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nization method, the chip comprising a microfluidic chip

body provided with a microchannel; the microchannel is 3
used to transport, by using electrowetting pipetting tech- @%%f%/fWM/%%W%%f%Z//,//////
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nology, liquid to move along the microchannel; the mi-
crofluidic chip body is provided with a sample region, a
reagent storage region, a dilution region, a concentration
quantification region, an accurate sampling region and a
homogenization region; and the sample region, the rea-
gentstorage region, the dilution region, the concentration
quantification region, the accurate sampling region and
the homogenization region communicate with one anoth-
erby means of the microchannel. The method comprises:
1. adding a plurality of original samples to respective
sample regions; 2. adding a reagentto a reagent storage
region; 3. using electrowetting pipetting technology to
move the reagent to a dilution region, and moving the
original samples to the dilution region to complete set
gradient dilution; 4. manipulating the diluted sample to
move to a concentration quantification region for meas-
uring; 5. selecting, according to homogenization, an orig-
inal sample as a mother liquor, and 6. separating a re-
quired volume by means of an accurate sampling region
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Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority to Chinese
Patent Application No. 202111217576.X, titled "ELEC-
TROWETTING-BASED CONCENTRATION HOMOGE-
NIZATION MICROFLUIDIC CHIP AND CONCENTRA-
TION HOMOGENIZATION METHOD", filed on October
19, 2021 with the China National Intellectual Property
Administration, which is incorporated herein by reference
in its entirety.

FIELD

[0002] The present application relates to an elec-
trowetting-based microfluidic chip, and in particular re-
lates to a microfluidic chip for electrowetting-based ho-
mogenization of concentration and a concentration ho-
mogenization method.

BACKGROUND

[0003] Detection for multiple mixed samples (herein-
after referred to as mixed-sample detection), having the
advantages of time saving, cost reduction and efficiency
improving, is a detection means commonly used in the
fields such as gene sequencing, pharmaceutical synthe-
sis, biochemical analysis and diagnosis. Since the initial
concentrations of the samples are different before the
mixed-sample detection, after mixing, the concentrations
of some samples will be too high and the concentrations
of some other samples will be too low in the same mixed
system. The signal of the low-concentration samples is
apt to be covered and lost, and the signal of the high-
concentration samples may easily exceed the range of
detection, resulting in inaccuracy of the overall detection.
Concentration homogenization is a method for mixing
samples, where samples with different concentrations
are mixed according to a certain proportion, to make the
samples inthe same mixed system have the same quality
or concentration. This method can effectively solve the
above problems.

[0004] The operation process of concentration homog-
enization mainly includes the following three steps of
quantifying concentration, calculation and comparison,
and precise mixing: 1) concentration quantification: the
initial concentrations of different samples are detected
by using quantitative detection instrument; 2) calculation
and comparison: the required volumes of the different
samples are calculated according to the results of con-
centration quantification and the required value of the
homogenized concentration; 3) precise mixing: based on
the calculation results, the required volumes are accu-
rately pipetted from the samples and then mixed.
[0005] In the above existing method for concentration
homogenization, the concentration detection is generally
achieved based on quantitative detection instruments,
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and the pipetting and mixing of the samples are per-
formed manually, which has shortcomings such as a low
degree of automation and complexity in operation, there-
by seriously lowering the efficiency of mixed-sample de-
tection. Besides, the manual method often results in a
large deviation and low accuracy in pipetting volumes
due to the inherent deviation of pipetting tools and insuf-
ficient proficiency of operators. For example, hanging lig-
uid or reagent residues often occurs during pipetting us-
ing conventional pipettes.

[0006] Due to advantages of low sample consumption,
fast reaction, high detection efficiency, effective heat
transfer and mass transfer, no cross-contamination, and
easy integration with other technological equipment and
the like, microfluidic systems are widely used in fields
such as chemical analysis, biomedicine, food hygiene
and environmental monitoring. In microfluidic systems,
electrowetting (EW) pipetting technology is a new type
of method for droplets manipulation to control the surface
tension of droplets using electricity. That is, by changing
the voltage between the droplet and the insulating sub-
strate, the wettability of the droplet on the substrate is
changed, that is, the contact angle is changed, leading
to the droplet deformation and displacement. The elec-
trowetting pipetting technology breaks the dependence
of pipetting system on traditional mechanical arms, pipe-
lines with pumps and valves, and complex flow channels,
and can realize highly flexible and accurate manipulation
of reagents through digital programming. However, there
are no relevant reports to date on methods for using mi-
crofluidic chips to manipulate samples in a microchannel
of microfluidic chip by electrowetting pipetting for con-
centration homogenization.

SUMMARY

[0007] An object of the present disclosure is to provide
a microfluidic chip for electrowetting-based concentra-
tion homogenization, and another object of the present
disclosure is to provide a method for concentration ho-
mogenization using the microfluidic chip, to solve prob-
lems such as large deviation of pipetting, low accuracy
and low efficiency caused by manual pipetting which is
limited by the proficiency of the operators and the inher-
ent deviation of the pipette.

[0008] In order to achieve the above objects, the
present disclosure provides the following technical solu-
tions.

[0009] A microfluidic chip for electrowetting-based
concentration homogenization according to the present
disclosure includes a microfluidic chip body provided with
a microchannel used to make a liquid move along the
microchannel by electrowetting pipetting technology,
where the microfluidic chip body is further provided with
sample regions, a reagent storage region, dilution re-
gions, a concentration quantification region, an accurate
sampling region and a homogenization region; and the
sample regions, the reagent storage region, the dilution
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regions, the concentration quantification region, the ac-
curate sampling region and the homogenization region
communicate with one another via the microchannel; and
where

each of the sample regions is used for storage of an
original sample;

the reagent storage region is used for storage of a
reagent, where the reagent is used to dilute the orig-
inal samples according to a set gradient;

each of the dilution regions is used for preparing a
diluted sample by mixing the reagent and the corre-
sponding original sample entering the dilution region
via the microchannel;

the concentration quantification region is used for
concentration determination of the diluted sample
entering the concentration quantification region via
the microchannel;

the accurate sampling region is used to obtain a set
volume of each of the original samples or/and a set
volume of each of the diluted samples; and

the concentration homogenization region is used for
selecting the suitable original samples or the diluted
samples as mother liquids and calculating required
volumes of the mother liquids for concentration ho-
mogenization according to a set total volume and a
set concentration required for concentration homog-
enization and based on concentrations of the original
samples and concentrations of the diluted samples
obtained by detection or calculation, and moving the
required volumes of the mother liquids to the con-
centration homogenization region by using elec-
trowetting pipetting technology, to complete the con-
centration homogenization.

[0010] Preferably, the microfluidic chip body includes
an upper substrate and a lower substrate arranged
spaced apartinan up-down direction, and the microchan-
nelfor liquid movement is formed between the upper sub-
strate and the lower substrate. The upper substrate in-
cludes an upper insulating substrate, a common elec-
trode and an upper hydrophobic layer arranged in the
listed sequence from top to bottom. The lower substrate
includes a lower insulating substrate, a drive electrode
array, a dielectric layer and a lower hydrophobic layer
arranged in the listed sequence from bottom to top.
[0011] A concentration homogenization method appli-
cable to the microfluidic chip for electrowetting-based
concentration homogenization according to the present
disclosure includes the following steps:

step 1, the plurality of original samples are added to
the sample regions respectively;
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step 2, the reagent is added to the reagent storage
region;

step 3, by using the electrowetting pipetting technol-
ogy, a set volume of the reagent is moved to each
of the dilution regions, and a set volume of each of
the original samples is moved to the corresponding
dilution region via the microchannel, and the reagent
and the original sample in the corresponding dilution
region are mixed, to prepare a corresponding diluted
sample of the diluted samples, and completing set
gradient dilution in sequence;

step 4, by using the electrowetting pipetting technol-
ogy, the diluted samples in the dilution regions are
manipulated respectively in sequence, to make a set
volume of each of the diluted samples move to a
concentration quantification region for electrochem-
ical detection or fluorescence detection, final con-
centrations of the diluted samples are directly ob-
tained or calculated based on detection results, and
the concentrations of the diluted samples and the
concentrations of the corresponding original sam-
ples are calculated based on dilution factors of the
diluted samples in the dilution regions;

step 5, based on the set total volume and the set
concentration required for concentration homogeni-
zation, the original samples or the diluted samples
with appropriate concentrations are selected as the
mother liquids, and the required volumes of the
mother liquids are calculated;

step 6, by using the electrowetting pipetting technol-
ogy, the required volumes of mother liquids are ac-
curately separated from the mother liquids via the
accurate sampling region, and are moved to the ho-
mogenization region for mixing, to complete the con-
centration homogenization.

[0012] The method according to the presentdisclosure
is easy to operate and has a high degree of automation,
which reduces errors in manual operation, and the ho-
mogenization process can be completed within 1 hour,
which saves time and greatly improves the detection ef-
ficiency. The use of electrowetting pipetting technology
realizes accurate pipetting with a volume deviation of less
than 3%, which solves the problem of inaccurate pipetting
results caused by the insufficient proficiency of the op-
erators or the inherent deviation of the pipettes in con-
ventional pipetting.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

Fig. 1 is a schematic view showing the structure of
a microfluidic chip body according to the present dis-
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closure; and

Fig. 2 is a schematic view showing the arrangement
of sample regions, a reagent storage region, dilution
regions, a concentration quantification region, an ac-
curate sampling region, a homogenization region
and a microchannel according to the present disclo-
sure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0014] The embodiments of the present disclosure are
described in detail below with reference to the attached
drawings. The embodiments are implemented on the
premise of the technical solutions of the present disclo-
sure, which provide detailed implementation solutions
and specific operation processes, but the scope of pro-
tection of the present disclosure is not limited to the fol-
lowing embodiments.

[0015] As shown in Fig. 1, a microfluidic chip for elec-
trowetting-based concentration homogenization accord-
ing to the present disclosure includes a microfluidic chip
body provided with the a microchannel 1, and the micro-
channel 1 is used to make a droplet 2 move along the
microchannel 1 by using electrowetting pipetting tech-
nology.

[0016] The microfluidic chip body includes an upper
substrate and a lower substrate arranged spaced apart
in an up-down direction, and the microchannel 1 for
movement of the droplet 2 is formed between the upper
substrate and the lower substrate. The upper substrate
includes an upper insulating substrate 3, acommon elec-
trode 4 and an upper hydrophobic layer 5 arranged in
the listed sequence from top to bottom. The lower sub-
strate includes alowerinsulating substrate 6, adrive elec-
trode array 7, a dielectric layer 8 and a lower hydrophobic
layer 9 arranged in the listed sequence from bottom to
top.

[0017] The microfluidic chip body further provided with
sample regions, a reagent storage region, dilution re-
gions, a concentration quantification region, an accurate
sampling region and a homogenization region, where the
sample regions, the reagent storage region, the dilution
regions, the concentration quantification region, the ac-
curate sampling region and the homogenization region
communicate with one another via the microchannel 1.
[0018] As shown in Fig. 2, each of the sample regions
is used for storing an original sample. In this embodiment,
four sample regions are provided, which are indicated by
10.1, 10.2, 10.3 and 10.4.

[0019] The reagent storage region 11 is used for stor-
ing areagent, and the reagent is used to dilute the original
samples according to a set gradient.

[0020] Each of the dilution regions is used to mix the
reagent and the original sample entering the dilution re-
gion via the microchannel 1, to prepare a diluted sample.
In this embodiment, gradient dilution with two stages is
taken as an example, each sample region corresponds
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to two dilution regions, namely, a first dilution region 12.1
and a second dilution region 12.2. Of course, gradient
dilution with three or more stages can be selected ac-
cording to the needs.

[0021] The concentration quantification region 13 is
used for concentration determination of the diluted sam-
ple entering this region via the microchannel 1 by elec-
trochemical detection or fluorescence detection.

[0022] The accurate sampling region 14 is used to ob-
tain a set volume of each of the original samples or/and
a set volume of each of the diluted samples.

[0023] The concentration homogenization region 15 is
used to select the original samples or the diluted samples
as mother liquids and calculate required volumes of the
mother liquids for concentration homogenization accord-
ing to a set total volume and a set concentration required
for concentration homogenization and based on concen-
trations of the original samples and concentrations of the
diluted samples obtained by detection or calculation, and
the required volumes of the mother liquids are moved to
this region by using the electrowetting pipetting technol-
ogy.

[0024] The concentration homogenization method ap-
plicable to the microfluidic chip for electrowetting-based
concentration homogenization according to the present
disclosure includes the following steps:

step 1, the four original samples are pre-added to
the sample regions 10.1, 10.2, 10.3, and 10.4, re-
spectively;

step 2, the reagent is pre-added to the reagent stor-
age region 11;

step 3, by using the electrowetting pipetting technol-
ogy, set volumes of the original samples in the sam-
ple regions 10.1, 10.2, 10.3, and 10.4 are moved to
the corresponding first dilution regions 12.1 via the
microchannel respectively, and set volumes of the
reagent are moved to the first dilution regions 12.1
respectively, and the above set volumes of the rea-
gent and the above set volumes of original samples
are correspondingly mixed to prepare first diluted
samples, and then by using the electrowetting pipet-
ting technology, set volumes of the first diluted sam-
ples are moved to the second dilution regions 12.2
via the microchannel 1, and set volumes of the rea-
gent are moved to the second dilution regions 12.2,
the above set volumes of first diluted samples and
the above set volumes of reagent are correspond-
ingly mixed, to prepare second diluted samples, and
the gradient dilution with two stages of each of the
original samples is completed;

step 4, by using the electrowetting pipetting technol-
ogy, the second diluted samples in the respective
second dilution regions are manipulated in sequence
to make set volumes of the second diluted samples
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move to the concentration quantification region 13
for electrochemical detection or fluorescence detec-
tion, the concentrations of the second diluted sam-
ples are directly obtained or calculated based on the
detection results, and the concentrations of the cor-
responding first diluted samples and the concentra-
tions of the original samples are calculated based
on the dilution factors of the second diluted samples
in the second dilution regions;

step 5, based on the set total volume and the set
concentration required for concentration homogeni-
zation, the original samples or the diluted samples
with appropriate concentrations are selected as
mother liquids, and the required volumes of the
mother liquids are calculated; and

step 6, by using the electrowetting pipetting technol-
ogy, the required volumes of the mother liquids are
accurately separated from the mother liquids via the
accurate sampling region 14 and moved to the ho-
mogenization region 15 for mixing, to complete the
concentration homogenization.

Claims

A microfluidic chip for electrowetting-based concen-
tration homogenization, comprising a microfluidic
chip body provided with a microchannel configured
to make a liquid move along the microchannel by
electrowetting pipetting technology, wherein the mi-
crofluidic chip body is further provided with sample
regions, a reagent storage region, dilution regions,
a concentration quantification region, an accurate
sampling region and a homogenization region; and
the sample regions, the reagent storage region, the
dilution regions, the concentration quantification re-
gion, the accurate sampling region and the homog-
enization region communicate with one another via
the microchannel; and wherein

each of the sample regions is provided for stor-
age of an original sample;

the reagent storage region is provided for stor-
age of a reagent, wherein the reagent is used
to dilute the original samples according to a set
gradient;

each of the dilution regions is provided for pre-
paring a diluted sample by mixing the reagent
and the corresponding original sample entering
the dilution region through the microchannel;
the concentration quantification region is provid-
ed for concentration determination of the diluted
sample entering the concentration quantifica-
tion region via the microchannel;

the accurate sampling region is provided for ob-
taining a set volume of each of the original sam-
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ples or/and a set volume of each of the diluted
samples; and

the concentration homogenization region is pro-
vided for selecting the original samples or the
diluted samples as mother liquids and calculat-
ing required volumes of the mother liquids for
concentration homogenization according to a
settotal volume and a set concentration required
for concentration homogenization and based on
concentrations of the original samples and con-
centrations of the diluted samples obtained by
detection or calculation, and moving the re-
quired volumes of the mother liquids to the con-
centration homogenization region by elec-
trowetting pipetting technology, to complete the
concentration homogenization.

2. The microfluidic chip for electrowetting-based con-

centration homogenization according to claim 1,
wherein

the microfluidic chip body comprises an upper
substrate and a lower substrate arranged
spaced apart in an up-down direction, and the
microchannel for liquid movement is formed be-
tween the upper substrate and the lower sub-
strate; and wherein

the upper substrate comprises an upper insulat-
ing substrate, a common electrode and an upper
hydrophobic layer arranged in the listed se-
quence from top to bottom; the lower substrate
comprises a lower insulating substrate, a drive
electrode array, a dielectric layer and a lower
hydrophobic layer arranged in the listed se-
quence from bottom to top.

A concentration homogenization method applicable
to the microfluidic chip for electrowetting-based con-
centration homogenization according to claim 1,
comprising the following steps:

step 1, adding the plurality of original samples
to the sample regions respectively;

step 2, adding the reagent to the reagent storage
region;

step 3, by using the electrowetting pipetting
technology, moving a set volume of the reagent
to each of the dilution regions, and moving a set
volume of each of the original samples to the
corresponding dilution region via the microchan-
nel, and mixing the reagent and the original sam-
ple in the corresponding dilution region, to pre-
pare a corresponding diluted sample of the di-
luted samples, and completing set gradient di-
lution in sequence;

step 4, by using the electrowetting pipetting
technology, manipulating the diluted samples in
the dilution regions respectively in sequence to
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make a set volume of each of the diluted sam-
ples move to the concentration quantification re-
gion for concentration detection, directly obtain-
ing or calculating the concentrations of the dilut-
ed samples based on detection results, and cal-
culating the concentrations of the diluted sam-
ples and the concentrations of the correspond-
ing original samples based on dilution factors of
the diluted samples in the dilution regions;
step 5, based on the set total volume and the
set concentration required for concentration ho-
mogenization, selecting the original samples or
the diluted samples as the mother liquids, and
calculating the required volumes of the mother
liquids; and

step 6, by using the electrowetting pipetting
technology, accurately separating the required
volumes from the motherliquids via the accurate
sampling region and moving the required vol-
umes of the mother liquids to the homogeniza-
tion region for mixing, to complete the concen-
tration homogenization.
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