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Abstract 

As technical and material developments in semiconductor processing are 

progressed, the light emitting diodes(LEDs) and laser diodes(LDs) can eject 

wider spectrum of wavelengths and become low-priced so that many 

applications built by the LEDs, LDs and Photodiodes(PDs) draw strong 

attentions from both the academy and industry. Our lab has reported a PBOS 

(Pseudo BJT Optical Sensor) system, which is the transmission based sensor 

built by the LED-PD, for a high sensitive measurement of the impurity 

concentration in the liquid. As it is implied by its name, it has similar 

operation characteristics with the BJT. In this paper, the mathematical 

modeling of the PBOS system has been proposed to relate the sensor 

responsivity with the concentration of the target molecules. The experimental 

results with bovine serum albumin(BSA) will be provided as an example to 

calculate the concentration and be compared with the theoretical results. The 

formalized equations provide in-depth understanding of the system and help 

to design and analyze the data.  

The modeling proposed in the thesis will help to design the extension of the 

PBOS system to other applications such as reflectance based optical sensor. 

Also, the modeling will help to estimate and compensate the temperature 

variation of the components used in the PBOS system such as resistors, 
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quantum efficiencies of the LED and PD.   

In this thesis, the detail modeling of the temperature dependency of the 

components will be provided and a method for the temperature prediction of 

the PBOS system will be proposed. Also, the temperature instability has been 

found in the PBOS system since the LED and PD devices are highly sensitive 

on the ambient temperature. 

 

 

 

 

 

 

 

 

 

 

 

Key words: Pseudo-Bipolar junction transistor (BJT) Optical 
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Chapter I. Introduction 

 

A. Motivation 

Recently, the optical sensor based on the absorption of sensing materials for 

a specific wavelength of light using the LED or LD-sample-PD sensor draws 

new attention because of a development of the LED and LD devices 

especially in the UV range [2], [3]. Low-cost LEDs and LDs provide a new 

potential for a low-cost sensor covering a wide range of wavelength detection 

from ultraviolet to infrared [4]–[8].  

   In order to achieve the high sensitivity for the applications such as the 

glucose, gas, Deoxyribonucleic acid (DNA), protein, and water pollution, our 

lab has proposed a new scheme, called the PBOS, based on the pseudo-bipolar 

junction transistor (BJT) principle [1]. As implied by the name of the PBOS, 

the system has the identical operational mechanism to the BJT devices. In this 

case, current driving of the PD behaves like the base to collector junction of 

the BJT where the electrical current gain is simply replaced by the optical 

current gain in the path from LED to PD through samples as shown in Fig. 1. 

The improvement in sensitivity is obtained by the bipolar like amplification 

of the transmittance value of the sample to be measured in the optical path 

from the LED to the PD.  
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(a) 

 

(b) 

Fig. 1. (a) Schematic of the Bipolar Junction Transistor (BJT) under the 

base open mode. (b) Schematic of the PBOS circuit based on the BJT 

behavior. 
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The circuit implementation of the PBOS system is shown in Fig.2. The 

optical feedback link is denoted by the arrow and the material to be sensed is 

located in the path. Shown in the Fig. 3 is the input( 𝑉𝑖𝑛 ) output( 𝑉𝑃𝐷 )  

characteristics of the PBOS. Noticing that 𝑉𝑖𝑛  corresponds to the current 

(𝐼𝑓 =
𝑉𝑖𝑛

𝑅𝑓 
), the input output characteristics in the figure is similar to 𝐵𝑉𝑐𝑒𝑜 

(Breakdown Voltage of BJT transistor with the base open condition) 

characteristics of the BJT. [19] 

In this thesis, the method to extract the transmittance and the concentration 

of sample materials is proposed. The sequence of the measuring steps is 

required to achieve the best accuracy of the sample characteristics. In this 

thesis, a sequence for extracting the concentration of the BSA, a common 

protein contained in the blood, will be proposed as an example. Also, the 

system suffers from the instability associated with the temperature variation 

of the components due the environment and the heating up of the parts after 

the portable PBOS system turns on. The method to minimize the temperature 

effect and compensate the temperature variation to extract the exact the 

transmittance of the material with high sensitivity will be proposed. 
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(a) 

 

(b) 

Fig. 2. (a) Practical implementation of the PBOS circuit includes current 

source circuits for PD and LED, two resistors for leveling the PD and the 

LED current, and one resistor for protecting PD from high breakdown 

voltage. Voltage across the PD is the output of the system. (b) Outside 

feature of the portable PBOS system and fabricated feature by printed 

circuit board. 
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Fig. 3. Input output characteristic of the PBOS measuring deionized 

water which will be the standard for sample measurements in this paper. 

 

B. Outline of Thesis 

In Section II, physical analysis using the optical current gain of the PBOS 

system will be explained and the experimental data will be shown as an 

example. The results with the analysis of the system will be shown and 

compared with the theoretical data based on Beer-Lambert law. [12], [13] 

In Section III, temperature dependency of the system which is a serious 

problem in actual applications will be discussed and a guide for 

measurements will be suggested. Also, the temperature prediction of the 

optical devices from the physical modeling will be proposed.  

A short discussion about further work for the PBOS system will be given in 

Section IV. Finally, the conclusion is drawn in Section V.  
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Chapter II. Modeling of the PBOS system 

     

A. Basic Concept of the PBOS 

First of all, the formalized equations of the PBOS system will be explained. 

From the schematics of the PBOS in Fig. 2, the system may be divided into 

two parts: input section and the output section.  

 

Output section corresponds to the base-collector junction of BJT 

 

 𝐼𝑓 , which is the forcing current of the current source for PD is written as, 

 

𝐼𝑓  =
𝑉𝑖𝑛

𝑅𝑓 
= 𝐼𝑃𝐷 + 𝐼𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑟                                    (1) 

 

, where 𝐼𝑃𝐷 is the PD current and 𝐼𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑟 is the current of the parallel 

resistor connected to PD. The motivation of the parallel resistor in the circuit 

will be explained in equation (6). 

 

𝐼𝑃𝐷  = 𝐼𝑝ℎ𝑜 + 𝐼𝑑𝑎𝑟𝑘                                           (2) 
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, where 𝐼𝑃𝐷 is consist of the photo generated current and the dark current 

of the PD. 𝐼𝑝ℎ𝑜 is the generated current of PD by lights, 𝐼𝑑𝑎𝑟𝑘 is the dark 

current of PD which is the reverse current. 

 

Input section corresponds to the emitter current of BJT 

 

𝐼𝐿𝐸𝐷  =
𝑉𝑖𝑛

𝑅𝐿𝐸𝐷 
                                               (3) 

 

, where 𝐼𝐿𝐸𝐷 is the LED driving current which can be written as division of 

input voltage 𝑉𝑖𝑛 and 𝑅𝐿𝐸𝐷 which is LED driving resistor in current source 

for LED. And the LED, the PD share the input source, 𝑉𝑖𝑛. 

 

𝐼𝑝ℎ𝑜  = 𝜂𝐿𝐸𝐷𝜂𝑃𝐷𝑇𝑓𝐼𝐿𝐸𝐷                                       (4) 

 

, where 𝐼𝑝ℎ𝑜 is the photo generated current of the PD, 𝜂𝐿𝐸𝐷 is the electron-

photon conversion efficiency of the LED, 𝜂𝑃𝐷 is photon-electron conversion 

efficiency of the PD, 𝑇𝑓 is the transmittance of the material. 

 

𝐼𝑑𝑎𝑟𝑘  = 𝐼0(1 − 𝑒−𝑞𝑉𝑃𝐷/𝑘𝑇)                                    (5) 

 

, where 𝐼𝑑𝑎𝑟𝑘 is the dark current of PD, 𝐼0 is the reverse saturation current 
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of the PD, q is the electron charge, 𝑉𝑃𝐷 is the voltage across the PD, 𝑘 is 

the Boltzmann constant, 𝑇 is temperature. 

 

𝐼𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑟  =
𝑉𝑃𝐷

𝑅𝑃𝐷
                                             (6) 

 

, where 𝐼𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑟 is the current of the parallel resistor which is written the 

division of the PD voltage(𝑉𝑃𝐷) and the resistor value(𝑅𝑃𝐷). The parallel 

resistor provides the protection of the PD in the high voltage since the forcing 

current (𝐼𝑓) is divided into the resistor and the PD. 

 

Combining (2), (4), (5), (6) to (1) which is the governing equation, it can be 

written as follows. 

 

𝐼𝑓  =
𝑉𝑖𝑛

𝑅𝑓 
= 𝜂𝐿𝐸𝐷𝜂𝑃𝐷𝑇𝑓𝐼𝐿𝐸𝐷 + 𝐼0(1 − 𝑒−𝑞𝑉𝑃𝐷/𝑘𝑇) +  

𝑉𝑃𝐷

𝑅𝑃𝐷
           (7) 

 

In measurements, only the photo generated current of the PD reflects the 

transmittance of the samples. So that we replace the summation of the dark 

current of the PD and the parallel resistor current as a leakage current, then 

(7) can be rewritten as, 

 

𝐼𝑓 − 𝜂𝐿𝐸𝐷𝜂𝑃𝐷𝑇𝑓𝐼𝐿𝐸𝐷  =  
𝑉𝑃𝐷

𝑅𝑃𝐷′
=  𝐼𝑙𝑒𝑎𝑘                           (8) 
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, where 𝑅𝑃𝐷′ is the combined resistance of 𝑅𝑃𝐷 and the resistance value 

of the PD in the reverse current. 

Combining (3) to (8), can be re formulated by the current, 

 

𝐼𝑓(1 − 𝜂𝐿𝐸𝐷𝜂𝑃𝐷𝑇𝑓
𝑅𝑓

𝑅𝐿𝐸𝐷
) = 𝐼𝑙𝑒𝑎𝑘                               (9-a) 

 

The equation (9-a) is similar to the equation of BJT in the base open 

condition. Indicating that 
𝑉𝑖𝑛

𝑅𝑓
 corresponds to the 𝐼𝐶𝐸𝑂, 

𝑉𝑃𝐷

𝑅𝑃𝐷′
 corresponds to 

the 𝐼𝐶𝐵𝑂 , 𝜂𝐿𝐸𝐷𝜂𝑃𝐷𝑇𝑓
𝑅𝑓

𝑅𝐿𝐸𝐷 
 can be defined as the optical current gain, 𝛂, 

which is the amplified value by the ratio of the 𝑅𝑓 and the 𝑅𝐿𝐸𝐷. 

Also, (9-a) can be written in voltages which are the real measured and 

applied values. 

 

𝑉𝑃𝐷 = (1 − 𝜂𝐿𝐸𝐷𝜂𝑃𝐷𝑇𝑓
𝑅𝑓

𝑅𝐿𝐸𝐷
)

𝑅𝑃𝐷′

𝑅𝑓
𝑉𝑖𝑛                          (9-b) 

 

B. Steps for extracting the transmittance 

    

In this section, a general step to obtain the transmittance of the sample to be 

sensed will be described. For this, three measurements under the dark 
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condition(𝛂=0), the reference (deionized water) condition and the sample 

under test have been performed.  

In Fig. 3, while 𝑉𝑖𝑛 is swept from 0 to 4V, 𝑉𝑃𝐷 follows the summation 

value of parallel resistor voltage and reverse diode voltage in the beginning 

of the sweep. Once the LED current reaches enough value to emit light, the 

generated current 𝐼𝑝ℎ𝑜 becomes dominant in equation (7), so the voltage, 

𝑉𝑃𝐷,  across the PD and parallel resistor significantly decreases. So that 𝑉𝑖𝑛 

versus 𝑉𝑃𝐷 graph shows the negative differential resistance(NDR) region as 

the LED current increases as shown in Fig. 3. For example, when 𝑉𝑃𝐷 

becomes zero, 𝐼𝑝ℎ𝑜 is the same or greater than 𝐼𝑓. During the measurements, 

lower 𝑉𝑃𝐷 (compared with higher Vpd value) indicates the higher 

transmittance of the material to be tested. 

Here, we propose the steps for extracting the exact transmittance of the 

material, in this case, with the BSA as an example. Before beginning the 

measurements, the photo-electric conversion efficiency of the LED and the 

PD should be known to set the level of resistors such as 𝑅𝐿𝐸𝐷, 𝑅𝑃𝐷.  After 

setting the level of the currents, the dark measurement which indicates the 

status of the PBOS without LED lights is performed. Fig. 4 shows the 

input(Vin), output(VPD) result of the dark measurement that reflects the 

leakage current. For the next step, the reference measurement is performed 

with the LED lights on as shown in Fig. 3. In this case, the deionized water 

(DIW) is used as the reference. Since the BSA will be dissolved in DIW, the 
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DIW without BSA is used as the reference. Finally, 10nM of BSA is measured 

as shown in Fig. 5. After the three steps of measurements, it is possible to 

calculate the precise transmittance of the 10nM of BSA. 
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Fig. 4. Input output characteristic of the PBOS in the dark measurement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Input output characteristic of the PBOS for samples containing 

10nM of BSA. 
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Since the LED is turned off during the dark measurement, 𝜂𝐿𝐸𝐷𝜂𝑃𝐷𝑇𝑓
𝑅𝑓

𝑅𝐿𝐸𝐷
 

which is the optical current gain 𝛂 equals to zero in equation (9). So that we 

can extract 
𝑅𝑃𝐷′

𝑅𝑓
 from equation (9) with Vin , VPD  from the dark 

measurement. With this 
𝑅𝑃𝐷′

𝑅𝑓
  value, 𝛂 can be calculated for both the sample 

and the reference from equation (9). Since Vin , VPD are known from 

measurements of the sample and the reference, 
𝑅𝑃𝐷′

𝑅𝑓
 is known from the dark 

measurement, the sample transmittance can be finally calculated. Every 

components such as quantum efficiencies and the ratio of resistors in 𝛂 is 

same for the sample and the reference except for the transmittance(𝑇𝑓) as 

long as ILED and VPD are same, the ratio of 𝛂 gives the relative transmittance 

of the sample. 𝛂 can be defined as equation (10) from equation (9-a) and 𝛂 

can be calculated from equation (11) which is a rewritten form of equation 

(9-b).  

 

α = 𝜂𝐿𝐸𝐷𝜂𝑃𝐷𝑇𝑓
𝑅𝑓

𝑅𝐿𝐸𝐷
                                       (10) 

 

α = 1 −
𝑅𝑓

𝑅𝑃𝐷′

𝑉𝑃𝐷

𝑉𝑖𝑛
                                          (11) 

 

The measurement steps are shown in Fig. 6 as a flow chart with the 
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corresponding equations. 

 

 

 

Fig. 6. The measurement steps as a flow chart with the PBOS equations 

to extract the transmittance of samples 

 

C. Extracted Transmittance Values from Experiments 

    Following the steps in the flow chart in Fig. 6, the transmittance of BSA 

with different concentrations in 1nM, 10nM, 100nM are extracted with the 

DIW as the reference and compared with the theoretical value by Beer-

Lambert law [12], [13]. Fig. 7 shows the experimental results of three steps 

to extract the transmittance of 10nM BSA as an example. In Fig. 8, the 
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transmittance value as the ratio of 𝛂 of BSA 10nM to DIW vs. Vin (denoting 

ILED) is shown. 
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Fig. 7. Input output value of the PBOS in measuring three steps (dark, 

reference, sample measurements) to extract the transmittance of the 

sample, in this case 10nM of BSA. 
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(b) 

Fig. 8. (a) 𝛂 of the 10nM BSA with respect to Vin. (b) Ratio of 𝛂 of the 

10nM BSA compare to the reference which is deionized water. 
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It is interesting to notice the extracted 𝛂 value is relatively constant, while the 

𝛂 value itself varies with the Vin value as shown in Fig. 8. (a) (notice that the 

quantum efficiency of the LED is a strong function of IlED, so Vin). Relative 

independence of ration of the 𝛂 value with respect to DIW as the reference 

indicates that ratios of all the components in equation (10), including the 

quantum efficiency and resistance values during two measurements in Vin 

sweeping are identical.  

In Fig. 9, comparison of the calculated data by the Beer-Lambert law and 

the experimental results from the PBOS is shown with BSA from 1nM to 

100nM. The DIW is measured as the reference since the BSA protein is 

dissolved in DIW so that relative transmittance itself equals to 1. 1nM BSA 

has 0.998, 10nM BSA has 0.98, 100nM BSA has 0.827 for the values of the 

relative transmittance with the value of the DIW as the reference. Fig. 9 shows 

that the experimental results from the PBOS and the theoretical fitting down 

to 1nM of the BSA. It is to be noted that our sensor can detect down to 1nM 

while most of the optical sensors detect 50~100nM of BSA as their limits. 

[18], [19] 
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Fig. 9. (a) Relative transmittance value of the 10nM BSA compare to 

reference which is deionized water. (b) Magnified graph of DIW and 

1nM of BSA in Fig. 9. (a) 
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Chapter III. Temperature Dependence 

    

A. Problem Statement 

   As the electronic components are sensitively dependent on the 

temperature, PBOS also has a dependency on the temperature. Since our 

group made the PBOS as a portable sensor on the printed circuit board (PCB), 

the component devices on the PCB such as Micro Controller Unit (MCU), 

bluetooth, regulator and battery produce heat and this heat is hard to be 

released out of its case. In order to use the PBOS as a reliable sensor 

especially in the mobile environment without regulation of the ambient 

temperature, the dependency of the data should be understood and 

compensated. In this section the temperature dependency of the sensor and its 

effect to accuracy as the sensor will be explained.  

To check the temperature dependency of the PBOS, the air measurements 

have been repeated as shown in fig. 10. The temperature is the data taken 

from the thermometer located in the middle of the circuit board (denoted in 

Fig. 2. (b)). Notice that it does not reflect any specific temperature of a 

component, say, LED). Since the transmittance of the air is supposed to be 

independent of temperature and all the temperature dependence of the sensing 
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data will be caused by the temperature dependence of the components (see 

equation (10)). Another effect other than the component dependence on 

temperature as the second effects will come from the molecular movements 

in liquids based on the Brownian motion. [14] 

As it is shown in Fig. 10, the output voltage of the PBOS increases as the 

temperature rises. The behavior of LED is well known as the light output of 

LED decreases as the temperature increases. The reason is that the SRH 

recombination which is a non-radiative recombination increases as 

temperature rises. [9], [10] So that the generated current of the PD decreases 

and it induces the increment of the dark current of the PD in equation (2). 

Therefore, the voltage across the PD which is the output of the system 

increases because the dark current of PD increases in equation (5). According 

to equation (11), larger output voltage leads smaller 𝛂 as shown in Fig. 11. In 

the PBOS, larger output voltage indicates the higher concentration of the 

material since the PD receives less lights where molecules in liquids absorb 

more light. 
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(b) 

Fig. 10. (a) Input output voltage characteristics of the PBOS while the 

thermometer temperature rises from 23℃  to 29℃ , during repeating  

measurements. The experiments were done with air measurement. (b) 

Magnified graph of the red dotted box in Fig. 10. (a) 
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(b) 

Fig. 11. (a) 𝛂 from the PBOS while the thermometer temperature rises 

from 23℃  to 29℃ , during the repeating of the measurements. The 

experiments were done in the air measurement. (b) Magnified graph of 

the red dotted box in Fig. 11. (a) 
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The PBOS is used as a precise density measurement tool for certain 

materials. Higher value of PD voltage indicates higher density, so that the 

output voltage dependence of the temperature is a serious problem to 

guarantee the accuracy of the PBOS system especially under the temperature 

varying circumstances. 

 

B. Compensation method 

As repeating the measurements, temperature of the portable sensor increases 

and the temperature variation brings inaccurate output results of the PBOS. 

So the guidance of temperature compensation methods is necessary. To 

scrutinize the temperature dependency, 𝛂 value at a fixed point of 

bias(Vin=2V in Fig. 11.) is plotted in Fig. 12 with number of repeated 

measurements together with the measured temperature from the thermometer 

on the PCB. From the graph, continuous decline in 𝛂 is found as the 

temperature rises.  

The repeated measurements were done for 210 times with 15 seconds of 

interval each. The errors among the measurements increases as intervals are 

longer. The interval of 15 seconds gives the error of 0.035%, 30 seconds gives 

0.046%, 45 seconds gives 0.067%, 60 seconds gives 0.087% respectively. 

Since the PBOS should detect the 0.2% difference of transmittance for 

detection of 1nM BSA in Fig. 10, less than 0.05% of the error may be 
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negligible. So the measurement interval between the reference and the sample 

should be under 30 seconds for its accuracy if the ambient temperature may 

be constant. 

 

(a)                    

 

                          (b) 

Fig. 12. (a)Overall 𝛂 declines during 210 repeated measurements. 

(b)Measured temperature from the thermometer in the portable PBOS 
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Within 30 seconds of measurements will provide robust results, however, 

there might be situations that the reference and sample measurements cannot 

be done in 30 seconds. So for the next chapter, a method to predict the ambient 

temperature of LED and PD and associated compensation will be suggested. 

 

C. Prediction of the Component Temperature 

In this section, from the derivative of 𝛂 with respect to Vin, a new method of 

the temperature compensation will be proposed. This is an effective way since 

additional measurement for temperature or additional temperature sensor are 

not needed. The quantum efficiencies of LED and PD are very sensitive to 

temperature in the PBOS system, changes in optical current gain 𝛂 may be 

used to monitor the temperature of the components. The result of the 

derivative that is used for monitoring the temperature is shown in Fig. 10. 

The idea simply observes the derivative of 𝛂 with Vin. The derivative can be 

written as follow. 

   

∂α

𝜕𝑉𝑖𝑛
=

∂𝜂𝐿𝐸𝐷𝜂𝑃𝐷

𝜕𝑉𝑖𝑛
𝑇𝑓

𝑅𝑓

𝑅𝐿𝐸𝐷
                                     (12) 

 

If the transmittance of the material and the ratio of resistors in equation (12) 

are not a strong functions of 𝑉𝑖𝑛, we can extract the changes of the photo-

electron efficiency with respect to 𝑉𝑖𝑛 from the derivative of 𝛂. If the value 
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for the 
∂𝜂𝐿𝐸𝐷𝜂𝑃𝐷

𝜕𝑉𝑖𝑛
 as the function of temperature is pre-known from the 

separated measurements for the LED and PD, the temperature of the 

components during the measurement can be estimated from the measured 

derivative in equation (12).  

To support this, the PBOS was operated in the oven to vary the ambient 

temperature with sufficient range of temperature value.  

Fig. 13 shows the input output results of the PBOS for the air measurement 

for the oven temperature varying from 30℃ to 90℃. As shown in Fig. 14, 

the optical current gain α changes significantly since the LED and the PD are 

sensitive on temperature. Since the 𝛂 decreases overall, as temperature rises 

until 50℃, degradation of the LED light output is the dominant factor. From 

60℃, 𝛂 has a peak increase in the beginning of the sweep. This indicates that 

the increment of the dark current of the PD is dominant from 60℃, since in 

the higher temperature, electron hole pairs are easily generated so that the 

dark current increases. [16], [17] As shown in Fig. 15, the derivative of α 

gives us the information of the change in the light efficiency of the LED. 
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Fig. 13.  Input output of the PBOS for different oven temperatures from 

30℃ to 90℃. This experiment was done in the air measurement. 
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Fig. 14. 𝛂 versus Vin while the oven temperature rises from 30℃ to 

90℃. This experiment was done in air measurement. 
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Fig. 15. Derivative of 𝛂 with respect to Vin while the oven temperature 

rises from 30 ℃  to 90 ℃ . This experiment was done in the air 

measurement. 

 

Fig. 16 shows the input output results of the PBOS with dark measurements 

in the oven. The temperature dependence comes from the temperature 

characteristics of the PD and the parallel resistor. The data support that the 

dark current of the PD increases as the temperature increases as the graph 

moves to the right as the temperature rises. 
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(b) 

Fig. 16. (a) Input output characteristics of the PBOS while the oven 

temperature rises from 30℃ to 90℃. This experiment was done in the dark 

measurement. (b) Magnified graph of the red dotted box in Fig. 16. (a) 
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Practically, the PBOS will be used usually under the room temperature, so 

the method also should be applicable to the range of the room temperature. 

Fig. 17 shows the derivative of 𝛂 with Vin from the data in Fig. 10(repeated 

measurement under the ambient room temperature). It can be seen that the 

derivatives of 𝛂 are quite different for a small change of the temperature so 

that it can be used as a variation of the ambient temperature. Since the 

thermometer temperature rises from 22.5℃ to 29℃, the derivative value 

decrease after its peak as shown in Fig. 17. 
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Fig. 17. (a) Derivative of 𝛂 under temperature from 22.5℃ to 29℃, as 

repeating the PBOS sensor. (b) Magnified graph of the red dotted box in 

Fig. 17. (a) 
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Chapter IV. Discussion and Future Work 

 

   The temperature prediction method described in the previous chapter can 

be further used as a method of the temperature compensation. The 

temperature dependency of the output voltage can be used to match with the 

pre-measured value of the components in terms of the derivative of 𝛂 with 

respect to input voltage. Currently, quick measurements of the reference 

material (DIW in our case) and the sample materials give a robust data for the 

concentration of materials assuming that the temperature of the components 

may be constant. However, it is further possible to predict the ambient 

temperature of the optical devices (LED and PD) with the derivative of 𝛂 and 

compensate the output voltage according to the predicted temperature as 

mentioned above. 
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Chapter V. Conclusion 

 

In this thesis, the modeling of the LED–PD-based optical sensor system 

called the PBOS has been proposed and its high sensitivity was demonstrated. 

The characteristics of the PBOS was examined by showing formalized 

equations and the experimental results and shown that the system gives a 

transmission data in the measurement of the concentration of the BSA as an 

example. The portable PBOS sensor has been fabricated and the problem 

associated with the rising component temperature has been described. In 

addition, the temperature prediction method using the optical current gain is 

proposed for the possible solution of compensating the temperature variation. 

These results demonstrate that the idea of the optical current gain in the PBOS 

brings both high sensitivity and a method of temperature measurements as 

well as the compensation. 
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