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Spectroscopic plasma monitor and
process control systems

PLASUS Products

for
Spectroscopic Plasma Monitoring and Process Control
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P L A S U S

Spectroscopic plasma monitor and
process control systems

Plasma Processes in Thin Film Production

Understanding the main tool in a variety of production steps

Analysis of plasma parameters Better understanding of plasma process New technologies
Optimizing plasma process Improving production process Improved products
Monitoring of process properties Process fault detection Quality control

Control of production process Improved process stability Higher production efficiency

» Analysis and control process plasma require flexible diagnostic method

PLASUS GmbH

www.plasus.de 2018
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Spectroscopic plasma monitor and
process control systems

Spectroscopic Plasma Monitoring

based on
Optical Emission Spectroscopy (OES)

Method for establishing process control:

Collimator optics
(ex-vacuum)

Measurement of plasma radiation in spectral range 200 — | 100 nm ——
: L , . , quartz
U Analysis of plasma radiation provides densities of plasma species Optical fiber window

© Real-time monitoring of plasma densities reveals process conditions
L Feedback to machine and control of plasma process

Subs{rate

(SO71) bis-jo-aur]

Collimator op|
(in-vacuum)

cs

Optical vacuum
feedthrough

Advantages:

Easy set-up and mounting
Observation through chamber window or in-vacuum optics
No disturbance of process

PLASUS GmbH www.plasus.de 2018
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Spectroscopic plasma monitor and
process control systems

Process Setup

Identification of process relevant plasma species
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Spectroscopic plasma monitor and
process control systems

Spectroscopic Plasma Monitoring

Real-time observation of line intensities

EMOI\i‘lOI : =] =]
Spectum_R01_DO00_S2048 st Monitor
()~ n_ X(T)) n(t)
5000 e
£ 4000
% 30000
5 E € Features:
~ 20000 £ o= = . . el
o2 o 8 8 Simultaneous acquisition of all wavelengths
mE F n =
™ . 1 [~ q . . . .
1000 “p i) L A Real-time observation of plasma densities
. i . R . . ..
200 0 oS 500 800 700 o0 gy’ 000 100 Instant notice of change in plasma conditions
Spectrum Ch 1: Spectrum_R0Y,_D000_ xt Wavelength [nm] . . . ..
\ \ 4 Real-time evaluation and analysis of process condition
AN T
5001 \ \ oy \
7 0 \\ N\ Benefit:
> 300 \ \\ AT m..;-Tq_ﬁm N2 337 nm Monitoring of process conditions
2 om0 7 Optimizing production process
100 WWW i 208 nm Feedback control for stabilizing working point
| B, A P h st O TH i Fault detection and system health
1] 60 80 100 120 140
Monitor Ch 1 Time [sec]
Feplay status: Stopped Recording interval: 234 mz Fieplay time: 106.3 zec Recipe: D% \Leakage-FaultD etection. ecr
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Spectroscopic plasma monitor and
process control systems

Spectroscopic System vs. Filter System

What makes the difference ?

@ D\SpecLinglAr-02-N2-Spectrum. bt == ][]
I Ar-02-M2-Spectrum.bd: I I I I
Line search in spectrum: _ _ M .
soco] Hmion 5 g | Spectroscopic system (EMICON):
38 Coee rtitd ms 5:" Complete wavelength range (monitoring of several species possible)
Filter system (PEM) ;% ; Separation of lines
' Underground subtraction
| l Ratio technique / actinometry
Multi gas/metal control
g 2 g
S soEr0af = — EE % g f |
i = = @ =
S | 0 I A
i g 3 :h|_ 3 Filter system (PEM):
“‘ LR 2 =T [T Rl Singl length (monitori i
— g 3 = +B all = =z |2 P Ingle wavelength (monitoring of one species only)
a4 - . BoEE A- Sl wlal: = s _ : .
S [ R i e oz LR Sk £ No separation of lines
- EERIRLE £ TTov I 2 s : B No underground subtraction
z B L 7Y 3T w vz : : .
= 2 : W= v Ratio technique not possible
o I Hligl ﬂ Only single gas/metal control
200 ] 4[50 5[5[] 8[5[] 1[]I[][]
Wavelength [nm] BPLASTS
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Spectroscopic plasma monitor and
process control systems

Spectroscopic features:

Number of spectrometer channels: | — 8
Spectral range of each channel: 200 - 1100 nm
Spectral resolution: approx. .5 nm

Temporal resolution: | ms — 10 sec

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

PLASUS GmbH

EMICON SA Series

Stand-Alone systems for production lines

EMICON SA

www.plasus.de

NEW!

Pulse and HIPIMS features:
Pulse curve inputs: 2 (0-2 V / 0-4 V)
Sampling rate: 40 MHz

Pulse trigger inputs: 2 optical & | analog + 5V

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 interface (software integration)
Profibus interface (optional)

2018
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Spectroscopic plasma monitor and
process control systems

EMICON MC Series

Multi-Channel systems for R&D applications

Spectroscopic features:

Number of spectrometer channels: | — 8
Spectral range of each channel: 200 - 1100 nm
Spectral resolution: approx. [.5 nm

Temporal resolution: 20 ms — 10 sec

Control features:
Number of voltage outputs (x10V): 4 -8

Number of PID control channels: 4 — 8
Number of digital IOs (5V): 4 -8

System features:
Windows operation software
USB connection

» Process analysis, evaluation and optimisation
» Process development and verification Housing versions:

» Process health and fault diagnostics 10” box for 1-2 spectrometer channels
19” rack box for |-8 spectrometer channels

PLASUS GmbH www.plasus.de 2018
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Spectroscopic plasma monitor and
process control systems

Optics

for
In-Vacuum and Ex-Vacuum

. - —er .,JPL&- ..............
mmlm”""“m.(/w— |
by
S s

Optical fibers and collimator optics

Optical vacuum feedthroughs

Straight and right-angled optical head .
— "‘j : il
Optics with coating protection _:_’?Elf ﬁ'm.r-iE;_--

K
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Spectroscopic plasma monitor and
process control systems

SpecLine Software

Offline analysis software for line identification in measured data

Options: Identify Spectrum |l
Program features: e [
Aboms: Molecules: Selected Elements:
Automatic peak finding and line identification " e Fro e
Detailed information of identified lines: wavelength, energy level, quantum numbers, ... e s Al ol fi
K CaSc Ti ¥ O Mn Fe Co Wi Cu Zn Ga Ge As 5s Br K [J5F2
Comparing spectra form different application EERENEEEEEEE N EnE .
. .. Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Fo At Rn %gm,
Import data from all common spectroscopic data acquisition systems AT s
[]5i0
La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu %3:22
[&] D:\SpecLine\Ar-02-N2-Spectrum.bxt =lEEs Ac Th Pa U Np Pu &m Cm Bk Cf Es Fm Md Ho Lo
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B.OE+04f [ 2otresfous ) 7 . R Searchonly inintensiyrange [10 to [10000 I lons (multipls)
- hit interval: +/- 1.5 nm k 5 ﬁ.
- 35 Lines identified g? = [ Save ss defalt Diesnestos | e estigretmn ‘ SommrEEEn ‘
i% i oK Cancsl | Help |
v
6.0E+04| .
SpecLine database:
. B £ E Atoms: Hydrogen through Einsteinium (Z=1-99)
3 g ; = g
o 40R0d - = | : 1 Molecules: Ag, through ZnO, hydrocarbons
: aovlEE] T g . e .
- : =l e 5 Single and multiple ionized ions of atoms and molecules
¥ e N ARl S
et I Wavelength range: 50 nm through 1500 nm
2.0E+04 Bz EnH-& ER 1A 1
g = =F z8 B aE § &
z =]z v z Z
2 G A | JL v s
N ‘ | L | P Worldwide unique spectroscopic analysis software
200 400 600 200 1000 .
Waietength o rus for PLASUS systems as well as other spectroscopic systems
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Spectroscopic plasma monitor and
process control systems

Applications

Selected examples

- Sputtering processes - Closed loop gas flow control in reactive sputtering processes
- Large area applications with multi-channel and multi-sensor setup
- Multi-chamber application
- HIPIMS applications
- Confocal multi-target multi-gas sputtering applications

- Film deposition - Tailoring process runs in PECVD process

- Plasma etching - Endpoint detection - EPD

- Process tuning - Optimizing gas flow in industrial ICP application

- System diagnostics - System health and fault detection

- ATM plasma processes - Control of process conditions for surface activation by DBD discharge

PECVD, sputtering, HIPIMS, etching, ashing, cleaning ATM, ...

PLASUS GmbH www.plasus.de 2018
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Spectroscopic plasma monitor and
process control systems

Sputtering Processes

Closed loop control of gas flow control

MFC O, Application:

O, / Ar plasma on Al target producing Al,O, layer
scITC Moving substrate (back and forth) in front of rotary cathodes

|_| wu Closed loop control of O, gas flow
B FLasUS EMICON | =8 08 =5
File Plot Spectum Replay Controlling View Tools Window Help
O-2dd 8 A4 { - BHEMN AEH 4 HE- (3
[ Substrate | Hi»am @@l5 8. 55% 8% & &3 & 01C(@E05
u KAEuropa\IST Braunschweig HEPTMS'\.ZOf-05-Z'l\TEDiS-05-.2'7’-jl2-5:1-573-:'\fD3J50:0u;s,J.:lmus,ZDODu5\72015-05-Z?-Ll-FI—S&‘.Spec\rum,TEDlS-U5-27-12-57-53,%0014859&\ |_J @[ 8]
_ Moving substrate ‘ _ : |
|—| |—| R 2
-
S 1. | e luwh'bhb\ﬂlu@ﬂa JL@M.JLL}"M \ uAHJ ‘[h[uu‘. 1“ | M I
Featu res: ;mwst - “:Espemnu (US:et'u'l'Et\-Z cs:'ﬂ:g 57.53 sujtnnaz;:'w G BUUWM\Englh[nm]T : e = b e
3% || |
Stable set-point control at 35% i Substrate f
. . : round trip
Refractive index at n = 1.657
. o o . ; N R | Al/ Ar signal
Despite periodic oscillation due \/-vw‘v*v‘“w“‘-w‘v-v MRl o
In cooperation with: to substrate movement U' | Set-point: 35%
[ i LS e e bt i e s ol e i
</robeko —> fast and matched response time ) e & “ i

P Reliable PID control despite moving substrate

PLASUS GmbH www.plasus.de
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Sputtering Processes

Large area applications with multi-channel and multi-sensor setup

1h ) .
i ’ H
i 20 ollimator 1 :
i1 P .
I 5 :
1 :
11 P~ H
11 . — ™~ . H
[l = v ) Collimator 2 H
. ¢ |l B
! 2 = : )
| ° - 5 Multi-channel setup
1 H
I o : Fast gas flow control for securing layer uniformit
Reactive Gas L-ﬂ&? ¥ Collimator 3 g g y y
= & Multi-sensor setup
O e o Slow target voltage control for compensating cathode erosion

: Advanced feedback control techniques:

H Cable Power Supply oating pulsed D Powe N Jarget Voltage | 2 H H
Process Chamber with rotating magnetrons o : Closed loop PID for combined sensor inputs
Master and slave configuration
Signal ratio technique

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

PLASUS GmbH www.plasus.de 2018
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Spectroscopic plasma monitor and
process control systems

Sputtering Processes

Optics setup

Opaning in 10mm — @pening in 10mm
dia. ' o,

A ;
|

it

p
| I e

_ Target Surface
= i
¥,
Single ) I-O'(U:M of Dual
cathode I Sight cathodes

Important: =1 I

Magnetron targets

~ Target Surface

LOS [Light Of
Sight)

All light along the line-of sight is detected!

Allgnment rules: Collimator setup on planar magnetrons
- Line-of-sight through similar plasma regions

- Line-of-sight above process surface

- Line-of-sight parallel to process surface

Single '-“.'iu'm of Dual
cathode 1 ) cathodes

Collimator setup on rotating magnetrons > B e

PLASUS GmbH www.plasus.de 2018
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Spectroscopic plasma monitor and
process control systems

Sputtering Processes

HIPIMS applications i -

High Power Impulse Magnetron Sputtering ' ' '
Chromium (Cr)

Challenge for reactive processes: i Cr*lines  (Cr lines Ar lines
Controlling ion density — layer quality |
Controlling reactive gas flow — layer stoichiometry .JL Lﬂ h | 1 U t'
] VTN Lk " L
Spectroscopic plasma monitoring: i Titanium (Ti)
Measuring ion density by ion lines
Measuring reactive gas flow by metal lines .| Ti*llines Tilines Ar lines
v Programmable pulse o
CICIET [ 1 [ | HIPIMS discharge
il 0 O [0 b Soectroscopic bl o vt M.h DC discharge
pectroscopic plasma monitor system . T L o
vl Programmable pulse train with asy ric Voltage amp Is ﬁrSt ChOIce for HIPIMS appllca’tlons S _=‘-*f“
—_ﬂj—mm—‘j—mjmm o 7?;:312-13311-:1'§§f§i§§i33 g:‘cnmncnn:l:lt — . —|
Silver (Ag)
Ag* lines ‘ lines Ar|lines
Features: |
High power pulses produces metal ions In cooperation with: Supported by: “ w YM |
i ; : R ZIM |
Average power similar to DC or MF sputtering %FD'JE"(EI ﬁ 2 Fraunhofer (e [( |- UJ |
New or improved layer properties Agpus IsT e A
PLASUS GmbH www.plasus.de 2018
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Spectroscopic plasma monitor and
process control systems

L)

A

Metallic HIPIMS Process

Control of ion density

-

O

File list

_File | Properties I

=-[E| EmiConFile_D027_R
-] 1: Ch1l: Ar 811nm
-] 2: Ch1: Ti 375nm
-] 3: Ch1: Ti+ 288 nm|
-] 4 Ch1l: O 777 nm
-] 5: {Ch1i: Ti 375 nm)|
- [w] &: (Chl: Ti+ 288
-] 7: {Ch1: Ti 375 nm)
-] &: {Ch1: Ti+ 288 ru|
-] 9: {Ch1: O 777 nm)
--[] 10: Ch2: Ar 811 nn|
-] 11: Ch2: Ti 375 nm
-[] 12: Ch2: Ti+ 288 n
--[] 13: Ch2: O 777 nm
- [] 14: (Ch2: Ti 375 nn
- [w] 15: (Ch2: Ti+ 288 1
-] 16: (Ch2: Ti 375 nn|
-] 17: (Ch2: Ti+ 288 1
-] 18: (Ch2: O 777 nn

i Directory:
- § Data number:
i Time:
- § Signal:

<

robeko\Workshop 2017\

Malue

Styrobeko
3866

426.6 sec
-0.00927C

>

LI

signal [cts]

||| EmiconFile_D027_RDODLeF

(== =]
Application:

1050 A

1€

00 A
930

820 A

Ratio T
Ratio T

1000 o Ti/Ar metallic HIPIMS plasma

5 kW average power, 50pus pulses
Variation of peak current by varying pulse off time

i*/(Ti + Ti*) Chanel |
i*/(Ti + Ti*) Chanel 2

675 A

550 A

Monitoring ionization degree Ti*/(Ti*+ Ti)

660 A

645

//

Peak currents

T

L,
T

450 A

320A

0.05 645-A N
630 / 595 A 555 A
455 A

Features:

Simultaneous monitoring of ion and neutral density
Real-time signal ratio of ions to neutrals

Different peak currents at targets

Lok i o

370 A
220 A

EmiConFile_D

027_RD001 .ect

50

100

0 2
Time [sec]

Recording Status:

Recerding Interval:

Recording Time:

Recipe:

In cooperation with:

PLASUS GmbH

</robeko

MAGPULS

www.plasus.de 2018



P L A S U S

Spectroscopic plasma monitor and
process control systems

Reactive HIPIMS Process ?‘-@ % j

Hysteresis effect

Application: Features:

Ti/O,/Ar reactive HIPIMS plasma, target size: 90x490 mm Monitoring signal ratios (eliminating geometry effects)
Average power: 3 kW bipolar pulsed, t: 50 ys, t_ 2000 ps Hysteresis clearly observed for atoms and ions
Pressure controlled at 0.4 Pa: Argon flow:300-250 sccm, Oxygen flow: 0-40 sccm Different hysteresis behavior of targets

I8 s:\robeko\Daten' 17.10.17 Titanoxid Hysterese HIPIMS\DO12\EmiConFile_DO12_RDOOT.ect (=)= =]

(s RV EmiconFile_Do12_RDODLed
_File | Properties Malue
El-[E| EmiConFile_D012_R
- t:ch ar81iom [N
O 2:cheTizzsom [
[0 3 chi: Ti+ 288 n [
O «chro7zzom |
-] & (ChuTiazsnmi____]
O e&: (ch1: Ti+ 288 oo 101 }
[ 7: (ch1: Ti 375 nm)
8: (Chi: Ti+ 288 rr[ I
-7 8: (ch1: 0 777 ro)
O 10: Ch2: Ar 811 nn|
-] 11: Ch2: Ti 375 nm
[0 12:Ch2: Ti+ 288n
-] 13: Ch2: 0 777 nm
[ 14 (Ch2: Ti 375 |
-] 15: (Ch2: Ti+ 288 1]
-~ 16: (Ch2: Ti 375 |
17: (Ch2: Ti+ 288 1]
~-[] 18: (Ch2: O 777 rm|
- § Directory:
-~ 1 Datanumber:
w § Time:
w i Signal:

12

--- Ti/Ar Chl
--- Ti/Ar Ch2

10

\

Oxygen flo"v
0% 20% 40% 60% 80% 100% 80% |60% 40% 20ps 0% i
— >

L s A,
0 1

Signal [ets]

.:,mm
g4 5
R

&

Intensity ratio

- - Ti*/Ar Chl
- - Ti*/Ar Ch2

0 10 20 30 40 50 60 70 80 90 100
< > | EmiConFile_D012_RD001.ecf

Recording Status: Recording Interval: Recording Time: Recipe: e Oxygen ﬂOW [%]

PLASUS GmbH www.plasus.de 2018
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Sputtering Processes

Multi-chamber application in CIGS production line

jxl-|
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= ‘
o
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3 S =8
= =3 @
al °
rol o o
=] < o
= =1
E — %.D sh= e
5 =
C @
7 s 2 H 2
K4 i = =
o Sl & 2 2
o =1 (=}
c @ Q [0 —
- Iz =12 N3z
= 5 & 3 = @
e 5l 2 || A E
(= 3 T @ 3 L
o & e Y =l
. ol 2 5 %
. = 3
Chamber [+* 21 3 =
%) ) 21 5 =
c for adding 4] 3
—| 3 = e = —
2 a 2 - 8
? =
al|l % @ o <
@ @ T Le*
e g 3
NIz =]
3 - |2 -
O —_
@ 3
- (=]
<
3
(=]
‘I —
*
-
0
-
-
A
—

Layout of CIGSSe-cell
Application:

2ol S Inline process for CIGSe cells
1-£n'
g Sputtering chamber of each layer
e
Mo Simultaneous monitoring of each plasma porcess
®

PLASUS GmbH www.plasus.de



P L A S U S

Spectroscopic plasma monitor and
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Sputtering Processes

Multi-chamber application in CIGS production line

) 5 bt Monitor ‘ E@ u — d o DI Monitor | Pt

E 01 ‘+ V= I "\ 60000+ ‘ ‘
Hera | "o layel lﬁ—layer—
Pommer o U] o Features: . _ i
i Inlersiy 2905 917607 | & & (b aCk Contact) £, 4000

g sov . . . . gm c ! { (absorber)

Monitoring of each process step:

. | | EE - ; | :
,,,,,,, U WP | P - Process stability DJJJMMU @JLLJ ) i3 |
Spectrum Ch 1: Speatrum_RO_D02_S4332:4xt [nm] - S)’Ste m Pe r.fo r.m an ce Spectrum Ch 1: Spectrum_R01_D00S_SME7.txt [ ]

PP Whurinign ot Mo e ooyl 61539 61

| Window, coati .
- <o M%a = \ - Fault detection : \

N\
3000 | | | \/OWSF ramp ' ) k
o 1

8
g

E
8

Process stability

/

Trtensity [Cts]

Tntensity [Cts]

L
5 ¥

12437 45(

10000 pmssssssmmt sl I T

e

i o o - e #6Ki122

50 100 150 20!]T [ ]25D 300 350 400 450 50 100 1150 Jsec] 200 250 300

Monitor ch 1 ime [sec] onitor ¢ ime [sec
Feply sl Stopped Recodig werv Om: [Replopine #535s0c _[ecke: D\ pslerg\oala CalHosmiieng e Ben eﬁt- Recording aus Mocording Fecodrainienal 128w [eplay e 208932 [Recbe D\ Spatiirghselo o puting &1
N

e f Same EMICON hardware for all chambers [P ———
1 Ga-Cu layer Process selection by software recipe ZnO layer
i1 (absorber) Complete production control (fr°"t contact)

2| 2500 3 1
1 i L
- o _.. u 1 ‘l \liLL_J;

|

ity [cts]

2 2000

a- CU 32§ nm

Inte

E LJu i\{l’“ Mum kMLHAuWUE [UM P

200 300 400 500 600 700 800 500 1000 1100 A

800 1000 11
Spectrum Ch 1: Spectrum_R01_DOO7_SS778.txt [nm] [ soec !:".‘_“ 3] Wavelwmhj "ﬂ. =
_J - " : g 40458 450 | . . s0000 N\ /-"R wimgpu) 52171780
p - |
o | By i : & Hy
R . M \Power ram = r ‘
3 T —— | T i
— B 25000 et P = - Opening of vacuum gate at front end
= e 21643 580 =
@ 2000( t H H H
4 e for charging production line
E 15000+ £ 20000 T
- 13585 050
10000f P 11469 950
100 g
500 T
=] I I 2646 4334854,
100 200 300 400 500 600 700 o 200 300 “«0 200
Time [sec] Monitor Ch 1 Time [sec]
Recording status: Recording [Rocpe: DA, \S pulleingSolar Colaa Cu spultaing.ec1 Flecading stz Hecording Recordng rtervel 109ms | eplay tane. 510.1 sec Fecos D\ putteangSdla CalZn e e

» Complete control of inline production line for CIGSSe cells

PLASUS GmbH www.plasus.de 2018
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Sputtering Processes

Confocal multi-target multi-gas sputtering applications

Features:

Each spectrometer channel monitors one target

Monitoring target material, process and reactive gas simultaneously
No signal interference between targets

Same hardware setup for all targets

Benefits:

Process recipe selection by software

Reactive gas flow control for each channel
Control of two reactive gases at one target
Counting for cross-contamination between target

s H_}_, 150
Substrate

» EMICON system is unique and first plasma monitoring tool for confocal multi-target sputtering

PLASUS GmbH www.plasus.de 2018
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Spectroscopic plasma monitor and
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Process Control Systems for Sputtering Applications

Comparison and feature list of different techniques

EMICON PEM Lamda \'/

target

Control of single gas flow: v
PID control of single reactive gas

Large area targets:
Multi-channel system

HIPIMS applications:

Simultaneous control of reactive gas and ion density

v X

Control of multiple gas flow:
Simultaneous PID control of different reactive gases (e.g. O and N)

Control of multi material targets:
Control compound targets (z.B. ITO, AI@Cr, ...)

Control of power supply:
Independent PID control target voltage

U N I N N R N AN

X | X | X[ X | X]| N |
X | X | X | X

X | X | X | X | X ]| X

Independent control of system conditions:
Fault detection and system health (less system-off times)

PLASUS GmbH www.plasus.de 2018
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Spectroscopic plasma monitor and
process control systems

Film Deposition

Tailoring process runs in PECVD process

MIRO source

Application:
Microwave source MIRO for high rate deposition

Reducing pretreatment time by monitoring transient effects

Optimizing chamber cleaning time by endpoint control

In cooperation with:

</robeko

Supported by:

PLASUS GmbH

www.plasus.de
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Spectroscopic plasma monitor and
process control systems

Film Deposition

Tailoring process runs in PECVD process

Chamber cleaning process Deposition process

. === B 5:\PLASUS\robeko\Workshop 2017\Daten\DO16 - Abscheidung C2H? 0005\EmiConFile_D016_RDODT ect [=E]r=]
— v;.::g Spectrum_RD1_D006_SOS75.6¢ | Monitor Endpolnt: Chamber Ok! _:::‘i:npemes :V;Lem_: Spectrum_R01_DO016_S0254.0¢ | EmiConFile_D016_RDODLed
e mm e T ™ T e
oje e = B sneam — C,/Ar \N\
L1 - 5 (oH 3usn:r'n)f(m 751 nm) =
: (0 777 om)/(ar 751 nm) [ 6:C2516 nm
7 0Emmaaton). I ] ;iCSZBS;lTn (Ar 751 nm] — ‘ \.—.._.Jl
e B | T
s g1 . - Deposition
U. A‘P P HIAr process time Tran5|.ent Needless.
= time . N process tme HiAr
____________________________________________________ S — N OH/Ar )
—‘?ﬂ 021 : o O Ta—
200 400 600 800 1000 1200 1400 | 1600 1800 WI!U 200 300 400 500 600 #TUU
[Replay status: Stopped Recwdingv.:q:r-v;: 72545 ms Replay time: 1548.0 sec Recipe: S:\.‘-\Daian\;T:C[»Etleaamng—F‘rDcess.Ecr’ 2 [Replay status: Stopped Remrdingvr:r;t:r-u:\:-z;; mz E_E:-E_R:F:;\: fime: 685.0 sec Recipe: 51\‘.-\Daten\l\lﬂi:;-[i)?;nsiﬁm-Pmcass.ecr*
Features and benefits: Features and benefits:
Monitoring etching gas and etch products simultaneously Monitoring residual moisture in chamber before process start
Defining endpoint conditions for cleaning process Securing chamber conditions at process start
Reducing needless process time Reducing needless process time

» Increasing production up time » Securing batch-to-batch process stability and quality

PLASUS GmbH www.plasus.de 2018
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Plasma Etching Application
EPD - Endpoint detection

APPIication: EMonitor ; El@
. . . o e o 2 5 pectum T2009.0212-1433.54_S1567.6 Moritor Endpaints i
- EtChlng Of S|02 Ia)’er on Sl SUbStrate =] Spestium_T2008-02-1; 5000
i Dark ] = I
- RF discharge e | 5000 Endpoint reached !
C F / O etchin as gi:ztl;r D:AEMICOMY StOP process!
276 2 g g i Eva;j;::gbt:' :ggo-ﬂm.s g #000
. . -« 1 Intensit -200 - 60000 |—
- detecting of end-point o ] Moniar 2 30000 . £
0777 nm [ o
F 703 rm mm = | 3
C2 585 nm | — 20000 = - = -
5i0 283 rim | o =
1 Directony: % l J\(J} rl“ﬂ/ = [e]
+ 1 Datanumber 1568 1000 } ,JUI f Aulllnl\,rﬂ i} I Mﬂ e p
i I.rr:tn;en.swty -2230868-12000 W w. .
00 300 400 500 600 700 800 900 1000 1100
Spectrum Ch 1: Spectrum_T2009-02-12-14-33-54_S15667.txt Wavelength [nm]
1200 <
ndpoint
1000 , >
8001 me' 1
z Upper setpoint for C, ( VI 7744590
% 600 L o b AMERTE 027 5500
Features: 5
= 4000}
- Monitoring of all process relevant plasma species "
. . 200 d
- Setpoints for each plasma species [ ower setbaint for SIO=Y
- Reliable endpoint detection due to combined setpoints — 50 100 T e 200 250 00
Fecording status: Recording Recording interval: 157 ms Replay time: 238 9 sec Recipe: D:AEMICONE tchingyC2FE-0 2-Etching. ecr
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Process tuning and optimization

Optimizing gas flow in industrial ICP application producing passivation layer

6 Stations:
load/unload, heating, 4xPECVD
rotating turntable Application:
- AlO, on Si wafer
- ICP source

- Process gases: TMAI, O, and Ar
- Process time: about 8 seconds

Challenge:

SINGULUS Singular XP . . .
ingular - Reduction of transient time

- Stabilization of process
- Reproducibility of process

In cooperation with:

nomic Afairs
SINGULUS 'J R
by the German Bundestag

PLASUS GmbH www.plasus.de
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Process tuning and optimization

Optimizing gas flow in industrial ICP application producing passivation layer

Before tuning: After tuning:
1400 , 12000 i i ' Feat
— — eatures:
h Situation | [\ Situation 2
1200 \ 10000 \HL\M-\\J\: - Monitoring all plasma species
1000 A - Different transient characteristics of plasma species
8000 A . . . . . . .
\/ \ J - Tuning gas inlet time with respect to plasm ignition
@ 800 o
= = 6000
5 H =
i 600 Al It
4000 PN .
100 r e Benefit:
2000 it i e o - Improving transient characteristics of plasma species
200 o e ] .. . ..
WWW—W - Faster stabilization of plasma densities
o 0 ~— - Reproducible process-to-process characteristics
60 62 73 53 53 70 72 74 7% 78 30 37 3 36 38
Monitor Ch 1: EmiConFile_D013_RD004.ecf Time [sec] Monitor Ch 1: EmiConFile_D008_RDOOT ecf Time [sec]

PLASUS GmbH

In cooperation with:

S I N G U LU S u S Corman Punderme

www.plasus.de 2018
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System Diagnostics

System health - Fault detection

Example: Residual gas in piping system

D:\EMICON\Fault Detection'\Data\Spectrum_R01_D000_S3302.txt =n =<
A Gpectum_ROT_DOO0_S3302 b4t | Mari
File | Froperties Walug P — " | Monitar |
=] [h] Spectrum_R01_DOC
i L] Dark -
Calibration | ] £0000)
eference [
] — |
1 Directory: D:AEMICOR 5000
o § Data number: 4550 —
i wiavelength: 1585 -1104. g 40001
: 1 Intensity -3842.718 ;
E-[E] Maritar =
T i 288 rm |2 30000 £
02777 im — c g £
[ A1 98B v B |- 20000 ElE E =
O 15288 nmiar S6E g = - >
[ OH 309 rim | gk & n [~ <
[ N2337 nm — | 10001 a5 = 5
& Wbt b, il [ ]
i Data number: 1653 I A . A )
i Time: 4549
1 Inon 0. so0d 200 300 400 500 600 700 800 900 1000 100
v Spectrum Ch 1: Spectrum_R01_D000_S3302.txt Wavelength [nm]
800
|
7000 O, valve open System ok!
" AL L m AN
o I » Ar el 6560718
600 > Al M
= P 4
. [
& 5 7 500 WMWM >
) . . o .« .
bisopcs > 00 Residual gas (air) in gas piping
N %
2 300 e 2 w:
5
o 50 100 160 200 250 300 350 400 450 500
Monitor Ch 1 Time [sec]
Feplay status: Stopped Recording interval: 343 ms Fieplay time: 454.9 sec Fecipe: D4 \Leakage-FaullDetection. ecr

Challenge:
Detection of deviation from normal process conditions:
Chamber condition and health

Air leakage, water leakage, gas supply mismatch, ...

Gas flow shortage, interruption
Sparking

Features:

Monitoring of:
N, (air leakage)
OH (water leakage)

Prompt notice of system fault

Benefit:

Safeguarding the required plasma conditions

P Add-on feature of EMICON system running parallel to process control

PLASUS GmbH

www.plasus.de
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Atmospheric (ATM) Plasma Applications

Control of process conditions for surface activation by DBD discharge

© Softal G

Application: Challenge:

Roll-to-roll unit for rigid films Securing oxygen free treatment

Activation of film surface for printing, gluing, ... Real-time monitoring of process conditions

Inline corona/DBD discharge in nitrogen flooded unit Correlation with activation results

PLASUS GmbH

www.plasus.de 2018
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Atmospheric (ATM) Plasma Applications

Control of process conditions for surface activation by DBD discharge

rl. Data\OXYSYS\T2010-04-22-15-00\5 RO1_T2010-04-22-15-00_53156.6xt (== =]
| File list ~ \®EIY spectrum_R01_T2010-04-22-15-00_S3156.¢ | Monitor
_File | Properties | Walue .
E Spectrum_R01_T2010-0« Featu res:
E-[E] Monitor
------ O :no [ | 50000 . . .
~O2mw ] Monitoring of N, and NO lines
; :?aled ratio (v2no] [ 000 [ | . .. .
O woween Bl |, | Ratio N,/NO very sensitive to residual oxygen
_Ug: 30000 CI- ///N:/NO "_\‘«»sz B
20000 000 v zoomed [
10000 I = I g - P 51 100 150 :I:\E e 250 300 350 400 | |
I b, A e I Benefits:
: 200 300 0 500 500 700 800
i|Spectrum Ch 1: Spectrum RO1_T2010-04-22-15-00_S3156.6xt Wavelength [nm] I/ Real-time process monitoring
/ . . . .
: ] Correlation with activation results
Air
08
flow
3 osd—)
I
0z P Securing production of film activation
N,/NO /
o \ 2 0.002—4
50 100 750 200 750 300 350 400
< > Monitor Ch 1 Time [sec] .
Replay status: Stopped Recording interval: 103 ms Replay time: 417.5 sec Recipe: ..\Binder-02 -Detection-Replay-Report-2.ecr” st Patent'reg|stered: DE 1020100337870
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EMICON Systems

Main Features

Spectral broad-band monitoring: Advanced plasma process analysis
Process control of multiple gases / target materials

All time information on chamber status

Multi-channel setup: Multi-process chamber application
Spatial resolution for large area plasmas

Replay mode: Offline analysis of recorded process data
Design and test of process recipes

Set-point functions: End-point detection
Quality control

Advanced PID control: Reactive magnetron sputtering
Gas flow and/or power control

Recipe manager: Multi-process switching
Multi-layer processes

Remote control interfaces: Industrial interfaces for system integration
LAN API, Profibus, digital and analog I/Os, ...

PLASUS GmbH www.plasus.de 2018
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Highlights of PLASUS EMICON Plasma Monitor Systems

EMICON SA

PLASUS GmbH

+ Spectroscopic easy-to-use plasma monitoring system
+ Multi-channel, stand-alone and multi-sensor feature

+ Powerful and unique functions for process control:
PID control, endpoint detection, fault detection, system health

+ Optics components for in- and ex-vacuum use
+ Ruggedized equipment for industrial and R&D applications

+ Stand-Alone system for 24/7 use in production lines

+ Retrofitting and upgrading existing OES / PEM systems

PECVD, sputtering, HIPIMS, etching, ashing, cleaning ATM, ...

www.plasus.de

EMICON MC

2018





