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Abstract: To solve the problems of large reagent consumption and aerosol contamination in tube-based detection of traditional real-time
fluorescent quantitative PCR instruments, a disc-shaped microfluidic chip integrated with sealed valves was proposed. Based on the
mechanisms of nucleic acid amplification reaction, the intrinsic requirements for high temperature and airtightness were analyzed, and a
multiphysics? field coupling model was constructed to optimize the key structural parameters of microchannels and valve groups. Combining
simulations and physical experiments, we compared the fluid burst pressure of valve units under different parameters to validate the optimal
valve structure. Furthermore, reliability evaluations of the sealed valves were completed by conducting high-temperature thermal cycling
sealing tests using a custom-built fixture. By establishing a nucleic acid amplification experimental system, amplification efficiency was
evaluated on various samples using SYBR Green fluorescence chemistry, alongside parallel controls on a traditional tube-based platform.
The results show that the optimized chip has excellent performance: the relative weight change rate after sealing is only 0.379% (vs.
98. 588% before sealing) ; the coefficients of variation of the experimental and control groups are 4. 73% and 0.27% respectively, meeting
the precision requirements. The detection results are highly consistent with the traditional platform (R*=0.995), realizing accurate
detection of target nucleic acids. Integrating 16 independent detection units for synchronous parallel detection, the chip provides a novel
solution for high-throughput rapid nucleic acid screening and has broad clinical application prospects.
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Fig. 1 Flow of the overall design scheme for microfluidic devices
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Table 1 Performance comparison of different material substrates

FAt MERB/(W-(m-K)™) BALRSE/ C HLbSE B A g etk e
PDMS 0.15 -40 B AMFEYE 1 R AT PIER | S8 >90%
PMMA 0.19 105 2843 AR 1 2 ANTES PRI | 5 92~94%
PC 0.20 140 4y M EENE 1 2R NELET 88~90%
coc 0.16 130~170 s M 1 R R SR A7) 90~92%
Glass 1.10 820 BAK MMIEETE 1 % ENER N >90%
Si 148 1414 BUK A% ENGE ST R N ANFEW

olefin copolymer,COC) FYANAEREE YR 1 2, i L AW 5K
ISHR GEE L PMMA &AL, VS 28 PC B2 i, 3K
fhild B2 coc X ] & 98, HLAK 3 PC 5 coc B F
PMMA , fb2= 800 M & A it 32 J i, 78 PCR R, PC
PR R, 140°C BB TR T = T PCR IR
T IRAETCARTE s HUAKGR FEAR , 3B s B i T 5 8500, fh#
FeE FLiB e 12 ORI, AR A K | = B ARG B, 2
AR PCR Bk st

HE R PMMA 2 A K i B4k, PMMA i) )2
VMDA AT, el T4 2 200, 45 IR 55 B TR T
FEEA SEEZ RIS A, DR G 1 i s bRk, SUORBE T
AR EI R S K REE,

R BT = YA AR T R 16 S5
— S ST R BTG, A% AG I B R) B 15 O T S R
AL, 3 KA T AR D e RAE AAS iR, B AG
I BA T Ji A 37 3 2 I DB s TR A v B AR R %
B, EH AR AR 2 A E AL, IR S AR
HEXTAL it e (57 B T PR 5 R A 2 , T B A DU A
PR, O REARSE R R 2 R,
1.3 BARRESAFZHEERERARE

IR 0 Fr DA% 3 0 A A% 0, % S R SR 1 T O
VR 5 4 S A8 A BUER A « [R 1 s A S G S In
X, 40 S — ol R, ) — I A B AN, HoG
SR KB (L) #Fl R (R) 40 38
JE(h) RS8R (w) 56 3T T Y6 U 22 LR S8
R ZE A AN E 3 fis

[d 2 R A R S
Fig.2  Overall structural diagram of the disc-type

microfluidic chip
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Fig.4 Diagram of chip sample loading and sealing process
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Fig.5 Simulation diagram of fluid velocity of capillary

valves with different widths
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Fig. 19  Diagram of sample and reagent transfer and mixing process
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Fig. 22 Diagram of experimental procedures
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Fig. 24  Line chart comparison of weight difference between

experimental group and control group
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Table 3 Table of weight standard deviation values for

experimental group and control group
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Fig. 28  Fluorescence detection curve of the experiment
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Table 4 Comparison table of experimental detection results
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