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Design and implementation of high sensitivity
micro spectrometer based on area array CCD

Xu Danyang®, Du Chunnian
College of Science, Zhejiang University of Technology, Hangzhou, Zhejiang 310023, China

Abstract: The area array CCD has the advantages of high sensitivity and wide dynamic range, which is suitable for
fluorescence measurement, DNA sequencing, Raman spectroscopy and low photometric detection. Therefore, it is
of great practical value to develop high sensitivity micro fiber spectrometer based on area array CCD. The optical
resolution of 1 nm is obtained by using an optimized cross-asymmetric Czerny-Turner optical system structure. By
combining the design methods of DC-DC and LDO, the complex power system with 6 voltage outputs is realized
through USB power supply. The CCD drive timing design is achieved by Verilog HDL language and the signals are
output through Altera's EPM7064 chip. After the CCD output video signal is converted by high-speed 16 bit AD chip
AD9826, digital signals are stored in a separate static RAM, allowing dacquisition and reading of data to be sepa-
rated. The sensitivity of designed micro-high sensitivity spectrometer is 11 times of that of spectrometer based on
linear array CCD. Furthermore, it has a dynamic range of 20000: 1 and a signal-to-noise ratio of 500: 1. This work
greatly improves the microfiber spectrometer performance.
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Table 1 Table of system voltage distribution

Parameter Reference range/V Design value/V Electrical equipment
Leakage voltage of CCD output transistor 23~25 24 CCD
CCD reset leakage voltage 11~13 12 CCD
CCD output gate voltage 4~6 6 CCD
CCD vertical drive time series high level 4~8 6 CCD
CCD vertical drive timing low level -9~-7 -8 CCD
CCD vertical drive time series high level 4~8 6 CCD
CCD vertical drive timing low level -6~-4 -5 CCD
Digital partial voltage 3.1~3.5 3.3 CPLD, STM32, et al
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Table 2 Parameter comparison table
Parameter USB2000+ Independent design
Measurement wavelength/nm 350~1050 200~900
Minimum integral time/ms 1 0.5
SNR 250:1 500:1
A/D conversion/bit 16 16
CCD model ILX511B S11510
CCD response range/nm 200~1100 200~1100
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Fig. 11 The spectrum of halogen lamp
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Diagram of crossed Czerny-Turner optical system

Overview: Spectrometer is an important instrument for spectral detection. It is used to measure the composition and
structure of a substance. It has the advantages of fast measuring speed, high accuracy and nondestructive measurement.
Traditional spectroscopic instruments, with their huge volume and high price, almost limit such instruments to the la-
boratory. In recent years, on the one hand, the urgent needs of biomedicine, science and technology agriculture and
other applications require analytical instruments to develop in the direction of miniaturization and intelligence. On the
other hand, it is possible to make the spectrometer miniature, thanks to the development of microelectromechanical
systems (MEMS) and the mass production of optical fiber devices, as well as the appearance of micro optoelectronic
detection devices.

Compared to the linear array CCD, the area array CCD is more sensitive to the spectral response, which is very suita-
ble for the applications of high quantum efficiency, such as pesticide residue detection, DNA detection, fluorescence
detection and Raman spectrum detection. Therefore, the development of highly sensitive micro fiber spectrometer can
broaden the applications of spectrometers, which is of great practical significance. At present, the technology of micro
spectrometer is mostly used at home and abroad. The first method is to use MEMS technology, two element optics and
integrated optics. The second method is to use the miniaturization of components and systems, which is the mainstream
method at present. The American Brimrose company and Jet Propulsion laboratory developed a micro crystal NIR
spectrometer based on acousto-optic tunable filter (AOTF) with a new type of filter technology, with a resolution of
0.0125 nm. Relevant research institutes in China include research institutes such as Zhejiang University, Chongging
University and Changchun Institute of Optical Precision Machinery and Physics, CAS.

The optical resolution of 1 nm is obtained by using an optimized cross-asymmetric Czerny-Turner optical system
structure. By combining the design methods of DC-DC and LDO, the complex power system with 6 voltage outputs is
realized through USB power supply. The CCD drive timing design is achieved by Verilog HDL language and the signals
are output through Altera's EPM7064 chip. After the CCD output video signal is converted by high-speed 16 bit AD
chip AD9826, digital signals are stored in a separate static RAM, allowing data acquisition and reading to be separated.
The sensitivity of the designed micro-high sensitivity spectrometer is 11 times of that of spectrometer based on linear
array CCD. Furthermore, it has a dynamic range of 20000: 1 and a signal-to-noise ratio of 500: 1. This work greatly im-
proves the microfiber spectrometer performance.

Citation: Xu D Y, Du C N. Design and implementation of high sensitivity micro spectrometer based on area array
CCD[]J]. Opto-Electronic Engineering, 2018, 45(11): 180152
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