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(54) SELF-DRIVEN MICROFLUIDIC CHIP AND METHOD FOR USING SAME

(57) The present invention provides a self-driven mi-
crofluidic chip and a use method thereof. The self-driven
microfluidic chip of the present invention comprises a
base and a cover, and a sample inlet, a sample outlet, a
plurality of reaction chambers and one or a plurality of
primary channels are formed between the base and the
cover; the sample inlet and the sample outlet can be com-
municated with the outside, the primary channels are
communicated with the sample inlet and the sample out-
let, and a liquid inlet channel and a liquid outlet channel
are arranged between each reaction chamber and one
primary channel; the internal surfaces of the primary
channels, the reaction chambers, the liquid inlet channels
and the liquid outlet channels, which are located on the
base and/or the cover, are hydrophilic surfaces, the cross
sectional area of each liquid inlet channel is less than
that of each liquid outlet channel, and in the liquid flow
direction in the primary channels, each liquid inlet chan-
nel is located in front of each liquid outlet channel; and
after the solution of the sample to be tested enters the
reaction chambers, the primary channels can be filled
with an oil phase reagent to close the liquid inlet channels
and the liquid outlet channels. The self-driven microfluidic
chip of the present invention realizes the self-driven flow
sampling of the solution of the sample to be tested without
external drive equipment.
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Description

[0001] The present application is proposed based on
the Chinese patent application with the application
number of 201910235034.1 and the application date of
March 27th, 2019 and claims the priority of the Chinese
patent application, the disclosures of which are hereby
incorporated by reference.

Technical Field

[0002] The present invention relates to the field of mi-
crofluidic chips, and particularly relates to a self-driven
microfluidic chip and a method for using the same.

Background

[0003] In the past 20 years, the number of new cancer
cases in China has exceeded 2.2 million each year. At
the same time, the number of new cancer cases is still
increasing at a rate of 3%-5% each year. Cancer has
become the first cause of death affecting lives and health
of the Chinese people. The development of cancer re-
quires several steps of gene mutation, generation of can-
cer cells, formation of tumors and metastatic spread. The
current cancer diagnosis methods mainly include path-
ological examination, imaging examination and so on,
and can obtain more accurate testing results only after
the tumor grows to a certain size and the cancer develops
to the middle and late stages, and the best treatment time
for patients is often missed. If mutated genes can be de-
tected in the proliferation process of cancer cells to bring
forward the diagnosis time, the survival rates of patients
can be increased. Therefore, a nucleic acid testing meth-
od with high sensitivity and high accuracy is urgently
needed.
[0004] At present, conventional nucleic acid testing
methods are to amplify target nucleic acid molecules to
achieve signal amplification, mainly including polymer-
ase chain reaction (PCR), loop-mediated isothermal am-
plification (LAMP) and recombinase polymerase ampli-
fication (RPA), and the most widely used technology is
real-time fluorescent quantitative PCR technology. In the
PCR methods, the third-generation digital PCR method
has higher testing sensitivity. In the method, DNA mole-
cules to be tested are dispersed in thousands of reaction
units in advance, and the DNA concentration of an initial
sample can be obtained by counting the fluorescence
intensity changes of each reaction unit before and after
PCR amplification, which can realize the quantitative
testing of a nucleic acid sample with an ultra-low concen-
tration. Compared with traditional nucleic acid testing
technologies, the digital PCR has higher testing sensi-
tivity and wider testable dynamic range and can obtain
more accurate testing results in various fields such as
analysis of cancer markers, non-invasive prenatal test-
ing, environmental monitoring and food safety monitor-
ing.

[0005] The microfluidic chip technology is to integrate
traditional biochemical analysis on a few square centim-
eters even smaller chip and complete testing analysis in
the micro-nano scale channel and micro-cavity in the
chip, and is more suitable for use in combination with
single nucleic acid molecule testing method to realize
high-sensitivity and low-dosage testing. In the related
control of a microfluidic chip, a device such as syringe or
air pump or electric pump is usually used to drive a rea-
gent to flow in the chip, which makes chip operation com-
plicated and requires corresponding instruments to real-
ize functions.

Summary

[0006] In view of this, the present invention aims to
propose a self-driven microfluidic chip capable of realiz-
ing self-driven sample loading without external drive
equipment.
[0007] To achieve the above purpose, the technical
solution of the present invention is realized as follows.
[0008] A self-driven microfluidic chip, used for accom-
modating solution of a sample to be tested, comprises a
base and a cover, at least one of which is made of color-
less transparent material; the cover is fitted and fixedly
connected to one surface of the base, and a sample inlet,
a sample outlet, a plurality of reaction chambers and one
or a plurality of primary channels are formed between
the base and the cover; and the sample inlet and the
sample outlet can be communicated with the outside, the
primary channels are communicated with the sample in-
let and the sample outlet, and a liquid inlet channel and
a liquid outlet channel are arranged between each reac-
tion chamber and one primary channel.
[0009] The internal surfaces of the primary channels,
the reaction chambers, the liquid inlet channels and the
liquid outlet channels, which are located on the base
and/or the cover, are hydrophilic surfaces, the cross sec-
tional area of each liquid inlet channel is less than that
of each liquid outlet channel, and in the liquid flow direc-
tion in the primary channels, each liquid inlet channel is
located in front of each liquid outlet channel so that the
solution of the sample to be tested that enters through
the sample inlet can be driven by capillary force to enter
the reaction chambers.
[0010] Moreover, after the solution of the sample to be
tested enters the reaction chambers, the primary chan-
nels can be filled with an oil phase reagent to close the
liquid inlet channels and the liquid outlet channels.
[0011] Further, the base is composed of a substrate,
or the base is composed of a substrate and a reaction
layer fitted on the substrate.
[0012] Further, the substrate and the reaction layer are
silicon chips, and the cover is a glass sheet.
[0013] Further, the sample inlet, the sample outlet, the
primary channels, the reaction chambers, the liquid inlet
channels and the liquid outlet channels are formed on
the base by means of etching.
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[0014] Further, each primary channel has the width of
5 mm to 5 mm and the height of 5 mm to 3 mm.
[0015] Further, each liquid inlet channel has the width
of 5 mm to 3 mm and the height of 5 mm to 3 mm; and
each liquid outlet channel has the width of 5 mm to 3 mm
and the height of 5 mm to 3 mm.
[0016] Further, the cross sectional areas of the liquid
inlet channels, the liquid outlet channels and the primary
channels increase in sequence.
[0017] Further, the oil phase reagent is one or a mixture
of mineral oil, silicone oil, fluorocarbon oil and paraffin oil.
[0018] Further, the plurality of primary channels are
arranged, and a waste liquid pool is arranged between
the plurality of primary channels and the sample outlet.
[0019] A self-driven microfluidic chip comprises a
base, a cover, a sample inlet, a sample outlet, a plurality
of reaction chambers, at least one primary channel, a
plurality of liquid inlet channels, a plurality of liquid outlet
channels, a sample inlet through hole and a sample outlet
through hole;
[0020] The cover is fitted and fixedly connected to the
surface of the base; the sample inlet, the sample outlet,
the plurality of reaction chambers and the at least one
primary channel are arranged between the base and the
cover, and the at least one primary channel is commu-
nicated with the sample inlet and the sample outlet; a
liquid inlet channel and a liquid outlet channel are ar-
ranged between each reaction chamber and the corre-
sponding primary channel; and the sample inlet through
hole and the sample outlet through hole are arranged on
the cover so that the sample inlet and the sample outlet
can be communicated with the outside.
[0021] Further, the self-driven microfluidic chip is used
for accommodating solution of the sample to be tested,
and the internal surfaces of the primary channels, the
reaction chambers, the liquid inlet channels and the liquid
outlet channels, which are located on the base and/or
the cover, are hydrophilic surfaces; the cross sectional
area of each liquid inlet channel is less than that of each
liquid outlet channel, and the cross sectional area of each
liquid outlet channel is less than that of each primary
channel; and in the liquid flow direction in the primary
channels, each liquid inlet channel is located in front of
each liquid outlet channel so that the solution of the sam-
ple to be tested that enters through the sample inlet can
be driven by capillary force to enter the reaction cham-
bers.
[0022] Further, after the solution of the sample to be
tested enters the reaction chambers, the primary chan-
nels can be filled with an oil phase reagent to close the
reaction chambers.
[0023] Further, the oil phase reagent is one or more of
mineral oil, silicone oil, fluorocarbon oil and paraffin oil.
[0024] Further, along the liquid flow direction in the pri-
mary channels, the included angle between each liquid
inlet channel and each primary channel is less than 90°,
and the included angle between each liquid outlet chan-
nel and each primary channel is greater than or equal to

90°.
[0025] Further, each primary channel has the width of
5 mm to 5 mm and the height of 5 mm to 3 mm; each
liquid inlet channel has the width of 5 mm to 3 mm and
the height of 5 mm to 3 mm; and each liquid outlet channel
has the width of 5 mm to 3 mm and the height of 5 mm to
3 mm.
[0026] Further, each primary channel has the width of
10 mm to 500 mm and the height of 10 mm to 500 mm;
each liquid inlet channel has the width of 5 mm to 500
mm and the height of 5 mm to 500 mm; and each liquid
outlet channel has the width of 5 mm to 500 mm and the
height of 5 mm to 500 mm.
[0027] Further, the base is composed of a substrate,
or the base is composed of a substrate and a reaction
layer fitted on the substrate.
[0028] Further, the substrate and the reaction layer are
silicon chips, and the cover is a glass sheet.
[0029] Further, hollow channels and reaction cham-
bers are etched on the reaction layer.
[0030] Further, the sample inlet, the sample outlet, the
primary channels, the reaction chambers, the liquid inlet
channels and the liquid outlet channels are formed on
the base by means of etching.
[0031] Further, the plurality of primary channels are
arranged, and a waste liquid pool is arranged between
the plurality of primary channels and the sample outlet.
[0032] A PCR testing method, using the self-driven mi-
crofluidic chip, is characterized by comprising the follow-
ing steps.

a. Mixing DNA or RNA of a sample to be tested with
a nucleic acid amplification reaction reagent contain-
ing fluorescent probe or fluorescent dye to obtain a
solution of the sample to be tested.
b. Adding the solution of the sample to be tested at
the sample inlet of the self-driven microfluidic chip
so that the solution of the sample to be tested can
be driven by capillary force to flow into the primary
channels first and then flow into the liquid inlet chan-
nels, the reaction chambers and the liquid outlet
channels in sequence until all the channels and the
reaction chambers are filled.
c. Adding an oil phase reagent incompatible with wa-
ter at the sample inlet so that the oil phase reagent
can be driven by pressure to flow to the sample outlet
along the primary channels and the solution of the
sample to be tested in the primary channels is driven
by the oil phase reagent to flow to the sample outlet
until the primary channels are filled with the oil phase
reagent, wherein the reaction chambers are sepa-
rately isolated.
d. Closing the sample inlet and the sample outlet.
e. Placing the self-driven microfluidic chip in a real-
time fluorescent quantitative PCR system for real-
time fluorescent acquisition and testing to obtain a
fluorescence signal curve; or, placing the self-driven
microfluidic chip in an in situ PCR system for digital
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PCR amplification reaction, after reaction, using a
fluorescent acquisition system to conduct fluores-
cent imaging on the area of the reaction chambers,
acquiring the fluorescence intensity signal of each
reaction chamber, setting a fluorescence intensity
threshold, if the threshold is exceeded, the reaction
chamber is positive, counting the number of positive
reaction chambers, and using Poisson distribution
for derivation and calculation to obtain the original
copy number of the tested sample, thereby realizing
absolute quantitative testing.

[0033] Compared with the prior art, the present inven-
tion has the following advantages.
[0034] For the self-driven microfluidic chip of the
present invention, the solution of the sample to be tested
that enters through the sample inlet flows forwards from
the sample inlet under the action of capillary force of the
channels, and enters the reaction chambers under the
action of capillary force of the liquid inlet channels when
reaching the liquid inlet channels, and due to the front
and back position relation and different cross sectional
areas of the liquid inlet channels and the liquid outlet
channels, the solution of the sample to be tested is sub-
jected to a greater capillary force in the liquid inlet chan-
nels so as to be capable of entering the corresponding
reaction chambers from the liquid inlet channels and
pushing the air in the reaction chambers to flow to the
primary channels from the liquid outlet channels. After
the solution of the sample to be tested is added contin-
uously, all the reaction chambers can be filled. In this
way, the self-driven flow sampling of the solution of the
sample to be tested can be realized without external drive
equipment, and the preset invention also can further pre-
vent the tested sample from being polluted by impurities
in the environment so as to avoid environmental pollution
from the amplified sample.
[0035] The present invention also provides a method
for using the self-driven microfluidic chip, comprising the
following steps.

a. Mixing DNA or RNA of a sample to be tested with
a nucleic acid amplification reaction reagent contain-
ing fluorescent probe or fluorescent dye to obtain
solution of the sample to be tested.
b. Adding the solution of the sample to be tested at
the sample inlet of the self-driven microfluidic chip
so that the solution can be driven by capillary force
to flow into the primary channels first and then flow
into the liquid inlet channels, the reaction chambers
and the liquid outlet channels in sequence until all
the channels and the reaction chambers are filled.
c. Adding an oil phase reagent incompatible with wa-
ter at the sample inlet so that the oil phase reagent
can be driven by pressure to flow to the waste liquid
pool along the primary channels and the solution of
the sample to be tested in the primary channels is
driven by the oil phase reagent to flow to the waste

liquid pool until the primary channels are filled with
the oil phase reagent, wherein the reaction cham-
bers are separately isolated.
d. Closing the sample inlet and the sample outlet.
e. Placing the chip in a real-time fluorescent quanti-
tative PCR system for real-time fluorescent acquisi-
tion and testing to obtain a fluorescence signal curve;
or, placing the chip in an in situ PCR system for digital
PCR amplification reaction, after reaction, using a
fluorescent acquisition system to conduct fluores-
cent imaging on the area of the reaction chambers,
acquiring the fluorescence intensity signal of each
reaction chamber, setting a fluorescence intensity
threshold, if the threshold is exceeded, the reaction
chamber is positive, counting the number of positive
reaction chambers, and using Poisson distribution
for derivation and calculation to obtain the original
copy number of the tested sample, thereby realizing
absolute quantification.

[0036] The method for using the self-driven microflu-
idic chip of the present invention can realize real-time
fluorescent quantitative PCR testing or digital PCR test-
ing without a microvalve or a micropump or other struc-
tures, the experiment cost is low, the periphery of each
reaction chamber is sealed, and the use method also has
the advantage of good evaporation and fusion prevention
effects.

Description of Drawings

[0037] Drawings forming a part of the present invention
are used for providing further understanding of the
present invention. Exemplary embodiments of the
present invention and the description are used for ex-
plaining the present invention, but do not constitute a
limitation to the present invention. In the drawings:

Fig. 1 is a schematic diagram of a self-driven micro-
fluidic chip of embodiment 1 of the present invention;
Fig. 2 is a schematic diagram of a self-driven micro-
fluidic chip of embodiment 2 of the present invention;
Fig. 3 is a local enlarged view of Position I in Fig. 2.

Reference Signs:

[0038] 1 - base, 11 - sample inlet, 12 - sample outlet,
13 - primary channel, 14 - reaction chamber, 15 - liquid
inlet channel, 16 - liquid outlet channel, 17 - waste liquid
pool, 2 - cover, 21 - sample inlet through hole, and 22 -
sample outlet through hole.

Detailed Description

[0039] It should be explained that if there is no conflict,
the embodiments in the present invention and the fea-
tures in the embodiments can be mutually combined.
[0040] The present invention will be described in detail
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below by reference to the drawings and in conjunction
with the embodiments.

Embodiment 1

[0041] The embodiment relates to a self-driven micro-
fluidic chip which is used for accommodating the solution
of the sample to be tested so as to carry out various
testing operations such as real-time fluorescent quanti-
tative PCR testing or digital PCR testing. As shown in
Fig. 1, the self-driven microfluidic chip comprises a base
1 and a cover 2, at least one of which is made of colorless
transparent material, the colorless transparent material
shall have low fluorescence, and the characteristic of low
fluorescence of the embodiment is generally that the ex-
cited fluorescence intensity of the material is less than
that of fluorescein with a concentration of 10e-8 mol/L
under the irradiation of excitation wavelength of the flu-
orescence probe such as FAM, HEX, VIC, CY3, TAMRA,
ROX and CY5 used in the PCR reagent. Due to the char-
acteristic of low fluorescence, the solution of the sample
to be tested can be received by a testing instrument.
[0042] The base 1 is preferably made of material which
has good biocompatibility and is not easy to adsorb such
substances as nucleic acid, and also preferably made of
material with good heat conduction effect. Specifically,
in the embodiment, the cover 2 is a transparent glass
sheet, and the base 1 is a silicon chip. Of course, in other
embodiments of the present invention, the base 1 and
the cover 2 can be both made of transparent material
such as glass sheet, or the base 1 and the cover 2 also
can be made of other materials meeting the arrangement
requirements of the microfluidic chip of the embodiment.
[0043] In Fig. 1, to clearly show the structure of the
cover 2 and the base 1, the cover 2 and the base 1 are
separated by a certain distance. In practical application,
the cover 2 is fitted and fixedly connected to the surface
of the base 1, and the cover 2 and the base 1 can be
connected by means of hot pressing, laser welding, ul-
trasonic welding, low temperature bonding, electrostatic
bonding and adhesive bonding according to different ma-
terials.
[0044] Also as shown in Fig. 1, a sample inlet 11, a
sample outlet 12, a plurality of reaction chambers 14 and
one primary channel 13 are formed between the base 1
and the cover 2. Specifically, the sample inlet 11, the
sample outlet 12, the plurality of reaction chambers 14
and one primary channel 13 are formed on the surface
of the base 1 by means of etching. A sample inlet through
hole 21 and a sample outlet through hole 22 respectively
aligned up and down with the sample inlet 11 and the
sample outlet 12 are arranged on the cover 2 so that the
sample inlet 11 and the sample outlet 12 can be commu-
nicated with the outside. Both ends of each primary chan-
nel 13 are respectively communicated with the sample
inlet 11 and the sample outlet 12, and the solution of the
sample to be tested can flow to the sample outlet 12
through the primary channels 13 and flow out through

the sample outlet 12 after being dropped in the sample
inlet 11 through the sample inlet through hole 21. A liquid
inlet channel 15 and a liquid outlet channel 16 are ar-
ranged between each reaction chamber 14 and the pri-
mary channel 13.
[0045] The sample inlet 11 of the embodiment is pref-
erably circular, the diameter thereof is preferably 0.5 mm,
1 mm, 1.2 mm, 1.5 mm or 2 mm, and the height can be
0.1 mm, 0.2 mm or 0.3 mm. Similarly, the sample outlet
12 is also preferably circular, the diameter is preferably
0.5 mm, 1 mm, 2 mm, 3 mm, 4 mm or 5 mm, and the
height can be 0.1 mm, 0.2 mm or 0.3 mm.
[0046] It should be noted that the sample inlet 11, the
sample outlet 12, the plurality of reaction chambers 14,
the primary channels 13, the liquid inlet channels 15 and
the liquid outlet channels 16 can be arranged on the base
1 or the cover 2, or simultaneously processed on the
base 1 and the cover 2. After the cover 2 is fitted and
fixed on the surface of the base 1, the sample inlet 11,
the sample outlet 12, the plurality of reaction chambers
14, the primary channels 13, the liquid inlet channels 15
and the liquid outlet channels 16 are located between
the base 1 and the cover 2, and at this time, the reaction
chambers 14, the primary channels 13, the liquid inlet
channels 15 and the liquid outlet channels 16 are closed
between the base 1 and the cover 2 and only can be
communicated with the outside atmosphere through the
sample inlet 11 and the sample outlet 12.
[0047] In addition, it should be also explained in the
embodiment that the base 1 can be composed of a sub-
strate, and the structure of the microfluidic chip com-
posed of the substrate and the cover 2 is shown as above.
Alternatively, the base of the embodiment also can be
composed of a substrate and a reaction layer fitted on
the substrate, hollow channels and reaction chambers
can be etched on the reaction layer to be used as a bottom
layer corresponding to the substrate of the reaction layer,
and the cover is used as an upper layer so that the mi-
crofluidic chip has a three-layer structure, which is differ-
ent from the two-layer structure of the base 1 only com-
posed of a substrate. The substrate and the reaction layer
are preferably silicon chips.
[0048] In the embodiment, the internal surfaces of the
primary channels 13, the reaction chambers 14, the liquid
inlet channels 15 and the liquid outlet channels 16, which
are located on the base 1 and/or the cover 2, are hy-
drophilic surfaces, the cross sectional area of each liquid
inlet channel 15 is less than that of each liquid outlet
channel 16, and in the liquid flow direction in the primary
channels 13, each liquid inlet channel 15 is located in
front of each liquid outlet channel 16, this is to say, the
liquid in the primary channels 13 will touch the liquid inlet
channels 15 first and then the liquid outlet channels 16
when flowing. The hydrophilic surfaces can be composed
of silicon dioxide layers.
[0049] With the above arrangement, the solution of the
sample to be tested that enters through the sample inlet
11 flows forwards from the sample inlet 11 under the
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action of capillary force of the primary channels 13, and
enters the reaction chambers 14 under the action of cap-
illary force of the liquid inlet channels 15 when reaching
the liquid inlet channels 15, and due to the front and back
position relation and different cross sectional areas of
the liquid inlet channels 15 and the liquid outlet channels
16, the solution of the sample to be tested is subjected
to a greater capillary force in the liquid inlet channels 15
so as to be capable of entering the corresponding reac-
tion chambers 14 from the liquid inlet channels 15 and
pushing the air in the reaction chambers 14 to flow to the
primary channels 13 from the liquid outlet channels 16.
After the solution of the sample to be tested is added
continuously, all the reaction chambers 14 can be filled.
In this way, the self-driven microfluidic chip of the em-
bodiment realizes the self-driven flow sampling of the
solution of the sample to be tested without external drive
equipment.
[0050] In the embodiment, along the liquid flow direc-
tion in the primary channels 13, the included angle be-
tween each liquid inlet channel 15 and each primary
channel 13 is less than 90°, and the included angle be-
tween each liquid outlet channel 16 and each primary
channel 13 is greater than or equal to 90°. In this way,
the solution of the sample to be tested can enter the liquid
inlet channels 15 more smoothly. Moreover, in the em-
bodiment, the cross sectional areas of the liquid inlet
channels 15, the liquid outlet channels 16 and the primary
channels 13 also increase in sequence. Under equal con-
ditions, the smaller the cross sectional area of a channel
is, the greater the internal capillary force is, so the cross
sectional area of each liquid inlet channel 15 is less than
that of each liquid outlet channel 16, which can ensure
that the capillary force in the liquid inlet channels 15 is
higher than that in the liquid outlet channels 16. The so-
lution of the sample to be tested can enter the reaction
chambers 14 continuously through the liquid inlet chan-
nels 15 and discharge air in the reaction chambers 14
through the liquid outlet channels 16, and the liquid flow
in the liquid inlet channels 15 per unit time is not lower
than that in the liquid outlet channels 16.
[0051] In the embodiment, the intersections of the liq-
uid inlet channels 15 and the liquid outlet channels 16
with the primary channels 13 are arranged at intervals
so that when the solution of the sample to be tested flows
along the primary channels 13, a sufficient amount of
solution can first enter the liquid inlet channels 15 and
press the air in the reaction chambers 14 into the liquid
outlet channels 16. The air can prevent the solution of
the sample to be tested from entering the liquid outlet
channels 16, so the reaction chambers 14 are easier to
be filled.
[0052] In the embodiment, each primary channel 13
has the width of 5 mm to 5 mm and the height of 5 mm to
3 mm, and preferably, each primary channel 13 can have
the width of 10 mm to 500 mm, for example, 20 mm, 50
mm, 100 mm, 200 mm, 250 mm, 300 mm and 400 mm, and
the height of 10 mm to 500 mm, for example, 20 mm, 50

mm, 100 mm, 200 mm, 250 mm, 300 mm and 400 mm.
[0053] Each liquid inlet channel 15 has the width of 5
mm to 3 mm and the height of 5 mm to 3 mm, and pref-
erably, each liquid inlet channel 15 can have the width
of 5 mm to 500 mm, for example, 10 mm, 20 mm, 50 mm,
100 mm, 200 mm, 250 mm, 300 mm and 400 mm, and the
height of 5 mm to 500 mm, for example, 10 mm, 20 mm,
50 mm, 100 mm, 200 mm, 250 mm, 300 mm and 400 mm.
[0054] Each liquid outlet channel 16 has the width of
5 mm to 3 mm and the height of 5 mm to 3 mm, and
preferably, each liquid outlet channel 16 can have the
width of 5 mm to 500 mm, for example, 10 mm, 20 mm,
50 mm, 100 mm, 200 mm, 250 mm, 300 mm and 400 mm,
and the height of 5 mm to 500 mm, for example, 10 mm,
20 mm, 50 mm, 100 mm, 200 mm, 250 mm, 300 mm and
400 mm.
[0055] In the embodiment, after the solution of the sam-
ple to be tested enters the reaction chambers 14, an oil
phase reagent can be filled in the primary channels 13.
The type of the oil phase reagent is not limited, and can
be one or a mixture of mineral oil, silicone oil, fluorocar-
bon oil and paraffin oil. Since the reaction chambers 14,
the liquid inlet channels 15 and the liquid outlet channels
16 are filled with the solution of the sample to be tested,
which is aqueous and incompatible with oil, the oil phase
reagent will not enter the liquid inlet channels 15 and the
liquid outlet channels 16 so that the solution of the sample
to be tested can be kept dispersed and blocked in the
reaction chambers by the oil phase reagent. After sample
loading, an adhesive tape with high transparency and
high temperature resistance is stuck on the surface of
the chip to close the sample inlet 11 and the sample outlet
12.
[0056] The self-driven microfluidic chip of the embod-
iment can realize non-driven sample injection by means
of the design of the structure and the surface tension of
the material without an external drive pump and other
drive equipment, has simple and convenient sample
loading process, provides more convenient operating
modes for nucleic acid testing in conventional experiment
environments and various special complex experiment
environments, and also greatly reduces the testing cost.
Meanwhile, the chip made by the method has high sam-
ple injection speed and can increase the testing speed
and shorten the waiting time.
[0057] In addition, the sample loading amount of the
solution of the sample to be tested required by the self-
driven microfluidic chip of the embodiment is in mL, and
the demand for the sample and the reagent is low, which
can reduce the degree of difficulty in acquisition of the
sample to be tested and reduce the usage amount of the
reagent and the cost. The solution of the sample to be
tested is injected and dispersed in the closed chip, then
amplification and result testing can be carried out without
taking out the sample, and the whole process is per-
formed without exposure to the external environment,
which can effectively prevent the tested sample from be-
ing polluted by impurities in the environment and also
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avoid environmental pollution from the amplified sample.
[0058] Compared with traditional nucleic acid testing
chips for real-time fluorescent quantitative PCR, the self-
driven microfluidic chip of the embodiment has the func-
tion of reagent dispersion and can realize traditional nu-
cleic acid testing and digital nucleic acid testing. The dig-
ital nucleic acid testing method can realize absolute
quantitative nucleic acid testing with higher sensitivity
and higher accuracy, and theoretically can realize single
molecule nucleic acid testing. The self-driven microfluidic
chip can be widely applied in the fields of early cancer
screening, cancer companion diagnostic, non-invasive
prenatal screening, and organ transplant and matching,
which require high testing sensitivity and high accuracy.
[0059] In addition, compared with the existing digital
PCR platforms, the self-driven microfluidic chip of the
embodiment does not need a sample inlet instrument, or
a microvalve or a micropump or other structures made
on the chip, which can greatly reduce the production cost
of the chip. Meanwhile, the periphery of each reaction
chamber is sealed, and each reaction chamber is only
connected with the primary channel, so the self-driven
microfluidic chip has better evaporation and fusion pre-
vention effects than droplet and microslot digital PCR
chips. At the same time, each reaction chamber has fixed
volume, higher uniformity, and better testing sensitivity
and accuracy.

Embodiment 2

[0060] The embodiment relates to a self-driven micro-
fluidic chip, which has roughly the same structure as the
self-driven microfluidic chip in embodiment 1, and the
difference is that as shown in Fig. 2 and Fig. 3, in the
embodiment, a plurality of primary channels 13 are ar-
ranged, a waste liquid pool 17 is arranged between the
plurality of primary channels 13 and the sample outlet
12, and the structure of each reaction chamber 14 is
square. The solution of the sample to be tested or the oil
phase reagent in each primary channel 13 can enter the
waste liquid pool 17 and then flow to the sample outlet 12.
[0061] In addition, when the self-driven microfluidic
chip of the embodiment is used for real-time fluorescent
quantitative PCR testing or digital PCR nucleic acid test-
ing, the specific use method thereof comprises the fol-
lowing steps, and the solution of the sample to be tested
below can be commercial HBV DNA fragments. The self-
driven microfluidic chip of embodiment 1 can also be used
with reference to the steps described below.
[0062] Specifically, the use method of the self-driven
microfluidic chip of the embodiment comprises:

Step a: mixing DNA or RNA of a sample to be tested
with a nucleic acid amplification reaction reagent
containing fluorescent probe or fluorescent dye to
obtain solution of the sample to be tested;
Step b: adding the solution of the sample to be tested
at the sample inlet of the self-driven microfluidic chip

so that the solution can be driven by capillary force
to flow into the primary channels first and then flow
into the liquid inlet channels, the reaction chambers
and the liquid outlet channels in sequence until all
the channels and the reaction chambers are filled;
Step c: adding an oil phase reagent incompatible
with water at the sample inlet so that the oil phase
reagent can be driven by pressure to flow to the
waste liquid pool along the primary channels and the
solution of the sample to be tested in the primary
channels is driven by the oil phase reagent to flow
to the waste liquid pool until the primary channels
are filled with the oil phase reagent, wherein the re-
action chambers are separately isolated;
Step d: closing the sample inlet and the sample out-
let;
Step e: placing the chip in a real-time fluorescent
quantitative PCR system for real-time fluorescent
acquisition and testing to obtain a fluorescence sig-
nal curve; or, placing the chip in an in situ PCR sys-
tem for digital PCR amplification reaction, after re-
action, using a fluorescent acquisition system to con-
duct fluorescent imaging on the area of the reaction
chambers, acquiring the fluorescence intensity sig-
nal of each reaction chamber, setting a fluorescence
intensity threshold, if the threshold is exceeded, the
reaction chamber is positive, counting the number
of positive reaction chambers, and using Poisson
distribution for derivation and calculation to obtain
the original copy number of the tested sample, there-
by realizing absolute quantification.

[0063] The self-driven microfluidic chip of the embod-
iment can realize real-time fluorescent quantitative PCR
testing or digital PCR testing without a microvalve or a
micropump or other structures, the experiment cost is
low, the periphery of each reaction chamber is sealed,
and the self-driven microfluidic chip has good evapora-
tion and fusion prevention effects.
[0064] Apparently, the above embodiments are only
examples made for clear description, and do not define
the embodiments. For those ordinary skilled in the art,
other variations or changes in other forms can also be
made based on the above description. Not all of the em-
bodiments are enumerated herein. Apparent variations
or changes derived therefrom are still within the protec-
tion scope of the present invention.

Claims

1. A self-driven microfluidic chip, used for accommo-
dating solution of a sample to be tested, comprising
a base and a cover, at least one of which is made of
colorless transparent material; the cover is fitted and
fixedly connected to one surface of the base, and a
sample inlet, a sample outlet, a plurality of reaction
chambers and one or a plurality of primary channels
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are formed between the base and the cover; and the
sample inlet and the sample outlet can be commu-
nicated with the outside, the primary channels are
communicated with the sample inlet and the sample
outlet, and a liquid inlet channel and a liquid outlet
channel are arranged between each reaction cham-
ber and one primary channel;

the internal surfaces of the primary channels,
the reaction chambers, the liquid inlet channels
and the liquid outlet channels, which are located
on the base and/or the cover, are hydrophilic
surfaces, the cross sectional area of each liquid
inlet channel is less than that of each liquid outlet
channel, and in the liquid flow direction in the
primary channels, each liquid inlet channel is
located in front of each liquid outlet channel so
that the solution of the sample to be tested that
enters through the sample inlet can be driven
by capillary force to enter the reaction chambers;
moreover, after the solution of the sample to be
tested enters the reaction chambers, the prima-
ry channels can be filled with an oil phase rea-
gent to close the liquid inlet channels and the
liquid outlet channels.

2. The self-driven microfluidic chip according to claim
1, wherein the base is composed of a substrate, or
the base is composed of a substrate and a reaction
layer fitted on the substrate.

3. The self-driven microfluidic chip according to claim
2, wherein the substrate and the reaction layer are
silicon chips, and the cover is a glass sheet.

4. The self-driven microfluidic chip according to claim
1, wherein the sample inlet, the sample outlet, the
primary channels, the reaction chambers, the liquid
inlet channels and the liquid outlet channels are
formed on the base by means of etching.

5. The self-driven microfluidic chip according to claim
1, wherein each primary channel has the width of 5
mm to 5 mm and the height of 5 mm to 3 mm.

6. The self-driven microfluidic chip according to claim
1, wherein each liquid inlet channel has the width of
5 mm to 3 mm and the height of 5 mm to 3 mm; and
each liquid outlet channel has the width of 5 mm to
3 mm and the height of 5 mm to 3 mm.

7. The self-driven microfluidic chip according to claim
1, wherein the cross sectional areas of the liquid inlet
channels, the liquid outlet channels and the primary
channels increase in sequence.

8. The self-driven microfluidic chip according to claim
1, wherein the oil phase reagent is one or a mixture

of mineral oil, silicone oil, fluorocarbon oil and par-
affin oil.

9. The self-driven microfluidic chip according to claim
1, wherein the plurality of primary channels are ar-
ranged, and a waste liquid pool is arranged between
the plurality of primary channels and the sample out-
let.

10. A method for using the self-driven microfluidic chip
of claim 1, wherein the method comprises the follow-
ing steps:

a. mixing DNA or RNA of a sample to be tested
with a nucleic acid amplification reaction reagent
containing fluorescent probe or fluorescent dye
to obtain a solution of the sample to be tested;
b. adding the solution of the sample to be tested
at the sample inlet of the self-driven microfluidic
chip so that the solution can be driven by capil-
lary force to flow into the primary channels first
and then flow into the liquid inlet channels, the
reaction chambers and the liquid outlet channels
in sequence until all the channels and the reac-
tion chambers are filled;
c. adding an oil phase reagent incompatible with
water at the sample inlet so that the oil phase
reagent can be driven by pressure to flow to the
waste liquid pool along the primary channels and
the solution of the sample to be tested in the
primary channels is driven by the oil phase re-
agent to flow to the waste liquid pool until the
primary channels are filled with the oil phase re-
agent, wherein the reaction chambers are sep-
arately isolated;
d. closing the sample inlet and the sample outlet;
e. placing the self-driven microfluidic chip in a
real-time fluorescent quantitative PCR system
for real-time fluorescent acquisition and testing
to obtain a fluorescence signal curve; or, placing
the self-driven microfluidic chip in an in situ PCR
system for digital PCR amplification reaction, af-
ter reaction, using a fluorescent acquisition sys-
tem to conduct fluorescent imaging on the area
of the reaction chambers, acquiring the fluores-
cence intensity signal of each reaction chamber,
setting a fluorescence intensity threshold, if the
threshold is exceeded, the reaction chamber is
positive, counting the number of positive reac-
tion chambers, and using Poisson distribution
for derivation and calculation to obtain the orig-
inal copy number of the tested sample, thereby
realizing absolute quantification.

11. A self-driven microfluidic chip, comprising a base, a
cover, a sample inlet, a sample outlet, a plurality of
reaction chambers, at least one primary channel, a
plurality of liquid inlet channels, a plurality of liquid
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outlet channels, a sample inlet through hole and a
sample outlet through hole;
the cover is fitted and fixedly connected to the sur-
face of the base; the sample inlet, the sample outlet,
the plurality of reaction chambers and the at least
one primary channel are arranged between the base
and the cover, and the at least one primary channel
is communicated with the sample inlet and the sam-
ple outlet; a liquid inlet channel and a liquid outlet
channel are arranged between each reaction cham-
ber and the corresponding primary channel; and the
sample inlet through hole and the sample outlet
through hole are arranged on the cover so that the
sample inlet and the sample outlet can be commu-
nicated with the outside.

12. The self-driven microfluidic chip according to claim
11, wherein the self-driven microfluidic chip is used
for accommodating a solution of the sample to be
tested, and the internal surfaces of the primary chan-
nels, the reaction chambers, the liquid inlet channels
and the liquid outlet channels, which are located on
the base and/or the cover, are hydrophilic surfaces;

the cross sectional area of each liquid inlet chan-
nel is less than that of each liquid outlet channel,
and the cross sectional area of each liquid outlet
channel is less than that of each primary chan-
nel;
in the liquid flow direction in the primary chan-
nels, each liquid inlet channel is located in front
of each liquid outlet channel so that the solution
of the sample to be tested that enters through
the sample inlet can be driven by capillary force
to enter the reaction chambers.

13. The self-driven microfluidic chip according to claim
12, wherein after the solution of the sample to be
tested enters the reaction chambers, the primary
channels can be filled with an oil phase reagent to
close the reaction chambers.

14. The self-driven microfluidic chip according to claim
13, wherein the oil phase reagent is one or a mixture
of mineral oil, silicone oil, fluorocarbon oil and par-
affin oil.

15. The self-driven microfluidic chip according to claim
13, wherein along the liquid flow direction in the pri-
mary channels, an included angle between each liq-
uid inlet channel and each primary channel is less
than 90°, and an included angle between each liquid
outlet channel and each primary channel is greater
than or equal to 90°.

16. The self-driven microfluidic chip according to claim
13, wherein each primary channel has the width of
5 mm to 5 mm and the height of 5 mm to 3 mm; each

liquid inlet channel has the width of 5 mm to 3 mm
and the height of 5 mm to 3 mm; and each liquid
outlet channel has the width of 5 mm to 3 mm and
the height of 5 mm to 3 mm.

17. The self-driven microfluidic chip according to claim
13, wherein each primary channel has the width of
10 mm to 500 mm and the height of 10 mm to 500
mm; each liquid inlet channel has the width of 5 mm
to 500 mm and the height of 5 mm to 500 mm; and
each liquid outlet channel has the width of 5 mm to
500 mm and the height of 5 mm to 500 mm.

18. The self-driven microfluidic chip according to claim
13, wherein the base is composed of a substrate, or
the base is composed of a substrate and a reaction
layer fitted on the substrate.

19. The self-driven microfluidic chip according to claim
18, wherein the substrate and the reaction layer are
silicon chips, and the cover is a glass sheet.

20. The self-driven microfluidic chip according to claim
18, wherein hollow channels and reaction chambers
are etched on the reaction layer.

21. The self-driven microfluidic chip according to claim
13, wherein the sample inlet, the sample outlet, the
primary channels, the reaction chambers, the liquid
inlet channels and the liquid outlet channels are
formed on the base by means of etching.

22. The self-driven microfluidic chip according to claim
11, wherein a plurality of primary channels are ar-
ranged, and a waste liquid pool is arranged between
the plurality of primary channels and the sample out-
let.

23. A PCR testing method, using the self-driven micro-
fluidic chip of any of claims 11-22, wherein the meth-
od comprises the following steps:

a. mixing DNA or RNA of a sample to be tested
with a nucleic acid amplification reaction reagent
containing fluorescent probe or fluorescent dye
to obtain a solution of the sample to be tested;
b. adding the solution of the sample to be tested
at the sample inlet of the self-driven microfluidic
chip so that the solution of the sample to be test-
ed can be driven by capillary force to flow into
the primary channels first and then flow into the
liquid inlet channels, the reaction chambers and
the liquid outlet channels in sequence until all
the channels and the reaction chambers are
filled;
c. adding an oil phase reagent incompatible with
water at the sample inlet so that the oil phase
reagent can be driven by pressure to flow to the
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sample outlet along the primary channels and
the solution of the sample to be tested in the
primary channels is driven by the oil phase re-
agent to flow to the sample outlet until the pri-
mary channels are filled with the oil phase rea-
gent, wherein the reaction chambers are sepa-
rately isolated;
d. closing the sample inlet and the sample outlet;
e. placing the self-driven microfluidic chip in a
real-time fluorescent quantitative PCR system
for real-time fluorescent acquisition and testing
to obtain a fluorescence signal curve; or, placing
the self-driven microfluidic chip in an in situ PCR
system for digital PCR amplification reaction, af-
ter reaction, using a fluorescent acquisition sys-
tem to conduct fluorescent imaging on the area
of the reaction chambers, acquiring the fluores-
cence intensity signal of each reaction chamber,
setting a fluorescence intensity threshold, if the
threshold is exceeded, the reaction chamber is
positive, counting the number of positive reac-
tion chambers, and using Poisson distribution
for derivation and calculation to obtain the orig-
inal copy number of the tested sample, thereby
realizing absolute quantitative testing.
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