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SI-GaAs<Cr> PHOTOCONDUCTIVE DIPOLE ANTENNAS
FOR TERAHERTZ GENERATION: THE INFLUENCE OF ANTENNA
LENGTH AND SHAPE

Sarkisov S. Yu., Skakunov M. S., Tolbanov O. P, Tyazhev A. V., Zarubin A. N.
Tomsk State University
36, Lenin Ave., Tomsk, 634050, Russia
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Abstract — Photoconductive dipole antennas based on semi-insulating GaAs compensated with Cr (SI-GaAs<Cr>) have been
designed and fabricated. Three types of antenna design were tested, namely butterfly, bow-tie and stripline. It was found that at femto-
second laser excitation the terahertz radiation in frequency range 0.05-1.5 THz can be generated in the SI-GaAs<Cr> dipole antennas
with nonequilibrium carrier lifetimes as high as 100 ns. The stripline antenna with length of 150 pm was found to be the most efficient te-
rahertz emitter.

ooTonrPoBoOAALLME AUNOJIbHBLIE AHTEHHBI HA OCHOBE
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BINMUAHUE ONTIUHBbI N ®OPMbl AHTEHHbI
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AHHOmauyusi — Pa3paboTaHbl 1 U3roTOBIEHbI (DOTONPOBOASALLME ANNOSbHbIE aHTEHHbI HA OCHOBE Monyusonupytouwero GaAs,
KOMMEeHCMpoBaHHOrO XpoMoM (SI-GaAs<Cr>). [MpoTecTMpoBaHO TpU TUNa aHTEHH: aHTeHHa-6abouka, TpaneuMeBmaHas 1 NOMOCcKoBasi.
YcTaHoBMNEHO, YTO Npy Bo3byXaeHUN (DeMTOCEKYHOHBIM N1a3epoM B aHTEHHax Ha ocHoBe Sl-GaAs<Cr> co BpeMEHEM XWU3HU HEPABHO-
BECHbIX HocuTenewn 3apsga nopsigka 100 HC MoxeT GbiTb reHepMpoBaHO TeparepuoBoe nsnyyeHue B avanasoHe 0.05-1.5 Try. O6Ha-
pYXeHo, 4To Hanbonee adpPEKTUBHBIM U3nyyaTenem SBNSETCA NONockoBas aHTeHHa AnvHon 150 MKm.

l. Introduction

Despite being well known terahertz detectors and T
emitters for terahertz time-domain spectroscopy (THz- / \
TDS) photoconductive dipole antennas (DAs) still are v = \
developed. Role of geometrical configuration, excitation

parameters and properties of photoconductive material NS %

is studied [1, 2]. The parameters and efficiency of the )

devices are optimized as well as new types of dipole an- a)

tennas are designed. For example dipole antennas on N S

InGaAs/InAlAs heterostructures for excitation by
1.55 ym lasers have been created [3]. For these lasers,
common for optical communications, high resistivity bulk
photoconductor materials are relatively difficult to find.

In most of the cases the dipole antennas are fabri-
cated on LT-GaAs. This material can possess subpico-
second carrier lifetime but requires epitaxial growth
technology. In our previous work we studied SI-
GaAs<Cr> dipole antennas with antenna length as large
as 700 um to optimize the resonance condition for low
terahertz frequencies as the carrier life time is long. We
obtained the terahertz emission spectra with clear max-
ima about 0.1-0.2 THz [4]. In order to check the influ-
ence of the resonance condition and antenna shape in
the present work we have fabricated another set of an-
tennas with different lengths and of three well-known c)
shapes, namely butterfly, bow-tie and stripline.

Fig. 1. Dipole antenna geometrical configurations
II. Main Part (w=10 um, d =5 um, A=5 mm). a) Bultterfly (1=25-450 um,
L=100 um) b) Stripline (I=25-150 um, L=1 mm) c)

The geometrical parameters of the fabricated and Bow-tie (I=25-450 pm).

tested antennas are given in Fig. 1. The antenna struc-

tures (1 um thick Al layer) were formed on SI-GaAs<Cr> Puc. 1. Feomempuyeckue napamempsi OUMONbHBIX

wafers by photolithographic process. aHmerH (Ww=10 mkm, d =5 mkm, A=5 Mm). a) AHmeHHa-
The measurements were done using conventional 6aboyka (1=25-450 mxm, L=100 mkm) b) Monockosast

THz-TDS setup. The 100 fs laser pulses were attenuat- aHmenHa (I=25-150 mkm, L=1 mm) ¢) TpaneuuesudHas

ed and focused onto antenna gap. The incident optical aHmerHa (I=25-450 Mkm)
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power was 40-60 mW. The applied voltage was about 18
V. The waveforms were registered by electro-optic sam-
pling in a 1 mm thick GaSe crystal.

In the previous study [4] long stripline antennas were
tested. As for the Hertzian dipole, the resonance fre-
quency for dipole antenna is wusually written as

V= % where n is refractive index of semiconductor
n

wafer, ¢ is the speed of light and | is antenna length.

Thus we reduced | values to 25-45 um to test the possi-

bility to get more efficient generation about 1 THz.

We compared first the terahertz emission spectra of
different antenna types with the largest lengths (Fig. 2).
It is seen that for the stripline antenna the spectrum is
broader and exceeds the noise level up to 1.5 THz. The
stripline configuration is slightly more efficient than the
bow-tie. The butterfly geometry is less efficient for Sl-
GaAs<Cr> dipole antennas (Fig. 2).
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Fig. 2. Terahertz emission spectra of the stripline, bow-
tie and butterfly dipole antennas with the largest lengths.

Puc. 2. Cnekmpsbl 2eHepayuu mepazepuyo8020
u3nyqeHusi Ons1 non1ockosoul, mpaneyuesudHoU U
aHmMeHHbI-6aboy4yku ¢ HaubobwuMu OnuHamu

When the length of the stripline antenna is reduced
to 35 ym the generated terahertz power reduces (Fig. 3).
No peak of generation efficiency is observed about 1
THz. The same was observed for the other antenna
types. On the other hand when we compared the striline
antennas with 150 and 700 ym lengths it was seen that
the 150 pm antenna is more efficient (Fig. 4). The emis-
sion spectrum of the 700 ym long antenna is shifted to
the lower frequencies.
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Fig. 3. Comparison of terahertz emission spectra
of 25-35 and 150 um dipole antennas.

Puc. 3. CpasHeHue criekmpos 2eHepayuu
mepazepu08020 u3rydeHusi 0s1s1 QUNOMbHbIX aHMEeHH
OnuHol 25-35 u 150 Mkm

Ill. Discussion

To our knowledge, there is no model analysis of in-
fluence of different dipole antenna configurations on
emitted terahertz power presented in literature. Accord-
ing to our measurements the stripline configuration, be-
ing also the most simple, provides the best terahertz
generation efficiency. The spectral efficiency of the an-
tenna is determined by parameters of the excitation and
material and cannot be radically shifted by resonance
condition. The resonance condition is important near the
spectral range of efficient antenna operation determined
by parameters of the material.

—— Stripline DA I=700 um
—— Stripline DA 1=150 um

PTHz, arb. units
C!

107" T T
v, THz

Fig. 4. Terahertz emission spectra of the stripline dipole
antennas with lengths of 150 and 700 ym.

Puc. 4. Cnekmpbi 2eHepauuu mepazepyo8020
U3Iy4YeHusi MosI0CKO8bIX OUNOMbHbIX aHMEeHH OuHoU
150 u 700 mkm

IV. Conclusion

It was experimentally found that for the semiconduc-
tor material with long carrier lifetimes (100 ns) used to
make our dipole antennas the most efficient antenna
configuration is stripline with length of 150 ym. Using
this SI-GaAs<Cr> antenna configuration it is possible to
get terahertz emission spectrum spanning from 0.05 to
1.5 THz.
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