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Abstract

Along with the booming development of the mobile cellphones, the cellphones with camera modules
become more and more important and popular. As a result, these days, consumers take the function of
cellphone camera modules into account. With the advance of science and technology, the cellphone camera
modules with only the autofocus function have been very popular and cannot satisfy consumers’
requirements. Therefore, manufacturers of cellphones have started launching the optical image stabilization
function as the difference between high-end cellphones. The optical image stabilization function is necessary
to help users get sharper and clearer images for the cellphone camera modules with the high pixels lens.
Therefore, this present study proposes a novel optical image stabilization actuator for cellphone camera
modules. In this present study, we describe the structure of the proposed optical image stabilization actuator,
the numerically electromagnetic simulation, and a series of experiments to evaluate its properties. The
experimental results show that the proposed optical image stabilization actuator has excellent performance.

1. Introduction

Recently, the sales of smartphones grow year by year, and there are more cellphone brands
attempting to share the profit. Cellphones develop rapidly due to the competitive market. For
capturing consumers’ attention, the manufacturers need to add the attractive functions to cellphones.
The cellphone with the autofocusing (AF) camera module is basic now. Users can get clear and
sharp images by camera module with AF function, but it can’t satisfy users’ requirement. Because
of the handheld vibration, the image still may blur. Therefore, the way to solve the problem is to
add the optical image stabilization (OIS) function in the cellphone camera module. It can help the
user get sharper and clearer images. Recently, the OIS function can be found in the high-end
cellphones because manufacturers want to attract consumers by the OIS function.
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There are different kinds of literature about miniature actuators used in cellphone camera
modules. These miniature actuators contain stepping motors, polymer deformable membrane [1-4],
liquid lenses [5-8], ultra-sonic motors [8-10], and voice coil motors (VCMs) [11-15]. However, the
VCM is the first choice for the cellphone camera modules due to its excellent performance and low
cost.

The cellphone display is getting bigger and thinner for its development trend. It limits the height
of the cellphone camera modules. Therefore, the limit of the size in the height is the thorniest
problem for the cellphone camera modules. Hence, this present study presents a novel OIS actuator
for cellphone camera modules to solve the stated problem. The height of the proposed OIS actuator
was reduced with the novel chamfered magnets. Following sections include the design description
and the numerical simulation of the proposed OIS actuator, and a series of experiments to evaluate
its properties.

2. Novel electromagnetic structure of proposed OIS actuator

In this section, the novel electromagnetic structure of the proposed OIS actuator was introduced.
Fig. 1 illustrates its electromagnetic structure and cross-section view. The proposed OIS actuator
contains two parts. One is the moving part that comprises four permanent magnets, a magnet holder,
and a lens module. Another is the fixed part that comprises a base, four spring wires, and four OIS
coils. Through observing the structure, it’s simple to realize the characteristics of the novel
electromagnetic structure and the working principle. Comparing with the commercial OIS actuator,
the layout of the proposed novel design can reduce its height because the OIS coils of the proposed
novel design are fixed at the lateral direction. The interaction between the OIS coils and the
chamfered magnets can supply the Lorentz force Fycm with a input current passed. Therefore, the
moving part can be controlled by adjusting the magnitude of the input current. Fig. 2(a) and 2(b)
show the distributions of magnetic flux in direction perpendicular to coil current when the
displacements ¢ are 0.1 mm and -0.1 mm, respectively. The resultant Lorentz force Fycwm is given by

Fvem = Fr + F, 1)

where F and Fg mean the left and right Lorentz forces, respectively. When ¢ is 0.1 mm, the gap
between the OIS coil and magnet at the right side is reduced, however, the gap between the OIS coil
and magnet at the left side is increased. Hence, the OIS coil at the right side can interact with
stronger magnetic flux to compensate weaker magnetic flux at the left side. In other words,

FR > FL. (2)

When ¢ is -0.1 mm, F_ increases to compensate the reduction of Fgr. Therefore, the proposed
novel design can supply the stable Fycu. It means the resultant Lorentz force Fycm is equal to
constant. Through realizing the layout and the working principle of the proposed novel
electromagnetic structure, it’s obvious that the novel design can reduce the module height and
supply more stable Lorentz force Fycm.
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Figure 1: (a) Structure and (b) cross-sectional view of proposed OIS actuator.
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3. Electromagnetic design and analysis

Numerical simulations of the proposed electromagnetic structure were performed in this section.
Firstly, the properties of the commercial OIS actuator were analyzed in order to compare with the
proposed novel design. Fig. 3 illustrates the cross section view of the structure for the commercial
OIS actuator with the sizes of 9.5 mm x 9.5mm x 3.11 mm [16].

With the OIS function, the Lorentz force Fycm need to overcome the weight of the moving part
Wois and the restoring resilience force Fy of the spring wires at different postures. As shown in Fig.
4, when the Lorentz force Fycm need to actuate the moving part to the negative direction which is
parallel to the direction of the gravity (see Fig. 4), its power consumption is the highest. At this
most rigorous situation, the necessary Lorentz force Fycy must satisfy the following equation:

Fvem = Fw + Wos. (3)

Therefore, this present study simulated the most rigorous situation. Fig. 5(a) and Fig. 5(b)
illustrate the simulation results for the proposed OIS actuator and the commercial OIS actuator,
respectively. As shown, it needs an input current of about 40 mA to actuate the moving part to the
displacement of -0.1 mm for the proposed OIS actuator. However, the commercial OIS actuator
needs an input current of more than 50 mA to actuate the moving part to the displacement of -0.1
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mm at the most rigorous situation. The simulation results show that the proposed OIS actuator is
more powerful and more efficient when comparing to the commercial OIS actuator.
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Figure 3: Cross-sectional view of structure in the commercial OIS actuator.
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Figure 4: Free-body force diagram of proposed OIS actuator when moving part moves vertically.
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Figure 5: Simulation results for variation of F,, and Fycy with actuator displacement as function of input

current for (a) proposed OIS actuator and (b) commercial OIS actuator.
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4. Prototype fabrication and experimental evaluation

This section discusses the experimental results including the variation of the output Lorentz force
with the input current, and the variation of the measured displacement with the input current. These
two experiments are done using a laboratory-built prototype with the sizes of 11.4 mm x 11.4 mm
x 2.26 mm (see Fig. 6).

Figs.7 and 8 show the experimental results. It can be observed that the Lorentz force Fycwm is
stable. From Figs. 5 and 7, the maximum difference of the Lorentz force between the simulation
results and the experimental results are 3.2% and 4% for the input currents of 30mA and 50 mA,
respectively. From Fig. 8, the linearity of the measured displacement-input current curve is 0.998 at
0° posture. It means the curve is quite linear. There is an initial displacement of 0.029 mm at 90°
posture due to gravity’s effect. Therefore, the experimental results prove that the proposed OIS
actuator is more efficient with a reduced module height when comparing to the commercial OIS
actuator.
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Figure 6: Photograph of experimental setup and laboratory-built prototype.
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Figure 7: Experimental results for variation of Fycy with current.
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Figure 8: Experimental results for variation of displacement with input current at different postures.

5. Conclusions

This present study has presented a novel OIS actuator for cellphone camera modules. The
proposed OIS actuator is analyzed through the numerical simulation and a series of experiments.
The experimental results show that the performance of the proposed novel design is excellent and
the proposed OIS actuator has a more stable Lorentz force, a shorter height, and a higher efficiency.
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