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The Ellipsoidal Microwave

Plasma Reactor ... has been developed at
Fraunhofer IAF and optimized for the Chemical Va-
pour Deposition (CVD) of diamond. Its design is based
on extensive numerical simulations. The basic idea is
the application of a rotational ellipsoid for the focus-
ing of high power microwaves into a very dense
plasma. This concept has proven extremely successful
for

elarge area deposition of CVD diamond
ehigh growth rates
e high quality CVD diamond

The reactor is available in two versions:

EMP6 - which is the standard model operating at
2.45 GHz with 6 kW power and

EMP60 - an upscaled model operating at 915 MHz
and 30-60 kW power

The intriguing concept

A ellipsoid microwave cavity exhitibs two pronounced,

strongly coupled maxima of the electric field strength.
By injecting microwave energy into the upper focal
point it is possible to generate very high electric field
strengths at the lower focal point and thus to ignite
very dense and stable plasmas at relatively high gas
pressures.

In a rotational ellipsoid all light rays emitted by one focal point are
collected at the opposing focal point. In the microwave regime the
electric field strength exhibits pronounced maxima at the two focal
points.

Unique features
Large area deposition

homogeneous deposition of CVD diamond
on 3" (2.45 GHz) and 6" (915 MHz) substrates

High-purity diamond

Properties of CVD diamond disks identical to those
of perfect single diamond crystals

Stability
Long-term operation possible, no plasma instabilities

Versatility

Reactor can be run under various conditions
(pressure, power etc.)




Specifications

Specifications
Reactor type
Microwave Power
MW Frequency

Process Gases

Total Gas Flow

Typ. Gas Pressure
Growth Temperature
Temperature Control
Substrate Material
Substrate Size
Substrate Rotation
Growth Rate

EMP6 / EMP60

Multimode ellipsoidal cavity
6-10 kW / 30-60 kW
2.45 GHz /915 MHz

H, + CH, (Ar, N,, O, (diluted) and

dopants optional)

0-500 ml/min

50 to 200 mbar

700 - 1000°C

IR pyrometer

Silicon, molybdenum and others
up to 80mm @/ up to 160mm &

0.1 min™’

1-12 ym/h
(depending on application)

Automation / Software Control

Both reactor types are fully computed controlled. Once
the substrate is loaded, only a start button has to be
pressed to initiate a deposition run.
The implemented process control software Procon has
the following features:

- visualization of process parameters

- editing and usage of process recipes (macros)

- data logging of all measuring parameters for process

analysis

- direct access to all process control parameters

- prevention of faulty operation
An additional Datamanager software is used for the
visualization and evaluation of process data stored on
hard-disk.
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Documentation

Comprehensive manual including safety instructions, soft-
ware description, operating instructions, maintenance
and technical documentation.

Safety

For safe operation a safety control unit is implemented
exhibiting a multi-channel CPU. All safety related parame-
ters are analyzed redundantly. In the case of an unsafe
condition an automatic shutdown of the reactor is initi-
ated.

Energy and Media

The operation of the EMP reactors require chilled water
(500 I/h, 5000 I/h), electrical power (10 kW/40-80 kW)

process gases, pressurized air and two exhaust gas lines:
one for hydrogen free and one for hydrogen-containing

gas

Installation, start up and training

On-site installation of the reactor

- operating test of all components

- safety tests (correct handling of the alarm states)

- demonstration of deposition run

Teaching and instruction of staff, training program for
operation, handling, maintenance, and service of the

CVD system
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