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2022 ATE school UseS for ion Sources

lon source
» UAXIZIZ7|0| 2] S 2Tt £ = (starting point)
SO4AH, MEEd, o 24 &80 0|2
« DO A] YA S &80l CjYst FO0re| AH7leof &&

Polymer Master @™ Nickel-Shim




27 Sl Need for ION sources
8 lon source
» 0| 2= MLSHr| 2ol |XHE o|=22lol= EA|
» Lorentz force

* Electric field
» acceleration o s s
F = qe(E + v X B)
* Magnetic field q

> deflection

« O| 2H19| X HHAY 7| (ion extraction)



2022 ATE school CharaCterlzatlon Of the |OnS
Bz 55
» 71 7| 2X Q1 parameter

where, E=element, A=specific isotope

(AE ),

g=charge state, n=ionized atoms, ionized molecules
@ % ofjLix|
» 0|23 QFE AMAF|AM DC/RF YAV 2 S5

Ekinetic,toml = qel
* 20Ne5* 100 kV 71, A= 0|L{X| = 500 keV
» kinetic energy per nucleaon

Evinetictorar  qelU 1
Ekinetic,tutai - A = A = Emuvz = (y a— 1)mucz
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« C* 0|29 AL —~>ex) 1 mA=6.24 x 10'5 N/s
«CMO|2Q AL —>ex) 1TmA=6.24 x 10’ N/s In
«C *O|20 AL —ex) 1mA=6.24 x 10 N/s x m
B3 oy
» UXOLX] x RXIHE /= =V, x |, [w]
« C*O|2Q1 AL —~>Vax(lax6.24 x 1078 N/s) =Va x la
«CMO|20 AL —>(Vaxn)x(lax6.24 %10 N/s /n)=Vaxla

«CtOo|2Q AL —(Va/m)x (lax6.24 x 10" N/s xm)=Va x la



2022 ATE school

Generation of ions
HMXt

» MXt= MX}E (Electron gun), 0|22 0|22 (lon source)

» SCH=0L 74|, AN, DNZ2FE &

=2
(=]

39
olo

AL
T



2022 ATE school Generatlon Of IOnS

HE 5% £ it BHAM HAE E= A
QA A= Fermi-Dirac O|L{ 2| £X & IS

SHE| 2
* =7t 7B R A O|HA] X7 Fermi X2 SAY

3
dN 4n(Zm)z VvE ]

dFE h 1+ exp(E “f{;ermi

* Fermi-Dirac Oj|{A| &X&

1
b |
0014 l

1E-3 o
1E-4 4
1E-5 4
1E-6 4

SU0JJ02|F 9214 JO Jaquiny

FE) = 1+ e EEp/RT > E>E;

|elajew ay} adeasa
UED SUOIIOB}e asal |
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M lonization mechanism

HEIEH
od

rr

» Yst4(work function)E 2 Esl1 LI

Thermionic Emission) : &€

Photo Emission) : ZA}



2022 ATE school Generatlon Of |OnS

] N w n=2
BHUAYEOI BN YSHRUL= AT () |y o5 @ute3

» B40| 2E7HTO|, QRO HSHE A4 ZIHCHY, BHOIM YEE & At HA M

h3

kT

“®  Ame(2m)3/? E—E; w
j= Jepde - —f (2m) v VE exp (— )dE ATzexp(—-—
Ef“i“W

* Richardson-Dushman equation




2022 ATE school Generatlon Of |OnS

M =52 E€3Hx ¥UE £
Element ¢ (eV) Element o (eV) Element ¢ (eV)
Ag 4.26 Cu 4.65 Si 4.85
Ag (100) | 4.64 Cu(100) 4.59 Ru 4.71
Ag (110) | 4.52 Cu(110) 4.48 Ta 4.25
Ag (111) 4.74 Cu(111) 4.98 Ta (100) 4.15
Ba 2.52 Ir (110) 5.42 Ta(110) | 4.80
3 5.0 Ir(111) 5.76 Ta(111) | 4.00
Ce 2.9 K 2.30 Ti 4.53
Cr 4.5 LaBg 2.66 W 4.55
Cs 2.14 Mo 4.60 Zr 4.05
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B ™K} 2= — Multiple lonzation

e N, 2
* singly-charged O| 23| L EllA0f 3~4H{| Te
» Xe2+ O| 23} EEIAM 2F 10 keV — Te 2F 60~80 eV




Generation of ions

2022 ATE school

» Xt HHX] > &

}
&
=
|
=
I
m
x

hv > e
A

oF

Zte| oL R 7}
. O| 25} EEIM 5~15 eV, 1 eV LA} I}EF 12,500 A

o 11}
o

o
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- B33t Zo| 2O 2 QIH E{ Y Wy
6 (3)1/{2 ys ;3
= 62X 10°——F<exp(—68 x 102 / E
J 2 Eoe $2a / E)

» Flowler-Nordheim equation(tunnelling)

J = ad®d *FlZexp[— v (fIbb32/F]

(x] (x]
(x]

Generation of ions

VieV)

s = ~ w s )
' +

7
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Extractor lon beam
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@ ®x} & 0|23} &2 (Electron impact ionization sources)
» HX7L EF AXRl B &
» st FHAE TYF 0| oo AHE

dmem. k2
- 2 A= —36 .
Jj= AT exp(— = h Richardson-Dushman constant

KT" 212 %x10% Am2K~2

Beam extraction
Anode 100

Cathode

lonization Region
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lon Sources

B HXI 5= 0|23} LA (Electron impact ionization sources)

» HMXie}t EfZI UKo 0| 22E $ITt THH™ (cross-section)

1

CNagtom =
Leoilision

Anion  10MgeomLparn
dt e

Natom 2200 A 2] EfA QYA U
Lcotiision O| 27 o HH Ol% 19
Lpatn cathode — anode 7{2]

dnjon/dt TR A|ZHE 4G 0=

i

A
T

lonization Cross Section by Electron Impact

107"~

& @
) o,
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&
» 0|23}l

ni=n, Quasi—-neutrality

e o P
se e i
...:':': -.::...o o
® .‘!. A .. .932?5 e
e 8%, o - kg
e e
o BRI ¢ e e _e e®
s Tave " e ..'a ®
e ® o e &° eaale @
Fig. 1: Charge separation. schematic
ni=n, Quasi—neutrality
en;ox
max — e Poisson eq of Emax
0
3 2
e n,(6x)

Sx
W x‘]‘ eEd_’x'z
pot 0 2&,

lon Sources

Zat=0} W™ o|2 2 (Plasma discharge ion source)

10" ¢
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o F
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nee?
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Zat=0} W™ o|2 2 (Plasma discharge ion source)

» LMIFH E (Paschen curve)

Breakdown field

Bp

Efm

In(APd) + In(In (” '; 1))

37t 72| dB B3t

Vb = Efd Vb = F(p, d)
aPd

o = Py + b

4F4= a, b = gas constant
o121 pe} 243 Ato] dojl 2}
y A= 20 w2t FEr

10°

10*

104

102 |

10!

10°

10!
Pressure x distance

102
Torr cm)
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lon Sources

@ Zct=of ¥H 0|22l (Plasma discharge ion source)

» $#| A (Sheath formation)

—

J=Je+Ji

£E0] T3t YAY-BE0HEE

0

5 Mle eUwan
J=—je=—en,| 5——jexp(

2nkyT,

SEHZ0ret d-=A10|12] HRE7t Vp-VIY I, n,
n’e 6’(% o Vf)

n—emexp(‘" kT )

4 AHO|R| 2 Batz0t gojo| W02 UE

kgT,
V(o) = 2:

no(0) = noexp (.,.. eV(O))

k{:’ Te

Ia%

Plasma

= N, exp (m% = (.61,

Plasma

Pre-Sheath
n(x)=n(x) \

n=n, 1,(X)=>1n,(X)

x=0 o

<A8 3> SA=0-+2 ZAX|H2| L=t MY
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lon Sources

Zat=0} W™ o|2 2 (Plasma discharge ion source)
H

bN|

» Child-Langmuir &%
Irving Langmuir #2734
1224 M2 A0 & HEHOR 0

237 IHOM 2
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These electrons create an electric field
That repels these electrons
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FEBIAD ion source DuoPIGatron

ARC++

g

9

A_ E
;_- 1 —
i Plasmatron ct

A E
—
3 Duoplasmatron B~ "t
[ ]
c
. E

SR /4 / 2@ -
L / - ; Magnetron A %
: 030

c E
Penning o * H
' C
C: Cathode
A: Anode

E: Extraction Electrode
B: Magnetic field
: Plasma
B: Beam
— : Magnetic steel
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lon Sources

L& QHEf|LE &
‘—H
RF Coil AT AT
13.50MH= . SN e
RE Crciltator e X a I i
e | e
= ﬁ? i
777 L Sputier FI
A Target
[(-) Gas| g
poPS 2 b
lon Extraction

I|'+.' & |ens System
e
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8 mw g7 o|2H

EI2 O 2 Microwave 2 S

Ofo| 21} 0| 2% 2.45 GHz

| CROWAVE
'EENERE\TDR

Vacuum Sealin
2.46GHz Waveguide = Dielectric 9
Microwawve

‘ letal discharge chamber e

M1 CROWAVE 75 OHM
GENERATOR CABLE

ANTENNA

PERM. MAGN
MULTIPOLE GAS

L i
External Metal Oven  Plasma Production Chamber SCH ,,,gezchamber

Insulation (MC nylan)
Solencid magnet

¥
upper limit for the electron density in the plasma ?‘il = W g
Mgy < 111 X 1010 2cm™3 e pu—

Nep = 6.66 X 1010f2(:m_3 @2.45 GHz Wi i T\\ ":a%}_a,

Ground electrods

Bias fand-thru

]
I
l

Bias electrode

Plasma chamber Extraction electrade
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lonizer current feed

connection (neg.)

E—
SPUTTERING CESIUM INCIDENT POSITIVE ION (")

TARGET MONOLAYER

D- 0|2 single-step process 2 &4

Dt + Ba® —» D™ + Ba?*t

‘57 escron  EXTRACTED
ANGLE NEGATIVE ION (1)

D- O] 2 two-step process 2 ¥4
D * + CS 0 — DO -+ C S + @mi‘ m,mRHgRYIINE?.D:A)(v’gglrl‘l\(LF?J‘:l%?gE:q» NecATE

DG+CSO“%D_+CS+
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Extractor

lon source *— Accelerator

Zapz0t 4, T,

VSOUFCE

0 =67.p"

[
N —

e e,

Pierce {1
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< E£2t20} sheathO|Aq| HEE =02 47

Js=1q | e

. d
% St stAer 4 & Child-Langmuir
, 4 |2qV3/?
Slaeres Brocicsion Chamber lon Exfraction Elsctrode JeL = €0 9 E?
Zj o1z Jts MR SUHSIAAM 7 = 0| 223 FYU B
. 03157 Q p3/4
Jmax = 5@ |7 d=76x 102”1 T, [em]

ex) r=1cm Y4 A 2| 5 U =100 A/m?
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