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Abstract: Diffraction gratings serve as the core optical components in spectroscopic instrumentation.
Broadband gratings, in contrast to conventional gratings, fulfill spectral analysis requirements across ex-
tended wavelength ranges. This paper reviews four principal types of broadband gratings: complex groove-
shaped gratings, zoned gratings, intermediate-step gratings, and multilayer dielectric gratings. Their re-
spective structures and operational principles are introduced, accompanied by a summary of recent research
progress. Key characteristics are delineated as follows: complex groove-shaped gratings exhibit high spec-
tral continuity and stable diffraction efficiency, yet their performance is highly sensitive to fabrication preci-
sion; zoned gratings offer considerable design flexibility and benefit from mature processing techniques,
but suffer from phase mismatch, diffraction field disparities between sub-zones, and susceptibility to stray

light; intermediate-step gratings enable high-resolution response over broad wavelength ranges at high dif-
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fraction orders, though their accuracy is constrained by manufacturing equipment and process complexity ;

multilayer dielectric gratings provide adaptable structural design and strong environmental adaptability, but

impose stringent demands on material selection and multilayer film thickness control. Finally, future devel-

opment directions for broadband diffraction gratings are outlined to inform subsequent research.
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Fig.1 Structures of four types of wide-band gratings'*"*"
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Te W BOEME . AR RCW A J 8 % 6 Bl 6 4
WSS AT THE AR Ak | Fe B TSGR T n (5]
14 7R o B 14 Ca) 2y A28 — 38 43 DX 88, 3% IX
P TRDRE £ R 117, SO IR W £ 2R 7275 &1 14.(b) SR Sl
T3 —HR 4 DX I, TR A O3 i Dy 2970 56° . Bl IS
WEFEN B R T4 B 456 85 1 R 20 b 4 R i 2y ]
PE T Z 6, 5250 5t 25 5 3R B, B il 4 19 43 IX
S A DX TR AR 5 S BT A
SEMIAT S0 1 R T A 4 Dk BN B 5 40961

OkV 13.9mm x20.0k 2.00um

(b) 29°
B 14 43 X 5 I BE XU HE A B
Fig. 14 Zone-wide broadband dual-blaze-angle grating™®”

2015 4F , K A7 SEHL AT S 00 25 8 1 T — 3 il
P Bt 2 200~900 nm Y AL 45 3 A4~ G 43 XY 58 %
BN i K 22 A /N S A 4L A TE
— AN FLHOBME, IR SR 4 B - T R %0l ik A
T 60 mmX 60 mm M o B 158 =4 X
T B G SE L S B I 02 O M AT S Rk R T
30%~60% Z 1], S ITHEE RIEARFTFA .

2017 4R, M R 2 R Wl S B T B
400~2 500 nm Y BLAR G 35 A, T X v P B aE
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Fig. 15 Three-zone wide-band grating'""’
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Fig. 16 Partitioned bright gratings
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T UG P S B A R, DA T 48 A
W3 7 1) i ¥ 51 . e sy T, 12 14T BA
3o A A T 0 Jd S 5 2 2 S Dk
SN HMERE 5504 . DOEL S DOES 3
TG PG S AF BT R AT RCR TARRES , F=2
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65% . DOE2 WK H 4 5 B e 2544 .1 X A1 Y
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PE o FE i 1 D5 1 A BACR O 20 - R BT 2 ik
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Fig. 17 Division ofdiffractive waveguide grating regions"”’

2022 4F , Al R 24 1 W IR SR T — Bl A
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Fig. 18 Reverse contact grating'™’

20224F , K F ML 22 3% FLHIVE T — 3 PR
o XSG, 2 3K 6 M 2 26 % B o4 150 gr/mm, Xl
Gy R H G A X, R — LR AT SR T AR
W o Za G KOG M R A 2 5 oy 1. 17 237, 0k
A 4 DR 30 BT 36 T 200~800 nm, 7 I P B
14 S R AT S RO BEA IR AE 20%0 DL 7, JR S5
TE 2R 38 2o HL A ke D2 S M 1) i S 0 A
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Bl I, T — i DB ] A 9 D B oy X IR R S
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200~1 100 nm T-AF 35 B N AT 565 B Hir ik 21 0. 34 Y
Wi U B e M BB A X TR G . A BAAR i 45 ' i
a3 DX B4 B AT S T 22 S PR IR 22 Z M OC R
Bl T —Fp 2 T 4E CF B BERe R 2 45 il
R)REBIETIRER m e E T RS, BI19K
i 9% 25 T A% 1 B 42 6, 2 A SR R SUIA A
Fi1 25 T AT G BE I 359 S 4 B v AR R
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Fig. 19 Spliced grating"
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Fig. 20 Ideal processing angle and SEM surface morphology *’
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(3) 5 BE AL Ak LB 1) 22 4 B v A B e T B 4
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5.1 EIMRFRE

H T, AL 2 Ja vk 2 AR b BB S Y S
T35, 0T LA SE BUUR Z0 RS DG R R SR ™R Ol b
SR RO A o LB 220 R ik A O A R R
FH 4 WA 7 55 i 3 i b B 0 4 T v gk
755 A, AT A A 358 R T8 A8 T B — 22 %)
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W T V0 AR B R e A 1 4 R 1A MITT-A Sl i 20 4
BT B T 2R B RS B B T G R
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S 2o ) v R e K ) 6 20 Jal BL MIT-C BIL
YK 21 frs . S, G R. Harrison 5 Ste-
phen W. Thompson 5§ H] MIT-C ZI| & #L 18 2y 1
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S5 AR OE M, kg i B A MO R g AR T
FEEOEME S % . 19724 ,G R. Harrison fii F Z X))
BLZIRI H — 3 T AE 9% Bl 200~2 500 nm 1 58 %

B b X B B O M, % 2k % B 2
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1A R A BTt ik 827, 213 JA 9Ot
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A5%~60% o Z M AE 45 M9 R B 5k nir — otk
J7 TR B BEA R 2R A K R 22 S R W
RS MR o % AR E T AL 2RI 7 R SE
G BE v B A o' i ok & 53 ) R M A, B B IE T
LA 20 Rl 3k 75 v B ol Sl o v Y T A
Ja B H LA R SN RS % 6 % I e S U )
ot RGBT E LA

Fig.21 MIT-C ruling engine'™"
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RN o2 B I 1 PR YIRS R ) | A
et T A A T LA RA AR R
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2018 4F , B B 22 R A2 ) — Fh 2 T SisNL/
S1O44 BHA 2 (1 v B B GG S 4™ il EBL
FRAE SisNLJZ A HE AT 2548 , 20 il 1 — Bk fig
HEAE 1. 0~1. 7 pm 58 I B SE 9 g o0 BE R 0 6 i vh
WY RS , 1B 22 S H SEM RETE H 4 45 R . %06
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P2 T AR D By Stk A 5 . 2K, %
o RS EMEZE 1 550 nm Ab 19 52 5 2R 98 %% , &
0T R SOGTEAL 5 58 7 Wl 37 5%, H SisNL/SiO,
AR 3 A6 3T 21 4100k B i (IR R T 203 M ok
Joi B2 WL F SO 20 rh i B B O MR A T R
XHFo

22 R EHG SEM B s 1R
Fig. 22 SEM image of echelle grating'™’
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IZ 2RI HL R H 2305 B B H B B8 454, e o 6
DT 3 nm, B A A9 R R 0 R (A, 2
/T 10 7

2017~2020 4%, BE /N ¥ 5F 1) AR 2 fdE  CT-
OMP-6 5t £F ¢ 51 K PR 't °7 B 38 58 (Fiber Ar-
ray Solar Optical Telescope, FASOT) A%t i 4%
AR T —A KB B B A an & 24 s
Tl %% B o 79 gr/mm, R~ 28 300 mm X 500 mm,
H T FAOST il A 2R 7E — 4 3 i 17 52
o R R B O 3 5 i A DU S AT O X K
S Y BT R AR R R . Stk WS A AT R 2
B 2 8] 4 A i i 5 %8, 38 3 Littrow 2574 T /Y
DR Rk | B A AR 22 OG0 B 45 I 7E 109K
Sl AR T I B R SOOI X I T S MR R Y ey

Blank carriage
system
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Measuring system

P23 CIOMP-6 A fir S5 LA 22 kil HL ™
Fig. 23 Large diffraction grating grating ruling engine CI-
OMP_6[76:

o AR, BE /N A BAAIE ] 4 33 3R B S B
Ay HEFR KB PRS0 95 % , = A HEIE N R A
62.598", 5 M it fH fw 22 A 2 0.1%, £ 516~
525 nm % Bt T — 43 AT I A0CR AR 08 18 B B E
1 90% . Ak, %3k 300 mm X 500 mm [ K T FR
B T FE 96 IE T ML 2 4] ik e R RS B B Ok
25 O B, HE sh T 9 ik BB AE K ik B
I gy AR A R R A R P R R 22 O 1 A R
I B4 T A% 0 oA

K24 FAOST LBt sc ™
Fig. 24 Physical map of echelle grating on FAOST™
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Waveguide Array, DPWA) 8. 3 45 T 3 518 18
) BE, 75 DR 5 v 8 0 % 3 A ] s/ 1 g R R
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SIO B G M BV & 9 3 AR T 2050 A v 28 51 35
B B e iy R 0% o FE %57 X 1, B Har
rison H 1 ¥ 4a] il 7 G2 45 1 H R 51 AHLBE 20 5] L
HE  BIUBR 2040 B2 AR IR 28 5 95 v B B S B
F M AL, A Y TR RS T RS BE Y
R DG, — ELXT G 2 ML AT B R L
fRF A 36 MIT-C ZI %I A5 [E CIOMP-6
ZI50 B WA 0 R M MIT-C Z1%0 3
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e Be P9 A 9 B S = b B B OG5 B CTOMEP-
6 221 ) BIL T 25 1) v BA A6 DG A A — 4.3 9 T A I A 5
RO AT IR FR(E 1 90 %0, HLAE T (M f i 22 /N T
0. 1" .RMSJESiR 22 /N F 3 nm, BLAh, EF K H
FHOEZI 5 CMOS Fe 25 il B w51 A BBk
235 R A A v, ST T R I T R O B R B2 T
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AL AR B, Sy v B 6 DG Bl 1] 005 e GO A A
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SRR TR G H Y R AR

(1) 25 6 J2 1T DA B — TR 1] S TR 5 S o
AR L R S O D B R B

(2)hn 75 2 DA R A K B AR 11 12 ¢ 220 40 18 3k
Shy v R ) IR -4 K SE A B S RE T RS % L
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(3) K5 BE AL AR J7 T, &5 45 I iy — Sovk P Al 8L
Y5 Z2 AEZR WOLARIALE , 5B T 78 = AR AT %
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6 % EAN e

6.1 ESMARER

2003 4, E BE B T 27 [5¢ 1) Charu Kakkar 4¢3
T B AR AT S FR R BT T — il B o DR R
INE B A SR G 2 S, S T AE 1 550 nm i
15 W BE PR 1 100 nm (98 R0 987 . W5
A L4 SR A% Gt R e 45 ), 8 Gl 3 o) A5 ] €5
FEVE R FE ), 2T ) e SR RCT v Uk B AR S
89 2 ] e 8038 S RS A AT O R TR AT
i AF & g8 AR b 5 B 1T (Wavelength Division
Multiplexing, WDM )7 i I8 I # (45 B G LR UK
#% (Eribium-Doped Fiber Amplifier, EDFA) ¥ £
Y3167 2 55 Ml 1 A DG 5 R A D22 2% 55 AR AR T
Jr& B DA R ' A it B AR 3 A O £F 2% 1 Y 9 e
i FWE 7o

2008 4F J2& Wi i B A PG A iy B R AR
iy o 8 E %A~ 7 B. H. Kleemann [ BA $2 H 5%
NG IE AT B 62 o4 (Efficiency Adjustment-Dif-
fractive Optical Element, EA-DOE)HEZE , F] FH 44
AR Y € Bl 22 S 3 2 AR A A7 SE 3R Y I8 4 AR
PE BT 1B BE TS A U ORI R g 45 O kL AR
400~800 nm St 3 P4 552 0 6 4 (9 £ 5 2% R KT
97 Yo, AZIRIF 5 AL U B 204 4838 3 S A A e —
By Cauchy & SR 1™

2009 4F , fif = Twente K %% ) Helmut Rath-
gen 5 H. L. Offerhaus % % 7 RCWA J7 % & 4t
WEFE T i AT 55 5B RHE A B AT S5Ot Bt
BEHT, T — AR BA S AT SRR S8 i
1 B A A o AR 90 i S S A e X
Y R AL G2 T 18T 220 ol i S5 A0 3 e S L S A R
S5, A AT A w0k 2. 4 B9 BR R (i
Ti0,, ZrO:55 ) B A% 4t SiOM B, il S £ Pt 4
Littrow 45 #4) iy €0 HCRF 1 9 ] s 552 30 5 K 9 7 9
WA AT IR 35 A4 58 38 O
oy 3 42 2002 5 A8 ] DA S B 2R A5 5 e B AT
PR . SEMHAT ST R AR A SR AN 25 Bt s, A
s T 5 8 22 5 AT AR AR JLT- 100 Yo f e {4803 il
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Fig. 25 Spectral characteristics of classical transmission
grating and dielectric transmission grating with

high-refractive masking layer ™"

2009 4F , 36 [E BL 2 $i7 M 57 K 2% Martz ™ 45 %
T T — 3R T 85 R IO Ik b s 4 1% K T RR iR AR
T s v UG (Multi-Layer Dielectric, MLD) , 4l
Bl 26 it o il iz G, B o 78 2 2 A
HE S )2 3 1H E U 06 20 e, IR AL S O AT
TV BE G . BHJE X RE S EAT B DL Ak O )
o BRIG BE A BEBL IR BT RN B TR 2 ik A
R CHF o/ Ar/ OL1R & MK 6 21 KB 3 7%
) FE R TE O HOK GO RS 254 . 2, R
FOCEETHE A D AR o I PERE . D 4
S Z MY B A 1740 line/mm , R % #£
780~820 nm ¥ K N TAE , H7F 800 nm &b — 1 B
SR T 97 %0 . FEVOERARRE T b A5 3%
G X BR A O e R B DK i 48 R4 e
80% , KMH & LZAARIFM—F S0 H
Ak

2014 4%, f) 2F F] ELI-HU B 57 /.0 18 Zoltan
Varallyay 5 Péter Dombi A JA#2 H} T —Fp 36 T 4
JoT S i 38 5 AL ] 0% T R O A A T
TP i i g A £ mAA A AL 7E
Z A I BV i i 34 iR, S 0% e ke A
[l () 4 53 55, T 288 1 1% e A o o b 52 BIR £ %
VEHE (4 75 2 SR BR o AT 27 T 7, 3% 06 M 245 44

ST

(NbysTay 5),05(High index)
SiO,(Low index)

Fused silica substrate

26 MLD OGS # =™
Fig. 26 MLD grating structure layer"®"’

TiOH MM LS F 5 F 77 £ )2 S10./TiO 34
F5F 2 AR, TE PR = AT S 50 A R e 3
TR Y o A EEE R R R 2 A
S5H , ZOG M AR R R T S SR DT C S5 AL JE ) 5 R
2R T 5 2 S8 R A FE AR IE A B
R R R R e N D S b =4 VA
KA BE A4S 22 W FAE D T 582 JOG K b & 40 &=
G5 vk i BCRA TG Y G B R T R )

K27 SRS o5 = S A Bk (g DX R — S fb ik (52
,Ziﬂji )[82]
Fig. 27 Grating structure, including TiO, (dark regions)
and SiO, (light regions)"™”
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e R HL T HOR 2 S A B B 0 il A
TR B 7 1 76 5 nm, 8 B T OG5 Al B i — B



%5 23 ]

BRI T , 25 « S B BOG M E y ShUE 5T 25 A 3607

P M, 7E 800~1 100 nm % BE FOEAt —1
PAT I ROCR KT 96 %0, M U 1 1% 58 4 )& St (1%
AL AE R, ZOBE 1T B D R EOE R
45, %7 10 ps ok wp OB A0 BB GA 1. 2 T/ em?, 3
Btk 5, s KIRE Ot RS T
Ty R A BREE Sy o O 3 A 5 e Bk e R
O35 A B, AR5 o B 505 k%6 B (Na-
tional Lgnition Facility, NTF ) %5 K 7 5if 3 O 3% &
149 A BIF At A DG B R R S HE SN T D T
W B O R G RE R T

2020 4, 78 [ ey 38R - ) 5 i 15 AR R o R
2219 Oliver Sandfuchs Al A H T — Fh 45 ¥4 3%
4 JE TN RO o iz e A 25 s
i W% BT T AERE 7, R 4 46 U R A
Sy G 2 A T G A R S B R A A
W LI MR 235 A 8 B 45 W 7E 1~2 pm, I 7E 450~
1600 nm P Bt N 3R A% i A7 5 A o 4w XU i
A £ K T Gn 1 28 i o AT B R HH iR K £ EOR
B G BT DA 8 3 Be A 1 280R B g N T
5% , I 51 K BE 4T 5 e i J2 00 ) S 1e S S S
PLAE 150 nm 4 58 5 B A RCR M 8020 o BT
0 42 255 2L AW ' M 1 2 B B A, Sy ol 3 A g
ik ol 4 45 3 5 04 56 I BEOG MR L T OIS )
T SE B it 7 %8 .
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Fig. 28 Cross section of metal double-blazed grating'™*!

6.2 ERNHRERE
2010 4F , L SCHLETVE S 3% = & 2% it
T —F R E T 90% , 47 5 ik 21 200 nm K 55 B

4 J& -4 OB 6 HF (Metal Multilayer Dielectric
Grating, MMDG )" . St 25 ¥ v i 5 )2 4 1
R RN A AL A /AR AR R R RE DR BC R AE T TR
Yot R m AL RE B ST E S B b K
29 Ay HAT 5 R0OR B TAE K AR R i il e, &
B, ZFOEH PG P K 1053 nm L £E 200 nm 4
T RS YA S ROCR s 9700 o B AN SUIE
W T Z R A BAE B G E 58 i B b g e 3, B8
J& B L T R AT 5 A R RE 4 T8 AT S e R
THE At 7 BRI 5 TR A
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