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Red organic electrolunlinescence devices with a reduced porphyrin

compound,tetraphenyichiorin
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Wc constructcd red Organic elcctroluminescence(EL)devices with a reduccd pOtthyttn cOmpound,

tetraphenylch10rin,that was dOped at variOus cOncentrations(05, 1.7、
and 3.7 wt%)within a

tris(8-hydroxyquinoline)aluminum(Alq3)hostlayer we mcasured thcir EL properdes and ttund

that ali threc devices e■litted a rcd EL band at 660 nnl、vith a、vidth Of 20 nm EIni、sion co10r of thc
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i、el←emittin3 BGR pixeis.it is

irnportant tO deve10p light―elalitting materials f()r ctich Of

these threc c010rs,AlthOugh celtain blue―and green―cmitting
illate】・ials have cfncicncies、しlficient fOr practical ti、cs0 3 1‐cd―
e m i t t i n g  m a t c r i a l s  r e m a i n  c l u s i v e . F o r  e x a m p l e , t h c  t t w  r c―

polts  On  red  matcriais  inv01vc  4-(dicyanOnlcthyicnc)‐

2-methyl-6-(β―dimcthylaminostyryl)-4〃、
pyran (DCM)4

and europium chclate c01mplcxes S Other l・ecent rcport、 On
EL dcviccs inv01ve pOtthyrin conlpounds,、uch a、tcti‐aphc_
nylpotthinc (TPP),6 zinc― tetraphenylporphyrin (ZnTPP),7

and pladnum_OctaethylpOtthyHn(PtOEP)8 BeCause porphy―

rin compounds have inany rclated compounds that have vを
lri―

ous nlolecular structures and elcctronic statcs, 、ve 、ctirchcd
thesc cOmpounds for ncw l‐ cd_cmitti,lg mと、tcrial、
In this study,M/c uscd a chiOrin col13pound,tctrを

lphcnyl_
chlorin TPC(Fig l)chiorin cOFllpOunds bc10ng tO a clas、

Of
reduccd porphyrins in M′hich at lcast Onc of thc cxO pyrrole

doublc bOnds is rcduced by hydrOgcn. Thi、 leduction prO_
duces elcctronic states of ch10rin that ditter tl()in thOsc Of

COFeSpOnding ordinary porphyrinstり,'°thc most striking di←
危rence is the increased oscillatOr strength Of the o_band

transition and the cOttcsponding incrcascd intcn、
ity of thc

(0-0)transitiOn HOwever,the red crlll、sivc prOpclty i、prc_
served, and fOr TPc】, 、ve fOund a sharp red phOtOlur33ilic、_
ccncc(PL)band at～ 660 nm (Fig.2)This prOperty nlを lke、
this compound pronlising as a red― elllitting EL material
ThercfOre, M′e fablicatcd OrBanic EL dcvicc、  ti、ing thi、 nla―

tettal,and then mcasuttd thcir EL propeHies(emi、 、10n co10r,
maxirnunl  luminance,  clectrOluminescencc  spectra,  and

curitnt―voltagc propcrty)
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ergy transfer ttOnl the hO、t tO the dopant. For three TPC

c o n c e n t r a t i O n s ( ( ) . 5 , 1 7 , 3 7  w t % ) , w e  t t b t t c a t e d  E L  d e v i c e s

( A ) B , a n d  c , r e s p c c t i v e l y ) w h O s c  f o u r ―l a y c r  s t r u c t u r e  w a s  a 、
偽110wsi(|)200_nm_thick indium tin oxidc(ITo)electrOdc・

trodc (coatcd on glをとヽヽ  uヽb、tratcs, and purcha、ed fr()111
GEOMATEC CO, L″ td)had a、 hcct rc、lstancc Of 10
Ω/、quarc and beforc u、c、vas ultra、OnicaHy、vashed with ac―
etonc,、urfacc_active agcnt,purc water,and ′lο―propyl をIICO―

“IElcc“Onic mailt e8809Crt cdどOjp

0003‐6951/99/74(18)/2587/3/S1500

「IC I M〈 )iccu141,tヽrticturc()l TPC

2587 ◎ 1 999 American institute of Physics



Appl rnys Lett, V01 74,No 18,3 May 1999
Sakakibara θ r a′

350 450 550 650 750 850

Wavelength(nm)

FIG 2 Phot01umincsccncc spcctra of(a)TPC ch10roltjrm solution(50
×10~・mo1/1)and(b)TPC vacuum、dcpositcd nim

hol,and thcn cleaned with a Uヽ′_o3Cleaner.The t、 vO organic
layers and mctal electrode werc deposited in a vacuum of

2× 10~5 ToH.Emitting area was 2× 2 mm2 EL luminance
was measured with a luminancc meter(Minolta LS-110)EL

spectra 、vcre measurcd 、vith an optical multichannel phOto_

detector(Phot】IMuc_7000)whose wavelength senShvity

had becn calibrated M/ith a standard halogen lalnP

Table l shO、vs c01or property and maximunl lulllinancc

of cach device Although the e■1lssion cO10r of dcvicc A、vas

ye1lo、v,that of devices B and c、vas red Thcse color prop―
eHies cOme舟 om thc differences among the EL spcctra(Fig

3)In all thc spectra,therc was a red lumincscence band

、vhose peak was 660 nm and、vidth M′as 20 nm.The spectra
for device A, ho、vever, alsO shO、ved a green luminescence
band due to Alq3 emission. This band caused the ye1lo、v
color For devices B and(〕, the grecn band was quenched,
resulting in a red co10r For device C, a、veak far―red band
occuHed at arOund 750 nm as 、vell.The、vavelength of this
、veak band、vas invisible,and thus had no affect on the co10r

property.The rcd band of dcvice A was similar tO thc PL
band Of TPc mOnomer dissolved in ch10roform solution

[Fig.2(a)],suggcsting that thc rcd band was emittcd from

monomer sites Of the dOpantst Thesc results indicatc that the

cHlisslon origin Of thc 750 nlll far―red band Of device C dif
fers fl・olll thc mOnomcr sites.For the doping cOnccntratiolls

studied hcre, the number Of dOpant m01ecules that had mu―

tual interactiOns increased rapidly as the doping conccntra―

tion M′as increased. sOme of the dOpant molecules ■ light
fom y aggregate―like sites oncluding dimer,trimer,ctc.)that
emit nuorescence redder than ttat emitted by thc monomers

TABLE I Charactcristics of the EL devices
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FIG 3 Elcctr01umincscencc spectra Of thc EL dcviccs at diffcrcnt culrcnt

density SPcCtra arc n()rmalizcd by thc rcspcctivc pcak intcnsity at 660 nnl
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such aggregatiOn sites[Forivacuum‐ dcposited TPc nlms,

the number of such sites may be higher,resulting in a stron―
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The smallcr maximuln lunlinance of dcvice c than that
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ecule has a large spectra1 0verlap between or(0-0)emis‐

sion band and ox(o-0)absorption band,the cnergy transfer
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excited states of i「P(】molecules are trapped at the less enlis―

sive sites, resulting in a decrease in the tOtal crllission efn‐

clency
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FIG 4 Currcnt dcnsity v、 vOltagcよ)r thc EL dcviccs
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cause of its long lifetimc～100 μs. For device A,however,

such saturation cannot occur.For a doping concentration of

O.5、vt%,,ve estimated that the number of dopant sites in the
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cm-2. Therefore, evcn if ali the carriers contribute to the

excitation of dopant sites, the average excitation pcriod per

site is～l μs.Because this period is much iarger than TPC

auorescence lifetime(nanOseconds),sattration of TPC emis‐

sion is impossible at that driving curent. This means that,

assunling a cOnstant Fbrster cnergy transfer rate froHl the

excited Alq3 sites to the TPC sites,thc EL intensitics of the

Alq3 band and thc TPC band maintain a constant ratio ire―

spective of applied v01tagc Thercfore, the relative increase

in Alq3 emisslon requircs alternative explanationst

Although experilnental connrmation is necded,thcrc are

thrcc possible explanatlons.First,thc relativc incrcase in thc

Alq3 enlission may be duc tO a decrcase in thc nuoresccnce
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may decrcase、vith incrcasing voltage.Third,portions of thc

dopants may be excited not by cnergy transfcr but by charge

rccombination on their sitcs Thcrefore,、vith incrcasing volt―

age, recombination ()n the Alq3 sites lllight incrcase more

rapidly than that on thc dopant sitcs becausc,compared、vith

TPC,Alq3 has a highcr lo、vest unoccupied molecular orbital

level through、vhich an electron is trapped on the site

Although the band、vidth of the red band for the EL de‐

viccs that、ve constructed is satisfactorily narro、v fOr display

applications,the peak、vavelength of 660 nm is tOO red Us‐

ing other ch10rin compounds,such as octaethylchlorins and

ordinary chlorines, 、vould signincantly shorten thc peak

、vavelength, thus increasing thc lunlinancc because spectral

lurninous efaciency increases rapidly、vith decreasing、vave―

lcngth(eg"ettcicncy of O.061 at 660 nm would be O.265 at

630 nm).
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