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Abstract The minitype flat-field holographic concave grating spectrograph equipped with CCD detectors are widely
used for spectral analysis. They are accepted for some remarkable advantages. such as compact structure and rapid
and efficient testing process. However, restricted by imaging distance of the spectrometer, it is difficult to improve
the spectral resolution greatly just by optimization of the holographic concave grating. A design method of double-
grating minitype flat-field holographic concave grating spectrograph is proposed. The single grating in conventional
spectrograph is replaced by two gratings which are equipped with the same geometry. A double grating flat-field
spectrograph with a wavelength range from 400 nm to 1000 nm is designed. The calculation results show that the
resolution of the newly designed spectrograph can be almost two and a half times as great as the conventional
spectrograph. The light throughput efficiency can also be greatly improved, which is demonstrated by analyzing
diffraction efficiency of the grating. The double-grating minitype flat-field holographic concave grating spectrograph
is developed and adjusted. The experimental results agree with the theoretical calculations very well.
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Fig. 1 Recording and using geometry of the

flat-field holographic concave grating
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Table 1 Design specifications for the double-grating
flat-field spectrograph

. RLAW T HAREITE bR, 6158 Bl 400 ~ Parameter Value
1000 nm, Y& BN 20 mm, %3240 T 5 nm, Wavelength range /nm 400~1000

T Wi RS A RO B 5 5 Spectrl order m=+lst
0 M 7 4 3% 5 T SRR 0 4 Jy B K Spectrum length /mm *0
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Table 2 Optimized system parameters of the double-grating flat-field spectrograph
Mounting parameter Grating 1 Grating 2

ra/mm 109. 666 7/ 11. 000 7./ () 12. 887

a /) —5.157 81/(H 25.562 8:/ (%) 22.152

rin/mm 138. 378 re/mm 150. 675 reo/mm 146. 791

B/ () 13.506 7p1/mm 162.106 b2 /mm 152.812

R, /mm 120. 024 o1 /pm 1. 835 o, /pm 2.867

R, /mm 120. 024 Wavelength range /nm 400~640 Wavelength range /nm 625~1000
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Table 3 Optimized system parameters of the single-

grating flat-field spectrograph

Mounting parameter Recording parameter

74 /mm 108.174 vy /(™ 6.369
a /() —2.307 & /(9 12.128
ru/mm 143.706  r¢/mm 162. 185
B/ 5.730  rp/mm 165,294
R /mm 122.600 o /pm 4,453

Wavelength range /nm  400~1000
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Fig. 2 FWHM of a given image for the entrance slit
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Fig. 6 Geometry of the double-grating switching

flat-field spectrograph

4.1 1 ks R

TR In G E WA 7 FrR, K
BEAL R CCD AR 2R 750 n s YA bR Ry 4 5 19 A1
XFOGER T, R A T35 80 i 4@ OR KT & 856 3%
rh K 435 Ry 404, 66,546, 07,579, 07 nm [ 3 4k
e T, 3R 4 Al 3 Rk S CCD &
BB n XTI KA.

4095
435.8 nm 546.1 nm
3071
52047
~
o 404.7 nm
365!111’(1 253.7nm X2 577 nm
[ 579.1 nm
0 :
1 541 1081 1621 2160
n

BT SBAIE 13 E R kT R

Fig. 7 Measured mercury spectrum for grating 1
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Table 4 Mercury spectrum versus pixel number

for grating 1

Mercury spectrum/nm Pixel number

404. 66 407
546.07 1220
579.07 1415
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Table 5 Experimental and theoretical FWHM of

spectral image for grating 1

Experimental image Theoretical image
Wavelength /nm

width /nm width /nm
404. 66 1. 055 0. 843
435. 84 1. 047 0. 880
546.07 1.013 0.927
576. 96 1. 002 0.924
579.07 1. 168 0.917
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Fig. 8 Measured mercury spectrum for grating 2
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Table 6 Mercury spectrum versus CCD pixel number

for grating 2

Mercury spectrum /nm Pixel number

546. 07 36

579.07 154
435.84 X2 1228
546.07 X2 2084
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Table 7 Experimental and theoretical FWHM of

spectral image for grating 2

Experimental image Theoretical image
Wavelength /nm

width /nm width /nm
697.6 1.632 1. 346
764 1.613 1. 404
811.6 1.597 1.411
842.5 1. 587 1. 442
912.2 1. 822 1. 433
5 & 1B

MBS T RS 56 P 5 1T T ROGHEE) e
Gy S8 M E MG AR G T 23 BRI R
B

D) il O A i A5 2 P A i 25 # AR TR L O %

T AN RSP 37 2 B T el . AT ™ 4% 9 LA
LRIE B T 10 5 I Y FRLAR ] L D' 1% 2 A ] A1 £
AR 2 1) BT 0T BGHAT T R SR R AR
SCRHE I XU 37 06 15 A RE 6 . 3% 3% =i 63 7 Bk
o BRI R TR IEE Y 400~1000 nm )
XOGHHDI Y - 5 06 16 A0, 92 3 45 2R 5 Big i3
W& . B I E A OGE T R0EHHF 2 4 8 M
TDEHI G RS AR BT - TR RE 38 T 22 D6 i % 10
wil.

2) R a BN A e it e T
RO F- 3 06 78 A0 Al -5 BB s SO AE 7T
SHRCR ERR B, THRAR IR, A AR O A I B
P RE A BB AT A AR J T A U D I B
(IR 3 & el O S R a7k ) SN LN oY | S L
ASCH I — 119 € I S AR TT A A A B A0 R B
ToBERF R R s i A 1 DB AR

s & X #
1Jia Hui, Yao Yong. Characteristics of typical optical systems
with diffractive gratings of micro-spectrometers and improvement
of spectrometer’ s resolution [J7]. Spectroscopy & Spectral
Analysis, 2007, 27(8): 1653~1656
BOME, Bk 5. BUNEDEMGIR SO E R G R S 06 B
RMIEFEID. b5 5k# 54, 2007, 27(8): 1653~1656
2 Chen Yuerui, Sun Bin, Han Tao e al.. Densely folded spectral
images of the CCD spectrometer working in the full 200~ 1000
nm wavelength range with high resolution [J]. Opt. Express.,
2005, 13(25): 10049~10054
3 Liu Dongmei, Xia Rihui, Pan Yonggang et al.. Study of digital
spectrometer based on charge coupled device [J]. Acta Optica
Sinica , 2012, 32(1) . 84~89
XM, BOH M, WKW 5. T A RS A S R 00 B0 s 4 B
ICHIBFZE (1], B3 4R, 2012, 32(1): 84~89
4 Cui Jian, Dong Xiaopeng, Wu Zhaoxi et al.. A high-precision
method for determining the FBG peak wavelength shift based on
FBG actual reflection spectrum match [J]. Chinese J. Lasers,
2011, 38(7): 152~156
& 81, FEAMG, RIKE . T FBG PR RS IL R FBG
WP O B ik B9 R R BE 0 5 iR LD ], F Bk, 2011, 38(7) .
152~156
Chang Lingying, Zhao Baochang, Yang Jianfeng et al.. Optical

o

system design of a two-linear array stereoscopic mapping CCD
camera [ J]. Chinese J. Lasers, 2011, 38(8) . 245~249

WRA, BRI SF PIR R LR 2 CCD AP &
Gkt ¥ E#k, 2011, 38(8): 245~249

Chen Xinglin, Zheng Yanhong, Wang Yan. Influence of spot

o

noise in inter-satellite optical communications and suppression
algorithm [J]. Chinese J. Lasers, 2010, 37(3);: 743~747
BR2CHR . FPMELT, £ . JCBEME R A R DG I A5 14 52 ) B 4 5l
wkl]. FEMk, 2010, 37(3): 743~747

7 G. S. Hayat, J. Flamand, M. Lacroix et al.. Designing a new
generation of analytical instruments around the new types of
holographic diffraction grating [J]. Opt. Engng., 1975, 14.
420~425

8J. M. Lerner, R. J. Chambers, G. Passereau. Flat-field

imaging spectroscopy using aberration corrected holographic

0105001-6



fl M.

XU 45t Bl 7L F 37 4 8 T 6 A 6 15 A

gratings [CJ. SPIE, 1981, 268; 122~128

9 H. Noda, T. Namioka, M. Seya. Geometric theory of the
grating [J]. J. Opt. Soc. Am., 1974, 64(8);: 1031~1036

10 T. Namioka, M. Koike, D. Content. Geometric theory of the
ellipsoidal grating [J]. Appl. Opt. . 1994, 33(31) . 7261~7274

11 S. Masui, T. Namioka. Geometric aberration theory of double-
element optical systems [J]. J. Opt. Soc. Am. A, 1999, 16(9):
2253~2268

12 N. K. Pavlycheva. Design of flat-field spectrograph employing a
holographic grating [J]. Sov. J. Opt. Technol., 1979, 46(7):
394~396

13 W. R. McKinney, C. Palmer. Numerical design method for
aberration-reduced concave grating spectrometers [ J]. Appl.
Opt. , 1987, 26(15): 3108~3118

14 Li Chaoming, Wu Jianhong, Tang Minxue. Design of flat field
holographic concave grating [J]. Laser Journal, 2005, 26(2):
57~58
AN, R, BECE. T A B IME eIl ]. sk &

&, 2005, 26(2): 57~58

15 Xiang Xianyi,» Wen Zhiyu. Design of flat field holographic
concave grating for near-infrared spectrophotometer [ J J.
Spectroscopy and Spectral Analysis, 2008, 28(7): 1670~1673
m B, AW, T AT LL A s A - 37 4 8 1 I 4 A4
530, b 5 ki 41, 2008, 28(7): 1670~1673

16 Zhou Qian, Li Lifeng. Design method of convex master gratings
for replicating flat-field concave gratings [J]. Spectroscopy and
Spectral Analysis, 2009, 29(8): 2281~2285
JA A AR SGTE AU T 37 11 T A TR D M Y 9 1R 22
Bl (1], k# 5 5k# 447, 2009, 29(8): 2281~2285

17 Kong Peng, Bayanheshig, Li Wenhao et al.. Optimization of
double-grating flat-field holographic concave grating spectrograph
[J]. Acta Optica Sinica, 2011, 31(2): 29~33
LoOms, EEARAERE. 23R . SO 4 R MR G g
A ILI]. % F 4R, 2011, 31(2): 29~33

18 M. Chrisp. Aberrations of holographic toroidal grating systems
[J]. Appl. Opt., 1983, 22(10): 1508~1518

EZHRE: T+4

0105001-7



