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Tapered slot antenna on micromachined silicon substrate
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Abstract: A Tapered Slot Antenna (TSA) fed by a Coplanar Waveguide (CPW) on a high dielectric
constant substrate (e,=11.9) worked at 35 GHz is presented. The performance of the TSA is sensi-
tive to the effective thickness and electric constant of the substrate. In consideration of thin and fragile
features of the high dielectric constant substrate for millimeter-wave application, a series of very
closely spaced holes are formed on the substrate by using a deep etch technology. which synthesizes a
localized low dielectric-constant environment and increases the effective thickness of the substrate.
Otherwise, CPW-to-SLOT transitions with low insertion losses are proposed to feed this antenna.
The simulation results show that the bandwidth and the gain of the antenna have been achieved 28. 2%
and 8.7 dB, respectively. After using micromachining technologies, the measured result shows the
bandwidth is 13.2%. The difference between simulation and measurement is mainly attributed to the
improvement for fabrication errors and measurement loads. This CPW-fed TSA has been expected to
apply to communication systems for its easy integration with the uniplanar monolithic millimeter-wave
integrated circuits.

Key words: MEMS; tapered slot antennas; CPW-fed

Received date:2009-01-20 ; Revised date:2009-04-30,
Foundation item: Supported by the National Key Laboratory Foundation of China (Grant No. 9140C1405020607)



1334 Optics and Precision Engineering

Vol. 17

1 Introduction

The prototype of the Tapered Slot Antenna
(TSA), viz. the Vivaldi antenna™?,
posed and developed by Gibson et al. in 1979.
Thus far, the TSAs have found wide applica-

tions from communication systems and phased

was pro-

arrays to focal plane imaging arrays for remote
sensing due to their planar design, moderately
high gain , wide bandwidth ,symmetric pattern,
and low sidelobe level (SLL). On the other
hand, the low manufacturing cost, low sensi-
tiveness to manufacturing error at millimeter-
wave frequency, and easy connection with inte-
grated circuits make the TSA particularly well
suited for millimeter-wave applications™®!,
However, the main problems of the TSA
come from its sensitivity to the thickness and di-
electric constant of the antenna substrate. An

effective thickness, which represents the electri-

cal thickness of the substrate, has been defined

as:ty = t («/;* 1). For good operation of a
TSA, the effective thickness should be approxi-
mately:0. 0051, <ty <C0. 031, , where ¢ is the
thickness of the antenna substrate with the die-
lectric constant ¢, and A, is the free space wave-
length at the operating frequency. For substrate
thickness above the upper bound of effective
thickness, unwanted substrate modes develop
which degrade the performance of the TSA,
while antennas on thinner substrates suffer from
decreased directivity. This results in a very thin
supporting structure of antennas at millimeter-
wave frequency on high dielectric constant sub-
strates such as silicon or Gallium Arsenide. For
a silicon carrier to a TSA, the maximum thick-
ness (t,.) allowed at 30 GHz is approximately
120 pm. This constraint renders the substrate
thickness of the TSA impractical for millimeter-
wave applications since the TSA, on such a thin
substrate, is fragile.

Several solutions have been proposed in the

past to alleviate this constraint. (1) The first
way of improving the mechanical stability is to
increase the thickness of the substrate and then
selectively remove parts or nearly all of the un-

157, If nearly all of

derlying dielectric materia
the substrate is removed, the TSA can be sus-
pended on a thin dielectric membrane with an ef-
fective dielectric constant of ¢, = 1. 05. This is
easily implemented at sub mm-wave {requencies
(300 GHz—3 THz), but is not as practical at
mm-wave frequencies (30 —300 GHz) since the
membrane dimensions are large and the mechani-
cal stability of the suspended membrane is com-
promised. Since the dimensions of TSA are
large, selectively etching parts of the substrate
under the slot will not improve the mechanical
stability in nature. (2)The second method com-
monly used at mm-wave frequencies is the inte-
gration of the radiating antenna on a thin low di-
electric substrate backed by a thick foam sub-
strate with a dielectric constant of less than
1. 159 This is excellent at 20 —100 GHz, but
the thin dielectric substrate will interfere with
the radiation patterns of TSA at frequencies
greater than 100 GHz. (3) The third avenue is
incorporation of photonic band gap structures in-
to the substrate and closely etching an array
holes to remove a portion of the underlying sub-
strate, thereby resulting a lower quasi-static (ef-
fective) dielectric constant substrate™®. This
technique has been applied successfully using mi-
crostrip antennas.

In this paper, the third way is used to re-
search the linear tapered slot antennas (LTSA)
with a center frequency around 35 GHz on sili-

con substrate.

2 Design

This antenna is 4 A, long with a flare angle of
12°, resulting in an aperture width of 0. 8 A,
(Fig. D).

The substrate is high resistivity silicon with
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T-type A,/4 slot stubs, which seems appropriate

for avoiding unwanted radiation.
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Fig. 3 Feed line of CPW-to-SLOT transition

Fig. 1 Configuration for proposed LTSA
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Fig. 2 Micromachined substrate of TSA /fIGHz

Fig. 4 Simulated return loss

the thickness of 300 pm and a relative dielectric
constant of e,=11. 9. After micromachined sub-
strate with closely array holes (Fig. 2), the ef-
fective dielectric constant is a quasi-static value,

given by the volumetric average dielectric con-

stant of the micromachined substrate, and is:

eeff:%<%)z+e{l—%<%)z:| , D

Where D and W are defined in Fig. 2, and D=
200 pm, W=280 pm. For high resistivity silicon -180°

with e, = 11. 9, the effective dielectric constant (a)Two dimensional radiation pattern of TSA

ear 1s equal to 3. 16 for the micromachined sub-
strate shown in Fig. 2. For a 35 GHz TSA inte- z
grated on 300 um thick substrate, this reduction
in the effective dielectric constant changes the
value of t./A, from 0. 086 for the solid substrate
to 0. 027 for the micromachined substrates, pla-
cing the effective thickness just within the per-

formance limits of Yngveson etct?.

To reduce the system noise between antenna
and other components, a kind of CPW-to-SLOT (b) Three dimensional radiation pattern of TSA
transitions with low insertion losses is proposed Fig. 5 Two dimensional and three dimensional radi-

to feed the antenna (Fig. 3). The structure has ation patterns of TSA
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Ansoft's High Frequency Structure Simulator
10. 0CHFSS) is used in this paper to simulate the
antenna. Fig. 4 shows the simulated return loss.
Fig. 5 (a) and (b) show the 2-D and 3-D radia-
tion pattern at resonance of 35. 4 GHz respec-
tively. Simulation results predict a 28. 2% frac-
tional bandwidth at 35. 4 GHz with a gain of
8.7 dB.

3 Measurement

This antenna has been fabricated by using mi-
cromachining technologies. The photographs
shown in Fig. 6 (a) and Fig. 6 (b) are the top
and bottom views of the fabricated CPW-{ed
TSA respectively. Agilent E8363B network ana-
lyzer is used to measure the return loss of the
antenna. And Fig. 7 has shown the measured re-

sult. It can be seen that the measured antenna is

(a)Top view

(b)Bottom view

Fig. 6 Fabricated CPW-fed TSA
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Fig.7 Measured return loss

4 Conclusions

In conclusion, the CPW-fed TSA on silicon sub-
strate is proposed and developed by using mi-
cromachining technologies, which solves the
problems of the thin and fragile substrate of con-
ventional TSA. Deep etching technology is used
to form a series of very closely spaced holes,
which synthesizes a localized low dielectric-con-
stant environment and increases the effective
thickness of the substrate. After fabrication and
measurement it can achieve bandwidth of 13. 2%
with resonance of about 34. 5 GHz. Compared
with other MEMS antenna and conventional

TSA, it can achieve wide, bandwidth and be

easy to integrate with other components.
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