
    
 
Roll No: 153079029              VLSI DESIGN ASSIGNMENT 1 
 
  
The method of logical effort allows us to deal with different components of gate 
delay indepen-dently. Effect of the manufacturing process is represented by τ , 
which is the delay of a unit inverter driving another unit inverter without including 
parasitic delay. The effect of loading is represented by h, which is the ratio of load 
capacitance to input capacitance. The effect of gate topology is represented by g and 
the delay due to parasitic loading is accounted for by p. 

 
We shall evaluate these parameters for a technology whose model parameters are 

given at the end of this assignment. We first design a minimum sized inverter with 
equal rise and fall times at the output. 
 
 
Q–1 We first design the minimum sized inverter or x1 inverter. Channel length for 

all transistors will be 0.4µm. Minimum channel width is 0.6µm. Include the 
drain and source capacitances by specifying ad = as = 2W × Lmin and pd = ps = 
2 × (W + 2Lmin). For this process, we shall take VDD to be 3.3V. 

 
 

Simulate an inverter taking a minimum sized n channel transistor. Initially take 
the p channel transistor W/L to be 3 times (≈ U0n/U0p in the model file) that of 
the n channel transistor. Use a load capacitor of 0.1 pF, so that the rise and fall 
times are large. Adjust the W/L of the p channel transistor till the rise time and 
fall time of the inverters are equal. This inverter (without the load capacitor) 
will be our unit inverter (x1). Make a sub-circuit with this inverter. Make sure 
you give a short enough time step in your .tran statement (≤ 1ps) so that you 
can evaluate delays of the order of tens of ps accurately. 
 

 
Ans: Netlist 

 
inverter 
.include model.txt 
M1 3 2 0 0 CMOSN L=0.4um W=0.6um ad=0.48p as=0.48p pd=2.8u ps=2.8u 
M2 3 2 1 1 CMOSP L=0.4um W=1.5483000um ad=1.23864p as=1.23864p 
pd=4.6966u ps=4.6966u 
CL 3 0 0.1pF 
Vdd 1 0 3.3v 
Vin 2 0  
Vin 2 0 pwl(0 0v 0.1ps 0v 1ps 3.3v 4ns 3.3v 4.1ns 0) 
.tran 8ns 10ns 
.MEASURE TRAN risetime TRIG v(3) val=0.33 rise=1 TARG v(3) val=2.97 
rise=1 
.MEASURE TRAN falltime TRIG v(3) val=2.97 fall=1 TARG v(3) val=0.33 
fall=1 
.control 
run 
plot v(3) v(2) 
.endc 
.end 
 
 



For NMOS, by taking L=0.4um W=0.6um and adjusting W/L for PMOS, 
by taking L=0.4um W=1.5483000um, equal rise and fall times are 
observed. 
 
Following is the screenshot of simulation result showing equal rise and fall 
time of inverter.  
 

 
 
 
 
 
 
Graph of Output V/S Input waveform of Inverter. 
 

 
 
 
 
 

  
  

  

 
 
 



 
 

  

  
  
 

Ans: Netlist: 
 
inverter 
.include model.txt 
.subckt inverter in out gnd vdd 
M1 out in gnd gnd CMOSN L=0.4um W=0.6um ad=0.48p as=0.48p pd=2.8u ps=2.8u 
M2 out in vdd vdd CMOSP L=0.4um W=1.5483000um ad=1.23864p as=1.23864p 
pd=4.6966u ps=4.6966u 
.ends inverter 
V1 vdd gnd dc 3.3v  
X1 in1 out1 gnd vdd inverter 
X2 out1 out2 gnd vdd inverter 
X3 out2 out3 gnd vdd inverter 
X4 out3 out4 gnd vdd inverter 
X5 out3 out4 gnd vdd inverter 
X6 out3 out4 gnd vdd inverter 
X7 out3 out4 gnd vdd inverter 
X8 out3 out4 gnd vdd inverter 
X9 out3 out4 gnd vdd inverter 
 
 
cl out4 gnd 0.1P  



vin in1 gnd PULSE(0 3.3 0 0.1PS 0.1PS 10NS 20NS) 
 
.tran 20ns 30ns 
.control 
run 
MEAS TRAN tau1 TRIG v(out2) val=1.65 rise=1 TARG v(out3) val=1.65 fall=1 
MEAS TRAN tau2 TRIG v(out2) val=1.65 fall=1 TARG v(out3) val=1.65 rise=1 
let tau=(tau1+tau2)*0.5 
print tau 
 
plot v(out3) v(out2) 
.endc 
.end 
 
Simulation Result : 
The simulation result and graph below are shown for only one case out of 6 cases 
when all six inverters are connected in parallel. The table below shows all the 
delays considering all 6 cases. 

 
 
 
 
 
 
 
 
 
 



Graph of Output V/S Input of DUT  
 

 
 
 
 
 
 
 
 

The following table shows different delay values of inverter for different no. of 
inverters connected in parallel 

 

 
 

 

 

 



The following is the graphical representation of above tabulated values. 

 

 
 
 
It is seen that the delay plot is a straight line with the slope of 2*10^(-11) which 
represents ԏ. 
p ԏ=5*10^(-11). 
 

  



Q–3 A) Simulate the circuit in the figure above, using a 2 input NAND gate as 
the DUT. The transistor geometries of the NAND should be scaled 
from the x1 inverter by the usual series parallel rules. Plot the delay in 
units of τ versus the fanout and evaluate the logical effort as well as 
the p value for the NAND gate. 

 
B) Repeat the evaluation of g and p for 2 input NOR gate scaled 

according to series parallel rules from an x1 inverter. 
 
Ans:  (a) NAND: 

 

 Netlist: 

  

Nand 

.include model.txt 

.subckt inverter in out gnd vdd 

M1 out in gnd gnd CMOSN L=0.4um W=0.6um ad=0.48p as=0.48p pd=2.8u 

ps=2.8u 

M2 out in vdd vdd CMOSP L=0.4um W=1.5483000um ad=1.23864p 

as=1.23864p pd=4.6966u ps=4.6966u 

.ends inverter 

 

.subckt nand a b d4 gnd vdd 

M3 d3 a gnd gnd CMOSN L=0.4um W=1.2um ad=0.96p as=0.96p pd=4u 

ps=4u 

M4 d4 b d3 d3 CMOSN L=0.4um W=1.2um ad=0.96p as=0.96p pd=4u ps=4u 

M5 d4 a vdd vdd CMOSP L=0.4um W=1.5483000um ad=1.23864p 

as=1.23864p pd=4.6966u ps=4.6966u 

M6 d4 b vdd vdd CMOSP L=0.4um W=1.5483000um ad=1.23864p 

as=1.23864p pd=4.6966u ps=4.6966u 

.ends nand 

 

V1 vdd gnd dc 3.3v  

X1 in1 out1 gnd vdd inverter 

X2 out1 out2 gnd vdd inverter 

X3 out2 vdd out3 gnd vdd nand 

X4 out3 vdd out4 gnd vdd nand 

X5 out3 vdd out4 gnd vdd nand 

X6 out3 vdd out4 gnd vdd nand 

X7 out3 vdd out4 gnd vdd nand 

X8 out3 vdd out4 gnd vdd nand 

X9 out3 vdd out4 gnd vdd nand 

 

 

cl out4 gnd 0.1P 

vin in1 gnd PULSE(0 3.3 0 0.1PS 0.1PS 10NS 20NS) 

.tran 10ns 30ns 



.control 

run 

MEAS TRAN tau1 TRIG v(out2) val=1.65 rise=1 TARG v(out3) val=1.65 

fall=1 

MEAS TRAN tau2 TRIG v(out2) val=1.65 fall=1 TARG v(out3) val=1.65 

rise=1 

let tau=(tau1+tau2)*0.5 

print tau 

 

plot v(out3) v(out2) 

.endc 

 

.end 

Simulation Result : 
The simulation result and graph below are shown for only one case out of 6 
cases when all six inverters are connected in parallel. The table below shows 
all the delays considering all 6 cases. 
 

 
 

 
 
 
 
 



 
 
 
Graph of Output V/S Input of DUT  
 

 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



The following table shows different delay values of NAND for different no. of 
inverters connected in parallel 

 
Note that for NAND and NOR, ԏ is divided in the delay  
 

 
 

 

 

 

 

The following is the graphical representation of above tabulated values. 

 
 

 
 
From the above graph it can be seen that, 
Logical Effort = 1.2163 
P value of NAND Gate = 3.5805 

 

 

 

 

 

 

 

 



 

 

 

 

 

(b) NOR: 

 

Netlist: 

 

NOR 

.include model.txt 

.subckt inverter in out gnd vdd 

M1 out in gnd gnd CMOSN L=0.4um W=0.6um ad=0.48p as=0.48p pd=2.8u 

ps=2.8u 

M2 out in vdd vdd CMOSP L=0.4um W=1.5483000um ad=1.23864p 

as=1.23864p pd=4.6966u ps=4.6966u 

.ends inverter 

 

.subckt nor a b d1 gnd vdd 

M3 d1 a gnd gnd CMOSN L=0.4um W=0.6um ad=0.48p as=0.48p pd=2.8u 

ps=2.8u 

M4 d1 b gnd gnd CMOSN L=0.4um W=0.6um ad=0.48p as=0.48p pd=2.8u 

ps=2.8u 

M5 d1 a s1 s1 CMOSP L=0.4um W=3.0966um ad=4.95456p as=4.95456p 

pd=13.9864u ps=13.9864u 

M6 s1 b vdd vdd CMOSP L=0.4um W=3.0966um ad=4.95456p as=4.95456p 

pd=13.9864u ps=13.9864u 

 

.ends nor 

 

V1 vdd gnd dc 3.3v  

X1 in1 out1 gnd vdd inverter 

X2 out1 out2 gnd vdd inverter 

X3 out2 gnd out3 gnd vdd nor 

X4 out3 gnd out4 gnd vdd nor 

X5 out3 gnd out4 gnd vdd nor 

X6 out3 gnd out4 gnd vdd nor 

X7 out3 gnd out4 gnd vdd nor 

X8 out3 gnd out4 gnd vdd nor 

X9 out3 gnd out4 gnd vdd nor 

 

 

cl out4 gnd 0.1P 

vin in1 gnd PULSE(0 3.3 0 0.1pS 0.1pS 10NS 20NS) 

.tran 10ns 50ns 



.control 

run 

MEAS TRAN tau1 TRIG v(out2) val=1.65 rise=1 TARG v(out3) val=1.65 

fall=1 

MEAS TRAN tau2 TRIG v(out2) val=1.65 fall=1 TARG v(out3) val=1.65 

rise=1 

let tau=(tau1+tau2)*0.5 

print tau 

 

plot v(out3) v(out2) 

.endc 

 

.end 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Simulation Result : 
The simulation result and graph below are shown for only one case out of 6 
cases when all six inverters are connected in parallel. The table below shows 
all the delays considering all 6 cases. 
 

 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 



 
 
Graph of Output V/S Input of DUT  
 

 
The following table shows different delay values of NOR for different no. of 

inverters connected in parallel 
 

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The following is the graphical representation of above tabulated values. 

 

 
 

 

From the above graph it can be seen that, 
Logical Effort = 1.6343 
P value of NAND Gate = 4.3322 

 

  
        

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 


