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TOPIC : SOLID & SEMICONDUCTOR DEVICES 
EXERCISE # 1 

SECTION (A) 
 
1. N-type semiconductors are neutral because neutral atoms are added during doping. 
 
2. In insulators, the forbidded energy gap is very large, in case of semiconductor it is moderate and in 

conductors the energy to Q.15. 
 
16. Value of forbidden energy gap in semiconductor is 1 eV. 
 
17. Ga s is alloys semiconductor. 
 
19. Holes are found in p-type semiconductor.  
 
20. In semiconductor, no covalent bond breaks at 0 K, so, no electron is free at 0 K. At room temperature 

some covalent bonds break, so, some electrons and holes become free. More covalent bonds break at 
high temperature and so, number of free electrons increases at high temperature. 

 
22. Increase of temperature increases resistance of conductor but decreases resistance of semiconductor. 
 
24. Cu is conductor and Ge is semiconductor.  
 Increase of temperature increases resistance of conductor but decreases resistance of semiconductor. 
 
26. In a p type semiconductor, the germanium is doped with elements which have incomplete outer shell of 

electrons like aluminium, boron and gallium. 
 
27. Presence of large number of free electrons in metallic bond solids, make them good conductor of 

electricity. 
 
28. The donor level is found only in n-type semiconductor. The donor level lies closely below the bottom of 

the conduction band. 
 
30. The difference in the variation of resistance with temmperature in metal and semiconductor is caused 

due to difference in the variation of the number of charge carriers with temperature. 
 
36. In the given situation the number of holes in valence band is greater than number of electrons in 

conduction band. So it is p-type semiconductor. 

 
39.  I = neAvd 

   =  

 Here,  = ,  =  

   =   ⇒  =  = . 

 
40. If lattice constant of semiconductor is decreased, then EC and Ev decrease but Eg increases. 
 

  HINTS & SOLUTIONS 
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46. Covalent bonding exists in semi-conductor. 
 
SECTION (B)  

26. By using E =  = 6 × 105 V/m 
27. The diode is in reverse biasing so current through it is zero. 
 

28. Current flow is possible and  = 10–2 A 
 

29. For full wave rectifier  ⇒ nmax = 81.2% (rƒ << RL) 
 

36. The emitter base junction is forward biased while collector base junction is reversed biased.  
 

47. ac  dc 
 
48. In a p-n junction diode, majority carriers are holes on p-side and electrons on n-side. Holes, thus diffuse 

to n-side and electrons to p-side. Thus diffusion causes an excess positive charge in then-region and an 
excess negative charge in the p-region and an excess negative charge in the p-region near the jjunction. 
Thus double layer of charge creates an electric field which exerts a force on the electrons and holes, 
against their diffusion. Thus electric field becomes strong enough as diffusion proceeds to stop it. In the 
equilibrium position, there is a barrier, for charge motion with the n-side at a higher potential then the p-
side.  

 The junction region has a very low density of either p or n-type carriers, because of inter diffusion. It is 
called depletion region. There is a barrier VB associated with it. This is the potential barrier. 

 
49. When the connection of battery is reversed, then a semiconduction device is reverse biased. We know 

that in forward biasing of p-n junction the current is of the order of milliampere while in reverse biassing 
the current is of the order of microampere (negigible). Thus, device is a p -n junction. 

 

65. When p-side of p-n junction is given more positive voltage as compared to n-side, then junction diode 
becomes forward biased. 

 

66. In reverse biasing, the applied voltage V on the n-side is positive and is negative on the p-side. The 
applied bias V. and the barrier potential VB are in the same direction makning the effective junction potntial 
V + VB As a result, the junction width will increase, The higher junction potential restricts the flow of 
majority carriers. So, reverse bias current will be due to the ninority carriers only.  

 

67. Due to have revise blasing the width of deplection region increases and current flowing throgh the diode 
is almost zero. In the case electric field is almost zero at the middle of the depletion region 

 

72. p-n photodiode is a semiconductor diode that produces a significant current when illuminated. It is 
reversed biased but is operated below the breakdown voltage.  

 Energy of radiation = band gap energy  

 ie,  hν = 2.0 eV 

 or ν =  ≈ 5 × 1014 Hz 
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75.  
 This circuit compel to diode in reverse biased.  
 ∴ (2) is correct. 

76.  

 amp  ∴     (4) is correct.  
 
77. Diode is forward biased in first half cycle and amplitude of signal is 5V.    

  
 Correct choice: (4)  

 
83. For a wide range of values of load resistance, the current in the zener diode may change but thevoltage 

across it remains unaffected. Thus the output voltage across thezener diode is a regulated voltage.  
 
86. Diode in revers by so current thrugh A1 is zero. 
 
87. The term LED is abbreviated as ‘Light Emitting Diode’. It is forward biased p-n junction which emits 

spontaenous radiation. Current in the circult = 10 mA = 10 × 10–3 A and voltage in the circuit = 6 – 2 = 4v. 
From ohm’s law,  

 ∴  R =  =  = 400 Ω  

 
SECTION (C)  
3. α is the ratio of collector current and emitter current while β is the ratio of collector current and base 

current. 
 

4. β =  = 49 

 
5. In common emitter configuration of a transistor, the input current is a base current. Inupt current  

  iB =   

     =  = 10–5 A  
 Also current gain  

  β =   
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 ∴   ic = βiB = 50  × 10–5 A 

     = 500 × 10–6 A = 500 µA   
 

10. β =  

 β = ⇒ ΙC = βΙB = 49 × 0.02 mA = 0.98 mA 

  VLoad = ΙCRL = (0.98 mA) [5KΩ] = 4.9 volt 

 
11. To swithcv on the transistor, the emitter - base junction of a transistor is forward blased while collector - 

base junction is reverse biased. The cut - off voltage for silicon is 1v, so to swithc on a silicon transitor a 
potential difference of 1v approximately is required between the base and emitter.  

12. β =    ΙB =    

 ΙB =  = 5 × 10–5 A  ΙC =  = 5 mA RB =  =  = 2 × 105 Ω 
 
13. Power gain = current gain x voltage gain  

 Voltage gain = β   

 So, Power gain = 50 × 50 ×  = = 6250  
 
16. AC power gain is ratio of change in output power to the change in input power.  
 Ac power gain  

 =  =   =   ×  = AV × βAC ×   

 ∴ βAC = 25  

 Now, AC power gain = AV × βAC = 50 × 25 = 1250  

 
17. When NPN transistor is used as an amplifier, majority charge carrier electrons of N-type emitter move 

from emitter to base and than base to collector.  
 

19. β =  and ΙE = ΙC + ΙB  ∴   β =  =  = 49. 

21. The circuit arrangement is shown in figure. Collector current,  

IC = =  
 Now VCE = 9 – 1 = 8 volt 

 Current gain β =   or  

 ∴ IB = 1.04 × 10–3 amp 

 Voltage gain = β  

  =  
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 Power gain =  × 5 = 4.6 
 Again  IE = IB + IC = 1.04 × 10–3 + 10–3 = 2.04 × 10–3A   

22. AV = β   ⇒ G = 25   ...........(i) 

 Gm =   ⇒ R1 =  =  

 G = 25   × 0.03  ......(i) 

 G’ = 20   × 0.02  …...(ii) 

 G’ =  G 

23. Voltage gain =  

 =  = 2 × 1000 = 2000  
 
 
24. VCE = 12 volt 

 β =  

 ic = 100 × 0.04 × 10–3 
 VCC = VCE + ICRC 
 20 = 12 + 4 × 10–3 × RC 

 R = 2 kΩ 
 

25 By definition, the A-C current gain β is given by  

      
  ∴ ΔIC = β × ΔIB = 19 × 0.4 mA = 7.6 mA. 

  The emitter - current is the sum of the base- current and the collector-current (iE = iB + iC) 

 ∴ ΔIE=ΔIB + ΔIC= 0.4 mA + 7.6 mA = 8 mA. 

    
SECTION (D)  
1. For 'XNOR' gate  

 i.e.,  = 1.1 + 0.0 = 1 + 0 = 1 

  = 1.0 + 0.1 = 0 + 0 = 0 

  = 0.1 + 1.0 = 0 + 0 = 0 

  = 0.0 + 1.1 = 0 + 1 = 1 
 
2. The output D for the given combination 

 D =   

 If A = B = C = 0 then D =  = 1 + 1 = 1 

 If A = B = 1, C = 0 then D =  = 0 + 1 = 1 
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3.  = 0.96 and ie = 7.2 mA 
 ⇒ ie = 0.96 × ie = 0.96 × 7.2 = 6.91 mA 
 ∴ ie = ic + ib ⇒ 7.2 = 6.91 + ib = 0.29  mA 
 

4. ic =  × ic  ⇒ 10 = 0.9 × iE = 11 mA 

 Also iE = iB + iC  ⇒ iB = 11 – 10 = 1 mA  
 
5. β = 50, Ri = 1000 Ω, Vi = 0.01V 

  and ib =  = 10–5 A  

 Hence ic = 50 × 10–5  A = 500 μA   

 

6.  = 0.99 
10. NAND gate. 
 
13. The gates used in the given circuits are NAND gates.  

  
 The simplified form of circuit is shown in figure.  

 ∴ =  =  = A + B 
 Hence, this circuit works as OR gate.  
 
15. Key Idea: Gates-I and II are NOR gates.  
 We can simplify the gate circuit as  

     
 Here. gates-I and II are NOR gates. The output (A + B) of gate-I will be appeared as input of gate-II. The 

final output is  
  Y = A + B = A + B  
 This is the Boolean expression of OR gate whose truth table is given below : 

       
 
16. From the logic gate circuit, 
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 By De Morgan’s theorem 

   

 So,   
 or Y = A+ B 
 This is Boolean expression of OR gate whose truth table is given below: 
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17. The gate circuit can be shown by giving two inputs A and B. 

   
  

 Output of NOR gate,   Y1 =  

 Output of NAND gate,   Y2 =  

          =   

     =  
     = (A + B) + (A + B) 
     = A + B 
 Output of NOT gate,  

     Y =  

     =  
 which is the output of NOR gate.  
 Alternative :  

   

   
 Same as NOR Gate  

   
 
20. For 'OR gate X = A + B 
 i.e., 0 + 0 = 0, 0 + 1 = 1, 1 + 0 = 1, 1 + 1 = 1  
 

21. In NOR get Y =  

 i.e.,  ,   

 ,  

EXERCISE # 2 

5.     
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 Vrms =  

 V0 =  = 155 volt.  
7. Enegry, 

 Emin =   ∴  

  =  = 8.654 × 10–7 m 
  = 8654 × 10–10 m = 8654 Å   
 
8. (a) To find the given circuit can be used as an amplifier, we find VBE and VCE 
 VBE = VCC - IBRB 
  = 5.5 - 10 × 10-6 × 500 × 103 
  = 0.5 V 
       VCE = VC - ICRC 
  = 5.5 - 5.2 × 10-3 × 1 ×103 
  = 0.3 V 
 As both the emitter-base junction and collector emitter junction are forward bias (both have positive 

   sign), it can’t be used as an amplifier. 
 (b) In CE configuration, 

 Current gain  = 69  ....(i) 
 and  IE = IB + IC = 7 mA ....(ii) 
 From Eqs. (i) and (ii), we get 

   69 =  
   IC = 6.9 mA 
 Substituting the value of IC in Eq. (ii), we obtain the value of lB = 0.1 mA. 
 
 

EXERCISE # 3 
PART - I  

 

1. Only signal having wavelength less than threshold wavelength will be detected. 

 Energy  E = hν = h  

 ⇒  λ =     

 Substituting the value of h, c and E in the above equation 

   = 5000 Å 
 As 4000 Å < 5000 Å 
 Signal of wavelength 4000 Å can be detected by the photodiode  
 
3. (a) In reversed biased p-n junction positive terminal of the battery is connected to the n-side of diode and 

negative terminal of the battery is connected to p-side of diode. 
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 (b) When input voltage is -5V, the diode is reverse biased and no output is obtained. On the other hand, 

when input is +5V, the diode is forward biased and output is obtained which is +5V. Therefore, the output 
wave from is shown in the figure. 

   
 (c) The given circuit is a combination of AND and NOT gate (NAND gate). 
 The truth table will be as shown below :   

           
 
4. In a n-type semiconductors, electrons are majority carriers and holes are minority carriers.  
 

5. The device that can act as a complete circuit is integrated circuit (Ι.C.). 

 
6. Here, 
 Voltage gain = 50 

 Input resistance, Ri = 100Ω  

 Output resistance, R0 = 200Ω  

 Resistance gain =  =  = 2 

 Power gain =  
 

7.   
 The Boolean expression of the given circuit is  
  Y = (A + B) . C 
 The table truth of the given input signals as shown in the table  

  
 From the table truth we conclude that output Y = 1, for the inputs A = 1, B = 0, C = 1 
 for the inputs A = 1, B = 0, C = 1 
 Hence option (3) is correct 
 
8. It is clear from given logic circuit, that output Y is low when both the inputs are high, otherwise it is high. 

Thus logic circuit is NAND gate. The truth table of logic gate is  
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9. Only in (1) and (3) 
 Diodes are forward biased 
 As p–type should be higher potential & n–type at lower potential. 
10. ni2 = nenh 
 

 (1.5 × 1016)2 = ne(4.5 × 1022) 
 

 ne = 0.5 × 1010 
 ne = 5 × 109 
 nh = 4.5 × 1022 
 nh >> ne 
 Semiconductor is p–type and ne = 5 × 109 m–3. 
 
11. Voltage across zener diode is constant 

   

 (i)1kΩ =  = 15 mA 

 (i)250Ω =  =  =  A = 20 mA  
 ∴ (i)zener diode =  (20 – 15) = 5 mA. 
 

12. β =  =  = 50 

 
15. When small amount of antimony (pentavalent) is added to germanium crystal then crystal becomes n-

type semi-conductor. 
 
16. Here D1 is in forward bias and D2 is in reverse bias so  

  AmP. 
 

17.  

 V0 = ΙC RC = 2 
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 ΙC =  AmP 

 Current gain =   

 ΙB =   

 Vi = RB ΙB = 1 × 103 × 10–5 = 10–2 Volt 

  = 10 mV  
 Ans. (4) 
 
18. 6C = 1S2, 2S2 2P2 
 14Si = 1S2, 2S2 2P6, 3S2 3P2  
 As they are away from Nucleus, so effect of nucleus is low for Si even for Sn and Pb are almost mettalic. 
 

19. Ι → ON 

 ΙΙΙ → off  

 In ΙΙnd state it is uesd as a amplifier it is active reigon.  

20.   
    OR gate 
 

21. Voltage gain =  

 = = 2 × 1000 = 2000 
 
22. When A = 1,  B = 0, C = 1 then Y = 1   
 
23. Holes are minority carriers and pentavalent atoms are dopants. 
 

24. ΔV = β   ⇒ G = 25  ...........(i) 

 gm =   ⇒ R1 =  =  

 G = 25  × 0.03  ......(i) 

 G’ = 20  × 0.02  .....(ii) 

 G’ =  

25.  

  =   = A B 
Alternate: 
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26.  
 It is V – i cherecterstic curve for a solar cell, where A represent open circuit voltage of solar cell and B 

represent short circuit current. 
 
27. The barrier potential depends on type of semiconductor (for Si Vb = 0.7 volt & for Ge Vb = 0.3 volt), amount 

of doping and also on the temperature. 
 
28. Truth table  

  
 = AND  gate (2) 
 

29.  
 So ans will be (1) 
 
30. For diode as ideal 

 i =  = 10–2 A 
 

31. Voltage gain = [current gain] [resistance gain] 

 [.96]  
 Power gain = [current gain] [resistance gain] 
 [.96] [4] = 3.84 
 

32. NOR gate 
 

33.  A = 10–3A 
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 Rb = 200 Ω  

 Vin = Rbib = 2 × 10–2 volt  

 So voltage gain =  
 Power gain = 150 × 100 = 15000 
 

34.  
 

35. iB =  = 40 μA 

 VCE = Vcc – icRc 

 0 = 20 –(ic) (4×103) 

 ic =  = 5mA ⇒ β =   = 125 

 
36. In p-n junction diode, change in temperature due to heating affect the overall V1 characteristic of a diode 
 

37.  

 y =  
 
38. p-type semiconductor holes are majority for creating holes al, ga, B in trivalent impurities are added 
 
 
39. When switch A → on LED light up 

 so    
 when switch B is switch on A is off 
 then Led light up 

  
 When switch of A and B both on short circuit full current flous through switch led → switch off 

  
 

40. ΔE =  ⇒ λ =  =  = 654 nm 

 



   Solids & Semiconductor Devices  
 

 
 

91 | Page 
 
 
 

41.  
 Since the truth table is similar to NOR gate, so this system will behave like a NOR gate 
 

PART - II  
 
1. The output voltage is given by, 

  
 Here, Vi = 1 mV, β = 100 

 RL = 10 kΩ, RBE = 1 kΩ 

 ∴ V0 = 1 × 10–3 × 100 ×      
 
2. The resistivity of semiconductor decreases with increase in temperature and is given by  

  
 Where Eg is the energy gap, kB is the Boltzmann constant, T is the absolute temperature.  
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3. Truth table  

  
 A B A' B' Y 
 0 0 1 1 0 
 0 1 1 0 0 
 1 0 0 1 0 
 1 1 0 0 1 
 Output of this is same as that of AND gate. Alternatively  
 The Boolean expression for the given logic gate is  

  

 Applying De Morgan's theorem  
 This is the Boolean expression for the AnD gate.  
 

4. Voltage gain,  
 

PART - III  

1.  = A.B 
 it is AND  gate.  
 
2. From Half wave rectifier  
 

3.  = NOR gate  
 When both inputs of NAND gate are connected, it behaves as NOT gate OR + NOT = NOR. 
 

4. y =  

 =  

 =   

 =  +  +  +  

 y = 0 +  +  + 0 
 
5. For forward bias VP > VN 

 So        is forward biased. 

 
6. For conductor (Cu) resistance increases linearly and for semiconductor resistance decreases 

exponentially in given temperature range.   

 
7. Whenever we have 1 at input, output is 1.  
 So the gate is or 
 
8. From standard data  
 Ans. is (4) 
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9.  

 α =  

 

10.  
 ΔVCC = ΔVCE + RLΔIC = 0 

 or ΔVCE = – RLΔIC 

 The change in VCE is the output voltage v0. From equation we get 
 v0 = ΔVCE = – βacRLΔIB 

 The voltage gain of the amplifier is 

 Av =  =  =  
 The negative sign represents that output voltage is opposite with phase with the input voltage. 
 
11. For silicon diode barrior potential is 0.7V 

 So I = = 0.0115A = 11.5mA  

12. σ = neμ  

  = =  
13. For shown case V0 = 12 – 0.3 = 11.7 
 In second case V0 = 12 – 0.7 = 11.3  
 So difference = 0.4 V 

14.  

    

 ∴ R =  
 X = 1, Y = 0 
 

15.  

 Ι = 9mA 
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16. Since the second diode is reverse biased the simplified circuit is  as shown in the figure 

  

 I =  = 0.02 A  

17.  
If we consider break down in zener diode, then potential across R3 will be 10V and R1 will be 2V. 

 So current in R3 will be i3 =   

 and current in R1 will be i1 = A 

  i1 < i3, which is not possible  

  Potential difference across zener diode does not reach to break down voltage. So no current will 
flow through reverse biased zener diode. 

 

18. When switched on,  
 VCE = 0 
 VCC – RC iC = 0 

 ic =  =  = 5 × 10–3A 

 ic = βiB 

 iB =  =  = 25 × 10–6A    = 25 μA 

 Using KVL at input side, 
 VBB – iB RB – VBE = 0 
 VBB = VBE + iB RB    

 = 1 + 100 × 103 × 25 × 10–6 = 1 + 2.5 = 3.5 V 

 

19.  

 Y =  

 Y =  

     =  
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     =  

     =  


