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a) Draw the schematic for a static CMOS network for the following function using the 
minimum number of transistor. Do NOT assume that the inverted inputs are available. 

 

Y = A'B'C' + ABC' + A'B'C + ABC 

 

b) Draw a Domino CMOS schematic (with PMOS precharge and feedback hold device) of the 
following functions F1 and F2 using the minimal number of transistors.  

 

F1 = (M·N + W) · P · (Q·R + S·T) 

F2 = T·S + R·Q 
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a) Write down the function OUT implemented by the circuit below: 
Minimize the number of transistors and draw the new schematic. Do NOT assume that the 
complementary inputs are available. 

C

B

A

BA C

B D

OUT
B

D
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 Describe the regions of operation for the NMOS and PMOS device in the transmission gate 
shown below in terms of linear, saturation and cutoff as the capacitor is charged or 
discharged: 

 

Vtn = 1.0V    Vtp=1.0V 
Vin

Cload

Vout
 

 

 a)  Initial conditions: Vin = 5.0V   Vout = 0.0V 

Condition PMOS Region NMOS Region 

Vin = 5.0V  Vout = 0.0V   

Vin = 5.0V  Vout = 2.5V   

Vin = 5.0V  Vout = 5.0V   

 

b) Initial conditions:  Vin = 0.0V   Vout = 5.0V 

 

Condition PMOS Region NMOS Region 

Vin = 0.0V  Vout = 5.0V   

Vin = 0.0V  Vout = 2.5V   

Vin = 0.0V  Vout = 0.0V   
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a) Determine the voltage on node VOUT.   
 

Assume:    μn = 2·μp     Ln = Lp      Vtn = Vtp      

Both transistors are operating in the saturation region. 

VOUT
Wn

Wn

Wp

 

      Express value on VOUT as a function of Wn, Wp  and VDD 

 

 

 

b) Determine the voltage on node VOUT.   
 

     Assume μn = 2·μp       Ln = Lp       Vtn = 1.0V   Vtp = 1.0V      

Both transistors are operating in the saturation region. 

 

      Express value on VOUT as a function of Wn, Wp and VDD 

 

VOUT

Wn

Wp
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a) Explain how the parasitic (field) transistor is formed between two n-channel 
transistors. How would you reduce the effects of these parasitic transistors? 

 

b) How does a “dummy collector” prevent latch up? 
 

 

 

 

a) Explain how the shape of the input waveform to a CMOS inverter alters the delay 
through the gate. 

 

b) Explain how you would estimate and plan the clock distribution scheme in a chip. 
Summarize the parameters that are relevant and explain how your scheme deals 
with these. 

  

 
 

 

a) What limits the VDD supply voltage in a CMOS technology (i.e., how low or high can 
you set it)? Explain what you expect the effects of these two voltage extremes to be 
on the internal circuits. Suggest situations where both of these voltage extremes 
might be of use. 

 

 

b) Suggest the approaches you would take to reduce the power dissipation of a CMOS 
chip. 
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 a) Complete the following state diagram for arcs: 8->3   6->7   3->6 

    Confirm that all other arcs are correct. If not, correct the equation(s).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) How many memory elements (Flip-Flops) are required to implement the state machine 
for: 

One-Hot Encoding:       
 

Fully Encoded:               

c) How many inputs are required for the state machine including state inputs for: 

One-Hot Encoding:      
 

Fully Encoded:            

11 22 33

88 44

77 66 55

A’

B’

B

A
D’•E’ 

E

F’

H

G
G’

F

H’

J’•K’

J•K’

B’

K

D•E’

B
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d) Fill out the following State Table for the state machine described above: 

Current 

State 
A 

B D E F G H J K  
Next 
State 

1 0          1 

1 1          2 

2  1         1 

2  0         3 

3   0 0       3 

3    1       4 

3   1 0       6 

4     0      4 

4     1      5 

5      1     5 

5      0     6 

6        0 0  6 

6        1 0  7 

6         1  8 

7       0    7 

7       1    8 

8  0         3 

8  1         1 
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A
B

C F

OUT
G

D

H

 

 

 

 

 

 

K 

 

a) Find vector(s) that allow the detection of a SA-1 and SA-0 fault on node F. 

SA-1:      Cannot detect. 

 
SA-0:      ABCD  { 001X, 111X }  D is a don’t care 

b) Find vector(s) that allow the detection of a SA-1 and SA-0 fault on node G. 

SA-1:     ABCD  {11XX }  C & D are don’t care 

 
SA-0:    ABCD { 1000, 101X, 011X }  

 

c) Find vector(s) that allow the detection of a SA-1 and SA-0 fault on node H. 

SA-1:  ABCD { 0101, 0100, 0001, 1101 } 

SA-0: ABCD { 011X, 10XX } 

d) Find vector(s) that allow the detection of a SA-1 and SA-0 fault on node K. 

SA-1: ABCD {011X } 

 
SA-0: ABCD { 001X, 111X } 
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