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NapifNcie przyspRelaty Wicst Wc fognid)
20 0.00859
30 0.00698
40 0.00602
50 0.00536
610, 0.00487
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1000 0.00087
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4000 0.00028
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Dla mikroskopu optycznego
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Mikroskopia optyczna

Mikroskopia elektronowa
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Mikroskopia elektronowa
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Dla energii 100 keV&=0.0037 nm)ig 3 = Y15 mrad = 0.86

Zdol noS|l rozdzielcza TE
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Kryterium Rayleigha
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Astygmatyzm

A C

horizontol disc of vertical
focal line least focal line

. Disc of least confusion
confusion

Zmi enne wgaSci woSci optycz
W 0Si poziomej | pionowej

(w tym przypadku soczewka -
promienie silniej w osi pionowe)) rozmyte ognisko




Astigmatic (over focus)




Pal

Ggnbia ostroS
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Focal plane -~ -
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rozr-Unia zmian ostroSci obrazu (p
pgaszczyzny. ogni skowe |

Lo

ggnbia ostroSci



aperture

plane of
\" " opfimum focus

nsina tga

Dla mikroskopii optyczney:
U=42zdol noSi rozdzielcza r-wna jest ggr
dlaU=5° d =5em, h =40em




Mikroskopia elektronowa

bardzo si | na z
ostroSci od kNt

zal eUnoS|I teo




A\

bl a ostroSci

dla LCD wi el k e@EO0.Jpntma mk
r = 1 piksel,

Plane of relacja pikselalo obserwowanej powierzchni dana
Optimum Fotus jest zal eUnoSci N:

Region of Image
in Effective Focus

Aby zwinkszyl

Azmniejszyli powifkszemiewdddicel polzeern
podbar dzo duUym powinkszeniem (rozw
Azmniejszyl kBI# aperturowy

Jak?

APr zez zastosowanie apertur o r-Unej




Table 4.3. Depth of Field at 10-mm Working Distance

100- 200- 600-
K o9 H G 5 A 7o

aperture aperture aperture
Magnification (a =5 % 1073 rad) (e = 1072 rad) - (a=3x10"2rad)

10 X mim 2 mm 670 pm

50 X 800 pm 400 pm 133 um

100 X 400 pm 200 pm 67 pm
500 X 80 um 40 pm 13 pm

1 000 X 40 pm 20 pm 6.7 pm
10 000 X 4 ym 2 pm 0.67 um
100 000 X 0.4 pm 0.2 pm 0.067 um

~
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A zmniejszamy kNt aperturowy (sSstosu
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Electron Electron
beam

Poprawa gg
ostroSci P
zwWi nkszeni

. - Ficure 1.19. Beam diagram showing enhancement of depth of field (DF) by increasing
DPI depth Of fl eld working distance (WD). (a) Short working distance and (b) long working distance.

WD i working
distance

WD =3 mm WD =12 mm

Figure 1.20. Well aligned Co-doped ZnO nanowires array fabricated by chemical vapor
deposition, showing the enhancement of depth of field by increasing the working distance
from (a) 3 mm to (b) 12 mm, which is emphasized by circles.
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Scanning Electron Microscopes
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— holder

-~ ~—filament

Electron Gun

Wehnelt Cylinder (gnd)

tungsten flament & —— electron trajectones
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Cylinder Wehneltal prosta soczewka elektrostatyczna
pierwsza soczewka w mikroskopie elektronowym (!)

B

; Emission . e
Filament (cathode) obent l?rlih[lnms
arbitrary

p— T R (HA) Units)
600 , +6

Wehnelt
(grid)

Brightness

i) No bias i1) Optimum ii1) High bias
bias T T T (.)
Maximum Intermediate No y -400
current current current Bias voltage

Figure 5.4. (A) The effect of increasing Wehnelt bias (i—iii) on the distribution of electrons coming through the anode. (B) The relationship between
the bias and the emission current/gun brightness. Maximum brightness is achieved at an intermediate Wehnelt bias, and an intermediate emission cur-

rent [condition (ii) in A].
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Abrightnesso I
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A CFE (Cold Field Emission)
A TFE (Thermal Field Emission)

CFE (Cold Field Emission)
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CFE (Cold Field Emission) cd.

ViTnapincie pomindzy p
ostrzem (H kV T emisja 1A) (ekstraktor)

VogTnapincie pomindzy d
_ o (od kilkuset V do 3&V w SEM albo 10kV
Field Emission Tip —> | ub Wi i c eejnitetw TE |\/|) (
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Anode ’ ’ obcy atom obni Ua prac

Apr zy pPPailUlmionoadstwano | e k
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Dlatego do pracy CFE wymagana jestitrawysokap r - U010%8a 10° Pa



CFE (Cold Field Emission) cd.

Na poczNtku pracy CH
do temp. 2500 K cel
gazu. Wtedy obser wuj
emi sjnAn prNdu el ektr ¢

Tip turn on

Gas stringers form
Gas molecules causing instability
build up on tip

Z czasem emisja maleje, bo narasta warst
mol ekug gldmin). (po 10
Po osadzeniu monowarstwy gazu praca
fr-dga stabilizuje

Emission Current ——»

Uniform gas layer on tip
produces stable plateau

Po tym czasie war st

Time after Tip Flash ——
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gruba, Ue pojawia si 0T @
CFE. Zalety CFE:
Wymagane jest nowe nagrzanie 1. Sr ed rvecth = @+3d1s
ostrza do temp. 2500 K. 2. wiNzka monoener get
| t d. , I tde. . Wada CFE:

niestabilnoSI pracy w

dla mikroanalizy rtg.)



SFE (Schottky Field Emission)

TFE (Thermal Field Emission)T pracuje na takie] samej zasadzie jak CFE, ale ostrze

Jest podgrzewane do 1800ikp o wi er z c h nNi a ostrza czys
pracowal w gorsze|j pr - uni

SFE (Schottky Field Emission znacz Nce obni U@ma per zpe za cz
powi erzchni ostrza ciekgym dwutl enki er

DlaZrO,pr aca wyJ3.6%¢Yi amak s ybwesSlrnal wszyst ki ch
Rezerwuar Zrgma s k o Ec z oi rodtaniozbrjy ézas@rady SFE dol1Bs mi e

. Zalety SFE:
4/Emmerﬂp 1. najwyUszabjasno

2 . najl epsza stabi
Wada SFE:

Hdwﬂw Sredni ewerdy26-30nm
(ale przecieU jest

demagni fSirkewjn)N ccyn d
FEG z termoemisjN Schottkyobego






Electron Source Performance Comparison

Emitter type thermionic

Cathode material W
Operating temperature [K] 2,800

thermionic

LaBG
1,900

cold FE Schottky FE

W (310) ZrO/W (100)
300 1,800

Cathode radius [nm] 60,000

10,000

<100 < 1,000

Effective source radius [nm] 15,000

Emission current density [A/em?]
Total emission current [uA]
Normalized brightness [A/cm2.sr.kV]

5.000

30
80
1.10°

2.5 (a) 15 (a)

17,000 5,300
5
2. 107

Maximum probe current [nA]

Energy spread at the cathode [eV]
Energy spread at the gun exit [eV]

1000

0.40
132528

0.2

0.26
0.3 -07

Beam noise [%)]
Emission current drift [%/h]

1
0.2

5-10
5

Operating vacuum [hPa]

<1.10°6

<1.10°10

Cathode life [h]

1000

2000

Cathode regeneration

not required

every6to8h not required




HV |spot| mag O | WD det |pressure
20.0kV | 3.5 |20000x|7.1 mm |GSED| 100 Pa NAT30 900C

AccV ‘:S;'Bot'lga,n’
15.0 kv 3.0 »269

'r-dgo wol framowe z tSFE (BchettkyiF®lfd Bmission)






Soczewkl magnetyczne

Electron Beam

Na elektron por us avaw Nocoyl usinﬁlagvmeptryﬁ
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BinatnUenie pola magnetycznego

Pol e B ma dBj ¢ de dspgetektmmoeptyczne
B.4sQ@ do osi elektronoopty



Ol vy n i k oddz
pola magnetycznego:

lécl:rceon o lftqrcecc;‘n R ' W n O | e g g a
elektronowa w
obszarze

, oddzi agywa
Pocz Nt kmmwoe BRIz

. soczewki
elektron, natomiast B4 ‘ _ _
dzi aga z [L,9s n Ko s ‘ magnetyczne) zostaje
el ektron zacz
po spirald/
naezaczyna dgzjrawge

0o skgadowe] pol a [J° Ni e C a
Promi e spira ‘ ( K
mniejszy. | | | 1T czby s
Figure 2.15. Schitmatic of an axially symmetric electro- . o

tic lens (adapted from Hall, 1966). (a) Magnetic fl b
Zlnearlgsli]tcylccor?:()n:nzt?l;:, anrc‘i)rlr;l iriisidc the lcn:A (b)alﬁlll(ftu(ff tEZ I O raz JeSt
magnetic flux density components B, and B, along the optic

axis. (c) Tllustration of the right-hand rule. (d) Enlarged p r Z e S u n i ﬁ t

schematic of polepiece area of (a), showing the forces on an
electron that cause it to be focused.
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B silne

Focal plane

a) Overfocused lens b) Focused lens ¢) Underfocused lens

JeUel i r oSni e i stasgemys ilrnejsapdlaeriagnetyczme By

JeUeli stosujemy siliprembe& ppl epamag

Zmi eni aj Nc napificie pmiengnypi €
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Magnification =M = A Cr overs dhdirpin W =50em

d, = d/m = 50/3.14 = 14.2m
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Kl asyczna s-baez e wkoac zAlepmkrersioAlensd

lenso C@'wca”en@) Pr-bka umieszczona
capel e magnetyczne | essdc MEWKINt rzr .SpKCaZ en
PoniewalU aberracj a s %3 2na® M dntite 2z v
pr-bka musi byl umi e sNgjthdigsPabeRdcja Fely&na,

nabiegunnika celem zminimalizowania naj mniejsza Sredni
aberracji sferycznej. elektronowej, najl

Wy mi ar pr-bki jest | i %fZeleza AegKiorT L (tRreugh-
wymiarami komory WD i max 40mm, the-lensdetector).
duUa gghnbia ostroSci



