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1 a) How are problems with metastability avoided in latches? (2 p) 

 b) What is an overlap capacitance? (2 p) 

 c) What is a noise margin of a digital circuit? (2 p) 

 d) How does charge leakage affect the operation of a precharged gate? (2 p) 

 e) Why are VIL and VIH for an inverter defined as the input voltages Vin yielding 
  dVout /dVin = –1? (2 p) 

 

 

2 An NMOS transistor is plugged into the test configuration shown in Figure 1. Determine 
the operation region, VD, and VS for the two cases below. For simplicity, assume λ = 0 
and γ = 0. 

  

Figure 1. Test configuration for NMOSFET. 

 a) R = 10 kΩ. (5 p) 

 b) R = 30 kΩ. (5 p) 

 

 

3 A metal wire have resistance Rwire = 2 Ω, sheet resistance Rsq = 0.07 Ω/square, width 
Wwire = 2 µm, capacitance per area Carea = 0.05 fF/µm2, and capacitance per length 
Cedge  = 0.06 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) 

 

R

VDD=2.5 V

VD

W/L=
2.5 μm

0.25 μm
VS

Vin=2.0 V

I=50 μA
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4 The function F = AB+AC shall be implemented in static CMOS logic. The complements 
to A, B, C are not available. 

 a) Implement the function with at most eight transistors. (5 p) 

 b) Size all transistors so that the worst-case output resistance is the same as that of an  
 inverter with an PMOS W/L = 4 and NMOS W/L = 3. (5 p) 

 

 

5 The circuit in Figure 2 is supposed to realize the function F(A, B, C) = A + BC. However, 
the circuit does not work as intended. 

  

Figure 2. A faulty logic circuit. 

 a) What type of logic has been used in this realization? (2 p) 

 b) What is the problem with this circuit? (2 p) 

 c) Redesign the gate so that the wanted function F(A, B, C) is realized correctly. (6 p) 

 

 

6 Consider a static random-access memory (SRAM) with full-VDD precharge of the bit-
lines and sense amplifiers connected to the bit-lines. 

 a) Draw the transistor schematic of a six-transistor CMOS SRAM cell. (3 p) 

 b) Describe a write operation of the SRAM cell. (2 p) 

 c) Describe a read operation of the SRAM cell. (2 p) 

 d) Briefly discuss considerations in sizing the cell’s MOSFETs. (3 p) 

 

F

B

C

C

C
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