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CLAIMS

What is claimed is:

1. A microfluidic device comprising:

a first fluidic input and a second fluidic input;

a fluidic intersection channel to receive fluid from the first fluidic input and the
second fluidic input, wherein the fluidic intersection channel opens into a first
mixing chamber on an upper region of a first side of the first mixing chamber,
wherein the first mixing chamber has a length, a width, and a depth, wherein

e depth is greater than about 1.5 times a depth of the fluidic intersection
chaxnel; and

an outlet channel on an upper region of a second side of the first mixing chamber,
wherein the outlet channel has a depth that is less than the depth of the first
mixing champer, and wherein an opening of the outlet channel is offset along
a width of the sscond side of the first mixing chamber relative to the fluidic

intersection.

2. A microfluidic device comprising:

a first fluidic input channel any a second fluidic input channel, wherein the first
and second fluidic input chanyels converge to a fluidic intersection channel
having width and a depth extend\ng from a top surface to a first bottom
surface;

a first mixing chamber having a depth extdgding from the top surface to a second
bottom surface, a width extending from a\{irst side to a second side, and a
length, wherein the depth of the first mixingxhamber is greater than the depth
of the fluidic intersection channel and the widthhof the first mixing chamber is
greater than the width of the fluidic intersection chynnel, and wherein the first
mixing chamber is fluidly connected to the fluidic intdgsection channel at the
top surface and proximate the first side; and

an outlet channel, wherein the outlet channel is fluidly connecteq to the first
mixing chamber at the top surface and proximate the second si¥e of the first

mixing chamber.

3. A microfluidic device comprising:

a first fluidic input and a second fluidic input; and
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10.

a fluidic intersection channel to receive fluid from the first fluidic input and the
second fluidic input, wherein the fluidic intersection channel opens into a first
mixing chamber on an upper region of a first side of the first mixing chamber,
wherein the first mixing chamber has a width, a length and a depth, wherein
the depth is greater than about 1.5 times a depth of the fluidic intersection
channel;

a connection channel on an upper region of a second side of the first mixing

chamber, wherein the connection channel has a depth that is less than the

epth of the first mixing chamber, further wherein an opening of the
comqection channel is offset along the width of the second side of the first
mixin} chamber relative to the fluidic intersection, wherein the connection
channel

ens into a second mixing chamber; and

an outlet channey extending from the second mixing chamber.

The microfluidic device of agy of claims 1-2, wherein the first mixing chamber is
configured as a single mixer inWhich the outlet channel forms a mixer output without

connecting in series to an additiona] mixing chamber.

The microfluidic device of any of claims 1-4, wherein the depth of the first mixing

chamber is between about 2 times and aboyt 4 times the fluidic intersection channel

depth.

The microfluidic device of any of claims 1-5, whexein the depth of the first mixing

chamber is about 3 times the fluidic intersection changel depth.

The microfluidic device of any of claims 1-6 wherein the \Width of the first mixing

chamber is between about 1.5 times and about 3 times the length of the first mixing

chamber.

The microfluidic device of any of claims 1-7, wherein the width of the first mixing

chamber is about 2 times the length of the first mixing chamber.

The microfluidic device of any of claims 1-8, wherein the length of the first
chamber is between about 2 times and about 4 times a length of the fluidic intergection

channel.

The microfluidic device of any of claims 1-9, wherein the length of the first mixing

chamber is about 3 times the length of the fluidic intersection channel.
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11.

12.

13.

14.

15.

16.

17

18.

The microfluidic device of any of claims 1-10, wherein the fluidic intersection channel,
first mixing chamber and outlet channel are all within a first layer, and wherein the top
surface of the fluidic intersection channel, first mixing chamber and outlet channel is part

of a second layer.

e microfluidic device of any of claims 1-11, wherein the outlet channel fluidly
com\punicates with the first mixing chamber at a first length of the mixing chamber and
the fluNdic intersection channel fluidly communicates with the mixing chamber at a

th of the mixing chamber.

The microfluidi¢ device of any of claims 1-12, wherein the first mixing chamber has

rounded corners.

The microfluidic devicg of any of claims 1-13, wherein the first mixing chamber has a

corner radius of between about 65 and about 85 pm.

The microfluidic device of an\of claims 1-14, wherein a change in fluid pressure
through the first mixing chambergt a flow rate of between 0.25 and 5 ml/min is between

about 6.9 kPa and about 206.8 kPa.

The microfluidic device of any of claims\-15, wherein the width of the first mixing
chamber is between about 150 and about 60§ um, the depth of the first mixing chamber is
between about 150 and about 500 um, and the Nngth of the first mixing chamber is

between about 500 pm and about 1000 pm.

. The microfluidic device of claim 3, wherein the connec{ing channel has a width that is

between about 75 pm and about 225 um, a depth that is bé{ween about 75 pm and about
225 pm, and a length that is between about 225 and about 5

The microfluidic device of any of claims 1-2, further comprising:
a second mixing chamber having a depth extending from the tQp surface to a
bottom surface of the second mixing chamber, a width extending from a first
side to a second side of the second mixing chamber, and a lengtk, wherein the
depth of the second mixing chamber is greater than the depth of the\outlet
channel and the width of the second mixing chamber is greater than a
the outlet channel, further wherein the second mixing chamber is fluidly

connected to the outlet channel at the top surface and proximate the second

side; and
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20.

21.

22.

23.

24.

25.

a second outlet channel having a depth and a width, wherein the second outlet
channel is fluidly connected to the second mixing chamber at the top surface

and proximate the first side of the second mixing chamber.

The microfluidic device of any of claims 1-18, further comprising one or more fluid
mps to pump fluid from the fluidic intersection channel into the first mixing chamber

by dgflecting at least a portion of an elastic membrane within the microfluidic device.

The micifluidic device of any of claims 1-18, further comprising one or more fluid
pumps, whexein the one or more fluid pumps are to pump fluid from the fluidic
intersection chapnel into the first mixing chamber by deflecting at least a portion of an

elastic membrane\within the microfluidic device.

The microfluidic devicg of any of claims 1-2, wherein the microfluidic device comprises

a plurality of fluidly conngcted mixing chambers including the first mixing chamber.

The microfluidic device of an\of claims 1-21 further comprising a plurality of pressure
ports to deflect an elastic layer in\he microfluidic device to drive fluid between through

the first mixing chamber.

The microfluidic device of any of claims\-22, further comprising a flow restrictor in
fluid communication with the first fluidic injput, wherein the flow restrictor comprises a

serpentine elongate fluidic channel.

A microfluidic mixing apparatus comprising:
a mixing chamber comprising a base defining a\pottom surface, side walls, and an

upper surface enclosing the mixing chamber;

a mixing inlet channel comprising an opening into the\mixing chamber at a first

side wall of the mixing chamber; and

a mixing outlet channel comprising an opening into the mix\ng chamber at a
second side wall of the mixing chamber;
wherein a vertical dimension of the mixing chamber is larger than\a vertical

dimension of the mixing inlet channel and is larger than a vertica\dimension

of the mixing outlet channel.

The microfluidic apparatus of claim 24, wherein the first side wall and the second siNe

wall are opposing side walls of the mixing chamber.
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26. The microfluidic apparatus of any of claims 24-25, wherein the mixing inlet channel and
the mixing outlet channel connect to the mixing chamber at offset locations along the

first side wall and the second side wall.

The microfluidic apparatus of any of claims 24-26, wherein a height of the opening of the
ixing inlet channel and a height of the opening of the mixing outlet channel are the

sams.

28. The micigfluidic apparatus of any of claims 24-27, wherein a width of the opening of the
mixing inleN\channel and a width of the opening of the mixing outlet channel are the

same.

10 29. The microfluidic apgaratus of any of claims 24-28, wherein the opening of the mixing
inlet channel is disposeq at a height of the first side wall adjacent to the upper surface of
the mixing chamber, and ¥e opening of the mixing outlet channel is disposed at a height

of the second side wall adjacgnt to the upper surface of the mixing chamber.

30. The microfluidic apparatus of an\of claims 24-29, wherein the mixing inlet channel has
15 a first terminus comprising a fluidic Yatersection and a second terminus comprising the

opening into the mixing chamber.

31. The microfluidic apparatus of claim 30, whexgin the fluidic intersection further comprises
a first fluidic input channel and a second fluidic\input channel that intersect the mixing

inlet channel at the fluidic intersection.

20 32. The microfluidic apparatus of any of claims 24-31, whegein the first fluidic channel and
the second fluidic channel intersect at the fluidic intersectiqn at an angle smaller than

about 180 degrees with respect to each other.

33. The microfluidic apparatus of any of claims 24-32, wherein the firgt fluidic channel and
the second fluidic channel intersect at the fluidic intersection at an angle greater than

25 about 30 degrees with respect to each other.

34. The microfluidic apparatus of any of claims 24-33, wherein the mixing chamYer is a first
mixing chamber, the mixing inlet channel is a first mixing inlet channel, and th
outlet channel is a first mixing outlet channel, and wherein the microfluidic apparaiys

further comprises a second microfluidic mixing apparatus comprising:
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a second mixing chamber comprising a base defining a bottom surface, side walls,
and an upper surface enclosing the second mixing chamber;

a second mixing inlet channel comprising an opening into the second mixing
chamber at a first side wall of the second mixing chamber; and

a second mixing outlet channel comprising an opening into the second mixing
chamber at a second side wall of the second mixing chamber,

wherein a vertical dimension of the second mixing chamber is larger than a

vertical dimension of the second mixing inlet channel and is larger than a

ertical dimension of the second mixing outlet channel.

10 35. The microfluidisapparatus of any of claims 24-34, further wherein:
the first sida wall and the second side wall of the second mixing chamber are
opposing side walls of the second mixing chamber;
the second mixinginlet channel and the second mixing outlet channel connect to
the second mixing chamber at offset locations along the first side wall and the
15 second side wall of ¥ge second mixing chamber;
a height of the opening of'the second mixing inlet channel and a height of the
opening of the second miXNng outlet channel are the same;
a width of the opening of the sedgnd mixing inlet channel and a width of the
opening of the second mixing oilet channel are the same;
20 the opening of the second mixing inlet\channel and the opening of the second
mixing outlet channel are disposed at a height of the respective first side wall
and second side wall of the second mixing chamber adjacent to the upper

surface of the second mixing chamber; or

any combination thereof.

25 36. The microfluidic apparatus of any one of claims 24-35, whereit\the second mixing outlet

channel comprises a first terminus at the opening into the second myixing chamber.

37. A microfluidic apparatus comprising cascading microfluidic mixers, wherein each of the
cascading microfluidic mixers comprises:

a mixing chamber comprising a base defining a bottom surface, side walls, and an

30 upper surface;
a mixing inlet channel comprising an opening into the mixing chamber at a Xjrst

side wall of the mixing chamber,
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a mixing outlet channel comprising an opening into the mixing chamber at a
second side wall of the mixing chamber,

wherein a vertical dimension of the mixing chamber is larger than a vertical
dimension of the mixing inlet channel and is larger than a vertical dimension
of the mixing outlet channel; and

wherein cascading microfluidic mixers are connected to one another in a series so

that the mixing inlet channel of each of the cascading microfluidic mixers

after a first microfluidic mixer in the series is connected to the mixing outlet

f a prior microfluidic mixer in the series.

38. A microfluidic apparatus comprising:

a first plate’ynd a second plate;

an elastic layeNdisposed between the first plate and the second plate; and

a microfluidic path between the first plate and the second plate, wherein the
microfluidic pati\comprises:

a plurality of blégding chambers each comprising a fixed volume
separated by a portion of the elastic layer, wherein a portion of the

elastic layer is to dgflect to drive fluid between blending chambers of
the plurality of blending chambers;

a first microfluidic mixer, whkerein the first microfluidic mixer comprises:

a first fluidic input and & second fluidic input;

a fluidic intersection to recyjve fluid from the first fluidic input and
the second fluidic input, wherein the fluidic intersection opens

into a first mixing chamber oR an upper region of a first side of

the first mixing chamber, wherelg the first mixing chamber has
a depth that is greater than 1.5 time\ a depth of the fluidic
intersection;

a connection channel on an upper region of a\second side of the
first mixing chamber, wherein the connection channel has a
depth that is less than the depth of the first mixig chamber,
further wherein an opening of the connection changel is offset
along a width of the second side of the first mixing chamber
relative to the fluidic intersection, wherein the connectio
channel opens into a second mixing chamber on an upper

region of a first side of the second mixing chamber, further
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39.

40.

41

42.

43.

44,

45.

46.

. The microfluidic apparat

wherein the second mixing chamber has a depth that is greater
than 1.5 times a depth of the connection channel; and

an output channel from the second mixing chamber on an upper
region of a second side of the second mixing chamber wherein
the second side of the second mixing chamber is opposite from

the first side of the second mixing chamber.

The mixrofluidic apparatus of claim 38, wherein an upper surface of the fluidic

is substantially level with an upper surface of the first mixing chamber.

The microfluidyg apparatus of any of claims 38-39, wherein an upper surface of the
connection channy| is configured to be level with an upper surface of the first mixing

chamber and an uppéx; surface of the second mixing chamber.

of any of claims 38-40, further comprising one or more fluid
pumps to pump fluid from thg blending chamber into the first microfluidic mixer by

deflecting at least a portion of thg elastic layer.

The microfluidic apparatus of any of\¢claims 38-41, further comprising one or more fluid
pumps between the plurality of blendin chambers and the first microfluidic mixer,
wherein the fluid pumps are to pump fluid\rom the blending chamber into the first

microfluidic mixer by deflecting at least a poitjon of the elastic layer.

The microfluidic apparatus of any of claims 38-42\wherein the microfluidic apparatus

comprises a plurality of microfluidic mixers including the first microfluidic mixer.

The microfluidic apparatus of any of claims 38-43, furthencomprising a plurality of
pressure ports into the first plate configured to deflect the eladtic layer to drive fluid

between the blending chambers and through the first microfluid mixer.

The microfluidic apparatus of any of claims 38-44, further comprising a flow restrictor in
fluid communication with the first fluidic input, wherein the flow restrictor comprises a

serpentine elongate fluidic channel.

The microfluidic apparatus of claim 45, further comprising a pair of blending chambers
having a fixed volume, each blending chamber disposed between the first plate and\the
second plate, and wherein a portion of the elastic layer divides each chamber into a flind-

contacting side in the second plate and a pressure-receiving side in the first plate.
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47.

48.

49.

50.

51.

52.

53.

54.

A method of formulating a therapeutic mRNA with a delivery vehicle, the method
comprising mixing the therapeutic mRNA and the delivery vehicle in a microfluidic
mixing chamber of a microfluidic device at a temperature that is between about 2 and
about 20 degrees C, wherein the temperature is selected using at least a composition of

he therapeutic mRNA, a composition of the delivery vehicle, or a combination thereof.

ethod of claim 47, further comprising selecting the temperature using at least: a
polynuyleotide sequence of the therapeutic mRNA, a sequence of the delivery vehicle, a
molecular\weight of the delivery vehicle, a molecular weight of the therapeutic mRNA, a
charge of the\Jelivery vehicle, a charge of the therapeutic mRNA, a molecular weight of
the delivery vehicle, a molecular weight of the therapeutic mRNA, a flow rate of the
therapeutic mRNA\and/or the delivery vehicle within the microfluidic mixing chamber,

and a dimension of tho\microfluidic mixing chamber, or any combination thereof.

The method of claim 47, wRerein mixing comprises mixing in a microfluidic device

comprising the microfluidic mNxing chamber.

The method of claim 47, further coqprising separately maintaining the temperature of the

mixing chamber to be between about R and about 20 degrees C, relative to the rest of the

microfluidic device.

The method of claim 47, wherein mixing in th¢ microfluidic mixing chamber comprises
passing the therapeutic mRNA and the delivery %¢hicle through a first opening into the

mixing chamber of a microfluidic device so that the\therapeutic mRNA and the delivery
vehicle are driven against a wall of the mixing chambex and driven out of a plane of the

first opening to a depth of greater than one times the depthof the first opening.

The method of claim 51, wherein passing comprises driving thg therapeutic mRNA and
the delivery vehicle against the wall of the mixing chamber and o\t of a plane transverse
to the first opening to the depth of greater than about 2.5 times the dopth of the first

opening.

The method of claim 51, wherein the therapeutic mRNA and the delivery vekjcle are
driven against the wall of the mixing chamber and out of a plane transverse to the first

opening to a depth of 3 or more times the depth of the first opening.

The method of claim 51, wherein a top of the first opening is in line with a top of the

mixing chamber.
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55. A method of mixing, the method comprising:

passing a first fluid and a second fluid through a first opening into a mixing chamber
in a microfluidic device, so that the first and second fluids are driven against a
wall of the mixing chamber and driven out of a plane of the first opening to a
depth of greater than one times the depth of the first opening to form a mixed
fluid; and
sing the mixed fluid out of an outlet opening out of the mixing chamber,

wheigin the mixing chamber is maintained at a temperature of between about 2 and

aboW( 20 degrees C.

56. A method of mixiyg, the method comprising:
passing a first fliyd and a second fluid through at least one opening into a mixing
chamber within\a microfluidic device, so that the first and second fluids are
driven against a wal] of the mixing chamber and driven out of a plane of at least
first opening as a mixdd fluid; and
passing the mixed fluid out of an outlet opening out of the mixing chamber,
wherein the mixing chamber is Naintained at a temperature of between 2 and 20

degrees C.

57. A method of mixing, the method comprising
passing a first fluid containing oligonucleotie molecules and a second fluid
containing delivery vehicle chemistry throogh at least one opening into a mixing
chamber in a microfluidic device, so that the fist and second fluids are driven
against a wall of the mixing chamber and driven §ut of a plane of an opening; and
passing the mixed fluid out of an outlet opening out of the mixing chamber,
wherein the mixing chamber is maintained at a temperature\of between about 2 and

about 20 degrees C.

58. A method of mixing within a microfluidic device, the method comprisig:
passing a first fluid and a second fluid through a first opening into a mNxing chamber

within a microfluidic device, so that the first and second fluids are driyen against

a wall of the mixing chamber and out of a plane transverse to the first opgning to

a depth of greater than about 2.5 times the depth of the first opening to for

substantially mixed fluid; and
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59.

60.

61.

62.

63.

64.

65.

66.

67.

passing the mixed fluid out of an outlet opening out of the mixing chamber, wherein
the outlet opening is opposite from the first opening but is offset from the first
opening,

wherein the mixing chamber is maintained at a temperature of between about 5 and

about 20 degrees C.

ethod of claim 58, wherein the passing the first fluid and the second fluid through
the firskopening into the mixing chamber comprises passing the first and second fluids so
that the firgt and second fluids are driven against the wall of the mixing chamber and out
of the plane txansverse to the first opening to the depth of greater than about 2.5 times the

depth of the firshopening.

The method of claimy 58-59, further comprising maintaining the temperature of the

mixing chamber at betwgen about 5 and about 15 degrees C.

The method of claims 58-60\{urther comprising maintaining the temperature of the

mixed fluid at between about 5¥nd about 15 degrees C.

The method of claim 58-61, further
fluid at about 10 degrees C.

mprising maintaining a temperature of the mixed

The method of claims 58-62, further compriding passing the mixed fluid from the outlet
opening into a second opening into a second mixing chamber, so that the fluid is driven
against a wall of the second mixing chamber and dgiven out of a plane of the second

opening to a depth of greater than one times the depti\of the second opening to further

mix the mixed fluid.

The method of claims 58-63, wherein the fluid is driven agaihst the wall of the mixing
chamber and out of the plane transverse to the first opening to a{epth of about 3 or more

times the depth of the first opening.

The method of claims 58-64, wherein a top of the first opening is in line\with a top of the

first mixing chamber.

The method of claims 58-65, wherein the outlet opening has a cross-section areathat is

equal to a cross-sectional area of the first opening.

The method of claims 58-66, wherein the mixing chamber is between a first layer and a

second layer of the microfluidic device.
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68.

70.

71.

72.

73.

74.

The method of claims 58-67, wherein the mixing chamber has a length that is greater
than a width, and wherein the length is greater than about 2 times a width of the first

opening.

method of forming a composition, the method comprising:

synthesizing one or more therapeutic mRNAs in a microfluidic device, wherein the
one or more therapeutic mRNAs are within a first fluid and a delivery vehicle for
tke one or more therapeutic mRNAs is within a second fluid;

passing\the first fluid and the second fluid through a first opening into a mixing

to enhance mixing Rf the therapeutic mRNA and delivery vehicle; and

passing the mixed fluid o of an outlet opening out of the mixing chamber.

The method of claim 69, wherein the mixing chamber is maintained at the temperature

that is selected to enhance mixing of ¥or the therapeutic mRNA and delivery vehicle and

is between 2 and 20 degrees C.

The method of claim 69, further comprising sglecting an enhanced mixing temperature of

the mixing chamber.

The method of claim 71, wherein selecting the enhanged mixing temperature comprises

modeling mixing within the mixing chamber in vitro or ¥g vivo.

The method of claim 71, wherein selecting the enhanced mix\ng temperature comprises

selecting a temperature between about 2 and about 20 degrees Q\based on the delivery

vehicle and the one or more therapeutic mRNAs.

The method of claim 69, wherein the passing the first fluid and the secoxd fluid through
the first opening into the mixing chamber comprises passing the first and sscond fluids so
that the first and second fluids are driven against the wall of the mixing chamber and out
of a plane transverse to the first opening to the depth of greater than about 2.5 tithes the

depth of the first opening.
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75.

78.

79.

80.

81.

82.

83.

84.

The method of claim 69, wherein the fluid is driven against the wall of the mixing
chamber and out of a plane transverse to the first opening to a depth of about 3 or more

times the depth of the first opening.

. The method of claim 69, wherein a top of the first opening is in line with a top of the

The method\Qf claim 69, wherein the mixing chamber is between a first layer and a

second layer of\the microfluidic device.

The method of claim\69, wherein the mixing chamber has a length that is greater than a

width, further wherein Ne length is greater than 2 times the width of the first opening.

A method of forming a therapeutic composition, the method comprising:
passing one or more therapdutic mRNAs within a first fluid and a delivery vehicle for
the one or more therapeutis mRNAs within a second fluid through a first opening
into a mixing chamber in a nNcrofluidic device, so that the first and second fluids
are driven against a wall of the myxing chamber and driven out of a plane of the
first opening to a depth of greater than one times the depth of the first opening to
form a mixed fluid comprising the thergpeutic composition;
maintaining a temperature of the mixing chamber at an enhanced mixing temperature
determined to enhance mixing; and

passing the mixed fluid out of an outlet opening out\of the mixing chamber.

The method of claim 80, wherein the enhanced mixing temperature is between about 2

and about 20 degrees C.

The method of claim 80, wherein maintaining comprises determining the enhanced

mixing temperature for the one or more therapeutic mRNAs and/or the deNvery vehicle.

The method of claim 82, further comprising determining the enhanced mixing

temperature by modeling mixing in the mixing chamber in vitro or in vivo.

The method of claim 82, further comprising determining the enhanced mixing

temperature by selecting a temperature between about 2 and about 20 degrees C having
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86.

87.

88.

89.

90.

91.

92.

greater mixing as compared to mixing at other temperatures between about 2 and about

20 degrees C.

. The method of claim 80, wherein the passing the first fluid and the second fluid through

the first opening into the mixing chamber comprises passing the first and second fluids so
that the first and second fluids are driven against the wall of the mixing chamber and out
of a\plane transverse to the first opening to the depth of greater than about 2.5 times the

depth o the first opening.

The method\of claim 80, wherein the fluid is driven against the wall of the mixing
chamber and oNt of a plane transverse to the first opening to a depth of about 3 or more

times the depth of\the first opening.

The method of claim 8Q, wherein a top of the first opening is in line with a top of the

mixing chamber.

The method of claim 80, whergin the outlet opening has a cross-section area that is

equivalent to a cross-sectional areq of the first opening.

The method of claim 80, wherein the mixing chamber is formed between a first layer and

a second layer of the microfluidic device:

The method of claim 80, wherein the mixing chamber has a length that is greater than a

width, further wherein the length is greater than Atimes a width of the first opening.

A method of mixing, the method comprising:
passing a first fluid and a second fluid through a first\gpening into a mixing chamber
in a microfluidic device, so that the first and second Yuids are driven against a
wall of the mixing chamber and driven out of a plane oNthe first opening to a
depth of greater than one times the depth of the first openihg to form a mixed
fluid; and

passing the mixed fluid out of an outlet opening out of the mixing chamber.

The method of claim 91, wherein the passing the first fluid and the second fltid through
the first opening into the mixing chamber comprises passing the first and second\fluids so
that the first and second fluids are driven against the wall of the mixing chamber angd out

of the plane transverse to the first opening to the depth of greater than about 2.5 times\he

depth of the first opening.
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93.

95.

96.

97.

98.

99.

The method of claims 91-92, wherein the mixed fluid is substantially mixed by the
mixing chamber and the mixing chamber is configured as a single mixer that does not

connect to a second mixing chamber.

The method of claims 91-92, further comprising passing the mixed fluid from the outlet
ORening into a second opening into a second mixing chamber, so that the fluid is driven
agaiqst a wall of the second mixing chamber and driven out of a plane of the second
openin} to a depth of greater than one times the depth of the second opening to further

mix the mixed fluid.

The method of\¢laims 91-92, wherein the fluid is driven against the wall of the mixing
chamber and out &{ the plane transverse to the first opening to a depth of about 3 or more

times the depth of tha first opening.

The method of claims 91-95, wherein the outlet opening has a cross-section area that is

equal to a cross-sectional areg of the first opening.

The method of claims 91-96, whexein the mixing chamber has a length that is greater
than a width, and wherein the lengthN\s greater than about 2 times the width of the first

opening.
The method of claims 91-97, wherein the mixing chamber has rounded corners.

The method of claims 91-98, wherein a change in\fluid pressure through the mixing
chamber at a flow rate of between 0.25 and 5 ml/mih\is between about 6.9 kPa and about

206.8 kPa.

100. The method of claims 91-99, wherein a width of the mixig chamber is between about

101.

150 and about 600 pm, the depth of the mixing chamber is between about 150 and about
500 pm, and the length of the mixing chamber is between about 580 pm and about 1000

um.

A method of mixing within a microfluidic device, the method comprist

passing a first fluid and a second fluid through a first opening into a mixmg chamber
within a microfluidic device, so that the first and second fluids are driveh against
a wall of the mixing chamber and out of a plane transverse to the first openiyg to
a depth of greater than about 2.5 times the depth of the first opening to form a

substantially mixed fluid; and
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passing the mixed fluid out of an outlet opening out of the mixing chamber, wherein
the outlet opening is opposite from the first opening but is offset from the first
opening,

wherein the mixed fluid is substantially mixed by the mixing chamber and the mixing

chamber is configured as a single mixer that does not connect to a second mixing

chamber.
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CLAIMS

1. A microfluidic device comprising:

a first fluidic input and a second fluidic input;

a fluidic intersection channel to receive fluid from the first fluidic input and
the second fluidic input, wherein the fluidic intersection channel opens
into a first mixing chamber on an upper region of a first side of the first
mixing chamber, wherein the first mixing chamber has a length, a width,
and a depth, wherein the depth is greater than about 1.5 times a depth of
the fluidic intersection channel; and

an outlet channel on an upper region of a second side of the first mixing
chamber, wherein the outlet channel has a depth that is less than the
depth of the first mixing chamber, and wherein an opening of the outlet
channel is offset along a width of the second side of the first mixing
chamber relative to the fluidic intersection.
2. A microfluidic device comprising:

a first fluidic input channel and a second fluidic input channel, wherein
the first and second fluidic input channels converge to a fluidic
intersection channel having width and a depth extending from a top
surface to a first bottom surface;

a first mixing chamber having a depth extending from the top surface to a
second bottom surface, a width extending from a first side to a second
side, and a length, wherein the depth of the first mixing chamber is
greater than the depth of the fluidic intersection channel and the width of
the first mixing chamber is greater than the width of the fluidic
intersection channel, and wherein the first mixing chamber is fluidly
connected to the fluidic intersection channel at the top surface and
proximate the first side; and

an outlet channel, wherein the outlet channel is fluidly connected to the
first mixing chamber at the top surface and proximate the second side

of the first mixing chamber.

3. A microfluidic device comprising:

a first fluidic input and a second fluidic input; and
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a fluidic intersection channel to receive fluid from the first fluidic input and
the second fluidic input, wherein the fluidic intersection channel opens
into a first mixing chamber on an upper region of a first side of the first
mixing chamber, wherein the first mixing chamber has a width, a length
and a depth, wherein the depth is greater than about 1.5 times a depth of
the fluidic intersection channel;

a connection channel on an upper region of a second side of the first
mixing chamber, wherein the connection channel has a depth that is
less than the depth of the first mixing chamber, further wherein an
opening of the connection channel is offset along the width of the
second side of the first mixing chamber relative to the fluidic
intersection, wherein the connection channel opens into a second
mixing chamber; and

an outlet channel extending from the second mixing chamber.

4. The microfluidic device of any of claims 1-2, wherein the first mixing chamber
is configured as a single mixer in which the outlet channel forms a mixer output

without connecting in series to an additional mixing chamber.

5. The microfluidic device of claim 3, wherein the connecting channel has a width that
is between about 75 pm and about 225 pm, a depth that is between about 75 um
and about 225 pm, and a length that is between about 225 and about 550 um.

6. The microfluidic device of any of claims 1-2, further comprising:

a second mixing chamber having a depth extending from the top
surface to a bottom surface of the second mixing chamber, a width
extending from a first side to a second side of the second mixing
chamber, and a length, wherein the depth of the second mixing
chamber is greater than the depth of the outlet channel and the
width of the second mixing chamber is greater than a width of the
outlet channel, further wherein the second mixing chamber is
fluidly connected to the outlet channel at the top surface and

proximate the second side; and
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10.

11.

a second outlet channel having a depth and a width, wherein the second
outlet channel is fluidly connected to the second mixing chamber at the

top surface and proximate the first side of the second mixing chamber.

The microfluidic device of any of claims 1-2, wherein the microfluidic device
comprises a plurality of fluidly connected mixing chambers including the first

mixing chamber.

A microfluidic mixing apparatus comprising:

a mixing chamber comprising a base defining a bottom surface, side walls,
and an upper surface enclosing the mixing chamber;

a mixing inlet channel comprising an opening into the mixing chamber at
a first side wall of the mixing chamber; and a mixing outlet channel
comprising an opening into the mixing chamber ata second side wall
of the mixing chamber;

wherein a vertical dimension of the mixing chamber is larger than a
vertical dimension of the mixing inlet channel and is larger than a

vertical dimension of the mixing outlet channel.

The microfluidic apparatus of claim 8, wherein the first side wall and the second

side wall are opposing side walls of the mixing chamber.

The microfluidic apparatus of any of claims 8-9, wherein the mixing inlet channel
and the mixing outlet channel connect to the mixing chamber at offset locations

along the first side wall and the second side wall.

A microfluidic apparatus comprising cascading microfluidic mixers, wherein each
of the cascading microfluidic mixers comprises:
a mixing chamber comprising a base defining a bottom surface, side walls,
and an upper surface;
a mixing inlet channel comprising an opening into the mixing chamber at a
first side wall of the mixing chamber,
a mixing outlet channel comprising an opening into the mixing

chamber at a second side wall of the mixing chamber,
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wherein a vertical dimension of the mixing chamber is larger than a
vertical dimension of the mixing inlet channel and is larger than a
vertical dimension of the mixing outlet channel; and

wherein cascading microfluidic mixers are connected to one another in a
series so that the mixing inlet channel of each of the cascading
microfluidic mixers after a first microfluidic mixer in the series is
connected to the mixing outlet of a prior microfluidic mixer in the series.

12. A microfluidic apparatus comprising:

a first plate and a second plate;

an elastic layer disposed between the first plate and the second plate; and

a microfluidic path between the first plate and the second plate, wherein the
microfluidic path comprises:

a plurality of blending chambers each comprising a fixed volume
separated by a portion of the elastic layer, wherein a portion of the
elastic layer is to deflect to drive fluid between blending chambers
of the plurality of blending chambers;

a first microfluidic mixer, wherein the first microfluidic mixer
comprises:

a first fluidic input and a second fluidic input;

a fluidic intersection to receive fluid from the first fluidic input and
the second fluidic input, wherein the fluidic intersection opens
into a first mixing chamber on an upper region of a first side of
the first mixing chamber, wherein the first mixing chamber has a
depth that is greater than 1.5 times a depth of the fluidic
intersection;

a connection channel on an upper region of a second side of the
first mixing chamber, wherein the connection channel has a
depth that is less than the depth of the first mixing chamber,
further wherein an opening of the connection channel is offset
along a width of the second side of the first mixing chamber
relative to the fluidic intersection, wherein the connection
channel opens into a second mixing chamber on an upper region
of a first side of the second mixing chamber, further wherein the

second mixing chamber has a depth that is greater than 1.5 times
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13.

14.

15.

16.

17.

a depth of the connection channel; and an output channel from
the second mixing chamber on an upper region of a second side
of the second mixing chamber wherein the second side of the
second mixing chamber is opposite from the first side of the

second mixing chamber.

The microfluidic apparatus of claim 12, wherein an upper surface of the
fluidic intersection is substantially level with an upper surface of the first

mixing chamber.

The microfluidic apparatus of any of claims 12 - 13, wherein an upper surface of
the connection channel is configured to be level with an upper surface of the first

mixing chamber and an upper surface of the second mixing chamber.

A method of formulating a therapeutic mRNA with a delivery vehicle, the
method comprising mixing the therapeutic mRNA and the delivery vehicle in a
microfluidic mixing chamber of a microfluidic device at a temperature that is
between about 2 and about 20 degrees C, wherein the temperature is selected
using at least a composition of the therapeutic mRNA, a composition of the
delivery vehicle, or a combination thereof wherein mixing in the microfluidic
mixing chamber comprises passing the therapeutic mRNA and the delivery
vehicle through a first opening into the mixing chamber of a microfluidic device
so that the therapeutic mRNA and the delivery vehicle are driven against a wall
of the mixing chamber and driven out of a plane of the first opening to a depth of

greater than one times the depth of the first opening.

The method of claim 15, wherein passing comprises driving the therapeutic
mRNA and the delivery vehicle against the wall of the mixing chamber and out
of a plane transverse to the first opening to the depth of greater than about 2.5

times the depth of the first opening.

The method of claim 15, wherein the therapeutic mRNA and the delivery
vehicle are driven against the wall of the mixing chamber and out of a plane
transverse to the first opening to a depth of 3 or more times the depth of the first

opening.
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18. The method of claim 15, wherein a top of the first opening is in line with a top of

the mixing chamber.

19. A method of mixing, the method comprising:

passing a first fluid and a second fluid through a first opening into a
mixing chamber in a microfluidic device, so that the first and second
fluids are driven against a wall of the mixing chamber and driven out
of a plane of the first opening to a depth of greater than one times the
depth of the first opening to form a mixed fluid; and

passing the mixed fluid out of an outlet opening out of the mixing chamber,
wherein the mixing chamber is maintained at a temperature of between

about 2 and about 20 degrees C.

20. A method of mixing, the method comprising:
passing a first fluid and a second fluid through at least one opening into a
mixing chamber within a microfluidic device, so that the first and
second fluids are driven against a wall of the mixing chamber and
driven out of a plane of at least first opening as a mixed fluid; and
passing the mixed fluid out of an outlet opening out of the mixing
chamber, wherein the mixing chamber is maintained at a

temperature of between 2 and 20 degrees C.

21. A method of mixing, the method comprising:

passing a first fluid containing oligonucleotide molecules and a second fluid
containing delivery vehicle chemistry through at least one opening into a
mixing chamber in a microfluidic device, so that the first and second
fluids are driven against a wall of the mixing chamber and driven out of
a plane of an opening; and

passing the mixed fluid out of an outlet opening out of the mixing chamber,
wherein the mixing chamber is maintained at a temperature of between

about 2 and about 20 degrees C.

22. A method of mixing within a microfluidic device, the method comprising:
passing a first fluid and a second fluid through a first opening into a

mixing chamber within a microfluidic device, so that the first and
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second fluids are driven against a wall of the mixing chamber and out
of a plane transverse to the first opening to a depth of greater than
about 2.5 times the depth of the first opening to form a substantially
mixed fluid; and

passing the mixed fluid out of an outlet opening out of the mixing
chamber, wherein the outlet opening is opposite from the first opening
but is offset from the first opening, wherein the mixing chamber is
maintained at a temperature of between about 5 and about 20 degrees
C.

23. The method of claim 22, wherein the passing the first fluid and the second fluid
through the first opening into the mixing chamber comprises passing the first and
second fluids so that the first and second fluids are driven against the wall of the
mixing chamber and out of the plane transverse to the first opening to the depth of

greater than about 2.5 times the depth of the first opening.

24. A method of forming a composition, the method comprising:

synthesizing one or more therapeutic mRNAs in a microfluidic device,
wherein the one or more therapeutic mRNAs are within a first fluid and
a delivery vehicle for the one or more therapeutic mRNAs is within a
second fluid;

passing the first fluid and the second fluid through a first opening into a
mixing chamber in the microfluidic device, so that the first and second
fluids are driven against a wall of the mixing chamber and driven out of
a plane of the first opening to a depth of greater than one times the depth
of the first opening to form a mixed fluid, wherein the mixing chamber is
maintained at a temperature that is selected to enhance mixing of the
therapeutic mRNA and delivery vehicle; and

passing the mixed fluid out of an outlet opening out of the mixing chamber.

25. The method of claim 24, wherein the mixing chamber is maintained at the
temperature that is selected to enhance mixing of for the therapeutic mRNA and

delivery vehicle and is between 2 and 20 degrees C.

26. The method of claim 24, further comprising selecting an enhanced mixing

temperature of the mixing chamber.
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27.

28.

29.

30.

31.

32.

33.

34

35

The method of claim 26, wherein selecting the enhanced mixing temperature

comprises modeling mixing within the mixing chamber in vitro or in vivo.

The method of claim 26, wherein selecting the enhanced mixing temperature
comprises selecting a temperature between about 2 and about 20 degrees C based

on the delivery vehicle and the one or more therapeutic mRNAs.

The method of claim 24, wherein the passing the first fluid and the second fluid
through the first opening into the mixing chamber comprises passing the first and
second fluids so that the first and second fluids are driven against the wall of the
mixing chamber and out of a plane transverse to the first opening to the depth of

greater than about 2.5 times the depth of the first opening.

The method of claim 24, wherein the fluid is driven against the wall of the
mixing chamber and out of a plane transverse to the first opening to a depth of

about 3 or more times the depth of the first opening.

The method of claim 24, wherein a top of the first opening is in line with a top of

the mixing chamber.

The method of claim 24, wherein the outlet opening has a cross-section area that is

equal to a cross-sectional area of the first opening.

The method of claim 24, wherein the mixing chamber is between a first layer

and a second layer of the microfluidic device.

The method of claim 24, wherein the mixing chamber has a length that is greater
than a width, further wherein the length is greater than 2 times the width of the first

opening.

A method of forming a therapeutic composition, the method comprising:
passing one or more therapeutic mRNAs within a first fluid and a delivery
vehicle for the one or more therapeutic mRNAs within a second fluid
through a first opening into a mixing chamber in a microfluidic device,
so that the first and second fluids are driven against a wall of the mixing

chamber and driven out of a plane of the first opening to a depth of
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greater than one times the depth of the first opening to form a mixed
fluid comprising the therapeutic composition;

maintaining a temperature of the mixing chamber at an enhanced mixing
temperature determined to enhance mixing; and

passing the mixed fluid out of an outlet opening out of the mixing chamber.

36. The method of claim 35, wherein the enhanced mixing temperature is between

about 2 and about 20 degrees C.

37. The method of claim 35, wherein maintaining comprises determining the enhanced
mixing temperature for the one or more therapeutic mRNAs and/or the delivery

vehicle.

38. The method of claim 37, further comprising determining the enhanced
mixing temperature by modeling mixing in the mixing chamber in vitro

or in vivo.

39. The method of claim 37, further comprising determining the enhanced mixing
temperature by selecting a temperature between about 2 and about 20 degrees C
having greater mixing as compared to mixing at other temperatures between

about 2 and about 20 degrees C.

40. The method of claim 35, wherein the passing the first fluid and the second fluid
through the first opening into the mixing chamber comprises passing the first and
second fluids so that the first and second fluids are driven against the wall of the
mixing chamber and out of a plane transverse to the first opening to the depth of

greater than about 2.5 times the depth of the first opening.

41. The method of claim 35, wherein the fluid is driven against the wall of the
mixing chamber and out of a plane transverse to the first opening to a depth of

about 3 or more times the depth of the first opening.

42. The method of claim 35, wherein a top of the first opening is in line with a top

of the mixing chamber.

43. The method of claim 35, wherein the outlet opening has a cross-section area

that is equivalent to a cross-sectional area of the first opening.
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44. The method of claim 35, wherein the mixing chamber is formed between a first

layer and a second layer of the microfluidic device.

45. The method of claim 35, wherein the mixing chamber has a length that is greater
than a width, further wherein the length is greater than 2 times a width of the

first opening.

46. A method of mixing, the method comprising:
passing a first fluid and a second fluid through a first opening into a
mixing chamber in a microfluidic device, so that the first and second
fluids are driven against a wall of the mixing chamber and driven out
of a plane of the first opening to a depth of greater than one times the
depth of the first opening to form a mixed fluid; and

passing the mixed fluid out of an outlet opening out of the mixing chamber.

47. The method of claim 46, wherein the passing the first fluid and the second fluid
through the first opening into the mixing chamber comprises passing the first and
second fluids so that the first and second fluids are driven against the wall of the
mixing chamber and out of the plane transverse to the first opening to the depth of

greater than about 2.5 times the depth of the first opening.

48. A method of mixing within a microfluidic device, the method comprising:

passing a first fluid and a second fluid through a first opening into a
mixing chamber within a microfluidic device, so that the first and
second fluids are driven against a wall of the mixing chamber and out
of a plane transverse to the first opening to a depth of greater than
about 2.5 times the depth of the first opening to form a substantially
mixed fluid; and

passing the mixed fluid out of an outlet opening out of the mixing
chamber, herein the outlet opening is opposite from the first opening
but is offset from the first opening,

wherein the mixed fluid is substantially mixed by the mixing chamber and
the mixing chamber is configured as a single mixer that does not

connect to a second mixing chamber.
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