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Use cases

«TEM - paralelni zpracovani informace z plochy odpovidajici zornému poli ~ 100 nm -
100 um, sonda odpovida velikosti zorného pole

«STEM, SEM, FIB (sekvencni zpracovani informace, sonda odpovida velikosti 1
obrazového bodu)

*FIB - nanoobrabéni

zvetseni Zorné pole Rozliseni
Odp. 100 mm | 2000x2000 bodu
1000 car
100 struktury mikrosvéta zobrazitelné 1 mm 1 um

béznymi mikoskopy, velka hloubka
ostrosti, informace o slozeni

1,000 eukaryotické bunky (vsechny 100 pm 100 nm
zivocisné bunky)

10,000 prokaryotické bunky (bakterie) 10 ym 10 nm

100,000 viry 1 pm 1 nm

1,000,000 | viry, struktura krystalové mrizky 100 nm 1A
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Charakteristiky sondy

velikost, proud, energie, aperturni uhel (DOF), dU, stabilita proudu, stabilita polohy, stabilita nastaveni

TEM

STEM, SEM, FIB

nano obrabéni

velikost sondy

100 nm - 1 mm,
ale vysoka Uhlova koherence

0.05 nm (STEM)
0.5 nm (SEM) - 100 nm
5 nm (FIB)

5nm -1.5um

pocet castic

co vzorek snese
(nabijeni vzorku, tepelné
poskozeni)

co vzorek snese
(nabijeni vzorku)

co vzorek snese
(nabijeni vzorku,
tepelné poskozeni)

energie cCastic

10 keV - 300 keV
kontrast,

rozliSovaci schopnost,
tloustka vzorku

0.2 keV - 30 keV
kontrast,

nabijeni vzorka,
rozliSovaci schopnost,
X-ray analyza

500eV-30keV

energiova Sirka

¢im mensi tim lepsi, chromaticka vada cocek (STEM, SEM, FIB), fazovy kontrast (TEM),

EELS spektroskopie,

typicka hodnota 1 eV pro elektrony, 5 - 50 eV pro ionty

stabilita emise

kratkodoba - nizka
dlouhodoba - zavisi od aplikace

kratkodoba - vysoka
dlouhodoba - zavisi od
aplikace

kratkodoba - vysoka
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Charakteristiky zdroje

semisni proud - |

eUhel emise - O

evelikost zdroje - S

eenergie emitovanych castic - ¢

senergiova Sirka emise
ostabilita emisniho proudu

«plosna proudova hustota emise

uhlova proudova hustota emise
(angular intensity) [mA/sr]

V’V

smerova proudova hustota B
(brightness) [A/sr/m2]

o1 ___ 4
ASAQ  (zdaf

reduced brightness Br [A/sr/m2/V]
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Brightness

Unipotencial lens:
« direct magnification = 1/ angular magnification

* brightness does not change

M|: M—l
41
A (d, )
d,=d;-M
a,=a,-M'=a,-M™
d1, alpha 1 92, alpha B, = 4] B 4]

(rd,a) ) (7rd1 Ma,M™
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Brightness

Accelerating and decelerating lenses:
« direct magnification # 1/ angular magnification
* brightness does change

* reduced brightness doesn’t change TR
M'= [—LM-
U,
41
At
d,=d,-M
d2, a;:; 1 Ul -1
d1, alpha 1 a,=a,-M'=a,- |—M
U1 u2 U,
41 41 U
2 (7Z'd2052) (7Z'd1|\/|051|\/| —1)2U1 1U1
U
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Proud sondy - SNR

« SEM
obrazek 1000x1000 bodu

dwell time 50 ns -> frame time = 50 ms -> refresh rate 20 obr/s

1 dopadajici elektron = 1 detekovany signalovy elektron

shot noise - Poisson distribution SNR=sqrt(N)

“ pocet dop. elektr. proud sondy [pA]

: 9 32
6 36 115
12 144 460
o9 ™
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Brightness zdroje

 velikost sondy 1.0 nm Brightness uréuje velikost
o proudu, ktery Ize vtésnat do
« aperturni uhel 10 mrad sondy dané velikosti a

aperturniho uhlu
« energie elektrona 10 keV

pocet dop. proud sondy [pA] red. Brightness
elektronu/plxel [A/m”2*sr*eV]

3*108
36 115 1107
12 144 460 4107
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Brightness zdroje
e TEM

Brightness urcuje velikost proudu, ktery lze vtésnat do paralelniho svazku daného
pruzezu a uhlové koherence

Image of the electron source

\ FN

I I
;’ YA \‘
K VAN ' a is coherence angle, the smallerit
K f :?\ ' is the beam is more coherent
’f 1 f! |
1/ 1
S Voo
’ 4 1
’ 1 !
« o ——— Objectivel
« T\ ectivelens
\ oy o )
! I ! |
v I i
\ i y
‘ v !
v V!
v V!
W \l.f
I
1
|
|
_Qé\\]ERSU;{p_ ‘ . ™
s 2 10 . . _— . Qe
17 Z
% & Vybrané partie z elektronové mikroskopie [
€ &

ANA



Probe size and Source characteristics

Angular intensity

!

Virtual source size

Energy spread

Probe size - Resolution
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Optimalni velikost stopy v zavislosti na
proudu ve stopé

Mg magnification Mg
Csgo spherical aberration coeffic. Csto Ceti

| hromati rration coeffic.
Cagy c atic aberratio G o
r o
A _ fa__ e s ri e
S

virtual 1
source ' 1.0E-82
gun lens system
and fir
1.8E-@3 |
M=1.28-.
1 M=@.64-. ..
1.8E-@4 | M=@.32-. . T
M=8.16-., .
T Mo M N i
Ml B o s R e )
9.910.2820.040.08 8. 16
1.8€ . i X 4
oe-os 1.0E-84 1.8E-23 1.8E-@2 1.26-81
Lradl
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Optimalni velikost stopy v zavislosti na
proudu ve stopée

aA
(a)
j Electrostatic FEG
S (310) tip
dI/d9= 10 pA.Sr-l
10000 1 Magnetic FEG
3 (310) tip
W dI/dQ = 10 pA.Sr-l
1000 -
LaB6
‘ Magnetic FEG
100 ; < ? (111) tip
d1/dQ = 100pA.Sr-!
10 - : E-
10-10 1079 1078 1077 10°® 1073 1 (A)
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Elektronove zdroje (déleni)

«termoemisni (thermionic) « termoemisni (thermionic)
« wolframova vlasenka « wolframova vlasenka (hairpin
(hairpin filament, tungsten) filament, tungsten)
« LaB6, CeBé katody » LaB6, CeBé6 katody
eautoemisni e Schottky Emission
* Schottky ZrO/W « Field Emission

« studeny W hrot (cold FEG) . cold field emission

o thermal assisted field emission

point source cathodes
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Real and virtual source

[1] \ \ termoemisni /
tryska

N

Real source
/—‘ (crossover) |—\
Wehnelt Anode

[1] \\L| tryska L//
W“Z@@C:::iiﬁﬁ::figiiiiiiiii:::::::

Virtual source

/. \

Suppressor Anode
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Porovnani parametru jednotlivych trysek
_

Katoda

Vystupni prace [eV]
Pracovni teplota [K]
Velikost krizisté [um]
Energiova Sirka [eV]
Vakuum [Pa]
Maximalni proud [pA]
Zivotnost katody [h]

Brightness
[A/m2sr]@100 kV

Red. brightness
[A/m2Zsr-eV]

Smérova proudova
hustota [mA/sr]

S \}
s o
z 2 16
%, &

Cana oF

LaB6

4.5 2.4

2700 1700

50 10

2-3 1.5
10-3 104-10-

1-3 1-3
40-100 500-1000
(1-3)*10° (3-10)*10°
(1-3)*104 (3-10)*10°

Vybrané partie z elektronové mikroskopie

W/ZrO
2.7
1750
- 0.015
0.6-0.9
106-107
0.3
>2000
(0.2-1)*1013

(0.2-1)*108

0.1-1

Cold FEG
4.5
300

~ 0.005
0.2-0.3
10-8-10-°
0.1
>2000
(0.5-5)*10"3

(0.5-5)*108

0.3-4

o*FEI



o termoemisni W : levné, nizké naroky na vakuum, stabilni, robustni, dobra
alternativa pokud brightness zdroje je dostatecna pro danou aplikaci a
vymeéna po cca 100 hodinach nepredstavuje problém v pouziti

o termoemisni LaBé : vyssi naroky na vakuum (IGP), provozné drazsi, delsi
doba zZivota, stabilni, robustni, o néco vyssi jas, hodné pouzivana v TEM
pro béznou praci (jas LaB6 dostatecny pri 100 kV)

o Schottky ZrO/W : vysoké naroky na vakuum (2xIGP), provozné drazsi,
velmi vysoky jas, mala energiova sirka emise, nizky sum, hodné pouzivana
v SEM

o CFE : extrémneée vysoké naroky na vakuum, nejvyssi jas, nejnizsi energiova
sirka zdroje, sum vyssi nez ZrO/W a zhorsujici se s vakuem, pro néktere
aplikace maly maximalni dosazitelny proud, pouziti nachazi ve spickovych
TEM
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Termoemisni elektronova tryska - fyzikalni

princip

distribuc¢ni funkce

A
®s = 4.5 eV (W)
Richardson law:
Ps =2.7 eV (LaBb)
i.=A T2 exp( -0/ KTe)
KT/ s ~ 0.05 Jo = ATeh expl - 9/ KT

EF (W)

vodivostni
elektrony (0 K)

kov vakuum
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Termoemisni elektronova tryska
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Cathode

m ;—We hn‘ lt

Crossover

a) Thermionic gun

U=

1-50kV

«katoda - wolframové vlakno & 0.1 -
0.15 mm, zahnuté do tvaru vlasenky
nebo neprimo vyhrivany LaBé (CeB6)
krystal, zaporny potencial
odpovidajici pozadované energii
svazku snizené o Ubytek napéti pro
wehnelt

«zhavici proudovy zdroj,
T~ 2700 K (W), 1900 K (LaB6)

ostinici elektroda (wehnelt),
negativni predpéti 100 - 1000 V
oproti katodeé - R, *I. (autobias)

«anoda - na zemnim potencialu

o9 ™
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Crossover
profiles

Cathode emission current I¢

o
o

Heating power of cathode Pg—

d
-]
<

z
&

O
“IANA %

Emisni proud (pA)

onova tryska - pouziti

Ty M

-500
Predpéti Wehneltova valce (V)

Vybrané partie z elektronové mikroskopie
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Smérova proudova hustota



Fyzikalni principy elektronove emise

2]
B o s s

A
i

Tk

o— ¥
—/ e = = —
Thermionic emission

~N

BN Schottky — Emission

FE - Emission

\| Yacuum

Vybrané partie z elektronové mikroskopie

vliv vnéjsiho pole na
snizeni vysky
potencialovée bariery
10”6 V/cm ~ 0.4 eV

«vliv vnéjsiho pole na
zuzeni potencialové
bariery

10"7 V/cm ~ nm

svystupni prace
e material

« krystalova orientace
» aktivace

«teplota katody ”
<+ FEl



Energy spread of emitted electrons

Energy level diagram and resulting energy distributions for the
three emission regimes: e

SE = Schottky Emission L1 S i

TF = Thermal Field Emission o8 [ T=1800K ]

Cathode, vacoum <FE = Cold Field Emission i L - .
s o4 [ i

l " / 1

E ~ /oa/: -

il o4 T ‘[—\ -
& " F!
T

2o /w(i00}//}

:::::::

////////

%

————— . . . . e e . e e . ]

™ : ' i

-6 - 4
\ T=300K ]
_ 06 L F=474V/nm |
¥ C s o=45eV S
/ 04 | 4
‘) 1 L 1 J B =3
/ 02 | 4
0 1 2 o 3 4 5 i ]

0.0 L

-1 . E +1

Relative Energy [eV]

After: D.W. Tuggle et al., J. Microscopy 140 (1985) 293
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Jak ziskat vysokou intenzitu pole?

OF

Ec = Oc/Rc
>

Rc

Ec ~ 0.2*®c/Re
>

Rc ~ 0.2*®¢/ Ec
Rc ~ 0.2*5*107"3/10"8 = 10"-5m

Qé\\] ERSI];’J»_ ‘ . ™
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Autoemisni elektronova tryska - funkce a

jejich implementace

 extrakce elektronu z hrotu

o urychleni na pozadovanou energii
« fokusace elektronu

e centrovaci prvky
(mechanické/elektrostatické)

« energiova filtrace

Fig. 4. The main types of FEG (schematic) in common use.

A — Triode gun [7], [8], [9], [10].

B — Tetrode gun [11].

C — Pentode with einzel lens, crossover in the accelerator [12].

D — Tetrode with crossover in the accelerator [13], [14].

E — Tetrode gun with magnetic pre-accelerator lens [5], [6],
[15].

F — Present tetrode gun with magnetic pre-accelerator lens.
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Zr0/W Schottky emitter

» today most widespread electron source

e point cathode

e tip radius 0.3 - 1 ym -
« field assisted thermal emission
e virtual crossover ~ 20 nm

[110] Planes

« single crystalline W rod <100>

e ZrO2 reservoir
e temperature 1750-1800 K
« tip shape and field strength

» lowering work function to ~2.7 eV

e material

 crystal orientation
e« ZrO
- E field

Y\\\jERS]}q ‘ ‘ ™
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Zr0/W Schottky emitter

Vybrané partie z elektronové mikroskopie




ZrO/W Schottky source

Extraction section

900.0 -

300.0 =
—
" Central (100} emission
1 Il L

300.0 300.0 900.0 1500.0

crystal plane is transmitted through extractor aperture - -

pm

3 electrode setup

« part of uniform emission from central low-work-function (100)

 the rest of central emission including thermal emission from
Lootar ~ 100 pA

Leacet ~ 10%
-[probe ~ 1-1e-6%

other facets is collected on extractor electrode

Tip

tensity (mA/sr)

Angular inte

» acceleration voltage applied to tip electrode (cathode)

Suppressor o0 i
« reduce total emission current by reducing extraneous % 5000 oo
.. . . . S 5000 = /:_‘,'4”’ ______ -
thermal emission from tip electrode cylindrical shaft § o | et 0z
E 3000 o o
Extractor . S
1000
« Extractor voltage sets angular intensity O e 100 a0 e

Radius (nm)

» Vext = f(angular intensity, central plane WF, emitter radius, emitter T, electrode
setup, ...)

e initial acceleration

N ERS/}
.&\ Ty

27
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ZrO/W Schottky source

Coulomb interactions = dU, Brightness

A

& .10
T sy A =03eV

 Right after emission B=144

« Both change with T, field, work function

» Longitudinal (Boersch effect) - energy spread increase

 Lateral (Loeffler effect) - crossover enlargement, trajectory displacement, radial broadening -
reduced brightness reduction

» Reduced brightness is highest at tip surface

« Energy spread is lowest at tip surface

near emitter behind extractor

» Using smaller gun aperture lowers Coulomb interactions A\
]

T

U

r (m)

Jole

}

E (eV)

‘ ‘ ™
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Vzajemna interakce nabitych castic
Zavislosti nam, I, V, alfa

aE ml/zl . I WP W r o] wow W W
- T3 (energiove rozSireni - pruchod svazku ki1zi§tém)
avz

aE mIZL * I WS W r W ! Wt ow W '
— ~ 3 (energlove rozsifeni - rovnobe&zny svazek bez ki1zi$t¢)

msz . . ¢
Ar ~ s (,trajectory displacement®)

mlz cC 22
Aa ~ 0 (““angular” spread)

.&\\\JERSI}%. ‘ . ™
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ZrO/W Schottky source

Ring collapse

D
D

Normalized Current

g 8 8 -

~

[100] flat

e

[110] growth

R B

=g -

B i

= i 5 N

!
q

{ I periodical
process

—_—

—
—

[112] retreat

NERS7,
'Qé s

=S

eangular intensity I’ >= X mA/sr is necessary to maintain stabilized endform
—> stabilized angular intensity

> 2 days
«lower angular intensity - \ Y

» lower Energy spread - lower d50 at low beam energies
 lower Brightness = higher d50 at high beam currents

[100] Flat

[110] Planes

facet
— collapse “~— .
1

‘ ‘ ™
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Total energy distribution

NERS7,
'Qé s
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Energy level diagram and resulting energy

three emission regimes:

TF = Thermal Field Emission

——e

;Z . for ;;/
?O!{WI A

/

W

ZrO/W Schottky source

distributions for the

g

os I

Fe
Fs
"o 1 2 3

gk geeg/cs

-

o |
P
FE 02

SE = Schottky Emission L S ”""'7"""“’ ]
os N T=1800K 7
vocm CFE = Cold Field Emission - ox 1
7 o4 :
l o-t :
' X 4 = o -r i :l

T 10 [ﬁ AV =0760 8V
s
2

. T N T W - - - B S B R ST e O

After: D.W. Tuggle et al., J. Microscopy 140 (1985) 293
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FWHM (eV)

Total energy distribution

Energy spread depends on

1.60

1.40 1
1.20 1
1.00 -
0.80 -
0.60 -
0.40 A
0.20

0.00
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Work Function (WF)

Tip temperature

Reduced angular intensity I'/Vext
Tip radius

Coulomb interactions

50 100 150 200

17 (nA/sr V)

Vybrané partie z elektronové mikroskopie

FWHM,, (eV)

FW50 (eV)

ZrO/W Schottky source
2.5
p=50eV

2.0

1.5

1.0 1
0.51 CFE region

SE region
0.0 T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000
T(K)

0.7

0.6 - FW350 (exp.)
0.5 1

0.4

0.3 1 - FW50 (Int.)

A——-l————a——*__‘_*_ = -

0.2 //‘/Ewso (Coul.)

0.1 /r

0.0

I/ (nA/sr* V)

S FEI



Current fluctuations

ZrO/W Schottky source
Short-term (< 0.01 Hz)

« local E field (random motion of atoms on the surface, i+ and n0 bombardment)

« local WF fluctuations (adsorption/desorption of gases, local ZrOx concentration
fluctuations)

Long-term (> 0.1 Hz)

e macroscopic diffusion of W atoms, tip end-form variations (e.g. ring collapse)

» macroscopic E field and WF variations due to adsorption and desorption of gases

Current fluctuations impacted by
e emitter size

e emitter temperature
e vacuum level

 angular intensity

Vybrané partie z elektronové mikroskopie
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ZrO/W Schottky source

Residual gases

e Vacuum level is primary factor influencing emission characteristics
» Bake out - ideally 1e-8 Pa
 Electron stimulated desorption from oxidized surfaces

« Oxygen poisoning is reversible within operation range

N
\@
Oy
1 | | |
5 10 15 20

"y
—_—

o
1

Normalized angular intensity
c o o o
o N o ©
| | | |

o
(4]
1

| 1

25 30 35

o
.

0
Pressure (ntorr)
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e
Lifetime

ZrO/W Schottky source

e Tip dulling

~ 2 years

—> Brightness decreases up to 4 years feasible

- required Vext gets too high
 high temperature:

» dangerous for ZrO supply
« tip grows faster (tip dulling)

» temperature increases during life time - best solution is periodic field
adjustments - up to 4 years lifetime feasible

e | natural life termination: J 108405
evaporation of ZrO2 reservoir a
< 1.0E+04 -
E 1.0E+03 4
1.0E+02 I | | | I | | | I
1675 1700 1725 1750 1775 1800 1825 1850 1875 1900 1925
Temperature (K)
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lontove zdroje

 Liquid Metal lon Sources (LMIS)
» Gas Field lonization Sources (GFIS)

e Plasma Sources

.Qé\\JERSU;]‘P. ‘ . ™
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M L S Uppressor

Ga in a W column
(LMIS)

m Extractor

Electrostatic
condenser lens

Aperture

SNSVIY

S
VeNsts
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suppressaor & LMz
Extractor Cap

Beam Acceptance Aperture

Lens 1

Bearn Defining Aperture

Beam Blanking

Deflection Octopale

Lens 2

FIB column
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Properties of “Perfect” lon Source

Small virtual source size (dv)

High angular current density (I') on optical axis
Low energy spread (dE)

Low beam noise (0-100 kHz)

Stable emission; short term (hrs) and long term (weeks)
Limited processing “events” required during operation
Long life time

Operate in modest vacuum

Multiple ion species available

]- Reduced Brightness (B,)
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1 pA 1 nA Beam current lons
Beam Current Beam current Available

dEryim dErywim
Units A/mz2-sr -V eV A/m2-sr - eV PA
\
Ga LM 106 5 106 5 1-60,000 Ga
Other LMIS 103 - 106 5-20 103 - 106 5-20 1- 60,000 Many
metals
GFIS 5x 10° 0.4 NA NA 1-5 He, Ne
NAIS 5 x106 - <0.5 < 106 <0.5 1-2000 All gases
107 ? ?
Li MOTIS 103 <0.5 NA NA 5 - 80 Column 1
“2D” UCIS 106 - 5x108 <0.5 104 - <1.0 1-1000 Column 1
5x10° ?
Plasma 104 5-7 104 5-7 1-106 All gases
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Period

-

NSV
Vensis:

%,

= Single element LMIS
1 Alloy LMI
=1 GFIS

6
ViB

] NAIS and
1 Plasma
MOT and UCIS

24 +320)25

Cr

chromium manganese

52.00

malybdenum

34z +655(43

Mo

55.04

technetium

74 +6.4(75

w

tungsten

183.8

##

seabargium

Sg

266

i

1
1A
1
H 2
hydragen INA
1.008
3 -2
Li Be
lithium beryllium
6.941 9.012
11 2
Na Mg
sodium magnesium
2299 2431
19 2
K Ca
potaszium calcium
39.10 40.08
37 2
Rb Sr
rubidium strontium
8547 8762
3 +2
Cs Ba
cesium barium
132.9 137.3
a7 +2
Fr Ra
francium radium
223 225
lanthanides

(rare earth metals)

actinides

4|60 +3(61

Nd

1442

4|92 +5345)93

u

uranium neptunium

233.0

16 17
VA VI A VIIA
-s(8 -2
(o] F
nitragen expgen Flusrine.
14.01 16.00 19.00
-3[16 -2[17
S Cl
phosphoruz sufur chleorine
30.97 32.07 3545
-3(34 -2[35
Se Br
arzenic selenium bromine
7492 78.98 79.90
+35(52 -2|53
Sb Te |
antimany tellurium indine
121.8 1278 126.9
EEE w2(85
Po At
bizmuth pelonium astatine
208.0 208 210
= #H
Uup Lv Uus
292 283
35,2
Yb
yiterbiom
173.0
2102 +23
No
nobelium
259
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Column Performance Comparison
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I ————————
1. LMIS

1. Galium je umisténo v zasobniku
(spirala). Po ohrati dojde ke
smoceni W hrotu (polomeér 2-5
um). Za pritomnosti
elektrostatickeho pole (108 V/cm)
dojde k vytvoreni kuzele s
vrcholovym polomérem 2-5 nm

Taylor cone.

2. Intenzita pole v blizkosti takto Electrical feedthroughs
vytvoreného hrotu je dostatecné
vysoka k vytrzeni a ionizaci Insulator
molekul galia.

— _ —

O
Coil heater —»°

— Gallium reservoir

Tungsten needle
[F—|

Extractor electrode
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Liquid Metal lon Source:

The tungsten is cleaned and Frozen-in

wetted with gallium which is held ~ -shape LMIS

in the spiral by surface tension. showing 49° half angle. The field

The vapour pressure is about emission area is a 2-5nm across giving
2x10™*° mbar. current densities >108 Acm-2,
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NN,
Taylor cone

LMIS emitter substrate
with AuGe Taylor cone

W. Driesel, C. Dietzsch, R. Muhle, J. Vac.
Sci. Technol. B14, 3367 (1996)
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e —
Desired Properties for LMIS material

abkowhE

Low temperature melting point

Low vapor pressure at the melting point

Slow to oxidize when in liquid phase

Non-reactive in liquid phase

Wets materials which can easily be fabricated into substrate
emitter

Gallium: i1deal material

v' Ga melting point 29.8 C but boiling point is 2204 C
v Vapor pressure at 30 C is only 10?1 mm Hg and at 450 C is 101

ANANE NN

mm Hg!!!

Non reactive in the liquid state

When molten — super cools so stays liquid at room temperature
Wets tungsten easily and is non-reactive with tungsten below 800 C.
Moderately heavy mass providing a reasonable sputter rate for
milling.

S FEI
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Liquid metal field ionisation sources

& He
Li | Be B|C|N|O|F|Ne
Na | Mg wlsilelslalal Untlnow the following LMIS have

been produced and studied: Ga,
KfCa||Sc|Ti|V |Cr|[Mn|Fe|Col| Ni|CullZn|Ga|Ge|As | Se| Br| Kr Sn, In, Au, AuSi, AuGe, AuCo,
CoGe, CoY, CuGe,CuMg, AlGe,
Galn, AuCoGe, AuCoY, AuSiPr,
Cs|Ba|La|Hf |Ta|W |Re ||Os| Ir | Pt[Au|Hg| Tl (| Pb| Bi || Po | At | Rn AuSiBe, AuCoPr, AuCoSi, AuErSi.
Fr | Ra | Ac [unglunpunh The_most_comlmonlyused ion is
Gallium since it has the longest
liquid range of any metal (from

Rb||Sr| Y |Zr|Nb|Mo|Tc||Ru|Rh|Pd|Ag |Cd|In [[Sn|Sb|Te | I | Xe

S R -
Ce | Pr |Nd [Pm|Sm|Eu|Gd | Tb | Dy |Ho | Er [Tm| Vb | Lu 29.8°C to 2175°C) providing room
temperature operation and yields a
Th | Pa [y Np | Pu JAm JCm ] Bk | Cf | Es | Fm ] Md [ No | Lr long lifetime source. Gallium can
be focused to a very fine probe
Physical and chemical properties of Gallium size (< 10 nm in diameter). Liquid
(Form: Solid; Colour: Silver-colour; Odour: Odourless) metal Gallium is high vacuum

Melting Point, °C Boiling Point, °C Density, g/cm® .Compatlble a.nd Galllum‘ls large
59 78 5403 5.907 ions for physical sputtering. Below

the melting point Gallium is a soft,
silver white metal that is stable in
both air and water.
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Current
range

> 25 pA
2-25pA
0.45 - 2 pA
< 0.45

nestabilni emise

FWriv OF TED (eV)

stabilni emise
pulsni rezim

nestabilni emise,
kolaps

e i A e B e e e B e R e ca T

Ge LMI SCURCE '
T=293K
EMITTER RADIUS

e 25nm
L e 1e(nm B
12 s 2000 nm

e B T i Ll 1l ! A L 3 oo M| 1 1 1¢ed
InA 10na 10OnA a 10

TOTAL CURRENT

The energy spread of Ga LMIS over the

current range 3 nA—-10 UA.
(Bell AE., Rao K., Schwind GA., Swanson LW., J
Vac Sci Technol., B6(3), 1988)

zdroj udrzovan na spodnim okraji rezimu stabilni emise ~ 2uA zménou intenzity

extrakcniho pole

ohrev galia pouze na znovuobnoveni Taylorova kuzele (cca po nékolika

desitkach hodin provozu)
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e
B, versus dE/e — Alloy sources

1.0E+06
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10N sources
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2. Gas f

surface field ionization of gas atoms at the tip of a metal needle

W or Re Emitter
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GFIS - considerations

=

Incredible Br but has a lot of limitations: species, current, complicated

2. Virtual Source size < 0.25 nm, Br= 1-5 x 10° A/m2-sr =V

Angular Intensity: 0.25 — 0.5 uA/sr

Not a source for milling — clearly best ion source for imaging

Maximize current you want to column magnification (M) to be high: If M

is high then source mechanical vibration becomes an issue.

5. High column magnification means gun lens aberrations become more
important

6. Limited to He and Ne commercially. Light mass ions have very low

sputter rates.

Very low beam currents < 5 pA.

8. Challenging source environment requirements: UHV (< 10 torr), low

temperature (< 80K), and extremely pure gas supply.

W
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Plasma source

Spot Size, d,, (nm)

S
3

—
s aaaal

10

- - = 30keV Xenon Plasma
— 30keV Gallium LMIS

T T

Gas supply

) 0.1
B

RF Generator % Plasma cell

w/ Helical antenna
_}—// Source aperture

Xet* ions

-
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10 100 1000

Mill Rate (um’/s)
(Normal Incidence i Sificon)
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Plasma sources - considerations

=

Extremely large angular intensity I' = 50 mA/sr (Ga = 20 uA/sr)

Very large virtual source size: 15 um (Ga = 50 nm)

3. Very large de-magn is required to get the smaller beam sizes which
means it is challenging to get high beam currents into smaller beam
spot sizes.

4. There are a significant amount of neutrals in beam — column may need
a bend to keep neutrals from reaching the sample

5. Wide variety of different ions; all natural elemental gases including
mixed gases which would allow fast switching between different gases
with use of a mass filter.

6. Gas type is easy to change: same source can produce many different
ions.

7. Beam of molecular single element will contain multiple peaks (O+,
O2+) therefore a mass filter is required if only one ion specie is
desired.

8. Extraction elements/optics has significant effect on brightness and dE
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