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28 X/ \WITMRERV LRGN ENTRELOHNY

EXES) OBEMIH U THEEBEENICELTS. ok, M eERREEEILOHEANCT
Face-on X ##/N> 7 T4 MEBNBELTWA. L2 L, FaceonX By 7 54 METEBLNABERITY
=57y hOHBEEEREILTHY, F—5 v MRERORRR CIREEHAIT S 2 L SHERNE
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FELERHB. '
AETIT, Fﬁﬁ%%?ﬁﬁﬁ%ﬁf%wBﬂéxﬁﬂ/ﬁ74%%@ﬁﬁ Bt L UM 5
HEIZ O T, Side-on 7 & Face-on HRD 2 FENEBRRIC VTS, #ic Face-on X #/3 > 7 H
S FEHAITHEL RAREFEICOVTELL RS,

2-2 Side-on X ##/\ IS5 &
2-2-1 WESIUVERRER
RENFOFRZEEIC L > THRE T SEELORR (=WE®) ZEREFHATHI2iE, Side-on X #
Ry 774 MESBELTYS (M2-10L). BRixtgER2MWE -7y MZL—Y—0BH Sh,
Z 2y FOEMBELIIRME EHICET S, ZoF—Fy bOMMIZH LTRIBIZ Y254
Fo—4y FEEETS. BRKRELDZMUE Sy FERBIZE TNy I TA b E—F v M
L—F—% BT, HTHRRD L5, RENENFALREROCBRIICAV oD Z—F v b,
TIAF v I DL BRBERFESWEPANOND. Ny 754 bE—F v bLLBRHEND X#
OFIiE, BRFESWESY —7 v MIBREShRPTVER XK EF=RAF—:<1keV) BEZE
N5, ZORXBT Lo THERS —7 Y MEMBASH BB HDHDOT, NY U UL (Be) B
ETANE=L LTIy FEORICEB L, MXBROEZRELL. BREXMRLR24—Fy
P ORIEEEB L XL, Cria-AEAOWTIHRENS. BREIFEEANI—F Y FORTA—
—EET DN, AR TILI0OFE2ERIIRE L. #—F v MY HR—AOEBIZN Scm
ThsH. L—F—REOBIRETITIR MNEHEDIL, U YT LAOEKK (BX20pm)
CEREUR—AVOENCEET S, RSN XREBIL, RS XBRREBOT7+ Y —FEIZ
EHEIhs. BRF—7y PrORIEBSNIBRNEXBRENERET DI, FRRE 7+ A
Y- RORICHRY U UL EEEZRETS. BEFIS—5 >y P ETH1 X 035mm THok.
& —y MEELORBELE T 2 72010, AR TR EREN S0ps D XBRT7L—I 7
AR TAVE RV, ERSREIIAHRE ORIV BRRC L > TUIIFREEIN DA, AL TIXERES-
15um DY R—AE AW, FHRGROZEM SR, BREELVET L2 L3 tkD. ZEs
REEZRETIELRERIZ, UTDO3RTHSE. 27, HAREVH—RIC X 5 BMENRZEMIL
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DECDEIHFOLDICRETHIEMILENR VAIZZT V—F 4 A7 ORLD, AT o

2.44f1

As, =
DM




BB X BN\ MEERVERENEHTEEEOHH

EHEZOND. ZITf REyA— N EFAIR (B Y— ) DR, ATBRIEETHD. b
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b0, IR, =7y FORBFEORTERETES &L, L—¥F—REDEVAEAIMOEE
B, A4y POBRNEXRFRHERICRS. ZTOREBEH DI, Side-on XY 7T A b
SHICERT 24 —7 y MIEA+SIcEy (BEMIZIE 200~300 pm) #—7 v b EHW. &
BCHEATIL—F—OEXARy PRIEH 600 um LA ETHZ DT, 00 300 pum OFFHE THRE
EIZ10~15%RETHD. FMRETEZTORILE, ZOER2ERTILERDHD. ,

Side-on X #/3y 7 T A FEANZENTEH 5 —2FFE LRTHER SRV DIE, FHRIFFZIORET
BB, KBTIV VT AATEERTIHS, HOrULOBBRRERELRETHAS NI A
—DRBEMEE2E S EREOESELZRET S LWV IWEETT O (FHRE). RE Sty
RAOF—FHE, XBIV—IVITHATZORN) H—R"VAOBEBEEXTT—F ZBIEL,
FOBEMEEBREZE LTRBEL D ZEMHES. LhL, EEMNIT—0OYV Yy Z—ICEETS
B2 S50 ENHDHED, HARAEET — 2 ay bIERE=F—TO2UERDHD. X
BAZE=F—THFRELT, AFLV—V—HEXBTIV—I U THATHRLDOHN/ VA %R
ALEBHREZBRE L. HEREE 22108 T. ARV—F—HOEK LV ADDDORHEEENT
7 ANR—T—RH L, RBLEBR L/ NV AR%E 6GHz DA 1 X a—7 (Tektronix 7250) IZ AL
. —F, XBIV—=—IV I HATORAN) v 754 BB L/ VADHEABF R A2 =7
WASAL, RAOESORMZZHNLE. FHREHRCZOmEOKHNZZH TR I EICLY
BF—F gy MBS M A—BEEOFEIZHWE.
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X-ray
frame camera

B 2-2 X#EIL—IU T hASOEHRIRREEE
BREL—F—DEH LV XORRA T HBERLIEE L, XBTIL—I VI HATDO Y H—
HAEREF B R a—7THAIL, ZOBME2EF—F 3y MNIBWTE=F—L7=.
LS TET—F 3y NOHAIBLZEE LT,

2-2-2 Side—on X #R/\vISA MHRIT —2 D8RI %

WRIK R ET —FBER 23 IIRT. ZOF—FiEL—) —  F—5—FREERICLE > TRE L
7 =7y MEEL (F& 60um) OFIZRL TS GEMIZE 6ESR). L—F— 13- 0RO FTHR
DOAF LTINS, BOBEHSER X BEBEOVRVEE, +4bb8—Fy FOBRERLTE
VW, 77—y a YETORISHABRICBR ST\,

Side-on X ##/3v 7 74 FEHRIOMATIIHLEMAS ThH5. 23D LI %y 7 54 Mar il
TR, ERX2EEDFEXRVE. Rv 254 K XBORER+HRES, BEDE X R
7 L% ENITHE LB OXFIAHABRIZITXD. BHAY —4Fy METHDDT, B LSO
—7OFREZERTDE L THRESEREBIZLICLY, BROREE2T-o7-. —OHEICES
FROT DFEMIIL 3-3-3BIICRRT. — 0, XBAEB+HHTRVES, BEL X M5 A2 & 0 B &R
MEXBTL2OREETHD. ZOHA, BETZANLF—ETTHE - BHOT v SRIEZ1T-

50 um

B 2-3 Side-on X #R/\WIFAMILBL—1)— F—S5—FL B EDERH (ML 6 =)
TS DHEERI—F v+ (RYURFLY) , BERAY 254 FOBKETHS. L—F—it
ZOBRDTILAHFHLTEY, 77— ar B TOBREAHEBICERIS LTS,
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2-3 Face-on X /3w 954 %
2-3-1 BIES LUGHRIZER

ZRBNIBU N R RIBOEE ZFH AT 5358, Face-onX#Ay 2 T4 NEFZR WS ORELTH 5

(M2-10F). ZOFETE, =5y NOESOEMICHT 2 BB X SOEROHD 2 S5
THLILEZMALTND. T —FIEMOBEOEELS T THY, EEMICEEEEERL,
DESHEIXEERD Z LITHRR VO T, MEXHEL KD 2 72512 3HAIE DR % 325 1 8+ 5 44
ERHD.

Face-on X #/3 > 7 7 A METIE, ZOEBREEIL Side-on itk & FEIC()V Sy 254 ¥ —4 o k,
QEBRS —7 v b, QFEBRFR, DEFR (BELHMEBLED) D4 OBBRERIORS. 8
BB ERDOMY =5y ROEEIZ, RNy 254 NE—Fy h3EREBTS. MMZ—4y k%R
HIDL—Y— RS T I T, M —Fy MNIL—F—2BHTE. Ny s 54 ha—4
Y NORET D XROWXBRTERET B0, Side-onX BN v 7 T4 MELRILLNY Y
VLR E T AN G —E LTy I T N =Sy NEBBRIY —7 oy N EORICERBT 5. %8
e =7y BB TD XML, Nv 774 ME—Fy FEFAICERBLER D v b0 X G EEMeE
REERNVTIHEREND. RSN FRXRBIT, XBA N =D ATDOT74+ b Y —FEIZ

0 —
1.0 4
2.0

v <>

Time (ns) 100 pm

B 2-4 Face-on X /3y 051 MEIZL D5 RIFE R B
b=V = 7= —AREMRROBAFIETT. F—FFOHNVEH2 X RBEBEDO A Z
BETHY, F—5y FVORERBEEOKMEN/NE NI L7, HIZBVBYNXEBEED
PRVERTHY, REEAEESREWI LE2TT. HAIIXBRA N -2 AT TIF-THY,
R L L HIZREI Y FTRMBRREL ROTVBZ Ebn3.
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FREhs. BT XRITHKEIBYBETHEZ ENZELVDT, NvsI4 8 XBOKF
ERAF—ZHE LT A V=% A, SUMICEELLShE XBEBETS. BohrF—4
(X CCD A AT HAVTREEZ L. K24 (CHBRRO—FI2RT. AESEER, e z=mAms
T, BROBRBSER XBRABOREVELSTHY, TROLEEEEED I\ BOE2FT.
TR EEEEED (E] BOE2TLTVA,. Zhboay hF R MBRAEVECEERE
EFBEABRKENZ LERL, ZOBMNBEITIHMBERNICE{TS. £/, FaceonX# v 7 F4 b
HADOHE, Nv7 74 P XBOBKBHESMLTEOREED, Ny 7 T4~ XBOLH B2
D B A & B DML B RO B T E KD, AFETIE, L—F— UL 2D H B2 Y B
DEEEEAER 0L LTS, BONET—H1L, Nv754 hF—Fy "hbkiHEhs ¥ —
2y MR 5 X BOBRER XU AROEESMEDE Y AVC, EEREEBILOBES
E~EITT5. BT, FE TR O XREER L ZENMEORIELE L EBOF — ¥ BT FIEIC
DUVNTHRARD, '

2-3-2 INUOSAM X BOEBRINERIE
memxﬁﬂy7§4%%m,Xﬁ@ﬁ@%ﬁﬁ%%&@&eﬁybwgaﬁﬁmﬁbfﬁﬁ%
OB TEHEEFRAL TS, $42bb,

I =TI, expl- 1(pt)] (2-2)

EVHIBUERRINT D, TIT, IEBHSID XBOME, LITHED X BOKRRE, 1t XH
Kﬁ?éﬁw?w%@ﬁ%&ﬂ%ﬁmﬁ@,pm¢—5y¥®%EQM§Lfﬁﬁ“fy%Gﬁﬁﬁ
FOREE(Cem)Ths. QDXBHNTS L&, THRbLEH X HRENEREBERILICR L TH
BEEOICBY TS L&, ANXBRBEATHIEAIBOLNE. Z0hD T u—T7Lid XK
Wi, FE-REER TREHEND T A VX E—BROIZHVD. ZELLBULEDS M XHBEHA
WBEE, TAVEBRELRDEDARY MR 2O LIRS, TRLDENLTA
XBr7a—7 L5558, ORERTIVE—ERO XGE2AATD, (DBEHRT A AF—%
WX BRELRDMYBEETDHZ L, BURBEERD. 74V XRIEDS =57y MPEITHLT
BEOHLOT, FOEMEE K LM - %) CLoTHEENDE XBOXFTZIAX—%, HD
BERELLZLNTMETHS. BeOWENDLO XBALs M, BECLTPATNS
DTBl, THLEBECAYITA M —Fy NERBWEERETS. BHEN3 XBOXTFT
FAH—E )R RIS E MR T 4 A F—E LTHORIE, BEEI Sy 7 T4 b X8

REELMT I EBHRD. £, XBL—F—0 k) AEEECEAOKXBREAVIOLEHT
» 5[6). | )
AHE T, MENEORREROERAS —F »y MiE LTHY RF L (PS) 2AVE.
PS REEBRBEROT 7L —FME L LTAVLRTHEY, EAEMLICL 28— HITEL TS
T DITIRE b ERIBS — 7y FOMBLE LTOEETHS. —F, BETFESTHRELXBRS
BN &, BT L LY RECEBEORREZMMERS W) A TH, FEF—7 v MER
IZEINTW S, PSIZEDLFERIMEMILY CH=11 THEDT, CRFRUHEFIIXNT D XBRD
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F2E X@/\VISIEERVERENEHTRELOMR

HREWIURKT]5 5, HFTRAF—CoT 2B ERIIR 25 0L 5 ICHEShS. Cod
T O KRINEITH 284eV[8]TH Y, TN LD FLF—D X Hizx L TR EREITILITERA
BT 5. TROLMINREELZBR LWEEE, COCEFOKRUEL VA LEW XK
HOBORESTHB EELLND. LhL, L—F—BRHZ—F v MIBW CIELETMER &0
HEIZLY, CREFPEBEEL COIAREELRDHD. AR TORFEETICBWTIE, CEFI1
MERED LIF2MEHEECERL D LEX NN, BRI AF—OBLIZLY KHT
ORIUREMN T L, BESEZRIAT—~ICY 7 F 5. K2-512 C DEBEEIC X 5 RINFRE
DOEEFETRT. ZODREBRIZAND &, BRIUSIGEWEEO XBRTRXALF—2H N2 D
FRREORRERS. B2-550, $500eVELED XBRIZH LTI 3 MBS CH EEBRVE
W, ZOEBTHNILERIC L 2EERNREOREIERHkL L EX NS,

ERI S

- (o

' 4 &

-* . . ]

» . : g

0.1 - - j. 1 F

- . : s 3

- e 1 o

i . \ 1 ©

: 1 8

0.01 L. Neutral 4

SHR IR i 2

D 3 ot

B R +3 T g

0«001 L i i H Lo bt

100 1000

Photon energy (eV)

®2-5 CORF)RFOXBRINHEBEOEHERFSE
CEFORNMEESEDLREVOIE, KENE (W28d4eV) LB LENWZRLF—FEETHD.
L, BHIX-T, KRERSAEZRIAE—MIZ 7 bT 5. 500eV L ED X BRI T 28 EE
BB L ARERIZEALRWI Db, :

X BFBBROFHE IS DRINERET —Z 2\, ZOXMT — Db FEFIED
RN MEREOER LE SRRV, #21E PS ORIEE s DIFE, UUTOL ) 2flERFHET
ROHZ EDHES. ' :

_NeMele +NgMyly

Hps = 2-3

2 Tnck ngli PSHO CEF, HETOEK E8), mcé ma TN ENDETE, ubmidx®
NENOEERNGEETHS. +972a FFR V2B ORI VENEFTRAF—D XHR
FRWIIZIVA, BICEHS—Fy NESTRIREND XBRHENT 5720, ZTheaBELict
TEAL-WVEELORIBLZREL, BER XBRIIVF—2BRIDILERSD. H2-61 XHE
BEROPSDE —5 v MEEEREEZRT.
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F28 XBAUISINEERAVERBRNPRTREEOHH

o @ s o

0.1 —O— CHB um

—+ CH8 um

- CH10 ym
—a— CH15 ym
—— CH20 pm
—— CH40 ym

Transmittance
%) Gy B A
¥ T _¥ I!li}
1 [ 4 Il!lll

1
X

0.01 b ! | | | +
1.0 12 1.4 16 1.8 2.0

~ Photon Energy (keV)

H2-6 XBIRANLE—(1.0~20 ke T 58 LLEZD PS OFERE
BRIxI S L 223 PS DESCEAOREL RIS, ERTAEAY 7 T4 PXBOZIALE—ERETS
— Rz, EWE—Fy hERAWBEARS—Fy hOTEHHE S TR IS HESEMT S0
BTXLE—XBEH, MMEEZEHLZVESRETRLE—XBREAVD.

FFECRBNT, Bzl —Y— F—5—FREE.ROBRR T (Cu) 25y 27 T4 Mk
LTAW, =739 75 (Mg, ES 10pm) %7 A —& LTRAWE, PSEZ—4 v MNEIERS
#C 16 ym, BRHREEII I mBERZREL TS, CulILBEB T L1~1.6keV D XHREK
H 525, Mg® KRR (1.31keV) TERUEDOTRLF—D XHREREL, REMIC11~13
keV O BEI L. ZOHEEBRENE XBRIFALF—0D PS IKXT 2BER L ERMICRD D
EBIE, RF v TPRODE—=Fy hDRY 7T MaERBLT, PSOES LBBREOBEFERDE.
JEE DB 7T~20 pm ETELSE, BH D Face-on 5l LA LEMHIZHBNT, XBA MY —7

Transmitiance
) 3 O lr

1l

1

! ! i i i i
0 5 10 15 20 25

" CH thickness (1m)

B 2-7 RudSAh XBORIRAFLUICH T HERE
AF I PROBY RF L F—Fy hEEW, CulvZ T4k (Mg 7 A VF—) DR)RF LY
CHTBEBELTT. ERE (@) I XAATFTHALX—D L18keV OBAOHEE FR) &
F<—&L. I ' , R . . '
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28 XB/\vISAhEERVERENFHTREEOT

AATTRy I T4 F XRBELHIL, ZRXBREOI L TR MMOHERREZEH L. &
REER 27T, EBERL Y, XBOBBRILPS OE S OHEMICS L TiEiZfERBEKSIC RS
LTWDZEMmhnd. R2-7TFOERE, XERB]OMENOFE L7z 1.18keV O X BRITHF 5 PS
DEREDETHS. BEERE-BTHIEND, ZOHAEEDE (R 7 T4 hCu-T7 4 1AHF
— Mg) TERAISND XBRITK 12keVOBBTHA L TDHI LMK, ELZOBRLY, 5%
DAy NFAMBELNDPSEZF 0S5 pmBETHY, FHHBOSMELEE LRTEZ DR
EOBREBEZ2HHTI2ERTERTHI I EBb5.

2-3-3 FRIROEM S AREERIE

RSNy 7 T4 MRIZIZ, FHRISOZERMAOMRETRESND [2FEV ) BELETD. Side-
on Xy 7 F74 MEDSE, BRI DXMEYHPHRNBROEMAME L REBEU EOHAIE, =
DTy VDOREYEZERB LU TCERREREBER T2 ENFRETHD. L L Face-onX BNy o T
A MEDEE, Ny 774 FSNIBOERFER HEOMERLE) IREINDD, ZEHSFEE
THREIND LI RBOREVICL > TAMNT LOEERFBEEEILOEREN/ &< 25 (K2-8).

ZOEEOBWAEL, BREMNEHORE (HBE) KEETSE. 20k, -DRXTEIhD L Ok
By TZEf0fERE] OfEIL Face-onX#R/3> 7 T METIHERER &2V, I T, HHEHE
EFHLOEHEROEOREE a(k) T 5 &, IR L - TEREINHEIE o (b)iX

a'(k) = alk)- MTF(k) | (2-4)

ERT T EDHIES9]. D MTFKk)AS Modulation Transfer Function (MTF: #RIB{=ERE) & Midh
B5H0THY, HIBARSMORE (204, AHE) 2RT. MTF IZZEMBEREOBEETHY, 5
HBOBRERETCELABEOEE L5700, ERBUETFEERLRBRESNELRS.

AERBRCERTHEHEIRIL, BBRRTHHIRY v FOHEMEE, BESMEIAIZITI XBA MY —
THAATGRXBIV—IVITAAT, T—EDREEIT) CCOARATREDAVR—=F Y S DK
2 TW5. ZEMSHELRET D2 ERFIL, BIROME D BEBRIC & D OMHE & BOILRE O

L T CR |

g 2-8 MTF(Modulation Transfer Function) D=
HHEE =210, BIE cOERBEROEERHBRIZ Lo TREVEZTTTREN &
RBBE, KT B MIFk=a/abied. EMBEHEESELRTEHERBRTHD.
(zi3ZE/, yiTBRIEEE) ‘
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B2E XRAVISAMEERV-RBNEHTREEOHD

B XBRAN =T ARAT) CLDERED 2BETHS. %ﬂ%h@ﬁlﬂf%iﬁ”é”ﬁﬁﬁﬁ#?)n
DEATVABEZOR LEDE L L'C{&/’i:"é‘é &, DREREBIER RO

1 z? z?
Riz)= exp| — +aexp| — 2-5

) 1+a( p[ 2012) p( 2022}} =
EREND., a0, RITTNEFNERTHY, o, IR SDEMMTHD. FaceonX /w754 b
TR SN D IRIBIIZEM L KT THEOT, HMERKD | RTBEKTERT 5. BRISHh3 X
BIBEOZERSH I0)IE, TOSMEEBEICLIREVOREERZ T ADOT, EL RIEApOHDIE
%ﬂ&#ﬁ@?ﬁﬁmi‘&)é%ﬁ

I(z) = jR(x ~u)l, (u)exp[-~ - A(p€)cos(ku)du (2-6)

LWV BIAHRESTREND. I TIHWRFEHEZ—5y NEEFA LNy 7 74 b XBROZEH
SETRY. MIFIE, SFREER RO 1 RITHET7—Y 2EHBE LTUTOLIICEZD Z & H

k5.
MTF(k) = _ o, exp| 1 2 +ao, ex k! 2 (2-7)
o, +ac, )| Pl ok? 2k* 2P 2k°

SIIRBHERPOROIRE I, ANERE 5, 20T 2ERE SELTRBHEITH
Fe, 3
R*s & MTF xS @9

DEEEEETHETHBE. EoT, FHUBRONAEBRERD I i3, BT S RAEE K %
BHERDAD, bLEMIFZRDTEOH T — Y BB/ THMBERE LB LW I FENDS.
LTI A RDD DD 3B OFEICONWTHRARS. EBEOERTRINGDFELE
HEALE.

A 7V y POy VERB LU ESMEREEEOE]

TDOFETIE, #8RF—Fy MYy R=RXR7%2BWT, 7y Foxy /®’“Fﬁé’3§7ﬂ75>
N O EMORERE R@)ZRDD. 7Y v PR 7 ZEBRO/SAFY {a%%ffzétbb, A&
RAOKED X BREEROERBBES THD.ERLESY v Fv AT, €4 v ¥ = (400 lines/inch
=63.5 um/period) Th o7z, 7V v FBOMEE Ny 7 T4 MROZEMSMH»E, ANAT »7H
BI0OERETSD. ZOHE, HURICL - TR S ZMBEST ()26 LY

I(z) = IR(:C ~u) (u)du . o ’(2-‘9)
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F2E X BR/\VISANEERAVERANENFRREEHO T

TRIND. DMERKZCHREL, QD I@)BEF—FICT4 vF 4 2T ESEBIEITLED
25 H Da, 01, 0, DIEERD 2. K 2-9 KB OBIZTRT. 7w RONw Y 541 MIZE 2.9 (55
L) OLIKRD, BoNENY I I1 MEEBBSMERE THRAL, YUy REOZERTS
74»%%5.Nyﬁ?%b%@%%ﬁﬁﬁﬁ%ﬁ7»ﬁﬁ2%&fﬁ@b,Q@)ﬁ*@ﬁ@%&
RELE. ZO )5, SHUBRORRREEZZRLEZATy THEE LELT, 29 ROBA
HRIITBNWT, TUy RROZEMTOT 7 1)V [@)IGERT B LD R@)E T4 v T4 > iz k
OTK@E.74v?4>7§@t%ﬂ%ﬂ@ﬂ5%—5—qobq@ﬁib,@DK#BMW%
A L 7=

X-ray streak camera
7

10-um-thick Be
for soft-x-ray shield

Streaked image

1.0 — Au photocathode : :
T Cul photocathode :........ B Py SRR S

........

Intensity (a.u.)

0.8

0.6

Position (a.u.)

0.4

0.2

Modulation Transfer Function

0.0
0 50 100 150 200

Wavelength (um)

MTF vs. wavelength

B 2-9 JUYFBROIy EBUL -2/ BEED T
#A v > 2 (400line/inch)D/N v 7 T 1 MROFHBER T 0ET—F (REL - HE) . SLREE
TRERT S XAYOHBRH DD, NIVAOHEDOEMTOT 74)L (EF) %HREHK S miE
NG =2 DEADEDPEET —FIZTA v TA L TEES. BONEMREREE 7— ) TERLELD
7% MTF (Modulation Transfer Function) T% % (HF) . Aut1V— K& Cul 1YV — RO MTF O HI %7 L
T2,

B. 7y KD T — ) THMER%FIHE L MTF O

TV REONY 754 MM, BIOAETMIFERD S ENTETHS. AHERDT)
v B XBHEL, 7y ROMBTREINZ ATy TEETH 5. Ny 51 b XEHEIY—
TH2LRETNE, FORDN50%0FMNEZHDRT Y THK I(2)%2 7— ) TEMTS &,
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F2E XB\VITMEERVEREIRHTREEOHT

T
g g g

IJ@=1+f{um%£x—%mm%zx+%um%zm} ,QJ@

DEI, BROFEEARDOR LEDELARS. EBITE, v 254 MEEOSTH 2T,
BERIAICQ2-10RD & D IZIZR BV, Sy 2 54 MHBROSTREMOERM AT MAKRSBI Y v
FORMA LD b+HTERETH I D, JORMUITERT S - L8RS, ANZRF v
BT — ) T L, EECBLNES Y Y FROT—U SHSDHE LD - LICEoT, 7Y
v FOBEHE L CHFEERERED MTF #3425 Z S 83k 5.

H2-10 CREROHIETT. FBOE ST, Ny 754 FRROSHEREEE LT, AHRT v
TR ERD. DTV IREAKS L, 7Yy MROET—F 07— ) ZBMMS L O
LTWs., EREE (635um) 206 SEEMAEMAS (12.7um) ETHER N TEY, Thilto
BRBRSIE A XL~V Thote. ADFETRDEOMEERED 5RO MTF (S#) &
FTHLRL—BELTWVAIERDHMB.

i | | o | H
L o .|
= 0.6 | | ...--u- —

E -
02+ | , —.
0.0 t---...'.... | | ' I 1—
0 20 40 60 - o

. Waveiength (“m)

E2-10 JJyFBO7—) THHRREAMNLROT- MTF
7Y v ¥ (EF—%F) o7—Vxziksl, BEASLZY Y FEEO V-V xRla0ks L3 ik,
7Yy FEELEFOBKRBRERSD MTF 258G L (RF0®) . ZOFHETELRAEMIFIZAD
T4 T4y 7 TELND MIF (B LIEE-ET38ERELNZ. ZOF—FER 29 LiETlo
EZUETRONTZLOTHS. ,

C. ZvRAY—rFr—1 (FZP) %RV e MTF O

TV ROy 754 MDAy v T ALY, 207 Y v KEHO MTF 2KDH 5 Z L BHED
ZEmb, TVFRAY =7 L—b (Fresnel zone plate: FZP) M3y 7 5 A4 MaZEF|A L7 MTF &
B % 1T 7. V72 FZP i, B b IO O EER 100 um Db D TH Y, n B OF DBEER (100n)”
EREND L%, PHEEROESEFRMICERTSZY vy FThH2 (K2-11). 7)) v FOBHE
EFROIZELLTWADT, —EOF—F v ay hTEVERFERTOFT 52825 Z LBFHET
H3D. H2-12I2X MY —7BOBIERT.
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F2E X B A\VISAMNEERAVERENEHTRBEDA

1 mm Time

100 um

B 2-11 JLRIVI—2TFL—MFZP)E L= MTF (5T
FZP (MOENKFBEMEER) ILEFAICHEARNLEDLE 7Y v FHRBETHEDT, H— 3 v k
TEWERBHOI L N TR MBI E0BHES. BIZFZP DAY 7 54 MeOFHRIBI A =T

7V v FMEOREREKIL, 21000 EEREREDOR LADLETHD. I TIDar b5 A
PREEE MTFICEH T DBERNLE LR D, HEFEE (k=2n/A) TOZ Yy FDar hJ5 Rk Ck)

- L ()= L (k)
CGﬂ:];“Gﬂ+Ika)

Thd. ZZTLdDIFT U Y FBROHDIEHE TOE— 7 8E, Lu(k)ii&/INEEDETHS. (2-10)
RELY, HHEHE DY v FEEO 77— =B EHIZ,

@2-11)

](z)=l+i(coska: —%cos3k‘x +%cos§km —) (2-10a)
V4

LI2HDT, HOWHEIHT D3 TR MNEAK Ic(z)iX, MTFZAWVWTUTOL Y ICRENS.
[C(x)::ATTF(O)+%§(A4YYTGﬂ-coskx-§A4TTK3k)vcos3kx4~§A4TT(5k)~cosSkx-~~j(242)

—%, BRIENZ22a b7 AR CERIETMTEZBANWTERT &,

4

)= rr o)

(AfﬂF@ﬁ—%A[ﬂFGk)+%AIFFGk)—~J (2-13)
ERDDT, MTFnk)DERDEEBEET D L 9 Clnk)ynDEEEZELFIK &, Ck)Z AT MITF%
UTDEHICRTZ EAHES.

1wn%@=fi%?ﬂn@XM+%C@@-%CG@-%CU@+~) (2-14)
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F2E XB/ WIOSAHEERVERB L PNFRBEOIRH

10+ T ] T I T H

08

0.6

04

Contrast/ MTF

® Raw data (contrast)

0.2 - MTF , -

0.0 | i ! ] ! ‘ -+

0 - 20 40 60 80 100 120
Wavelength (um)

X 2-12 FZP OIS AMEDIAMSAMZELES MTF DEH
FZP DN w2 54 MG, e REERO2 IR+ (@) BHELNE. 7— ) R EEROK
CIHERAL, TA 2T 4T ETFTIZEICLD MIF (BER) 2RDDZENHKS.
Bl 2-12 IZfRAWTRERBI BT, FZPDAN Y 7 54 MREVESHBZDIXCR)THDDT, T —F %
(2-14) KTRENDEORBE~DT7 4 v T 47 %1T5. MTFIZQ-DROEERNTWS. &
ENLHEOMREDIC, MIFIZZV PSR MNEB LD VETE-ER LS. '

2-3-4 BEEEERILOBH
utfiAtA/?74BXﬁ®@@4&0%ﬁﬁ@”ﬁ“ﬁ%®&ﬁ%ﬁ5:kmib, ,
Face-on X8RN v 7 54 METBOLNEET —# LV EEREERILOGEIEL RD D T L NETHET
HB5. EROT—ZEHIHIEK 2-13 1R, ZOFITIX, BITORYUMERERT S OICEER S
—Fy MR L—F— % BEETIC ANy 7 54 b XBROBRESF O ET-o 7. BFTOBRICET
ERLRTRERGRNDE, Ny 254 N XBRROEMBELSM L) THD. IO XHRBESAR
v—ﬁwwﬁﬁﬁﬁﬁﬁ:Eﬁféﬁmﬁab BOoNEET—EPLINEHETILERD
A, AR CRWE L ——-DOENEE S fﬁ‘?z/\iﬁ’(_‘;}bét s N7 T4 N XBDE
%ﬁgﬁﬁ%&nhﬂw%ﬁ1&5&%z6hé.;ofh@%knkﬁwﬁﬁfﬁi(74y?
4 7)) TEHEDORRETHD. EEE, ELOF—FIHTUREHL LE 2200y ABEHKORL
B (FTNHTTREEK) T 74 vTFarr&nik. ¥, F—HICLo TRV RAEHK L
DHEERBEE T 4 v T 4 V7 ENDFBENRFEELHY, BEEERERTI A v T 47
#1707, 213084, ETXTINAVTTRABEETEEDT 4 v T 4 71TV, L)EHE L.
ZORIZQSRFDONRT A—F — 2B ZE, BRALBHICELEZ 74T 4 v T &8To7%. IO
—EDEE X, MathSoft Application ® MathCAD) &\ 5 Y7 7 =7 % V>, Macintosh 2> B o
— &b LIEPCEMM ETITo-. M2- 13 TRWES—4 vy NOUHERLIIRE T3 L5
HHMUHEHELTRY, ZORETORBOHMERQSOum TH5. —F, BALESOT 4
y?%Vﬁf%BﬂkE@@%ﬁi”m?%D,Ew~&%ﬁbt.:@:kﬁ,&EéhtX%

20



F28 X B/ \0ISMMEERVERENEHRREH O

DE@E - ZRDMENPERTHD I &, BITESZY THE - LEAEKLTNHS

ETCOT =S IOV TERABENIDT 4 v T 4 V7 %4T21E, BEEEEEHOE L EENE
SN, BABEDIEIDRY OFERMEZBEET I LV IRESHS. MOFEL LT, Boh
12T =0 2BABBRTI AT AT EFIRDYIZ, exp(-sinkz) DA TZ 4 v T 4 7 %47

W, THEMTF TR 2 LICL D BORIEBZELEICRD S 2 L03H%S. +72bb, EIE e
NEVHE,

c-exp(—m-sin kxj = I—W(IF—(E)-sin(kx) (2-15)

DREFBEKY LD ENHIHEEZFIAL TS, Rus S50 MBEDT 4 v T 4 v 7 DFEE (/A

TA=F—c) IZLY, aB 06 BEEZTHI0%DEETE LY. LoT, FBENS/NSNTF — 205k
FAE O BB ERLRDIFEIE, B exp(-sinkz) T 4 v T 4 > 7/ &85 F N ERE O T

FRTHS.

8000 T T T T T T

Time
6000

4000 - -

Intensity (a.u.)

2000 | L 1 L | 1
0 50 100 150 200 250 300 350

Position (ch)

B 2-13 Face-on X #/\v IS/ Mt RID BT ED R LUMEFTvo
HOMUDRIBEZFHFIL TR E—F Y hDORY 754 MEED, NuZ T4 F XBOFERRDH I
DZERSRERBOREEEZ AV T-BALEN TI A v T4 7L, BIDOLRBOEMEL RO, (£)

CET—F, (R) ET—F0ZEMTu7rAN (ER) L7497 4V 7B (B8 253, —o5F—4
T, »5H COFA LIRIED 5.0 um, BRAHZEDOT 4 T4 /71 LITZIRIEN 5.1 un TH Y, B
EfER X CREITEO R UMENER ST,

2-4 FEAZEHTFIRERRBRAGME—5 v O RE
2-4-1 BILRERICKDZOME—S v DE1E

¥—7 v PORE—2UIHEIL &L L CRET DM N EHARLEMEZHATIHE, #—F v b
DYFHEEIE, TOERIIE L (FE - RigR ) TEOEREEMMNTIS4ERHD. #—4
v MEE LTI, BfERkY —7 Y hOT 7 L—&58E LTHW STV S PS (CH: BEE 1.056
glec) Z AWz, PSIE, RE - MINRES R TIIRL, ZRFES)DEV - ERBEXHEHRD
<, XBRy 7734 MECEABRAICELTWS. £, BEDT T XvER - AN 2HAE
EMRBRLRETHLRLEAINTBY, ZOBMRHALATHEZ I LLHETHS. AFRTHHM
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A REE LT, R () 2510~100 pm, 8 (ap) 250.1 ~10pm, #—4 v FE (d) 23810 '
~ 160 um TH > 7z.

BEE (40 um A L) OFEIZ, EERBERLEZBT L X HFX[10,1112H . Bk & 7225 PS
T4 b (B{ERE, EE 16,25,40,60 um) §E, MEALAEICE —F —CHERE L TREL T
5z, RELIZR =T —ZL2BMRERE-TNWD. 20D, FIAEE LTI A VLERT
A RATGATERL, MELZEETI RAEBA T, (B 110C) LAk, Bis (89150°C) SLTiomzL
T, RELOWHERHEIERETS. BAULEZHRALRVERY 7S 2F v 7 0BEREL LN
ZEEERNICLHALNTH LD, DD - BHR% O PS BIEOMKE 2 FH U=, #HE<iX
=R REIOY S 7 A—F ERVie. ZEER 1.0559 g/lem® TH Y, BEREL LBV & 2R
L. PSTAVLDESIFRGEE LTRERDABRATH 128, BEOT 4NV LAEERTINE -
MBAES B LIZLY, B RBEIOT7 34 NVEER L. £/, EE 16 um LL T O PS L,
PS DE ) v —%3EHETHENL, FIFABETH—ICELET T kv ERLEZ, ERLE PS T
ELENLOI 10um THHo 7.

BT LRI R A EAORMEEARER 214 (TR, AULEERD PS 74 A M, HEHEELO
BERIELVWEERDH VATV UL Y —2 BBV E IREXE, X728 oREIE
&, AT NHFARESTI U v P TEAEMNS, MBTS. Thbb, FUIRTFLI4%—
2 (B LLTBTVRATD, ZOLE, BEZ VATV IUAVY—EIZ T ANER LTS &,
ERFROBRBBONRNDT, T3 AVEF VT AT LD Y —EDMIZNY LY (CHy) %
SEB L LTAVS. MBWITERMBEE B, BER PS OF 5 REB A L RSO O 130C
TI~2 BB L. S h 2 M ORER, SEME L TRV LY DRSIIREHTS.
fER L7z Y L DOEEIE 10~180 um T, IS 72RIEIX 0.1 ~10 pm ThH o7z,

~ Tungsten wire 60-100 ym ¢

///i>
n“ Glass plate l

\\Cross sectlon
Stainless steel ( CH820pmt
i A,  Press
Tungsten wire Target CH
16-80 pym ¢
Glass plate
/N

Heating for 1.5-2 hours

Oven
at120-130 C

I

X 2-14 8FLR(ZEBZMMIA(ILBERSE
R OMME, RROBIZY VST I v —8N0 b0, BEH (U LY) Z@ELT
RY RF LT A MDY, ERMBETHNRTE I LiCEoTHMLE.
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F28 XBR/\VISAMNEERAVRE N ENTRREEOE

FER LTzl 7 4 A VOWEERE 2K 2-15 17T, BUES MM 7 + A /i3, BEfsEEst 2
AONTEDRIE - &k - 74+ A VELFHAI L. BE—EEORENFHREEN BRI+ 554,
RAEDIBIE TRAET 2 RABEAMTHES 2T VR0 ERLEE L. EE, K A2RIES N3
DHEE, REBICHEN) VUEERWSRD, BLRDZ UL Y —OFRERNE Y T, F
REEE DD LTNEFRICR S, ThbbER (= GFE) ORSVEND. LoT, 20RE
ZHOMLOERMICHHE L TH LERHD.

Front
surface =

Target -

Rear o
surface 5KV X680 18va WD1S

H2-15 BILRRICE>TEESA MM IFMILOHEEE
BT VB L > TRYES 2R 100 um, MIHAIRIEAI 5 pum, ESH940 pn OHEY 2F Lo
F—7y hOBFEMBETE. BLBICL Y, HMREOMMEEELIZITRESATNS.
BREOCERIIFEETHS.

RES N MM O BB S 72 £ 23 - 5T 5728, 77 8 ZKEEEH % Macintosh = > =
— S TADEBLIZRIIT A 2INEL, TOREERYEBTTHS AT LAELEE L. M7
R77ANVORHAGER, BLUENET—) TRHELEAREMRS 2K 2-16 17T, FIORT 7 +
A JATEELOEEAS 100 um, RIEAHK 8um ThHo72. 2B, A/ X TOEIEIT peak to valley (1L &
#) OHELERTD. ZO7— ) ZEBEZE»S, FHEELOEABES IO LT &K
TIE10%UT, B_mFERDTIRTERERI LV THEZ ENbhroTe. ZDX—F v kD
58, BRELOERICHTIRIEL LRI RKEVWEATHED, ERTIEIN IV LIBED/NXWE
i, T20LEMERIDODRNBENKRERTHL0, F_REFAFULOERER S ITEE
L EERHED Z LB 0D,

KBEOFZ =Ty bvay NRIHEAITONZY —4 Y hOFEEB I OWEOEAR 4K 2-17 2
Y. PS T+ A NVEXZHERT, BREFESTHREXBRODRNRY U7 A% FU 7. Face-on
X#Ny 7 T4 MER, ¥—7y NEETOEHREERAOER GETHEND) REDEDIT, &
RICBRAOR (BT 1X1 mm) 2B TW5. £2TOF—4 v MIHOWT, ZOBREOME
EMMDONERRZH O LORA - BFET DI LICE ST, TRNTNOERICE > THELNET
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— & LDOWBICAWS. £, BB L TRERFELRA X512, BREDOKEX XPLPS 74
ANDEEY T (BERE) 2E{bsHT-.

T T ¥

50 o
T aof | 3 Fundamental
3 = '
Y 30/\&/lk/\mf\kf\\/ 5
2 20 7 - 13 2nd harmonics
S - ¥
E 10} 3
& | 3 '
o R
0 100 200 300 400 500
Position (um) - Wave number

B 2-16 ®ESh-WME—F VOB EEHIFER (E)RUVFOT~UTEBHERZR (H)
BNz Z—4y ML, £THHAROBEN CHRENTVS, MLEELEE 100 um, HIE 8 um
OEERERAIETT. IOV zBHEARLY, F2RAFERSIT 10%UT, B3I REFEASIL
IIEEENED = ERbS. ' :

Be E iR

FhM CH TAAI

4

fE=

BARAE

, & 2-17 #IBOEES—5 v
BRENZGM7+ AV, PORICBRBOERHARY YLK (BEX50 umy DRIz
BhanTn3, BEBOKEERPS 74 A NDRE0FRER, 20V a vy FEEBICE-T
Bl XETWA, '

2-4-3 L—H—FIL—1avIz&BMME—F v OEME

BT LAFRTHE, AT 2EECHET ROV v—%BNTRIZTBED, UA¥—idE
RCEICESUERDSD. LOLTA YD RSB L, BIEBICIILOT RS VS
HEAHD. EECIIEEN 40 uim UTFOEEEZR T L AECEET 30RRETHo7=.
FIT, =X Ve L—F =AUV L—F—T T L—va VR L) GBI ERT 5 Rk
FRESI L7z, EARLELV—Y—IX, AfFV—%— (£ 193nm) ¥ 7% KeF L—%— (£ 248 nm)
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F2oE XBAYIIAEERAVERENENTRELOHR

Thd. L—F—T T L=y a VTR, L—F—k¥—4Fy k&5 PS BREICH B KOENL ¥
—rvELOTHRNTHIEILEY, F—Fy MRECEZREROBI LT 7 L—La VT L > T
MT53. BEROERAY— I, @QF v/ Yz F—FBHE2AVAFIE2E, O)FY R
ORNEREFRWD FEBIO 2B8EA AV, BEKER 2-181Z77.

X 2-18@D< v/ Yz F—FHFHE, 2O —bRT ) v — (N—=TIF—) L2KD
LHEEZHEHPEDETTEREZEILOT, TERAVTENRSCEEONER E25IT2 2 &
BAEFETH AN, TITRHIOFEREZ L —5 y hoMMEMNT5EOICHWE. EREND T
B, L RXERAWTENER, FEOEE (=¥ —7 v MIMT2EELOKE) T PS #EIC
B &z, PSHEEIEIN I AROLICE N, BT LVREELRIULS HONCOMBLEBEZIT-> TR
EOMMAHIEBREL TS, LY XL PSEREOEHE2ELIEH I LICLY, [N 2HEE
DEEZFG L. £, BRAZ—VEEVary2H0TE=#—1L, BRAY - ORELIT
Cof. TOw N Dz H—FREHERND &, HREE VR EKRIROBE N Z — B AR
THZENARETHID, BENROLESEREOBBICL VML L LI - BB LN IR
ERHY, BEOSBEICHEETS. S

B 2-180)13 7 Y v ROM/IMERIC L BFIEEZRLTNS. 71 v FIZIZEED 400 lines/inch D %
DOERVE. BERIZHNBS5um THY, Thr Vo X TEXLAERIEEBRERSEZBRETLEZHICR
Uo b (RR—=V VT g NF—) 2BLTPSHEIEEICEX L. 7V v FOERERIZ, EXK
WOLEMNE — 252570, FEREELZELIETEEORELMMM L. TOFETIIRA
RE =2 DEEHDRL, HSEEVERGFTH- 72,

WD FED, AF L—F—DTRAF 35 100m] #it%, BEEEZ I0ECOLWVPESTH

(a) Half mirror ~ Mirror.
ArF Laser AN
\ QA ___Q-.W n
N 2222271 11707 visicon

PS foil

(b) i

: Grid mask Slit -

ArF Laser = 07T visicon
PS foil

B 2-18 L—H—FIL—1avlc&BiMA—5y DB
T e l—HF— (AFF b—#—) 2BV TT I b—Ta it k) PSEECEEICEIR LML
TR REBEAY —Vid@T v - V2 F—TFHRL L0 ) v FOF/MEEIZL->THEOhE.
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F28 X/ \wISAMEERVVERBHEMTRELOHH

o, TRUEIZZRAF —% BiF ) REEEEZEMT 5 L, PSRESETIEOFEANEE
T5. ZOLDERFTRERBEBICERASH Y, ZREBIZ 01 umBE THo7, K 2-191C/ER S
NEREELY -7y POREBOAMKRELZTT. EREELOBE, EMABEFOT/o—7
(#) OB (~13um®) PEEOBER LFRE L2V FHARTRL 2570, EENTHELE
(WYKO) ZHAWTEHRE L., WYKO T 2 RETOMRGFHRFTETHS. B LY, HER
ERBROBESER SN TND Z L B2 5. :

Aoy 13 QE€~-93 87 TC 1908.8« |-
RME: 138nm SURFACE WyLEN: B85%.8nm
RA: 124nm #Hasks: HNone R Crv:i=B8.7iImm
P31y S5289nm
Qrisntutson
y
{Feront i
2B
1as
b
~1284 .
{ . - e us ~2gall
1 25 13 24 p:1-] e  ZEForm
Nigtanaa {Micronal Ly ~2B2n6

& 2-19 L—H—TFIL—lal(l&oTHEEEN-24—45vbD 2 RITEHBTF—42
V=T =3 VLK THEREN-EREF —4 v M, WYKO (EERTHEME %
HOWTEHEILZ, ZOF—F 3K 12 um, RIE 0.1 yum DZEMEEE b o724 —F v FOBIERT

2-5 FHaAe—LbE

s—4y NRY—ICRET B REN N AR ER BRI 384, BHT 5 L—F— 2RI
O TH—TRITINERLRN. Z0kd, KFETRET 74 —2A0iHsabt—Lr bk
U (partially coherent light :PCL) [14]% i\ /=, AETIX, BEFL—F—L LTHAWVW-ESY2E—1
VN ROFBEB I VEOWE R T oW THEEIZR~ S, :
T NTFE— R AN AN S e — L M EREDT Y oy FERER 2-20 107
By S NAE VTR LB~ VAV RE 120 ps, TRV~ u 2B T 4 L7 —THER
LR, BERFE—E—FI7 74 —@ 7R I miCANTS. FES U HABIVE2E
FRERELOBAIZLY, BEUHEERATHEONDIFEKRARY FIEIZ 0.7 nm BEICHBR AN D.
O LTHELNEERT v— 7Y%, EHETFX(1800 grooves/mm, #&-FHFE 2.5 m)ZHVTH 15
psiCEMET 2. EMES NI 15ps 7R B EERIN T 7 A N—SERE RO THEL, K UVREIC
BYBERSHE B X RICARBETAERT . 2B, 8l - VAT 24 THY, SV RFIOFHE
BEREE 23 ns THB. OB LTELNTE AR MUBFRIED RNV RE %R, BERITFEROLT
— FRT 7 A N—IC AR LT PCLERAESES. ‘

FD%, BWERBAEREZEL TR 2-21 DX 572375 E25 0 R 50 ps, L5 FA%Y BERT 150 ps, /%
VARG 2.3 ns DEFE SNV AETERRT 5. BB, APFRIZBWTOMBIRER 0%, ZDXH EFVE
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. H2E XBNAvIFAMEERVEREAPHTRELEOHM

MOREEEETD. ERENE PCLIE, FT R L—F— X1 B[15]DEIBERFNT & > THIE &
N, BREEBBFICL>T2EEFAE (KE 527 mm) WERINZE, BHRESEELRETS
7=z # LLFEIR  (Random Phase Plate: RPP) [16]% AW T I DICHIBLEND. T D%, £}k
VOR(F=B)TEESN, F—5 v MCBFREND. EXRF -V OREESBEEESK 221 IZ7R
T F—Ty FETOLV—YF—ZRXAF - L I E—LH7= VK350 THD. EHXEIT 500~800 um
BETHY, E—LBRUEXAREEIFEIEICEY, ¥—7 v PETOBHBELRETS.

7, ERFHIZIORNSAVRABIZLZBHEBSLERESE, E—AIOBERMMLT 2 208
N AFBEREGDY, BUMIZ 4.6 ns DSV RAEERTD. Ny 7 T4 hE—F v ML EREICERS
ab—L Y MEERELER, Nv T4 b —Fy MNIBRGRERDZ—4F v B 2~3 mm
B - EICECEL, VD8RS EOMNBIIBBIIETRFEITY. ¥~ v hETOUL
— P —TRZNAF—BLUSAVRERZEIZELTE, £TO7F—FIZ o0 TEHEZITo TS,

Single-mode fiber
120ps (Core diam.: 9 ym,
Length 55 cm

e e AT MW

 Attenuator

3.5

Grating
(1800 grooves/mm)

50-uym Gl-type
Grating optical-fiber coupler

1.5 ses
(1800 grooves/mm) %’5 ps 32 pW M A

1.5~21ns  Multi-mode fiber
Diam.: 5 mm _jZ"___,.L_ (Core diam.: 200pm _T_4a plate

\ ' Length: 3 m
NA=0.2
"-— i ’ Step index ) ERRRR BRRARR RPP
To pulse-shaping 80 FA
system : (66
TDL)

& 2-20 HIT7PAN\—EBRN-Boat—L b RRORE
BEEFv—7 VA% Sps ETEHBLTMHL 2BEBEOE—F— X7 7 A4 N—ZEA LB
F—TRAREREISED. REEET—~FET 74— DF— FERBRIZIVERA b —
L REND.
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F2F X&\UISMNEERAVERENEHTREM DA

L T T T 1 7T 17

R ;

= 08 F .

) \ :

% : f \ 1

Stan N

Eo02¢f 7 ]
0- 1 bkl L L1 1.1 U Y 2_% ¢ ¢

0 1 2 3 4 5

Time (ns)

X 2-21 BSL—F—E(E)EBS/ 89— )
ERALIESa e — L2 MED/VRE]IL, 5 A Y BERIA 50 ps, 3B T30 BRI 150 ps,
HELE 23 ns DEME TH-72. BRY—MIIH 2% EEEESE) ThHoT1-.

2-6 £&O

AETE, V—F—BEREIIB T RN ENREEROBRO-DICANSNS XE Ay T
A MEDFE, BMAER, BIUKE - #TEREERLE. UTFAETELNIBEEIZSNT
FLHBH.

() b=V —BEERICR T DMENENREER LT 27200 X By 754 MEL LT,
Side-on X #/Ny 7 74 MERB LW Face-on X #3v 7 54 NED 2 BEDFIER ST L.
Side-on X #3774 METIZZ —4 v hOZRMEEE 2 KT CHEIT 5 Z L BTRETH Y,
Face-on X ##/3> 7 7 A4 METIR/ I 2 EBEEEEREINHAITETH S.

(2) Side-onX#RXy 7 7 A MERB L W Face-on XNy 7 54 METHV LN HIIBZEORERIZ S
WTil~72. E£72 Face-on X #R8y 7 T 4 MEIZBWT, Ny 7 54 b XBOBEBRE L O
wOZEMOMEEZRIET D Z LIC LV BREAEEFILOGEHEL BT 2 TSRS LT-.

Q) TENZEHOTRRERRROBRICLERTRTHHEILE L -4 —F v hOREFIEIC
DNTHAZ. RiFER (FR>40 um) OEMBEEIZOVTIE, 27 L RABERICE > THEE 2
mL, #HEE (B <40um) OEMEIHIC OV TR Vv L —F—3ANET T L— g0
B Lo THEELZMIM L, ThOOEMBERICLY, L—F—BEICB T 2 HEN 2N REE
HEOBRNCLEIRIENAT A —F —FIRTOE — 45 > N OHHE NS FTREIZ 72 o 1=
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$3E RE—FTVTRIIBIBIVILEHRROEGR

FIE RFA—I7YTHRIZE TR T I ERBEDERE

3-1 (FCHIC

LV—P—RE =5y MIBERIN, 77— a3V EARR L TRAELEERESZ—F v b
PEBTHBMER (RF— b7 v 7B) BV TIE, F—Fy b2 EETEREOHENE
EREERD. V- —RREIIHELYRH Y7y M—BR2 LV —BBRE SN EAIC
ODNWTEZD. 77—y a3 ilioTHF—7y MREATRETIHBREOKE X, ¥—F v bk
B> REFOLEXOND. TRbL, #—7y FOMFBEILICE L 1) v 7 ERE ]
(Rippled shock wave) DEBRIHICAERIND. —RAZ, Vv TAEHRBRIZOHOMBOE EE
BT20TERL, MEOKE FiEE) 2#o ToHETIZ B8N TWA[1-5]. K 3-1 12s
Mzrd. FREIEBEEORESFMICEETIOT, Uy PVEREEOES (FEHEOWHS)
TIHNEHRICEIVEEROERBNEZY, EH - BENERETS. EHh -BEXSEFTE L, FES
- HSORFMREREEESE 2. ZOEDY v IVEREIIKREICFRICR S, TORIC
Lo TRELZES - BEOEMAY—IX, HREANFEICR-THHET I, HREEH
@&mm&%ﬁﬁnuyi»%%@ﬁ@ﬁk%<@é.#&b%@%&ﬁm&%#&.&ﬁﬁﬁ%
TBE, BUREAE >ERAPREORIIFEICR LD, AEIXES - BREXBLTH. 20
Eoi, Uy PV EREIREOREGERVIRELABROEEREEETIZ L8b»N5S.

AETH, ZOAF— Ty 7HTREIY I B v IVEREROGEBRIECER L, PHEEL
Ebolkd—7y MEGETLIHRERLZHEIL, FREGBORBOERETT VICLDFHESLY
Ra2lb—arBREOERETY. £, T7L—a v ERELOZENE, BIOEHEREROE
oL TRAT DHREEEEFLIC OV TOHAROHELZITY, 25— b7 v 7HUBOH
AR REEMEOFIIGM 2 RET DRI OV T ORI EIT . B

Laser

E3-1 L—F—BEE—45vrhDUy TN BEEDEE
T = aVENMIE - TRELEFRBRIC L VAERSAEY v 7AVEREIIMERE LI
WEHRIC L VIBEORL-TEA-EENEZZ L ENTNS
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EIF RE—+7yTRICEH RV T LEEEDES

32 YyT L EEEOGERLEESERERILOZEL
3-2-1 CCW RICKAEEIEEDAZIT

Uy ZNEBE OG- TR Z 5K EORE T, Chester-Chinell-Witham (CCW)[6,7]7E % H
WTOERIRICEEIT T2 2 D3 HIRD. ZOFETHE, HREEOH 5 A TOBNED O/ MATEET
DEEBEREOLDITEZ, KFEEBI L > TE OB A BTICBNTHS. 9, CCWIEILE
W,

OFREEE R OWMMAEEIER TS
OEFHREDOFEE~ Y hVIE, EEBEEICH L TEEFMORS %2 b2

D 2 BERREM L LTV, ERETONMORE TR, b OEST—KTLBATETH
5. ZIT, ZTOHRREISFOMNERERIZLANEEREL, INEOREOEEEFIE L THE
BREOPHZRDD. .

B &~y FRECTHELLS S HEOEREEROMRICONT, B 3-2 DX 5 REEA
REXD. HREOGEEAME s IS Y, ThEBERTHMEBROKKSNE y#LT5. b5
B(zo, yo)b> BIEIE LIED ZEEE D 1| KICONWT, ZOEBEIEIC O NTERS.

Bl t= 012 (zo, yo) ZHBE LEXRDO t =t IZBITANE@,, yoid,

Zs =xs(m0’y0’t)mm0+v0t+§x . (3-1)
Ys =ys(x0,y0,t)=y0 +& (3-2)

ERTZEPHRD. v IEREOEEEE, &, £ITEN TN FEEHREE O DTHED, yik
S5THD, t=0 THEEN A D/NEiLt=t TRUTDOLIITRAB. '

y

Laser

P

X
B 3-2 UvTILEEERFTDO-HDOEER

VP —ENC L AT T — v a VEAL L o TRE LEREOET FEIC o 8, EELoFEE
yBEBNTEXS.
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$3E RF-bFYTHIZBITAITLEEREOEE

Y,
A=A —=2=A+ (3-
o, A Ao (3-3)
THBEALZ ERE L LTERD. , ,
z,(0) =z, +a, cosky, (3-4)

y,(0)=y, | (3-5)

KIZBELOEE o), aliBETHS (F3-3). H5A (zs,ys)tg:?ab‘fﬁrﬁﬁﬂ)ﬁl#”«ﬁ 2
FEREEA] i’TL’C@W)ﬁ%fi’s"‘&@“é &, tanQTEOEX 25

oz, 8¢,
anf = —= R , (3-6)
EERT SOz Sy, yBREEENTNE, & ERNTERTE
oz, d§ 5
g g S G-
dys — dfy
At dt 3-5)
koT ,
d
§=%ww f - (3-9)

BEBN, G-6)EVE, &DBIREMELIICKDS = LAHEKS.
A

. |

X 3-3 COWRICKPHEREEOENT -Hb5ATOEEREORE
FREEIZOBENLTEEICEREFEEL, BB SOThEE o8, yHicoOWT
FRENBITEITS.
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EIE RA4—+FyTHIZEITDYv T L EERDER

ds, o¢,
dt dy

—F, CCW Of L 0 LT OBENBE LS.

il
|
o
=)

- (3-10)

A.—_ .
AA" =—g(M, XM - M,) (-11)
s}

2
g(M,)= A{G (1+ 2 1 ﬂ]1+2,u+ }2
M,

(¢
v

M, ~1 y+1

P %

2M,~ ()

THY, M&ié}%ﬁ@7ﬁ/}\ B oK, My lZFIEIRETO~ v 8, ylidtkBEEZRT.
T, M=(dz,/dt)c, szo/cs&:L“C, GO MEHEETDH &,

_A-A, ( o v,
R TR voz—co?, (3-12)
/5. L
2 1-u? 1 ~
A=|1+—— 1+2u+ 3-13
( y+l g )( g MOZ} P
G-12)EG-DITRAT B &,
dé. v, 05,
i | G149
=T M,
M- (3-15)

BMONEBREEZREL, M1 &7 5 L6159

.l (37—1)(7+1)]( J |
o= 3-16
[ ¥y +2fy -1) | @ ),
LB tEMELGIOEMBADES &, RS~ Ppy R |
0%, 10, ,
T =;_6;2' G-17)
0%, 195, (3-18)
o> ady '
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FIE I~ FUTHIZEITBUVTI L EREDIERE

LB, IHIRMEIZEEIZG-4), 3-TEZ LN TWA. “ThxE &,

| &, =a, cos[—j%x) cos(ky) | (3-19)
& =a, sin(i m) sin(ky) (3-20)
Y Ja

RELNRSE., TREY, Uy AR ORI EEILORE o 2 VTR T &,

T =aq COS{ o AJ G2

TR0 D L EHBHREIIFEELRY, 2,7 -0 020 L EEBEREITECRETS. ZOEE
W DHRIE & LBy 28 SRR, 1.3, L1 OBED L FIXOWTEHE L, BREEBER 2 24
HBHOWEATHBIELEZEbDERT A—F—L LTEKT L, 34 OB, X@B2D0 5
L LR E I, By B MBEZONTHWAEE, EREEOEIIEREOEE
B & IO R CRLUAENRT A—F —TREMTOND Z E23bh»5b

UEDHEIZLY, CCWIEBICXD Y vy PNV ERBED X A F I 7 AZEHBICRD D Z &8sk,
CCWIETIIEONDIRERMR H D -1, FEHEBRFEOHE TIIBBII—®RLRWVWEZEI O

S, BRLXORGEMCERKEOMR 2 EORLBEVZFMTE 2 LBFETHS.

Amplitude / Initial amplitude (a; / ag)

00 - 05 1.0 15 2.0 25 3.0
Normalized shock propagation depth ( z/ 1)

B 3-4 CCW ZIZKAMAL/ONLIHEREENEL
EREEOREILH S AHNE b o TRET 2. RIEOKBERR CITLMELACEEFL, TSRO

ERPRER SITIFEFL2N.
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FEIE R4—b7PyRBICBUAUYTLEEREOEE

3-2-2 BREHERWUYTIVEERR OB

CCWIEIL L DRATIC LY, UV TV EREN B b~ o NITRESN DA TRE T2 2 &
Bdolz, LnLRR6, L—F—BEF—Fy NMeBITA Y v FNVEBREDORD BRI T
HE, CCWERLIZEIT TRV EZRESE TREL RS,

VY —RBE L —T v hDFHE, F—7 Y FPORME (77 L—a VH) PHEAPEEEIND.
ERENMETDIE, BREEET 7 U—avEEOBESMEKIIRIRD LD, FORT
HAETHMPFEOREEE 2 ER2ELLBEILERDD. ABFLIIINOEZERELT, L—¥—H8B
WE—7y MEBIT DY v PVEREOEB 2 MITHICRD 2[9-12]. L—Y—»2»F—5y MRS
En, #—Fy bR ERESEETIREEZD (K 3-5). HikESzndTrHHEE (£,
FEA ) 1k, 4 0OEETET D, THIOERKEORIE, ()VEREOREET 7L—ay
meEDM, @77 b—YyarEEEER (y M ATHEH) LOM, QFERSOMITHD. Zhb
OEBEHOMBERLRERGFHLANTRE, )y 7V EBREOEERFEELED T KD, K
T, ZOMATICOWTOREE 23T 5. ,

AT AERAEMER, HREEEIZOVWTELT ¥ » 22 =4 (Rankine-Hugoniot: RH) DBEEHE,
77—y a VEIROWTETF ¥ v I - Y a4 — (Chapman-Jouguet: CJ) DRBERZMHTH 5.
RH OBERL Y, EHELHEBETHRELZRT &,

Y _ YTV _ [P TP ,
Vi Vi V%Y | =

LB, ZIT, vIIRE, pi3ES, VEFETHY, TRENORFIIEMBERE T, BEK
FEREL, TV INAE—DRKL = pV/(-DEAVDZEICEY, (322X

(Vo =V)po — (MY, = Vo)p =0 (3-23)

EEBTHZENHED. T Tv=g+y-DTHD. 77— a VEIRHRERRICLUTHEL &,

X

B 3-5 BREGEZHANED)YTILEREORFE
EET I v—a VREBCEETAERREOGEORTF L RT. EIEH#EA (So) , 77v—va Vi
(A) , BEREE (S) OBMEL, ARibsBITOBES R 77 AN THE. GREGOMS (0) ,
EREEZEEOEMEER (1) , 77— a ik 3RERR (a) , SREEERRK Q) ©4-H>0OHEN
ABILTEZS.
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B3E RA—IPYTHIIBHRUY I LERRDER

Uy =V _ Uy~ ’pz -Db_ '
- = = = v - 4
]}'1 ‘rz w{rz_‘; pl a (32 )

27
(Vivl ""Vz)pl "(Vzvz '“Vi)pz = “;n.“ (3-25)

L. DI TmidEEESE Y OREEHE, o IERERORNLHET T L— g LR
Thb. INLEFE Ty Da P DBRBEREEL NS |

O bI)TODERHELT, BFREARBWTRT 7 b—a VEORDP B A EREOEER, 20T
EIZELWEWIHERRIATS. Thabb, | ’ |

ua - v:r:2 = p2‘/2 (3'26)

Ths. UEDE2)~G26)D 5 Kind, FEBOWEELRDD. L—F—OBRBE [ 21F
T, BREHEM EEET T L—va v EFAL ) A THS. £, SERCOLBML
yEEHE UTRITE, SREKEML ZEPHEESD. MM FRIIBETRMINLY, &
MERORKEZAVCTUTOL S ICRT = LAHES.

a—VA-L-—(—a—ULw&m):O

A or
aﬁwl _iaﬁl
ot ¥, 02
%wziﬁ
a£ 71 :
% _y
ot
MYDE—5y MEBRE o £T5 &, Ny BMEFVELIRTY v A BREOREE o, ©
o ) : |
' alr 2M°+2
s\'s EJ + 8 J (3'27)
o 0(7"3) 3M32+1 2(7})

EheB. T Tro=tlcosh, 6,=tanh{(us-v, )i} THY (cITHFHE), EHERELM - DOIEHE
BZL > TEBSWOIERBEOME RFHEIOBEE) Thd. KE2NLD, Vv P VERE ORI
AEELZSLEE T L3bh»s. ;
CCW I ERIUL U v 7R ORBISKIESEIC L > TEbNEDR, ZOBEREHELMREL Fik
TRRBOBEELMHI Zehbhol., TOBROEHEMRBHA L LTHET LRI OE, HREY
BOWRBEOHRR G ROFMEERIC LV, FBEIEFTILWVIHDTHS. Zhid, CCWIEERHEL
BORESME, TROLEREEIIEO%RSOHREESICES SRV EV ) EETREANRZ
bOTHD. FEF—V vy FEROFEIT, ROUFBEZREL TWD CCWIEL Y b ZOEREH
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BIE RA—rPUTBICEITAVY T LEHRBEDEE

PRIALAEBEAVCIENERETHIZLIEALNATHD. ZOREERFERL ODEHERIZONT
%, 3-328iCIR~B. '

3-2-3 Yy BB RORICLIEEAEERILNEL ,

Uy PNERENGETHIE, TR TE—Fy NOBEEBEEEE (Areal-density
perturbation) HE(LT D. ZHIREBREOCEMEIC L > TEHREREOKECEEN LA T2 L1
IVAELRZLOT, VyPNEBREEORIE S REREBERHD. FETIE, Vv INVEREOK
ENETAHEEOEREFEEREILOELICI OV, MENRETNLEEZ THD.

3-6 DX D R AIHAIRIEAL,, BEpDE—7y ML —Y—BETIH65E25. L—F—H
B END &Y v TAERENREL, ¥—Fy NRREZEET? LEBREFEROREIEREI N
5. HOBATOERERORES z, 77V —va VEOEILORIES o, & L, EBEEEEOM
EOBESp, b T5H. F—Fy MESFROEBREHEFEILA ) 1T, BEFLSBEOGELRET
5 &,

Apt) = p,la, -z, )+ poz, ’ (3-28)
TEINS. BERBEELONPEIL» D OBEIIX

A(PE) _ Ps (G'a _xf)+ Poly

(3-29)
Poly Poly
LD, BMNEBERRETDE (o = 4p, ory=53), BEEEEFILOBELIZ
{ 4o, -3
A(pf) - s i (3-30)

Poly £,

LEIND. Uy FNVERENTEICRD X (= 0), RERIZ 4 /l)fELind. (HEARET
HE, o RBROECRZOTHEREERILIZIEbIckE< 2. ULOHELY, Uy TLEHR

lo Q. Uy
o ’ -

-y
+

Laser irradiation

' E3-6 Uy L ERREEBICLIEEEEEEILOEL
 ERENEERT DL, EREERORENEESRCEENELT ALY, U v IAERKEORE
DBECIC k> CEEEEEREL (4p0) BETS.
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HIE RE—bFPuTRIZE TR TINERROEE

BEOBRELT 71— a VETOREBIEBRREERILZRET I L8b»5. bbb, £&
BIC() Y v IVEBREORE, Q7 T v—a v EOEE, Q)4 —4 v NEBREBEEILO3I D
NI A—FZ—%FHIL, ThoDENSLEOHECAE TN, Uy PV EREOERINEREE
EELOB(ESIEREILTVWEEEZ D EBRHES.

3-3 Uy L EBEEORDE SUE/SA—2—D5HE
3-3-1 KEREH

EREBHOBMEZE 3-7 (27T, Uy INVEREOEE & FRICEETIHERE, T2bb()
Uy ZVEBREORE, Q77— a /EORE, QOEEEEESILICOWVWT, UTO3EY
DFFE TR L7=[13]. .
Uy IAEBREORIRNG, EBESS -7y NERIZEETARICRET A AR Y, L
MoRHET2 2 LIC kY, HREOEMAOLEERAORBZENLRDBZ Z EB/HEERDS. EHRE
WUy TABRE D &, EORRPEERRADELZ-THEND. #—F » FOERBIZY 2TV
VU REMEREEL, AR LLERICFIRA N —27 5 X F(S20)TFHEI Lz, 38X 3-3-2
HiTR~ND. T L= a VEOEEL, SideonX#Ny7 T4 MEEZRAVTEHRILE. Bty —
Zy b OEEICK L THREOMBI X BNy 27 T4 MR Mo) BB L, v 7 T4 Met EEH
SYFREED 2 R TIRG B EFR S MRE SO ps DXBMT7 L—I VI ASYTRE L. ZORANCLY
MBI T ARECETOEILOBRERD -, #3333 HTRRS. &5HIZ, Face-on X #
Ny 754 MEEFROWT, 2O 0BEBRSE LTHENIEEREEEIL (4pt) DELZER LT,
BHINAMUOERIIXBE NNy 7 T4 MR (Ge) 2EEL, MMICEE LRMSBXRiRGE
B XHBEAMI—I7AAT) TERLE. FHHMIZ3-348TRRD.

Fiber-generated
partially-coherent light -

(Backlight source (Ge) )

Initially
perturbed .
target '

Two-image x-ray
frame camera
(Ablation surface)

( Backlight source (Mo) ]

X-ray streak camera J

‘Optical streak camera -
(Areal density)

(Shock front)

B 3-7 EERECE B
IBYDHBART, (1)U v IAEREOERRE, m77v—/a/ﬁ®&ﬁ,@ﬁ~ﬁjh§§§%§;
FELDOBNRT A—F— éﬂhﬁﬂ L.
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E3E R4—FPUTHISEUHRYVIALERROER

B L—F—iZidmoze—L > ¥ (PCL) AV, BHE—FREORE O DICABILEIR
(mw)%%ﬁfﬁﬁbt.%%%E@&mqw%NMnf&o,ﬁ%@ﬁ%7wpmf%ot./
VA ETEIL B RE 2.3 ns DEFETH Y, SIH ENVEERE S0ps, ¥H T 23D B 150 ps TH o7z,
H 2y NEXH 80 pm L EDBEEITIE, 2 B — A2 & o TELHIZ EESIE 4.6 ns DL RETHR
HL7ZE. b—F—DAFAILITLTHE. F—Fy ML —F—BREECPHEEL &AM LR
URF Ly (PS) MEAER LZ. OEEELEES <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>