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Abstract: In order to develop the small, low-cost, high-resolution spectrometer, a miniaturization Fourier
transform infrared spectrometer was design. By selecting electro-thermal MEMS micro —mirror as the
moving mirror of Michelson interferometer to make the Fourier spectrometer miniaturization and
portability. At the same time, to ensure a higher resolution, the folding double S Bimorph drive structure
of double displacements was designed. The beam splitter was external for selection different wave band
flexibly to achieve full spectrum range. Moreover, it used 1310 nm laser as a reference light source, and
tungsten lamp as interference light signal, through the signal acquisition, filtering, interpolation and
spectrum recovery steps to complete that signal collected and absorption spectra recovery process. The

results show that the displacement of electro-thermal micro-mirror can reach 500 pm, and the theoretical
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resolution of the spectrum can be up to 1 nm, and the spectrometer machine size as small as 62 mm X

62 mmx28 mm. Also the test results show that the baseline noise is 0.000 04, the repeatability of baseline

is 0.000 32 and repeatability of absorbance is 0.000 48. The performance can meet spectrum detection

applications of the food safety, drug testing, petrochemical and other fields.
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base-line noise; absorbance
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Fig.3 Design of miniature Fourier transform spectrometer
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Fig.9 Polystyrene sample absorbance spectrum

R XTRIR MG R 1 2 1 R T B
MR, E ] LUE HRR I RS AR A2 1 681 nm
BT R T AR A Y, 4 30 7 B PR T PR 25 1A
A E 8, B K ET A BRI A6 11320,
3.3.2 A& T Am X

FEEOTGANR S LU AT 1 25 22 21 S 4O 1k
B, LI R 40 YR ICE S AR i 45 2R 4l
Jer] 0 38 Pt ) 16D B A 38's, HE SR n 415 B 4k
ST 0.001 B X 07 ) I B R] K B AR S 2
fEis e, AN 10 thal DL B 56 47 L R R
b, AL B[] 24 28.5 min,
333 RENH

AR KR R, P EE 5 1 () i
SRR E I AR B — 2 ok, Wob R A
BT, (R B ) A o BB A, &t o
BT, 8 BAFE bR 0] W5 2 BEoR U0 BH AR (A B RS &5
PRI B N oL, HRFE MEMS 5 1455 31
W (1) MEMS A B i B 2 % (2) s 5 HE
£ 5 (3) MEMS 3K 2l H BH $A D) J 5 5 1 A4 2 X B AL
PERE™E—E R, 25 L RTR 3T A PR i o
(8 Tl Tl ASCOKE 2E — 25 i 2R 49 B I 4 o, T S
TR MRS = R AR

2
'5 g 0'5_(a)
.= L
£ 0.4
— 203
< O
5502
2 . L . L L
@A 1000 3000 5000 7000 9000
Number of measuring points
> 4x10 (b)
Eo -
5= 3x107 /,/
Sa 3| X:46
g 5210 Y:0.0009678 "
Sg 107 e
4 o=

0 20 40 60 80 100 120
Number of measuring group
[ 10 e WAL 125

Fig.10 Results of baseline deterioration
4 %4 it

LR UKl MEMS (3B 76 396 2 1 {8 HL i 2104k
JETEAC /N AL A 5 Ak B9 R I 3 o 22 20 9K Bl Y 07 5K
e SEBUBUAE AL A% &, B b AT DU 23 BEAGA 1 om,
K o3 RAR SN R FEAT AN [R] B 5 Be i RE e 4%, ki
AT B R . R T B RS

0520007-6



% 5 4

aoh gk T2

www.irla.cn
—

% 45 %

A FE LR I R 0.000 04, FE2E 552 1 0.000 32, W5
FEEE MR 0.00048, FEAREH LML 4, 2k
D Al TAR4ER Y BB N, (HJ2, T PRI
Xof FL AR (0 RS 2 7™ 2 —E SR, T B AR
TR, X o HE S AT 35 SR e 7
FLLR T A PRI RS TR 3 v B R AR AL, T B i
FERMZ BRI 5y UG 4R m A e Pk 5 T R

SE .

(1]

(2]

B

[4]

(5]

Chen Liang. Research and application of the micro

spectrometer system [D]. Hangzhou: Zhejiang University,
2008: 1-15. (in Chinese)
Khalil Omran Hitham, Medhat

Diaa, Mostafa, et al.

Miniaturized tunable integrated Mach-Zehnder MEMS
interferometer for spectrometer applications [C]//SPIE, 2010,
7594(5): 155-179.

Yu K, Lee D, Krishnamoorthy U, et al. Micromachined
Fourier transform spectrometer on Silicon optical bench
platform [C]//The International Conference on Solid —State
Sensors, Actuators and Microsystems, IEEE, 2005: 523-530.
Wang Yongging, Ma Wen, Lou Jianzhong, et al. Investigation
and progress of microspectrometer based on micro electro
mechanical system [J]. Metallurgical Analysis, 2006, 26(4):
43-44. (in Chinese)

Yang Xiaoxu, Zhou Sizhong, Xiangli Bin, et al. Studies on

nonlinearity of optical path difference of rotary Fourier

[6]

[7]

[8]

[9]

[10]

[11]

[12]

0520007-7

transform spectrometer[J]. Acta Optica Sinica, 2004, 24(10):
1388-1392. (in Chinese)

Khalil D, Sabry Y, Omran H, et al. Characterization of
MEMS FTIR spectrometer [C]//MOEMS and Miniaturized
Systems, SPIE —The International Society for Optical
Engineering, 2011, 7930: 876124.
Wu Lei, Pais A, Samuelson S R, et al. A miniature Fourier

transform  spectrometer by a large-vertical-displacement

microelectromechanical ~ mirror [C]//Fourier  Transform
Spectroscopy, Optical Society of America, 2009.

Wu Lei, Xie Huikai. A large vertical displacement
electrothermal bimorph microactuator with very small lateral
shift [J]. Sensors & Actuators A Physical, 2008, 145-146
(7): 371-379.

Weng Shifu. Fourier Transfom Infrared Spectroscopy [M].
Beijing: Chemical Industry Press, 2010. (in Chinese)

Pal S, Xie Huikai. Analysis and fabrication of curved
multimorph transducers that undergo bending and twisting[J].
Journal of Microelectromechanical Systems, 2012, 21 (5):
1241-1251.
Chen Qiao, Xie Huikai, Zhou Liang. A optical interference

platform and assembly method with MEMS: China,
103063130A, 2013-04-24. (in Chinese)

Zhang Ning, Liu Yulong, Wu Jiahui, et al. Design of CCD
data acquisition system of miniature spectrometer[J]. Infrared

and Laser Engineering, 2015, 44(1): 142—145. (in Chinese)



