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Question 1(50pts): 
 

1. Design a 2 input NOR gate to have worst-case propagation delays of 
.21ns driving a 20f F load. 

a. Show Hand Calculations   
b. Verify in Spice (make modifications as required) to be with in plus 

or minus 5%.  
c. Show detailed stick diagram   
d. Layout Circuit   (Use cell height of 30μm) 
e. DRC   
f. LVS   
g. Verify specification of extracted circuit   

Measure in spice VNNORTH. 
 
The screen grabs must be of a professional quality as if they were going into a 
final report. 
 
http://www.engr.sjsu.edu/~dparent/ICGROUP/graphics.pdf 
 

 

 
Figure 1: Schematic of NOR2. 
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Figure 2: Symbol of NOR2. 

 
 

 
Figure 3: Testbench for NOR2, Worst Case. 
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Figure 4: Propagation Delay High to Low for NOR2, first run. 

 
Figure 5: Propagation Delay low to High for first run NOR2. 
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Figure 6:  Delay, and WN WP choices for three runs. 

 
Figure 7: NOR2 Layout. 
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Figure 8: DRC Clean! 

 
Figure 9: Extraction Clean! 

 
Figure 10: LVS Passes! 
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Figure 11: Analog Extracted is generated. 

 
Figure 12: Analog Extracted and Schematic Transient Response of NOR2. 
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Figure 13: Output from Simulation... Netlist... Display Final showing analog extracted being used. 
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Figure 14: VNORTH. 
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 Question 2(50pts): 
Design WN and WP for the circuit to meet a total propagation delay of .8ns.  
Assume that the Cg the inverter is driving is 90fF. Show all work. 

 
There are 4 logic levels so the delay should be .8ns/4 or .2ns per level. 
 
Using the excel sheet: 

 
 
We see that the Wn, WP values increase for the nand2.  This means the gates are 
going too fast.  This probably means the nor2 is going to fast.  We can take .1 away 
from the inverter and give it to the other gates: 

 
 
The testbench to design for the worst case  
Input State 
A At least one of A or B Low 
B At least one of A or B Low 
C High 
D Toggle 
E At least one of E or F Low 
F At least one of E or F Low 
H At least one of H or I Low 
I At least one of H or I Low 
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Question 3 (50 PTS): 
 
You have designed a 2 input NOR Gate to have an average worst-case 
propagation delay of .2ns.  You need to verify this worst-case average 
propagation delay in a real silicon part.  Design a circuit that will allow you to 
measure this delay with an oscilloscope that can read 100MHz frequency signals 
or less. Make sure to draw the circuit! 

 
Figure 15: Schematic of an NOR2. 

 
For the worst case for a NOR2 it is Pin A that needs to toggle as this pin 
will maximize the number of drain/source capacitances that need to be 
charged and discharged.  The number of stages is: 

 
The circuit would have 25 stages of the out pin Y being fed into pin A of the 
next stage while all pin B’s are held low.  The output of the 25 stage would 
be fed into the input pin a of the first stage. 
Which ring oscillator below oscillates the slowest? 
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The Top circuit does not oscillate as one pin is tied high.  This will make 

the output of any nor gate always low.  The bottom circuit has its pin A 

toggling, which will cause the maximum number of capacitances to 

charge and discharge, thus will make the circuit oscillate the slowest.
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Question 4 (50 PTS): 
 
Draw a cross section cut from A to B.  Label all the capacitance not shorted to 
ground. 

 

B A 
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