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An Application of the Small Mott Spin Analyzer to the SP-SEM
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A spin-polarized scanning electron microscope (SP-
SEM) with a retarding-type Mott analyzer was devel-
oped. For SP-SEM applications, we improved the figure
of merit of the polarimeter, which had been developed in
our laboratory, and employed a newly designed second-
ary electron collector. To avoid the magnetic stray field
generated by the magnetic objective lens, a magnetic
shield whose shape was designed by means of the finite
element method was attached to the lens. Using the
SP-SEM system, we observed spin-dependent SEM images
of the domain structure of a single Fe crystal (001) sur-
face, and typically observed spin polarization of second-
ary electrons of about £14%.

Key words: SP-SEM, electron spin polarization, Mott ana-
lyzer, magnetic shield, effective Sherman function

1. C&HIC

N—FF 1 27 RES N ZBTECRBRIEEEL - BF
{to—#&%1-& > THH, 20Gbit/inch? DILREE L ERT
Bl & ¥ & UK ORREPLHBEANOHAESED 5
hTws, LBEEROBKEICSIKEON M, &<~y FIcHL
5 h 2 BB OMXEE OBR I8EFER S HBHE
RIZBMBELRGRTH Y, £OIHORIRIERTREEH M
HWBARDABOREL L > TV B, ZORDICHTIHNE,
¥ys—SEM ik BTRIESS574—H BFH+0SS
7 4 —BRGE, EBRY -YREME, A VEENETFEN
# (Spin-polarized scanning electron microscope: SP-SEM)
BEBPARESN TV AL, FHLRBIBELRTAMETH
o AL v REBEER + v X VM (Spin-polarized
scanning tunneling microscope: SP-STM) B O 1= ) DHF
2F-THBY, ChITRRE Y 7o— 7hEBTFREOFEMH
A BRBGBERS TS 20z, FRRMEBEEE Mott 7478
ERRLEY Soic, RBo/NULLBIEMEREOREBE
AR50, Bk LCEEHBEORITICLD 20~60 kV
MEBE S TE#ET 5/M Mott AR OB L T
33 CoRWBRETORREMA ST LItk SP-SEM
~DJLEMEIRETH 5. SP-SEM %BIF L, SP-STM Lis

* B & 2043 B1 21 (PRESTO, JST)
" R EBBIE (CREST, JST)

BEGCHBESYSE Vol 22, No. 4-2, 1998

Ab# 3 T & T SP-STM BB 0 SR 2 O B SR & ¥ Al
DBTES. DRBIOELE~ Y FOMNUL, BEAGTBRKEDS
FEALAHET 2.0k, BOREORXBEKEORREN
HETHY, EESHEARL /B Mott Hrgsds SP-SEM
~CHTETH B LERAT I LREETH .

AHFE TR, /I Mott R BERBULFcEB/LL2
WEFaLvs 4 EMaHbYE SP-SEM ~Djtl %241, A
fEL7- SP-SEM ic & b Fe HitEE (001) REOBEB AT 12
Loa, AEVEBEBLIT.

2. SP-SEM O#i&

AP THME L 7o SP-SEM OEABEKE % Fig. 1 IZ/R7.
SP-SEM Otz M/ »Tit, | REFEHR 2KREFNE
%, 2IREFHANRICHT TRIIL .

| RETEHRBICIE) 2/ a— 2y v=7) v /RET
%5 FE-3000 285 L, 2RBFAHRICRh T CicpAzRL
72/ Mott S RAHB L= 02 FA L. | KETRH
% & 2RETIEATROHIIBR/NT 45° iclab L 5L,
67.5°,90° OFEICLBETEX 3 L 5K 2KRETINESTRD
WMyt E—r 2%k T4, IRNBRREE=9 X VA
* U HEHZAENOT » A ZAVESERE L. 3
#icii SEM B8R0y v FL— 2 L RKKE v F v 7H
Art 2%y 94 2 Y HEROMATTH 5.

Py » ™
| and electron beam transfer optics |

Fig. 1 Schematic illustration of magnetic observa-
tion using the SP-SEM.

389

NI | -El ectronic Library Service



The Magnetics Society of Japan

10 - , . ,

Calculation:
—— Without shietd 7
------ With shield (non-magnetic spacer) |
— =~ With shield (magnetic spacer)

o Experiment: 1
®  Without shield
B B With shield b

Magnetic flux density [Gauss]
(6]

------------

20 40 60
Working distance [mm]

Fig.2 Leakage magnetic flux density measured
along the primary beam axis as a function of the
working distance. The solid line, dotted line and
dashed line show the results of numerical calculation
without shield, with shield and a non-magnetic
spacer, and with shield and a magnetic spacer,
respectively. Filled circles show experimental values
without shield, while filled squares show experi-
mental values with shield. In latter case, the values
with the non-magnetic spacer and with the magnetic
spacer are the same.
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Fig. 3 Improvement of scattering electron detectors.
Electrode structure of (a) our conventional Mott
detector and (b) the improved detector.
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Fig. 4 Measurement time needed to obtain a single-
frame spin image plotted as a function of the
acceptance angle. The bold line shows the time taken
to identify *13% spin-polarized regions, and the
narrow line shows the time taken to identify +7%
polarization difference.
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Fig. 5 (a) Calculated electron trajectories in the
newly designed secondary electron collector. Inci-
dent electrons are assumed to have an energy of 4 eV.
(b)Characteristics of the secondary electron collector.
The collection rates of secondary electrons are
plotted as a function of the electrons’ incident energy.
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Fig. 6 Spin-dependent and spin-independent SEM
images. (a) Spin-independent image calculated as N
+Ng. (b) Spin-dependent image obtained after calcula-
tion of (NL.—Ng)/(Np+Ng).
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Fig. 7 Spin-dependent images of an Fe(001) surface:
(a) white frame and (b) partially magnified image.
The calculated asymmetry of the dark and bright
regions is about 4.1%, which corresponds to =149
spin polarization.
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