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Quantitative Microanalysis of Impurity Segregationsin Nanometer Wide
Inter faces

Xiao Feng Zhang

Materials Sciences Division
Lawrence Berkeley National Laboratory
Berkeley, CA 94720, USA

Abstract:

A comprehensive review is given for recent developments of methodologies, experimental
techniques, as well as instrumentation on quantitative electron microscopic anaysis of impurity
segregations in nanometer wide interfaces. Spectroscopy and imaging are two main techniques.
Both techniques rely on the state-of-the-art transmission electron microscope or scanning
transmission electron microscope (STEM), equipped with high-spatia resolution X-ray
energy-dispersive spectroscopy (EDS) detector, or spectrometer for electron energy-loss
spectroscopy (EELS). The microanalyses focus on a situation that impurity elements not only
segregate in interfaces but also distribute in crystalline matrix grains.

The spectroscopy analysis is based on the so-called spatial difference method, in which
EDS or EEL S spectra are acquired from the interface area and interior matrix grains. The spectra
acquisition can be performed in a 2-D frame, dong a line, or within a circular spot, with a
controllable dimension. Electron probe scanning in a STEM isrequired in the area- and line-scan
analytical modes, while a conventional analytical transmission electron microscopeisneeded inthe
spot analytical mode. Equations are derived for determining atomic excess and site density of
impurities within interfaces. The methods are particularly useful for statistical analysis. As an
example, Al segregations in 1 nm-wide intergranular films in hot-pressed polycrystalline SiC
samples were analyzed using the spatial difference EDS spot analytical method. Detailed
experimental procedure, considerations in choosing experimental parameters, theoretical data
treatment, error sources, aswell as effects of beam spreading on the analysis results were described.

The methods for the imaging analysis include spectroscopic imaging and EEL S-assistant
Z-contrast imaging. The spectroscopic image isformed using electron probe scanning over aframe
or along a line across the interface. During the scan, electron beam probe dwells at each spot to
collect EDS or EEL S spectra, al spectra are then stored in a computer for post-experimental data
analysis. In EELS spectrum acquisition, energy filter is introduced either inside microscope (Q
filter) or in the EELS spectrometer under the microscope to screen out elements that are not
interested. During post-experimental data processing, net counts under interested peaks in each
spectrum are obtained. The net counts are then correlated with the scanned spots to form chemical
mapping at and in the vicinity of interfaces. For any interested element, its net countsin all spectra
can be integrated to obtain the total peak intensities, therefore atomic excess and site density of the
element in interfaces can be quantitatively determined.

Z-contrast imaging with simultaneous EEL S analysis has been developed in the past years,
allowing recording chemical-sensitive images and doing EEL Swith atruly atomic spatial resolution
(1.3 A). This technique provides direct determination of chemical distribution and bonding
configuration across the interface. The most recent innovation in experimental procedure made the
Z-contrast technique being able to differentiate atomic columns containing all Si atoms from those
containing only one Sh atom per column. With this progress, precise determination of segregation
content in interfaces can be expected.
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1. 3]

1 [ R} 2% 2 Ruthemann F- 1941 % 1942 456 )5 k3R SCFEHRE T fL 1 BRI R &0
AR I RETE UG AR AR B B R — RPN G 06, I HESX Heqitid 5 i 1 7
FE R AR T 9[1,2] - Ruthemann [ TAEBE 52 7 7R 5 i 7 A8 A fi 7 RE =it
il (BELS) HEATTUIX sy /it aitie 155 BELS 7EJ5UHE B R AN, 7EROR AT K
X-Bifeit (EDS) AR, (HEIEAZ FHlX s e B & 7E 19514 At .
B TN T35 ] B K 2 5 44 [ 43 52 André Guinier HEZ AT X-5 28 e i ik X 1k 42307
(1) Castaing £F & F (1 18 SCh PRI A28 T el 4 26 el 7R AU FE P 5T 1 EDSHE,
TR BB LA % [3] . Castaing 15 KT ikIATE T 1 IR $E T I X s> EDS & &5t
k. EIXSIRVETAEZ 5, FIH EELS M EDS HEATHRIIX AL 272 120 43 BT i i | b H 1 (2
WA ANEES L B EANZ AT SR, NS M & HiliE L2
YR ITVE e EARE TR KiK. B, EE 2 AR 241 Cliff A1 Lorimer 7 Castaing
(1) EDS 5E 4 W ikl BT EE— D 5838, 1 1975 2R e — B REIX sy 8 =45y
MriAR[4]. XL, Cliff-Lorimer 7 FE MR AN e w7k, Btk bl REH R4, Rl
EDS & &4 M3kt . BUARIIGIIX By 2 AT R e m] LUK BN T 1%IFDRE 65 . 1T 2
Frya M 1960 SEAR IR N B K I 4E /N B A N B . To ks st i, B “AKAb 2400 B4
AR” ATSRIE ) “TI TR ” TG

EN T, RSN —HEA N EEHAR[5-14] . Hi—ANEER N E BT &
ARG B2 TR S B LS R A 2E 1y o BT, AESIT SR AS T & (1) S 33k Fg i e e,
FIH E 0 PH a1 SR SR B4R 2 2 Sl PR B AE F b, S 5 45 0 A 2 T ARG A e ey A
TR BRI, A S AR T 15— 2 A 1 nm 2247 (K AR S i SB[ 15] . 3X 7 TR [T
{U4% SIC[16-18], SisN4[13, 19-20], UL K2 TiO, [11]45%% . X AR i S S H 2K 3 158
SEIN AN AL TG ER o KRBT TUR W, JE 5 5 SR 2548 S o0 5 -5 BE B EEM L) 2
REH A HLIEEMI[20-25] 0 DRI S SE AN AN K 1) i T 2 5 S 1 o0 4 BTt AR 4 J it b 2

B, EELS K EDS 3T ik AR HL T AR R R b R AR R R RES . th T H
HIAE L3 A P S B PR AS R dpe NHL P RO R Inm iy, A 240X B2 00K
FOT IR PR BT RIS Inm 58 (10,8 SN, (75 AN vl e e bt 3] & S P OU KD Ak A
At PR TR (KA 5 1558 2 T ORS00 A o IXRP TP DA LAEAR 22 0 A
HHRE A R s s ALK S B IS AT LA e 2% G 25 O 2R S AN 2 A i 0 1 A
W7l RIMAERZ AR G EIRSCIEBE RERRL, — I Bon bR T RE TR AT 4h, thoy
AT PO i A A B o XA i B (R 2% 3 A R LU FAd HOE A r), thm] U ol T
B JTAT fi e BRI U o WSS 50 R IAE SIC hedli i A A A A AL I FRIAS SR i 2R 42
TARSE, Wl B SIC RS SREAN SIC AN . fEXKARG T, Wl E R
ooty R ) 5 TR R B P O it S (R R G 3 A AR 5 TR A T Ay e o A
Rt — ot DA 20— 28 F T T R In . A48 00T R T3 S S BT 59k b &
TAERE R HTIT IT B PR I DL, SEI0 S EURILE 3, 5E & 20T K R A4 AR B R (o
WIARIE, EBREIR) LARAMT 4 RGBS AR, BR T3 B A I B 53250,
ARG GHILAFRIZ AT B T BT . 28R, B R AR S o) 1A 5
Hre

2. —EEEANES

{5 AT 0 T I AT R, LA % R P A 6 3 T b 1A e J O (2
atomVnm®, sk i) -G RN 40 AT 5 T B A B B8 S 2 7 3 9 o
ATURE T 8 44 58 0 5 M TR T EH 7 O atominn® st i) X {6469
77 o L T 7 4 H B R 7 ek 63y X T 0 PN, FLERAR 7 B i P A %



DILE PR, BFTCAE R k. R UL, RWIcE A AERA RIS, BT
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H_Ehr GB Al G 23 B4R i A (Grain Boundary) Al il AR (Grain), WG 2 A 78 A AR AT
T A P S P A BN TR R R S AN O
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A WAGE I, RO A AT 108 DA AR P R 5
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JXHL na Bl ng S3HIARZETC R A R B AERES T % - Catoms/nm?®. | MRS O EELS i+,
JGE AR B X K g2 BRI (KMISIRZIE), op Moy NGRS MFIGE K I

PO BN AR [29] o i, ARE@) PR KW, 2o 7RIk R E. £ RARSLT+,
KU 5 H 0 Hroc R MR RN iR (Z<15), W TRERICR, A (3) Hhikik

A A
SREWRAKE L, M ﬂl%%’%(hﬂ:—kB,Ele—';)o VAR, AXQQMAX(B)4 U AU R
L M

B HE#HEREH TR SRINERL, FESHINERERE. AgaX (2
st (3D, #SRTELRN I AR S B 08T o U AT P AR (1 Sy,
BB A A, AEDUS SR R

FERH BE WG REA T3 DX R 3 2 BT IS, — /N b 250225 FE (1) DRl ZR gt s v 77 o 2 e o i () ARBRE
PR, X — ) @AE EELS 23 Hr ol BEA K™ HE, [ EELS /0Tl i 76 /N1 10nm JE 1)
XIEEAT o X TIX AR, W IRBEY 5] L2 . {HAE EDS 20#fr, 8 1 3R
JERE IR X5 A5 5 AR /INGE v 22 , WO 3 & 8 2 A5 5 5 2k 100nm Ze 43 1R X skadk AT o 4 L 1
G IR JEAE il DX S, PRS2 2R A IR R U R BOH S IR E AR R X
I IR FL T SRR b VR AR R NS R B e, 5 I AOR/NE 6. R I HiRe
B SREZEFAEK, WFERIRRITE, HmEE, FEMER, BrRmmEd s, P&
NITHREACTE . RHHE L A B O % . BB ) 7 ksl T v LA T
BIE ) Monte Carlo #50L,  RIIX HL 7 2 1 K ot ) T A8 5O BEA T BEATLAL 26, A HE HE S v 7
WIPR/N30-33] o AN G L AR RE S 1) 2 U v R B, W1 Rez ¥ %38 T
T ¥ 18 (Transport Equation Theory[34]). 111% A T A (H HIAHR 2 (1 AL B J7vE ) /& Goldstein T
1979 44 HH FF T 1982 4F 1 Reed 4517 8¢ R (1) L+~ FRLESCSH IEAUMBE [ 35-36] « V1 225K B 43 #fr
TAER AR T X — AR 7[9,14,37-39] I H.3L 5 UF I it i 55 Monte Carlo #5485
R4 RUF[38] . AEIX BT PR RE AN N 21 .
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(b Oxygen Mapping
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of Matt Gasch, NASA Ames Research Center, California, USA)
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