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Introduction

e Considerable interest in increasing on die device density by using wafer level :
Integration.

e One aspect of the new technologies that has to be addressed is the thermal impa
the backend technology.

e Some of the issues that need to be investigated are:

— Joule heating in the backend (electrical resistance increases with T — nonlinez
— Low-k materials (Thermal conductivity scales with k).
— Heat flow through the interconnect (complex geometry).

— Use of thermal vias and design rules to minimize temperature rises. (Optimiz
tion)



Modeling approaches

e A number of approaches to the analysis of this heating in electrical devices hze
been taken including analytical and numerical models.

e The problem is quite complex with a need to solve both the device heating on t
surface of the wafer and the line heating in the backend itself.

e The physics involved in solving for the conductive heat flow in a VLSI structur
requires solving the following partial differential equation:
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Atar — A thermal simulator

e Our solution to this problem is a simulator that given a technology description al
layout information will automatically generate a 3D model of the device, discretiz
the model, and solve for the temperature distribution in the device.

e Atar is thermal simulation tool that uses a technology description and layout infc
mation to automatically generate a full 3D model, complete with discretization, al
then solves for the temperature distribution.

e \ery flexible non-uniform, multi-model meshing allowing for meshes spanning th
deep-submicron to the package.

e Produces a self-consistent solution incorporating the temperature dependance o
ohmic heating in the lines.



3D Silicon on Insulator Technology
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Atar Model of 2 layer device

Side View Perspective View

Side and perspective view ditar model with.S:O, filling material being removed.



Atar Model of 4 layer device

L Ur f_'_“ Jr 7 T L
S " g

]

ik, A,
fa Tipas

_—-llll-'--.. 'tl.....

- .!!.f’"“_.;;-.:h‘
l".'np""'.. = -ﬂ,-'r-l-h\\

iiih L[

ot K.e:! [
o ”5“'17:"%%—-

el l-w
[ L 2
P S =
Tty Al

Perspective view of four layer structure with bonding layers shown.



Results: Typical Contour Plots

Side View View of top Device Island

Temperature contours simulated wakar for two layer device.



Results: Joule heating in the backend
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Results: Temperature as Function of the Number of Device Layers
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Results: The Effect of low-k Materials

e Much lower thermal conductiv-
ity then SIGQ

e Two device layer structure plot-
ted in z-direction variety of
thermal conductivities.

e Dramatic increase in tempera-
ture rise.
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Results: The Effect of low-k Materials
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Results: Device Layout and Backend Structure

e The examples before were worst case simulations (stacked high powered device
e Possible solutions to lower these temperature rises?
— Reduce the number of local layers of interconnect from 4 to 3-1 and decres

thermal resistance to Si substrate.

— Use design rules to disallow stacking and forcing a minimum offset betwee
devices.

— Use of metal lines as heat spreaders and thermal vias.



Results: Removing Local Interconnect Layers
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Results: Off-setting The Top device

e Two device layer structure

e Two cases 1) bottom device
powered; 2) bottom device off.

e Substantial drop in temperature
IS obtained if the device is off-
set by 20um or more

e Cooling effect at zero offset
due the the local interconnect
for case 2 (lower device off).
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Results: Effect of Nearby line

e Atar model built with upper
layer metal line present.

e TwWo cases powered and un
powered bottom device.

e This line can have one of two
effects on the simulation.

—Heat Spreader (line un-
powered)

— Heater (line powered)




Results: Device Layout and Backend Structure

e Contour plot depicting heat
spreading for un-powered line.

e Significant raising of the device i
temperature by powered line.




Results: Device Layout and Backend Structure

150.0 p
Powered Line
Q 130.0 ---- Unpowered Line
]
%:) 110.0
e Offset of 100:m is need to re- g
duce the heating effectto negli- £ *°/
gible level. -
70.0 - T
e Cooling effect less significant.
50'Oo.o | 56.0 | 106.0

Line Offset (um)



Conclusions

e Simulation results clearly indicate the importance of the thermal effects in 3D int
gration structure.

e The inclusion of Joule heating in the backend is found to be important.

e detailed thermal analysis will have to be performed in early design stages includi
choice of materials.

e Layout issues and design rules will need to be analysed.



