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Abstract 

A corrected measurement method based on the silicon photodiode detector was investigated. 

The silicon photodiode detector is a fast response, but the measured transmittance error between 

the light power meter occurs and depends on the incident light power. In our work, the non-

linear empirical formula was derived from the measured results of the silicon photodiode 

detector and light power meter. In addition, the formula was used to correct the measuring 

results of the polymer dispersed liquid crystal, and the corrected results are identical to those of 

the light power meter. The experimental results further show that the silicon photodiode detector 

is faster than the light power meter when measuring electro-optical response. As a result, the 

corrected method is reliable.  

Keywords: photodiode, detector, polymer dispersed liquid crystal, electro-optical response 
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1 Introduction 

Optical measurement is required to meet optical requirements, such as optical 

communication, applied optical measurement, laser processing, and others. A photodetector is 

a device that measures optical power or photon flux by converting the energy of absorbed 

photons into a measurable form [1]. The two main photodetectors commonly used are 

thermoelectric detectors and photoelectrical detectors. Thermoelectric detectors convert photon 

energy to heat, which measures the total output across a wide range of wavelengths. Due to the 

time it takes to change temperature, thermoelectric detectors' sensitivity and temporal response 

are inadequate to measure a fast response. Photoelectrical detectors are based on the 

photoelectric effect, and the absorption of photons causes the transition of electrons to higher 

energy levers, resulting in movable load carriers. Under an applied electric field, these carriers 

move and produce a measurable electric current. Photoelectrical detectors are composed 

primarily of photoconductive and semiconductor photodiode detectors. Photoconductor 

detectors based on photoconductivity depend directly on the increase in the electric 

conductivity of the light-induced material. The semiconductor photodiode detector is a p-n 

junction structure, and photons absorb through the depletion layer producing electrons and 

holes, and both carriers are adrift in opposite directions. In addition, this transport process 

induces an electric current in the external circuit. Semiconductor photodiode detectors are 

generally faster than photoconductor detectors because the strong field in the depletion region 

gives a high velocity to the photogenerated carriers [1]. Furthermore, semiconductor 

photodiode detectors deliver a voltage proportional to the light intensity and are used for 

ultraviolet to near-infrared region detection [2-5]. Silicon (Si) photodiode detectors (SPDs) are 

used widely as semiconductor photodiode detectors [6-8]. 

A matrix of randomly dispersed anisotropic polymers with liquid crystal droplets was 

produced, known as polymer dispersed liquid crystals (PDLC) [9]. A PDLC film is used for an 

electro-optical device because it can be switched from an opaque "off-state" to a light 

transparent "on-state" [10]. Among the characteristic parameters of the electro-optical effect of 

PDLC film, the transmittances T0 and Tsat correspond to the off-state and saturated on-state. In 
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addition, the threshold voltage Vth and the saturation Vsat are the applied voltage at 10% and 

90% of the Tsat, respectively [11]. 

Non-linearity is a well-known phenomenon in SPDs, significantly impacting optical 

measurement [12]. Calibration or correction is a prerequisite for accurate measurements. For 

instance, an electric surrogate radiometer calibrated the light power meter (LPM) [13]. The 

electro-optical measurement of the PDLC can also be corrected using the appropriate 

calibration standards [6]. In the work presented, the empirical formula was derived from the 

measured SPD voltage and LPM power and can be used to perfectly correct the SPD 

measurement of the PDLC.  

2. Experimental methods and principles 

2.1 Measurement of the SPD voltage and LPM power  

In order to obtain the relationship between the SPD voltage and LPM power, the θ-

scanning method was used [14]. The measurement setup is indicated in Fig. 1. A light beam 

was emitted by a He-Ne laser (1) (λ = 632.8 nm, Melles Griot) with a maximum output power 

of 15 mW. Then the light beam passed through a vertical polarizer (2) (Thorlabs) and a quarter-

wave plate (3) (QWP, Thorlabs) with the polarization direction of the polarizer (2) 45º towards 

the optical axis of the QWP (3). The light transmitted by the QWP (3) was circularly polarized 

light and continued to cross a vertically polarized polarizer (4) (Thorlabs), and the output was 

vertically polarized light. The output beam was routed through a rotating polarizer (5) (Thorlabs) 

within the LabVIEW program. The output beam power changed with the angle θ of the polarizer 

(5). Moreover, the output light power was maximum when the polarizer (5) was vertically 

polarized (θ = 90º or 270º). The measurements of the SPD voltage and LPM power are as 

follows. 

When the output light from the polarizer (5) was incident on a photoelectric sensor (6) 

(PES) (PD300R-UV, Ophir) connected with the LPM (7) (Starlite meter, Ophir), the light was 

converted into a current. The current was then converted into a power value corresponding to 

the standard value and displayed on the LPM (7). Meanwhile, the power can be saved in a 

computer (10) with LabVIEW via a data acquisition card (DAC) (9). Accordingly, the power 
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evolution curve with the rotation angle θ of the polarizer (5) can be obtained (curve P-θ), i.e., 

the θ-scanning. 

When the output light from the polarizer (5) was an incident on an SPD (8) (7ID230, 

universal type, Sevan), the light can be converted into a current. The current is then converted 

into a voltage by the DAC (9) using the linear coupling of the resistance. Thus, the voltage 

evolution curve with the rotation angle θ of the polarizer (5) can be obtained (curve V-θ). 

The relation V - P can also be obtained from the curves V-θ and P-θ.  

2.2 Measurement of electro-optic effect for the PDLC 

The PDLC film was prepared as Ref [15], with the mass ratio of the liquid crystal to the 

polymer being 50:50. The measurement for the electro-optical effect for the PDLC is shown in 

Fig. 2. A light beam emitted from the He-Ne laser (λ = 632.8 nm, Melles Griot) (1) passed 

through a changeable attenuator (2) to obtain the light beam with a different power. The light 

power from the attenuator (2) was measured using the LPM (StarLite with PD300R-UV, Ophir). 

Then the light beam passed through a vertical polarizer (3) (Thorlabs) and a QWP (4) (Thorlabs) 

with the polarization direction of the polarizer (3) 45º towards the optical axis of the QWP (4). 

The circularly polarized output light with adjustable light intensity passed through a vertical 

polarizer (5). The vertically polarized output light crossed a spectroscope (6) with a splitting 

ratio of 45 to 55. One output light beam from the spectroscope (6) passed through a diaphragm 

(7) and the PDLC film (8), another diaphragm (9), and the SPD (10) or the PES (12) of the 

LPM (13). When the SPDs measured the output light from the PDLC film (8), the current from 

the SPD (10) was saved as voltage Vt by the DAC (14) connected to the computer (16). Another 

output light beam from the spectroscope (6) was an incident to another SPD (11) as the reference 

light beam. The incident light output on the PDLC film (8) and the SPD (11) can be identical 

by adjusting the diaphragm (7) and saved as V0 by the DAC (14). Accordingly, the transmittance 

through the SPDs is TV=Vt/V0. These two optical channels can compensate for fluctuations in 

the emission of the He-Ne laser (1) [16]. When the LPM measured the output light from the 

PDLC film (8), the light output measured through the PES (12) of the LPM (13) and the DAC 

(14) was saved as Pt. The measured reference light power was saved as P0. Accordingly, the 
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transmittance through the LPM is TP=Pt/P0. 

The voltage applied to the PDLC film was a square wave voltage at a frequency of 1kHz 

controlled by a voltage amplifier (15) and QAC (14) with computer (16) at a distance of 20 cm 

from the PDLC film (8) to the SPD (11) or PES (12). The light beam was a normal incident on 

the PDLC film and parallel to the applied electric field. The 2mm diameter aperture (9) has 

been placed in front of the detector to limit the light beam. The electro-optical measurements 

were performed at room temperature, about 19 ºC.  

3. Result and discussion  

3.1 V-P characteristics 

Fig. 3 shows the P-θ and V-θ curves, and Fig. 4 shows the evolution curve V-P which 

comes from Fig. 3, is non-linear. With logarithmic function fitting, we obtained  

 𝑉𝑉 = 0.037 ∙ ln(127.29 ∙ 𝑃𝑃 + 1) (1) 

where the P and V units are respectively microwatt (μW) and volt (V). The experimental and 

fitting curves overlap perfectly, moreover, when V = 0, P = 0, as shown in Fig. 4.  

3.2 Calibration of the PDLC electro-optic properties measurement results. 

Figs. 5(a) and (b) show the transmittance curves with the applied voltage (T-Vappl) of the 

PDLC. TV and TP are the transmittances measured by the SPDs (Fig. 5 (a) and LPM (Fig. 5 (b), 

respectively. The TV and TP increase with the applied voltage and reach the saturation 

transmittance Tsat when the applied voltage is sufficiently high. No PDLC film transmittance is 

100% in Figs. 5(a) and (b). However, the TV-Vappl and TP-Vappl curves are different. Fig. 5(a) 

shows that the T0 and Tsat on the TV-Vappl curve increase monotonically with the incident light 

power increasing. Fig. 5(b) shows that the T0 and Tsat on the TP-Vappl curve are independent of 

the incident light power. In addition, on the TV-Vappl curve, T0 is above 10 % Tsat, and Vth cannot 

be obtained. The electro-optical parameters of the PDLC are listed in Tab. 1. From Tab. 1, the 

Vsat from the SPDs increases with the incident light power increasing, and T0, Tsat, Vth, and Vsat 

from the LPM are independent of the incident light power.  

Light modulation by PDLC results from light scattering or non-linear optical effects and 

is not due to absorption. Thus, PDLC modulation is feasible in applications involving higher 
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power laser sources [17, 18]. Light modulation by the non-linear optical effect is a competition 

between the electric field of a high-intensity laser and the applied field [19]. The He-Ne laser 

(1) is a low-power continuous laser that cannot induce a significant non-linear optical effect or 

a temperature effect that affects the PDLC electro-optical properties [20]. As a result, T0 and 

Tsat should not vary with the light power. Furthermore, the TP-Vappl curves are nearly consistent 

at different incident light power. Therefore, we conclude that the electro-optical parameters of 

the PDLC obtained by the SPDs are incorrect. Figs. 5(a) and (b) show the difference between 

TV and TP. It is concluded that the difference is because the measured SPD voltage is non-linear 

as a proportion of the incident light power of the PDLC.  

From Eq. (1), 

 𝑃𝑃 = �𝑒𝑒0.037−1∙𝑉𝑉 − 1� 127.29⁄  (2) 

The light intensity I is the light power per unit area. The transmittance T is the ratio of the 

transmitted light intensity It to the incident light intensity I0, and Pt and P0 are the transmitted 

and incident light powers, respectively. According to Eq. (2), the transmittance 

     𝑇𝑇𝑃𝑃 =
𝐼𝐼𝑡𝑡𝐼𝐼0 =

𝑃𝑃𝑡𝑡𝑃𝑃0  

 =
𝑒𝑒0.037−1∙𝑉𝑉𝑡𝑡−1𝑒𝑒0.037−1∙𝑉𝑉0−1 (3) 

Vt and V0 correspond to the transmitted and incident voltages of the SPDs on the PDLC film. 

From Eq. (3), usually, 𝑇𝑇𝑃𝑃 ≠ 𝑉𝑉𝑡𝑡 𝑉𝑉0⁄  . However, when 0 < x <1, 𝑒𝑒𝑥𝑥 ≃ 1 + 𝑥𝑥  (the first-order 

Taylor expansion), and if Vt and V0 are small enough, accordingly 𝑇𝑇𝑃𝑃 ≈ 𝑉𝑉𝑡𝑡 𝑉𝑉0⁄  . When the 

incident light power increases, the difference between 𝑉𝑉𝑡𝑡 𝑉𝑉0⁄  and 𝑃𝑃𝑡𝑡 𝑃𝑃0⁄  increases. 

From Eq. (1), the transmittance from the SPDs  

 𝑇𝑇𝑉𝑉 =
𝑉𝑉𝑡𝑡𝑉𝑉0 =

0.03734∙ln(127.29∙𝑃𝑃𝑡𝑡+1)0.03734∙ln(127.29∙𝑃𝑃0+1)
 

  =
ln(A∙P𝑡𝑡+1)ln(A∙P0+1)

,𝐴𝐴 = 127.29 (4) 

from Eq. (4), 

 𝑃𝑃𝑡𝑡 =
1𝐴𝐴 �𝑒𝑒�𝑇𝑇𝑉𝑉∙𝑙𝑙𝑙𝑙(𝐴𝐴P0+1)� − 1� (5) 

The corrected transmittance can be further obtained from Eq. (5), 
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 𝑇𝑇𝑉𝑉,𝑐𝑐 =
𝑃𝑃𝑡𝑡𝑃𝑃0 =

1𝐴𝐴𝑃𝑃0 �𝑒𝑒�𝑇𝑇𝑉𝑉∙𝑙𝑙𝑙𝑙(𝐴𝐴𝑃𝑃0+1)� − 1� (6) 

where A=127.29. As a result, when the incident light power P0 is constant, AP0 and ln(AP0+1) 

are constant.  

Fig. 6 shows the corrected curves 𝑇𝑇𝑉𝑉,𝑐𝑐- Vappl of Fig. 5(a) according to Eq. (6), and the 

results show that the corrected curves 𝑇𝑇𝑉𝑉,𝑐𝑐- Vappl coincides with the curves TP-Vappl. 

For the PDLC, when the applied voltage is high enough, the transmittance is the maximum, 

and the measured voltage of the SPDs, Vt ≈ V0, from Eq. (6), 

            𝑇𝑇𝑚𝑚𝑚𝑚𝑥𝑥𝑉𝑉,𝑐𝑐
=

1𝐴𝐴P0 �𝑒𝑒�𝑙𝑙𝑙𝑙(𝐴𝐴P0+1)� − 1�  ≈ 1   (7) 

When the applied voltage is zero, the transmittance is the minimum, i.e., Vt → 0, from Eq. (6),  

 𝑇𝑇𝑚𝑚𝑚𝑚𝑙𝑙𝑉𝑉,𝑐𝑐 ≈ 0 (8) 

According to Eqs. (7) and (8), for an ideal PDLC film, the transmittance TV, C varies from 0 to 

1, with an increase of the applied voltage. Due to the refraction index difference between the 

liquid crystal droplets and the polymer and the light absorption, the actual PDLC film 

transmittance varies with voltage in Tmin > 0 and Tmax < 1. 

Response time, i.e., rise and decay time, corresponding to the applied voltage switched on 

and off, is usually defined as the optical response [9]. When Vappl = 33 Vrms and the incident 

power is 1100 μW for the LPM and SPD, the response curves of the PDLC are shown in Fig. 

7, and t = 1000 ms and 2000 ms, corresponding to the applied voltage is switched on and off 

respectively. Fig. 7 shows that the curve TP-t has a noticeable delay; however, the delay can be 

negligible for the curve TV-t. Besides, the curve TV,c-t is obtained, and the Tmin and Tmax are 

equal to those of the curve TP-t. As a result, the SPD is faster and more accurate. 

4. Conclusion 

The measurement results of the Si photodiode detector are non-linear in proportion to the 

incident light power. The empirical formula was obtained from the transmittances from the Si 

photodiode detector and the light power meter (TV and TP). In our work, a correction method 

based on the Si photodiode detector was proposed, and the measurement results of the Si 

photodiode detector were corrected when measuring the electro-optical effect of the PDLC film. 
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The experimental results show that the corrected transmittance curves TV-c-Vapp are consistent 

with the TP-Vappl curves measured by the light power meter. Besides, the electro-optic effect 

parameters T0, Tsat, Vth, and Vsat are independent of the incident light power. The light power 

meter can be directly used as a photodetector to measure the electro-optical effect of the PDLC 

to exclude the non-linear effect of the Si photodiode detector [21, 22]. However, when 

measuring the optical response of the PDLC, the delay time of the light power meter is more 

than the Si photodiode detector. Therefore, the correction method is a potential application 

related to response time.  
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Figure caption 

Fig.1 Measurement configuration of the power by the light power meter and voltage by the Si 

photodiode detector. (1) He-Ne laser, (2) polarizer, (3) quarter-wave plate, (4) polarizer, (5) 

analyzer and rotating stage, (6) photoelectric sensors (PD300R-UV), (7) light power meter 

(StarLite), (8) Si photodiode detector (7ID230), (9) data acquisition board, (10) computer in 

LabVIEW environment. 

Fig.2 Measurement configuration of electro-optical effects for the PDLC. (1) He-Ne laser, (2) 

attenuator, (3) polarizer, (4) quarter-wave plate, (5) polarizer, (6) spectroscope, (7) diaphragm, 

(8) PDLC film, (9) diaphragm, (10) Si photodiode detector (7ID230), (11) Si photodiode 

detector (7ID230), (12) photodiode sensor (PD300R-UV), (13) light power meter (StarLite), 

(14) data acquisition board, (15) voltage amplifier, (16) computer in LabVIEW environment. 

Fig.3 The P-θ curve and V-θ curve were measured by the light power meter and photodiode 

detectors. (a) the P-θ curve, (b) the V-θ curve 

Fig.4 The comparison of the measured V-P and fitted curves.  

Fig.5 The T-V curves of the PDLC film were measured by the Si photodiode detectors and 

light power meter, respectively. (a) the TV-Vappl curves of the PDLC measured by the Si 

photodiode detectors, (b) TP-Vappl curves of PDLC measured by the light power meter. 

Fig.6 The TP-Vappl curves measured by the light power meter, and the corrected curves TV,c-

Vappl measured by the Si photodiode detectors with different incident light power. (a) the 

incident light power is 1.1 μW, (b) the incident light power is 110 μW, (c) the incident light 

power is 1100 μW. 

Fig.7 The response curves of the PDLC film were measured by the Si photodiode detector 

and light power meter, respectively. 
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Table caption 

Tab.1 When the incident light power is 1.1, 110, and 1100 μW, the electro-optical parameters 

of PDLC film measured by the Si photodiode detectors and light power meter, respectively. 
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Fig.1 
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Fig.2 
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Fig.3 
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Fig.4 
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Fig.5 

 (a) 

(b) 
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Fig.6 

(a) 

 

                  (b) 
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Fig.7 

 

  



21 

 

Tab.1 

 SPD LPM 

 1.1 110 1100 1.1 110 1100 

T0 (%) 12.90 46.49 57.26 0.66 0.66 0.66 

Tsat (%) 93.55 96.50 97.54 72.34 72.17 72.37 

Vth (Vrms)    12.69 12.65 12.78 

Vsat (Vrms) 19.11 16.30 15.66 25.50 25.60 25.35 
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