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The efficient broadband quasi-phase matching (QPM) second-harmonic generation (SHG) is investigated in 
orientation-patterned (OP) GaAs. Based on the theory of broadband QPM SHG, the group-velocity (GV) matching 
wavelength, corresponding QPM crystal grating period and SHG bandwidth are obtained at room temperature(25 °C ). The 
influence of temperature on broadband QPM SHG are studied. The broadband QPM SHG behavior with the fundamental 
wave centered at 7, 9.24, 10 and 13 mµ  are discussed. For broadband QPM SHG, GV matching wavelength and 
corresponding QPM crystal grating period are 9.24 mµ  and 219.28 mµ , SHG bandwidth are 744 nm for the crystal length 
is10 mm at room temperature. The SHG bandwidth decreases with deviation from central wavelength increasing, when the 
crystal length is10 mm, the SHG bandwidth are 31 and 60 nm with the fundamental wave centered at 7 and 13 mµ  at room 
temperature, respectively. The influence of temperature on GV matching wavelength and SHG bandwidth is little. The result 
can be used for broadband mid-infrared laser SHG with bandwidth several hundred or tens of nanometers. 
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1. Introduction 
 
Due to a wide variety of applications like fiber 

communication, signal processing and spectroscopy, 
broadband QPM SHGs in periodically poled 
LiNbO3(PPLN)[1-5], periodically poled 
LiTaO3(PPLT)[6,7], periodically poled KNbO3(PPKN)[8,9] 
and periodically poled KTiOPO4(PPKTP)[10-12] have 
attracted much attention. However, the maximum 
transparent wavelengths of PPLN, PPLT, PPKN and 
PPKTP are less than 6 mµ [6], some lasers’ broadband 
SHG can’t be realized with the fundamental wave centered 
above 6 mµ  in this crystals. GaAs crystal is widely used 
in optoelectronics.[13-15] The transparency of GaAs is 
from 0.9 to 17 mµ [16]. Though GaAs is  an isotropic 
material, OP GaAs has been fabricated with some method 
for QPM SHG[17-19]. The OP GaAs is reasonable crystal 
for broadband QPM SHG with the fundamental wave 
centered above 6 mµ . 

In this paper, we investigate the efficient broadband 
QPM SHG in OP GaAs. The theory of broadband QPM 
SHG is analyzed. The GV matching wavelength, 
corresponding QPM crystal grating period and SHG 
bandwidth are obtained at room temperature. The 
influence of temperature on broadband QPM SHG are 
studied. The broadband QPM SHG behavior with the 
fundamental wave centered at 7, 9.24, 10 and 13 mµ  are 

discussed to consider the wavelength range of broadband 
QPM SHG in OP GaAs. The result can be used for 
broadband mid-infrared laser SHG. 

 
 
2. Theoretical analysis 
 
For QPM SHG, the wave vector mismatch k∆  can 

be expressed as[20] 
22s fk k k π

∆ = − −
Λ

           (1) 

where sk is the second-harmonic wave vector, fk is the 

fundamental wave vector and Λ is the  grating period of 
OP GaAs. To reach the efficient broadband QPM SHG , 
both QPM and GV matching must be satisfied, the wave 
vector mismatch need to fulfill conditions 0k = and 

0
f

d k
dλ

= . 

When 0k = , Λ  can be calculated as 

2 2
f

s fn n
λ

Λ =
−

             (2) 

where sn  is the refractive index of second-harmonic 
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wave, fn  is the refractive index of fundamental wave 

and fλ  is the fundamental wavelength. 

When Λ  is determined by Equation (2), 
f

d k
dλ  can be 

calculated as  

2

4 ( ) 4 ( )fs
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λ λ

− − −

=       (3) 

The refractive index of OP GaAs can be written as 
[16] 
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where 1 0.4431307 0.000050564 Tλ = + ∆ , 

7 2
2 0.8746453 0.0001913 4.882 10T Tλ −= + ∆ − × ∆ , 

3 36.9166 0.011622 Tλ = − ∆ , 0 5.372514g = , 1 27.83972g = , 

5 7 2
2 0.031764 4.350 10 4.664 10g T T− −= + × ∆ + × ∆ , 

3 0.00143636g = , T∆  is the deviation from the 
reference temperature 22 °C , the unit of λ  is mµ .   
 
 

3. Results and discussion 
 
For broadband QPM SHG, the grating period of OP 

GaAs and 
f

d k
dλ  are calculated at room temperature, as 

shown in Figure 1. The horizontal and vertical dash line 

represent  
f

d k
dλ =0 and corresponding λf. When 

f

d k
dλ =0, 

λf =9.24 µm and corresponding QPM grating period 
Λ =219.28 µm, QPM and GV matching are satisfied, the 
efficient broadband QPM SHG can be obtained with the 
fundamental wave centered at 9.24 µm and grating period 
Λ =219.28 µm at room temperature. 

 

Fig. 1. The grating period and 
f

d k
dλ  as a function of the 

fundamental wavelength λf at room temperature 

 
The refractive index depends on crystal temperature, 

so the GV matching λf is different at different temperature 
from equation(3). For QPM SHG, The GV matching λf and 
corresponding QPM grating period are calculated at 
different temperature, as shown in Figure 2. The GV 
matching λf increases less than 0.10 µm with temperature 
increasing from 22 to 95 oC. The influence of temperature 
on the GV matching λf is little. 

 

Fig. 2. The GV matching λf and corresponding QPM  

grating period as a function of temperature 

 
The normalized SHG conversion efficiency η  is 

proportional to 2sinc ( / 2)kL∆ , L is the crystal length. The 

SHG bandwidth is defined to be the λf variation at which 
η  falls to half of its maximum value [21]. 
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Fig. 3 shows the normalized SHG conversion 
efficiency η  as a function of λf centered at 9.24 µm with 
corresponding QPM Λ =219.28 µm at room temperature. 
The SHG bandwidth are 744 nm, 525 nm, 429 nm and 372 
nm for the crystal length L =10 mm, 20 mm, 30 mm, 40 
mm, respectively. The SHG bandwidth decreases with the 
crystal length increasing. However, the conversion 
efficiency increases with the crystal length increasing. So 
the crystal length must be chosen according to practical 
needs.  

 

 

Fig. 3. The normalized SHG conversion efficiency η  as a 

function of λf centered at 9.24 µm at room temperature 

 
From Fig 2, the influence of temperature on the GV 

matching λf is little, the method of tuning GV matching λf 
by tuning temperature is of no use. However, from Fig. 1, 

f

d k
dλ  is near zero with the fundamental wave centered 

from 7 to 13 mµ . Three fundamental wavelength ranges 
are considered to determine possible wavelength ranges of 
broadband QPM SHG without complete GV matching in 
OP GaAs. 

Fig. 4 shows the normalized SHG conversion 
efficiency η  as a function of λf centered at 10 µm with 
corresponding QPM Λ =216.78 µm at room temperature. 
The SHG bandwidth are 214 nm, 105 nm, 66 nm and 57 
nm for the crystal length L =10 mm, 20 mm, 30 mm, 40 
mm, respectively. The SHG bandwidth with the 
fundamental wave centered at 10 µm is less than one third 
of SHG bandwidth with the fundamental wave centered at 
GV matching wavelength 9.24 µm. 

 

Fig. 4. The normalized SHG conversion efficiency η  as a 

function of λf centered at 10 µm at room temperature 

 
 

Fig. 5 shows the normalized SHG conversion 

efficiency η  as a function of fλ  centered at 10 mµ  

with corresponding QPM grating periods at different 
temperatures, the SHG bandwidth are nearly the same at 
30, 40, 60 and 90 °C .  

 

Fig. 5. The normalized SHG conversion efficiency η  as a 

function of λf centered at 10 µm at different temperatures 

 
Fig. 6 shows the normalized SHG conversion 

efficiency η  as a function of λf centered at 13 µm with 
corresponding QPM grating period Λ =181.78 µm at 
room temperature . The SHG bandwidth are 60 nm, 40 nm, 
20 nm and 20 nm for the crystal length L =10 mm, 20 mm, 
30 mm, 40 mm, respectively. The SHG bandwidth falls to 
tens of nanometers. 
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Fig. 6. The normalized SHG conversion efficiency η  as a 

function of λf centered at 13 µm at room temperature 

 
Fig. 7 shows the normalized SHG conversion 

efficiency η  as a function of λf centered at 7 µm with 
corresponding QPM grating period Λ =186.71 µm at 
room temperature. The SHG bandwidth are 31 nm, 16 nm, 
10 nm and 8 nm for the crystal length L =10 mm, 20 mm, 
30 mm, 40 mm, respectively. The SHG bandwidth falls to 
tens of nanometers, even a few nanometers. 

 

Fig. 7. The normalized SHG conversion efficiency η  as a 

function of λf centered at 7 µm at room temperature 

 
 

4. Conclusion 
 
In conclusion, we have investigated broadband QPM 

SHG in OP GaAs with the fundamental wave centered 
from 7 to 13 µm. The GV matching wavelength and 
corresponding QPM grating period crystal grating period 

are obtained from 22 to 95 °C . The SHG bandwidth with 
the fundamental wave centered at 7, 9.24, 10 and 13 µm 
are discussed. For broadband QPM SHG, GV matching 
wavelength and corresponding QPM crystal grating period 
are 9.24 µm and 219.28 µm, SHG bandwidth are 744 nm 
for the crystal length is10 mm at room temperature. The 
influence of temperature on GV matching wavelength and 
SHG bandwidth is little. The SHG bandwidth decreases 
with the crystal length increasing. The SHG bandwidth 
decreases with deviation from central wavelength 
increasing, when the crystal length is10 mm, the SHG 
bandwidth are 31 and 60 nm with the fundamental wave 
centered at 7 and 13 µm, respectively. The result can be 
used for broadband mid-infrared laser SHG with 
bandwidth several hundred or tens of nanometers from 8 
to 12 µm. 
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