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Abstract

Aiming to address the issues of complex operation, large size, and high cost associated with tradi-
tional fluorescence Polymerase Chain Reaction (PCR) detection instruments, we have developed a
portable real-time fluorescence detection device. This device integrates optics, mechanics, and
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electronics, achieving a high level of integration. The optical system is optimized using Zemax software,
resulting in an optical efficiency exceeding 90%. The hardware circuit employs the CH32V305FPB6
chip as the main controller, ensuring stable light source power output and high precision in periph-
eral signal processing circuits with excellent signal-to-noise ratios. Mechanical design is conducted
using SolidWorks software, integrating the optical and circuit systems into a compact unit measur-
ing only 4.1 cm x 3 cm x 2 cm, which can function independently or be integrated into other devices.
Testing with hepatitis B virus (HBV) samples demonstrates rapid and accurate positive detection.
When testing samples at high, medium, and low concentrations, the coefficients of variation (CV)
for ten repeated tests are 0.01%, 0.07%, and 0.62%, respectively, all below the national standard
of 2%, and the linear experiment correlation coefficient was 0.998, indicating excellent detection
repeatability and linearity. This device holds promising application prospects.
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Figure 1. System design block diagram
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Figure 2. Optical system structure diagram
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Figure 3. Optical module assembly drawing
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Table 1. The lens data of the excitation optical path

Surface Radius/mm Thickness/mm Semi—diameter/mm
0 Infinity Infinity 0.000
1 Infinity 20.000 5.400
2 / 0.000 0.000
3 Infinity 0.000 10.000
4 / —8.000 0.000
5 -5.492 —-5.824 6.000
6 Infinity —6.600 6.000

1 20 mm

Figure 4. Physical diagram of the excitation optical path
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Figure 5. Spot diagram of excitation optical path
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Figure 6. Energy-in diagram of diffraction rings in the excitation optical path
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Figure 7. MTF curve diagram of the excitation optical path
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Table 2. The lens data of the light-collecting optical path
2 2. WA HIE

Surface Radius/mm Thickness/mm Semi-diameter/mm
0 Infinity 6.725 0.000
1 Infinity 5.800 6.000
2 —5.541 6.672 6.000
3 5.541 5.800 6.000
4 Infinity 6.724 6.000
5 Infinity / /

;4
b ————————20 mm
Figure 8. Physical diagram of the collection optical path
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Figure 9. Spot diagram of the collection optical path
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Figure 10. Energy-in diagram of diffraction rings in the collection optical path
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Figure 11. MTF curve diagram of the collection optical path
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Figure 12. Hardware circuit system flowchart
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Figure 13. Main control board physical diagram
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Figure 14. Transimpedance amplification sampling circuit diagram
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Figure 15. Light source constant current drive circuit diagram
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Figure 16. Fluorescence detection curve graph
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Table 3. Fluorescence detection repeatability test data

3. O ES NS B

i IRV IR IV IRV
1 2.7320 1.5010 0.3987
2 2.7324 1.4999 0.4012
3 2.7324 1.5028 0.4001
4 2.7322 1.5024 0.3998
5 2.7328 1.4995 0.3998
6 2.7326 1.5011 0.4061
7 2.7324 1.5015 0.4043
8 2.7322 1.5022 0.4033
9 2.7326 1.5016 0.4028
10 2.7322 1.5022 0.3999

CV (%) 0.01% 0.07% 0.62%
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Figure 17. Fluorescence conversion signal intensity value vs. sample concentration linear relationship plot
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