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The Alfven VI Probe

Arc Detection and Pulse monitoring

The Alfven 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 in spec
Lab RFx Calibration
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Voltage and current at the
fundamental frequency

Arcs ranging from sub-microsecond
to 5000 microseconds long
Categorizes arc types

Pulse frequency, duty cycle

Max, min, average pulse voltages and
currents during the pulse-on time
Checks every pulse for correct on
time and cycle time, counts and
reports “bad pulses”
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Designed to work from the 50 Ohm region - it can see arcs when
connected to the generator

Quickly determine if arcing is the cause of an issue

Pulse generator monitoring. Duty cycle deviations directly correlate
with number of wafer defects, outside of a certain acceptable
window

Can sync with complex plasma recipes, changing its configuration
automatically to monitor new pulse conditions and alarm
appropriately for bad pulses

It can automatically take regular “snapshots” of the pulses, reporting
5000 microseconds of pulses with 1 microsecond resolution
Multi-level pulse monitoring
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Key Features

Configurable Recipe
Configure the Arc adnd Pulse
classification for each recipe step.

()

Microsecond resolution

1 us resolution data reporting for T
arcs and atypical pulses

Multi-Level Pulsing / J—LL

Measure Multi-level pulses (upto 3
levels) including pulse frequency and
duty cycle

Customised Sensors

Special form factors for tool integration
available, with power capabilities up to 90
\\‘lli kW
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Process Summary

Gives summary of each process step
including Max, Min and Average
Voltages and Currents

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

O\ Event Monitoring

| Measure the number and severity
.~ ofarcsin a process step

e e\\ Advanced Software
'\-ﬂ Data collection and overlay made easy.
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Technical Specifications

Parameters Measured Range

Sensor Characteristic Impedance

50 Ohms as standard

RF Connectors

QC, EIA and custom options

RF Power Range @ 50 Ohms impedance

QC: 4 kW typical (connector dependent), B6N: 12 kW
High Power: 30 kW & 90 kW

Operating Temperature Range

10 °C - 80 °C, calibrated versus temperature

Sensor Power Requirements

15-24 VDC, 0.5A

Communication Interfaces

Micro USB, Rj45x2

Connectivity (Impedans Software)

USB 2.0, Ethernet
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Communication Protocols (Standard)

USB 2.0, HTTP Web Service

Communication Protocols (OEM Options)

EtherCAT, EtherNet/IP

Parameter Report Rate

10 Samples/second

Onboard Data Storage

14 hours of average data plus up to 5000 atypical
pulse or arc events

Voltage Range (Typical)

1850 Vpg, custom available up to 7 kVpg

Voltage Resolution

Current Range

2.5 mAgys 10 9 Agys, custom available up to 150455

Current Resolution

2.5 mARMS
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Technical Specifications

Parameters Measured Range

Pulse Frequency Range

5 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' Compatible with all tools in the RF frequency range. Has been
used to resolve arcing issues on AMAT Endura, Lam FLEX
e2300 etcher, TEL VIGUS etcher, TEL DRM and many others

v" To arrange a technical discussion, contact

support@impedans.com

R
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Example Data: Arc Data

File Recipe Help

ALl

b
: Impedans
74

FLASMA WEASUREMENT

Connect To Sensor

Runs Overlay Events Overlay

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

Example DataSet

IP213-1628-C-307
13MHz
TestChamber
Current Active Recipe

v Al
v E11 v E21 v E31
v E12 v E22 v E32
[ E13 [w E23 v E33

[V MOTAMEVENT
v E_PE
[v smap
[v E_on

ASUREMENT
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Data Display

Avg. Voltage [V] hd

Voltage [V]

Auto Scale | AV | AT

[& ¢ o

Voltage vs Time
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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

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

Bl Alfven - RF Event Detector - s
File Recipe Help

AW

N
: Impedans Rurs Overay ] Events overiay 1c0)
7

PLASMA MEASUREMENT

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

Data Display
Alfven-191-Pulse-Test

Ipzu-lzfl‘jaéc-ﬂs Remave Remave All Avg. Vaoltage [V] ™ Auto Scale | av | AT | SN G)]
Default & On | Timestamp | Type | Recipe | Sensor = i
Current Active Recipe ‘04_”_202;] ‘ Lt ‘ B |IP213 | VOItage vs Time
@ |isaz0ama EFE | Pubie. | . e A
04-11-2020 1P213... 1 . :
@ |isonpa EPE |Pubie | Cag 5d % *
04-11-2020 1P213... ¥ *
@ |i5eacasas EPE |Pule- | e f ®
04-11-2020 1P213...
® | 5oa0sas EPE | PUse- | Clens 1 |
04-11-2020 1P213.. i v
@ |isan0a8ss BPE | Pulse | Clgag >
@ BB [ e 1
152200847 =5 | TUS | o635 ad «
04-11-2020 1P213.. 5
@ iso20s0a FPE | Pule- | Cleas | |
04-11-2020 1P213..
C 152204849 EPE |Pulsen | gag 1 »
04-11-2020 1P213.. i ®
C 152204850 E-PE |Pulsen | lgas a
04-11-2020 1P213.. 1
O |15z20485 EPE |Pulse- | Ceas .
04-11-2020 1P213... =
O 152045z EPE |Pulse- | Clezs IE. j ]
04-11-2020 1P213...
o
O 152208853 EPE |Pule- | Cleas 5 1 =
04-11-2020 1P213.. = |
O 150200850 EPE [Pulsen. | goc 2 L]
04-11-2020 1P213... 1
O |1s2z0a855 B-PE | Pulse |3 )
04-11-2020 1P213.. 7
n
O 152204855 FPE | Pule- | Cleas ] -
04-11-2020 1P213..
C 152205447 EPE |Pulsen | cgag 1 =
04-11-2020 1P213.. _
C 152205448 EPE |Pulsen | clgag
04-11-2020 1P213.. g
C 15205440 EPE |Pulsen | gag L
04-11-2020 1P213... 7
O |15z20550 EPE |Pulse- | Clezs i
o al 04-11-2020 1P213... n
O 152205451 EPE |Pulse- | Cleas ] a
o (T e i
v E11 IV E21 ™ E31 15:22:05.452 = Ve o635
Iv E12 Iv E22 Iv E32 O ?g;;éﬂjsﬁa EPE | Pulse.. '5261;5 il ————— —
¥ E13 v E23 ¥ E33 04-11-2020 1P213... 0
T O 15205450 ©PF Pubse- | clgzs . , . . : , . , .
(0412020 (L, [IP215. <] 0ms 0.2 ms 0.4 ms 0.6 ms 0.8 ms 1ms
W E_PE
R snap

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

H 2ifven - RF Event Detector — O >
File Recipe Help
\\l
Live View Runs View Events View Runs Overlay Events Overlay
[ I
FLASMA MEASUREMENT
Connect To Sensar Export Snapshot View Summary Add Runs to Overlay Add Events to Overlay
Data Display
multiPulseSession
IP21133' 15965&':'597 1P213-1950-C-587 | | Auto Serolling Auto Scale av AT LA
. z
Default Sensor Data
multi_level_pulse_re... (@ Avag. 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 On 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 On Time [us] () P. Slot 1 Min Volt [v] () P. Slot 1 Min Curr [8] () P, Slot 2 Min Volt [v] () P. Slot 2 Min Curr [A]
100 160 38.38 1] 76.14 0
Voltage vs Time
=
1 1 =
. *
60 %
. ®
-
a ] :
&40 >
£ -«
9304 %
Al . [
20 »
E11 E21 E31 E [ ]
E12 E22 E32 i E ||
E13 E23 E33 ]
[] NOTANEVENT ————— T
189.875 ms 190.875 ms 191.875 ms 192.875 ms 193.875 ms 194.875 ms 195.875 ms 197.064 ms
E_FE
- 01/05/2020 12:57:46
SMAP
E_ON

Ry Example of a Low — High — Off multi level pulse.
-, Imp : da ﬂS Confidential Impedans Ltd | September 2024
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Example Data: Multi Level Pulse Data

B Alfven - RF Event Detectar — O >

File Recipe Help
\,\ul

S impedans

PLASMA MEASUREMENT

Connect To Sensor Export Snapshot View Summary Add Runs to Overlay Add Events to Overlay
Data Display
multiPulseSession
IP213-1950-C-587 IP213-1950-C-587 +| | Auto Serolling Auto Scale av AT - @
13.56 MHz
Default Sensor Data
multi_level_pulse_re... (@ Avg. Voltage [V] () Pulse Freq [Hz] () Pulse Duty Cyde [%] () P. Slot 1 Voltage [V] O P. Slot 1 Current [4] (O P. Slot 2 Voltage [V] O P. Slot 2 Current [A]
32.32 1000 B0 76.54 38.34
O Avg. Current [A] () Pulse Period [ps] (C) P. Slot 10n Time [us] (O 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 241 76.7 0 33.48 a
(O Number of Pulses (C) P. Slot 2 On Time [ps] () P. Slot 1 Min Volt [V] () P. Slot 1 Min Curr [&] () P. Slot 2 Min Volt [v] () P. Slot 2 Min Curr [A]
100 359 76.46 1] 38.18 a
Voltage vs Time
] ||
70 A
7 +
60 4 %
50
™ q
= =
240 >
£ <
055 ]
= X
Al ] |
20 »n
E11 E21 E31 ] ]
E12 E22 E32 a0 E |
E13 E23 E33 ]

MOTAMEVENT rm T T T T T T T T T T T T T T T T T T T T T ]

E PE 901.875 ms 902.875 ms 903.875 ms 2904.875 ms 905.875 ms 906.875 ms 907.875 ms 909.064 ms
- 01/05/2020 13:06:44

SNAP

E_OM

Ry Example of a High - Low — Off multi level pulse.
-, Imp : da ﬂS Confidential Impedans Ltd | September 2024
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Example Data: Live Parameter View

Sensor Data
(¢ Avg. Voltage [V] ¢ Pulse Freg[Hz] ( Pulse Duty Cyde [%] { P.Slot 1Voltage [V] ¢ P.Slot 1Current[A] ( P.Slot2Voltage [V] (  P. Slot 2 Current [A]
1.77 1000 50.3 3.33 0,05 a a

(" 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 1000 503 3.9 0.051 0 0
{" Mumber of Pulses { P.Slot20nTime [ps] ¢ P.SlotiMnVelt[V] ¢ P.Slot 1MinCurr [A] ¢ P.Slet2MinVolt[V] ( P. Slot 2 Min Curr [A]
100 0 3.0 0.05 0 0

i Example of the Live Data being shown in the Alfven Software
-:'; Im Eda HS Confidential Impedans Ltd | September 2024
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Example Data: Summary Report

—Data Display

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

Step Mame | Duration [s] | Frequency [Hz] | Avg Voltage [V] | Avg Current [A] | Pulses | Pulse Period [ps] | Pulse On Interval [ps] | Duty Cycle [%2] | Pulse Frequency [Hz] | Max Pulse 1 Voltage [V] | Min Pulse 1 Yoltage [V] | Max Pulse 1 Current [A] | Min Pulse 1 Current [4] |
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 |999.425 502 50.2259 1000.52 3.43% 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 v auto export  Summary successfully saved in C:fUsers/broph/Documents / Test Data/30mHz_weekend_Test/summaries/2021-02-19_09-57-14_1kHz.csv

x Pulse 1 Voltage [V] | Min Pulse 1 Voltage [V] | Max Pulse 1 Current [A] | Min Pulse 1 Current [A] | Max Pulse 2 Vieltage [V] | Min Pulse 2 Voltage [V] | Max Pulse 2 Current [A] | Min Pulse 2 Current [A] | Bad Pulses [%2] | ET1 E12 E13 E21 E22 E23 E31 E32 E33 | E_PE
1594 340179 0.051 0.000253731 0 0 0 0.000233731 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
349 3.4008 0.051 0 0 0 0 0 143 0 0 0 0 0 0 0 0 0 143
4333 34013 0.031 0 0 0 0 0 20000 0 0 0 0 0 0 0 0 0 20000
5 34 0.031 0.031 0 0 0 0.031 100 0 0 0 o o o o 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

Rurs Overay | Events 0veray 71

Add Runs to Overlay |

Add Events to Qverlay |

Connect To Sensor ‘ Export
Data Display
Chamber Alfven
1P213-2020-C-635 Remove Remove All
13MHz .
Default On |T|mestamp | Type ‘ Rec\pa‘ Sensor|
Current Active Recipe 13-10-2020 213
® |paszsios|E3 |Redpe | Cloas
13-10-2020 P2t
® |gszsuosr |3 |RedP- | Cloas
13-10-2020 P2t
® |gsssims|3 |RedP-| Cozs
13-10-200 P2t
® |pzsassa0s|E3 |RedP- | Clons
13-10-2020 1P213..
® |pzszszan0|=3 |RedP- | Clozs
13-10-2020 1P213..
® |oszssame|B3 |RedP- | Clons
13-10-2020 1P213..
@ |ppszsusor|F | Redp | Clgas
13-10-2020 1P213..
® |pgsasizs|B3 |Red | Cloas
13-10-2020 P2t
® |ppsasiesm|B3 | Redpe | Cloas
13-10-2020 P2
® |ps3s305(E3  |Redpe | cgas
13-10-2020 P2
@ |psasais|B3 |Redpe| o
13-10-2020 P2t
® |gsasias|B3 |RedP-|Coss
13-10-200 P2t
O |ozsasazes|E3 |RedP-| Clgzs
13-10-2020 —ipana..
O |ozsasazm B3 |RedP- | Clezs
13-10-2020 1P213..
O |oasasaasr|B3 |RedP- | clozs
13-10-2020 1P213..
O |ogsasasse| B3 | Recip- | cgas
13-10-2020 1P213...
O loasasacan|B3 | Recp | Clgas
13-10-2020 P2t
O |oasasazar |53 |Redp| cleag
13-10-2020 P2t
C |oasasarss|E3  |Redpe | cleas
~ Al 13-10-2020 ™
C |oasasasss|B3 |Redpe | ceas
13-10-2020 P2t
R e11 v E21 I 31 O |oaszsasor|EPE |RedP-| Clezg
13-10-2020 P2
K E12 V¥ E22 I E32 (@] 08:53:55.062 | £33 | ReciPu. | ¢ g
W E13 IV E23  E33 13-10-2020 . IP213..
= O |ozsassa0|B3 |Redp-| Clezs
SEETEET ~ 13102020 | . |, |IP21..
R E_PE
v snap

Avg, Voltage [vV]

Voltage [V]

40

w
=1

20

Voltage vs Time

ay

=3
=)

| BN ol

% XAVAH® L o>

1ms

2ms

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

File Recipe Help

N

>
z, Impedans
1

FLASMA MEASUREWENT

Connect To Sensar

Export

Runs Overlay (100) Events Overlay

View Summary

Add Runs to Overlay

Add Events to Overlay

30mHz_weekend_Test

IF213-1901-C-501
13MHz
Default

Current Active Recipe

Data Display

Remove ‘

Remove All ‘

Avg. Voltage [V] hd

On |T|rr|estamp | Type | Rac\pe| Sensor ‘

|
Ve kv E21 F E31
¥ E12 kv E22 kv E32
v E13 kv E23 W E33

W NOTANEVENT
I E_PE
¥ snap

R
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05-02-2021
21:00:13.373
05-02-2021
21:00:33.103
05-02-2021
21:00:53.223
05-02-2021
21:01:13.384
05-02-2021
21:01:33.523
05-02-2021
21:01:53.713
05-02-2021
21:02:12.993
05-02-2021
21:02:33.524
05-02-2021
21:02:52.964
05-02-2021
21:03:13.144
05-02-2021
21:03:33.144
05-02-2021
21:03:52.972
05-02-2021
21:04:13.583
05-02-2021
21:04:33.213
05-02-2021
21:04:53.793
05-02-2021
21:0%13.631
05-02-2021
21:05:33.272
05-02-2021
21:03:53.214
05-02-2021
21:06:13.272
05-02-2021
21:06:32.985
05-02-2021
21:06:53.904
05-02-2021
21:07:13.613
05-02-2021
21:07:33.412
05-02-2021

> O|O|0|0C 0|00 0|00 @ @ @ @ ®@ @ @ @ @ & @ @O0
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Test

Test
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Test
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Test

Test

Test

Test

Test

Test

Test

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

C-501

IP213...

Voltage vs Time

Auto Scale ‘

| N o)

Voltage [V]

-
w

HKAVAEN@®EO»r

B =l m W s o

g

T
00:00:04

Confidential

T
00:00:08

Example of Run Data being overlayed to check for consistency of processes
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B Recipe Form

Example Data: Recipe Creation

Skip Time At Start

Multilevel Pulse Threshold

IU (Disabled)

Delay after Each Step

MNumber of Snapshots

' Recipe Mame I]kHz Pulse Load Recipe |
Step Name IZE% Duty Moise Filter Length |32 us
Enable Strike Event I
Step Duration |1U sec
RF On - Off Switch Time 3000 ms
Step RF Frequency IBEGU kHz
Enable Auto Snapshot r

I 1000 ms
I 1

Maximum Event Length Enable Pulse Event v
Minimum Event
Amplitude | ;o ps | w0 ps | soo us Pulse Frequency 1000 Hz (1000ps)
Pulse Duty Cyde |25 % (Ton = 250ps)
I 10 [ = = =i Pulse Period Error Margin Il[J ps (990~1010ps)
I 20 s B &4 B Duty Cyde Error Margin IS ps (245~25508)
I S0 /S B = =5 Pulse Event Resolution |1 ps
Add Step | Edit Step | Confirm Edit I Delete Step Move Step Up | Move Step Down |
Name Duration[s] Frequency[Hz] | Skip time[s] | Threshold[V] | MEL1[us] | MEL2[us] | MEL3[ps] | MEAI[%] MEA2[%] MEA3[ %]
1| CW 10 13560000 1 0 30 100 500 10 20 50
2|23% Duty 10 13560000 1 0 50 100 500 10 20 50
Save Recipe Close

Example of the Creation of a Multi-Step recipe

Confidential
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f:l'mpedans | CASE STUDY

Alfven™ 100 Event Detector

e esssmsees Pulsed RF plasma monitoring critical for 7nm and beyond

The Background

In recent years, pulsed RF plasma processes have been shown to improve etch
selectivity, etch anisotropy and reduce feature damage in the semiconductor industry.
Carefully selecting the pulse frequency and duty cycle allows for plasma chemistry
selectivity and ion impact energy control, both of which are critical for the 7 nm node
and beyond.

RF carrier frequencies typically range from 400 kHz to 60 MHz, modulated with pulse
frequencies in the range of 100 Hz - 50 kHz. Duty cycles range from 90% down to a
few percent, and the RF carrier frequency is sometimes adjusted for fast tuning. These
together pose a unique diagnostics challenge for troubleshooting when wafer defects
occur. For this, Impedans developed the Alfven 100, and this case study explores
the pulse monitoring application designed to meet the needs of the semiconductor
industry.

The Solution

The Alfven was integrated seamlessly into the 50 Ohm cable and monitored every
single pulse with 1 microsecond resolution. Pulse frequency and duty cycle were
compared with expected pulse parameters. Atypical pulses counted and reported to
the Fault Detection and Control (FDC) system. A predetermined number of ‘bad” pulses

per process were allowed before action was taken.

Achievements:

« It was possible to identify when generators were on the verge of failing {(due to
increase in “pulse mis-firing”)
Alarm limits were determined for the acceptable levels of duty cycle shift before
wafer defects would start to occur
The Alfven significantly reduced troubleshooting time and labour for pulse issues,
leading to increased tool up-time for better yields

The Challenge

The acceptable process windows for 7 nm and below are narrow, particularly for etch
rates. Since the duty cycle controls the ion energies, small deviations in the average
duty cycle over a process will result in a shift in ion energies and thus etch rate.
This drift in the pulse on-time can be caused by many factors - misshapen pulses
due to cable degradation, generator pulsing issues and generator calibration errors.
Troubleshooting usually requires directional couplers and an oscilloscope, which are
expensive, slow and inconwvenient, and data analysis is labour-intensive. Even with all
this equipment, pulse issues are intermittent, and recording every single pulse with an
oscilloscope is not practical.

The Tool Integration Process

Impedans and the process engineers verified and compensated for the low-impact of
the Alfven unit on the pulse waveform and power delivered to the match box through
an adjustment of the 50 Ohm cable length. Then the Alfven was integrated with the FDC
system using the simple Ethernet communication protocols available on the sensor.

Direction
Coupler
Wartt Meter

Direction
Plasma
Watt Meter

Alfven 100

Fig 1: Once-off verification process to confirm the Alfven has no Rrocess impact

Data was accumulated with products being inspected in the usual manner. The number
of ‘bad’ pulses was then correlated with the health of the product to determine how
many could occur without adverse effects. Similarly, deviations in the average duty
cycle for each process step were correlated with wafer defects for a process alarm.

Alrven 100 brochure
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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 ta tha wall

{DEFECTS VS ARCS|
1200
v" This type of arc is responsible for particle crec .
. : 1000 |— A 2
v Aluminium particles are sputtered from oL
the wall. These metal clusters collect many 2 500 I A
electrons, becoming “super-negative ions”. z R
These particles collect above the plasma S .,
sheath, just above the wafer. = [ A
Z 400 — A A
] A
B A
v When the plasma is off, they fall onto the 200 {— 4
wafer and will contaminate the next layer. -
O A—adl 1 1 111111 AL 1 (11 111] (N L1 1 111114
1 10 100 1000 10000
NUMBER OF ARCS PER WAFER

Figure ref: US Patent US5993615A 1999-11-30 Method and apparatus for
M 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, putin 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.
il
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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.

v This is particularly critical when a conducting layer is
being deposited on an insulating layer. Charge will 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).

Voltage vs. Time

400

X AVAES o> "

v Preventing these from happening simply requires good
chamber maintenance.
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 oxides.
1010 D 10:29 10:30 RF travels on the surface of metals (“skin depth”), so clean
the surface of ground connectors before attaching them.
v Check braiding for damage and replace if
i necessary.
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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

v" 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.

v" 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.

v 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
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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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