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Abstract 
FR4 is a well-engineered material and widely used in the PCB industry and lend itself to high degree of integration of 
optoelectronic, micro-optic, and electronic devices. FR4 is used for the first time as an actuated mechanical device that 
integrates several functions on the same device. Two different approaches to 2D laser scanning using a single electromagnetic 
actuation coil and application to Fourier Transform spectroscopy are presented; many other applications can be envisioned. 
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1 INTRODUCTION 
This paper introduces FR4, most commonly used material 
for printed circuit boards (PCB), as an actuated 
micromechanical platform. Integration of optoelectronic, 
micro-optic and electronic devices on FR4 is widely 
explored; however, the mechanical functionality brings 
about a new found flexibility and higher degree of 
integration. PCB fabrication technology using lithographic 
techniques and microvia technology is now able to 
produce devices with micron precision and nearly as small 
feature sizes. PCB machining technology is low-cost, 
require short design and fabrication cycles, and produce 
more robust devices compared to silicon MEMS devices. 

2 LORENTZ FORCE ACTUATOR 
The Lorentz type FR4 actuator consists of a structural 
layer made of an epoxy-fiber layer, copper conductor lines 
on both sides of the 130 µm thick FR4 substrate as seen in 
Fig. 1. A 100µm thick aluminum coated silicon die is 
attached as a mirror. Exemplary scanner designs are shown 
in Fig. 2. When the current and the magnetic field, 
produced by an external magnet placed underneath, are 
directed as in Fig. 1, the forces marked as F1 and F2 exert a 
net torque, thus a rotation about x-axis (torsion mode). 
Similarly, forces shown as F3 and F4 create a rotation 
about the y-axis (rocking mode). Fig. 3 shows the FEM 
simulation results for two orthogonal rotation modes and 
the frequency response of the torsion mode. Oscillation 
modes are well separated and the mechanical quality-
factors (Q) are between 50 and 100. Fig. 4 illustrates the 
large angle scanning capability, which exceeds 180o in 
some designs. Scan angle (θ) increase linearly at low 
currents and the rate of increase is lower at high drive 
current levels. The coil power level is smaller than 
100mW.  

For 2D actuation, magnet is oriented off-axis to energize 
both modes (preferably at 45o) and the drive current 
includes two superimposed sinusoidal signals at 
frequencies f1 and f2 corresponding to two orthogonal 
modes [1]. The scanner mechanical modes separate the 
drive torque and create a 2D sinusoidal raster, as seen in 
Fig. 5. The Lorentz force actuated scanners presented here 

can achieve f 2θ product of up to 50 KHz2·deg and a θD-
product of 700deg•mm with a Total Optical Scan Angle 
(TOSA) of 140º (operating at 250mA). These figures 
enable a number of scanning applications in both DC and 
resonant mode. Reliability tests are performed and the 
scanner resonant frequency fluctuated <1% during 
>250Million cycles of operation at 20o TOSA. 

 3 SOFT MAGNETIC FILM ACTUATOR 

The soft magnetic actuator consists of a mirror suspended 
by a polymer cantilever beam, a permalloy sheet plated on 
the mirror, and an external coil to generate the driving 
magnetic field (fig. 6) [3]. For permalloy actuators, due to 
thin film anisotropy the force is unidirectional, but can be 
attractive or repulsive depending on the electromagnet 
configuration [2]. A 2D sinusoidal raster can be achieved 
by superposing two sinusoidal drive signals corresponding 
to two orthogonal scan modes (Fig. 7).  

 4 FR4 BASED FT SPECTROMETER 

With the low frequency operation, long and controllable 
travel range and the easy fabrication and integration 
methods available for FR4 based scanners give a great 
potential for development of novel and compact 
spectrometers with good performance. One example is 
seen in Fig. 8 where an FR4 scanner, vibrating out-of-
plane translation mode, is used in a Michelson 
Interferometer setup with integrated position feedback. 
The crucial requirement here is to accurately measure the 
position of the moving mirror, which is realized through a 
feedback system consisting of a secondary micromachined 
grating coupled with a monochromatic source [4]. This 
method eliminates interpolation and resampling of the 
spatially non-uniform sampled interferogram.  

In summary, several devices and applications using FR4 
MOEMS platform are demonstrated. FR4 has attractive 
engineering material properties and has proven to be a 
reliable mechanical material for electromagnetic actuated 
devices. We expect to see many other systems and devices 
enabled using FR4 in the future. 
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Fig. 1: Schematic of the Lorentz type electromagnetic 
actuator fabricated on FR4. 
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Fig. 2: Three scanner designs to obtain a range of 
resonant frequencies. Substrate is 130µm FR4. Square 
mirror dimensions are D=5mm or D=8mm. Double-sided 
coil trace-width is 100µm. 

 

 
Fig. 3: FEM simulations for (a) torsion and (b) rocking 
mode. (c) Frequency response at low (10 mA) drive 
current for Design (B) 

 
Fig. 4: Mechanical response linearity of a 130µm thick 
design (B). 

 
Fig. 5: 2D-sinusoidal pattern created by Design B. 

 
Fig. 6: Permalloy-plated scanner in push or pull modes. 

 
Fig. 7: (a) Test setup for permalloy actuator and (b) the 
resulting 2D-sinusoidal pattern [3] 
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Fig. 8: FR4 Scanner as a Fourier transform spectrometer 
in the Michelson interferometer configuration. 
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