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COHERENT TERAHERTZ EMISSION FROM PHOTOCONDUCTIVE
ANTENNA

S. B. HOVSEPYAN"
Chair of Ultra-high Frequency Radiophysics and Telecommunications, YSU

The presence of a resonant medium in the capacitor core essentially changes
the character of THz radiation of photoconductive antenna. As a result the
coherent radiation at the frequency of elementary excitation (LO phonon or
plasmon) is obtained. Though the power of radiation slightly differs from that
provided by a usual THz source, the energy of pulse is significantly greater due to
longer duration of the pulse. Besides, such a method of THz pulse generation is
very useful for THz emission spectroscopy of many materials.
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1. Introduction. The conventional of THz spectrum investigation for micro-
meter scale structures meet with problems, as for localization of THz wave in the
micrometer range the diffraction limit must be overcome. Recently for solution of
this problem in the optical range [1-6], the phenomenon of superfocusing of
surface plasmon polaritions [7-9] was proposed. However, the use of such an
approach in the THz range is complicated due to problems connected with an
effective excitation of the surface Plasmon polaritons and high losses in the process
of their propagation.

In the present paper we propose another method of THz spectrum investi-
gation for micrometer particles based on the process of coherent generation of an
elementary excitation of LO phonon or plasmon in the crystal. This process of the
formation of coherent LO phonons can be realized by fast switching off of an
external electrostatic field. In case of LO phonons in the presence of external
electrostatic field the lattice ions are displaced from their equilibrium positions. At
an abrupt elimination of the field, the ions return to their equilibrium positions
making damped oscillations. The frequency of these oscillations corresponds to
that of LO phonons. It is noteworthy that the phenomenon of coherent radiation of
THz waves of an elementary excitation frequency has been experimentally
observed in a number of semiconductors [10—12].

The photoconductive antennas excited by amplified femtosecond optical
pulses have been studied and used for generation of intense terahertz (THz) pulses
[13—18]. They can emit half-cycle or monocycle intense THz pulses with a broad
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bandwidth and have been used in real-time imaging and other applications. The
THz radiation is generated in the semiconducting structure in consequence of the
acceleration of an electron-hole pair produced under the light. The fact is that an
ultrafast visible/near-infrared pulse of photon energy greater, than the semicon-
ductor band gap, creates electron-hole pairs close to the surface of the generation
crystal. These are accelerated by an applied electric field with the result that a
dipole momentum is produced that emits a THz pulse. The radiation proper is
provided by two electrodes formed on the surface of semiconductors that emit as
an antenna. A strong electric field is applied between the electrodes to accelerate
the photocarriers generated by the incident laser pulse focused between the
electrodes. In the present paper it will be shown that by simple modernization of
this THz source it is possible to obtain the coherent THz emission.

2. Structur e of the Sour ce. The structure of the proposed source is shown in
Fig. 1. It differs from the conventional structures by the presence of a capacitor in
the circuitry. Assume now that a crystal is placed between the capacitor plates and
an elementary excitation (phonon or plasmon) is formed in it. In such a media the
real part of dielectric permittivity at definite frequencies takes on also negative
values.
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Fig. 1. The structure of the source of THz coherent radiation.

As it follows from the telegraph equation, the wavelength of THz radiation
essentially increases in the vicinity of Res(w) = 0. It allows to notably increase he
size of the electronic circuit.

The dependence of dielectric permittivity on frequency @ is given by
expression

2
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For many crystals the resonant frequency @, is in THz area. In particular, in
ZnTe crystal ¢,=6.8, ¢,=9.8, w,/27r =545 THz, y/27=0.028 THz [19].

Besides that the lifetime of carriers in the semiconductor should be much in excess
of picoseconds that is readily approached in ordinary photoconductors.
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3. Theory. The electronic circuit of emission system is shown in Fig.2. Here
R, is much less, than the resistance of the photoconductor prior to the photoexcita-

tion of the electron-hole pairs R, and much more, than the resistance of the photo-
conductor after the photoexcitation of electron-hole pairs R, (R, <<R,<<R)).
Thus, on exposure to an ultrashort laser pulse the R,C system operates indepen-
dently of the applied voltage.
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Fig. 2. The electronic circuit of THz emission system.

Under conditions of strong dispersion in the resonant medium the relation
between the electric induction D and intensity of electric field £ is given by the
integral operator [20]:

E()=¢"'D(t)= T F(t-1")D(r")dt', ()
where -
7 1 —iwt d_a)
F(t)= L o = (3)

and &(w) is the dielectric permittivity of medium. For the structure under

investigation we can use
D=4zd, U=EA, ¢ =-——, (4)
S 47A
where ¢ is the charge on the condenser plate, U is the applied voltage, ¢, is the
capacity, S is the surface of the plate, A is the distance between the plates. After

transformation of variables 7'=¢—17, we find

1 o0
U(t)= — [F(r)q(t—7)dr . (3)
00
As a result we obtain the following equation for the charge
R2M+LJ‘F(T)6](I—T)CJT=O. (6)
d ¢

The first term in (6) defines the voltage drop on the photoconductor and the
second term — the voltage drop on the capacitor. After the Fourier transformation
we obtain
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For ¢> 0 we obtain the following equation for (6):
< Ac g(w it A
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The integral (8) is calculated using the mathematical apparatus of the
complex variable theory. In the upper half-plane the poles of subintegral function
are determined from the equation

l+ioR(w)c,e(@w)=0. )]
The first solution of (9) is in the range of low frequencies:
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The second solution of (9) is in the range of LO phonon frequency:
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Note that Ree(w,)=0 when y>>(g,—¢,)/g,6,.¢,R,, and, therefore, we
shell have for the charge

- 1
q(t) =gy exp| — N PP ) exp zg/@coot——yz . (12)
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Here q, = ¢,c,U, , U, is the applied voltage. The high-frequency component of the
current is given by expression

1
Iw(t)zRemzﬂ.Me 2" cos g—oa)ot. (13)
dt R, 2¢ Eyp

0

As a result the characteristic expression for the damped oscillations is obtained.

4. Conclusions. Thus, the presence of a capacitor with the resonant medium
in the core essentially changes the character of THz radiation. The radiation field of
the photoconductive antenna is determined by the quantity dI,(¢)/dt, and as a

result the coherent radiation is obtained. As it follows from (13), the power of this
radiation slightly differs from usual THz sources. The energy of pulse of the
proposed source is much more, than that of a usual source, because of the greater
duration of radiation. By proper choice of the material in the capacitor it is possible
to obtain coherent radiation at different frequencies. As such some doped semicon-
ductors may serve, in which the plasmons are formed in the THz range. Thus, the
process under discussion may be used as a new method of spectroscopic research.

Received 03.11.2010

REFERENCES

1. Babadjanyan A.J., Margaryan N.L., Nerkararyan Kh.V. Jour. of Appl. Phys., 2000, v. 87,
p- 3785.
2.  Stockman M.l. Phys. Rev. Lett., 2004, v. 93, p. 137404.



Proc. of the Yerevan State Univ. Phys. and Mathem. Sci., 2011, Ne 1, p.55-59. 59

3.

Noank

© %

11.

12.
13.
14.
15.

16.
17.

18.

19.
20.

Frey H.G., Bolwien C., Brandenburg A., Ros R., Anselmetti D. Nanotechnology, 2006,
v. 17, p. 3105-3110.

Ding W., Andrews SR., Maier SA. Phys. Rev. A75, 2007, p. 063822.

Verhagen E., KuipersL., Polman A. Nano Lett., 2007, v. 7, p. 334.

Gramotnev D.K., PileD.F.P., Vogel M.W., Zhang X. Phys. Rev. B75, 2007, p. 035431.
Maier SA., Andrews S.R., Martin-Moreno L., Garcia-Vidal F.J. Phys. Rev. Lett., 2006,
v. 97, p. 176805.

Nerkararyan Kh.V., Hakhoumian A.A., Babayan A.E. Plasmonics, 2008, v. 3, p.27.
Rusina A., Durach M., Nelson K.A., Stockman M.l. Optic Express, 2008, v. 16, p. 18576.
Makler S.S, Vasilevskiy M.l., Anda E.V., Tuyarot D.E., Weber szpil J. and Pastawski H.M.
J. Phys., Condens. Mater., 1998, v. 10, p. 5905.

Hasselbeck M.P., Stalnaker D., Schlie L.A., Rotter T.J., Stintz A. and Sheik-Bahae M.
Phys. Rev. B65, 2007, p. 233203.

Shen Y.S,, Upadhya P.C., Linfield E.H., Beere H.E. Phys. Rev. B69, 2004, p. 235325.
Auston D.H., Cheung K.P., Smith P.R. Appl. Phys. Lett., 1984, v. 45, p. 284.

Hrokel D., Grischkowsky D.R., Ketchen M.B. Appl. Phys. Lett., 1989, v. 54, p. 1046.

Hu B.B., Weling A.S,, Auston D.H., Kuznetsov A.V., Stanton C.J. Phys. Rev. B49, 1994,
p- 2234.

Jepsen P.Uhd., Jacobsen R.H., Keiding S.R. J. Opt. Soc. Am. B13, 1996, p. 2424.

Johnston M.B., Whittaker D.M., Dowd A., Davies A.G., Linfield E.H., Li X., Ritchie D.A.
Opt. Lett., 2002, v. 27, p. 1935.

Walther M., Chambers G.S,, Liu Z., Freeman M.R., Hegmann F.A. J. Opt. Soc. Am. B22,
2005, p. 2357.

WynneK., Carey J. J. Opt. Comm., 2005, v. 256, p.400.

Landau L.D., Lifshic E.M. Electrodynamics of Continuous Media. London: Pergamon, 1963.



