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Organic-film photovoltaic cell with electroluminescence

B. Chu,® D. Fan,® W. L. Li,?® z. R. Hong,? and R. G. Li®
Laboratory of the Excited States Process, Chinese Academy of Sciences, Changchun, 130021,
People’s Republic of China

(Received 18 June 2001; accepted for publication 30 April 2002

An organic-film photovoltaic(PV) cell, in which N,N-bis{1-naphthyl- N,N’- diphenyl- 1,1-
biphenyl-4,4-diamine  (NPB) and trigacetylacetonaje(monophenothroline  yttrium
[Y(ACA)zphen] were used as electron-acceptor and donor, respectively, has been fabricated. Under
UV light (4 mWi/cn?), the short-circuit currentl(o), open-circuit voltageV,,), fill factor (FF) and

the overall power conversion efficiency of the optimum PV cell wereudécm?, 2.15 V, 0.30%,

and 0.7%, respectively. The photocurrent response region of the cell parallels the adsorption of
NPB. The PV effect is attributed to exciplex formation at the interface between the two organic
films. The PV cell described displays electroluminesceftek) emission of blue light upon
application of a dc voltage. The maximum luminance was 750 T@fml5 V driving voltage.

© 2002 American Institute of Physic§DOI: 10.1063/1.1488699

In the field of organic electronics considerable interestcathode(electron-collecting electroglierespectively. The ab-
has been focused on the details of the processes in orgargorption spectra were measured with a Shimadzu UV-3000
electroluminescenc¢EL) diodes. Similarly organic photo- Spectrophotometer. The EL spectra, CIE color coordinates of
voltaic (PV) cells have obtained rapidly growing attention the diodes and the fluorescence excitation and emission spec-
since the letter by Tang in 198®ecause organic PV cells tra of the NPB film and NPB/YACA)sphen two-layer film
compared to inorganic PV ones have the potential advanyere measured with a Hitachi MPF-4 Fluorescence Spectro-
tages that they can be made lightweight, use economical Mghotometer. The current was measured by a C63 type current
terial, and can be deposited on low-cost substrates. Mogheter. The spectral response curve of the photocurrent of a
studies on PV effects were focused on conjugated polymersy, ce|l was determined by illumination with UV light with 3
such as polgphenyle_ne vinyleneand its derivative$-® At- nm bandwidth generated from a Xe lar4 wWicn?). The
tention was &.IISO paid to se_veral S”?a” molecules recéfitly, other experiment conditions have been described in the
but an organic PV cell fabricated with rare ea(RE) com- literature® All measurements were conducted in ambient at-

plexes has not been reported before. . S . :
our group has studied the EL properfiemnd the IR mosphere with the incident light admitted through the glass/
L 10 . - ITO slide.
emission’ of the devices containing the Eu and Yb com- . o '
Figure 2 shows the excitation spectra of a NPB film and

plexes, respectively. We have fabricated . I
ITO/NPB/REACA)sphen/Mg:Ag, EL diodes: RE-La, 2: of a NPB/Y(ACA)z;phen two-layer film. The two excitation

RE-Y, 3:RE=Gd) and studied blue emission of them: peaks at 35_0 nm originate from the NPB Iay_(f_nonitored by
RE(ACA);phen stands for tris (acetylacetonate .465 nm em|§3|on of NPBpnder these conditions qnly NPB
(monophenothroline RE as electron-transporting layer S €xcited. Figure 2 also displays fluorescence emission spec-
which is nonfluorescencing:*> When these diodes were il- tra of a NPB film and of a NPB/YACA);phen two-layer
luminated by UV light, we accidentally observed an obviousfilm. The main emission peak at 465 nm with a shoulder at
photocurrent and photovoltage, which prompted us to inves486 nm originates from NPBhe two films were excited by
tigate their PV effects. Device 2 had a stronger PV effec350 nm. Figure 3 indicates the absorption spectra of NPB,
than that of device 3, whereas device 1 was so unstable that(ACA);phen, and NPB/YACA);phen films together with
measurements were very difficult to carry out. Thereforethe spectral response curve of the photocurrent of the PV
only PV effects and EL performances of device 2 has beerell. It is obvious that the total absorption of
investigated in detail. NPB/Y(ACA)sphen films comes about by the overlap of two
Figure 1 shows the molecular structures of the organigingle-film absorptions. By comparing Fig. 2 with Fig. 3, we
materials used and the configuration of the PV cell. Infind that the photoluminescenc®L) peaks originate from
the PV cell, ITO/NPB(30 nm)/¥ACA)sphen(30 nm)/Mg: NPB excited by 350 nm ultraviolet radiation because
Ag(100 nm), MACA)sphen and NPB have been used asy(ACA);phen is not excited under these conditions. The
electron acceptor and donor, respectively. ITO and a Mg:Agpectral response curve of the photocurrent of PV cells upon
alloy were used as anodhole-collecting electrodeand as  jumination in the region between 300 and 420 nm is
matched to that of the absorption of NPB, although the two-
¥Also at: Changchun Institute of Optics, Fine Mechanics and Physics, Chifayer film absorption spectrum also contains the contribution
gi?ﬁaAcademy of Sciences, Changchun, 130021, People’'s Republic ¢ff the absorption of YACA)sphen. It is remarkable that the
k‘-')Autho.r to whom correspondence should be addressed; electronic maiphotocurrent is only based on the absorption of NPB, which
pjblwl@public.cc.jl.cn is different from the results reported by Tahdhe typical
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FIG. 3. Absorption spectrum of a NPB filnshort dashed line a
Y(ACA) sphen film(dotted ling, and a NPB/Y(ACA)}phen film(solid line)

and the spectral response curve of the photocurrent of the P\V{desthed
line).

the excitons generated diffuse towards the interface because
exciton dissociation is known to be efficient at interfaces
between materials with different electron affinities and ion-

Y(ACA);phen BCP ization potentials where the electron is accepted by the ma-
terial with the larger electron affinity and the hole by the
Me:Ag(100nm) material with the lower ionization potentiat*~%last, elec-
Y(ACA),phen(30nm) trons and holes originating from the exciton dissociation are
transported through the (XCA);phen layer and the NPB
NPB(30nm) layer into cathode and anode, respectively.

ITO For an ITO/NPB/Mg:Ag and an ITO/MACA);phen/
Mg:Ag single organic layer PV diodes, PV effects were
hardly observed under our measurement condition. Thus, we
thought that the interface between the NPB and the
FIG. 1 Configuration of the PV cell and the molecular structure of theY(ACA) 3phen |ayerS as the active site should play an im-
materials used. . . .

portant role in PV effects. Usually, bathocuproif&CP) is

an effective hole-blocking layer between organic layer and
parameters, open-circuit voltag¥/ (), short-circuit current cathode'’” Therefore we inserted BCP layers with different
(Iso), and fill factor (FF), of the optimum PV cell reached thickness to separate the Y(AC#hen film from the NPB
about 2.15 V, 46 and 0.3@A/cm? respectively, and the film in order to understand the dependence of PV perfor-
overall power conversion efficiency was about 0.7% undemance on the interface. We fabricated the following devices:
illumination with 365 nm UV light at 4 mW/crh ITO/NPB(30 nm)/BCPX nm)/Y(ACA);phen(30 nm)/Mg:

It was proved that YACA)z;phen has good electron- Ag(100 nm)(a: x=0, b: x=1, ¢: x=3, d: x=>5). Upon illu-
transporting ability? and NPB is a good hole-transporting mination with 365 nm UV light at 4 mW/cfn the values of
material.13According to the photocurrent response curve and . of these devices were 40.3, 27.5, 22.9, and Méﬂzmz
the excitation spectrum of the NPB(XCA);phen film, itis  for the devicesa, b, ¢, d respectively. With increasing the
concluded that the photovoltaic process in the cellthickness of BCP film the values of. were reduced from
[ITO/NPB/Y(ACA);phen/Mg:Ad is as follows. First, exci- 40.3 to 14.8uA/cm?. We conclude that the dissociation effi-
tons are photogenerated in NPB in a region near to the inteeiency of the excitons was reduced at the interface due to the
face between NPB and(XCA)sphen films because efficient insertion of the BCP layer between the two organic layers.
photoabsorption only takes place in the NPB layer; second, In a previous articlé! we reported that the EL emission

peak intensities of devices 1 and 2 at about 560 nm originat-
———— ing from exciplexe¥ were larger than that of device 3; de-
I A NPB 1 vice 1 had the strongest exciplex emission. When these de-
> vices were illuminated by 365 nm UV light at 4@W/cn?,
the | 4. values of devices 1, 2, and 3 were 2.8, 1.4, and 0.4
; \ wAlcm?, respectively. We found that the stronger the exci-
r ,'j)lPB/Y(AdA)S Y “NPBY(ACA)pher plex emission from the interface, the better the performance
\ ’ of the PV cell was. The exciplex emissions formed by the
A interaction between the excited singlet-state hole-transport
300 360 400 450 500 550 600 650 material(NPB) and the ground-state electron-transport mate-
Wavelength (nm) rials [RE(ACA);pher, which reflects improved interfacial
o 2 Excitad ¢ e a of & NPB fim and properties:?° When a suitable light illuminates the cell
NPB/Y(ACA).phen film (NPB: excitation(dashed finpand emissioridot. 110U the glass/ITO side, we expect the excited NPB mol-
ted line; NPB/Y(ACA)sphen: excitation short dashed linend emission ~ €cule (NPB) to be a good electron donor to the acceptor

(solid line). [RE(ACA)zpher] in its ground state, leading to the
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FIG. 4. EL spectra of the diode driven by different voltagésv: dashed 00 é 4 - P é 1'0 1'2 1'4 1I6 0

line, 10 V: solid line, 15 V: dotted line
Voltage (V)

- . . . FIG. 5. Luminance-voltage and current—voltage characteristics of the
formation of an exciplex at the interface by pl"OtOInducedITO/NF’B/Y(ACA)3phen/Mg:Ag diode(current: solid line, luminance: dot-

electron transfer: NPB+ Y(ACA) ;phen— ted lin®
—{NPB"---[Y(ACA) sphen~}*, that is, donor—acceptor
(D—A) pair. At the same time, photogeneration excitons ar
formed in NPB layer, and then migrate @—A interface

V\{here. exciton d|s§ol;:|at|on.|sl, known t(.) be :afﬁment.. A:ghex'tional diodes with light to electricity and electricity to light
citon Is separated by exciplex, creafing electron In fe conversions have been achieved. The PV effect is ascribed to

layer and holes in th® layer at the interface, respectively. o qinjex formation at the interface between the two organic
The charges should be removed by transfer toward the 0pP@s. and the obtained EL emission originates from recom-

site collection electrodé>* From the above discussion, it is p:-ocon of an electron and a hole coming from the elec-
proposed that PV effects should here also be associated Wiff,jes. We anticipate that in the future a display which does

exciplex formation, and this is another method to choosg,qt require an additional power supply could possibly be

suitable materials to fabricate a PV cell. made if the energy taken up in the PV mode could be stored
The ITO/NPB/Y(ACA);phen/Mg:Ag diode can also be iy sych a way as to be used for the EL emission.
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