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Off-axis parabolic/Lloyd mirror interferometric systems for
manufacturing plane holographic gratings
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Chinese Academy of Sciences, Changchun 130033 ,China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The design and manufacturing of interferometric exposure systems with high wave-front
flatness and structural stability is a paramount condition for development of high-quality holographic
diffraction gratings. A ray-tracing was carried out on straightness of the interference {ringes arisen
from four kinds of interferometric exposure systems of Single Reflective Mirrors (SLR) ,namely, off-
axis parabolic/Lloyd mirror system, single lens/Lloyd mirror system, spherical mirror/Lloyd mirror
system and the separation of pairs of lens/Lloyd mirror system. A standard grating was placed in the
interferometric field to make two parallel light beams for exposure incident on the grating, so that the

diffractive light was superpositioned to appear Moire fringes. Then, the Moire fringes metioned above
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were simulated. The Zernike polynomial was used to fit the Moire fringes to get wavefront aberration
of interferometric exposure systems and to compare the differrences among the four systems. The re-
sults show that the off-axis parabolic/Lloyd mirror system is the most appropriate in production of
small-caliber plane holographic gratings. On that basis, the off-axis parabolic/Lloyd mirror interfero-
metric exposure system was manufactured to fabricate plane holographic gratings with a maximum size
of 110 mm X110 mm and the engraved linear density greater than 1200 I/mm. The diffraction grating
wave-front aberration produced by the plane holographic grating is 0.239 6x (A = 550 nm) ,as the
mirror face accuracy aberration between off-axis parabolic mirror and Lloyd mirroris A / 8 (A = 632. 8
nm). This system can be used to produce plane holographic gratings with wave-front aberration in A/6
—X/7(Xx=550 nm), if the external disturbance is overcome and finely tuned.
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Fig. 1 Schematic diagram of off-axis parabolic/

Lloyd’s mirror system(planform)

A 20, Bp
A

2sin 0’

Horp A NEOE IR B . 25 AT e L
0 FA 78 K AT IR 20 26 % BE RO le Z R4k

ARBEG R G T HIAE R KR T4 110 mm
X110 mm.Z| 2825 >1 200 1/mm (14 B 564t
W1 PR O f520 25 A8 P A5 R, T A0k o5 06
Y5 AT U EAE AR S AL .00 Rl Kr' ok 2
Koy 413.1 nm. PLHIFE 1 200 1/mm SEAl
L R (D H L, 0=14. 35°, HOE B K B L
B 390 mm, 25 0]y 110 mm, AR 48 8 fz 5 4
AN U 78 41 4 5 L 1 B 5 T M ) B 1 A AL
fERTE AR 110 mm X 277 mm., H AP 1) % £ 2
KEEH 298 mm, & 4l i 4 B8 T 7 A6 1 T8 i 1Y
ARAAE D RER T A LB 320 mm, 2 4
B h 220 mm,fEE N 1 200 mm,
2.2 AMBARZHLLE

AFRGHE S TIE R E, D EEAEEA
). (LB Rh Al FH B4 9 55/ 3 R B8 R 55 5 (2) [l il
i FH ) B0 5 /I R B R G5 () Bk b0 il B
ol el Y A BR T ST S 4/ 0 R B R G 5 () B F
YRR PR I e 6 328 8 TR 3 PRI e 6 L3
B BEAE R e LB A B B B IS R B R G
2.2.1 EABWIGLE N

il 4 S 1 4 2O B A AR AR T ATk T
B BT R e R TE L BR 225 5 A AR TR
FTATRE . B 2Ca) B (D 4> B4 1 T B it
BE PR B BRI S S BE R OBL A3 B 35 B 1Y) BR 22 il
2.

TETHET EE B 04240 320 mm, fEEE Y
1200 mm, 25 540 4 B8 AN BR TE S5 B A S

(@Y

Pupil radius 160.0000 mm Pupil radius 160.0000 mm

-0.0020 0.0000 0.0020 -50.00 0.00 50.00

(a0 5 il 9 4y B

(a) Off-axis parabolic mirror

(b) 37 5%
(b) Single lens

Pupil radius 160.0000 mm Pupil radius 160.0000 mm

||||||||||||||||||||||||||||||||||||||||

(o) BRTHE f 4 45
(a)Spherical mirror
K2 MEHBERZEML

Fig. 2 Spherical aberration curves of collimating lenes

(DI B

(d) Separation of pairs of lens

B 220 mm, BRI B L R0 B BRI RS B R
X3 84 3% Bi ) Seidel 1425 BRECH BR 22 R B 3 h
0,142.58,—27.498 5 F1 0. 737, A[ LG H . 5%
V) BE ek 22 % UL W] & A A a0 BRI 4 B h
Py T B S JE R A A T S T UK 5 PR 07 BE R K T
S BE 3K 25 85K A3 15 355 4 BR 22 A X /N
2.2.2  FFHIAERA AR L6y T S aoBi

ST 42 2O R B S AT S (R BE Y R Y
TV 480, R I 23 BIREAS 7] B0 B 3455 2R 46 1) T
Y ilt AT T B8 05 B, T L AR A 6 35 45 R 1 L B AR
AR AEEM TR 2, FEFL 200 I/mm
(9 T 95 25 BUR BE ROR  ANE T W AN T3 37
TR B 128 £kt T & 80 = i
TR, 3 & (DSBS T Sl
Wrs /i R R G0 B BE /W R R G Bk R
B/ IR RGN BB KRB R T W
SROUBIUEE H . T LA B A P 5 R B



@

51 S

A S AR T A BB B R BT /IR BT R A 59

BRAL TH T W RSN ERLGHRERAGET
T 2R 80N 2 s BRIl R RS T T
FROUH BT L Tk T VR T4 BOEHE

y/mm
ymm

110 0 55 110
x/mm

() B BRE RS
(b) Single lens/

Lloyd's mirror system

I

0 55
x/mm
() BRI 3/ IE R BE R S
(a) Off-axis parabolic/Lloyds

mirror system

ymm

| w’

0 55 110
x/mm

(O BRI Bi /IR B R 50
(c)Spherical mirror/Lloyd

(DB BB/ BIRBIR G

(d) Separation of pairs

I T 2

B 4Ca) 2 (D 43 3 45 T B il o 45/ % %
B RGO /W R B R G BRI B B/ U R B
R G MR o3 85 35 55 /18 BB R G A R ISR 4%
SUREADLAS L o (B T 3R B I LB DA B o e
HOEHA Y . W T AR O T W BER SR B
B RS 110 mm X 98 mm, A] LLF . 76 &5 il il
Py R 53 85 35 40 R 40 T A3 B I 5L R 2 800 B 4%
O TE OB/ IR IR R G T 15 B B SR R BLil %
tE I ot s 7E K I S S B W R R G T AR B 5L
IRZRBUH BRI BA , B W32 T ¥6 RO R 48 W] B AN 4%
AV 4 B B E R

ymm

(D RBG/BRERR

() B L B2/ IR B R 4

mirror system of lens/Lloyd

mirror system
B3 PURPBRESG R G T T AR U2 R
Fig. 3  Fitting results of interference fringes in the

four exposure systems

2.2.3 ARERAME E R FBL A K Zernike $ A
ENEVES

e 2 e . T g T
SR BURE FEAR T, ) 101 485 1 1) R A RO — i R Ok
BOWOK 2, 70 5250 b Jo vk R W3 T 4%
g, AHJE . o] DR AN 1 R 0 7 i, () 2 4%
TVB A BU T A L HE T A T T P R O R 4 Y B HT R
2%, FATT R R IR R A R — A 5 1
AR 4 B OGO H ECH TR Can 1200 1/mm) f#y
PR, T B 6O B ok B T IR R B
WsOC AR ECHT S+ 1 ATt 5k A T
B A ) B 10 SR OG A bR TG AT S Y — 2 Al
SFF O AE I 35 2 R U R S S B S AT S
AR B A AT FE AR 3 Hh 7 A T 4R 0 Gl R
R BLIR SR B, BLIR A5 BURNL TV B O R 48 i

(a) Off-axis parabolic/Lloyd

mirror system

ymm

x/mm

(O BRI 5e/ IR B RS
(c)Spherical mirror/Lloyd

mirror system

ymm

(b) Single lens/

Lloyd mirror system

110

55

Il

x/mm

98

(DX B IERE RS
(d) Separation of pairs

of lens/Lloyd

mirror system

P4 4 TR R G b i A 0 55 0K A% SO DA

Fig. 4

Fitting results of interference fringes of stand-

ard gratings in four exposure systems



60 P o

K% T

519 &

Pl 3 RIEE 4 25 i SR B A L5 R R g
ST WEOL ARG HARN BT R E. BT Zerni-
ke Z I X AT LGRS L LS 6% 2 %
1) Seidel 15 25 BREUAR 25 5y S 6 R PR L, W LA
FIH Zernike 2230 X4 5 /R 4k £k 47 0L 4 15 21

AR Gram-Schimdt 1E 324k J7 04 3R
Zernike Z T XA A SR ARSI R ELA LB
A=B"C , 2
Lo,

M

<<y

0
i—1 .
B, = J[ZWZ? —DUWZ VT G= )
; s 2.2

i—1

S >wzvoBB, ]G>

L(3)
i—1

Z.— DIV, >IWZ,V,

VI‘ - r:1i71 z L ] (4)
DAL EDNON AN
4 r=1 4

ZVF VWW: {O (7”1 irz) ’ (5)

- : - 1 (V] - 7’2)
C.= D> WaV, . (6)

K@ ~E) .o HTBEE A ES. W 2T
AL BRI A P 2 ol A AU R A X 3 P B B
SR, AR W = 1. 20 0) B BT
FEIRE, RN IR 480, Z 5 Zernike Z T,
P15 22 0 3 Hfg 2z Z AR LR H

W (o) = a, + > [a.R(p) +
n=1

2

ZRZ’ (p)p" (b, cos m + ¢, sin md) ] . (7)

m=1

LR (o) o Zernike 2 T 2 4% ) 56§ 3 ik
K. ATLAH Zernike 230 LA & $UAR Jr i b 15
HUEATR 2 P-V A, FLRC(E w2 52 Rk i A EE
REUU T 22 100 1) e K M 22 . ] AR B RS 25 19
RMS f . B

EIE e DI s
Hrf,a, .0, ¢, 50 3 X Zernike 2230 21
PE R, R 1IAMMEXE 4G, (D F (DT
TN SR SR UL 25 R 1) Zernike Z2 001405 R L
KAFH P RTIR 22 P-V (R RMS fH.,

®1 3WMBXRFZENENGE P-VE RMS &
Tab.1 P-V and RMS values of wave-front

aberration in three exposure systems

P-V/x RMS/

(A=413.1 nm) (A=413.1 nm)
B Y B R S 0.001 30 0.000 75
HEG R 0.103 73 0.088 93
W8S BB R 5 0.001 65 0.000 82

HIZE 1 & . 75 3% 1 B R AR 025 5 410 2 B AEUIR
SP.REREAREWP AR E P-VEHD AL A/
10, 7] 52 B #4906 7 & 8 B il 18 2 P-V (5% K44
Z T U BB/ R R AN IE A T A 4
Sl

Ve T W HEOL R GEA L E TR PRI i, b 2
HRAG TG EMEPAMER . 3R 2 i E
WY B8R RGBS B L IR R R G
FEAE A B DR 221 DU T R DR IR 22 P-V (B, TEi
KU 15 325 5 % 8 19 5 R 2% BOREAUL IR 8] 7€ e —

B

x2 2HBAREHARREERAEGE P-VE

Tab. 2 Adjustment errors and P-V values of wave-front aberration from two exposure systems

TH RS v iR 0.5 mm x BlifR 0.5 mm % x B4 0.5° £ y % 0.5° W/ 0.007° EfE 10 mm
By R G5 0.208 6 0.028 6 0.340 2 0.326 9 0.074 9 0.085 9
WLy B 35 45 R G 0.229 2 0.088 6 0.529 2 0.044 5 0.210 1 0.137 3

HI% 2 & L XU B e /1% R B R 4 B i

RARZETIAMPCRTR 2 P-V H.BRSE v WS 2
ShEER TR B/ R B R G . AR

JE P IE B VR R 1R 22 5L I AT R 22 2 TR

I3 81« DI X B2 25 B L X3 B 3 5 11 T TR B — 2K
PEA 53 ARAIE

i LIk R L B IR B R G N
Bk F i 4 BB T Ot RSB A B



@

51 S

A S AR T A BB B R BT /IR BT R A 61

3 FHER

R B 1 VR R TR D T A A - i 2 B Bl Y
PR E AR AW A BOR AL T T %
R b P B TR RS JE 2R O /8 (A=
632.8 nm). [ 5 N1 Zygo + ¥ (I 15 A B
P BEIE R 22, MAEE{E Y 0. 1163, SE 4 ik 8] 1
B EK

K5 B mIe iR 2%

Fig.5 Shape error of parabolic mirror

P 6 DA B il 4 ) B/ 1 IR BT AR A R B A 1Y
BURZ S W T AR MEE M (110 mm X 110 mm,
1200 1/mm) 3 Ji§ 77 75 Wi 8 = 22 . 52 56 96 19 9 A
FAL A A T B A 3R B A AE i 52K R BURTBERAS
i .. Zernike Z2 0 AU 45 R 945 0E /5, W3R
3. B 7 Rk H HAY 110 mm X 110 mm, 1 200
1/ - 11 4 B OG M A1) 2 2 = 35 0300 A5 9 73 5
i G A S R S N G RO R B e N Syl
JEA AL R R 2% AT IR 22 WK 3.

®3 THBARGEERELSLBERAMBITH
AT T ERERAGRE
Tab. 3 Diffraction wave-front interference patterns and
wave-front aberration of interferometric exposure

system Moire fringe and holographic grating

WeRR 2 P-V RMS
BIR S B0(A=413.1 nm) 0.200 7x 0.101 2a
T 5 BT T ¥ B (A=550 nm) 0. 239 62 0.113 2x

K6 BRI B R G SR A AL

Fig. 6 Moire fringe of off-axis parabolic system
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