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The EMICON System - Comprehensive Process Control Combining
Complementary Diagnostic Techniques in a Single Unit
Thomas Schiitte, Jan-Peter Urbach, Peter Nei3, Marius Radloff, Hokuto Kikuchi, PLASUS GmbH, Mering, Germany

Successful process control of deposition processes requires real-time data from a variety of sensors. Current process control systems cover typically only a single
sensor technique resulting in the use of a variety of individual tools to establish a comprehensive process control. This is a drawback for the use in many applications
since each control tool requires individual costs and footprint as well as individual resources for system integration and maintenance.

The EMICON system overcomes these issues by combing different sensor techniques for plasma and product in a single system in a modular architecture: multi-
channel spectroscopic plasma monitoring with unprecedented time resolution, broadband reflectometry for real-time in-situ layer thickness measurement, electrical pulse
curve measurement od voltage and current in HIPIMS and pulsed plasma application, signal input from other sensors like plasma (V-I) probes, lambda probes, ion meter
probes, etc. The acquired data from all sensors are processed simultaneously in the EMICON system and can be combined and evaluated for controlling the plasma
and product parameters like density of reactive gas species, ion density, layer thickness or color in real-time and simultaneously. This results in a reliable and enhanced
production stability and improved product quality at reasonable costs and resources.

This presentation gives an overview of applications where comprehensive process control has already been realized with the EMICON system. Examples of combining

the sensor techniques plasma monitoring, electrical measurements and photometric measurements followed by real-time data processing in demanding application such
as metallic and reactive sputtering, HIPIMS and PECVD coating processes are presented covering tribological, photovoltaic and architectural glass coating applications.

https://www.svc.org DOI: https://doi.org/10.14332/svc24.proc.0062
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EMICON ,

Unique Plasma Monitoring and Process Control Systems

.




Process Control Technology
Spectroscopic plasma monitoring

Monitoring technique
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Easy set-up and mounting
Observation by in-vacuum optics

) L Selection of process relevant plasma species
No disturbance of process

L Real-time monitoring reveals process conditions

Measurement of plasma radiation in spectral range 200 — 1100 nm

Feedback to machine and control of plasma process
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Applications
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EMICON SA Series

Stand-Alone systems for production lines

Spectroscopic features:

Number of spectrometer channels: | — 8
Spectral range of each channel: 200 - | 100 nm
Spectral resolution: approx. |.5 nm

Temporal resolution: 50 ps — 10 sec
Recording rate: |5 ms — minutes

System features:

Integrated processor unit for stand-alone operation
Linux based firmware for 24/7 duty

EMICON SA Administration via LAN from Windows PC

Integration features:

LAN API interface (software integration)
Fieldbus interfaces (SPS integration):
Profibus, Profinet, EtherCAT, EtherNET/IP

External sensor features:
Number of voltage sensors (0-10V): 2 — 4

Control features:

Number of voltage outputs (0-10V): 4 -8
Number of PID control channels: 4 — 8
Number of digital IOs (5V/24V): 8 - 16

The first choice for all standard applications!
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EMICON SA Series

Closed loop control of gas flow control in standard sputtering applications

EMICON Application:
SYSTEM

O, / Ar plasma on Al target producing Al,O; layer
Moving substrate (back and forth) in front of rotary cathodes
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= Reliable PID control despite moving substrate
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LAN Cable

EMICON 3SA e

Gas Piping 1

ing 2

Cathode 1
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Gas
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Collimator 3

Floating pulsed DC, MF Power Supply
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EMICON SA Series

Multi-position setups for large area applications in production lines

Multi-position setup:
Fast gas flow control for securing layer uniformity

Multi-sensor setup:
Moderate target voltage control for compensating cathode erosion

Advanced feedback control techniques:
Closed loop PID for combined sensor inputs
Master and slave configuration

Signal ratio technique

= Safe and reliable process control for all current and future sputtering applications

Chicago, IL, USA - 04.-09. May 2024




EMICON SA Series

Process readiness and chamber health in batch coater

PECVD process with C,H, / Ar plasma for producing DLC layers

Deposition process: Process readiness and monitoring
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Monitoring residual moisture in chamber before process start
Securing chamber conditions at process start
Reducing needless process time

= Increasing production up time and securing process stability
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Chamber cleaning process: Endpoint detection
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Monitoring etching gas and etch products simultaneously
Defining endpoint conditions for cleaning process
Reducing needless process time

= Securing batch-to-batch process conditions

In cooperation with:

</robeko
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EMICON FS Series

Fast Spectral systems for HIPIMS and pulsed applications

Spectroscopic features:

Number of spectrometer channels: | — 8
Spectral range of each channel: 200 - 1100 nm
Spectral resolution: approx. 1.5 nm

Temporal resolution: 5 ps — 10 sec

Recording rate: 250 gs — minutes

External sensor features:
Number of voltage sensors (0-10V): 2 -4

Control features:

Number of voltage outputs (0-10V): 4 —8
Number of PID control channels: 4 — 8
Number of digital IOs (5V/24V): 8 - 16

EMICON SA

& 2

rrea | oo |

System features:

Integrated processor unit for stand-alone operation
Linux based firmware for 24/7 duty

Administration via LAN from Windows PC

Integration features:

LAN API interface (software integration)
Fieldbus interfaces (SPS integration):
Profibus, Profinet, EtherCAT, EtherNET/IP

Pulse and HIPIMS features:

Pulse curve inputs: 2 ( 10 V)
Sampling rate: 40 MHz
Pulse trigger inputs: 2 optical & | analog + 5V

The only choice for pulsed applications and when time resolution is crucial!

SVC TechCon 2024
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EMICON FS Series

SVC TechCon 2024
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Voltage and current curves

Industrial HIPIMS Coater:

Planar cathodes:
Target material:
Process gases:
Generator:

Power:

Pulse frequency:
Pulse-to-pulse time:
Pulse ON time:
Pulse OFF time:

15 cm x 65 cm
Ti

Ar, Oz
Unipolar

4 kW

500 Hz

2ms

40 ps

1960 ps

Spectroscopic sensors:

Position of optics:

top, middle, bottom

Electrical sensors:

Type of sensor:

voltage curve
current curve

In cooperation with:

U) DAH YOUNG

VACUUM EQUIPMENT CO., LTD.
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EMICON FS Series

Real-time monitoring of particle intensities in HIPIMS pulses
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SVC TechCon 2024

www.plasus.de

EMICON FS:

Integration time: 6 ps

Recording interval: 2 ms (triggered)
Synchronization: trigger from generator

Continuous recording:

Increasing delay time after each trigger/pulse
Delay step width: | ps

Number of steps: 100

Delay range: 0-100 ps
Complete pulse: 200 ms
Repetition: endless loop

Chicago, IL, USA - 04.-09. May 2024



EMICON FS Series

Continuous pulse-resolved plasma monitoring

HIPIMS - Transition from Reactive Mode (Oxygen) to Metallic Mode

Reactive Mode

Reactive Mode

Metallic Mode

—— Ar811 nm
—— Ti365 nm
O 777 nm

IHH‘HH

Line Intensity [a.u.]

S

More details:
Thomas Schiitte: Continuous Pulse-Resolved Spectroscopic and Electrical Plasma Process Control in HIPIMS Applications

SVC TechCon 2024

HP13,Tue 05/07, 10:10 pm

Benefits:

= Understanding the temporal
evolution of the particle densities
in HIPIMS pulses

= Real-time monitoring of density
evolution when changing e.g. pulse
width, pulse power, pulse shape,
pulse-off time, ...

= Real-time synchronisation of
substrate biasing, reverse/kick-

pulse, ...

= Optimizing process setting for
maximum yield

= Cost effective solution in the price
range of standard spectroscopic
plasma monitor systems

Chicago, IL, USA - 04.-09. May 2024




EMICON LC
Module

Layer Control module for in-situ measurement of layer properties

Spectroscopic features:

Number of spectrometer channels: | — 8
Spectral range of each channel: 200 - 1100 nm
Spectral resolution: approx. 1.5 nm

Temporal resolution: 50 ps — 10 sec
Recording rate: |5 ms — minutes

External sensor features:
Number of voltage sensors (0-10V): 2 -4

Control features:

Number of voltage outputs (0-10V): 4 —8
Number of PID control channels: 4 — 8
Number of digital IOs (5V/24V): 8 - 16

EMICON SA

System features:

Integrated processor unit for stand-alone operation
Linux based firmware for 24/7 duty

Administration via LAN from Windows PC

Integration features:

LAN API interface (software integration)
Fieldbus interfaces (SPS integration):
Profibus, Profinet, EtherCAT, EtherNET/IP

Layer control features:

Type of measurement: reflection & transmission
Layer properties: thickness, roughness, color
Methodology: real-time fitting using n&k

The first choice for demanding film growth applications!

SVC TechCon 2024
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EMICON LC
Module

Adding in-situ measurement of layer properties
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EMICON Series with LC Module

Simultaneous measurement of plasma process and layer properties

Example: PECVD process for SiO, layers
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EMICON Series with LC Module

Combined process monitoring in real-time
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More details: PCI3,Tue 05/07, 12:30 pm
Jan-Peter Urbach: Improved Process Control by Using In-Situ Data to Determine Refractive Indices of Thin Films
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PLASUS Optics

for
In-Vacuum and Ex-Vacuum
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Program features:

Automatic peak finding and line identification

SPECLINE Software

Offline analysis software for line identification in measured data

Detailed information of identified lines: wavelength, energy level, quantum numbers, ...

Comparing spectra form different application

Import data from all common spectroscopic data acquisition systems
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SpeclLine database:

Atoms: Hydrogen through Einsteinium (Z=1-99)
Molecules: Ag, through ZnO, hydrocarbons

Single and multiple ionized ions of atoms and molecules
Wavelength range: 50 nm through 1500 nm

= Worldwide unique spectroscopic analysis software
for PLASUS systems as well as other spectroscopic systems
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Advanced Process Control Technology for Plasma Applications
Combining complementary in-situ diagnostic techniques in single unit

Evaluating and combing sensor data
Collecting Process Data & Controlling process parameters

applying control methods

ﬁpectroscopic senso )— Reactive gas flow & ion density

(line intensities, .

Process stability & system health

ssssss

lectrical pulse sensors
(V-1 pulse curvgs)

EMICON SA

Pulse-resolved process control

Layer sensors
(reflection, transmission)

Layer properties

V-1 sensors
(Langmuir probe, MRP, ...)

Batch-to-batch reproducibility

LT

——
——
——
—

Lambda sensor

(oxygen signal Impurity detectjon

Comprehensive process monitoring and control in production lines!
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Spectroscopic plasma monitor and
process control systems
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