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Computational Modeling With

ANSYS

e In this tutorial you will learn how to setup up
and run a computational thermal analysis

* ANSYS ICEPAK

— Electronics thermal management

e Joule Heating / Resistive Heating

e Computational Fluid Dynamics
SWTW
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Assumptions

400 micron Pitch Probe Geometry
Generic Probe Design
Joule Heating Along One Axis

Heat Sinks have constant temperature
— 50°C DUT temp
— 20°C LBD temp

Material is Beryllium Copper
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Probe Types

\\ Spring Pin

Vertical
\ Probe

Cantilever Probe
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Scaled Drawing

Vertical Probe
Cantilever P%obe
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Real Geometry vs. Physics Geometry
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Real Geometry vs. Computational
Geometry

Real Geometry

Computational Geometry
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Real Geometry vs. Computational
Geometry

Spring pins and solid probes all have electrons
traveling in one axis and no changes are
required for the computational model
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Mesh Settings

Mesh control
Num elements: not loaded MNurm nodes:

Seftings | Display | Qu ality |

B Load.. | B8 Generate.. | [l Terminate...

not loaded e MESh Type
— Mesher-HD — CAD Geometry

hMesh type: |Mesher-HD bMesh units m () |VI a X e I e m e nt S i Ze

Max element size — = Minimum gap
[ 00025|m
Y IWW
z [ oo02/m

— X,Y, and Z directional sizes of
the background mesh

Global | Local | Multilevel | Options | Misc — Ba |a nce between accura Cy a nd

Mesh parameters MNormal
Min elements in gap

hin elements on edge

hax size ratio

[ Mo O-grids

[ Allow stair-stepped meshing
W Mesh assemblies separately

[ Setuniform mesh params

% Close | & Help |

runtime
* Minimum Gap

— All geometries below this
tolerance will be ignored by
the mesher
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Meshing Verification

* Face Alignment
— Range from 0 (bad) to 1 (good)
— Face alignment must be greater than 0.05
— Best results above 0.15

e Volume
— Determines if you use double or single

293744
220308

precision solver (1e-13)

1 1 1 1

).2 0.4 16 0.8

. S ke W n e S S Min 0.0 Max 1 Height|0 Bars |20
Fte%el P.eplut ¥ Salid

Face alignment

— Skewness determines how close to ideal a
face or cell is

— Should be above 0.02

W'l'w Element with low skew Element with high skew
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Visual Inspection of the Mesh
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Material Properties and Joule Heating

Blocks [Buckling Beam Flat]
Info | Geometry Froperties INDtes |

Blocktype: & Solid ¢ Hollow © Fluid © Metwork
— surface specification

Tole BEaLi Hemen Suttace material |default j

Area multiplier | 1.0

Fowertype: & Constant © Wanding
" Radiation T Edit

—F = Current(pL/4) p = Resistivity(1+C(T-Tref))

- [T Individual sides | Edi
Current 3.0|Amp " Transient ¢ Editl b Bt

L IZ length :I — Thermal specification

Puasistivity YT W Solid material (Benlium Copper v
c | 10 |7| :”.Joule heating ¥ [ ] Editl
Tref ’mﬂ

Low temperature ’mﬂ ™ Bxteral conditions Editl

High temperature ’mﬂ

Density = 8321.0 kgfm3 I~ Temperature limit H
Specific heat = 413.0 Jfkg-K ™ Fixvalues

Conductivity type = [sotropic
Conductivity = 95,0 %Wfm-k,

w7 Update % Peset i) Delete

w7 Update % Reset tJ Done %€ Cancel &P Help | 1] Copy fram %€ Cancel i Help
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Joule Heating of a Physics Rod

— 66.4882

Smaller Length Heating

50.9921

4444444

Smaller Cross Sectional Area More Heating

N
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Adding Heat Sinks

* Heat sinks being applied
— 50°C DUT temperature

— 20 "C Load board trace temperature
WTW
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Vertical Probe

June 8-11,2014
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: fcmperature:[(}]

217.187
192,539
167.890
143.242
118.594
93.9451
69.2968
44.6484

20.0000
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Cantilever Probe
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"I;:Emperatu re [CI

203.054
—

180.172

157.291

134.409

— 111.527

86.6453

65.7635

— 42.8817

20.0000




Spring Pin

Temperature [C]

-— 223.695

198.233

172,771

147.309

%— 121.848

— 96.3856

— F0.9237

.: 45.4619
20.0000

15t [teration
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Improved Accuracy

Increasing Overdrive is equal to
More Surface Contact of Heat Sink
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Temperature [C}

B

110.443
99.1376
87.8323
76.5269
65.2215
53.9161

42.6108
31.3054

20.0000



Solid Probe

Temperature :iC] i
50.0000

46.2500
42.5000
38.7500
35.0000
31.2500
27.5000

23.7500

20.0000
|
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2nd [teration

. Temperatu re'lr(}] i
! 289.5750
— 28.3781

27.1812

Joule Heating is very small
based off of large cross sectional area
and short electrical path

25.9843

24.7875

23.5806

22.3937

21.1968

19.9999
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Adding Contact Resistance

and Natural Convection

Highest temperature
at contact interfaces

????????

5555555

0000000

3333333

0000000
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Probe Type Conclusions

Vertical Probe has a the
longest length leading to
higher temperatures

Vertical Probe

Cantilever Probe

- The cantilever probe has
i

| a small cross sectional
| = area leading to high
1 current density

| The Spring Pin has a
contact resistance
between the tips and
Solid Probe the barrel leading to
increased heating

Solid Probe has the
lowest Joule heating

E}l effect, but has internal
f.

contact resistances

Spring Pin
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Increasing Accuracy

 Adding Real Heat Sinks
— Active DUT Heating
— Conduction to Retaining Features
— Natural Convection
— Contact Resistance
— Load Board Trace Cooling
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Computational Conclusion

* Generate physical geometry for computational
requirements

e Conduct accurate meshing and validate

* Review results and iterate with increasing
complexity for best correlation to reality
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Why Should You Care?

* Tomorrows devices will have higher transistor
density and run hotter. We must address that
today.

e Leveraging computational thermal analysis at
the wafer scale will create better and faster
designs pushing innovative solutions
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Questions?
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