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A process for making a field emitter cathode by attaching a particulate field emitter material to a substrate. The particulate field
emitter material is dispersed in a solution of a metal compound in a solvent and deposited onto the surface of the substrate. The substrate
is heated for sufficient time to completely reduce the metal compound to the metal. The resulting field emitter cathode is a substrate coated
with a thin layer of the metal with a particulate field electron emitter material embedded therein and protruding therefrom.




cat hodes constructed of tungsten. nol ybdenum or silicon. WO 94-15352, WD
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produce an image and requlres relatively large ei_ ctrical power to operate.
Flat panel d.lsplays havmg a cathode usm% ;‘ﬁeld emission electron source,
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35 15350 and WO 94-28571 dxsclose ﬂat panel displays wherem the cathodes have
relatively flat emission surfaces. S
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- powders (i.e., particulate material ) Th order to use such electron emitting powder




25 with an electron emtting powder enbedded therein and protruding

therefrom The el ectron emtting powder is anchored to the substrate
and the resulting product is suitable for use as a field emtter

cat hode. Preferred is the use of a carbon electron emtting
powder. Especially preferred is the use of electron emtting pomders
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cases, the powd nanoparti cul a meani. n articulate 10
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As used herein, "di alnmdthei dspectefithomventioatbe inkention provides dpgncess ocesses
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wles

bondi ng rov ssion naterials with high
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ordered arrangenent &f atdspesitinggsolutiemofzasoeral c0"1P0und in a solvent and an
electron emitting powder onto the surface of the substrate, the metal compound

chosen because it is readily reduced to the metal, and

20 b. heating the substrate with the solution and the electron emitting
powder deposited thereon to reduce the metal compound to the metal, with the
temperature and the time of heating chosen to result in the complete reduction of
the metal compound.

The resulting product is a substrate coated with a thin layer of the mezal

25  with an electron emitting powder embedded therein and protruding therefrom. The
electron emitting powder is anchored to the substrate and the resulting product is
suitable for use as a field emitter cathode.

Preferred is the use of a carbon electron emitting powder. Especially

~ preferred is the use of electron emitting powders of graphite, micronized coke,
30  charcoal, polycrystalline diamond, nanotube carbon structures such as buckytubes,
and annealed carbon soot.

The field emiitter cathodes of the invention are useful in vacuum electronic
devices, flat panel combuter and television displays, emission gate amplifiers,
klystrons and lighting devices. The panel displays can be planar or curved.

35 F P F THE
Figﬁre 1 shows the Fowler-Nordheim plots of the electron emission results

for Examples | and 2. .



15 10 nanoneters (nm in any di nension. . The el ectron
emtting powder is attached to the surface of an electrically

conducting substrate to forma field emtter cathode. The substrate may be
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of the 35 sur f aces an arr tr n emttin r. particles with
the metal fillingrggfgder” is gengrg] Yé?'s*'f‘ﬁ WEFF“[‘CI%"%&%"H Eﬁsé'?g B quantity
of electron &m ttﬂnagoxpmmmmanydqnalsiqncl es and the thickness of the netal
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particles 450°C. As a result, organic materials are not generally applicable for attaching the
' particles to the substrate and the poor adhesion of many inorganic materials to
carbon further limits the choice of materials that can be used. Moreover, the
25  artachment material must also be capabie of transporting charge (electrons) from
the substrate to the particulate emitter material.

In one aspect of the present invention provides a process for attaching
electron emitting powder to a substrate by creating a thin metal layer of a metal.
such as gold or silver, on the substrate with the electron emitting powder particles

30 embedded in the thin metal layer. The thin metal layer anchors the electron
emitting powder particles to the substrate. In order for an electron emitting
powder particle to be effective as an electron emitting cathode it is necessary to
have at least one surface of the particle exposed, i.c., be free of metal and protrude
from the thin metal layer. The surface of the cathode should be comprised of the

35  surfaces of an array of electron emitting powder particles with the metal filling the
interstices between the particles. The quantity of electron emitting powder
particles and the thickness of the metal layer must be chosen to promote the
formation of such a surface. In addition to providing means to attach the electron
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4 The product is a substrate coated with a thin layer of the metal with the
electron emitting powder embedded therein and anchored to the substrate. Such a
product is suitable for use as a field emitter cathode.

The substrate may be of any shape, e.g., a plane. a fiber. a metal wire, etc.

30  Suitable metal wires include nickel. tungsten and copper.

In addition. any material in powder form which exhibits electron field
emission can be used in this process. Carbon powders and especially powders of
graphite, micronized coke, charcoal, polycrystalline diamond, nanotube carbon
structures such as buckytubes, and annealed carbon soot are preferred.

35 Polycrystallihe diamond powder prepared by shock synthesis is a preferred
carbon powder useful in the invention. "Shock synthesis” means a synthesis in
which a shock wave, i.e.. a compressional or detonation wave. is used to provide
the pressure necessary for synthesis. When an explosion is used to provide the



WD 97/ 18577

PCT/ US96/ 18145 pressure, the synthesis can occur within materi al
which is subjected to the pressure or within the explosive materi al
itsel f. Exanples include Mypol ex[err] dianond powders comrercially
avai l able fromE. I. du Pont de Nenours and Conpany, W I m ngton, DE
O her net hodsvwamep/iasidi ti onal detail are provi ded in provisi ol’ﬁT/US%llslﬁ

lication No. 60/ 008, 748 entitled d
ol d B {ter CaPROES o SPLPEBY I PR E, T B it . the

contents of whi cler witkin thecaplpsiyemasetiohisselfi WPI?SéF‘éﬁ“EH\é@d“ d“‘m"“ Field
em ssion has al sgo\bmmﬁéelmvmbtemnkmd@ Pdnt G&Nerntiire ambCdmpany,

structures and p ers of e tuy s of
Thi s 10 i nvent | Sftmpston Dity\ihe RS g RigfiSh O SR proilel UpBIBERIS 0
(1995) and 5 ApplicatimeNo. @&_Sﬁt%_em!@@ "Diagrond Powdey g '% Boistersande

produced fil ns 0F1ellﬁl‘}ﬂitl!db@athodes Ma@eTHefurof!" Filed sithiinasly htrewiiis, tlsubst rates by

the el ectron eva ora ra h|t rr] - 10-6 Torr. These
Q &Sw hoage rgteb Eerem rTﬁIref +c%

films consist of staag ng next to
one another. Two type§1°l§f°"t'~°(§¥98hﬁ%W@ﬁﬁﬂ"ﬁ%mﬂ%kﬁnéﬁfé’d‘w"{“ﬁé: oni5
tubel ites whose sknickfiésind powadrsiithiese hﬁgine,ei &y’x&k uggdAp ktietpeodessiof tiisibul es

f orm ng 819}% Laoent sl b#t g*&%z;!gn&g EI e tl%&ex@'ﬂ% %B?l@SHH&e' ites,

i ncl udi ng no 9 m 1 n_di ameter
with conoid or dMﬂéﬂeﬁ@ccﬁVﬁ'ﬁ’ ol ﬁﬂe‘?s’éﬂﬁ%@)%ﬁl}’é‘f%‘ﬁd @B’ﬁgf’EPé‘PEPBFe field
el ectron em ssi OBarbérDdiutines Sh viriune subktritéytyahe electron etvapoction efsgraphite dri t r i but e

t to the high e [ | ti
'B 1o Lne hor g?&g?nbjs%tro?ﬁﬁgﬁfr%coBén%(/)?lal?gtn(“ﬁﬁc— ?carﬂé)ﬂ'?&ﬂg s gga( 1952)5
di scuss experi mﬁ?@%‘fﬁéﬁ??@q&?’%&??%%{?l&sm?ﬁ@%f@ éf’fsﬁ?@?ﬁ e

buckyt ube (i 18., tubclites Wicse stanira inchdes singleflayet graphitetlike ubales foymingt hode
Anneal ed car bon ﬁﬁgknﬂ‘@(iﬂcﬁés 1@%@&%;&&&'%&%&9 -t GeD, iRGRIT Rdstty i S

i nvention. The C%Bﬁ%g%gﬁgm? ener pq% he eg_or}t ;Bﬁ% S'n(go %flék?cgést“ c-arc

25  produced ca r ) scri bed

i&nD U Kr at schirse amhorate;éon mrcéezé ﬁdﬂg&”ﬁgﬂﬁﬁ ngfa[c)c WLIgmgt de Heer
) arre. RSt Eh 1da ar't e,

Car bon 32, 1?4 fl aﬁ% ik . ‘g hgxé taErgMctaﬁ og s? t:ed\) 513 &e

exanpl es of ngpnases g'ip FaY T At e 2Bntr o erglc pressure

reaction chanber 9% tI993) discnss %MKM"EP@G‘FF@%@WWH@@GW‘W%M?M of the

cat godfe i's t%pl caulédkymbé @), ab@Yén Sinbiibd) RolTRE endifleriap bathddeat  of | t he
anode from about i ane ways | arger
than the anode di arreter F%e“’?"sog@o ﬁcaﬁ%fsﬁ@?ﬁseg gforc%érsl%l glkspassed

t hr ough t he inverkionh c%ﬂﬁ'@}’f‘tsﬁ’é‘ 1%)&“@5@!3"#@}"@ q‘?@‘i‘?}s%ﬁgf SRICHC, | evel from
about 100 toes t prodiedicarbon vapori@Qow pressurcTinen stinesiheteas describedtin bet ween t he

el ectrodes depe” %Hmte.hé?gﬁ' Rk ?Ecﬁ\d??:% 347 HATPIGRH S, Ahfe P& T ARES

betueen the el ec em el;shy? rl]..cttcrs 207I r&% (198?) angr e%sé%ee Car-{)on 32, 1245 (1994).

Typically, the carbon soot used in the examples of the invention was prepared in a

controlled pressure reaction chamber containing two carbon electrodes. The

30  diameter of the cathode is typically from about 9 mm to about 13 mm and that of
the anode from about 6 mm to about 8 mm (the cathode diameter is always larger
than the anode diameter). Inert gas such as helium or argon is passed through the
chamber and the pressure is held constant at a level from about 100 torr to about
1000 torr. The electric current between the electrodes depends on the electrode

35 diameters, the gap distance between the electrodes and the inert gas pressure. The
current is typically between about 50 A and 125 A. A computer-controlled motor

is used to adjust the position of the anode relative to the cathode to establish a gap



current is typically between about 50 A and 125 A A conputer-controlled

not or I's used to adjust the position of the anode relative to the
cat hode to establish a gap
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PCT/ US96/ 18145 di stance of about 1 mm During the arc-discharge
process. thewy@fgsHS continually consuned. on is
deposited on the cathode and | arge ampunts of carbon soot arCél‘/US%lﬁ%:lP

deposited on t Isistangt bfsaboit ltrhws. Deeng the arcvdiwhabe prockso thetahedefis tdneinuallyr anged. t o
trap and 5 cofdulegt the carbon soot before it is transported to the punp
with the inert gas | ected fromthe filter and the

. . Car%g?n" ooth ds c?c;f
wal I's and ful | er eneSarogy islepastt the cathode apclapgs gmounts of carhon spQt are; | oy ¢ he
col | ect ed car b@eposisest onghe walls\af thegeastiomvessel ansl anshefilter arranged to teprandne.  The

car bonf sloot 5is cbm&nmaa&s&l s%dt Befor® it Q¢heiBp il ePthe &h@ghemh g tV\fhh! CE
is useful as a ectron oot is heated at hig
10 tenperatur er&seboﬂ SN 5 R lec edgfo%n%‘ﬁ?fg?'emgﬂ" &%ﬁﬁ@&“ﬁ%"ﬂég‘f Bde8hange in
structure and and 7o.meeyéa6teﬂé@m the pligkied garban soetrhyselyents such@$ toh@0O[ err] C to
2400[ err] C i s dfbénzérRedhdyarbdh sbot is then anrﬂﬁeﬁ&ﬁj’ro&cpambﬂ@d ¢8von(saem Phys.

Letters 207. 4%&“&19 %ulasanePctréxJ'?ﬁelaeml 3 ‘I[Ql nggqsogblgﬁ?ate]azm15"8(11994) The

carbon soot is enperatures o 2000[ err] C,
pref erabl y 18t Fempsratyesin an psnemeasphes opreflunpibe desired ehapgr ip suucireand  about 15
2850[ err] C. i npfupeniBerAnndil i aplperatmuts bf 20008C GRI0OIC i Bésciibed biIWSA.

tenperature isg, Heer %Br egﬁ{eaéhé%%gftl.%h{}ggﬂ'f Q%o 859111) P ﬁbseé gﬁb?ﬁgﬂgﬁs

Tenper at ur es us e can
hi gher tenper attr 8 Y Ihe Thepirhen joenis heated to ‘emPefaéIFfés efitlsast@bautpr ef err ed
(e.g., | oss of 2000P€preferabliyat ke ast Mpmmt’(t @RAJ most preferably at least abbde car bon soot

can be heatisd bR, indh EASARNR SIREBL & Al 2 wBLELRIped 20 that

temperature to a gl ass ore ral t enper at ur e
to the hi ghestp’f"gﬁﬁ%}@f °X fa58t leppt gléq"(/%"m“(‘fﬁe??m@éa%ﬂes Ph® 3BPiHeal ed

carbon soot t hae00pe odmosctambea:sdéalmongmghqo reimperatulre/mity bet imprdeticah erst

tenperature OfarcthuslesﬁPﬁfe?t@fl]?eaé 1168 Jt haRkERRE 1AOpdiidnhie time at that
tenperature. The a substanti al change in the

mcrostructure of t g&% §%etf°§‘°‘\‘ﬁ%‘°ﬁdﬁ'&’§§g‘2§ CTMRRTOUEAES hi ghly or dered
pol yhedr al 2hanmgiatairied |atstbata¢mmat@e rmfor a glasaytmatesiahbeforn raising the

temperature to the highest temperature. The emissive properties of the annealed
carbon soot thus produced are determined primarily by the highest temperature of
the annealing treatment and by the time at that temperature. The annealing process
causes a substantial change in the microstructure of the carbon soot. The process

25  produces highly ordered polyhedral nanoparticles about 5 nm to about 15 nm in
size. Additional detail and description ars provided in provisional Application No.
60/006 77{_entitled "Annealed Carbon Soot Field Emitters and Field Emitter
Cathodes Made Therefrom” filed simultaneously herewith. the contents of which
are incorporated herein by reference.

30 When the substrate was planar, emission measurements were carried out on
samples prepared according to the process of the invention using a flat-plate
emission measurement unit comprised of two electrodes. one serving as the anode
or collector and the other serving as the cathode. This will be referred to in the
Examples as Measurement Unit I. The unit was comprised of two square copper

35 plates, 1.5 in by 1.5 in (3.8 cm x 3.8 cm), with all comers and edges rounded to
minimize electrical arcing. Each copper plate was embedded in a separate
polytetrafluoroethylene (PTFE) block. 2.5 in x 2.5 in (4.3 cm x 4.3 cm). with one
1.5 in by 1.5 in (3.8 cm x 3.8 cm) copper plate surface exposed on the front side of



size. Additional detail and description ars provided in provisional

Appl t cation No. 60/ 006 776 entitled "Anneal ed Carbon Soot Field
Emtters and Field Emtter Cat hodes Made Therefrom' filed
sikrul t aneously herewith. the contents of which are incorporated
herein by reference. 30 When the substrate was pl anar. em ssion
measur enent s weoe/mssrni ed out on sanpl es prepared accordrmig&idi4she
process of the invention usjng a flat- Iﬁ%e em ss& n meatgluremant uni t
conpri sed of twothePdEEDbipgkELe H%alg‘é‘?‘?ﬁ'ﬁb‘ EoRPFRPlaR, gy made by a rgtal SEIEM, o1 o
and the ot her sethwougty thesbatkhef tisesl PR el ockTemd sxwnding inte thefapperddpte. gherebyt he
Exanpl es as Measp¢idkita nddhd o hpply B clb@tital Y6ifage RITRE plae Andinedndfo BAldfee Copper
35 plates. 1.5 1n by 1.5in i .Sﬁmx &Ezfé w th ?ilmlledcvggﬁeli;‘g“@ond edges
rounded to CQRPFR Rigts By inlpge. °3Y°c$ﬂ§5. RCdPPer plate was embedded
in a separate5 exposgcioppeeplamisurfieofating besanoftemEd)in fegistek with the dissange 2 5 n

(4.3 cmx 4.3 CNherwiinithe AREs fixed by mbans df 31asphecss plated Bet¥esitheXPBFEB CM) Ccopper

gl ate surface ex @;@%g&gw:gd I’r{)rgrt]ﬁe csobge% p?Jtes to avoid surface leakage currents or

PCT/ US96/ 18145  arcing. ThéwspRatian distanck betmeencthe ¢leatrodesnan he edivsted: bt ogefpper
pl St e }[’\ﬁsdfmde. bitho@c;ﬂmtiﬁixﬁfdrﬁ\éqxven set ofirr]lgisﬁiéﬂ"&ntﬁ B a beiipie. ngxpichEy.PTFE bl ock
and extending,into the copper te. there viding a means to
apply an el eg? ri ?;egl"“ag?ﬂst"gggmtaggf'&'eﬁﬁfn WP auﬁﬁ'zn%né‘r”{gm?‘ EL’)e old the copper
plate firmy in pl aceln omsetompssypethe emissior praperties plspmpisribeisamRle"ahe two 5
SXDOS ed copper Ebl@_&e% oﬁlt'ﬁd;] RERS plaRGeRihgQ theatble TA Adpdrtivevoliag \satsappm'dlt h tge

I stance tween t ates_.fi . . ace
between t he prred B bl Endlhe bigsigl & oy HAlaed %é‘%ﬁ%’é?ﬂﬂ? meiel 3 avoi d
surface | eakage teltagentinceshe separationglistange betwprn theplaehd eV Ltagn YeveiRt ween
the el ectrodes cmBasirRdaH: eleduidifield Bicodld ®€ calculated (EV%band the corsenk couddlbd or a

gi ven set of ma&gﬁ%{%qgﬁfﬁ%ﬁ%ﬁ%ﬁlﬁ%ﬁ&m cally, 10 separations of from

about 0.04 cmto a m, . . |n order to measure
t he emi ssion properti@?“ﬂe'ﬂ‘s%{h‘ﬁf”é‘,’“t’ﬁ%"%‘é{rﬁﬁf‘é’eﬂ?\&s’“ﬂ‘e&"”ﬁ{"%\%d on the
copper plate serMeagrennt Uit Mav4sased whenneigabor fibery wert agployabasalppl | ed

to the cathode agflsdRe MEEudR bARsEH bR HiredBaviFEARIA ParkiSulte kel way of the

applied . .
PP 20 measured in a cylindrical test fixture. In this fixture, the conducting wire to be
tested (cathode) was mounted in the center of a cylinder (anode). This anode

cylinder typically consisted of a fine mesh cylindrical metal screen coated with a
phosphor. Both the cathode and anode were held in place by an aluminum block

with a semi-cylindrical hole cut therein.
The conducting wire was held in place by two 1/16 inch-diameter stainless

P
[V}

steel tubes. one at each end. These tubes were cut open at each end, forming an
open trough in the shape of a half cylinder of length 1/2 inch and diameter 1/16
inch. and the wire was placed in the open trough that results and held in place with
silver paste. The connecting tubes were held in place within the aluminum block
30 by tight fitting polytetrafluoroethylene (PTFE) spacers, which served to electrically
separate the anode and cathode. The total length of exposed wire was generally
set at 1.0 cm, although shorter or longer lengths could be studied by controlling
the placement of the holder tubes. The cylindrical screen mesh cathode was placed
in the semi-cylindrical trough in the aluminum block and held in place with copper
35 tape. The cathode was in electrical contact with the aluminum block.
Electrical leads were connected to both the anode and cathode. The anode
was maintained at ground potential (0 V) and the voltage of the cathode was
controlled with a 0-10 kV power supply. Electrical current emitted by the cathode



vol tage. Since the separation distance between the plates d and the voltage
V were 15 neasured. the electric field E could be cal cul ated (E=V/d) and
tthe current could be plotted as a function of the electric field.
Anot her em ssion neasurenent unit (referred to in the Exanples as
Measurenent. Unit 11) was used when wires or fibers were enployed as the
substrate. Elwgbfmg;2m ssion fromw res having attached pari’bflﬁgﬁhflu
mat eri al was 20 measured in a cylindrical test fixture | Xt ure,
t he conducti ng wias eollectedhat the anode arglgheasuréd witiharie¢cupmsteno Uit adegtrpmetethe cent er

o e b i Ao o
cat hode andyanoagm%gldﬁ’ FFe‘?‘Udf%{ H’Fﬁé’é Svreé‘hs"éﬁeﬁfﬂa}fmﬁﬁsﬂ?eo%?mgeter ®with a

sem -cylindri cagraynde cut therein. 25 The conducting wire was

held in placg by twosahplds fbméksﬁ}bﬁ&%erengﬁawﬁtes& were cutﬁ%ﬁﬁ&{geiUbes one at
each end. These,tu wer e formn open

trough in the sha Ls%ffpr?iceﬁsﬁﬁf""sﬁ/ﬁ?ﬂl?jg\;ﬂS’f’ am? s%‘feiscr%ckw r?gosc?h?aneter 1/ 16
inch. and the mfmvmghepl‘meemsqmdmthessémdmabugtrshsn%mhe Fesshpldes amsd hel d i n

place with suﬁderwmg Bed td h6ld GRATIA Ghstd) Orhe 4as pisd WashBlbeled 10 dp} ace

ithin th I f t hyl
AL 2 i ey Py L BB e

cat hode. Thd0t otage a'llbﬂhtj’f"rF“éﬁ E}@p@fswawqwmﬂgfén@malwum systemsand 5t 1.0
cm al t hough sheietsgsterd ivat ©ageited 16 A Ghss pressind beldye atsduti8lk @d-Slyrr.control | i ng

t he pl acenent of the&ﬁﬁéxgﬂqnteﬂpﬁa%m LOEefxsls |Mlbﬁ:ﬁ,} Pgﬁéde‘%“ﬂ%e%?’ shode was

pl aced in the sem drical, troug *and hel d
in place with c&pped ssnhwﬁ@deﬁge s!itﬁﬂ’a%t*\%étf*ﬁthewewmr@aﬂ ed’aﬂ?eact with
t he al um num bl Tbedistribution and mtensnyEifelz:btromhssioaads amsheccaedndetwett t 0 bot h

the anode apsl c s@ﬁggbyt ggﬁ Gehs created AndBoRfyth O it BN POt ent [ 2l
e

0 and the v ro 0- 10kV
éow\e/)r o e e O A IS by A B e st

WCES7Y/185Ta)], where V was the voltage difference between the anode and
PCT 1 US96/ 18145 cathode, a W SheCWird RBUE Andlb whi e AAIRH O B dylHRASA Wi kit h an
el ectroneter. The eI ectronet er was protected from damagi ng current
SCIe
spi kes by an in- Blies 1 Merr] resistor and in- paral | el diodes

whi ch al | ow8® hi gh clherfelinwingydodimiting ¢xpmpiss are peovisked tot fophns illustrate

describe, and enable the invention. In the following examples, the flat-plate

emission measurement unit or the coated wire emission measurement unit
described above were used to obtain emission characteristics for the materials.
EXAMPLE |

25 A method for attaching annealed carbon soot particles to a substrate to
provide a field emitter cathode is described in this example wherein annealed
carbon soot particles were attached to a 100 nm film of silver which was spurtered
onto a glass slide.

Annealed carbon soot was prepared for use in Example 1. Carbon soot

30  was prepared by using graphite electrodes with diameters of § mm and 12 mm for
the anode and cathode. respectively. The atmosphere in the chamber was helium at
a pressure of about 150 toir, and the current between the electrodes during the
arc-discharge experiment was about 125 amps. A computer-controlled motor was
used to adjust the position of the anode with respect to the cathode. During the

35  arc-discharge process, the anode was consumed, a carbonaceous growth occurred
on the cathode, and the motor controls the distance between the anode and the
cathode to approximately 1 mm, maintaining a voltage of 20 to 30 volts between
the electrodes. Carbon soot was deposited on the walls of the chamber, from



ground. 5 Sanmpl es for neasurenent of |ength about 2 cm were cut

from| onger | engt hs of processed wires. Wth the flexible stainless
steel screen with phosphor renoved, they were inserted into the
cylindrical troughs of the two hol der arns. Silver paste was applied
to hold themin paste. The silver paste was allowed to dry and the

phosphor screemowasssteattached and held in place with conducPCY@seispss 10

tape at the two ends.. .The t par | nse by Syst em
and the sy hERiLjgscr Wgt?ha?@ g{uﬁrggce °nf°es°;t%r%§ g‘g}t@a\}v %gt 3 x 10-6
torr. chambEnpressurentrom wheretit w@}l@&duﬂ'éds%ffamﬂ’m@ﬁ%ﬁ YIS appl i ed
vol tage. El ectroQgg from the fﬁﬁ&%@d&%bﬂ%&u&aﬁmq@mmﬂérml | ght when t hey

strike the phosphor o t e sity of
el ectron emssion sit aﬁl‘ﬁép{?(ﬁ?ftsg?fd\m?rosuce 'éegfbp ‘%&eor ve luggd%g
pattern of |i§ht Esseple éd'aoaﬁ fpﬂl@ﬂ@ﬁ@spﬁbwwm%dwwte?ﬂ’é‘ € an

average el ectri chidi& ifl flowilg akdoh. Thé Rnipeiafudceasindesed aulrat of2iRipsugh t he
rel ati onship Y/ ference
bet ween the anodgmgﬁ%to%é&'% '@:F%oétﬁ)almam%eﬁat 29%&3?&??5}4%&&%%9%&\,\68 e

radi us of the cykoaletinghe famjagecto feosm temperatures Fhe £pmacsgised normally ‘Oolﬁ-ﬁﬁmt
fol I owi ng non-1i gh hbuigo EooR Y06 télfigerdhin® wndibel airealed rirhen sdot wassthemt e
descri be, anq enabl e ép &v&%&on I'n the follow ng exanpl es t he

0 19 mt
flat-plate On heasurement unit or the c at.ed %ﬂ eénssmn
measur erent uni t Al&@wwﬂw@kama’w%owgéd% élﬂ’&% c’Br’hl )

characteristics fgksdlide Thelstlvéravas sputtered at a deposition rate of 0.4 nmy/s in an argon

EXAMPLE 1 25 C{A g@tamt&%o%érgmﬂgpaﬂg r@élr?m@ NI PSRt

particles to a su%"sots?h rovi emtﬁfzr cat odetj
described in thi §méx'5?ﬁﬂ“§SWﬁ’éF%'F‘H“'§ﬁﬁ§éP'é‘ff‘° silver tilm seryed a5 4l SUBHMS 18T es were
attached t o as10therakfeafedicibed sodt ﬁder:miahmcmm Sputtered onto a gl ass

sl ide. A Sﬁh&ﬂc qdo@émm@e@gmlyfmwﬁavhﬁy:aanpl e 1.

Car bon soot 30 are g S aphi t t | anet ers
of 8 mmand 12 nﬁ‘FPlEﬂl(Pv Yand¢/}} "éf%b ra‘%ﬁpg gB r‘%%ﬁé’fry‘éﬂe‘\gﬁe
at nosphere in th6600mnbk1ncmmblmkcq,|mato72gofm&npﬂegsmgmg%é‘iﬂ“f Y50 torr.
and the current h@&r\wé‘&nﬂé}av%is@mé fadWAdlzslgWAtghe)g, (FM Scx@&&(ﬂ#ﬁﬁhmge

experi ment about ontr used
to adj ust t\rll\g §'°f‘?ﬂﬁ°‘b‘?“f°:?§‘%ﬁ?}ﬂ‘é°'\:ﬁ@?ﬂﬁ?'é&%% 8? a{’%g;gtégl 0de. During the
35 arc-di schar gurregirto dissnlve théAgNAad® 1 wa® of 8 Sivennsed sarfacm AL s growt h
occurred OFsNhE Paﬁ Posiae mnﬂuisfaﬁd G&h@e{nyCWﬂﬁﬁngkdh DEpwds dsoadded bet ween

e, 200 0 e o e e SRR Pl el 170
deposited on the wall Theof VANENEZQNEYL ® FSIy splution was applied to the silver film
8 25  using a #3 wire rod (Industry Technology. Oldsmar, FL). The annealed carbon
soot powder was sprinkled through a 0.11 mil (30 micron) silk screen uniformly
onto the wet PVA/AgNO3/ZONYL® FSN surface. When the surface was
completely covered with annealed carbon soot, the glass slide substrate containing
the wet PVA/AgNO3/ZONYL® FSN film covered with annealed carbon soot was
30 placed in a quartz boat which was then positioned in the center of a tube fumace.
" Heating was carried out in a reducing atmosphere comprised of 2% hydrogen and
98% argon. The temperature was increased at a rate of 14°C per minute to 140°C
and this temperature was maintained for one hour. The sample was allowed to
cool to room temperature in the furnace in the same reducing atmosphere and was
35  then removed from the fumace. The reduced silver metal provided a thin silver
film layer which attached and anchored the annealed carbon soot particles to the
sputtered silver film of the substrate and resulted in an electron emitter which was
suitable for use as a ficld emitter cathode. The electron emission of the electron
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PCT/ US96/ 18145 where it is scraped off, and on a filter placed en
route to a punp that controlled the chanber pressure, fromwhere it
was col |l ected. The soot fromthe chanber walls _ and fromthe filter
was anneal ed to produce the em ssive material. The anneal i ng
process used {gopfgaice the anneal ed carbon soot used in gsmug 1 was
as follows. The carbon soot was placed in a graphite cruci bre an

heated in fl ow renigergasmedsaredsing the dlatiplete emission messapagnmainitdesceibal of
25[ err] C per qu Uk R %&%‘épﬁ&n] C. The soot was nuaintai ned at
and

2850[err] C for 15 mnutes cool ed |nthef rnace, to room
tenperature. The fur KE% %@HS%WHTW9W?SW13%HM°WP°'° REMSHPIt 0 cool to
room t enper at ur eesnisifor ihés sampled Exanpial )boehichsweré measstret fwdth ad @lectreelaoved from t he

f urnace. 5 tion Qistl® HFP®iyer filmwas sputtered onto al in x 0.5
in (2.5 cm X 1.3se%ar%mn s gl ass J"?‘l dgi TB:e] E!Iver was sputtered at a
deposition rate of 0.4 nms in an arg at nrosphere using a Denton 600

(Denton Conpany. Chearmethbd foy attddhing gnaphiterpanigles (graphitapowderithe sgbstra® sl i de
contai ni ng the sppiolRE @ﬁeﬁle&m&& c;fdnld%s’s&Eéfﬁagd S Eﬁmﬁabmr@ih%mfpﬁﬁe 15 the

anneal ed carbon sopt fi el m SSi uti on

contai ning 25 vvtR9m§°FV§F°aHF gf"aF®M°§SWW%IWFWFRd°m°a tohol
(PVA) and 7109 wlidé wat er was prepared by adding 3 g of PVA, MW

86, 000. (Al dri Ch M W@U'ﬁﬁﬁﬂv&é"ﬂlm&&hs?&t@m@%n@@ﬂzhRQ e and 7%dn{)“ ng for
about 1 etelix di SS9 | ve .t (EM

Sci ence, Ontari (? T\f% e2 SpsE 361 97?88'[55%3{“ 3ol 3#‘?’8}0{ 'gtqge?f%'f‘ent
t enper at ure and airhesphest mmDW 600 (Dentan Co.y ChprrydHilli NBspwreringieningfie] err ] .

0.1 w%of a fl umsslfa&eduﬁnméﬂ@tsﬁmemdzm}‘hhﬁern}edamesutﬁamefdimel du Pont de
Nenour s and % flllt\_’llé%r&“ts was al so added to the sol ution

tomprovethe Ye' sofuetslontothe silver film The
PVA/ AgNCB/ ZONYL[ err] AFSN"S'E)?Q!’I‘EW e T gilyes mitate pAgN3) sy wifepolyvimyh 25  usi ng

a #3 Wi \r/\g rod (Ialwhkat(PvATaﬁmGh%g\yate.@ﬁ@f@ared b¥ hadingBeg afPNeR|Mov car bon

soot powder was ug? i reen

uni formy sgﬁ%qﬂ?ﬁ% el W&%\‘)ﬂerr atﬁ%ﬁﬁ i g‘%e When t he
surface was I °E’0‘H1SP‘€PI§\° "(&’69‘@? @&Ig(@ %“ﬁ’c‘é&ﬂ‘aﬂ% he gl ass

sl i de subst 28t e NoXOrweae addedto the PV Atsbletioedt ambiehvrgigi3 At fhe solhtiérSikasf i | m
covered with an@%&gdggglmnegggbzwas 30 placed in a quartz boat which

was then positioned t ube f ur na at.ing was
carried out in a redt@‘i %gglégﬁ@)‘ﬁﬂl@?@%?frf’BPl?"gé‘Ei“’BF'?‘?ﬁ/‘mlﬂ/?ﬂ'@g"gﬁ 98%
argon. The t enpeediinduetrybechnalegyeQkleniaraFL Y Thaigephife posider (cdr@ngreiallyri nute t o

140[err] C addildblt o Ae@ﬁpezraﬂmmemsvasr@prmkﬁa Beshgh@.19%@ hour. The
zg‘gl ?e\é\ﬁ‘il 9 a}[(\%gmlchog? silk scr(gen umfo&'n%yrog%%e we A%\UI(IS'; [vsunrfatce eWLen nace in the

surface was completely Lmered with graphite powder. the glass slide substrate
containing the wet PYA/AgNOa film covered with graphite powder was placed in
a quartz boat which was then positioned in the center of a tube furnace. Heating
was carried out in a reducing atmosphere comprised of 2% hydrogen and 98%

30  argon. The temperature was increased at a rate of 14°C per minute to 140°C and
this temperature was maintained for one hour. The sample was allowed to cool to
room temperature in the furnace in the same reducing atmosphere and was then
removed from the furnace. The reduced silver metal provided a thin silver film
layer which attached and anchored the graphite powder to the sputtered silver film

35  of the substrate and resulted in an electron emitter which was snitable for use as a
field emitter cathode. The electron emission of the electron emitter was measured
using the flat-plate emission measurement unit (Measurement Unit I} described

previously.
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35 then renoved fromthe furnace. The reduced silver netal provided a thin
si | ver filmlayer which attached and anchored the anneal ed carbon
soot particles to the sputtered silver filmof the substrate and
resulted in an electron emtter which was suitable for use as a field
emtter cathode. The el ectron em ssion of the electron
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powder) to a SubtHxemple 2). to provide a field emtter cathode is
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a nmfilmof silvegr I ¢ '

A 100 nmsilver fil m&&?@%ﬁ[hfs\g?@ef%x@%géﬁ%p%%ﬁagac?‘lﬁ‘g?é?%ﬁgr%ﬁjgblg%t cm

gl ass slide. Thepastidlesde a maw! wineesing ashinsilves layernsd thereby proyfdingatied 4 nnys in

an argon | adrmedtiofe. UsindPedicdrbinlsott el Prephied hodes@ibed ifExampje Hi 1 1. NJ)

sputtering upt. E%&u&edhﬂ@ésﬁ%& Lsds%tfbﬁﬁﬁ:@lk@i ng the sputtered silver film
e grap

served as the sullStTate for _ . ite field emn ssi rticles.
A sol ution cont ai ni ngrheanejal orires ysed in tHESE £3AMPIESA F¥BPRY %)@%Peafga%ﬁm yvi nyl
al cohol (PVA) angborwerefalicie@icd by imserging fhamdal a 5% Hda: srdutdndoraine Mijte M W

86, 000. (Aldrich B w | hiheiHd wHgh [ df
about I ho{?}l %%) orrg'Pgt \el}r‘);b‘g?sa%%fa\%erg{%@%g\]/‘k%% gcg'PﬁkAgﬁNIQr?,r(eEM o

Sci ence, Ontariomethgnol NY) were added to the PVA solution at anbient
tenperature ghd t he dalEsinysie3viesslution contaihing 2Ron% sil v sigete (H2NO), AghE err] .

The PVA/ AgNCB S0l 44t J: 00 a8t BRPA ) &l 78 QndeRbaecivka¥ Blepdrid B) ARingS o Ani 1 e
M.W. 86,000, (Aldrich, Milwaukee, WI) to 72 g of boiling H2O and stirring for
about 1 hour to completely dissolve the PVA. 25 g of AgNO3 (EM Science.
Ontario, NY) were added to the PVA solution at ambient temperature and the

20  solution was stirred to dissolve the AgNO3.
A 4 mil (100 pm) copper wire was immersed in the PYA/AgNO3 soiution
and then immersed in the annealed carbon soot. When the surface of the copper
wire was completely covered with annealed carbon soot, the wire was placed in a
- quartz boat which was then positioned in the center of a tube fumace.
25 In Examples 4 and 5. a solution containing 25 wt% silver nitrate (AgNO3),
3 wt% polyvinyl alcohol (PVA), 0.5 wt% of a fluorinated surfactant. ZONYL®
FSN and 71.5 wt% water was prepared by adding 3 g of PVA. M.W. 86.000.
(Aldrich, Milwaukee. W) to 71.5 g of boiling H20 and stirring for.about 1 hour to
completely dissolve the PVA. 25 g of AgNO3 (EM Science. Ontario, NY) were
30  added to the PVA solution at ambient temperature and the solution was stirred to
dissolve the AgNO3. 0.5 g of ZONYL® FSN was added to the solution to
improve the wetting of the solution to the wire.
In Example 4. a 4 mil (100 pm) copper wire was immersed in the
PVA/AgNO3/ZONYL® FSN solution and then immersed in the annealed carbon
soot. When the surface of the wire was completely covered with annealed carbon

W
A

soot. the wire was placed in a quartz boat which was then positioned in the center

of a tube fumace.
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rod (I ndustry Technol ogy, O dsmar, FL). The graphite powder (commercially
avai table from Aesar. Ward Hill. MA) was sprinkled through a 0.11 m| 25
(*\30 micron) silk screen uniformy onto the wet PVA/ AgN( err] surface. Wen
t he surface was conpletely covered with graphite powder. the gl ass
slide substrate containing the wet PVA/AgNJ err] filmcovered with
graphi te powdwp otvggs7pl aced in a quartz boat which was E?ﬁjggmﬂstioned
in the center of a tube furnace. Heating was carried out 1n a

reduci ng at nospher e doHyanipledl admil 000y cepper windw&3fin@ted inmhgon. The

tenperature was FVX/AGREBLONYI® FQN Solon kil @eh ]n@n&?erd mh@uﬁfea&@c&é&{ err]C and

this tenperature nai nta ed .for .one hour S owed to .
cool to - GoHl OBRPIRE of HenE ran e Porsial b ed vy
at nosphere and wae- imlqmdCoalmgeoﬂﬂwd?YA/A@Nﬂbﬂ@Nm@\Eﬁésolﬂihmmmiuced si | ver

nmetal provi ded Exhible 1Swds\iSdd tf)b&dﬂhc annealel @%866n éﬁm @éstu?iﬁ gqctﬂlﬂge anchor ed
e, supstrate and

the graphite po d sil.ver fi

resulted in an \&gec‘tﬂrl dﬁ*% t 08? treﬁ’f'lﬁg’ﬁmwgg" §8F§h§5‘fl’él°f13??l|}§'epf&‘§“:gf a field
em tter cat hode finFrust spraprised of misronsiiametaydroplets. dhe solution veasideliveredwathe neasur ed
using the flat- mbﬁﬂﬁex&ﬁfhdiﬁy OFyrinROSuniLireetratd BF 13 GIYE AT Wb BOSechiits! 1)

(]j_gs ¢ribed WO %g g%&} of deposition, the wire was translated and rotated to provide

PCT/ US96/ 181185 uniform coverage with the palutions Tbevwire tvas then plateddmm qwastaibeat- Nor dhei m
pl ot of the em shidhivas positiore@ Githé &nfe@Bf:Ithb&fuﬁﬁG@' e (Exarfpl e 2) whi ch were

nmeasured with an el eq tpﬂgg epar ation tanc mm As shown in
Figure 1, the emni ssiVi ?eﬁaﬁ'@les gwe‘i‘ﬁﬁaene{ Jjo & Cat gucm 8P°‘€'B£%np| e l) is

slightly hi gher PRBEsed g ¥%évdrgmmﬂ9%%mem Gmpereemﬁlr@c@yed ata
EXAMPLES 3-5  rate of 14°C per mint® td) D#°C Snd@iBaérhiedure fvab hamGiRd &Hones f or
attachi ng aﬁﬂeah&ﬂ- &35 QRpRA allowed to?%l‘%&b&%ex}lpenﬂuw @k ﬁ%{ﬁ:@ iRt N9 A thin

silver |ayer and her. eb roviding a fiel Anneal ed
carbon soot was® Q‘Fé’é%0%8‘%?'?"0%'%’?@%Wﬁlf@mlm&@mac?aﬂd CW&S used in
Exanpl es 3-5 asewplef tretrédubes] silver metal provided a thin silver filmtlayler whitlesoatedeise i N t hese
exanpl es to suppetand H?acﬁéa'}ﬁ@&ﬂgal&?{nMH soot to the W@tanmglﬁteau el RABEd Py

imersing themin.a 5% ol.ution fo nu
9 emitter wlrucix_I was sunabl Oor use as a ﬁeﬁlncmmer cathode The electron

20  emission was measured using the cylindrical emission measurement unit described
previously as Measurement Unit I1. _

Figure 2 shows the well-known Fowler-Nordheim plots of the emission
results for these samples (Examples 3-5). The data shows that Example 4 shows
higher emission, presumably due to higher particle density on the wire due to

25  higher AgNO; wetting to the copper wire which. in-tumn. allows more particles to
adhere to the wire surface. Example 5 shows that top coating decreases the
emissivity of the particles although it increases the anchorihg effect of the particles
to the wire.

LES ¢-1 .

30 A method is described in these examples for attaching annealed carbon soot
particles and micronized graphite particles 1o metal wires using a thin gold layer,
thereby providing a field emitter cathode. The annealed carbon soot was prepared
substantially as in Example 1.

The wires used in these examples were all cleaned by immersing them in a

35 3% HNO3 solution for one minute followed by rinsing with abundant water and
then rinsing with acetone and methanol.

In Example 6, gold dispersed in an organic base (Aesar 12943, Ward Hill,
MA) was brushed onto a 5 mil (125 pm) tungsten wire according to the

12



foll owed by rinsing with abundant water and then rinsing with acetone and
nmet hanol . 15 In Exanple 3. a solution containing 25 wt % sil ver
nitrate (AgNG3), 3 Wm % pol yvi nyl al cohol (PVA) and 72 wt % wat er was
prepared by adding 3 g of PVA M W 86,000, (Aldrich. MIwaukee. W)
to 72 g of boiling H20 and stirring for about 1 hour toc | etely
di ssol ve the P@9/@B57]g of AgNO3 (EM Sci ence Ont ari o, lé""t&dded

to the PVA | uti t anbi t {
S'?I rrgd to 3?320:'%’“? aﬁ@h%esmgsnp Annale ﬁqﬂ& %?pf’aﬁéé)Arﬁ%mga er wire

was i mrersed in tcheergditindigpld dispersion mrmhawo mxcrmewehmmmaﬁu w#n t he
anneal ed carbon sgdkire wmnipt&lﬁw&&ewlmfmﬂdaﬁdeﬁaw@ the wiré/ivds@lasedsin

conpl etely covered W|t eledc r.bon.s he wire was placed in a
quartz boat whi cH WES ?Wi%ﬁ |on%la°gm%)ﬁ’rémcéent er of a tube furnace. 25

I n Exanpl es 4%and 5. &Iestmsmqssméﬂ!tammmm@qﬁp/&%u Thetpmperpuzg; s
(AgNg err]), incréasid Aafpfé YIISIE pertnidaied S40PTAR this emptrduefwa | uori nat ed

surfactant. ZONYL e dding 3 g
of PVA. MW 86. dﬂ?d"‘mdfg\é‘ﬁp’gtezg“rﬁ‘"mf( ﬁ{‘“‘p@ﬁ%‘ﬂ 615@1;,@;,1@)@&? boi I i ng
H20 and sti rri ng alewedtiosoel tqrqvm}r:mwamre in the dunpeand Mg ten Efmqy frol@ pPvA. 25
g of AgNGB (EM Sahefififice. O goldenetdfjovied & thidgold filivilglertvehi¢h@aio¥/ thesdteut i on at

ATbient temPgat Y oPid N ubglbl L85 il Bk Giremnd epdled B0, ¢ e

AgNG3. 0.5 e solution | mprove
the wetting of tI‘F?%@?ﬂ’[“i‘ﬁrf"t-‘ﬂ"t’ﬁé“%‘ﬁ'%f°r“seasaﬁddm"erFﬁh‘Ef anple 4. a 4 nil
(100 pm) copper W re WheBxampheT. sednplawta:hﬁeparcdesseﬁ’bmykgﬂﬁ[ca'qu]fﬁrZO\lYL[err] FSN

sol ut i on and, L Nelkp 356kol ot e A BERNENBHDAR 35 e Fkce, Wi L Ne
co y COV

surface of the wire s red wth anneal ed carb soot .
the wire was pl ad¥gr ?frf’“’d“‘tj‘éd'lkf’ E”B%‘h’f"as\/ﬂ?l’?,sﬁemt £ PREFRC ot ﬂ‘%ﬁﬁ’gqﬁen t he
center 16f atrbdnire bf laserablation of a graphite target\O\@Iiti&Bbdegcription on coating a

PCT/ US96/ 18145  fiper or wire with diamdnd-iX 2EBbEviRlased ablafidd cah %Qﬁmﬂmn BRRNes W re

was imersed in th g nandthen
i mrersed in the éﬁﬁeél%ﬁf“cg‘%%@ BR] fi‘i%tq}’%b\%‘é%mtﬂ%‘%% ‘?a"?'he wire
was conpl etely cdeeb¥a8Ri30Hiletrebaianul 3¢ 1995oMBlanchet-Fincheycet al. )&"tnllﬁdn li quid

coating of the PYBIanpNOPbEPIuPHiftdrs'T BRlemitt uédté?ﬁs SfSich die incSrporatedanpl e 1

was used to CZBat hgrrg% b%r}e relnceed ﬁ? %4bnon? wg\%qt alra;[eIr a?ns wgssdsggto m:{i'cebUI I zer

incident angle of 45° to a graphite target located at the center of the ablation
chamber. Laser puises of 10 nanoseconds with a 2 Hz repetition rate were used.
An energy density of 4 J/cm? was maintained for 1 minute and the laser beam was
rastered onto the target with a pair of motorized micrometers. The ablation
25  chamber was maintained at 2 x 10-7 torr (2.67 x 10-5 Pascal). The wire used was 5
cm away from the target along the direction normal to the target.
In Example 8. a sample was prepared essentially as described for
Example 6 except that a 4 mil (100 pm) copper wire was used in place of the
tungsten wire.
30 In Example 9, a sample was prepared essentially as described for
Example 6 except that calcined/micronized coke (available as Conoco 901190 fom
Conoco, Inc., Houston, TX) was used instead of annealed carbon soot and a 3 mil
(75 pm) copper wire coated with a fluorinated solvent, ZONYL® FSN (E. I.
du Pont de Nemours and Company. Wilmington, DE), was used in place of the
35 tungsten wire. After the wire was coated with gold dispersion. it was immersed in
calcined/micronized coke to completely cover the wire.
In Example 10. a sample was prepared essentially as described for
Example 9 except that when the surface of the wire was completely covered with
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head (Model 121 - Sono-Tek Corporation. Poughkeepsie. NY) that produced a
fine:m st conprised of mcron dianeter droplets. The solution was delivered
to the nebul i zer head by a syringe punp at the rate of 18 pL/s for
about 30 seconds. During the tine of deposition, the wire was

transl ated and rotated to provide 10 uni form coverage with the sol ution.
The wire was woemssraced in a quartz boat whi ch was pesiukdergfd i N
the center of a tube furnace. In all three exanples. firing
was carried out cai¢ines/misronizrdepkeand befarerheating, a thin ligyigsopngst a2 1% aoldir ogen
and 98% ar gon. &lu9stvarpaiivhtxate sohftioh Ras @posiftd abingla nebulizer héadi(Moaél 14[err] C

per i nut et 0 144 &) GegpdliSn SIBRLAIN Sy HRAILAL Bidnlpr one 15

hour. Each sanple erature in the furnace in

t he sane ?@@M@fwr@zfmém%d@mtsme sohetion e gelvared g the t he f ur nace.

In each 5 ensbilied heddty arsednge@dmp iat the rare1eft 18| pLpy fowabdenBOaeddads silver film

l'ayer which coa tﬂgnme of deg}%l{uﬁi ﬂfé%&%z@%ﬁﬂa&dﬁ&d?}ﬁﬁéﬁlo%oﬁéé bon soot to
e

the wire and resuy|t In an ectron S suitable for

use as a fiel d WHHorPEPverage fidiehe spintion The vigmwasghen plared iy iz bodteasur ed
using the cyl i nethicle svas positioaediin dreamer e autie fumade. descr i bed previ ously
as Measurement Unit e }ectr emission of all E&@Ws%/agnéggﬁu%lh?m@@}ﬂndhmm

Fow er- Nordhei m pl ots of the em ssign ~resul hese sanpl es -
(Exanpl es 3'%) . emissionmeasuremeniun feseritied preyjousty agMggurement ’““nq -gher eni ssi on,
presumabl y due to hiTedntapeshbwe incFigien 3 iatd/indigattdrbatwimissiod gecursoon? 5 hi gher

AgNd err] Wett'&iﬂ’eieﬂt&n%vﬁf?&?%fh%tﬁ@pwﬂism in turn allows nore particles
to adhere to tgﬁPV\A re su hows t hat té)qgﬂcoati ng

decreases the ugh R?f‘fcy‘){“&?ml?ci‘ilé""ﬁ‘éﬁr%ﬂb"l Pé?e'éﬂ"?vl’fﬁtﬂf’é' AY$ Fhcr eases the
anchori ng ef f ecdesgibed inethptoragomg description, it wijl bedwndgsistoed by those skilled in the

EXAVPLES 6-1510 @fkhat the mvennon i@\cﬂﬁbﬁ(w nﬁ:ﬁer@@ﬁﬁéd:ﬂﬁ%ﬂs%ubﬁﬁ&ﬁn@%ﬂfm| es for
attachi ng anneal ed car 9swi?h

s._an raphite
particles to metal Wres fRoNt depaying ﬂrgm t*“’ds"l"rél °é?ssemm aﬁmg? e%g?ﬁ providing a
field emtter cavimege. Refﬁeﬂ%ﬁg@d‘l b‘ﬂ“@ifrfbéh? 892@#%@"%@}3%"@@ to the
substantial ly afareigbinf¥gaificfioh, as indicating the scope dhfie vért®n.used i n t hese
exanples were all cleaned by imrersing themin a 35 3% HNg err] sol ution

for one mnute foll owed by rinsing with abundant water and t hen
rinsing with acetone and net hanol . In Exanple 6. gold

di spersed in an organi c base (Aesar 12943, Ward Hil I, MA) was brushed
onto a5 ml (125 pm tungsten wire according to the

12
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WO 97/ 18577 T
PCT/ US96/ 18145 manuf acturer's suggestions. Anneal e’dJ ot was
deposited onto the wire covered with the gold dispér WW@”MWHIH
100 micron sieve. Wien the surf §89% £ t i re was corple 4 ’I
wi th anneal ed carbon soot, the 'ré &ﬁ&%ﬁﬁl\h a quartz boat whi ¢h
was then pl ac&¥OPHI8ETH ur nace. Nt LACERieat i nlg was carri BEI/USAS/IBHS an

at nrosphere of ai 5{-@3 t enperature was I ncreased at a rate of
25[err] C per mn "540[err]C and this tenperature was mai nt ai ned
for 30 minutes to bunl-of f Asprcesy foamaking fieldiegnitter cathpde campriEing kg steps

allowed to cool b roomtenperature in the furnace and was then renoved
from the furnace. Tha go i | ' yer

whi ch coated the wire 10 ?Sandb%fggﬁc%ﬁtﬁ}e‘ogﬁﬁgg‘%M‘é@ﬁéﬁ%‘%ﬁﬁrticI es
to the wire ahd PReAtiongmittingppwder onto te surface Af 2Pty WhrPRthsmetak i  abl e
for use as a fi etdnmwithd is@4pable o belfy completely reduced to the mefakapnlsebséquent sanpl e
was prepared essg&%ﬁh@/ as described for Exanpl e 6 except that after
t he sanple was reno romthe furnace. a 50 nm | ayer of

di anond- 1 i ke carbon was déPosi eetingihe syhstratg Fenigining e plptiRand thea) the 15
structure by | asdectablenitiingposideadeppsipd tHeeoh forgaeime aAd cintpexansd sulidenti pti on on
coating a eT1s | | LRk k8 1 via laser ablation
can be foundl(i)n %\%ﬁ%cxmﬁ&n%%ﬁgﬁﬁ IJ.l rﬁgdtl%?tﬁgeée@g&%gol 5. No. 11, Nov.
1990 and in pending 4-S. ABppreesst piiaim I whergly thesgbsygs isplanar | o Fepruary
13. 1995. (Bl anchet - B.nchdhe pioceas of)Claint | whegeln the substra®iisaidred Fi ber Fiel d

Emitters”, the entire cONqRObIcdl ot lhindl RhéteinReRuRaRiCI md@ wirdier ei n by
reference. A 264 nm wave ggfth I (ﬁr_ bfag was use to.rrare gg_

i nci dent angl e of 45[%rr] ﬁccd?g% PiMS* WRETER the ORe A ISP RA TombR s of the
abl ati on 15 ctravmhennsistingoé pickrl] tyugstepfand oppemoseconds with a 2 Hz
repe:i_tiog ][atelvve_rest.JsednepmcesT&maner@uerstsﬂ&iraaal@&mﬁoutﬂnﬁfsr%lem? .
mai nt ai ned for [ _heam. .. _.raster. nto the
target wth a pa?%g# g?r%“?g??sszsg"gg (r’nﬁﬁr?ec{r'r’gf%’ gm%héongﬁ'lsgﬁ%ﬁmﬁ S Chanber was
mai nt ai ned at 2 ipdigepnd-gojd chipride. (2. 67 x 10[err] Pascal). The wire used was 5
cmaway fromthe target althigrotedeofditiact whdteinl @el¥Bivert @& whier. t ar get .

I n Exanpl e a sanplee wa [ sent i al descri for.
Exanpl e 6 eg%:oept thatS?a ﬁ%ﬁr@%%&ﬁ‘%%& gg;ﬁ%%’r‘ %eﬁétmm’bczﬁﬁg‘gﬁg‘l"ﬁerﬁ %ice of the
tungsten wire. 3¥rbonpowder. | Exanple 9. a sanple was prepared essentially

as described for 9. ExThgpracess efaif 8 whaéin delcaibepdvwiet isgeleatedifrak e
(avail abl e as Caogo u&%}@ﬁlgﬁg}agﬂig ?@Qﬂﬂﬁ&m&é&%ke .Qflarcolld) Was used

i nstead of anneal ed car.bon soof . m | copper wre
coated with a fIRPS F‘hB?lé‘ayﬁaill‘qfd‘ﬂ’?mﬂﬁ‘WﬂT’e?aﬂfmmPpg T, a"dgg'b‘ﬁle\gont de

Nenour s and Z3onparben sWitipawdegt on. DE), was used in place of the 35 tungsten
wire. After the wirepas eRahedsy¥ridlaifal kb SRBpRiHEAddihg at\ERardidBRESEd 1N
material to the solution to increase the viscosity of the solution.
11.  The process of Claim 10 wherein the organic binder is selected from
the group consisting of polyethylene oxide, polyvinyl alcohol and nitrocellulose.
30 12.  The process of Claim 1 wherein heating takes place between about
120 to about 220°C.
13. A process for making a field emitter cathode comprising attaching
an electron emitting particulate material to a substrate using an electron
transporting material.
35 14.  The process of Claim 13 wherein the electron transporting material
comprises a thin metal layer.
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cal cined/ m croni zed coke to conpletely cover the wre. In

Exanpl e 10. a sanple was prepared essentially as described for

Exanple 9 except that when the surface of the wire was conpl etely covered
WO

wi:t h 13

97/ 18577

PCT/ US96/ 1814wo97n8s77 cal ci ned/ m croni zed coke. and before hecwussg/i8iEst hi n
liquid coating of a 2 wt% gold anfB 98 wt % cycl ohexane sol uti on was
deposited using a nebulizer head (Mdel 121 - Sono- Tek Cor poration,
Poughkeepsi e, NY) that produced a fine m st conprised of mcron

di aneter droplets. The solution was delivered to the 5 nebulizer head by a
syringe punp at the rate of 18 pL/s for about 30 seconds. During the

time of deposition. the wire was translated and rotated to provide

uni form coverage with the solution. The wire was then placed in a quartz
boat whi ch was positioned in the center of a tube furnace.

The el ectron em ssion of all sanples was neasured using the cylindrical 10
em ssi on measurenent unit described previously as Measurenent Unit I1.

The data is shown in Figure 3 and indicates that em ssion occurs on ,n

different wires w t™Ncul ar
enbodi ments of thg present invention have been described in thel
. foregoi ng descriptfiona, st Wll be understood by those skilled in thg 15
art that the inventi@nuys capabl e of nunerous nodifications, substitutions
and rearrandgergngd without departing fromthe spirit or essential
attributes of the| & Zinvention. Reference should be nade to the gppended
clainms, rather than 5073 he foregoi ng specification. as indicatling the
scope of the inverl-tian.. 4
_ o -4
o
L o - ~
>
| ™~
a 7 =
Q
3 1 ™
- I
. o - o
O o o =
— 4
L | | ° Y
a 7 —
o
- ®
o
- 0’ -
- (" ¢ ¢ i
o o
- u -
! o L 2 2 4
2o 3
a
p- D . . . pe
o ° -
TR ISR S TTTTR IS S B (TTTTR I NS DU (TTT TR IO lg
o
> e = =
= 8
o

(AM/¥y, O1) ,3V/I



~

14 CR- 9835 CLAI MS: 1. A
process for making a field emtter cathode, conprising the steps

of : : (a) depositing a solution of a netal
conmpound in a solvent and 5 an electron emtting powder onto
the surface of a substrate, wherein the netal compound is
capabl e of beiwgowesspi etely reduced to the netal upon subseqeenws96/18145
heati ng; and 2/3 :
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(b) heating the substrate containing the solution and the
el ectron emtting powler deposited thereon for a tinme and tenperature

suf fi ci ent 10 for the netal conmpound to be conpletely reduced to
t he netal . 2. The process of Claim1 wherein the
substrate is planar. 3. The process of Caim1l
wherein the sWeBTSsE is a fiber. 4. PCHHENASHEess
of Claim| wherein the substrate is a nd3l wire. 5.

The process of Caim4 wherein the netal wire is selected fromthe
15 group consisting of nickel tungsten and copper.

6. The process of CQaiml wherein the netal conpound is selected
fromthe group consisting of silver nitrate, silver chloride. silver
brom de, silver i odi de and gol d chl ori de.
7. The process of Claim1 wherein the solvent is water. 20
8. The process of CQaim1l1 wherein the electron emtting powder is a
carbon. powder. 9. The process of Caim8 wherein
t he carbon powder is selected from t he group consisting of
graphite powder, m cronized coke powder, charcoal powder ,
pol ycrystal line di <
2 5 carbon soot powder. 10. The procgss of™C aim
1 further conprisifng addi ng an ggani o bi nder material to
the solution to i n¢rease tiheovi scosity of the sol ution. )
11. The process ¢fulChai mul@iwherein the organic binder is s@ ected
fromthe group congi gl ia:fg Df gﬂ)oglet hyl ene oxi de, pol yvinyl al cohol aﬁ
ni trocel | ul ose. =S === = 12. The process of Claim1l wherein
heating takes placé Deptifedd &boll 20 togabout 220[efr]C.
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