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Abstract: Digital PCR (dPCR) had emerged as a vital tool in molecular biology and clinical diagnos-
tics due to the high sensitivity, accuracy, and absolute quantification capabilities. However, challenges had
persisted regarding integration level, sample volume requirements and fluid control. An integrated droplet-
based dPCR microfluidic chip incorporating a rapid valve system and automated heating system was pre-
sented, along with optimized fabrication processes herein. The results show that the chip may generate
droplets efficiently and uniformly, with a maximum generation frequency of 5. 132 kHz and a droplet diam-
eter CV (the coefficient of variation) of only 1. 67%. Rapid fluid control within 0. 1s is enabled by the de-
formable valve, while temperature ramping rates of 1.2 °C/s with temperature variations within =0.6 ‘C
are achieved by the integrated on-chip thermal cycling system. Fluid evaporation is effectively prevented by an
improved PDMS formulation, and the accuracy of 99.7% is achieved by the droplet recognition algorithm.

Key words: microfluidic chip; microdroplet; digital polymerase chain reaction (PCR) ; deformable
valve; integration
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Fig.1 Structure of droplet digital PCR chip
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Tab.1 Procedure of cyclic amplification reaction
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Tab.2 Liquid composition and physical property

parameters of dispersed phase and continuous phase
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Fig.3 Droplet digital PCR microfluidic chip test system
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Tab.3 Biological reagents used in the experiment

Moy W
Genomic DNA 10 pLL
Primer F 10 pLL
Primer R 10 uLL
2X Universal SYBR qPCR Mix 250 pL
EBTIK 220 pL
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Fig.4 Force analysis of the droplet at the nozzle
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Fig.5 Simulation diagram of droplet generation with different nozzle structures
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Fig.6 Performance analysis of droplet generation in microfluidic chip
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Fig.7 Analysis of PDMS-based microfluidic valve simulation results
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Fig.8 Fluid control valve performance test diagram
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Fig.9 Anti-evaporation test diagram and PCR

luminescence test
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