
EE 330
Lecture 7

• Propagation Delay
• Stick Diagrams
• Technology Files

– Design Rules



Example:  What is the delay of a minimum-sized inverter 
driving another identical device?  Assume VDD=5V
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Generalizing the Previous Analysis to Arbitrary Load

HL SWn Lt R C≅

LH SWp Lt R C≅
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Example:  What is the delay of a minimum-sized inverter 
driving another identical device?

HL SWn Lt R C≅ 2 3 6 secK fF p= • =

LH SWp Lt R C≅ 6 3 18 secK fF p= • =
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Do gates really operate this fast?
What would be the maximum clock rate for acceptable operation?



Example:  What is the delay of a minimum-sized inverter 
driving another identical device?

HL SWn Lt R C≅ 6 p= sec

LH SWp Lt R C≅ 18 p= sec
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What would be the maximum clock rate for acceptable operation?

TCLK

CLK-max
CLK-min

1 1f = = = 40GHz
T 24psec

And much faster in a finer feature process !!

What would be the implications of allowing for 10 levels of logic and 
10 loads (FanOut=10)?

??????

CLK-min HL LHT = t t+



Example:  What is the delay of a minimum-sized inverter 
driving another identical device?  SUMMARY

HL SWn Lt R C≅ 2 3 6 secK fF p= • =

LH SWp Lt R C≅ 6 3 18 secK fF p= • =
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Note this is very fast but even the small 1.5fF capacitors are not negligable !



Response time of logic gates

HL SWn Lt R C≅

LH SWp Lt R C≅
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- Logic Circuits can operate very fast
- Extremely small parasitic capacitances play key role in speed of a circuit



Stick Diagrams

• It is often necessary to obtain information 
about placement, interconnect and 
physical-layer structure

• Stick diagrams are often used for small 
component-count blocks

• Approximate placement, routing, and area 
information can be obtained rather quickly 
with the use of stick diagrams



Stick Diagrams
Metal 1
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Metal 2

Contact

Additional layers can be added and color conventions are peronal



Stick Diagram
VDD

A BA B
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A stick diagram is not a layout but gives 
the basic structure  (including location,, 
orientation and interconnects) that will be 
instantiated in the actual layout itself

Modifications can be made much more 
quickly on a stick diagram than on a 
layout

Iteration may be needed to come up with 
a good layout structure



Stick Diagram
A B
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Alternate Representations
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Technology Files
• Provide Information About Process

– Process Flow (Fabrication Technology)
– Model Parameters
– Design Rules

• Serve as Interface Between Design Engineer and 
Process Engineer

• Insist on getting information that is deemed important for 
a design
– Limited information available in academia
– Foundries often sensitive to who gets access to information
– Customer success and satisfaction is critical to foundries

Semiconductor 
Fabrication Technology

Circuits

CAD

Devices

Fabrication



Technology Files
• Design Rules

• Process Flow (Fabrication Technology) (will  
discuss next )

• Model Parameters (will discuss in substantially more 
detail after device operation and more advanced models are 
introduced)

First – A preview of what the technology files look like ! 



Typical Design Rules



Typical Design Rules (cont)



Typical Design Rules (cont)



Typical Design Rules (cont)



Typical Process Description 



Typical Process Description (cont)



Typical Process Description (cont)



Typical Model Parameters 



Typical Model Parameters (cont)



Typical Model Parameters (cont)



Typical Model Parameters (cont)



Typical Model Parameters (cont)



Typical Model Parameters (cont)

98 parameters in this BSIM Model !



Typical Model Parameters (cont)



End of Lecture 7
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