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Fig. 1 (Color online) Astigmatism in grazing—incidence spherical
mirror optics.
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Magnified Image of Object
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Fig. 2 Crossed mirror geometry for compensation of astigmatism
in grazing-incidence spherical mirror optics.
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Fig. 4 Schematic diagram of spherical aberration in grazing-
incidence optics with spherical mirror.
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Fig. 5 Schematic diagram of image formation for virtual source
image.

Fig. 6 Spherical-aberration correction with tandem spherical mir-
rors. M1 and M2 are spherical-concave mirrors, and D is the
distance between two mirrors. Fv is the virtual focus of M2,
and Fr is the real focus produced by M1.
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Fig. 8 (Color online) The first result of one-dimensional x-ray
focusing with spherical-aberration-corrected tandem-
spherical-mirrors optics. The focused beam profile is meas-
ured by knife-edge scan method. X-ray energy is 8 keV.

EE30mm OWNRBOMmEEE 2 Th s, COERTH
BEEFHERT7T—O—DFATLy VT AL TH D, EAT
BCEXTFTA 7Ty VEEip L b ES» O BN/
A7 VY= BT INIErBET 5 &, #iDE
B EBRIICHITHR S, BETHRNLFERTHHD,
U K> TEGICBIFTIR A5 RRE A R TRETH 5 (1
eFIGE I T & e iF &/ S < L EHTBR AL fiige
K72 5)e FEICIE—KTTENTHY, »OF ATy Y
ERETEIISERICIT T TR Wi, Rl A
) — U NOEFAZRIT Fig. TIORT L5 IR D, BRER
ErBHIHARD Z EDBHESH, B5HSEM CEREINE Y
HETNE, 206 EDLDITEETXELOFHAE
LI, THH > TT 54 AV b (BARRITIE K H OF
W2 A0 A) #BIEY S, COBELIEKED RS
LIk TRRINTINEE D L, SRS ERIINGE % f#
HikS,

Fig. 8 IC 2 DR DOERIER AR TH, XMTFLVF—
8keV TEX LY —AT A X05um BESLNTWSE, 2D
FRICHWI KA EIHRBOASRKSHHE TH L5 (v

32 © F&dE Jan. 2014 Vol.27 No.1



PEY 72T MAFBERZ EAEHEKANEMESRIAFRICL D X ROEALEE

TN, RSN LD (X6 15ENULE) Bl
LT0/e220 T, RERELELS, AafKEm»%1L
LT\We/od, R SIC L OB RERICEES
572 ZNTh, “HMHORSMAEE 25720 THRIEE
MIEAHRS & & NEBRIICHED D b,

3. RENEWRIEXRFRDOIBEBICKSD
L

Eid, PIASRICIT 5 T HOERESEE~ H 72 IGE
FHIEICBE 4 2 ABEE G T404EE < RTO L D TH D, Bl
d DT\, ZTOMERITIINT L - TRAF Fa A X
IV e R > IR Gt % i 7o 3 4 BRI B e R e
B$ 5 & L CLIT64EIC AR SN T A2D) . ZDth
COR VTN AZIVENK X SRS REME O L
VAELTHEZA T ELEFEINTWAHM, TOHEMIC
BT AFHIEDOFEDPBHINT R INTED, &
HIC (BRI TRV BREINZEFIEOTTREMEIZ L B &
INTW5H, TTTREDEMD 2 V5 LB A XIVEEIC
B4 HBEERICIE > T, JGIRBIEA AW/ ERIE D S %
R, ¥, FEBOFEMITERE < 7% O TS & &R
SNz, JEEEBIBUC & AFHlIFEEIC L A8 % E 2
T ELRALTHY, FEORLLHME TORKE Gk
BOES) #% 2T, NP —ETHNIELMBBRICLS
EWDEZHTHAH, EBRICITLV—1U —D A/4 HHE LT
BN5300H 01, KIEOHERKENFEROL/RE
FCRELBREEICHED T WEEZONLDT,
RISV DOBRED B> TLHBEIN S,

Fig. 91255 —POatEs, Fig. 101058 — HEDOF R %R
o CTTHEMORL LIWBITAR D LD, EHAAEH—
R&HE (ML), SelRfl% B ke (M2) SE#&kL Tw
H(CNEENEEL L TELDL EREARTH LD, IhKk
BHHFREEZHLARTEHRTH L), B_HGDONIKE
i,

3 <R2 sin 6, 1)
b Va2

,Rz
e
Va2 Th2

B—HONHBIRUD,

72t 752 9)

+ 7+ 7 (10)

TH%h, CCTRL R2ZIFEHDOMEALE, 70, ma BLT
Tags T2 X NENOWHE-FEE PR, SR m -G

mirror M1

Fig. 9 Schematic diagram of optical path for spherical concave mir-
ror. Virtual image case for mirror M1.

mirror M2

Fig. 10 Optical path for spherical concave mirror. Real image case
for mirror M2.

OFEETH D, w1, wo (TEXFRDOAS S0 Sl - 7-Hihst
MO AS B ETORMETH 5, KRB OMIT

2
() (1-2)
Ta1 "p

(1

Thh, CZTML & M2 TOENSELSOMERE (4
BLEO7y FTUVEER) Oy #ROLDICEEL TV
5 (COBE Yy TEOERICKRS),

Bt Jan. 2014 Vol.27 No.1 ¢ 33



T2, o1=w, w=—yo CEEHRI TN, ONKE
BDENS» O OWHETH L5 IIKRFEF—ETHhNIE, T
SHEBTH LD, FEEIT—EI R LEMEIHFEL IR, %
CTERERBLARER (0 DZ2KROE) NELEHE
HheEx25 L,

i R1 sin 01 _ ) 3 <R2 sin 02 )
R% < Ta1 R% Ta2 1 <12)

Lilsho CNNREMBEMEDOFHTH S, CNTIEHEL

BHH+ S CTHERETH L, BT L2010, TI<A7
BV IR 2T, AT HAS (2 L C 7
=fy LT 5L,
2\ ¥ (2 \_»
R%<M]>f%<ﬁ Q‘R% (13)

blxh, TCT, “HMOGEREEE D L35 L, EMy
HWEREN S, TORUARELN S,

Sa sin 6’1_ f R,

"~ h-Dsnd (oD Ri 14
ORI E LD L,
1 1 1
)] (15)

TH 5, A1) % (I5)ITRAL, EHITANITRALT
BRI DL L,

(%)y:4§>y1 0 (16)

BEOENS, SOICHTA TR LR OENT A T Tlib
NIGM T A DOIRM DO MFRFEENTE L W & S RE
AL L,

3_2y—1=0 (17)

WMEBND, Chibo LB LA~ A 70 — A
KDLpE (CHOBEOMEAFR—TH Y, MR
EN) CTOREPEMGLENETh b, N HTHIC R <
L,y=-1, 1+J5)/2, A-J5)/2nEB6h%, Th
ZNORERD BB, S0 y=1+]5)/2~

1.618TH 5, ZHIT L - T(14) K O ERE LR 41
DREAOHE L THROOND (LD, KA
PEED ZEE SN TVWAEHEL TW5), $7abb, K
TINZEDRHIE A5 DRSO ASAOFEE /2T TalFET
BB LMD, EEICIEFE SO MO A O FHE
BHERETHHDT (ZDOHE, O—HDOENDASAEN
HE L CTELLTLES), SNAMBHEED AF A% M
T HZ LI D, COTKMRHFEIR T 2L T~
FERIE (E34ME) O-DICRINI-LDOTH b, Fik
SRS OB E RSB 47 BT (0) 1T & > THEERN
LW E WD EHICEEMRZ 52 LMk A, THID
AOSCINCHE 2, Bl % O RS ORI AR 3R 1T

M1=m1{1+ <i+i> w} (18)
Taa Tn
M2=m2{1+ <i+i> yw} (19)
a2 Th2
THY, EXHEL OO o O—KROHEPER TS\

BEICKEV, IN TR ZIAT /258 b B2
kv, CHICHLTHERSNfEERE LT

e R ot N A A T

H"EOGND, TITERIFEERL XD, w@ﬁ%ﬁﬂ(lﬁ

THPL Tnb, T bEERER—ELEHD/ZDICTIT
<l+l> - <l+l> y=0 (21)
Ta  Tn Ta2 Ti2

DFMEEGIZ TR L0305, B4« DFEORS GG
AL TR 5 &, Bk ai/z L, wobEER ]
EfgefF LT

R1 Sll’lez 02
Rz Sln01 01 <22)
BEHN B2, Bl /c—#f L LT, ZoDKE O/

ENRELEGETH->Td, FWHDOBEO A AZIHES 572
G, o~ IEEICR 5 Z2HIEIXTTRE CTH 5, O~ LERE I
A FRHICHNE T 57O HlRPEROEE 2 5L E R
BbHo ZODIREOWMENLEL WHAEICIT, HRENEY &
O INEA RSN S & VO FFHIEELRWD, %
DA T HEREHF OB E & AT ERTENZE 2 f# i L
T ETCaxERL T LNl Tnh, D,
RQCOPLHOENE L DI, TN EZNOEREEIC X 5
# (I BEROE) B, —EKHIC L - THEICH
BINDHACTE > TWBPHTH 5,

34 © FEE Jan. 2014 Vol.27 No.1



PEY 72T MAFBERZ EAEHEKANEMESRIAFRICL D X ROEALEE

X-ray Source

Z

Tandem-Spherical-Mirror System
for Horizontal Focusing

R~88m
@ ~4.6 mrad Tandem-Spherical-Mirror
%B 8 System for Vertical Focusing
~88m

M1 Focus
(Reduced Image of Source)
6 ~4.1 mrad

Fig. 11 (Color online) Schematic diagram of optical configuration

of quad-mirror system for X-ray microfocusing.
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Fig. 12 (Color online) Focused beam profiles measured by knife-
edge scan method. The X-ray energy is 10 keV. The knife-
edge is a gold wire with a diameter of 200 um. The beam
profiles are derived from the differential of the measured

edge scan profile.
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Fig. 14 Scanning microscopy image of resolution test pattern.
Transmission mode. X-ray energy is 9.9 keV. Raster scan
image of 81 x 81 pixels is acquired with 50 nm pixel step and
0.1 s dwell time.
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Fig. 15 (Color online) Double tandem-spherical-mirror optics for
two-dimensional image magnification.

Fig. 16 Result of two-dimensional image magnification with double
tandem-mirror optics. X-ray energy is 8 keV. Exposure time
is 10s.
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Spherical-aberration-corrected total reflection
mirror optics by combination of grazing-incidence
spherical mirrors in hard X-ray region

Yoshio SUZUKI Japan Synchrotron Radiation Research Institute, SPring-8,
Koto 1-1-1, Sayo, Hyogo 679-5198

Abstract Grazing-incidence external-total-reflection mirrors are widely used optical element in the hard x-
ray region. It was believed that highly precise aspherical mirrors are indispensable for high resolu-
tion optics, such as micro-focusing optics, because of strong spherical aberrations in grazing-inci-
dent mirror systems with spherical reflectors. However, it is possible to compensate the spherical
aberrations in grazing-incidence optics by combining only the spherical mirrors. An example of
spherical-aberration-corrected quad-spherical-concave-mirror system is presented, and applica-
tions to micro-focusing and image-forming in the hard x-ray region are also described.
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