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Simulation and Design Optimization of Novel
Microelectromechanical Digital-to-Analog Converter
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Abstract: A microelectromechanical Digital4o-A nalog Converter (DAC) based on Weighted-Gap (WG) principle is
described. which is analogous to the weighed—resistor DAC in electronic circuits. To convert the input of binary
voltage to the output of analog displacement. the gaps are proposed to be employed as a scale factor. A finite ele—

ment method is used to simulate the performance of the DAC. To reduce the error, the structure design is optimized

and the maximum error of 0. 002pm is obtained.
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1 Introduction

Traditional actuators are generally driven by
analog voltages. One of the main disadvantages of
the actuators is that an accurate driving voltage is
very environment—-prone and difficult to acquire.
M icroelectromechanical Digital-to-Analog Convert-
er (MEMDAC) is a new approach to accurately
control the output of microactuators by using digi-
tal signals.

Two prototypes of MEMDAC have been
demonstrated by Yeh'" and Toshiyoshi'®”. In
Yeh’s mechanism, the cascading lever arms and
thermal actuator arrays are driven by the voltage of
5V, which is compatible with IC voltage''. The
nonlinear error caused by the finite translation

spring constant at the innut beams is 0. 3um. about

3% of the maximum displacement. The MEMDAC
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provided by Toshiyoshi possesses a comparatively
small error about 0.034um. However, the driving
voltage of 150V limits its applications' ™.

A MEMDAC based on Weighted-Gap (WG)
principle, i. e., Weighted-Gap Digital-to-Analog
Converter (WGDAC), is presented in this article.
The actuators in the WGDAC are driven by a 5V
voltage. The structure is simulated by ANSYS.
The error of WGDAC is proved no more than
0.002um. 2" kinds of displacements can be ob-

tained by using an N -bit binary signal.

2 Principle

A WGDAC proposed here is a mechanical
counterpart of weighted—resistor DAC in electronic
circuits and the gaps are utilized as the scale factor

instead of the resistance. The sketch of a 4-bit

WGDAC is shown in Fig. 1. The lateral displace-
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ment of the output beam on the top is measured to
be the analog output of WGDAC. To transport the
displacements of the actuators to the output beam,
4 lateral beams are used that are narrower than the
output beam. The 4 lateral beams are connected to
the output beam so that the D/A converting can be

implemented.
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FIG.1 Diagram of a 4-bhit WGDAC

A segment of the WGDAC is shown in Fig. 2,
with thermal actuator arrays acting as input units
and the binary 5V signal applied ™" . If the input
signal Biis 07 on this bit, no voltage will be ap-
plied to the actuators, and the array will keep still
with the lateral beam. Under 17 signal, the array
will be deflected right until the lateral beam touch-
es the stopper. The displacement ranges of N bits
are X, 2X, ===+, 2" "X, where X and 2""'X are the
gaps of LSB ( Least Significant Bit) and MSB
(Most Significant Bit) . T he ideal result of output is

N-1

Z 2'B:

i= 0

. B _ X
given by: Output = N
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FIG.2 Input Unit

3 Simulation

Using FEA software ANSYS, we investigate
the model of a 4-bit WGDAC. The gaps for LSB
and MSB are lym and 8um, respectively. The ideal
displacement of the output beam and the error re-
sulted from ANSYS simulation are plotted in Fig.
3. By applying the input of 11007”, the maximum
error is obtained to be 0.09%um. As a result, this

DAC could hardly be extended to more bits.
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FIG.3 Ideal Output and Error

Several factors are found to cause the error.
The displacement of a thermal actuator has both
useful lateral component and harmful vertical dis—
placement, which is the main reason of the error. In
addition, the flexure of the vertical beams is not
completely linear, and the output beam is not abso-

lutely rigid, either.
4 Optimization

According to the results obtained above, we
have modified the original WGDAC design. As
shown in Fig. 4, the asymmelric structure is re—
placed by a symmetric one that includes 8 vertical
beams and arrays. T he width of the output beam is
broadened from 6um to 12um. In order to reduce
the error induced by the vertical displacement, the

sequence of the input 4-bit signal is rearranged as

Bo, Ba, B2, B1” instead of Bo, B1, B2, B:”.
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can be extended to 8 bits. The dynamic responses

Bl B BB of the WGDAC and the WGDAC driven by electro-
static actuators are still under investigation. De-

tailed results will be reported elsew here.

5 Conclusion

We have demonstrated, for the first time, a
weighted-gap DAC. The finite element analysis has

proved the precise location of the output beam.

B| 8| B| B This DAC can find wide applications in micromir—
ror, fiber-optic switch, STM probe, and data stor-

o age system.
FIG.4 Optimized Structure
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