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an elastic airbag section integrally formed by blow mold-
ing, where the chip body comprising an inlet, a detection
pool, and a suction port sequentially interconnected
through microchannels, and the elastic airbag section
hermetically connected to the suction port; a sample lig-
uid driving device, configured to controllably compress
and release the elastic airbag section, facilitating the en-
try of sample liquid in contact with the inlet into the mi-
crochannels and its flow towards the detection pool via
the microchannels during a deformation recovery proc-
ess of the elastic airbag section; and a detection mech-
anism for detecting the detection pool to obtain preset
detection parameters of the sample liquid. The sample
liquid driving device no longer requires connecting pipe-
lines to the microfluidic biochip, eliminating the air tight-
ness issues between the sample liquid driving device and
the microfluidic biochip and maintaining precision of sam-
ple introduction.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The application claims priority from Chinese
Patent Application No. 202111414254.4, filed November
25,2021, entitled " Microfluidic Control Detection System
and Refrigerator", all of which are incorporated herein by
reference in their entirety.

TECHNICAL FIELD

[0002] The present application relates to the field of
refrigeration technology, and more particularly to a mi-
crofluidic control detection system and refrigerator.

BACKGROUND

[0003] Withthe improvement of living standards, there
is often a need in daily life to detect residues, viruses,
nutritional elements, or other aspects of food ingredients
either qualitatively or quantitatively. For instance, due to
the misuse of pesticides, the fruits, vegetables, and ag-
ricultural products we buy daily may contain excessive
levels of residues. If the excessive levels of residues in
these foods are not discovered in time, ingestion can
cause significant harm to the human body. Moreover, the
currently advocated breastfeeding is best for infants only
when the breast milk has normal nutritional value. How-
ever, illnesses, medication, surgery, or other situations
of the nursing mother may lead to reduced nutritional
elementcontentinthe secreted milk oreventhe presence
of viruses, thereby affecting the infant’s growth and
health. The functionality of existing household applianc-
esisrelatively singular, and when there is aneed to detect
residues, viruses, nutritional elements, or other aspects
offoodingredients, it necessitates the separate purchase
of a dedicated detection device. This leads to a multitude
of household appliances and types, occupying significant
space, and does not align with the development trend of
smart homes.

[0004] Among many detection methods, the use of mi-
crofluidic biochips for detection is relatively quick and
compact, suitable for home use. To facilitate fluid move-
ment within the chip, there are generally two methods:
air pressure propulsion and centrifugal force propulsion.
Centrifugal force propulsion relies on rotating centrifugal
force to move droplets, which can only adjust unidirec-
tional flow actions by adjusting the rotation speed. Air
pressure propulsion utilizes positive air pressure and
negative air pressure to bidirectionally propel fluid move-
ment within the chip, offering high precision and control-
lability. However, when a suction port of the chip and a
suction pipe of a pushing mechanism are connected, air
tightness can be unstable and unreliable due to insuffi-
cientpressing area, uneven pressing surface, insufficient
pressing force, inadequate precision of the syringe pump
piston, and other reasons. To date, air tightness of air
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pressure propulsion remains an unsolved technical chal-
lenge.

SUMMARY

[0005] An object of a first aspect of the present appli-
cation is to overcome at least one deficiency of the ex-
isting technology by providing a microfluidic control de-
tection system for refrigerators that offers improved seal-
ing performance and precise sample introduction control.
[0006] A further object of a first aspect of the present
application is to completely eliminate a series of adverse
effects caused by air tightness issues.

[0007] An object of a second aspect of the present ap-
plication is to provide a refrigerator equipped with the
aforementioned microfluidic control detection system.
[0008] In accordance with a first aspect of the present
application, the present application provides a microflu-
idic control detection system for a refrigerator, compris-

ing:

a microfluidic biochip, comprising a chip body and
an elastic airbag section, where the chip body com-
prising an inlet, a suction port, and a detection pool
formed inside, and the inlet, the detection pool, and
the suction port are sequentially interconnected
through microchannels, with the elastic airbag sec-
tion hermetically connected to the suction port;

a sample liquid driving device, configured to com-
press and release the elastic airbag section under
control of the microfluidic biochip, prompting sample
liquid in contact with the inlet to enter the microchan-
nels and flow towards the detection pool via the mi-
crochannels; and

a detection mechanism, configured to detect the de-
tection pool to obtain preset detection parameters of
the sample liquid; wherein,

the chip body and the elastic airbag section are in-
tegrally formed by blow molding.

[0009] In an embodiment of the present application, a
reagent adding hole is positioned on a side surface of
the chip body, connecting to the detection pool, allowing
for addition of detection reagents into the detection pool
through the reagent adding hole; and

the microfluidic biochip comprises a sealing patch her-
metically attached to a side surface of the chip body to
seal the reagent adding hole.

[0010] In an embodiment of the present application,
the elastic airbag section is configured as a threaded
shape or a wavy shape extending along alength direction
of the chip body; and

the sample liquid driving device is configured to apply a
compressive force to the elastic airbag section parallel
to an extension direction of the elastic airbag section un-
der the control of the microfluidic biochip, inducing elastic
deformation of the elastic airbag section along the exten-
sion direction of the elastic airbag section.
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[0011] In an embodiment of the present application,
the inlet is located at a bottom of the chip body, and the
elastic airbag section is positioned at a top of the chip
body; and

the sample liquid driving device is situated above the
microfluidic biochip and is configured to compress the
elastic airbag section downwards under the control of the
microfluidic biochip.

[0012] In an embodiment of the present application,
the microfluidic control detection system further compris-

ing:

a chip installation mechanism, comprising an instal-
lation slot configured to house the microfluidic bio-
chip; and

the microfluidic biochip is configured to be inserted
into the installation slot through a notch of the instal-
lation slot, with the inlet of the chip body positioned
outside of the installation slot.

[0013] In an embodiment of the present application,
the inlet is located at a bottom of the chip body, and the
elastic airbag section is positioned at a top of the chip
body; and

the installation slot is configured to extend vertically, and
the microfluidic biochip is configured to be inserted into
the installation slot in a direction parallel to a horizontal
plane.

[0014] In an embodiment of the present application,
the installation slot comprises a first slot section for hous-
ing the chip body and a second slot section for housing
the elastic airbag section, with a size of the first slot sec-
tion smaller than a size of the second slot section, forming
a step-like section at a junction between the first slot sec-
tion and the second slot section; and

a bottom of the elastic airbag section rests against the
step-like section.

[0015] In an embodiment of the present application,
the chip installation mechanism comprises at least one
clamping component positioned within the installation
slot, which is configured to secure the chip body after the
microfluidic biochip is inserted into the installation slot.
[0016] In an embodiment of the present application,
the clamping component comprises two symmetrically
arranged and spaced apart claws, configured to apply
opposing elastic forces to two opposite side surfaces of
the chip body after the microfluidic biochip is installed
into the installation slot.

[0017] In accordance with a second aspect of the
present application, the present application provides a
refrigerator, comprising the microfluidic control detection
system according to any of the aforementioned technical
solutions.

[0018] The microfluidic control detection system of the
presentapplication comprises a microfluidic biochip, with
the microfluidic biochip comprising a chip body and an
elastic airbag section. The elastic airbag section is her-
metically connected to a suction port of the chip body,
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thereby forming a closed space within the microfluidic
biochip, with only an inlet of the chip body remaining an
opening for sample introduction. A sample liquid driving
device expels air from inside the chip body by compress-
ing the elastic airbag section. When the sample liquid
driving device releases the elastic airbag section, the
elastic airbag section returns to its original shape,
prompting sample liquid in contact with inlet to enter a
detection pool within the chip body. A microfluidic biochip
of the present application is specially designed with an
elastic airbag section, eliminating a need for connecting
pipelines between a sample liquid driving device and a
microfluidic biochip. Simple mechanical compression
can be implemented, controlling suction volume and ex-
haust volume by adjusting deformation of the elastic air-
bag section, not only resolving air tightness issues be-
tween the sample liquid driving device and the microflu-
idic biochip but also maintaining precise control of sample
introduction.

[0019] Furthermore, the chip body and the elastic air-
bag section are integrally formed by blow molding, which
means the microfluidic biochip is a single component,
with the chip body and the elastic airbag section merely
being two different parts of the microfluidic biochip, re-
quiring no connection between them. Thus, microfluidic
biochip itself does not have any air tightness issues,
meaning addition of the elastic airbag section does not
introduce air tightness problems to the microfluidic bio-
chip itself, thereby completely eliminating a series of ad-
verse effects caused by air tightness issues to the micro-
fluidic control detection system.

[0020] The present application integrates the microflu-
idic control detection system into a refrigerator, fully lev-
eraging a storage function of the refrigerator to make a
detection process more convenient and facilitating linked
control between the microfluidic control detection system
and the refrigerator. This higher level of automation
meets the needs of smart homes.

[0021] Further details and the advantages and fea-
tures of the present application will become clearer to
those skilled in art from the detailed description of the
specific embodiments in conjunction with the accompa-
nying drawings below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The subsequenttextwill describe some specific
embodiments of the present application in a detailed but
non-limiting manner with reference to drawings. The
same reference numerals in the drawings denote the
same or similar parts or components. It should be under-
stood by those skilled in the art that these drawings are
not necessarily drawn to scale. In the drawings:

FIG. 1 shows a schematic structural diagram of a
microfluidic control detection system for a refrigera-
tor according to an embodiment of the present ap-
plication.
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FIG.2 shows a schematic structural diagram of in-
ternal structure of a microfluidic control detection
system according to an embodiment of the present
application.

FIG.3 shows a partial schematic exploded view of a
microfluidic control detection system according to an
embodiment of the present application.

FIG.4 shows a schematic sectional view of a micro-
fluidic biochip according to an embodiment of the
present application.

FIG.5 shows a schematic exploded view of a micro-
fluidic biochip according to an embodiment of the
present application.

FIG.6 shows a schematic sectional view of a micro-
fluidic control detection system in a partial exploded
state according to an embodiment of the present ap-
plication.

FIG.7 shows a schematic structural diagram of a re-
frigerator according to an embodiment of the present
application.

DETAILED DESCRIPTION

[0023] The present application initially provides a mi-
crofluidic control detection system for a refrigerator. The
microfluidic control detection system of the present ap-
plication is configured for the qualitative or quantitative
detection of preset detection parameters of sample lig-
uids. These preset detection parameters could include
parameters indicating whether the amount of pesticide
residue exceeds standards and/or the specific numerical
value of the pesticide residue, parameters indicating
whether nutritional elements meet standards and/or the
specific content of nutritional elements, parameters for
indicating whether specific harmful substances (such as
specific viruses) exceed standards and/or specific con-
tent of specific harmful substances, among others.
[0024] FIG. 1 shows a schematic structural diagram of
a microfluidic control detection system for a refrigerator
according to an embodiment of the present application,
FIG.2 shows a schematic structural diagram of internal
structure of a microfluidic control detection system ac-
cording to an embodiment of the present application, and
FIG.3 shows a partial schematic exploded view of a mi-
crofluidic control detection system according to an em-
bodiment of the present application. For ease of under-
standing, FIG.1 to FIG.3 also show a sample cup 2.
[0025] Referring to FIG. 1 to FIG.3, the microfluidic
control detection system 1in the present application com-
prises a microfluidic biochip 10, a sample liquid driving
device 40, and a detection mechanism 20.

[0026] FIG.4 shows a schematic sectional view of a
microfluidic biochip according to an embodiment of the
present application. The microfluidic biochip 10 compris-
es a chip body 11 and an elastic airbag section 12. The
chip body 11 comprises an inlet 111, a suction port 112,
and a detection pool 113 formed inside the microfluidic
biochip 10. The inlet 111, detection pool 113, and suction
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port 112 are sequentially interconnected through micro-
channels 114, thus forming a main channel. The elastic
airbag section 12 is hermetically connected to the suction
port 112. The sample liquid driving device 40 is config-
ured to compress and release the elastic airbag section
12 under control of the microfluidic biochip 10, prompting
sample liquid in contact with the inlet 111 to enter the
microchannels 114 and flow towards the detection pool
113 via the microchannels 114. The detection mecha-
nism 20 is configured to detect the detection pool 113 to
obtain preset detection parameters of the sample liquid.
Specifically, detection reagents can be placed in the de-
tection pool 113, so that after a reaction of the sample
liquid with the detection reagents inside the detection
pool 113, the detection mechanism 20 performs detec-
tion on the detection pool 113.

[0027] The microfluidic control detection system 1 of
the present application comprises a microfluidic biochip
10, with the microfluidic biochip 10 comprising a chip
body 11 and an elastic airbag section 12. The elastic
airbag section 12 is hermetically connected to a suction
port 112 of the chip body 11, thereby forming a closed
space within the microfluidic biochip 10, with only an inlet
111 of the chip body 11 remaining an opening for sample
introduction. A sample liquid driving device 40 expels air
from inside the chip body 11 by compressing the elastic
airbag section 12. When the sample liquid driving device
40 releases the elastic airbag section 12, the elastic air-
bag section 12 returns to its original shape, prompting
sample liquid in contact with inlet 111 to enter a detection
pool 113 within the chip body 11 and react with the de-
tection reagents inside the detection pool 113. Further-
more, repeated compression and release of the elastic
airbag section 12 by the sample liquid driving device 40
ensure thorough mixing of sample liquid with detection
reagents, enhancing accuracy of detection results.
[0028] A microfluidic biochip 10 of the present applica-
tion is specially designed with an elastic airbag section
12, eliminating a need for connecting pipelines between
a sample liquid driving device 40 and a microfluidic bio-
chip 10. Simple mechanical compression can be imple-
mented, controlling suction volume and exhaust volume
by adjusting deformation of the elastic airbag section 12,
not only resolving air tightness issues between the sam-
ple liquid driving device 40 and the microfluidic biochip
10 but also maintaining precise control of sample intro-
duction.

[0029] It is understandable to those skilled in art that
when the microfluidic control detection system is used
for detecting different preset detection parameters, the
specific choices of the microfluidic biochip 10 and the
detection mechanism 20 might also vary. For example,
when the microfluidic control detection system is used
for pesticide residue detection, the microfluidic biochip
10 it contains could be a microfluidic pesticide detection
chip capable of providing conditions for pesticide liquid
detection, and the detection mechanism 20 it contains
could be a pesticide detection mechanism capable of de-
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tecting pesticide parameters in the pesticide liquid.
[0030] In a specific embodiment, when the detection
mechanism 20 is a pesticide detection mechanism for
detecting pesticide parameters in pesticide liquid, a quick
qualitative detection of whether pesticide residue in sam-
ple liquid exceeds standards can be conducted using the
enzyme inhibition rate method. In this case, the chip body
11 further comprises a reaction pool 115 formed inside
it. The reaction pool 115 is located on the main channel
formed by sequentially connecting the inlet 111, the de-
tection pool 113, and the suction port 112 and is con-
nected between the inlet 111 and the detection pool 113,
allowing sample liquid to react with reaction reagents in
the reaction pool 115 before flowing into the detection
pool 113. The reaction pool 115 is connected to the inlet
111 through microchannels 114, and also connected to
the detection pool 113 through microchannels 114. The
reaction reagentand detection reagent used for pesticide
detection can be enzyme reagents and chromogenic
agents, respectively. The reaction pool 115 is used for
sample liquid to react with the enzyme reagent inside the
reaction pool 115; the sample liquid that has reacted with
the enzyme reagent flows into the detection pool 113 and
reacts with the chromogenic agent in the detection pool
121. The detection mechanism 20 can be selected as a
photoelectric detection mechanism, which may comprise
structures such as a light source, a photosensitive ele-
ment, a heating plate, and a thermostat.

[0031] In some embodiments, the chip body 11 and
the elastic airbag section 12 are integrally formed by blow
molding, which means the microfluidic biochip 10 is a
single component, with the chip body 11 and the elastic
airbag section 12 merely being two different parts of the
microfluidic biochip 10, requiring no connection between
them. Thus, microfluidic biochip 10 itself does not have
any air tightness issues, meaning addition of the elastic
airbag section 12 does not introduce air tightness prob-
lems to the microfluidic biochip 10 itself, thereby com-
pletely eliminating a series of adverse effects caused by
air tightness issues to the microfluidic control detection
system 1.

[0032] FIG.5 shows a schematic exploded view of the
microfluidic biochip according to an embodiment of the
invention. Since the chip body 11 and elastic airbag sec-
tion 12 are integrally formed by blow molding, it could be
inconvenient to pre-add detection reagents into the de-
tection pool 113 formed within the chip body 11. There-
fore, in some embodiments, after chip body 11 and elastic
airbag section 12 are formed by blow molding, a reagent
adding hole 116 can be positioned on a side surface 11a
of the chip body 11, connecting to the detection pool 113,
allowing for addition of detection reagents into the detec-
tion pool 113 through the reagent adding hole 116. When
a reaction pool 115 is formed within the chip body 11,
reaction reagents can be added to the reaction pool 115
in a similar manner (i.e., positioning a reagent adding
hole 117 on a side surface of the chip body 11 connecting
to the reaction pool 115). Preferably, both reagent adding
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holes can be located on a same side surface of chip body
11, facilitating the sealing of the both reagent adding
holes.

[0033] Furthermore, the microfluidic biochip 10 com-
prises a sealing patch 13 hermetically attached to a side
surface 11a of the chip body 11 (e.g., the side surface
with the reagent adding holes), to seal one reagent add-
ing hole 116 and another reagent adding hole 117. Pref-
erably, the aforementioned side surface 11a of chip body
11 can be parallel to a width direction of the chip body
11 and a length direction of the chip body 11. This is
because surface area of the side surface parallel to the
width direction of the chip body 11 and the length direction
of chip body 11 is relatively large, making it easier to form
a larger bonding surface between the chip body 11 and
the sealing patch 13, thereby enhancing the seal be-
tween the chip body 11 and the sealing patch 13. More-
over, since the attachment of the chip body 11 to the
sealing patch 13 is completed before installation of the
microfluidic biochip 10, there are no constraints on op-
erational space and sealing methods, thus effective and
good sealing between the chip body 11 and the sealing
patch 13 can be achieved.

[0034] Itshould be noted that material for the chip body
11 and material for the elastic airbag section 12, as well
as a shape of elastic airbag section 12, are configured
to allow the elastic airbag section 12 to return to its original
shape under its own elastic deformation recovery force
after the sample liquid driving device 40 releases the
elastic airbag section 12.

[0035] In some embodiments, the elastic airbag sec-
tion 12is configured as a threaded shape or awavy shape
extending along the length direction of chip body 11. The
sample liquid driving device 40 is configured to apply a
compressive force to the elastic airbag section 12 parallel
to an extension direction of the elastic airbag section 12
under the control of the microfluidic biochip 10, inducing
elastic deformation of the elastic airbag section 12 along
the extension direction of the elastic airbag section 12.
That is, a direction of the compressive force applied by
the sample liquid driving device 40 to the elastic airbag
section 12 is consistent with the extension direction of
the elastic airbag section 12. The elastic airbag section
12 can elastically contract along the length direction of
the chip body 11 under compression by the sample liquid
driving device 40, and after release of the elastic airbag
section 12 by the sample liquid driving device 40, the
elastic airbag section 12 can return to its original state
by relying on its own elasticity.

[0036] Specifically, the elastic airbag section 12 is con-
figured to be a threaded tube or a corrugated tube ex-
tending along the length direction of chip body 11.
[0037] In some embodiments, the inlet 111 is located
at a bottom of the chip body 11, and the elastic airbag
section 12 is positioned at a top of the chip body 11. The
sample liquid driving device 40 is situated above the mi-
crofluidic biochip 10 and is configured to compress the
elastic airbag section 12 downwards under the control of
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the microfluidic biochip 10. This means, after the micro-
fluidic biochip 10 is installed, the length direction of chip
body 11 is vertical, which facilitates not only contact of
inlet 111 with sample liquid but also arrangement of the
sample liquid driving device 40.

[0038] In some embodiments, the microfluidic control
detection system 1 comprises a chip installation mech-
anism 30. The applicants recognized that since there are
no air tightness issues between the microfluidic biochip
10 and the sample liquid driving device 40, there is no
need to consider the sealing docking structure between
the microfluidic biochip 10 and the sample liquid driving
device 40 during the installation of microfluidic biochip
10. It is only necessary to ensure that the microfluidic
biochip 10 remains stable and reliable once installed.
Therefore, it is no need to configure the chip installation
mechanism 30 of the present application as a very com-
plex structure, as long as it can hold the microfluidic bi-
ochip 10 securely.

[0039] Foranaforementioned purpose, the chip instal-
lation mechanism 30 of the present application compris-
es an installation slot 31 configured to house the micro-
fluidic biochip 10. The microfluidic biochip 10 is config-
ured to be inserted into the installation slot 31 through a
notch of the installation slot 31, not only achieving effec-
tive installation of the microfluidic biochip 10 but also sig-
nificantly simplifying a structure of microfluidic control de-
tection system 1.

[0040] Further, the inlet 111 of the chip body 11 is po-
sitioned outside of the installation slot 31 to facilitate in-
troduction of sample liquid by inlet 111 when the micro-
fluidic biochip 10 is in its installed state.

[0041] In some embodiments, the inlet 111 is located
at a bottom of the chip body 11, and the elastic airbag
section 12 is positioned at a top of chip body 11. Given
thatthe elastic airbag section 12 is elastically deformable,
it is impractical to install the microfluidic biochip 10 from
the bottom up.

[0042] Therefore, the installation slot 31 of the present
application is further configured to extend vertically, with
the microfluidic biochip 10 configured to be inserted into
the installation slot 31 in a direction parallel to a horizontal
plane. That is, the elastic airbag section 12 is installed
parallel to the chip body 11, with the elastic airbag section
12 not causing any obstruction or impact on assembly of
the chip body 11. Meanwhile, structure configuration of
the installation slot 31 allows only the chip body 11 to
remain stationary within the installation slot 31, permitting
the elastic airbag section 12 to deform elastically within
the installation slot 31 without any hindrance.

[0043] In some embodiments, the installation slot 31
comprises a first slot section 311 for housing the chip
body 11 and a second slot section 312 for housing the
elastic airbag section 12, with the first slot section 311
located below the second slot section 312. A size of the
first slot section 311 is smaller than a size of the second
slot section 312, forming a step-like section 32 at a junc-
tion between the first slot section 311 and the second
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slot section 312. A bottom of the elastic airbag section
12 rests against the step-like section 32, preventing the
microfluidic biochip 10 from falling downwards. Thus, the
entire microfluidic biochip 10 can be supported within the
installation slot 31, achieving vertical positioning of mi-
crofluidic biochip 10. The present application achieves
vertical positioning of the microfluidic biochip 10 by con-
figuring the installation slot 31 with simple structural di-
mensions, which simplify a positioning structure between
the microfluidic biochip 10 and the installation slot 31.
[0044] FIG.6 shows a schematic sectional view of a
microfluidic control detection systemin a partial exploded
state according to an embodiment of the present appli-
cation. In some embodiments, the chip installation mech-
anism 30 comprises at least one clamping component
33 positioned within the installation slot 31. The clamping
component 33 is configured to secure the chip body 11
after the microfluidic biochip 10 is inserted into the instal-
lation slot 31, preventing the microfluidic biochip 10 from
tilting, swaying, or dislodging from the installation slot 31
during a compression process or a release process of
the elastic airbag section 12 by the sample liquid driving
device 40, thereby limiting a movement of the microfluidic
biochip 10 in a horizontal direction.

[0045] Specifically, an accommodation space for
housing the clamping component 33 can be configured
within the installation slot 31, with the clamping compo-
nent 33 confined to the accommodation space and ca-
pable of elastic deformation within a certain range, main-
taining optimal clamping force on the chip body 11.
[0046] Furthermore, the clamping component 33 can
comprise two symmetrically arranged and spaced apart
claws 331. The two claws 331 are configured to apply
opposing elastic forces (e.g., which are toward to each
other) to two opposite side surfaces of the chip body 11
after the microfluidic biochip 10 is installed into the in-
stallation slot 31, thereby maintaining the microfluidic bi-
ochip 10 more stably.

[0047] Insomeembodiments, the sample liquid driving
device 40 comprises a drive motor 41 and a push rod 42.
The push rod 42 is connected to the drive motor 41, and
the push rod 42 is configured to translate along an output
shaft of the drive motor 41 when the drive motor 41 ro-
tates. Specifically, the output shaft of the drive motor 41
could be parallel to an extension direction of the elastic
airbag section 12, to use the push rod 42 to compress
the elastic airbag section 12 or release the elastic airbag
section 12 when the drive motor 41 rotates.

[0048] In some embodiments, the microfluidic control
detection system 1 comprises a weighing platform 81
and a bracket 82. The weighing platform 81 is fixedly set
on a support frame 83 and configured to measure a
weight of a sample contained in a sample cup 2 placed
on it. It is understandable that the weighing platform 81
can measure combined weight of the sample cup 2 and
the sample contained therein, subtracting a weight of the
sample cup 2 itself to obtain the weight of the sample.
The weighing platform 81 can also be configured to di-
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rectly detect the weight of the sample contained in the
sample cup 2, such as through tare measurement. The
bracket 82 is configured to move in a controlled manner
or operable manner, driving the sample cup 2 to move
to a highest position where the sample liquid in the sam-
ple cup 2 can contact the inlet 111 of the microfluidic
biochip 10.

[0049] In some embodiments, the microfluidic control
detection system 1 comprises a buffer solution bottle 51
and a buffer solution driving device 52. The buffer solution
bottle 51 is configured to contain a buffer solution. The
buffer solution driving device 52 connected to the buffer
solution bottle 51, is controlled to drive the buffer solution
from the buffer solution bottle 51 into a sample cup 2 on
the weighing platform 81. Mixture of buffer solution and
sample in the sample cup 2 produces sample liquid. Spe-
cifically, the buffer solution driving device 84 can be a
peristaltic pump, diaphragm pump, or another suitable
type of driving device.

[0050] In some embodiments, the microfluidic control
detection system 1 comprises a housing 90. The housing
90 has an operation platform open towards a front side
of the housing 90, with the weighing platform 81 at least
partially located within the operation platform, facilitating
users implement operations such as placing the sample
cup 2 to or removing the sample cup 2 from the operation
platform.

[0051] The microfluidic control detection system 1 of
the present application specially comprises a weighing
platform 81 fixed on a support frame 83 and a bracket
82 capable of moving the sample cup 2. During detection,
users only need to place the sample cup 2 on the weigh-
ing platform 81, which measures the weight of the sam-
ple. The buffer solution driving device 52 adds an appro-
priate amount of buffer solution to the sample cup 2, and
the bracket 82 automatically moves the sample cup 2 to
the microfluidic biochip 10 for sample addition, making
the sampling operation convenient, time-saving, and la-
bor-saving, leading to a good user experience. More im-
portantly, since the weighing platform 81 of the present
application is fixed and does not move with movement
of the bracket 82, the movement of the bracket 82 does
not affect weighing accuracy of the weighing platform 81,
ensuring high-precision measurement of the sample’s
weight, thereby improving accuracy of detection results
from the microfluidic biochip 10.

[0052] Inventors recognized that when the sample cup
2 is weighed on the weighing platform 81, the bracket 82
should be completely detached from and not touch the
sample cup 2 to avoid affecting weighing of the sample.
After the weight of the sample has been measured, the
bracket 82 needs to hold the sample cup 2 to move it
together. Thatis, the bracket 82 needs to have two states:
releasing the sample cup and holding the sample cup,
and it should be able to automatically switch between
these two states according to a detection process. To
achieve an object of switching between the two states,
the common design approach before the present appli-
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cation was to equip the bracket with a clamping mecha-
nism, which automatically switches between releasing
the sample cup and holding the sample cup through con-
trol of the clamping mechanism’s action. However, the
applicants recognized that this traditional design ap-
proach is outdated and has many drawbacks. For exam-
ple, the clamping mechanism increases structural com-
plexity of the bracket and requires reserved space for
action switches of the clamping mechanism to avoid in-
terference or collision with other structures, which would
increase volume of the microfluidic control detection sys-
tem, making it unsuitable for refrigerators with limited
space. Moreover, the holding of the sample cup, espe-
cially the release of the sample cup, needs to be highly
synchronized with the detection process. That is, when
the weighing platform needs to measure the weight of
the sample, the clamping mechanism must be in a state
of releasing the sample cup; only after the weighing plat-
form has measured, the weight of the sample can the
clamping mechanism hold the sample cup. These re-
quirements for timing precision of control of the clamping
mechanism’s state switching are very high. Any slight
deviation or error accumulation could easily lead to dis-
order in the entire detection process and result in incor-
rect detection results.

[0053] To address this, the inventors attempted to
break away from the traditional design approach and de-
veloped a completely new bracket structure. In some em-
bodiments, the bracket 82 is set above the weighing plat-
form 81 and comprises an annular frame 821 that is fitted
outside the sample cup 2. The bracket 82 is configured
to move controllably or operably in an up and down di-
rection, using the annular frame 821 to lift the sample
cup 2 off the weighing platform 81 as it moves upwards,
and during its downward movement to a lowest position,
itallows the sample cup 2 to be supported on the weighing
platform 81 and uses an abutting effect between the sam-
ple cup 2 and the weighing platform 81 to detach the
sample cup 2 from the annular frame 821.

[0054] Thatis, as the bracket 82 moves upwards, the
annular frame 821 naturally lifts the sample cup 2 off the
weighing platform 81; when the bracket 82 moves down
to a certain position, the sample cup 2 is supported on
the weighing platform 81, and as the bracket 82 continues
to move down to the lowest position, the abutting effect
between the sample cup 2 and the weighing platform 81
causes the sample cup 2 to detach from the annular
frame 821, thus, the bracket 82 does not affect weight
measurement of the sample in any way. It is clear that
the bracket 82 of the present application naturally switch-
es between lifting and releasing the sample cup 2 during
its lifting process, without needs for any lifting control
programs or releasing control programs, making a struc-
ture of the bracket 82 simple, as well as control logic of
the bracket 82.

[0055] The presentapplication also introduces a refrig-
erator, as illustrated in FIG.7, illustrating a schematic
structural diagram of a refrigerator according to an em-
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bodiment of the present application. The refrigerator 100
incorporates the microfluidic control detection system 1
involved in any of the aforementioned embodiments, in-
tegrating the microfluidic control detection system 1 with
the refrigerator 100. Given high frequency of use of re-
frigerators 100 in daily life and their primary function for
storing food ingredients, integrating the microfluidic con-
trol detection system 1 into the refrigerator 100 facilitates
users in conducting detection operations on food ingre-
dient samples using the microfluidic control detection
system 1.

[0056] By integrating the microfluidic control detection
system 1 into the refrigerator 100, the present application
fully leverages a storage function of the refrigerator 100,
making a detection process more convenient. It also fa-
cilitates the interlinked control between the microfluidic
control detection system 1 and the refrigerator 100,
achieving a high level of intelligence that meets needs
of smart homes.

[0057] Additionally, the refrigerator 100 comprises a
cabinet 200 and a door 300. The cabinet 200 defines a
storage space, and the door 300 is connected to the cab-
inet 200 to open and/or close the storage space. Prefer-
ably, the microfluidic control detection system 1 is mount-
ed on the door 300, which is not only convenient for op-
eration but also does not occupy an original storage
space inside the cabinet 200, thus not affecting storage
capacity of the refrigerator 100 itself.

[0058] The refrigerator 100 mentioned in the present
application is broadly defined to include not only the con-
ventional narrow sense of refrigerators but also storage
devices with refrigeration, freezing, or other storage func-
tions, such as refrigeration boxes, freezers, etc.

[0059] It should be understood by those skilled in the
art that the terms "up," "down," "front," "back," "top," "bot-
tom," and other directional or positional terms used in the
embodiments of the present application are based on an
actual usage state of the microfluidic control detection
system 1 and the refrigerator 100. These terms are mere-
ly for the convenience of describing and understanding
the technical solutions of the present application and
should not be interpreted as limiting the present applica-
tion to specific orientations or configurations.

[0060] Thus, it should be recognized by those skilled
in art that although this document has thoroughly pre-
sented and described several exemplary embodiments
of the present application, many other variations or mod-
ifications that are in accordance with the principles of the
present application can be directly determined or derived
from the content disclosed here without departing from
the spirit and scope of the present application. Therefore,
the scope of the present application should be under-
stood and recognized to cover all such other variations
or modifications.
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Claims

1. A microfluidic control detection system for a refrig-
erator, comprising:

a microfluidic biochip, comprising a chip body
and an elastic airbag section, where the chip
body comprising an inlet, a suction port, and a
detection pool formed inside, and the inlet, the
detection pool, and the suction port are sequen-
tially interconnected through microchannels,
with the elastic airbag section hermetically con-
nected to the suction port;

a sample liquid driving device, configured to
compress and release the elastic airbag section
under control of the microfluidic biochip, prompt-
ing sample liquid in contact with the inlet to enter
the microchannels and flow towards the detec-
tion pool via the microchannels; and

a detection mechanism, configured to detect the
detection pool to obtain preset detection param-
eters of the sample liquid; wherein,

the chip body and the elastic airbag section are
integrally formed by blow molding.

2. The microfluidic control detection system according
to claim 1, wherein:

a reagent adding hole is positioned on a side
surface of the chip body, connecting to the de-
tection pool, allowing for addition of detection
reagents into the detection pool through the re-
agent adding hole; and

the microfluidic biochip comprises a sealing
patch hermetically attached to a side surface of
the chip body to seal the reagent adding hole.

3. The microfluidic control detection system according
to claim 1, wherein:

the elastic airbag section is configured as a
threaded shape or a wavy shape extending
along a length direction of the chip body; and

the sample liquid driving device is configured to
apply a compressive force to the elastic airbag
section parallel to an extension direction of the
elastic airbag section under the control of the
microfluidic biochip, inducing elastic deforma-
tion of the elastic airbag section along the ex-
tension direction of the elastic airbag section.

4. The microfluidic control detection system according
to claim 3, wherein:

the inlet is located at a bottom of the chip body,
and the elastic airbag section is positioned at a
top of the chip body; and

the sample liquid driving device is situated
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above the microfluidic biochip and is configured
to compress the elastic airbag section down-
wards under the control of the microfluidic bio-
chip.

5. The microfluidic control detection system according
to claims 1-4, further comprising:

achip installation mechanism, comprising anin-
stallation slot configured to house the microflu- 70
idic biochip; and

the microfluidic biochip is configured to be in-
serted into the installation slot through a notch

of the installation slot, with the inlet of the chip
body positioned outside of the installation slot. 75

6. The microfluidic control detection system according
to claim 5, wherein:

the inlet is located at a bottom of the chip body, 20
and the elastic airbag section is positioned at a

top of the chip body; and

the installation slot is configured to extend ver-
tically, and the microfluidic biochip is configured

to be inserted into the installation slot in a direc- 25
tion parallel to a horizontal plane.

7. The microfluidic control detection system according
to claim 6, wherein:
30
the installation slot comprises a first slot section
for housing the chip body and a second slot sec-
tion for housing the elastic airbag section, with
a size of the first slot section smaller than a size
of the second slot section, forming a step-like 35
section ata junction between the first slot section
and the second slot section; and
a bottom of the elastic airbag section rests
against the step-like section.
40
8. The microfluidic control detection system according
to claim 5, wherein:
the chip installation mechanism comprises at least
one clamping component positioned within the in-
stallation slot, which is configured to secure the chip 45
body after the microfluidic biochip is inserted into the
installation slot.

9. The microfluidic control detection system according
to claim 8, wherein: 50
the clamping component comprises two symmetri-
cally arranged and spaced apart claws, configured
to apply opposing elastic forces to two opposite side
surfaces of the chip body after the microfluidic bio-
chip is installed into the installation slot. 55

10. Arefrigerator, comprising the microfluidic control de-
tection system according to any one of claims 1-9.
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