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Non-invasive Arc Detection and Pulse Monitoring
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The Moduli Event Detector .

Arc Detection and Pulse Monitoring

The Moduli Event Detector has two on-board algorithms that
constantly process RF data with 1 microsecond resolution. The
first is designed for detecting arcs within a plasma. The second
monitors every single RF pulse and checks that each pulse is
within the set specification

Parameters Measured: I\/Ioduh Applications (VI Mode)
v' Voltage and current at the v" Quickly determine if arcing is the cause of
fundamental frequency an issue
v' Arcs ranging from sub-microsecond v py|se generator monitoring. Duty cycle
to 5000 microseconds long deviations directly correlate with number of
v' Categorizes arc types wafer defects, outside of a certain
v" Pulse frequency, duty cycle acceptable window
v Max, min, average pulse voltages and v Can sync with complex plasma recipes,
currents during the pulse-on time changing its configuration automatically to
v" Checks every pulse for correct on monitor new pulse conditions and alarm
time and cycle time, counts and appropriately for bad pulses
reports “bad pulses” v’ It can automatically take regular “snapshots”
of the pulses, reporting 5000 microseconds
< Im edans of pulses with 1 microsecond resolution
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The Moduli RF Event Detector i | |

Non-invasive Arc Detection and Pulse Monitoring -
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Non-invasive Communication Protocols _
v Can be installed on a plasma chamber window v' USB ‘
or close to the matchbox fan externally v' Ethernet Front View
v Can be installed inside a match box, but not in- v" Full APIs available for all. 70
line, so it's entirely non-intrusive v" Fully field upgradable "" -
v" Many APIs for easy tool integration
v" Special antennas available for modern,
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Cpnﬂgurable Recipe ( t} :/%} | Process Summary
Configure the Arc and Pulse I'\‘m_ t/ \—y Gives summary of each process step

classification for each recipe step.

[[s_~1Snapshot
"/ Pulse Snapshot prevents the need for
—— directional coupler to Oscilloscope setup.

Microsecond resolution / N

1 us resolution data reporting for arcs "\ /
and atypical pulses

N\ /> Event Monitoring
J—LL / | Measure the number and severity of

Multi-Level Pulsing
Measure Multi-level pulses (up to 3 levels)

including pulse frequency and duty cycle S~ ~.. 7 arcsina process step
Customised Sensors / Q\ Advanced Software
Multiple antennae available to suit different | ~/ Data collection and overlay made easy.
chamber types \/
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Technical Specifications

Parameters Measured Range

Frequency Range

40 kHz - 400 kHz
350 kHz —» 100 MHz

Output Parameters

V & | [UNCALIBRATED]

Pulsed RF Profiling

1 microsecond time resolution

In-Pulse Parameter Monitoring

Up to 2 points in the pulse [standard software], arbitrary
number of points using API

Pulsed RF Range

10 Hz to 100 kHz

Pulse Timing Resolution

1us

Pulse Level Monitoring

Up to 3 levels (e.g. High - Low - Off)

Pulse Parameters Reported

Pulse Freq., Duty Cycle (of each level), Max & Min Pulse
Voltage & Current, Pulse On Time, Pulse Period, number
and percentage of incorrect pulses

Number of Recipe Steps

Max 40 Steps

Arc Duration Detection Range

1-5000 us

Arc Amplitude Range (vs Moving average)

1% to 100%

Arc Categories

9 (3 time duration ranges x 3 amplitude change ranges)

v' To arrange a technical discussion, contact support@impedans.com
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Example Data: Arc Data

File Recipe Help
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Connect To Sensor Export | Snapshot | View Summary | Add Runs to Overlay | Add Events to Overlay |

Data Display
Example DataSet

IP213-1628-C-307 Ava. Voltage - Auto Scale av AT Q
13MHz 9- Voltage [V} | | [e. @] @

TestChamber N
Current Active Recipe VOItage Vs TII‘I"IE
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50 H ‘
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i ®
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. »
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z P
8us '
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42 | |
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v al 40 __
v E11 v E21 v E31 i
W E12 v E22 v E32 S|
v E13 v E23 I+ E33 7
v MOTANEVENT r——————————7— 7T .
¥ E PE 595.027 ms 596.027 ms 597.027 ms 598.027 ms 599.027 ms 600.027 ms 601.027 ms 602.21 ms
- 29/11/2018 06:38:24
v sMAP
¥ E_ON

il Example of Arc Data showing how the length of the arc is defined
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Example Data: Pulse Data

B Affven - RF Event Detector @ I,\\, - hed
File Recipe Help

mpedan Runs Overiay || Events Overiy (100)

SMA MEASUREWENT

o

Export | Snapshot View Summary Add Runs to Overlay | Add Events to Querlay |

Connect To Sensor ‘

Data Display
Alfven-191-Pulse-Test

IPZH'&”&S'C'EES Remove Remove Al Avg. Voltage [V] ~ Auto Scale | av | aT | a, M @
iz
Default On | Timestamp | Type | Recipe | Sensor| = i
Current Active Recipe ‘04-11-202;] ‘ Lt ‘ B |IP213 | VOIt'age vs Time
@ |i5eacasse EPE |Pule- | Cexs A
04-11-2020 1P213... 1
@ |ison0m3 EPE |Pubie | g 5 *
04-11-2020 1P213... *
@ |i5eacasas EPE |Pule- | e 4 ®
04-11-2020 1P213...
® |i5o0s8i5 BFE |Pulse- | Cleas ] |
04-11-2020 1P213.. J  J
® | i5aa0n8s FPE | Pue- | Closs >
@ MW o [P q
152200847 5 TS | Co635 4l «
04-11-2020 1P213.. 5
® 15040 FPE | Pule | Ceas i ]
04-11-2020 1P213..
C 15204049 FPE |Pule- | gag ] »
04-11-2020 1P213.. ] ®
© szzoansy BPE (Pubse | clgzg a
04-11-2020 1P213.. 1
C 15204851 EPE |Pulsen | gag s
04-11-2020 1P213... =7
C 1520452 EPE |Pulsen | lgas =
04-11-2020 1P213..
o
C 15204853 EPE |Pulsen | gag LR -
04-11-2020 1P213.. = |
O |ise20ass EPE |Pulse | Ceag ) L]
04-11-2020 1P213... 1
O 150204855 E-PE |Pulse- | C'gas 5
04-11-2020 1P213... 7
O |i5z20ass56 EPE |Pulse- | Clezs ] :
04-11-2020 1P213...
O |15e205.4a7 EPE |Pulse- | Cleas 1 L]
04-11-2020 1P213.. ]
O 150205418 EFE |Pulse- | Clezs
04-11-2020 1P213... 1
O 150205429 EPE |Pulse- | lgzg .
04-11-2020 1P213.. 7
O |ysaz05450 B-PE | Pulse | cag i
% Al 04-11-2020 1P213.. n
C 152205451 F-PE |Pulse | gag : =
R T P [ ]
I E11 W E21 I E31 15:22:05.452 | - e o635
W E12 kv E22 v E3xz O ?‘;Eéofga EPE | Pulse.. ?2;335 1 —— e —
v E13 v £23 v £33 04-11-2020 1P213.. 0
o O 152205450 EPE Pulse | gg : . . . : . . : . .
A~ 0112020 T [l (IP213 ﬂ 0 ms 0.2 ms 0.4 ms 0.6 ms 0.8 ms 1ms
v E_PE
v snap

\\\l |

Example of a 1kHz 50% Duty Cycle Pulses overlaid to check for consistency
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Example Data: Multi Level Pulse Data

B Alfven - RF Event Detector — O X

File Recipe Help

impedans
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Connect To Sensar Export Snapshot View Summary Add Runs to Overlay Add Events to Overlay
Data Display
multiPulseSession
1P213-1950-C-587 e « | [‘Auta Seroling Auto Scale av aT @
13.56 MHz
Default Sensor Data
multi_level_pulse_re... (@ Avg. Voltage [V] () Pulse Freq [Hz] O Pulse Duty Cyde [%] (O P. Slot 1 Voltage [V] O P. slot 1 Current [a] () P. Slot 2 Voltage [V] O P. 5lot 2 Current [A]
21.61 1000 38.42 76.28
O Ava. Current [A] () Pulse Period [us] O P. Slot 1 0n Time [pg] () P. Slot 1 Max Volt [V] O P. Slot 1 Max Curr [A] () P. Slot 2 Max Volt [V] O P. Slot 2 Max Curr [A]
1000 242 38.48 0 75.42 0
() Mumber of Pulses () P. Slot 2 0n Time [ps] () P. Slot 1 Min Volt [v] () P. Slot 1 Min Curr [A] () P. Slot 2 Min Volt [v] () P. Slot 2 Min Curr [A]
100 160 38.38 1] 76.14 0
Voltage vs Time
Y e —
: i .
] *
50
™ i
> —
G40 >
L -
051
> >
Al ] [
20 4 »
E11 E21 E31 1 [ ]
E12 E22 E32 i E [ |
E13 E23 E33 ]

[~ NOTANEVENT L e B o B

= 189.875 ms 190.875 ms 191.875 ms 192.875 ms 193.875 ms 194.875 ms 195.875 ms 197.064 ms
- 01/05/2020 12:57:46

SNAP

E_ON

0 , Example of a Low — High — Off multi level pulse.
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Example Data: Multi Level Pulse Data

B Aifuen - RF Event Detector — O =

File Recipe Help
\\J
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Cannect To Sensar Export Snapshot View Summary Add Runs to Overlay Add Events to Overlay
Data Display
multiPulseSession
IP213-1950-C-587 IP213-1950-C-587 v | | Auto Scroling Auto Scale av AT - @
13.56 MHz
Default Sensor Data
multi_level_pulse_re... (® Avag. Voltage [V] () Pulse Freg [Hz] O Pulse Duty Cyde [%] () P. Slot 1 Voltage [V] O P. Slot 1 Current [4] () P. Slot 2 Voltage [V] O P. Slot 2 Current [A]
32.32 1000 76.54 38.34
O Avg, Current [4] () Pulse Period [us] O P, Slot 1.0n Time [ps] ) P, Slot 1 Max Valt [V] O P, Slot 1 Max Curr [A] () P. Slot 2 Max Valt [V] O P. Slot 2 Max Curr [A]
1000 241 76.7 38.48
() Number of Pulses () P. Slot 2 On Time [ps] () P. Slat 1 Min Valt [v] O P. Slot 1 Min Curr [&] () P. Slot 2 Min Valt [V] O P. Slot 2 Min Curr [4]
100 359 76.46 1] 38.18 0
Voltage vs Time
] | |
. *
50
| | u
= —
&40 >
£ ] <
04 ]
=7 XK
Al 1 |
20 4 »
E11 E21 E31 ] »
E12 E22 E32 i B [ |
E13 E23 E33 ]

[ NOTANEVENT e B e B AL S S B e S

= 901.875 ms 902.875 ms 903.875 ms 904.875 ms 905.875 ms 906.875 ms 907.875 ms 909.064 ms
- 01/05/2020 13:06:44

SNAP

E_ON

0 , Example of a High - Low — Off multi level pulse.
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Example Data: Live Parameter View

Sensor Data
(* Avg, Voltage V] ( PulseFreq[Hz] ¢ Pulse Duty Cycde[%:] ¢ P.Slot1vVoltage [V] ¢ P.Slot 1 Current[A] ¢ P. Slot 2 Voltage [V] ¢ P. Slot 2 Current [A]
1.77 1000 50.3 3.38 .05 0 ]
(" Avg. Current [A] ( Pulse Period [ps] ¢ P.Slot 1OnTime [ps] ¢ P. Slot 1Max Volt[V] ¢ P, Slot 1Max Curr [A] { P, Slot 2Max Volt [V] ¢ P. Slot 2 Max Curr [A]
0.0260192 1004 303 3 0.051 0 ]
(" Mumber of Pulses { P.Slot20nTime [ps] ¢ P.SlotiMnVolt[V] ¢ P.SletiMinCurr [A] ¢ P.Slket2MinVolt[V] ¢ P. Slot 2 Min Curr [A]
100 ] 3,36 0,05 0 ]

0 Example of the Live Data being shown in the Alfven Software

;/ Impedans Impedans Ltd | March 2021
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Example Data: Summary Report

—Data Display

Export v auto export  Summary successfully saved in C:/Users/broph/DocumentsTest Data/30mHz_weekend_Test/summaries/2021-02-19_09-57-14_1kHz.csv

Step Mame | Duration [s] | Frequency [Hz] | Avg VYoltage [V] | Avg Current [A] | Pulses | Pulse Period [ps] | Pulse On Interval [ps] | Duty Cycle [35] | Pulse Frequency [Hz] | Max Pulse 1 Voltage [V] | Min Pulse 1 Yoltage [V] | Max Pulse 1 Current [A] | Min Pulse 1 Current [A] |
11 20 13560000 1.78 0.0260192 99 999.517 502 50.2242 1000.48 34394 3.40179 0.051 0.000253731
2|2 20 13560000 1.78 0.0260192 100 |999.51 502 50.2246 1000.49 3.4392 3.4022 0.051 0
3|3 20 13560000 1.7801 0.0260192 100 |999.485 502 50.2259 1000.52 3.439 3.4008 0,051 0
414 20 13560000 1.78 0.0260192 100 999475 502 50.2264 1000.53 3.4338 3.4013 0.051 0
5|Live Data |20 13560000 1.78 0.0260192 100 1000 502 50.2 1000 3.44 34 0.051 0.051
-Data Display

Export ¥ Auto export Summary successfully saved in C: /Users/broph/Documents/Test Data/30mHz_weekend_Test/summaries/2021-02-19_09-57-14_1kHz.csv

x Pulse 1 Voltage [V] | Min Pulse 1 Veltage [V] | Max Pulse 1 Current [A] | Min Pulse 1 Current [A] | Max Pulse 2 Vieltage [V] | Min Pulse 2 Veltage [V] | Max Pulse 2 Current [A] | Min Pulse 2 Current [4] | Bad Pulses [%:] | ET1 E12 | E13 | E21 E22 | E23 | EH E32 | E33 | E_PE
1594 3.40179 0.051 0.000253731 0 0 0 0.000253731 1.0101 0 0 0 0 0 0 0 0 0 1
2492 3.4022 0.051 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
389 3.4008 0.051 o o 0 o o 143 0 0 0 o o o o 0 0 143
4488 3.4013 0.051 0 0 0 0 0 20000 0 0 0 0 0 0 0 0 0 20000
5 3.4 0.051 0.051 0 0 0 0.051 100 0 0 0 0 0 0 0 0 0 100

Example of the Recipe Summary using a multi-step recipe that included pulsing with finer

acceptance levels in each step (100, 50, 10 and 1 us for Pulse Period and the Pulse on-time)
\\\\’
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Example Data: Event Overlay

File Recipe Help

s Overy | Events Overiar 71)

P — | Export ‘ Snapshot | Add Runs to Overiay | Add Events to Overlay ‘
Data Display
Chamber Alfven
1P213-2020-C-635 Remove Remove Al m s Auto Scale av T Q
13MHz . e | Remod | 2. valtage [V | | [[c. # @
Default On | Timestarmp | Type | Recipe| Sensor| = i
Current Active Recipe |137107202§ | A | E ‘\PZB | 'l VOItage S TII‘I‘IB
@ 5350005 Recip...| ¢ 535 D T =
13-10-2020 P213...
® |gszszosr |3 |RedP- | Clons * -
13-10-2020 P213... ¥
® |ggsasaias B3 [RediP- | caag e
13-10-2020 P213...
® |ggsasaae|B3 |Redp | o ] |
13-10-2020 P213... v
© |ggs3saa0|B3 |Redpe | laas ] >
13-10-2020 2.
® |gas3sa400(E3  |Recp | o ag 4 -«
13-10-2020 NS 5%
® |ggszsasor|E3 |Recipe | ceas ] |
13-10-2020 2|
® |gszsagso|E3 |RedP- | s 1 b
13-10-2020 LS Y
® |@szszen|B3 |Redpe| o 1 ‘
13-10-2020 S
® |gszsagrs|B3 |Redp- | Cloas 1 r
13-10-2020 P213... oy L]
@ |gszsatse|B3 |RecP| ez I:5'30 8 n
13-10-2020 P213...
o n
® |gpsasaas2|B3 [RediP- | Coag g [
13-10-2020 P213... £
5
O logsasag B3 |Recip | gag 2
13-10-2020 P213... n
O |oasasazgn |32 |Recp- g5 g =
13-10-2020 2.
O loasasaasy|B3 |Recpe | o ea 1 | =
13-10-2020 —iP2ia.. i
O |oasasasse|E3 |Recip | ¢ gag 20 4 i
13-10-2020 —e2a.
O |easzsasss|B3 |Recp | cleas 1
13-10-2020 NS
O |egszsam B3 |Redp | Ceas 4
13-10-2020 S
O leszsarms B3 |Redp| oz 4
Mo 13-10-2020 P213...
O |oszsasss|B3 |RecP | s j
13-10-2020 P213...
™ E1l V21 ¥ E3L O |ogsasasor|B-PE |Recip- | fag 104
¥ E12 v E22 I+ E3z2 (@] (1,27;;;250522 E33  |Recip... ‘Cp_laj;; |
v E13 [v E23 v E33 13-10-2020 . |IP213.,
T O |ogszssian|B3  [Reci |35 ; . . : .
~ 13102020 [ [ (P2a.] x| 0ms 1ms 2ms 3ms ams
v E_PE
v snap

\\\| |

Example of Arc Data showing E33 (severe) Arcs overlayed.
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Example Data: Run Overlay

File Recipe Help

AN

e
: Impedans Runs Overey (100) | Events 0veray
7

I

FLASHA MEASUREWENT

Connect To Sensar Export | Snapshot View Summary Add Runs to Overlay ‘ Add Events to Overlay |

Data Display
30mHz_weekend_Test

IP213'1139£:|'C'5U1 Remove | Remove All ‘ Avg. Voltage [V] - Auto Scale ‘ w ‘ & ‘ L) M @
|z

CurrentD:gangecme On |£$:ﬁ£f|-rype|RE(ipE‘I§;‘?T‘ = I} Voltage vs Time
@ |riooizan P [Tt s 1 ‘ - - A
® | iomltn |l | Eo ] .
® |iosam|Rn T O 1 ' H;
o [ZEm [ |22 1 | s
® |iiman[tun | C 1 (i v
o Emh = © ] .
® |ooaraees ™ = | 257 f X
o [P o e |7 I | »
o 2 n 1 .
o (22 e [P 2 | ;
!
o FEML lw PR B | ¥
® | imson|tn | | Eo & | "
8

® |oealtn [T C 2, ] "
O [FEm o fer P | |
O |rpusamalRun [Tt | E5r ]
O |raosiagn|Rn [Tt € 1 ¥
O |rgssmam|Ren [Tt | o ] ;
O |ovossaata|™n [t |Cpi ]
O |ropraam|fun [Tt | Eor ]

v O |orossmoas|fun [Tt |Eo "7

W E11 W E21 W E31 O g?:-[?;-iza?;;)ri Run | Test 2:-2;031‘" 1

S Fm b | [0 (PR m P |

I CIE Y e o]

z:DPT:NEVENT o~ |05-02-2021 o (P213. =l UU:UIEI:EIEI UEI:EIIU:EIZ UU:U‘EI:EM uu:ulu:us UEI:EIIU:EIE uu:u‘u:w UU:U‘EI:IZ

v smap

il Example of Run Data being overlayed to check for consistency of processes

>

\
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Example Data: Recipe Creation

B Recipe Form [} ? *

' Redipe Name I:IkHz Pulse Load Recipe |
Noise Filter Length |32 us

Enable Strike Event r

Step Name |25% Duty

Step Duration |10 sec
RF On - Off Switch Time 3000 ms
Step RF Frequency |13560 KHz -

Enable Auto Snapshot

. EEpTIR AR Il sec Delay after Each Step I 1000 ms
Multilevel Pulse Threshold IO (Disabled) Number of Snapshots I 1

Manimum Event Length Enable Pulse Event v

Minimum Ewvent
Amplitude 50 ys 100 ps 500 ps Pulse Frequency 1000 Hz (1000ps)

Pulse Duty Cyde IZE— %o (Ton = 250ps)

& ELL 2t s Pulse Period Error Margin llU— ps (990~1010ps)
m g el £ =4 Duty Cyde Error Margin IE— s (245~255)15)
B e BE = Pulse Event Resolution Il— ys

Add Step | Edit Step | Confirm Edit | Delete Step Move Step Up | Maove Step Down |

Mame Duration[=] Frequency[Hz] | Skip time[s] | Threshold[V] | MEL1[ps] | MELZ2[ps] | MEL3[ps] | MEAT[%] MEAZ[ %] MEA3[ %]
1|CW 10 13560000 1 0 50 100 500 10 20 50
2|25% Duty 10 13560000 1 0 50 100 500 10 20 50
Save Recipe Close

o Example of the Creation of a Multi-Step recipe
= Impedans Impedans Ltd | Moduli Technical | March 2021
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Causes of arcs - 1) Poor Chamber Seasoning

v If chamber seasoning is incomplete, then some areas of the wall will be conducting and other parts
insulating

v Or, if the coating is uneven, then in some areas the coating will be thin enough for breakdown to
eventually occur through the dielectric material to the wall

. . . . . DEFECTS VS ARCS
v This type of arc is responsible for particle creation 1200
v Aluminium particles are sputtered from the 1000 | A,
wall. These metal clusters collect many 2 .
electrons, becoming “super-negative ions”. a %0
These particles collect above the plasma g 600 — ‘
sheath, just above the wafer. 3 F L
% 400 — A A
. * B 4 A
v" When the plasma is off, they fall onto the 200 |- 4
wafer and will contaminate the next layer. -
0 AL 1 11 1111A AT 1 111111 [N L1 1 11 i11
1 10 100 1000 10000
NUMBER OF ARCS PER WAFER

Figure ref: US Patent US5993615A 1999-11-30 Method and apparatus for
detecting arcs

\\\|'
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Causes of arcs - 1) Poor Chamber Seasoning

v" The example in the graph was from a PECVD chamber with poor seasoning. It took multiple dummy wafers
before it was allowed to run product, so the chamber would become correctly conditioned (multiple cycles)

v There are a few possible solutions

A. Increase the duration of the seasoning step so the
chamber is well coated. This may require an increase in the
cleaning step duration.

B. Introduce a pre-seasoning step, like an extra cleaning
process. This is especially needed after the chamber has
been opened, since there may be some water vapour on
the surfaces

C. To purge a system of left-over metal particles, put in a
dummy wafer and run high gas flows for a few minutes.
The particles will flow out of the system or be collected by
the dummy wafer surface.
§\\|'
z Impedans
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- Data Display

I\.r'oltage hd

Auto Scale | av AT | I? ﬂl 9'

Voltage vs. Time
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Causes of arcs - 2) Poor Grounding

v Poor grounding covers a number of arc causes

A. Poor chamber chassis earth connection. This will cause the chamber to “float” to a certain voltage near
the plasma potential due to charge build-up. This charge will dissipate at random, causing arcing

B. Poor wafer contact with the chuck, or poor wafer clamping.

Voltage vs. Time

v" This is particularly critical when a conducting layer is |
being deposited on an insulating layer. Charge will 00
build up on the insulating layer until it breaks down to
the nearest conducting surface (which may be through
to a lower layer in the wafer itself).

X ATYAR® *> "

Voltage (Volts)

v" Preventing these from happening simply requires good ]
chamber maintenance. 100
v Be aware that invisible oxide layers build up on the surface of

metals in the chamber.
v" Connections to ground should be scrubbed free of o T s tesn o
oxides. RF travels on the surface of metals (“skin depth”),
so clean the surface of ground connectors before
attaching them.

\\\|'
< Impedans v Check braiding for damage and replace if

Impedans Ltd | March 2021
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Causes of arcs - 3) Generator and Match Box

v" Arcs can also be caused by faulty parts in the RF network.

v" One example is this situation where products had burn marks if they were
left in the chamber for too long after processing. If the product was
removed immediately, there was never nay damage

It was discovered that the generator was randomly outputting power
even when the dial reading was zero — this was due to a faulty relay
switch.

Power would come on for a few hundred microseconds, causing
thousands of volts across the wafer. The “ringing” in the microsecond data
is typical of a power supply relay switch.

A similar “ringing” with high voltages can be seen when the match box
begins to fail. Arcs inside the match box capacitors cause very brief spikes
in reflected power, which have an oscillating shape

\\\|'
= Impedans
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Match Searching

RF ON

RF OFF

Generator
Switched
Off

Alfven spots that the RF ouput comes on back
on for 400us while generator powers down. (RF is off)
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T T
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Impedans Ltd

Chase House, City Junction Business Park, Northern Cross,
Dublin 17, D17 AK63, Ireland

Ph: +353 1 842 8826
Fax: +353 1 871 2282

Web: www.impedans.com
Email: support@impedans.com
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