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Abstract Aiming at the problem of difficult adjustment of prism-grating-prism (PGP) imaging spectrometer, the
method of correcting the chromatic aberration of PGP imaging spectrometer is used to ensure that the detector image
plane is perpendicular to the optical axis, and a wide-band achromatic PGP system is designed in this paper. Starting
from the wide-band apochromatic theory, the minimum theoretical chromatic aberration of the three glass material
combinations is calculated, which provides theoretical support for the apochromatic optical design. Using the optical
design software to optimize the initial structure, the results show that the secondary spectrum of the PGP system
has been well corrected, and the CCD of the detector does not need to be tilted, which is more convenient for later
installation and adjustment. The coverage spectrum width is 400—1000 nm, the field of view is 9.2 mm, the spatial
resolution is better than 10 pm, the spectral resolution is better than 2.8 nm, and the optical transfer function is
greater than 0.7, which is close to the diffraction limit, meeting imaging requirements.
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Fig. 1 Structure of the traditional PGP spectrometer
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Fig. 3 Dispersion principle of the PGP system

PGP Z 4t H b B2 8 73 77 A8 00 il o) £ 25 22 52
Wi e 4 RGETH 22 458 K 4 o . R i
AR G TH A b B 0 Bl el € 22, DIOG AR B RO
L RB), YT E A, nysin 8, =n (X)) sin 6, , 18
W RARE] 0, = 8. 736%,0,,, = 8. 865°, H,
n, HESWPTH B WA L0, BB A B
R AT S 1 B B U R BE S 4 mm, TR )
AR Sl 8,225 0. 017 mm,

./,
&ﬁ\\/

4 s
Fig. 4 Schematic diagram of the dispersion
BEAX T HEAPEB A, ~2, 5 G20
DLRIR N E KWK A, A A, 7ROl £ A
B2 . T3/ K Ot 2R AR B 120 BB S ] 1
(ACRER-DIF 3N
AL =10 =L (3
ARG Wik ety K, (3) =Ur AR R
A

AL —f === W
) P @i,
AP o o, REER A A MRGER, 0, w0, N
Bk A A, WOLERE, M TRDNER. ¢, =@
AV R S HT e 3 B A T 8 25 o) LR AR A
B, R o0 =@, VEFEA IS A BES BB LA
I Al ) €25, 2 5 | TR R Y BT SR B I 1Y 7 Ak T AR
b 1E 365.01~1013. 98 nm KOG T Bl Py L F1) €4
A AR 2R WK I 5 %
a1 KA \ K2 K2* ’
AP—L, A*—L, A"—L,
K, K, ~K,.L, ~L, HitFE®EH .2 K.
TR R G A BB R e A KR N

(5

eA) =) +DQA) XAy, (6)
A, OB, D QO MR A B aE, H
DO =[nA) —ny,)/(n, — 1, (7

o AL ) B 1) B AR A = U = b A R Y
SEOGEE RN
D) =L, A) +9, (X)) + 9, Q) ]+ ¢, (A,) X
D, Q)+ ¢,(A) XD, (A) +¢;,) XD;A), (8)
K000 vy 001 =R G .

1 R G B Al 22 I

O — D) =0, 9

K, NG DB, K 9) XK 5
Y2

®-.-D'=0, (10)
K,
@
D= ¢, . (1)
@5
D =

DI(AI)_Dl(AZ) Dl(Aj)_Dl(A]H)

Dg(k])_Dg(/‘tz) D;g(Aj)_D:g(A]'+])

(12>
N7 M RS H L TR
FIA—FERE X fi
X-d=1, (14>
MR (12) A1) 3, 753
o]
D=, (15)
D

ﬁr'—lagzl:laoa'"a()]’r 3‘7]><1 E]/‘J@“E]io

0222003-3



EalE F28/2021 F£1 B/RFFR

X - - -
/?\‘\J: L):|vljllJ(D:(Jl <) l'J[ 'e’ﬁﬁ

AN TA) 3¢ 385 B A S %, A5 Hh U 0 22 ROR B AT O 48
JE R F @ 10 A (12) 20, wlh fE 15 2 W) B 55 4 &
/Mo Bl AL=@ « D,

BE 3k 25 M SR B R RSB 1 O 3K B S M R i
FH=F0 70 AR B 0 PE b e B A

1977 2, 180 At EE AL Bl 40 & 7 A3k 191790 Fh, 4>
ST 191790 Fh s RS EEZ M, U G(RE 5B
B A BE Y 4 X D AE MBS — IR T A ifE L B G =

Z\so QO | o MR SCERL6, 12777 0, O £ i ok

HT AFF ARG W —FOtig, AES G<<13 By
HAVEATXTE L H A B R 1 s,

R PRI RO EENE SRR

Table 1 Optical power and the minimum chromatic change of the three glass

Glassl Glass2 Glass3 G AL @ @y @,
N-KZFS11 BASF52 PSK52 12.197 2.32X10°" —5.598 3.461 3.138
N-KZFS11 N-FK51 PSK52 8. 746 1.87X10" 0.139 4.734 —3.873
N-BAK4 BAFN6 FK51 10. 425 6.98X10 * —4.712 1. 896 3.817
N-BAK4 N-FK51 SK5 7.458 2.29X10°" 0.491 3.738 —3.229
N-BAK2 FK51 LLASFN30 10.173 1.80x10 " —4.587 4,480 1.107
N-BAK1 LAF20 PK51A 10. 717 2.32X10 " —4. 859 1.128 4,731
N-BAK1 P-LLASF47 N-PK52 9.964 1.02x10 " —4.482 0.911 4.571
K10 N-FK51 KZFSN4 11.526 2.06x10 " —5.263 4,470 1.794
N-PK52A P-1LAK35 LLF2 8.322 2.41X10° 3.329 —3.661 1.332
N-PK52A N-PSK53 KZFSN4 12.720 2.88X10" 6.052 —5.860 0. 807
N-FK51 LLF6HT SK5 7.018 2.10X10" 3.783 0.226 —3.009
N-LAK33A FK51 LAFN28 10. 925 2.34%10 " —4.962 3.008 2.955
BAF3 FK51 N-SK18 9. 580 1.12x10 " 1.531 3.758 —4.290
BAFS8 FK51 LAKNG6 8. 244 6.65X10 ° 0. 850 3.772 —3.622
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Table 2 Main parameters of the PGP system

Performance parameter Value
Spectral range /nm 400-1000
Spectral resolution /nm 2.8
F number 2.8
Slit /(pmX mm) 20X9. 2

Spatial resolution /um  RMS: spot radius less than 9.5
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Fig. 5 Optical layout of the achromatic focus lens
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Fig. 7 Optical layout of PGP imaging spectrometer system
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