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Tutorial 3 

Exercise 1: Responsivity and Quantum Efficiency 

1.  

 
2.  

 

 

 

3. Quantum efficiency is limited by how many incident photons actually create collected 

electron-hole pairs. To increase from 70% to 85%, you can focus on these physical 

improvements:  
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Anti-Reflection (AR) Coating: Apply or optimize a thin-film AR coating on the photodiode 

surface. This reduces the number of photons reflected away, allowing more to enter the 

semiconductor material. 

Increase Depletion Width: Use a PIN photodiode structure instead of a standard PN 

junction. The intrinsic (i) layer increases the volume where photons can be absorbed and 

converted into current before they recombine. 

Material Quality & Passivation: Improve the purity of the semiconductor to reduce 

"recombination centers" (defects). Surface passivation also prevents charge carriers from being 

lost at the material's edges. 

Back-Surface Reflection: For thin diodes, add a reflective layer on the back so photons that 

pass through the material the first time are reflected back into the active region for a second 

chance at absorption 

Exercise 2: Photoconductors and Gain  

 

1.   
 

2. Photoconductors are unique because they can have a photoconductive gain (𝐺) greater 

than 1, meaning one photon can result in many electrons flowing through the 

circuit. Photoconductive Gain (𝐺) is the ratio of carrier lifetime (𝜏) to the transit time 

(𝜏𝑡𝑟). 

2.  
 

 

3.  

 
The sensitivity significantly decreases. By increasing the transit time by a factor of 4, 

the output current dropped from 6.41𝑚𝐴 to 1.6𝑚𝐴 to transit time 𝜏𝑡𝑟. This suggests 

that sensitivity is inversely proportional to transit time; slower devices are less 

sensitive. 

4.  

 
https://www.analog.com/en/resources/technical-articles/stabilize-transimpedance-amplifier-

circuit-design.html 

https://www.analog.com/en/resources/technical-articles/stabilize-transimpedance-amplifier-circuit-design.html
https://www.analog.com/en/resources/technical-articles/stabilize-transimpedance-amplifier-circuit-design.html
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Exercise 3: Avalanche Photodiodes (APD)  

 

1.  
 

2.  

 

 

3.  
 

 

 4.  

 

Exercise 4: Phototransistors 

1. 
 

2. 
 

 

3. 
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Exercise 5: Smart Streetlight Sensor  

1. Calculate the Primary Responsivity (R)  

Before transistor amplification, we find the responsivity of the base-collector junction acting 

as a photodiode. 

 

2. Calculate the Base Photocurrent (𝐼𝜆)  

This is the current generated by the incident light before the transistor's gain is applied. 

 

3. Calculate the Total Collector Current (𝐼𝐶)  

Apply the transistor's current gain (𝛽) to the base current and include the leakage dark current. 

 

4. Calculate the Final Output Voltage (𝑉𝑜𝑢𝑡)  

In a standard common-emitter configuration, the output voltage is measured at the collector. 

As light increases, I𝐶 increases, causing a larger voltage drop across 𝑅𝐿 

 

 

5.  

 


