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FEPINIVWDTHSH, FIZEEXHRE—LF AT
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FOBEHHEML TIE IR IR T 2B E T AR L <
LTWw5hY,
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DORNCHHAE I —EICHET 5, CORBE, T
LTRPENTLED, YU I VOERRERIT04eV/
atom X SN TV 5HHY, SCSS THkeV DHFED | —
A130.1eV/atom ICES 5, —HDX A YEV FTi20.9
eV /atom DR FAH 1256 L -T0.004 eV /atom D F — & &
R OFERPD S, TOF—AOEZBITLFEOSTH L OKE
WA 7S EICHhkd %, T RBEICE L TEAEEm
FTELLVOEMLB LD, KMOIFLNREEHL T
WHETEBNELEZ DN,
DEDXSkFHF TV avesXiEheE L THHTS
CEDRADBRZOOB D, bbb FINETHA
VeV FRaErEPREBICBE L ko lc, THNIRKRR
HAXEF G HER P ES O 88 4 70 R R P % OBk L
T, KRB ADE S FIAHREW2DTH S, /AL
ZAYEY R ClIERRENI350E, 555K EL VO H
BEET TN, KA« BEOKGETE5DBHEET
BolcldTH b, EWVICLAMTRS XD ICHEALY
AXEYFICBWTHY A X« BIITH DM ELOD, 4
HeAGs & U TR R 2 R e - TEI,
FAYEVFICRKEL I TLEED LR, Hxid
FERETWREHIL TEERFYOMD TH7n v (0.1
ppm BAF) EEFHL MaMOANT XA YEY FrfEDT
/DT ZORRICOWTHE L 1o\, FHfiL 7224 vE
VERE—LT AV TOFAEME L TA11L) [ & (100)
HiZRECFEOM G TH 5o FmEiE (111) 555 2 BB %
TSP RE, £7-(00)FEmAMER CTh 5, FHikllix5
N—IMOWI O TIIR O EFRE L GH T HHAD
Ib BAHL T Ib-Maiifnid - 727, fEfutkORE
PORITIERER D Ha BN 2 Lo LD Th b,
DFCRHaBMATXAVEY FOEREDRED LD
ThHHDO) 2F), £L TEDOELMBPHFRDO TNLD)»
BE), SHIKCEHEEELZERUELY ST 5D (4
BH) IZOWUHEZE> TRTWEZV, ZOIEFITIE ~H
TAXEY FOFMli# 1T > CEBRINC > T 5, 2
* 3EF2004F E TORRLH WEEIV T4 ET 2N &
5> TWh, 224 ETHLMTAS XD ICEM EiEH kS
VAIVIZE L 727, BAES £2MRI T N EMBESERINT
Wh, CORTHEZTRBICOETY Y v LHEL
TEBOBELE 272\,

2. 2ERECEB FM—AvF I Nh—-T ¢
EREbRYS 22—

U DI 2 K HEEFITREBETXAYEY FiEROD v
Fv 7 h—7 (EFRER) & XHEPRE RS S
T OWPE AT - 7ofERE R T <, ZTOREIIEERICE —
LA VTR EmE L THATARE SIFTIERAT
THb, JORDKEROTHERESCHHEOE—L T
7 ANEFRL, kxR 5 EBHks,

Table 1 Summary of the netplanes of the diamond, the collimator,
and the analyzer, the deference of interplanar spacing be-
tween diamond and silicon, |dd/d|, and the measured
energies.

Diamond  Collimator/Analyzer lod/d| Energy (keV)
111 Si 220 0.073 9.44
400 Si 531 0.029 19.75
220 Si 331 0.012 14.55

M5 1% SPring-8 ® 1 km ¥'— A5 4 v (BL29XUL) %
FIR L2, CHUTRAFICIRE S 1km £ TO X HO
R R 750.6 urad BE L O TIIWedTH b, &5
IZa ) A= 2I3IEHE T b=1/20DIE 65 % F v
THEREAZL/201ICL T\Wh, ThIZk VRO AL
XITT PRI & 750, #EmOMPaEAETHOZ A C
ERHRD KD IT B, BARNY R IE S 13 Table 1D
WO THbD, XAYEVFOIILIRS, 4004t1F, Th
FNRMC (111 1#E, (100) A % £ O fE il IC >\ T Bragg
r—ADRE (KHBELE) &AW CRdO5 s B 5
7eDITHW 2, 2 (11D Kidh & (100) FEdD E B HIC D
FMHEEAL TA->TW5(220) (L, Laue 7 —ADK
H GBBEE) THML TECHBONTAHRET 470
ICHW, B Idhnogad Table 1D [dd/d| 1R L 7z
IOWCHEHROB LA YT/ FORME Y A—=F L L
TR %52 3 v OEOKEFHEFEATL2ITIE—3L mwn
7o OHEPATRLE & 75 > T\ B,

Fig. 1ic 0 v v 7 1 — 7 OPTEFE R O BRIy 75 5 7% 7=
o BRHE (111) BEBH I & F¢ D KRB 2 5 72 D
BUE-A, 8x5.5x0.7mm?) @M -7cd 0 GE-
B, 10x5x0.7mm?), U (100)#FEE D EmiL7E - /e
LD (10x10x0.7mm3) TH5, TNE TOHEIO L
By, FofEkony £ 7 —7 4 DuMond X%
b EACEIE L 7B ERAR & [F] U B C M R 203 &
WEPRNWC EBGhDb, =LY A X KBRS G &
L CHERHTA4MHICTN0.5X0.5mm2 IS5 & S 6T
MEERICE D 2 &G0 b, TNEBEy FUT =T H
BRI L WS T EEERL TW5, COREIC
AAHGZ, Fig.1(a) THE-AFRA-B Loy Fv s
N—=TMERIE L BABN Y, BREBEORFENRRONS
CEPHB L /2O TRICZOSICHNTEH <,

(111) #5 i COREHEFMEL, 2 DOREMO X FR 7
ST RDLEMOENCILD, X RIS 7 TIIKETR
Mz & 0 R ORESEFHELR, TNHIaVETAL Lk
> CTRMEPEEICTT b s NS, By F V7 H—T O
T S N/cFig. 2(a) & (b) # i3 % & 50R-A 1355
WICTHROKBa % % < & &, —JiORE-B i 2, 3
DOHERMEPRONAIBETH S, PRI TERTTH
D, BLE S TOAHES T X HORERR, 6> TH
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Fig. 1 (a) Rocking curves of the 111 reflection in the reflection geo-
metry for sample-A (dotted line) and B (solid line) meas-
ured on the whole surface, and sample-B on the selected area
with a beam size of 0.5 X 0.5 mm? (dashed line) . Dot-dashed
line indicates the theoretical curve. (b) Rocking curves of the
400 reflection in the reflection geometry measured on the
whole surface (solid line), and on the selected area with a
beam size of 0.5 X 0.5 mm? (dashed line) . Dot-dashed line in-
dicates the theoretical curve.

vFVIT =T OFETHLRONE I NOOMHKIEH 2 D
ORBOB v F VTN —TEOENEREL TD EEZ
bhb, COHEKRMOTEMC OV TIZRETELET 5,
ITCHy F VTN —TREDOPNETRALAE DR E-B 1
LR EE D RON S, T THRAERmOE LD
v F VT N—=TORAUOFETIIREB > TRONS
(Fig.2(h))o COEBMOEIT v F v T h—T D&
SR TSI R RDE AR & 7e - T\ 5 (Fig. 2(d,
e))o TAMICIIEREEARA BN SMOEADRON
% (Fig.2(c-¢))o SDHICH vy F V7 H—T OEKMAAOHE
TR TSR ORES RSN 52 (Fig. 2(b)),
CNHIIMNL L 7RG TR EBAEBPRZ T 5 EE X
bNhb, Fig.2) ooy Fv 7 1—7DV—7 THIE I N
TeBEBRED N RS 7 TREMR (T 4 ARy —y 5 V)
L FE ORI R LA S5, Ch
PRI RZ EEORI HEREER B, AT Cid M
% DR BRI — DS AR W ERBE T A
TVl xRt L Tk <,
INOHDOERLRMEP T F VT HN—TICED L DITHE
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LCWaB2E, ByF /I N—7LOK S THIES N/ -—
HO RS 70 bREDOKRICKT HRATMEE y FV/
TH—=T e EBRERT 5 LI L - THAZ ERHEKBD,

Fig. 3 ICRAT a2 v £V 7 h—T b Z O Lg% i
HLT/By FLACDDERT, THNICLS EHITHEm
DEADAATIEIT v 5/ 7 h—T ORI AT
KELFNTWAHD (Fig. 3(a)), BIZBEL TEHEDE
oWl e gnsb (Fig.3(b)), hiEme L TR
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N 725> TED, FOVRVWHEKBABIRL TINGOH
HaHLD b < E BB 5,
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E Fig. 4 IR L7 D ICHROBED B b5 5 fHric 2N
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LR DOEAGR SR AFDIIBR SN < 7> 7,

KT (100) XHEOFMICEAL THBICE LD TH L,
Fig. 1(b) O 11w =/ 7 —713 (111) #5 5 & AR IC B Em iR
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0.5 % 0.5 mm? |{Z& D &S OFOERIC Y TS L IFIEHER®
M —%9 5, THUIFig. 2() OFEBRIED FRTZ 7 0
o)A LD, FEOPLTSICIIE 2 b ARRE O
AR L 2R ONE\WedTHSH, — I TGO LTI
FEFICENEECTHXERA> TSI EBGhb, O
EWIIERESIBICHEK T 5 EE 26N 5, TxbbAnl
Ay AR S (100) FH RICHE L 72 (100) ES R TH
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5 EEZBND, o THEMMED B\ (100) B 518 28 1A
{75 & O TSR EEE L BSLEDD 5,

FHEE D F R 57 (Fig. 2(g-i)) TIHEERAR & Fn
LOTHEMA R OGNS, FEOWKAICE L T, Fig.2G) D
FRZS T OF FEHGICHEIR A ENC R Hh 1 T8
BAENIC N TR KB Th b, Hitkism & L CRE L%
B OB ZITEAR T B S BRHEL TWwb7% L (Fig. 2
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B, BESEE» SBBHES X DA TiEE v, BHESE
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Fig. 2 The 111 reflection topographs on the tail of the low angle side of the rocking curve of (a) sample-A and (b) sam-
ple-B, and (c—e) on the shoulder of the low angle side, the center, and the shoulder of the high angle side of the
rocking curve of sample-B. (f) The 022 transmission topograph of sample-B on the peak of the rocking curve. (g—
i) The 400 reflection topographs of the (100) crystal on the shoulder of the low angle side, the center, and the
shoulder of the high angle side of the rocking curve. (j) The 022 transmission topograph of the (100) crystal on

the center of the rocking curve.

Fig. 3 Positional dependence of (a) the width and (b) the center of
the local rocking curve of sample-B with the 111 reflection in
the reflection geometry. (c) The width and (d) the center for
the (100) crystal with the 400 reflection in the reflection geo-
metry.

Y (mm)
{wdd) Aysuap 0]

X (mm)

Fig. 4 Co density map of sample-B measured by x-ray fluorescence
analysis.

F RIS T BN S NI RTINSy T T =T D
RO AOGATRE, &1 OB 2 2 4T3 A
ETHHZEHRLTS (Fig.3(c)), H/ohLTIC
Oy &7 h—T7Eok - RE &2 5 % (Fig. 3(d)),
O X AR HTIC & U3 (100) 55 5 Tl IC S B ARH 138
BIE N o7z, T (100) #5523 FERS 5 & ROl OFE
BEREOF « BREOH S P00V HIhA/DEEZ LN
Bo COTEMFEITA0)FREHOSAMIDFER LD H
NREVEETHAS D,
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Fig. 5 Reciprocal space maps of (a) sample-A and (b) B around the 111 reciprocal space point within the [211]-[111]
and the [011]-[111] planes. Reciprocal space maps of the (100) crystal around the 400 reciprocal space point (c)
measured on the center region of the surface within the [011]-[400] and the [011]-[400] planes, and (d) meas-
ured on the peripheral region within the [011]-[400] plane. C: collimator streak; A: analyzer streak.
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Ni2&E CATH- Ky, —DO RIS 7hBIE NN
2B TFEHORES EICL 5O K THEHOEEIZLAD)
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7)) 3AHENS,
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MmN (Fig.5(b)4A) TiE S4B R LN, S3ITITTEHHER
EEDONBIUDAF LA THAICZAONS, &k h b
HERELIR T TEORZET PO THRHRLMEST S
ik, LA L DR D HHEITE Bl h Tk
D, ZO—FlE L THANC 4 R ETOBMKA EBNAES



FEY IR

RERSHEFAABERELTO I BATY M VES FOTK

N7z (100) K5 fh D g+~ v 7% Fig. 5(D) IR 7,
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(Fig.5(c))o A7 57 TR TETREGOD I s
THIEIN/HE T~y 7D FBRTREN/I LDk
ROOAT Y —7i38E<, R IC[011]J7RICAFED A
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4. RENE
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KiEdh & LRI 554, #&dbid Bragg 77— A (K
filiE) TBragg AICEDLEMES, CNIEFRI/ST7TE
S EFig2()DES>RETHSL, COLEMHTIEERD
VEFSAMRIEmMCKERT S, o T2 e T8
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AT TETHLOMEILE > THE LD, £ TEEY
WHE US4 20 BB 5,

FFINETRTEMERITOVTERZHANTAS,
Fig. 6 [c DA EBETHET (Zygo New View, Zygo) T
BE SN/ EBOWIRERT, Fig.6(a) ToH25 k21T
(D) AT EEBAIC & o THE U 22 MBLIR ORGSR 2 mIC e
STROLND, KL TAB &, FEOFITS HICHEER
OfEENPE OGNS (Fig.6(b)), TN OOMEEIROREE X
FRZSTTRONIHE T S, —JiT(100) BFE T
R TADLE, KEREEENCIE > TOBHIEFIC
HOHM»ThsH (Fig.6(c)), /272LIAEKL TASB &R
OEN RGNS (Fig. 6(d), ZOWEITRLAK 1 um
BET, B32%10nmm Ths, ZnEFig.20) 0 FART

Fig. 6 Surface profiles: (a) the whole surface and (b) the magnified
center area of sample-B. (c) The whole surface and (d) the
magnified center area of the (100) crystal. (e) Full range of
color scale is 12.2 um for (a), 1.09 um for (b), 1.09 um for

(c), and 0.36 um for (d). Horizontal bars correspond to 1
mm for (a, ¢), and 10 um for (b, d).

FTOETFICRONIHERKRO DD TH %, 7 BHIEIT
FEL0I0) M ZWNTER D, XA YTV FOUEmICHE
K7 s Cds 520,

(11D S (100D L S ICHETHIER VDI TH S
25, (D TWIZEBEE TH 572085 TldZkv, £ I THE
BRICIBABEL 7y PAEZDTTELS, 71y D
DI LD REHIIES R (BRELRNICAE 7o 1) 2
AHELE (EELEICEEICE 72y b)) I8k 5, K4 3pHE
I & BERE WA & /NS T 5 72 DfE S O 5 W T O
BoTAHT7y FaeoFTwh, ZLTE—LADZIFAN
S K & < 3 5 - OICHEEL TN AS dh O KRBT 11216 5 K
T B, SO IAERE LAY 5855 2 EAH
BLrb, WIFNICL T A7y FAZNS LEHR
FIRLR WA, hSLFhiEd 513 E B REEC D
e 34 2 > CTL & D, BARAICLUTICE A/ TIIME
IR O2E—» A2 2> T 5,

TS TR T RO D70 (111 fEdy (9x5%0.6
mm3) #HE L 2R e R CAh %, EROBIKIL Fig. 71
LB Thb, REMM & DEEHTRICE 72y M
14ETHEL TH D, BRI TERICHEL 2 TH
bo TR LEMOTmMOTHICHERARONS, O
IR L TAh A 820 um 2, 520 nm FBRE D25
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Fig. 7 Surface profiles: (a) the whole surface and (b) the magnified
lower area of the front surface. (c) The whole surface and
(d) the magnified center area of the back surface. (e) Full
range of color scale is 0.72 um for (a), 0.32 um for (b), 2.5
um for (c), and 0.28 um for (d). Horizontal bars cor-
respond to 1 mm for (a, c¢), and 0.1 mm for (b, d).
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Fig. 8 (a) Rocking curves of the 111 reflection in the reflection geo-
metry for the polished front surface measured on the whole
surface (solid line) and on the selected area with a beam size
of 0.5 X 0.5 mm? (dotted line). Dot-dashed line indicates the
theoretical curve. (b) The 022 transmission topograph. The
111 reflection topographs on the center of the rocking curve
in the reflection geometry measured on (c) the front and (d)
the back surfaces. The maps of (e, f) the width and (g, h)
the center of the local rocking curve of the 111 reflection in
the reflection geometry measured on the front and the back
surfaces, respectively.
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Fig. 9 The energy dependence of the calculated angular divergence
(FWHM) of various undulators at SPring-8, and the calcu-
lated angular acceptance (FWHM) of the 111 reflection of
silicon and diamond.
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Present status of synthetic lla diamonds as next
generation high-heat-load monochromator crystals

Kenji TAMASAKU

RIKEN Harima Institute/SPring-8,

1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan
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1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan

Abstract

Synthetic lla diamonds were characterized using rocking curve measurements, x-ray topography,

reciprocal space mapping, surface profile measurements, and x-ray fluorescence analysis. The diamonds had
higher crystalline quality than previous reports, and sufficient perfection for monochromators. Sample depen-
dence of quality was observed for (111) crystals, which was attributed to the density of stacking faults. It
was found that surface polish of the (111) crystals was necessary for uniform beam, and induced strain.
(100) crystals had higher crystalline quality and better surfaces.
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