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1. Sedra & Smith, Problem 5.44  

 

2. Figure PS6.1 presents an NMOS transistor cross-section and its top-view. The length of the 

channel is 5𝜇𝑚. The width of the channel changes linearly from 1𝜇𝑚 at the source to 0.3𝜇𝑚 

at the drain. Derive the expression for the device current when operating in the saturation 

region as a function of 𝜇𝑛, 𝐶𝑜𝑥, 𝑉𝐺𝑆, 𝑉𝐷𝑆 and  𝑉𝑡ℎ. Assume 𝜆 = 0. 

 

 

 

 

Figure PS6.1 

 

For problems 3~5 below, use the parameters in Table PS6.1 as needed. 

PARAMETER NMOS VALUE PMOS VALUE UNIT 

𝑉𝑇𝑂  0.75 -0.75 V 

𝛾 0.75 0.5 √V 

2𝜙𝑓  0.6 0.6 V 

𝐾′
 25 10 μA/V2 

Table PS6.1 
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3. (a) Calculate the on-resistance for an NMOS transistor having 
𝑊

𝐿
= 100/1 and operating with 

𝑉𝐺𝑆 = 5𝑉 and  𝑉𝑇𝑁 = 0.75𝑉. (b) Repeat for a similar PMOS transistor with  𝑉𝐺𝑆 = −5𝑉 and  

𝑉𝑇𝑃 = −0.75𝑉.  (c) What 
𝑊

𝐿
 is required for the PMOS transistor to have the same 𝑅𝑜𝑛 as the 

NMOS transistor in (a)? 

4. (a) Calculate the drain current in an NMOS transistor if 𝐾𝑛 = 250
𝜇𝐴

𝑉2 ,  𝑉𝑇𝑁 = 1𝑉 , 𝜆 =

0.025𝑉−1, 𝑉𝐺𝑆 = 5𝑉, and 𝑉𝐷𝑆 = 6𝑉. (b) Repeat assuming 𝜆 = 0. 

 

For problem 5 below, use the parameters in Table PS6.2 as needed 

            

𝑽𝑺𝑩(𝑽) 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

𝑽𝑻𝑵(𝑽) 0.75 0.91 1.09 1.23 1.38 1.51 1.60 1.72 1.82 1.90 2.01 

 

Table PS6.2 

5. (a) What is the on-resistance and voltage 𝑉𝑜 for the parallel combination of the NMOS (
𝑊

𝐿
=

10/1) and PMOS (
𝑊

𝐿
= 25/1) transistors in Figure PS6.2 for 𝑉𝑖𝑛 = 0? (b) For 𝑉𝑖𝑛 = 5𝑉? This 

circuit is called a transmission gate. 

  

          Figure PS6.2                                                          Figure PS6.3 

6. Indicate the region of operation for an npn transistor biased as follows: 

(a) 𝑉𝐵𝐸 = −5.0𝑉, 𝑉𝐵𝐶 = 0.7𝑉.  

(b) 𝑉𝐵𝐸 = −5.0𝑉, 𝑉𝐵𝐶 = −5.0𝑉.  

(c) 𝑉𝐵𝐸 = 0.7𝑉, 𝑉𝐵𝐶 = 0.7𝑉. 

(d) 𝑉𝐵𝐸 = 0.7𝑉, 𝑉𝐵𝐶 = −5.0𝑉. 
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7. Indicate the region of operation for an pnp transistor biased as follows: 

(a) 𝑉𝐸𝐵 = 0.7𝑉, 𝑉𝐶𝐵 = 0.7𝑉.  

(b) 𝑉𝐸𝐵 = 0.7𝑉, 𝑉𝐶𝐵 = −0.65. 

(c) 𝑉𝐸𝐵 = −0.65𝑉, 𝑉𝐶𝐵 = 0.7𝑉. 

(d) 𝑉𝐸𝐵 = −0.65𝑉, 𝑉𝐶𝐵 = −0.65𝑉. 

 

8. The common-emitter output characteristics for an npn transistor are given in Figure PS6.3. 

What are the values of 𝛽𝐹  at (a) 𝐼𝐶 = 5𝑚𝐴 and 𝑉𝐶𝐸 = 5𝑉? (b) 𝐼𝐶 = 7𝑚𝐴 and 𝑉𝐶𝐸 = 7.5𝑉? 

(c) 𝐼𝐶 = 10𝑚𝐴 and 𝑉𝐶𝐸 = 14𝑉? 

 

9. (a) Find the Q-point, i.e., operating point, for the circuit in Figure PS6.4. Assume that 𝛽𝐹 = 50 

and 𝑉𝐵𝐸 = 0.7𝑉. (b) Repeat the calculation if all the resistor values are decreased by a factor 

of 5. (c) Repeat (a) for Figure PS6.5. (d) Repeat (b) for Figure PS6.5. 

 

                    

Figure PS6.4                                                             Figure PS6.5 

 

10. (a) Find the Q-point for the circuit in Figure PS6.4 if the 33𝑘Ω resistor is replaced with a 22𝑘Ω 

one. Assume that 𝛽𝐹 = 75. (b) Repeat (a) for the circuit in Figure PS6.5. 

11. Design a four-resistor bias network for an npn transistor using the resistor values in Figure 

PS6.6 to give 𝐼𝐶 = 10𝜇𝐴 and 𝑉𝐶𝐸 = 6𝑉 if 𝑉𝐶𝐶 = 18𝑉 and 𝛽𝐹 = 75. 𝐼𝐶 and 𝑉𝐶𝐸 must meet the 

specified values within a tolerance of ±10%. 

12. Design a four-resistor bias network for an pnp transistor using the resistor values in Figure 

PS6.6 to give 𝐼𝐶 = 13𝑚𝐴 and 𝑉𝐶𝐸 = 5𝑉 if 𝑉𝐶𝐶 = −15𝑉 and 𝛽𝐹 = 50. 𝐼𝐶  and 𝑉𝐶𝐸 must meet 

the specified values within a tolerance of ±10%. 
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Figure PS6.6 

 


