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Optically driven 3-wing mixers are designed, fabricated and
applied to the two-liquid mixing in a microchannel. Three-wing
mixers are easily fabricated correct shapes and are stable in
trapping & rotation. Two-liquid mixing are visualized and velocity
vectors are obtained through the stable and fast rotation of 500
rpm even in a high-speed flow.

1. Design

Rotation rate was obtained by balancing the optical torque to
the drag force. To calculate the optical torque, a laser beam was
divided into 100 x 100 elements on an objective lens aperture, the
torque was estimated for each ray at the point on the side surface,
and all the torques were summed. The mixer diameter is d = 20
um, and the thickness is = 10 um, and the wing width is w = 3.3
pm. The refractive indexes are 1.6 for the mixer and 1.33 for the
medium (water).

The drag force was calculated as the sum of the torque
components of both the pressure (normal component) and the
shearing stress (tangential component) on all surfaces of the mixer.
The simulation was performed with a commercial computational
fluid dynamics (CFD) tool (CFX-4, AEA Corp.) to satisfy the
continuity equation and Navier-Stokes equation.

Figure 1 shows the rotation rate dependence on the trapping
position of the mixer, leading to about 500-600 rpm in water for
the laser power of 200 mW.

2. Fabrication

Optical mixers were fabricated by a photolithography method.
Not only exposure and development conditions but also baking
method (hotplate to prevent resist deformation) and conditions
(140°C to polymerize the resist firmly) were important,
particularly for achieving the correct mixer shape and avoiding
adhesion between mixers. An example of the fabricated 3-wing
mixers are shown in Fig. 2 for different wing width. We released
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Fig. 1.

the mixer into the laser trap environment by etching away the

aluminum under the resist.

3. Application to the Liquid Mixing in a Microchannel

In order to promote convective mixing, a 3-wing optical mixer,
which rotates in fluids and is capable of stirring the fluid around it,
is demonstrated in the Y-shaped microchannel which will be used
for a pu-TAS.

Figure 3 shows the merging of flows of NaOH solution (4
mmol/L) and BTB solution (BromoThymol Blue, 4 mmol/L), both
having the inlet fluid velocity of 67 pum/s, actuated by syringe
pumps. To visualize the mixing of two liquids through medium
density variation, 20% milk fat colloid is included only in the
NaOH solution. Velocity vectors appear only in the NaOH
solution without mixer (a), but they appear in both liquids due to
the stirring by the optical mixer (b). The mixer (4 = 20 um) has
the rotation rate of 500 rpm at the laser power of 200 mW. The
mixer is held stable using optical tweezers even in a flow. The
wing top (circumferential) speed corresponds to 530 pumy/s.

In conclusion, the following basic technologies were confirmed.
Optical mixer shape design by analyzing both the optical
torque by a ray optics model and the drag force by CFD.
Mixer fabrication by photolithography using a SU-8 resist.
Micro flow visualization using milk fat colloid.

Velocity vector analyses around the mixer.

Two-liquid mixing performance in a microchannel using the

optically trapped mixer.

1.

wobk v

41s 3.7s

Fig. 2. Fabricated 3-wing mixers for different wing
widths (d =20,t= 10, w=2.0— 5.5 pm)

NaOH
with colloid
BTB
(a) Flow velocity: 67 pm/s (b) Wing top velocity: 530 pm/s
Fig. 3. Two-liquid mixing. Velocity vectors appear

only in NaOH solution without mixer (a), but they
appear in both liquids upon mixing using the optical
mixer (b). 20% milk fat colloid for visualization is
included only in the NaOH solution
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Optically driven 3-wing mixers are designed, fabricated and applied to liquid mixing in a microchannel. Three-wing mixers are

easily fabricated into the desired shape by photolithography based on a large wing angle, and they are stable against trapping and

rotation. Two-liquid mixing is visualized by the variation in milk fat colloid density, and velocity vectors are obtained through a

stable and fast rotation rate of 500 rpm, even in a flow of 67 um/s.
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by photolithography with different wing numbers.
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Fig. 2. Concept of optical mixer for use in future p-TAS. The

chip will have components such as inlets, fluidic

microchannels with a mixing part, a detector (not shown), and

outlets.
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Fig. 3. Torque analysis for 3-wing optical mixer.

Table 1. Conditions for optical torque simulation.

Laser power (mW) 100
Objective NA 1.4
Refractive index of the immersion oil 1.516
Refractive index of the medium 1.33
Refractive index of the mixer 1.6
Mixer diameter (pm) 20
Mixer thickness (pum) 10
Speed of light in vacuum (m/s) 3.0x10°
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Fig. 4. Optical torque dependence on trapping position.
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Fig. 5. 3-D images of distribution on (a) pressure, (b)
shearing stress, and (c) viscous drag force at the rotation rate

of 500 rpm.
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Fig. 6. Viscous drag force dependence on the wing width,

with mixer side part as a parameter.
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Fig. 7. Total drag force dependence on the wing width of an

optical mixer.
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Fig. 8. Theoretical rotation rate dependence on the trapping

position of a 3-wing optical mixer.
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Fig. 10. Fabricated 3-wing mixers and related problems.
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Fig. 11. Fabricated optical mixers for different wing numbers.
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Fig. 12. Fabricated 3-wing mixers for different wing widths.
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width for a 3-wing optical mixer at a laser power of 200 mW.

Experimental rotation rate dependence on wing
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Fig. 14. Experimental setup to visualize microflow around a
mixer. Generated microflows are visualized by variation in
milk fat colloid density with oblique angle illumination.
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Fig. 15. Main part of a microchannel in which an optical

mixer is used to mix sample and reagent liquids.
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Fig. 16. Two-liquid mixing in a microchannel. (a) Without mixer, (b) with mixer.
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Fig. 17. Visualization of two-liquid mixing. (a) Velocity vectors appear only in NaOH solution without mixer, but (b) they appear in both

liquids during mixing with optical mixer; 20% milk fat colloid for visualization was included only in NaOH solution.
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