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WD 2004/ 061891 PCT/ JP2003/ 016860 1 DESCRI PTI ON FI ELD
EM SSI ON- TYPE ELECTRON SOURCE AND METHOD OF PRCDUCI NG

wabkie4868E1 5 Technical Field The present invenPCDoP2003/016860

relates to a field em ssion-type electron source for
emtting el ectron beans by neaps of the field

em ssi on phenonenon, and a nethod of producing such a
10 field em ssion-type el ectron source. Background Art
As one type of electron devices utilizing

nanocrystal line silicon (5E§5prf@¢Nsilicon
to

nanocrystal), 15 there has here ore been known a
field em ssion-type el ectron source as shown in Figs.
17 and 18 (see, for exanple, Japanese Patent
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substrate 1 as a conductive substrate, a strong-field
drift layer (hereinafter referred to as "drift |ayer"
f.or .hrevity). conmposed of an oxidized porous silicon
Ié%ﬁﬁn%ﬁﬁ}f%ﬁéiﬁion 25 the side of a main surface of

- ilicon r 2004 1891 L
tF,IE:.?./ g%%%%%%g 1r§xyeb1§’gloar} ere ateos0 t/006a 8t91eld emission-type
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 utilizing
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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1, a surface electrode 7 conposed of a netal thin film
(e.g. gold thin film and fornmed on the front surface

w@bootlog1sodri ft [ ayer 6, and an ohm c el ect r odePCr/irR003d 6860

on the back surface of the n-type silicon substrate
1. The conbination 5 of the n-sype 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
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the d ayer 6 to nake up an electron transi
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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 1is first
arranged at a position opposed to the surface electrode 7.
The space formed between the surface electrode 7 and the
collector electrode. 21 1is kept in vacuum. 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
electrode 7 in such a manner that the coll ector

web@sssde 21 has a higher potential than thapPCDIP26832016860

surface electrode 7. The DC voltage Vps can be set at
an 5 appropriate value to allow el ectrons 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

v fhden 17ch8di eahgether floms1af,dde ﬂecghens e surface
emtted through the surface 10 el ectrode 7).
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set in the range of about 10 to 15 nm.

While the lower electrode 12 in the electron source
10" dillustrated in Fig. 17 1is 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 1is defined by
the same reference numeral or code. The electron source
10" 1is operable to emit electrons 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 electrons.
Thus, such electrons can readily tunnels through the

wae moftaest el ectrode 7 and run out into the vaceP@miIP2003/016860

space. Cenerally, in the electron sources 10', 1011, a
current 5 flow ng between the,surface el ectrode 7 and
the lower electrode 12 is terned as "di ode current
I ps", and a current flow ng between the coll ector
electrode 21 and the surface electrode 7 is terned as

S RO e Sitor 26 RS Gy (15 o 15y SPeFT gy Thus:
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at a lowvalue in the rangf%of ahout. 10 to

SHOYEINSh BEEVERE | EDPs FHEFREReFHETHRIDC oﬁpggepﬁﬁ Lower

is set at a hlgher val ue. The e|.ectron sour e 0"

iqlagiiosted lien Efg. ngﬁg 2 p d CULSE Fer and a
by the foll ow ng steps. shown_in 19A, aI
a@me{rdaefhezﬂ%gfb?%ve%r F@a 6RLORECRA ??1‘35?51@ "&nd the
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or any other suitable process Subsequentlg a
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on the front WD 2004/ 061891 PCT/ JP2003/ 016860 5
efficiency [(Ie / Ips) x 100 (%)] in the electron sources

10", 10" is enhanced as the ratio (Ie / 1Ips) of the
emission current Ie to the diode current is increased.
Fach 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. 194, 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. Subsequently, a non-doped

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

wo esoppsmbur e of 400C or nore. Then, as shown i PCTFiRR003/016860

19B, the polycrystalline 5 silicon layer 3 is

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

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

nangnet er- _order silicon .nanocrystals. t

3873M6Hn o6 HE 0I5 CLANGdS 008 paryorLt & 17 fasma CVP
il | 4 | i di zed,th h i d. heat i
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forma drift |ayer 6. Then, as shown in Fig. 19 D, a
serpsea terec 0fodd7 G € #8Ffed on the front surface of

the drift layer 6 through a_,15 vapor depositian .
proced®hedy aP otheWIsuiifabl®e Jor 03&&. ﬁ“%h&ﬂiy{%ysmlllne
Fig. 20, the electron source 10" illustrated in Fig.

e Tiisoms e Yeror3 exanmhedl 589 P eF e fr G VeBoGieRk Tt iy reot to
display. In a display illustrated in Fig. 20, a

fraump zatee B0 s ARfosey B 1d eatsSigi o sitifdd 4l ass o Porous
substrate is set at a position opposed to the elictrgn
sounte vioa 1 e ssilheenoflaviee f Acephalddss opphesgatdty of
the electron source 10" is formed with a collector
eldgtamoe-a (Hare niafieon rgfeiRed #8dag mamkge of nanometer-
el ectrode") 21 conposed of a transparent conductive . )
fitdex esiglidorOHfdnayry sl 95 siHdsR@IFItthe amotkown 10 Fig.
el ectrode 21 opposed to the el ectron WD 2004/ 061891 _
RGT/ IP20Q3e016860us6 polycrystalline silicon layer 4' is
oxidized through a rapid Theating process or an
electrochemical oxidation process to form a drift layer 6.
Then, as shown in Fig. 19 D, a surface electrode 7 1is
formed on the front surface of the drift layer 6 through a
vapor deposition process or any other sultable 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-plate-shaped glass
substrate is set at a position opposed to the electron
source 10". The surface of the faceplate 50 opposed 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
formed in units of pixels, and bl ock stripes made of

whb@alersat er i al and fornmed between the fl uor eBCEM2003/016860

materials. Each of the fluorescent materials applied
onto the surface of the anode 5 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

el ectro oyrce 10" are elgrated hy.a _certai :
ﬁgpgg&eqozp&§ingp&d@ﬁewg%% ﬁi%@fesc g ?f %;%?15 formed in

node el éctro

brought into 10 colli.sigon with t.he fluorescen .
RESS é?é Pixeter f BPth bﬁoc\% g%ﬁrylpeei?erllé? eed&gl EeQ%t"’er(]){n%atematl
The fluorescent materials,used herein_can_exhibit
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respectively. The faceplate 50 i § spaced art f
ffaloxesaendn rederde 1o enRt 8% &ag% &r 3 f‘sfr ?Cﬁ}o‘% anode
shown). The space forned betmeeﬁﬁthe facepl ate ?gnand .
e cdinedter ohl seBPEESE0 tor B Re PHECIEERP ®dtangcan 9itve
kept in vacuum The el ectron source 10" iIIustraL%%

iqutFigy. veeiblaclighs 4R iTRIPUTStQuBLEFLFanE) emitted from
conposed of a glass 20 substrate having an insulgtion

géref or heweeon aspuesl ity of [hfere @dcidibtegnidted from the
arranged in parallel with each other on one surface
fladtedmssdareee 190bsarat actelesagpdr 4% 1§ gertain voltage
pol ycrystalline silicon | ayers 3 each fornmed to be ,
samEriathosed diha heanaste ekl FRES ovekr el ded r deferyghit into
and a 25 plurality of drift l|ayers 6 each conposed of

006 1di izeicbnNOv 20D 4/ 1081 8§ 1 UPCEAFPRE0INTAEEEOLS 7in the form of

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 Dbe
superimposed on the corresponding lower electrode 12, and a

plurality of drift layers 6 each composed of oxidized
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porous polycrystalline silicon layers and each forned
to be superinposed on the correspondi ng

w@odogosasst al | i ne silicon |ayer. The el ectron BOT/IR2003/016860

10" further includes a plurality of isolating |ayers
16 conposed of a 5 polycrystal line silicon |ayer 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

ralit
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0 surface of _.the insulative substrate 11 to extend
*ﬁ?asuﬁiF%¥%|8HGSFFﬁ6§6néI fEreRgeongnt ARl lel with each
direction of the 25 |lower electrodes 12. In this

OritctPonthengréfhadadrss WoaPO04Aesigmilating layers 16 to

PCT/ JP2003/ 016860 8 ) )
extend across the drift 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 section 5 is 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 electrodes 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
transit section 5 conprised only of the drift layers 6

w@ra4/0618e1 i sol ating | ayers 16 w thout any PCT/JP2003/016860

pol ycrystalline silicon |layer 3 interposed between
the drift layer 6 and the lowerg 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

li I I 1 d.i. [
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el ectrode 7 and . the |ower electrode 12 to allow _
reEt | Sneaog"Tnea” ot rla FRERICHe Ve di SH-OFhasoF 5¢sponding
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712% heSPHF iR et t9F of thouelnenbet i velessubstratehel WD and  the

2004/ 061891 PCT/JP2003/016860 9
plurality of the surface electrodes 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 seléect 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
be emtted fromany desired el ectron source el enent

wa@4loy189appl ying a certain voltage to the PCT/JP2003/016860

corresponding pair of the surface electrode 7 and the
| oner electrode 12. The 5 el ectyon source el enents 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 & I j el ectrodes 12
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e T "R et Bt Selhaing w0 ne
polycrystalline silicon layers are oxidized through a
rg%iﬁo%%%?i RECpE 88 essPopP lairaddityc dmi ke n e badigeeden 12 are

process to forma plurality of drift layers 6. WO
6679 iR PCIN I PREOSNGLESE0 0fl R insulative substrate 11.

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 brocess 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 polycrystalline silicon
grains and a number of nanometer-order silicon nanocrystals.
Then, the 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
pol ycrystalline silicon grains each having a surface

wo coomeisomi th a thin silicon oxide film and aPaysit2e03/016860

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

descri bed above, the production process of the

el ectron source 10" illustrated in Fig. 20 conprises
the steps of forning the | ower electrodes 12 on the

f f b 11,
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I.S, in the production process of

| aye t
tHé£%I%c¥}%ﬁco§08F&a 1611WIIustrated in Fig. 20, the
drift rmed base on the polycrystalline
silico “gl%? ”315‘?%? n@gﬁo"& t réel o%@dépgépnoo@rqqeser nof the
th grocess i f some defect, 20 such pinholes, is
BhErhfel QRS the" codrBetartedr nithgFighe 20 Comprlses the

otécr iaglllne silicon layer 3, it will be likely t
cabsks f EOETGRY hEREr | ¥We iy ele b rofess dauses ttHP@ front

in- plane nonuniformty of the electric field applied
t%u¥gécedﬂﬁt thay ersudniivacredsddate pl hne feaniag orhe non-
|n el ectron 25 em ssion characteristic. Consequently,
0P eP| 8P Lysryotaddings 1okl o/ IPRO0I01 68601l 1 hrea of the

front surface of the insulative 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 1is, 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. 1In 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 applied 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
bri ghtness, and shortened durability due to

wa@e@aloersat ed deterioration in a portion of theCHIRA03/016860

| ayers 6 subject to strong field intensity. Further,
due to the defect of the drift jayers 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 h@vRJ18atd O SISO o ¢ 'i'r}&t(f’%fe%i’ dr[‘%egﬁr%ﬁsl%f ¥ htness,

def ect such pinhol es generate uring course
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Di re.of .lnyention In view.of the above probl ens,
iFiggggﬁgséﬁgﬁg gﬁtw@SPeQFOSPCFHanhQ nt i nvention to
providg.an el ectron ourcigggving reduced i n-pl ane

vari at POR- AT ENectbntienf ROBh &GS i 59T ciadustrated in

cgi ar to the ggn enéional 25, el ectron sources, and
t ngr’o e SOREt HOU SF T pPYGhciiRRESS WIepsasateel sduring the

PCT/ JP2003/.016860, 12  an el ectron source.
course of orming the polycrystalline silicon layer 3

causes a defect of the drift layer 6. 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 variation 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,
according the present invention, there is provided an

we@b@aesnl source (field em ssion-type el ect r onPGDIIF2063/016860

which 5 includes an insul ative substrate, and an

el ectron source elenent formed; on 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

diohf b1lkayebh ceppesed of 10 polycrystalline silicon.
The drift layer Is disposed between the | ower and

SUffaC?nel%ﬁk&ﬁde§x>Th§cﬁI%9@g ghgldﬁb§%§g%8pﬁéongg affiect,

all ows el ectrons to pass therethroug

S PRI LA W ane o
L5aEomneh, LA Suntege S oe NS B e ) i
LB Y on gl A 8L Wt <o
OIS R TG b 0E, P s

ted i.n the dri ft | ayer can be
g%??%ﬂ%e&nF%,n %§5§GQ%E¥Q p:éﬁ%lﬁﬁ?%%?ﬁ¥?? §PUrRe element

%gctrlclfleld pplied to the drift layer. Thus, the .

Bl dhel QUFT a6t ihP W ech r ST f@fes st bpctrode, and a drift
garacterlz %C can _be_reduced as conpared to the 25
conveht i onaPTtEPBETFoRLdour c851 WD 2062¥851891 composed of

PCTéJPZOOé gi6860 1 .I'n the el ectron source according
+ R° ng%§ aLpine icon. The drift layer is disposed

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 the 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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invention, the buffer layer may include (or be
conposed of) an anorphous layer. This buffer |ayer

we@anv4loerspreadi ly fornmed at a relatively | ow  PCT/JP2003/016860

tenperature. In particular, if 5 the anorphous | ayer
I's an anorphous silicon |ayer, gt can be forned
t hrough a commonly used sem conduct or production
process. In the electron source according to the
present invention, a plural nunber of the electron

sour cer,el eppat s é-:gtf@ﬁ/ bey {kdred; 00, £ he, 5 d@oo“tﬂé‘e present

front surface o I nsul ati ve substrate? Furthe

Ohﬁéﬂ&%@t '&S”}S%%{Pﬂéﬁt%yé?ﬁnéyci#‘ 8,407 é’f ﬁg@&&&&ised of)

a gl as's strate OW ng rared ays

tarr?namo ret*ﬂégggh Tﬁﬁl@ufﬁﬁkfggvei%? ag]g' HEe reaqily

(or be c nposed a pgrt on o f

bt al Sk el gf’%ea %%fa%#@%h;”s.rﬁéfdﬁﬁf%@arr if

O ErShPRRNE, Tavklr dioal ritEpovs| 530RCBR, dalang 1t can
[on ., source en _the, i nsul ati

BB B RS0 R S B proaction

surface (back surface) opposite to the front surface
%ﬁ§ﬁ1:he drift layer, the tenperature distribution

on th qﬁ%Of the front surface can be, uniforned

irres AR t FHISFE ¢ k?ec‘? ng ol kRt ridife. Present

In addition, as_ conparted to an ectroq:source 25 in

WP S 17 BT AY BUMPRE BAf 8 ISARGTHR 15Rkie elements
| 2004/ 061891 PCT/JP2003/0Q16860 14 in the
%gﬁyoﬁe PEed P8 stper ishiSsett ot hhe fremEr surface of the

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 portion 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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el ectrode, the in-plane variation in properties of the
drift layer can be mnimzed to reduce the in-plane

we 2004a6189N i N el ectron em ssion characteri sti cPCBHJFP003/016860

one specific enbodi mrent of the present invention, the
strong-field drift |layer of thegel 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

%F]Qﬁﬂgu %%ﬁo%ry%kg&é eggh 10 feop Plﬁﬁ@ggdthén the lower

I ckness direction of the | ower el ectrode,

%Lifgo naf&'ﬂget ﬁegigﬁé L conduct ar, g%@@ﬁa@ss of the

resi |ng et ween sem con UCt OI' crystal's and each

P@sl tJhI ness%} o BT it = %'Ié&%él e il plane

ess t hant e graln si‘ze
of he g%ﬂ%rnggllﬁ tﬁ%ﬁﬁ¥? 0%1 yef Eggdl je retgaQQ& ntion,
i< SPEePon eotr ¢ ean §%’12{%¥§t i £5 chifreoroource nay
s e 88 R 2#59%%0?F%%%@%Spoﬁfw%smlm
T o, g n@?f%:%% SRS Sgure: INE ey
side of the front, 25 s ce of the Jnsq%gtlve

shitfstidf & R a-hehY 1 G B GeiEes crystals each

gﬁ(gé@];%g%lscégégﬁgeofg%fﬁ]%;eféggdi? Ce{l(g)l? éP theV\fower electrode,

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 vacuum
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 phenomenon otherwise caused during
electron emission.

The present invention also provides a method of
producing the above electron source. This method includes
forming the lower 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
m nimze occurrence of defects otherw se generated in

wo b@4@eisbt | ayer to enhance 5 the properties pET/IIFP803/016860

drift layer, as conpared to the conventional nethod in
which the drift layer is formegs 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

an. reduce_the variation jn_el XY :
ERESeh or PYETC Potuden pPERECIS B Toree PLrChsy, ToRRing the
present j,nventjan pr.ovides a nethod of producing the
é%ﬁ#%k%@ﬁ% to the above specific

enbodi pent. Thi s pr.oducti thod includes a 1

| ower - ]ébtEﬁﬁﬁh¥§Fﬁ¥hgn§ggﬁggfCFGrﬁ?ﬁal?ﬁéeld%g?urrence of
el ectrode  on the side of the front syrface.of th

GRS vRthSELT? aBEheR o PRt T | TR TOF e g 16vEp G embance
formng the buffer |ayer on the_ side of_the frontd to th
Sirs a@EOBETRES Nl dilt% e Irdfdst taYE af t3F (PEPALE ©
| ower-el ectrode fornming step, a cond 20 filmform ng
SRy S EGaE ngeahes yé?yé’&&lqr} n%gese%ﬁgﬁddﬁy&r | &ferformed
on the surface of the buffer |ayer, a g
riFeRE St 2Py ZBRE o C3e8p BFCRBRBERY st allPiFr ngthe PEkdPd can
a portion of the polycrystallipne senm conductor Igger . .
throvyle aih elREFRhEPrbce kAT HRY ol fi ¢ He~Plane variation in
sem conductor nanocrystals, 25 and an insulating-film
fotedtgont eplasiepr Ahagacheriot2004/ deugadition, the method

PCT/ JP2003/ 016860 16 insulating filmon the surface , .
ofamachreflutke sdmiecondiefbrtion in electron emission

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 forﬁing 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
occurrence of defects otherw se generated in the

w@oelogosgst al | i ne silicon |ayer can be m ni m zePCEIP2003/016860

conpared 5 to the conbi nati onal nethod in which the
polycrystal line sem conductorqigéayer is 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

%@%ﬁ%ﬁg@{g _ﬁqnhechseu:ﬁf]%gg%ccg dhe uf feF iy ededi®onductor

IS ne can prevent a barrier
oL AR oA e | L Lombe e ff Rdioa, e
SeLonductor Laver, bo_ guold delatie A iolotvea  in  the
i el DB aore, PLOGUET on BB 5 comparea
A RN D A S TS
S L second (20,1 A SIEP8 che Tower

CVD process may be changed froma first condition for
feokerHegPd%he buffer layer to a second condition for

form ng the polycrystalline sem conductor ayer. Thi,S .., __
nethod%éaﬁhﬁrnﬁgqﬁﬁtiﬂ%q4W9ﬁ¥¥ﬁnﬁﬁ§ POCeggeZSSﬁgond film
conpared to a conventional nethod in which_ a glu%aait¥ :
V> DAY 06180 1MPETPSPPEFIETESe @ L e ofhgyr btesl [llm-rtorming

paraneters including a discharge power_or
step without exposing the surface of the buffer layer to

the atmosphere. This method can prevent a barrier layer
composed of an oxide film from being formed between the
puffer layer and the polycrystalline semiconductor layer to
avoid 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 process 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 Dbuffer 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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di scharge pressure. In the above production nethod, a
pl asma CVD process or catalytic CVD process nay be

waised/oesorn filmformng 5 process in each of POEIF200E116860

and second filmformng steps. In this case, when the
first filmformng step is shifyted 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

d t
%d: t%ﬁbgf%: z%é’).;gxﬁ’é’&%f‘él i}?c#}tgryst ye&%c?h@r&@c%er or

n1ng the po line
sﬁl kgg . This nmethod can sinplify the
firimtorm process as conpared to a conventiona
met ho pl y: Qf S _pafn ter
inclugzng %%eg%S?F %&%¥g§§ﬁ$%1§%?&2§ora %l%gﬁﬁ dﬁ? process

&Wrggtgﬁﬁ%ic 19$Dp %;J mg§tq9dagssgoﬁgagentf#im—formlng

present nventi on rther i i

f' r c%es@dl secocr}g oE' l mf tng? X $<?% j‘:ajo?m—ﬁétérming steps.

rea nent step of Jec
I t f | it at :

m%%%fs,%@w et fjeﬁis‘g 62 et it b epage ohifted
t.h d f t Thi t hod .
fté%l ee::g{]ee%i gﬁfmg%&ffpf%qﬁl ;%ti‘rr%&%g*{hﬁ?fi%essure ratio
38 GoRductor Sq Ly PSSPOr nESE | FoFhebLetBAd CVD process o
flln}forn1n ste to provide 25 e hanced el ectro

Hap et

R ¢ AR 15y it tomdition for

2004/061891 PCT/ P2003/016860 18 the el ectron
Jrdarg the buffer layer to a second condition for forming

the polycrystalline semiconductor layer. This method can
simplify the film—fofming 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 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 the second film-forming step. This method
can facilitate «crystal growth 1in 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
of subjecting the surface of the buffer layer to a

w@b@gowisot reat ment. When a filmform ng appar aP@EJIP2003/016860

utilizing plasma, 5 such as a plasma CVD apparatus, is
enpl oyed in the second filmfg mng 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
second filmformng step can be successively perfornmed
the ¢ eﬁ%BQPdéonggduced process time. The pre-growh

treatnment step y be the ep..Q j [N h
surfagérgbefhetggfPE?“E&?gihtgrggﬁygggggﬁgbpﬁggwge the step
treatnment. In this casge, the_secaond fi f .00 . Ste
ﬁﬁySWﬁ&%ﬁ?%W@N%h%&F%F{%ﬁ?C?§s$§ﬁl%Wéééﬁiégi?$a5%rglglasma
serving as the polycrystalline sem conductor_.l

treatgrta pWQ@ﬁaaC@é{BF%8§@§ngsFﬁgaga 8ﬁr@51&§éq5g plasma,
including at_least _a silane-based gas. This. .

sehgresmth p}aareehtDsfBRaEa USe Jﬁ%r?@ﬁ%ﬁ%ﬁ?nl?hghe second
same chanmber as that for the secoqﬂ}f%ln} forgiﬁg: be
Sidp-FPRUdna: et eR e- Rdw PEG MM STERTRARG T SRy <an
second filmformng step can be successively. performed .., _
per forawiddd ra e (P prRRteer { #e thMhef Lo iPEe S5 1
including a silane-based gas and a hydro%en % S %re 4 th
foathiing stee secBnes £ | Fhe f BEATHEOYERp CTEREMS g-& Gt €
treatment step may be performed by using . the h drg@gn
gascas] ofibliof Lo el §56PCEaFades, SWRFERSLEeL Kt %@& gged to
into the chanber through WO 2004/061891

REHIRROGE/GHBREE PrPcessi feMr t he hydrogen gas.
This can elimnate the need
The pre-growth treatment 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
in the plasma CVD process. Alternatively, the

w@e@4Q6w h treatnment step may be 5 the step BET/IP2003/016860

subjecting the surface of the buffer layer to an
argon plasma treatment. Wen a;§il mformng apparatus
usi ng plasma, such as a plasma CVD apparatus, is
enployed in the second filmformng step, this
pre-growth treatnent step can be perforned in the

sane, chapber,as that for the 10 n Rt i.ng
STSIo0eT (B8 BOBLLRR A 10, PE0 Cah L TARERLED the need
second filmformn ten .can be. successi.v .

o3 FRGE T Fedlice efEpraglcea & aﬁaﬁﬂelysanfao r use in the
further facilitate crystallization in the

FHARRY £ BEREESeni conduct or | ayer. 15

Alternatively, the pre-growth treatnent step _nay be

Che. SPUR AT Ny aCPhy aF T 1A UHithg CEAGNBRL YLep may be
silicon nanocrystals, on.the surface of the.b er
ItRferstemhi QT srRIGFESHMA tHH&at acan® aE#Fingfer layer to
crystallization in the polycr%stalliqg sem conduct or ‘
|24y 2T HPR hBUESRAY Peadmento  VRER nend 118 tarming apparatus
Description of Drawi ngs Ot her features and advantages
sisithe pleskat FRGENESOR W EFIBeCUBpaPERE i tifo employed
acconpanying drawi ngs and from 25 the detail ed

dies cElht FerOndn fi AR~ Z0EBHPEN PR didlish R S W OWEh treatment
2004/ 061891 PCT/ JP2003/ 016860 20 conmon, conponents or

siteamencan abe werifosdesy ithethangane ofBpEREE AFneRATt ofor the

nmar ks.
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 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 facilitate 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
el ectron source (field em ssion-type el ectron source)

wk2@ao6ersdi ng t o one enbodi nent of the present PCT/JP2003/016860

invention. Fig. 2 is a schematic fragnmentary enl arged
sectional view of the electr?@ 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

using the electron source in Fig. 1. j [ n

6BMSRat SPYPORSG am Pt £ LSRRG RbEnode Ppdinf " the  same
el ectron source hn Fiﬁfﬁé' Figs. 6A to 6D are

5eRerBPre BEPEranalP vi8hisSshowi ng 15 internediate and

final products in a productian nethod for n_el ectron

sour c&idccoyr difigat @%%%ﬁ@s&?%ﬁ@eﬁ??&ﬁ’.ec%il& sﬁleé'? of an
an explanatory di agramof the, operatjon of .an

slectren SORIEacclr tiiy (TN R Bhesent | RYBREESR. Source)
Fig. 8 is a graph show.ng an elg tron em ssi,on gp
ebaradiag $0 ONGf SHROELBEN oA ts dbfc B TEEEN dithy 5 1Ohe
present invention. Fig. 9 is a graph shomﬁng an 4 tional
el ect Fé -erd skFoR  SHEMRGIST | SYRENBRTARY e PELBFERS S€C a
source as a conparative exanple. 25 Fig. 10Ais a

oiiagr af dheniedgcd IomiseEEEende E&tgt'er% WO 2004/ 061891

PCT/ JP2003/ 016860 21 of a display unit usin% an . £
el ect Moy .sobrte as sxEdepatemwclagiap| @f the operation o
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 1is a graph showing an electron emission
characteristic of an electron source according to the
present invention.

Fig. 9 1is a graph showing an electron emission
characteristic of an electron source as a comparative

example.

Fig. 10A is a diagram showing a luminescence pattern
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Fig. 10B is a diagram show ng a | um nescence pattern
of a display unit using an el ectron source according

WO e00tloe1895 present invention. Fig. 11 is a graptim/JrP2003/016860

showi ng an el ectron em ssion characteristic of

anot her el ectron source accordjjng 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

an elecgtrqon em ssion, characterjstic 1 Ll anather ;
8ite @t PIFPLEYT EB L& ESr-dion g™ %& tteoﬁrgggﬁ?eiﬁ&e%t?%n%aratlve
15 Fig. 14 is a graph showi ng an. el ectron eni ssion

ERaF&cteristic of still another electron source as a
conparative exanple. Fig. 15 i.s an expl anatar L.agr

of a Eﬂ&duc]tql?bn{[gnét ﬁgdi%ﬁﬁm AW nﬁélglﬂl?‘gécghég Plttern
according to the present 20 .invention. Fig. 16.is a

e IPa sy R vdilagtamSdi % 33y ShFEETST SRetisd STy to the
el ectron source, for the purpose of conparison. Fig.
Preasendn lousndd&fory di agram of the operation of 25 a
conventional electron source. WO 2004/ 061891 s
PCT/ J2@03/ 316866 22 #rgPh18sheWindexdlh arftfrlyron emission

di agram of the operation of _another conventional,,
aheqmaade kigirice of another electron source according to the

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 electron 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 1is 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 show ng
internmedi ate and final products in a production nethod

wo e004/0618a1 convent i onal el ectron source. Fig. 2BCT/3P2003/016860

schematic perspective view showing a display using
the electron source in Fig. 17,,Fig. 21 is a schenmatic
perspective view show ng the e ectron source of the
display in Fig. 20. 10 Best Mdde for Carrying Qut the
I nventi on This application is based upon and cl ai ns

the bepefit prlorlt from¢the.prior pap
Paten@jﬂpmﬁ(xﬁﬁ(ﬁpwifp g %%1§ﬁ§g¥?$eé%'% % eratlon of
the entire contents _of whijc 15 are |ncorporated

REC&TE rbf°P§?@Féﬁ@€l ﬁ#@ﬁthpeﬁ&%§§%C)the

acconpanyln dramn s enbo t.s of the esen
i nventfiish® - % a§'eaéﬁe ﬁ?(ﬁ%ﬁﬁ% lws showing

shown in_ Fig. 1 an electron source % [ %& % thod f
dmtesmsilinise abct Al sBEPaT a0t BctoPdORY g ofhdethod for
enbodi nent i ncludes an insulative substrate 11

EorgeeyEd tgfo naal Gl TR KFHE *havi ng an i nsul ation

per f or mance, plurality of | ower electyrodes 12 .

ar r angdd nzﬁarlﬁl & @rhpnatieh RAFREGN Yhe Vi SROWINg a
one main (front surface) of the 25 insulative

slitlaat a1sing £h @laqanProfsahgace diett rolles WO

2004/ 061891 PCT/ JP2003/016860 23 7 arranged. in

par al IBlgwi 2h dacte oBRBETRELE FeHfPsdrialg eVieyo sbrywing the

front surface of the insulative substrate 11 to
electron source of the display in Fig.

Best Mode for Carrying Out the Invention

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

With reference to the accompanying drawings,
embodiments of the present invention will now Dbe
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 parallel 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
el ectrodes 12, and an electron transit section

w@e@niodsdl on t he side of the 5 front surface oPCT/IR2003/016860

i nsul ative substrate 11. The electron transit section
includes a plurality of buffer Jayer 14 conposed of
an non-doped anor phous silicon lTayer and each forned
to be superinposed on the correspondi ng | ower

el ectrode 12, a plurality of polycrystalline silicon

I ' d :

| 8E50es SRCRASTEd (9,00 SRRSO {lee e
I -fiel dri ft . h f t

e eHong U e iot Laersl 8.0300 TSUERL L, 11
SHALSRE |VETaReathOo PLALALILY OL L5RISLIR LRUELS o 1z,
h ' b .th dj t drijft

! BRIEELLY, PR, D e LS UL GESTL UL s o e

si.licon |ayers 3_and between the adj acent non-doped
aﬁﬁﬁ % h €% ﬁ?ﬁ%ﬂeaéu BT RLET &F - |§€@relectron

BhotlisT 57FF coh FaAGetRSY
14. Each of the i I i I 16 | d of
SO HRL o8 AGFy c Yt AP es n g op | WO Lhy @ (BRREer laver 14

together., wi.th the polycrystalline silicon Fayer 3 and
LGRS pedT FRorpibn rad | BATPRYEF FLAean: dgetrerand each
ith the buffer |ayer 14. The |ower electrodes 12 are

%‘P% by-PatR®er nf MLl MREs e ngp- | Byer €PFResPORdiRde lower
of netal (e.g. nmetal, such as W_ WD 2004/ 061891

FCT? SRt Piese Pl Moty @f melvamyshellime siligen layers
or Pt, alloy thereof, or intermetallic conmpound such

as §achci deymact efpatheelspperimposed on the corresponding

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 with 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

WG 28mc1spbdes 12 has a thickness of about 250 PCI/BEX003/016860

nm The surface electrodes 7 are nade of a materia
(e.g. gold) having a small work function. 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-I|ayer

shgycbggesfijh§ath%ﬁkng%ﬁéoguth%u %%%fggiaﬁg1cgég%€§gé°fr or

may  be set” at any sSuit val ug,

1 . whi ¢ |1 ows ectrons .f.ram t he ift

| %;E‘?“éé‘%%%%‘ﬁe O?‘H%élrne hsi‘géuhgh‘?ls ead iR dee | ogv@%ernatlvelyr
electro 12 ,and the surface electrodes 7 is formed |

i!r:ﬁé 1]‘§)q'§?srri 5 lseﬁ’%ﬁé).deeéac#ofm%e% r?gE’é‘egl Y r erning a
[ t opposed to. the l.ower_electrodes_12. Each of
tlﬁ‘éffiomgye& R el HTRES 1%GngPehatnal | §2ekpsdi tihe lower
engs ﬁacg of1 mgich ig foLned mﬁ%h a gad 28. Each of
theSur PAGR 121 BePrddERiFNEES | QhgRPadEnaPPytepsbei k.-

ends each of ich 20,is forped with a pad 27. As

with t he®cBHYEAEPoRAFCEFERFOd SdF ddr ot |3 | mateaied (e.g.
in t&g. 20, in the electron source 10 according to _

t PP SEBBULHENE, SR 1dMork |AP&Hsl B -ar FQyeYeY, the material
sapdwj ched by the respective regions corresponding to

t‘hg ecAYELags RS Heiadsen 1 nkS phakaliiy tell Itewegold. Each
elfc%rodes 12 WD 2004/ 061891_PCT/ JP2003/ 016860 25

2t ahf8d SUT fsgeal ¢ EEC W 9P eadhmeihere opithersioge off single-

the front surface of the insulative substrate 11, and
t¥gver and multi-layer structures. The thickness of 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 is 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
parallel wth each other to extend in a direction

worihogspal to the 5 | ongitudi nal direction of P€T&P2003/016860

| oner el ectrodes 12. Thus, it can be designed to
appropriately select a target pair 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

C di.ng .t.o 10 the cross _pQint, between the .
s%%%?%g pélﬂr poafqrat]]%eelsu"r" é@e%a&%ecﬁ%%]é Phandi§ hgtde of the
I el ectrode 12 to allow electrons .tg be em.tted
f&o%% hesqlfre%alcoen. O%hafghﬁs,l%s%i%%ﬂ?t ys%?sotrea}eceect Agr and the
source el enepts, 10a _each conposed of the | ower
SPHETTL T 15 Eng BUEFare SyBe Erciend FoisARs 4 Herallel
15“€%Iic n Igger g, th% drift layer 6 and the surface
1t r OHe” 7OHP e 1 bP nBd T ePEs plc i VEIREC O (R digapal to the
oi nts f trix _(lattic copposed of the
Bliciﬂ%ﬁ‘%@“bﬁ‘al QEHE%EE oR| gt ?‘élfesfgw%detlﬁét‘p‘%}?a ilgy  Thus,
of | ower, el ectrodes 12. Thus,. el ectrons can be _
erfi tTHY BF SR TR UL ST RPRIRTIDFE DD Solece @l eewrt pair of
10a by applying a certain voltage to_the

§ eSHERECRg PEFLEPde nd sarfadd el éevpsdeediPdtel2 and
| ower electrode 12, For this reason, each of the
AR ace® ePkkribdEsltaps hetwaeRedbar iso)efchefedalr £o0 as to
strip shape. For exanple, the surface electrodes may
FEE ot neBreRd cevertpicoiiglehery ddicorkedomy exporelipanding to
to the electron source WD 2004/ 061891
BER JPPO8S/ BPE8E0 bdpiearenthes sedgctand pavr saff 4be surface

el ectrode 7 arranged along a direction orthogonal to
tHeedtornfie udi aaP diteedtawst ofledlerode 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 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 1is not necessarily 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
each other by a bus el ectrode having a | ow

wo eaiptmpce. 5 The drift layers 6 are fornmed tbhCDIRP003/016860

after-nmentioned nanocrystallization and oxi dation
processes. As shown in Fig. 2pgeach 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

féEHﬂéﬂE%]ib§'d§n8ftBQesEE?BEeS%ﬁ%%%QOQE Wh%%fﬁﬁﬁﬁg along a

el’ectrode 12 ‘and each having a surface forne

t&hﬂbéﬁld§08rgﬁbegn% ﬁﬁua&ﬂﬂl 5&?%1 Elre tion of the

anOWEt er--order~silicon nanocrys sem COﬂ uct or

Yl Sdo ik rPf'rﬁ%fgaé)Zé SSnedd c?qgith each

havi ng a surface torne a S| con 0X

#H@x(tkﬂéui e fddm o & IM\}C:% nas é&fgtgag@?é ess

rain size he se uctor - n

Eﬁfzcﬁf-font%f ﬂaawﬁsaér%:%z%?ﬁfof §2 AR o
t

S Al SR, Zfé\ﬁerﬁfgown in

b g enpol 0L 9000l 10 6L SLSCISI 1,

ector .el.ectrode 21 is {lrst

arraﬁﬁ?ﬁtafg%}%%EY?F%ﬁil%%pogé lF8nth@I§Ufﬁ%ce SimlcondUCtor
f d t t
SR R N | 0t (D PO WS éb:dvrwéigféaom the
k T
Pcﬂeigégoi@p R { PBREaCa et b ook elpstyoda 12 and

etween the surface el ectrode
eac thav1ng a surface f%rmed with 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 1is operable to emit electrons, for example,
according to the following process. As shown in Fig. 3, a
collector electrode 21 1is 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 lower electrode 12 in such a manner that the
surface electrode 7 has a higher potential than that

wo@toole18%1 | ower el ectrode 12. Sinultaneously, BCTP2003/016860

voltage Vc is applied between the collector el ectrode
21 and the surface electrode éf n such a manner that

the collector electrode 21 has a higher potentia

than that of the surface electrode 7. The DC vol tage

Vps can be set at an 10 appropriate value to all ow

L Nj | ectrode 12 0
CRECHE PREpT DL ATYERhaT, b SUEE FREthERl Tsi dpkiid from a
t h rf I ctrod The
iteh et Vit DMk %‘vﬁ%rbe @%U§F5§ai% Mctroge
ld b d. the follow n
oo ige U be cruoss, SO SR ARG o ER gt one
bet | ectrode 7
t%\éﬁf%a%ﬁé’f%ﬁm%é’z By o p bR an BORSGheR L bRt FARE of the
h d Th h, t hi o eration,
ef%%?fo% egti50s L L | 1) B HRAR e A oser DGl BeLERle Ve is
drif . Elect fiel
Sk B S P g B R Som e
on the s on oxide films 64. Thus, the electrons e-
i T 2T ?n 0 PhS W 13 PAPRPET 6 tRetadd @t kertay ehectrode
0 electric field acting on the silicon oxide 25
féi . %ﬁt%&gQﬁ¥ftP?EF¢Fﬂ%%e Errect Foat of of hethe surface
arrows in WO 2004/061891 PCT/JP2003/016860 28 Fig. 3,

tHELGIRREP onk- e- thithePG hiveddRdehe Vosr f 868  BRecEebdeat an

7 and then run out into the vacuum space. Wthin
appropriate value to allow electrons injected 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
| ower electrode 12 are al nost never scattered by .the

W@ R0IoOEr95 nanocrystals 63. Thus, the el ectr onBCT/JP2003/016860

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

rregce a | hepone dyri t he
gfg%iroﬁ'en?égio%?gghggﬁgec?ronggg%?#ingg{%vg%ght?% surface
t u ce of the drift _|la 6 _are considered . . .
(et TEAETEREL IS L nt YR e orEEuR OFRAGRT ; i thin
t el;s.tbr h_ t surface el ectrode.7 and run out
i%?% g ékgag% T<¢pa ?ui e?ﬁr?ﬂ% g|e&ppsﬁ%§guﬁggnqothe.lower
ording t hi s enbodi ment, CS77 ade nane of a | _.
SFERLELIRR A coBoai TIBTEE { PisHeSy ATSLEBbaRn b, e silicon
which is one of high-strain _point glass substrates
FRIQERYT (P PbPORs usLaUas CHE |TEITEIONE 26BLEFAtEdIDY the
(gl ass substrate). In this case, the 20 insul ative
ST TG TLods ACHIRG B SHfnslonceBel idenfiins 64 can
g egger %Eﬁn that of silicon. Therefore, an
é{m L HeBROngEUR afPlt 18N s eof ST fiee dedegtrode 7. In
pol ycrystal|line silicon layer is interposed between

t3fE r eheetr §88°12L8Ad ihethe ndui b i waveubs rig ereleased
11 to prevent the electron transit 25 section 5 from

peBTTUH £ Flotn FRelRBvet - el dbFoddhEr e \MOTBOW OBI8Ie emitted
PCT/ JP2003/ 016860 29 The el ectron source.| 0 accordi ng
6 THRRE eRSEITRANCS s ofuséd, hpppiaganphenonangn during the
mul ticolor image display unit. In
electron emission. The electrons getting 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 wuse 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 12 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

WO pao6ss1 an X controll er 33 which controls theCT/JP2003/016860

potential of the surface electrodes 7 belonging to
each of X electrode groups co sed of ‘the plurality
of the surface electrodes 7, a controll er 34 which
controls the potential of the |ower electrodes 12
bel ongi ng to each of Y el ectrode groups 10 conposed of

t he pl I . _the | r,electrodes 12, .Signal | )
procesggg é%gﬁﬁfgh €8H38rt%%aﬁcFﬁﬁgﬁnﬂnéﬁe%gﬂﬁngP%Odlment 1s
i dri ignal.s far driving the electron source 10,

WEPRO RS, B8R, B & IS i derakibbingynit. 1
signal __controller 32 which issues jnstructions to the .
chgg%t (619 %r ggeSS’eJa‘?'fbtlE% YOUGhEer &t&eFSSﬁFhvﬁrésBSns% drive
to.the.grh§§ signa#s convert.ed bg t he signal , .
protessor B1. 2&s PNt e édfventi onallhel ed¥ivp circuit 30
sourgedlo" il%ustr teg in Fig. 20, the electron .
sHUFLRABE eFRnE sCIBAT AL EeF 0P RelilE AloRBDEEOSFethe potential of
cggresgo%dence wi th pixels which are provided in a

gH38s S8 P5Ee IR B S el PRECNIBNTt 6Oheashy el alectrode
a position og osed to the electron source 10 and
c%ﬁ%%@%d?omPQ g@cPﬁV&hﬁ Ruglidrestlenthermserfate electrodes
eﬁhibitiqg colors R __ Gand B. As shown in Fig. 5, in

the @riveSTrrER teB03fomwhizh dreREFRLs hehel @otemtial of the
source 10 according to this enbodi nrent, WO 2004/061891
PESYEPoobar bueded 130balanaing- hal eedhf of wir dlbrhsode groups

voltage V1 is applied between the surface electrode 7
arlRPEed oRdr ErecPlygalizyofof hghe 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 instructions to the X controller
33 and the Y controller 34 in response to the drive signals
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
si ngl e-pul sed reverse-bias voltage V2 is applied

wheimoersdb t he surface el ectrode 7 and t he | owr€T/JP2003/016860

el ectrode 12 of the sane electron source el enment 10a.
For this purpose, the drive ciycuit 30 is provided
Wth 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

: h I . | 10a.__ Then,
o oL BBl BB 38s E iol ahi o7 2R AL O betueen
bi | t t Li ed bet t
077 B ETaC RO R DS TP and (TS| BB LBHEEL R (R s Of the

GRRT TS arghe (TP 19Ut BLCRANGe Loabi | SUPSRACEnCly, 2

specified ﬁurrent val ue ,definef bé a_reverse current

T TP EhRedi eSS SIS of Ol EREC eVt £8n 3Bl between
element 10a is.initiated). Wth reference to Figs. 6A
tii)h%D?uﬁ%ﬁFSdl%teiC&ﬁoﬁ@t ofnq obhe hdoWREC ElGTtERGEcd 2 of the
w || be_described bel ow. Each of 20 Figs. 6A to 6D
STR S1GEFEPRAISVEGS Rl B respOAdi ngFed thasy WHeFe, the
the electron source elements 10a. In order to formthe
I VPeetT Ayl F ag@r s ROl ¢of-wibped POVGEF§Shhnsi gentroller
silicon |ayer having a given thickness ée.g. 100 nm
i $° f VRAEDT Siandd OrF tHee f FeNErss durdsackobtaghe The reverse
i.nsul ative substrate 11 having a gi ven WO 2004/ 061891
FEE 9 PRoBBr 9168603531 St I@P@R—’ﬁ@g§ (@ gletr® mr)remeosghcurrent
a plasma CVD process at a give process tenperature
(elyingpoghrogimsedlient f)oven electron source element 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 allow 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 at the time the drive of
the electron source element 10a 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 lower electrodes 12, a netal thin
film (e.g. tungsten filnm having a given thickness

W@ e00g/068%50 nm) 5 is formed on the polycrystal | PEEIP2003/016860

silicon | ayer through a sputtering process. Then, a
photoresist material is appligd on the netal thin
filmto forma photoresist |ayer thereon. Further, in
order to |l eave the regions of the netal thin film
corresponding to the |l ower electrodes 12, 10 the

phot or esi st | ayer ,i N ed. usi ng | ithograph
Tﬂéhc?kn?%se r‘r%tér tzhlgn%%})l ﬁ]l&g:nogl%ea p%h?%rpgstca Ii)br}:eOcess at a
silJicon |ayer are pattered,throu eactive J.0 .
AN i pP588§§Sustr?‘§p%1aetmb%t & Jed d(";‘nté&r'esi S,Stlﬁiéaeyd;uresf1 tly, in
as mask. _Through the abov tep, the pluralict . .
I%ﬂ§¢re280€¥ﬁab§%T? qtR*c 6§§8d§§ 57 poftit ﬁ offin film
the netal thin fi| nd the plurality, of
ake 19 peerRgRt Py bl Ll NaRERY cOnPblen DRLSKRERE §R-gr 250 nm)
the polycrystalline silicon |layers are, forned
(FowEPrErdciqtodele f BV Y&t &h L 1n& t%irljr%%\r;ﬁﬁgetrhethrough a
phot oresi st |ayers, an anprphous 20 silicon Layer a1 i
heRPHECBLRY vaPT @R Rness (BSY: 8B nRJCSRFGPAGE aRakerial is
buffer [ayer 14 is forned to cover the whole area on
taepsied of the BESRE Shdrsrifldeddriepm BhrFaEesypt laver
the insulative substrate 11 the through a plasm CVD
ptersen. (fiF&ttherm f8r AYRLSEt EP) Leqisseffientieglogs of the
non-doped 25 polycrystalline silicon |ayer 3
(mehibotbddt drllmhyedJr egrondine6 189 theCHIEn 08t 93b8edes 12,
32 having a given_ thickness (e.g. 1.5 um is forned on
thee bhotereshyerlayerhisughthepradnastud pibbegsanhva Then,
iven
gthe 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 metal thin film, and the plurality of
anti-peeling layers 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 thickness (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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process tenperature (e.g. 450C) (second filmformng
step). Through the above step, an internediate

w@eedoctsohavi ng the 5 structure illustrated i PCHIRRO0IBA6S60

can be obtained. After the formation of the non-doped
polycrystalline silicon |ayer33, the internediate

product illustrated in Fig. 6Ais subject to a

nanocrystal lization process (nanocrystallization

step). Through this step, a conposite 10 nanocryst al

lieind her gfivaaf tefi tefsbsedet g as) £ - |
nanocr%staﬁb1ayer")l4 conpoggdg%f %b%ygﬁgsﬁgfr?ﬁéhég on the
Hd#£an i pgLpdi L X4 f PSPl o
(see Fi g?‘%‘? &% gh% ergogls%ﬂ{%gﬁeﬁa (%Ccog{/es J]al %§6§ given
%ﬁﬁﬁ: i g. i i n . £egj ons_ t f or med. as

the d%%ttef@ efllaisltJroer nFéj(%n 448 (Er?t I gs,og%%nﬁ?n%:lrmne%?%?%qg step) .

ayers 6. seque
' il Lustrated i iqg. .6B.
U LN RS V8, GELRLCH Sk ST B fRing cne
[ Gt rol yt d 1 Xi 55
T o e L L R oo SRR ot S S g
ti : . he 20.i nt i at duct
it cEpEedRenl MRS A BB metrangriaine
whil. i tioni t I | ectrod 12 d
It B e, M BRecarSreeflaiaratmotio oA totRated in
th Si£§5 of the Eolgcr¥stalline silicon |.ayer 3.
her, a onst antURAFTEnt Pe. §. 6ﬁ?¥¥ﬁﬁYRHQ4+%¥QHHQQﬂnPrOCQSS
TG A TR LB rpo0 s BHEs: 9 Satifttle 4 Gromposi te

iven tine-period (e.g. 10 secaonds) while irradiatinq
AP Sy t dCY S ﬂ%@rﬁépycﬁ§§ﬁélIFﬁEe§FP¢cohO as

composite nanocrystal layer") 4 composed of polycrystalline

'Eirst

silicon including a mixture of a number of grains 51 (see
Fig. 2) and a number of silicon nanocrystals 63 (see Fig.
2) 1is 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 wtg% of hydrofluoric
solution and ethanol at a mixing ratio of 1 : 1. The
intermediate 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.g. current with a current

density of 12 ma/cm?) is supplied between the anode and



10

15

20

25

layer 3 wwth light froma Iight source conposed of a
500 W tungsten |anp. Through this step, the first

we@eowpoeisbe 5 nanocrystal |ayer including the grei/mEo&s016860

and the silicon nanocrystals 63 are forned in each of
the regions of the polycrystalline 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

E%Ei&?ﬁéedféro 2oty MRt LoflePbaEEsa (I alDnGsdddilils) while

proces SO as to oxidize the first conp03|te

?gg%& %%i%%pg %éﬁé?n 4., FRLoUgRst s gbﬁecrbg%aQQhﬁb silicon

a conposi t'e nanocrystal Tayer
h ft
DARBEr JabAErt dISPE Hahgt CHPE rierire CrTrostratta® 200 ™
EBP?@??EH ajr?rp%gr me‘rf,h HgﬁCh’cl%f_ the L£9i oRs 1r§@ecomposﬂ:e

Si ayer 3 Sup r'i npose t he

| ower el des 12, Ly, t

o LB SO L, CRUSERY ALY 0, ST TR 8 i
can be obtai ne 20 T dat

e st 2 e g S 088 8B A %%%ng
nmol /| of assium._ nitra sql d b
Epﬁyp§ﬁ§tgﬁgéaplg%%bg#pb ig%% t? %%ﬁg.%)%%?ﬁgg%akge lower
product illustrated in Fig. 6C is imersed in the
eflecttergte thi | e positioning the | ower 25 el ectrodes

12,55, 25, 21000 200 phatl qunm elect [pdes MR AR sation
E%;gigg; %g%gﬁgf e fIrSt;%%;ﬁgﬁ{t%é.nQPOQ£¥§tln Fig. 6B is
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 electrodes 12. Consequently, an intermediate product
having the structure illustrated in Fig. 6C can be obtained.

The oxidation  process is performed using an
electrolyte prepared by dissolving 0.04 mol/l of potassium
nitrate (dissolved substance) in ethylene glycol (organic
solvent). The intermediate 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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wo oltagsIbet ween the 5 anode and cat hode i s i NECER

current with a current density of 0.1 mA/cnR) is
supplied between the anode and cathode until the
9aB/016860

X

by 20 V to electrochemcally oxidize the first

conposite nanocrystal |ayers 44 Through 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

& R84 the 19,511h4 62N SHBRACIAS ad &p O3 roQuRS efhrst composite

espec ively, wt silicon oxide film53 are

n$§9YS£Q%I é@%&%CDyStalkh@ﬁ shlicydaner cdrreagh (e.qg.

e” por ling bet ween t he adj acent drift

'ﬁ%gégﬁewg%ves &5- AL L SELALLBG IS Lua)Euti 65 supplied

t e fegi on of her than the grains 15

%g %ggtg %;%%59 ?8? ¥§£ﬁbae6 %Qlegﬁg leEgﬁefbé§keen the

ayers 4 For ime t hrough™t
N B%&dzguzss.fvﬁ.%z%%t@%cﬁ@mwally
'SE‘FH & t“%”aéﬁ%% ﬁse.”fr.l%%% A
L 5 5 L 3,8 o5 S80S e gocons
of annr@hous silic

tially
SPRPESH! edlﬁ@P\ﬁrgé%a%h@aYE%{arlE’%&bls I‘%gl%ger]e% AP R Tovered,

f or med di 25 th dit t
aRBEFYSERIYy it oh procestt i b 108 2004001501 T the

PCT/ JP2003/ 016860 each of the fi .
FreEyra, enﬁ%%EY?E?i 0 orevitese rRErshIveV i the

as that of th r I 1in .
silicon %xi%eejPo o%ﬁBQQrgcégﬁégd.l eIn the polycrystalline

silicon layer 3, each of the portions filling between the
adjacent drift layers 6 serves as an isolating layer 1l6.

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 1is formed as an
amorphous region composed of amorphous silicon. The 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 is formed as an
amorphous region 65 composed of amorphous silicon 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
the drift layers 6 and the 5 isolating |ayers 16, the

WGE wofacIEl ect rodes 7 each conposed of a gol drehiare003/016860

filmis formed through a vapor deposition process.
Through this step, the electronysource 10 illustrated
in Fig. 6D can be obtai ned. The el ectron source 10

(el ectron source elenents 10a) 10 has the buffer

| ayer 14 interposed between the drift layer 6 and the

I A Ls ot herw se rated
|%Q?hé qgfé%EGEggitbggé h?%eHaFSCﬁyﬁvgg ayers 4 has
e n uni f.aorm in.electric filed applied ,
c gy hsgaqnaérl ?Lﬁ% aF 0% it Bea ViR | BT ons: golveryetalline
Lane 15 el e Lr ssion characteristic, as
cgﬁgégeg #SYFﬁei cgﬁ$8nbﬁgnaﬁggrectron sources. More
specifically, , according to the ove producti on
nethodh%?ﬁe rFR% %P eﬁé?%t? '@#ﬁeéfé ffn kawers 6 and the
non- pﬁ ¥ % 5% |ge Sili con |layer 3 to _be
f&P 8 éBgt BYSFPf ¢ or afBPs SBrEaRenelEEdGeEgs2d ggch composed
ared H? g e con entjonal electron sources having
B'uf‘-f%]r {)1%? f& Bn thelPbHR? &heetodder 172p@s gdeposition
natural consequence, the risk of generating defects
|ﬁr?ﬁ858r|ft TPé?BQE 6tBaf af&8Ppe EtBBucedecsrpnovisgarce 10
Eﬂnced ropertles of the drift layers. Thus, this "
BatEﬁ efr 60i BéJan®D5Caneber htadnede having

reduced i n- glane variation in WO 2004/ 061891
PCT/ JP2D03£0 68601 SeudIcecthon( e ssion staraet el ésents 10a)

as congared to the conventional electron sources. In
st £BR, PUAterméened 14 interposed between the drift layer

6 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
generating 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 lower electrode 12. As a natural
consequence, the risk of generating defects in the drift
layers 6 can also be reduced to provide enhanced properties
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
characteristic of the electron source 10 bet ween

wee@doetsppn 5 | ots. The above enbodi ment enpl PYEJIE2003/016860

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

anor phous | ayer generally has ae%lgher el ectrica
resi stance than a pol ycrystal |ayer such as a 10
polycrystalline silicon Iayer For this reason, the

e I i st.ance buffer |a 14 is
i%gééggég e % e Th é%ess TR %uf%ngQ%ﬂﬁaPﬁgls the
[ eased It| |n de radatio pr.operties o
aggévg%ﬁlgﬁaiséﬁfgg UHeSthic d&%lpﬁelﬁﬂ¥%rmeth°d
a 14 |sc%$ desi.r ed to be .t hi.,nner SpeC|f|caIIy o
ﬁ% adve e feE?du??gthﬁ¥%ﬂ i caP Hﬁ%%ﬁ%m%% oleSSlon
pressed bé setting
I

, b
bﬁg?ﬁ?c{:‘é%? 1§ ot hBonen e R PR R Rz e () DE bR BaSduction

gaF that of the polycrystalline silicon layer 3 to

b ﬁterposed between the buffer layer 20 14 and the

drift ger 6. One_specific exanple (hereinafter

referr%@ gbg¥e e@?&ﬁ&@@“ﬁ"Fmﬂhqyﬁxﬁﬂkﬁﬂﬁﬁﬁhﬁﬂ%el@Mﬁr, such
based on the el ectron em_ssion characteristic of an

ef B cERoAMSEBREES16Lild Rl diRYSthe S9H GRS ofhe heuffer layer
buffer |ayer 14 is 80 nm and each 25 nunber of the

stf f acélWBqGodele 7 3aRIPERES| disre el geRpbdésywWbas a higher
2004/061891 PCT/ JP2003/ 016860 37 12 is four. For ease
oflexprbipat | sasigiteeset Hatan he Polvcryistfadcelayer such as a

el ectrodes 7 al so serve, respectively, as row
polycrystalline silicon layer. For this &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 described below based on the electron
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
| ower electrodes 12 al so serve, respectively, as

wa@oelodosssel ecting 5 el ectrodes Y1, Y2, Y3 and MT/JR2903/016860

shown in Fig. 7. The electron source elements 10a are
fundamental 'y driven under the;-sane 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

' t.he el ectran
gﬁgggﬁgﬁkgﬁgracgggfgﬁgg OFS%%é%ﬁé QﬁQQﬂ”%ﬁKﬁ%etE%taghe four
I ' shows the electr
eﬁygg%gﬁecﬁgrac%éréétftgo 5&n SFEXFronre§%%?%%2?%V as  row-
hayi er o] ive 1
egé%%?eggﬁeréfﬁgfgg% gﬁér%%d %% ﬁba?%?|§%e four lower

ngk Eorlzontal and .
ver |C£Pd3§e§2 FEBPegSEYea B?FQFﬁélVS yagéstpégmn—selectlng
d ity, respectively. In
F?i geggan ’ea %en%3f %Yndé“b?SHBWRsJ€br§bﬁs)7 The
hi gh I the 20 vertical axis_indicates
RSl ap e biend? o b5 v
1g. 3 d ff ki nds_of marks gr aphs '
Eg@?nagpgan Ivgﬁﬁéglﬁﬁgga%ageﬁﬁﬂééFréﬁﬁg iifdi Bl s, wherein

t e current density of the em ssion current le (see

e IPVerfife PiAg AqlididSat¥d By t h8Vnmrthe pulsehgviglth H1
the 25 characteristic of the four electron source
e?%h%‘ﬁté 9a WP 200YPD82 8912 POTP 206372188609 380V, and the
associated with the colum-sel ected el ectrodes Yl. The

IPHeS® VHAFRaHedodynghe Bark "El 1 shows the

characterlstlc
Fig. 8 shows 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
1my. In Figs. 8 and 9, the horizontal and vertical axes
represent a driving voltage (bias voltage) and a current
density, respectively. In Figs. 8 and 9, each of four
kinds of marks (graphs) having higher wvalues in the
vertical axis indicates the current density of the diode
current Ips (see Fig. 3), and each of four kinds of marks
(graphs) having lower 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
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of the four electron source elenments | 0a associ at ed
with the colum-selected el ectrodes Y2. The line C

w0 paoetsed by 5 the mark "L~i " shows the char ap€EIP2003/@6860

of the four electron source elenents 10a associ at ed
wth the columm-sel ected electgpdes Y3. The line D
i ndi cated by the mark "0" shows the characteristic of
the four electron source elenents 10a associated with
t he col um-sel ected el ectrodes Y4. As seen 10 fromthe

c b n.Fi gs d e .t hick ness of
 REeRGrPePe) R o e at R Rt ek R e i Yan  The
=V ch i,stig. Figs and 10B show

w@ BGr Smeriy é§ﬁ¥{§”6f€Q% g?%n&ﬁﬁéc%ﬁ@Espé@?eﬁﬁaraCteriStiC
(ele HONe on,characteristi

{ PO oA b A AT Py ST o1 o°f KBEPEA & Cauirep o ahed with

epl.ate |§ arranged n opposed to the
e?égtF8n oﬁ?igcggg Sﬁ&cgﬁggﬁFuggescgﬁ? %&P@rpaﬂndlcated by
S fgrned on the surface of,the facepl ate

géss@ar o the ehetsrbhesehpeactepisfFig. ofoshehdmsrt kdectron
Iun1nesce ttern of a dlsplay 20 unit using the
ePEHETon S %@c%f 186npaFSPFYE CEkarip B 1 (v FRURD-selected
buffer layer_14. Fig. 10B shows the | um nescence
pStEEFROSPSaYdi splhg dane Bsilngichsed but the seukcd IO shows

I nventive Exanple 1 having the buffer layer 14. As

0
%Bﬁ C??Bﬁ??ﬁﬁléBhﬁaQﬁthebépuéeﬁlﬁpggonlenuaﬁa ¢dBpents 10a

I nventive 25 Exanghg 1 having the buffer |ayer 14 has
aﬁﬁaﬁ+a¥ﬁdehﬁ% 20041081891 PLTH I P2OOBI 0468604 . 39As seen

variation in brightness than that of Conparative
EX5PPI Bhe comrarbso befveen| Byes. 18. amdebr thht hbsskness of

depends on the
the buffer layer 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 fluorescent material layer is formed on
the surface of the faceplate opposed to the electron source
10. Fig. 10A shows the luminescence pattern of a 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 the 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



| evel of the em ssion current le. Thus, it is proved

that |Inventive Exanple 1 having the buffer |ayer 14
wham4mcisoner 5 in-plane variation in em ssion BOT/IE003/016860

le than that of Conparative Exanple 1 having no

buffer |ayer 14. Further, thiggresult 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 ssion characteristic. Thus, the 10

:%ieﬁka[% OI?tBEiQHHl@Es' axeh haics 9 it SRt Bdbmple 1

range of 100"to 200 nm In the above production

Rihad .05 Bﬁgfglkf%fafo& SIQUI CeThe apRh 38R CYD JURERSS on the

i's used as t rmng process in the step of

LG e DULLE AL AXCEal el Sl B orR gk 19:oved chat

plrasma processis al so used as the

L rﬁrréﬂ]gl\?é Fbﬁﬁl‘é%gpig ihﬁa§'ﬁ§ QB%f ?‘h‘f‘fré‘-} tl%ﬁzé]:orl@qp,féj a lower

v
ycrysta silicon [ayer second f1I'l mformng

2{€P l%%%hnga’ri%Q:t'h DI: h?af iéﬁfs%.s Qf%nf’d | %f Oiﬁgl{lg that of

erfornmed using a single or conmon
LB OB SPRRAT, R, SRR el P, g
AT P00 FhERCoR, Do PRIl LUk sengentogyoner 10
TDUE; kS 04l B, 0892, LIS, BAAGL, sn-piane
L YU LI SO LN B0 B SRR (B, e
CLSELLLEaL LeslaLence oL, LR el (L L8Py set i che
C?Sﬁggtg%ifgbcto 200 nm.
In the above production method for the electron source,
a plasma CVD process is usedAas the film-forming process 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 step).
Thus, both the 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-
forming 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 Jlayer 3 can be eliminated to
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In addition, the first and second filmform ng steps
can be successively perfornmed in a comon chanber to

w@eanioason 5 reduced process time. The procesBCT/JP2003/016860

paraneter of the plasma CVD process used in the first

and second filmform ng steps40ncl udes discharge

power, discharge pressure, the partial pressure ratio

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

vol une of source gas, and substrate tenperature. In
pheveabovkeeshodtmbot] theibbbthee bfyehelbatrvibe layer from
formed in the first filmformng step is an anorphous
sirbeonliayeffecichyg t ba pelyctysh aldninesisen chedacteristic.
| ayer to be formed in the second filmformng step is

anngaddeped, pehycryssal hhdesébosdl Feon-Fayringd. sthps, can be
when the first filmformng step is shifted to the

566088sivb My Yo myndepina #i sehabge qom@ser cap herovide a
changed froma first condition (e.g. 400 W for

{ognt8g bhechbukf eimkayer 14 to a second condition
(e.g. 1. kW for form ng the polycrystalline silicon

| ayerrBet @ réd@ ROV Ao tsd MPFf itad RIeeasS @ cprpacsd used
to a technique of changing a plural nunber of the

PhOCeRS pParianmt erhd Sidddid | Yeivherothendirsteps includes
filmformng step is shifted to the second

fi bont opai RGuRLEP. o Bs dhSEHaT BeeBEASRYN &1 babRial pressure
changed froma first condition (e.g. 6.7 Pa) for

%Qﬁ%n%f 25ohhee bubfels | ayied k4nko ss&eeeec%ﬁ@ tigRe flow
e.g. 6.7 Pa) for "WD 2004/061891 PCT/ JP2003/ 0 6860 41

81 ThAg Jehespobyer yakal IdRe sibscPprd ay¥ehpdrb@ure.  In the
sinplify the procéss as conpared to a technique of
¢Bang ReBARLLR 1 thhe 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 1s 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 changed 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 pressure 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
conpared to a technique of changing a plural nunber

w@bootlog1spr ocess 5 paraneters. Wien the first PCT/JP2003/016860

filmformng step is shifted to the second

filmformng step, the partial 4pressure 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

(e.g. SIHA : H2 =1 : 0) for formng the buffer |ayer
lzbnoirey lithes goolywccysich 11 ome (21 hicSh HlayeH2B =£d sin@)ify the
for formng the polycrystalline silicon layer 3 to

smpledy abecpmpeesd &8s acdarwhndditeo of tdEnyique afplurality
changing a plurality of paraneters to provide a

s fpbatardtprocess mdwialypas edifnplafiteachmiogeesofas compared
changing a plural nunber of the process 15 paraneters.

Whena t hechhbghief bfmdhemgingy sd eplisashnbidrt @ f thee process
second filmform ng step, the kind of source gas to H2

OEr M - S € 1HORH Cigh P asess € afi be- chandes $tem Bs fétisfted to
condition (e.g. conbination of SiH4 gas and N2 gas)

figte SR 1Ne- hBig | Syes, 1hé Qo2 SREDNGrEONRGS | Oftio of
(e.g. 20 conbination of SiH4 gas and Ar gas) for

for giinankth®askel Ygayst@ ld.nessh) i ¢ar)l ayer 8 t¢hs which are
sinplify the process as conpared to a techni que of

changidgdgasBkUiain tye ObnaRgbaMBlRns 4 OFRPEQYI A Riition (e.qg.
sinplified process as conpared to a technique of

odxangi Nouf he Arocess pYAMBSARind! the %ﬁlﬂﬂé@e@%@ﬁ 14 to a

that a plural nunber of the process paraneters

240440915513 PCLIPAE0RI USHE0, 7 s e el Mo che
fad G d AP M SIEPsilicon 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 second 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.
combination 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
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Alternatively, a catalytic CVD process may be used as
the filmformng process in the first and second film

w®2d0a/068ay steps. In this case, when the firstPCT/JP2003/016860

filmformng step is shifted to the second
filmformng step, one of the 4process paraneters
(e.g. the partial pressure ratio or the kind of
source gas) nmay be changed or the plural nunber of
the process paraneters may be changed. 10 Between the

il tbé‘%éﬁrgé’(ﬂdwdﬂéﬁﬁtﬁef Bl PG +Streps- fohfindbeMep is shifted
n t ho

f
producti o may further include a pre-growh

f’%’ea&ﬂgﬁe@tﬁp AR SetdPaitdye. surface of the buffer

yer 0 a treatnent for facilitating the creation

of a &ﬁﬁ%%%?%gﬂ%%bﬁr§ai@aﬁgfy.f&tt@b Egg@%sgfmh@ebe used as

secon ng step.” This net can

(S22 sENIEE BEOUDS! o {RAGPOLYELYSLAd | BRcona £in-
U5 BRSBTS oA Ll P8 P 8. Sorming
L3O SRR S A AN A L flpd 1820, ong oF ene
LT e R TR, S 10 B Y R or e
2B IEkee S PRERSLRRAIE I5TL 5! 8B S0 Uirer o
TS e OVATIRTS ST Tt B ORBROR 2004/ 061801

T CRAGATER SR e L BB e, e
rﬁ%éégn%%o%%cggg%i%%é%ggd%%§dfurther 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 chamber). In this case,
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process tinme. A hydrogen plasma treatnment or an argon
plasma 5 treatnent may be used as the plasm

woe@anemat . I n the hydrogen plasna treat ment, P@irare003/016860

source gases including a silane-based gas and a
hydrogen gas are used in the sggond 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 chamber through a

RipRe QE@Igf&?—t}Py‘é B9ERH8S stEY Saf@ntBbi BeBdhe then-forming
need particul ar nodifications of an apparatus for

(? nchfe Pl Q’&?@e%@v@i?c%ﬁ-fﬁ%é@”@ﬁ%dﬁd&ea reduced

ogeéen plasna eatnent, the 15 argon plasna
t eaf Ment, Ioms the crystallization in the
51ycryst§1 i'ne silicon layer 3 to be further

facili tattg\gdw{égﬁ éféé%{gl ytrggﬁmgﬁﬁaggg}m h trgﬁtd@pt plasma

step ﬁ%y formn yer inc

Al Ly, MBS LB, O BUECBRRS! e
AR Sy, gwé'éﬁa ALV B8 1using <
S B P S SIS g sne secons
e e éﬁ%%&%8n§4 step nay be

TP E ] RS e PERABKILAD LI L SSQROMN che source
egrgtssessl,onwhlch is introduced into the chamber through a pipe
for the hydrogen das. This can eliminate the need for
particular modifications of an apparatus for use in the
plasma CVD process.

As compared to the hydrogen plasma treatment, the
argon plasma treatment allows the 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
nanocrystals, on the surface of the buffer layer 14. This
pre-growth treatment can facilitate crystallization 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
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characteristic of an electron source 10, as anot her
specific exanple (hereinafter referred to as

wO Goapersat i ve 5 Exanple 2") produced without BEmJIP2003/016860

pre-growth treatnent. In Figs. 11 and 12, the

hori zontal and vertical axes rmepresent a driving

vol tage (bias voltage) and a current density, .
respectively. In Figs. 11 and 12, each of four kinds
of marks (graphs) having higher current density 10

vak@ﬁplénzt'heﬁy@ahbeal b*b8rEBGhER e%hEh? EU%SWth treatment.
density of the diode current |Ips (see g

erLhs of fPuranki nds QﬁuﬂPrKﬁnig%@ﬁgﬁ) qﬂy'%gec%ggh em1581on

current density values in the vertical axis in

t si of 4t h 0 nt,he (see
st ceeeslby ot "% SRS SN RUEET 1S, (G, gnovnes

t£§b§f§iéck§ h@ﬁ'c(Hecg%a%ﬁﬁgaekgf%iggd %yrqg 4" Comparative

el'ements 10a aSsoci ate € colum S .
SheRETe e iRt e, R Fﬁaﬁfggmﬂ%’c
S€ e
: 22??%&@’9%'3 do B T ElenireatelBy ol nibacigel axes
¥se e c*@mgitane%s%iea & &5 V4biss "2Wa a current

enents soci at ed W

cglaar e e e

t. th the _
co%%%%oge eg% &%Rod §a3%%CI L g@%ﬁo@f@@fnt density
P P2003/ 6860 45 | Fi . . 14, the
AT R T t}Je%ae]nnt?I{g FE%%SGanEthferd?H‘leﬁélt density

Ionfts:ﬁtel%ﬂ edéﬁ¥lregt r1pcs:as(esee 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 "[J" shows
the characteristic of the four electron source elements 10a
associated with the column-selected electrodes 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
represents a current density, and the vertical axis on

wo b@4B61sdght si de represents the el ectron em SBCDAP2003/016860

efficiency. In Figs. 13 and 14, the line a shows the
current density of the diode gurrent Ips, the l[ine 3
showi ng the current density of the em ssion current

le, and Iine y shows an electron em ssion efficiency.
The tinme- period of exposure 10 to' hydrogen plasma in

the pre-grawt h brealyment wag 40, MoNELs. Aikerrepresents a
condltlons of tﬁe pre-gfowth treatnent were a

g%%tﬁr te Igsgp%{o%urt%eof 16995_;&1:?091' s&ﬁaro&%vﬁ&l%sswﬁe @dse of

scharge power o seen from

thgﬁ%ﬁggg{;a Plgetmeen f%e IS vetliang ¥£x1slgnlqﬁﬁpt3¥§t side

Jecjte%lto pre-growt h treatnent is
GRFS R o ”ﬁ%@tt SRR BP Ehear i L i, o0 the
t‘—’Fk%ﬁl s e?séa%e%o ?\é\éslheél%e (2&5}2143 ]i%:hventlve y. in
o entianted A e%ﬁedsh‘i# o PR Z‘Y%%dgﬁ? LfFoqeifity of
FhSibfaceed FErTetbr tpgsrrom%ﬁ“ﬁ%%% ¥R Bg,corrent
catodtrom e anil_peeling.Laver 1o 280 Jietshens o
PCT/ JP2003/ 016860 46 LnsulatlveT§Fb§é%g%e 11 Thq@ o

tHee G590 o3RG hget heC1BREY T ng s B

or to be forned_as the
to  hydrogen plasma in the pre—-growth treatment was 40

posure

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 electron 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



el ectron transmt section 5 during production process
of the electron source 10 can be reduced as conpared
WO e00tl0€18%1 convent i onal el ectron sources to facPCT/IR2063/016860

i nprovenent in process yield, and reduction in
production cost and cost of the electron 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

10nachheyveeenhanasd del vabi | iy, s Wepa E#? of  causing the
substrate having a thernal expanS|on coefficien

Cﬂ)@éfinﬁo dpat QlferSi EbﬁBBsEBa%fh% r 0% 2 ?éghféflﬂéa&n as the

poi nt glass substrate is™ used as e insulative

tigicose L anisprel 0 Lo PR s o
Sphst l’e%%t}_lm' S Sy pr E‘nt he Sf?ﬁu% E%%Sf#qrnfg)gagre & to the

opposite to the front sur ace

LO8nvLABHORL V1 BURPLRDID el ) A IR e it Subhent in

desire strate erature 41
20 d tt
TR Jﬁ%ﬂ. TR s cont o
h f th
gLogLEominecaids ob, 4:%1:31”&%?;% PELOLnd feceron

ron so avin no buf f er

t t f .t
l%‘&:féésg%ﬁczpro%g S SR A ealf 50 can e
he | I d 12, h F In this
SaSey B S00H Bb1 557 1Ae JB5009) BBBE e (HeTegins 12 to
are arranged at _.a wde

where the | awer el ectr.od s 1
p?i%%eW| SRR A at ed "PfRus 2 t éass  substrate

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
where the |ower electrodes 12 are arranged at a w de

w@rdoghetsave a 5 lower filmaquality than that iRCT/m2003/016860

region 3a where the I|ower electrodes 12 are arranged
at a narrow pitch. In Fig. 1647the respective arrows
extending fromthe heater 40 in the thickness
direction of the insulative substrate 11
schematically indicate the flows of heat to be

abser bedibys 19hthe EQ@EIoﬁéECEIQQ€§oégs 18€a¥b U8 ranged at a
hori zontal width of the arrow neans a |arger heat

apDgat ocde absor bed ':irrl%mﬂﬂl'c%eqfﬂl% Ao QI d o’fl“flﬂg the

above enbodi ment, the buffer layer i's forme

ﬂ@@ﬁ@@§33§'|BGOQfWBhéhpbﬁyeggitgilﬂﬁ%eéiﬁkéoﬁafggéf 3 where

of absorblng infrared rays

18he i Tokbe @1@&€§§d9£ {or an£P§n$g{if St ol V8L é“;éﬁ have a

cover the whol e area on t side o0 he fron ace

of oy RS Léggﬁﬁéfit & i dtt}ﬂeerﬂi ggonﬂ N9, where the

t hereon the n ycrysta i Né si n|ayer

t t t

Sl $06PER g e A0 e VR B RN artr o i
tf@ Sﬂﬁga s&%?%gv%urgﬂp%%%égﬁ os&te tgréﬁﬁ ro%&ater 40 in

surface t y ‘usi'ng
eraf, tri;bution on he S|de of -t e fr
ﬁ$$aéglg$&} é§|g§% atlvg'su st AT e PP SUbStrate 11
e L FRREAE, Bhe' SRARLED B L e
f|| t he MO 2004/ 061891
3@%3’%@6‘%’%/%@ At Y R 9T Q| FUBTE] dybfitly of the
as conparted to.an . el ectron s%yrce in mhlch t he

gl Hegl L A ToTE s Gigint S B Fosdran

From this point of view, in the above embodiment, the
buffer layer 14 is formed of amorphous silicon which is one
of materials capable 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
surface of the insulative substrate 11, and then forming
thereon 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
el ectrode 12, the in-plane variation in quality of the

WG 2eriobt89l ayer 6 can be minimzed to reduce theCT/JP2003/016860

in-plane variation in electron em ssion
characteristic. In the electromgsource in the above
enbodi nent, the buffer layer 14 is conposed of an
anor phous | ayer or anorphous silicon |ayer. Thus, the
buffer |ayer 14 can be 10 readily forned through a

COPTRELYs USEH: §8MEEONEYAT OhyeR @dUCTHALL PrOCeSSbSred to an
pl asma CVD process) at a relatively |low tenperature.

Wi detthe sehfie! Byearnbchnthbenabpye Fgg@giﬂgrfsiformed only

formed by subjecting the non-doped po rystalline

Sihi Coe lRadayer whd a i"canﬁ%ry%hgle'rii yois%l'&] PEBceﬁﬁe lower

and then subjecting the obtai ned nanocrysta zed

| @yeLrLOa@n 1 0xi dati oy, Drogess y.gnather, in quality of the

pol ycrystal l i ne sem conductor |ayer may

SYPSEL t Lﬂa%qeﬁ’é& h@ar&’o'ggcr mhg{n}n%ga Y irceo(gbc'eay €63 in-plane

Furt her, the 1 nsul atin min the above

cpbod PESS 15 oosmosed ohtheosiLigon pxide. film 64

ormed Through an oxl datTon process, & nrttiding
bt Tt B Por TS datTshe piscodts” pPoPHe SHaGH iRy the
BOEES?, [ aseds o6l olbliesoh! |60 9 SSLLRS% e o
L2004 001691, FGT/ JER00% 01600, 49 QAT LA 1 can ve
@%é%iiybefégﬁggd gﬁrguahligoné%ﬁﬁggfy(ﬂigé msemiconductor
production process (e.g. plasma CVD process) at a
relatively low temperature.

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 process, 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 process 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
conjunction wth specific enbodi nents, various 5

wore@kissat i ons and alterations will becone appRCEM2003016860

those skilled in the art. Therefore, it is intended

that the present invention is4got limted to the

illustrative enbodinments herein, but only by the

appended clainms and their equivalents. 10 Industria

Applicability As nentioned above, the el ectron source
HiRigg bhedesesend uewent i oachs off fegéi veltieon oxide

reduce the in-plain variation in electron em ssion

cherRetss ) Ski Cwand 198 oFd Aged Saenbagcetc sl bapil ttyde £ilm.
thereof. Thus, the electron source is suitable to use

in flafnh]]@htriRouresent! aindbspiay deys Ce®verOl described in
sol i d-vacuum devi ces. WD 2004/ 061891 PCT/ JP2003/ 016860

oA M o A fiiehd emgsicarilype elReld QRS Ce  various
including an insulative Substrate and an el ectron

%&H%ffi@éfﬂ@ﬁé IRs et 5 9P; thE wide BEcORE sPHiAERtOfo those

sal I'nsulati ve substrate, said electron source

g%ggffé h%xgﬂghgaeLH%@rTﬁFSESBSQ?%FﬁfSﬁ%faﬁﬁtended. that the

rode; al strong- rif ayer 1 ncluding
ROLYELY ta%ﬁ& ti&g Sié'CﬁgtanﬁiﬂiﬁgaseéobetM@eniﬁﬁﬁgtrative
I%mer el ectrode an sai d surface el ectrode, said
Sénﬁl%‘@i'&égkg (il)re'rfetinl,ayﬁﬁt aloln(i\ﬁﬂ nlgy 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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el ectrons to pass therethrough according to an
electric field generated when a certain voltage is

wappkioes9st o said |ower and surface el ectrodesPCTIER0611016860

a manner that said 15 surface el ectrode has a higher
potential than that of said |owgr electrode, said
field em ssion-type el ectron source conprising: a
buffer | ayer provided between said strong-field drift
| ayer and said | ower |ayer, said buffer l[ayer having
20 an el ectrical resistancergs er than that of said
pol ycrystalline silicon. 2. The field em ssion-type

el ectron source according to claiml, wherein said
buffer |ayer includes an anorphous 25 layer. WO

2904/ 0818910 FETIHEAOMAIAR00 dbctrcllesbleld  ingiuding an

em ssion-type electron s ce accor

iﬁn@ﬁh%@i@eméﬂ5§t %gg%%ﬁ9faﬁaggeﬁkgéﬁgggﬁigégéﬁgpent formed

el enents are forne e Sidé o

S%bd1j§aiQ?&é?%ﬁg§n§¥g?££§ggeb§trg%%ﬂ&;?#gﬁbaggbgtg%%strate,

substrate i nclu ass su
t hr.ough, and said

nggggggeae¥§ntngg%%S%h%mgh%

.
ayer 1 ncludes a portion of*d*filmwhich is

made o erhal..capahl e of absorbing infrared rays
10 andgngﬁg %ggggggge(he whol e area on the side of

said syr id,insulative substrate before the
f or mat %o%aggﬁgéafggegfcﬁ%ﬁﬁ-’fFgfid drift layer. 4. The

fiel m _SSi on-ty. | ec n._source, according to
leld g é%%d%g—ﬁ“giée r&%g layer includinggpolycrystalline

silicon and disposgd between said lower electrode and said
surface electrode, said strong-field drift 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.

2. The field emission-type electron source according to
claim 1, wherein said buffer layer includes an amorphous

layer.
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15 claim 3, wherein said anorphous |ayer includes an
anor phous silicon layer. 5. The field em ssion-type

webk@assn source according to claim3, wherei PCHaP203/016860

strong-field drift layer includes 20 anodized porous
pol ycrystalline silicon. 6. Thgifield em ssion-type
el ectron source according to claimb5, wherein said
strong-field drift layer includes a plurality of

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

ranonehes - o1 dey $aAkeeBAUEt R NANQSE Y agéuresSIa@c%&dmg to
bet ween sai d sem conductor crystals, each of sa

e igpnduct gr wRapecLy siial s havige A S8 kagq feqré@cqfon source

with an insulating fi'l mwhich has a thlckness | ess

t i f
handdies 91595 FRAmRE €01 Sﬁépro i ng ?%atcgl surface of said

nanocrysta A et hod

ﬁ%éﬁié%&déﬂghgﬁgyggyn‘N :§§ according to any one of

alns 1 to 6, conpri'sing: rmng the | ower

e'ect@%¥a0£n%hfa§i9§ gﬁgéﬂkgtéofﬂgf&é’ 25 %ﬁg%s substrate

i nsul at1ve substrate en formn

Ay AU T SR

field gﬂ&%&]@féypfa%%%%ﬁu&éecfgg%é%%]g@gnogg' 09 eft&(i& which

claimb®b, | OWeT
f.ormn | o le trode n the sjde ai.d
Sur Fates of %salgﬁaE% ? veres 3835% t%bsorglng 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
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afirst filmformng step of form ng the buffer |ayer
20 on the side of said surface of said insulative

waegewbe after said | ower-el ectrode form ngPGT/@z003#016860

second filmformng step of formng a polycrystalline
sem conductor |ayer on the surface of said buffer

| ayer; 25 a nanocrystallization step of

nanocrystal lizing at WO 2004/ 061891 PCT/ JP2003/ 016860
53 least a portion of said polycrystalline

SEMANHHICT A f | aYShomd e AUMUIAN aNOfH ZbRGuPEPFCSSakOcrystals
formthe sem conductor nanocrystals; and an

| sl it PG d £ 82 0L B BY s8h@BoABUERE W %Qytsl%%ls each of said
insulating filmon the surface of each of sal

3§ﬁh§&ﬁ%ﬁ3ﬂﬁrrﬁ%ﬁ@é¥§£@éfs ﬁavIHS gE%%&%d%%“%&?ﬂghtﬁﬂth an

claim 8, wherein said second I'm formng step is

f%ﬂédﬂﬂ?%%éﬁffimsgthﬁ'r'sfdl Q%e% QQSSE%%n ﬁ%e grain

wi t hout exposi ng e sur ace o layer

tgﬁez@td'@ss@]&f &enth Tc!ﬂ?cf@f hod, sedfl'g tO claim9,

in which asma process 1S as a
flln}forn1ng process in each of said 15 first and
second filmformng steps, wherein when said first

1l mi orn[giﬂ%cft 5P ];5:153 cﬁm frgggdc}{e aé]fjd S O%?icgril—li‘[n% electron

forn1ng step, a difsch arge ower for sai

IS S q? |r t ndm n for fornmn

t“Jhe g Ut faedrCSO e(g econ fcocn o oni ?%? ’or?ﬁl%rlglng
the poéc}ﬁ{l%g} altlhlene lo%\r%rserenlce%rﬁgr%%lt or on y%fl'e side of said
surface of said insulative substrate, and then forming the

buffer layer on sald 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 surface 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
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11. The method according to claim9, in which a plasma
CVD process is used as a filmformng process in each

wo@R0o0ga6x391 fi rst and second fil mformng steps, PEiiaEr200310163860

when said 25 first filmformng step is shifted to
said second film W) 2004/ 06189F3PCT/ JP2003/ 016860 54
formng step, a discharge pressure for said plasma CVD
process is changed froma first condition for form ng
the buffer layer to a second condition for formng

theasPOok ys6 61 @h | bNes S£di SODPEEYOFal BYSE - samilondher
net hod a?%%rding to cIaiﬁfQ,ginymh?ch a2 plasma oD - OF layer

PFIRESSSh Olarf ababWliize nGVDoPHEESSS 5 USREh 3$h8  semiconductor
filmformng process’in each of said first and second

fhdmadofat i0s stepg, Wwherein when said first
filmformng step is shifted to 10 said second

filmformn @Qsﬁﬁgginbh?iﬁﬁ” i H&ngqssuéi?e at,@ (gortnllicng the

"
source gases for sard pllasma CVD process or cataly

%ﬂé’@ﬁ?@%ei Eui??rgng H frﬁ{% a fsiurr%tac ond&%! oneall‘ of said

form ng r layer to a second condition for

gé%ﬁ%éﬁééégﬁﬁﬁ¥ﬂéﬁgé%&%%%iQ? sem conductor |ayer. 15

accor oclaim9, in which a plasm
CVD process or catalytic CVD process is used as a
filmformng process in each of said first and second

fal mf ' p erein when said first .
f%]rnf{ﬁ%}ﬁgtgégp%Fgogﬁﬁkpé}q(thfﬁagd g@@&ﬁ&n sald second
fd 1 1.ng st t he kind _of sourc ases fqr _said
;ﬁééﬁﬁfgiﬁg%hoéﬁgg)oﬁfhangf%F@e DagF%Ees§aF§ chihgeq 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-forming 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 polycrystalline

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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froma first condition for formng the buffer layer to
a second condition for form ng the polycrystalline

wa@ewoersgduct or | ayer. 25 WO 2004/ 061891 PCT/JP2003/016860

PCT/ JP2003/ 016860 55 14. The method according to
claim8 or 9, which includes Igtween said first and
second filmformng steps a pre- gromh treatnent step
of subjecting the surface of the buffer layer to a
treatment for facilitating the creation 5 of a crystal

ngeteimgi stidie, | Al tdakcbhoge Yrsphdseeemd said plasma cvp
filmformng step. 15. The nethod according to claim

I8rowbeseiiB THahJUe-£ oW N £ Rt MR SLeR /R BEERing the
of subjecting the surface 10 of said buffer layer to

ay Bt a6 Fm LagateRt 16. sEwerwet hadh accaydi ngof o f!)%itng%g the

14, in which said pre- gromh treatnent step i1s a

BUBLHeSELNY: hhessHE sal uffer layer to a
g@%r%geﬁ plasﬁa t?eat%gﬁﬁ?cgérmﬁégg?h sai d second

filmformng step includes formng a polycrystalline
silicon |ayer serving as the polycrystalline

Sf@jC0@@@Qﬁ8fh$éy§£C69§g%€hté ?i?g@g??vin.ﬁ %é_s%a%%asma CVD

using a source gas inc ng a a si

%‘3__50 g@s 1<Zr EQ%RTEEEQ%%C%& ic%%st q.SC| siepra (1)??'5; éNh%E_fxianorming

sal dcpre- gr owt reatment “step 1s a ste
ré%%&%.2%ﬁ%§%$%g§£g%$%dofi§§&daggfégéoﬂgyﬁilﬁgfggming 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 1s changed from a first condition for forming

the buffer layer to a second condition for forming the

polycrystalline semiconductor layer.

13. The method according to claim 9, in which 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
sald second film-forming step, the kind of source dases 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.



25 18. The nmethod according to claim 14, wherein said
pre WO 2004/061891 PCT/ JP2003/ 016860 56 growt h .

WO e@anemsat step is a step of formng a | ayer POTIRMNIING6860
a nunmber of silicon nanocrystals, on the surface of

said buffer |ayer. 55

14. The method 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. The method according to claim 14, wherein said pPre-
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 treatment,
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 step is a step of forming a layer
including a number of silicon nanocrystals, on the surface

of said buffer layer.



