
3D Transient Temperature Rise Interactions in DMOS 

http://www.leapcad.com/Other_Tech/IC_DMOS_3D_Transient_Temperature_-_Greens.mcd

Problem:
Determine the transient temperature rises of an Power Integrated Circuit for multiple rectangular DMOS 
(two dimensional surface heat sources) from some ambient temperature, Tambient.  

Solution:
The method is to create Rectangular Green's Functions for an array of rectangular DMOS outputs. 

Given Parameters:
The Area of the die, A.  The die and pedestal thickness. 
Specifications for each output are vectors that define: Peak power  (watts) and fall time (us) for the power transient. 
The functional form for these power transients.  

The dimensions of the outputs are the width,w  and the height, h of the DMOS.  Location on the DMOS on the die are 
given in terms of the x and y spacing between outputs, gx and gy. The variables gx and gy are used to replicate the 
same size outputs separated by gx and gy.  

The Greens functions are expressed in terms of x and y coordinates of the left right edge of the DMOS, Lx and Ly. Lx 
and Ly can be composed from combinations of width, heights and spacings. 

The nonlinearity of the heat conductivity is compensated by a Kirchoff transformation. 

The final solution is to sum and plot the 2D thermal responses of the individual DMOS. 
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Material Constants: Silicon, Aluminum, Pedestal
Thermal Conductivities Heat Capacity, cp, Thermal  Diffusivity, D

cond_siliconavg 0.8
watt

cm
⋅:= k cond_siliconavg:= zj 1.55 µm⋅:= cond_si_500C 0.41 watt⋅ cm 1−⋅:=

cp_si 1.9 watt⋅ sec⋅ cm 3−⋅:= Ksi 0.87 cm2⋅ sec 1−⋅:= c_ped 1.5 cp_si⋅:= TambK Tamb 273+:=

Metal Parameters: Aluminum characteristic thermal length,  λ  ~ 25 - 200um.  Lines > λ are thermally "long".
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Solution for Green's Function to Transient Temperature Equation for Rectangle
Surface Source Model Predicts higher temp and faster transients.

For x,  sources have edge Lox and width W. For y, Loy and height H.
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One Dimensional Thermal Impedance Vector Function, Zθθθθ, for Die Mount and Pedestal. Device Power Waveforms
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DMOS Output 6 Load Waveforms and DMOS Case 11 from FE Simulation
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Linearize and then get solution in terms of time ζ, i.e. given a ζ sample from the transformed temperature 
solution, find the corresponding inverse Time value of real time.  Matrix solution points, T3D and Time goes into 
above.  Need to get inverse of transform, i.e. in terms of the above integral, want Ratio matrix, RT2ζ,  to get inverse. 
 Then real time equals ζ times T/ζ equals T. 

Above ∆Time Solution is the ξ domain from 0 to "time_end = 0.04"  sec. 
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Remove Heat Equation Time Nonlinearity from Tempera ture Dependece of Diffusivity
Time Variable, ζζζζ, Transformation for Diffusivity

"E-T Device and Ckt Sim with thermal nonlinearity"  Batty and Snowden
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Calculate Temperature versus Time.  Find Peak Temp at Given Output
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DMOS 3D Transient Peak Temperature Rise Spatial Distribution
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Thermal Diffusion With Time 
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