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六角密排多迭层碳纳米管阴极的大电子发射电流
和高电子发射稳定性

李玉魁1,刘云朋2,武超3,杨娟1

(1金陵科技学院 电子信息工程学院,南京211169)
(2焦作大学 信息工程学院,河南 焦作454000)

(3中原工学院 电子信息学院,郑州450007)

摘 要:研制了一种六角密排多迭层碳纳米管阴极.在这种结构中,衬底银电极由烧结的银浆制作在透

明锡铟氧化物电极上,且具有六角形边缘,相邻衬底银电极交错排列于阴极面板上.用ZnO和SnO2颗粒

作为掺杂材料,在衬底银电极和单一碳纳米管层之间制作了底部混杂层;单一碳纳米管层中的碳纳米管

主要被用于发射阴极电子.给出了六角密排多迭层碳纳米管阴极的制作工艺,并研究了六角密排多迭层

碳纳米管阴极用于电子源的可行性.将氮气作为保护气体,采用烧结方法除掉制备浆料中的有机粘合剂

及其它有机杂质.将六角密排多迭层碳纳米管阴极真空密封进三极场发射显示器中,能够形成稳定的电

子发射电流.测试结果表明,与普通碳纳米管阴极相比,六角密排多迭层碳纳米管阴极具有更优的电子

发射特性,其开启电场为1.83V/μm,最大电子发射电流为2718.6μA;且其具有良好的电子发射曲线

趋势,当电场强度从2.17V/μm增强到3.06V/μm时,电子发射电流的增幅约为1410.3μA.对电子发

射电流随时间的波动变化进行了测试,测试结果显示六角密排多迭层碳纳米管阴极具有可靠且稳定的

电子发射电流.绿色发射图像表明六角密排多迭层碳纳米管阴极具有良好的电子发射均匀性及高的电

子发射亮度.鉴于其简单的制作结构和制作工艺,六角密排多迭层碳纳米管阴极具有一定的实际应用

性.
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Abstract:A HexagonalClose-packed Multi-lamination-layer Carbon Nanotube (HCP-MLL-CNT)
cathodeisproposed.Inthisscheme,thesilverslurryissinteredtoformthesubstratesilverelectrode
withahexagon-shapededge,whichisfabricatedonthetransparentindium-tin-oxideelectrode,witha
staggeredarrangementoftheadjacentsubstratesilverelectrodeonthecathodefaceplate.UsingZnOand
SnO2powdersasmixingmaterials,thebaseblendinglayerisformedbetweenthesubstratesilver
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electrodeandthesingleCNTlayer,whereastheCNTsinsingleCNTlayersaremainlyutilizedtoemit
thecathodeelectrons.ThefabricationprocessofanHCP-MLL-CNTcathodeisdiscussedindetail,and
andthefeasibilitystudywhichthe HCP-MLL-CNTcathodeisapplicableasanelectronsourceis
performed.Thesinteringmethod,inwhichthenitrogengasisusedasaprotectivegas,wasadoptedto
removetheorganicbindermaterialsandotherorganicimpuritiesofthepreparationslurry.TheHCP-
MLL-CNTcathodewasvacuum-sealedintothetriodefieldemissiondisplay,andastableelectron
emissioncurrentwasformed.Themeasurementresultsindicatethattheproposed HCP-MLL-CNT
cathodepossessestheenhancedelectronemissioncharacteristics,alowturn-onelectricfieldof1.83V/

μm,andtheincreasedmaximumelectronemissioncurrentof2718.6μA.TheHCP-MLL-CNTcathode
revealedanexcellentelectronemissioncurvetrend,inwhichtheincreasingrangeofelectronemission
currentwasapprox.1410.3μAfortheelectricfieldenhancementrangefrom2.17V/μmto3.06V/μm.
Thefluctuationoftheelectronemissioncurrentwithtimewasalsomeasured,andareliableandstabile
electronemissionforHCP-MLL-CNTcathodewasexperimentallyverified.Thegreenemissionimage
wasdisplayed,whichcorroboratedagoodelectronemissionuniformityandhighelectronemission
luminanceoftheproposedHCP-MLL-CNTcathode.Itisshownthatasimplefabricationstructureand
manufacturingprocessoftheproposedHCP-MLL-CNTcathodepossessesahighpotentialforpractical
applications.
Keywords:Carbonnanotubecathode;Fabricationprocess;Emissioncurrent;Emissionstability;Silver
electrode;Structure
OCISCodes:250.0250;230.2090;230.4685;350.5730;230.4320

0 Introduction
CarbonNanotubes(CNTs)areverypromisingforvariousfieldemitterapplications,duetotheir

uniquecharacteristicsoftheconcentricplanarstructure,nanoscalediameters,highmechanicalstrength,
andsuperiorchemicalstability[1-3].Invacuumenvironment,amasssupplyofcathodeelectronscanbe
providedbyCNTstoformastableelectroncurrent[4-6].Giventhis,CNTshavebeensuccessfullyappliedin
thefieldemissiondisplay [7-9],andnumerousstudiesonCNTcathodeswereintensivelyconducted[10-12].
CNTcathodesareusuallyfabricatedwiththescreen-printingprocess[13-15].However,themostcritical
deficiencyofprintedCNTcathodesistheirpoorelectronemissioncapability[16-18].Therefore,various
treatmenttechniques[19-21]includingtheplasmabombardment,ionirradiation,andmechanicalrubbing
methodshavebeenappliedtoimprovethefieldemissionperformanceofCNTcathodes[22-24].Theplasma
bombardmentmethodcouldimprovetheemissionuniformityofCNTcathode,butitwasnotsuitablefor
thepreparationoflarge-areaCNTcathode.Theionirradiationmethodcouldenhancetheelectronemission
abilityofCNTcathode,however,thetreatmentcostwastooexpensive.Themechanicalrubbingmethod
wasan effectivetechnology,nevertheless,the CNT cathode surface usually was damaged[25-27].
Furthermore,analternativesolutiontothisproblem wasproposedbydevelopinganewCNTcathode
fabricationstructureandtherespectiveinnovativeCNTcathodepreparationprocess[28-30].Inthisstudy,a
novelHexagonalClose-packedMulti-lamination-layerCNT (HCP-MLL-CNT)cathodeisexplored.The
designandfabricationofHCP-MLL-CNTcathodearedescribedindetail,whereinthehexagonalclose-
packedsubstratesilverelectrodewasfabricatedandthebaseblendinglayerwasintroducedbetweenthe
hexagonalclose-packedsubstratesilverelectrodeandthesingleCNTlayer.Thefieldemissiondisplay,in
whichthedotmatriximagecouldbedisplayed,wasfabricated,anditsperformanceprovedthefeasibility
offabricated HCP-MLL-CNTcathodes.Theelectronemissioncharacteristicswerestudied,andthe
electronemissioncurrentfluctuationsweremeasured.

1 Experiment
1.1 StructureanddesignofCNTcathode

Thestructuralschematicdiagram of HCP-MLL-CNTcathodeisshowninFig.1(a),andthe
commonlytreatedIndium-tin-oxide(ITO)electrodeCNTcathodeschematicstructureisillustratedinFig.
1(b).ForthetwotypesofCNTcathodes,theflat-panelsoda-limeglasswithathicknessof2mmwas
usedtoformthecathodefaceplate.TheHCP-MLL-CNTcathode,inwhichthemulti-walledCNTswere
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utilizedastheelectronemissionmaterials,wasfabricatedonthecathodefaceplatesurface.Thebar-shaped
transparentITOelectrodeswerefabricatedwiththeetchedITOfilm.Thesubstratesilverelectrode,which
wasformedwiththesinteredsilverslurry,wasfabricatedonthetransparentITOelectrode,whereasthe
externaledgeofeachsubstratesilverelectrodehadaninterconnectinghexagonalshape.Theschematic
structureofthesubstratesilverelectrodeisillustratedinFig.2.ThesingleCNTlayerwasprintedonthe
baseblendinglayer.

Fig.1 StructuralschematicdiagramoftwotypesofCNTcathodes

Fig.2 DesignofsubstratesilverelectrodeinHCP-MLL-CNTcathode

1.2 FabricationofHCP-MLL-CNTcathode
ThetotalfabricationprocessoftheHCP-MLL-CNTcathodecanberoughlyreducedtothethreemain

steps.Firstly,withahigh-precisionphoto-etchingprocess,theITOfilmcoveredonthecathodefaceplate
issplittoformtransparentITOelectrodes.Thebar-shapedtransparentITOelectrodeswereserially
arrangedandseparatelyinsulated.Thesilverslurrywasscreen-printedonthecathodefaceplateand
subsequentlysinteredtoformthesubstratesilverelectrode.Asatisfactoryelectricalconductionwas
achievedbetweenthetransparentITOelectrodeandthesubstratesilverelectrode.Secondly,twotypesof
printingslurry,namelythesingleCNTlayerslurryandthebaseblendinglayerslurry,wereprepared.The
purifiedmulti-walledCNT,ZnOpowder,andSnO2powderwereblendedtoformaCNT-ZnO-SnO2
mixturewiththerespectiveweightratioof1∶0.5∶0.5.Terpineolandethylcellulosewereaddedtothe
abovemixture,andtheCNT-ZnO-SnO2 mixturewasthoroughlystirredwithamagneticstirreratthe
temperatureof115℃toformthebaseblendinglayerslurry.Thepurifiedmulti-walledCNT,terpineol,
andethylcelluloseweremixedinthebeaker.ThesingleCNTlayerslurrywasobtainedbyasimilar
preparationprocess,whichdifferedfromthebaseblendinglayerslurryonlybythestirringtemperature
(92℃).Thirdly,thebaseblendinglayerslurrywasprintedonthesubstratesilverelectrodewiththe
screen-printingmethod.Thefabricatedbaseblendinglayerslurrywasbakedinaspecialautomaticovenat
theconstantbakingtemperatureof215℃.Subsequently,thebakedbaseblendinglayerslurryonthe
substratesilverelectrodewassinteredinthenitrogenatmosphereinaspecialsinteringfurnace.The
highestsinteringtemperaturewas555℃,andthewholesinteringtimewasapprox.60min.Sothebase
blendinglayerwasfabricated.Then,thesingleCNTlayerslurrywasalsoprintedonthebaseblending
layer.AbakingprocessforthefabricatedsingleCNTlayerslurrywasperformedtoremovetheorganic
additives,inwhichtheconstantbakingtemperaturewas185℃.Thecorrespondingsinteringprocessfor
thebakedsingleCNTlayerslurrywasconductedagaininaspecialsinteringfurnace,ofwhichthehighest
sinteringtemperaturewasalso555℃.Becausethenitrogenwasusedastheprotectivegas,theCNTcould
notbeoxidizedinsuchahighsinteringtemperatureenvironment.Finally,theproperpost-treatment
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processwasperformedforthesingleCNTlayertoimproveitselectronemission,whichconcludedthe
HCP-MLL-CNTcathodefabrication.
1.3 Electronemissiontesting

Foranalyzing the CNT surface morphology of HCP-MLL-CNT cathode,Scanning Electron
Microscopy(SEM)wasemployed,andtheSEMimageswerealsoobtained.Thetriodefieldemission
displaywithHCP-MLL-CNTcathodewasfabricated,andtheelectronemissioncharacteristicsofHCP-
MLL-CNTcathodeweretestedwithatriodestructureconfiguration.TheDCoperatingvoltageswere
appliedforthetriodefieldemissiondisplay,andtheelectronemissioncurrentwasmonitoredwithan
ammeter.

TocomparetheinfluenceofdifferentCNTcathodeontheelectronemissioncharacteristics,theother
twoCNTcathodesamples,commonlytreatedITOelectrodeCNTcathodeandnon-oxidationsinteredHCP
CNTcathode,werealsofabricatedwithasimilarmanufacturingprocess.ThesingleCNTlayerslurrywas
printeddirectlyonthetransparentITOelectrodesurface,sothecommonlytreatedITOelectrodeCNT
cathodewasprepared.Thefabricationstructuresofthenon-oxidationsinteredHCPCNTcathode,andthe
HCP-MLL-CNTcathodearethesame,theonlydifferencebeingintheirfabricationprocesses,wherethe
highestsinteringtemperaturewas332℃forthenon-oxidationsinteredHCPCNTcathode.

2 Resultsanddiscussion
2.1 SEMimagesofCNTcathode

Fig.3presentstheSEMimagesofthreetypesofCNTcathodesamples.Themagnificationfactorofall
thethreeSEMimages,whichwas30000,wasidentical,andthesurfacemorphologyofCNTcathodecan
beobserved.

Fig.3 SurfacemorphologyofthreetypesofCNTcathodes

  AsshowninFig.1(a),nubblyorganicbindermaterials,whichcoveredthesurfaceofcommonly
treatedITOelectrodeCNTcathode,havedisappeared.ManyCNTendsprotrudedfrom CNTcathode
surface,whichwouldformpotentialelectronemissionsites.TheHCP-MLL-CNTcathodeisshowninFig.
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3(b).Asseenfromtheimage,numerousCNTendswereirregularlydistributedalongtheCNTcathode
surface,theorganiccontaminantshadbeenremovedentirely,andacleanandhomogeneouscathode
surfacewasachieved,whichshouldbefavorabletoenhancetheelectronemissioncurrentoftheHCP-
MLL-CNTcathode.Infact,inthecommonlytreatedITOelectrodeCNTcathode,thesingleCNTlayer
wasfabricatedonthetransparentITOelectrode;andintheHCP-MLL-CNTcathode,thesingleCNT
layerwasalsopreparedonthebaseblendinglayer.ForthetwotypesofCNTcathode,seenfromthe
fabricationstructure,thesamesingleCNTlayersweremanufacturedatthetopofCNTcathode;seen
fromthemaincathodefunction,thesamesingleCNTlayerswereutilizedtoemitadequatecathode
electrons.So,itwasnosurprisingthatbothtypesofCNTcathodepossessedidenticalandgoodcathode
surfaces.

FortheHCP-MLL-CNTcathode,asmoothcathodesurfacewascomposedofpureCNTs.Itwas
ensuredthatalltheacquiredcathodeelectronsshouldbeemittedbytheCNTs.Inthecontactinterfaceof
thesingleCNTlayerandthebaseblendinglayer,afterthesinteringtreatment,partsofCNTsinthetwo
CNTlayerswereinterpenetrated,andanimprovedinterfacecontactwasformed.However,duetothe
coveredsingleCNTlayer,noZnOandSnO2particlesappearedonthecathodesurface.Moreover,allthe
organicimpuritiesandsolventcouldnotbeobservedatthecathodesurface,whichalsoimpliedthatthe
sinteringforHCP-MLL-CNTcathodewascompleteinthesinteringprocess;manyCNTswerepreserved
onthecathodesurface,whichprovedtheshieldingactionofnitrogengas.

InthecourseofHCP-MLL-CNTcathodepreparation,thehigh-temperaturesinteringmethodwas
used,inwhichthenitrogengasof99.999%puritywasemployedinthesinteringenvironment,whilethe
highestsinteringtemperaturewas555℃.Thesinteringmethodwasanon-contacttreatmentprocess,
whichwasmoresuitableforthefabricationoflarge-areaCNTcathode.Moreover,theCNTcathode
surfacewouldnotbeexposedtoadirectcontactinthetreatmentcourse,sothemechanicaldamaging
wouldbeavoided,andthecontaminationofotherforeignresidueswouldnotemerge.Ontheonehand,the
sinteringtemperaturewashigh.BecausetheoxygenwasexcludedfromcontactwithCNTsintheHCP-
MLL-CNTcathode,nooxidationoccurred;meanwhile,theCNTcouldalsoendureahighsinteringinthe
nitrogenatmosphere.Inotherwords,theCNTinHCP-MLL-CNTcathodewasundamagedinthesintering
course.However,theorganicbindermaterialsandotherimpuritiesinthecathodeslurrywerefully
evaporated.Onthecontrary,ifthesinteringtemperaturewaslow,thetreatmentresultmightbe
unsatisfactory.OnemoreSEMimageofnon-oxidationsinteredHCPCNTcathodeisdepictedinFig.3(c).
Inthisexperiment,thesinteringprocesswasalsocarriedout:thehighestsinteringtemperaturewas
332℃,incontrasttothenormalsinteringtemperatureof555℃.Asseenfromtheaboveimage,afterthe
non-oxidationsinteringtreatment,therewasstillsomeorganicbindermaterialsattheCNTcathode
surface,althoughtheirblockshadbeeneliminated.Thisimpliesthattheremovalprocessoforganicbinder
materialswasincomplete.AscomparedtocleanandhomogeneoussurfaceoftheHCP-MLL-CNTcathode,
thatofnon-oxidationsinteredHCPCNTcathodecontainedtheresidualmaterials,whichwouldinterfere
withtheprotrusionofCNTsandstronglyrestraintheirelectronemissioncapabilities.Therefore,the
appropriatetreatmenttemperatureiscrucialfortheHCP-MLL-CNTcathodefabricationbythesintering
method.Ontheotherhand,inthesinteringprocess,thecontinuouslyprovidednitrogengaswasflowing
ataconstantrate.Withthegasflowofnitrogen,theorganicbindermaterialsinHCP-MLL-CNTcathode
wouldbesinteredthoroughly.Notonlythere-depositionofresidualorganicbindermaterialswasexcluded,
butalsothetransformationoforganicimpuritieswasthusprevented.
2.2 Electronemissioncharacteristiccurves

MeasurementsofelectronemissioncharacteristicsoftwotypesofCNTcathodesamples,namelythe
commonlytreatedITOelectrodeCNTcathodeandtheHCP-MLL-CNTcathode,werecarriedoutina
vacuumchamberof10-4Pa,andtherespectiveelectronemissioncurvesareplottedinFig.4.Forthe
characteristics’measurement,theHCP-MLL-CNTcathodewasassembledinthevacuumchamberofone
fieldemissiondisplay,whilethecommonlytreatedITOelectrodeCNTcathodewasinstalledinanother
fieldemissiondisplay,andthecorrespondingtestcurvesaredepictedinFig.4,respectively.Insofarasthe
electronemissionpropertieswerequitepoor,theassemblingandmeasuringofnon-oxidationsinteredHCP
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CNT cathode sample was abandoned.In the
measuringcourse,two DC operatingvoltages,
namelytheanodebiasvoltageandthegridbias
one,wereapplied.Theanodebiasvoltageof1.73kV
remainedconstantforbothtypesofCNTcathode
samples.

As expected, in comparison with the
commonlytreatedITO electrodeCNTcathode,
theHCP-MLL-CNTcathodeexhibitedsignificantly
improvedelectron emission properties,judging
from thefollowingthreeaspects.Firstly,the
HCP-MLL-CNTcathodepossessedalowerturn-on
electricfieldof1.83V/μm,ascomparedtothatof

Fig.4 Electronemissioncharacteristiccurvesfortwo
typesofCNTcathodes

commonlytreatedITOelectrodeCNTcathode,whichattained2.11 V/μm,sothattherespective
differencemadeabout0.28V/μm.ThisstronglysuggeststhattheHCP-MLL-CNTcathodewouldemit
cathodeelectronsmorereadilythanthecommonlytreatedITOelectrodeCNTcathode.Thefabricationof
baseblendinglayeristhemostcriticalforimprovingtheHCP-MLL-CNTcathodeperformance.Inthebase
blendinglayer,ZnOandSnO2particlespenetratedintothespaceofCNTwhichwastwinedeachother.
DuetodifferentsizesofZnOandSnO2particles,theCNTcathodesurfaceroughnesswasincreased;dueto
theefficientseparatingofZnOandSnO2particlesindenseCNTs,thelocalelectricfieldofeachCNT
emitterwasenhanced,andtheelectricfieldenhancefactorwasalsoimproved.Thesemeasureswerequite
instrumentalinreducingtheturn-onelectricfieldoftheHCP-MLL-CNTcathode.Secondly,theHCP-
MLL-CNTcathodehadalargerelectronemissioncurrent.Themaximumelectronemissioncurrentof
commonlytreatedITOelectrodeCNTcathodewasapprox.1623.8μA,whichwaslessthanthatofthe
HCP-MLL-CNTcathode(about2718.6μA).Meanwhile,withthesameelectricfieldof2.83V/μm,the
electronemissioncurrentofHCP-MLL-CNTcathodereached1187.2μA,andthatofcommonlytreated
ITOelectrodeCNTcathodewasabout956.4μA.Thus,theHCP-MLL-CNTcathodecouldsupplymore
cathodeelectronsinthenormaloperatingcourseoffieldemissiondisplay.Withlargeelectronemission
current,brightnessandluminousefficiencyofthefieldemissiondisplaywithHCP-MLL-CNTcathode
couldbeimproved,aswellasitsluminanceuniformity.Thirdly,theHCP-MLL-CNTcathoderevealeda
betterelectronemissioncurvetrend.Forexample,whentheelectricfieldwasenhancedfrom2.71V/μm
to3.06V/μm,theincreasingrangeofelectronemissioncurrentforHCP-MLL-CNTcathodewasapprox.
1410.3μA,whilethatofelectronemissioncurrentforcommonlytreatedITOelectrodeCNTcathodewas
about896.7μA.AscomparedtocommonlytreatedITOelectrodeCNTcathode,theelectronemission
curveoftheHCP-MLL-CNTcathodewassteeper.Onecanconcludethatthesubstratesilverelectrode
designwithanHCPshapewasbeneficialforenforcingtheCNTtoemitmorecathodeelectrons.The
substratesilverelectrodewasinsertedbetweenthebaseblendinglayerandthetransparentITOelectrode,
andthestaggeredarrangementoftheadjacentsubstratesilverelectrodeswasrealized.Foronesubstrate
silverelectrode,theelectrodeedgelengthwasreasonablyincreased,whichwasexpedientfortheformation
ofamorerobustCNTemitter.Moreover,giventhefurtherenhancementoftheelectricfieldatthe
electrodeedge,itwouldbereasonabletoassumethatlargeelectronemissioncurrentwouldbeformedin
HCP-MLL-CNTcathodeatthesameoperatingvoltage.Also,duetoasolidelectriccontactbetweenthe
substratesilverelectrodeandtransparentITOelectrode,thecathodepotentialconductionisalsoimproved.
2.3 Emissionimage

FormeasuringandverifyingtheelectronemissioncharacteristicsoftheHCP-MLL-CNTcathode,the
triodefieldemissiondisplay wasvacuum-sealed.The monochromeanodewasformedontheanode
faceplate,whereinthegreenphosphorwaspreparedontheanodeITOelectrodesothatonlyagreenimage
couldbedisplayed.TheHCP-MLL-CNTcathodewasmountedontothecathodefaceplate.Aftertheanode
andcathodefaceplatewerecombinedtomakeavacuumchamber,theHCP-MLL-CNTcathodewasplaced
inthevacuumenvironment.ThephotographoffullysealedfieldemissiondisplayispresentedinFig.5.The
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smallfieldemissiondisplaycoulddisplaysomedot
matriximage.Duetotheobscuringofotherfield
emissiondisplaycomponents,theHCP-MLL-CNT
cathodeisnotvisiblefrom thefieldemission
displayexterior.Somespecificationsofthesmall
field emission display were as follows.The
externallength/widthdimensionswere160 mm
and50mm,respectively.Theanodeandcathode
faceplateshadthesamethicknessof2mm.The
anode faceplate contained 70 emission image
pixels,whichweresubdividedintotwogroups.In
eachgroup,theemissionimagepixelswerearranged

Fig.5 Photographoffully-sealedfieldemissiondisplay
withHCP-MLL-CNTcathode

intoa5(line)́7(column)matrixform.Eachemissionimagepixelhadtheidenticalsquareshapeandthe
areaof850μm 8́50μm.

Fig.6showstheemissionimagesoftwotypesofCNTcathodes,respectively.Asisseenfromthe
emissionimages,theproperluminescenceofallemissionimagepixelscorroboratesthatbothtypesofCNT
cathodescanbeappliedtofieldemissiondisplay.Undertheappropriatevacuumconditions,theHCP-
MLL-CNTcathodeisapplicableasanelectronsource.

TheemissionimageofcommonlytreatedITOelectrodeCNTcathodeispresentedinFig.6(a).In
general,theemissionimageluminancewasnon-uniform,ofwhichsomeemissionimagepixelshadgrown
brighter.Onthecontrary,asshowninFig.6(b),alltheemissionimagepixelswereluminous,andthe
lightintensityofeachemissionimagepixelswasnearlythesame,whilethebrightnessofemissionimage
wasquitehigh.IncontrasttothecommonlytreatedITOelectrodeCNTcathode,theHCP-MLL-CNT
cathodeexhibitedbetterelectronemissioncharacteristics,suchashighelectronemissionluminanceand
goodelectronemissionuniformity.Ontheonehand,intheHCP-MLL-CNTcathode,thesubstratesilver
electrodefeaturedtwohexagon-shapeelectrodeedges,whiletheadjacentsubstratesilverelectrodehada
staggeredarrangementonthecathodefaceplate.Ontheotherhand,thesubstratesilverelectrodewas
fabricatedonthebartransparentITOelectrode,whileanadditionalbaseblendinglayerwasinserted
betweenthesubstratesilverelectrodeandthesingleCNTlayer.Thus,amulti-lamination-layerstructure
ofCNTcathodewasdesignedandsuccessfullyimplemented.Inthefabricationprocess,theHCP-MLL-
CNTcathodewassubjectedtoseveralhigh-temperaturesinteringprocedures,whichdidnothinderits
cathodeelectronemissionperformance.Thisfindingcorroboratedthefeasibilityoftheproposedfabrication
methodoftheHCP-MLL-CNTcathode.Themanufacturingcostislow,andthemanufacturingprocessis
relativelysimple,whichadvantagesarecombinedwithanexpectedhighreproducibilityoftheHCP-MLL-
CNTcathode.

Fig.6 EmissionimagescomparingoftwotypesofCNTcathodes

2.4 Fluctuationcurvesofelectronemissioncurrentwithtime
Fig.7presentsthetypicalfluctuationcurvesofelectronemissioncurrentwithtimeforthecommonly

treatedITOelectrodeCNTcathodeandtheHCP-MLL-CNTcathode.Inthisexperiment,theanodebias
voltageof1.67kV wasfixed,andaninitialelectronemissioncurrentof836.7μA wasset.The
correspondingelectronemissioncurrentwascontinuouslymonitoredwithanammeter.Asisseenfromthe
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fluctuationcurvetrend,theelectronemissioncurrentofbothtypesofCNTcathodesfirstlygrewandthen
decreased.

Inonerespect,noteworthyisthatthemaximumelectronemissioncurrentfluctuationrateofthe
HCP-MLL-CNTcathodewaslessthan5%,whilethatofcommonlytreatedITOelectrodeCNTcathode
reached12.4%inthemeasuringcourse.ThisfactstronglyindicatesthesuperiorityofHCP-MLL-CNT
cathodeoverthecommonlytreatedITOelectrodeCNTcathodebyitselectronemissioncurrentstability.
Inanotherrespect,asshowninFig.7,thecommonlytreatedITOelectrodeCNTcathodeexhibiteda
moredrasticchangeintheelectronemissioncurrentthantheproposedHCP-MLL-CNTcathode,which
hasarelativelysmoothandmonotonicfluctuation
curve depicted.In other words,the electron
emissioncurrentoftheHCP-MLL-CNTcathode
longerriseandfallperiods,whichimpliesthatitis
morereliablethanthecommonlytreatedITO
electrodeCNTcathode.Withanincreaseinthe
measurementperiod,theelectronemissioncurrent
variationoftheHCP-MLL-CNTcathodewasstill
quitesmall.Asitwasalreadymentioned,theHCP-
MLL-CNTcathodepossessesahomogeneouscathode
surfaceandanadditionalfabricatedbaseblending
layer,whichimprovementsensureitselectron
emissioncurrentstability.

Fig.7 Fluctuationcurvesofelectronemissioncurrent
withtimefortwotypesofCNTcathodes

3 Conclusion
Inthisstudy,asimplefabricationprocessforHCP-MLL-CNTcathodewasdescribedindetail,and

thefeasibilitystudiesonitspracticalapplicationswerealsoperformed.Withsinteredsilverslurry,the
substratesilverelectrodewasformedonthetransparentITOelectrode,whichedgeshadahexagonal
shape.UsingZnOandSnO2powdersasmixingmaterials,thebaseblendinglayerwasfabricatedunderthe
singleCNTlayer,whiletheCNTsinthesingleCNTlayerweremainlyusedastheelectronsource.Inthe
manufacturingprocess,thesinteringmethodwasadoptedtoremovetheorganicbindermaterialandother
organicimpurities.ItwasprovedthattheHCP-MLL-CNTcathodewassuperiortothecommonlytreated
ITOelectrodeCNTcathodebytheelectronemissioncharacteristics(turn-onelectricfieldof1.83V/μm
versus2.11V/μm,themaximumelectronemissioncurrentof2718.6μAversus1623.8μA),andbythe
electronemissioncurvetrend.Furthermore,theperformedmeasurementsoftheelectronemissioncurrent
fluctuationcurvescorroboratedthestabilityandreliabilityofthe HCP-MLL-CNTcathode.Afield
emissiondisplaywithHCP-MLL-CNTcathodewasfabricated,andagreenemissionimagewasexhibited,
whichprovedtheproposed HCP-MLL-CNTcathodeapplicabilitytofieldemissiondisplay.Thenew
structurealsoappearstopossessahighpotentialforpracticalapplications.
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