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(1) BLO1
Bw1m%bw%ﬁ%ﬁ%%%ﬁétw®E~A§4yf@@o:@5_A54y
NewSUBARU D 2 DDEWHEMBRE 7 L a D12 Thbd, ZOEMBEMIINT T4 A o ik
BEhlz, ZOv—ALT7A 0L (BLOIB) 1. HHE L —%— (FEL) £7/2ldy v 7o b
2 G (SR) MBS L B LU0 T2 262 B E LTS, 20—
LT A O FHAMA (BLOIA) (X, L—W— - a7 FAET ~w#iE LTHEML TS, &
FERBY T DR RZNVDOTSHIMUNCH DT~ =0T A Ny FiE, 2004 FEI0H o~ FR IR
WEBHICER SN, 20T ~HIROMEEZ Table 1 (ZRd, FHLWH < HIRE Y T

[GACKO] 7SFIHE A% & JE T BLOIA 1= 308 7=, Table2 I=. [GACKO OOfkEZ 7.



Table 2. “GACKO” D {1-k§

Table 1. BLOL D351 % v #rOLAR Maximum gamma-ray 0.33 mwW
Conser | e o x106y1s nowel
10.52 m 6 X105 y/s (1.5-1.7 MeV) Maximum gamma-ray 1.7 MeV - 73 MeV
5w . . energy
(with 3mmcp collimator)
Nd laser Gamma energy: 17 - 40 MeV CO laser 19.59 um /10 W
1.064 m Gamma flux*: 7.5 x106 y/s wavelength / power
0.532m | :3x105y/s (15-17 MeV) (with 1-1.7 MeV gamma-ray 2 107 y/sec@10 W/300
5W 3mmcp collimator) flux mA
Nd:YVOy, laser 1.064 um/30 W, 0.532
wavelength / power um/20 W
10-17 MeV gamma-ray | 5X 107 y/sec@30 W/
flux 300 mA

(2) BL02

TU—T XY V7T T 4 — B T m v A5 7% LIGA (Lithogaphic, Galvanoformung
and Abformung OIEFR) 7wt AL, ZO X572 3D MM LOFLRBEMD 1 DTh b, Bk
EOBELEDOT AT N, o7 v ba U (SR) 22D O @ =R LF—X # (4~15keV)
EREALT, BHELV YA NA~DRBIRIZRS T HIELETEIATED, TOVATATIE, H
D<A 7 aX=Y DYV A XJELT X BROTFAX -2 B2 52 LIk, A4 A XET
OBHFELE S T I 70 DB IV A= MVETOMTHEZIERT D2 LTl LT, mTx
=D X BTSN L VA MBI A~DOIRVRBIRS ZFf > TV D72, 10 keV Zi x5 X
EHERALT, MEZBXHET AT MNEOMMEENEH TE 5, —F, 1keV 25 2keV DX
TRLFX =X MOV VT T 7 4 —DFE, @7 AT MOV 77 o EENREIREND, K
TRAF—O X BUTBRGRE DN ER N 2D ERE7 G & X0 EORIUERZ i 2 72 X #i~ A7 Zff
3%, ZOFBIZESHNT, X BELHOE—LT7 4 0%, X#BIT7— (FrI7—&MAMF
T7—) BELOBe 74 VAT 4 NE—FHEH LT, 100eV 225 15keV O X FROEHGEHERPUE THERL
T D, HE SR OAFEAITRK 12.5 mrad T S, ZIUIFENALE TO 220 mm (A4 K
PARX) OKFEH A RHIET D, BE—bTA 0 2 FHOKBMERIL. BROZETHER
VAT ATHD, ThUE, A=V Y (<10°Pa) &HEMRMEIHO T ANBEHIEEITEA S
N3 RAT—3 3 (<10°Pa) OBOEZEELZHERFT A7 OICNETH T,

PR DOFIR L ARRE DO ZRMEIX, X MR~ A 7 &R O & & S F 72T L BRSO 2
LT 3D i Ly me A& #ERT 5 Z LICLVIEREnDd, BNPICS AT —C2H LT
X B~ A7 & HEAOFRALE ., SR AH F N33 28RS L ONElE 4 BE 2[RRI HIE T & 5, &
OB E X, AF vy U EHE, AXyUoES, WOICEROM VR L step [MIEIZBEI LT PC T LY
il ENn5, BREHFPICHEDL T TV EROBARZ O 72012, ~YU 0 LA & HARG HIBEE
B SN TV D, LIGA HEECILE O k% Table 3 IT7R7,



Table 3. LIGA & 35 o4k

Optics Plane and cylindrical mirror, Be filters
Exposure energy 100 —2 keV, and 4 — 15 keV
Exposure method Proximity and multi-step exposure
Wafer size A4 and 8 inch
Exposure area 230 mm (H) X300 mm (V)
Exposure environment <1 atm (He-gas)

(3) BL03

BLO3 I%, Mk (EUV) U Y 7T 7 4 —LMHEN DRI DY ¥ 7T 7 o —Hiffi & B3+
Bl DE—LT A Thbd, WEHNEY V7T 7 +— (EUVL) 1. 7 nm node UL -8 K5 R
A AR O 2 — o BT 2720 OF LN T, (1) BUV L ¥ X MEEFHE > — /L,
(2) VUV B33, (3) Schwarzschild Y755 2 i 2 72 BIFLEF 0 EUV BAMEE S X E 41TV D,
(1) =/, EUV LY R ME, 7HD Mo/Si g 7 —IZ iafSR%mémLtmNﬁﬂ‘

BTED, 2OV —NVDENART MV, FEREEH ASML S L R U A7 F vz
S>TW5, (2) DFE /78 A—X X UV-VUV KKHFEFHHE L TERFFEN TS, EUV Y /777
4 —TlL, EUV OFIEA DI TH 5 E 100~300nm OFEREHT LD LA b3 o OfE N
YENEAT D, ZD7D, BUV FESNMEEKO LR & LU R ML, EUV ~ 2 7 O R #
R EUV LU R MNEEZR Ml T 272D AR Th D, £/ 718 A—ZDiHk% Table 4 12~
T 3)D EUV BEMSEIC Y = LY 2L M EEREZRMA L TR Y, ZoBEMEIIEHE L GRIEX
) L odhEITRE L, 2SO AFREIT 28 nm K L IEFICE S, ZOEESiv DL Y
A KRB THD Tom ITHET 5,

Table 4. VUV FHDE / 7 1 A — X OftkE

Mount type Collimate plane grating monochromator
Grating Plane grating (1,000 lines/mm)
Energy range 4-120eV (UV~VUYV)
Resolving power (E/AE) ~1,000
(4) BL05

BLOS X, 7/ 77 /v ¥ —ORRBITAEWIR X SREE O SHTRE /IO BV LT D EERD
TS X TR Sz,  BLOS I, wahmmmv@ﬁwxﬁ®1%w¥~ﬁlfﬁ%¢é2
RKODZIEE—LT A 2 TSI TS, BLOSA 38 OVBLOSB IE, ZiLZ4 1300~4000eV 3 K
W 50~1300 eV D= R /VF—HifHE D N—F 25 X D ITHEF SN TV D, RIAER A BAER I
72 SRIEIF, v~ AT ORI DHERIED 2 KDy B — A74/L%ﬂM5 Lo T, ZThvbd
2 KD —LTA UEFRHIHEHTE 2HRIZ > T D, Sl E—LT7 A4 DT RAT —
Ta AllE, ERUTMND Z R U TN ERET DD N T AT 7— - Ny AR
fFFonTng, 612, YUV EBERFICERT L7207/ m—T Ry 7 ANEE ST
W5,

1) “HEAESE /7 12 A —% X BLOSA IZ3%E S 4172, InSb, Ge, Si, SiO2, Beryl 3 L OVKTP

X, CEHEST/ Z A2 HICHESR TS, faAFT—E, BLOSADT ) I T7—
BT = 7I7—C L THEHASR TS, £@EFINEE— FTO XAFS HllEE & SSD
(SIi Vortex) Zffi ] L 7= XAFS lTEZ 1TV 2 E N TE D, d0t XAFS A7 kLI, He A



Tz SNz RAT—3 g OFCHIEETE %, Table 5 {2, monochromator Dtk % 9,

Table 5. Monochromator M4k

Monochromator Double crystal monochromator

Monochromator crystal Si02 (1010), InSb (111), Ge (111), Beryl (1010),
KPT (110), Si (111)

Energy range 1,300 — 4,000 eV

Resolution (E/AE) 3,000

2) BLOSB ORI, JFRIE, H1I7— (MO), 2 I7— M), AFHAY v K~ (S1),
7V 77— (M2), 3 fE$H®D monochromator (G), HiH AV v k (S2), WNZEHRI 77— (M3)
THER S AL TV D, X 7 —ITI3Ekim 2 7 — % | s 7 1SR A AR S IR i B R 1 (VLSPG)
ZEEH L TR ERMAIL 175°TT, G O DEFHEZFEEMAFNAY v b s THDH S2 128057
HLTW5D, BLOSB DT RAT—3 3 U iF 2 DOWPERENAE SN TWD, EEFINEE—
K@D XAFS A7 kL& SDD (Ourstex) A H L7826 XAFS A7 LK, MEREZET ¥ /13—
WICCTHIETE D, 6T, HEFAXT ML, BEEZET v o AA—NOERE O EE (VG
Sienta, R3000) Z#fEH L THIETZ %5, Fx /3 —F 1 FEFHLINICH EIZ R TE 5, Table6 12
EJ U/ aA—FOHEEERT,

Table 6. &/ 7 1 A —% DflAE

Monochromator Varied-line-spacing plane grating monochromator
Grating 100 lines/mm, 300 lines/mm, 800 lines/mm
Energy range 50 -1300 eV
Resolution (E/AE) 3,000

(5) BL06

BLO6 (12, LIS, SRCVD, 7+ by F o7 REEER EORKERHICHRES
NTW5b, RAERANDOAEKFE—2F, AHAR P THL 2HOIT—%2FHL T
TNAT—=VITEASIND, BEHIIRIMED DI X R E TD 1 keV L VRN XL F—Z2FHT
HHEFEANRT MV BRR TE D, ZIPER AT AEZHL TR, U AFREK TORE RN
TEALERRIC > TV D, YU TN AT —DIT—EIZ 4 DOV U TNV EEETEDL LI -
TV, E—Z—REARLF—ky FINTED, iR 5 220°CE THREZMEATE 5, 3k
OIREL, BRIV A —IZHD fHT Btz Cr-Al BAEXN 2 L CTHIE T2 Z LM T 5,

(6) BLO7A and BL0O7B

BLO7 (X, HHREMEMEIOBIR DT DIZEF S, 2 DO E— AT 4 TR STV 5,
BLO7 ORI, K& 76 m @ 29 MO KAMA THREND 3m DERT Va2l —42Thbd, 7
YV a b —ENED AR E =LA, KPIDI T =D EZIZ Lo THEE—2AF 4 > BLOTA %
721X BLO7B |2 < Z LW T& %, BLOTA X SR v A FEHOE—LT A T, LB
FamZli 2, @\ T7 7 v 7 ATHANORK N AR E—ALT A Thbd, BLOTB (T / #EED
FHEH E— LT A T, NEMBRREZ AT 5 BTS00 a2 2 Tom = RV X — R v —



LTA L THDH, MITOE—LT A4 EH 50~800eV DT RILX—FEIH A X— L T\ 5,

1) BLO7A

BLO7A (Zi%, #K X SR CEWKNELZFHSZEE (MLM) 2t&EsREIN TS, Z0
E— LT A NIAAL v F o7 IT7—=F % = AUy b F ¥ 8= MLM 5368k, 7 4 V4 —
F v o= ST T ¢ V=TI TN D, BT T v 7 A&&57-012, ERE
HITHRHIDOI T — HIVEZIT—) 1Z, MO DAHEFEH L TWD, MLM 53 6aiE, 3 FkEO
T =T L AFEEDOT 4 NE— DB EGDEICED, 800eV EFTOZRLX—H#iHE B/ N—7 5
EHICERF LD, U ZERA 500 mA TiElz SN 7-5A. 95 eV Thc K 107photons/s, 300
eV T 2x10'" Y7 photons/s O 7 7 v 7 A CHRETEBRIIAHE T, Table 7 |2, BLOTA O AR
7

Table 7. BLO7A DAL

Energy Multilayer mirror Filter
range (eV) | Material Spacing Thickness | Number of | AE/E Material Thickness
ratio layers

50-60 Mo/Si 20 nm 0,8 20 6.2% Al 100 nm

60-95 None --

90-140 Mo/B4C 11 nm 0.5 25 3.3%

140-194 Ag 100 nm

190-400 Ni/C 5 nm 0.5 60 2.5%

400-560 Cr 500 nm

550-800 Ni 500 nm
2) BLO7B

BLO7B (21X, #fi/hERE X 7 — & RERIBZIRRFHEME 7 (VLSPG) THERL S 4L 5 Efm A 77 ds )
REINTRY, @ffe)E, BEAY v hTY U FARBEEAT Yy URARETH D, HFERIT.
BHOIT7— (MO), A2V » k (S1), 7L 77— (M), 3FEEOFHEFEPH - (G). HH
ZU v b (S2). 200ENKIT— M2BLOM3) THESNLTWS, £/ 70 X=X TERA
23 168°TH % 32D VLSPG IZ LV, =x/LF —ifif] 50~800eV & I /3—F 25 L 5 ITekEH ST
W%, VLSPG I & F S E RO EL KT 5 2 L2 X V| Mimsg sk Cm R %215 %
ZEMELHBNTVDS, TR/LF =GR TH 3000 O R/LF—o3ffaez FEH L T\ D,
Table 8 |Z VLSPG D14k % v,

Table 8. VLSPG O 14E

Mount type Hettrick-Underwood type

Grating G1, G2, and G3 Plane VLS (600, 1200, 2400 lines/mm)
Energy range 50-150 eV, 150-300 eV, 300-800 eV
Resolution (E/AE) ~3,000




(7) BL09

ZOE—ALT7AOHMIE, NewSUBARU OEX 11 m OF ¥ o L—X G S35 &k
FETab—Ly MERERIND 2D, X BTHWEEE IR 777 ¢ v 7B ERH O
e IR EF STV b, BLO9IE, MO 27—, Ml 27—, GE#kE+. M2 2 7 —CHik&h
TS, MO X 7 —(IKERAIOE =LK THY, M1 I 7—(FHAAY » FCTHEE E— AL
WHTHH, M2 IFEERM & E—LPORICEH SN TWD, £/ 27 v A—4% X M1 & VLSPG T
BRENTWD, To¥alb—HE—LbDT 77 H A, 7J<qzj3ﬁ“f‘064mrad EHEENG
027mrad TH5H, BE—2DT7 787X AEIM0 X7 —0O EIZEHINTZ 4 RBAY » M X
> THIRTX 5,

BLO9A B — AT A %, XM ETE (XAS) BL O X BNET0N1E (XPS) W74
Bt OE—A0F A > Th b, 2013 412, BL-09A DT RAT— g 02 X RN IEEF
(XES) BNEA Iz, XES v AT LD TRV X —§iPH & S fREEIL, ZHE 1 50~600eV, 1500
Th b,

BLO9B B — A7 A %, BUV L& FOFENFHEOFHIZ BUV TW@ECH E L THERT 572
WIZ, BLO9A B — AT A By « /55 L7-, BLOOB B — AT A U ZEHA LT, LA M
u%Tlmm Dab—L U AEEZFEB L, £72, BLOOB E— AT A 55 U&u‘_ BL0O9C t'—
LTA NI BEUVENSHFO LA NT 7 N AZRK T 5 RBEVGHROESPEICHEH SN TEY
., EUV A7 MEOT 7 M T AFHIZ S HVHILTWD, S5HIZ, BLOOC DL YA KT
N AEEE D EFANZ, EUV = A 7 5 EFOKSE T TO EUV I otérm RG2S P RE 72 EUV JR
B E N STV D, Table 9 {2 VLSPG &/ 7 11 A — % DAk Z -1,

Table 9. VLSPG D 4§

Mount type Monk-Gillieson type
Grating Plane VLS (300, 900 ,1200 lines/mm)
Energy range 50-750 eV
Resolution (E/AE) ~3,000
(8) BL10

BL10 X, EUV SHHEAERL O X BASHTT e — L7 4 0 ThdH, MO X 7 —I3KFERA &
E— AR S, MLIZHHB A Y v h TOEEE—ANFISHEH S, M2 IZEERFRE ©
— AR SN TWD, £/ 7 A —%(E, Ml & VLSPG THER SN TW D, ZOE—ALF
A TORYOFAN SN FRETH 72, ZOE—LT A > ORE L Mo/ Si 2@ FEHIE D
fERIL, BUV v 27 Hi OB O DIZFIA S Tind,

VLSPG DO RFFILDE / 7 11 A —Z OFEFE L, 600, 1800, A TRIT 2,400 lines/ mm Td 5, 2,400
lines/mm ¢ VLSPG (ZIZZEIEA I S TE Y, 1000eV £ TORHNAEEL 2o T-, LD
SEFRFHZIX, q-2q O28IOBEZEI=F A =X —%FH LTV, q AT —Vlildy > 7 it
TLHHROAFAOHIEAIZ, 2 q A7 —VEIO BT — LT EHTALE ORI H LT s
LT, YU TFNE 2 SDOERFN (x, y) [HATBENT 2T 28 Hh->Tnd, 3 XTo
$$®E SRR T BB (Far Ea—& —Hlfll STV D, BL10 T DALz KSR Dk R
id, KEO R — L > A R—7 LA ESLAFZERT (LBNL) CHIE L7- S RORERFR & L < 8L
TV 5%, Table 10 |2 VLSPG & / 7 1 A — &% OftkEZ 7,

~A4 71 CSM Y— UL, 2e—L ¥ MNalfif A= 73R8 5D BUV ~ A7 Kaia A
BLI0 E— AT A O MR E LTz, Zhb, (A A=Y 71T LD EUV ¥ &2 7 D Kafk



TICIHEF IR TH S,

EUV MR D a v 7 2 —3 7 —%2 G KA EUV A6 E 1 O KIS R PR E ST
Do BEFHEFHTIE, y. z. 0, 20, BIXOMERNHZ 2 72V T A AT —URFEHINTEY ., &
RE R 50 kg, A RELL 800 mm, JEX 250 mm O KAEEHR T2 EFFCE, VU FARELEED
BRI E R FTREIZ 72 5 TNV D,

Table 10. VLSPG DA%

Mount type Monk-Gillieson type
Grating Plane VLS (600, 1800 ,2400 lines/mm)
Energy range 50-1000 eV
Resolution (E/AE) ~1,000
(9) BL11

BL11 (%, LIGA (Lithographite Galvanoformung and Abformung @ K Y FEDIAFFE) 7ok AT
N—=RXMY V7T 7 14— (DXL) BT HdIHEES N, SROFHAREERT 7Y 7r—
va YO LIGA et R, @7 A7 MMET3 %ot (3D) MG oG 2 FEBL T HIFH
WCHELEREMD 1 > Thd, 2o vtERIE, 1980 FIZH— NV ANV—x]fF It % — (KIK)
@ Institut Fur Mikrostrukturtechnik (IMT) CHH Zivl-, #iE 2 7 1 O & & FH 9 2 microstructure
/¥ micro-mechanics, micro-optics, sensor and actuator technologies, chemical, medical and biological
engineering 5 (ZJA ICHENTWD, ZOE—AT A VIHFZRAF—H 2~8keV TT T v 7
A 731011 photons/em® T 5, BLI1 L, XY V7T 7 ¢ —ORHIIN LI &l 72 = F ¥ —
ZRRUEETE LN, —FTBL2 IFAEIR T - AT AIZK D XBROTZFLEF—RNRIRTEZHDT,
BT AR N THT I 7m0 78y A7 — /L THHIEZ K TE D L2 hosTnh, D
F U, NewSUBARU @ LIGA 7=t A%, BL11 & BL2 230 Tod 572, 3D BTN LD @&
PRt c& %, BLILIE, 77 Y= "—=HF v — FH1IT—F v N (M), 4 RRA
Uy b Fx = Be BEORY A I FEF ¥ o — WNTENLT v o =B SN 5,
AR ELD SR DAL M OFEAAILT 178 mrad THY | BfFTE, BHKAT—TY D SRDA
Ry A 80 mm? NEBLTE TV D, FATE—LEAERTED buAf X AR T —MI 24l
MLT, BT AT RO 7 v A — U2 FEBL L T D, S BT, Bzl sy rrae7e
B AT BZ Lo T — DB WAEEBR LT,

BT ¥ N —ORFEAT =V HHWT, X fi~v A7 LR O & £ & F MR L 2B
P2 i Z & T, 3D RN L7 v A& EHTE | W& ORR S REL R 282 Z &
AREL 72> TEH Y 200 mm X 200 mm DOFEEHEMZ LB TE 5, SR MBI L > 7V EARD
BAMT A D T 72012, ~U 7 LA LSRN EI AT L b % LT, LIGA BH AT ADHHER
% Table 11 |Z/R”7,

Table 11. LIGA #6327 LDk

Exposure method Proximity exposure
Wafer size 8 inch

Exposure area 200 mm(H) X200 mm(V)
Exposure environment < latm (He-gas)




6. EEEALDOER Y #AH
LER R OFEATHE (W5ES8 T HM) XV, NSIZoW\WT, EEREGED2—YP—=—X
(ZFE SR - BRI D FREO Y $A % i L 7=,
O BLOS-#fE il 807 20 ik fh oy e gs oA
FEESHHAE—L7 42 (BLOS) ICERE SN TWe otz adn 7o afing
BAEHIEANC G Uiz, Eml s R Az L0 XERRILY ALY bvE LD IKWE X A
F SHEIE T, /oM alREZe &l 2 RiEIZhik L7,
© BLO7-Z /@Sy Har DB A
AmMET U Val—FENRE LI —LAT A 2 BLOT I, LRSS EBEAL, RER
B A RN TH OB E Lz, Zhick v ofEEZm EL, KB 2&2EE
L7,
@ BL1L-JtHb D3 VEELE— AT A ~DOHML
X BN e —2AF 4> BLI %, EENTHE—LTA v ET50I10, EBRF v 5
JUER, HHBHIB A R T, B AR, BN LA T =Y OWEE T o7z, JAUTE D,
TN E 2 7 v N TARIE O E DRI AT RE e PERE A PER ] O~ )L F R 4 — L SE i
MT&wfREE LT,
@ BLO5-B— A7 A il D& AL
BLOS D& TONFHRF « E=F—Z BEEMREHEE L, O EEENL - fE ka1 o7,
® BLI10-EUV L ¥ A kDO EUGHEAT I 2400 A/mm DB DIEA
EUV §fi B — 247 A > BL10 (2, #7212 2400 A/mm O & AN b i al ks 1 & 55 L
7oo ZAUTED | 800eV £ TOZRNANF—H DM F A2 TE, EUV (lmdsbe) HLr oA R
DISSIRMT S ATHE & LTz,
® BLO7-#0t0 0053 Hr 78 & ORI L E DE A
EHEEEER X BT oV 2 L= E— AT A BLOT ISR O TIERE 7 & R T E 4
AL, ZHUTED, o —LT A & — (K7, X oot oA ZTRE & LTz,
@ BLO9-3HT AT — g o ~DFINAyEHEE DA
BRO7 Y al—2E—A5TF 4 BLO9 ST AT —3 a IR NGHEBEZEAN LT, R
Oy YEIXER O E - S 2 BB TE 2 FETH Y . RN EBEBOEANIZLY
lkeV LU T O#R X R == — Y — OFH & ATREIC L7z,
® BLO7-fm =R/ F—ffREEE o7 7 A4 F—DFA
BLO7 ~@E T RILX—NRRETE T T T 7 A P —%2 AT HZLIZED, ImeV LV B\
RNX = fRAE T, BRI OME 7 OWRREEE (FRIC 7 = /L NBAEEE) SCHBIERLIZI T
DFEEIRIERALT S 7 NEICET 22 e L L, E23Hlo & Eb - SRk b7 o
776
© BLO5—in situ &> A7 LDE AN
BLOS I[CEHIEHLIEBAHRBE L, 7V —=0 V2 {Tho7-% T, FOFE F XPS HERITHEA
THVAT LEMETHZ L TinsitwllEZAIREE Lz, F72. ZORED 7= DIZREHH MR A
FREAN LT,
@ BL10-KM EUV X 7 — MG OEA
EUVL HZJEEO I HFEREZ1T S BLI0 KN FEFHI BN T, 22— =D DEED LKA
T —ORFFRRELFREE T D7D, ImBOKRB EUV X 7 —HENEFEZEA L,
@ BLO7-t~A 27 v — A1k
BRI EF I 7 DARy MIEKRIEFHIT 572012, BE—A T 14 BLOTIZHENKI T —



FERE L, ZOvA 7 —Aic L0 | BUNMEEOME S HTO R L — 2250 D 2 IR 44
ExEARELE Lz, Fio, 2RIEDHPEEITI 72D, AT —VAF Y U AT L% LT,
@ BLOS-HXMEFREHEAN S 2T L DIEA

BLOSIZ T VAT 57—« Ry B/ X OHRMEREREA S AT LERE LTz, ZHUTK Vg
EIZ X 2B B L 2 IREOD U F 0 NEMM B &% | NEMET A THRE L2y EAAIIC
%ﬁbtii HERICHEBIAL Z LA TFREE Lz, ZOBRMO=H, 3UBHR Y $0 AR TE M5
PAREEE 2 A LT,
@ BL11-3 RICIMIEIETE ARG B 22 A % v o AT — T DEA

PE¥EMTHE—ALT A4 BLI O RAT—3 3 02, K « @kSE - Ziixx vy =7
AT —VHEBEAL, ZHUZKY, FomInhsI s e /iJlJIiT@“\?/V?X/f—/I/BkaEJJDI
2N AT HE 70 PE 36 GRS & N TG & L CHE ik 5,
@ BLO7-H4 e~ A 7 v v — LMEEZE R S 27 A OE A

BLO7 DS~ A 7 o B —AMbD 722, BRI A7 A iE Lz, ZHuck 7
TA A NHBEORE® L5 &, SRR OB L0 . SEHFIHEZRMICITZ D v
AT AhELT,

7. FEREE
(1) NS ASEREFRIT OV T

SPring-8 O & EEALIZFEV Y, SPring-8 O ASIERTH D LINAC MIEHRINIEIZ /2 D, ZAUZfEVD, NS
%ﬁ@ﬂ%%%%%ﬁé%%ﬁﬁf%ko:@t@»@ﬂ%”%@%@ﬁ%ﬁ&m&nﬂzsa
BT L7z, Sf24 1 XY ZoEIC, NS AFEHOETHEIR, S-band 35 X ¥ C-band
F v JE s s AR dE i D7 %%%#waéNSiAﬁzisﬂﬁ6Aﬁ3$5ﬂ$W@W@%%%
IEL, BIFEMH LT % L4BT B B — AHiiE R b2 RV PIC NS AR ae AR 2 5% & - HisaiiE 4
T, A 3 45 5 AR X 0 fIFEERZ2 BT 2 P ETH D,

ZORD, 2—P—OERRICIIZ R TERB L ORI DR EZBHIT T LRy £, O
HigoRLE L BEWHL RIFTET,

(2) FFRIZHITFT
B ERFCIX R 22 210 AIZ TEUV U VY 7T 7 ¢ —ifgessE v 7 — ) #3%E L, & 13.5nm
DORIERIMR (EUV) & W88k Y v 75 7 0 —BIE MBS o R AL & LT, EUV Y
V7T 7 —HABER A HEE L T D, 2R, 2019 4E LY 7 nm node DHHERT NA A D E
PEFAT & U TR ST WD, £, 24§ 4 HIZ LIGA 7' m & A%ERE o % —%
X8 L, LIGA 7' 1 & R(T K 200 T CILIAEE 72 30 N RN T8 2 e G B IS B2 BR A
wé S BT, PR 28 4F 8 HIT THU ST E e v & — ) ZRRE L., EERND DL

Gy HT = — RN & RN TR T AO LA B BT kG C & 2 IR A A5 L7z,

ZOHT, @EMNICNEREEZEESEZ LD B, 5F%, 104F%, T LT HEZEDANT
X BRI O B LB OTE Y A2 R OICEm A ED T\ D, o, 5% IR TIEFRNAD
T FERSBA O K & O35 2 M ICHED TS Z I LT b, FRICERIFHE BT IEAT R L O
JASRI &8 2N FE TUEICHEBEZRED TITK Z LI LTS, 5T, HMBR%R TIXEWNA 04
%%k@#ﬁﬂ%-%%ﬁ%¢bm%¥i%%@@rw<:&bewéo

ZDRD, SHRLEROENNT R, JHE - ZHAN AR TTOT, Sk b EEN -
Za— ANV ERELIBEWVHEL BT ET,



8. £&®

NS OHAEDFIRIL, AMEROEY $A, NS EH D > 7 OFEOREL NS H FIFE T,
E—AT A ORPL, SEAEOERY A, FRREHEIC OV TR T E 72,

Z D20 FEREIRY Ko T, dRx 2252 O TR E THFEO ETHRY SL-> TO SR T, 20
ek OEEE, EE ., DS TRONE LI H A ICHILEZ R L EF 5 & & Hic, 5% D NS O
TEV FICOWTIEREZTAT 5 L 0T,

Ltk b b E BRI EBANIIZERT, = 2 — A Ve 2 B L < BV L BT E4,
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ABSTRACT

Gigaphoton develops CO2-Sn-LPP EUV light
source which is the most promising solution as
the 13.5 nm high power light source for HVM
EUVL. Gigaphoton redefined power target to =
3300 W avg. with -0.05%/Gpls, >90%
availability.COz laser power upgrade >27 kW, is
already  successfully  demonstrated. CE
enhancement condition >6% is clarified through
small experimental device by Thomson
scattering measurement.  Gigaphoton has
demonstrated 365 W (short-term operation )
output power by improvement of CO; laser and
5.4% conversion efficiency. Our next target is
system demonstration of = 330 W operation
(long-term operation)

1. Introduction

Since 2002, we have been developing
CO2-Sn-LPP EUV light source which is the
most promising solution as the 13.5 nm high
power light source for HVM EUVL. Unique and
original technologies such as; combination of
pulsed CO; laser and Sn droplets, dual
wavelength laser pulses shooting and mitigation
with magnetic field have been developed in
Gigaphoton Inc. (Fig.1). We have developed
first practical source for HVM; “GL200E” ! in
2014. We have proven a high average CO; laser
power of more than 20kW in cooperation with
Mitsubishi ~ electric  coporation”.  Pilot#1
demonstrated HVM capability; EUV power
recorded at 111 W average (117 W in burst

stabilized, 95% duty) with 5% conversion
efficiency for 22hours operation in October
2016%. Recently we have demonstrated an
actual collector mirror reflectivity degradation
rate of less than -0.6%/Gp by using real collector
mirror around 125 W (at IF clean) in burst power
of more than 10 Billion pulses operation.
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Flg 1 The concept of EUV llght source.

Furthermore, in 2018 ASML reported that
they succeeded 250 W operation with a
NXE3350 system and achieved 125 WPH
throughput not only in laboratory but also at
several customer sites'®. Correspondingly, we
have recently defined a new target for the EUV
source power of more than 330 W. We already
started the feasibility study of higher conversion
efficiency, higher drive laser power and of the
improvement of the capping layer of the
collector mirror. We will report the preliminary
result of these developments. In this paper we



introduce latest EUV source 125 W level EUV
power demonstration on Pilot#1 system.

2. LPP EUY light source system
2.1 System concept

We have chosen the LPP-EUV method
because of its high efficiency, power scalability,
and spatial freedom around the plasma. Our
group has proposed several unique original
technologies¥”.  The  theoretical®  and
experimental” data have clearly demonstrated
that the combination of CO; laser and Sn plasma
realizes high conversion efficiency (CE). The
conceptual structure of the Gigaphoton HVM
EUV light source is shown in Fig.1. At first, the
Sn droplet target is irradiated with a pre-pulse
laser, the Sn droplet is crushed to sub-micron
mists and the mists expand. Secondly, after a
certain expansion time of the mists, the mists
cloud it is heated by a pulsed CO; laser beam
and the cloud is converted to a high temperature
plasma with high Sn charge states. Our Sn debris
mitigation concept with the magnetic field is
simple. Because EUV light is emitted from the
Sn plasma, which is mainly composed of Sn ions
and electrons, almost all the Sn ions can be
trapped in the strong magnetic field. Also, some
neutral atoms can be guided and trapped by
charge exchange with ions. In reality, however,
not all the Sn atoms and ions can be trapped in
the magnetic field? We have investigated
behaviors under various conditions to optimize
Sn debris mitigation parameters in the compact
EUYV generation tool (patented).

2.2 Pre-pulse technology®”

CE of 4.7 % with 20 pm diameter droplets has
been demonstrated by optimizing the pre-pulse
laser conditions as shown in Fig.2 (red dot) with
small experimental device. These basic studies
have contributed to the development of the
high-power production machine and to the basic
design for further EUV power scaling together
with theoretical calculations. This phenomenon
is explainable with difference of pre-pulse
expansion mechanism of ns-pulse and ps-pulse.

This high CE technology enables 250 W EUV
source with 20 kW COx laser.

The amount and the distribution of the Sn
neutral atoms after the pre-pulse laser irradiation
in a certain magnetic field were observed with
the Laser Induced Fluorescence (LIF) method.
In case of 10 ps pre-pulse the ionization rate is
very high even for low CO> pulse energy (Fig3).

2.3 Driver laser System development

We have developed system technology and
performed component tests at proto#l since
20112, A new CO; laser amplifier has been
developed in cooperation with Mitsubishi
Electric supported by NEDO'?). We have started
the construction of the proto#2 system in 2H of
2013. In 2015 we succeeded to demonstrate 20
kW output power with the combination of a
pre-amplifier by Mitsubishi Electric, and a CO»
laser by Trump at the proto #2 test bench 'V, The
operation started beginning of 2014. This system
achieved 20 kW with 15 ns pulse duration,
repetition rate was 100 kHz. We have
demonstrated 256 W EUV in burst operation
with 95% duty cycle 2

Fig.2 Pre-amplifier + 3x main am].iﬁer
installation by Mitsubishi Electric.

In 2016 we developed a 20 kW CO» driver
laser system for the Pilot #1 system (15ns pulse
duration, 100kHz repetition rate) composed by
one pre-amplifier and three main amplifiers
produced by Mitsubishi Electric (Fig.2). The
beam profile of the Pilot #1 system is much more
symmetrical and homogeneous. This difference
makes a difference in conversion efficiency.
Pilot #1 system achieved a significant



improvement of the conversion efficiency to
between 5.0% and 5.5% CE. We think that this
difference in homogeneity is coming from the
difference of the excitation schemes of the CO;
Jaser 1),

3. Redefinition of EUV power target
3.1 Recent progress of EUV power in market
Since 2012 the speed of EUV power
improvement enhanced due to the innovation of
light source technologies. One revolution is
pre-pulse technology, the other revolution is
progress of CO2 laser power. ASML reported
that their NEX3350 system realized 125 WPH
with 250 W EUV power in 2018. This means
that our 250 W power target is already limited
(meaning less) from the point of business.
Therefore, we decided to redefine our power
target from 250 W to 330 W (see Table 1). We
have increased the power of driver laser (10
kW— 18 kW), the conversion efficiency (4%—
6%) and the lifetime of the collector mirror
(0.6%/Bpls — 0.05%/Bpls).

Table 1. Redefined target of EUV source,
parameters and key technologies

Target Q4 2018 Under testing Q4 2019
125W 250W =330W
100kHz 100kHz 100kHz

10kW/16kwW 18kW/23kW 18kwW/23kW
[100m)/160m))  (180mJ/230mJ) {180mJ/230m))
4.0% 4,5% 5.5~6%

Technology for high power

i Be: ‘mity at plo for CE>6%
I

3.2 EUV Source: Pilot-1 system

In 2016, we started the operation of Pilot #1
system (Fig.3) ). We upgraded this system by
improvement of CO; laser system and
conversion efficiency in 2019.
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Fig.3 GL200E-Pilot#1

3.3 Improvement of driver laser power

Schematic of 3 axis perpendicular CO; laser
amplifier made by Mitsubishi electric is shown
in Fig.8. One of the most important factors is
higher driver laser power. We have improved the
maximum power of the driver laser system by
improving the optical design between the
pre-amplifier and the 3 main amplifiers. Figure 4
shows the output power extension of the driver
COz laser system versus the input power. Old
maximum COz laser power was around 20 kW.
After the improvement new maximum power is
27 kW CO; laser power. It was achieved at 400
kW input power of CO; laser system.
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Fig. 4 Improvement of COz laser power.

3.4 Improvement of conversion efficiency

Since 2012 we have used a 1 pum wavelength
pico-second laser as pre-pulse laser for higher
conversion efficiency operation. In 2015 we
started tin plasma measurements with
shadowgraph imaging and Thomson scattering
in collaboration with Tomita et al'” (Fig.5).
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Fig. 5 Tomson scattering measurement system.

3.5 Latest data of EUV Source

One example of the output EUV energy vs.
input COz (short-term) is shown in Fig.6. EUV
emission data at 230 W and energy stability is
also shown in Fig.7 We increased the droplet
speed up to 100 m/s to decrease interaction
between droplet.
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Fig.6 Output EUV energy vs. input CO;
(short-term).
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Fig.7. EUV power (230 W) and stability during
midterm operation.

4. Mitigation data of collector mirror
4.1 Collector mirror

The diameter is around 400 mm, weight is 22
kg and the collector reflectivity is >48%. The
shape of the mirror is an ellipsoid with one focal
point at the plasma point and the other focal
point at the intermediate focus point. The
surface is coated with 50 pairs of Mo/Si layers.
The top surface is coated by a capping layer.
After the EUV plasma is created, the EUV light
is collected by the multilayer mirror.

4.2 Damage of capping layer

The capping layer has an important role to
avoid the deposition of tin (Sn). Figure 8 shows
significant differences between capping layer
materials (A, B, and C). “Material A” shows
blistering of the capping layer. “Material B”
shows no blistering, but thick deposition of tin.
“Material C” shows very good performance wrt.
tin deposition. Therefore, we chose “material C”
for capping layer. Figure 9 shows the change on
thickness of multilayer and capping layer after
usage. Thickness of capping layer is reduced
after usage because of sputtering of fast Sn ions.
1% layer of Si increased with oxidization of Si.

C
124w, 7.38pls

Fig.8 Capping layer comparison (A, B, C).

A )
124, 7 3Bpls 124, &1 Bpls

capping layer after usage.

4.3 Improvement of capping layer material
We also have been screening the capping layer
material in corporation with “New SUBARU” at



Hyogo University!'®. We have irradiated several
capping layer sample materials and observed the
degradation rate of reflectivity at 13.5 nm.
Figure 10 shows that layer C performs best.
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Fig.10 Reflectivity of actual collector mirror.

4.4 Reflectance down of collector mirror
Figure 11 shows the degradation of the
reflectance of actual collector mirrors with
“material C” capping layer. Blue and red lines
show the degradation of the collector mirror at
lower power and before the improvement of gas
flow on the mirror surface and capping layer
materials. This data shows very low degradation
rate is realized at actual EUV source operation.
Latest data of degradation of reflectance of
actual corrector mirror is shown in Fig.11. It
shows 0.15% degradation rate was observed
under 125 W operation with improved capping
layer on the actual C1 mirror.
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Fig.11 Latest degradation of reflectance of
actual corrector mirror.

5. Conclusion

Gigaphoton has developed the Pilot#1 system
for HVM EUV lithography. Recently, we
redefined the target power to = 330 W to
provide higher productivity enabled EUV
scanner.

Gigaphoton redefined power target to =330
W avg. with -0.05%/Gpls, >90% availability.

COz laser power upgrade >27 kW, is already
successfully demonstrated. CE enhancement
condition >6% is clarified through small
experimental device by Thomson scattering
measurement. Gigaphoton has demonstrated 365
W (short-term operation) ‘output power by
improvement of CO; laser and 5.4% conversion
efficiency. Our next target is system
demonstration of =330 W operation (long-term
operation)
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HHZREITC/RT X912, CK % XANES CTld 287.5eV f1iT1Z, OK ¥ XANES Tl 533eV fHirice—2
DHI, ZOARIIIS AT MVTREND IS T =2 — ORI L > TE(LT5, LavL, 20
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TR C, RN D ITZNENORPTEEZ R L TWD. BIRO S S3iEiaEEZ R~ LT
W5,

SHEREELY

[EIPThER 2 L7 fE R, 20,30,40 nm L/S OEIFTHE - ORI ZhRITZ NN, 4.4,10,14% 5315
bz, Wiy EUV F3@ELIC o HATREZR, @O EITREENSE i,

VESRL U 72 R RE 7 &2 PV B EIE R L Y 2 M2 EUV FER#EE 21T - 726 5% Fig.3 1Z~7. 15
nm L/S £ TONRE UIERKICARII LT, 20 nm O XF NI LA N OBEIRRIZ L 0 %2 13I8
STV, KR 80, 25 nm LIS O/ % U TIEEFICE W T A R TARE U R L
2. Fl2, INETOTFHEAERTIE, BAREDOmETLINY VERKTE TR >T2DIT
*f L, ABFZECIIEEER O TH—ICBR TE . K-> TAEER L7 DDR & 13T
WENICB W TIEFICEHTHS.

0.06 0.03 0.02 0.00 1.5mm
Transmittance —E————

-1st order diffractions Oth order +1st order diffractions

20 nm
L/S

J20omLs R m u 30.nm 20 nm LIS
40 nm 40 nm

Fig.1 The cross-sectional SEM image of Fig.2 CCD camera image of EUV diffraction
the 20-nm L/S pattern of the SOC measurement from 20-nm, 30-nm, and 40-nm
absorber with DDR process on Si3N4 diffraction gratings. +1st and —1st diffraction were
film. recorded.
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Fig.3 SEM image of positive tone resist pattern replication: (a) hp30 nm, (b) hp25 nm, (c)
hp20 nm and (d) hpl5 nm
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Fig.1 Schematic drawing of EUV-GCSM. Fig.2 Diffraction image from 320-nm-hp resist pattern.
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Fig. 1. Principle of mixing using Euler-force
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Fig. 1. The morphologies of the deposited film with various doses of PTFE target
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