;e3ezZLd 6TZk{Z11 J U L 2003 DESCRI PTI ON FI ELD EM SSION DEVI CE, I TS
MANUFACTURI NG METHOD AND DI SPLAY DEVI CE USI NG THE SAME 5 FI ELD OF THE

| NVENTI ON The present invention relates to the field of fiel d1911 ?supnggga
devi ces (FEDs) enpl oyed in devices using el ectron beans, includin a
panel di spl ' mmmmensor s, high frequency oscillators, ultra high
speed devi Cgmmmmmﬂm 1.0 microscopés, and el ectron beam exposure

devi ces, and thej,panufacturing nmethods. Mre particularly, the present
invention relates to FEDs with an enitter_which stabilizes em ssion current

by integrating field effect trafBSEBAPTFRN): FEDs having hi gh current
density, uniformty, and satisfactory power efficiency; and their

manuf act ur i W5 Vg GFIND 3 HEA NNEAT TOR |1 - known
basi ¢ conf i%]%%raltgi 0 S%gt ngg;sz}ﬁlﬁg Wnﬁéﬁﬁ%&%ﬁ?has a
cone-type Spindt s t i g AT SpI t al in the
Journdl of Applied Physics, vol. 47, p. S23 8, 1976. The FED with this

Spi ndt structure, however FIEID aOpr AIHE MINVENTIGN e em ssion current. In
particul ar, unstable em ssion current |eads to a najor problemwhen it is
used in a fl at Thiequesent iderention aielatesdp dseficidnof field rapiasienadevitasnt Exani ned
Publ i cati on No. H6-14263 because unstable current directly affects display
pi ct ure (HEDS) ymphoyedinaeyineansing dbettron beansyincudingflatpancbdispbay H7- 118259
discloses a FED with stable em ssion using the negative feedback effect of
r esi st anclevipgs.csensers high frequiegey nss'llatom;agtra bighsspeedidevigeas electronan emitter
emtting el ectrons. 11 J UL 2003 2 However, the use of a high resistance
r esi $0or mieraseopaseand elegtron tkam\exposurecdeviess; and theis manyfacturinge enitter
decreases the-response of the FED, and consunes significant power. In

addi ti on methods i Moee paicularlys the presensdinyentioncrelases ta BEDstwith@nve t hi s
problem nore than 1000 emtters, for exanple, axe 5 integrated to form an
enitter mittpr whichostabilizes emissiomegurrant byintegrating ﬁdidtftfﬂ?ch%ﬂsl@ﬁmﬂsi ty by
averagi ng_the output of many emtters. However, an increase in the nunber
of emi t t {FETYHEDs dapinghigh currant densityiseriformity,andrsaisfactony RO¥E of t he
FED. To sol.ve these problens , the Japanese Lai d-open Patent Publication
No. |0 Heffisignay; and pm@@ﬁwtuppgmﬁo controlling the current flow ng

inthe emtter by directly bonding an active el enment such as 0

to thé enitter of the FED. This enables the stabilization of am ‘“‘mmr“ ‘lmlmw
power consunption. Furthegmo | {.n.nat.es. formlar, .
nunbers of emtters. Thiskﬂé&cgh&bgb&vu l“i}ggﬂ;ﬁl& pﬁcrystal s? 1"Con as
the substrate, resulting in inability 15 to manufacture a flat display

el ement of large size, as well as increasing costs. Recently, the Japanese

e e e g
ERCONTR G e e e R ST
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5711 con_ iSO Bk er Ha R pRERNAHE sbld ARSI pheaCl MR B 0
FED conp ;ﬂ%ﬁﬂﬂ%%@%lé &this®lon®hrren? ¥hdi £d aTriajoF pobldf witen itishsB it ReCt ! Ve

view 1
flat display device as proposed in the Japanese Patent Examined Publication No.

H6-14263 because unstable current directly affects display picture quality.
25 The Japanese Patent Examined Publication No. H7-118259 discloses a
FED with stable emission using the negative feedback effect of resistance by

connecting a high resistance resistor in series to an emitter emitting electrons.



3 illustrating an entire FED corresponding to one pixel. Fig. 10 (b) is a
magni fi ed sectional view of one emitter and TFT in the emtte r

shown in Fig. 10 (a), nore than 1000 enmitters 10 are forned |i|fh1m
array 7 of the FED for each pixel controlled by one TFT 23. The current 5
emtted fromthe emtter array 7 is controlled by one TFT 23 connected to a
corner of the emtter array 7 through a cathode el ectrode. As shown in Fig.

10 (b), the FED conprises the above TRT 23 and enitter unit connected
through the drain electrode 19. Tlie TFT 23 conprises a chrome source
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cold el ec@&(yﬁ?is hereafter called an emtter, and the entire devi ce made
by connecting this emtter with a transistor is called the FED. 2 5 The

convent’ onal o Do s LRb el 1 RAEPL B Rkl phedBinng. e @
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substr at or crystallization. I's conplicates the“process. ser

anneal | nOpyrhéthitre,dt é?ﬂl}(ﬁ?ﬂ&@ﬂﬁ%ditﬂ ot Targé AinHer® Bf ehfiftbRASITEs L NE

manuf acturing cost. Sti nmore, the prior art requires the formati on of a

thin amor HIWERR hsd%Bgle cRAIALNICYh AR subdRsteMBEstltin @it mabflityMaki ng
a TFT or FET. These | ayers o the emtter are etched, and a thicker
anor pl¥oustoShhhefabiuré s $at 14yoéleiRet bNRir@éTbizk £4s Wellf3rifBebagih@ dbstsl hus _
conplicating the process. Before form ng the anorphous silicon |ayer again
to create the eRedenely, tﬂdhpfiﬂésmldi@-fbgiﬂﬂ’fa@&ﬁ Publiedtion &b (91129128 H. Thi s
contam nates the grow ng surface, and nay degrade the crystallinity of the
anor phousGamloi etab , Apyléed PHYsies Bettabovel. 73, i k80110998) and WNEL Seagewi tter
arrays are controlled by 20

al ,SID 98 DIGEST, p. 189, 1998, disclose the use of a glass substrate instead of

i

single crystal silicon to allow a larger size and reducing costs, for the purpose of
20  application to a ﬂat panel display device. In this structure, an emittgr, field
effect transistor (FET), and its thin film transistor (TFT) are formed on the glass
substrate using amorphous silicon and polycrystalline silicon.
Figs. 10 (a) and 10 (b) show the configuration of a conventional FED

comprising an emitter array 7 and TFT 23. Fig. 10 (a) is a perspective view



one FET connected to one end of the array region. This nmakes the di stance
between the FET drain and each emtter chip different, causin anlf e
in resistance between the FET and the emitter. As a result, t e'ii W
characteristics of each emtter vary. Furthernore, a gate and source of FET
are disposed asymmetrically to the emtter array. This causes asymmetry in
t he space potential distribution between the emtter array and the anode
substrate, which is the phosphor side,3 11 J UL 2003 5 when this FED is
used in a flat panel display device. The travelling direction of the

el ectron thus hecones anjsotropic. 5 Still more, since the gate netal of
the FET iBlustadnganesatite KED camespondingdoians pixgler , Fignl0 {hkisia magnidiedof
external noise may affect the gate netal and erroneously trigger the FET,
greatly cseetignabvieweofonsemyterand BRE inthe erpittesiartagr’. As descri bed above,
the prior art FED still has a nunber of disadvantages, and the use of such
FED in a flat pAsshowndpiEig. He(a)cmore thaasl K0 emittgns d0cre fermenl iquthei t v,

whi ch depends on uniformty and high |um nance, It also increases power
Consunpt | SMIFIATERYET of HOWNHRVODRagH EieNRENToLEN by one AED 43, ( RBe RESBh!

I nvention conprises_a sem conductor |ayer grown on a substrate; a field

ef f ect5 t r emifted om theemigterprrak7Hg canyalled gy@@prm,ﬁmnnp@gdé@ Bon | ayer, a
source region and a drain reg7i on; and at | east one cone emtter formed on
one of safFerngr af the wmittes asrayshihgowghra gathgde eleqhi®de: on of sai d semi conduct or
| ayer contacti ggésai d drai,n region, said cone emtter being fornmed by
etching the sem @hewalarFlgamﬁb};ﬂmEEDmmmsqsﬁheIahpvgafa #¥Fands forned on
a surface of said sem conductor | ayer, and said sem conductor |ayer has a

t hi cknessemitten wytconnestad@roughythe dspinseleeiredent9.enilhie diF T 23 compris¢gay U L
2003 6 The, sem conductor |ayer may be fornmed using the chem cal vapour 5
deposi t i oshrasmeseurceviscHeda don aglass subsjrate.dut amprplousrsikican ¢ontaeld by t he
contact of sem copductqr material_gas with a ngtal having high pelting

poi ntlthealdygr apd &Rmrgql 1pEipsBhaus silicomlayer20; %gﬁwpnaﬂoaﬂpﬁ% i9fng nor e
than one em tter '

y,be forpedq in i rcul ar ,or polygonal FET drain region.
The et t &YehPy ad pShEgme g3 EC‘B?/&l r&ﬁ@eg’rﬂtﬁbﬁ%&aﬁlp”éﬁﬁ CA®YEr ode and

source el e..The entire is then ., . .- . .
ﬁﬁ'-tlr 8?9, chrome drain metallzlg, amorphous silicon emitter 10, silicon dioxide

insulation layer 24, and niobium extraction electrode 11.
Fig. 11 shows a method for manufacturing the conventional FED. As
15 shownin Fig. 11 (a), each material is sequentially layered. Then, the portion
which will become the TFT 7 is covered with a photoresist 21, Areas other than
TFT are then removed by etching to expose the lower drain electrode 19 (Fig. 11
(b)). Next, a;n amorphous silicon layer 20 for forming the emitter is formed
again (Fig. 11 (c)). The shape of the emitter is then created (Fig. 11 (d)), the
20 insulation layer 24 and extraction electrode 11 are formed on its top, and an
emitter hole is created to expose the tip of the emitter (Fig. 11(e)).
In the description, a part such as a cone shape which emits cold electrons
is hereafter called an emitter, and the entire device made by connecting this
emitter with a transistor is called the FED.

25 The conventional FED has the following disadvantages.



covered with an insulation |ayer and netal |ayer. The above configuration
provides the followi ng effects. A thick polysilicon |ayer of 50Q nm or
above may be directly forned at the rate of 0.2 nnis or fasteﬂ,%wdﬂhh,Z@Oa
relatively high speed. This enables 15 elim nation of the

pol ycrystal lization process using | aser annealing after the formation of
the polysilicon layer. In addition, the,thick |ayer inproves crystallinity
near the surface, and achi eves high nnb?lity, enabl i ng manufacture of an
FET with uniform and good characteristics. The creation of an FET and
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aver 20, 00 ot o L GRS B P S AT Bl 1219,

di stribpution_ between.th m tter array and anode substrate becones
symetTic awﬁqﬁm%énghﬁgtg e, enabling the em ssion of electrons
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FED appl i ed, m@tuﬁngtcogfme' di spl ay device 5 enables to. offer a high
picture quality, 1Th&udi'ng uniformty and high | um nance, | ow power
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sectional view I'n accor danc
15 surface is exposed to the air. This contaminates the growing surface, and may

degrade the crystallinity of the amorphous silicon layer.

Also as shown in Fig, 10 (a), numerous emitter arrays are controlled by
one FET connected to one end of the array region. This makes the distance
between the FET drain and each emitter chip different, causing a difference in

20 resistance between the FET and the emitter. As a result, the emission
characteristics of each emitter vary.

Furthermore, a gate and source of FET are disposed asymmetrically to
the emitter array. This causes asymmetry in the space potential distribution

between the emitter array and the anode substrate, which is the phosphor side,



exenpl ary enbodi rent of the present invention. Fig. 7 (a) is a plan view of
a'FED in accordance with a fifth exenplary enbodi nent of the rfs‘zgﬂﬂggqan
i nvention. 1 1J UL 2003 s Fig. 7 (b) is a sectional view of"t
accordance with the fifth exenplary enbodi nent of the present invention.
Fig. 8 is sectional view of the FED with convergence el ectrode in
accordance with the fifth exenplary enbodi nent of the present invention. 5
Fig. 9 is a sectional view of a FED in accordance with a sixth exenplary
enbodi nemthenfthisHEEPriesised in aabpanel. displgy dedidea)Thestravgling daectior off a
conventional FED. Fig. 10 (b) is a magnified sectional view of a part
concer nethotleatmor tlarebdconiest drsatropient i onal FED. 1 o Fig.11l is a sectional
view illustrating a manufacturing nmethod of the conventional FED.

DESCRS PTI ON OF StiHEnPRE B iRRERe EvRODEMENT tHSFEilTis tcovaredpndy withnthedi nent A
first exenplary enbodi nent of the present invention is described below wth
r ef er enc ensudatigkyen, ang, snzalbldégreaof shternali noisé maylaffext BEDzate métal mudsent

i nvention conprises a substrate . 2 0 1, sem conductor |ayer 2, FET gate

i nsul at i erronegusly Brigg&Fthg &I, rareatly aharfgifg shemissicapewmers, of RET edhitiem r egi on
6, and emtter array 7. In the first exenplary enbodinment, the emtter
array 7 is fordsdlasgribed hbove,tthe psenagdikiu stilirhasaymumbenof disadw@Etaghsai n
region after formng the FET. In other words, the first exenplary

enbodi neand éhabseef such Flobrinta Bat prnebdisplay deviees mibes eufihighpigiyrea si ngl e
grom h of the sem conductor |ayer 2. Prevention of 11 J UL 2003 9
expod@r e qualityhavhich flgpendsoon weifermity wnd bigh Biningned| Bralse ineredses gower h of

t he sem conductor layer 2 in two stages, enables the sinplification of the
process &pasynplemand gesfr adati on of crystallinity. Fig. 2 shows a sectional
view of the FED after a cone emtter 10 and 5 extraction electrode 11 are
added to the emtter unit sown in Fig. 1. In addition to Fig. |, Fig. 2
shows an inpurity diffusSUMMARY!OFTHEINVCENEIOQONUrce el ectrode 9, one
cone emitter 10 in the emtter array 7, extraction electrode 11, insulation
| ayer under the extraction electrode 12, and FET passivation |ayer 13.

15 A FED of the present invention comprises
a semiconductor layer grown on a substrate;
a field effect transistor (FET) comprising a gate electrode, an insulation
layer, a source region and a drain region; and
at least one cone emitter formed on one of said drain region of said FET
20 and a portion of said semiconductor layer contacting said drain region, said cone
emitter being formed by etching the semiconductor layer;characterised in that said
FET is formed on a surface of said semiconductor layer and said semiconductor

layer has a thickness not less than the height of said cone emitter.

25

30



Since the cone emtter is |located at the center of a cylindrical hole, the
to electric field is uniformy concentrated at its tip, emtting cold

el ectrons uniformy and at relatively | ow voltage. According f
a cone emtter and extraction electrode in the FET configuragrtdygﬁ0$§ﬂ32
Fig.1 enables satisfactory cold electron em ssion characteristics to be
achi eved. The substrate 1 is a single érystal or polycrystalline substrate
made of 15 sem conductors such as silicon. In particular, the use of an
anor phous gl ass substrate enabl es enl argenent of its size, and all ows
reduced cost and | arger screen size when applied to display elenents. In
gener al , sati sflhetsemicandistal layed mpyibe foomed msingvthblchemiicdl vapohi n | ayer 20
25 thinner than 200 nmat the initial stage of |ayer formation because the
| atti8e depssitionsnethod (C¥Dnwethiod)utilizinga cakadytioeffect/caused bydhe enntaotiduct or
|l ayer 2 is formed on the glass substrate 1. The crystallinity then inproves
gr adual | pfaémégonduetdragaterinhgakwiths metad ddvingoltigh meltiogpodntrigayed fooa mat i on
of the FET on the crystal surface of a |layer above 500 nmthick facilitates
t he for mhiglotemypieratuee.seni conductor layer 2 with an electron nobility in
excess of 10 cnR2/V.s. One nethod of form ng the sem conductor |ayer 2 is

t he CVD met hod Athémiftartarianzassay campuisinganos than lpacemiticy tay beffetnedaused
by the contact of sem conductor material gas with a netal having high

nel ting poReirchlasasolyganahifgil deaimbregions &helennmﬁeemagmsurr@mnde@idw or

pol ycrystalline silicon is grown using this CVD nethod, the sem conductor

| ayed02 wingrorpadygonal satmelertrode pad sourge elgntspds. jEhepgntue diddl isothgns this is
suitable for controlling em ssion current fromthe emtter. The inpurity

di f f usi ogOpetedatith ag mﬁiﬁ@tﬂOIBlﬂYﬂBnd\Vm@@hlab’ér-pr event any detrinental effects
created by elenents in the substrate thermally diffusing to the

seni conduct or [[Apaboxe copfiguratioapranides the falldeingaftectnd t he seni conduct or

| ayer on top have different conmpositions. In particular, a c]osely packed

layer of 1 o sitthighkapelisticonrayes of 2hnmy ef ghpyeipay ke ghitectly darmed geter al
processes can, effectively suppress any.diffuysion of jnpurifjes and al so can
be easi | yatﬁ&%&-%@m Qa%aS,&gr, ch F?eaé‘gﬁ‘il\‘,‘ﬂ}id\k%l? speesl. F@‘é@ﬂabi@Ssem conduct or s
such _ as si.li.con and G o I11-V sem conductqrs, such as.galljum and arsenic
a8 L SbminRRoR oL e alyenistliz A5 KON ORE 143t ABCMEA TR gap such s

i i LLi | 1] i,tri her, . h 11 el
N T N R v S
th itable. f t i tter. Extensive, studi h b d
o Ene B 5 RS by BRSO GHR) BBl i GRuC 5P, 2o

of silicon is 2 o advantageous for

i de | di.ngly, th
géht?ol?iﬁ&“@ gﬁﬂﬂ¥é¥gvxagéﬁﬁoaﬁﬁﬁﬁFgaﬁ;¥éu circuit. Since the above
i duct I b th i1t . it nbi ned.wi th
PET o anci 1y MG aiddh S ERT AR MGt Ib! g in e RihisSna Bl PIAET ' N
. i i S . 1 D= 1 d
Lo B ot Pt iR ' B R A BB PR Ao uct o
Sem Cond%%ftﬁfl Ctﬂfbléosf‘en{ﬁggﬁgn?éfor 1a§%r %vcHgk e§ﬁ9§iu€‘o?tﬁ'é)gi&gin UPPfacllo 'M NUM
or to Group @ sem conductors, or by doping nmagnesi tim an® zinc to oup
[1-v i . -he: . turi -ch | FET,
 Lype oo BRASEERE he FRsiBicP bR bRl n BT L 00 2 T be mde by
dooi h h . ) \ . :
o Pl o or SBur e BEmias B fnd Snfidk e inARE RO Doty R PE T BRI
I e - I ) af L , . .
s *appr opceEhisitplizds SRR behE A AT oy arEnoBANGE, coBbBHED ©f Teu !

necesgar %vFﬁgﬁné SNIE%QHF@Q% tb Y& F%it@&é’ aﬁé“ﬂ%saéha%'i‘iﬂ?gfh‘?%%% €mission

pol ycrysta eor alol O single crystal structu using a single

crystal fefhrdoisistRYlorRACH Eitfcr! B! FRrtkiRoRRLAAA SehBh] dishibuiidhe 1 my be

limted. For large glass substrates, It may De necessary to use anorphous

or pol yciyeskadd ihR&ntRfd GRAY Waldomold8%abstéate R cOMES sGRfotriBYANRARthEr eat ment
is effective for inproving crystallinity by term nating dangling bonds

i nsi de t REp§esTt CARBIREhe et1Sibirbf SRIcEohS SHIfBEMANd AY AlredtioMy ke FRRS Of
silicon dioxide, silicon nitride, or their conpdsites which have high

el ectri cglf HENS %%]a% waatARitk iléﬂ/%tﬁ}‘ﬁﬂs@ beebMed 188, SlablinlcUhgnufhorie SpaR:
distortion in the insulation Tayer 3, single layers of these materials are

conbizped HET @ifed Righiurkdt eVl eRes thd %Hﬂh% Bl oR gt FETUS $6wf or

manuf acturing the insulation |layer 3, Tayers fromthe sem conductor |ayer
to silicon nitride |ayer may be consecutively formed w thout causing any
damage to the sem conductor layer. An FET with good characteristics my

t hus be manufactured. The above insulation |ayer 3 may al so be used as an

. o o o e o



11 J UL 2003 12 For processing the shape of emitter, the above insul ation
l'ayer. 3 may be used as a mask. The insulation layer 3 nmay als ?e a
mask for doping ions in the FET drain region. For netal mﬁrina indtﬂﬁﬂﬂjia
the FET gate netal 4, FET source electrode 9, 5 and extraction el ectrode
11; alum num which is inexpensive, has |ow electrical resistance, and can
be used to formgood quality anode oxigle | ayer; may be used. Alternatively,
copper, which is inexpensive and has an even | ower electrical resistance;
titanium which inproves adhesion to the glass substrate; or tantalum

whi ch can formgood ity anod xi de er be used,.Q her el enents
10 such as neod mﬁ?#a?y ésﬂé‘h‘@g‘?&%&‘eeﬂﬁfﬂ @% n918%i ndfHS BIEVeR—8ppr essi ng
hill ocks, and to cr.eat | | oy captaining_.the nmajor constifuent at 95
hei gt - peFRR OBTatian of KRT-aY bearatod et & FIRbG TR RoRe ANEEEM DSt r ot .
athin tihani umla\ﬁﬁr .of 100 nr? r less may be fornmed first foll owed by

al um num THGWALRG CHRISSIOM CugeRtd itﬁﬁPBV@eradhesi on and el ectri cal

conductivity. ordi ngly, these ne el epqent s be used as, a, single
ayer Cor " conbi nEAe ABOTE AT DN iR A8PIEA 43 TG PanrTisalay device
characteristics of_ each netal. Figs 3 (a)..to 3, (f).show sectiopal views of
an exdnpl enahles mﬁmgg&msmgqbﬁwﬁ@? ing HElng%bltVﬁn fagh ﬁu@na@%nm ary
enbodimen;. 2 0 As shown,in Fiq. 3 (a), the inpurity diffusion preventing

| ayer 8, OWisH GeRyHmptigny Aand IQWFOSET gate insul atjon layer 3 are forned
consecutively using the plasma assisted CvD nethod, followed by a FET gate
nmetal 4 deposition by vacuum deposition. Next, as shown in Fig. 3 (b), the
gate netal 4 and gate insulation |layer 3 are patterned by etching such as
reactive ion etching 2 5 to determne the position of the FET and emtter.
11 J U L z003 13 Th8RIEF DESCRIPTHION OFTHE DRAWINGS tter is forned
using the gate insulation layer 3 as the mask for an etching such as
reactlie ion etching. Next, as shown in Fig. 3 (d), the FET source region 5
and FET drain region 6 are forned using doping technol ogy such as ion

i npl ant ation. THeg.q isra sectionalviewpfa ﬁDtmace@denceweth stlegemplaryFi g. 3
(e), the insulation layer 12 under the extraction electrode 11 is forned

t ypi cal | yembodimenteofithe preseatinvention.CVD net hod, after which a contact hol e
is etched in the source region 5, and the FET source el ectrode 9 is forned
typi cal | y usi ngFig 2 isexsestionaloviewofaeans-type FED irsagqordangeewiththefigsti vat i on
insulation layer 13 and extraction.electrode 11 are consecutively forned,
typi cal | yesemplary gmbediment ofstbe presgntOnventiemod. Lastly, as shown in Fig. 3
(g9), the extraction electrode 11 and insulation |ayer under extraction

el ect¥®dde 12 ar Figtkissusectionalyiowdllusizatinge manufacsuring progess phadiER i on

| ayer 13 iis nmade to be etched nore_slowy than that of the insulation |ayer
12. For eimaptardange withthe fisticxemplary mbtipdimentef thepresentinvendion; ayer 12
and silicon nitrjde may be used for the_ insulatjon | gyer 13, or the

i nsul ati on | ayeig3t iss sactienalvigw ofip ERBrinacgardange “ei/h agecandsyl ation | ayer

12. This is begaause if.the ipsulation, layer 12 and insulation |ayer 13 are
made of t §¥ePlArY gmbodiment of thepreseakinveRtioRness, the FET itsel f may be

destroyed by dissolying in etching ag whil e the extractjon, el ectrode 11
and insul ation ﬁ‘i&é’ 131D seetiongkyisy %f?%ﬁgto w@u&s’é%?@mﬁé%ﬁmb?&mwwé

sem conducﬁor Ia%e,r 2 Qr gate insulation layer 3 shown in Fig. 3 (a) is

pr ef e @bl ¥he BIGFERt WYEROBNe or nore of nono-silane , di-silane, hydrogen, 2

5 nitrogen, a i a,, et hane, . et hang, opane, butan tri hyl galliu
triet hy? iilg.6lsasec?inonal View of 4 FED I accordance with a fourth > 9 m

exemplary embodiment of the present invention.
Fig. 7 (a) is a plan view of a FED in accordance with a fifth exemplary

embodiment of the present invention.



11 J UL. 2003 14 5 io gallium trinethyl alumnum arsine, phosphine, and
di -borane as material gas for the CvD utilizing the catalyti¢c effect of
nmetal s having high nmelting point such as tungsten, tantal um1a]1d.]®>2mamm
(the so-called hot wire method). This enables the formation of a
polysilicon layer of 500 nmthick or nore with electron nmobility above 10
cnZ. Vs at a relatively fast rate of ara@nd 0.2 to 0.5 nnm's even at
relatively | ow tenperatures of bel ow 500 C or bel ow, conpared to the

ordi nary plasma assi sted CVD usi ng RF di scharge. Consequently, no

post anneal i ng process for polycrystallization such as using excinmer |aser
anneal i ng i s neEigJAby is Feectivanhview, obhe dikdvan aecardancewith)the fifth use of
part of the gate insulation |ayer 3 as an_etching mask for etching the cone
em tter sExgMplaresmbedimeoddhe prserHBYENtON.Fig. 3 (d), the electrical

resi stance armn%,the, FET source 15 region 5, FET drain region 6, cone
emtter 10, FETFig & is seetipnabiievt ef th jwidh gpneergenegyeleehiodedn ant at i on,
also sinplifying the process. If ions are inplanted between the FET drain
and emi t t a¢corfdangs withdheifth qxpnmh@yme@hm@gF pkthepresant inyentian. thi s
remaining part wll not be doped or | ess doped, enabling fine adjustnent of
the el®ectrical Figikisdrrgetionaliview ofiai D dnaseendanes Wit sixth exemplasy n and
emtter. lon doping anount is, also adjustable according to the thickness of
the 2 o Fembgdimentfithepresent @yenti®. and t hus resistance is al so

adj ustabl e. Since the resistance, between each emtter and drain is

adj ust abl e, t heFig.dé:(adis aperspediverafmmeanyentiondtiBP. can be nade uniform In
addition, if high electrical resistance is provided between the emtter and
drain, changes Kig-di0@) ionmagnifigdsectiopsh Yipw ofia part copcasned of@nmay be
stabilized, by ne%ati ve feedback of resistance. 11 JUL 2003 15 In the
process sRlement o the,convengipnak erystallinity of the semnm conductor |ayer 2
may be inproved_by thermal treatnment, and thus the characterjstics of the
FET & i n- pl an&1&rdilisaeptionalview illugiraling mapuingtyring meth dat it case of
anor phous silicpn olycrystalline silicon, -thermal treatnment may be 5
i mpl enent SBHY‘T'P‘H)”@?M nitrogen or inert gas if a silicon nitride
passivation |ayer containing a | arge anount of hydrogen-is forned. In
general, however, FET characteristics are effectively inproved by thernmal
treatnment in an atnosphere containing hydrogen or water vapor. 1 o Second
exenpl ary enbodi nent A second exenpl ary enbodi nent of the present invention
i s described wi DESERIPFION OFTHEAREEERRED-EMBOBPIMENTer 10 is
covered with a carbon protective |layer 14 such as dianond or dianond-Iike
carbobSwhich is chemcally inactive and does not degrade el ectron em ssion
characteristics, so as to nake the 15 surface of the emtter chemcally
inactive. As a result, sati sfactRirsy extmplarpembodimenh characteristics my
be maintained even in a relatively |ow vacuum wi t hout bei ng damaged by

i npact or adsor ﬁfldﬁtmm@mimhm%matﬂhtmmemmguedﬂscrﬂw rotective
| ayer 14 is fornmed after the step shown in Fig. 3 (f) at areas other than
an el ect r dbgtowaxith refprenae ty Figsi hg,tand Jvi cr owave excitation 2 o pl asna
assisted CVD. Third exenplary enbodi nent A third exenplary enbodi nent of
the present inveéktshawn in Higsds a FED abthe piesent ivventioncomprisgsg substrate .

20 1, semiconductor layer 2, FET gate insulation layer 3, FET gate metal 4, FET
source region 5, FET drain region 6, and emitter array 7.
In the first exemplary embodiment, the emitter array 7 is formed by
etching the semiconductor layer 2 on the FET drain region after forming the FET.
In other words, the first exemplary embodinient enables the formation of both

25 FET and emitter by a single growth of the semiconductor layer 2. Prevention of



11 JUL 2003 16 As showmn in Fig. 5 a FED of present exenplary enbodi nent
i'nclude a high resistance region 15 between the gate and soarﬁeJWMen
the gate and drain of FET. The high resistance region 15 can be by
reduci ng dopi ng anount between the gate and source and between the gate and
drain. The 5 structure of the third exenplary enbodi nent enabl es the
prevention of drifting of em ssion curr®nt due to inpact ion effect

generated by high electric field around the drain el ectrode, and thus
reduces the OFF current and the inpact ion effect. Fourth exenplary

erbod: ot pBeth b By ST S ST P e R BE BB RE O
PO LY YL b 6 1R S fe  egr
SO ok g B R R L 255, sUPsLrate VT s Trmurity
crystal 1 zed. dighos o eSS\ OF DR U IR PR SBRE el Rl 0 o0
eToo B R Bk el 0 AR b, SRRl

D vt | et B o S B B AP T Shuepa e
super Lot e e S AP T L RS S L 20 1
preue PrBAAALh A el A dtuclectd IR o A Pl o
Cxpans on L8 5ok tROGR U RBE  Feiply Ke U RSE AMSIRARLA L yass oL
ey 230, DOebRER AP SRR 6 SRSl Gl o111 con

POl vt 11 ORysTS AR by PEIBY gL SR Ay e BRE D GUORE AT e,
LN (oo EEIALARE Ape FEY SRR, shERRLR IR TR, oro0d

bel ow wi t NogiRhRUEH A BleEhB enfisPf HaraliidTRAYG e adhldbaapr ocess of an FED

in this exenplary-e Iment 1 sane as ustrated in Fig. 3. The
difference is t % h Rifot e s St j opt ed
for the FeT, and® MhERSLRRPLES hSialdcryftator folfbr Sulice fbhibtednade £ 0P 10
cent er Of L ificbhductdrs sﬂ&ﬁ a8'5Iid Z rlﬁgna?{iéulq},stﬂe%‘é‘g of Qn“aﬁ{;frﬁlt?%d aS§

rotational symretry in the cirecul rarn reglion so t I stance

bet ween 't h@llﬂ%ﬁ'&%ﬁ%léﬁ%l@{é%ﬁlﬁ%t it§rs,iz]reeﬂﬁﬁ Bﬂo@f&‘féﬁucc@’éﬁ%‘t aﬁ@ﬁr@%@“ce to

each emtter nmakes 1t pos e to equalfze the em ssion current -from each

em tter assieéd s wiehVdplieddo Bplay Blenfdtits.f rom the FET. 2 0 Mreover, the

electric field created the extraction electrode 11, gate
In general, satisfactory crystallinity is not achievable with a thin layer

thinner than 200 nm at the initial stage of layer formation because the lattice

20 constants of crystals differ when the polycrystalline semiconductor layer 2 is
formed on the glass substrate 1. The crystallinity then improves gradually after
the layer thickness exceeds 500 nm. Accordingly, formation of the FET on the
crystal surface of a layer above 500 nm thick facilitates the formation of the
semiconductor layer 2 with an electron mobility in excess of 10 cm?*/V's. One

25 method of forming the semiconductor layer 2 is the CVD method which utilizes



nmetal 4, and source electrode 3 has an equal effect on electrons emtted
fromthe emtters, and thus electrons are emtted uniformy t a
directions. Furthernore, the ring gate structure enables a | ?be}éutzﬂuﬁhth
/| Gate length (W L) ratio in FET to be secured, allow ng FETs acceptable
with a high current to be 11 JUL 2003 is manufactured even though the

el ectron nobility of the sem conductor éﬁyer 2is low If an FET with the
same current level as the prior art as own in Fig. 10 5 (a) is created,
the gate area (WL) can be made larger than in the prior art , enabling to
reduce the deviation.of WL ratio within_the, substrate that occurs due to
the devi athosatalyticgifach sausedly e rontach E semigomdyctor inatgyal gas WHB an- channel
FET, however, the gate voltage is generally 10 15 control|ed by the

posi ti ve anetakhaving Righme H&peint heaied topdugh ERapaAiie <1 MUsFO@IRINoN] tter,
and makes e] ectrons spread somewhat in the substrate. A convergence

el ect r ode SHICOMPL ymg&ﬁrnrélhp%mr_@m ws1pg this (VD methedgthen the ring FET,
as shown in Fig.,K 8, in order _tq adjust the spreading ang] e of, em ssjon

of ect r ons SemigoTleclordeYes? wibcalselan mobilgahov 1&@%’2@ {5 obigipeds AWl pe
patterned to . act, as the convergence el ectrode 17. Sixth exenplary

enbodi Frenthis is syitaple feneantrallingsaussion cugent irempthe eapitter.nvention i s
described with reference to Fig. 9. In,tqe si xth exenpl ary enbodi nent, the
entire FET is consriampuity diffusion preventing lpygre isiproyiledrtedireventigyse shiel d
for the FET. .Thiss_elj m nates | arge fluctuation in em ssion current from
the enitt detrigenial e% cttsn%cqiﬁ%meimeraaénﬂw substratq thezmally diffusing &0 thener at ed
by an inductive oi33 to the gate tal ., The extractjon el ectrode 11 shown
in Fig. 3 SEF‘)lCQPé{}]‘C BERT A5 1 fttﬁsggliena@letsﬁ strateapd thﬁﬁ%‘i‘“@@.duﬁ?é laysral

| ayer 18 . may al.so bg.maintained. to a ground potential to.aghi eve sufficient
ol s6 shi anctoRdvae AGETent oqmbosiyons.o FuPaRicuiRn S ISRy BAREATAIANAT. ) As
descrj bed above, .the EED. of t.he invgntion egables t he manuf acturing

e resent
of ant@m (HlOn¥ide s sHiqaBritiae WhiRh 376,43 d i SSlerAL Processey can
characterigiies ysing the si e. prqcess of formng t sem conductor | ayer
on T ar qetiachYelinpBrest sy dRSioR el ittt s i AB ean B S T or o
post - anneal i n 8roc ss. In addition, the use of a netal |ayer shielded type
FET havi ndn?‘?'&ﬁ WI§E confers strong resistance to external noise, enables

to control relatjvely.,large 1 ur, t emissian characteristigs uniformy,

and obtai ns em teeforahs Seremdiciard Kironp 1 SmkouaEPr Ml AS SIS o a1l

di rections, cordi factors_crucial hi i ct.ure quality, 4 ncluding

ant o m ¢y AP, rmisRBaSERet st el Bt AL R i b o I o

el 180! SaliEhal NenfiER Rlotd S §3R% bR B8b'sBEh b aFRRbAE bol6n Ricklud! Pane!
and gallium nitride themselves have small electron affinity. These types emit

electrons in a vacuum at low voltage, and are thus suitable for use as the emitter.
Extensive studies have also been done on the use of silicon in integrated circuits,
and silicon also has a stable oxide layer. Accordingly, the use of silicon is

20 advantageous for controlling the emitter using an integrated circuit. Since the
above semiconductors may also be used as the emitter, an emitter combined with
an FET is easily manufactured.

For manufacturing an n-channel FET that is able to respond rapidly and

is able to flow large current, p-type semiconductor may be used as the material

25  for the semiconductor layer 2. The p-type semiconductor can be made by



20 11 J UL 2003 CLAIM5S 1. Afield em ssion device conprising: 5 a

sem conductor |ayer grown on a substrate; a field effect transjst
conprising a gate electrode, an insulation |ayer, a source rag odﬂln&ﬂﬂS
drain region; and at | east one cone emtter forned on one of said drain
region of said field effect transistor and a portion of said sem conductor
| ayer contacting said drain 10 region;said cone enmtter being forned by
etching said sem conductor |ayer; characterised in that said field effect
transistor is forned on a surface of said sem conductor |ayer and said

sem conduct qQr L%/g hgls a thickness n | ess than the height of said cone
emtter. 4OpIBE o1 aluguppmeay; tg Orpap; I Vesemicopdyiars, PROYIARPHIE . wherein t he

t hi ckness of the sem gonducgt or r is ngt |ess fh SOQOnm 3. The field
eni ssi on HAGNESAUR IP?IECU&M“IC&@T%Z}S@P‘ F‘%'ioﬁs'anééfiﬂ‘? ﬁéﬁ]@ﬁnéi &t rode for
emtting elecfron, is forned, éﬁid extractjon, el ectro%e being forned in 20 a
way not t@aBBRCHEinganhapnek BE TapdtyRescanigendurtomay be used Th I heinetype

em ssi on devjce, as defiQed in Clcfi m1, V\Q&rei n said ,subsé{r at ey’ S an

anor phousSeiwigondugtar cambesmads dyrdoping phosplioss efearsericde Grerpd¥d in daim 1
further conprising an inpugity diffusion preventing |layer between said
subst Pat cseagoadneonand dinnite silicepar sulfyr fo Group TV Semicondiciors.The 11 el d
em ssi on devj ce as defiieed in dai,mbs, vvheir in sai,d igﬁgﬂri ty 5 diffusion
prevent i ngPl BY&STating an glechronit,elrgiit 10 Qrienl dhe gperatign o emitden aCon di oxi de
and silicp itride, multiple layers of .their conbjnajiop an I r

onposi t QS eircutt i approprisisn3 b caghbath areliagne LUIbP-BEURId LS #ef | ned
in Caiml, wherein said sem conductor layer is nmainly nade of one of a IV
group el eR¥¥ESATR: a periodic table and conposite seniconductor of the

combi nat on of the [N araup el SmenSay Rade an Aorpioiid, S Botyarsblaliis & 2

10 single crystal structure. 'When using a single crystal for the semiconductor layer
2, the materials for substrate 1 may be limited. For large glass substrates, it may
be necessary to use amorphous or polycrystalline semiconductor layer 2. In this
case, hydrogen treatment is effective for improving crystallinity by terminating
dangling bonds inside the semiconductor.

15 The FET gate insulation layer 3 may be made of silicon dioxide, silicon
nitride, or their composites which have high electrical insulation ability and a
very dense structure. To reduce distortion in the insulation layer 3, single layers
of these materials are combined to create multiple layers. If the CVD method is
used for manufacturing the insulation layer 3, layers from the semiconductor

20 layer to silicon nitride layer may be consecutively formed without causing any
damage to the semiconductor layer. An FET with good characteristics may thus

- be manufactured. The above insulation layer 3 may also be used as an etching
mask for processing the emitter, or a mask for doping ions in the drain region of

the FET.



sem conductor |ayer is nade of a conposite sem conductor of the conbination
of Il group elenents and V group elenents in a periodic table. 9. The
field em ssion device as defined in Claim1, wherein said 1 0154 ' 9r
| ayer is one of a doped p-type sem conductor and n-type sem conductor. 10.
The field em ssion device as defined in one of Clains 1 and 9, wherein said
sem conductor |ayer is one of a p-typg,sen conductor doped with 15 one of
boron, alum num magnesium and zinc; and a n-type semi conductor doped with
one of phosphorous, arsenic, antinony, silicon, and sulfur. 11. The field
em ssion device_as defined in Caiml, wherein said _sem conductor |ayer has
a structure onefef Pr@ﬁﬁ?sﬁkﬁ)%,ShHWPgé@iﬁ% ahpve IBSLH?(BQ%E@%? may be

pol ycyrstalljine, and hydrogen treated polycrystalline. 12, The fjeld

eni ssi on M@@E@SHef?fh@mwt@mdamrli eaﬁ@ ﬁew as AgeAskifondoPEEer of the
field effect transistor is made of one of a single |layer of one of silicon
di oxi de alomsdn the BB Trdrain i¢glonaul ti pl e | ayers of their conbination, 2 5 and
their conposite_layers. . 11 J UL 2003 22 13. The field em ssion_ device as
defined in O ai hprimetah#isng inclpding the Fidr gate metalyd fFRT gourqecalectodai st or
and all netal wirjngs are nmade_ of one of, a.single layer containing, at |east
95 weilght apskerERtasy elesteodss 115 jaluminwm, whispds Inexpensiyg, has losneleciighl um  and
mul tiple |ayers of their conpination. 14. The field, em ssion device, as

def i ned i Festancs and gambepsedie formgoad grality paede axidsdaygaarayche Hsedy speed
than the etching speed of an .insulatiop |layer under said extraction

el ect r ode '@W@fm,opaerpﬁw Bt Ine¥PensLe and has aneven loweselectiieals i e d
effect transistor., 15. The field em sgion devjce ,as defined in C.airn 14,
wher i n sTSIt@cea HEMYE, WRIGEToVsS 0esIOno) e isbass SapEratenopiantalim,
extraction_electrode, and siJicon nitride is used for t agsi vation | ayer
of sai d TIBREH GHT T geahaualing Anodeoxide s bR Ue-s DI AePERSas
defined in aim3, wherein th te insulation |ayer of said field effect
tr andist ofuqsaS BadyEHUTYEAY bR A0AE (6r pRamP R foralumiim fr FUBRTSSSIDE on

el ectrode, . 17., The field,em ssion deyice.as defined in.Claim1, wherein
a surfacehgfocgéi@detﬁ’i‘ir%tf: analloy,sop t eglad%ﬂ‘?@gim?qiaﬁgét‘?’?} rotective
| ayer which does not degrade el ectron em ssion characteristics. 18. The
field em BEICSR WO as defined in Claim 17, wherein said 2 5 protective

layer is made O(Vl(l:eaxllr Po%rxllirig a metal layer on the glass substrate, a thin titanium layer

of 100 nm or less may be formed first followed by aluminum layer formation to

15 improve adhesion and electrical conductivity. Accordingly, these metal
elements may be used as a single layer or combined to form multiple layers to
exploit the best characteristics of each metal.

Figs 3 (a) to 3 (f) show sectional views of an example of the

manufacturing process of the FED in the first exemplary embodiment.

20 As shown in Fig. 3 (a), the hnpprity diffusion preventing layer 8,
semiconductor layer 2 and FET gate insulation layer 3 are formed consecutively
using the plasma assisted CVD method, followed by a FET gate metal 4
deposition by vacuum deposition. Next, as shown in Fig. 3 (b), the gate metal 4
and gate insulation layer 3 are patterned by etching such as reactive ion etching

25  to determine the position of the FET and emitter.



11 J UL 2003 23 19. The field em ssion device as defined in Claiml1,
wherein a |l ayer having 5 higher electric resistance than source and _drain
is inserted between one of i) source and drain, and ii) dra1r1 adlo 00831
said field effect transistor. 20. The field em ssion device as defined in
Claim1, wherein said sem conductor |ayer is one of polycrystalline and
single crystal layers containing 10 one of a strained super lattice |ayer
and an anorphous |ayer not thicker thkh 100 nm 21. The field enission
device as defined in claiml1, wherein said field effect transistor
conprises: 15 of a, circular ol ygonal. drain region, having an
enmitter array f ?fb&stsH%WBilﬂ;ﬁ%'ri&&&'z;q\éﬁ%ﬁg?r%iﬁarﬁcﬁr]%&aé‘ls‘% gf%ct rode
around sajd dr.ain regjon, and source .el ectrode around sajd gate

el ectr odel.nw@tlgﬂaw S @Fd“@rlﬁaf@s PB&“?%% Sechas wartiveien ?ﬁ@“& m 21, wherein
an emtter is disposed in said n.region at one of_ co tric and

rot ati onal syrrg]gf'g’@s shawnilg }g%ﬁ)msef?éﬁﬁa“féﬁﬂ%&mé%{ﬁi d;iémdefi ned in
Claim 21, Waergi n said em'.ttgr 25 array has one ,of ,ri ng and p gonal ring
conver gerke8iQs} @ars fpymedusing depingt O asdenduplaptatignng s d emitter

L SR W gt et o 20 o o B
et o0 L ARt 15554 8wl aet 4138 e Sl b o o
oL i e B BB 5 Ao o
o5 §5pdeh A eSS e B B, 2
LT o RO O e SRR B g S, 15 o0 0! o e o

sai d ,sem conductor, |l ayer .on f substrate and an i rity diffusion
pr ot é'tq ion |ay e}\.sisg.a %&n(}ﬁgaé)gﬁb@p}%ﬁg Passwatlon msglagonrfayerpl% andy

Q

extraction electrode 11 are consecutively formed, typically using the plasma
assisted CVD method.

Lastly, as shown in Fig. 3 (g), the extraction electrode 11 and insulation
layer under extraction electrode 12 are etched to-expose the cone emitter.

15 The insulation layer 13 is made to be etched more slowly than that of the
insulation layer 12. For example, silicon dioxide may be used for the insulation
layer 12 and silicon nitride may be used for the insulation layer 13, or the
insulation layer 13 is made to be thicker than that of the insulation layer 12.

This is because if the insulation layer 12 and insulation layer 13 are made of the

20 same material and same thickness, the FET itself may be destroyed by dissolving
in etching agent while the extraction electrode 11 and insulation layer 12 are
being etched to expose the emitter.

The semiconductor layer 2 or gate insulation layer 3 shown in Fig. 3 (a)
is preferably formed using one or more of mono-silane , di-silane, hydrogen,

25 nitrogen, ammonia, methane, ethane, propane, butane, trimethyl gallium, triethyl



formng a gate insulation |ayer and a gate netal |ayer on said

sem conductor |ayer; 20 formng a gate and the gate el ectrode of the _field
effect transistor by patterning said gate netal |ayer and sa‘ld JUL 200
gate_insulation layer; formng said at | east one cone emtter by etching a
portion of the drain region of said field effect transistor; doping an
inpurity on a surface of at |east one cif4 a source, a drain and an 25
emtter of said field effect transistor; 30 11 J UL 2003 25 . form ng
said source electrode via said gate insulation |ayer of said field 5 effect

B A N R
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at least q nosi |l ane, di-silane, hydrogen, nitrogen, anmoni a,
nmet hane, J&%ﬁ%&,&gropane, but hane, trinmethyl gallium triethyl gallium

LR U e S s RAE s Qe ARt A g i, 220,72
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afield e st on devi ereln ions are inplanted

in sahg drigidlahfed RfwediHeFERidthih Ak eMittef) 1EANRE alpart of the FET gate

insulation layer 3, this remaining part will not be doped or less doped, enabling

fine adjustment of the electrical resistance of the entire channel between the FET
drain and emitter.
Ion doping amount is also adjustable according to the thickness of the
20  FET gate insulation layer 3, and thus resistance is also adjustable. Since the
resistance between each emitter and drain is adjustable, the electron emission
from each emitter can be made uniform. In addition, if high electrical resistance
is provided between the emitter and drain, changes in electron emission from the

emitter over time may be stabilized by negative feedback of resistance.



remai ned. 20 37. The nethod of manufacturing a field em ssion device as

defined in Caim28, wherein said sem conductor |ayer is the | Lyt T d
in one of nitrogen and inert gas atnosphere at not higher thirT&dnlCWan

at nosphere cont ai ni ng one of hydrogen and water vapour. 25 .A .AvYay . A
A(LAa, . A&A; .Ae.AlS. Ay.AY .AI(.AI.A . A A .ANy.A A .A ;9Y. Ay2. A AF5L. A
(9. AY;y. A3y. A np7 %v " 15
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20 plasma assisted CVD.

Third exemplary embodiment
A third exemplary embodiment of the present invention is described next

with reference to Fig. 5.
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As shown in Fig. 5, a FED of present exemplary embodiment include a
high resistance region 15 between the gate and source and between the gate and
drain of FET. The high resistance region 15 can be created by reducing doping
amount between the gate and source and between the gate and drain. The
structure of the third exemplary embodiment enables the prevention of drifting of
emission current due to impact ion effect generated by high electric field around

the drain electrode, and thus reduces the OFF current and the impact ion effect.

Fourth exemplary embodiment

A fourth exemplary embodiment of the present invention is described
next with reference to Fig. 6.

When the glass substrate 1 or impurity diffusion preventing layer 8 is
amorphous, or they have different latﬁce constant from the semiconductor layer 2,
crystallization of the serrﬁconductor layer formed on the glass substrate 1 or
impurity diffusion preventing layer 8 is difficult. Even the semiconductor layer
is crystallized, distortion or defect density may increase. In order to reduce such
distortion or defect density, the FED of the fifth exemplary embodiment inserts
an amorphous layer 16 of 100 nm thick or less between the substrate and
semiconductor layer or between the impurity diffusion preventing layer and
semiconductor layer.

For example , if polycrystalline silicon is formed on the glass substrate,
the strained super lattice of silicon and germanium or amorphous silicon layer of
100 nm thick or less may be inserted using the plasma assisted CVD method so
as to prevent propagation of defective crystal growth generated at the interface.

Distortion caused by a difference in lattice constant or in thermal expansion

9
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of the polycrystalline silicon layer using the same process at lower temperature

than that for polysilicon. This type of amorphous silicon layer is particularly

5 effective for uniform crystallization of the polycrystalline silicon layer within the

entire substrate at a later process.

Fifth exemplary embodiment
A fifth exemplary embodiment of the present invention is described

10 below with reference to Figs. 7 and 8.

The manufacturing process of an FED in this exemplary embodiment is
the same as that illustrated in Fig. 3. The difference is that, as shown in Fig. 7, a
ring gate structure is adopted for the FET, and the emitter is formed in a circular
drain region at the center of the FET.

15 The emitters 10 are disposed in concentric or rotational symmetry in the
circular drain region 6 so that the distance between the FET gate and each emitter
remains equal. Equal resistance to each emitter makes it possible to equalize the
emission current from each emitter as well as preventing leak current from the
FET.

20 Moreover, the electric field created by the extraction electrode 11, gate
metal 4, and source electrode 3 has an equal effect on electrons emitted from the
emitters, and thus electrons are emitted uniformly to all directions. Furthermore,
the ring gate structure enables a large gate width / Gate length (W/ L) ratio in

FET to be secured, allowing FET's acceptable with a high current to be



10L$109%& ()-Y 10( 10( 10(3< 10% & ()-4! 109% & ()-32-#10% & ()- O010% & () -
o+ % (+Ur++dEnDC 10" 109 () - 3 10%&' ()- f10%&' ()- 10%& ()-

100& ()-, t109%& ()-+ 8,:, ., dEnbC 10Y 10%& ()- :10% ()-v - JobedUL 2003
109 ()- 109%& ()-109%& ()- ,$-p---+ r.dEnbC 101 S,-109%& ()- s*109%& ()- |
(109& ()-& 109& ()- $"109& ()- "109%& ()- r....Di/j/k/1/dYNC 10 10 10
103969109%&’ ()- 3410% ()- @10% ()-1g LO10%& ()- Y. S10% ()-

| /{/}///50~0dEYNC 10 : 109& ()- F 109%& () -

manufactured even though the electron mobility of the semiconductor layer 2 is
low.

If an FET with the same current level as the prior art as shown in Fig. 10
(a) is created, the gate area (WxL) can be made larger than in the prior art

5 enabling to reduce the deviation of W/L ratio within the substrate that occurs due
to the deviation in manufacturing dimensions of FETs.

In case of the n-channel FET, however, the gate voltage is generally
controlled by the positive electric field. This attracts electrons emitted from the
emitter, and makes electrons spread somewhat in the substrate. A convergence

10 electrode 17 in the négative electric field is thus formed on the ring FET, as
shown in Fig. 8, in order to adjust the spreading angle of emission electrons.
The extraction electrode 11 shown in Fig. 3 (f) may also be patterned to act as the

convergence electrode 17.

15
Sixth exemplary embodiment
A sixth exemplary embodiment of the present invention is described with
reference to Fig. 9.
In the sixth exemplary embodiment, the entire FET is covered with a
20 metal layer 18 to create a noise shield for the FET. This eliminates a large
fluctuation in emission current from the emitter formed in the FET drain due to a
small external noise generated by an inductive noise to the gate metal. The
extraction electrode 11 shown in Fig. 3 (f) may be patterned to act as this metal
layer 18. The metal layer 18 may also be maintained to a ground potential to

25 achieve sufficient noise shielding effect.
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Industrial applicability

As described above, the FED of the present invention enables the

manufacturing of an emitter array with FETs with uniform and satisfactory
5 characteristics using the simple process of forming the semiconductor layer on a

large glass substrate in a single step, without the need for a post-annealing
process.

In addition, the use of a metal layer shielded type FET having ring gate
confers strong resistance to external noise, enables to control relatively large

10 current emission characteristics uniformly, and obtains emitter characteristics

with uniform electron emissions to all directions. Accordingly, factors crucial
to high picture quality, including uniformity and high luminance, low power
consumption, and low cost are realizable when the FED of the present invention

is applied to a flat panel display device.
15
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source region and a drain region; and
at least one cone emitter formed on one of said drain region of said field
effect transistor and a portion of said semiconductor layer contacting said drain
10  region, said cone emitter being formed by etching said semiconductor layer;
characterised in that said field effect transistor is formed on a surface of
said semiconductor layer and said semiconductor layer has a thickness not less

than the height of said cone emitter.

15 2. The field emission device as defined in Claim 1, wherein the thickness of

the semiconductor layer is not less than 500nm.

3. The field emission device as defined in Claim 1, wherein an extraction
electrode for emitting electron is formed, said extraction electrode being formed in

20 away not to contact said emitter and said drain region.

4. The field emission device as defined in Claim 1, wherein said substrate is

an amorphous substrate.
25 5. The field emission device as defined in Claim 1 further comprising an

impurity diffusion preventing layer between said substrate and said semiconductor

layer.
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6. The field emission device as defined in Claim 5, wherein said impurity

5 diffusion preventing layer is made of one of a single layer of one of silicon dioxide

and silicon nitride, multiple layers of their combination and their composite layer.
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7. The field emission device as defined in Claim 1, wherein said
semiconductor layer is mainly made of one of a IV group element in a periodic

table and composite semiconductor of the combination of the IV group elements.

5 8. The field emission device as defined in Claim 1, wherein said
semiconductor layer is made of a composite semiconductor of the combination of

III group elements and V group elements in a periodic table.

9. The field emission device as defined in Claim 1, wherein said
10 semiconductor layer is one of a doped p-type semiconductor and n-type

semiconductor.

10. The field emission device as defined in one of Claims 1 and 9,
wherein said semiconductor layer is one of a p-type semiconductor doped with
15 one of boron, aluminum, magnesium, and zinc; and a n-type semiconductor

doped with one of phosphorous, arsenic, antimony, silicon, and sulfur.

11. The field emission device as defined in Claim 1, wherein said
semiconductor layer has a structure one of amorphous, hydrogen treated

20  amorphous, polycyrstalline, and hydrogen treated polycrystalline.

12. The field emission device as defined in Claim 1, wherein said
insulation layer of the field effect transistor is made of one of a single layer of
one of silicon dioxide and silicon nitride, multiple layers of their combination,

25 and their composite layers.
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13. The field emission device as defined 1 m Claim 1, wherein a metal

layer of said field effect transistor and all metal wirings are made of one of a
single layer containing at least 95 weight percent of one of aluminum, copper,

5 titanium, and tantalum, and multiple layers of their combination.

14. The field emission device as defined in Claim 3, wherein an
insulation layer having lower etching speed than the etching speed of an
insulation layer under said extraction electrode is used as a passivation insulation

10 layer of said field effect transistor.

15. The field emission device as defined in Claim 14, wherein silicon
dioxide is used for the insulation layer under said extraction electrode, and silicon

nitride is used for the passivation layer of said field effect transistor.

15
16. The field emission device as defined in Claim 3, wherein the gate
insulation layer of said field effect transistor is thicker than an insulation layer
under said extraction electrode.
20 17. The field emission device as defined in Claim 1, wherein a surface of

said emitter is covered with a chemically inactive protective layer which does not

degrade electron emission characteristics.

18. The field emission device as defined in Claim 17, wherein said

25  protective layer is made of carbon .
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19.  The field emission device as defined in Claim 1, wherein a layer having

5 higher electric resistance than source and drain is inserted between one of i) source

and drain, and ii) drain and gate of said field effect transistor.

20.  The field emission device as defined in Claim 1, wherein said
semiconductor layer is one of polycrystalline and single crystal layers containing
10  one of a strained super lattice layer and an amorphous layer not thicker than 100

nm.

21.  The field emission device as defined in claim 1, wherein said field effect
transistor comprises:
15 one of a circular and polygonal drain region, having an emitter array
formed therein;
one of a ring and polygonal gate electrode around said drain region; and

a source electrode around said gate electrode.

20 22. The field emission device as defined in Claim 21, wherein an emitter is
disposed in said drain region at one of concentric and rotational symmetric

position.

23.  The field emission device as defined in Claim 21, wherein said emitter
25 array has one of ring and polygonal ring convergence electrode, said convergence

electrode surrounding said emitter array in rotational symmetry.

24.  The field emission device as defined in Claim 23, wherein said convergence
electrode also acts as an extraction electrode for electron emission.
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25. The field emission device as defined in claim 21, wherein an upper

5 part of said field effect transistor is covered with an insulation layer and metal

layer.

26. The field emission device as defined in Claim 25, wherein said metal layer
also act as a extraction electrode for electron emission.

10
27.  The field emission device as defined in Claim 25, wherein said metal layer

is maintained to a ground potential.

28. A method of manufacturing the field emission device as defined in claim 1,
15  comprising:
growing said semiconductor layer on one of the substrate and an impurity
diffusion protection layer formed on a substrate;
forming a gate insulation layer and a gate metal layer on said
semiconductor layer;
20 forming a gate and the gate electrode of the field effect transistor by
patterning said gate metal layer and said gate_insulation layer;
forming said at least one cone emitter by etching a portion of the drain
region of said field effect transistor;
doping an impurity on a surface of at least one of a source, a drain and an

25 emitter of said field effect transistor;
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forming a passivation layer on said field effect transistor;
forming an extraction electrode via one of said insulation layer and air
against said cone emitter; and

heat treating one of said field effect transistor and an emitter region of said

10 field effect transistor.

29.  The method of manufacturing a field emission device as defined in Claim
28, wherein said emitter and said semiconductor layer of said field effect transistor
are made of the same material, and formed simultaneously.

15
30. The method of manufacturing a field emission device as defined in Claim
28, further comprising the step of forming an impurity diffusion preventing layer

between said substrate and said semiconductor layet.

20 31. The method of manufacturing a field emission device as defined in Claim
28 , wherein one of said semiconductor layer and said insulation layer is formed
using a chemical vapour deposition method utilizing a catalytic effect caused by
the contact of material gas with a metal having high melting point heated to a high
temperature.

25
32.  The method of manufacturing a field emission device as defined in Claim
31, wherein said material gas is at least one of monosilane, di-silane, hydrogen,
nitrogen, ammonia, methane, ethane, propane, buthane, trimethyl gallium, triethyl
gallium, trimethyl aluminium, arsine, phosphine, and di-borane.
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34.  The method of manufacturing a field emission device as defined in Claim
28, wherein said insulation layer is used as an etching mask for processing a shape

10 of said emitter.

35.  The method of manufacturing a field emission device as defined in Claim
28, wherein electric resistance in said drain region in which said emitter is formed
is adjusted by ion implantation.

15
36. The method of manufacturing a field emission device as defined in Claim
35, wherein ions are implanted in said drain region, while said insulation layer is

remained.

20 37. The method of manufacturing a field emission device as defined in Claim
28, wherein said semiconductor layer is thermally treated in one of nitrogen and
inert gas atmosphere at not higher than 500 °C and an atmosphere containing one

of hydrogen and water vapour.

25



