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Abstract- Two-axis gimbaled scanner used in an SVGA 

display product with 58deg optical scan angle, 1.5mm 
mirror size, and 21.KHz resonant frequency is reported. 
Scanner is actuated electromagnetically using a single coil 
on the outer frame and by mechanical coupling of outer 
frame motion into the inner mirror frame. 
 
Microscanner requirements for display and imaging 
applications are quite different compared to beam pointing 
applications, such as optical switching. As an example, an 
SVGA (800x600) resolution 60 frames per second display 
system requires 2-axis scanner with about 20KHZ resonant 
frequency in the fast axis and qD > 40deg.mm, where q is 
the peak-to-peak optical-scan-angle and D is the mirror clear 
aperture size.1 Another demanding application is laser 
printing: 1200dpi laser printer operating at 40 ppm, requires 
a single axis scanner with qD>120deg.mm and resonant 
frequency higher than 9KHz. qD and frequency 
requirements of other applications such as barcode readers 
and imaging systems are somewhat lower. 
 
MEMS technology is well suited for making 2-axis 
gimbaled scanners that operate in torsion mode. In this 
paper, we discuss novel 2-axis MEMS scanner architecture 
with performance level that goes well beyond SVGA 
display requirements.  
 
Figure 1 illustrates the scanner mechanical layout. In order 
to form (or capture) a rectangular image, the mirror is 
deflected horizontally at a high frequency and vertically at 
the desired refresh rate. The horizontal scan is sinusoidal 
and bi-directional. The drive frequency is chosen to be at the 
horizontal resonant frequency of the mirror (around 
21KHz). The vertical scan is a unidirectional ramp at 60 Hz, 
well below the vertical resonant frequency of the mirror, 
which is around 400Hz. 
 
The scanner is actuated using a biaxial magnetic drive 
discussed in Ref. 2 using a single coil, which carries two 
signals one at 60Hz and one at resonant frequency of the 
inner frame mirror. A magnetic field oriented at 45deg 
relative to the horizontal and the vertical scan axis produces 
a net torque around both rotation axis.  Figure 2 shows 3 
points on the die where displacement is simulated using 
harmonic analysis and measured experimentally. The figure 
also il lustrates 3 important modes of the scanner (i) outer 
frame torsion, (ii) outer-frame out-of-plane rocking, where 
the inner frame moves in-phase with the outer frame, and 
(iii) the inner frame torsion, where the inner and outer 
frames move 180deg out-of-phase. Inner frame torsion 

mode is actuated using mechanical coupling of the outer 
frame rocking mode.  
 
Figure 3 illustrates harmonic analysis results of the structure 
using ANSYS™. Inner frame torsion mode at 400Hz is 
easily observed at point 3 on the frame. Outer-frame rocking 
mode and the inner frame torsion modes, which are around 
3.5KHz and 21KHz, can also be seen from the figure. Figure 
3.b illustrates the interesting amplitude and phase response 
of the two frame oscillations. Slightly before the inner frame 
resonance, the two frame oscillations go from in-phase to 
180deg out-of-phase. During this phase transition, the outer 
frame transfer function has a “zero” where all the energy is 
coupled into the inner frame. However, the oscillation 
amplitude and phase fluctuates rapidly around this point.  
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Fig 1. (a) MEMS scanner  die with single coil and torsional 
flexures in two axis; (b) 2D raster  pattern; (c) Piezoresistive 
position sensors and silicon die; (d) packaged device;  

Figure 4 shows the experimental results taken around the 
torsional resonance with a laser Doppler vibrometer (LDV), 
which measures velocity of the out-of-plane deflections. The 
measurements for each point are taken in two sets, one set 
around the “zero”  and the other set around the “pole”  and 
then combined together by linearly scaling with the 
excitation amplitude. The velocity measurements are 
converted to deflection measurements and then into rotation 
angle by properly scaling the values. Note that ANSYS 
simulations used a large damping factor to reduce the 
computational time, thus the resonance peak in the 
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simulations is not as sharp as the experimental resonance 
peak but the shape of the curves are identical and the 
location of the zero and the pole are predicted to within 1%.  
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Fig 2. Two-axis torsional scanner geometry ilustrating the 3 
points on the die where measurements are taken; (b) Torsional 
mode of outer  frame at 400Hz; (c) Inner -frame torsion mode at 
21,300Hz; (d) Outer -frame rocking mode at 3,500Hz. 

 
(a) 

 
(b) 

Fig 3. ANSYS harmonic analysis results. (a) Out-of-plane 
deflections of the 3 points on the mir ror ; (b) Amplitude and 

phase of points 2 and 3 relative to the excitation waveform 
around torsional resonance of the mir ror  frame. 
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Fig 4. Exper imental results for  out-of-plane deflections of point 
1 (inner  mir ror ) and point 2 (outer  frame) conver ted to peak-
to-peak optical scan angle in degrees per  mA of rms current 
through the coil.  

The slow scan axis is relatively linear with drive current up 
to 65 degrees at the off-resonant frequency of 60 Hz.  The 
fast scan axis operated at resonance has the benefit of Q-
amplification operation. It is able to achieve 58 degrees 
optical scan angle with decreasing drive efficiency. 
These high scan angles are made possible by the high drive 
torque capabilities of the new bi-magnetic drive design, and 
by the careful design of stresses throughout the torsional 
flexures.  Based on the current MEMS scanner design and 
fabrication capabilities, it is now possible to make a scanner 
capable of SXGA resolution displays. 
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