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. emtting electron beans by neans of the field uﬁwmmu

WD 2004/ 061891 PCT/ JP2003/ 016860 1 DESCRI PTI ON FIELD

W$%E§@ )&%— TYPE ELECTRON SOURCE AND METHCOD OF PRODUCI

5 Technical Field The present |nvent(iirﬁ“’zooy":16860

relates to a field enm ssion-type electron source for

em ssi on phenonenon, and a net hod of producing s "'"mmm“
10 field em ssion-type el ectron source. Background Art

As one type of el ectron devices utiIiz:ng

nanocrystalline silicon (RBERCGRAPAEONSI | i con

nanocrzst al), 15 there has heretofore been knomH"WUlHllﬂllllﬂllmlllllﬂmlﬂ
field em ssion-type electron source as shown in Fi S0

17 and 18 (see, for exanple, Japanese Patent

Publ i cati on NBSELRIBMIZONIaNdTYBE1RAEGYRONNheOURER

em ssion-type electron source 10' 20 (hereinafter

referred to asANI METHOD HIRESDUCING M'EYE tSAME

illustrated in Fig. 17 includes an n-type silicon

substrate 1 as a conductive substrate, a strong-field

drift layer (hereinafter referred to as "drift |ayer”
foechmeyal yFiéldconposed of an oxidi zed porous silicon

| ayer and formed on 25 the side of a main surface of

the n-Tygepsesenonisvbatioher¥Da2894£686348%1c1d emission-type
PCT/ JP2003/ 016860 2

electron source for emitting electron beams by means of the

field emission phenomenon, and a method of producing such a

field emission-type electron source.

'BackgrOund Art

As one type of electron devices ﬁtilizing
nanocrystalline silicon (nano-order silicon nanocrystal),
there has heretofore been known a field emission-type
electron source as shown in Figs. 17 and 18 (see, for
example, Japanese Patent 'Publication Nos. 2987140 and
3112456) .

The field emission-type electron source 10"
(hereinafter referred to as "electron source" for brevity)
illustrated in Fig. 17 includes an n-type silicon substrate
1 as a conductive substrate, a strong-field drift layer
(hereinafter referred to as "drift layer" for brevity) 6

composed of an oxidized porous silicon layer and formed on

the side of a main surface of the n-type silicon substrate
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, a surface electrode 7 conposed of a netal thin film

1
W&)?O?%OGI@?' dthinfilnm and fornmed on the front surface
0 e

drift layer 6, and an ohmc el ect r ode P& TG 2H/Q16860
on the back surface of the n-type silicon substrate
1. The conbination 5 of the n-?&pe silicon substrate 1
and the ohmc electrode 2 serves as a |lower electrode
12. In the electron source 10' illustrated in Fig.
17, a non-doped polycrystalline silicon layer 3 is
i & pscke Rt keptfede nZ t gpBreseficofi subetrat thin fhlm (e.q.
the drift layer 6 to nake up an electron transit 10
s¥td ofhiln cothaineh fwrmedhendrthe |fyert 6sutfiatdi ®f the
connection, there has al so been known anot her el ectron
stk e haveng6banasteetr ohmirarsidctsasde dh formpadedn the back
only of the drift |ayer 6 without any polycrystalline
s$Uy tage |@f ethe i hyee poskilcbet sekeatrheenit ypehsi tbmbbhnation
substrate 1 and the 15 drift |ayer 6. The el ectron
solirtdes 10*type usitded substFage 17ahd thpebhhie &éDectrode 2
emt electrons, for exanple, according to the
fodtwoas reps pr domesr dleotiedéor2el eThr oHe dlebBrébhr Sburce 10

arranged at a position opposed to the surface

el Eoistodeced 20 Mhe. spacea fusnedopedvwpenythgssal{ 868 silicon
el ectrode 7 and the <collector electrode 21 is kept in

Vizoparm 3 TheninaebBBosedl bagaedps tilfe apptiws Heivesn th8strate

surface electrode 7 and the lower electrode 12 in

suchnd ramnedrifiat Iheesuef age makectypden’ d@sctdon transit
hi gher potential than that of the | ower 25 el ectrode

Isbctignuiharealsinat DGy oht agR Veri stanRlieed 0 1n this
2004/ 061891 PCT/ JP2003/ 016860 3

connection, there has also been known another electron
source having an electron transit section composed only of
the drift layer 6 without any polycrystalline silicon layer
3 interposed between the n-type silicon substrate 1 and the
drift layer 6.

The electron source 10' illustrated in Fig. 17 is
operable to emit electrons, for example, according to the
folloWing process. A collector electrode 21 is first
arranged at a position opposed to the surface electrode 7.
The space formed between the surface electrode 7 and the
collector electrode. 21 is kept in wvacuum. Then, a DC
voltage Vps is applied between the surface electrode 7 and
the lower electrode 12 in such a manner that the surface

electrode 7 has a higher potential than that of the lower

electrode 12. Simultaneously, a DC voltage Vc is applied
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bet ween the collector electrode 21 and the surface

Vﬁﬁ ectrode 7 in such a manner that the coll ector

B0 21 has a higher potential than thatPGHIR2AE/016860
surface electrode 7. The DC voltage Vps can be set at
an 5 appropriate value to allowelectrons injected
fromthe Ilower electrode 12 into the drift layer 6 to
drift around the drift layer 6 and then run out -
through the surface electrode 7 (one-dot chain |ines
i hbeEivgenl7 thedi cavkledieor f | electfrodee elect 808S €he surface
emtted through the surface 10 el ectrode 7). The
t blekhesdeof’ tire suchaeemaheeir oteat! tEe oL lledtole electrode
range of about 10 to 15 nm While the | ower el ectrode
121i nheke el ehtighersopotenti@l i lhast ratred | R Ghel 7 surface
is conposed of the n-type silicon substrate 1 and the
obiectebdet rade 2,Thé My beolbagabsypiuteshwWisd a&et at an
conmbi nation of an insulative substrate 11 conposed of

aagpaspridbet red Pudavidig aan owiselialiteBnsPei HYERRBEE from the
and a netal thin filmfornmed on one of the Surfaces

olowbe ielsulitabidee UbSItAt Bhd 1dragd N Anot hery 'drigt around

conventional electron source 10" illustrated Fig. 1
| 8080 ikt 18aythe @aﬁdcme%n0fo&£6% tgﬁ‘
of the electron source 10" illustrated in i%?h]. %S;surface

deiésedoly 7t heosénEot ebrneACe sHuer al o £0087 THBicate the
el ectron source 10" is operable to emt ectrons

agTOwEi Ngr t ocidie S rgHLCRSS &S i | 0
source 10" illustrat edri n 25 Fi%&ltti %EI%%:%%%@ eﬂé burface

g%%%%gg%%g;gggg6g%e2@%ﬂaﬁﬂgs§“5fafﬁeogu¥§5880éﬁg@%§%ﬁe 7 is
set in the range of about 10 to 15 nm.

While the lower electrode 12 in the electron source
10" illustrated in Fig. 17 is composed of the n-type
silicon substrate 1 and the ohmic electrode 2, it may be
substituted with a combination of an insulative substrate
11 composed of a glass substrate having an insulation
performance, and a metal thin film formed on one of the
surfaces of the insulative .substrate 11, as in another
conventional electron source 10" illustrated Fig. 18. In
Fig. 18, the same component or element as that of the
electron source 10' illustrated in Fig. 17 is defined by
the same reference numeral or code. The electron source
10" 1is operable to emit electroné according to the same

process as that in the electron source 10' illustrated in

Fig. 17. Electrons getting through to the front surface of
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the drift layer 6 are considered to be hot el ectrons.

ch el ectrons can readily tunnels through the
wh e

el ectrode 7 and run out into the vacf§iyJP2003/016860
space. Cenerally, in the electron sources 10', 10", a
current 5 flow ng between theédsurface el ectrode 7 and
the lower electrode 12 is terned as "di ode current
I ps", and a current flow ng between the collector
el ectrode 21 and the surface electrode 7 is terned as
"Eme sqr DRt CUsyent 6 4 e sshondetedt tonbeuhbent)lebétondn Thus,
el ectron em ssion 10 efficiency [(le / Ips) x 100 (%]
i gudhe cleeatiriis sednceseadfly 10inhel enhancadglas tHe surface
ratio (le / Ips) of the emssion current le to the
di Deler eodie eMt a8 BT @asetintoEBRB Pachiif ebgekron
sources 10', 10" is operable to emt electrons even
i f thegdXe¥olipgeiVpehéoehecapphi edubebween']1510M¢ a current

- surface electrode 7 and the | ower electrode 12 is set

at1 8wl Y \Beteedm e I 3neeatle abouEt8dk0 20 dhd Thhe lower
em ssion current le is increased as the DC voltage Vps

| S1e88t0@t aRi gher twaléd IBe ehesheoncepHése s, and a
illTustrated in Fig. 18 is 20 produced, for exanple,

2¥u£P§n£0kh8Wﬁﬂ8 SR e AT RN Idb 47 Ge1d8rode! 91€ENd the

ectrode 12 is first formed on one main surface

(bereinaftenceh®yeed 10 as "hi@pfegsurfaceidnobstBE current
insulative substrate 11 through a sputtering process

Of c@RN¥siQh el SLi LD & AGESS. 1Rubsequent |ghec#®ron emission
non-doped 25 polycrystalline silicon layer 3 is forned

onEBSiEBQQt[%€E2904ﬁ9§18§1lB@TQ%R%OQ§{O@§§6gleétron sources

10', 10" is enhanced as the ratio (Ie / 1Ips) of the
emission current Ie to the diocde current is increased.
Each of the electron sources 10', 10" is operable to emit
electrons even if the DC voltage Vps to be applied between
the surface electrode 7 and the lower electrode 12 is set
at a low value in the range of about 10 to 20 V. The
emission current Ie is increased as the DC voltage Vps is
set at a higher value.

The electron source 10" illustrated in Fig. 18 is
produced, for example, by the following steps. As shown in
Fig. 19A, a lower electrode 12 is first formed on one main
surface (hereinafter referred to as "front surface”) of the
insulative substrate 11 through a sputtering process or any
other suitable ©process. Subsequentlyf_ a_’ﬁonfdoped

polycrystalline silicon layer 3 1is formed on the: front
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surface of the |ower electrode 12 through a plasma CVD
WBrocess or any other suitable process, at a. substrate

%re of 400C or nore. Then, as shown i rPGE/JP2003/016860

.19B, the polycrystalline 5 silicon layer 3 is

anodi zed up to a given depth thereof to forma porous
pol ycrystalline silicon [ayer 4'. The porous

pol ycrystalline silicon layer 4' includes a plurality
of polycrystalline silicon grains, and a nunber of

&r oOrdeL Sl'oleeci:onef.‘éEQQE)}iét als. theRRauest Iptasma cvD

as shown in.Fig. 10 C, the porous polycrystalline

garéaeegg' uer aﬁg 'éthgi“ dé&fgaﬁbéo Ged@pPi htheal i Bbstrate

ocess or an | ectrochem cal oxi dation process to

for ace ¢gé A@y@ﬁ ﬁ: OJQE re@s shown in Fig. 19 D, a

SUr ectrode forned on the front surface of

the drfdy axes o ﬁMug [ g g vapgh, deRRsl t b8l ycrystalline

process orhanylot er  sui f ocess.! As sho
| Fi
0120 000 S RAER, M LSy e
I t d Fi
é%%ba%t% S G hedtvara kB Pa: Shrieb RanBl §riss g porous

R et O S e Se‘a?ipaﬁté fyfthiey or
the elec£ ﬂ sourc 10" is formed with a IIec%o meter—
FRLYFUEC= hEPei RAfL bEpr B (b - s "ot nenometer
FRTART oo pLACPT GHRRP R 7o FRES LA in 7

el ectrode 21 opposed to the electron MD 004/ 061891 )
PES fP2003H1 ugy polycrystalline icon layer 4' is

oxidized  through a rapid heating process or an
electrochemical oxidation process to form a drift layer 6.
Then, as shown in Fig. 19 D, a surface electrede 7 1is
formed on the front surface of the drift layer 6 through a
vapor deposition process or any other suitable process.

.As shown in Fig. 20, the electron source 10"
illustrated in Fig. 18 is used, for example, as an electron
source of a display. In a display illustrated in Fig. 20,
a faceplate 50 composed of a flat—élate—shaped glass
substrate 1s set at a position opposed to the electron
source 10". The surface of the faceplate 50 epposed to the
electron source 10" is formed with a collector electrode

(hereinafter referred to as "anode electrode") 21 composed

.of a transparent conductive film (e.g. ITO film). The

surface of the anode electrode 21 opposed to the electron
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source 10" is provided with fluorescent materials

i units of pixels, and bl ock stripes nad
WA el e,

f
ial and formed between the f|uore§ggH?ﬂmwom&m
materials. Each of the fluorescent materials applied
onto the surface of the anode 6 el ectrode 21 opposed
to the electron source 10" can give out a visible
light in response to electrons emtted from the
el ectron source 10". The electrons emtted fromthe

& REIJEON 030UIC §rii e wiicre| Eled sk dan @ wetéelals formed in
voltage applied to the anode el ectrode 21, and

Rirgughto N 0xd s Fobhidsikib oM t it heeé | MaHese@tblack material
materials 1n the formof highly energized el ectrons.

Hhgy T asdtwadh ethal $1usedschereintean 26 bikach of the
| um nescent colors R (red), G (green) and B (blue),

reSRAEd sl makhe- fAace sl el &9 ostSPasedsyupPaEé bfOfhe anode
the el ectron source 10" by a rectangul ar frame 15 (not

)rod€2 $PReBolsHTeh b@h@’e%’lécrte:d‘r?w@@ﬁ?éé 20 "arh%n give

t e ectron source 10" are hernetically seal ed and

Vﬁ%?ﬁygmll & %ﬁ?fégﬁgoﬁggr@_% %Qedﬂﬂdfg r@hffted from

i ncludes an insul ati ve substrate 11

@{?Oéfgceioﬁ %lo%&%e ZPO'SUbStIrlrﬁet eef?etfgngn ehﬁstltle%t | ®%bm the

ormance, a plurality of | ower electrodes

a%f%eoq.‘ 8?&@' l1§fn i 10 %Q:g%l%trl'.%ﬁ']r yOoae cfség’ée?lcr? voltage

sl atrve subsirate 11 uralTty o

&é/ffé’c?t ald i ng, &1 11,608, aé(féétr?o&?‘:hzior meg gt 03981f§ht into

erinposed on the correspondlng ower el ectro

P R R B Sy eolrom

highly energized electrons. The fluorescent materials used
herein can exhibit luminescent colors R (red), G (green)
and B (blue), respectively. The faceplate 50 is spaced
apart from the electron source 10" by a rectangular frame
(not shown). The space formed between the faceplate 50 and
the electron source 10" are hermetically sealed and kept in
vacuum.

The electron source 10" illustrated in Fig. 20
includes an insulative substrate 11 composed of a glass
substrate having an insulation performance, a plurality of
lower electrodes 12 arranged in parallel with each other on
one surface of the insulative substrate 11, a plurality of
polycrystalline silicon layers 3 each formed to -be
superimposed on the ¢orre5ponding lower electrode 12, and a

plurality of drift layers 6 each composed of oxidized
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porous polycrystalline silicon |ayers and each forned

Wb%&%ms@é’pe” nposed on the correspondi ng

ycrystalline silicon layer. The el ectron $&JHFE2003/016860
10" further includes a plurality of isolating |ayers
16 conposed of a 5 polycrystall7ne silicon |layer and
di sposed to fill in the respective spaces between the
adj acent drift layers 6, between the adjacent
pol ycrystalline silicon |ayers 3 and between the
appacest phower veltedilioges 13 coand ayplsuraald teactofformed to be
surface electrodes 7 arranged in-parallel with each 10
thEBr@mpbhedﬂoﬁtthay@nrﬂésyuhdﬁﬁg|p@n§bk9gt5§ygﬁg silicon
16 to extend across the. drift layers 6 and the
i $slating | ayer s eﬂéttﬁbﬁicg@ﬁ@éeonlgnthqgg&ggrtolhgqudes a
| ongitudinal direction of the |lower electrodes 12. In

thduebedétyon edur cesdDitihyustiayedsin fsg pdd&s  of  a
15 conbination of the drift layers 6, th

pobygeysgsaklinee Silliicon |By@ss dnangi ée%‘)l@c;'f‘ﬂl%sin the
I ayers 16 serves as an el ectron transi sectl on

shespetbitrey. spdces hbetQIRGI I @ I ﬁEl% hEei%Ct 1:195.‘f§ ers 6
sandwi ched between the plurality of "lower electro es’ !

1Retweangetha rh&ﬁé@éﬂ@'p&&&ér?@tﬁ@@ﬁn@t *éeifl gz%n}thaf@fs 3 and

surface of the insulative substrate

pbet@behy thle t4) Sal{ACELRL LCLARESS rriange
paral | el \Mtr1{5%h other in the @%aﬁée%aﬁa Ie?n? Raurality

ope' surface ofi ddreddasul atiye subsirate é&raﬁ.?ef tv?ft% each

ina direction orthogonal to th ongi t udr na
gmst 00, Sl 0.2, L8 G 0y 16
REHE 2083184686 %e Brift layers 6 and the isolating layers
16 in a direction.orthogonal to the longitudinal direction
of the lpwer electrodes 12.

In the electron source 10" illustrated in Fig. 20, the
combination of the drift layers 6, the polycrystalline

silicon layers 3 and the isolating layers 16 serves as an

" electron transit section 5. As shown in Fig. 21, the

electron transit seétion 5 1is sandwiched between the
plurality of lower electrodes 12 arranged in parallel with
each other on the one surface of the insulative substrate
11, and the plurality of the surface eléctrodes 7 arranged
in parallel with each other in the plane parallel to the
one' surface of the insulative substrate 11 to extend in a
direction orthogonal to the longitudinal-direction.of the

lower electrodes 12. In this connection, there has also
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been known anot her el ectron source having an el ectron

w6 E(gﬂﬁ)%{?g?ectl on 5 conprised only of the drift Pl(J%JP2003/(()316860

e isolating |layers 16 w thout any
pol ycrystalline silicon |layer 3 interposed between
the drift layer 6 and the lower8 5 electrode 12. In
this electron source 10", the drift layers 6 are
partly sandw ched by the respective regions
corresponding to the cross points between the
pPaeal | kyoen | anerher| exleotesn 12saurengathvihdara | @lectron
wi th each other on the 10 one surface of the
i hsanaitveestbsotr &t eohbr iaved tdrely phirghé tdiroftt N@yers 6 and
surface electrodes 7 arranged in parallel wth each
Other1sglekmagdlayeasdlBeWEthbuQrhhquaabckgsEBQllne silicon
| ongi tudinal direction of the | ower electrodes 12.
Thager Bt ioéerpesdesbgmedeno @RPrOP Fat Bh elsebeahdathe lower
target pair of 15 the surface el ectrode and the
| ehectebdetidde 12 and apply a certain voltage
bet ween the selected pair so as to act a strong

el ectrin fhelsd dredther egb@Rceoriesporkh gt e+ #%?ers 6 are
cross point between the selected pair of the sur

gertlpdeaddaidhelie BpWehe ehRGEIRA8 V2 10y ﬁé#ﬁ“@orresgondlng
n

el ectrons 20 to be en1tted fromthe regio

ptair athty ekosel epbigft sSoWEyLlE M s 1gfuf§fbty of lower
conposed of the |ower electrode 12, th

pol ¢t yodas | 1LDe aFiranGRiy |ﬂyeﬁa§a11@f wgfzhf ac!l'f"yg{h?zes on the

and the surface electrode 7 are forned respect|v

adnd hes@r 056e PabNt StIRE aj RBGE LK1 GLat ki se
of the plurality of |ower electrodes %gg %E E@o Qnd the

B0 6189 1o PCEHd P2UQ3LEL68ER ctS0des 7 arranged in parallel

with each other to extend in a direction orthogonal to the
longitudinal direction of the lower electrodes 12. Thus,
it can be designed to appropriately select a target pair of
the surface electrode 7 and the lower electrode 12 and
apply a certain voltage between the selected pair so as to
act a strong electric field on the region corresponding to
the cross point between the selected pair of the surface
electrode 7 and the lower electrode 12 to allow electrons
to be emitted from the region. That is, a plurality of
electron source elements 10a each composed of the lower

electrode 12, the polycrystalline silicon layer 3, the

_drift layer .6 .and the surface electrode 7 are formed,

respectively, at the cross points' of a matrix (lattice)

composed of the plurality of lower electrodes 12 and the
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plurality of surface electrodes 7. Thus, electrons can

' i ed fromany desired el ectron source el enent
w?)gzé)oﬁ@l&% y PCT/JP2003/016860

pplying a. certain voltage to the
corresponding pair of the surface electrode 7 and the
| ower el ectrode 12. The 5 el ectPon source elenents 10a
are fornmed in one-to-one correspondence with the
pi xel s. The drift layers 6 in the electron source 10"
illustrated in Fig. 20 are prepared according to the

f Awwilng ypratessridcel etattrydes Toverrrlectdrdas dkds can be
are 10. first fornmed on one surface of an insul ative

ssthtace ftom Subsedaenrby, eldwrdiopedurce element 10a by
pol ycrystalline silicon 3 is formed on the whole area

ofapiey iore as wdraed rofvditeagd rsulatd \&ﬂ%éﬁdf&%lpair of the
through a plasnma CVD process, a |ow pressure

prsanEeseor edry teolder Jui bl ey 0GeRA At e@el:%roge 12 The
substrate tenperature of 400C or nore (e.g. 400C to

6@AEktrinen sopeicel OB efibnithe Pokyciyst ak silicon. ., _
| ayer 3 superinposed on the | ower eIectr%%@%dlzl%réﬂme to-one

acodirzepondenit e WA end 16QNtAi ning a hydrofluoric
solution to forma plurality of- polycrystalline

si |icomha0 laayers. kagy$f &he;pol ¥ﬁéy31e%|e’|cltr}%nfus{oﬁ%2ce 10"

| ayers includes a plurality of porous polycrys

sillilosfraged Nsnangig, nujgt’@erai.;u%1 -0 _
silicon nanocrystals. Then, the.  p rOLéﬁ 188rding to the

pobycbyshal bireesid.i can ;Bﬁ)lféfi@;zeof %Eﬁ%g%&%%%t%%gﬁa 12 are

rapi d heating process or el ectrochem ca

DEBSEES AT SR oSrAh h8UE e MBetrace 13,
Subsequently, a non-doped polycrystalline silicon 3 is
formed on the whole area of the one surface of the
insulative substrate 11 through a plasma CVD process, a
low-pressure CVD process or any other suitable process at a
substrate temperature of 400°C or more (e.g. 400°C to
600°C). Then, portions of the polycrystalline silicon
layer 3 superimposed on the lower electrodes 12 are
anodized in an electrolyte containing a hydrofluoric
solution to form a plurality of- polycrystalline silicon
layers. Each of the polycrystalline silicon layers
includes a plurality of porous polyerystalline silicon
grains and a numbe: of nanometer-order silicon nanocrystals.
Then; fthe porous polycrystalline silicon layers are

oxidized through a rapid heating process or electrochemical

oxidation process to form a plurality of drift layers 6.
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Each of the drift layers 6 includes a plurality of

B %@ Ystalllne silicon grains each having a surf
%1% th a thin silicon oxide film and aPrﬁTﬁ"B’é?°3/°1686°

of nanoneter- order silicon nanocrystals each having a
surface formed 5 with a silicomooxide film As

descri bed above, the production process of the

el ectron source 10" illustrated in Fig. 20 conprises

the steps of forming the | ower electrodes 12 on the

f Banth st f e ofddtinet | Myt ves SubsET@dSs 11, fﬁm'}éﬂﬂity of
the non 10 doped polycrystalline silicon 3 on th

W@@L@GﬂyﬁtaﬂiﬁdéisﬁIiUanﬁﬁifﬂéféﬁcﬁh@aﬁﬂ§&|§téﬂfface formed
substrate 11, anodizing the portions of the

poliyter s teH i Nei Bl 0Bx @Y CE i 3m, SURRT IIMRARR%L O £ Neanometer-
| oner el ectrodes 12 to formthe porous

penderyst8litor Sidis@nydBVes S « 220 Hé’v%g ”eg E'ﬂ?tf ce formed
porous 15 polycrystalline silicon layers to for Re

didifth laayens @en oMidle ifS,1n N the production process of
the electron source 10" illustrated in Fig. 20, the

drift hayeassérabed forawd, ba@x‘? L&JJ@%’%&W ?:tfg:'e"lﬂeof the

silicon layer 3 fornmed. on the T rod

t BilecRreseSsourde SOHB ‘?Lefclqgt%azr? L $USh pr’"Jtrqt}m 55 comprises the

generated during the course or m ng

Pekugeysial lHdinald| A | RELD oL Labbblol® 13KELY 18e front

cause a defect of

| Burghage dpn’e'ﬂéf qrn@lfﬁé fod hguﬁgg%g@ ;I faJh:l ggpgg{lgo%he non-

to the drift |ayer, I ncr ease
ﬁa?é&f’%@é%%%%%%éﬁ‘%@# b3 FBERp L ozt of the
front surface of the 1nsulat1ve substrate 11, anodizing the
portions of the polycrystalline silicon layer 3
superimposed on the lower electrodes 12 to form the porous
polycrystalline silicon layers, and oxidizing the porous
polycrystalline silicon layers to form the drift layers 6.
That is, in the production process of the electron
source 10" illustrated in Fig. 20, the drift layers 6 are
formed base on the polycrystalline silicon layer 3 formed
on the lower electrode 12. In this process, if some defect,
such pinholes, is generated during the course of forming

the polycrystalline silicon layer 3, it will be likely to

cause a defect of the drift layers 6. This causes the in-

plane nonuniformity of the electric field -.ap'plied to the
drift layer, and increased in-plane variation in electron

emission characteristic. Consequently, a display is
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i nvol ved in problens of increased unevenness of

r.ight ness, and shortened durability due to
ngh@(mg?@?ed deterioration in a portion of th&CHHPpY03/016860

| ayers 6 subject to strong field intensity. Further,

due to the defect of the drift [ldyers 5 6, the

el ectron source 10" illustrated in Fig. 20 has a

probl em of increased variation in electron en ssion
characteristic between production lots. Simlarly, in

t e erEeed ohn spoekbent9 of | insteased unevEhgesdBofSbHBghtness,
def ect such pinhol es generated during the 10 course

ofaridr fhagtenedpaumabidtidlyl i dee sithi corcd Barelt&d Ca¥88%ioration
a defect of the drift layer 6. This causes a problem

ofin irereestdonapifathendirn fel deiyenrs 1 $@¥Et to strong field
characteristic between production |ots, or increased

| infpngietyar i Burbhefn @hectoontRMdsicdt of the drift layers
characteristic of an. 15 el ectron source having an

erfl,argee arlesctrar t benrcé he omel £T169Ars08HCenl0Fi Rl S80 has a
has a probl em of shortened durability due to

aguelkerat edofet enicereatiedn ivaRi #O1dhoniaf dhediddft emission
| ayer 6 subject to strong field intensity 20 :

Dichal resttreer ioft i vestivedh |grodeve Dbn ther @bove probl ens,

it is therefore an object of the present invention to

provi desiafi ldiof,; Ofn  SRUr G dBMIdY §6GHEET10P Bl @Gt rated in
variation in electron em ssion characteristic as

Lo brovi de a et hod or proats! na Seahowo 004 et edliting the

PCHu32003/f01686Rink2 tRB ep8ELELYsPQYi%Re silicon layer 3
causes a defect of the drift layer e. This causes a
problem of increased variation in electron emission
characteristic between production lots, or increased in- -
plane variation in electron emission characteristic of an
electron source having an enlarged area. Further, the
electron source 10" also has a problem of shortened

durability due to accelerated deterioration in a portion of

the drift layer 6 subject to strong field intensity

Disclosure of Invention

In view of the above problems, it is therefore an
object of the present invention to provide an electron
source having reduced in-plane variafion in electron
emission characteristic as compared to the conventional

electron sources, and to provide a method of producing such
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In order to achieve the above-nenti oned object,

W@fi{é@@gmg the present invention, there is pr Ongﬁ?g:@?/qmsm

ron source (field em ssion-type el ectron
which 5 includes an insul ative substrate, and an
el ectron source elenent fornedldn the side of one
surface (front surface) of the insulative substrate.
This electron source elenent has a | ower el ectrode, a
surface electrode, and a drift layer (strong-field

di@T¥ e yeffaion sswzssed of 10 pol yerystal line silicon.

The drift layer is disposed between the | ower and

sur f acdlel extdaniesto Thachieuyrg- fthel d atvid-tmdretyiined  object,
allows electrons to pass-therethrough according to an
elReqOMdinig eltiegepreseat wheweatdent ai theekt age i Srovided an
applied to the I ower and surface el ectrodes in such a

15 legitron tsloatrdehe fSierlfch e ied it -adp dasl et @ ource) which
potential than that of the | ower electrode. Further,

aipgfiiges| ayer inbaliang van sliestri€d) besi S4@Ne@ectron source
greater than that of the polycrystalline silicon is

prdemged Hetrweeh ¢hetHel iideayef orddshbeab@WelsdAE surface)
20 According to this. electron source, defects

oblierthies e nsyeindriate dsiis t Ret €l i f thkh 3V en ee@RRE source element
mnimzed to achieve the in-plane uniformty of fhe

ehest ra clbiwelrd elppttesdd 0 at heusfddd LauekrodRUS. afdes grift

i n-plane variation in electron em ssion

chayacet eri gkiteofgr fhe ldeduced 1% CONPaY. to the
conventional electron sources. WO 2004?%%-891 mﬁgéed of

PEB1yPz0886016860 si3ikBnthe ergetrop; source accofdi "8 sposed
to the present
between the lower and surface electrodes. The strong-field
drift layer allows .electrons to pass. therethrough according
to an electric field generated when a certain voltage is
applied to the lower and surface electrodes in such a
manner that thel surface electrode has a higher potential
than that of the lower electrode. Further, a buffer layer
having an electrical resistance greater than that of the
polycrystalline silicon is provided between the drift layer
and the lower layer. |
According to this electron source, defects otherwise
generated in the drift layer can be minimized to achieve
_the. in-plane uniformity of the electric field applied to
the drift layer. Thus, the in-plane variation in electron
emission characteristic can be reduced as compared to the.

conventional electron sources.
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\VSQ&H§:& of) an anor phous |ayer. This buffer
can be

i nvention, the buffer layer may include (or be

| ayer
feadily formed at a relatively | ow PCT%Pﬂmyom&m

tenperature. In particular, if 5 the anorphous | ayer
i s an anorphous silicon layer, 1%t can be fornmed
t hrough a commonly used sem conduct or production
process. In the electron source according to the
present invention, a plural nunmber of the electron
sour cel®| it selaotney beowbemedacaortiéngi deoof thhe present
front surface of the insulative substrate. Further,
t Ve At | thee sopEfent bayemymancindduder (be benpompdsed of)
of) a glass substrate allowing infrared rays to
tamngmorphiosrset heyegh. THhikuf berf fleayelayeary ¢axcl bde readily
(or be conposed of) a portion of a filmwhich 15 is
nteiened at mat epilak ivepabllewofteatpeardtinng: j nf 1arpdreayslar, if
and formed to cover the whole area on the side of the
frlomt ameuphace dbyele limsan abmwepbohst isatea deef arrdhie it can
formation of the strong-field drift |ayer. According

thee t fosmedl ethronghs aurcoammontign ddwd | el @bhd€ctor production
substrate is heated fromthe 20 side of another
srdaeses ( back surface) opposite to the front surface

to formthe drift layer, the tenperature distribution

on thelsi dtheof dhectromt soifesce £8doP&ingni £81 NMede present
irrespective of the pattern of the [ower el ectrode.

Iﬂhﬁﬁhhidﬁﬂlaaplﬁﬁﬂmahhmﬂekoo&nﬁﬂéﬂgléﬁhfﬁwrgéugée'Qlements
which a filmserving as the buffer |ayer is forned

arly YO 2004861891 PEI/ HIRR034816860 f%nltn thfrace of the
region where it is superinposed on the | ower

insulative substrate. Further, the insulative substrate
may include (or be composed of) a glass substrate allowing
infrared rays to transmit therethrough. The buffer layer
may include (or be composed of) a po}:tion of a film which
is made of a material capable of absorbing infrared rays
and formed to cover the whole area on the side of the front
surface of the insulative substrate before the formation of
the strong-field drift layer. According to this electron
source, when the insulative substrate is heated from the
side of another surface (back surface) opposite to the
front surface to form the drift layer, the temperature
distribution on the side of the front surface can be
uniformed . irrespective of the @pattern of the lower

electrode. 1In addition, as comparted to an electron source

in which a film serving as the buffer layer is formed only
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electrode the in-plane variation in properties of the
rift |layer can be mnimzed to reduce the in-plane

WQ&P‘?“QPF% in el ectron enission characteristi cPC3/JPp03/016860

one specific enbodi mrent of the present invention, the
strong-field drift layer of thé&4el ectron source may

i nclude (or be conposed of) anodi zed porous

polycrystalline silicon. Further, this strong-field

drift layer may include a plurality of col umar

S cdislucteyied ydtede eddh 16 f guped ialposgd hen the lower
t hi ckness direction of the |Ilower electrode, and a

nedet rade panthet dn-eldee seardandoat ofnnagmgerstizds of the
resi ding between the sem conductor crystals and each

haviflg Pagerf acenf obeedmivmifiaedi ngol arkagcéi | thehi ¢h-plane
has a thickness |less than the grain size of the

sedit Lopdenet oh dDepBpon! ¥ai8kioACERadbBgetstES
el ectron source, the vacuum dependence during

el ectroR ehesHdp¥t CRit bembedugedt bF @dipro&fen®d Paklention,
of heat generated in the drift |ayer can e rel eased

LB OUG Ay -Galdimnagrsef QRNALCt BF QST 8l 8ctrdUssource may
this electron source can stably emt electrons 20

W&ﬁBPH&ea(@?DBé”Qoﬁ?@B@HEBQ$ 85885@%83p6§6§§dp89&b9 Stalllne
el ectron emn ssion he present invention al so provi

as{ei Bod. of  predueing Eﬂfsabg‘éﬁoﬁbe@i@@a SQwi¢e. I'%'y%r may
net hod i ncl udes forn1ng the | ower "el ectrode on the

Siﬁ@lQ&ethpiﬁ99§1%§ ser£aeamAbrt B8k BSHKWALKYS crystals each
substrate and then form ng the WO 2004/ 061891

fﬂ5209§g9%6§ﬁ9 tﬂ§c9ﬂggﬁgdhéﬁﬁﬁlgﬂ bhe theWebwer electrode,

ctrode ore formng t
and a number of nanometer-order semiconductor nanocrystals

residing between the semiconductor crystals and each having
a surface formed with an insulating film which has a
thickness less than the grain size of the semiconductor
nanocrystal. According to this electron source, the wvacuum
dependence during electron emission can be reduced. In
addition, a part of heat generated in the drift layer can
be released through the columnar semiconductor crystals.
Thus, this electron source can stably emit electrons
without a popping phenoménon otherwise caused during
electron emission. |

The present invention also provides a method of
producing the abové electron source. This method includes
forming the 1lower electrode on the side of the front

surface of the insulative substrate, and then forming the
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strong-field drift layer. This production nmethod can

WO F0dbdiee occurrence of defects otherw se geggﬁﬂ%e i n
3003/016860

the drift layer to enhance 5 the properties
drift layer, as conpared to the conventional nethod in
which the drift layer is fornmk®d directly on the |ower
el ectrode. Thus, the nethod can provide an el ectron
source having low in-plane variation in electron
em ssion characteristic. In addition, the nmethod 10
bgfher edit¥e henvathat i biveh etlertordenibedicare forming the
characteristic between production |ots. Further, the :
spresegnfifhdedrish peyeirdes a nmethod of producing the
el ectron source according to the above specific
enbo@hient prodhctipnoduethod nethodminihiides acdbrrence of
| oner-el ectrode formng step of form ng the | ower

defectsoddheawitsee gmerafetdhdnf ridnd gutfaceagbrt i® enhance

insulative substrate, a first filmformng step of
ther nprgpdiiel dwif ot thayedrodtt hbagéde ofsthkempaoRld to the
surface of the insulative substrate after the
cooventebrelr asetHad ming wheph atseccnei 2O fiidysf of 8 Nrmed
step of formng a polycrystalline sem conductor |ayer

‘donetbey s f aee ofowde Ifdefrdd@yer, ®hus, the method can

nanocrystal lization step of nanocrystallizing at | east

pRovpeet bANedbctREnpPabyGEs Vil 1SRN GG Orvd &Y&Fion in
through an anodi zing process to formthe

e 368t e0AdUGl @k iBANHMH A Sri2bi@nd &R iRsulaldA9-fid Mhethod
formng step of form ng the WO 2004/ 061891

cEET/ JR20RD16860: 16viarsuhaldmg fihm oR1Lhe S facission
of each of the sem conductor
characteristic between production lots.

Further, the present invention provides a method of
producing the electron source according to the above
specific embodiment.. This production method includes a
lower-electrode forming step of forming the lower electrode
on the side of the front surface of the insulative
substrate, a first film-forming step of forming the buffer
layer on the side of the front surface of the insulative
substrate after the lower—electrode forming step, a second
film-forming step of fofming a polycrystalline
semiconductor layer on the surface of the buffer layer, a
nanocrystallization step of nanocrystallizing at least a
portion of the polycrystalline semiconductor layer through

an anodizing process to form the semiconductor nanocrystals,

and an insulating-film forming step of forming the
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nanocrystals. According to this production nmethod, the

“,gﬁ@%%égﬁe of defects otherw se generated in the

alline silicon layer can be ninini zed@&IP2003/016860
conpared 5 to the conbi nati onal nethod in which the
pol ycrystal line sem conductor Ueayer i.s forned
directly on the lower electrode. In the above
production nethod, the second film formng step may
be perforned after the first filmformng 10 step
wihboUatexgosibg dhethar SacEack blieehuhf ef ltapesemd conductor
t he atnosphere. This nethod can prevent a barrier

| a¥ebcroetpdsed ofcabrdinde tol mhfironpbedngtionmatethod, the
between the buffer |layer and the polycrystalline

seg:gendtetor dayerdéfeciwoi dbttaimiior at igghdrated in  the
el ectron em ssion characteristic due 15 to the

b?bi&@f&bﬁﬁ@iinénsﬁh&c@@mkayﬁﬂxhﬂﬁiE@_ﬂEhhﬁﬂzed as compared
pl asnma D process may be used as a filmformng

prgcasste i BomBENaLiohhe Midtdod and seGend £hé MdaryErigtalline
steps. In this case, when the first filmformng step

| senfibbhadct8rt heageeond § i | aRbd Or 31 PIcEI 9P, 08  the lower
di scharge power or “di scharge pressure for he pl asma

CVYb.prpcges may be changed froma first condition for
formng the buffer layer to a second condition for

form ngy tPRePOAYSHYStGEANEE SOM GROEMGE OT th@Y&econd film-
This method can sinplify the filmformng process 25

SFHRE SR AP i tefl B, 10 torming
PLRERS SR AL EkSos PREULHRT &) schange BWeL  PEer layer to
the atmosphere. This method can prevent a barrier layer
composed of an oxide film from being formed between the
buffer layer and the polycrystalline semiconductor layer to
avold deterioration in electron emission characteristic due
to the barrier layer.

In the above production method, a plasma CVD process
may be used as a film-forming proceés in each of the first
and second film-forming steps. In this case, when the
first film-forming step is shifted to the second film-
forming step, a discharge power or discharge pressure for
the plasma CVD process may be changed from a first
condition for <forming the .buffer layer to a second
condition for forming the polycrystalline semiconductor

layer. This method can simplify the film-forming process

as compared to a conventional method in which a plurality
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dfscharge pressure. In the above production nethod, a

wgé@@?{gy D process or catalytic CVD process

AR
filmformng 5 process in each of 1IP 2403016860

and second filmformng steps. In this case, when the

first filmfornmng step is shiflied to the second
filmformng step, the partial pressure ratio or kind

of source gases for the plasma CVD process or

catal ytic CVD process is changed froma first

cohdi proressr pertupefremg t hachbubifieg | ayeditsehargecopdwer or
condition for formng the polycrystalline

séhschavpet prekayee. This method can sinplify the
filmform ng process as conpared to a conventiona

nmet hodInnthkei dbavel pratiutyiofi methess PapbagherSVD process
including the partial pressure ratio or kind of 15

sour catgdsasic TEFDprproicss ®n mast hbds weedr disnta t Eillhe forming
present invention may further includes between the

fprsteamdiseeant ofi kthmef oifshgagtiepecaner EidmeWoliming steps.
treatnment step of subjecting the surface of the

brth f ehibayeisd,0 whém eahgemt r2@ foOrld-afd g | §8ep N€s shifted
creation of a crystal nucleus in the initial stage of

tbe sREOSdcHhBMEL OfRMiFBgmShePst &P, S thRt RAG+iGdNpressure ratio
facilitate crystal gromh in the polycrystalline

sefi aan@dlicber sayete Wisddherpel YeRyStAlddMe cvD process or
sem conductor layer is formed in the second

fthenf pE D& NOVSL BRockesPREVEHBnGR e RanC 8d 8 &%t IBRdition for
em ssion characteristic and durability of WO

ggﬂﬁ%gﬁésﬁﬁePQE&&%%OQ§AQ$68§9 a 18ccbhg ebgatE9Bn for forming
the pglycrystalline seniconductor layer. This method can
simplify the film-fo?ming process as compared to a
conventional method in which a plurality of process
parameters including the partial pressure ratio or kind of
source gases.

The production methods according- to the ©present
invention may further includes between the first and second
film-forming steps a pré—growth treatment step of
subjecting the surface of the buffer layer to a treatment
for facilitating the creation of a crystal nucleus in the
initial stage of the second film-forming step. This method
can facilitate «crystal growth in the polycrystalline
semiconductor layer when the polycrystalline semiconductor

layer is formed in the second film-forming step, to provide

enhanced electron emission characteristic and durability of
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Further, the pre-growth treatnent step may be the step

‘Ngﬁ sub|§ct|ng the surface of the buffer layer to a

Mreatnent. When a fil mform ng appar atR§I/JP2003/016860
utilizing plasma, 5 such as a plasma CVD apparatus, is
enpl oyed in the second filmfopsem ng step, this
pre-growth treatnent step can be perforned in the
same chanber as that for the second film formng
step. Thus, the pre-growth treatnent step and the
seeonrd dddvBd gtk step can be successively perfornmed
to 10 provide a reduced process tine. The pre-growth

treat @RiferdySh tHY thewtepodacmedf estdfdndebe the step
surface of the buffer layer to a hydrogen plasna

el {BMerify t Phs caseackhe BecoadnhickBrf QuieRd toSt€Pplasma
may 1 nclude formng a polycrystalline silicon |ayer 15

; re\éd;%ﬁarﬂ_s. t R 1Py CF st -2¢ d Hien § S 5 QPEES Ot BY2ing plasma,

a plasna CVD process uSing a source gas

| udi at.yl.east ' = ed.:ga [ :
FELE bk, ot SR aE S geprp TR, 5, e secons
K a at ret s fi i ng _
pali HIlg 5Ll _géhqs BESEEOMIN 1B Y Ntep can be

he "pr é- gr owt h™ tredt ment” step an

$8590d fd & npf of ng, éeehgﬁgege.a%u%ﬁéiffoeé Ve e  §QLORE £ilm-
to™p process tine. e

o rQV|de a.{educe n source gases

AR o5 L2880 BAGPE AU By HBERARE SEEp ana che
. b f b ' .

RS P AR L 8 | OLE P AL L I PR o

on ce gases, iC

into the chamber throu 004/ 061891

eirki Oﬁlfégkﬁﬁﬁ HEP@?%%%%g?%r t he hydrogen gas.

Thi's Cﬁ?e elﬁrrg—ngarto%vtthhetrfeeeaq:ment step may be the step of

subjecting the surface of the buffer layer to a hydrogen
plasma treatment. In this case, the second film-forming
step may include forming a polycrystalline silicon layer
serving as the polycrystalline semiconductor layer through
a plasma CVD process using a source gas including at least
a silane-based gas. This pre-growth treatment step can be
performed in the same chamber as that for the second film-
forming step. Thus, the pre-growth treatment step and the
second film-forming step can be successively performed to
provide a reduced process time. When source gases
including a silane-based gas and a hydrogen gas are used in
the second film-forming step, the pre-growth treatment step
may be performed by using the hydrogen gas as one of the

source gases, which is introduced into the chamber through
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for particular nodifications of an apparatus for use

i e | asma CVD process. Alternatively, the
WSE@E’Q‘M&% treatnent step may be 5 the step &CT/IP2003/016860

subjecting the surface of the buffer layer to an
argon plasma treatnent. Wien alfeil mform ng apparatus
usi ng plasma, such as a plasnma CVD apparatus, is
enployed in the second filmformng step, this
pre-growth treatnent step can be perforned in the

sanpipbaFber e thadrdgentbasl0 Fedendar et fmimity the need
step. Thus, the pre-growth treatnent step and the

seepngdaftionior mpgist epttonsbersuncepphyetys for use in the
performed to provide a reduced process tinme and

forhbes clpchlétatg.crystallization in the
pol ycrystall1ne sem conductor |ayer. 15

Al terngibushytitBeypr ecx opkb-LEeRtAEMr sd @By skep may be
the step of formng a layer including a nunber of

SEhECQRepN YOI WS Sin@NthBe savrhace o@f tie buff&F layer to
| ayer. This pre-gromh treatnent can facilitate :

ChYSh@lgonZ a1 d Ne+08tmeRE YCr Yifiedl 1d n@iﬁﬁﬂtgeﬁﬂﬂgt @bparatus

| ayer Wwithout any plasnma 20 treatnent. Brie

Dgéﬁﬁgpgl%m%f, naw ngs O ban heatdiime gy adyant agegmplioyed
of t W h

resent invention be apparent fromthe

aEﬁO%B%”Eé&%ﬁ#fﬁ%¥%ﬁké¥mkﬁé0§%e§§ Eﬂfsdﬁkébéﬁgwth treatment

description. e acconpanhyi ng draw ngs,

ZASEEORMERS CUIPBURUOLIC N Labo BRI e or e
n@%égnd film-forming step. Thus, the pre-growth treatment
step and the second film-forming step can be successively
performed to provide a reduced'process ftime and further
facilitate crystallization in the polycrystalline
semiconductor layer.

Alternatively, the pre-growth treatment step may be
the step of forming a layer including a number of silicon
nanocrystals, on the surface of the buffer layer. This
pre-growth treatment can fécilitate crystallization in the

polycryStalline semiconductor layer without any plasma

treatment.

Brief Description of Drawings
Other features and advantages of the present invention
will be apparent from the accompanying drawings and from

the detailed description. In the accompanying drawings,
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Fig. 1 is a partially broken perspective view of an

l.ectron source (field em ssion-type el ectron
w fis iy

: P%%Vﬁ%ﬂ%&/om&so
ng to one enbodi nent of the present
invention. Fig. 2 is a schematic fragnmentary enl arged
sectional view of the electrd®source in Fig. 1. Fig.
3 is an explanatory diagram of the operation of the
el ectron source in Fig. 1. 10 Fig. 4 is a schematic
fragmentary bl ock diagram of an inmage display unit

eSR@nt NBoRpBALREE SOHT Celdmety. dve Mefirfed sbgn the same
expl anatory diagram of a driving nethod for the

oS EIr=R} S Qe 1N ol Gharks.Figs. 6A to 6D are
schematic sectional views showing 15 internediate and

final gyroduct $¢i iy 3 PFOATLY OBrBRERObd Vspeaied evlevnof an
source according to the present invention. Fig. 7 is

ﬁléQHyéﬂuuégd%é@agiﬁﬂéP& t BRigReba-tgdeof eldrtron source)
el'ectron source according to the present invention.

FicQ:or%iirxﬁ q JTARD SOVU RN &f 6ald OPresesei Diverfion.
éﬁaracter stic of an electron source according to the

present; J nvention, FiQen{S 2rauRRhtIRQM &l ffyed ‘sectional

el ectroir 'enisSion characteristi¢ of an el ectron

LSSk A Veou ampl e 25 £ 0. 10A T 2

ram show ng a 1 um nescence pattern WO 2004/ 061891

PCT/ ‘]PE%??OS/ 01686Q, ;élxc%’far?a@éﬂ;’l 8Yalphl WY NthéNoperation of

el ect ror’ source as nparative exanpl e.
the electron source in Fig. 1.

Fig. 4 is a schematic fragmentary block diagram of an
image display unit using the electron source in Fig. 1.

Fig. 5 is an explanatory diagram of a driving method
for the electron source in Fig. 1.

Figs. 6A to 6D are schematic sectional views showing
intermediate and final products in a production method for
an electron source according to the present invention.

Fig. 7 is an explanatory diagram of the operation of
an electron source according to the present invention.

Fig. 8 is a graph showing an electron emission
characteristic of an electron source according to the
present invention.

Fig. 9 is a graph showing an electron emission
characteristic of an electron source as a comparative
examble.

Fig. 10A is a diagram showing a luminescence pattern



10

15

20

25

Fig. 10B is a diagram show ng a | um nescence pattern

f 3i lay unit using an el ectron source accordin
whbofu iR

present invention. Fig. 11 is a gr aﬂWT/‘IPZ 3/016860
showi ng an el ectron em ssion characteristic of
anot her el ectron source accordihg to the present
invention. Fig. 12 is a graph show ng an el ectron
em ssion 10 characteristic of another el ectron source
as a conparative exanple. Fig. 13 is a graph show ng
MY & eftdinenisst asimharacébecston sdustel dsanotbmparative
el ectron source according to the present invention.

Ixdnhe 14 is a graph showing an, electron em ssion
characteristic of still another electron source as a

conpargid vergganpl & d&dgrd khoaingXpl anahDi¢ysckrge apattern
of a production nethod for an el ectron source

aceof U110, LS Presenyd arfOel8¥eRbhoBouktl. adbokdifg to the
expl anat ory di agram of a production nethod for an

d 4PN S€iokor the purpose of conparison. Fig.
I's an Eéiﬁan%tory di agram of the operation of 25 a

convengj onal; £l ect ron ge. WA Q818Qiectron emission
oot SPEE; dreses | 30 B ore aggéxplanatory

ﬁéﬁ%é%%é%ié@fcoegrQBBQBleef@ﬁ%ﬂHﬂ SOWVENt L OBGFding to the

fon source.
present invention.

Fig. 12 is a graph showing an electron emission
characteristic of another electron source as a comparative
example.

Fig. 13 is a graph showing an electron emission
characteristic of still another electron source according
to the present invention.

Fig. 14 is a graph showing an. electron emission
characteristic of still another electroﬁ source as a
comparative example.

Fig. 15 is an explanatory diagram of a production
method for an electron source according to the present
invention.

Fig. 16 is an explanatory diagram of a production
method for an electron source, for the purpose of
comparison.

Fig. 17 is an explanatory diagram of the operation of

a conventional electron source.
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Figs. 19A to 19D are schematic sectional views shomﬁng

W@g{p %gfsg' ate and final products in a production_met

od
conventional electron source. Fig. 26CTQP§my“M&m

schemati c perspective view showi ng a display using
the electron source in Fig. 1722Fig. 21 is a schematic
perspective view showi ng the electron source of the
display in Fig. 20. 10 Best Mdde for Carrying Qut the
I nvention This application is based upon and cl ai ns
t he bemefi t18 of s pahoekbyahadoriyhel ipigram teparieseoperation of
Pat ent Application No. 2002-381944 filed in Japan,

they e It it isa Ofe Wit €hon 150wt €e | Ncor por at ed
herein by reference. Wth reference to the

acconpafyd N s ayd NOSD  a LATDOEh 8RAt Sc Ofet hEoRaESENEWs showing
invention will now be specifically described. As

show-idufite dndarighechremueeyw G (f iptsbu@Pion method for
em ssion-type el ectron source) 10 according to the

RO SRR 1 de] U@Péc’é‘fbﬁn%'{lﬁ&éve substrate 11
conposed of a glass substrate having an insulation

perforppace @ ;pl W alddnenit 1owBers @etaeees\rﬂ@w showing a
arrandgggln parélle \ztkl egbhmgtﬁeF on the side of J

WL S@?%{?e&%ﬁiﬂgttﬁ% etroh Lbarea iAsphatiye,

|ty of “surface el ectrodes WO

2004/0@%&,_ ECILQPQO%%HEH¥%%E ?érzpééﬁﬁgge¢ﬂéw showing the
Wi t Y

paral | e each other 1n a plane parallel to the

FEpoLesUET 856 0L LRerhosyhabhue sHbghkat gpll to

Best Mode for Carrying Out the InVentioﬁ

Tﬁis application is based upon and claims the benefit
of priority from the prior UJapanese Patent Application No.
2002-381944 filed in Japan, the entire contents of which
are incorporated herein by reference.

With reference to the accompanying drawings,
embodiments of the present invention will now be
specifically described.

As shown in Fig. 1, an electron source (field
emission-type electron source) 10 according to the
embodiment includes an insulative substrate 11 composed of
a glass substrate having an insulation performance, a
plurality of lower electrodes 12 arranged in parailel with
each other on the side of one main (front surface) of the

insulative substrate 11, a plurality of surface electrodes
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extend in a direction orthogonal to the | ower
and an electron transit sectian

I s 12,
Wszg@‘?ogg%?on the side of the 5 front surface off GIE2003/016860

|nsulative substrate 11. The electron transit section
includes a plurality of buffer :2&yer 14 conposed of

an non-doped anor phous silicon | ayer and each .forned

to be superinposed on the corresponding | ower

el ectrode 12, a plurality of polycrystalline silicon

| dyersangeg eacmdhammﬂitwntm sapier bipesednod hene parallel
corresponding buffer layer 14, a plurality of drift

| &gerthq sfrong- fswtfacdridt kthgers)s@ £oche f eiMREt®e 11 to
be superinposed on the corresponding polycrystalline

sekicend Lnyerd3reandoa opkthbabonky @b itel q@wgi|ém@afiodes 12,
16. The isolating layers 16 15 are disposed to fill 1in

t bedr espetecteospacenshet week ibhe pradiidedNiondtfd side of the
| ayers 6, between the adjacent polycrystalline

stronbnshayecs 3fatHebehwaenttie adphasedt-o ﬁqn deped e1ectron
anor phous silicon layers forned as the buffe | ayer

ldrafath cfedtlied sohati;ngs! %/ebiu%gl'l% Co&f’"%%‘%f%f Nayer 14
20 non-doped pol ycrystalline silicon gyer forme

t ogepbesd wirt ar %M&ﬁé&%ﬁb&?ﬂ%ﬁ' 'éfl%érf‘%léég% 2085 each

a non-doped anorphous silicon layer forne

wEbhmédie bof fios  LayeriddosZhe b H‘Ne'i:h%l eg&&%@gﬁ&%ﬁ@; lower

formed by patterning a 5 single-Ilayer

& 9
T SRRb35  bleohe 45 R0 OF ORI UM 2 sgn 1avers

g!; g@laﬁl’g! g’fg;tmfe&ietr greaa}f)ie\r/e?%é]éfﬂﬁégé&i r?o%oun%o%%egpondlng
buffer layer 14, a plurality of drift layers (strong-field
drift layers) 6 each formed to be superimposed on the
corresponding polycrystalline silicon layer 3, and a
plurality of isolating layers 16. The isolating layers 16
are disposed to fill in the respective spaces between the
adjacent drift layers 6, between- the adjacent
polycrystalline silicon layers 3 and between the adjacent
non-doped amorphous silicon layers formed as the buffer
layer 14. Each of the isolating layers 16 is composed of a
non-doped polycrystalline silicon layer formed together
with the polycrystalline silicon layer 3 and a non-doped
amorphous silicon layer formed together wifh the buffer
layer 14.

The lower electrodes 12 are formed by patterning a

single-layer thin film made of metal (e.g. metal, such as W,
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the | ower el ectrodes 12 may be fornmed by patterning a
multi-layer thin filmnmde of netal. Each of the | ower
WO 200494188 des 12 has a thickness of about 250 tRETABRG003/016860

nm The surface electrodes 7 are nade of a materia

(e:g. gold) having a small workafunction. However,

the material of the surface electrodes 7 is not

limted to gold. Each of the surface el ectrodes 7 nay

be either one of single 10 layer and nulti-|ayer

stMayct gg s .Tifherd Ni ggpegﬁ,ofcﬁ,heAuSl&f asg, e%g%gecﬁe&eof’ or
may be set at any suitable value, for exanple about

1Qiritoe rhfe tim 1 Wi 6BmabLAYs selcactdonsframpthe  dXifd oy
| ayer 6 to tunnel ? erethFough. Ea%ﬁ&g?gFEZ'log%%{érnatlvely'

elterd r 0deerl 2. 28dttBgesuUrfACE &l epLr oPc?f‘m% i ‘cf:)lj oé%‘é?rning a

ina 15 strip shape. Each of the surface ectr odes

| st da y SPPEESH tﬂlﬁrhefhé&’é\’%fe'ﬁ%éf’f’es Elagcgbgélf?é:%fe lower

the | ower = el ectrodes 12 has | ongi ihal ly

thesirace dattroust PRECY o iy e
| ' | 27._ As .
i th nat B O ar e St e salbcBalet oL 9 pdBemiad (oo

with the convention ectron sou

i A Inengt ECLLER SOHEETAAD AHAANT Y naterian

t hi s enbodi nent, | ayer

R U roee b el SRRRRL A" G MR PO TERY BpoBord.  macn

Cross pol nt ween t

aangt Tatgart) RIS BeRePoorP 1 HeeR  Becopt single-

L8 ye oS WA 1y L PREEREEY® SUBRL VS Aie Mot the
surface electrode 7 may be set at any suitable value, for
eXample about 10 to 15 nm, which allows electrons from the
drift layer 6 to tunnel therethrough. Each of the lower
electrodes 12 and the surface electrodes 7 is formed in a
strip shape. Each of the surface electrodes 7 is partly
opposed to the lower electrodes 12. Each of the lower
electrodes 12 has longitudinally opposite ends each of
which 1is formed with a pad 28. Each of the surface
electrodes 7 has longitudinally opposite ends each of which
is formed with a pad 27.

As with the conventional electron source 10"
illustrated in Fig. 20, in the electron source 10 according
to this embodiment, the drift layers 6 are partly
sandwiched by the respective regions corresponding to the

cross points between the plurality of lower electrodes 12
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plurality of the surface el ectrodes 7 arranged in
rallel wth each other to extend in a direction

‘NQFWH@ B4 to the 5 longitudinal direction of PCR&P2003/016860

| oner el ectrodes 12. Thus, it -can be designed to
appropriately select a target pgr of the surface
el ectrode 7 and the |lower electrode 12 and apply a
certain voltage between the selected pair so as to
act a strong electric field on the region

carrengeddiing pordlléhewsEBSSeeh NbtheWesN the side of the
sel ected pair of the surface electrode 7 and the

| overit el et foske X t enal | Qﬂlsﬁh.ﬁ%&ﬂr%nssu%gtpgtémii €d and the
fromthe region. That is, a plurality o el ectron

sl Ll et enBht %héo%u%éf%*&ec@m@ﬁo&g t’ﬂe PUELed ip parallel

el ectrode 12, the buffer |ayer e pol ycrysta

Ipish| £86A bawer 3o Whedu fitn léf‘yg{récf‘fgntgftﬁgégﬁgf to the

el ectrode 7 are forned, respectlve at the cro

pmr%:ﬁtu@iné‘l 'TBE'?:bEtﬁbﬁt tJ£C e&h&°5‘:§%§d ?h cIttiL%desl ]t2 Thus,

plurality of surface electrodes and e plura

of t | oyerpel g6t 1 gdes eﬁpﬂ?&éflgkgggrggiegén be, gt pair of

emtted fromany desir ron source ol efed

10%e by ARl n@lécE? Lai Vgh%iag?héo 108, electrode 12 and

correspondi ng pair o the surtacé el ectrode

| QYT §|€EEEQgﬁ %él;ggé ng%eéﬁﬁ¥ﬂé %%ﬁg&xP?hr so as to

surface ectrode not- necessaril

e I 2 BRI N

orned to~cov onl

g s SRS 200010 SCSH PRAT SO e surface

Q%qleé:cf’{locg@ Zé?%ﬁaﬁéngzl re?[ocwgr a?l?ﬁégggéorhor‘gohogffow e?ectrons |

ongl i on o
to be emitted from the region. That is, a plurality of

electron source elements 10a each composed of the lower

‘electrode 12, the buffer layer 14, the polycrystalline

silicon layer 3, the drift - layer. 6 and the surface
electrode 7 are formed, respectively, at the cross points
of a matrix (lattice) composed of the plurality of surface
electrodes 7 and the plurality of lower electrodes 12.
Thus, electrons can be emitted from any desired electron
source element 10a by applying a certain voltage to the
corresponding pair of the surface electrode 7 and the lower
electrode 12. For this reason, each of the surface
electrodes 7 is not necéssarily formed in a strip shape.
For example, the surface electrodes may be formed to cover

only the regions corresponding to the electron source
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| oner el ectrodes 12 nmay be electrically connected wth

W?)ach ot her by a bus el ectrode having a | ow

0P8 e, 5 The drift layers 6 are formed t HRCIHER003/016860

after-nmentioned nanocrystallization and oxi dation

processes. As shown in Fig. 2,2@ach of the drift

| ayers 6 includes a plurality of col umar

pol ycrystalline silicon grains (sem conductor

crystals) 51 extending in parallel with each other

f bAMEeRES 18 08) dengf thite funficeseiacerade t NeakewBed along a
el ectrode 12 and each having a surface fornmed with a

t 4 nestiprowrdhiogeonill mo 5eheaddnaituwdien l1ofdirection of the
nanonet er-order silicon nanocrystals (sem conductor

nbpder ystartyodasr 23i dapgbbetileebrt beldkachane?t e@@ith each
each having a surface forned with a silicon oxide 15
fothetibgubkabiusgelettyold hhivthghaslawt hbgkBess deess

than the grain size of the sem conductor nanocrystal.

Each ofhet Heigtailayek extmrslsfadmed theothhCk#eeS-mentioned
direction of the Ilower electrodes 12 (or extends

ahamgct petabhl tkaessn dindeds dhtfor herbBsy5ati Ve as shown in
substrate 11). 20 Each of the el ectron source el enents

Ibeg i n2f heachestfodhrerriifs apgferd & ttheMibes! SCHRARS1ity of
for exanple, according to the follow ng process. As

stolumhdr Fi golFcrgstaohtaet orsialiedy oder2dnts fiskeit conductor
arranged at a position opposed to the surface

etegstolle) 751 Thetepacegf o nBdrad1 bet yee S e
el ectrode 7 and the co Iec?%rrelectrodeﬂvkgggo%?%%%ngom the

RETd e PA@03/HH 6866nt 2 &ddrdce KBt thi VAGHUM IR rRd12 and
voltage is applied froma driveling power supply Va
ladieiveeing he Swrface £6HrEE0HELN a thin silicon oxide film
52, and a number of nanometer-order silicon nanocrystals
(semiconductor nanocrystals) 63 residing between the grains
51 and each having-a surface formed with a silicon oxide
film (insulating film) 64 which has a thickness less than
the grain' size of the semiconductor nanocrystal. Each of
the grains 51 extends along the thickness direction of the
lower electrodes 12 (or extends along the thickness
direction of the insulative substrate 11).

Each of the electron source elements 10a in this
embodiment is operable to emit electrons, for example,
according to the following process. As shown in Fig. 3, a
collector electrode 21 is first arranged at a position

opposed to the surface electrode 7. The space formed

between the surface electrode 7 and the collector electrode
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7 and the |l ower electrode 12 in such a manner that the

| ectrode 7 has a higher potential th
W(Z ?60{4@‘@&9@ ! ?gT}BEﬁv'bs/omsso

| oner el ectrode 12. Sinultaneously,
voltage Vc is applied between the collector el ectrode
21 and the surface electrode 27n such a manner that
the collector electrode 21 has a higher potentia
than that of the surface electrode 7. The DC vol tage
VES can be set at an 10 appropriate value to allow
tcifoksptnjiecveduiimem Then,| ewdC ebddttigedd slapbitied from a

the drift layer 6 to drift around the drift |ayer 6

afAuiveabhngupover tshppugh Mshet s Livé ween et Ret sQd€ade Electrode
above el ectron enmission in the electron source 15

el emmydt tlda Wowed beleatisedebdsedinn suirt f 8l h@inRE that the
nmodel . A driving voltage is applied fromthe driving

powefacsuppeyt¥adeo7bbtweanht bhesupbteatakecthadetfat of the
and the lower electrode 2 to provide a higher

pboeati &lleatrdue suzfacesimbetinedesyy, Thr obghvohitsge ve is
operation, electrons e- are 20 injected fromthe | owner

edppl iedebéPweaho thee adililfdciayesl dutrdd€ctii gndii €h8 surface
concurrently applied to the drift layer 6 nostly acts

onl¢dersdéi Coinoxduten fal iBnBédr HHiE dHe cSi@é&f@PSeQectrode
injected into the drift layer 6 is accelerated by t

s2torigael est rhtghéel dpaeehBgadn thansi khgen e>f' d%hé5 surface
films 64. After drifting in the direction of the

asXevsrode W 2004/106 8% PGHIHZRO3APO86Qn 28Fi Get3. 2t an
the el ectrons e- tunnel through the surface electrode
la@puebp et ¢ Urvadife | R0 Bheowacsuarepess: MIditkd from the
lower electrode 12 into the drift layer 6 to drift around
the drift layer 6 and then run out through the surface
electrode 7. |

The above electron emission in the electron source
element 10a would be caused based on the following model.

A driving voltage is applied from the driving power
supply Va to between the surface electrode 7 and the lower
electrode 2 to provide a higher potential to the surface
electrode 7. Through this operation, electrons e~ are
injected from the lower electrode 12 into the drift layer 6.
Electric field concurrently applied to the drift layer 6
mostly acts on the silicon oxide films 64. Thus, the
electrons e injected into the drift layer 6 is accelerated
by the strong electric field acting on the silicon oxide

films 64. After drifting in the direction of the arrows in
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the drift layer, the electrons e- injected fromthe
el ectrode 12 are al nost never scattered b

| o
Wg%\ﬁ?{{o&]]s% nanocrystals 63. Thus, the el ectrondC Vopa0isotssco

accelerated by the electric field acting on the
silicon oxide filnms 64 can dri28 and run out through
the surface electrode 7. In addition, heat generated
inthe drift layer 6 is released through the grains
51. Thus, the electrons can be emtted 10 w t hout

ofdgr.r edge dhen AR ti@nEherdnermndur i ﬁﬂn:tcﬁﬁgh the surface
el ectron em ssion. The electrons getting through to

t B@echrode Sumhaceneh the &uitf tidwayahd x?&&xﬁ@%%!a‘t%’ ed Within
to be hot electrons. Thus, the el ectrons can réadil

t theeldritfty olger } hehéuréiwr@n%ctéﬂdfnieéﬁ@d r EPofRUtthe lower
into the vacuum space. 15 In the el ectron source

aetecdirnget 012 hl&ee”EQﬁlb@Entnev&g@cfat{@%ee age, o
gl ass substrate avail able from Sai nt - q %‘g {hé silicon

Whiebcirysene sofei gh-eiisai el B GhaSs5 s S
for use in PDP is used as the |nsSI atl\‘T;leS sucfs)‘{ra edllby the

(ghasgrsubstiate) acl:'fﬂnbh'o?l Cefg, 48 2Q, | Eﬁﬂfdgfﬁ'tflﬁ.ms 64 can

substrate 11 has a thernmal expansi on coef

gaeafer dr@nrihiatof $hi-bagh osedkt;% Yarcel e]e%ctrode 7. in

anti-peeling layer 13 co f >& dh<do

paliMetyYshal hich® fdd&oted ay th%'dy lve%gﬁgg rgsereleased

the lower electrode 12 and t I'nsul a

1’&h§:@u8ﬁe‘ﬁﬁgt gtrggngl agt r on.[‘ﬁl.{&';‘nsi':ltii ggﬁéggtﬁégggggg%e emitted

peeling from the [ower ‘el ectrdde

P@{;HB@QO%Qé@@@ane29 Ehea elh%?ﬂﬁg%zgvlﬁ%%e&%pldé;rlng the

according to this enbodl ment _
| 818ctHbh ! eRli%silgHBoe Fhaplay Wl ! etting through to the

front surface of the drift layer 6 are considered to be hot
electrons. Thus, the electrons can readily tunnels through
the éurface electrode 7 and run out into the vacuum space.
In the electron source 10 according to this embodiment,
CS77 (trade name of a glass substrate available from Saint-
Gobain Co.) which is one of high-strain point glass
substrates for use in PDP is used as the insulative
substrate 11 (glass substrate). In this case, the
insulative substrate 11 has a thermal expansion coefficient
greater than that of silicon. Therefore, an anti-peeling
layer 13 composed of a non-doped polycrystalline silicon
layer is interposed between the lower electrode-lZ and the
insulative substrate 11 to prevent the electron transit

section 5 from peeling from the lower electrode 12.
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this case, the electron source 10 is driven by a drive
circuit 30 as shown in Fig. 4. The drive circuit 30 5
100¢0018¥8s an X controller 33 which controls tP&r/JP2003/016860
potential of the surface electrodes 7 belonging to
each of X electrode groups composed of the plurality
of the surface electrodes. 7, a Y controller 34 which
controls the potential of the |ower electrodes 12
bel ongi ng to each of Y el ectrode groups 10 conposed of
the prakabity t e es 12, a, sigpal_, ,
processor 31 Sﬁ?%hgg%kgéfgg gggﬁkgngi#ﬁggg%Fgﬁ§E°dlment is
wdd @ Odfhye sl s f.or _drjwi.ng the el ectron source 10
With a naterilhglggt%r‘u%?lurae,ﬂualn%%ao%?%sjr%g?o‘irl]l%m-wn@]jllt- In
I gna ont |l er; 32 Which issues instructions to the
@%%nltcraglgl'eﬁ@% %ezfﬁcgotnhes?uﬁ(&ﬁtr | &F IR eBorsedrive
drive_sigpnals converted by the signal _ .
ép%)%@i%orwBlfaSAngW e &8nve§tion$heel%ﬂ%n circuit 30
O Q' iJlustrat in Fig. .20, the electron
S L et AL e (30 it R enetrolongne potential of
orrespondence wi.th pixels which are provided in a
t&eas%ugﬁa?%csﬁﬁmo%s( geebﬁﬁ?gé@‘; t® Bachr dfhgedehectrode
Qsition qg osed éo' the el ectron source 10 and
B geS i (BPy PLoF ikt exfcdhe meeface selectrodes
xhi bi,ti ng .colars an : shown in Fig. 5, in
£ h'b& [ q@i I R.. G and B. As sh in Fi 5, i
the? dFfi FOTHTXERE 384 f WR1CHs GRBEAQES t heeebetendrial of the
source 10 acc rdiq? to this enbodi nent, WO 2004/ 061891
IBHET) BARTHPEBB 0L 2 P PRI HYY et pueadl ¢ HrYViee He bt asde groups
voltage Vi _is applied between the surface electrode 7
| 9herths ebtpbadity off t hhe lower electrodes 12, a

signal processor 31 which converts. an input image signal
into drive signals for driving the electron source 10 with
a matrix structure, and a biasing (or driving) signal
controller_32 which issues instructiqns to the X controller
33 and'the Y bontroller 34 in response to.the drive signais
converted by the signal processor 31. As with the
conventional electron source 10" illustrated in Fig. 20,

the electron source elements 10a are formed in one-to-one

- correspondence with pixels which are provided in a glass

faceplate 50 (see Fig. 20) to be arranged at a position

opposed to  the electron source 10 and composed,

- respectively, of fluorescent materials exhibiting colors R,

G and B.
As shown in Fig. 5, in the drive circuit 30 for

driving the electron source 10 according to this embodiment,
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sel ected el ectron source el enent 10a. Subsequently, a

ulsed reverse-bias voltage V2 is appli
“%%ﬁ@ﬂ@ﬂsg the surface el ectrode g and theIo\/ve‘l"cT’-’Pz‘mm316860
el ectrode 12 of the sane el ectron source elenent 10a.
For this purpose, the drive cigouit 30 is provided
with a reverse bias controller 35 which controls the

reverse bias voltage. The reverse bias controller 35
is operable to detect a reverse current 10 flow ng

t hr ciighyIdrepabhoy® £bL04AFQAb SQYI eralelaegeﬂztl 1Qa. apJI‘ between
the reverse bias controller 35 is opérable to contr

t hther eserSecdi asevokbage 7t arke @l 18%?%3%%%5@% 12 of the
surface electrode 7 and the | ower electrode 12 so as

t gedlldod helecerensesbiiaseVotianent o f@l | W g ngeauently, a
desired range (for 15 exanple, to be stabilize

spAcidliesaldEntevabye-p skl RRA Y@ {Bverse, Eirll%@lt between

value at the tinme the drive of the el ectron s

ehereiudfacd Sel dbtidiedy. W rtl'f{ff&?@feeﬁ.gc@rgae 83 of the

to 6D, a production nethod for the electron sou

Wislahebee tieserdbedolebaW.e 1AM 101020 Figs. @ﬁ? g&ggﬁse, the

shows a vertical section corresponding to

t H%l@lee%tlrr‘?ﬁhlsto%ro‘:%.se %ﬂtd%dlggtﬂ gé C{?er%/ot ;J?%sl[nn%ontroller

anti-peeling layers 1574 ‘hon ope STYCrys

si3lsi Gay iy ebnhayh 89 t@leg'f/ EPer L1 K %S%o(ec 100'1’?1@ reverse
P Tt

is first forned on the front sur ace

I ven, VWD 2004/061891
SISBINS 4 e, 10 PR o

?gmsﬁ%OC) . r%ﬁgggaﬁ%ﬁi la?/n’ovl%nv%l%rc 225 LSIRELA U &nent 10a.

Then, the reverse bias controller 35 is operable to control
the reverse bias voltage to be applied between the surface
electrode 7 and the lower electrode 12 so as to aliow the
reverse bias voltage to fall within a desired range (for
example, to be stabilized at a specified current wvalue
defined by a reverse current value atl the time the drive of
the electron source element lOe is initiated).

With reference to Figs. 6A to 6D, a production method
for the electron source will be described below. Each of
Figs. 6A to 6D shows a vertical section corresponding to
only one of the electron source elements 10a.

In order to form the anti-peeling layers 13, a non-
doped polycrystalline silicon layer having a (given
thickness (e.g. 100 nm) is first formed on the front

surface of the insulative substrate 11 having a given
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,order to formthe | ower el ectrodes 12, a netal thin
film(e.g. tungsten film having a given thickness

WO 2004/¢618250 nm) 5 is fornmed on the pol ycryst apdi/ne003/016860
silicon | ayer through a sputtering process. Then, a
photoresi st material is applgfd on the netal thin
filmto forma photoresist |layer thereon. Further, in
order to |l eave the regions of the netal thin film
corresponding to the |l ower electrodes 12, 10 the

hat or esi st | ay I S tterned,using |ithograph
t‘pr‘ﬁgriﬁles?he‘eﬁegraﬁt%i%ﬁ? i ft%rgﬁéﬁltr?e ?%?ng§| P?éﬁéjess at a
silicon |ayer,  are pattered thro g .a.reactive ion _
& En BSSESs E?Wﬁ&rfﬁgrepa ?e?neg ghSPores§§PSPQV€P§lYV in
as,_a mask. Thr h the aboye step, the plurality of: =
OFBREr & cQTBABERI AR, EORFOERHCS B3 P pBFERAN R film
t he net al %hin film and the plurality of _
(&nfi-- BEBPPRED &jdrd PRVERGh & SHssedibiclngss t (®rg 0f250 nm)
.the polycrystalline silicon_|ayers are formed '
16| oﬁ&bﬁmeéiy REr & BoIYFRYSEabpine Artidd qasnolangrt fdrough a
phot oresi st | ayers, an anorphous 20 silicon |ayer
SREVFR§LBIgi PEACERIScknes @& g. 280 ptiaorwtisthg makemial is
buffer layer 14 is formed to cover the whole area on
apRéigfdenofthenaraiiiol etlbhe Siitthate foriv entprrdmesisif layer
the insulative substrate 11 the through a plasma CVD
theseess (Furkheri| M ophilAy diep)eaBabsdguenttyona of the
non-doped 25 polycrystalline silicon |ayer 3
megsani dorduciiorm | apsrespon2dod/ (81 8tie PCovaP2 GO XGRS 12,
32 having a given thickness (e.g. 1.5 pm is formed on
threphbbbfesikiyéryes tiw guditern@dasrsm VD jprtosmssolay . a Then,
gi ven
the metal thin film and the polycrystalline silicon layer

are pattered through a reactive ion etch process using the
patterned photoresist layers as a mask. Through the above
step, the plurality of lower electrodes 12 each composed of
a.. portion of the métal thin film, and the plurality of
anti-peeling layérs 13 each composed of a portion of the
polycrystalline silicon layers are formed (lower-electrode
forming step).

After removing the photoresist layers, an amorphous
silicon layer having a given thi;kness (e.g. 80 nm) serving
as a buffer layer 14 is formed to cover the whole area on
the side of the above one surface or front surface of the 
insulative substrate 11 the through a plasma CVD process
(first film~forming step). Subsequently, a non-doped

polycrystalline silicon layer 3 (semiconductor layer)
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pfocess tenperature (e.g. 4500 (second filmformng

\W§5&5%5w9Through t he above step, an internedia
pro h

uct having the 5 structure illustrated i %8"1_1/'.152.00%/2\16860

can be obtained. After the formation of the non-doped
polycrystalline silicon layer 3% the internediate
product illustrated in Fig. 6Ais subject to a
nanocrystal lizati on process . (nanocrystallization

tqg{. Through this step, a conposite 10 nanocryst al
ﬁ?fy Ngher Fhent ERiFkpefped@ Fasl B nst) Ltonfosied on the
g?nqgrystal | ayer") 4 conposed of polycrystalline :

}i%h LAYeadidy &haPREBr @ oblasmantsBD ofrogesssabl a given
(see Fig. 2) and a nunber of silicon nanocrystals 63
(ReRFFTY. temperatuee ntd- 9 n 450 Cegi(emsond Belhefording step) .
the drift 15 layers 6. Consequently, an internedi ate
prHORRIh helye ngbeHe ssepucemr eintdmstdpatedl prodick ¥dring the
can be obtained. The nanocrystallization process is
Pt REge vkl Festtmated ett rBi gt e6prepared bytainédg 55
wt % of hydrofluoric solution and ethanol at a m xing
ratioZftar: the Teen2diont evfredhat evqi-aibgdd polycrystalline
illustrated in Fig. 6Ais imersed in the electrolyte _
whilleceqosilayeni iy t heel datrermietidiodeprdductsad 1astrated in
anode and pl atinum el ectrodes used as cathode on the

Botch siefes b6 tlebpekycryst ald i neasotigotal BYLLtn process
Then, a constant current (e.g. current with a current

2ttt it L iz e ) ep 5. SUTIPLoRGh ek e §He anSdiposite
and WD 2004/ 061891 PCT/ JP2003/ 016860 33 cathode for a

giareciystelperiayky e. (perbirseedids) Wairkerell radi atknNon£irst
the main surface of the polycrystalline silicon

composite nanocrystal layer") 4 composed of polycrystalline
silicon including a mixture of a number of grains 51 (see
Fig. 2) and a number of silicon nanocrystals 63 (see Fig.
2) is formed in the regions to be formed as the drift
layers 6. Consequently, an intermediate product having the
structure illustrated in Fig. 6B can be obtained.

The nanocrystallization process is performed using an
electrolyte prepared by mixing 55 wt% of hydrofluoric
solution and ethanol at a mixing ratio of 1 : 1. The
intermédiate product illustrated in Fig. 6A is immersed in
the electrolyte while positioning the lower electrodes 12
used as anode and platinum electrodes used as cathode on
the both sides of the polycrystalline silicon layer 3.

Then, a constant current (e.qg. 'current with a current

density of 12 mA/cm®) is supplied between the anode and
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layer 3 wwth light froma Iight source conposed of a

‘végﬁ%ﬁgﬂéﬁngsten | anp. Through this step, the first

5 nanocrystal |ayer including the gfGTHE2e)3/016860
and the silicon nanocrystals 63 are forned in each of
the regions of the polycrysta?¥ine silicon |ayer 3
superi nposed on the |ower electrodes 12. After the
conpl etion of the nanocrystallization 10 process, the
internedi ate product illustrated in Fig. 6B is
salihedeedfdp an gkvelat itdmepirsodssl ((asdr atithgsecpads) while
formng process) so as to oxidize the first conposite
Qarecipstialg thayeadind sufifecaegie ft Hitse gycnyatakifne silicon
| ayer 6 conposed of a conposite nanocrystal |ayer '
(geei mafiieth refgt efirdm aslifhtsecondecooppoistes of a 500 W
nanocrystal |ayer) having the structure illustrated
tingsten? Lampor nedhirouekchthi st heteegi dise ofirshe composite
pol ycrystalline silicon |layer 3 superinposed on the
heWRYc r8lsactl orkeged 2i n€ndeggentley, graindt 8L madidatiehe silicon
product having the structure. illustrated in Fig. 6C
cah e ehiaifess 20« THermddiaih oBaphoeEssthe pexfionzedf the
using an electrolyte prepared by dissolving 0.04
BT/ crGfs thatiassd U 1 1ébdhatayedi SSobwpdr Sbssaacen ithe lower
et hyl ene glycol (organic solvent). The internedi ate
ReduGtoddd usirated in Fig. 6C is inmersed in the
electrolyte while positioning the | ower 25 el ectrodes

12 usegkasr angde ardmiatdimin ebect no@es nsedcags¥@llization
2004/ 061891 PCT/ JP2003/ 016860 34 cathode on the both

%IQ%Q%, eacd Oftdheedidnd SeoDOst t £110aPPsEYEt 8h Fig. 6B is

I"ayers 4. Then, a constant current (e.qg.
subjected to an oxidation process (insurating-film forming

process) so as to oxidize the first composite nanocrystal
layers'4. Through this step, the drift layer 6 composed of
a composite nanocrystal layer (hereinafter referred to as
"second composite nanocrystal layer) having the structure
illustrated in Fig. 2 is formed in each of the regions of
the polycrystalline silicon layer 3 superimposed on the
lower electfodes 12. Consequently, an intermediate product
having the structure illustrated in Fig. 6C can be obtained.

The oxidation process is performed using an
electrolyté-prépared.bdeiSsolving 0.04 mol/l of pqtéSsium
nitrate (dissolved substance) in efhyléne glycol (organic
solvent). The intefmediate product illustrated in Fig. 6C
is immersed in the electrolyte while positioning the lower

electrodes 12 used as anode and platinum electrodes used as
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current with a current density of 0.1 mdcnR) is

ngﬁlied bet ween t he anode and cat hode until the
wo 0

UY¥d3%et ween the 5 anode and cathode is i ndiCAAEaP3/016860
by 20 V to electrochemically oxidize the first
conposite nanocrystal layers 434Through this step,
the drift layers 6 each conposed of the second
conposite nanocrystal layer including the grains 51
covered, ,respectively, with the silicon oxide filns
52 tanediet hen 18hei bioddn sdesr pEt Alash6p L otkeedirst composite
respectively, with the silicon oxide filmb53 are
fremertbydtalt he agebkycr ¢st al |Then, sial | conskaper Qireerh (e.g.
of the portions filling between the adjacent drift
lApefentd wetives asraentsaaisiiy | aged .16 mA/enlhi &5 supplied
enbodi nent, the region other than the grains 15 51

Putvden ind copdwnand sttt edS il eadke ofoXtmyd ibstween the
conposite nanocrystal layers 4 forned through the

NEHEU Vil dd ZasdeO N Prioeessa s @ Ivydex0 18 forebsbimodrenically
anor phous regi on conposed of anorphous silicon. The

88 Pive EREr £1Pah EBRPEBEALAS n2howrlyBthie 1sieraort. Through
oxide films 52 20 and the silicon nanocrystals 63 with

thei $ibgen exbdarifitl Mayed d ne eagbhotompesddi fdf the second
layers 6 is forned as an anorphous regi on 65 conposed

O o1 DO USarih doh £ D 1 a @ T8¢ 1 yd Dy di E@ dg paDiphBLScovered,
silicon. herw se, the anorphous region 65 can be

f 0L S @5y P0F £ widaPendiengsen i 2bnt Nexceaditings o2 thad the
nanocrystal |l zation process. In this WO 2004/ 061891

3931953903ﬁ£ﬂ£¥¥¥%té¥% Ca3e, c60cFe®f thesdddistvely, with the
conposi te nanocrystal layers 4 has the sanme structure
asi 1 Nadn obx18e BOIRUS3PAIKCHSRId.I Ne In the polycrystalline
silicon layer 3, each of the portions filling between the
adjacent drift layers 6 serves as an isolating layer 16.

In this embodiment, the region other than the grains
51 and the silicon nanocrystals 63 in each of the first
composite nanocrystal layers 4 formed through the
nanocrystallization process includes is formed as an
amorphous region composed of amorphous siliCbn. Thé'region
other than the grains 51 with the silicon oxide films 52
and the silicon nanocrystals 63 with the silicon oxide
films 64 in each of the drift layers~6 isiformed as an
amorphous region 65 composed'.of .amofﬁhous siiicon “or
partially oxidized amorphous silicon. Otherwise, the

amorphous region 65 can be formed as pores, depending on

the conditions of the nanocrystallization process. In this
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silicon | ayer 4' (see Fig. 19). After the formation of
rift layers 6 and the 5 isolating |layers 16, th

he e
W@&P?“ E9L) ectrodes 7 each conposed of a gol d PCA{IR2003/016860

filmis formed through a vapor deposition process.
Through this step, the electron3source 10 illustrated
in Fig. 6D can be obtained. The el ectron source 10
(el ectron source elenents 10a) 10 has the buffer :
| ayer 14 interposed between the drift layer 6 and the

| aweere el ool §Re Thust dehpebs tet hamMS&siANTAFEL 4 has
inthe drift layer 6 can be mnimzed to provide

ertien ceainé nsplrapeuwel fas mthuti B el LT ik AddLbEPPLi$Sa111ne
to the drift layer 6 and reduced variation in

| pidliane lawlred T osrissg ongharacteristic, as

conpared to the conventional electron sources. Mire

speci f iAfaldry, thaccrydheidd ble @@é’v%lr&rﬁduihggps 6 and the .
met hod, the risk of generating defects in t

na aehgpQql tal,| iR Hud d G
fo?dirregmas g?he&%jér%é?t Iayﬂehr%s 6 can be l?é/e urcées%égohaesé(:h composed
c e cogvent i onal, plact rces._havin L
nglfpgel[ﬁ %%@I g:ggrn %,M% % e%:ogweler e}g%@%gealygpgg f{gePOSltlon
Nat lss.cons .t [ gener at in ef ects
i%rltéﬁgsgri ft qgg&g@g 6H(¥§r1sr al%?oe%[ie ?geiheuce %%t%%ws&g;rce 10

e arert i8S . ¢p A erg. Thus, this
et 00 oo or v e Jin 25 arectt o SOUEE navi ng

bN-leans- AT d Al 4 oD | 4/ 061891
L?:%J 3?’%582/681686(?%5%&% ‘g%tir@nvg%ngggur% EREFSEE: &hslents 10a)

apaSOFRRr e A (%?”WE”{ﬂQQ@ﬁOSLSCEE Wea Ut %Sdgf%t layer

addition, this net
© and the lower electrode 12. Thus, defects otherwise

generated in the drift layer 6 can be minimized to provide
enhanced in-plane uniformity in electric filed applied to
the drift layer 6 and reduced wvariation in in-plane
electron emission characteristic, .as compared to the
conventional electron sources. More specifically,
according - to the above production method, the risk of
genérating defects in the non-doped polycrystalline silicon
layer 3 to be formed as the drift layers 6 can be reduced
as compared to the conventional electron sources having no
buffer layer_14 on the lqwer electrode 12. As a natural
conéeQueﬁce,'thé risk‘of-@énéréﬁing defects in the drift
layers 6 can also be reduced to provide enhanced propertiesl
of the drift layers. Thus, this method can provide an

electron source having reduced in-plane variation in
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can provide reduced variation in electron em ssion
ﬁharacteristic of the electron source 10 bet ween

WBABHPoIP5n 5 1ots. The above embodi ment enpl B¢/ IRR03/016860

anor phous | ayer, such as an anorphous silicon |ayer,
serving as the buffer |ayer 1436However, the

anor phous | ayer generally has a higher electrica
resi stance than a pol ycrystal |ayer such as a 10

pol ycrystalline silicon |layer. For this reason, the

eledeatiroal resisdpdice ehathetbelikeicl av®y 1dohSared. to  the
increased as the thickness of the buffer layer 14 is

| rohe@nedonalesslddfigon Nseaaicadat i orni Ny @y 1ie
an electron source. Thus, the thickness f@ﬁi §P$E method

| aper Idrdeidd d@%bh%@dto'@ﬁrIQtQBEr %Pecéié§akbx emission

any adverse affect fromthe electrlc resi stance of

t RBabulherilstyer ok tean e 1RGP 358D s&!
buf fer layer 14 to have a thickness equ t(#%ﬁ EHOduCtlon

t hegsthat of the polycrystalline silicon layer 3 to
be interposed between the buffer layer 20 14 and the

drift bﬁéeﬁﬂévéagibéﬂ¥ﬂaﬂﬂ(:ﬁ??ﬁ@% éhgﬁgk é&%;ggxer, such

referred to as "Exanple 1 escn

bége@no%ﬁdyiﬂﬂd§n§f¥l%3¥2$?&éﬁe %ﬁ£9££§ gt#ﬁﬁh&u%%er layer

el ectron source 10 in

buhfer HRYSFedsd k58 }ﬁcﬂfjﬁ 5 #‘1”%31@.&?{/\555{]5 a higher

surface el ectriodes 7 an

20944061891 REY172004 016860 37 2c;§g$,;%jgela§gfr WS as a

explanation, given th

eb8§9599§§a11§h§0 §§5¥80nre§g§cglvelyFo 2% reason, the

electrical resistance of the buffer layer 14 is increased
as the thickness of the buffer layer 14 is increased,
resulting in degradation in properties of an electron
source. Thus, the thickness of the buffer layer 14 is
desired to be thinner. Specifically, any adverse affect
from the electrical resistance of the buffer layer 14 can
be suppressed by setting the buffer layer 14 to have a
thickness equal to or less than that of the polycrystalline
silicon layer 3 to be interposed between the buffer layer
14 and the drift layer 6.

One specific example (hereinafter referred to as
"Example 1") will be deécribed below based on the eleétrbn
emission characteristic of an electron source 10 in which
the thickness of the buffer layer 14 is 80 nm, and each

number of the surface electrodes 7 and the lower electrodes
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sel ecting el ectrodes X1, X2, X3 and X4, and the four

r ectrodes 12 al so serve, respectively, as
WJ(): gif%(%gs?t P& TIR2003/016860

| ecting 5 electrodes Y1, Y2, Y3 and
shown in Fig. 7. The electron source elenents 10a are
fundanental |y driven under the33anme condition as that
illustrated in Fig. 5 wherein the reverse bias
voltage V1 is 18V, the pulse width HL being 5 ns, the
reverse bias voltage V2 being -10V, and the 10 pul se

wilgt Hs-2f et ng Foms ealiey.oB skplankbeor) egik8A that the four
em ssion characteristic of the electron source 10 as

| svedeicee Elenplkedés FVg.also shwwsd,herekpettefely, as row-
em ssion characteristic of an electron source 10

haeilegtiagofeart doajear 20, as2 PNR3COARAKALI WBdlRhe four lower
exanpl e (hereinafter referred to as "Conparative

Erdeplteodts) 12 mlsodSer@edndebpddta AN, 2N &olafith-selecting
vertical axes represent a driving voltage (bias

velleagepdasd ¥l cuveenty3 dengi twa, r8sPeHIWE! ¥n g, 7.  The
Figs. 8 and 9, each of four kinds of marks (grapﬁé)

halkogrbhgkenreal eeemientishe 020 M theAan@ S 1 NAI GRS under
the current density of the diode current |Ips (see

Fthe Iameancoredtti o 28Uknkitnds QfstmIky 1 95@92:)5, wherein

having | ower values in the vertical axis indica

t bReC e wdisdlensiky Wit eRiySSi QN G T epy, | o
Fig. 3). The line A ekt by the ! efhe! HUINRE width HI

tbeiRf shakactae skiverak bhgsf | £Ct10 Cé _
ol emont o 104 VO 2004, BeT851 RCH 15063, G105e0Y §30V, and the

apsDseawedtW b bHRengokupy- sel ected el ectrodes Y1. The
l'ine B indicated by the mark "~ " shows the

charactegi stg Cshows the electron emission characteristic of
the electron source 10 as Inventive Example 1. Fig. 9
shows the electron emission characteristic of an electron
source 10 having no buffer layer 4, as one comparative
example (hereinafter referred to as "Comparative Example
1"). In Figs. 8 and 9, the horizontal and vertical axes
represent a drivipg voltage (bias voltage) and a current
density, respectively. In Figs. 8 and 9, each of four
kinds of marks (graphs) having higher values in the
vertical axis indicates the current density of the diode
current Ips (see Fig. 3), and each of four kinds of marks
{graphs) hafring lower values in t‘he vertical axis li_ndicates
the current density of the erﬁissioﬁ current Ie .(see Fig. 3).
The 1line A indicated by the mark " O " shows the

characteristic of the four electron source elements 10a
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of fhe four electron source el ements 10a associ at ed
t he colum-sel ected el ectrodes Y2. The line C

Wt h
WW&&%"&P@& by 5 the mark “li" shows the char actP&{E2q08/016860

of the four electron source elenents 10a associ at ed
wth the columm-sel ected electBedes Y3. The line D
i ndi cated by the mark 110" shows the characteristic
of the four electron source elenents 10a associ at ed
wth the columm-sel ected el ectrodes Y4. As seen 10

f rsraadie teahpat thort et wednmn-gele taR 81cEBCodes Y1.  The
thi ckness of the buffer |layer set at 80 nm has no

advietes 8 afd@tdatodithe theVmehar agher 's}tdvfﬁ rifd Inatdbteristic

and 10B show nmeasurenent results of the um nescence

patf ethe ( gbeet rddrecBcIsi SBuehar aQled(dritd €} 081 asB B ated with
fluorescent material |ayer of a faceplate, wherein he

f ateploatl emins- saledteR dlect MRRIL iGN, 0 i -
electron source 10, and the fIuorescgﬁ?§ﬁg?%$igrfhdlcated by

| RS magif orARd AR st BE S %fa%%t%%‘its&ﬁgcf %ﬁ%@%g@%uzi Helectron

opposed to the electron source

| yasuesCeatendat kerip of a%sqﬁ@%\éaﬁ%ﬁgﬂif tﬁéi .ncqofl%%l—selected

el ectron source of Conparative avi ng

bfile@s rbarer Y§4 by Q. anl?l% %of\r?’d#caagtelecf M?ﬁﬁee 218%:}66" Yo' shows’

pattern of a display u using

Ofthel BVERELYE rEX2AR! €1 hRAViAG A I%%.'g%{:;rfo%gosk)a ecge 1%?n€ésnts 10%1

seen fromthe conparison between 1

SRS TS LI L 1% g e
Excon) 12 CRnpRrdseicEebath B85 08 LYo rvckness of
depengsreBri H8yer set at 80 nm has no adverse affect on the
I-V characteristic.

'Figs. 10A and 10B show measurement results of the
luminescence pattern (electron emission characteristic) of
a fluorescent material layer of a faceplate, wherein the
faceplate is arranged at a position opposed to the electron
source 10, and the fluoreséent material layer is formed on
the surface of the faceplate opposed to the electron source
10. Fig. 10A shows the luminescence pattern of é display
unit using‘ the electron source of Comparative Example 1
having no buffer layer 14. Fig. 10B shows the luminescence
pattern of a display‘unit using thé electron source 10 of
Inventive Example 1 having the buffer layer 14. As seen
from the comparison between Figs. 10A and 10B, Inventive

Example 1 having the buffer layer 14 has a lower in-plane
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| evel of the enission current le. Thus, it is proved

wo bdvdlosigbnvent i ve Exanpl e 1 having the buffer 5§¥ﬁfﬂ$?&m&m

has a lower 5 in-plane variation in em ssion curren

le than that of Conparative §§anple 1 having no

buffer |ayer 14. Further, thi's result shows that the

t hi ckness of the buffer layer 14 set at 100 nm can

provi de sufficiently enhanced in-plane uniformty in

el ectron em ssi on characteristic. Thus, the 10,

T A OF PROSBLPFSF Iape: HhAt e PGB it Ee Bxample 1
the  range of 100 to 200 ypm IH t he above production
hastied 39r PRAE eS| d@¥dn Kour céhe PHiishdhesavmsr on the
is used as the filmformng process in the step of

kesrand miyf t HRepePfies PRy SUTEATY it TR £ ot i A BpBoved that
step).. The plasma CVD processis_also used as the film
I5reR g o rietasBlenlt Revergp e Rtiey taeenohd depeda lower
polycrystalline silicon |ayer 3 (second filmformn
Trgpiane THES lafcan t e fERSESHPR SEUORNE | Ie f Bhad ng*fhat of
steps can be performed using a single or comobn '
Gmpmea O abparalasl 2OViAG Mo kidsker atagerthé. Further,
conpletion of the first film formng step, the second

hisnfesudhgshoep thatbthpethbrknasswothsbe bufdscngayer 14

the surface of the buffer layer 14 to the- atnosphere. _
Setusatt HOG i sk glarhaprogide oxifdd cflidnhlyr ebaan¢ed in-plane
| ayer forned between the buffer |ayer 14 and the 25

wol faryst vl Lhnelsidtiroon dmiyasicd cetrebeceéits bt ed Tbus, the

WD 2004/ 061891 PCT/JP2003/ 016860 40 prevent the

‘Bliecknesal ofedihst ancEf exf ldeebaildi és |Eyefefalply set in the

adversely affecting on el ectron em ssion
cdragact£ri®®i to 200 nm.

In the above production method for the electron source,
a plasma CVD process is usedlas the film-forming prdcess in
the step of forming the buffer layer 14 (first film-forming
step). The plasma CVD processis also used as the film-
forming process in the step of forming the non-doped
polycrystalline silicon layer 3_(second film-forming étep).
Thus, both tﬁe first and second film-forming steps can be
performed using a single or common plasma CVD apparatus.

In this case, after the completion of the first film-

formiﬁg step, the second film-forming step can be performed’

without exposing the surface of the buffer layer 14 to the
atmosphere. Thus, the risk of having an oxide film or
barrier layer formed between the buffer layer 14 and the

polycrystalline silicon layer 3 <can be eliminated to
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In addition, the first and second filmform ng steps
successively perfornmed in a common chanber

an be to
Wﬁrza‘%ﬂ“&é”é 5 reduced process time. The procesdCT/JP2003/016860

paraneter of the plasma CVD prgﬁess used in the first
and second filmformng steps cl udes discharge.
power, discharge pressure, the partial pressure ratio

~of source gases, the kind of source gas, the flow 10

vol ume of _sour.ce gas, .and suhstrate tenperature. |
BRE TR0 b e GHtIaE L Ee RTINS 1of) e 4% hF Taver from

formed iin the first filn}ﬁornin step i s an anorphous, .
&AVELSR WayRE feGRINIt IR pEIYEFSTal PRABS S8R rristic.
lLayer. t o be formed in the second filmformng step is
dPnAd9dSEed pdihge YSd Bhfe SEFRY i ot e vy S can be

when the first filmformng step is shifted to the i
SUEERE SHVIEhY oP AT FErBeep 1Th & SOTRQe phaEbercdiP pprovide a
changed froma first condition (e.g. 400 W for

reeRcRs PROARRS &iMeayer 14 to a second condition

(e.g. 1.8 kW for formng the polycrystalline silicon

| ayer Thet PrurespvPasameserplaft e pPg%@B@ 8Y¥Dc st used
to a technique of changing a plural nunber of the

phocdsy pafipet erand Sparpad y fiMmerformdng r stteps includes
filmformng step is shifted to the second

dillsebiaad epwelep, dasghschsr reFssstr ethanpaydial pressure
changed froma first condition (e.g. 6.7 Pa) for

freitionge £ 250ueeb gdzes | afbe Mind afsescomtecogdsti die flow
(e.g. 6.7 Pa) for WD 2004/ 061891 PCT/JP2003/ 016860 41
vorlmimeg @fhespukyger yotsal | #meé subisted Heayeem@etature. In the
sinplify the process as conpared to a techni que of

ebavg rapuzodgimerdt it yhe buffer layer 14 to be formed in the

first film-forming step is an amorphous silicon layer, -and
the polycrystalline semiconductor layer to be formed in the
second film-forming step is a non-doped polycrystalline
silicon layer 3. Thus, when the first film-forming step is
shifted to the second film-forming step, a discharge power
can be changéd from a first condition (e.g. 400 W) for
forming the buffer layer 14 to a second condition (e.g. 1.8
kW) for forming the polycrystalline silicon layer 3 to
provide a simplified process as compared to a technique of
changing a plural number of the process parameters.
Similarly, when the first film-forming step is shifted
to the second film-forming Step, a discharge piessure can
be changed from a first condition (e.g. 6.7 Pa) for forming

the buffer layer 14 to a second condition (e.g. 6.7 Pa) for
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of parameters to provide a sinplified process as

'to a techni que of changing a plural nunber
WOB%F%?%HO When the first  PCTJP2003/016860

cess 5 paraneters.
filmformng step is shifted tg, the second
filmformng step, the partial pressure ratio of a
si |l ane-based gas (e.g. SiH4 gas) to H2 gas which are
source gases can be changed froma first condition

( .S : = ' for _formng.,the buffer |ayer
1ofmind) e pbtuteantrotoR aig carnaierdy £ gfbliey the
f formng the _palycrystalline. silicon |ayer 3 to .
sglr[:rgle £y £ ecﬁfngggggy%é)y ZonpAretdys & t‘é%ﬁﬁ%ﬁg gf plurality
changing a.plurality of.  parangters to provide a
SP%%FF%&EW&%& é%”\% alaeosW]d-fIJteéjgm%%s%f as compared
changi | ural nunber of the process 15 paraneters.

V\E%n%t H:%c%rﬁsquer i9 %Wh@gs?eﬁliuéfaéhmmlf o°ft fBe process
second %i I mforgi ng, st egh the _kind of source gas to H2
gRETAMFERTEr e YBERCERGasEStahibn-Erandag Bleh astishdfted to
cgﬂditi on %e.? conmbi pation of SiH4 gas and N2 gas) )
f5Re FBFARAGTE B~ BAFRERT| 6P 15heoParsdadnBressurei satio of
(e.qg...20 cqnbination of SiH4 gas and Ar gas) for .

f Br RGP 23% yERFst 68 19 ne S3Hsj GRS afer B tgas which are
sinmplify the process as conpared to a techni que of
cRaREFRg 92 SFSurEan tHe orhapgieshefeom o fimali deondition (e.q.
Si nglifi ed process as conpared to a_ techni que of

chafgi AgHeh& proteds prmantpeninpt the dsufifeer dagyed 14 to a
that a plural nunber of the process paraneters WO
2992PDE1892dpETPDPA6069/- 056860 : 42 may be ®anfed heming the
the first filmformng step is shifted to the second
fPPhYEBYRfAglsRepsilicon layer 3 to simplify the process as
compared to a technique of changing a plurality of
parameters to provide a simplified process as compared to a
technique of changing a plural number of the process
parameters. When the first film-forming step is shifted to
the secdnd film-forming step, the kind of source gas to H,
gas which are source gases can be changed from a first
condition (e.g. combination of SiH, gas and N, gas) for
forming the buffer layer 14 to a second condition (e.g.
combinationl of SiHy gas and Ar gas) for forming the
polycrystalline silicon layer 3 to simplify the process as
compared to a technique of changing a plurality of
parameters to provide a simplified process as compared to a

technique of changing the process parameter. It is

understood that a plural number of the process parameters



10

15

20

25

Alternatively, a catalytic CVD process may be used as

Wo@ﬂﬁosﬁhhmform ng process in the first and second fil

m
ormng steps. In this case, when the firsPCT/JP2003/016860

filmformng step is shifted to the second

filmformng step, one of the*2process paraneters

(e.g. the partial pressure ratio or the kind of

source gas) nmay be changed or the plural nunber of

t he process paraneters may be changed. 10 Between the

mpyr Se shargesorivhen | Bheof i A§ Siépsfommindalshap is shifted

production nmethod nay further include a pre-growh
ter theneacosdepidm-Sopeadd fFarhe surface of the buffer
layer 14 to a treatment for facilitating the creation
of aRlterpstavedyel euscatalyiel¢ nfVDabrstage olayt e used as
second film15 form ng step. This nethod can
thacifilmtEoxmimyalprpeedh iim the pblystystral | sreond f£ilm-
silicon | ayer 3 when the, polycrystalline silicon
fompéngi stiepened In tthd ssexsawl fwhen fhwenifigrsst epi 1m-oforming
provide inproved filmaquality, so that the electron
seapsssonhtligrdcter thtei ceanthd fridhi+4idymiig tdiee@0 one of the
el ectron source 10 can be enhanced. As the pre-growh

ptoeatnephrameferishe(siep tie sphpethlngddhieusd faas dfor the
the buffer layer 14 to a plasma treatnment may be

kisddofFepulrer, gddle mae-lge oshhAnyeaabirenihes tieiuad dbiver df
second filmformng step may be perforned using. a

téngkecesscparanctleasmanagVBe THappps@t us (or performed
in a comon-chanber). In this case, WO 2004/ 061891

PCT/ BB2BBA0LERE0F1 r48 thel RIGea@WER L eaLiERy Hidbs, the -

and the second filmform ng step can be successively
alpevé oprRtiudr iyrovindehadr etigedurther include a pre-growth
treatment step of subjecting the surface of the buffer
layer 14 to a treatment for facilitating the creation of a.
crystal nucleus in the initial stage of the second film-
forming step. This method can facilitate crystal growth in
the polycrystalline silicon  layer 3 when the.
polycrystalline silicon layer is formed in the second film-
forming step, to provide improved film quality, so that the
electron emission characteristic and durability of the
electron source 10 can be enhanced. As the pre-growth
treatment step, the step of subjecting the surface of the
buffer layer 14 to a plasma treatment may be used. Further,
the pre—growth.treatment step and the second film~forming.
step may be performed using a single or common plasma CVD -

apparatus (or performed in a common.éhamber).. In this case;



10

15

20

25

\vozahﬂggﬁenS treatnment may be used as the pIaqu:

process tinme. A hydrogen plasma treatnment or an argon

trea In the hydrogen plasma treatnent, TiIFap03/016860
source gases including a silane-based gas and a
hydrogen gas are used in t he 4Second filmformng
step, the pre-growth treatnent. step may be perforned
by using the hydrogen gas as one of the source 10
gases, which is introduced into the chanber through a
tl’kﬁ pRretgrovhl Ry@adgem fystemhradediel sarpate ftlﬁél forming
need for particular nodifications of an apparatus for
stgre FAlt Hee plesesseVBlyr ckessormnededrpaPEgvigdet e reduced
hydrogen plasma treatnent, the 15 argon plasnma
pracegsrentned | ows t he crystallization in the
pol ycrystalline silicon layer 3 to be further
facid i thyedogenl t plasmayelbreatrenst e-gr onweh t pegpientlasma
step may be the step of form ng a layer including a
treatesntof meyl icen useahogs y st splesmohet seafment of the the
buffer layer 14. This 20 pre-grow h treatnent can
hydwidern apéasmpst at¢azeaenon mmadmﬁountycgﬂsasIlneludlng a
silicon |ayer 3 without any plasna treatnent. Figs.
silllarsrbdSed hgast hedag hydrogdrectaonaeai ssednin the second
characteristic of an electron source 10, as anot her

f2n-speming etaml ethhermreraftewth eftergthdrn: astep may be .
"I nventive WO 2004/ 061891 PCT/ JP2003/ 016860 44

péxbrphed 2by prsadieg ethéy hyeiroaren ngas hasproeregdroi hhe source .

treatment. Figs. 12 and 14 show the aging in electron
gEses$sSIwhich is introduced into the chamber through a pipe
for the hydrogen -gas. .This can eliminate the need for
particular fnodifications ‘of an apparatus .-for use in the
plasma CVD process.

As compared to the hydrogen plasma treatment, the
argon plasma .treatment allows thé crystallization in the
polycrystalline silicon layer 3 to be further facilitated.
Alternatively, the pre-growth treatment step may be the
step of forming a layer including a number of silicon
nanolc‘ryStals, on the surface of the buffer layer 14. This
pre-growth treatment can facilitate crystallizétion in the
polycrystalline silicon layer 3 without any plasma

treatment.

Figs. 11 and 13 show the aging in electron emission

characteristic of an electron source 10, as another

specific example (hereinafter referred to as "Inventive



10

15

20

25

characteristic of an electron source. 10, as another -

_ jfic exanple (hereinafter referred to as
WE%@%&F%H ve 5 Exanple 2") produced without Xfy/JP2003/016860

pre-growth treatnent. In Figs. 11 and 12, the
horizontal and vertical axes répfresent a driving
vol tage (bias voltage) and a current density,

rTespectively. In Figs. 11 and 12, each of four kinds

of marks ggraphs) havi ng hi gher current density 10

vEFXGE® e 4'He Rraducell ik iPe dfinfimiate L Heheprangmiwth treatment .
density _of the diode current Ips (see Fig. 3), and

e&d9Sof fléur anki ndé oshewr kshégrapisy havi ngldOn  emission
current density values in the vertical axis indicates

t FBagF@Citent sddssi tof ofan heeleotsshonsoureent 1be ($8€. another
Fig. 3). The line Aindicated by 15 the mark "0" shows

t FPechdisctasanple '(berehpafoar elefeirmem SOUREE "Comparative
el ements 10a associated with the col um-sel ected

eEgompdge "yl prodadeidneriBhiomdi ealye gbriey- otros i e e fEment: .
shows the characteristic of the four electron source

el emenfs TUays.askbcanied2y tthd el sl 588 6drtical axes
el ectrodes Y2. " The 20 line Cindicated by the mark "A"

shepsethptchardeieingt voltelgd heofoer veheahedn SAUMS€ current
el ements 10a associated with the col um-sél ected

eflentibges réspedtEvdine D radirgaied by ahBe 1M keaMy of four
shows the characteristic of the four electron source

ekingat sofOamasBoCi aFeabivé t h et 1xp! w8l ectgd e densit
el ectrodes Y4. WO 2004/ 061891 PCT/JPZOSJSI 016860 i’éi‘Sl §onsItyY

Fragsueds iandHet, véheiboli arikali rdiich e @88NESr Rent . density
| apsed tine fromthe initiation of driving 1 n case of

of the diode current Ips (see Fig._3), and each of four
kinds of marks (graphs) having lower current density values
in the vertical axis indicates the current density of the
emission current Ie (see Fig. 3). The line A indicated by
the mark "O" shows the characteristic of the four electron
source elements 10a associated with the column-selected
electrodes Yl. The line B indicated by the mark "[1" shows
the characteristic of the four electron source elements 10a
associated with the column-selected electrodeé Y2, The
line C indicated by the mark "A" shows the characteristic
of the four electron source elements 10a associated with
the column-selected electrodes Y3. The line D indicated by
the mark "V" shows the characteristic of the four electron
source elements 10a associated with the column-selected

electrodes Y4.
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continuous driving. The vertical axis on the left side'

s a current density, and the vertical axis
WhRBERFRAY °;

ht side represents the el ectron enisgpgﬂP”my““&m
efficiency. In Figs. 13 and 14, the line a shows the
current density of the diode 8&rrent Ips, the line P
showi ng the current density of the em ssion current
e, and line y shows an electron enission efficiency.
The tinme-period of exposure 10 to hydrogen plasna in
the pri; riomst h 13 emtdeld, widee 4bordizpnted. oxher represents a
conditions of the pre-growth treatnent were a
sldrsdedit ¢imenpéranurthef iadddatdod sofiargeipirgsiine chse of
1.3 Pa, and a discharge power of 2 kW As seen from
tdwn cionpaus sdribéhygeen FThgs.vebitiarml 128xisld nibkat ideft side
Exanpl e 2 subjected to the pre-growh treatnment is
nisEresmnses curtedtcanadteri snidc thenheanceicaln axis on the
em ssion current le) than that of Conparative Exanple

Zrignub] ecd@dr dpr et €- giove hed teoh nemi ssfsnsegfiitiency. In
the conparison between Figs. 13 and 14, Inventive

Exage) €12 3Bdsubj,ectiedl Lonkhex psieows ovhk iratemntddasity of
nore enhanced in emssion current |le and el ectron

eSS f cakeasy they, thase laheCoppastadvmey Exawrpl eurrent
2 subjected to no pre-growh -treatnent. In the above

eddosi FpNbs R aghispeshi naidrster T8, 2nd NLefPogethows an
betmeen the | ower electrode 12 and the WD 2004/ 061891

ROILIPROR3LR18866n e4FikhsH i versaubsinat ge Alod THES exposure
the risk of causing the peeling of |ayers conposed of

Ofo t M RE- TS 13%aNein the pre-growth treatment was 40
minutes. Other conditions of the pre-growth treatment were
a substrate temperature of 400°C, a discharge pressure of
1.3 Pa, and a discharge power of 2 kW.

As seen from the comparison between Figs. 11 and 12,
Inventive Example 2 subjected to the pre-growth treatment
is more enhanced ' in I-V characteristic (enhanced in
emission current Ie) than that of Comparative Example 2
subjected to no pre-growth treatment. As seen from the
comparison between Figs. 13 and 14, Inventive Example 2
subjected to the pre-growth treatment has more enhanced in
emission current Ie and electton emission efficiency than
those of Comparative Example 2 subjected to no pre-growth
treatment.

In the above embodiment, the anti-peeling layer is

interposed between the lower electrode 12 and the
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electron transnit section 5 during production process
f | ectron source 10 can be reduced as
w?oz 0?4?1(@%?? convent i ‘f‘ﬁfﬁgé@gmmsm

onal electron sources to fac
i nprovenent in process yield, and reduction in
production cost and cost of t fe® el ectron source 10.
In addition, even in the electron source as a
product, the electron transit section 5 can be
prevented frompeeling fromthe | ower electrode 12 to
16Tslpéd ¥ eentidheeretel 1dbi | | Thusvhephe glisks of causing the
substrate having a thermal expansion coefficient
cP&§dingo Phatlavfersi [doapeseianofha®rofta Meghfstmadn as the
point glass substrate is used as the insulative
s§decrape 1uransmltansecpéeni fy duyéng maodiectoiin t pdocess of
15 When a gl ass substrate used as the insulative
stbst redectpn ssoieaced 10r ¢an Hee skdduckdt hes soofpaeed to the
opposite to-the front surface, or the back surface, of
t RENVPRSLPAALy € legisomtsuncasiiy fabgatenteo impreveament in
desired substrate tenperature, the |ower el ectrodes
1prareshexiedd20aby refinatédnr aps pewiductd o @vdthend cost of
heater. Thus, when the insulative substrate 11 is '
h&heedlecsmonheosirde Gf0.t helhaadkdi siohaceveRes@ofthe td ectron
a heater in the second filmformng step, the
t eppercat ase aopriddmad, e dttreore Issiroen hawangi 80sebufibgr 5 can be
| ayer is locally varied depending on the pitch of 25

t hzevenkedel Exomodese lihg afrefiowthien Fogerl6eléBtiBis 12 +o
case, WD 2004/061891 PCT/JP2003/016860 47 the regions

whehéevbe ¢mhwencedectebidsiIPtar e amidged atlgldsM Gibstrate
pitch will be insufficiently heated. Thus, the

having a thermal expansion coefficient closer to that of
silicon than that of a high-strain point glass substrate is
used as the insulative substrate 11, the anti-peeling layer
may be omitted.

When a glass substrate used as the insulative
substrate 11 is heated from the side of the surface
opposite to the front surface, or the back surface, of the
insulative substrate by using a heater to have a desired
substrate temperature, the lower electrodes 12 are heated
by infrared rays emitted from the heater. Thus, when the
insulative substrate 11 is heated from the side of the back
surface thereof with a heater in the second film~forming
step, the temperature. of the electron source having no

buffer layer is locally varied depending on the pitch of

the lower electrodes 12, as shown in Fig. 16. 1In this case,
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regions 3a, 3c of the polycrystalline silicon [ayer 3
i d
W%?@Z"“H}”t‘]e | oner el ectrodes 12 are arranged at q%h]\gmo%mm%o

ave a 5 lower filmaquality than that i

region 3a where the I|ower electrodes 12 are arranged
at a narrow pitch. In Fig. 16,47he respective arrows
extending fromthe heater 40 in the thickness
direction of the insulative substrate 11
S%Eenatically i ndicate the flows of heat to be
abS6r bEGLERS10ERE (thred oledc e lritsrades Tie asiedeirranged at a
horizontal wi dth of the _arrow nmeans a | arger heat
alfodRt PAtEB aWibibede Hwswfficipothy dfiesteds in THes, the
above enbodi nent, the buffer layer 14 is forned of
afBPpRBESs 38ir| B€oR fwftheh pod veaw s tefl Inateerdidl iscrafalyer 3 where
of absorbing infrared rays. Thus, as 15 shown in Fig.
15hej AovRE plecssodes fl8r mireg atthrarudd et d ayiele PAtdh have a
cover the whole area on the side of the front surface
ofovRE ifidm aghnaditybdteat etidt adamd thenrkeiBhn®a where the
t hereon the non-doped pol ycrystalline silicon |ayer 3
toWer edeabdodest A€ drif briraypees Gt heRrrd& pitch. In Fig.
i nsul ative substrate 20 11 is heated fromthe side of
t he, sthraceesdeuki wurdiaceys eppesdiagt Grdie fiOMeater 40 in
surface thereof by using the heater 40, the
t ehperthickneasst dinddiniomon ofhe thiedei 8§ul H€1§& ONdubstrate 11
surface of the insulative substrate 11 can be -
weherabicallyespditare ahet IFLpad tOf Mot t B8 b@WEbsorbed by
el ectrodes 12 to 25 achi eve enhanced i n-pl ane
Uthé otovey ehetrougualpty vhet hedWD 20044861891width of the
PCT/ JP2003/ 016860 48 pol ycrystalline silicon |ayer 3.
THISOW asegnspar ladgép AeatehReLh®N t30¥ECEpsRWRKCH the
buffer layer 14 is forned.only

From this point of view, in the above embodiment, the

buffer layer 14 is.formed of amorphous silicon which is one
of matgrials capablel of absorbing infrared rays. Thus, as
shown in Fig. 15, in the.process of forming the buffer
layer 14 to cover the whole area on the side of the front
surfac-e of - the insulative substrate 11, and then forming
fhereoh the non-doped polycrystalline silicon layer 3 to be
formed as the drift layers 6, when the insulative substrate
11 is heated from the side of the surface (back surface)
opposite to the front surface thereof by using the heater
40, the temperature distribution on the side of the front
surface of the insulative substrate 11 can be uniformed

irrespective of the pattern of the lower electrodes 12 to

~achieve enhanced in-plane uniformity in film quality of the
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in the region where it is superinpoSed on the | ower

w@lzgﬁt/%?&?alz the in-plane variation in qualit CT(/).;Pz(t)Or:];/eom%o

yer 6 can be mnimzed to reduce th
in-plane variation in electron em ssion -
characteristic. In the el ectron?8ource in the abov
enbodi nent, the buffer layer 14 is conposed of an
anor phous | ayer or anorphous silicon |ayer. Thus, the
bu%ﬁgr |'ayer 14 can _be 10 readily formed through a ' ’
cBRMYAFY Stadd 18enisddridiad craYer odluct Tbuspr esesonparfed to an
pl asma CVD process) at a_ relatively | ow tenperature.
WAPEERE 8PIEECe aPeiWhd Ghn thige dtyedi rfentis sformed only
formed by subjecting the non-doped polycrystalline
sitPi c6Re” 15egager Whewea hbnot®yssubér zmpomed pramwesthe lower
and then subjecting the obtai ned nanocrystallized
| gy8Ftredan 12xi ddus odnppdesss, vanbahibon in quality of the
pol ycrystal |l i ne sem conductor |ayer nmay be used as a
sOBsEitt vtavyenr & heapollyer ysitminizel ¢id | eeAutayethd. in-plane
Further, while the insulating filmin the 20 above
cHbbdphdanr LB edapbred efniskéoni lchaen cweirdetfiid.m 64,
and formed through an oxidation process, a nitriding

procesinorthan eksaiton dspgraeocassthay A wsednBsd@ment, the
substitute for the oxidation process. If the nitriding

ppefées | kaysed,l4adls ofotpesed i 6@n &%i dendipRBuS2.layer or

64 25 will be forned as a siliconnnitride film If the

VBnoopis0618911i L6/ 1BZRE3/ 01HAG), +HO ox¥PetridiBE 14 can be
21

process is used, each of the silicon oxide filnmns
cheadlilybefbomadd ahrausit i cOn exibhl{deysedM semiconductor
production process (e.g. plasma CVD process) at a
relatively lo& femperature.

While the drift layer 6 in the above embodiment is
formed by subjecting the non-doped polycrystalline silicon
layer 3 to a nanocrystallization process, and then-
subjecting the obtained nanocrystallized layer to an
oxidation pfocess, another polycrystalline semiconductor
layer may be used as a substitute for the polycrystalline
silicon layer 3. Further, while. the insulating film in the
above embodiment is composed of the silicon oxide film 64,
and formed through an oxidation process, a nitriding
process or an oxynitriding brocess may be used as a
substitute for the oxidation process. If the nitriding
process is used, each of the silicon oxide films 52, 64

will be formed as 'a silicon nitride film. If the
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Wil e the present invention has been described in

' ion wth specific enbodi nents, various 5
wﬁ%ﬂ#‘#i@fl ons and alterations w |l becone appdCdff240y/016860

those skilled in the art. Therefore, it is intended

that the present invention is%bt limted to the

illustrative enbodinments herein, but only by the

appended clainms and their equivalents. 10 Industria
plicability As nmentioned above, the el ectron source _

aBEBRAERGIERT OGRS eRf iHRRM | 6ACEs @f f 86 Rltiron oxide

reduce the in-plain variation in electron em ssion )

chalmet 8Ri sbicwahd ProvrdBedsagnRaféddconl pEhniteyde film.

thereof. Thus, the electron source is suitable to use .

in flahilghttheurreesent atngies¥lion dbaisceBeenr described in

sol i d-vacuum devi ces. LLOYD WSE 50 CLAIMS 1. A

f cehduegtéonon- t ypdtel ectSRACSHLE ce | aApbodingnéa, various

i nsul ative substrate and an 5 el ectron source el enent

fopdédicatihussiaid efitemetionbavé 1df begiothel ppplagenteto those

substrate, said el ectron source elenent having: a

| ekl leBecin otibe aastir f dendlsgta,odét aiml antended that the

strong-field drift layer including polyerystalline

spresentandndespdsed is0 betweénmddied | dwer thleectildtstrative

and said surface electrode, said strong-field drift

| apbpdiments herein, but only by the appended claims and

their equivalents.

Industrial Applicability

As mentioned above, the electron source according to
the present invention is effective to reduce the'in-plain
variation in electron emission characteristic and provide
enhanced reliability thereof. Thus, the electron source is
suitable to use in flat light sources, flat display devices

or solid-vacuum devices.
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all om ng el ectrons to pass therethrough according to

an electric field generated when a certain voltage is
applied to said | ower and surface el ectrodes in such a LLOYD WISE
manner that said surface el ectrode has a higher

potential than that of said | ower 15 el ectrode, said
field em ssion-type el ectron Your ce conprising: a

buffer | ayer provided between said strong-field drift

| ayer and said |ower |ayelGCLAIMS buffer |ayer having

an electrical resistance greater than that of said

pol ycrystalline silicon, and said buffer |ayer being
conposed of a filmwhich is uniformy fornmed over the
whal ea iehPeRisdidRtypedsiebfros 8bdrceUnéladimgadn BauthtRe substrate
insul ative substrate. 2. The field em ssion-type

el ectgonagource according to claim1l, wherein said

buf fer Tayer includes an anorphous |ayer. LLOYD W SE

V0SO85 FGRIRPRRASHES g e Pt B g i

in which a plural, nunber of said electron source
el SHBAtrates salck gJerten 59“%@'@'7"@896?"@% d surface of

said 5 insulative substrate, wherein said insulative
subst adawer eleriiode; a gl ass substrate allowi ng
infrared rays to transmt therethrough, and said
buf f ea suefpee elevttadéeand portion of a filmwhich is
made of a material capable of absorbing infrared rays

10 ang strehgEmRId arift GxasT indleding Patycrystallins sillvensariedisposed
sai d surface of sai i nsul at1ve substrate before the

formapigone0f said strong-field drift layer. 4. The
field emssion-type el ectron source according to 15

g%@h%%bgl‘é"&%% U BUR5EL IR rb A Caili MeoHGaRIA Brift layer

allowing electrons to pass therethrough according to an electric field generated

when a certain voltage is applied to said lower and surface electrodes in such a
manner that said surface electrode has a higher potential than that of said lower
electrode, said field emission-type electron source comprising:

a buffer layer provided between said strong-field drift layer and said
lower layer, said buffer layer having an electrical resistance greater than that of
said polycrystalline silicon, and said buffer layer being composed of a film which
is uniformly formed over the whole area on the side of said surface of said

insulative substrate.

2. The field emission-type electron source according to claim 1, wherein

said buffer layer includes an amorphous layer.
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silicon layer. 5. The field em ssion-type el ectron

weamspeiaccording to claim3, wherein said PCT/IP2003/016860

strong-field drift layer includes 20 anodized porous
polycrystalline silicon. 6. The4field em ssion-type

. electron source according to claimb5, wherein said

strong-field drift layer includes a plurality of

col umar sem conductor crystals each forned 25 al ong
the thickness direction of said | ower el ectrode, and
LLOYD WSE WD 2004/ 061891 PCT/JP2003/016860 52 a

nunberrpf %a@q@ete%ﬁ%ﬁ%{—t@g%ﬁg@@%%gl CJJ%%J:c%ding to

resi di ng between said sem or Crystals, eac

| & G t t i f
For R Rt A AL S PREYR PR R S P8R reen souzce
I . : d i cor ¢ _
ErameE e, g S B 3008 L ReSH e ace of saic
e#ﬂé&i£§i§¥p§u§£€§££8” wBouree according to any one of
clai ns 0 b,

conprléing?re%grning the | ower

el ectrode.on_t i.de of .said 10 surface of sajd

i nsul ative gﬁ sﬁ?g e ﬁﬁPiﬁﬁﬁF?oFﬂFﬁﬁ ﬁeakéﬂ?%§ substrate
I (..on said |lower_electrode before form ng the
§?¥§ﬁ§%9?ef%gﬁ?Fm$ ?%%%r?O8€rﬁPﬁE%%03L8FeEPgSHSPngaFﬁe

field em ssjon.typ eIechoG_ 5 source according to )
claim %?lciohk}?%%ng:?y&rl TRt Po®OT PR RF 1 eplb which
forningethe lower . el.ectrode on the side of said

st £ B80S af dTRhSal Al PP BUbRt P4t ébsorbing infrared rays

and formed to cover the whole area on the side of said
surface of said insulative substrate before the formation

of said strong-field drift layer.

4, The field emission-type electron source according to
claim 3, wherein said amorphous layer includes an amorphous

silicon layer.

5. The field emission-type electron source according to

claim 3, wherein said strong-field drift layer includes

anodized porous polycrystalline silicon.

6. The field emission-type electron source according to
claim 5, wherein said strong-field drift layer includes a
plurality of columnar semiconductor crystals each formed

along the thickness direction of said lower electrode, and

LLOYD WISE
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afirst filmformng step of form ng the buffer |ayer

w@Qomaneide si de of sai.d surface of said insul atﬂC‘“i%IPZOOS/O]GSGO

substrate after said |lower-electrode formng step; a
second filmformng step of fordggng a polycrystalline
sem conductor |ayer on the surface of said buffer

| ayer; 25 a nanocrystallization step of
nanocrystallizing at LLOYD WSE WD 2004/ 061891

PET 0003/ 03886003l 835, AROr L Oh S8 1 n o crystals

pol ycrystal l 1 ne sem conductor Tayér

oronr ATl S ERERS e R T T £ OF HFFBLet opagh of said
e AEo8 LA L 4 SR B et s o
PRSP D, WO RS B THEUTER vt sthar) e grain
st 1erot 1550 Pt AR AL B BrESCES St e et hod

according to claim9, in which a plasna CVD process

is used as a filmform ng process in each of said 15
f'rstzgnd econd filn}forning steps, wherein when said

flrst FiTHErQP nPhigPEPePCiRIshhet Ededd saigsiepondpe electron
film forning step, a discharge power for said plasmm

RRMF DRSSO FEnghEAgRRYf PBA 8Tf FAaEmSoAditei 6n Fomprising:
formng the buffer Jayer to a second condition for

f or ni rﬁoﬁ%n%m%%ys%%wx nelectrode on the side of said

surface of said insulative substrate, and then forming the
buffer layer on said lower electrode before forming the

strong-field drift layer.

8. A method of producing the field emission¥type electron
source according to claim 6, comprising:

a lower-electrode forming step of forming the lower
electrode on the side of said surface.of said insulative
substrate; |

a first film-forming step of forming the buffer layer
on the side of said surfacé of said insulative substrate
after said lower-electrode forming step;

a second film-forming step of forming a
polycrystalline semiconductor layer on the surface of said

buffer layer;

a nanocrystallization step of nanocrystallizing at

LLOYD WISE
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20 semiconductor layer. 11. The nethod according to LLOYD WISE
wg)l %ﬂi}s?smi n which a plasma CVD process is used _as_a
iﬁrn

orm ng process in each of said first art T6BeYR§16860
filmform ng steps, wherein when said 25 first
filmformng step is shifted to®3aid second film LLOYD
W SE WD 2004/061891 PCT/JP2003/016860 54 forming

step, a discharge pressure for said plasma CVD

process is changed froma first condition for form ng

t h&2Shupf BPTEAPBr Of o S31se POAY cvifdialilomef menfigraridurtor layer
the polycrystalline sem conductor layer. 5 12. The
neRRe4IhC cRR digipdir Al RTPCeIF witiocchfarpl asme @éliconductor
process or catalytic CVD process is used as a

f PPRPFEYATAGS prBEess in each of said first and second
filmform ng steps, wherein when said first

filmfePnm Agsstlating-dhilim edfoomidgsaistepecanfi forming the
filmformng step, the partial pressure ratio of
sénpudagabes fhilmai dmpl athe CVBupfacess off cahahyti6f said
CVD process is changed froma first condition for

f semiagndunsopuharockggerlso a second condition for

formng the polycrystalline sem conductor |ayer. 15

13. The nmethod according to claim9, in which a plasma

CVD process or catalytic CVD process is used as a

f 2L m f Bhei mgthpdoeesidimachooklsdind &,i nete P&0h S869Ad second
filmform ng steps, wherein when said first

f ELimf Sormbygstepeps sdi fpedfdtmed after said first film-

forming step without exposing the surface of said buffer

layer to the atmosphere.

10. The method according to claim 9, in which a plasma CVD
process is used as a film-forming process in each of -said
first and second film—formiﬁg steps, wherein when said
first film-forming step is shifted to said second film-
forming step, a discharge power for said plasma CVD process
is changed from a first condition for forming the buffer
layer to a second condition for forming the polycrystaliine

semiconductor layer.

11. The method according to claim 9, in which a plasma CVD
process is used as a film-forming process in each of said
first and second film-forming steps, wherein when said

first film-forming step is shifted to said second film-
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gases for said plasma CVD process or catalytic CVD

- wo 2004698 i S changed froma first condition for/bmosiregeo

the buffer layer to a second. condition for form ng

the polycrystalline sem condgygtor |ayer. 25 LLOYD

W SE WO 2004/061891 PCT/JP2003/ 016860 55 14. The

nmet hod according to claim8 or 9, which includes

between said first and second filmformng steps a

fBERInG OYédp] oAl BERLRALER Obrsubipe! IAg N8 MUTEAe, cvp
of the buffer layer to & treatnent for facilitating
tBeeskeatd Uhah Qg arfEyshalsnug! eus, | DLt il ning
PStage of said é%%ong filrnfﬁgﬁﬁ ﬁgﬁgég%igfs?g#hggkmlng the
pI®thed i ta clal , L0_said pre- growh
treatne%%gg?gpqgg gistiﬁég#ééuﬁ?gé?tgaﬁth%ogurgg%ggnfb the

' - r [ a treatnment. 16. The

S E e

accor SkHi ch said pre-

- growth treatnent step is a step of subjecting the

surface of said buffer layer to a hydrogen plasm

wh in.sai d filmf ' t
151 SR by R0 Soooand ) 0 S0 SR, v

erying as the al yec talline sem conductor |ayer )

PPRFGGn S st o0 U JRERSOTA 1Y 4oSBuREe Sgde 1~ forming
N cluding at hea%t a.%ilane- based gas._ 20 -

rocess 1imn each of said first and secCond film-forming steps,
wherein when said first film-forming step is shifted to
said second film-forming step, the partial pressure ratio
of source gases for said plasma CVD process or catalytic
CVD process is changed from a first condition for forming

the buffer layer to a second condition for forming the

polycrystalline semiconductor layer.

13. The method accdrding to claim 9, in wﬁich a plasma CVD
process or catalytic CVD process is used as a film-forming
process in each of said first and second film-forming steps,
wherein when said first film-forming step is shifted to
said second film-forming step, the kind of source-gases for
said plasma CVD process or catalytic CVD process is changed
from a first condition for forming the buffer layer to a
second  condition for forming the polycrystalline

semiconductor layer.
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wo%’rﬁlpace of said buffer layer to an argon pl &&HHP

17. The nethod according to claim 14, wherein said LLOYD WISE

6 RHPWM h treatnent step is a step of subjecti ntzgoots/r(}le6860

[ laim 14
treatnment. 25 18. The nethod according to c ,
wherein said pre LLOYD WSE W52004/ 061891
PCT/ JP2003/ 016860 56 growth treatment step is a step
of formng a layer including a nunber of silicon

|'s, on the surface of said buffer Iay.er.
’i%’?octr%sét ?nethod according to claim 8 or 9, which includes

between said first and second film-forming steps a pre-
growth treatment step of subjecting the surface of the
buffer layer to a treatment for facilitating the creation
of a crystal nucleus in the initial stage of said second

film-forming step.

15. Thé method according to claim 14, wherein said pre-

~ growth treatment step is a step of subjecting the surface

of said buffer layer to a plasma treatment.

16. The method according to claim 14, in which said pre-
growth treatment step is a step of subjecting the surface
of said buffer layer to a hydrogen plasma t-reatment,
wherein said second film-forming step includes forming a
polycrystalline - silicon ;Layer | serving  as the

polycrystalline semiconductor layer through a plasma CvD

'process using a source gas including at least a silane-

based gas.
17. The method according to claim 14, wherein said pre-
growth treatment step is a step of subjecting the surface

of said buffer layer to an argon plasma treatment.

18. The method according to claim 14, wherein said pre-
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growth treatment ste.p'is' a step of férming a layer
including a number of silicon nanocrystals, on the surface

of said buffer layer.



