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EE224
Developing a delay model
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To develop a delay model you need spice decks for the 
transistors you will use in your design.

http://www.mosis.org

Names are the same, the files for n and p are different.
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The capacitance values are easy to get.
TOX

Capacitance values
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The values for A and R are not easy to get from a spice deck

Since we need to back fit A and R anyway, it does not matter.

Unfortunately, A and R can vary with width and propagation delay.

We need to decide which range of widths and propagation delays 
we are going to extract our model for.

What me
worry?

I do not like this.

This is easy if you have experience!
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Do not worry if you have no experience!

We can find a range of propagation delays and widths by using
a special kind of ring oscillator. 

We sweep a range of
WP=2WN values and 
measure the frequency
(and thus delay).

The extra inverters give
a “reasonable load”

Average Propagation delay = 1/(2 x frequency of RO x Number of stages).
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Using a ring oscillator!

Average Propagation delay = 1/(2 x frequency of RO x Number of stages).

vdd=1.8v, n=3.
T
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The propagation delay of interest is about 80ps over a wide 
range of widths for a large load.

Average Propagation delay = 1/(2 x frequency of RO x Number of stages).

vdd=1.8v, n=3.
T
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The propagation delay of interest is about 40ps over a wide 
range of widths for hardly any load.

vdd=1.8v, n=3.

Frequency
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To extract  A and R we will create an inverter test bench with
vdd=1.8V, external load=25fF, and propagation delay specified 
to be 50ps

Guess

Guess
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To extract  A and R use initial WN and WP Values and refine 
with successive spice runs

Use these values next run.
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Repeat this until you are less than 1% error

Note: We use this level of accuracy for extraction only!
Parameters can vary by 10% in fabricated designs.
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Extract R by taking the WP/WN ratio of the transistors that 
met specification

This is for an nmos that is mostly velocity saturated
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Extract A with the prop delay, R, WN and WP values
found from simulation

Change this value

Until these match simulation

Are we done?
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Attempt to break the model by changing the load

Produced and error of less than 3%! for a doubling of Cg!
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Attempt to break the model by changing the delay

Produced and error of less than 12%! Note: It was faster than 
expected.
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Attempt to break the model by changing the delay and load

Produced and error of less than 13%! Note: It was faster than 
expected.
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Summary

• We developed a model that will help us 
select values for WN and WP for a CMOS 
inverter using the TSMC .18 process
– Reasonably good fit for delays from 30-50ps 

and loads from 25 to 50fF
• Some companies have a tool that does this 

automatically
– You need to know how it work, so when it 

break, you can fix it!
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Summary

• The nmos was velocity saturated, so the R 
value and the A value will be different for 
nand and nor gates.


