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1.   A Ge diode has a voltage drop of 0.4 V when 12 mA flows through it. If the same 470 
Ohm is used, what battery voltage is needed?         

 

Data: 

𝑽𝑫 = 𝟎. 𝟒 𝑽 

𝑰 = 𝟏𝟐 𝒎 𝑨 = 𝟏𝟐 ×  𝟏𝟎−𝟑 

𝑹 = 𝟒𝟕𝟎 Ω 

𝐕𝑩𝒂𝒕𝒕𝒆𝒓𝒚 =? 

SOLUTION: 

P.d across the resistor 

𝑽𝑹 = 𝑰 𝑹 

𝑽𝑹 = (𝟏𝟐 × 𝟏𝟎−𝟑 )(𝟒𝟕𝟎) 

𝑽𝑹 = 𝟓. 𝟔𝟒 𝑽 

 

P.d across the battery 

𝑽𝑩𝒂𝒕𝒕𝒆𝒓𝒚 = 𝑽𝑹  +   𝑽𝑫 

𝑽𝑩𝒂𝒕𝒕𝒆𝒓𝒚 = (𝟓. 𝟔𝟒)  +  (𝟎. 𝟒 ) 

𝑽𝑩𝒂𝒕𝒕𝒆𝒓𝒚 = 𝟔. 𝟎𝟒 𝑽 

 

 

 
2.   A semiconductor diode laser has a peak emission wavelength of 1.55 µm. Find its 

band gap in eV.                          (0.8 eV) 
 

Data: 

𝝀 = 𝟏. 𝟓𝟓 𝝁 𝒎 

𝝀 = 𝟏. 𝟓𝟓 × 𝟏𝟎−𝟔 𝒎 

𝑪 = 𝟑 × 𝟏𝟎𝟖  𝒎/𝒔 

𝒉 = 𝟔. 𝟔𝟐𝟗 × 𝟏𝟎−𝟑𝟒 𝑱 𝒔 

𝐄𝑩𝒂𝒏𝒅𝒈𝒂𝒑 =? 

 

SOLUTION: 

Band gap energy is given by 

𝐄𝑩 =
𝒉 𝑪

𝝀
 

𝐄𝑩 =
(𝟔. 𝟔𝟐𝟗 × 𝟏𝟎−𝟑𝟒) (𝟑 × 𝟏𝟎𝟖)

(𝟏. 𝟓𝟓 × 𝟏𝟎−𝟔)
 

𝐄𝑩 =
𝟏. 𝟗𝟖𝟖𝟕 × 𝟏𝟎−𝟐𝟓

𝟏. 𝟓𝟓 × 𝟏𝟎−𝟔
 

𝐄𝑩 = 𝟏. 𝟐𝟖𝟑 ×  𝟏𝟎−𝟏𝟗 

Band gap energy in eV 

𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗 

𝐄𝑩 =
𝟏. 𝟐𝟖𝟑 ×  𝟏𝟎−𝟏𝟗

𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗
 

𝐄𝑩 = 𝟎. 𝟖𝟎𝟏 𝒆𝑽 
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3.   Calculate the current through 48 Ω resistor in the circuit shown in Fig. (i). Assume 
the diodes to be of silicon and the forward resistance of each diode is 1 Ω. 

 
 

SOLUTION: 

For a diode 𝐷1  and 𝐷3  in forward bias 

and 𝐷2 and 𝐷4 in reverse bias: 

The voltage drops across 𝐷1 and 𝐷3
 is 0.7V. 

Thus, across𝐷1 and 𝐷3 combined, the 

drop is 0.7 + 0.7 = 1.4 V. 

The total resistance of 𝐷1 and 𝐷3, due to 

forward resistance, is 1 Ω+1 Ω=2 Ω 
 

Using Kirchhoff’s voltage rule 
 

10 − 𝑉𝐷1
 − 𝑉48Ω −  𝑉𝐷3

= 0 

10 − 0.7 − 𝑉48Ω −  0.7 = 0 

10 − 1.4 − 𝑉48Ω = 0 

8.6 − 𝑉48Ω = 0 

  𝑉48Ω = 8.6 𝑉 

The total resistance in the circuit includes 
the series resistance from the diodes 
The total resistance is 

𝑅𝑡𝑜𝑡𝑎𝑙 =   𝑅𝐷1
+ 𝑅48Ω +  𝑅𝐷3

  

𝑅𝑡𝑜𝑡𝑎𝑙 =   1 + 48 +  1 

𝑅𝑡𝑜𝑡𝑎𝑙 =   50 Ω 

 
We calculate the current I through the 

circuit 

𝐼 =  
  𝑉48Ω

𝑅𝑡𝑜𝑡𝑎𝑙
 

𝐼 =  
8.6 

50
 

𝐼 =  0.172 𝐴 
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4.  Find the voltage VA in the circuit shown in Fig.(i). Use a simplified model.  

 
 

Data: 

The voltage 𝑽𝒔𝒐𝒖𝒓𝒄𝒆=20 V 

Silicon (Si) Diode: reverse voltage drop 
approximately 0.7V . when non-
conducting 
Germanium (Ge) Diode: Forward 
voltage drop is 
approximately 0.3 V when conducting. 
 

 

Using Kirchhoff’s voltage rule 
 

20 − 𝑉𝐺𝑒 −  𝑉𝐴 = 0 

20 − 0.3 −  𝑉𝐴 = 0 

19.7 −  𝑉𝐴 = 0 

𝑉𝐴 = 19.7 𝑉  

 
4(a).  Find the voltage VA in the circuit shown in Fig.(i). Use a simplified model.  
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Data: 

The voltage 𝑽𝒔𝒐𝒖𝒓𝒄𝒆=20 V 

Silicon (Si) Diode: Forward voltage 
drop is approximately 0.7 V when 
conducting. 
 
Germanium (Ge) Diode: Forward 
voltage drop is 
approximately 0.3 V when conducting. 
 

 

Using Kirchhoff’s voltage rule 
 

20 − 𝑉𝐺𝑒 − 𝑉𝐺𝑒 −  𝑉𝐴 = 0 

20 − 0.3 − 0.7 −  𝑉𝐴 = 0 

20 − 1.0 −  𝑉𝐴 = 0 

19.0 −  𝑉𝐴 = 0 

𝑉𝐴 = 19.0 𝑉  

 

5.   In a common base connection, 𝑰𝑬  = 1 mA, 𝑰𝑪  = 0.95 mA. Calculate the value of  𝑰𝑩. 

 

Data: 

𝑰𝑬  = 𝟏 𝒎𝑨 = 𝟏 × 𝟏𝟎−𝟑𝑨   

𝑰𝑪  = 𝟎. 𝟗𝟓 𝒎𝑨 = 𝟎. 𝟗𝟓 × 𝟏𝟎−𝟑𝑨   

𝑰𝑩  =?   

 
 
 
 

 

SOLUTIONS 

The total emitter current 𝑰𝑬   is the sum of 

the collector current 𝑰𝑪 and base current 𝑰𝑩  

𝑰𝑬  =   𝑰𝑪  +   𝑰𝑩  

𝟏 × 𝟏𝟎−𝟑  =   𝟎. 𝟗𝟓 ×  𝟏𝟎−𝟑  +   𝑰𝑩  

𝟏 × 𝟏𝟎−𝟑 −   𝟎. 𝟗𝟓 × 𝟏𝟎−𝟑 =   𝑰𝑩 

𝟎. 𝟎𝟓 × 𝟏𝟎−𝟑 =   𝑰𝑩 

𝟎. 𝟎𝟓 𝒎 𝑨 =   𝑰𝑩 

 

6.  Find the value of  𝛽 if (i) 𝛼 = 0.90    (ii) ) 𝛼 = 0.98   (iii) ) 𝛼 = 0.99. 

 

 𝛽  is given by the following formula: 

𝛽 =   
𝛼

1 −  𝛼
 … … . . (𝑖) 

We can substitute the value of 𝛼 = 0.90     
In equation (i) 

𝛽 =   
0.90

1 −  0.90
 

𝛽 =   
0.90

0.10
 

𝛽 =   9 

We can substitute the value of 𝛼 = 0.98     
In equation (i) 

𝛽 =   
0.98

1 −  0.98
 

𝛽 =   
0.98

0.02
  =   49 

We can substitute the value of 𝛼 = 0.99     
In equation (i) 

𝛽 =   
0.99

1 −  0.99
 

𝛽 =   
0.98

0.01
  =   98 
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7.  Calculate 𝑰𝑬   in a transistor for which  𝜷  = 50 and 𝑰𝑩  = 20 µA. 

 

DATA 

 𝜷 = 𝟓𝟎    
𝑰𝑩 = 𝟐𝟎 𝝁 𝑨 = 𝟐𝟎 ×  𝟏𝟎−𝟔 𝑨  

𝑰𝑬 =? 
 

The collector current 𝑰𝑪 is given by: 

𝑰𝑪 =  β × 𝑰𝑩 

𝑰𝑪 =  50 ×  𝟐𝟎 × 𝟏𝟎−𝟔 

𝑰𝑪 =  𝟏𝟎𝟎𝟎 ×  𝟏𝟎−𝟔 = 𝟏 𝒎 𝑨 

 

The emitter current 𝑰𝑬 is given by: 

𝑰𝑬 =  𝑰𝑪 + 𝑰𝑩 

𝑰𝑬 =  𝟏𝟎𝟎𝟎 × 𝟏𝟎−𝟔 +  𝟐𝟎 ×  𝟏𝟎−𝟔 

𝑰𝑬 =  𝟏𝟎𝟐𝟎 × 𝟏𝟎−𝟔 

𝑰𝑬 =  𝟏. 𝟎𝟐𝟎 ×  𝟏𝟎𝟑  ×  𝟏𝟎−𝟔 

𝑰𝑬 =  𝟏. 𝟎𝟐𝟎 × 𝟏𝟎−𝟑 

𝑰𝑬 =  𝟏. 𝟎𝟐𝟎 𝒎 𝑨 

 

 

8.  Find the rating of  𝜶 The transistor shown in Fig. Hence, determine the value of 𝑰𝑪 

using both  𝜶 and the 𝜷  rating of the transistor.    

 
 

 
DATA 

 𝜷 = 𝟒𝟗    
𝑰𝑩 = 𝟐𝟒𝟎 𝝁 𝑨 = 𝟐𝟎 × 𝟏𝟎−𝟔 𝑨  

𝑰𝑬 = 𝟏𝟐 𝒎 𝑨 
 

Using the relationship between 𝜶 and 
 𝛃 

𝜶 =   
𝛃

 𝛃 + 𝟏
 

 

𝜶 =   
𝟒𝟗

 𝟒𝟗 + 𝟏
 

𝜶 =   
𝟒𝟗

 𝟓𝟎
    =    𝟎. 𝟗𝟖  

 

The emitter current 𝑰𝑪 is given by: 

𝑰𝑪 =  β × 𝑰𝑩 

𝑰𝑪 =  49 ×  𝟐𝟒𝟎 ×  𝟏𝟎−𝟔 

𝑰𝑪 =  𝟏𝟏𝟕𝟔𝟎 × 𝟏𝟎−𝟔 

 

𝑰𝑪 =  𝟏𝟏. 𝟕𝟔 × 𝟏𝟎𝟑  ×  𝟏𝟎−𝟔 

𝑰𝑪 =  𝟏𝟏. 𝟕𝟔 × 𝟏𝟎−𝟑 

𝑰𝑪 =  𝟏𝟏. 𝟕𝟔 × 𝒎 𝑨 

 

 

 


