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Abstract: lon beam etching technologies for developing large aperture Diffractive Optical Elements
(DOEs) were reviewed. To meet the requirements of large aperture DOEs in high-power laser sys-
tems, an integrated graphite mask for ion beams and a multi-position etching strategy were investiga-
ted for a self-established KZ-400 etching facility to improve the uniformity for ion beam etching and
the uniformity of £1% for ion beam current along the major axis of the ion source was achieved in a
range of 1430 mm. On-line optical measurement methods and experimental setups for Multilayer Die-
lectric Gratings (MDGs) and transmission DOEs were presented to measure the 1D spatial distribution
of diffraction intensity and the ion beam etching depth based on fringes of equal thickness,respective-
ly. by which the quantitative control of ion beam etching for large size DOEs was completed. Based on
above techniques, a series of large aperture DOEs, especially MDGs with diffraction efficiencies more
than 95% at 1 064 nm, beam sampling gratings, color separation gratings and beam sampling gratings

for synchrotron radiation were fabricated successfully.

Wi B 2011-12-11;181T HH#H :2012-03-15.
HEHE:H K 863804 Wi H; BFRHEKLI; BHRHKF¥H 4 ®II H (No. 10676032, No. 10875128, No.
10975135,No. 10975139)



% 8

BRFE5E , 45 . KRS T 5 Y624 oo 4 W 1 45 58 F 2R Z) ol 1677

Key words: Diffractive Optical Elements(DOE); ion beam etching; etching depth; on-line measure-

ment; Multilayer Dielectric Grating(MDG)

1 3 =

W6 & SR & g e i AR L A O
TR ER 0.5 m HAREEK 1 m', &
WOL R GEW R RSP TSt oo R A 217 A
JE SO 5 4 189 O 200 Jee HE A =2 i o 34 00 T 5 TR
TR AT DR 5 B BB [, 29 SR 20 0l ™ A 1Y
ZRGR BE S 34 5 1 4 R e O AR I AT S R K
SR ¢ v AN S S B K (NN T B
22T R SRR FR YT, E ZI ok vl 20 o 8 328 R 2 e ¢
DA i B o 2 R B S Sk

SR FH 2 — [ 2 T AR A of DR 4 B8 RO [ N
AN B T AR I S AR R, iR
L o T ARAS S AT RE Y B A ) T R
Xof SR T AR R AT IE 5 2 T 48, 3ok i 220 ol S 55
RAE A AEACFE S5 RO AR XA A
AP ZI s A b, ], Keck 451l RE 5 7 B &2
B WERE 18074 $ i 2 ik 131 29 1 OB AR A G M
BT 2R FE Sl 20 nm, Z0) 1l VR B B A IR 5
R 1 nm, FIRT7 XA RE W R KRR FOER
AR Y 2 i 5K

20 o % B TR A I [ 92 6 0, B 220 ol R R A
T2 R 5 0 ki [) SR AR, SRR B RIS
0 14 221 ol 3 AR A — s N B, XA B BR TR
FETT 48 2 R Z il B UGE I B 7 A XA R K
FER T RIVE R . N AR OC TAE L M I S AR
B2 R B B R A A B i TR e il
T RRATATIH 622 ek 20 i 2 S5 R  J s . B
Bl » 35 [E Lawrence Livermore B 5L K 2= % FH#
1RO 22 A T R A 2 B & AL B R
75 5t ST G e TT R B e 24 AT P A T 2 b
B SR W R e AR YA R R T R R
Z2 ol 18 R B W 5 AN A A 1 & S R R
SRR AR T R, EE ST T AR XS S e T R
1 SR 2 ok %) 20 ok R R A LA I R B L O L)
FHT AR A Ronchi JEH A6 8053 25 G H Y A7F 1
T R R A A5 3 g S e M I ' R — ]
A7 B AT 5 ' i B 22 el B ) 3 252 A8 Ak 1Y) R AIE

SE BT AR ZN 2 A AHIZ 7 R AN TS A B R R
22 2 T RSO ) 41 8 S R 2 il 28 5

TS 400 mm X 400 mm £ A7 AT O A
TCA A B R 0k, o R AR R K 2 [ K TR AP
HTS R [ AT HEH T KZ-400 B F 5 % b %
B R R T A A AR A R Z A0 E o A 20 ok
s A4 1 20 P R R ) 38 S s ST T H A R
Z ok (AT S D' 27 T A 0 ol ¢ A R Ty v R R
455 IF ORI Z0 bl — R 50K RSH AT 4 ook .
AR SRS T AR R 1 R TR A5 A G S 50 s KR AT
G2 T B T AR 2 kA AR ) TR

2 BB TRABKERN

KZ-400 & 213 Bk R SF R 6 cm X
66 cm [ AT B TR Y e B RE B T
TR 0 L RIS TR A e Bl 1) S
S AR A ) (8 55 T 1)) R 0] K SF 7 0]
B PIRRL N 1 m® ot 20 h s g ] DLl s
PR B N SARVE A TAES IR, ZI0h B iy A
JEHEZSBEA R 5X10 " Pa, BA THESKG A
RN 2X1077 Pa, B 1 R F AR Z ot
v B U L TR BR L TR B MRR Z o 2 0T
PR R L A 20 i B, B R A
FoRgE A A B PR RS B AR 0 oo 4 b
B2 TR 0 TAE & AT KO (O 80% B (Y)

BT LB TR
HMEEROETR 4
pesl i

~
el L LN

il

[

Rl i o

B 1 HH# R 2 R 2 B
Fig. 1 Schematic diagram of scanning ion beam etch-

ing process



1678 e KE TR

5% 20 &

TAEE R, w T IR EOCE KO 1)
RS 6 em, KRSF G2 o4 # Z) fh i i T A
B UK 5 A S8 o — 471 il 20 ol ] 3 5 221
MhIC IR o8 i A7 B T RV 2 W B ST I i
1 5E T T W Z Ah  Z0 1l IF B T A B T AR &+
X J7 18, 7E AR 1 R B2 ) phoT 1
TG EF A E G TAEGE IR+ X J5m
iBE), I — Xy maR [, E TR oE A iR
RNy g O D R o O = e 1
A DA Z P AT 5 O 2 e A B e RORSF 2928 450 mm
X500 mm,

3 R8T RAMKREHGHN R
55k

ZN R 5 7 BB R B T R o (BRI
HL ) 5 850 R A 56 . 48 o 20 (O B 349 5 1
P14 2 IR 2 4 i) 15 220 ot e A2 AT ] A7 5 42 A 80 A4 T
At 1Y B TR A, T AR E T
IR S I A S 56 3 i R ) 1 S U
SR MR RN 500 eV, T 250 mA, i
HLFE R 200 'V, LB O 25 7 5 A= HL AT AH 7] BE At
(8 1 X FEAN 5 % 58 il T8 1 SR 0% B 48 ) oy
A7 51 1 2 ok TR B 38 )

X T B o 2 o T S R 0 2 kR
5 TR 20 ok SR BRI B A A 20 ok 4 P 22
TREE R TR A, 2 o o 5 CBALST Ff [6) F) 200 ek TR ) 5
BT RO B OE L AR B T U ORI B 1 B
I 23 () 3 A 5 8 0T 0 AL g ad — A 2 il
JA Z 05 o ity e — G\ 1] e BE X I 1 L XA
A B Y T A CRID B T R R ) R
JEAS A AV X O B MR . B, 420
B Z0 ol SR L R 20 T A G R B A TR 1 B
27 X ok, 220 ot R R R M ) Y. 28 o A 0 ok
J& » Z R B 0 AN 249 51 46 T B T IR A 1) SRR 1
ANEE YT 5 1 R b A 1) 20 e R B AN 250, i
1 v 220 ok R 4 50 M 1 2 O vk S SRS [ 1 £
B S ARG R TR ST A,

FE KZ-400 %% B 1) o R 5 15 20 ikooe 7 2 8]
fH—A 1042 9 120 mm CRE 1), K S 957 17) X 10
mm (Hh[a], By ) | AT 8 B 1) 50 3 7 11
FIE LB K M B 7 A Gl ) S or A .

TRk B BE R T R 14 L R AR Sk
T8 e — G\ 1] e B2 I A5 14 FL O 1 IR oty b 7 85 88
A A B E Y B 7 R AT AR AR A

I:ji () Dodx. (1)

Ho BN FE L — a. o] 278 KT 1) #4308 F
F K/, gCa) FoR B T IR 1) OKSFJ7 1) 3R %
JE (2 1] 43 A7, Dy 2 B 1 IR AP0 o3 % R ok
N 2y (- WA OERE B LA 8 WA
a3 TCy) o AR 3R 3 35 J0 4 3 T 1Y B 1 250 o0 A
IE T2 B . P 48 s 2 ok R ) 38 0 b
VA 25 Sy 2 v T B A S T A5 0 1 SR AR 4 o)
M3 JH B TR 3 B TR SRAY I 4%
Aii T DAFE— 8 R 0 G B AL o A L H
S L AR AR 1 B 7 AR B 5 PR I AN RE i R RO
AT GRS R 0 kR A A A R
AR ) AT LA 8RB 7 30 0 T R
JIN S RIVET AT A AR R 1) S AR R
I AR SCEF X KZ-400 B F 38 20 s L 38 4 1 4
£ 1 5 PR 45 R R 412 v HL 2 Il R B 4 50 1

FESEBR TAE A B 28 TAE SR & 51EE 7R
FFYN 1) 2 () 43 A0 A A8 A R L, T e T AR SR T
B AN R AR 1 2 7 SR b . Bl 2 ) — i T
VESR B 7 IR T A — Bt a) o 7 B0 H o
TR PEATIE S 118 1E . a2 00 . R I 5E Ak
18 S R TE vk AR AR G\ 28 (Rl A3 A B ST B ol .
TARAF I AT BB Y A 0 O\ BT AU L T BN
o R I AT B IR, ML AR T A AR
W2 R, e 2 iR, AR Z0hoke E T AL & A
A5 PR 60 AN AH ] B B A9 A A o R PR T 4 AR L
NABREEAITTHR M 100 mm (H) X 10 mm
(V). FTAT 1 £ 86 bR BR o0 1 4 9k ) 5 %5 HE 9
B — > A8 PR BT — N BT ] R A SR AE 4
I HURT DAV KO 1) 7 — 2 S R Y Bl A% B
PR AR TR BT E KT 1) AV B AR B R
AR PR U K B3 230 P B SRR [ S A R T
FRA B A B . e A IE i R
W B2y JLkE I o AR A BRI A N B AT B T
FGN T 43 A . X AL A B R PR v i 32
S AT L 2R R A VALA 2 FIE R G R
I % G

b2 ol S A & B I T O ) N o W A NN E A
T 7 DRG0 v A B R 45 A 9 I R U



% 8

BRFE5E , 45 . KRS T 5 Y624 oo 4 W 1 45 58 F 2R Z) ol 1679

F o) 1 0y B AR BR Al DLk B JCER /I . I b 7
LA BN A B T A 2015 SR R BT B 1)
BT R R A 1) 23 6] A% oS BE ARG . B BT
FR A 1) XS/ ) AT 9 A Y G 1) SRS 2 A BSOS 2
FIAT SR B BT B 1) B8 SRS FZ 29 0.5 mm, Bif
& AR T2 A 1) A L CBIVES AR L) B
AT, B RS Bl RE T R B4 SRR S AR R s
LA TE 7 AR ORGSO AP /R . S22
K BE 1 75— A P B JEAEAE IE AP AN [R G\ 1) 437 g 1
ROUIE T A IR 4 SR AR ] 9 23 [] 23 A5 AR AS Rl 0
) {37 5 1) 5 5 SRR 17 = ) 5 A 40 2 e 34 A o (5
J2 B A B 1) N TR AR W AT 22 5]

SLH R A2 22 B R R B R 2H G R A
PR AT B B RO A 1) 29 50 1kl R A £ 200 ~
3% . TEMCHERN b ] AR 2 A0 B 43 45 2 i 7
AR HE— A 3R 2 i 2 2 1k . IR AR A
AN TR B8 47148 20 o oS00 e R A i 1 G i o7
B TR HORE R A B R O 1 3 B 180°45)
ST SR o R O B T AR N I oA i
AR 20 o R R i 07 L ol SR A A — OB UG A
TR A e R B R /N (B AL A 220 ok R ) 2
SIVELF TR T ARG A B A0 . RS SRR 1)
A7 RT3 413 S0 RO 8 B AL AR A
Mol 1 77 1) RS

K2 HaaEpmieR
Fig. 2 Photo of integrated graphite mask

4 B ET R A IRE SR FELK
#o |

RIF R 2 Je Ak al LA oy o B =X cm 2

JZE A B R SE M F032 5 2 CADE AR AR P
TR X B S A A AT O A e R A S A [ Y
LRI RGE ., 1EHAE KZ-400 %6 B 1 #Er T #F %t
75 ST SR 0 20 el 2% ARG I 1 2 5 AR 4 I
T ALAR L Ronehi SE A9 0F 1, H 1R 2 UL SCHR
[12]. FCREA 43 T 22 20 IRl 20 i 14 7
il R G

Z 29 BUFE I 15 22 J2 A o IR JE i A4 T2
AR R OEHI A R FEATT S 2808 5 1 SR 2 o A
H T B I 20 el R DA O . 0 R R AR bk AR
A I 220 il 6 RN Ty 9 AGE T 20 e s
TR 5 A S TE &0 . BE A JE Al N S (G 3%
T R 22 S5 220 9 7 35 AR E A S A 4= i A |
il VF H R TE 5E 42— BUR Ot 20O MHE AL, 28 7R
Z by AT A0 4 SRR TR 11 22 S 4 5 0 el A P AN
(CIEVA= ;1% Bi: KL B o R 2 N G 52 P A o
TR 5 1A RE DR IE W A5 22 AD A8 SN X St ik 31
HEZI P 2k i 220 A b e R e R L B
Xt 22 T2 A T RO A 4148 2 SR %0 el Ty 5 AR ST
P T — PR LA RS 7 ks BRIV S A 2 A
Z0 b ok b O AT SO SR — 4k oy A 1 48 2] M
A A W Sl ) S 1 SR 22k

TE KZ-400 Z0 0% B v, 2 J2 4 o B e i i
SPF 9 R 2 8] 0 A AR LA T R B AN AT 3 BT . R
T 220 i S 4 O 220 JBE MR R i B TE TAR &
B A EDEA - ASE . SR 1064 nm 1
TE i i #0282 20 b L 1A R 5 B B A 81 75 220
ok A 2 T T AR O R B A G ) R XS

Djh. R @
wen T—qj e
E¥ Y
i gs

3 KZ-400 20l & v 7E LA 22 )2 4 BB L Al
137 55 58 o — A 25 1) 73 A1 4 7 7 8]

Fig. 3 Schematic diagram of on-line measurement

system of one-dimension uniformity of dif-

fraction intensity for MDG
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