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Elektronova emise



Kvalitativni popis elektronové emise

e Work function - rozdil mezi potencidlem
vakua a Fermiho hladinou energie

e Pti nulové teploté jsou obsazeny vSechny
energiové hladiny az po Fermiho energii

=
<

e P¥i zvySovani teploty se ménfi energiové

rozlozenfi

e Termoemise: Teplota se zvysi natolik, ze

Encrgy relative to B (¢V)

néjaké elektrony maji tak vysokou energii,
ze prekonaji potencialovou bariéru

e Pokud se pfida pole k povrchu kovu dojde: D T it ot
(a) Ke snizeni potencidlové bariéry - e e e e et

side of the interface. At 0 K, the clectron cnergy levels arc filled up to the Fermi level, £, and
Schott kyh O emise ( b) zhzeni poten cidlové cpty dhove, The i, . berwesn the acuum potenial nd the Fermilve s efred
10 as the work function.

bariéry, dochazi k tunelovému efektu -
Extended Schottky emission

e Nizka teplota a vysoké pole - k tunelovani
dochazi pouze v okoli Fermiho hladiny -
cold field emission



Kvantitativni popis emise

e Energiové rozlozeni elektronii v kovu je dano Fermi Diracovou statistikou

1

(V) ()

f(E,T) =
1+exp( T

kde Ef je Fermiho hladina energie a parametr V{ definuje nulovou hladinu
energie.

e Proudova hustota

3; 2e 3

d’j = —=pf(E, T)D(Un)d"p (2)
mh

kde jsem rozlozili impulz na ¢ast normalni a tecnou slozku p = p, + p: a definovali
jsme normalovou U, = ﬁpﬁ + V(z), a teénou U; = i(pﬁ + p2) slozku energie
(E = Un + Ut). D(Un) je transmisni koeficient, ktery definuje pravdépodobnost,
ze elektron, ktery dopadne na rozhrani projde potencidlovou bariérou.

e Brightness (proudovad smérovéa hustota)

B == (i) 3)
™ dUt Us=0



Kvantitativni popis emise

e Hybnost pomoci sférickych souradnic

px = +\/2m(E — V(z))sin(0) cos(¢) (4a)
py = +/2m(E — V(z))sin(0) sin(¢) (4b)
pz = \/2m(E — V(z)) cos(6) (4¢c)

pak

d3p = p?dpdQ = my/2m(E — V(z))sin(0)dEdAd¢ (5)

e Hybnost pomoci polarnich souradnic

px = \/2mU; cos(9) (6a)

Py = \/2mUssin(9) (6b)

pz = \/2m(U, — V(2)) (6¢)
pak

d3p = m?p;1dU,dUdg (7)



Termoemise

e Nulova haldina - vrchol potencialové bariéry

—EF - W
Potencialova bariéra V(z) = { F z<0

.
0 z>0
e Transmisni faktor D(U,) = { 2 Z: i 8

e Fermi Diracovo rozdéleni Ize aproximovat:

(®)

f(E, T) =exp (—E+ W)

kp T



Termoemise

e Proudova hustota

, , epcosf 2
&dj=d%; = B ﬁf(E, T)D(Un)d*p
4 E+W
~ ;;eEexp <7 kJ;T ) sin(9) cos(9)dEdode (9)

e Po provedeni integrace pres polarni a azimutalni Ghly dostaneme

m E+ W
dj = kg T)? (— )dE 10
jr = —5—(ksT) exp T (10)

e Po integraci pres energiové spektrum (0 < E < co) dostaneme celkovou
proudovou hustotu

4mme w
iT = kp T)? = 11
ir = e T e (~ 1) (11)




Termoemise

e Pro odvozeni brightness je nutné pouzit cylindrické soufadnice a rozdéleni energie
na normalovou a tecnou cast

epz (_Un+Ut+W

d3j=a%, = ——exp e ) m?p; tdU,dUsdg (12)
b

e Po provedeni integrace pres polarni thel a U, dostaneme

4tme U+ W
djr = ——— ) dy 13
T T ( ko T ) ‘ (13)
e A brightness pak vychazi
47rme w eT
BR= kp T -—) = 14
or= TR (TR ee (— 27 ) = oL (14)



Schottkyho emise

e Nulova hladina energie - Fermiho hladina

. . 0 z<0 .
e Potencidlova bariéra V(z) = 2 Maximum
W—efz— - 2z>0
TEYZ
potencidlové bariéry z, = /e/16megF a efektivni vyska bariéry

e3F

V=W —-AW =W — (15)
47eg
e Transmisni faktor
0 E<—(EF+ Vm)
D(Un) = 16
(Un) {1 E> —(EF+ V) (16)
energie vzhledem k vrcholu bariéry.
e Vztahy bydou ekvivalentni jako v pfipadé termoemise, jen bude jind hodnota
potencialové bariéry ...
. 47tme E+ Vm)
djs = ——— (kg T)? — dE 17
js = — 5 (ke )eXP( WT (17)
47rme Vi AW
js = kpy T —— ) = —)j 18
s = T TR e (— 1% ) = exal L dir (18)
47Tme V, efs
B, s = kp T)? m ) = 19
rs = (kb )EXP< T kT (19)



Extended Schottky emission

e Bariéra se stencuje - dochazi k tunelovani elektronii pfes potencidlovou bariéru

e Transmisni faktor
B 1
T 1+exp(G)

G — Gamoviiv exponent G(U,) = % fZZ \/2m(V(z) — Up)dz
7

e Lze integrovat analyticky, ale nevhodné pro dalsi Gpravy — obsahuje eliptické

D(Un) (20)

integraly. K tunelovani dochazi je v blizkosti vrcholu bariéry - Ize ji aproximovat

parabolou
Va(2) & Vin — (2 = 20’ (21)
W(z2)~Vyp— ——(z— zm
167ez3,
pak
Vm—U h 1
G(U,) = % K= W\/E(47reoeF3)4 (22)



Extended Schottky emission

e Po dosazeni pak dostaneme

4mme K

djes = log(1 + exp(E/k))dE (23)
h3 1+exp(Elz‘.,/_"’)
. oo
jes = js—2 q=r/kyT (24)
sinTq
&jEs

= 25
7'('ka ( )

Br,ES
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Studena emise (cold field emission)

o Nedochazi ke Zhaveni elektrod, emise je zplisobena pouze vnéjsSim polem - zlzeni

potencidlové bariéry. Vyrazné prevaruje tunelovy efekt

e Aproximace popsané napt. v Hawkes Principles of electron Optics Il. Myuvedeme

pouze vysledné vztahy

4 bW E/d
dj7r = Lmedexp (,7) MdE (26)
h3 d ) 1+ exp(E/kyT)
Tme bW P
iTE = d? ==L 27
JTF e exp( m ) Sn7p (27)
B, e =2 (28)
d
kde b~ 06d=—"< __ st(y)~1+0.1107y"3B ap=k,T/d

26(AW / W)V2mW
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Elektronové zdroje




Typy elektronovych zdroji

Nékolik zakladnich typ

e Termoemisni zdroje
e Schottkyho zdroje (field emission sources)

e Studend emise (cold field emission sources)
Zakladni parametry zdroji

o Proud svazku
e Smérova proudova hustota (brightness), velikost virtualniho zdroje

e Energiova Sitka
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Thermoemisni zdroje

Thermionic Electron Gun

The filament is made from

high melting point material
Bias | of relatively low

work function,
in order to emit many
electrons. Common choice

Filament

10-1000kV | are:

Wehnelt
Cylinder
Tungsten: ¢ = 4.5eV
Crossover HT + Lanthanum hexaboride:
Anode earth potential | ¢ = 3.0eV

Tungsten filament mounted
on a ceramic block.

a) Thermionic gun (tungsten hairpin type
Tungsten is heated and energy is
applied to conduction electrons in

order to overcome the energy barrier
L at metal/vacuum boundary.

Heating
power supply
Tungsten i}
filament Bias power
o supply
: ! EH Acceleration
/power
supply
il =
/ehnelt
e
Anode -

=




Thermoemisni zdroje

- | i
Heating power

Carbon supply

heater

Bias power
supply

LaBg
Wehnelt Acceleration
power
supply
Anode
b) LaBs gun

Lanthanum hexaboride (LaBs) having a
small work function (electrons are
readily emitted) is used instead of

tungsten.
K =
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Studena emise - Cold field emission sources

- N

Flashing power supply

Extraction
—i| power
\j : _LK supply
Acceleration
: | gpower
T =supply
(1st anode
o
E2 || 22—
{ 2" anode

Butler type anode

Field emitting tungsten tip.

c) Field emission (FE) electron gun

A strong electric field is concentrated on
the tip of tungsten single crystal, and

energy barrier is narrowed and electrons
\ forced out via the tunnel effect. j
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Schottkyho zdroje - Field emission sources

Zirconium
|

1st anode

2nd anode

Heating power
supply

~

Suppressor
power supply

Extraction

Bz

B | am— Py

d) Schottky electron gun
Tip is coated with ZrO,, a strong electric
field is applied while heating and energy
barrier is lowered via Schottky effect to

\_emit electrons.

power
/ supply

Tip ‘ E
v

Suppressor

——

Acceleration
power

£




Srovnani parametra zdroju

TABLE 9.2
Comparison of Pertinent Electron Source Characteristics
Tungsten LaB, CeB, Cold Field Schottky Field
Units Filament  Emitter  Emitter Emitter Emitter
References 76 5.8,50 7 51,76,89,92,102  51,76,85,86,89-91,94
Angular current mA/str n/a n/a n/a <0.1 0.1-1.0
intensity
Source brightness Al(cm? - str) 100 107 107 10° 10%-10°
Emitting surface area  pm? >>1 >1 >1 0.02 0.2
Crossover or virtual nm >10* >10° >10° 3-5 15-25
source diameter
Energy spread eV 1-3 1-1.5 1-15 0.2-0.3 0.3-1.0
Source temperature K 25-2900 1800 1800 300 1800
Work function eV 4.5 2.6 2.4 4.5 2.8
Operating vacuum Pa 10+ 10° 106 10°-107" 108-107
Short-term beam %RMS <l <1 <1 4-6 <1
current stability
Typical service life h 40-100 1000 >1500 >2000 >2000
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Kontrast v Elektronové mikroskopii




Signal v rastrovaci elektronovém mikroskopu

e Sekundarni elektrony - primarni svazek
vyrazi elektron z atomu. Elektrony maji
malou emisni energii < 50 eV.
Topograficky kontrast. Maly interakéni
objem. SE1

e Zpétné odrazené elektrony - primarni
elektrony, které jsou rozptylené na
atomovém jadre. Materialovy kontrast.

e Energie blizka energii primarniho svazku
(true BSE) - pruzné odrazené - maly
interakéni objem

e Pokud proniknou hloubéji do vzorku
dochazi k vicendsobnému rozptylu.
Energie je pak zpravidla vyrazné mensi
nez energie primarniho svazku.

e BSE dokazi také vyrazit sekundarni
elektrony - SE2

e Augerovy elektrony

e X-ray - materidlova analyza

D V2P A . .

electron beam
Auger Electrons (AE) Secondary Electrons |SE]

AT —— Iopograpes iormon (5

Bachkscattered Electrons |
ok nuMes and phase it
Continuum X

gf (Bremsstrahl

cnmmumc Koy (mx}

Cathodoluminescence (CL)
einctrenic s2atas lomaton

Inalastic Scattoring e
compostion and e wises (EELS) Elastic Scattoring
S e analysit a0 HR imegig (divedion)
Scattering

Transmitted Elactrons
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Signal v transmisni elektronové mikroskopii
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