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Target (Be} W (Tungsten)

Electron

High Voltage

Fig. 2/ Inner diagram of soft X-ray source tube.
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Table 2 Comparison characteristics of various ionizer

Blazing electrode,

Methode of Ion . . . Maintenance
. period of change Environment Merits
generation . of electrode
electrode, lamp life
T . Yes Need
ungsten . .
(metal particles), . Low price (Metal
electrode B ¢ Alr stream cles)
_ very few \yeeks condition in particles
Corona Silicon Yes (Si particles), . . Need
. the Si particles ] )
discharge | electrode | Every few weeks . (Si particles)
Quart No blazing, Change atmospheric Sem N d
uartz emi— 0 nee
between tens week | PFESSUre
electrode permanent
and a year
Available to
the inert shogf No need
) e inert gas 4 0 nee
Ultraviolet | No electrode, decay time .
and | (Impurity
rays About 3,000hrs - and no- air
vacuum' with control)
Photo— steam
. . Nno oxygen
rradiatio :
! on Impossible to | Short
! . No need
Soft No electrode, use in_the decay time ;
| (Impurity
X-ray About 8,000hrs low pressure | and no air
N control)
condition steam
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Fig. 3 Air filter, regulator & air flow meter.
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Fig. 4 Charged plate monitor(CPM) & ion meter.
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Fig. 5 Test chamber.
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Fig. 6 Soft X-ray type electrostatic eliminator with compressed air.
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Decay Time [sec]

o

N

©

o

w

—&— 300mm —— 600mm —&— 900mm

First 1 2 3 4 5 6 7 8 9
Period [week]

Fig.

The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.1 MPa).

Decay Time [sec]

—o— 300mm —— 600mm —A— 900mm

First 1 2 3 4 5 6 7 8 9
Period [week]

Fig.

The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.2 MPa).

_41_



—— 300mm -4 600mm —&— 900mm

Decay Time [sec]

Period [week]

Fig. 9 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.3 MPa).

—— 300mm - 600mm —4&— 900mm

Decay Time [sec]

Periond [week]

Fig. 10 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.4 MPa).
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Fig. 11 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.5 MPa).
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Table 3 Comparison table of charge decay time as a function of

the time elapsed

Distance O @ ©) @ ®
[mm] [sec] [sec] [sec] [sec] [times]
300 1.27 1.26 1.26 1.76 x1.40
0.1MPa 600 3.69 3.34 3.37 5.29 x1.57
900 7.45 6.46 6.64 11.13 | X1.68
300 0.93 0.84 0.81 1.37 x1.69
0.2MPa 600 2.54 2.24 2.38 3.84 x1.61
900 5.31 414 4.56 9.30 x2.04
300 0.66 0.68 0.67 1.20 x1.79
0.3MPa 600 2.14 1.91 2.00 301 x1.96
900 S8 3.51 3.60 11.29 | xX3.14
300 0.67 0.54 0:57 1.12 X1.96
0.4MPa 600 1.84 1,55 1.68 12.44 | X7.40
900 3.75 3.22 3.20 60over | X18.750ver
300 0.66 0.47 0.50 1.11 X2.22
0.5MPa 600 1.87 1.44 1.55 60over | X38.7lover
900 3.59 2.90 2.91 60over. | X20.620ver
Remark
@: Charge decay time on the. first week
@®): Charge decay time after 8th weeks
@): Average value of charge decay time from the first to- 8th weeks
@: Charge decay time after 9th weeks
®: A rate of increase (compared @ to @)
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——300mm —®=600mm —&— 900mm

100
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60 [

40

lon current [nA]

S, . ~— g S — ~—
First 1 2 3 4 5 6 7 8 9

Period [week]

Fig. 12 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.1 MPa).

——300mm - 600mm —&— 900mm

100

80 % ) _—

60 LB iy

a0 =

lon current [nA]

First 1 2 3 4 5 6 7 8 9
Period [week]

Fig. 13 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.2 MPa).
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——300mm —®=600mm —&— 900mm

100

60 [

40

20 b -\r/-—m

lon current [nA]

First 1 2 3 4 5 6 7 8 9
Period [week]

Fig. 14 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.3 MPa).
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a0 e —

lon current [nA]
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First 1 2 3 4 5 6 7 8 9
Period [week]

Fig. 15 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.4 MPa).
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Fig. 16 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.5 MPa).
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—— 300mm —®=600mm —4&—900mm

100

lon Balance [V]

40 F
60 |
80 |

-100

Period [week]

Fig. 17 The change characteristics of ion balance as a function of the

elapse of weeks(compressed air : 0.1 MPa).
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o0 k First 1 2 i, Sl 4 Is 6 ’ ¥, 8 9

lon Balance [V]

—40 F h T —
60 o N - =E
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Fig. 18 The change characteristics of ion balance as a function of the

elapse of weeks(compressed air : 0.2 MPa).
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o0 k First 1 2 3 4 5 6 7 8 9
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Fig. 19 The change characteristics of ion balance as a function of the

elapse of weeks(compressed air : 0.3 MPa).
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Fig. 20 The change characteristics of ion balance as a function of the

elapse of weeks(compressed air : 0.4 MPa).
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Fig. 21 The change characteristics of ion balance as a function of the

elapse of weeks(compressed air : 0.5 MPa).
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‘ |

Needle {(After 7 weeks) Needle {(After 8 weeks)

Meedle (AfterG weeks)

>
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Fig. 22 Photograph of particles deposited on discharge electrode

(from the first to 9th weeks, compressed air : 0.3 MPa).
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| ——300mm —®- 600mm —&— 900mm |

Decay Time [sec]
(o>} ©

Frst 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 39
Period [week]

Fig. 23 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.1 MPa).

44— 300mm M 600mm —&— 900mm

Decay Time [sec]

Frst 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 39
Period [week]

Fig. 24 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.2 MPa).
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—— 300mm —#600mm —&— 900mm

Decay Time [sec]

S_V—«\H_H/H_H_*_H__._._H_H\‘/‘

Frst 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 39
Period [week]

Fig. 25 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.3 MPa).
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Decay Time [sec]
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Fig. 26 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.4 MPa).
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—— 300mm —#600mm —&— 900mm

Decay Time [sec]

Frst 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 39
Period [week]

Fig. 27 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.5 MPa).

_60_



Table 4 Comparison table of charge decay time as

a function of the time

elapsed
Distance o)) @ ©) @ ®
[mm] [sec] [sec] [sec] [sec] [times]
300 4.91 5.67 4.94 6.84 x1.39
0.1MPa 600 8.13 6.58 7.51 9.41 x1.25
900 13.87 11.91 12.66 15.71 x1.24
300 2.6 2.52 2.77 4.88 xX1.76
0.2MPa 600 4.56 3.45 4.35 5.29 xX1.22
900 7.7 6.04 7 10.01 x1.43
300 1.93 1.46 1.89 3.04 x1.61
0.3MPa 600 3.62 3.8 3.05 gk xX1.67
900 5.79 3.97 4.9 3.98 x1.83
300 1.44 1282 1.39 3 xX2.16
0.4MPa 600 2.62 2.03 2.4 5.1 x2.12
900 3.83 3.82 3.81 7.74 x2.03
300 1.24 0.93 1.09 2.73 X2.53
0.5MPa 600 2.37 1.61 1.85 4.97 X2.69
900 4.7 .. 52 3.19 6.58 x2.06

Remark

GNCHENCNS)

: Charge decay time after 38th weeks

: Charge decay time on the first week

: Charge value decay time after 39th weeks
1 A rate of increase (compared @ to @)
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: Average of charge decay time from the first to 38th weeks
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Fig. 28 The change characteristics of ion current as a function of the
elapse of weeks(compressed air : 0.1 MPa).
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Fig. 29 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.2 MPa).
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Fig. 30 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.3 MPa).
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Fig. 31 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.4 MPa).
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Fig. 32 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.5 MPa).
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Fig. 33 The change characteristics of ion balance as a function of the

elapse of weeks(compressed air : 0.1 MPa).

‘ ——300mm - 600mm —&— 900mm

N
o

W
=}

n
o

o

lon Balance [V]
3 o
|
|
\
|
|

N
S
T
|
|
|
|
|

Period [week]

Fig. 34 The change characteristics of ion balance as a function of the

elapse of weeks(compressed air : 0.2 MPa).
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Fig. 35 The change characteristics of ion balance as a function of the

elapse of weeks(compressed air : 0.3 MPa).
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Fig. 37 The change characteristics of ion balance as a function of the

elapse of weeks(compressed air : 0.5 MPa).
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Fig. 38 Photograph of particles deposited on discharge electrode

(from the first to 22th weeks, compressed air : 0.3 MPa).
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Fig. 39 Photograph of particles deposited on discharge electrode

(from 24th weeks to 39th weeks, compressed air : 0.3 MPa).
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Fig. 40 The change characteristics of charge decay time as a function of

the elapse of weeks.
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Fig. 41 The change characteristics of ion current as a function of the

elapse of weeks.
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Fig. 42 The change characteristics of ion balance as a function of the

elapse of weeks.
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Fig. 43 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.1 MPa).
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Fig. 44 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.2 MPa).
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Fig. 45 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.3 MPa).
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Fig. 46 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.4 MPa).
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Fig. 47 The change characteristics of charge decay time as a function of

the elapse of weeks(compressed air : 0.5 MPa).
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Fig. 48 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.1 MPa).
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Fig. 49 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.2 MPa).
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Fig. 50 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.3 MPa).
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Fig. 51 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.4 MPa).
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The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.5 MPa).
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Fig. 53 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.1 MPa).
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Fig. 54 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.2 MPa).
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Fig. 55 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.3 MPa).
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Fig. 56 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.4 MPa).
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Fig. 57 The change characteristics of ion current as a function of the

elapse of weeks(compressed air : 0.5 MPa).
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A Study on Characteristics of Electrostatic Eliminator

used Corona Discharge and Soft X-ray

Kwon, Sung Yul

Department of Safety Engineering, The Graduate School,
Pukyong National University

Abstract

The corona discharged type ionizer has not kept the electrostatic elimination
performance when many particles have been deposited. on its electrode
surface, so must clean the electrode surface within the. suitableperiod. This
study is for solving 'the problem .of corona discharged type ionizer ‘using the
soft X-ray type ionizer. Moreover, for improving the electrostatic elimination
performance, the compressed air has been adopted on the soft X-ray ionizer
for transference of ions to far away.

The results are as following;

1) It appears that the electrostatic elimination performance of 30 Hz pulse AC
corona discharged type i1onizer has been rapidly lowered 9th weeks later.

Therefore the surface of the electrode must be cleaned 9th weeks later.

2) It appears that the electrostatic elimination performance of piezo type
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ionizer has been rapidly lowered 39th weeks later. Therefore the surface of

the electrode must be cleaned 39th weeks later

3) In case of soft X-ray ionizer, the electrostatic elimination performances,
such as charge decay time and ion Balance, have been maintained during the
46th weeks. But soft X-ray is radioactive ray, the surround environment must

be covered by perfect shielding materials.

4) To improve the electrostatic elimination performance of soft X-ray, on
which compressed air was used.-for increasing the -ion transference to far
away. So the charge decay time characteristics was- increased-till 1.3 ~ 6.3
times compare to the conventional .soft X-rayionizer, which was not used

compressed air.

5) In case of soft,X-rayionizer ‘used compressed air, it is useful for the

following processes;

- LCD & Semiconductor process:=Cr or organic.BM layer process, R/G/B
process(bake/development etc.), P/l coating process, rubbing process,
ODF(one drop filling) process, Pol' attachment, P/R coating process.

- The other process: high-speed film process, electrostatic elimination in the
painting process, drying process, P/R lamination process in the PCB

manufacture, mote process etc.
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Related to the above research, the following future research in succession

should be performed.

- The development of corona discharged type ionizer having the cleaning
cycle over 90th weeks.

- The development of soft X-ray ionizer intrinsically excluded from danger of

radiation exposure to the human being.
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