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

a) Implement the function with a static CMOS gate and two 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 = 4. (5 p) 

 

 
2. A resistive-load inverter connected to a capacitive load CL is shown in Fig. 1. Calculate 

values on RL that yield the properties below. 

 

Figure 1.  Resistive-load inverter with a capacitive load. 

a) An inverter switching threshold VM equal to VDD/2. (4 p) 

b) Equal rise and fall time (tpHL = tpLH). (6 p) 

 

 
3. A uniform wire has the total resistance R and capacitance C. 

a) Make an RC-chain model of the wire consisting of N identical segments. (2 p) 

b) Calculate the dominant time constant of the wire model using the Elmore formula. (4 p) 

c) Calculate the dominant time constant of the wire for large N. (2 p) 

d) Calculate the propagation delay of for large N. (2 p) 

 

 
4. State five circuit techniques for reducing the problems with capacitive cross talk in circuit 

design. (10 p 

  

RL

VDD=2.5 V

Vout

Vin
W 

=  
2.5 μm

L     0.25 μm
CL
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5. A positive 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 rises from low to high. (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) 

 

 
6. Draw block schematics of the adders below. Indicate critical paths in your drawings. 

a) Ripple-carry adder. (2 p) 

b) Ripple-carry adder with inverter elimination in carry path. (2 p) 

c) Carry-bypass (carry-skip) adder. (3 p) 

d) Carry-select adder. (3 p) 
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