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Abstract: To meet the need of soft X-ray self-supported transmission gratings for space detecting and
plasma diagnostics, self-supported gold transmission gratings were successfully fabricated with the
holographic lithography and plating technology. To obtain photo-resist mask patterns with steep side-
walls, a layer of Anti-reflection Coating (ARC) was used to attenuate standing wave resulting from
the substrate with high reflectivity. Then,a plating mask was obtained by coating a protective chrome
on the mask and using Reactive Ion Etching (RIE). In this process, the plating mask with desired du-
ty cycle could be fabricated via changing the thickness of the protective coating. Finally, a self-sup-
ported transmission grating with a line density of 3 450 gr/mm (290 nm period), a duty cycle of 0. 55
and 400 nm thick gold bars was fabricated by plating gold in grooves of plating mask. The grating size
is up to 10 mm X 15 mm, and its +1 order diffraction efficiency is about 5% in the soft X-ray band be-
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tween 5 and 12 nm in the National Synchrotron Radiation Laboratory (NSRL).
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Fig. 1  Fabrication process of self-supported X-ray

gold transmission gratings

BERP T )2, 400 nm J& 1Y ¥ 2 BE ( Anti-reflection
Coating, fif Bk ARC) Hl 300 nm J& 46 %) % )2 ;
(2) 4 2620 AE 6 20 i 77 R A 1 T S S U5 I
413 nm RV B PR3 20 I 't B e 85 Tt
5 (4 il 48030 B 5 1 Z0 il (RTED 0 2 B 5 %
O 20 158 I e B8 25 9 s I v 5 (5) fif P v SR L
TR Al Bk 5K HE o) 25 ¢ 6 ¢ 100 1R A B Y 25 8%
W, BB 2 B R OGRS B, 3RS B
S 200 B 5 08 2 ) S 1 P B RS 5 (6) 2R FH P 17y
TV 2 £ 0 VR PR B DO R A, BB BRSO/ He
UL RN B O DR A rL A VA1 TR B 34 50 L AR S
W BRI 4 M 2 45 = 4 DOR B T R S
SRR 5 () 2 s 0 B B s B AR AR 4 ot A
GERG 5 (8) PR TR JREIE o i A SCHE 254 5 (9) 51



5114

B w5 2 < TR XS 2 B S A 4 0 N L 4 AT ) 2591

ZN3A% KA 2 e (10 pm) 2544 5 (10) K L
PEUURG IR - B8 (1D ARAF & SO S5 5 (12) A

I T AR U 25 R 3 B0 R SR Tt IV J , v B o
JZ S BRAT SR G SCHE I B =S el OB

3 ERZR5®

3.1 RZIEEESIME

A REOCZIM R R A M TR 5
nm JE 4R % & 30 nm JE 4%, 7E 4 Bt
AR AE D 20 e 5 v B A 2 T B R I
SR RIS A SO T W A T R R T )
F A SR RN O 2 5 M 2R SR R BE B TR T
LG BOR, an Bl 2 Cad o B I 24007 XoF St A 44 A5 1l
VR H 2 5 ), G FLAE & S R e
A0 A AR T A J R v, B 3 S0 9 A7 A S AL
S AF A5 L A% M BE S B BE L, T HLRR 1 7 BE L A
Wk 2% e BE I 4 e L R AT 2 B B R B
R 118 't 220 Je HEASE T T VR I 6 TR ¥

B2 U S T () Ji (b) A2 B %)
AT ' 20 e e i 1A

Fig. 2 Photo-resist masks with (a) and without (b)

ARC pattern obtained by holographic lithog-
raphy
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Fig. 3 Photo-resist mask with protective coating

TE A B0 A A o R v D T R O % i
ﬁ'ﬁiﬂﬁ@%iﬁzﬂvﬂi}iﬂﬁtﬁ R FHAE G 20 1B e M &
TOURR G 6 152 o O 37 01 221 I 2 2% A S 1 0 o
ﬂIEPT%MEITO Sz 58 v Ay LU i AN W 1 G4 2



2592 e KE TR

19 &

JEE R 47 A ol Sz I £ 2 i E L 8 8 9 A L B A
vi LAY H . 1R 3 A A S B % U Y
S50 OEHHERIZ A | 2= TN RVCH AR ZE D
ZNE Ik SR 2 M 2R AR E A abs i 5E
L2y 4006 5 KR 20 ok i 4 DS i £k 2% B8 E
AB, SSEE A 7006, T 20 1 TR 32 B A
JEORAP B B R (9 56 220 JBE TS 4 o 9 e g T
SN Z20 i I AR AG R U S R AR Y TE L . TR R 2k
FL B PR T S A o B R 4 T i RS e
PR JREBE L 56 4 AT LLGE S o s A DR )2 1 4
5% J5E J3E Sk s il < DG MR A% i S L

3.3 XESFHURERALE

T IR A SCEE A O T A A SR
4 S A R L DRAIE 25 BR 8 I 5 DB MR 2% 445 JUIR
SCARZE R R TR 0 530 0 104100 o (14 9 4 25
oy 3l 3 S AN 20 5 A L B AE e Al L
SCHEATHBIRE L 5 pm. B N AR IR % BR
B AL R LW e A0 )R L AR AT A SO B
Jet. B4 SR AR S8 U B G HIEEE L SR A A
i CHI I FR 2 35 04, MBS 25 0l 20 I B < G il
LA TR 2N 0. 55, JEMHE R 25 400 nm,

Bl A A S4B M 9 1 T () 5 T (b) AH A DA I T (o) 35 T (D 5 8T Ce) 8 RO [R5 4505 1 45 1 L B AR
Fig. 4 Front view (a) . back view (b) and the front (¢) ,the back (d) and the cross-sectional (e) SEM images of

self-supported gold transmission grating.
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