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Electron Energy Loss Spectroscopy Technique:
Analysis Application in Nano-Scale Materials
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Field-emission transmission electron microscopy (FE-TEM) coupling with energy filter provides
high spatial resolution and 2-D energy image-spectrum. A three dimensional distribution of material
specific properties can be reconstructed by extracting the energy loss spectrum from electron
spectroscopic imaging series (ESI). Based on the analysis theory of function transfer and digital
signal process, the energy resolution of spectrum-image can be improved down to 0.1 eV by using
maximum entropy deconvolution technique. Consequentially, material dielectric function, energy
band gap and electronic structure image with a high spatial resolution can be obtained by using the
discussed techniques.
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ETHEEBELREFEE (electron energy loss
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=1EK) (ET - HEHREERAEFAEEHE X &
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FIEMSG S EE 2 1122 F = gv x B R BLa
(HAFBZhR > v RETHE > g BETER
0 B Rliish) - AKX AHERIEFE 250
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HHEEMEIRE - m, BEFEE > B /i v HE
THE > e HEFATHEMN) - Wt SRS
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2 BEETFEMEEE

HEE T RERE 5215115 (electron spectroscopic
imaging series, ESI) &2 /A AE 5 I8 75 657 [ L 11 5%
R SRl - HEEEHR AR R
ER] LIS EAN6E EdE B 5 — iy A 22 fEHE.
it B A ARIRHS EIE R B _EAVRERIBRRER, -
IS AKER - BT RER RN Re e SN

A& E TR FHEEEE2 ) (absorption edge) 2 il
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Mz AR 2 nm BYFEEEHSEIE - 3 H W] ATE
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BERE T (LB RS E AR AT > PSR
MEAER R GRS ERHINA R ~ RN R TR, -
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ref N S EERRE E AT - RERRCEE N - DL
K RERE I ATMIRE B GG RS i L H B AT 2= Y
B o BHLRRE - BRIESELURREEE 25 N 1E 2001 4R
e PSR E L ZEAN T (FFT interpolation) K fx
KM f#HZ: (maximum entropy deconvolution method)
TIATRAR R I W Iak SR RE A R G0 A A ERY » T2
FRE R USRI IGHER 0.125 eV 1] P.J. Thomas &
P. A. Modgley"” FIJFI {17 3ER 4T (Fourier deconvolu-
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RAEW7E R M 3 5 5 = TR
(JEOL-2010F FE-TEM) #i& Gatan HE&E#E 8 &
(GIF) B L Z 3o TH - HE T ki a
(Schottky-type) 5551 » BT HIHRERE R 200 kV -
—RINHE FREFE#2f& (electron spectroscopic
images, ESI) /5#EHH Gatan 7\ E 38 .2 (8 iF G mE ()
FETCIEAERE (slow-scan CCD camera) 2KE0 6k » H
BrFFs 1024 x 1024 - ERETREEBRRIITHZ
TEM 57 > W B T K= - JoF T
TS . (T-tool tripod polisher) & ML AH RS, fiiy
(wedge technique) ZKELfE"” - & 2 FrEER BFEH—
RYINFIREEIBEFTESK TR EERER B - 3
H—RYReE G e E - KEEEETREETE
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ER N EHN B TR R &2 T
& o 1 B SR RS R — R G - iE
seE g mT LIS E IR AR A RE R AR RRERE - AR
I » G @ es (imaging filter) 7F3E & FEH &
F o BRT 2 EEES (plural scattering) < fRESS - 14
ERFRERHER © (1) N RERZE MR
BIREE UMM & R AUER T 2 (under-sampling) °
(2) KETREERZ M (energy slit) A& RER AT
J& (energy resolution) (Z 5% - {XFEEIEI (low loss)
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Bkt U > 20 ¢ /T EERAEL (dielectric func-
tion) ~ RET[HIF (energy band gap) TR ZAERE
FE TS STREFEAN ISR » BRI - RS NS EE &
< fi#3E: (deconvolution) ST/ Ry ELFTAAFE -

DUN 2 Y PRSR (07 SE R P i 5 2 e D B
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S ERERE R s A ERE B IR R AT el sk
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It AP BB R RS EAE T A - S
H7 (Gaussian) 73T ~ 5@ (Lorentzian) 43
ETEEE ~ #RIEASE ~ FRBAHRE LU 2 TS
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HIEER PR > R RSB RIRI A0 A2 0K H
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T —{ESERRAIE T SR AE R 4316 » RS
SRV EFIEERI A » KL > R ol s
JiE T (BT 2HEANESN) - #AARESE
R IR E R AR a BB N —(E R E
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A HEME AR REE T R 2 H0I RS
ZRIMANFERREE - AR E—REA 2
BRI ESAER - KEEH EEFFF2M
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{81224 (reciprocal space) BHHZRZEZ [ N HELT A HEAY
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JFIGERI 3T - RN AR ERHE FIGE R

1htEZs - HRTEARBEZAIFER IR G E AT - 3
FERSET NIRRT (digital signal processing, DSP) &5
RN o AHFFR AT P A DR T SR A R
HA 2B E Schafer AT /i« RE%—
BARERE ] RN S(AE) - H N &% - HIR L
N Fy— Y ESI G2 BH - 8 i HOEN-1 -
It - B iGreal s ML SEERERT R Uk) -

Y — j2mik
U(k) N;S(AE,)exp( z ) @
Hrf
N N N
k—_?,_3+1 ......... 0 ........ (?—1) (3)

{EE% T —FT IS vik) » H L =M x N
WH o Hrf o M OB M HEHIERE T
(resampling multiplier) * [M#TEX# (folding frequency)
/2 Nyquist R (limit) © N, 5 (N +1)/2 » /2 nearest
rounding HYEEEL o FrlL > BE{E N EEEEF Uk)
HICREAT BRI AR 73+ — RIS Vik) » H5—Fs
T WA V() BETHRE S - KRB > FriYE
F1 Vik) ATDAZRT Ry

UKk) — k=-2/L=(L/2)+1,...=(L/2)+ N, —1

0.5U(k) k=+(L/2)+N, (New)
V(k)y={U(k)  k=+(L/2)+N,, (Now) )
0 k=+(Lj2)+ N, +1,.(L/2)+ N,, +1-N

UKk)  k=(L/2)+ Ny +1=N,...(L/2)—1...

TEHLAVEEE B » W05 N R(B8 - BT ET
BRI k=—(L2) + N,, FIE I8 » e SIS
DIAEEIRIREEL (weighting) > PSR 55— EL
F1| i SIS R fG T—FRUE SR - 4
N REr e RIFTE A ERRIRESE - 2B
BESL By BB F B (real function) ° HIFEEIR Uk) TEEE
—tHREEFER (frequency domain) » B & —#HHY
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S(E) B L &&= > AlFEHE vik) 7B 5
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B S S RS R ELIE 0 - SRR
T D B A

e=g®h+k 5)

e FEBFTSHEEEEM LR ARERE e ER
Kot > ¢ BIRATENIR > h BEEEE A
TEARE B R AR RAEY (step function) > T k FfEaH AR
o EHER T REs R T LIAME R - JRASEERL
RERg A AR LA
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E~G~H3HE e~ g~ h ZEI73EER - LB
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3o NI FEEIESHT B AR EUE ik A
#) o R EE TSR - LIEERRE
T~ BT ERIREREE - Bl R ERTSE %
BB (plural scattering) > 2 E(E BalorEILEs
f) CCD A B ey A AR » ARSI S A&
FEIEARE S o JI > AR AGE
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=F'(G)=F"
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K EAT LR R E RS H OB 2 - [H2HR
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Overwijk 25 A\ W FI| F i KGR = SR IS BRAE RS
THER T AR SE BRI B BUREL (point spread
function) © AHHFEH IR Seax a1 FH AR s e g
FARRE G 2 22 R fENT EE Y53 3 (constrained) £ K
MG E RN E L R REERETE - 55
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A ERIRERE LECE TR R RIS © s
22 75 B i /MU B BE 3 B ok B PSF(E) 1Y
Lagrangian P L ©

L:_ZS(E,.nn(@j—AOZ[sw,-)—f]
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®)
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MM E « @ ffefs » RFRAEREFE i (EER - s
TotSE R (T BEEHA A FRAVRERE - Lagrangian pA
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FEAYFREITE o E5E—IEMAY D(E) Ryt Wiener i
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(constant flux) ° 25 THFRHIEE E Fy Bl B 5% 51k L
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MR R Z R R I RERS IR - MR e i A M
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UGEE 1.0 eV o B 4(b) B A (black diamond,
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It > FERIRME R ORI SE A A f R B K
TR R R AT R - (RREEIRRE B 215 RE
FERGHEE AR o fEE Eo T LRI LAUF] EELS BERE—
FRREHE -

M~ EEREERITZEBER

1. ENEREMHZAFEEXRERENE
ER B 2 D

EELS REFE < (KREEBL EIHFEIEA R T EE PR
B AT I BRAERE " o (B — ABTE T2
ko MR EE TR R AT LA — B
e(E) = € + ig, KAl - TEE 22 e T B %2 B
Hin@EE s S(E) > HIIFRIE Kramers-Kronig 4317 0] 5
FIHL BB B R R
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o S(E) FyBTHRESRES M - 1, /HEEE
BRS¢t Bt RS > v B ABTETHE > BRI
A 0, RFFEES A - T Im[-1/e(E)] — i
FEEEE LB (energy loss function) ° #
Kramers-Kronig #8534 7] LS 21158 i OE 1
L SRR £ -

Re{ ! }:I—EPJmIm_—I% (10)
e(E) T eE)|E-E

Hoh p BEERME E = E2 BRSO EEE
(cauchy principle) #°53 » Kl » #EH=C (9) B2 (10)
BAFTRT LIS EE S T8 o BobA ) SR 8 1 B B B e B
0532 SRS o AT AR B A E A E A Y
A MR B B E S R AR - Rt e
Frh ek B RET - RIDIFIHEERIRRFE#E
MR B  HIEHE. -

t I
Z =1In| = 11
1 ln(loj an

[ R R S 8 LE 2R (log-ratio method)'™” » A By
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