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Damage threshold of some periodically poled crystals can be improved by magnesium oxide doping , however, some 

properties of the crystals are also changed as a result of magnesium oxide doping. In this paper, type 0 quasi-phase 

matching (QPM) broadband second-harmonic generation (SHG) characteristics are compared in pure periodically poled 

stoichiometric lithium tantalate (PPSLT) and periodically poled 1 mol% magnesium oxide-doped stoichiometric lithium 

tantalate (1 mol% MgO:PPSLT). In both crystals, the group-velocity matching (GVM) fundamental wavelengths, QPM poling 

periods and SHG bandwidths are analyzed at room temperature, the tuning ranges of GVM fundamental wavelength are 

calculated with crystal temperature changing, the SHG bandwidths are obtained at different temperatures. The GVM 

fundamental wavelength in 1 mol% MgO:PPSLT appears little blue shift compared with that in PPSLT, the SHG bandwidth in 

1 mol% MgO:PPSLT is a little narrower than that in PPSLT. There are some overlaps between tuning ranges of GVM 

fundamental wavelength in two crystals, the tuning range of GVM fundamental wavelength in 1 mol% MgO:PPSLT is wider 

than that in PPSLT. The results can be used to select different magnesium oxide-doped PPSLTs for different requirements 

QPM broadband SHG. 
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1. Introduction 

 

The quasi-phase matching (QPM) second-harmonic 

generation (SHG) is widely used due to its simple 

structure and high efficiency. [1-5] In some applications 

like femtosecond laser and tunable laser SHGs and all 

optical wavelength conversion, the broadband SHG is 

needed. So QPM broadband SHG have attracted much 

attention in periodically poled lithium niobate (PPLN) 

[6-11], periodically poled lithium tantalate (PPLT) [12-14], 

periodically poled potassium niobate [15,16], periodically 

poled potassium titanyl phosphate [17-19] and 

orientation-patterned gallium arsenide [20].Damage 

threshold of some periodically poled crystals can be 

improve by magnesium oxide doping, however, some 

properties of the crystals are also changed as a result of 

magnesium oxide doping. The effect of magnesium oxide 

doping on QPM broadband SHG was investigated and it 

was found that the group-velocity matching (GVM) 

fundamental wavelength increases with the decrease of 

magnesium oxide doping in PPLN [9]. The crystal 

structure of PPLT is similar to that of PPLN, so the study 

on the effect of magnesium oxide doping on QPM 

broadband SHG in PPLT is significant. 

In this paper, type 0 QPM broadband SHG 

characteristics are compared in pure periodically poled 

stoichiometric lithium tantalate (PPSLT) and periodically 

poled 1 mol% magnesium oxide-doped stoichiometric 

lithium tantalate (1 mol% MgO:PPSLT). In both crystals, 

the GVM fundamental wavelengths, QPM poling periods 

and SHG bandwidths are analyzed at room temperature 

(30 ℃), the tuning ranges of GVM fundamental 

wavelength are calculated with crystal temperature 

changing, the SHG bandwidths are obtained at different 

crystal temperatures. The GVM fundamental wavelength 

in 1 mol% MgO:PPSLT appears little blue shift compared 

with that in PPSLT, the SHG bandwidth in 1 mol% 

MgO:PPSLT is a little narrower than that in PPSLT, the 

tuning range of GVM fundamental wavelength in 1 mol% 

MgO:PPSLT is wider than that in PPSLT. The results can 

be used to select different magnesium oxide-doped 

PPSLTs for different requirements QPM broadband SHG. 
 

 

2. Theoretical analysis 
 

For collinear first-order QPM SHG, the wave vector 
mismatch k  can be written as 

2
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where 
sk  is the second-harmonic wave vector, fk  is the 

fundamental wave vector and   is the poling period.  

There is a   which satisfies the QPM condition 

( 0k  ) at every fundamental wavelength, the   is 

QPM  . The QPM   can be written as [8]  

2

f s
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where f  is the fundamental wavelength, s  is the 

second-harmonic wavelength, fn  is the refractive index 

of fundamental wave and sn  is the refractive index of 

second-harmonic wave.  

For QPM broadband SHG, k  must satisfy 0k   

and 0
f

d k

d


  simultaneously at some wavelength range. 

When 0
f

d k

d


 , f  satisfies the condition which is 

calculated as  
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from Equation (3),  it can be derived that f  and s  

satisfy GVM condition [8], the f  is GVM f . 

For type 0 QPM SHG, fundamental and 

second-harmonic waves are both extraordinary lights. fn  

and sn  are given in [21,22]. 

 

 

3. Results and discussion 

 

f

d k

d


 and QPM   are calculated at different f  

at room temperature in PPSLT, as shown in Fig. 1. (a) 

When 0
f

d k

d


 , f  and s  satisfy the GVM condition, 

the GVM f  is 2.564 μm, the QPM   at 2.564 μm is 

34.70 μm. With a small signal approximation, the 

normalized SHG conversion efficiency   is proportional 

to 
2sinc ( / 2)kL , L is the crystal length. The SHG 

bandwidth is defined as the full width at half-maximum of 

the normalized SHG conversion efficiency  . [9] Fig. 1. 

(b) shows   as a function of f  with QPM  = 34.70 

μm for a crystal length of 10 mm. The SHG bandwidth is 

90 nm. The broadband SHG can be obtained at f  

centered at 2.564 μm with SHG bandwidth 90 nm at room 

temperature in 10 mm long PPSLT. 

 

 

 

Fig. 1. (a) 

f

d k

d


 and QPM   as a function of f   

and   (b)   as a function of f  with QPM   at 

the GVM f  at room temperature in PPSLT. 

 

GVM f  and QPM   at the GVM f  are 

calculated from 30 ℃ to 170 ℃ in PPSLT, as shown in  

Fig. 2. The GVM f  increases from 2.564 to 2.590 μm 

and the QPM   at the GVM f  decreases from 34.70 

to 34.33 μm with temperature increasing from 30 ℃ to 

170 ℃. The tuning range of  GVM f  is 26 nm. 

Fig. 3 shows   as a function of f  with QPM   

at the GVM f  at 80 ℃, 120 ℃ and 160 ℃ in 10 mm 

long PPSLT. GVM f  are 2.572, 2.580 and 2.588 μm at 

80 ℃, 120 ℃ and 160 ℃, respectively. QPM   at 2.572, 

2.580 and 2.588 μm are 34.58, 34.47 and 34.36 μm, 

respectively. The SHG bandwidth are 90 nm, 91 nm and 

91 nm at 80 ℃, 120 ℃ and 160 ℃, respectively. From 

Fig.1. (b) and Fig.3, The SHG bandwidth increases very 

slightly with temperature increasing in PPSLT. 



Comparison of broadband second-harmonic generation in periodically poled stoichiometric lithium tantalate…   615 

 

 
Fig. 2. GVM f  and QPM   at the GVM f  as a 

function of temperature in PPSLT. 

 

 

 

Fig. 3.   as a function of f  with QPM   at the 

GVM f  at (a)80 ℃, (b)120 ℃ and (c)160 ℃ in 

PPSLT. 

 

f

d k

d

   and QPM Λ are  calculated at different λf at room  

temperature in 1 mol% MgO:PPSLT, as shown in Fig. 4. 

(a). The GVM λf is 2.545 μm, the QPM Λ at 2.545 μm is 

34.98 μm. Fig. 4. (b) shows η as a function of λf with 

QPM Λ= 34.98 μm for a crystal length of 10 mm. The 

SHG bandwidth is 88 nm. The broadband SHG can be 

obtained at λf centered at 2.545 μm with SHG bandwidth 

88 nm at room temperature in 10 mm long 1 mol% 

MgO:PPSLT. 

 

 

Fig. 4. (a) 

f

d k

d

  and QPM   as a function of λf 

and  (b) η as a function of λf with QPM Λ at the GVM λf  

at room temperature in 1 mol% MgO:PPSLT 

 

GVM λf and QPM   at the GVM λf are calculated 

from 30 ℃ to 170 ℃ in 1 mol% MgO:PPSLT, as shown in 

Fig. 5. The GVM λf increases from 2.545 to 2.575 μm and 

the QPM   at the GVM λf decreases from 34.98 to 

34.55 μm with temperature increasing from 30 ℃ to 

170 ℃. The tuning range of GVM λf is 30 nm. 

Fig. 6 shows η as a function of λf with QPM   at 

the GVM λf at 80 ℃, 120 ℃ and 160 ℃ in 10 mm long 1 

mol% MgO:PPSLT. GVM λf are 2.555, 2.563 and 2.573 

μm at 80 ℃, 120 ℃ and 160 ℃, respectively. QPM Λ are 

34.84, 34.72 and 34.59 μm at 2.555, 2.563 and 2.573 μm, 

respectively. The SHG bandwidth are all 89 nm at 80 ℃, 

120 ℃ and 160 ℃. From Fig. 4. (b) and Fig.6, the SHG 

bandwidth increases very slightly with temperature 

increasing in 1 mol% MgO:PPSLT. 



616                                 Xiaoling Zhong, Ming Yin, Mengxue Lian 

 

 

Fig. 5. GVM λf and QPM   at the GVM λf as a 

function of temperature in 1 mol% MgO:PPSLT 

 

    

 

 
Fig. 6. Η as a function of λf with QPM   at the GVM 

λf at (a)80 ℃, (b)120 ℃ and (c)160 ℃ in 1 mol% 

MgO:PPSLT 

 

From Fig. 1 and Fig. 4, the GVM f  in 1 mol% 

MgO:PPSLT appears 19 nm blue shift compared with that 

in PPSLT at room temperature, the SHG bandwidth in 1 

mol% MgO:PPSLT is 2 nm narrower than that in PPSLT 

for a crystal length of 10 mm at room temperature. From 

Fig. 2 and Fig. 5, there are some overlaps between tuning 

ranges of GVM f  in 1 mol% MgO:PPSLT and PPSLT, 

the tuning range of GVM f  in 1 mol% MgO:PPSLT 

appears little blue shift compared with that in PPSLT, the 

tuning range of GVM f  in 1 mol% MgO:PPSLT is      

4 nm wider than that in PPSLT. From Fig.3 and Fig.6, the 

SHG bandwidth in 1 mol% MgO:PPSLT is 1, 2 and 2 nm 

narrower than that in PPSLT for a crystal length of 10 mm 

at 80 ℃, 120 ℃ and 160 ℃, respectively. The GVM f  

in 1 mol% MgO:PPSLT appears little blue shift compared 

with that in PPSLT, the SHG bandwidth in 1 mol% 

MgO:PPSLT is a little narrower than that in PPSLT, the 

tuning range of GVM f  in 1 mol% MgO:PPSLT is 

wider than that in PPSLT. We try to explain such results. 

When magnesium oxide is doped in lithium tantalate, 

magnesium ions replace tantalate ions. Due to the 

difference between magnesium and tantalate ionic radii, 

the crystal structure is changed, the refractive index is 

altered slightly. The GVM fundamental wavelength and 

SHG bandwidth depend on refractive indices. Therefore, 

The GVM fundamental wavelength and SHG bandwidth 

are different in 1 mol% MgO:PPSLT and PPSLT. 

 

 

4. Conclusion 

 

In conclusion, we have studied type 0 QPM 

broadband SHG characteristics in PPSLT and 1 mol% 

MgO:PPSLT. The GVM fundamental wavelengths, QPM 

poling periods and SHG bandwidths are obtained at 

different temperature. The GVM fundamental wavelength 

in 1 mol% MgO:PPSLT appears little blue shift compared 

with that in PPSLT, the SHG bandwidth in 1 mol% 

MgO:PPSLT is a little narrower than that in PPSLT. There 

are some overlaps between tuning ranges of GVM 

fundamental wavelength in both crystals, the tuning range 

of GVM fundamental wavelength in 1 mol% MgO:PPSLT 

is wider than that in PPSLT. The results can be used to 

select different magnesium oxide-doped PPSLTs for 

different requirements QPM broadband SHG. 
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