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Challenges in theLSimuiation of Vacuum
Processing Hardware

Juergen Weichart, Thomas Tschirky, EVATEC AG, Switzerland
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evatec AGENDA

* Introduction to EVATEC
« Simulation at EVATEC
 Examples of component optimization
o Molecular flow
o Heating
o Cooling
o Microwave fields
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Headquarters in
Trubbach, CH
Global Headcount

= 640
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Assembly of

>40

systems
simultaneously
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>3000m?

application laboratory down to
ISO 4 with 30 tools, 30
measurement techniques
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Semiconductor,
Advanced Packaging,
Optoelectronics & Photonics
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evatec OUR HISTORY

1000th

tool
delivered
under

Evatec
brand

1960s | 1980s

- cerlikon
Founded systems
Acquisition
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evatec THE EVATEC PLATFORM PORTFOLIO

process systems

<O CLUSTER

CLUSTERLINE® 200

i 200mm cluster

#§ platform with
~configuration options
for single substrate
or batch processing

BAK

Family of evaporators
from 0.5 to 2 metres
with wide range of
process sources and
with “Autoload” options

. Your cost advantage
in wafer level
packaging processes

SOLARIS®

Family of platforms for
fully automated high
speed inline sputtering
in single substrate
chambers

CLUSTERLINE® 300

300mm cluster platform
d with configuration
options for single wafer
or dynamic processing
in a batch module

LLS EVO lI

Vertical sputter for
metals, dielectrics,
and magnetic films

CLUSTERLINE® 600

FOPLP & IC substrate
manufacturing on a
cluster tool for panel
handling up to
650x650mm
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MSP 1232

Batch sputter system
for mass production of
high precision optical
stacks




evatec SIMULATIONS AT EVATEC WITH COMSOL

The design of vacuum processing machines require simulations in very wide technological fields
for the optimization of components, like:

» Magnetic fields in process chambers, for sputtering, etching, etc.

= Molecular flow in vacuum setups

» Heating of components and substrates, optimization of heat-up rates and uniformity
= Radiative heat exchange

= Efficient cooling of components by liquids, intermediate gases or radiation

» Mechanical stability of process components under pressure and with heat loads
= Electrical field distribution of microwave and RF field in cavities

= Plasma

Also used:

= CAD Import

= Optimization Module
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evatec OTHER SIMULATIONS AT EVATEC

process systems

Self made Software for deposition Angular distribution of
iIncoming atoms

in substrate features st e g e

3D Particle in Cell for
magnetron sputtering or
plasma etch

Monte Carlo software for simulation on substrate features
incl. collisions, sticking coefficients and surface diffusion
Anode

o,

-
Chamber Substrate Plasma _ Sticking 1

Sticking 0.5

e density [#/m?] Ar+ abs [#s/m2]
wwwwwwwwwwwwwwwwwwwwwwwwwwwww

Confidential 7




evatec PROCESS SHIELD OPTIMIZATION

process systems

Shields are removable parts inside the process chamber.
They need to be optimized to:
a) Protect inner chamber side walls (without shields)
b) Allow a maximum pumping speed since the wafer is outgassing
organics and water vapor
The limit of the applicable pumping speed is shown.
The measured pumping efficiency correlates well with the calculation.
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evatec 2-ZONE RADIATION HEATER - MODEL

Multiphysics calculation with electrical
power, heat conductivity and radiation

Materials:
. Water cooled Al housing with mirror walls 20 Volt,
« Si Wafer 100°C

« Two SiC Heaters for inner and outer zone
* Quartz ring

20°C | Housing / k ) |

£: 0.1 €1
Wafer € 0.7
| I \\|I| [ T T O D0 ”T T I ——
LD S . s 0 R N Quartz.
| . e | ring 36 Volt,
£: 0.035 Outer heater Inner heater €1 20°C 100°C
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evatec 2-ZONE RADIATION HEATER - RESULTS

Temperature of the 2 SiC-heater circuits Wafer temperature: 1084+13°C

A
/
7

L.
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evatec TARGET COOLING

In sputtering very high heat loads of up to 320°'000 W/m2 on the target must be cooled efficiently by a
cooling structure as flat as possible, since magnets have to be applied at the back side of the cooling plate
as close as possible. Also, the cooling plate must withstand water and atmospheric pressure.

A half-model of a cooling plate is modelled with turbulent fluid conditions. The heat input of up to 2C
the half-model is modulated with respect to the target erosion.

The heat drain is 10l/min water flow on the half-model.

Main /
erosion/
2\

4
4

Cooling

plate The normalized

target erosion used
for the modulated
heat input

YW Structured
mesh

cooling
structure
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TEEE TARGET COOLING - RESULTS

Water velocity in the whole model Water temperature in the whole model

e
< _VolUme; Temperature (degC)
e
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evatec TARGET COOLING - RESULTS

a0
a0

Temperature distribution of an eroded Silicon target bonded with Indium

Stress distribution (Von Mises) of an eroded
Si target due to thermal expansion, showing
the highest stress in the deep erosion

groove, where most of the cracks happened.




evatec SHAPE OPTIMIZATION OF A MICROWAVE CAVITY

process systems

« Simulation of an axisymmetric / Coaxial microwave input port
microwave cavity T | sl Mo ' ' — o
] = 850 B
« Microwave input through coaxial port . 1
. 1 — 200 -
at the top of the cavity e .
7507 - 750 .
» Optimization of cavity using the I |
. . 7007 B 700 L] 0.8
Comsol shape optimization feature Ll |
6507 B
Y fr h Lo
 Optimization targets: . .y bgsﬂzaarse i soof | free shape] ||
— Focusing of field intensity in an S50 / B 5501 boundary | |15
area above the wafer pedestal oo i 500} -' .
S 3 .
— Uniformity of field above wafer as0 _ asor
» F1{ 0.4
pedestal soo- i 400
— Small cavity volume 250 _ =or 1 t]os
300
3007| ‘ “: B 0.2
250
2507 B
200 b 0.1
Waf wi -
arer 7 o 150 |
pedestal™” o 100 200 300 0 100 200 e
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evatec SHAPE OPTIMIZATION OF A MICROWAVE CAVITY

process systems

Electrical field distributions for different cavity shapes

bottomoffset{1)=201 mm freq(1)=2.45 GHz Surface: Electric field norm (\H] bottomoffset{4)=231 mm freq(1)=2.45 GHz Surface: Electric field norm (\H] bottomoffset{21)=401 mm freq(1)=2.45 GHz Surface: Electric field norm ('arr
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Outlook: Combination with plasma simulations in Comsol
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