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Abstract: The multi-layer film pulse compression grating used in expanding and compressing laser pulse is
composed of multi-layer dielectric film with high reflectance and relief gratings on its top. Based on the designed
multi-layer film with high reflectance, the distribution of diffraction field of multi-layer pulse compression gratings is
analyzed by Fourier modal theory and the expression of its diffraction efficiency is given on the condition of transverse
electric field incidence at Littrow angle. With the merit function of the first order diffraction efficiency of multi-layer
dielectric film gratings, the grating parameters, with which the first order diffraction efficiency is higher than 0. 95,
are discussed when materials of top layer are HfQO, and SiO,, respectively. The results show that a larger grating
parameter range is got with HfO, than SiO,. Optimized structure parameters of gratings are given and errors of
grating fabrication and tolerances in use are discussed, which gives some theoretical guiding to the fabrication

technics and applications.
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Fig.1 Structure of multi-layer dielectric film grating

1E MDG HyBeit s, —1 A5 R 2 85K i
WA E S, MDG W25 m A58 A

& = S%/8,. = Re[EX, (H%) " 1/cos 8, (1)
Hef S ST B AGHEAES m ST B RE IR
B = J7 1 gy B i ] B F- 3946 ES, R HE, 35108
W m K7 8 B G RBES oA6 .0 I AR A .

7E B HEE A &M T, MDG i —1 Sfi 153
FEEBRTIEMEH S8 O 5, 5 TR
R, NE S Bt AR X S8, % F 1L
ZEBRBAREENESEX. TAUITHEZES
R H3L(H2L)®* Ho. 5L® 34, i MDG 4k —
1 A5 RCR A TR R AL B M X S 2
B, AABESHTSE NS TAERK: 1053 ym; B

WEE AN AR 51. 2% M A 0. 676 pm; TS .
nu = nuo, = 1. 96, 7. = nso, = 1. 46, naic = 15 23 =
152 7 EMEE A S B9 S0, Dl i B 3 K
C#fiE. £ MDG Wi M E W FERER LRI
(o, X AW =z FHOGHE 5B ED . ER
Chy ) JTRZ A PR T8 AR B BE (e ) R VR G2 B A
Bk, TEBE ST, L MDG—1 RAF S8 E R
PR SRS H 2 5 =>0. 95, TIEA HATER.

B S5 B I0Z AR D B T 5T R4k HIO, W1F
. B2 ~K 2(00RTERE h(h=h,+h) 53
RIE 0. 2 pm.0. 3 pm 10,4 pm B, MDG-1 245 5t
MEE G o MR b BRR,LRELEL N R
FRF 0.9 WX, ATUFH, F#WMEREER
MR E S b IR K. B Y
T2 B R B U B, RS B AT S R R e fE 5 BRI
BUETEEwA Tk, B 2(DF, TRMELH o
B 0.3 B, MDG—1 FWGHMBERERE b, TLEH
REE R, RR, LRBUEUNNEERLKTF 0.95
f) X 38R, % X SR R 7 ) 2 9 SR 381 4 A 5 BB AR Ol T
BEEE AR EEL HRERREE A B
KUEXR NEBH, L BBES B8 0. 2 pm,
0.3 pm.0.4 pmA1 0.5 pm, HE 2(DFLUHH,H
HEBREEAER m M h MBUEERMNTS5%
HAESHREN 1B 51 XK, A T
BERERE b AR, — BT T 20 A TR VR IR
A REEE MDG K753 5 5 8% . B, &5 TZE R
43 HIEL 0. 2 pm 0. 3 pum I 0. 4 pm, FRAFATHALE Ny
0. 95 B /NARETREE 43518 0. 126 pm 0. 215 pm Fl
0.327 pm, 7E MDG W #ilfE TZ %, — H, & H R
B B 5| AR B R 2 AT A AR BT E R
W7 15 A% 5 73— J7 T 2V B IR I VA 4 i ok — 2k
70T R W » 31 40 i R 200 Aot B 3 P9 R AT, Yl 320 1% e
BEWNE . FIL, TZBERE » MR A HEEE
ANERK, T HAb 2 (5] B 5 58 R0 2] 4 e i oot 72
FEIANREZMTEARE. BEit,o Ml A BEERBULHE
DX [e) f H 0 R T LA E VR R 22 51 AR I AT S
MBMTBIME. BB\ oW, TUSRTHEN
HIO, i MDG WMk it S & . ZTRREE N
0.2 pm, 5 5T o ATHL 0. 35, e WA I A, BEER
0.16 pm,MDG—1 FAFERE R 0. 994.

— BB T .5 HIO, H th,SiO. A 55 M it
HIBME, B WA B EZZTZEM B SO, M.
B 3Ca)~KE3(c)RTZEERS HIHO. 8um,
0.9 pm M1pmbf, MDG — 1E AT 5 8 R 5 & 5 o



654 b = = i 26 %

0.55

0.50
0.45
0.40
0.35|
0.30

0.99

0.25

0.20 ‘ ‘ ‘ 0 . . ‘ .
010 012 014 016 018 020 020 022 024 026 028 030

R /um I, /um

~——— 0.95 e
------------------ 0.90 ===~

() o.s}s 09 *% 708 @ 99

0.40
]
0.35 1

0.30
0.25
0.20
0.15

0 - ) : . 090 = 0 Sy N
0.30 0.32 0.34 036  0.38 0.40 0 0.1 0.2 0.3 0.4 0.5
h, /um R, /um

B2 (@~ MDG—1 ZMHMES ERE MHENER, (D MDG—1 ZMHBFESHE TUZR K HIO, BEMXR
Fig. 2 (a)~(c) Relation of the minus first-order diffraction efficiency with duty cycle and depth of groove, (d) relation

of the minus first-order diffraction efficiency with depth of groove and top residual thickness
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of the minus first-order diffraction efficiency with depth of groove and top residual thickness
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