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Modeling - A novel, non-equilibrium porous medium based model is used to predict high local thermal gradients in vertically integrated (3D) chip
stacks. The cooling structures are simulated as ultra thin porous medium with orthotropic thermal conductivity and variable thermophysical
properties. Moreover, we specifically account for the hydro-thermal entrance region.

Experiments — Hydrodynamics and heat transfer in microcavities with micropin fin arrays, simulating through-silicon-vias, is investigated. High
through put, transition flows are characterized through dynamic pressure and flow visualization. Vortex shedding and flow impingement onto the
pins enhance the mass transfer and a higher heat transfer is expected.

Dynamic Pressure Measurements Conjugate Heat Transfer Model

3D chip stack Single cavity Local permeability (k) and heat transfer coefficient (Nu) correlations are
B— extracted from steady 3D-CFD simulations of the detailed geometry
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Dynamic pressure measurements revealed the vortex-induced flow fluctuations Correlations Ny | O RE ppd (L) for0<x< X or X,
inside the chip after the hydrodynamic transition. The shedding frequency  K(x) or Nu(x) = b,
increases linearly for higher Re . CRe”Pr’ , for X or X, <x<L
Visualization of Flow Fluctuations 3D Chip Stack Model
llluminated particle pathlines Optical estimation of the frequency Computationally efficient non-equilibrium porous medium model
specifically accounting for the hydro-thermal entrance region
a) Post-transition pathlines b) Incomplete flow cycle with an outlet Temperature
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