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Double-beam Miniature Spectrometer System

LIU Kang, YU Fei-hong
(Department of Optical Engineering , Zhejiang University , Hangzhou 310027, China)

Abstract: A novel miniature double-beam spectrum measurement system called double-beam
miniature spectrometer is proposed based on twin-core fiber and 2-D CCD detector Czerny-Turner
spectrometer. The advantage of the miniature spectrometer with small size and fast measurement
and the superiority of the double-path spectrophotometer with double light paths are both
presented. In this system, the light intensity of the light source is divided equally into two parts
by the first two-core fiber. One part is considered as the reference light path, and the other is
considered as the sample light path. Then the reference light and the sample light are transferred
to the slit of the spectrometer by the second two-core fiber. The two cores of the second two-core
fiber are distributed along the direction of the length of the slit (the direction of the non-
dispersion). In order to avoid the overlapping and the crosstalk between the sample spectrum and
the reference spectrum., astigmatism corrected cylindrical lens is added into the symmetrical
crossed Czerny-Turner optical bench. The optical design software is used to optimize the system
aberration. The ray tracing result shows that the imaging spectra of the reference path and the
sample path can be clearly distinguished in the wavelength range of 300 ~800 nm. Eventually,
the experimental prototype of the double-beam miniature spectrometer is manufactured and
aligned. The sample spectrum and the reference spectrum can be displayed and measured

simultaneously with the system. The design method of the double-beam miniature spectrometer is
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verified by the experiment. The light path of double beam, the characteristic of fiber connector

and flexible configuration are realized in the double-beam miniature spectrometer.

Key words: Miniature spectrometer; Double-beam; Twin-core fiber; Astigmatism corrected; 2-D

CCD detector
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Fig. 1 Schematic diagram of the double-beam spectrometer

58 A AR TA]. 55— XUE G 2T B X8 3 14 45 BDG IR 21
— UL i Y P £ 0 8 L K HE B G [R] 5 A4 £F
o3 BIAL R AR 0 2 25 't % RN A O B DG RE. 2
2 1 B 14 B8 i 1 5 TR 5 A XGRSO 2R B — A
PR S A 4 L2 TC 2 T A R AR BRSO 2T Y
5 2003 DT 9 2 2% 0l 1k A B 2RI 35 AR F2 B 1Y
DR IR O R BRLE S S OB 2k 8 d O £ e
HE R RIE IS AT 6 IR B S L 5 A R A S
B C LB ST — AR L 47 o BB 3R AR . e

TRGEICER Y I — A OS5 T XU R
22 6 RN e e i G () B A i 30 25— X i - o 4
PRI A AL A PR 4E  HLrp AR 27 T B B8
JE 5 1] (B B HES.

T 0 ' 3% 30 32 ML SR 2 T O Bt (8 B R 2
Czerny-Turner St 52 4544, JE 27 1 5 (14 ' fiE i i Bk
B LR BV T M 6 B R AR R S B
BENHE P CCD 4R &% 1. 55 U £F 1 B i Hh
PR T 88 22 (8] B T 3 24 19 1) B FT LUORE P %Ol 7



1220 *t T

T 2%

JEIEACERIN % b 23 A8 278 618 5 0 ol 1 &
8. kG BRI 2 5 Ok FRE OGS A B S, L
SOV W X W IO 3 R AT 43T T B X R O
ASGHE AT T8 G B AR A6 18 1 G SR FH 7 A% 18 A1 in A
HE G RO Mt SR, LS H
TG FURE G 1 58 4 4 8.
2 WS FRBE K LE
2.1 ZITER

AR 1 i R GEE5 0, BOG A fORDE 1% R
2 RE I A5 B, BT
Czerny-Turner Jf: 2% 25 #4) /) 1 81 O 1% A 5 3, B 2
TEHEALIY R G S i MR SR )5 X BUE B 2R
FIH AR B 2E 38 1 B 1T I 50 30 6O AR5 ok 3%
M 53 5.
2.1.1  Emakit

Bt Czerny-Turner S22 2519 & H | R b 1k
TR GG AU, T 5 ) I 25 4 L 6% R 40t B4 M B
BE TGRSR BE BRI A (R R K. R SRS
e i PR s 50 R OB H L U AR R IR 2% =
HEURAE s RGP b R AR 25 58 A O S S B AR R
FEs i AR R I BR. 2C XX FR L Czerny-Turner 4544
CHfE 5% 5 AR B8 A5 IR A [RDD » 7T LA RCHE T B 22 X
BRAR 5 i 5[] B 58 SR 4 o % 45 4 AT DR AR &R 40
B A O ZK T A 3Kk T R AR 55 04 58 1 AT LA R T
Bl A1 P 15 25 o 0 5 AR R 2 T e B 1 B A AR S
KT T Bk R G B Y 32 XX R X Czerny-
Turner )27 25 14 52 BLAOADGIEAL FE ML TT.

TR R B A A3 O B A% O g DR
B Ve TR T OGRE ALY T A I B RG34 2. AR
o S €8O B X 45 0 Y AR R G R g L B 4
B B8 B R A O R d BN OB RS G RS o B
SR 5 T 2SO E R RN G A TR G
T [ A e

d(sinitsin®=mA (m=0,+1,£2,-)(1)

T BT B £ BE R B FL AR 52 B T 2R 45 1 AR G AL
P RG22 25 PR 48 0 o BB ARG BR(E FL AR T LR T &R
SRR WE LR M B8 1 AR TR RE 25 380 5 B8 1 AR 2 N 2%
OG5 e 1% A BUR BT 5 R4y B o B AR R
foBUAEALE D 5 2GR Fa X R2 (2

jf;<256 A (F#)!

|D.<256 + 2+ (F#)°

BAG B 1 £5 BB i e T S R R 2R 1 =
It BRI AR TE KN R E T BB T K L.
BUSBE R FERE £ 5O AL TAE B BE B (A .4, ]

(2)

DL K g i i K B Lo &) DL (3) R
A2 /d Ai/d

L=f- [ =/’ JT— /) } )
2.1.2 k& HHEit

XU TR T A 18 A 0 2 A DR UE S 335 2 26 1Y) T
PET S G R (SRR i 0O FE BRI 5 bk
BTG 43 B AR T U . 1) B RS 00 i
FR AN LR R TR R N ER S I EAR s 2) WA
THZ BT B 6 ISR 0T 1) 1 g 2 .

R T 25585 A ] R 0 B AN £ 0 R Y AR BT R
XF KA 1P E 2 A% - BT LA 3 22 1 38 R &7 365 17 [)
SR ME A I BAR T . NS AR B R E
X T /N AR - 25 T8 3 3 T PRAR AR L 9D 25 X
T AR 5 ) 5 (ERAS 0 DY RE At BE D SRR IO 3
ISCR A5 e e B DAFE SE PR e i ad R 75 B 28 B % R
55 RGO G T ULEs Ui 19 £F 00 BLAR 5 45 0N [R) B

& 4i () Czerny-Turner J24 4516 1) 5 2 K %
TR BEAG A2 U ST R AE IR I ) b 2
B2 1Y) R A 55 R A5 1. B b S S 8 0 i T LA
R (D FoR

I'.= f.(sin q.tan a.) 1 f;(sin a;tan a;) (4)
e o 43 550 A o LA R A5 A 1 S il A
TH B G TEA AR AT AR B H il T A% i 5% 1k
T TR 5 AT R A T B S RS T RS
THE WL 2E T EE R 2R e W B4k 15 1 AR S0k
$E T 1T R 5 000 4 10000256 A T B R T B S KL

Hi#mELA 3 M ¥ SE PR R.AE HHM
BOEE 242 R 52 AR S FE B0y I i AR 5E
RSB 4 BE 225 R e H 52 AR S 2 R B 80y
Wl A2 BB R A, G A A TH R 1R T T 2 AN
PR A3 HER NG 0 R R 2 R 4 R
MAEAECHEOT ) BB SEEE. TG TAE U K
R B, VT H 5 i 00 200 A AT 38 A 6 335 718 LA D
B 43 BRI AR 2 K-
2.2 BIHER

HR A B oG 3% A & 1 5 ik 18 2% CAD
AF A K 2 B M6 R G, 0 1 O o B
IR AG 55 1 £ IR R 5 el A R DL A O 3 A Y AR o
AR ERGE RN 29 mm, FLMRITE R
UL PR AL BEER 1 nm ISR AR 2 nm, G
A T AE U B3 L R 200~1 100 nm,. 58 % EHLi%
TG - RGN ARE B8 U A0 A T8 1Y 2 42 R0 2R &
FE A BRAE T 05 2 S5 0 L AN B IR R G 43 3 56 1 i 4
T S BB B I B




10 14 X BE 5 45 < XU A AL ' 1A 1221

20.83MM

B 2 3 X5 # o 1% B Czerny-Turner 538 L
Fig. 2 Symmetrical crossed astigmatism corrected

Czerny-Turner spectrometer
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Fig. 3 Spot diagram of the double-beam spectrometer
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Table 1 System parameters of the double-beam miniature

spectrometer

Specification Value

Slit Width/gm 25

98. 5(Collimating mirror)
Focal length/mm . .
98. 5(Imaging mirror)
Grating/ (line « mm™") 300
R=5 H=17.7 Material: K9

Fiber core: 200

Cylindrical lens/mm
First double-core fiber/pm )
Distance between cores: 0

Fiber core; 200

Distance between cores: 800

=10 f/# =2 Material: quartz

Second double-core fiber/pm

Collimating lens/mm
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Fig. 4 Tllumination results of the spectrometer connected

with Mercury-Argon lamp by multimode fiber
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Fig. 8 The transmittance measurement result with the
double-beam miniature spectrometer
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