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Vヽc constructcd two organic clcctlolumincsccncc(EL)dcviccs that had a light―cmitting laycr Of lctraphcnyichlorin(TPC)OI

tctlaphcnylporphinc(TPP),ヽ vhiCh、vas insertcd bct、vccn a holc transpolt iaycr of N,,V′―diphcnyl―PF、ハ′
′―bis(3-mcthylphcnyl)―

[1,1′biphCnyl]、4,4仁diaminc(TPD)and an ClcctrOn transp()rt layer of ths(8-hydroxyquinolinc)aluminum(Alq3) ThC TPC

ticvicc cmittcd a far―rcd EL band ataround 750 nm,、 vhich、ve asclibcd to cmission fronl agどlcどatcd TPC Sitcs Thc TPP dcvicc

emittcd aled EL band at 660 nm and a rar lcd EL band at720 nlll,which wc ascribcd to cmissi()n flom m()nolllcr like TPP sitcs

I〕oth dcviccs also emittcd grccn EL bands duc to Alq3 emiss10n although the emisslon、 vas pardy rllicred off by absorptioll of

thc TC or ttPlayer

ン(EYVVORDS: organic electrolけ minescence diode,porphyrin compounds,tetraphenyichlorin,tc)traphenylporphine,red and far―

red emission

A  double―layered  organic  electrolunlincsccnce (1lodc

(10ELD)with high emisslon ctticicncy and low―voltagc op―

eration,Ilrst demonstrated by Tang and Vanslyke,1)inspired a

large amount of resealch on OELD device structures‐matel■―

als,and fabl■cation techniques ln OELD devices‐ the light―

CIllltting layer is a key eicment ttere exist several prcvalling

81ethOds to constitute the layer tlllough the arrangement of

light,cnlltting mateHals A basic method is to use a laycr of

quinoline―metal complexes such as tris(8-hydroxyquinoline)

a l u l l l l n u m ( A l q 3 ) W h i C h  W O r k s  a s  b o t h  a  l i g h t  e m i t t i n g  i a y e r

and an electron tlansport iayer l)A practical lnethod M′hich is

conventionally uscd is to dope lunlinophore D101CCじlcs、vithin

a layer of hostrnatel■als such as quinoline―metal complexes 2)

卜lo、vever,the doping process requires silntlitaneous control of

cvaporation rates of host matel■al and lununous nlatellal ln

aldditlon to these methods, there is a method of inserting a

light―eIIlltting layer composed of mono―componcnt inatel■al

bet、veen a hole tlansport iayer and an electron transportlayer‐

constituting a three―layered stlucture 3)(]。mpared、 vith dop,

i1lg lnate五al,the use oflnono―componentrnatehal has a incrit

iri the fabl■catlon of thin layers because it needs only a sin―

gle cvaporation process、vhich is free fron■the strict control

of the cvaporation ratc. At thc salne time,however,the con―

clentration of molecules in the layer induces,in many cases.

a decrease of the nuorescence enllssion erlciency and/or a

clhange in the emisslon colo丘 HenCe,it is necessalJ tO Check

ifthe rnono―component rnaterialis suitable as a light―enlitting

lをLyer

ln a prevlous ietter4)we reportcd a red―emdtting OELD us―

lrig a reduced porphyrin compound tetraphenylchlorin(TPC,

see inset of Fig l)dOped in an Alq3 1aycr  Other re―

scをrchers also reported rcd―crlltting OELDs using porphyrin

cくDmpounds, such as tetraphenylpolphine(TPR see inset of

Fig 2),5)zinC―tetraphenylporphyrin(ZnTPP)6)and platinulll

octaethylpolphyin(PtOEP)7)doped in quinoline host layers

Because of the reason mentioned above‐ 、vc、verc intcrested

iri the electroluttnescence(EL)prope■ies of three layered

structurcs that involved a mono―compOnent porphyrin iaycr

III this study, 、ve exarluned two mct』―付ee pOrphンTin com―

pounds,TPC and TPn
We constructed threc―laycred EL deviccs as follows I]irst、
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Fig i  Currcnt voltagc proPcrty Of an ITO/TPDノTPC/Alq3/ 4`gAg dcvicc

Molcctllar structurc of TPC is shown in thc insct

4Rll indium―tin―oxide(ITO)electrode with a sheet rcsistance

of 10Ω/square(coated on glass substlates, and purchased

from GEOMAttC Co、 Ltd) waS ultrasonically washed

、vith acetone、 a surface―active agent, pure 、vater, and iso―

propyl』 cohol,and then cleaned with a l」V03 Cleaner Then,

in a vacuum of 2 >【  10~S Tolr 、ve deposited tttee organic

layersi (1)a 40-nin― thick layer of ′V,ハ戸―diphenyl―が,,V′―

bis(3 1nethylphenyl)―[1,1′―biphenyl卜 4、4′―diatttne(TPD),(2)

a40-nlll thick layer of TPC(or TPP),and(3)a30-nn〕 thick

layer of Alq3 Finally,we deposited an MgAg(101 1)CICC―

trode The TPC and TPP(ch10rin― free grtte)were purchased

付om Tokyo Kasei and used without further puhncation.Tlle

emitting area was 2× 2m2 The EL lulmnance was mea―

suttd with a lurmnance meter(MinOlta LS l10)EL spec―

tra、verc llleasured、vith all optical inultichannel photodetector

(PhOtalIMUC-7000)

Figures l and 2 sho▼r culrent,vo〕tagc propelties of the de―

vices 内`アith increasillg voltage,the cullent increased noolin―

carly at inore than 6 V for thc TPC device(Fig l)alld 5 V

for the TPP dcvicc lFig 2) Thcn, thC deviccs elllitted EL

of、vhich thc lurlunallce u′as proportional to thc culrent lhe

maxirnum luFIIInance was 1600 cd/m2at10 V forthe TPC de―

vice and 1700 cd/m2at 10 V forthe TPP device
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Fig 4   E,cctroltimincsccncc spcctrum of thc TPP dcvicc
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r、g s (.)ElcctrolumillcscCnCC Spcctrum of an ITO/TPD/Alq3/MBAど dc―

vicc   (b)StFnulatcd Alq3 cmission spcctruila transmittcd through a

4()―nm‐thick TPC laycr
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Fi= 6  (a)メ` bSOrption spcctrum and(b)phOtolumincsccncc spcctrum of a

illono―TPC iaycr prcparcd by vacじum―dcposition

of dipole―dipole interaction (several naoometers), and then

thc TPC(or TPP)sites ettttcd photolunlinescence Third.

the TPC(or TPP)layCr absol‐ bed Alq3 enuSSion,4Rnd thc l P`C

(or TPP)layCr cmitted photolunllnesccncc  Thc latter t、 vo

proccsses d、vays exist、vhencvcr Alq3 c,lisslon occurs at the

l P`C(Or TPP)/Alq3 interface
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Fiと! 2  Currcnt―volによどC prOpcrty of an ITOITPD/T｀PP/AlqF/ 4ヽどAg dcvicc

4ヽolcculとlr、tRICtilrC OI TPP i、sho、vn in thc insct
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Fig 3   Elcctroluinincsccncc spcccrulll of thc TPC dcvicc

Both devices eHlitted gleen EL bands(450-630 nrll)due

to Alq‐enlission(Fl=s 3and 4) The dcvices also cl■ litted

red and far―red EL bands duc to TPC cnlisslon(650-800r】 m.

Fit車3)or TPP elllission(630-800 nlll,Fig 4)
'The existence of the Alqs ellllss10n iS intelpl‐

eted as fol―

lo、vs   Because TPC and TPP are cOnsidered to be hole

transpo■mate点als,the irlJected holes reached the TPC(or

TPP)/Alq]interfacc  Thcse holcs wele illlectcd into the

All13 1aycri and chttgc recombination occulTed on ンヽlq]

sites The grecn EL band apparcntly had strtlctures(Figs 3

and 4)which WCre different r10m the Alq3 CmiSSion of an

JT(D/TPD/Alq3/MgAg device[Fig 5(a)]These strtlcturcs

carl bc cxplained by a niter cr‐fect ofthe TPC and TPP lay―

crs that have complex absorption spcctra in the Alq3 enllS―

slon region tFigs 6(a)and 7(a)〕We Simulated an Alq3 emis―

slon spectrulll transnlitted tlll ough a 40-nm―thick TPC layer

[Fig 5(b)],for example、 which was in good agreement with

thc grccn EL band ofthe TPC device(Fig 3)

lFor the red and f釘―red EL bands、 there∬ e three possiblc

mechanisms First,electrons werc illJected into the TPC(or

TPP)layer、 and ch狙 どe reCOmbination on TPC(or TPP)sites

occurred Second、 because Alq3 enliSslon and TPC(or TPP)

absorption had a spectral ovel‐lap [sec Figs 5(a)and 6(a)for

TPC and Figs 5(a)and 7(a)fOr TPP]、 Folster energy transttr

併om excited Alq3 SiteS to TPC(or TPP)sites occurred within

the interface zone、vhose、vidth、vas、vithin the linlit distancc
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Fig 7  (a)ノ bヽsorption spcctRlm and(b)photolumincscc,lCC pヽcctrulll of a
mono―TPP laycr prcparcd by vacuum―dcpositi()11

Thc existcnce ofthc Fil‐st p】
‐
ocess in thc'FPC devicc ls sug―

gested by thc inding thatthe E】 ッspectl■rn involvcd a、vcakcr

red EL band at 6601lm than the F)hOt01unlincscence(PL)spcc―

trum()fthc mono― TPC layer did tscc Figs 3 and 6(b)]BC―

ctluse thc TPC layer、vas amorphous.、 ve believe thatthe layer

irivolved both inonomcr like sitcs and aggregate sites Vヽc be―

lieve thatthe 660 n,l ellllsS10nvヽas due to rnonomcr like sites

and thc 750 nnl cil■lsSiOn Was due to aggregate sitcsキ) Vヽhcn

triese sites、vele cxcited electronically.becatlse thc agel‐egate

sites had an excited level lo、ver than the monolllcr sites、`)it is

p】lobable thatthe charge lムecombination on the agglc=ate SitCS

occulled donlinantly and thcrefore,the EL spcctruin involvcd

「lore aggregate―enllssion than the PL spectl‐uni did

The l P`P device involvcd red and far―red EL bands(Fig 4)、

silllilar to that of the col■esponding doPing― deviccS' fl onl

、vhich lllononlel ntェoresccncc was cllutted  IR〕 addition、 the

PIしspectltllll of the TPP layer iFig 7(b)]waS SiHnilar to that

of the lllonolllel in solutionり)Thesc flndings stiggest that.in

the TPP iaycr、 monomer like sitcs wcre dO,linant

Hcrc、  、ve discuss tlle enlisslon ettciency ol ■ lono―

c()inponcnt matel‐ials as compared 、 vith dopcd illatclials

恥/hen tising inono―component nlaterial,concentration qucnch―

ing is a sevelc ploblcin Doping iulllinophore molcctlles ir〕 a

host material is a、 vay to rcdtlce stich a quenching  At the

satrnc time‐ho、vcvci the nulnbel of dopant rnolecules within

thc l^ecolllbination zonc decreases 、 vith decreasing doplllど

concentlムatlon  in the simplest estimation the total Elフ cfn―

cicncy of the lulllinophore matcital 、 vould bc dcteinlincd by

a prodtlct of the doping collcCritration and the lltlorescc,lce

l`  S A K A K I B A R Aで ′c l′

qtlantunl eHIcicncy rhereloreA it is s〕gniticantto compare the

nじ。rescence quanturn ettciency ofthc FnOnO―conlponent nla―

tcrial、vith that of the monOnler matcrial ln otir prelirninary

expelil■lcnt using a backM′al‐d nuorcscelace measurenlent con―

ngはl ation、1`))H′c found that the PLッcnlisslon ettcicncy of a

TPc alln was～1/20 timesthat ofthe TPC monomerin chlo
rofollll solutiOn  Becatise the PL quantum crnciency of the

TPC monomeris 0 26、 1いthat ofthc TPC Ilim is estimated to

be 0 013 Also.、ve tlDtind that thc PL c町liSSion ettcicncy()fa

l P`P alHl、「as～ 5 tillles that of a TPC nirn Thereforc、tllc PL

quantunl cttcicncy()f the TPP nllll is cstin3ated to bc 0 065、

which is half of that of thc TPP monolncr(013)11)Thcse

andingS Stlggest tha【concentratlon qucnching is not a fatal

disadvantage for thcse DlatCrials、cspectally for「FPR H/hen the

matclials ale used in thrcc―layered deviccs

For pl actical application、the 660 1111l enllsslon of thc TPP

d e v i c e  i s  a t t r a c t i v e  l l ) 1‐a r e d  O E L D  i f t h e  A l q ] e m i s s 1 0 n  c加

bc qucnched  For this pulposc、  inselling a hole―blocking

layeri3 13)1)ct、vccn the Alql layer alld the lP`P layer illay be

pronlising bccausc it、vould redtlce leconlbination、vithin the

Alqュ laycr and promotc RCCOmbination M/ithin the TPP laycr

Thc 750 1anl enllsslori of the TPC device covers thc sensitivity

region of tile ol^ganic PhotoCOndtlctols(OPCs)based on I〕 h―

thalocyaninc(Pc)nl(ュ tCrials such as H]Pc and TiOPc  This

plopclly might be useful for a lighremitting diodc(LED)

printer head in comt)ination 、vith thesc()PCs  Forthis pur―

pose、it nlay also be l)lollllsing to insell a hole―blocking iayer

for suppressing the 沖【1(ls cnllSSlon and prollloting the TPC

clalisslon
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