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Fig. 1. Fabrication process of a 16-channel snapshot type
multispectral Fabry Perot microcavity array: (a) Bottom
distributed Bragg reflector (DBR) and cavity layer are de-
posited on a quartz substrate; (b) cavity layer is processed
by a combined process of UV photolithography and react-
ive ion etching; (¢) top DBR is deposited on the treated
cavity layer and formed with 4 X 4 microcavity arrays with

different FP cavity thicknesses.
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Fig. 2. (a) Transmission peak position of the narrowband film system changes with the thickness of the FP cavity (Ah represents
the amount of change in the thickness of the FP cavity); (b) relationship between peak position change AX and thickness change Ah

(Red line represents the fitting result).
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Fig. 3. (a) Using masks A, B, C, and D in sequence (with 8 x 8 array) schematic diagram of four step reactive-ion etching of FP

cavity; (b)—(e) the relative depth of four steps of Reactive-ion etching in sequence (Color indicates the etching area, and number in-

dicates the elevation of the steps).
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Fig. 4. Optical microscopic image of FP cavity layer (18 x 24 microcavity array area) after etching with (a) A, (b) B, (¢) C, and

(d) D masks in sequence.
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Fig. 5. Measured step contour curves which are scanned along the (a) A and (b) B direction, respectively.
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#1
Table 1.

W A Jr1a AR 2%
Measured height difference along direction A.

Height difference/nm

Ttem Etching time/s  Etching rate/(A-s )
2 3 4 5 6 7 8 Average
Ahy 9.1 9.5 9.2 10.3 9.2 8.9 9.7 9.4 9.41 28 3.36
Ahy, 1072 107.1 107.3 1075 106.0 107.3 107.0 108.6 107.25 300 3.58
Ahg 113.5 113.0 116.2 123.6 112.0 115.0 113.3 1193 115.74 328 3.53
F 2 U B AR 22
Table 2.  Measured height difference along direction B.
Height difference/nm
Ttem Etching time/s  Etching rate/(A-s 1)
2 3 4 5 6 7 8 Average
Ahy 24.7 23.5 25.0 24.3 24.5 24.3 26.0 24.4 24.59 70 3.51
Ahy 55.5 54.1 57.2 58.0 57.0 56.7 56.8 56.5 56.48 150 3.77
Ahg 76.5 76.5 72.0 73.5 72.6 78.3 77.3 78.1 75.60 220 3.44

(¢) S4800 5.0 kV, 9:6 mmx-50.0k SEM
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X/pm

B 6 RS

800 nm

(O T g et o e

(a) SR (b) S B A (I A IE S, 1R a8 R HUR); (o) TR 7R MEE; (4), (o) K

T3 BRI A IR KR AR R 1Y A x4 TS SATT I B RR AR = AR (b Bl A Bl R 23 (] AR s B3R R e AFM 138 (R A X 7 )
Fig. 6. Microcavity array sample: (a) Physical photos; (b) optical micrographs (positive in the left half and negative in the right

half); (¢) scanning electron microscopy image of the Fabry Perot microcavity array sample; (d), (e) atomic force microscope mor-

phology and step like three-dimensional morphology of locally enlarged 4x4 repeating units (Horizontal and vertical axes are spa-

tial coordinates; the color bar indicates the relative height of the AFM scan).
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Fig. 7. (a) Design value of spectral channel center wavelength (dashed line) and measurement curve of micro region transmission

spectrum (solid line) of the microcavity array sample (wavelength range 520-680 nm); (b) deviation of the center wavelength of the

multispectral channel from the design value (set as error bar at 1% of the center wavelength design value); (c) single transmission

peak characteristics.
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Fig. 8. (a) Precision assembly device for optical microscopy; (b) multi spectral camera.
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Fig. 10. (a)—(p) Pixel level grayscale response results of a 4 x 4 repeating unit when incident with monochromatic light at 553, 558,
567, 574, 582, 588, 593, 601, 608, 614, 627, 634, 643, 651, 663, and 546 nm, respectively.
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16-channel snapshot multispectral imaging based on
integrated Fabry Perot microcavity array’
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1) (School of Electronic Information, Central South University, Changsha 410083, China)

2) (Suzhou Institute of Nano-Tech and Nano-Bionics, Chinese Academy of Sciences, Suzhou 215123, China)
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Abstract

By designing and fabricating a narrow-band Fabry-Perot multi-beam interference spectroscopic microcavity
array, and integrating it with a visible light detector focal plane array, we demonstrate a small compact
multispectral imaging detector. The micro-cavity filter array with 4x4 basic repeating units and a total of
2048 %2048 pixels is obtained on a quartz substrate by the four-fractal combination lithograph-etching process.
Then the micro miniatured multispectral imaging detector is formed by fitting with the detector chip. The
depth and precision of the etching will determine the distribution and offset of the central wavelength of the
narrowband spectral channel respectively. The results show that the etching rate of reactive ion is (3.6 +
0.2) A/s, and the process is stable and controllable. Due to the different etching depths, the basic repeating unit
forms 16 different levels of steps, and the process achieves the design expectation well.

The results are obtained as follows: the response spectrum peak of the microcavity array sample varies from
520 to 680 nm, the free spectrum range is 160 nm, the full width at the half-peak is less than 10 nm, the
transmittance is about 70%, the relative half-width of the transmittance peak at 590 nm is 1.19%, and the
waveform coefficient is 2.78. A 16-channel multispectral camera is constructed by using the optical micro-
precision assembly device to realize the precise alignment and the fitting of the micro-cavity filter array and the
image sensor. Xenon lamp and monochromator are used as tunable wavelength monochromatic cooperative light
source to detect the effect of 16-channel snapshot multispectral imaging on a pixel scale. The results show that
the multispectral imaging detector has 16 different narrow-band response spectra. The characteristic spectrum
of the target can be clearly distinguished by spectral channel.

When imaging the target with known spectral characteristics, for a certain frame of multi-spectral image,
selecting a suitable spectral channel can eliminate the background in the field of view through image subtraction
and improve the contrast of the target. In the dark room condition, we take the LED light source with center
wavelength varying in a range between 528 and 589 nm as the target (the wavelength coincides with the
working wavelength of the spectral channel), and effectively suppress the background through the spectral
differential intensity subtraction, which can improve the accuracy and sensitivity of the target capture. The 16-
channel snapshot multi-spectral imaging detector based on integrated Fabry-Perot microcavity array has the
advantages of small size, high integration and strong environmental adaptability, and is expected to play a role
in realizing the real-time detection of weak moving targets, auxiliary diagnosis of skin surface observation, and

high dynamic range imaging of target observation under backlight conditions.
Keywords: microcavity, snapshot, multi spectral imaging, detector

PACS: 42.79.Pw, 42.79.Ci, 07.60.Rd, 42.40.My DOI: 10.7498/aps.73.20231775
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