
l. Introduction

Crystalline organic semiconductors offer a
number of advantages in optical and electri-
cal properties for appl icatjons in optoelec-
tron i c dev i ces and 0E I Cs . lf avegu i des ,
coup'lers, polarization splitters, and photo-
detectors are prepared from UHV deposited
organic crystal 1 ine layers. Although III-V
optoelectronic devjces and si I icon based
electronic circuits are extremely successful
as individual structures, the preparation of
0EICs has not yet achieved adequate results.
UHV deposition and processing of organic
layers are not on'ly compatible with the tech-
nology of inorganic semiconductors, but also
offer major advantages: since no lattjce
matching js required, various substrate mate-
rials can be used and substrate temperatures
during growth are as low as T=77K to T=350K.
The integration of organic and inorganic se-
miconductors allows the preparation of com-
plex wavegu'ide structures and photodetectors
on top of processed III-V devjces and silicon
electronic circuits.

In this paper, w€ present planar waveguides,
photodetectors, and a first step to integra-
ted structures based on the aromatjc compound
PTCDA (3,4,9, l0-perylenetetracarboxyl ic dian-
hydride, C2a06Hg) deposited on III-V or sj-
I icon substrates.

2. PTCDA Deposition and Layer Characteri-
zation:

In contrast to spin on or dipping techniques
for depositjon of polymer films the crysta1-

D-7-5

line organic compounds can be UHV sublimed.
This vacuum deposition of films at low growth
rates of about 0.1 nm/s is well reproducible
and allows the growth down to monolayer
structures. The molecules of organic crystals
are only bonded by weak van der l{aals forces.
This advantage facilitates the multilayer de-
position of organic solids of different crys-
tal structures and Iattice constances on
complex heterostructures and the use of dif-
ferent substrates. Fig. l. shows the schema-
t i c draw'ing of the three chamber organ i c
molecular beam deposition (0MBD) system which
essential ly coruesponds to the MBE (molecular
beam epitaxy) of inorganic III-V semiconduc-
tors. In contrast to the MBE-process, the
substrate 'is kept at room temperature or even
cooled dur.ing growth. In case of growth on
already processed inorgan'ic devices thermal
degradation is avoided.
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Fig. 1: 0rganic molecular beam de-
positjon system.
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different materials at substrate temperatures from I=-77 K to T = 350 K.
Due to the low process temperatures optoelectronic devices can be pre-
pared on already processed III-V and silicon wafers.
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Fig. 2 shows the transmission spectrum of a
PTCDA 1ayer. The energy of the absorption
edge of PTCDA i s 2.2 eV correspond'ing to a
bJavelength of 560 nm. PTCDA is transparent in
the wavelength range used in optical communi-
cation systems.

PTCDA
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wavelength +
Fjg. 2z Transmission spectrum of a
PTCDA layer grown on a quartz sub-
strate.

The crystal structure of PTCDA is monoclinic
with two molecules per unit cell. In a planar
molecular layer the molecules are oriented
nearly perpend'icular. From thjs planar net
the crystal is obtained by molecular stack-jng. Due to this crystal geometry electrical
and optical properties show distinct
anisotropies. The conductivity normal to the
surface is several orders of magnitude higher
than the conductiv'ity in the moleculaq p1ane,
F{perimental'ly we obierved st /6u =102 to 103
L I . brlithout additional insulation or lateral
structuring spreading of an injected current
from a top electrode is efficiently sup-
pressed. The PTCDA layers also show an
extremely strong anisotropy of the refractive
index wh ich j s fiDar=2.017 i n pl+ne and
hperD=1.36 perpendicular to it c) . This
strohg an i sotropy of 4 n=0.66 i s prom'is i ng f or
polarization sensitive devices I jke TE/TM
filters and polarization splitters.

The mo I ecu I ar order of the PTCDA- l ayers 'i s
derived from measurements of their biref in-
gence. Between two orthogonal ly orjented
polarizers a PTCDA-1ayer is fixed normal to
tle optical axis and rotated. Fjg. 3 is the
plot of the transmitted light intensity as a
function of the angle of rotation of a PTCDA-
fi lm of 500 nm thickness deposited on aquartz substrate . A Xenon - 

'lamp and a
subsequent monochromator provide the testbeam
at 760 nm wavelength. The^optical axis of a
PTCDA cry.stal is tjlted ll- off the substrate
normal rr, which is the tjlt angel of the
PTCDA moleculal, stacks as derived from X-ray
diffraction +r. The transmitted I iqht
intensity maxima are separated by ArY =9do.

The angular orientation of these maxima
not vary across a sample diameter of 1.5
This indicates the uniformity of spat'ia1
dering of the molecular stacks.
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Fig.3: Birefringence of a PTCDA-
fi lm of 500 nm thickness on quartz
substrate at 760 nm wave'length.

3. IIAVEGUIDES

PTCDA is well suited for waveguide applica-
tions because of low losses due to absorpt'ion
and scattering in the'long wavelength region
(Fig.2). So far losses of PTCDA-wavegtlides
iesi than 2.5 dl/cm have been published 5).

Basic waveguide structures and the photo-
graphs of the end facets of lateral single
and multi mode waveguides are shown in Fig.
4.

Waveguide (PTtDA)

Spacer Layer

(At2or, sio?)

Semiconductor

Fjg. 4: Structures of PTCDA wave-
guides and photographs of the end
facets of single and multi TE-mode
wavegu ides.

To separate the PTCDA waveguide layer from
the highly refractive III-V or silicon sub-
strate, a dielectric spacer 'layer is re-
quired. Due to the strong anisotrnopy of the
refractive index, PTCDA waveguides prepared
on Si02 (n=l .44), S j0 (n=1.87), A1203
(n=1.63) or photoresist (n=1.6) spacer layers
guide only the TE mode. This strong aniso-
tropy of the refractive index is promising
for TE/IM filters and polarization splitters.

Fig. 5 shows the intensity of the transmitted
I ight of a PTCDA/AI203 f i lm wavegu'ide on a
GaAs substrate as a function of the angle of
the incident 'light. To obtain guiding of TE
and TM modes, the refractive index of the
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spacer layer has to be reduced below n=l.36
(eg CaF2 (n=l .25) ) .

wavegqiding and as a rectifying contact for
photodetection. Fig.7 showi a step to the
integration of these two devices. Whereas jn
the waveguide region the PTCDA layer is sepa-
rated from the III-V semjconductor by a
dielectric spacer, it is led down to the III-
V semjconductor. In thjs region, the PTCDA-
layer is used as the rectifying contact of
the photodetector and the incident optical
power fron the waveguide is absorbed in the
inorganic semiconductor.

4.8
I
I
Il4
I

j. s.z
oU
> 2.4
,o

3 1.6

I o.t
ol

waveguide waveguide phof odetector

lll-V semiconductor

(b)

lrl
l-r---. l t I t

+ l.TitF)--T.-'n
I depl€tion I I
I t.qon ) I

I lll-V semiconductor 
I

Fig. 7: PTCDA waveguide (a) and
PTCDA/III-V heterostiucture' inoto-
detector (c). Integration is indi-
cated in (b).

5. Sunmary:

I n th i s paper, we reported on optoe I ec.tron i c
devices based on organjc-on-inorganic hetero-
structures. PTCDA layers for waveguides and
Rlotodetectors can be deposited on top of
already processed III-V and silicon wafers.
Process compatibility with conventional semi-
conductor technology, substrate temperatures
be I ow room temperature , and growtlr wi thout
need for lattice matching are important
features with regard to appl icatidns in
OEICs. The strong optical anisotropy of PTCDAis used for polarization sensitive wave-
guides. The organic-inorganic heterostructure
provides a rectifying current-vo'ltage charac-
teristics which is used for photodetection.

The authors gratefully acknowledge the gene-
rous financal support by the Volkswagen-Stif-
tung.

References
l) }{. Kowalsky and C. Rompf, in: [,l. Ehr-

feld, G. Wegner, l.l. Karthe, H. -D.
Bauer, and H.0. Moser: "Integrated
optics and micro-optics with polymers",
Teubner Texte zur Physik, in press.

2) D.Y. Zang, F.F. So, S.R. Forrest,
Appl.Phys.Lett. 59 (1991), pp. 823-BZb.

3) F.F. So, S.R. Fomest, Y.Q. Shi, l.l.H.
Steier, Mat.Res.Soc.Symp.Proc. 198
(1990), pp 7r-77

4) S. R. Forrest, M. L. Kaplan, and P. H.
Schmidt, J.Appl.Phys. 55 (1984), pp.
1492- 1507.

5) D.Y. Zang, Y. a. Shi, F.F. So, S.R.
Forrest, and l,l.H. Steier, Appl. Phys.
Lett. 58 (1991), pp. 562-564.

photodetector
0l
-1800 1800

angle of polarization -----------+

Fig. 5: Intensity of 'light at the
end facet of a PTCDA/A1203/GaAs film
waveguide as a function of the angle
of polarizatjon.

4. PHOTODETECTORS

Hetero junct i ons of PTCDA and 'inorgan i c semi -
conductors show distinct rectifying
characteristics with h'igh break through vol -
tages of 40 V and 60 V..for PTCDA/GaAs and
PTCDA/lnP, respect'ive'ly r, . The dark- current
density at V=-10 V is less than l0-c A/cnt.
These results are comparab'le to high quality
Schottky electrodes and are promising for low
noise devices.

As a first example a PTCDA/GaAs-photodetector
is fabricated using the conventional contact
configuration of a MSM detector. Light inci-
dence is normal to the surface. The results
of the photocurrent-voltage characteristics
are depicted in Fig. 6.
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Fig. 6: Photocurient-voltage char-
acteristics of a planar PTCDA/GaAs
photodetector.

Due to the transparency of the PTCDA
electrodes reflection losses at metal
electrodes are avoided and furthermore the
GaAs surface is anti reflection coated by the
PTCDA-1ayer. Limited by the experimental
setup the f requency characteri st i cs i s on'ly
determined up to 4 GHz. In this frequency
range no decrease of the sensitjvity is
observed. These results show that the PTCDA
Iayer can be used as a transparent medium for
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