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e Technical limitation with current charge plate monitor (CPM) technologies

for switching high voltage type of ionizers such as AC, pulsed AC and high
frequency AC ionizers.

* Technical limitation is mainly related with response speed of CPM
instruments and portable testing kits for ionizer balance measurement.

* ANSI/ESD S20.20 and STM 3.1 guide to measure offset value of ionizer for
balance and this can’t be achieve switching high voltage type of AC ionizers.

* This study found that peak value should be record for all ionizer balance
measurement rather than offset value and current CPM technologies are
limited due to speed response of CPM instrument
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e Over a decade ago, DC type of ionizer adopted in FPD processes and found ESD damage
occurs by ionizers due to polarization effect.

* Thus, Switching High Voltage Alternating Current (AC) ionizer developed and used in FPD
environment for uniform neutralization to minimize Electrostatic Attraction (ESA) issue.

4 000
00002° 000000

Traditional DC bar ionizer has designated
polarity and polarized region at each end.

Slide 3
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* ANSI/ESD S20.20-2021 (and IEC 61340-5-1) has updated ionizer balance should be
maintain peak offset voltage less than £35 volts.

e AC ionizer using high voltage AC sources which is switching voltages and give induction
fields while it neutralizing targets.

* On the contrary, DC ionizer do not use switching technique and applied constant DC high
voltages on emitter points. Built-in balance circuit inside of power supplies or external
feedback sensor can maintains low peak offset voltage of DC ionizers.

5KV 4kv |

-4kV

+35V

e
FEFEEES W

Less than +35 volts peak offset

-5kV

T -35V

Not Acceptable to ANSI/ESD 520.20 Conventional AC Pulsed AC Steady-State DC
Voltage Fixed 5kV Adjustable: 3 - 7kV Fixed & Adjustable: 3 - 5kV
Frequency Fixed 50/60 Hz Adjustable Frequency: 10 - 70 Hz N/A
How to test ionizers? . pr—"
i Not Availabl own to or both polarit: N/A
ANSI/ESD S20.20 standard requires less than +35 volts peak offset Lervinato il et 1y i
ANSI/ESD S20.20-2021 Table 3. lonization Requirement lonization Technology Comparison for AC, Pulsed AC and DC ionizers
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* Most of CPM operating speed is quite slow around 10Hz for full scale of 2000Vp-p
* Fast operation speed of CPM is 1kHz for small signal which is 20Vp-p only
* There are several type of AC switching high voltage ionizers operating 10 Hz to 70 kHz

Flate Yoltage Balance Time lren T
288B Graph jogy  67.1 et
v Graphic On
Model # Speed of Response | Accuracy | Manufacturer
Model 300 6 Hz 2% Monroe
1 kHz 20 Vp-p 5
Model 288 10 Hz 2000 Vp-p 0.1% (-3dB) Monroe
1 kHz 20 Vp-p 5
Model 156A/1 10 Hz 2000 Vp-p 0.1% (-3dB) Trek
Model 157 80 Hz 1% (-3dB) Trek
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* Charge Plate Monitor (CPM) has developed to . N e | o
measure ionizer performance comparison using Plte—— '
with chopper stabilized sensor of a fieldmeter o SR
which response speed is 10Hz. Surface

* 6x6 inch plate selected as standard

measurement and this intended to measure Non-Contact i iy d
Voltmeter or (Current Limited)

discharge time estimation for 6-inch wafer which isoharge

is 20pF capacitance Timer
Figure 1 - Fieldmeter Based CPM Plate Structure

Electrometer

* In the early 1990s, the voltage following

technique was introduced as in Figure 2. Y
THRESHOLD
DETECTOR
B SRRRRRRRRN RN g U L ?Fn%g
I NNNNNN N _LZOFEE T
o
L
2023 EOS/ESD Symposium Figure 2 - Voltage Following Technique CPM 6
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* This voltage following technique used same CPM Peak-to-Peak: +507V and -485V
plate size 6x6 inch plate with wire connection to | Average: 18.58V at 1Hz
meter and claimed to match 20pF capacitance in +5°°VM;|\ TR rw[ I |||I~||Hfh I Hl||‘lfl)||]||f\hl||||. n/uufh

' I \

. || u? J IH
circuit at activated mOde :: || )||||| ]||,|\H|H|\||}||[I|| \I(I |‘“||||I |V‘M““)‘|i|” |||;| |\|H|,hjlli|\i“| IH: j||,|1“|,‘|l}|

_500\/ ] |l| J\HI‘ Hl

unrn

‘” ml” I\II\ ll| ‘]

fiil
M
||I|| Il |!

e Both technique CPM instruments have limits.
Typically, these limits are a maximum of DC to
10Hz at 2000Vp-p and DC to 1kHz at 20Vp-p.
Some instruments have claimed response speed
at DC to 80Hz at -3dB.

* Thus, it is limited to accurate measurement for ?ﬂ O
AC signal as shown in Figure 3. -500v

Peak-to-Peak:+301V and -299V
Average: 13.23V at 10Hz

,%%%éséssé....

2023 EOS/ESD Symposium  Figure 3 - CPM Measurement Example of AC High Voltage ,
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* Plate Size

* 6x6” CPM plate vs. 1x1” CPM plate offset voltage

reading are not the same due to total capacitance has Instrumentation T —

set by internal circuit does not match to 20pF with 1”7 [V charging Soures ey

I *Voltage Monitor (1 inch x 1 inch)
p ate *Voltage Threshold Detector l
*Timer

* If we using smaller plate which means smaller
capacitance than 20pF, we could measure higher
offset voltage from exact same ionizer with this
technology of CPM instruments follows by
Coulomb’s Law. V=Q/C

e SP3.4 document designed for periodic
verification, and this could be an issue Figure 4 - SP3.4 Small Plate Fixture

Connecting
Cable

/

Ground Wire

!

Ground Plate

2023 EOS/ESD Symposium 8
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* ANSI/ESD STM3.1-2022 Revision has updated and added new ANNEX C.

* Annex C (Informative) - Balance Measurement Limitation of Current CPM Technology

e ESD Stress Testing for HBM and CDM are conducted in both polarity: Positive and Negative
in DC mode. If we are using AC ionizers, how this impact to our ESD control?

4
+635V

/ ! ‘
Peak offset voltage is 65 volts and ( / \ 1

shifted +15 volts above zero

-65V
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Changed CPM speed up to 10Hz Full scale and 1kHz 20Vp-p
lonizer Output: 5.5kV Pos. and 4.8kV Neg. with 12Hz as first test

The peak-to-peak value greater than 6Hz CPM measurement
Min (V) = -393V, Max (V) = +305V, Ave (V) = -39.4V

Then, which number we should pick for balance in this result?

288B Graph

v Graphic On

Plate Voltage

Balance Time

98v

Mode : Plot Scroll-lX ScrollY Scroll-XY Cursor
Zoom-X Zoom-Y Zoom-XY Zoom-Box

3438 -
266.2 —-
188.7 —-
1111 —-
336 -_

-44.0 —

Charge Plate \bltage

-121.6 =

1991 =

276.7 —
-354.2 —

-431.8 — |
35.80

67.1

Balance Test

+¥p=305.0v
Vp=-393.0v

Vavg=-39.4v

SetY Scale

[ -1200v
- 1000v
- 750y
- 500v

- 250v
- 100v

- Blv

- 25

-0

- 1By

-igv

SetTime Scale

S

1020306090180

|
50.80
Time (Sec.)
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* Then, changed output frequency of ionizer at 30Hz as same as second test. It shows peak voltage
drops with all same output parameters.

* CPM Speed of Response: 10Hz Full / 1kHz 20Vp-p

* lonizer Output: 5.5kV Pos. and 4.8kV Neg. with 30Hz

* The peak-to-peak value significantly reduced measured than 12Hz
 Min (V) = -121V, Max (V) = +121V, Ave (V) = 5.1V

Plate Voltage Balance Time

288B Graph 47.2v  [31.1

v Graphic On

Balance Test

+p=121.2v WVavg= 5.1v
“Vp=-121.0v

Mode : Plot Scroll-lX ScrollY Scro
Zoom-X Zoom-Y Zoom-XY Zoom-Box

2500 -

2000 -

SetTime Scale

r ﬁ
A
1020306090180

Charge Plate \oltage

-200.0 —

-250.0 — ‘
0.45

11
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Comparison Test Results: AC vs. DC lonizers Ao

v
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Actual AC/Pulsed AC ionizer measurements shows this switching induction fields and this led
to ESD events could occurs to devices.

Steady-State DC ionizer measurements shows much different and maintain low peak offset
voltage less than £25 volts.

Steady-State DC ionizer is the only available corona discharge ionization technology that can

be fully compliance to ANSI/ESD S20.20 program and safe handling devices from CDM ESD
risks.

) Plate Voltage Time (sec) Balance Test Duration=60sec
i s o e 288B Graph o 8 60.0 pze i e
‘ 2888 Graph 98v 67.1 Vp 3930« o] EZICiechizon

F GropicOn ESD Event ESD Event

' N - \WW)‘ Q

CESD Event ) '

~~~~~

Pulsed AC lonizer peak offset voltages are from +305V to -393V by Model 288 CPM Instrument.
Induction field from AC ionizer can damage to ESD sensitive devices.

Actual ion balance measurements of AC/Pulsed AC

Actual ion balance measurements of Steady-State
ionizers and peak offset voltages was -393 volts.

DC ionizers and peak offset voltages was +17 volts.
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® So, it is important to make sure the real high voltage on emitter points and their
voltage drop ratio based on frequency changes of ionizers

® Using Tektronix TDS2022C oscilloscope and P6015A high voltage divider,
measurement results shows the output high voltage from ionizer slightly drops from
12.3 kVp-p to 11.4 kVp-p (7%) when switching frequencies from 12Hz to 30Hz.

Tek Anks ® Stop M Pos: 0.000s MEASURE Tek Ak @ Stop M Pos: 0,000s MEASURE
+ +
kM 50.0ms h S0.0rms _
J-Mar-18 17:51 J-Mar-18 17:51 Slide 15
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® Various type of ionizers are installed and operate at
short distance from ESD sensitive devices such as inside
of process equipment and automated handlers.

* All experiments demonstrate that current CPM

technology is suitable for DC based ionizers and
relatively slow pulsed DC ionizers.

® Current CPM technology is limited to evaluate
performance and accurate measurement of switching
high voltage ionizers such as AC, pulsed AC and high
frequency AC ionizers

Slide 16
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* For ESD event measurement, copper taped insulator
with micro gap apparatus prepared. CT-1 probe
soldered one side to ground with TDS 3052B
(500MHz) scope to measured discharge current.

* This test apparatus placed at 200mm distance from
air assist ionizers and start ESD discharge current
measurement

 2GHz RF Antenna also located at 1m distance from Tekbrevu | e »E=
ionizers to detect ESD event signature ST T T

* Discharge Current measured very high current over

770mA through this test apparatus. it
« At the same time, RF noise detected 5.75V peak-peak at 1 |7 i d iy
meter distance from ionizer as ESD event signature with | -

. : : : : : i : : : ; 1 s525.9ps
Shorttlmedelay aaie e LA TR Low signal
: : : : : + : : : : 1\ amplitude

@ 1.00V Ch2 2.00v M 100ns| A Chi - 260mv

9 Mar 2018,

i+~ [132.800ns 18:33:28 lide 17
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https://youtu.be/EfGefT3D1ng
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e Pulsed AC Bar lonizer

e Discharge Current via CT-1 current probe for both bar ionizers at 1-inch distance emitter point to
PCB wafer when Pulsed AC Bar lonizer operates at 10 Hz. 880.4mA

Tektl‘on;x TDS 7104 Digital Phosphor Oscilloscope 10 68 |

Display  Cursors  Measure Masks Math  Ublites  Help
22 Jun 23 13:46:32

Rise(C1) 6.177ns M
Low
resolution i
JFalicl)  4254ns ||
= Low
resolution

—_— 5
Pk-Pk{C1) 6.68Y

Mas(C1)  4.42v 1

Min{C1)* -2.26Y :

M 400ns 125MS/s 8.0ns/pt
A Chl - 300mY
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e Pulsed AC Bar lonizer

* Discharge Current via CT-1 current probe for both bar ionizers at 1-inch distance emitter point to
PCB wafer when Pulsed AC Bar lonizer operates at 30 & 100 Hz. 112 mA

1 GHz

Tektmnjx TDS 7104 Digital Phosphor Oscilloscope ioees 1B)®

2/cq Tng  Display  Cursors  Measure  Masks  Math  Utiities  Help

|Risec1)  B.4ns
1 Low
resolution
D e otz MABCE
: |Fall(c1) 6.878ns
. Afwu‘ ‘J Low

| resolution

|PkPKiCT)  928.0my |
|
[

. o B
{Max(C1) 564.0mv [

Min(C1)*  -364.0mv ||
i)

M 400ns 125MS/ 8.0nspot
4 Ch1  100mYy
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e Steady-State DC Bar lonizer (Core Insight)

* Discharge Current via CT-1 current probe for both bar ionizers at 1-inch distance emitter point to
PCB wafer and no discharge observed.
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e Pulsed AC Bar lonizer placed about 150 - 200mm distance

* ESD event occurs when IC has placed on Printed Circuit Board

S7IT STAl STT SUAE 100 TIAECTLT UVl D5, 125U, 11LLP 5./ WWW.coreinsight.co.kr



Discharge Current Measurement o
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e Pulsed AC Bar lonizer (Japanese) vs. Steady-State DC Bar lonizer (Core Insight)
* Discharge Current (CT-1 Probe by Tektronix) Average Data

Discharge Current Average

1 inch distance

2 inch distance

5 inch distance

. 3 inch distance
[]

10 inch distance
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Ch1 Max

* High-Speed Oscilloscope Setup _. "
« Tektronix TDS 3052B used for measurement i com
* Input Capacitance: Varying by models and | E c:”*f’q
manufacturers. 13pF to 38pF or more. . e ]
* Input Impedance: Most of high-speed oscilloscope RN,
have input impedance switching for 50 ohms or 1 e s
megaohms. Select 1 megaohms for high voltage range A stedv fost Y

measurement

* Reference DC power supply: Model 812 from Electro-
Tech Systems and display applied voltage level £1000V

* Probe Setup: Adjust probe gain ratio from 1X to 200X
to match 1000V measurement to match reference DC
power supply

* 1Megaohm resistor attached between DC power
supply and CPM plate

Figure 6 - CPM Plate to Oscilloscope and DC

25
high voltage source

2023 EOS/ESD Symposium
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. Model 812 DC Model 288 CPM plate with
* DC High Voltage Reference Test Sy cPm Oscllloscope

* Monroe Electronics’ Model 288 CPM has used as +100.0V +101.0V +100.0V
reference measurement compare with Oscilloscope

measurement values +300.0V +500.0V +500.0V
* Applied +100V to Model 288 CPM and voltage readings + 10000V +1002.0V +1000.0 V
are in accuracy and CPM plate to scope looks same -100.0V -99.0V -100.0V
* Various voltage applied to both system and test results 5000V o0y ooy
in Table 1.

-1000.0 V -999.0V -1000.0 V

* AC High Voltage Reference Test

* Trek’s Model 10/10A high voltage amplifier and
Tektronix’s CFG 250 function generator used as AC
source.

* Applied 1000V with 815.4 Hz AC signal to CPM and
Scope instrument setup and verified accurate readings
in Figure 7.

1M ohm impedanc; =\
Probe Ratio: 100 time [

3
: j Ch1 Pk-Pk
- 1.02kv

29jul 2021 |8
20:41:45 .

i»¥ 212.000ps |

26

2023 EOS/ESD Symposium

Figure 7 - AC Reference Voltage and Measurements
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* DC lonizer Test by CPM Instrument

 Core Insight’s Model 7380d QuadPoint® DC Bar lonizer
has set at 12-inch and 2-inch distances from CPM plate
and make measurements in Figure 8.

e Test results are Figure 9 & 10
* 300mm Distance: +9.7 V, -0.3V
* 50mm Distance: +7.6 V, -25.5V

Figure 8 - DC lonizer at 2-inch distance

e ek
[ R

> ComrantTo-CoM 7 Fep [ FeE

it wuizge e [ssc| Forumn o Tol o sianehles = Pate Valtaqe i e Usiance ezt Uursace klses
288B Graph [5.7 60.0 R T 288B Graph .94  [60.0
v K

+ Peak: 9.7V - + Peak: 7.6V
|‘»:".'2: s s

PSSR A A ———— ——— i TiemSad

- Peak: -0.3V Average: -5.1V = - Peak: -25.5V Average: -6.5V

q T o 5
4500 000 70
Tick an 3 puban aeion to sl Fa e

+Decay -Decay Balance AutoSeq. Slop
C e o O

on iUz FESi Loz caintn v Loyt T e = B

Clikon e 2uo9 bclam 12 S PGl

#Decay -Dacay Balance Auto Seg. Stop
e & e @& @

T Ledsanbe snAwANeise Sl veas

Gwpdoszesan ez Loeden”
Tunifeeo A, 132

‘th.l' %
_ _ _ 2U23 £US/ESD Symposium o _ _
Figure 9 - DC lonizer Test Results at 12-inch distance Figure 10 - DC lonizer Test Results at 2-inch distance
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e Pulsed AC lonizer Test by CPM Instrument

* Pulsed AC Bar lonizer has set at 12-inch and 2-inch
distances from CPM plate and make measurements in

Figure 11.
* Test results:
300mm Distance: +132V, -70V
50mm Distance: +816V, -875V

S Hle s view Commenck-1o-CF 7 Help | bt G Kl LL ommerck-10-CFN 7 v [=0
Hatewvoltage  Ime(sac) S Hateattane Ime(sec)  EajanceT: =zt Ouratian-30zez

288B Graph 33 |3o o

288B Graph |433 \30 0

+ Peak: 816V
'\|| 1 H“li“"\"ll'

Db

- Peak: -875V

{ MW

- Peak: -70V

ek oo abuhan Ealoe o st he teas

" tDecay -Decay Balance Auto Seq. Stop il y -Decay Balance Auto Seq. Stop
Qo o e @ (] { f) o e @ @
O 5 Lo et e cam = Sl rrsv Lepduinc i Lo chata I cam = S o
e 0zed o T3 .nli\:l ' 0!
28

Grucviozosion Geup s Loeston 1
Tt fovca -l 1766
ZUZ3 EUS/ESD Symposmm

Figure 12 - Pulsed AC lonizer Test Results at 12-inch distance Figure 13 - Pulsed AC lonizer Test Results at 2-inch distance
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Alternative Measurement Test Experiment

* High Frequency(HF) AC lonizer Test by CPM

Instrument
 HF AC Bar lonizer has set at 12-inch and 2-inch
distances from CPM plate and make measurements in

Figure 14.

e Test results:
300mm Distance: +2.1V, -7.5V

50mm Distance: +20V, -14.9V

Ratevpitage I Tima seo) Ealence Teet: Duration-J0zes
R A iy

e.u_ ?
nran I me (sec)

288B Graph [2.4 |3o 0

r |))

| Rb AR AAAAARSA LA AR r s ar ) [

- Peak: -14.9V

N = i o) 0 BN FAITva 10 310 e e
o Seq Tem Sewpr
SEaTp #Decay -Dacy Balance Auto Seq. Stop

ik covn buan Falne o stee the e
+Decay -Dacay Balance Auto Seq. Stop A5
® ® ® & @ Sterty' = 1000 == =
L o s ’ [ [ & <,,,' (0]
[ Lepdss Lo ot e ram = W rrene: I Lopdemxe | o ot fle v = Sl e
Etlozedion Gog s Looestanl
Twet foca bl 17275 2 9

| B ZUZ3 EUS/ESD Sympo:.u... :
Figure 15 - HF AC lonizer Test Results at 12-inch distance Figure 16 HF AC lonizer Test Results at 2-inch distance
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* DC lonizer Test by Scope + CPM Plate
e Test results by CPM Instrument g/' f
« 300mm Distance: +9.7 V, -0.3 V |
* 50mm Distance: +7.6 V, -25.5V
* Test results by Scope + CPM Plate
* 300mm Distance: +6V, -36 V
- 50mm Distance: +46 V, -62 kV =

Figure 17 - DC lonizer at 2-inch distance

2-inch distance

tron;x TDS 3052B bitirat PHOSeHOR

Sscoscore €% SC ope™ %" ]

[t“lni/x TDS3052B (T)Y}ls?Tgtmgg'ﬁggé%nscm.oscops e* SCOpew 550(‘;35"/1”z [

- Ch1 Freq
3 . E : LT e e s i ———.Hz

......................... = S

! : : a crossing

Ch1 Freq
12.88kHz
Ch1 Pk—Pk
42.0v Ch1 Pk-Pk

108.V

Ch1 Max

E 46.0 V
: : 5 § Ch1 Min :

; € 5 . R e R B SR Lo 5oaconones : mv 1'

L nn 0 e ao b o AR : i : : : : ¥ '

mMz2.00ms, A Chi .I' 48.0 V| 62.0 V

e et m’w (  m»v940.000ps |
. — — o

. ) . 2023 EOS/ESD Symposium
Figure 18 - DC lonizer Test Results at 12-inch distance

22)un 2023
14:16:11

WM2.00ms A Chi S 48.0V

[Chil. 7SSV}

22 )jun 2023
14:15:30

30
Figure 19 - DC lonizer Test Results at 2-inch distance
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Alternative Measurement Test Experiment

* Pulsed AC lonizer Test by Scope + CPM Plate
e Test results by CPM Instrument
* 300mm Distance: +132V, -70V
* 50mm Distance: +816V, -875V
* Test results by Scope + CPM Plate
* 300mm Distance: +91V, -80V
* 50mm Distance: +384V, -404V
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Figure 21 - Pulsed AC lonizer Test Results at 12-inch distance Figure 22 - Pulsed AC lonizer Test Results at 2-inch distance
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Alternative Measurement Test Experiment INSIGHT

* High Frequency(HF) AC lonizer Test by Scope +

CPM Plate
* Test results by CPM Instrument

* 300mm Distance: +2.1V,-7.5V
* 50mm Distance: +20V, -14.9V

* Test results by Scope + CPM Plate
* 300mm Distance: +188 YV, -192 V
e 50mm Distance: +1.14 kV, -1.18 kV
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Figure 25 - HF AC lonizer Test Results at 2-inch distance
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Figure 24 - HF AC lonizer Test Results at 12-inch distance
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® Standard CPM has designed for DC ionizer or relatively slow pulsed ionizers, not capable to
measure AC ionizers.

* CPM test results shows significant voltage drops (or get higher) when ionizer operating
frequencies high than response speed of CPM Instrument

® Current CPM technology will give incorrect information to users when they used AC
ionizers and claims that it is suitable to meet ANSI/ESD S20.20 ESD control program

* Alternative measurement by high-speed oscilloscope and CPM plate assembly make
possible to accurately measure absolute peak offset voltage for ALL type of ionizers

* Input impedance and gain ratio changes of Oscilloscope and reference voltage
measurement could help accurate peak offset voltage measurement of all type of AC
lonizers
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