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SUMMARY

This work presents the application of microfluidics to manufacture lipid nanoparticles
using regulated nanofluidic pulses for scalable manufacturing. Traditional methods of pro-
ducing lipid vesicles lack the ability to achieve high-throughput and uniformity. Existing
studies using pulsed jetting are capable of producing large lipid microparticles. However,
the ability to achieve uniform nanoparticles using pulsed jetting has been very limited. A
macro-to-microfluidics system was developed to create pulsed jet flows using micronoz-
zles. Using the existing methods, a lipid bilayer is formed using a two-well chip and the
micronozzle is placed in-plane with the bilayer. Upon pulsing the system, a jet flow from
the micronozzle deforms the lipid bilayer creating a lipid vesicle. The ability to systemat-
ically combine multiple devices together allows for a scalable approach to manufacturing

lipid particles.
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Table 2.1 continued

Channel | Channel | Outlet Channel Pressure
Simulation # | Length Width | Angle Comment Velocity | RE .
Gm | @m | © (mis) D
14 100 100 0 Increasing velocity to 100m/s 100 10 N/A
15 100 100 0 Increasing velocity to 1000m/s 1000 100 | 3.99E+07
16 100 100 75 Velocity at 1000m/s with 75 degree outlet angle 1000 100 N/A
17 100 100 75 Velocity at 100m/s with 75 degree outlet angle 100 10 N/A
18 1.00E+06 | 1.00E+06 | 0 Set velocity to maintain RE of 100 with 0.1 100 | 3.99E-01
scaled channel dimension
19 2.00E+05 | 1.00E+06 | 0 Set velocity to maintain RE of 100 with 0.1 100 | 9.43E-03
scaled channel dimension
20 100 100 0 Velocity at 500m/s 500 50 | 1.99E+07
21 100 100 0 Velocity at 250m/s 250 25 N/A
22 50 100 0 Velocity at 500m/s 500 50 | 9.86E+06
23 25 100 0 Velocity at 500m/s 500 50 | 4.93E+06
24 25 100 0 Velocity at 250m/s 250 25 | 2.47E+06
25 25 100 0 Velocity at 125 m/s 125 12.5 N/A
26 25 200 0 Velocity at 125 m/s 125 25 | 3.19E+05
27 25 200 0 Velocity at 62.5m/s 62.5 12.5 N/A
28 25 500 0 Velocity at 50m/s 50 25 | 2.03E+04
29 10 100 0 Velocity at 250m/s 250 25 | 1.00E+06
Velocity at 250m/s @ inlet;
30 10 100 0 Converging nozzle inlet 200 nm wide 0 | 2.03E+06
@ 1 micron away
Velocity at 250m/s @ inlet;
31 10 100 0 Converging nozzle inlet 500 nm wide 0 5.37E+06
@ 1 micron away
Velocity at 125m/s @ inlet;
32 10 100 0 Converging nozzle inlet 500 nm wide 1250 125 | 2.61E+06
@ 1 micron away
Velocity at S0m/s @ inlet;
33 10 100 0 Converging nozzle inlet 500 nm wide 250 25 1.03E+06
@ 1 micron away
Velocity at 10m/s @ inlet;
34 10 100 0 Converging nozzle inlet 500 nm wide 50 5 N/A
@ 1 micron away
Velocity at S0m/s @ inlet;
35 5 100 0 Converging nozzle inlet 500 nm wide 250 25 | 5.22E+05
@ 1 micron away
Velocity at S0m/s @ inlet;
36 5 100 0 Converging nozzle inlet 1000 nm wide 500 50 | 1.06E+06
@ 1 micron away
Velocity at 25m/s @ inlet;
37 5 100 0 Converging nozzle inlet 1000 nm wide 250 25 | 5.22E+05
@ 1 micron away
Velocity at 25m/s @ inlet;
38 5 100 0 Converging nozzle inlet 2000 nm wide 500 50 | 1.04E+06
@ 1 micron away
Velocity at 12.5m/s @ inlet;
39 5 100 0 Converging nozzle inlet 2000 nm wide 250 25 | 5.22E+05

@ 1 micron away
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Table 2.1 continued

Simulation #

Channel
Length
(pem)

Channel
Width
(nm)

Outlet
Angle
)

Comment

Channel
Velocity
(m/s)

RE

Pressure
(psi)

40

100

Velocity at 12.5m/s @ inlet;
Converging nozzle inlet 2000 nm wide
@ 1 micron away

250

25

1.19E+05

41

200

Velocity at 12.5m/s @ inlet;
Converging nozzle inlet 2000 nm wide

@ 1 micron away

130

26

1.74E+04

42

200

Velocity at 12.5m/s @ inlet;
Converging nozzle inlet 5000 nm wide
@ 1 micron away

321

64.2

5.80E+04

43

200

Velocity at Sm/s @ inlet;
Converging nozzle inlet 5000 nm wide

@ 1 micron away

129.5

259

1.74E+04

44

200

Velocity at Sm/s @ inlet;
Converging nozzle inlet 10000 nm wide
@ 1 micron away

258

51.6

4.35E+04

45

200

Velocity at 2m/s @ inlet;
Converging nozzle inlet 10000 nm wide

@ 1 micron away

103.5

20.7

1.60E+04

46

200

Velocity at 2m/s @ inlet;
Converging nozzle inlet 20000 nm wide
@ 5 micron away

207

414

3.19E+04

47

200

Velocity at Im/s @ inlet;
Converging nozzle inlet 20000 nm wide

@ 5 micron away

103.5

20.7

1.45E+04

48

200

Velocity at 1m/s @ inlet;
Converging nozzle inlet 50000 nm wide
@ 5 micron away

258

4.06E+04

49

200

Velocity at 0.5m/s @ inlet;
Converging nozzle inlet 50000 nm wide

@ 5 micron away

129.5

259

1.74E+04

50

200

Velocity at 0.5m/s @ inlet;
Converging nozzle inlet 100 micron wide
@ 5 micron away

258.5

4.79E+04

51

200

Velocity at 0.25m/s @ inlet;
Converging nozzle inlet 100 micron wide

@ 5 micron away

129.5

259

2.03E+04

52

500

Velocity at 1 m/s @ inlet;

Converging nozzle inlet 100 micron wide
@ 25 micron away with leading 50 micron
channel

N/A

N/A

N/A

53

500

Velocity at 0.5m/s @ inlet;
Converging nozzle inlet 100 micron wide

@ 5 micron away

107.5

53.75

5.22E+03

54

1000

Velocity at Im/s @ inlet;
Converging nozzle inlet 100 micron wide
@ 5 micron away

92.5

92.5

2.61E+03

55

1000

Velocity at 0.5m/s @ inlet;
Converging nozzle inlet 100 micron wide

@ 5 micron away

48.85

48.85

8.47E+02
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the photoresist, the wafer was etched using deep reactive-ion etching. The photoresist was
removed and a piranha cleaning was performed in preparation of bonding the two wafers
together. Both wafers were fusion bonded annealing at 1100°C for four hours to enclose
the channels. Lastly, the individual devices were prepped for removal from the bonded
silicon wafers by adding photoresist and exposing/developing it so that ICP etching could
be performed. This process was carried out by The Institute of Electronics and Nanotech-
nology at the Georgia Institute of Technology. In simpler terms, the process consisted of
four main components. First, the main reservoir section was etched into a wafer. Next,

the micro channel was aligned with the reservoir and etched such that a converging section

Figure 2.6: The following are images of two micronozzle devices. Image A and B are for
the 1 ym wide channel. Image C and D are for the 10 ;m wide channel.
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