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Incorporation into VLSI Desig
• Purpose of Extraction

• Transistor Level Design

• Cell Based Design

• Clock Skew Analysis

• Cross-talk Analysis

• Reliability Analysis
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❏ Purpose of Extraction

• Support the simulation needs

- Extraction by itself is of no interest

• Goals

- Accurate simulation results (e.g. timing) wi
effects

- Effective usage of computing resource, cp
disk space

- Fit within the simulator’s capacity
- Simple and straight-forward extraction proc
- Provide good trade-off of accuracy versus 
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❏ Transistor Level Design

• A generic transistor level design flow is first d
following assumptions

- The netlist for the design is available
- The transistor level simulator can simulate
- Back-annotation to schematic net-name is

• Modification of the flow to support:

- critical path simulation
- static transistor level timing simulator
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❏ Transistor Level Design Flow - Generic (con
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❏ Transistor Level Design Flow - Critical Path
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❏ Transistor Level Design Flow - Static Timing
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❏ Cell Based Design

• The cell based design flow is presented with
assumptions

- The layout is generated by a place-and-rou
- The gate level netlist for the design (e.g. V

netlist) is available.
- Timing library for the cells is used.
- SPICE netlists for the cell library.
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❏ Cell Based Design Flow
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❏ Cell Based Design Flow (cont.)
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❏ Clock Skew Analysis

• The clock network is very important in determ
performance of the design.

• In order to minimize clock skew (clock skew 
difference in time between the fastest clock 
slowest clock edge for the same clock period
sometime clock mesh) structures are used.

• Since buffers are used, a simple method to id
in the clock network is needed.

• The clock network should be displayed such
skew values can be superimposed on the la

• A what-if analysis environment should be pro
move the clock network and observe the eff
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❏ Clock Skew Analysis Flow
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❏ Cross-talk Analysis

• Cross-talk can significantly affect the perform

- Cross-talk is mainly due to cross-coupling 
- net22d is the victim net
- net12d and net32d are the aggressor nets
- Delay cannot be modeled by converting th

to grounded capacitance with twice the ca
- Delay in the victim net can sometimes be i
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❏ Cross-talk Analysis - Simulation

• Extract distributed cross-coupling capacitanc

• Simulator to identify the appropriate simulati

- signal edges do not interact => model with
capacitance

- signal edges interact slightly => model with
equivalent capacitance

- signal edges interact strongly => simulate t
capacitances directly
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❏ Cross-talk Analysis - Modeling

• Distributed cross-coupling extraction of all ne
huge amount of disk

• Some nets can be represented by lump cc o

• Nets between distributed cc net and lump cc
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❏ Cross-talk Analysis - Extraction Flow
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❏ Cross-talk Analysis - Extraction Filtering

• Cap < Cthres - total capacitance of the net is

• CCap < CCthres - every cross-capacitance o
other nets is less than CCthres

• Cij < CC% - the percentage of every cross-c
capacitance of net i to the other nets over the
is less than CC%

neti
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❏ Reliability Issues

• Electromigration

- IC failure caused by metal fatigue in the po
high current density

• Voltage Drops

- Decreased supply voltage caused by the c
through the resistance of the power supply

• Power Distribution

- Nonuniform power distribution, particularly
density, can unreliable chip operation.
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❏ Reliability Analysis - Simulation Issues

• Traditional simulation tools are not adequate

- Supplies are assumed to be perfect or con
- Simplified power model is inadequate

- Power networks are very complex

VDD

GND
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❏ Reliability Analysis - Simulation Issues (con

• The following is needed:

- Realistic model for supply network, including p
information

- Separation of the supply network from the tran

VDD1

GND1

VDD2

GND2 GND3

GND network

VDD network



 Synopsys - Tak K. Young

t.)

l simulation are
work

 for voltage drop

tion violations

lts
DAC Tutorial 1998 - Page 22

❏ Reliability Analysis - Simulation Issues (con

- Transistor currents from the transistor leve
applied as current source to the power net

- Simulation and analysis of supply network
and electromigration

- Reporting of voltage drop and electromigra
and display of power distribution

- Meaningful presentation of simulation resu

I(M123)
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❏ Reliability Analysis - Simulation Implementa

• Transistor Simulation Engine: simulate trans
and obtain accurate current information

• Extractor : accurate extraction of power netw

• Power Net Simulation Engine: simulate the p
network and to perform reliability analysis

• Display: graphical display of extracted data a
results
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❏ Reliability Analysis - Simulation Data Flow
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• Reliability Analysis - VDD Current Density D
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• Reliability Analysis - VDD Voltage Drop Disp
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• Reliability Analysis- VDD Power Distribution
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