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PROBLEM 1:  MOS Transistor – Regions of Operation (10 pts) 

Determine the region of operation for devices (a) and (b) for the VX values listed in the tables 

below. If you find that a device is on the boundary of two regions, write both regions in the table. 

For example, for a device on the boundary of linear and saturation region write (linear/saturation). 

Assume VSB = 0 for both devices (no body bias). 

 

Parameters: 

VTN = 0.17V, VTP = −0.2V 

ƐCN = 3V/m, |ƐCP| = 4V/m 

For both transistors: Ld = 110nm, xd = 15nm 

Device (a) (5 pts) 

|VDSATP| = |ƐCP|×Leff P = 0.32V. 

|VGT| = |VGS|–|VTP| = |VGS|–0.2 ≤ 0: cutoff 

Vmin = min (|VGT|, |VDS|, |VDSATP|) 

Vmin = |VGT|: saturation 

Vmin = |VDS|: linear 

Vmin = |VDSATP|: vel-saturation 

 

 

 

VX = 0 V VX = 0.6 V VX = 0.7 V VX = 1.1 V 

Saturation Saturation Linear/Saturation Linear 

 

Device (b) (5 pts) 

VDSATN = ƐCN×Leff N = 0.24V. 

VGT = VGS–VTN = VGS–0.17 ≤ 0: cutoff 

Vmin = min (VGT, VDS, VDSATN) 

Vmin = VGT: saturation 

Vmin = VDS: linear 

Vmin = VDSATN: vel-saturation 

 

 

 

VX = 0.4 V VX = 0.2 V VX = 0.09 V VX = 0 V 

Cutoff Saturation Saturation/Vel-Sat Vel-Sat 

 

0.9V 0.9V

0.5V 0.5V

VX VX

(a) (b)
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PROBLEM 2:  VTC (10 pts) 

Consider the circuit below, with the input at the gate of the NMOS transistor M1. M2 is also an 

NMOS transistor, but its gate voltage is fixed at 0.4V. 

 

 

Parameters: 

VDD = 1V, 

VDSAT = 0.3V, VT0 = 0.17V,  

kn’ = 130A/V
2
,  = 0,  = 0. 

(a) Calculate Vout for Vin = VDD. (3 pts) 

Since M1 is diode-connected, assume M1 is in velocity saturation (v-sat). 

Since M2 has very low VGS, assume M2 is in saturation. 

 

From        , 

      ((             )      
    

 
)        

(        ) 

 
 

            

 

Check: based on Vout, we confirm that M1 is v-sat and that M2 is sat. 

 

 

(b) Calculate Vout for Vin = 0.7V. (3 pts) 

Assume M1 is in v-sat (could be v-sat or sat, but VG = 0.7V is quite high, so assume v-sat) 

Assume M2 is in saturation for the same reason as in (a).  

 

From        , 

      ((             )      
    

 
)        

(        ) 

 
 

           

 

Check: based on Vout, we confirm that the assumptions are valid. 

 

Vout

0.4V

Vin

VDD

M2

M1

W/Leff = 2

W/Leff = 4

Vout = 0.64 V 

 

Vout = 0.32V 
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(c) Sketch the VTC for this circuit.  (4 pts) 

As long as M1 is in v-sat and M2 is in saturation like in parts (a) and (b), we have a level-shifter: 

                

When Vin is reduced such that M2 enters linear region (Vout < 0.4 – 0.17 = 0.23V), current equation 

has Vout
2
 term. Below Vin = 0.23V + 0.36V = 0.59V, the circuit is a non-linear level shifter down to 

Vin = 0.17V below which Vout = 0. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

PROBLEM 3:  Delay and Power (20 pts) 

Consider the following circuit, with NAND, NOR gates and two NMOS transistors. 

 

(a) What logic function is implemented by this circuit (inputs: A, B, C, D, E; output: F)? (4 pts) 

 

F = E • X + Ebar • Y 

X = NAND(A,B) 

Y = NOR(C,D) 

D
C

B
A X

Y

E

E F

CX

CY

CF

F = 𝑬 ∙ 𝑨 ∙ 𝑩      + 𝑬 ∙ 𝑪 + 𝑫         
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(b) Assume the NAND and NOR gates are static CMOS gates with device sizes such that NMOS 

transistors all have Ron = 10 kΩ and PMOS transistors all have Ron = 12 kΩ. Capacitance: 

CX = CY = 0, CF = 40 fF, any other capacitance not explicitly drawn is neglected (including 

capacitance at NAND and NOR gate internal nodes). Suppose now we have input transition 

from (A, B, C, D, E) = (0, 1, 1, 0, 1) to (A, B, C, D, E) = (0, 1, 1, 0, 0). Assuming ideal step 

transition at input E, calculate tpHL for this transition at output F. (6 pts) 

 

 

The discharging path goes through   -controlled and C-controlled NMOS transistors. So the 

pull-down resistance is: 

       +          

 

Since CY = 0, the pull-down delay tpHL is given by: 

                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
C

B
A X

Y

E

E F

CX

CY

CF

tpHL = 552ps 
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(c) Assume CX = CY = 10 fF, CF = 40 fF, any other capacitance not explicitly drawn is neglected 

(including capacitance at NAND and NOR gate internal nodes). Assume the probability of 

logic 1 for inputs: p(A = 1) = 0.5, p(B = 1) = 0.4, p(C = 1) = 0.2, p(D = 1) = 0.3, 

p(E = 1) = 0.6. fclk = 100 MHz, VDD = 1V, threshold voltage VTN = 0.2 V, VTP = −0.2 V. 

Calculate the average switching power Psw of the circuit (logic inputs A-E have 0 to VDD swing 

and gates are powered from VDD).  (10 pts) 

 

We can calculate switching probabilities of nodes X and Y in order to calculate power due to 

switching of CX and CY.  

p(X = 0) = p(A = 1)p(B = 1) = 0.5 * 0.4 = 0.2 

p(X = 1) = 1 – 0.2 =0.8 

                    

 

p(Y = 1) = p(C = 0)p(D = 0) = 0.8 * 0.7 = 0.56 

p(Y = 0) = 1 – 0.56 =0.44 

                        

 

                        
                   (  )         

                        
                     (  )           

 

Now we calculate switching probability of the output node F and the corresponding power. 

p(F = 1) = p(X = 1)p(E = 1) + p(Y = 1)p(E = 0) = 0.8 * 0.6 + 0.56 * 0.4 = 0.704 

p(F = 0) = 1 – 0.704 = 0.296 

                         

 

                         (       )

                      (       )           

 

 

 

 

 

 

 

 

 

Psw,X =      𝜇𝑊 

 
Psw,Y =      𝜇𝑊 

 
Psw,F =     𝜇𝑊 
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PROBLEM 4:  Gate Sizing of a Multi-Stage Network (10 pts) 

 

Consider such a multi-stage logic shown above. The numbers represent relative input gate 

capacitance. For example, the inverter with ―1‖ has input capacitance of Cin, the inverter with ―21‖ 

has input capacitance of 21Cin because it is 21 times as wide. Output is loaded with 60 Cin. 

 

(a) Find the minimum delay from input to output using logical effort.  (4 pts) 

 

We calculate stage effort f* that minimizes delay: 

             
 

 
 
 

 
 
  

 
 ,   

     

 
     

        , therefore optimal stage effort is    √   
 

      

 

Since all stages have equal stage effort at minimum delay, 

       
 +        +         

 

 

 

 

(b) Find the size of the NAND and NOR gates x and y (NAND has input capacitance xCin and 

NOR has input capacitance yCin) that minimize the delay from input to output.  (6 pts) 

 

Now start from the output and work backwards to calculate size of the gates:  

  
 

 
 

  

    
     ,    

 

 
 
    

    
      

  

x
Out

60

y
1In

21

x = 5.64 

 
y = 23.9 

 

Dmin = 21.95 

 


