatively, the electroconductive film has a
film formed in the electron emitting region and made
10 prima:ily of a material having a higher temperature, at
which the material develops a vapor pressure of
1.3 x 10" Pa, than that of a material of the
elect:oconductive film. A manufacture mefhod of an
electrén-emitting device includes a step of forming a
i5 film made primarily of a metal in the electron emitting
region of the electroconductive film. The
electron-emitting device has stable characteristics and
improved efficiency of electron emission. An
image-forming apparatus comprising the
20 electron-emitting devices has high luminance and

excellent stability in operation.



depositing Al thereon by vacuum vapor deposition. To increase electrical
conductivity of the fluorescent film34, the face plate 36 nay be provided
with a transparent el ectrode (not shown) on an outer 15 side of the
fluorescent film34 in some cases. Such a transparent el ectrode was
omitted in this Exanple because suffi$i/&l®t el ectrical conductivity was
obtained with the netal back al one: Before the above hernetic sealing,

alignment of 20. the respective parts was carried out with due care since
the fluorescent substances in respecti \F@or d the electron-emtting
devices nust be precisely aligned withfe .0t in the color case. Step-J
25 The at nosphere in the glass envel ope thus conpl eted was .
evacuated by a vacuum punp through an evacuati on tubeyto a vacuum degree of
about [err] Pa. As - 66 - shown 2n Fi g %, the F?rm’ ng treatnent was
per f or med : | \ .
’—-’1
\ /
f N
\
w w
— “\'
A
.
2 4% 5 3
d { ﬂ.(‘ :%
) —~
[
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on a line-on-1ine base by interconnecting the Y-directional wires 23. In
Fig. 15, denoted by 66 is a common el ectrode for interconnecting the
Y-directional 5 wires 23, 67 is a power supply, 68 is a resistor for
measuring a current, and 69 is an oscilloscope for nonitoring the current.
St ep- K Subsequently, a coating filn1m?s formed. The 10 configuration of
a treatnent apparatus is shown in Fi 2/ An i mge-form ng apparatus 71 is
connected to a vacuum chanber 73 through an evacuation tube 72. The vacuum
chanber 73 is evacuated by an evacuation device 74 and the atnosphere
therein is detected by a pressure éﬁa/ gaEBiQES and a quadrupl e nass
spectronmeter (Q mass) 76. Connected t he um chanber 73 are two gas

i ntroduci ng systens one of which is used to introduce an activating
material and the other of whigh is used to introduce a nmaterial (etching

gas) for etching the 20 actvating material. In=<his Exanple, the
et ching gas introducing systenﬁwas not enpl oyed. Th

activating materi al
i ntroduci ng systemis conne a material s t hrough a gas

/\1
FIG. 3B
2 3
e A S
FlG. 3C
2 4 5 3
L=l =N




i'ntroducing unit 77 conprising a solenoid valve and a 25 mass fl ow
controller. In this Exanple, the material source 78 was prepared by
filling WCO 6 in an anpule and then vaporizing it. - 67 - The gas
introducing unit 77 was controlled for introducing [err] to the panel
(envel ope) and the pressure in the en\@l/qu was adjusted to 1.3 x 10-4 Pa,
fol |l owed by applying rectangul ar pul ses of 18 V. The 5 pul se wi dth and
interval were set to 3 nsec. and 10 nsec., respectively. The activation
treatment was perfornmed on row by-row basis. Rectangul ar pul ses having a
crest value Vact = 18 V were applied to each of the 10 X-di rectional
W res connected to one row of devices, and t hey Yadi rectional wires were
connected to the common el ectrode as vvit_hﬁ(@ S#pﬁ At the tinme the
device current If-flowi ng through one row increased to neet If > 200 mA (2
mA per

Ty
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15 device), the activation treatnment for that row was finished, followed
by treating a next row. Thus, the activation treatnment was repeated

| i kewi se until the-last row Step-L 20 Upon conpl etion of the .
activation treatnment for all the rows, the valve of the gas introducing
unit was.closed to stop introducing [&A]9and the gl ass envel ope was then
continuously evacuated for 5 hours while heating the envelope in its
entirety to about 25 200 C. After , t el ectron-em tting devices
were driven in a sinple matrix manner’ t‘o=®m t~el ectrons, causing the
fluorescent filmto gdnérate 1l uorescence - 068 - Tromits entlire
surface, for cogylirmirg that the panel operated nornally. After ae—15
confirmation, thelevadquation tube was ted and nelted to be hgrnetically
seal ed of f. Thém, € |getter (not shom?/ 5 pl aced in the pangl was

fl ashed by high-frequdncy

.
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heating. In the thus-conpleted i mage-form ng apparatus of the present
invention, electrons were entted by applying the scan signal and the

nodul ation signal to 10 the el ectron-emtting devices fromthe
respective signal generating neans (not shown) through the termnals Dxl to
Dxm and Dyl to Dyn extending outwardlgofgthe envel ope. The el ectron beans.
were accel erated by applying a high voltage of 5.0 kV to-the netal back 15
35 through the high-voltage term nal Hv, causing the accelerated el ectrons
to inmpinge against the fluorescent film 34 which were excited to generate
fluorescence to forman image. As a result of continuously driving the
panel for 100 hours in a 20 full-surface |um nous condition, the state
of displaying a good i mage was nai ntained during the period. Fig. 17 is a
bl ock di agram showi ng one exanple of a display device in which the

i mage-form ng apparatus 25 (di spl ay panel) of Exanple 12 ts arranged to
be able to display imge information provided fromvarious inmge

i nformation sources including TV broadcasting, for

§23
D}n D%fz 3y3 | Dy4 ... ;;/n
I Dx1 - 1 7)2
EREIE 2
DX2 o——1 ' y -
22+ 1| | [I’] ‘:IlzI l'j] ?g)
Dx3 « — - 1
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- 69 - exanple. In Fig. 17, denoted by 91 is a display panel, 92 is a
driver for the display panel, 93 is a display controller, 94 is a

mul tiplexer, 95 is a decoder, 96 is an input/output interface, 97 is a CPU,
98 is an imge 5 generator, 99, 100 and 101 are image nmenory interfaces,
102 is an inmage i'nput interface, 103 @?qéﬂ04 are TV signal receivers, and
105 is an input unit. (Wien the presen | spl ay device receives a signal,
e.g., a TV signal, including both video information and voice 10

i nformation, the device of course displays an i mage and reproduces voices
si mul taneously. But circuits, a speaker and so on necessary for reception,
separation, reproduction, processing, storage, etc. of voice information,
which are not directly related to the 15 features of the present

i nvention, wll not described here.) Functions of the above parts will be
descri bed bel ow along a flow of inmage signals. '

FIG. 8
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First, the TV signal receiver 104 is a circuit for 20 receiving a TV

I mge signal transmtted through a wireless transm ssion systemin the form
of electric waves or spatial optical comrunication, for exanple. A type of
the TV signal to be received is not limted to particular one, but nay be
any type.of the NISC-, PAL- 25 and7§E@§N¢standards, for exanpl e.

Anot her type TV signal (e.g., so-called high-quality TV signal including

t he MJUSE-standard type) having the |arger - 70 - nunber of scan lines
than the above types is a signal source fit to utilize the advantage of the
di spl ay panel which is suitable for an increase in the screen size and the
nunber of piXxels. The TV signal rec?&@%ﬁ@S y the TV signal receiver 104
is output to the decoder 95. Then, t'h Si | receiver §83 is a circuit
for receiving a TV image signal transmtted through a w ransm ssi on
systemin the formof coaxial cables

ATLTILITMIIMLMTmiIiiir i nsrna it lnrvath L R oUW
L e e e L e e R S A A AN AN
AMTTHITIOLOOMi i it ooy
ATIM NI I AL ML TR OTR UL RRCRLS RGO
MAMTLOTTHTITIHIITITI MO MMM LR R VRGN,




10 optical fibers. As with the TV signal receiver 104, a type of the TV
signal to be received by the TV signal receiver 103 is not limted to
particul ar one. The TV signal received by the receiver 103 is al so output
to the decoder 95. 15 The image input interface 102 is a circuit
for taking in an imge signal suppliegA9m an inmage input unit such as a
TV canera or an image readi ng scanner, for exanple. The inmge signal taken
in by the interface 102 is output to the decoder 95. 20 The i mage
menory interface 101 is a circuit for taking in an inmage signal stored in a
vi deo tape recorder (hereinafter abbreviated to a VIR).” The i nage signal
taken in by the interface 210 is output to the decoder 95. 25 The

i mage nmenory interface 100 is a circuit for taking in an imge signal
stored in a video disk. The inmagé signal taken in by the interface 100 is

output to - 71 - F/G 70
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t he decoder 95. The inmage nenory interface 99.s a circuit for taking in an
i mge signal froma device storing still picture data, such as a so-called
still picture disk. 5 The image signal taken in by the interface 99 is
output to the decoder 95. The input/output interface 96 is a circuit for
connecting the display device to an exyqgnal conputer or conputer network,
or an output device such as a 10 printer. It is possible to perform not
only input/output of image data and character/figure information, but also
i nput/output of a control signal an éjbra. fg%a bet ween the CPU 97 in the
di spl ay device and the outside in s ases. The i mage
generator 98 is a circuit for generating display i mage data based on i nage
data and character/figure ifformation i nput fromthe ¢utside via the

i nput/output interfade 96, ¢r inage datfg and characten/figure information
output fromthe CPU 97. 20 T T e generator 98 are,
for exanple, a rewitjabl e y for storing i mage daja and
character/figure infqrmation, read only menory for
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storing i nage patterns corresponding to character codes, a processor for

| mage processing, and other 25 circuits required for inage generation.
The display i mge data generated by the inage generator 98 is usually
output to the decoder 95, but - 72 - may. al so be output to an external
conputer network or a printer via thegpsggt/output interface 96 in sone
cases. The CPU 97 carries out primarily operation control 5 of the

di spl ay device and tasks relating to generation, selection and editing of a
di splay i mage. For exanple, the CPU 97 outputs a control signal to the

mul ti pl exer 94 for selecting one of or conbining ones of inmage signals to
be di spl ayed on the display 10 panel as desired. In this connection,
the CPU 97 also outputs a control signal to the display panel controller 72
depending on the inmage signal to be displayed, thereby properly controlling
t he operation

FIG. 12

PLATING
SOLUTION




of the display device in ternms of picture display 15 frequency, scan

node (e.g., interlace or non-interlace), the nunber of scan |ines per
picture, etc. Furthernore, the CPU 97 outputs inmge data and
Character/figure information directly to the i mage 20 generator 98, or

accesses.to an external conputer or nﬁqpr? via the input/output interface
96 for inputting image data and character/figure information. It is a
matter of course that the CPU 97 may be used in relation to any suitable
tasks for other purposes than 25 t he above. For exanple, the CPU 97 may
directly be related to functions of producing or processing informtion as
with a personal conputer or a word - 73 - processor. Alternatively, the
CPU 97 may be connected to an external conputer network via the

i nput/out put interface 96, as nentioned above, to execute nunerical
conputatlons and other tasks in cooperation with

FlG. 17A




5 external equipnent. The input unit 105 is enpl oyed when a user enters
commands, prograns, data, etc. to the CPU 97, and may be any of various

i nput equi pnrent such as a keyboard, nouse, joy stick, bar code reader, and
voi ce 10 recognition device. The decoder 95 is a circuit for
reverse-converting various inage signqg gq9nput- fromthe circuits 98 to 104
into signals for three primary colors, or a |lum nance signal, an | signal
and a Q signal. As indicated by 15n4ﬁ?15£ Ighﬁaztn the draw ng, the decoder
95 preferably includes an i nage nmendr erdi'M.f Yhis is because the decoder
95 al so handl es those TV signeks-22icl udi ng the MJSE-standard type, for
exanpl e, which requifre an 1 na menory for the reverse-conversion. Further,
t he 20 provisio t f 2qreki ng
it possible to ea m 1 mage
processi ng and edi¥N ng, such as thinning-out, interpolation, en
reducti on and synt s of inmages, in_25 r ; g] i mage
generator 98 and the CPU 97." The nultipl exer 94 selects a display inmage in

FIG. 14B
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accordance wth the control signal input fromthe CPU - 74 - 97 as
desired. In other words, the nultiplexer 94 selects desired one of the
reverse-converted inage signals input fromthe decoder 95 and outputs it to
the driver 92. In this connection, by smﬁtchingly 5 selecting two or
‘more of the image signals in a dlspl for one picture, different

I mges can al so be displayed in pIura respectlve areas defined by dividing
one screen as with the so-called !ﬂéﬁ z evi sion. 10 The

di spl ay panel controller 93 is a ci'r t ntrolling the eration of
the driver 92 in accordance wi'tfp a contrcﬂ35|gn e CPU 97. As
a function rel ating_t orgherhas er | Enel t he
controller 93 outp 15 Qriver—92—a srgmat—for _COontr. Llin?, by
way of exanple, the)op ratil segzence of a power supply (not fo
driving the display p | | S fzfunctlon

ol

— e

FIG. 74F
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relating to a nmethod of driving the display panel, the controller 93
outputs to the driver 92 signals for 20. controlling, by way of exanple,
a picture display frequency and a scan node (e.g., interlace or
non-interlace). Depending on cases, the display panel controller 93 may
output to the driver 92 control signaigdjfg 25 adj ust nent of inmage
quality in terns of |um nance, contrast, tone and sharpness of the display
i mage. The driver 92 is a circuit for producing a drive - 75 - signal
applied to the display panel 91. The driver 92 is operated in accordance
with the image signal input fromthe nultiplexer 94 and the control signa
I nput fromthe display panel controller 93. 5 Wth the various
conponents arranged as shown in Fig. 17 and having the functions as
descri bed above, the display device can display inmage informtion input
froma variety of image information sources onéghe
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di spl ay panel 91. More specifically, various inmge 10 signal s including
the TV broadcasting signal are reverse-converted by the decoder 95, and at

| east one of themis selected by the nultipl exer 94 upon denand and t hen
input to the driver 92. On the other hand, the display controller 93 issues
a control signal for 15 control li ngyla? operation of the driver 92 in
accordance with the image signal to be displayed. The driver 92 applies a
drive signal to the display panel 91 in accordance with both the imge
signal and the control signal. An inmage is thereby displayed on the 20

di spl ay panel 91. A series of operations nmentioned above are controlled
under supervision of the CPU 97. In addition to sinply displaying the i mge
information selected fromplural itens with the aid of the inage nmenory
built in the decoder 95, the inmage 25 generator 98 and the CPU 97, the
present display device can also perform on the inmage information to be

di spl ayed, not only inmage processing such as
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reductio
I nt er pol ati on,

- 76 - enl argenent,
t hi nni ng- out,
aspect ratio,
coupling, replacenent, and

description of this enbodine
dedi cated for processing and
above-expl ained circuits 10

functions of a di

| ay for TV broadc

n,

nset .
nt,

rotation,
col or conversi on,
but al so i mage editing such as synthesis,

t her
editingq5??

for im
Accordingly, even a single unit of th

s

4
an i nage edi t or 'VhSLeMAL ng sti

novement ,

B

ent

erasure,
Al t hough. not especially specified in the

edge enphasi s,
and conversion of inage

5

| so be provided a circuit

ornati on, as well
%}ng and editing.

i spl ay device can have
, atermnal for TV conferences,

as the

T—and l on pictures, a conputer 15
termnal, an pf¥IREESGuUt orfmt (oY $I6NAL rlal i ncl udi ng a word processor, a gane
machi ne and SE TRANSMESSI0N: |i t |REOEIVER agpl i ed to very wide industrial and
domestic fiel dsgysfpy i s needllesswtosdy that Figl 17 only shows one exanple
of the configur t&ﬁﬂ of theldisplay devigg 20 using the display panel in
whi ch the el ectho rce cdﬁF?TEEE—QLﬁ e conpuction electgon-en1tt|ng
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el ements, and the present inventionis not limted to the illustrated
exanpl e. For exanple,, those circuits of the conponents shown in Fig. 17
whi ch are not 25 necessary for the purpose of use nay be dispensed wth.
On the contrary, depending on the purpose of use, other conponents nay be
added. Wien the present display device I's enpl oyed as a TV

tel ephone, it is preferable to prOV|Je as addi tional conponents, a TV
canmera, an audio mcrophone, an illumnator, and a transm ssion/reception
circuit including a nodem 5 [ Exanp Erl&n 7 Exanpl e concerns an

el ectron source of |adder wring type -form ng apparatus using
the el ectron source. Fi 18A to 18C h art of the

foll owi ng steps. The = @Erce and
t he i mage-form ng app w. The

el ectron source is coif -
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devices in nunber 100 x 100. Step-A 15 A silicon oxide filmbeing
0.5 pmthick was forned on a cleaned soda |linme glass by sputtering to
prepare the el ectron source base plate 21. A photoresist (RD 2000N-41, by
Hitachi Chem cal Co., Ltd.) was forned and patterned on the base plate 21
to have openings 20 correspondi ng ﬁ@/;ﬂf shape of common wi res doubling
as device electrodes. A Ti filmbeing nmthick and -an N fil mbeing 100
nmthick were then deposited thereon in this order by vacuum vapor
deposition. The photoresi st pattern was dissolved by an organic solvent 25
to leave-the deposited Ni/Ti filns by lift-off, thereby form ng comon
wires 81 doubling as the device el ectrodes. The spacing L between the

devi ce - 78 - electrodes was set to L =3 pm Step-B A C filmbeing 300
nm thi ck was deposited by




“vacuum vapor deposition on the base plate 1, and 5 openi ngs 82 were
defined corresponding to the pattern of an el ectroconductive thin film by
-the ordinary photolithography process. A G mask 83 was thereby forned.
Then, a paradium (Pd) am ne conplex solution 10 (ccp-4230, by Ckuno
Pharmaceutical Co., Ltd.) was coated ?q/q@p base plate under rotation by
using a spinner, followed by heating tor calcination in air at 300 [err]
for 12 mnutes. The thus-forned ij,lm was_ap elzg OcOoRduct, ine particle
filmcontaining PdO as 15 a é‘lé‘ry \cgﬁonﬁvi 7':-hi ckness of
about 7 nm Step-C The O nmsk éno by wet” "et chi ng. e PdO fine
particle filmwas patterned by lift-off to fiorm 20 t he el ectrpconductive
thin film4 in the desired form The el ectrogonddctive thin filﬁ14 had a

resi stance value R of 2 FerT—StEpP- D NEXT,| L Ne| Dase plate wa | ace in
the vacuum 25 = treatnent] apparatus shown inf Fig. 5 where the Foym ng

"

FIG. 21
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Heaﬂmntvmspeﬁormm mtarowbyrowbams The man —of . .
treatment was set follow ng that - 79 - "used in Exa EPLACEMENT SHee Y
t he r:esi stance val ue of each row exceeded 100 k[err], '
for that row was finished, followed by tréating a next| . 9SRefAE 90
The base pl ate was inmersed in the same pl ati ng sol utilea=as

11,, and rectangul ar pul ses of 10 V was applied to between the W res on the
positive and negative electrode sides. The plating was perforned on a

devi co 1 eached 5 m, SRS %t.ﬁ“ﬁlg*?ﬁr'&?%ﬂtl‘?y Ethetadl ShaACE T o ned by

plating a next |ine. gk bFéRﬁ Rt ABPArRATHE é& ﬁW§E€§E% egdhnBY setting
y se

polarities in oppositionto those act ual enm ssion bof ‘electrons.

As a result, a 15 coat i n%mmmqﬁEmdgé\llTﬁﬁmpms formed on the
negative el ectrode side in the plating, i.e., the

5 BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to an
- electron-emitting device, particularly an
electron~emitting device which can maintain stable
10 electron emission for a long time, an electron soufce
using the electron-emitting devices, image-forming
apparafus; such as a display device.and an exposure
device, using the electron source, as well as |
mandfacture methods of the electron-emitting device,
15 .the electron source, and the image-forming apparatus.
Related Background Art
There are hitherto.known two major types of
electron-emitting devices; i.e., thermionic cathode
type electron-emitting devices and cold cathode type
20' - electron-emitting devizes. Cold cathode type
electron-emitting devices include the field emission’
fype (hereinafter'abbreviated to FE), the
metal/insulating 1ayer/metal type (hereinafter
abbreviated to MIM), the surface conductlon type _etc.
25 _Examples of FE electron-emitting devices are
described in, e.g., W.P. Dyke'& W.W. Dolan, "Field

emission", Advance in Electron Physics, 8, 89 (1956)
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positive electrode side in the actual driving. Step-
fabricdted in a |like manner to 20 Exanple 12. Ho
~di Splay panel of this Exanple has a gri‘d el ectrode, ii
sonewhat different fromthat in Exanple 12. The. elecﬁ
21, the rear pIaEe f gwere
assenbled 25 S SF =Xt T Hat s ot ] erm nal s
87 connected to emmmdsmt[g_@r CI‘HEI [lﬂVIC AND\MINU | E is an
aperture for paABSIRACT OF SHME DFSCHIGSURFONS. As a result of continuously
driving the image-form ng apparatus (dlsplay panel s) of Exanples 12 and 13
for 100 hours in a @ [ans@lesteannemidisirng devigediimicdudiniab| ke ttadnr nance

was mai ntai ned in operation of any panel. As fully described hereinabove,
in the electrodes, an electroconductlve £film having an

electron emitting region, the electroconductive film
5 has a film formed in the electfon emitting region and

made pfimarily of a méterial having tée higher melting
point than that of a material of the electrcoconductive
£ilm. Alternatively, the electroconductive film has a
film formed in the electron emitting region and made

10 primarily of a material having a higher temperature, at
which the material deﬁelops a vapor pressure of
1.3 x 10" Pa, than that of a material of the.
electroconductive film. A manufacture method of an
electrén-emitting device includes a step of forﬁing a

15 film made primarily of a_metal'in the electron emitting
region of the electroconductive film. The |
electron-emitting device has sfable characteristics and
improved efficiency of electron emission. An
image~forming apparatus cémprising the .

20 electron-emitting devices has high luminance and

excellent stability in operation.

Figure 1B



eI ectron-emtting eevi L,Ub of —the present i nvention, the gT

using the el ectron- and the imge faﬁwmﬁasmm
using the electron s H"Mmm“lmm iion ip aracteri st' j

eni ssion over long-ti#e drivimg Fs suppr essegband henc feab! ﬁb%
characteristics of electron em ssion and stable di splay tunctions of—+H
are achieved. 15 -81- WHAT IS CLAIMED IS 1. An electron-emtting
device conprising: a  pair of electrodes; an electroconductive film
arranged between wHAW ESeCLMIsIIEB Isai d el ectroconductive filmhaving an

e i ssure ¥ and elertagnoae 664 deylge Pobria R uct [ ve 111 m (o
formwithin said fi ssureaamp‘ ofr adectradem? said fi ssure, said coating
- filmbeing made primaril yarplalactpbebhdbeivetiiqh ?f* \ﬁ%geh ﬁnhgher
than the rreltl_ngo&%gte&)ftosasla deI gelroc nducstlveelectrr%ogonnducti:’gl D
including & fissure; and

an in-figsure film made primarily of s material
having a higher melting point than that of the material of
said electroconductive £ilm, said in-fissure £ilm being
arranged in the fissure and connected to the
electroconductive film to form a gap within the fissure that
is narrower than the fissure.

10 2. _,An electron-emitting device according to
claim 1, wherein said film made primarily of a material
having the higher melting point is formed on the high

potential side of said electroconductive film.

15 3. An electron-emitting device according to
claim 2, wherein said film made primarily of a material
' having the higher melting point is also formed on the

low potential side of said electroconductive film.'

20 4. An electron-emitting device according to
claim 1, wherein said material having the higher

melting point is a metal or a metal oxide.

5. An electron-emitting device according to
25 claim 1, wherein said material having the higher

melting point is a metal made up of an element selected

This Sheet Has Been Reﬂlaced
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said materi al having~£he‘h;gbgiégggégpg point is a netal or

2. An el ectron-e devi€ ding to claim1, wher-mmpaacﬂwumwﬂsungr
filmis arranged on wﬂ al d fi ssgﬁe of said elfectroconductive
fil m positioned on si de A electro eﬁkitlﬂbfggyﬁﬂﬁ
according to cl-aim 2, mherelh sal oatlng filmis al so arrieged—or—arotlre
end, facing said flssure of said el ectroconductive f|In1pOS|t|oned on the
Iom/potential side. 4 CANCELLED 5. An electron-enmtting device according
to claim1, wherev@asavdianhadi eiibayi 88 aheoRigBessNBhigngepgint is a
metal made up of an elenent selected froma group of elenents belonging to
G oups IVa, Va, Vla, VlIla and VIlla, or an oxide of said netal.

[err] Description: paged to paged [err] Drawing(s): paged....to paged ..
[err] Abstract paged 6.t0 Apagkectidir-&hiRElhd Rlevife ARECdB@8ng to

claim 1, wherein said material having the higher
5 melting point is a metal made up of an element selected

from Mo, Hf, W and Ni, or an oxide of said metal.

7. An electron-emitting device according to
claim 1, wherein said film made primarily of a material
10 having the.higher mélting point is formed of fine

particles having an average particle size not less than

30 nm.

8. An electron-emitting device according to

15 claim 1, wherein

said fissure and a proximity thereof constitutes an electron-
emitting region.

9. An electron-emitting device comprising:
- a pair of electrodes:;
an electroconductive f£ilm arranged between and
connected to said electrodes, said electroconductive £1ilm
including a fissure; and '
an in-fissure film made primarily of a material
having a higher temperature, at which said material develops
2 vapor pressure of 1.3 x 102 pa, than that of the material
of -said electroconductive f£ilm, said in-fissure film being
arranged in the  fissure and comnected to the
electroconductive f£film to form a gap within the fissure that
is narrower than the fissure.

10. An electron-emitting device according to

This Sheet Has Been Reﬂlaced




ThIS I's the replacenent sheet Date: 30/4/98 SF—0 A1
el ectron-enitting devi ce accordi-ng—te—claim1, wherein squ&ﬁﬂhﬁﬁﬁMﬁﬂT?ﬂEﬁk

t he hi gher neltlng p deiuggﬁ an el enen sel r!EﬂNb,
Hf , Wand N, or Mmmﬂ '"mm MF . An electron é?ﬁt@h ng evr’t:‘é'"'

accordlng to cla|n11 *whér et n eaw | m made primarily of—a matertal havl ng
the higher nelting point is forned of fine particles having an average
particle size not less than 30 nm 8. An electron-emtting device
according to cl atpaim 9hewkbresnishid sEilne mente cpmimadtiiiy yof emedferial
constitutes an electron- emtting region. 9. An electron-emtting device
conpri sing: a pahavingetkbethigher mel eing tpoiovhdistfamndd |on thaadgah

bet ween said el ectrodes, said el ectroconductive .film havin n el ectron
emtting region puteuulng a;d¢s@ﬂrsglduﬂieptiﬂﬁqnﬁp¢¢ivﬁe#iiﬂx; in

sai d fissure and connect ed to sai d el ectroconductive f|In1to form
within said fissure a gap narrower than said fissure, said coating film
bei ng made

11. An electron-emitting device according to
claim 10, wherein said film made primarily of a
material having the higher melting point is also formed
on the low potential side of said electroconductive
film.

i0 o |

12. An electron-emitting device accdrding to

claim 9, wherein said material having the higher

' melting point is a metal or a metal oxide.

15 13. An electron-emitting device according to
claim 9, wherein said material having the higher
melting point is a metal made ﬁp of an element selected
from.a group of elements belonging to Groups IVa, Vé,

VIa, VIIa and VIIIa, or an oxide of said metal.

20
| 14. An electron-emitting device according to
claim 9, wherein said material having the'higher
melting point is a metal made up of an element selected
from Mo, Hf, W and Ni, or an oxide of said metal.
25

15. An electron-emitting device according to

claim 9, wherein said film made primarily of a material

—_—

—_—
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pfinarily of a material which devel ops a vapor pressure |[of_ '
5##’%(}%&*#‘9* 5‘*‘3*

hi gher tenperature-than the material of said electrocon
wherein said materi which -3 develops a vapqr -pressur ﬁ
a hi gher tenper atur m" “ﬂfﬂﬁm of said electroc ﬂ'(?tiv """ TS
metal or a netal ox he repl acenent sheet Date: 30/4/98 10.
An el ectron-emtting deV|ce accordlng to claim9, wherein said coating film
is also arranged on an end, facing said fissure, of said el ectroconductive
film positioned ohawuaghhgh highelr akeltite. pbintAﬁseEewmedneénfihéng devi ce
according to claim 10, wherein said coating filmis also arranged on

anot her end, faC|Dgr§apdeH bawieg eh exedageepar&icigusiceendt| kepssthaoned
on the Iom/potentlal side. 12. CANCELLED 13. An electron emtting device
according to clai BO9NMaherein -

5 16. An electron-emitting device according to

claim 9, wherein

said fissure and a proximity thereof constitutes an electron-
emitting region. .

17. An electron-emitting device according to any
10 of claims 1 to 16, wherein said eleéectron-emitting

device is a surface conduction electron-emitting

device.

18. An electron source comprising a plurality of
15 électron-emitting devices arrayed on a base plate,
wherein said electron—emitfing devices are each the
electron-emitting device according to any of claims 1

to 16.

20 19. An electron source according to claim 18,
wherein said electron-emitting devices are each a

surface conduction electron-emitting device.

20. An electron source according to claim 18,
25 wherein a device row comprising a plurality of
electron-emitting devices electrically interconnected

is arranged in plural number. _
_—
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said material which devel ops a vapor pressure of 1.3 x
tenperature than the material off said el ectrocond

met al nmade up of ﬂ Hnm I d from roup of elighnrs -t

G oups |Va, Va, VEI met ]wﬁm ﬂmF or an gex?de gf sai AT s

el ectron-emtting devi‘ce “actordirfg to claim9, wherein sald naterlal whi ch
devel ops a vapor pressure of 1.3 x 103 Pa, at a higher tenperature than
the material of said electroconductive filmis a netal nade up of an

el ement sel ected fromM, ki, elMéetbiNisowrcarnosoxding waiclamm A8, 15. An
el ectron-emtting device according to claim9, wherein said fil mmade
primarily of a melteréiwh sindhpliewasl ps ef\@mtm@s@m%tmg veyicgsrage at a
hi gher tenperature than the material of said el ectroconductive filmis
formed of fine pelecericahlyiinterceonrecird pin tMRFEL%|WEING- | ess than 30
nm 16. An electron-emtting device according to claim9, wherein said
fissure and a proximty thereof constitutes an electron- emtting region.

| He RicemeNTasH&ﬁTg er
Ict1v %llrnl

5 .22. An image-forming apparatus comprising an
electron soﬁrce which comprises a plurality of
electron-emitting devices arrayed on a base plate, and
an image-forming member, wherein said electron source
is the electron source according to claim 18.

10 - |
23. An image-forming apparatus according to claim |

22, wherein said electron-emitting devices are each a

surface conduction electron-emitting device.

15 24. An image-forming apparatus according to claim
22, wherein said electron source is an electron source
. in which a device row comprising a plurality of
électron:emitting devices electrically interconnected
is arranged in plural number.
20
25. An image-forming apparatué according to claim
22, wherein said-electron source is an electron source
in which said plurality of electron-emitting devices
are electrically interconnected in matrix wiring.
25
26. An image-forming apparatus according to claim

22, wherein said image-forming member is a fluorescent

i
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-84 - 17. An electron-enitting device according to any.| _ g$6
wherein said electron-enitting device is a surface conddcﬁ SﬁAétMEN+SHE

el ectron-emtting device. 18. An el ectron §_og?c_e_ conpri s ﬁgt a p] L]ﬂlt Wf
el ectron-enitting devices arrayed on a base plate, wherqg Qarg T
el ectron-emtting devices are each _the electron-enmtting deV|ce accordi ng
to any.of clains 1 to 16. 19. An el ectron source accarding to claim18,

wherein said electron-emtting deVIlmﬂlﬁﬂlﬂj ﬂu ﬂmtrface conducti on
el ectron-em tting iMedtehecez0. An el ording to claim18,
wherein.a device row conprising a pIurallty of el ectron- emtting devices

electrically interconnected is arranged in plural nunber. 21. An el ectron
source according to claim 18, wherein said plurality of electron-emtting

devices are electrical2a®. i & aanesactifs nethoat b Exaﬂﬂéié&:o;hbﬁﬂ:é fhe
repl acenent sheetgdRic comprising a pair of electrodes, an electroconductive
- film including a fissure which electroconductive film is
arranged between and connected to said electrodes, and an
_ in-fissure film made primarily of a metal vhich in-fissure
film is arranged in the fissure and connected to the
electroconductive film to form a gap within the fissure that
is narrower than the fissure, wherein gaild method includes a
step of forming said in-figsure £ilm so ag to form a gap
within the fissure that is narrower than the Iissure.
10 -t

28. A manufacture method of an electron-emitting
device according to claim 27, wherein said step of
forming a f£ilm made primarily of a metal includes a
step of applying a voltage to said electroconductive °

15 film.

29. A manufacture method of an electron-emitting
device according to claim 27, wherein said step of
forming a £ilm made primarily of a metal includes a

20 step of applying a voltage to séid electfoconductive

film in a plating bath.

30. A manufacture method of an electron-emitting
device according to claim 27, wherein said step of
25 forming a £ilm made primarily of a metal includes a

step of applying a voltage to said electroconductive

film in an atmosphere of a metal compound containing

This Sheet Has Been Reﬂlaced




- 85 22. An inmage-formng appar--at us conprising an electr }%ﬂg&%@é E,l%qu:%.%

conprises a plurality of electron-emtting devices array
and an i nmage-form ng nmenber, wherein sai d.egectron sourc geéeta‘h? F%@ n
source according to claim18. 23. An inage-form ng appar i ceorging o

claim 22, wherein said electron-emtting devices_are each a surface
conduction electron-emtting device. 24. An inagé??afﬁTﬁﬁ“apparaF&s—
according to claim 22, wherein said electron sour?ﬂmuﬂy source
in which a devi cEPRPoRLeBRPLi ofngaadphetality of el , ﬂ“mmﬂ”m’de‘” ces
electrically interconnected is arranged in plural nunbert 26. sAn%

I mge-form ng apparatus according to claim 22, wherein said el ectron source
is an el ectron source?in whi ch said pluraljty,. of eIect{on-enittiggFﬁevices

are electrically inte Onn@cﬁéﬂufﬁcﬁﬁf?i?95R$¢d%? IR SloRtTARTE" bHHRgig

apparatus accordy0g;tQ SLa8hMing to claim 30, wherein said step of

5 forming a film made primarily of a metal further
includes a step of applying a voltage to said
electroconductive film in an atmosphere containing

hydrogen.

10 32. Qymanufﬁcture method of an electron-emitting
device according to claim 30, wherein said metal
compound is a compound of an element selected from a
group of elements belonging to Groups Iva, Va, Via,
ViIa and VIIIa. |

15

33. A manufacture method of an electron-emitting
device according to claim 30, wherein said metal
compound is a halide of an element selected from a
group of elements belonging to Groups IVa, Va, Via,

20 Viia and VIIIa.

34. A manufacture method of an electron-emitting
device according to claim 33, wherein said halide is a
fluoride.
25
35. A manufactufe method of an electron-emitting

device according to claim 34, wherein said fluoride is

This Sheet Has Been Re,placed
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22, wherein said image-form ng nenber is a fluorescent This_is the :
repl acenent sheet Date: 30/4/98 - 86 - substance. 27. AEFEREEQGNV@%EET
met hod of an electron-emtting device congr%§iag a pair df electrodes, :
el ectroconductive filmincluding a fissure which el ectrod )M%Ct‘l?eFEalﬁ]ls

arranged between and connected to sa#d_eLegLngggL*gggaa B A S St
made primarily of a metal which in-fissure filmis a nged in the fissure
and connected to the el ectroconducti 1@”’”””“””,” gap within the
fissure that is m@EgLower than the fi , - L ﬂid met hod incl udes a
step of forming said in-fissure filmso as to®%oMma gap within the fissure
that is narrower than the fissure. 28. A manufacture nethod of an

el ectron-em tting device according to claim 27, wherein said step of

formng a fil mnmade prd6varid mapufactsre methoddes ans edeatiromyemiitivg ng

voltage to said el ectroconductive |
device according to claim 30, wherein said metal

5 compound is a carbonyl compound of an element selected
from a group of elements belonging to Groups IVa, Va,

Via, VIIa and VIIIa.

37. A manufacture method of an electron-emitting
10 device accqrding to claim 36, wherein said carbonyl

compound is W(CO), oxr Mo(CO),.

38. A manufaéture method of an electron-emitting
device according to claim 30, wherein said metal
15 compound is an enyl complex of an element selected from
| a group of elements belonging to Groups IVa, Va, Via,

VIiia and VIIIa.

39. A manufacture method of an electron-emitting
20 device according to claim 38, wherein said enyl complex

is W(CgH,),H, or HE(C.H;),H,.

40. A manufacture method of an electron-emitting

device according to claim 27, wherein

said fissure and a proximity thereof constitutes an electron-

emitting region.

This Sheet Has Been Rerlaced




_filn1 29. A nmanufacture method of an electron-eniftihg d 'h p ' '
claim 27, wherein_said step of forming a film made prina iI§ E?GEMENTBHEE@

includes a step of ap |n a val e to_sggd_el ectrocon uggh,d __________________________
pl ati ng bath. 30. m H“ od of an el ectron-eni
according to clalm i step of forming a filmmnmade primrily

of a netal includes a step o] applylng a voltage to said electroconductlve
filmin an atnosphere of a metal conpound containing This is the
repl acenent sheet Datg: 30 @@ufactu®é meehedeEnanokeleattoneeaitt3hg A
manuf acture method of an electron-enmitting device according to claim 30,
wherein said st devifcel @cordingf itomamgdefpciladms| Y70ftoq 40t whefrgdpher
i ncludes a step of applying a voltage to said

said electron-emitting dev1ce is a surface conduction

electron-emitting device.

42. A manufacture method of an electron source
comprising a plurality of electron;emitting devices
arrayed on a base plate, wherein said electron-emitting
devices are each manufactured by the method according

10  to any of claims 27 to 41.

43. A manufacture method of an electron source
according to claim 42, wherein said electron-emitting
devices are each a surface conduction electron-emitting

15 device.

44. A manufacture method of an image-forming
apparatus comprising an electron source which comprises
a plurality of electron-emitting devices arrayed on a
20 base plate, and an image-forming member, wherein said
electron source is manufactured by the method according

to claim 42.

45. A manufacture method of an image-forming
25 apparatus according to claim 44, wherein said
electron-emitting devices are each a surface conduction

electron-emitting device.

This Sheet Has Been R laced .




el ectroconductive filmin an atnosphere conatai ning hydrogen. 32. A
manuf acture nethod of an electron-emtting device accordi o _claim 30,
wherein said netal conpound is a conpound of an el enent; sel ected froma

group of elenents belonging to Groups IVa, Va, Vla, VII a, M"l”ll"mﬂﬂ n
manuf acture nethod of an electron-emtting device accor di I J” ’
wherein said nmetal conpound is a halide of8hn-el enent skl ect ed frof a° group
of elenents belonging to G oups IVa, Va, Vla, Vlla and Vllla. 34. A

manuf act ure %ﬁmn-em tting device according to claim 33,

wherein said *de. 35. A manufacture nethod of an

el ectron-emtting device according to claim 34, wherein said fluoride is

This is the rlepl a(ﬁnenélég@zeénpgﬁfttu?go/ 4¢/iev1.ce comprising: a pair of
electrodes; an electroconductive f£ilm arranged between said
electrodes, said electroconductive film having an electron
emitting region including a fissure; and a coating £ilm
arranged in said fissure and connected to said
electroconductive film to  form within said fissure a gap
narrower than said £issure, said coating film being made
primarily of a material of which melting point is higher than
the melting point of said electroconductive film, and wherein
said material having the higher melting po:.nt is a metal or a
metal oxide. '

2. An electron-emitting device according to claim 1, wherein
said coating £ilm is arranged on an end, facing said fissure,
of said electroconductive £ilm positioned on the high potential
side. '

3. A electron-emitting device according to claim 2, wherein

said coating film is also arranged on another end, facing said
fissure, of said electroconductive film positioned on the low
potential side.

4. CANCELLED

S. ' An electron-emitting device according to
claim 1, wherein said material having the higher |
'melting point is a metal made ﬁp of an element selected
from a group of elements belonging to Gi'oups IVa, Va,

Via, ViIa and VIIIa, or an oxide of said metal.
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36:" A manufacture nethod of an el ectron-enitting device according to

élain130,’
sel ected f

e i St nespound is a carbonyl p@npnuﬂg_gi_éﬂ_g%ﬁg?nt
6#"a{a§r%§%%8ﬁfgn§r}ts bel onging to Groups , | Va, Va, Vla,

a
v ot sl oo oo cacapon “corononl INAAHAHTAAD, <o

A manuf acture netho

of an electron-entting device:according t &l afm 30,

wherein said netal conpound is an enyl conplex of an elenent selected from
a group of elenents belonging to Groups IVa, Va, Vla, Vlla and Vllla. 39.

A manufacture nmethod of an electron-emtting device according to claim 38,
wherein said enyl conplex is [err] or [err] 40. A manufacture nethod of an
el ectron-enitting Bevi chnazkegtionami tFindn IViGHATIFIAND ¥9 ssure and a

proximty
repl acenen

t hereof constitutes an electron-_emtting region. This is the
t s@éaim 1, wherein said material having “the ‘higher

melting point is a metal made up of an element selected

from Mo, Hf, W and Ni, or an oxide of said metal.

7. An electron-emitting device according to
claim 1, wherein said film made primarily of a material
having the.higher melting point is fofmed of fine
particles having an averége particle'size not lgss than

30 nm.

8. An e]ectron-emitting'device according to claim 1,'
wherein said -fissure and a proximity thereof constitutes an electron-
emitting region.

S. An electron-emitting device comprising: a pair of
eleétrodes; an electroconductive film arranged between said
electrodes, said electroconductive £film having an electron
emitting region including a £fissure; and a coating £ilm
arranged in said fissure and  connected to said
electroconductive £ilm ﬁo form within said £fissure a gap
narrower than said fissure, said coating film being made
primarily of a material which develops a vapor pressure of

1.3 x 10-323., at a higher temperature than the material of said
electroconductive £film, and wherein said material which

-3
~develops a vapor pressure of 1.3 x 10 Pa, at a higher

temperaturé than the material of said electroconductive £ilm-
is a metal or a metal oxide.



Dat e - 89- 4&1 A manuf acture nethod: of an electron-emtting deV| ce
accordi ng to an{higfs ffleateﬁa@?nmﬂ%t wherein said el ectton-em tting device .

is a surface conduction electron-emtting device. 42. A d
of an el ectron ! C@oiq gising a plurality of elect ronﬂmmmlimllﬁmﬂﬂm
arrayed on a base pl at wherein said elg8ectron-entting devites amMe eéach
manuf actured by the method ‘according to any of clainms 27 to 41. 43. A

~manuf acture nethod of an el ectron source according to claim42, wherei.n
-sai d el-ectneg-emd fémt&e:w-@&it%&ageaablaesaééaf&;ﬁgW@lamh 9, vwher€in

el ectron-emTtjng deyvi ce. nuf act ur e thod of ar e form
appar at us c?c?fh# 8?715"% gF'iE‘t r"(‘?nr%tﬁi’r TR c8ﬁpﬁnses rﬁi'plg?‘é:f'??ysﬁg‘d
el ectr on- erfiiidswe def ea‘idaeu.eyeﬂooondubai'eepfialm pasik ionedrage -ther m:.gg
.rrerrber m?oq'lé}xéfy.ij side.

1l. An electron-emitting device according to claim 10, wherein
said c_oeting £film is also arranged on another end, facing said
fissure, of said electroconductive film positioned on the low
potential side.

12. CANCELLED -

13. An electron—emitting device aceording to claim 9, wherein
sa:.d material which develops a vapor pressure of 1.3 x 10 Pa,
at a higher temperature than the material of said

electroconductive film is a metal made up of an element

selected from a group of elements belonging to Groups IVa, Va,
VIa, VIIa and VIIIa, or an oxide of said metal.

14. BAn electron-emitting device according to claim 9, wherein
said material which develops a vapor pressure of 1.3 x 10-':3 Pa,
at a higher temperature than ‘the material of said
electroconductive film is a metal made up of an element
seiected from Mo, Hf, W and Ni, or an oxide of said metal.

_:!f_. An electron-emitting device according to claim 9, wherein
said film made primarily of a material which develops a vapor
pressure of 1.3 =x 10" pa, at a higher temperature than the
material of said electroconductive £ilm is formed of £fine
particles having an average particle size not less than 30 nm.

16. An electron-emitting device according to

claim 9, wherein

said fissure and a proximity thereof constitutes an electron-
emitting region.



el ectron source is manufactured by the nethod accordi ng t o cThairm42—45:
manuf act ure net hod of an i nmage-form ng apparatus accordlng

wherein said electron-enitting devices are each a surface:c @
electron-enitting device. This Is the replacenent sheet Date*

-84 -

17. An electron-emitting device according to any .
N of claimsyllto 16, wherein said electron-emitting
device is a surface conduction electron-emitting

device.

18. An electron source comprxszng a2 plurality of
electron-emittlng devices arrayed on a base plate,
wherein said electron-emitting devices are each the

electron-emitting device according to any of claims 1

to 16.

19. An electron source according to claim 18,
wherein said electron-emitting devices are each a

surface conduction electron-emitting device.

20. An electron source according to claim 18,
wherein a device row comprising a plurality of

electron-emitting devices electrically interconnected

is arranged in plural number.

21. An electron source according to claim 18,
wherein said plurality of electron-emitting devices are

electrically interconnected in matrix wiring.
This is the replacement sheet
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22. 2An image-forming apparétus comprising an
eleétron sourcé which'compfiées a_plurality of
electron-emitting devices arrayed on a base plate, and
an'image-forming-member, wherein said electron source
is the electron source according to claim 18.

23. An image-forming apparatus according to claim
22, wherein said electron-emitting devices are each a

surface conduction electron-emitting device.

24. An image-forming apparatus according to claim
22, wherein said electron source is an electron source
in which a device row comprising a plurality of
electron-emitting devices electricaliy interconnected

is arranged in plural number.

25. An image-forming apparatus according to claim

22, wherein said electron source is an electron source
in which said plurality of electron-emifting devices

are electrically interconnected in matrix wiring.

26. An image-forming apparatus according to claim

22, wherein said image-forming member is a fluorescent

This is the replacement sheet
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substance:

27. A manufacture method of an electron-emitting
device comprising a pair of electrodes, an electroconduc*ive
film including a fissure which electroconductzve film is
arranged between and connected to said electrodes, and an
in-figsure film made primarily of a metal which in-fissure
film is arzranged in the fissure and connected to the
electrocaonductive £ilm to form a gap within the fissure that

is narrower than the fissure, wherein gaid method includes a
step of forming said in-fisgure film $0 as to form a gap
within the fissure that is narrower than the fissure.

28. A manufacture method of an electron-emitting
device according to claim 27, wherein said step of
forming a film made primarily of a metal includes a

step of applying a voltage to said electroconductive

film.

29. A manufacture method of an electron-emitting
device according to claim 27, wherein said step of
forming a film made primarily of a metal includes a

step of applying a voltage to said electroconductive

film in a plating bath.

30. A manufacture method of an electron-emitting
device accérding to claim 27, wherein said step of
forming a £ilm made primariiy of a metal includes a
step of applying a voltage to said electroconductive

£film in an atmosphere of a metal compound containing

This Is the replacement sheet
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the element of said metal.

31. A manufacture method of an e;ectron—emitting
device éccoréing to claim 30, wherein said step of
forming a film made primafily df a'metal fﬁrther
includes a step of_applying a vol;age to said
electroconductive £ilm in an atmosphére conﬁaining

hydrogen.

32. §wmanufacture method of an electron-emitting
device according to claim 30, wherein éaid metal
compound is a compound of an element selected from a
group of elements belonging to Groups IVa, Va, VIa,

Viia and VIIIa.

33. A manufacture method of an electron-emitting
device according to claim 30, wherein said metal
compound is a halide of an element selected from a

group of elements belonging to Groups IVa, Va, Via,

VIiIa and VIIIa.

34. A manufacture method of an electron-emitting

device according to claim 33, wherein said halide is a

fluoride.

35. A manufacture method of an electron-emitting

device according to claim 34, wherein said fluoride is
This is the replacement sheet
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36. A manufacture method of an electron-emitting
device according to claim 30, wherein said metal
compound is a carbonyl compound of an element selected

from a group of elements belonging to Groups IVa, Va,

Via, VIIa and VIIIa.

37. A manufacture method of an electron-emitting
device accqrding to claim 36, wherein said carbonyl

compound is W(CO), or Mo(CO),.

38. A manufaéture method of an electron-emitting
device according to claim 30, whereih said metél
compound is an enyl complex of an element selected from
a group of elements belonging to Groups IVa, Va, Via,

ViIa and VIIIa.

39. A manufacture method of an electron-emitting
device according to claim 38, wherein said enyl complex

is W(CgH,),H, or HE(C.H,),H,.

40. A manufacture method of an electron-emitting

device according to claim 27, wherein

said fissure and a proximity thereof cpﬁstitutes an electron-
emitting region. -

This is the replacement sheet
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41. A manufacture method of an électronfemitting
device according to any of claims 27 to 40, wherein
said electron-emitting device is a surface conduction

electron-emitting device.

42. A manufacture method of an electron source
comprising a plurality of electron-emitting devices
arrayed on a base plate, wherein said electron-emitting
aevices aré each manufactured by the mgthod according

to any of claims 27 to 4l.

43. A manufacture method of an electron source
according to claim 42, wherein said electron-emitting

devices are each a surface conduction electron-emitting

device.

44. A manufacture methbd of an image-forming
apparatus comprising an electron source which comprises
2 plurality of electron-emitting devices arrayed on a
base plate, and an image-forming member, wherein said

electron source is manufactured by the method according

to claim 42.

45. A manufacture method of an image-forming
apparatus according to claim 44, wherein said

electron-emitting devices are each a surface conduction
electron-emitting device.

This is the replacement sheet
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