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Abstract The first form of structures is metallic towers made of

This paper presents simulation works done by eleetroplated nickel. The 10x10 wm or 20620 pm wide,
CoventorWare™ on interdigitated vertical microelectrodes, and 10 pm or 50 pm or 100 pm high nickel towers are
the metallic towers. Capacitance study on various structures arranged into a 5x5 array with 3 pm. 10 wm or 20 pm gap.
with different geometries, such as types of interdigitated The towers are interconnected by a nickel thin film to form
electrodes, sizes of and gaps between the towers were a pair of interdigitated electrodes as shown in Figure 1. It
carried out. Two types of 5x5 tower arrays were arranged so can be seen from Figure 1(a) that each rower (except ones
that the neighboring towers form two and four pairs of at the edge of the array) is connected to one electrede and
capacitors. For each type, the towers are 10x1¢ pm or 20x20 facing two neighboring towers that are connected to
wm wide, 10 pm or 50 um or 100 um high, and 5 um, 10 another clectrode. These three neighboring towers form

um or 20 pm apart from each other, The results show that
capacitance of tower array increases with the wider and
taller towers but decreases with wider gaps. The capacitance
of tower arrays ranges of 0.85-32.6 aF per mm® and 1.44-
5592 nF per mm® for the two-capacitor and four-capacitor
types, respectively. We found that the four-capacitor tower
arTay has average capacitances of 1.57 times that of two-
capacitor type demonstrating an advantage of the four-
capacitor over the two-capacitor towers,

Keywords:  MEMS simulation, capachance scnsing,
humadity sensor, metallic tower

1. Introduction

Recently, integrated humidity sensors have become
important part in medern clectronic appliances, automotive
and consumer apptications [1], industrial process controflers
[2], as well as scientific and medical cquipments [3-3].
These sensars have peinciples of operation mainly based on
humidity sensitive characteristics of waterials including
resistance and capacitance [6). Capacitive humidity sensors
has been conventionally fabricated in horizontal structures
of thin interdigitated metallic electrodes. deposited onto a
surface of humidity sensitive polymers flim such as
polyimide, or of an electrode-polymer-electrode sandwich
[7-12]. Since permittivity of polyimide film changes with
moisture absorbed, the capacitance between interdigitated
electrodes varies with ambient humidity,

In this paper, we study another form of capacitive

Substrate ST N electrode

humidity sensors with vertical interdigitated clectrodes, so (insulator) (thin film)

called metallic towers, using finmte-clement sirmulation to

primarily determine their capacitances. We report the {b) 3D view of a two-capacitor type tower array.

simulation work done by CoventorWare™, commercial

MEMS simulasion software, for such structures. Fig. I. Structural model of a 5x3 two-capacitor type tower
array. The size, height, and gap of towers in this figure is

2. Structural model 20%20 um, 30 um, and 5 um. respectively. (a) Top view

Preliminary simulation work were carried out using (b} 3D view.

CoventorWare™ on various geometrics of microstructures.
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{a} Top view of a four-capactlor type lower array.

i . .

Electroplated
NitOWE T—y, B

Ni eleetrode

Substrate {thin filny)

(insulator)

(o) 31 view ol'a four-capacitor type tower amay.

Fig. 2. Structural model of 2 $x5 four-capacilor type tower
aeray. The size, height, and gap of towers in this figure is
10510 . 30 pm, and 10 pmy, respectivety. (ay Tep view
{5} 3D view.

two patrs of capacitors. Theretore, this tower array i3 of a
owo-capacitor type.  Another form of metalhic towers, with
the sarie sizes and gaps arrargement o8 those in two-
capacttor type. is called the four-capacitor type. Sirce the
tawer interconnection allow cach tower (except ones at the
cdge ol the array) to face tour neighboring towers that are
conaected to the apposite electrode as shown in Figure 2.
These five neighboring towers Torm four pairs of capacttors.
in both types of tower array, the medium between nickel
towers s asstmed 1o be air or polyvimide. The relative

aemnittivity & of an wor medium is unity, while that of

nobvimide varics with ambient humidity from approximately
3.0 in dry air to 4.2 at 100% RH [T} Figure 3 shows a
structural model of metaltic tower array with potyimide asa
dicteetric medium. The solid models of two-capacitor and
tour-capacitor types of wwer anays, gach of which with
thfterent  sizes.  gaps  and  diclectric materials, ai
constructed, meshed, and then simulated to determine their
CAPACTIANCCS.

3, Simuiation results

We obsenved the nfluence of poivimide on
capacitances of the tower arrays by comparing stmulation
resuits of two-capucitor arrays with and withowt poly:imide
coating. Frgure 4 shows ther poivimide coating ncresses
array capacttances. since polymmide has hugher permistvity
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Polvimide coated Ni tower
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{a) Top view of a tower array with polvimide

Sensiny
nuterial
{polvimide) ¥%

(b) 3D view of a tower array with polynnide.

Fig, 3 Structural model of a 3x3 wwer array. coated by
polvimide as a humidity sensitive diefectric materzal. The
size. height, and gap of towers in this figure is FOx 10 pm,
1) pm, and 3 pm. respectively. (0) Top view (by 2D view.,
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Fig. 4. Capecititees of qickel tower arruys at various

lerghts, with and without poiyimide costing (& = 2.8). T4
W o-capaciioT armays with wavers of 12x10 um width and
tm gap were used,
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conventional two-capacitor counterparts. When o nwetathe
tower array is coated with polyimide. its capacitance will be
increased. Furthermore. the array capacitance depends on
the size of the towers and wgaps distance between them.
Increasing tower size and reducing the gap help increase
total capacitance. Besides the fact that four-capacitor type
tower electrodes give out more capacitance than the
conventional ones, the novel tower structure proposed here
also has other advantages. The metallic tower structures

require smalf substrate area which s a desirable factor of

intcgrated scnsors. The vertical tower array allow both
vertical and lateral pathway for moisture diffusion during
humidity uptake and discharge periods of the sensing
material. This advantage is expected to Improve response
time of the sensots.

Since the simulation work reported here 1s only an
early survey of this novel interdigitated vertical electrodes,
extensive further work in both simudation and fabrication
must be carried on in order to identify its advantages and
disadvantages as well as its atilization in more details. The
future work to realize the metallic towers as sensing
electrades  include  improvement of high aspect ratio

clectroplating for tall tower formation, development of

polyimide coating onto the tower array as well as design
optimization of the structures for fastest response time.

70
60
54
49

30

Capacitance (fF)

26 2% R0 37 34 36 38 40 432

Reilative permittivity of polyimide

Fig. 7. Capacitances of a four-capacitor type tower array
with 5 pm gaps, 10x10 pm widths, and 10 pm heights. 1t is
assumed that the relative permittivity of the polyimide
coating varies from 2.8 to 4.0 in accordance with the
changing ambient hwmidity.

5. Conclusions

The concept of metallic tower array as a vertical
nterdigitated capacitive scnsing electrode was proposed.
We also proposed method of arranging the tower array so
that it gives out high capacitance. Dependencics of array
capacitance on structural geometries and humidity changing
diclectric propertics of the array were surveyed via
simulation work using commercially available MEMS-
simulation software. Preliminary results show that the
capacitance is proportional to the size of the towers and the
permittivity of the  sensing polymer, but inversely
proportional to the gap distance between them.
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than the air. Furthermore, we simulated polyimide-coated
tower arrays of different types and geometries and obtained
capacitances of each nickel tower arrays as shown in Table
1o In this table, the capacitance values of tower arrays are
cxpressed in erms of array  capacitance as well as
capacitance per square millimeter. If the capacitance per
sguare fotifimerer is known, one can estimate capacitance of
a given substrate area. We found from the table that
capacitances of tower arrays are in a_range of 0.85-33.6 nF
per mm” and 1.44-33.92 nF per mmy for the two-capacitor
and four-capacitor types, respectively.

Table 1. Capacitances of mekel tower arrays.

Gap Size Height C C

{pm} () {m) {EY 4 (nF/mmY

5 10x10 10 28 5.77

5 10> 10 30 86 {7.59

5 10 1) 10O 160 32.60

5 20x20 10 49 341

5 | 20x20 30 139 i1.06

5 20x20) 100 288 19.98

10} 103101 10 22 2.67

10 | 10x10 50 58 7.12

Tweo-capacitor 10 10x 10 100 106 13.10

type 10| 20x20 10 36 [.83

10 | 20x20 50 93 4.74

10 12020 4 100 163 5.44

20 10x10 10 L8 1.07

20 10x10 50 43 2.54

20 10%10 100 77 4.56

20 | 20x20 10 28 0.85

20 | 20x20 50 67 207

200 1 20%320 160 112 3.47

3 10x10 10 50 10.30

5 10x 10 50 149 30.4¢

3 1010 160 274 55.92

5 1 20x20 10 88 6.10

5 120x20 ] 50 | 284 19.70

5 20x20 100 520 36.08

10 1 10x10 10 35 4.29

10 ] =10 50 93 11.4%8

Four-capacitor 10 | 1ox10 100 168 20.74

type 10 1 20%20 10 61 3.1
10 | 20=20 50 161 8.54

10 | 2020 100 287 14.62

20 10x10 10 28 1.68

20 10x10 50 G5 184

20 10x10 100 116 0.84

20 | 206x20 16 47 .44

20 1 20%20 30 110 3.38

20 T20x207] 100 | 180 5.54

To better understand the effects of tower width,
height, and gap. the results in Table ! are presented
graphically. Figure 3 and Figure 6 show that increasing
tower height will increase the capacitance in all cases. In
addition, increasing fower width or decreasing tower gap
will increase array capacitance.

Another set of simulations was carred ot w
observe changes in capacitance when relative permittivity
of polyimide is modified by up-taken moisture. The graph
in Figure 7 clearly shows that the array copacitance
increase linearly with increment of relative dieleciric
constant of the sensing polymer.
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Fig. 5. Capacitances of two-capacitor type tower arrays
with polyimide coating (g = 2.8). The arrays have 5 pm,
10 pm or 20 pm gaps, [0x10 pm or 20x20 pin widths, and
10 umor 50 um or 100 wm heights.
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Fig. 6. Capacitances of four-capacitor type tower arrays
with polyimide coating (& = 2.8). The arrays have 5 pm,
10 umy or 20 pon gaps, 10x10 pm or 20%20 won widths, and
10 pm or 50 pm or 100 um heights.

4. Discussion

Comparing the two array-types, it has been found
from Table 1 that the four-capacitor type arrays have
capacitance approximately 1.57 times that of two-Capacitor
type. This capacitance ratio is glightly less than our
expected ratio of 2 since the two-capacitor arrays contain a
larger number of stray capacitance between the next
nearest neighbors than the four-capacitor arrays. This
infers that designing the arrays with four-capacitor type
will results in higher capacitance per unit avea than the
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