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At present, there is much activity aimed for de-
velopment and application of different sources of rad-
iation with terahertz (THz) frequency range, which 
are ne essary for a variety of scientific and practical 
applications such as spectroscopy, radioastronomy, 
environmental monitoring, security and counter-
terrorism [1]. Powerful sources of THz radiation like 
synchrotrons and free electron lasers (FELs) have 
high cost and large size, which limits their use even 
for scientific applications. Complicated solutions are 
required to increase the frequency of the vacuum 
sources  such  as  a  backward  wave  oscillator  up  to  1  
THz and higher [2]. Semiconductor quantum cascade 
lasers in THz range operate only at cryogenic temper-
atures [3-5]. Molecular lasers, although operating at 
room temperature, are available only for a fixed set of 
frequencies [6]. THz radiation sources based on fem-
tosecond lasers exhibit an extremely broad spectrum 
(~1 THz wide), which is not always acceptable for 
spectroscopy applications and have rather low output 
power [7]. Currently, the media of choice for optical 
rectification are LiNbO3 [8], ZnTe [9], GaP [10] crys-
tals. They all have fairly high losses in the THz range 
and the conversion efficiency even for state-of-the-art 
experiments is approaching 10-3 [8] and in typical 
cases is an order of magnitude lower. 

Alternative way to obtain intense THz radiation is 
to "multiply" the frequency of incident radiation using 
nonlinear susceptibility in semiconductors. This ap-
proach requires intense sources at the fundamental 
frequency in sub-THz range, among which there were 
mainly molecular lasers. However, recently a suffi-
cient progress has been made in the development of 
sub-THz range gyrotrons. Continuous wave (cw) gy-
rotrons with frequencies of 460 GHz [11] and 527 
GHz [12] have been demonstrated. IAP RAS recently 
developed unique pulse solenoids with magnetic 
fields up to 50 T that allowed implementing gyrotrons 
on the first cyclotron harmonic with the output fre-
quency of up to 1.3 THz with pulse duration ~ 50 µs 
[13]. On the basis of "dry" cryomagnet with magnetic 
fields up to 10 T cw gyrotrons with frequencies 263 
GHz [14] and 250 GHz were fabricated. A generator 
with 889 GHz frequency (in a synchronism with the 
third harmonic of the cyclotron frequency) was devel-
oped,  as  well  as  a  pulsed  generator  with  a  frequency 
of ~1THz and power of ~10 W at the second harmon-
ic of gyrofrequency [15]. These results were obtained 
by using the unique cryomagnet with the magnetic 
field of up to 20 T. In 2017, a double-beam gyrotron 
at the second harmonic with frequency of 0.8 THz 
was demonstrated [16].  

For such sources, frequency doubling is enough 
to obtain frequencies above 1 THz, while previous 
works focused on generating the third harmonic of 
gyrotron radiation in n-type Ge and Si at much lower 
frequencies [17, 18]. Third harmonic generation was 
demonstrated in Ref. [17] with the effectiveness of 
0.05% under gyrotron pumping with 70 GHz frequen-
cy, and in Ref. [18] under gyrotron pumping with 118 
GHz frequency and 0.07% conversion efficiency. The 
frequency tripling is possible in semiconductor mate-
rials due to the third order nonlinearity, which is pre-
dominantly electronic (third order nonlinearity due to 
ionic motions is usually weaker) [19, 20]. The fre-
quency doubling is possible in crystals lacking the 
inversion centre. In this work we consider the pros-
pects of several A3B5 semiconductors for frequency 
doubling due to the second order susceptibility of the 
crystal lattice. It should be noted that nonlinear optical 
properties of A3B5 materials have been quite poorly 
studied in far infrared region where the frequency 
dispersion of second order nonlinear coefficient is 
substantial [21 - 24]. Second-order susceptibility and 
corresponding frequency doubling were investigated 
mainly in GaAs, using CH3F laser [21] and free elec-
tron laser [22] as the radiation sources in the spectral 
ranges of 0.6 - 1.7 THz and 4 -- 6 THz, respectively. 
However, second order nonlinearity in GaAs is rather 
weak as can be seen from table:  

Table. Second-order susceptibility of several A3B5 
semiconductors 

Semiconductor Second-order susceptibility,  [21, 25] 
GaAs 57 · 10-10 cm/V  
GaP 18 ·10-10 cm/V 
GaSb 150  ·10-10 cm/V 
InP   345 · 10-10 cm/V 
InAs  155 · 10-10 cm/V 
CdTe  100 · 10-10 cm/V [26] 

 

The intensity of the second harmonic I  can be 
calculated [27] as (c -- light velocity, n( ) -- refractive 
index at the frequency , n = n( ) - n(2 ))  
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Thus, the output intensity is proportional to the 
square of intensity at the fundamental frequency I  
susceptibility , fundamental frequency  and sample 
length L. As can been seen from the Table, the sus-
ceptibility in InP is 6 times higher than in GaAs, al-
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lowing sufficient enhancement of the second harmon-
ic intensity. Note that maximum crystal length can be 
limited by refractive index dispersion and the optical 
losses. Typical frequencies of the lattice vibrations of 
optical transitions related to impurity absorption are 
considerably higher than 1 THz in semiconductors 
under consideration [25]. Therefore, the losses are 
mainly due to free carriers, density of which can be 
made negligibly low in state-of-the-art InP, reducing 
the  absorption  coefficient  in  the  200  --  800  GHz  re-
gion  down  to  less  than  1  cm-1 [28]. The refractive 
index change with frequency in the same range is ex-
tremely small n~0.002 [28]. Thus, the crystal of 
several cm length can be used for frequency doubling. 
Fig. 1 gives the comparison of estimated output power 
of the second harmonic for GaAs and InP with L = 
5 cm and fundamental radiation power of 50 kW/cm2.  

I 

Fig. 1. The estimated second harmonic intensity vs. funda-
mental frequency for 5 cm long GaAs and InP crystals un-
der fundamental radiation power of 50 kW/cm2. Data on the 
refractive index for InP and GaAs is taken from Ref [28] 
and Ref [25], respectively 

As can be seen, InP crystal is expected to provide 
about two-order enhancement over GaAs, studied in 
previous works [21-23]. We conclude that employing 
high-resistivity InP crystals is a promising route to 
obtain THz radiation by doubling the frequency of 
intense gyrotron radiation. The work was supported 
by Russian Science Foundation grant #18-79-10112. 
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