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I. INTRODUCTION 

Silicon micromachining is known as a fabrication technol-

ogy for planar-circuit MEMS switches, demonstrating ex-

cellent RF performance [1]. Silicon micromachining pro-

cess is highly robust, it allows for fabricating µm-sized 

features and geometries with a height-to-feature-size ratio 

of over 110:1; this is a highly parallel batch fabrication 

technology where thousands of devices can be fabricated 

simultaneously on silicon wafers with high product uni-

formity and high yield [2]. Recently, we developed a novel 

micromachined waveguide technology based on a double 

H-plane split which has only 0.02 dB/mm measured inser-

tion loss in the 220-330 GHz band, which is the world’s 

lowest loss for a micromachined waveguide [3]. In this 

technology, we implemented a micromachined, full-band 

3-dB coupler at 220-330 GHz with only 3.2 dB insertion 

loss and very high directivity [4] and a 3-port power com-

biner for the same band [5]. 

Bandpass filters are indispensable components for future 

high-speed wireless systems operating at sub-THz fre-

quencies. Available sub-THz micromachined filters have 

disadvantages: poor agreement of simulated and measured 

data due to side walls non-verticality; require an expensive 

custom-made metallic split-block for measurements. 

In this paper, we show an example of a cross-coupled 

bandpass filter fabricated through silicon micromachining. 

The filter is directly mounted between the waveguide 

flanges without split-blocks. 

II. RESULTS 

In Fig. 1, a 3D-view of a dual-mode bandpass filter is pre-

sented. It contains two elliptical cavities, each accommo-

dating a pair of degenerate quasi-TM110 modes, internal 

perturbations in the cavities, narrow slots implementing 

inter-resonator and external couplings and waveguide 

openings. Such configuration of the filter has axial ar-

rangement of the input and output ports thus enabling di-

rect interface to waveguide flanges. The major radius of 

the elliptical cavity is 690 μm, while the minor radius is 

626 μm making the total area of the filter less than 1.5 

mm
2
. 

Filter chips are fabricated in a photolithography microm-

achining process using an SOI wafer (handle layer thick-

ness – 275 µm; device layer– 30 µm). Test fabrications 

were made to determine the side-wall profile of the etching 

in order to use the data in the filter co-design. Each chip is 

metallized by sputtering a 1-µm of gold. The assembled 

filter contains a stack of three chips bonded together 

through thermo-compression bonding at 200°C.  

Fig. 2 shows simulated and experimental results of the du-

al-mode cavity filter. The results show good agreement. 

The best measured insertion loss in the passband is 1.23 

dB. The measured worst-case return loss in the passband is 

12 dB. The extracted Q-factor for the filter is about 800. 

  
Fig. 1. Configuration of the elliptical cavities filter model. 

 

Fig. 2. Simulated and experimental responses of the filter. 

 

III. CONCLUSIONS 

A silicon micromachined multilayer bandpass filters using 

dual-mode elliptic cavities at 270 GHz has been presented. 

The cross-coupled filter has been designed taking into ac-

count the side-walls non-verticality. Good agreement with 

simulations has been obtained for the filter. Excellent per-

formance in terms of losses has been demonstrated. 
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