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Abstract: We demonstrate a tunable Šolc-type filter in periodically poled 
lithium niobate by UV-light illumination in this paper. Due to the 
photovoltaic effect, a Šolc-type filter in PPLN can be formed without 
applying an external electric field. Through this mechanism, a tunable 
wavelength filter by UV-light illumination is realized. A wavelength shift as 
large as 15nm is observed under 778mW/cm2 uniform UV illumination. The 
dependence of wavelength shift on illumination intensity shows a nearly 
linear relationship and the tuning rate is about 52 mW/cm2 per nm at 20°C.  
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1. Introduction 

The Šolc filter is well known as a polarization interference filter with birefringent crystals. 
[1,2] A conventional Šolc filter consists of a stack of identical birefringent plates with folded 
azimuth angles between crossed polarizers and fanned azimuth angles between parallel 
polarizers. An electro-optic (EO) tunable Šolc filter can be fabricated by the application of a 
periodic array of equal and opposite voltages to a thin platelet of LiTaO3. [3] 
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Recently, we demonstrated an EO Šolc filter by applying an uniform DC electric field 
along the transverse (Y) axis of a periodically poled LiNbO3 (PPLN). [4-6] The amplitude of 
the passband was modulated by the intensity of the external electric field and the passband 
wavelength could be tuned by temperature. Compared with traditional Šolc filters, [1–3] the 
PPLN EO Šolc filter takes advantage of one-chip integration with lithium niobate and a 
simpler electrode structure. Furthermore, we observed that the device may function as a filter 
even without an external field applied, which we previously attributed to a fabrication defect 
of the PPLN. [4] In our recent experiment, however, we found that the performance of the 
non-field applied PPLN Šolc filter is actually due to the bulk photovoltaic effect (PVE) of 
PPLN. [7] Using the PVE effect, a light controllable Šolc filter can be realized. 

In this paper, we demonstrate a passband tunable Šolc-type filter in PPLN by UV-light 
illumination via PVE. The center wavelength shift of the filter is determined by the UV-light 
intensity. The center wavelength of the filter changes from 1531.9nm to 1516.9nm when the 
light intensity reaches 778mW/cm2. The relationship between the wavelength shift and the 

light intensity is almost linear and the tuning rate is about 52mW/cm2 per nm at 20℃. 

2. Basic Theory 

For lithium niobate crystal with 3m symmetry, in the presence of an external electric field 
along the Y-axis, the refractive index ellipsoid deforms to make the Y and Z axes rotate a 
small angle θ about the X-axis. X,Y and Z represent the principal axes of the original index 
ellipsoid of the lithium niobate crystal. θ is given by: [2] 
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And while the electric field is along the Z-axis, the principal axes of the new index 
ellipsoid remain unchanged. The new semiaxes are: [2] 
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Where Ey and Ez are the field intensity, γ51, γ22, γ13 and γ33 are the EO coefficient of lithium 
niobate. In PPLN, the spontaneous polarization is periodically reversed by domain inversion. 
Besides the nonlinear optical coefficient, other third-rank tensors are also modulated 
periodically due to the periodically reversed ferroelectric domains in PPLN. Among them are 
the electro-optic (EO) coefficient, [4-6,8] the piezoelectric coefficient [9] and photovoltaic 
coefficients. [7] Since the structure inversion is in the Z axis alone, only the elements that 
relate to the Z axis change their sign, which means that γ51,γ13,γ33 (for the positive domain) 
become -γ51, -γ13, -γ33 (for the negative case), and γ22 remains the same. In PPLN, because γ51 

changes its sign in the opposite domains, in the presence of a uniformed electric field along 
the Y-axis, the Y and Z axes rotate an angle θ in the opposite direction about the X axis in 
positive and negative domains. Thus, a folded Šolc-type filter is formed. In such filter, each 
domain acts as a half-wave plate with folded azimuth angles. Figure 1 shows the schematic 
diagram of a PPLN Šolc filter. A Z-cut PPLN with period Λ and period number N is placed 
between two crossed polarizer and the light propagates along the X direction. 

The fundamental wavelength of such filter is only determined by the phase delay of one 
wave plate, which is given by: 
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Where ν is the order of the half-wave plate of one domain and is zero in this application. 
no and ne are the refractive index of lithium niobate. δn is the refractive-index variation. Since 
the refractive index is temperature dependent, the center wavelength of such filter can be 
tuned by temperature. [5,6] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

The center wavelength transmissivity of such filter is 2sin 4T Nθ= . Where θ is given 
by Eq. (1) and N is the period number which is half of the number of the domains. 

While a field is applied solely along the Z axis, as can be seen in Eq. (3), there is no θ 
induced. The only change is the refractive-index variation. 

Lithium niobate is a kind of photorefractive crystal. When light propagates through the 
photorefractive crystal, the PVE can lead an electric field in the presence of photoinduced 
electrical currents and voltages in the bulk dielectric material. The incident light will ionize 
impurities in the material and these ionized charges will move in a particular direction inside 
the crystal without the presence of an external electric field. If the sample is uniformly 
illuminated and kept in open circuit, then a voltage between the faces is observed. This current 
density can be described by the following linear equation for a LiNbO3 crystal: [10,11] 
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Here 1, 2 and 3 correspond to the X, Y and Z axes of the Cartesian system, the X axis 
parallels the a axis, and the Z axis parallels the c axis of the LiNbO3 crystal. When a light 
passes through the crystal under different conditions, we have the following: 

When the light with Y polarized propagates in the X direction: 
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When the light with Z polarized propagates in the X direction: 
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Fig. 1. Schematic diagram of a PPLN Šolc filter 
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When a non-polarized light propagates in the Z direction: 
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The current is very small because of the low conductivity of the pure crystal. After 
several seconds, the current will cause the charge accumulated at the chip face and establish a 
field that holds back the current. When the balance is accomplished, there is: 

d ph
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σ is the conductivity of the lithium niobate that includes two parts: the dark conductivity 
σd and the photoconductivity σph. I is the light intensity. Esat is the saturation field in the bulk 
crystal established by PVE.  

While the input light is propagated in the X-direction, from the Eq. (5) to Eq. (9), if the 
input polarizer is put in the Y direction, there will be a field formed in the Y direction. Since 
G22 didn’t change sign in opposite domains, this field is uniform, which can enable a Šolc 
filter based on the former theory. If the input polarizer is set in the Z direction, there is only a 
field along the Z-axis which can only change the refractive index and can’t induce a rocking 
of the half-wave plates. In our recent experiment, pass peak is observed with the Y direction 
input polarizer and no filter function is observed with the input polarizer along the Z direction. 
[7] This experiment proved that the performance of the non-external field applied PPLN Šolc 
filter is due to the PVE effect. Furthermore, this result means that the PVE effect induced 
electric field is not negligible in PPLN.  

When a light irradiates at the Z face of PPLN, there is an electric field generated by PVE 
along the Z axis according to Eq. (8) and Eq. (9), Which is: 

 31 /sat ZE G Iα σ= − ,                                                          (10) 

where I is the light intensity. The refractive-index variation caused by this field can be 
described as follows based on the above equations: 
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Since G31,γ33,γ13 change sign in opposite domains, the product of G31γ33 and G31γ13 will 
remain unchanged. Thus, when a PPLN Šolc filter is formed by a light propagate along X axis, 
the center wavelength of this filter can be tuned by another light irradiate at the Z face 
according to Eq. (4) and Eq. (11).  

3. Experiment and results 

Figure 2 shows the schematic diagram of the experimental setup. A single chip PPLN crystal 
is placed between two crossed polarizers. The input polarizer is parallel to the Y direction and 
the output polarizer is parallel to the Z direction. The PPLN is Z-cut and an EXFO ASE light 
source with total power of 9.3mW is used as the light propagates along the X direction. The 
PPLN in our experiment was fabricated by congruent lithium niobate at the HC Photonics 
Corp. using the electric-field poling technique. The sample was 28mm long, 5mm wide and 
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0.5mm thick, which has a period of 20.8μm. An optical spectrum analyzer (OSA) is used as 
the detector. The light is induced and exported by a couple of collimators with about –2dB 
insertion loss. Since the filter center wavelength can be easily shifted by temperature, the data 

is measured at a constant temperature of about 20℃. An EXFO UV source with a wavelength 
of around 365nm, which is non-polarized, is employed to irradiate the Z-face of PPLN. This 
UV-light source usually used as spot light curing source and has excellent cold light 
properties which can reduce the impact of the thermal effect. The intensity of the UV-light is 
measured by a UV power meter. The radiation time can be controlled by an electronic shutter. 

 
 
 
 
 
 
 
 
 
 
Figure 3 shows measured output power against wavelength for the PPLN of period 

20.8µm with and without the illumination of the UV-light, respectively. The UV-light 
intensity is about 143mw/cm2. The passband of the filter moves from 1531.9nm to 1529.1nm. 
It takes several seconds until the spectrum of the filter becomes stable. However, the peak 
value and the shape of the passband are unchanged. This means that the Y field of the PVE is 
not changed. This accords with Eq. (8) in that no Y direction field is induced when a non-
polarized light propagates in the Z direction.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The wavelength shift caused by the intensity of the UV incident light is recorded in Fig. 4. 

When the intensity of UV-light reaches 778mW/cm2, a shift of 15nm can be achieved. Further 
increasing the intensity of UV-light will introduce evident photorefractive damage. According 
to Eq. (4) and Eq. (11), and taking the following parameters: [5,12]  

33 13 3120.8 , 30.6 / , 9.6 / , 1 /m pm V pm V G pA mWμ γ γ αΛ = = = =  

The measured data is fitted by a curve where the conductivity σ in the sampled PPLN 

estimated is about 15 15 18.7 10 1.8 10 ( / )cmIσ − − −= × + × Ω . Where the unit of I is W/cm2.The 
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Fig. 3. The spectrum of the PPLN filter under 143mw/cm2 UV illumination (empty square 
symbol) and without UV light illumination (red circle symbol) 
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Fig. 2. Schematic diagram of the experimental setup 
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relationship between the UV-light intensity and the wavelength shift is almost linear. The 
tuning rate is about 52 mW/cm2 per nm. Compared with the conductivity σ in Fe-doped 

lithium niobate, which is 14 12 11.5 10 1.4 10 ( / )cmI− − −× + × Ω [13,14], the conductivity σ in the 
sampled PPLN is much smaller.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Conclusion 

A UV-light illumination tunable PPLN Šolc filter is demonstrated in this paper. Based on the 
PVE and EO effect in PPLN, the passband wavelength of a PPLN Šolc filter can be tuned via 
UV-light illumination on the Z-face of the sampled PPLN. It confirms that in some EO 
devices, the PVE effect is not negligible. Furthermore, based on the PVE effect, light 
controllable optical devices are possible.  
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Fig. 4 The center wavelength shift of a PPLN filter: measurement (red dot) and fitting 
curve (solid line). 
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