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Fig. 1. (color online) Transmitted and reflected

diffraction orders around the grating surface.
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Screen;

2 BSG & LATHEHIE, Screeng B T AVt
T3 H 65, Screen_y BT T ftif, Screeny & T T4
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Fig. 2. The light path of each detraction order for
BSG, Screeng placed around focal plane, Screen_i

placed around T7, and Back-screen placed around R;.
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Table 1. Energy proportion of each diffraction order for uncoated grating.

HIR R_y Ro Ry R Ty Ty T 1
R4 0.78% 2.97% 0.43% 0.02% 0.3% 95.2% 0.3%
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120 LML 0 2 B R FH SR AR el RS 55 Ah ik
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RO R IR Z vk (R EOCRE G, LORE 26 K8 73 fig
BREDSATH IR L, AT RS A iR
oy dr. RIEE| I B H bR, Je IR 20 700 nm /2
A, ZBE FEL) 2400 28 /mm, 135 SMEOGHE R
rieEE T B R BB, 7 Ry (U

WK 3 FioR.
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%8 To A % Ro.

B3 (RIR ) i T e SR ARG I AT S g ke 1)
Fig. 3. (color online) The light path of each diffraction

order for focus grating irradiated from input surface.
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Fig. 4. (color online) The optical path diagram and
scheme for testing BSG.
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VRPN A AR 395, A S AHL 2030 s
Utk 2. Bl 5 (b) A Screen_y 4% B, % A 5
PENT .y, RARBE 5 FI09 Ry &6 73 B S [ 2 e i
TR AR 5 B s S Abath, ARAEIBEIN Ry £EA T A & 47
£ 22 IR P 3 Y 1) S S, WO S 38 BE N Ry 3 —

DT R 4T =] 2 f5 & 5. B 5 (c) M
Back-screen $A%% I, H 47 i 58 20N Ry IS AT R
[ DGHE, J5 744 AR Ry £ G ™ A4
[ 97 S5 I H S HH A2 T RO B (OF B P 2 | IR T
HIF IR L), R inig 2 i o — MR L 7
BT AT I 4 S 5 IR Ro KT 45 HE 21 Sl 2%
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Ab, I BSG K77 [0 F2 To 15 940 mm HOBHE
HE O 25 BSG H o, R LI 21477 5 34 N Bl d A2 4k
T AH 38 KB /)N,

2 HERRET 4 NG 1A PR D A

Table 2. The power and distance of each spot in 4 screens for uncoated grating.

. ARPIR Ro ERPIR Ro oy R e T pimiiei)
BBDE - EBRIEW e aW B mm BEGW HE/mm
Screeng (To) 15.96 x 103 No response 35 NA NA
Screen; (T1) 32.53 0.12 26 (R1) 2.38 (R1) 6
Screen_ (T-1) 31.87 NA NA (R-1) 0.77 (R-1) 7
Back-screen (R1) 24.00 0.22 24 NA NA

B S AT LI 3 R B = A 4R AT O R
(a) Screeny; (b) Screen_1; (c) Back-screen
Fig. 5. Three dark-field photos taken by SLR camera:

(a) Screeny; (b) Screen_1; (c) Back-screen.

K5

3.2 8 Sol-Gel B & IR f5 BR#$ F i % 17 5
PEM =

M4 TRk S M A A 6 BRAR F A AR 1291
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FIRE T A A, (AL o5 55 b & R FE T A 2028
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J5, JELIGE U T 20 R 2> i S S B T BIE 52 Y, [
AT A BENLE AR, a0l 6 B s 8% = A5 A8
B, AEVR 2] 40 nm 2B N2 20 nm, F LA T
EAKRN, BEVEAR 22, SODURE 22 05 S8 23 B AIK.

nm Section analysis

35

0 1 2 nm

Section analysis

35

—35 g ) )
0 1 2 pm
6 PE=REHURSRET (a) FUS (b) MFEGMEE R T 70
B AR

Fig. 6. The sample grating groove image taken by
atomic force microscope, before (a) and after (b) 3w
AR film coated.
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T S LE IR, WORER 4 Ry 1 k3T 3 21 1 2 1 Ak
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PE 1 HESL, HARXE EHOL To XL E 2751078,

K7 RIS, SR BLIE 740 B = AN U T 5 B
(a) Screeny; (b) Screen_1; (c) Screeng
Fig. 7. Three dark-field photos taken by SLR cam-

era after 3.w AR coated: (a) Screeni; (b) Screen_i;

(¢) Screeng.

R3S 4 NEWURF L& BE AU DA ) R
Table 3. The power and distance of each spot in 4 screens after coated by AR film.

’ SR A RPIR Ry R RWIR Ro oy RAOCES W A E S
Pl ERIDHENW g she /oW 541/ Wy W B /mm
Screeng (Tp) 17.28 x 103 No response 35 NA NA
Screen; (T}) 16.80 0.09 26 (R1) 0.38 (R1) 6
Screen_1 (T_1) 16.13 NA NA (R_1) 0.44 (R_1) 7
Back-screen (R1) 4.50 No response 24 NA NA

ZEA S O IR S, B8RS T 88 Ty )
FICREE L 98.5%—99%, HH Eb AR BEE 129 92%,
ARG HE RO B 215 BRI B 5w, AN B
WAF R T HERAR R s LA R AR P 28 4
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o 11:2:19,25] 4o 65 81 vy 0 IR YD i et B AR BORE 2K
o R SLIMERE, PRSI RCE TN
2990.1%. DhREIHRMNAE R L, R_1 N6.12 uW,
FHEG AR BE RS 31.65 uW T FREIR 2. 4420058
FA R UK 3 Y, AT AR R B A AR A,
PUARER 2RISR 3 I I R D 2R BRI 45 3 A

1) FES To, PEPE S DA M2 1.32 mW, AHLL
PERERTIE T 8.27%, HHR TN L) 7.5% AH LU AE M &
VA Y

2) EH Ty, DM EERTZ32.5 uW T £ F|
2716.8 uW, JLF FFEZ) 145, SRR Hr ki,

3) HWT ., 5Ty REL, THEALAE, 5Hid
Sy Ml

4) R4 Ry, ThZ NPEREAT24 uW T BN
4.5 pW, F B ETR I Ry 7 b2 5 &,
MG B A TR S T RATS RCR TR AN
56 1i%;

5) &R Ry, HiE M 3 Screen; & 158 M H
TR

4 PR A R KK % e h Akt
Fu %t
W SR — 0 % R, B IR BT

T IWOGIE R BT 99%. Ak, Toit s NIF A1 LMJ
AR T BT B A, G2 R S D RO R
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Abstract

In a current high-power laser system, transmission grating has been used to sample, separate and focus laser beam.
Under high power laser irradiation, besides the 0-order shooting beam and target sampling beam, the detrimental
influence of other diffraction orders should be taken into consideration seriously. These useless orders may damage other
nearby optical elements and mechanical devices, disturb and confuse the measurement of time pulse and near/far-field
intensity. Especially the total internal diffraction order will lead to some series diffraction patterns, causing the above
problems. First, relevant theoretical calculation and analysis are carried out for transmission grating (including beam
sample grating and focusing grating), which can predict and indicate these inconspicuous diffraction orders. These orders
appear on four receiving screens regularly and periodically, and the periodic distance between them is determined by
ray-tracing draft. Second, the phenomenon of total internal reflection order is observed and measured by combining
with anti-reflection film. The measured periodic spacings on three screens are 24 mm, 26 mm and 35 mm, respectively.
Moreover, energy intensities of these redundant orders are measured finely, which shows that their contrasts or SNRs
to O-order main laser is in a range of 1073-107*). Finally, some appropriate and effective approaches to eliminating
or avoiding total internal reflection and other useless orders are proposed and discussed, which include 1) coating by
anti-reflection film with pre-deep etching; 2) optimizing the grating design to make redundant orders far from target spot;
3) placing laser scattering or absorbing devices at corresponding position to avoid being damaged by the side-leakage

energy and ghost image of total internal reflection and other redundant orders.

Keywords: diffraction grating, total internal reflection, beam sampling grating, ghost image
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