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Development of an X-ray Ellipsometer and
its Application to X-ray Natural Optical Activity
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We have developed an X- -ray elhpsometer Wthh consrsts of an X-ray polanzer, phase retarders and at
L ﬁ*analyzer This X-ray elhpsometer enables us to create an X-ray beam having a high degree (0.98) of hnear'r i
_or circular polarization state in hard X-ray reglon It also enables us to analyze precmely the polanzatlon ‘
,states of the beam transmltted by the specimen. -
~ With this X—ray ellipsometer; we have successfully measured the spectra of both natural crrcular dlChI‘O-r .
ism (NCD) and natural circular birefringence (NCB) s1multaneously near Ni K-edge (8333eV) wrth a
o 'NISO4 6H,0 crystal (P412 2 or P43212) whose c-axis was ahgned in parallel to the X-ray beam The NCD; .
_ spectrum was obtamed from the spectrum of polarrzatlon elhptmty of the trans mltted X-ray beam,“: o
- whereas the NCB spectrum was obtained from the polanzatron rotation spectrum ]t was found that the -
‘Kramers- Kronig relations held between the spectra of NCB and NCD. ‘
The NCD spectra of the same crystal have been measured also by switching the hehclty of c1rcu1ar polarr- ,
zation of the incident beam wrth the X-ray polanzer and X-ray. phase retarders These N CD spectra agreed .
with the above NCD spectra obtamed from the polanzatron analysis.
o Natural hnear dichroism (NLD) and natural Imear blrefrlngence (NLB) have been measured 51mu1tane-
g ﬂously by polarrzatron analysrs of the transmltted beam wrth the same crystal whose c-axis was ahgned at 45°
- with respect to the polarlzatlon direction in the plane of the crystal. It was found that the Kramers-Kronig
relatlons held between the spectra of NLD and NLB. The NLD spectra were measured also by swrtchrng the
linear. polarrzahon of the mmdent X-ray beam between horlzontal and vertlcal drrectlons These NLD spec-
tra were in good agreement w1th those measured by the polarlzatron analysrs of the transmltted bearn
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Table 1. The optical effect of materials related to polarization are
classified into four types
’ Optiééi éffect : Tensor Corresponding
En parameter
Linear birefrif;gcnce LB 3 nyeny
Linear dichroism LD £ ; Kx-Ky
~ Circular birefringence | CB | 9 | mem
Circular dichroism | CD | " Kr Ky
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Figure 1. Lissajou’s figure to show the state of light polarization

composed of two orthogonal linear polarizations, Ex and Ey, with a
phase difference, dx—dy.

(a)

Figure 2. Diagram to show the rotation of light polarization due
to the difference of the absorption between for x- and for y-polariza-
tion. (a) the polarization of the incident beam, and (b) the polariza-
tion of the beam transmitted by a sample in which linear dichroism
takes place.
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Figure 3. Diagram to show the rotation of light polarization due
to circular birefringence and the change in the ellipticity of light
polarization due to circular dichroism. (a) A linear polarization is
regarded to be the summation of right- and left-handed circular
polarization which have equal amplitudes. (b) The light polariza-
tion is rotated when the light passes through a sample in which the
refractive indices are different for right- and left-handed polariza-
tion due to circular birefringence. (c) The linear polarization
becomes elliptical when the light passes through a sample in which
the absorptions are different for right- and left-handed polarization
due to circular dichroism.
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(a) Schematic view of the energy-tunable X-ray ellipsometer. (b) The method of the scan. Rotation and ellip-

ticity of polarization can be obtained from the horizontal and vertical shift respectively, of the bottom position of the in-

tensity curve as a function of y.
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Figure 5. The (010) projections of a-NiSO,°6H,0 ((a); P4,2,2,
(b); P4;2,2) are shown. Octahedra represent [Ni(H,0)4], and
tetrahedra represent SO,. Positions of Ni (large circles) and S
(small circles) along the b-axis are marked with the numbers in hun-
dredth.
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Figure 6. Polarization analysis of X-ray beam transmitted by

(001)-oriented plate of an «-NiSO4+6H,0 crystal at Ni K-edge. The
c-axis of the crystal is aligned in parallel to the X-ray beam. (a)
Spectrum of polarization rotation, which corresponds to natural cir-
cular birefringence (NCB). (b) Spectrum of polarization ellipticity,
which corresponds to natural circular dichroism (NCD). The ellip-
ticity of the incident X-rays is +0.01(chained line). Dotted curves
are averaged absorption spectra.
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Figure 7. Spectra in (a), (b), (c) are of X-ray NCD of (001)-

oriented plate of an o-NiSQ,+6H,0 crystal at Ni K-edge, which were
measured by switching the helicity of circular polarization. Spec-
trum in (b) was recorded with the crystal rotated around the beam
axis by 90°. Spectrum in (c) was recorded with the crystal reversed
with respect to the beam direction. Spectrum in (d) is of NCD of
the other of enantiomorphic crystals. Dotted curves are averaged ab-
sorption spectra.
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Figure 8. Upper spectrum shows the change in ellipticity of X-ray

beam transmitted through the sample, which was measured by
polarization analysis. Lower spectrum is obtained from NCD spec-
trum which was measured by switching the helicity of circular polari-
zation. Both spectra agree with each other.

(Fig. 7(c))e TOT &, WBERET S & AT PV
O EVPRIET SHRAGHLT v SF—ROBE L
AOMCRED, Thbb, BEXFEHR TR ENL
TCEEWS & B & OMEFRIGERT 50K LT,
HRKEESE TRRBOF SN EBE AR L TWER 5
TH 5,

IO, EARBROMOMEOFERIC L5 BRMA-GMES
BEL, BEOKIERE L/-ANRT FLaE: (Fig. 7(d),

BABHE: BAM ZaE T SMERTHS L%
(Fig. 8), BAEX%E L BRMA-AK EOMIKE, 75
— A e 7Ty L OBRRBR VIO L MR Lz, TD
Clid, BaBBEE LRAERRIZ, EO X REEESE
THHIEERILETHLDTH 5,

4.3 BRANFEFME
CORBIXERFURORE FODT, (100)HRKDH
RIHERTT%, TR S EREXAA v F V7K
& o TRIRE Lz RIEHHTERIC X B RAEEDEERAD AN
7 Pk Fig. 9@ IR T, 8RN, RO a @B —A
e —RT 5L, o c WASKFEE (Y—ADREHE)
B4 EHWERBICZE S XD IKREB LT3, EEFEX
A 9 F VI HER_EHED AR L% Fig. 9(b)
Rt BBHT, e iR — LB —FT B kDI, o
CHIAEEIC A LOKBREBE L TW5E, TOMENHFR
FU—LABEDDIC0 B I T, clid U —ADRE
& —K IR HELTHHEEETY, Fig. 9b) 2R
RIARY FVEEI, TOT b, KEEROSELE
70, BB EETaflis cEIBAHB LI L EER
5, BAEOEES &EHFE_EED AT FIUTEEIL
TRY, BRAEEELOHIER & N TIHIEREREX &
) ARY PIVOREREE RG> TWA T EBah 5,

e SBISEE 1S (20006)

%102 R e
4 ( a) c-axii s —
2 - — SR beam -
ar (ool - g
EL UM A~ 1 &
=]
E Ty VT sk
g F<> B
% 2 42 &
R N | RO S
41
Ares - ]
L L i 1 ! O
x10% T T T
10
L (b) i
| MAWAVEN iy
- 8
Y \ <
3 \/ c-axis ] g
=~ L axi
[ I 1 SR beam =-F
E '\ (100)plate £ 12 ot
-10 | PPt St <
S 11 8§
-15
i i ! ! 0
0 50 100 150
Photon energy; AE=E-8333[eV]
Figure 9. (a) Spectrum of polarization rotation of X-ray beam

transmitted through (100)-oriented plate of an a-NiSO,*6H,0 crys-
tal at Ni K-edge, which was measured by polarization analysis. (b)
X-ray natural linear dichroism (NLD) spectrum of the same crys-
tal, which was measured by switching the helicity of linear polariza-
tion. Both spectra agree with each other. Dotted curves show
averaged absorption spectra.
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