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EffectofAlandMgCodopantsonCathodoluminescence
ofZnO:TmPhosphor＊

AkiraUEMuRA**,YoshiyukiMINEYAMAandHideomiOHNIsHI*＊

ThecathodoIuminescenceofZnO:TmhasbeeninvestigatedinpowderspreparedbybakingindifYerent

fbrmingatmosphere､Thesamplesbakedinargonatmosphereshowthewhiteemission,whilethegreenish-blue

emissionisobtainedfTomthesamplesbakedinreducingatmosphere，Inaddition，theefYectsofAlandMg

codopantsoncathodoluminescenceofZnO:Tmphosphorpowdershavebeeninvestigated,Asaresult,theAl

codopantisfbundtofbrmZnAl204,whereastheMgcodopantisfbundtoincreasetheintensityofblueemission．
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lNTRODUCTION

AwidevarietyofinfbrmationdisplayshavebeendeveIoped､Afieldemissiondisplay(FED)isconsidered

tobeacandidatefbrthenextgenerationofflat-pameldisplays､However;thetinyspaceofvacuumandthecath‐

odestructureofFEDrestricttheuseofconventionalsulfidephosphorsfbrcathode-raytube(CRT).Thecathode

tipsofFEDcanbepoisonedbythedissociatedsulfhratomswhenthesulndephosphorssuchasZnS:Ｃｕｏｒ

ＺｎＳ:AgareusedThecontaminationofcathodetipsleadtothedegradationofdisplayperfbmlance､Ｔｈｅｃｏｎ‐

taminationofcathodetipscanbeminimizediftheoxide-basedphosphorsareutilized・ｍ

ＡＺｎＯ:Znphosphorpowderhasbeenutilizedfbrvacuumfluorescentdisplay(VFD)fbrmanyyearsbe‐

causeZnO:ZnhaslowresistivityandhighluminousefficiencyatlowvoltageexcitationThen,ZnOisconsid‐

eredtobesuitablefbrphosphormatｒｉｘｕｓｅｄｆｂｒＦＥＤ、However,thepreparationofrareeaI･ｔｈａctivatedZnO

phosphorsisdifYicultbecausetheionicradiusofrareearthionsislaIgerthanthatofZn2＋ions、

Alionhassmallionicradius､Therefbre,theAlcodopantisconsideredtorelaxthelatticedistortioncaused

bythedifferenceofionicradiusbetweenZn2＋ａｎｄＴｍ３＋whentheTmionssubstitutetheZnions・Ｉｎｔｈｉｓｗｏｒｋ，

theefYbctofAlcodopantonZnO:Tmwereinvestigatedwithuseofcathodoluminescence(CL).Moreover,the

synthesisofMgxZnI､ｘＯ:Tmpowderswasattemptedbecausetheabsorptionbandpeakingaround3､４ｅＶｏｆＴｍ３＋

ionsisingoodagreementwiththeemissionbandofhostmatrix,ａｎｄｔｈｅＣＬｏｆＭｇｘＺｎ,.xＯ:Tmwasalsoinvesti-

gated．

EXPERlMENTAL

ＴｈｅＺｎＯ:TmphosphorpowderswerepreparedbｙｂａｋｉｎｇｔｈｅｍｉｘｔｕｒｅｏｆＺｎＯａｎｄＴｍＦ３ｆｂｒ３ｈｏｕｒｓｉｎａｒ‐

gon(Ar)at１０００℃orreducingatmosphere(H2/N2=5/95)at１０５０℃.InthecaseofAIdoping,Almetalpowder

wasaddedtothemixtｕｒｅｏｆＺｎＯａｎｄＴｍＦ３・TheTmcontentinthestartingmixedpowderwasvariedfirom０．１ｔｏ

3.0ａｔ､％､ThesynthesisofMgxZnl-xO:Tmpowderswasattemptedbyre-bakingthemixtureofZnO:Ｔｍ,which

ispreparedbybakingthemixtｕｒｅｏｆＺｎＯａｎｄＴｍＦ３ｉｎＡＥａｎｄＭｇＣＯ３･sH20inreducingatmosphere・TheCL

spectraofsampleswererecordedundertheconditionof2､５keVexcitaionatroomtemperature．

☆Ｔｈｅｏｒｉｇｉｎａｌｔｉｔｌｅｏｆｔｈｅｐａｐｅｒｉｓ“CathodoluminescenceofZnO:TmPhosphorPowder”ｉｎPro‐
ceedingsofTheNinthlnternationalDisplayWOrkshops,ｐｐ,1003-1006,2002．
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Fig.１．ＣＬｓｐｅｃｔｒａｏｆＺｎＯ:TmbakedinAr

atmosphe『ｅ

RESULTSANDDISCUSSION

ＴｈｅＺｎＯ:Tmphosphorpowdersp妃paredbybak‐

inginAratmosphereyieldwhiteemission・ＴｈｅＣＬ

ｓｐｅｃｔｒａａｒｅｓｈｏｗｎｉｎＦｉｇ､１．Ｔｈｅｂａｎｄｅｄｇｅｅｍｉｓｓｉｏｎｏｆ

ＺｎＯｉｓｏｂｓｅｒｖｅｄａｔ３９０ｎｍ・Thebroadbandpeaking

around550,s60and565nmisthoughttobeduetothe

zincvacancy(Vzn)ofZnO,I21Theresultisalmostthe

sameasthatofphotoluminescenceobtainｅｄｂｙｅｘｃｉｔａ－

ｔｉｏｎａｔ３９０ｎｍ､NoemissionarisingfiromTm3+couldbe
observed.【３１

Ｆｉｇｕｒｅ２ｓｈｏｗｓｔｈｅＣＬｓｐｅｃｔｒａｏｆＺｎＯ:Tmphos-

phorpowdersbakedinreducingatmosphere､Incontrast

tothepowdersbakedinAratmosphere,theintensityof

bandedgeemissionａｔ３９０ｎｍｉｓｓtrongestat１．０ａｔ・％

ofTmcontent・Ｔｈｅｂｒｏａｄｂａｎｄａｔ５００ｎｍｄｕｅｔｏｔｈｅ

ｏｘｙgenvacancy（V･)I41ofZnOissimilartotheVzn

banｄｉｎＦｉｇ、１．Theintensityofbroadbandemissionis

decreasedwithincreasingtheTmcontent・Atpresent,it

isnotdeterminedwhetherthecompensationofVodue

tothedissociatedFatomsofTmF3orthecontribution

ofTmatomsleadstothequenchingｏｆＶｏｂａｎｄ・Ａｓａ

ｒｅｓｕｌＬｈｏｗｅｖｅＥｉｔｉｓｆｂｕｎｄｔｈａｔｔｈｅｅｍissioncoloris

changedfTomgreentogreenishbluewithincrcasingthe

Tmcontentalthoughtheintensitｙｏｆｂｌｕｅｅｍｉｓｓｉｏｎｉｓ

ｖｅＩｙｗｅａｋ・

Figures3and4showtheX-raydiffmction(XRD）

ｐａｔｔｅｍｓｏｆＺｎＯ:TmbakedinArandreducingatmos‐

ｐhere,respectively・TheTm203pattemisrecognizedin

bothXRDpattemsbesidestheZnOpattem､Thelattice

constantsaandcofZnO:Tmdonotchangesignifi‐

cantlywithincreasingtheTmcontent､Then,itisfbund

thatalmostallofTmatomsaresegregatedasTm203at

thegIai、boundaryorthesurfaceofZnOpowde眼

ItisclearfiPomtheaboveresultsthatTmatomsare

almostimpossibletobeincorporatedintoZnOmatrix

bytheconventionalsinteringmethod､Inordertoobtain

ahighintensityofblueemission,thesubstitutionalso‐

lutionofTmatomsisneeded、

Alhassmallionicmadius（rＡｌ=0.053,m),while

TmhaslaIgeionicradius(rTm=0.102,m).Ｔｈｅｍｅａｎ

ｌａｄｉｕｓｂｅｔｗｅｅｎＡｌａｎｄＴｍｉｓａlmostequaltotheionic

radiusofZn（IZn=0.074,m)．Alcodopingwasat‐

temptedbecausetheAlcodopantisconsideredtorelax
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Fig.２.ＣＬｓｐｅｃｔｒａｏｆＺｎＯ:Tmbakedinreduc-

ingatmosphere．
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EffectofAlandMgCodopantsonCathodoluminescence
ofZnO:TmPhosphor

thelatticedistortioncausedbythedi錠rBnceofionic

radiusbetweenZn2＋ａｎｄＴｍ３+､Figure5showstheCL

spectraofZnO:Tmbakedinreducingatmosphere

witｈａｎｄｗｉｔｈｏｕｔｏｆＡｌ、Contrarytotheexpectation，

ｎｏＴｍ３＋emissionisobservedintheCLspectｒａｏｆ

ＺｎＯ:ＴｍｗｉｔｈＡｌ・InsteadoftheemissionofTm3ﾅ，

faintultmviolet(UV）emissionisobservedaround

280nm,asindicatedbyanarrow､TheUVemissionis

consideredtobeduetoZnAl204・

InordertoobtaintheblueemissionｏｆＴｍ３＋ions，

therelationshipbetweentheenergｙｇａｐｏｆｈｏｓｔｍａ－

ｔｒｉｘａｎｄｔｈｅｅｘｃｉｔｅｄenergylevelofTm3＋ionisexam‐

ined・Figure6showstheenergylevelofMgO,ＺｎＯ

ａｎｄＴｍ３＋ion,wherethatofMgOistheenergygapat

therpoint・Ｔｈｅｄｉａｇｒａｍｓｐｏｉｎｔｏｕｔｔｈａｔｏｎｌｙｔｈｅ

ＩＧ４→３H6transitioncanbeexpected,eveniftheTm

atomsareincorporatedintoZnOmatrix・HoweveE

thelG4→３H61mnsition(at485nm)inTm3+ionsis

notobservedinZnO:ＴｍｉｎｃｏｎtrasttotheZnS:Ｔｍ

system[ｓｌａｓｓｈｏｗｎｉｎＦｉｇｓ､１，２ａｎｄ５．Ｔｈｅｒｅｓｕｌｔｉｓ

４５
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Fig.３．ＸＲＤｐａｔｔｅｍｓｏｆＺｎＯ:TmbakedinAr

atmosphere．

similartothatinthecaseofZnO:TmunderUV(350

２０３０４０５０６０７０８０

２０（deg.）

Fig.４.ＸＲＤｐａｔｔｅｍｓｏｆＺｎＯ:Tmbakedinre-

ducingatmosphere．
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Fig.５.ＣＬｓｐｅｃｔｒａｏｆＺｎＯ:Tmbakedinreduc-

ingatmospherewithandwithoutAI．
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－３８５，ｍ)excitaionI6lTheexcitationtolD2or3Postate

whichlocatesathighｅｒｅｎｅＩｇｙｌｅｖｅｌｔｈａｎｔｈａｔｏｆ１Ｇ４

ｓｔateisattemptedinoIdertoincreasetheintensityof

blueemission（1,2→３F(H)4；～４６０，m).ThelD2

1evelislocatedatabout3､４７eVfiomthe3H6ground

state・I6lMoreoventhebandgapeneIgyofMgxZn1､xOis

ingoodagreementwiththelD２１ｅＶelatanappropriate

molefraction(x)ofMg､Inadditiontotheagreementof

lD2energylevel，ｔｈｅｉｎｃｏｍｏｒａｔｉｏｎｏｆＴｍａｔｏｍｓｉｎｔｏ

MgxZnI,xOsolutionalloycanberealizedbecausethe

solutionalloyisre-cIystallizedinanatomicscale・

Therefbre，thesynthesisofMgxZn1-xO:Tmwasat-

temptedinthiswork・

TheMgxZn1-xO:Tmpowderswerepreparedby

bakingthemixtureofMgCO3･5Ｈ２０ａｎｄＺｎＯ:Tmin

reducingatmospherefbr3hoursatlO50℃,whe肥ｔｈｅ

ＺｎＯ:ＴｍｐｏｗｄｅrshadbeenpreviouslybakedinAm

Fiｇｕｒｅ７ｓｈｏｗｓｔｈｅＣＬｓｐｅｃｔｒａｏｆＭｇ０．０９Zn０．９１０:Ｔｍ・

ＴｈｅＭｇｏ,o9Zno､9,OwithoutTmpresentstheedgeemis‐

sionandabroadbandwhichisthoughttobeduetothe

oxygenvacancyａｔ３７０ａｎｄ４７２ｎｍ,respectively,The

wavelengthisshiftedtowardshorterregionthanthatof
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CONCLUSION

ofZnO:TmPhosphor

ZnO:ZnwithoutTminFig､2.WhentheTmcontent

isincreased，theaboveintrinsicemissionof

Mgo､o9Zno91Oisdisappeared,andtheemissioncon‐

ｓｉｄｅｒｅｄｔｏｂｅｄｕｅｔｏｔｈｅＴｍ３＋ionsisappeared，as

indicatedbynotations（A-E).Theseemissionsare

assignedasshowni、Ｆｉｇ．８．Especially,ｔｈｅｅｍｉｓ‐

siondueto1D2→３F(H)4tmnsitioninTm3+ionsis

fbundtobeobservedarounｄ４５０－４８０ｎｍ・Asa

result，theintensityofblueemissionisincreased

compa1℃ｄｔｏｔｈａｔｏｆＺｎＯ:Tmbakedinreducingat-

mosphere､Thisresultsuitsthepurposeofthiswork・

Ｆｉｇｕｒｅ９ｓｈｏｗｓｔｈｅＸＲＤｐａｔｔｅｍｓｏｆ

Ｍｇｏ・o9Zno9lO:Tmbakedinreducingatmosphere・

TheintensityofTm203isincreasedwithincreasing

theTmcontent・Ａｔ３ａｔ､％ofTmcontent,thepat-

temofhexagonalstructureisdisappeared，and

Tm203andMgOpattemsexist・Itisconcluded6om

theresultsthattheemissionofTm3＋ionsobserved

inFig、７ｉｓｎｏｔｄｕｅｔｏｔｈｅＭｇｏｏ９Ｚｎｏ９ＩＯ:Tmbut

segI℃gatedTm203・Ａｌthoughthegreenish-blue

emissionisobtainedbybakingthemixtureof

MgCO3.5Ｈ２０ａｎｄＺｎＯ:Ｔｍ,thepreparedsampleis

notasimplesolutionalloyssuchasMgxZnI.xＯ:Ｔｍ・

HereaftenthedopingofTmatomsintoMgxZn1-xO

matrixwithoutthephaseseparationtotheMgOand

ZnOisrequiredbecauseMgxZnI､xOseparatesto

MgOandZnOwithincreasingtheTmcontent．

ThecathodoluminescenceofZnO:Tmwasinvestigated､Ithasbeenfbundthatthegreenish-blueemissionis

obtainedbybakingthereducingatmosphere・TheAlcodopingtoZnO:TmleadstoproductZnAl204,whilethe

intensityofblueemissionhasbeenfbundtobeincreasedwhenｔｈｅＺｎＯ:Tmisre-bakedwithＭｇＣＯ３･sH20in

reducingatmosphere．
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