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DIGITAL MICROFLUIDIC MIXED FLUID DROPLETS

BACKGROUND

[0001] In the context of printing devices, such as fluid-based printing devices,
printing fluids may contain solids that may be used for a number of different
purposes. For example, colorants in the printing fluids may be used to form text,
images, and/or objects on a print target, such as in the form of colors on a page of
paper. In other examples, the solids may include components to provide a tayer of
protection on a print medium, such as polymers within a clear coat to provide a layer

of protection on print media.

[0002] In yet other examples, the solids may include binder particles capable of
absorbing electromagnetic radiation of desired wavelengths {(e.g., ulfraviolet (UV)
light) and causing build material and/or a printing fluid to bind together. In yet other
examples, the solids may include a combination of particles that make up agents or
reagents to be used in the context of a biomedical test. In these and other contexis,
the printing fluids may be ejected from the printing device via fluid ejection
chambers, such as including nozzles and fluid actuators, to form droplets of printing

fluid to be deposited on a medium or materials.

[0003] Printing devices may use, among other things, pressurized fluid lines and
capilary forces of porous media to move printing fluids from reservoirs to the ejection

chambers.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0001] Many aspects of the disclosure can be better understood with reference to
the following drawings. While several examples are described in connection with

these drawings, the disclosure is not limited to the examples disclosed herein.

[0002] Figure 1 illustrates a block diagram illustrating an example non-transitory
storage medium storing machine-readable instructions to mix fluids on a digital

microfiuidic {DMF) array;

[0003] Figures 2A-2B iltustrate an example microfiuidic electrode {o mix fluids;

[0004] Figures 3A-3D illustrate an example DMF array to mix fluids;

[0005] Figure 4 illustrates a schematic cross-sectional diagram of an example

fluid device to mix fluids on a DMF array;

[0006] Figure 5 jllustrates an example diagram to uniformly mix fluids using a

DMF array;

[0007] Figure 6 illustrates a flow diagram of an example process to mix fluids

based on a modified property for a three-dimensional (3D) printing fluid;

[0008] Figure 7 illustrates a flow diagram of an example process to mix biological

fluids in a fluid device, according to another example;

[0009] Figure 8 illustrates a block diagram illustrating a fluid ejection device to

cause a fluid device to mix fluids on a DMF array.
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DETAILED DESCRIPTION

{0010] Inthe context of printing devices, such as fluid-based printing devices,
printing fluid may be fransferred to fluid ejection chambers of the printing devices
using pressurized fluid lines and capillary forces in porous media. At times, fluids
may be mixed to provide a desired combination of fluids, such as for binders,
absorbers, biological fluids, etc. The ability to mix the fluids is performed either by
pre-mixing the fluids prior to introducing the fluid to the printing device (e.g.,
manufacturing mixed fluids), or by ejecting one fluid on top of the other on the print

target and mixing after the fluids have exited from the ejection chambers.

[0011] Many mixed fluids have a short-shelf life and as a result, it may be
impractical to obtain pre-mixed printing fluids. For example, a multi-part binding
material may be combined in an order and at a time that better enables to binder
properties of the multi-part binding material to be used. Therefore, some combination
of fluids may be more efficiently used in printing if the mixing of the fluids is done at,

or close to, the time of printing.

[0012] The use of sequential ejections of the multiple fluids from the ejection
chamber to allow the fluids to be mixed on the printing media surface may lead to
non-homogenous mixing of the fluids. For example, by gjecting one fluid first, the first
fluid may absorb into the print target before the second fluid is ejected. Furthermore,
using pressurized fluid lines to push each fluid to the ejection chambers provides
limited control over the amount/ratio of each fluid that is ejected at a time. For
example, modifying a property of a 3D printing material (e.g., opacity, ductility, efc.)
may be achieved by homogenously combining fluids in specified ratios prior to

coming into contact with the print target (e.g., powder bed). To ensure that the
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properties of the resultant 3D printing material are consistent throughout, the mixture
of components in the droplet of fluid to be ejected should have the same proportions
of components throughout. This may be difficult to achieve when using pressurized
fluid lines to push each fluid to the ejection chambers. That is, it may be challenging
to provide precise measures of fluid in a conventional pressurized fluid line so as to

yield desired measures, ratios, and uniform mixtures, etc.

[0013] To further add to the complexity of this example, the presence of air in the
fluid ejection chambers may lead to air bubbles or even failure of the fluid actuators
upon activation. Additionally, solids in the printing fluid may settle in the fluid lines,
the porous media, and/or the fluid ejection chambers. As a result, the fluid lines
and/or the nozzles of the ejection chambers may be contaminated by other fiuid
remnants or clog, and the resulting ejected fluid may have undesirable solid
concentrations (e.g., leading to lower quality print ouiput, false negatives or positives
for biomedical tests, and the like). Additionally, fluid delivery systems including
pressurized fluid ines may introduce complexity and cost into the print system, such
as using pumps, valves, and the like. There may be a desire, therefore, for
afternative approaches for pre-mixing a plurality of fluids in a controtled order and at,

or near, the time of printing.

f0014] A digital microfluidic (DMF) system may be employed for mixing printing
fluids from multiple reservoirs and propagating the mixed fluid towards ejection
chambers. DMF systems may enable separate droplets of fluid to be moved from
mutltiple reservoirs toward a microfluidic electrode to be mixed together by activating
a voltage to electrodes adjacent to a droplet and deactivating a voltage to an

electrode under the droplet. Droplets from various fluid reservoirs may then move
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from the deactivated electrodes they are currently on to the activated, adjacent
electrodes. By continuously varying the voltages of the electrodes, individual droplets
may be maneuvered along a line of electrodes. Therefore, DMF systems may move
printing fluid from the reservoirs towards a microfluidic electrode for mixing and then
to ejection chambers without the use of pressure regulators, pumps, valves, and the
like which may reduce the cost and complexity of implementing the fluid delivery

system without compromising the performance of the system.

[0015] The use of a DMF system may provide increased flexibility and precision
in how the fluids are delivered. As discuss above, fluid delivery systems that use
prassure to move the printing flids may result in pockets of air being pushed into the
ejection chambers, creating inaccurate ratios of fluids being transferred and failure of
the fluid actuators upon activation. DMF systems, on the other hand, enable the
fluids to be pulled toward individual microfluidic electrodes and then to the gjection
chambers using voltage variations. The voltage variations may allow the fluids to be
moved. Therefore, air located in proximity to the ejection chamber would not be
pulled into the ejection chamber with the mixed fluid. Additionally, the replacement of
the pressure regulators and the like to move the fluid allows the DMF system fo have
more precision in the amounts and ratios of each fluid which is mixed and moved
toward each ejection chamber. Furthermore, DMF systems allow there to be control
in the order in which each of the different fluids from different reservoirs is mixed and
moved toward the ejection chambers. In some examples, the mixed fluid may have a
stability state for a threshold duration of time. For example, a biological fluid may
begin to decompose after a threshold duration of time. in another example, a binder
material may begin to harden after a threshold duration of time. Thus, precise

mixtures of fluids can be created within the DMF system.
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[0016] The use of DMF systems over other fluid delivery systems may enable an
entire droplet of each printing fluid (e.g., binders, absorbers, biological fluids, etc.) to
be moved along microfluidic electrodes at the time of printing. Therefore the use of
DMF maintains the targeted ratios of the fluid composition and prevents clogging due
to a buitdup of fluid residues. In view of the foregoing, it should be appreciated that
there may be a desire to use DMF systems to mix a combination of printing fluids

and deliver the mixed printing fluid to ejection chambers.

[0017] In an example implementation according {0 aspects of the present
disclosure, a non-transitory computer-readable medium comprises a set of
instructions that when executed by a controller are to transmit first control signals
from to cause a first droplet of fluid to be pulled onto a microfluidic electrode of a
digital microfluidic (DMF) array from a first reservoir. The non-transitory computer-
readable medium further comprise instructions that when executed by a controfler
are to transmit second control signals to cause a second droplet of fluid to be pulled
onto the microfluidic electrode of the DMF array from a second reservoir, wherein the
first droplet of fluid and the second droplet of fluid are to be mixed on the microfiuidic
electrode responsive to mixing control signals to be transmitted by the controller and
responsively yield a mixed fluid droplet. The non-transitory computer-readable
medium further comprise instructions that when executed by a controller are to
transmit third control signals to cause the mixed fluid droplet to propagate to a

feedhole.

[0018] In another example described herein, a method is provided. The method
may include determining a measured amount of a first droplet of fluid and a

measured amount of a second droplet of fluid to be deposited onto a microfluidic
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electrode of a DMF array. The method may further include depositing a first droplet
of fluid onto the microfluidic electrode of the DMF array from a first fluid reservoir
based on the measured amount of the first droplet of fluid and depositing a second
droplet of fluid onto the microfluidic electrode of the DMF array from a second fluid
reservoir based on the measured amount of the second droplet of fluid. The method
also includes mixing the first droplet of fluid and the second droplet of fluid on the
microfluidic electrode to vield a mixed fluid droplet and propagating the mixed fluid

droplet {0 a feedhole.

[0019] In yet another example described herein, another method is provided. The
method may include applying a first voltage to a microfluidic electrode of a DMF
array to pull a first droplet of fluid onto a microfluidic electrode of the DMF array from
a first fluid reservoir based on a measured amount of the first droplet of fluid. The
method further includes applying a second voitage to the microfluidic electrode of the
DMF array fo pult the second droplet of fluid onto the microfluidic electrode of the
DMF array from a second fluid reservoir based on a measured amount of the second
droptlet of fluid, wherein the first droplet of fluid and the second droplet of fluid are
combined on the microfluidic electrode of the DMF array to vield a combined fluid

droptet.

f0020] Throughout this specification {o one implementation, an implementation,
one case, an example, and/or the like means that a particular feature, structure,
characteristic, and/or the like described in relation to a particular implementation,
case, and/or example is included in an implementation, case, and/or example of
claimed subject matter. Thus, appearances of such phrases, for example, in various

places throughout this specification are not necessarily intended to refer to the same
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implementation, case, and/or example or to any one particular implementation, case,
and/or example. Furthermore, it is to be understood that particular features,
structures, characteristics, and/or the like described are capable of being combined
in various ways in different implementations, cases, and/or examples and, therefore,
are within intended claim scope. In general, of course, as has always been the case
for the specification of a patent application, these and other issues have a potential
to vary in a particular context of usage. In other words, throughout the disclosure,
particular context of description and/or usage provides helpfut guidance regarding
reasonable inferences to be drawn; however, likewise, “in this context” in general

without further qualification refers to the context of the present disclosure.

[0021] Turning to Figure 1, a block diagram illustrating an example of non-
transitory computer-readable medium storing instructions to mix fluids on a digital
microfluidic (DMF) array. Non-transitory computer-readable medium 100 is non-
transitory in the sense that is does not encompass a transitory signal but instead is
made up of a memory component configured to store the relevant instructions.
Examples of non-transitory computer-readable medium 100 include any type of
volatile or non-volatite memory, including random access memory (RAM), read-only
memory (ROM), electrically programmabile read-only memory (EPROM), and the
like, integrated memory, such as a hard drive, solid state drive, and the like, and
portable media such as a CDs, DVDs, or portable flash drives. In another example,
non-transitory computer-readable medium 100 may have program instructions stored
thereon, which may be part of an application or applications already installed
thereon. Non-transitory computer-readable medium 100 may be accessible by
components of an electronic device, such as a controller to enable functionality of a

fluid device, which may access non-transitory computer-readable medium 100 to
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seek instructions stored therein. For example, non-transitory computer-readable
medium 100 may instruct a controller to enable functionality of a printing device,
such as a two-dimensional (2D) printer and/or a three-dimensional (3D) printer. Non-
transitory computer-readable medium 100 may be implemented to control a device
capable of transferring fluids to a fluid ejection device. For instance, non-transitory
computer-readable medium 100 include instructions 102 that when executed by a
controller are to cause transmission of first control signals to cause a first droplet of

fluid to be pulled onto a microfluidic electrode of a DMF array from a first reservoir.

[0022] The first control signals transmitted by the controller may indicate a
voltage for a microfluidic electrode in a DMF array. The voltage may enable the first
dropiet of fluid to be pulled onto the microfluidic electrode of the DMF array. The first
control signals may further indicate a variation of voltages of additional microfiuidic
electrodes to enable the first droplet of fluid to be moved across the DMF array by
attracting the first droplet of fluid from one microfluidic electrode to another on the
DMF array. In some examples, the controf signaling may be communicated by using

wireless signaling or wireline signaling.

[0023] The first fluid reservoir may include a container capable of storing printing
fluid. The printing fluid may include any fluid capable of being dispensed by the fluid
ejection chamber onto a media, such as paper, a layer of powder-based build
material, reactive devices (such as tab-on-a-chip device), etc. In some examples, the
printing fluid may include a material for printing, such as biological fluids, absorbers,
binders, ink, toner, powders, colorants, varnishes, finishes, gloss enhancers, fusing
agents, inhibiting agents, and/or other such materials which may be utilized in the

printing process. In other examples, printing fluids may include one of a plurality of
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fluid colorants, such as pigments. In other examples, the first printing fluid comprises
a first part of a multi-part binder fluid {e.g., an epoxy) or a first part of a multi-part
absorber fluid. in yet another example, the printing fluid may include a first part of a

mutlti-part biological fluid.

[0024] The machine-readable instructions include instructions 104 that when
executed by a controller are to transmit second control signals to cause a second
droplet of fluid to be puiled onto the microfluidic electrode of the DMF array from a
second reservoir. The first droplet of fluid and the second droplet of fluid are to be
mixed on the microfluidic electrode responsive to mixing controf signals to be

transmitted by the controller and yield a mixed fluid droplet.

[0025] The second control signals indicate a microfluidic electrode of a DMF array
through which a current is to be pulsed across. By pulsing the current across one of
the microfluidic electrodes, an electrical potential is to be formed. The electrical
potential attracts the second droplet of printing fluid. Based on this attraction, the
second droplet of printing fluid is moved from the second reservoir to the microfluidic
electrode. Additional control signaling may also indicate that certain microfluidic
electrode(s) (e.g., microfluidic electrode(s) already receiving the current puises) are

to cease to receive current pulses.

[0026] For example, once the first droplet of fluid has moved to the first
microelectrode, the control signaling may pass a second cusrent across a second
microelectrode of the DMF array. This second current would form an electric
potential across the surface of the second microelectrode. In this example, the first
droplet of fluid would now be atiracted to the second microfluidic electrode and

therefore, move from the first microfluidic electrode to the second microfluidic
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electrode in the DMF array. Using the alteration of voltage currents between
microfiuidic electrodes of DMF array, the first droplet of fluid and the second droplet
of fluid are guided toward each other to be mixed on the same microfluidic electrode
on the DMF array. This then yields the mixed droplet of fluid. In other examples,

printing fluids may include one of a plurality of fluid colorants, such as pigments.

[0027] The machine-readable instructions include instructions 106 that when
executed by a controller are to transmit third control signals to cause the mixed fluid
droplet {0 propagate to a feedhole. The feedhole may allow the mixed droplet of fluid
to be fed into a fluid ejection chamber. The fluid ejection chamber may be a device
capable of receiving the mixed droplet of fluid from DMF array and ejecting printing
fluids. For instance, the fluid ejection chamber may include an enclosure into which
printing fluid may be propagated for storing and ejecting. The enclosure may include
an actuator and an orifice. In the context of a thermal actuator, current pulses may
cause the printing fluid to heat. A portion of the fluid may then be vaporized which in
turn causes droplets of the fluid to be ejected via the orifices. In some examples,
there may be additional instructions that when executed by the controller are to
fransmit additional contro! signals {e.g., fourth control signals) to cause the mixed
fluid droplet to be ejected from the feedhole onto a print target, onto a sample, into a

test tube, etc.

[0028] It should be noted that as used herein, the fluid ejection chamber may
refer to a thermal inkjet (ThJ) or piezo inkjet (P1J) ejection chamber, by way of non-
limiting example. Thus, for example, a fluid device of a 3D printer may be used to
eject an agent that may cause a build material to fuse together as part of an additive

printing process. The agent may or may not include colorants, such as pigments.
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Instead, the agent may include an additive agent to be used in the formation of a 3D

object.

[0029] For example, the first printing fluid may comprise a first part of a multi-part
binder fluid and the second printing fluid may comprise a second part of a multi-part
binder fluid. In this example, each of the first part and the second part of the multi-
part binder fluid may be combined to form the multi-part binder fluid. In another
example, the first printing fluid may comprise a first part of a multi-part biological fluid
and the second printing fluid may comprise a second part of a muiti-part biological
fluid. In this example, each of the first part and the second part of the multi-part
biological fluid may be combined to form the multi-part biological fluid.
Advantageously, this allows the multi-part binder/absorbers/biologicat fluids to be
pre-mixed at the time the fluids are propagated to the feedhole. This ensures that the

mutti-part fluids are uniformly mixed in a more efficient order and time.

[0030] It should aiso be noted other fluid reservoirs may be included, such as in
addition to the first fluid reservoir and the second fluid reservoir. Thus, in other
examples, different variations of multi-part fluids may be lined up and sent for
ejection in desired orders. For example, a mixed biclogical fluid may be first mixed
on the microfluidic electrodes of the DMF array and ejected from the ejection
chamber. Once the biological mixed fluid has been ejected from the fluid, a capping
fluid may be mixed on the microfluidic electrodes of the DMF array and used to cap

the ejection chamber.

[0031] In some examples, a measured amount of the first droplet of fluid to be
pulled onto the microfiuidic electrode of the DMF array is determined by the

controller. The first control signals may be modified to cause the measured amount
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of the first droplet of fluid to be pulled onto the microfluidic electrode of the DMF
array. Furthermore, a measured amount of the second droplet of fluid to be pulied
onto the microfluidic electrode of the DMF array may also be determined. in this
example, the second control signals may also be modified to cause the measured
amount of the second droplet of fluid to be pulled onto the microfluidic electrode of

the DMF array.

[0032] The measured amount of the first droplet of fluid and the measured
amount of the second droplet of fluid may be determined based on a modified voxel
property of the mixed fluid droplet. The voxel property may indicate data about a
location in 3D coordinate space, such as data indicating a targeted opacity and/or
ductility of the material in the location in 3D coordinate space. The opacity property
may refer to a measured amount (or lack thereof) of translucence characteristics of
the material. For example, a shielding material may have an opacity property which
allows for little translucence of the material. This enables the material to block
radiation from passing though the material. The ductility property may refer to an
ability of the material {o be deformed without fracture. For example, an example
ptastic material may have a higher ductility property to allow the plastic material to be
bent into a desired shape. On the other hand, an example metal material may have a

low ductility property which ensures that the material is not easily deformed.

[0033] Figures 2A-2B illustrate an example microfluidic electrode to mix fluids,
according to an example. As illustrated in Figure 2A and Figure 2B, substrate 200
may include first fluid reservoir 202 and second fluid reservoir 204. 1t should be
noted that substrate 200 includes microftuidic electrodes 206A-206C. Figure 2B also

includes first droplet of fluid 208A from first fluid reservoir 202, second droplet of fluid
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208C from second fluid reservoir, and mixed droplet of fluid 208B. Although not
ilustrated in Figures 2A and 2B, substrate 200 includes a ground electrode, a driving
electrode, and feedholes (illustrated in Figure 4). The surface of the ground electrode
and driving electrode may be hydrophobic to prevent printing fluid from wetting the

surfaces of the ground electrode and the driving electrode until activated.

[0034] The substrate 200 and the components included in the substrate 200 to
mix the fluid may be an example of components used to perform the functions of the
set of instructions 102-106 in the non-transitory computer-readable medium 100 from
Figure 1. However, the substrate 200 and the components included in the substrate
200 to mix the fluid may differ in form or structure from the components used to
perform the functions of the set of instructions 102-106 in the non-transitory

computer-readable medium 100 from Figure 1.

[0035] In operation, the first fluid may be stored in first fluid reservoir 202 and the
second fluid may be stored in second fluid reservoir 204, as itlustrated in Figure 2A.
Tuming to Figure 2B, a voltage may be applied to microfluidic electrode 206A on the
driving electrode to generate an electric potential between the ground electrode and
the driving electrode. This electric potential atiracts a first droplet of fluid 208A in first
fluid reservoir 202 to move onto microfluidic electrode 206A. Once the first droplet of
fluid 208A has moved to microfluidic electrode 206A, the voltage applied to
microfluidic electrode 206A may be deactivated and applied to a next microfluidic

electrode 206B along substrate 200.

[0036] Further, another voltage may be applied to microfluidic electrode 206C on
the driving electrode to generate an electric potential between the ground electrode

and the driving electrode. This electric potential atiracts a second droplet of fluid
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208C in second fluid reservoir 204 to move onto microfluidic electrode 206C. Once
the second droplet of fluid 208C has moved to microfluidic electrode 206C, the
voltage applied to microfluidic electrode 206C may be deactivated and applied to a

next microfiuidic electrode 206B along substrate 200.

{0037] Once both the first droplet of fluid 208A and the second droplet of fluid
208C are pulled toward microfluidic electrode 206B, the first droplet of fluid 208A and
the second droplet of fluid 208C are mixed to form mixed droplet of fluid 208B. By
varying the electric potential between the ground electrode and the driving electrode
for each electric pad, the electrowetting is affected and each of the two droplets of
printing fluid are moved along substrate 200 to form a homogenously mixed droplet
of fluid. The homogenously mixed draplet of fluid may then be driven to the bottom of

a feedhole next to a fluid ejection chamber.

[0038] It should be noted that a controlled amount of printing fluid is pulled from
each of the first fluid reservoir 202 and the second fluid reservoir 204 {o form the
mixed droplet of fluid, instead the of a less controlled amount of each fluid being
pushed to the ejection chamber using back pressure from a pressure regulator. The
controlled amount may refer to a precise volume of fluid which is pulied from first
fluid reservoir 202. The controlled amount may be determined based on known
interaction between the fluid being pulled from the fluid reservoir and the voltage
levels applied to the microfluidic electrode. The use of DMF technigues to move the
printing fluids to feedhole for an ejection chamber allows more precision in the
amount of each fluid that is moved toward the ejection chamber. Furthermore, the

substitution of the pressure regulator to move the printing fluid decreases the air
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moved to the fluid ejection chamber which maintains the performance of the fluid

device and lowers the cost and complexity of the fluid device.

[0039] Figures 3A-3D illustrate a fluid device o continuously mix printing fluids,
according to an example. More specifically, Figures 3A-3D provide an example of
how printing fluids, such as a multi-part binding fluid, may be continuously mixed in
slots of an array of microelectrodes. While this example focuses on the multi-part
binding fluid, it is to be understood that any multi-part fluids are contemplated by this
discussion. Figures 3A-3D illustrate an example of how fluids are mixed using the
components from Figure 2. For example, the first fluid reservoir in Figures 3A-3D
may be an example of first fluid reservoir 202, the second fluid reservoir in Figures
3A-3D may be an example of second fluid reservoir 204, etc. However, the
components included in Figures 3A-3D may differ in form or structure from the
components included in Figure 2. Furthermore, the components used to perform the
operations in Figure 2 (e.g., control signals, voltage potentials, microfluidic
electrodes, etc.) may be used to perform the operations in Figures 3A-3D. Therefore,

a repeated discussion of these components is not included.

[0040] Referring to Figure 3A, a first part of the multi-part binding fluid from part A
and a second part of the mutti-part binding fluid from part B enter an array of
microelectrodes. As iflustrated in Figure 3B, the first part of the multi-part binding
fluid from part A and the second part of the multi-part binding fluid from part B are
shifted along etectronic pads of the microelectronic array by varying the voltages of
each of the electronic pads (e.g., the first part of the multi-part binding fluid is moving
down onto tower electronic pads and the second part of the multi-part binding fluid is

moving up onto higher electronic pads).
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[0041] Referring to Figure 3C, after being shift along the electronic pads of the
microelectronic array, the first part of the multi-part binding fluid from part A and the
second part of the multi-part binding fluid from part B are merged on the array of
microelectrodes. As illustrated in Figure 3D, the droplets are continuously merged to
provide a steady flow of mixed binding droplets. The continuous mixing of the multi-
part binding fluids allows the binding material {o be mixed in real-time at the location
of the fluid dispensing. Maintaining a constant flow of a precisely mixed fluid can
dramatically affect the quality of the content resulting from the dispense fluid. Of
course, other types of printing fluids could be simitarly mixed prior to being conveyed

to an ejection chamber, consistent with the present disclosure.

[0042] Figure 4 illustrates a schematic cross-sectional diagram of an example
fluid device to mix fluids on a DMF array. Fluid device 400 includes ground electrode
402, DMF array 404, first fluid channel 406A, second fluid channel 406B, feedhole
408, and fluid ejection chamber 410. Figure 4 may include different components of
fluid device 400 in different examples. Fluid device 400 may perform operations
similar to operations performed by non-transitory computer-readable medium 100 in

Figure 1.

[0043] Ground electrode 402 may be used in conjunction with DMF array 404 to
vary voltages of specified microfluidic electrodes an enable the printing fluid {o travel
along DMF array 404 toward feedhole 408. Fluid channels 406A and 406B may each
carry different printing fluids towards and/or away from separate fluid reservoirs {not
shown for simplicity). DMF array 404 may be supported by a substrate and may
include an array of electric pads/electrical interconnects, as described previously in

relation to Figures. 1-3D. As illustrated at feedhole 408, the two fluids from fluid
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channel 406A and fluid channel 406B are mixed on the microfluidic electrode near
feedhole 408. Electrical interconnects may exchange control signals to combine two
or more fluids and enable the delivery of the printing fluid toward fluid ejection

chamber 410 via feedhole 408.

[0044] The droplet of mixed fluid may be drawn into feedhole 408 by capillary
action. For example, a surface tension created in feedhole 408 may cause the
droplet of mixed fluid to be drawn from the electric pad located below feedhole 408.
Likewise, once the droplet of mixed fluid has been drawn into feedhole 408, the
mixed fluid may continue to move toward fluid ejection chamber 410 due to the
capitlary action force. Once in fluid ejection chamber 410, the droplet of mixed fluid
may then be ejected and caused to deposit on an external surface, such as a print
target or biclogical sample (e.g., tissue sample). Advantageously, a controlled
amount of fluid or droplets of fluid may be uniformly pre-mixed immediately before
the droplet of mixed fluid is drawn into feedhole 408. This provides more control of
the amount of each fluid used to form the mixed fluid, unlike previcus techniques
where a mixed fluid was either pre-mixed externally (e.g., at the manufacturer), or
ejected from fluid ejection chamber 410 at separate times in which the mixed fluid is
non-homogenousty mixed on the surface of the media.

[0045] Figure 5 illustrates an example diagram of uniformly mixed fluids which are
ejected onto a print target. Figure 5 includes a first droplet of fluid 502, a second
droplet of fluid 504, a mixed droplet of fluid 506, and a print target 508. In this
example, the mixed droplet of fluid 506 may not have a long shelf-life. For example,
mixed droplet of fluid 506 may comprise an epoxy in which adhesive properties of
the epoxy are activated once first droplet of fluid 502 is mixed with second droplet of

fluid 504.
-18 -



WO 2022/071947 PCT/US2020/053593

[0046]  Still referring to Figure 5, the first droplet of fluid 502 and the second
droplet of fluid are mixed prior to being ejected from an ejection chamber to the print
target 508. Unlike previous techniques in which the first droplet of fiuid 502 and the
second droplet of fluid 504 are mixed on the print target 508 after being ejected from
the ejection chamber to the print target 508, Figure 5 illustrates how the droplets of
fluid may be pre-mixed prior to gjection. This allow for homogenous mixing of the
fluids. Furthermore, the ability {o pre-mix the fluids at the time of printing allows fluids
to be mixed in a controlied order and time. Therefore, unlike prior technigues in
which a pre-mixed fluid is bought, manufactured, etc. as a pre-mixed fluid, Figure 5
tustrates how a controlled amount of fluid may be combined with other controlled

amounts of fluids in a controlied order and time.

[0047] Figure 6 illustrates a flow diagram of an example process to mix fluids
based on a moedified property for a 3D printing fluid. Method 600 may be used by a
fluid device, such as fluid device 400. Method 600 includes applying a first voltage to
a microfluidic etectrode of a DMF array to pull the first droplet of fluid onto the
microfluidic electrode of the DMF array from a first fluid reservoir based on the
measured amount of the first droplet of fluid, at 601. Method 600 further includes
applying a second voltage to the microfluidic electrode of the DMF array to pull the
second droplet of fluid onto the microfluidic electrode of the DMF array from a
second fluid reservoir based on the measured amount of the second droplet of fluid,
wherein the first droplet of fluid and the second droplet of fluid are combined on the

microfluidic electrode of the DMF array to yield a combined fluid droplet, at 602.

[0048] Figure 7 illustrates a flow diagram of an example process to mix biological

fluids in a fluid device, according to another example. Method 700 may be used by a

-19 -



WO 2022/071947 PCT/US2020/053593

fluid device, such as fluid device 400. Method 700 may include determining a
measured amount of a first part of a multi-part biological fiuid and a measured
amount of a second part of a multi-part biological fluid to be deposited onto a
microfluidic electrode of a DMF array, at 701. Method 700 may also include
depositing a first part of multi-part biological fluid droplet onto the microfiuidic
electrode of the DMF array from a first fluid reservoir based on the measured amount

of the first part of multi-part biological fluid, at 702.

[0049]  Still referring to Figure 7, method 700 includes depositing a second part of
mutlti-part biological fluid droplet onto the microfiuidic electrode of the DMF array
from a second fiuid reservoir based on the measured amount of the second part of
mutlti-part biclogical fluid, at 703. Method 700 further includes mixing the first part of
the multi-part biological fluid droplet and the second part of the multi-part biological
fluid droplet to yield a mixed biological fluid droplet, at 704. Method 700 then
includes propagating the mixed biologicat fluid droplet to a feedhole, at 705.
Although not shown in Figure 7 for clarity, method 700 may further include ejecting
the mixed biological fluid droplet from the feedhole onto a print target. in other
examples, the mixed biologicatl fluid droplet may be gjected from the feedhole into a

test tube, onto a sample, etc.

[0050] Figure 8 illustrates a block diagram Hlustrating a system to cause a fluid
device to mix fluids on a DMF array. Figure 8 illustrates fluid ejection device 800,

which is representative of any system or visual representation of systems in which
the various applications, services, scenarios, and processes disclosed herein may

be implemented.
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[0051] Fluid ejection device 800 may be implemented as a single apparatus,
system, or device or may be implemented in a distributed manner as muiltiple
apparatuses, systems, or devices. Fluid ejection device 800 includes, but is not
limited to, controller 802, storage system 804, program instructicns 806,
communication interface system 808, and DMF fluid device 810. DMF fluid device
810 comprises fluid reservoirs 812A-812B8, DMF array 814, microfluidic electrodes
816, and fluid ejection chamber 818. Controller 802 is operatively coupled with

storage system 804, communication interface system 808, DMF fluid device 810.

[0052] DMF fluid device 810 and components 812-818 may be examples of
components from Figures 1-4. For example, first fluid reservoir 812A may be an
example of first fluid reservoir 202, second fluid reservoir 812B may be example of
second fluid reservoir 204, DMF array 814 may be an example of DMF array 404,
microfluidics electrodes 816 may be an example of microfluidics electrodes 206A-
206C, and fluid ejection chamber 818 may be an example of fluid ejection chamber
410. Therefore, a repeated discussion of these components is not included. DMF
fluid device 810 may perform operations similar to operations performed by non-
fransitory computer-readable medium 100 in Figure 1, as directed by program

instructions 806 when executed by controller 802.

[0053] Controller 802 executes program instructions 806 from storage system
804. Program instructions 806 are representative of the processes discussed with
respect o the preceding Figures 1-7, including program instructions 102-106,
method 600, and method 700. When executed by controller 802, program
instructions 806 direct controller 802 {c operate as described herein for at least the

various processes, operational scenarios, and sequences discussed in the foregoing
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examples. Fluid ejection device 800 may optionally include additional devices,

features, or functionality not discussed for purposes of brevity.

[0054] Referring still to Figure 8, controller 802 may comprise a micro-processor
and other circuitry that retrieves and executes program instructions 806 from storage
system 804. Controlier 802 may be implemented within a single processing device
but may also be distributed across multiple processing devices or sub-systems that
cooperate in executing program instructions. Examples of controller 802 include
general purpose central processing units, graphical processing units, application
specific processors, and logic devices, as well as any other type of processing

device, combination, or variation.

[0055] Storage system 804 may comprise any computer readable storage media
readabile by controller 802 and capable of storing program instructions 806 and may
correspond to non-transitory computer-readable medium 100 discussed in Figure 1.
Storage system 804 may include volatile and nonvolatile, removable and non-
removable media implemented in any method or technology for storage of
information, such as computer readable instructions, data structures, program
modules, or other data. Examples of storage media include random access memory,
read only memory, magnetic disks, optical disks, flash memory, virtual memory and
non-virtual memory, magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, or other suitable storage media, except for
propagated signals. Storage system 804 may be implemented as a single storage
device but may also be implemented across muitiple storage devices or sub-systems

co-located or distributed relative fo each other. Storage system 804 may comprise
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additional elements, such as a controller, capable of communicating with controller

802 or possibly other systems.

[0056] Program instructions 806 may be implemented in program instructions and
among other functions may, when executed by controller 802, direct DMF fluid
device 810 to operate as described with respect to the various operational scenarios,
sequences, and processes illustrated herein. Program instructions 806 may include

program instructions for implementing method 600 and method 700.

[0057] The program instructions 806 may include various components or modules
that cooperate or otherwise interact to carry out the various processes and
operational scenarios described herein. The various components or modules may be
embodied in compiled or interpreted instructions, or in some other variation or
combination of instructions. The various components or modules may be executed in
a synchronous or asynchronous manner, serially or in paraliel, in a single threaded
environment or multi-threaded, or in accordance with any other suitable execution
paradigm, variation, or combination thereof. Program instructions 806 may include
additional processes, programs, or components, such as operating system software,
virtual machine software, or other application software, in addition to or that include
program instructions 102-106. Program instructions 806 may alsc comprise firmware
or some other form of machine-readable processing instructions executable by

controlier 802.

[0058] In general, program instructions 806 may, when loaded into controller 802
and executed, transform a suitable apparatus, system, or device {of which fluid
ejection device 800 is representative) overall from a general-purpose computing

system into a special-purpose computing system. Indeed, encoding program
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instructions 806 on storage system 804 may transform the physical structure of
storage system 804. The specific transformation of the physical structure may
depend on various factors in different examples of this description. Such factors may
include, but are not limited to, the technology used to implement the storage media
of storage system 804 and whether the computer-storage media are characterized

as primary or secondary storage, as well as other factors.

[0059] If the computer readable storage media are implemented as
semiconductor-based memory, program instructions 806 may transform the physical
state of the semiconductor memory when the program instructions are encoded
therein, such as by transforming the state of transistors, capacitors, or other discrete
circuit elements constituting the semiconductor memory. A similar transformation
may occur with respect to magnetic or optical media. Other transformations of
physical media are possible without departing from the scope of the present
description, with the foregoing examples provided only to facilitate the present

discussion.

[0060] Communication interface system 808 may include communication
connections and devices that allow for communication with other computing systems
{not shown) over communication networks (not shown). Examples of connections
and devices that together allow for inter-system communication may include network
nterface cards, antennas, power amplifiers, RF circuitry, transceivers, and other
communication circuitry. The connections and devices may communicate over
communication media to exchange communications with other computing systems or

networks of systems, such as metal, glass, air, or any other suitable communication

-24 -



WO 2022/071947 PCT/US2020/053593

media. The aforementioned media, connections, and devices are well known and

need not be discussed at length here.

[0061] Communication between fluid ejection device 800 and other computing
systems (not shown), may occur over a communication network or networks and in
accordance with various communication protocols, combinations of protocols, or
variations thereof. Examples include intranets, internets, the internet, local area
networks, wide area networks, wireless networks, wired networks, virtual networks,
software defined networks, data center buses, computing backplanes, or any other
type of network, combination of network, or variation thereof. The aforementioned
communication networks and protocols are well known and need not be discussed at

length here.

[0062] In the preceding description, various aspects of claimed subject matter
have been described. For purposes of explanation, specifics, such as amounts,
systems and/or configurations, as examples, were set forth. In other instances, well-
known features were omitted and/or simplified so as not to obscure claimed subject
matter. While certain features have been illustrated and/or described herein, many
modifications, substitutions, changes and/or equivalents will now occur to those
skilled in the art. ltis, therefore, to be understood that the appended claims are
intended to cover all modifications and/or changes as fall within claimed subject

matter.

[0063] it is appreciated that examples described may include varicus components
and features. It is also appreciated that numerous specific details are set forth to
provide a thorough understanding of the examples. However, it is appreciated that

the examples may be practiced without limitations to these specific details. In other
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instances, well known methods and structures may not be described in detail to
avoid unnecessarily obscuring the description of the exampies. Also, the examples

may be used in combination with each other.

[0064] Reference in the specification to “an example” or similar language means
that a particular feature, structure, or characteristic described in connection with the
example is included in an exampie, but not necessarily in other examples. The
various instances of the phrase “in one example” or similar phrases in various places

in the specification are not necessarily all referring to the same example.
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What is claimed is:

1. A non-fransitory computer-readable medium comprising a set of instructions that
when executed by a controller are to:

transmit first control signals from to cause a first droplet of fluid to be pulled
onto a microfluidic electrode of a digital microfluidic (DMF) array from a first
reservoir;

transmit second control signals to cause a second droplet of fluid to be pulled
onto the microfluidic electrode of the DMF array from a second reservoir, wherein the
first droplet of fluid and the second droplet of fluid are to be mixed on the microfiuidic
electrode responsive to mixing control signals to be transmitted by the controller and
responsively yield a mixed fluid droplet; and

transmit third control signals to cause the mixed fluid dropiet to propagate to a

feeghole.

2. The non-transitory computer-readable medium of claim 1 wherein the set of
instructions when executed by the controller are to transmit fourth control signals to

cause the mixed fluid droplet to be ejected from the feedhole onto a print target.

3. The non-transitory computer-readable medium of claim 1 wherein the first droplet
of fluid comprises a first part of a multi-part binding material and wherein the second

droplet of fluid comprises a second part of the muiti-part binding material.

4. The non-transitory computer-readable medium of claim 1 wherein the first droplet
of fluid comprises a first part of a multi-part absorbing material and wherein the

second droplet of fluid comprises a second part of the multi-part absorbing material.
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5. The non-transitory computer-readable medium of claim 1 wherein the first droplet
of fluid comprises a first component of a multi-part biological material and the second

droplet of fluid comprises a second part of the muiti-part biological material.

6. The non-transitory computer-readable medium of claim 1 wherein the set of
instructions when executed by the controller are {o:

determine a measured amount of the first droplet of fluid to be pulled onto the
microfluidic electrode of the DMF array;

modify the first control signals to cause the measured amount of the first
dropiet of fluid to be puiled onto the microfluidic electrode of the DMF array;

determine a measured amount of the second droplet of fluid to be pulled onto the

microfluidic electrode of the DMF array; and

modify the second control signais {o cause the measured amount of the

second droplet of fluid to be pulled onto the microfluidic electrode of the DMF array.

7. The non-transitory computer-readable medium of claim 6 wherein the measured
amount of the first droplet of fluid and the measured amount of the second droplet of

fluid are determined based on a modified voxel property of the mixed fluid droplet.

8. The non-transitory computer-readable medium of claim 7 wherein the modified

voxel property comprises a modified ductility property of the mixed fluid droplet.

9. The non-transitory computer-readable medium of claim 7 wherein the modified

voxel property comprises a modified opacity property of the mixed fluid droplet.
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10. A method comprising:

determining a measured amount of a first dropiet of fluid and a measured
amount of a second droplet of fluid to be deposited onto a microfluidic electrode of a
digital microfluidic (DMF) array;

depositing a first droplet of fluid onto the microfluidic electrode of the DMF
array from a first fluid reservoir based on the measured amount of the first droplet of
fluid;

depositing a second dropilet of fluid onto the microfluidic electrode of the DMF
array from a second fluid reservoir based on the measured amount of the second
droptet of fluid;

mixing the first droplet of fluid and the second droplet of fluid on the
microfluidic electrode to yield a mixed fluid droplet; and

propagating the mixed fluid droplet to a feedhole.

11. The method of claim 10 further comprising ejecting the mixed fluid droplet from

the feedhole onto a biological sample.

12. The method of claim 10 wherein the mixed droplet of fiuid comprises a fluid

having a state of stability for a threshold duration of time.

13. The method of claim 10 wherein the first droplet of fluid comprises a first

component of a multi-part biological material and the second fluid comprises a

second part of the multi-part biological material.
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14. The method of claim 10 wherein the measured amount of the first droplet of fluid
and the measured amount of the second droplet of fluid are deposited in an order

based on a modified voxel property of the mixed fluid droplet.

15. A method comprising:

applying a first voltage to a microfluidic electrode of a digital microfluidic
(DMF) array to pull a first droplet of fluid onto the microfiuidic electrode of the DMF
array from a first fluid reservoir based on a measured amount of the first droplet of
fluid; and

applying a second voltage to the microfluidic electrode of the DMF array to
pult a second droplet of fluid onto the microfluidic electrode of the DMF array from a
second fluid reservoir based on a measured amount of the second droplet of fluid,
wherein the first droplet of fluid and the second droplet of fluid are combined on the

microfluidic electrode of the DMF array to yield a combined fluid droplet.

-30-



PCT/US2020/053593

WO 2022/071947

1/8

L FHNOid

901
JT0HA33d Vv Ol 31VOVdOdd Ol 131d0dHd din1d d3axin 3HL
4SNVO Ol STIVNODIS TOHLNOD AdiHL LINSNVHL O1 SNOILONYELSNI

vOl
HIONHASTY
ANOOJIS V NOHAd AVHAY 4NA FHL 40 3A0H L0313 SIAINT40H0IN
dHL OLNO d3711Nd 38 OL diNT1d 40 L31d0dd ANODIAS Vv
4SSNV OL STIVYNOIS TOHINOD ANOOJIS LINSNVHL OL SNOILLONHLSNI

201
HIONHASHY 1Sdid V NOHA AVHAY 4NA V 40 340410314
J1AiNT40d0iIN v OLNO d3T11Nd 349 OL dind 40 131d04dd 1Sdid
¥V 3SNVO Ol STVNOIS TOHLNOD LsHld 1LINSNYYL OL SNOILONYELSNI

00t
WNIAanW 31avavayd-H3aLNdiNOD AHOLISNVHL-NON




PCT/US2020/053593

WO 2022/071947

2/8

8¢ NSO

0 ——

—— 080¢

—— d80Z

[ V80¢

Ve FHNOId




PCT/US2020/053593

WO 2022/071947

3/8

e FNoid

]LA

Lodv

[y N

hodb ]=

ot FHNOId

d- Hed

V- ded

d - Hed

v - Hed

g€ FNOid

D L. IR B B IR B I B B I =B =R =B .

Ve FuNOId4

X R KK Z
L . R R ek

.

. A.. A.y A.. A-, A.<
.. IR _ER _R .

X R K K o
.4k _ER. _ R _ER _

.
_

Spm

. A-v A-v A.xj.v A.,
. .iR R _ R B .

|

d - Hed

v - MEd

g - Hed

v - Hed



PCT/US2020/053593

WO 2022/071947

4/8

g90y
TINNVHO

FAFRERRRRINNANRI

P RINO

voO0y

TENNVHO
ainid

7OV AVHYV JNA

TRRNZASRRRRRNNENI

¢0y 4aCd10413
0l¥ ¥38WvYHD NOILLOFrs dinid ANNOYD

0oy



PCT/US2020/053593

5/8

80G
130HVL
AN

15°]

S RNOI

WO 2022/071947

1F1d0Ha
ANOCO3IS

1F7d0Ha
1844




PCT/US2020/053593

WO 2022/071947

6/8

9 FdNOId

1314040 ainid daNigineDd v d13iA Ol
AYHYEY 4INA FHL 40 3A0d 1031 OIAiN1d0dDIN IHL NO AaNIGNOD
4V AiNTid 40 1371d0dAd ANODES 3HL ANV dinNd 40 131d0dd
1S¥i4 FHL NIFHIHM 'AiNd 40 137d0¥d ANODAS FAHL 40
LINNOWY A3dNSVYIW IHL NO d3svd dIoAHISTd diNid ANODIS
V NOYHd AVHYY 4ANA 3HL 40 3d0d1031d SIdiNT40HOIN JHL
O1NO diNid 40 131d0dd dANODJ3S IAHL TINd Ol AVHYY 4N FHL
40 340410313 2IAiN1d0HOIN dHL OL A9DVLTONA ANOOIS V AlddV

N 200

ain’d 40 1314044 1Syl
dH1 40 INNOWY d3dNSVIW JHL NO d4Svd dIOAYISEd adind
1Sdid ¥V NOHd AVHEY JNA FHL 40 330d 10371 DidiN14CHOIN
dHL OLNO diNid 40 1371d0dd 15did dHL 1TiNd OL AVYdY dNd
v 40 3404103713 DIAINT40HOIN V OL dOVLTOA 1LSHid V AlddV

e ioo




PCT/US2020/053593

WO 2022/071947

7/8

4L F6NSOi

AT0HAE34d V Ol 131d0dd dind Tvoin0o1018 d3aXin 3HL 31vVOVd0Odd

9

137d0dHA ain’id 1voioo10id a3aXin
vV d13IA O1 131d0dd dinid Tvoioo1018 1dVd-OML 3HL 40 14dVd ANOD3S
dH1 ANV 1377d04d din’id TvOoino101g 1dvVd-OML JHL 40 1LdVd 1Sdid IHL XIN

a

ain7id Tvoin0101g 1LHvVd-OML
40 1LdVd ANOO4S IHL 40 LINNOWY Q3dNSVYIN dHL NO Ad3sSvd dHIOAHIS3Y
ainTd ANODIS V WO AVHYY JNA 3HL 40 3d0H L0313 JIAINT40HdDIW JHL
OLNO 131d04Ad dinid vOoino10ig LHdVd-OML 40 1HVd ANODES V LiSOd3d

4

ainid voio0101g 14vd
~OML 40 14HVd 1Sdid IH1 40 INNOWY A3dNSVYAN 3H1L NO d34Svd JIOAHESEY
aiNnTd 1sdid vV NOdd AVHAEY dW3A IHL 40 3404103713 DIaiN140dOIN
dH1 OLNO 131d0dd diNd TvOoIio01018 LdVd-OML 4O 1dVd 1SHId V LISOd43d

a

AVHAY dNA
¥V 40 3A0HLOATd DIAINTHOHOIN ¥V OLNO d341s0d4440 39 Ol dinTid 1voioo10id
1HVd-OML VYV 40 18Vd ANODES V 40 INNOWY A3dNSVAN VvV ANV dinid
WOIDO0T01E LdVd-OML 40 14dVd 1Sdid V 40 LINNOWY d3dNSVYIEIN V ANINGS13d

S~

€04

0L

104



PCT/US2020/053593

WO 2022/071947

8/8

8 FNOId

08 708
SNOILONYLSNI

NYHDOYd WILSAS IOVHOLS

808 L
Z08

JOVAHILNI
NOILYDINNNINOD d3TIOHLINOD

008

A0IAIA NOILOAr3 aind

818
Jd3dNVHO
NOILOAr3a ainid

918
S3A0HLOA T
J1AINTdOHOIN

vis
AVHAY 4Nd

dci8
HIOAH3S3Y
aind dNoO4ds

744
HIOAH3S3aY
ainid 1sdid

208
d40IAdA ainid dNd




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2020/053593

A. CLASSIFICATION OF SUBJECT MATTER

GOIN 35/10 (2006.01)
BOI1L 3/00 (2006.01)
B81B 7/04 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIN 35/10, BO1L 3/00, B81B 7/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO Internal), USPTO, PAJ, Espacenet, Information Retrieval System of FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
WO 2015/170268 A1l (DH TECHNOLOGIES DEVELOPMENT PTE. LTD.)
12.11.2015,
X paragraphs [0004]-[0009], [0017]-[0019], [0057], [0064]-[0065], [0073] 1-2, 5-6, 10-13, 15
Y 3,4
A 7-9, 14
Y WO 2018/026962 Al (3DEOQO,INC.) 08.02.2018, paragraphs [0101], [0112] 3,4
A WO 2020/072986 Al (VELO3D, INC) 09.04.2020 1-15
A WO 2019/094049 A1 (HEWLETT-PAKCARD DEVELOPMENT COMPANY, 1-15
L.P.) 16.05.2019
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “1” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered

to be of particular relevance

“D”  document cited by the applicant in the international application
“E”  earlier document but published on or after the international filing date
“L”  document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

29 April 2021 (29.04.2021)

Date of mailing of the international search report

03 June 2021 (03.06.2021)

Name and mailing address of the [SA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
1. Eliseeva

Telephone No. 8(495)531-64-81

Form PCT/ISA/210 (second sheet) (July 2019)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report

