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1 a) What is the maximal value on the gate capacitance of a MOSFET? (2 p) 

 b) What is the voltage transfer characteristic (VTC) of a digital circuit? (2 p) 

 c) Explain how the resistance of a conducting transmission gate can be designed to be 
 approximately constant. (2 p) 

 

2 Given the data in Figure 1 for a short channel NMOS transistor with VDSAT = 0.58 V and 
k' = 122 µA/V2, calculate the parameters below. 

 a) VT0  (3 p) 

 b) γ  (3 p) 

 c) 2|φF|  (3 p) 

 b) W/L  (3 p) 

 

Figure 1. Measured NMOS transistor data.   

 

3 A metal wire have resistance Rwire = 2 Ω, sheet resistance Rsq = 0.07 Ω/square, width Wwire 
= 3 µm, capacitance per area Carea = 0.019 fF/µm2, and capacitance per length Cedge  = 
0.025 fF/µm. 

 a) Why is sheet resistance measured in Ω/square? (2 p) 

 b) Calculate the length of the wire. (4 p) 

 c) Calculate the total capacitance of the wire. (4 p) 

 

4 The function  shall be implemented. Complements to the inputs are not 
available. 

 a) Implement the function with a static CMOS gate and static CMOS inverters. (5 p) 

 b) Size all transistors so that the worst-case output resistance of the gate and inverters is  
 the same as that of an inverter with an NMOS W/L = 3 and PMOS W/L = 5. (5 p) 

 

 

Data set VGS (V) VDS (V) VBS (V) ID (µA) 

1 2.5 1.8 0 1812 

2 2 1.8 0 1297 

3 2 2.5 0 1361 

4 2 1.8 –1 1146 

5 2 1.8 –2 1039 
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5 A precharged 2-input NAND gate shall be designed. 

 a) Draw the transistor schematic of the gate. (4 p) 

 b) Explain the operation of the gate. (4 p) 

 c) Explain how charge sharing may occur. (4 p) 

 

6 A negative edge-triggered master-slave D flip-flop shall be designed. 

 a) Use inverters and transmission gates to design a D flip-flop that transfers the logical  
 value at the input D to the output Q when the clock falls from high to low. (5 p) 

 b) Sketch a timing diagram that illustrates the transfer of both a low and a high logical  
 value from D to Q. Include the clock, input, and output nodes, as well as the  
 intermediate node between the two latches. Define the setup time, hold time and  
 clock-to-output delays (high-to-low and low-to-high). What can happen if the setup  
 time or hold time is violated? (5 p) 
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