

















Sensors 2008, 8 1000

Conventional FE method
Finite perturbation region e
Finite perturbation region (bigger) =
Infinite perturbation region 4 .
‘ ‘ ‘ o

" Finite pertur‘bation‘region‘ —
Finite perturbation region (bigger) —=—
. 20 F ‘ ‘ Infinite perturbation region —4— .4

Eny (V/mm)
Relative error of Eny (%)
(6]
T
;

40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40
Position along the micro-beam top surface (um) Position along the micro-beam top surface (um)

Figure 4. g, (y-component) computed along the micro-beam top surfacefferent perturbing regions
(Ieft). Relative error of, (y-component) with respect to the FE solution in each pemgrbegion(right)
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Figure 5. Relative error ofv, (left) ande, (y-component)right) computed along the micro-beam top
surface for several distances separating electrotl¢ aind the micro-beam

beam with respect to the conventional FE technique is bigjugm 2% (Fig. 6 (eft)). Besides, the
difference between thg-components o, and the reference solution (FE) is considerable (relatina e
up to 32%) which is due to a strong coupling between these regions @(gght)). At iteration2, v

is projected from its mesh to that 6f where a new perturbation problem is solved and its soluson i
projected again i, (at iteration3). The relative error of the local electric field at iteratiziis reduced

to 1%.

In order to highlight the relationship between the distasegarating the micro-beam and electrode
at 1V and the number of iterations required to achieve the coeves without and with Aitken ac-
celeration [16], several positions of the micro-device are considered (Fig. 7). For each of thém
perturbation problem is solved and an iterative processitised out till the relative error of the local
electric field is smaller thah%.

As expected, several iterations are needed to obtain ansae@olution when the micro-beam is close
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Figure 6. Relative error ofy, (Ieft) ande, (y-component)right) computed along the micro-beam top
surface for some iterations

to the considered electrode. When the Aitken accelarasioiséd, the number of iterations is reduced.
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Figure 7. Iteration numbers to achieve the convergence versus $ti@nde separating electrodel &t
and the micro-beam

6. Conclusion

A perturbation method for computing electrostatic fieldaisons due to the presence of conductive
micro-structure has been presented. First, an unpertyroddem (in the absence of certain conductors)
is solved with the conventional FE method in the complete @lomSecond, a perturbation problem is
solved in a reduced region with an additional conductorgisie solution of the unperturbed problem
as a source.

In order to illustrate and validate this method, we congdea 2-D FE model of a capacitor and a
moving micro-beam. Results are compared to those obtaipgdebconventional FE method. When
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the moving region is close to the electrostatic field sousesgeral iterations are required to obtain an
accurate solution. Successive perturbations in eachnegethus calculated not only from the original
source region to the added conductive perturbing domainalso from the latter to the former. The

Aitken acceleration has been applied to improve the comvexg of the iterative process.
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