
Page 1 of 4 

Solutions to exam 2020-01-07 in TSTE86 Digital ICs 
 
1.  

a) Derive logic function F = G' from the switch net function Sn of the precharged circuit 
   

b) The clocked PMOSFET is used to precharge G high, which will be the output value if the 
logic net does not conduct. The clocked NMOSFET is used to evaluate the logic function 
by connecting the logic net to ground. If the net conducts, G will be discharged to 0. 

c) Charge sharing may occur according to the following example. If F(A, B, C) is evaluated 
with F(0, 1, 0), F(0, 0, 1), or F(0, 1, 1), capacitance Cx is discharged. Then if F(1, 0, 0) is 
evaluated next, the voltage of node G should remain at VDD, but is instead reduced due to 
sharing of CG’s charge with Cx. Depending on how much the output voltage is reduced, 
we may need to redesign the circuit to ensure proper operation. 

d) Use same (minimum) L for all MOSFETs 
 The PMOSFET pull-ups consist of single transistors Þ WP,inv = 5 
 The inverter NMOSFET consists of a single transistor Þ WN,inv =  3 
 Design all NMOSFETs in a single path to 
 have same width 

   

 The circuit with aspect ratios indicated is 
 shown in the schematic to the right 

 
2.  

a) VD is given by the voltage drop over the resistor due to constant current 
  VD = VDD – RI 
   
 A small R causes a small voltage drop over R, and a large over the MOSFET. Try with  
 saturated operating mode and solve for VGS 

   

 Find VS 

   
 Check operation mode 
   

 The MOSFET is saturated. 

Sn = A B+C( )⇒G = Sn A,B,C( ) = A B+C( )⇒ F =G = A B+C( )
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b) VD is given by the voltage drop over the resistor due to constant current 

   
 A large R causes large voltage drop over R, and a small over MOSFET. Try with linear  
 operating mode and solve for VS 

   

   

   
 Check operation mode 
   
 The MOSFET is linear. 
 
 

3.  
a) RC switch model 

  

b) As we can see from equivalent RC model, the case in which both inputs transition go low 
(A = 1®0, B = 1®0) results in a smaller delay because of two Rp in parallel makes the 
total resistance to be Rp/2. 

c) The reason for the different delay involves the internal node capacitance of the pull-down 
net (i.e. in the connection M1—M2). For the case in which A = 1 and B transitions from 
1®0, the pull-up PMOS device only has to charge up the output node capacitance (M2 is 
turned off). On the other hand for the case in which B = 1 and A transits from 1®0, the 
pull-up PMOS device has to charge both the output and the internal node capacitances, 
which slows down the transition. 

 
4.  

a) Estimate the output resistance Rout of the inverter 

   

 Estimate resistance Rw and capacitance Cw of the wire 
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 The delay can be estimated from e.g. a π model of the wire 

   
 Estimate the delay with the Elmore delay formula 

   

b) The circuit with the repeater will consist of two sections where the resistance and 
capacitance of the wire are halved compared to a). This results in the delay estimation 

   

 
 

5.  
a) Propagate:  
 Generate:  
 Sum:  
 Carry bits Þ sum bits: 

  

 
b)  

        

 
c) A schematic of the 3-bit CLA is shown on next page. 
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Pi = ai ⊕ bi
Gi = ai ⋅bi
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 Computation of s2 is slightly longer than cout and hence critical 
 Propagation delay: tp = 90+70+70+90 ps = 320 ps 
 
 

6.  
a) A property that measures the ease of observing the state of an internal circuit node at the 

circuit output. 

b) A property that measures the ease of setting the state of an internal circuit node from the 
circuit input. 

c) A collection of tricks and techniques that aims at increasing the observability and 
controllability, often tailored to a particular application. 

d) A reconfiguration of many registers into a serial shift register. By this the internal register 
data can be read and written also in state machines, which are very hard to test from the 
circuit boundaries.  

e) On-chip generation of test stimulus and analysis of response. This typically improves 
test time significantly compared with off-chip test generation. 

 


