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Abstract—A novel optically-activated antenna array has been
proposed, designed, and analysed using photosensiti organic
semiconductor poly (3-hexylthiophene) (P3HT, 95%) rad [6,6]-
Phenyl C61 butyric acid methyl ester (PCBM, 5%) forS-band
applications. A two-patch antenna array, using soddime glass as
the primary substrate and indium-tin-oxide (ITO) as the ground
plane, was designed using the CST Studio Suite. Thaganic
semiconductor heterojunction P3HT:PCBM was employedn the
design as a secondary substrate atop the glass. Cheterisation
of the organic polymer was performed using quasi-dal
measurement bench over the WR3 waveguide band totiesate
the change in dielectric between dark and active.@ illuminated),
states. This change is taken into account while metling the
antenna array, and the potential beam-steering apdations are
examined.

Keywords—antenna array; beam-steering; opticallytaated;
organic semiconductor.

I. INTRODUCTION

Antenna arrays play a significant role in both radad
satellite communication systems [1]. Phase-shifterge been
readily employed in such arrays to implement betearig.
Conventionally, phase-shifting in antenna arraysébkieved
using electronic or mechanical action. However,icaly-
controlled phase-shifters have several advantages these.
Several optically-activated cases of antenna arb@am
steering have been reported in literature [1-2].

Conventional antenna arrays require separate fsidters
for each radiating element to off-set the initiatiof radiation
among neighbouring radiating elements. Nevertheltssse
phase-shifting electronic units introduce systeteriierence,
whereas optically-controlled phase-shifters are eiightly
isolated from the antenna’s radiation field. Optchased
phase-control additionally offers a reduced systpower
budget.

Most optically-controlled phase-shifters are basedthe
photoconductive effect of inorganic-semiconductlicen (Si).
Light (of 880nm wavelength) is used to tune thedtmtivity
of Si by generating electron-hole pairs which imtalter the
propagation characteristics of the wave propagainghe
medium [3-4]. However, Tang et al designed an cafiti
controlled phase shifter employing the organimisenductor
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Fig. 1. Schematic diagram of the optically-activated angenising a glass
substrate and indium-tin-oxide (ITO) as the groplade.

poly(3-hexylthiophene) [5]. This p-type organic seemductor
was demonstrated as a tuneable dielectric. Therotility of
the charge-carriers in organic semiconductors mahkes a
poor photo-conductive material. Nevertheless, is warified
that these organic polymers measurably changestiiepart of
the permittivity, under optical illumination (5320mThe
change in permittivity between dark and illuminatéce.
‘active’) states, was estimated at 0.1.

Photosensitive organic semiconductors such as PaidT
typically used in OLEDs and OPVs. These are lowediec
materials and have a band-gap of ~ 1.9 eV, whicufficient
for the photon energy of white-light to excite tmaterial and
generate electron-hole pairs. Additionally, P3HTs haigh
mobility when compared to other photosensitive bpiga
semiconductors [6]. As a result of this high dmifbbility of the
induced charge carriers of P3HT, it makes this miga
semiconductor an appropriate choice for use in ghot
controlled phase-shifters.

P3HT is amorphous in nature, for which it has ® b
dissolved using an organic solvent (e.g. dichlonzeee or
chloroform), heated, and then casted onto a substviethods
of deposition onto substrates are either by drefiragor spray
coating, depending on the application of tevice or the
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Fig. 3. Dispersive dielectric response of polymer blendrotee WR-3
waveguide band estimating the real and imaginatyegaof the complex

Fig. 2. Measurement setup on the quasi-optical measurebesch to  Permittivity of the organic polymer.
estimate the change in dilectric constant of thgaoic polymer blend )
between dark and lit (i.e. active), states. casting. The sample, once drop-cast, needs toostdlye hot-

_ plate for 24 hours to dry and stick to the mylémfi
sample-holder dropped on. Here we use drop-casting
measure the dielectric constant of the organicrpelyand then B. Measurements using Quasi-optic bench

use that value in the antenna design. A millimetre-wave measurement bench driven by aAVN
In order to optimally illuminate the organic polgmlayer [8] is used to characterise the organic polymeeroginction
on a substrate, a substrate transparent to white kodalime in its dark and active states. The calibrated cempl
glass, was chosen. The schematic of the layetseafibdelled  transmission across the sample is measured, wiigether
antenna array is shown in Fig.1. The substrate@fntenna is With the thickness of the sample and ABCD matrigaity, is
composed of two layers, the first being the opiycal used to extract the real and imaginary part of ¢heplex
transparent glass substrate and the second theioggdymer.  permittivity of the material under test. Fig. 2 afsothe VNA-
The ground of the antenna is modelled using indiunoxide  driven quasi-optic measurement bench setup. Theplsam
(ITO). This is because ITO is a highly regenerateype  holder is mounted onto two pillars on the benchagboint
semiconductor, which is transparent to visible ighd has a Where the beamwidth of the ultra-Gaussian beard freln the
very low resistivity, therefore acting as a reftectat transmitting horn antenna is approximately 2 mm.aA®sult,

microwave frequencies. the central cut-out of 1.7cm in the holder allows tncident
beam to pass through the sample, with negligibieadiion.
II. CHARACTERISATION OF P3HTPCBM Measurements are normalised with respect to treaséom
A heterojunction using two types of organic through mylar.
semiconductors, 95% P3HT: 5% PCBM is used as ablee The thickness of the sample is measured to be 280

substrate top I_ayer in the modelled antenna. Theadbhas using profilometry [9]. The mylar film as 10 pm dstermined
proven to provide the best tuneable range, in tafrthange py 3 micrometre screw gauge. In order to excite the
in dielectric between dark_and active states ofptbigmer [7]. photosensitive organic polymer, white light (532)nis1used
When 5% n-type PCBM is blended with 95% base potymeyith an irradiance of 65mW/chin the sample plane. Estimates
P3HT, dissociation of free electrons is promotedreasing of the real and imaginary parts of the complex [iivity of

the photo-generated carrier density in the actegion of the  the P3HT-PCBM heterojunction in dark and activetestas
polymer blend. evaluated (see Fig 3). Although the real and imegipart of

A. Sample Preparation the complex permittivity of the organic blend areasured at a

In order to characterise the polymer blend (95% P3% frequency much higher than the operating frequeeand)

4 . of the modelled antenna, the change, between dark and
PCBM) 50 mg of the concentration was measured uaing active states in the real part of permittivity,agproximately

selnsitive hll)earfn balzir;]ce a?d_ dis_sol\éed il?l 1.5drr1n| rGBIC g 1 This change in dielectric is used in the C&ffwre [10],
solvent chloroform. The solution is then allowedntat on a \hile modelling the organic-semiconductor layer et@luate

hot-plate at 60°C for two hours fpr "?‘" the P3HTBM 1o effectAc has on the beam pattern of the modelled antenna
granules to dissolve. Once the solution is readsg, drop-cast i g_pand.

onto a suitable sample-holder inside a glove-box.

The sample holder used to mount the organic polyoner Ill. PHYSICAL PROPERTIES OF GLASS AND ITO

the quasi-optic bench is a rectangular aluminiuactkl with a
central circular cut-out of 1.7 cm diameter. A thiylar film, o .
permittivity very close to air, is chosen to supipbe organic A COMPIEX Permttmty_ofI S_odallmeGIa_ss _

film. This 10 um thick film is pasted onto one esidf the “The complex permittivity of sodalime glass is meadu
holder to support the organic polymer solutiuring drop- using a split—cylinder resonator [11] driven ByVNA. The
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Fig. 4. Measured dielectric response of sodalime-glass Svieand using a
Split-Cylinder Resonator and extrapolated using CST

resonator is designed to resonate at 10 GHz insfpaee. The
thickness of the glass is measured using a micrensetrew
gauge as is 1.11 mm. Depending on the thicknesstleand
dielectric of sample under test, the resonasbifts to a
single resonating frequency at the fundamental médehe
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Fig. 5. Simulated return loss of the two-patch antennayaiawing the dark
and active state resonant frequencies.

The organic layer on the glass-substrate was mnexdiell
using a thickness of 0.36mm, chosen accordingd@thctical
useful plasma-depth of the layer. This layer wased on top
of the glass, covering the whole area (70 x 90%mnrm
practice, this design will be fabricated by vacudepositing

resonant frequency of 8.4 GHz real part of sodalime,minum or copper onto the organic layer.

permittivity is estimated to be 6.82 and loss tamig® be
0.0053. These values are used to model the subaralST.
The dielectric response is extrapolated to S-Baed Fig. 4).

B. Conductivity of Indium Tin Oxide (ITO)

In order to promote accurate modelling of the ITi©upd
layer in CST, the conductivity of ITO

The return loss of the modelled antenna is analysed
Fig. 5). In the dark-state of the antenna, the ulapee is
matched at —30 dB. The left and right side illuntimg
conditions are modelled by changing the dieleqtricperties
of the respective side. Measured values;of 3.0, taw =

is measured.0.06 for dark conditions and, = 2.9, tad = 0.089 for

Measurement of ITO conductivity involved measuringillumination are considered as inputs. Both thehtig

resistivity of ITO using the well-known four-poinprobe
method. This method works with four equi-distaimtear probe
points. The two outer points represent the dipatal the two
inner, the current, I. In the calculation of tlesistivity of the
material under test, the voltage, V, between the tmner
probes is measured.

ITO-coated sodalime glass is used in the antensigmas
a substitute to the conventional dielectric-copperdel. The
thickness of the ITO coating on the glass-substisateeasured
by etching and forming a pattern of ITO on the glagbstrate
to measure the difference between the two layensalsample
thickness w much smaller than the probe separasipn
resistivity, p, of the sample can be directly calculatedpby
(n/In2) w (V). The measured thickness was 110 nmi e
corresponding resistivity 1.5 x 2@ m.

IV. ANTENNA DESIGN

A two-patch antenna for S-band application was giexi
using CST. The substrate of the antenna array teftenl as a
multi-layered structure with the organic polymeydastacked
on top of the soda-lime glass sample. The antepsayid was
selected from previous work, and modified accordioghe
new substrate definition [12]. The modelled stroetoonsists
of four layers; copper, organic polymer, sodaliniesg and
ITO, respectively. The substrates and ground plane
modelled using the measured parameters estimatgeciions
Il and Ill. Measured values of conductivity andcltriess of
ITO are used to model the ground plane.

illuminated and left-iluminated conditions show pgedance
matching.

Figs. 6 (a) and (b) shows the surface currentibigion of
the two-patch antenna array for left-patch illunath and
right-patch illuminated conditions at 3 GHz, respety.
Under left-illuminated condition, as the phase a&tittion
advances, the surface current distribution at éfiegatch is
different from the right, and vice versa for theght-
illuminated condition. This demonstrates the féett tthere is
an uneven distribution in the magnitude of the aeefcurrent
vector among the patches during illumination duthtophase
lag. A symmetrical beam steer of 5° off boresighas
observed for both illuminated conditions from thedated
farfield radiation pattern (see Fig. 7).

V. DISCUSSION OFRESULTS

Although the complex permittivity measurements fioe
organic polymer blend were taken at a much higtegjuency
compared to the operating frequency of the modeldce, it
is estimated that the change is permittivity betwdark and
active states remains approximately constant imuiacy
between S and WR-3 bands. This provided the datatin
required to show the proof-of-concept for beam rgtgewith
such a phase-shifting device. In addition, the ramaedesign
also demonstrated that with a small change in ¢laé part of
the permittivity of the substrate it is possible generate a
significant beam steer (5° in this case), usinge#fective
phase-shifting design.
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Fig. 6. Simulated average surface current distributiona) (eft-side
illuminated condition; (b) right-side illuminatedmdition.
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Fig. 7. Simulated farfield radiation pattern of the modelntenna: (a) dark-
state; (b) left-illuminated condition; (b) righttiminated condition.

VI. CONCLUSION

A novel optically-activated antenna array usingtpkectivated
organic semiconductor (P3HT: PCBM) has been presdent
The primary objective of the proposed design wgagtfy the
concept of beam-steering using a photo-sensitiveeable
dielectric material. The optically-tuneable orgapatymer was
characterised using a mm-wave measurement bencd. Th
proposed design generated a 5° beam steer offiplores S-
band. A potential future application for the prepd system is
the employment of the device for point-to-point fnea
alignment for detection and steering in data-certigh-
capacity communication links.
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