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Characteristics of the 3D Thermal-ADI Simulator +  Comparison of the Memory Usages of the Simulator based on Crank-Nicolson
Method and the 3D Thermal-ADI approach.
% A 3D Transient and Steady Thermal Simulator + The memory usage of the 3D Thermal-ADI Simulator is linearly proportional
& Linear Runtime and Memory requirement; Unconditionally Stable to the number of the discretization nodes.
1 Steady State can be Reached in Ten Iterations
# Second Order Accuracy in Space and Time, i.e., the Truncation Error: Transient Exqmple

O[ (Ax)%(Ay)* (Az)? (A1) ]
Powered by Alternating Direction Implicit (ADI) Method for Fast Simulation
Deal with Nonhomogeneous Cases and Boundary Conditions for VLSI Applications.

Chip Size: 11.3mm x 14.4mm
Total Power: 193.76 W
Discretization Size:

- Ax=Ay=Az=20um
Discretization Number: 565 x 720
Time Increment: At = 10 sec
1200 Iterations

Motivation
Scaling Trends Effects:
- Chip Power and Area increases, but Negligible Change in Power Densn‘ry
- Current Density in Metal Lines Increases 29°C
- Number of Metal Levels Increases et
>What's Non-uniform Temperature Distribution?
Reliability Decreases as Temperature Increases:
- Electromigration Time to Failure Decreases R R
- Increased p (T) 2 Wire Delay Increases PR

[1] Kaustay Banerjee, Massound Pedram, and Amir H. Ajami, * Analysis and Optimization of Thermal Issues in High-Performance VLSI.” International Symposium on Physical Design
(ISPD), pp230-237, April 2001
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Problem Formulation

Equivalent Boundary Conditions

Chip Discretization with Finite Difference

Key Idea: ADI Method
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Total discretization points:
N=lmn
Finite Difference Problem to Solve:
A pser Xasr= bsy

Fastest Runtime: Runtime for solving
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The transient results for a point at Ty 5003 With At = 0.0001, 0.001, and 0.01.
Less than 10 iterations are needed to reach steady state.
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Thermal-ADI
e s e Number of Iterations to reach Steady State
+ Runtime Comparison of the Simulator based on the Crank-Nicolson Method 15 Simulation Res""sl
and the 3D Thermal-ADI Approach. o |\
+ The runtime of the 3D Thermal-ADI Simulator is linearly proportional to the ~ | The steady state can be reached
number of the discretization nodes. % 120 \ less than 10 iterations.
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Contact Information: http://visi.ece.wisc.edu/3D_Thermal_ADI.htm

Thermal-ADI Ting-Yuan Wang: wangt@cae.wisc.edu

Charlie Chung-Ping Chen: chen@engr.wisc.edu
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