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Abstract— This paper reports on the fabrication, simulation and 
characterization of post processing compatible poly GeSi MEM 
resonators. The resonators are fabricated, following a two masks 
process flow, using 1.5 µm thick low stress, highly conductive in-
situ boron doped LPCVD poly Ge0.7Si0.3 structural layers. All 
the process steps are kept below 450 °C to potentially avoid 
CMOS degradation, a prime concern for post processing 
compatible MEMS. A narrow gap of ~40 nm is achieved using a 
sacrificial gap oxide layer between the vibrating structure and 
the electrodes. The GeSi resonators, square plate and circular 
disk, are excited in their respective Lamé and Wine glass modes 
exhibiting the resonance peaks at 47.9 MHz and 72.77 MHz, 
respectively, with the quality factor around 200,000 in air, the 
highest reported till date for post processing compatible 
capacitively transduced resonators. 

Index Terms— Poly GeSi, post-processing, quality factor, lamé 
mode, motional resistance, microelectromechanical resonator. 

I. INTRODUCTION 
Microelectromechanical (MEM) resonators are emerging 

as a potential candidate to replace conventional filtering 
components such as quartz crystal and surface acoustic wave 
resonators in the RF and IF stages of wireless communication 
systems. The MEM components exhibiting high quality factor 
are advantageous due to their small dimensions and ultra-low 
power consumption [1]. Researchers have demonstrated an 
acceptable Q under atmospheric conditions at  frequencies 
surpassing 1 GHz [2,3]. However, a major concern for these 
resonators is their high series motional resistance (Rm) 
resulting in high insertion losses. Several ways have been 
proposed to resolve the issue of motional resistance: The use 
of dielectric material between the electrode and the resonator 
[4], mechanically coupling a number of identical resonators in 
an array [5], increasing applied dc voltage and most 
importantly the gap reduction [6]. The gap reduction 
technique is the most promising to overcome this issue as the 
reduction in Rm goes proportional to the fourth power of 
transduction gap. [7] 

By post processing such MEM resonators on top of 
foundry fabricated CMOS one can achieve low cost and high 

performance communication systems. This calls for a change 
of structural materials, as the monocrystalline and 
polycrystalline silicon, commonly employed as structural 
layer in microresonators, require processing incompatible with 
backend technology [8,9]. Germanium-silicon alloys are an 
attractive alternative, as they are deposited in polycrystalline 
form at temperatures below 450 °C [10]; under similar 
conditions silicon deposits in amorphous form. 

 In the present work, we report on the fabrication of post-
processing compatible MEM resonators below 450 °C with as 
narrow transduction gap as possible to achieve the goal of low 
motional resistance. 
 

          
Fig. 1: Perspective schematic view of poly Ge0.7Si0.3 capacitively transduced 
MEM resonator in its two-port excitation and sensing configuration. 
 

II. OPERATION, DESIGN AND SIMULATIONS 
Fig. 1 represents the schematic view of a capacitively 

trasduced resonator in its two-port excitation and sensing 
configuration. The resonator is excited by applying a dc-bias 
voltage at the resonator and an ac signal at the input 
electrodes that are separated by a gap of ~40 nm from the 
resonator body. The applied ac signal on the input electrodes 
together with the dc bias at the resonator generates a force in 
a direction from resonator to electrode, depending on the 
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polarity. When the frequency of the input ac signal matches 
the natural resonance frequency of the resonator, the 
resonator drives into vibration with a maximum amplitude. 
The motional current is thus sensed through the output 
electrode due to the change in capacitance at resonance. The 
dimensions of the fabricated square plate (SP) and circular 
disk (CD) resonators are summerizes in Table 1. 

TABLE I.  DIMENSIONS OF SP AND CD RESONATORS 

Parameter Symbol Value 
 

SP Resonator: 
 

Side length of square plate resonator (µm) 
Resonator effective mass (ng) 
Diameter of release etch holes (µm) 
Electrode width (µm) 
Length of the support beams (µm) 
Width of the support beams (µm) 
 

CD Resonator: 
 

Diameter of circular disk resonator (µm) 
Resonator effective mass (ng) 
Electrode width (µm) 
Length of the support beams (µm) 
Width of the support beams (µm) 

 

 
 

LSP 
Meff 
Dhole 
Ew 
Ls 
Ws 

 

 
 

DCD 
Meff 
Ew 
Ls 
WS 

 

 
 

40 
9.1 
1.8 
40 
7.2 
3 
 

 
 

20 
1.3 
40 
25 
3 

 

The eigenfrequency and frequency response simulations 
for the SP resonator with the same dimensions as that of 
fabricated one’s is performed in COMSOL finite element 
modeling software. The Young’s modulus value of 91 GPa for 
highly in-situ boron doped poly Ge0.7Si0.3 is obtained from the 
measured resonance frequency of the released cantilevers, 
using laser vibrometer. The density of 4110 kg/m3 is 
experimentally determined from the weight measurements 
before and after deposition on the carrier wafer. Fig. 2 
represents the simulated Lamé mode of SP resonator, where 
the adjacent edges vibrate 180° out of phase keeping the  
volume conserved, using the calculated values of Young’s 
modulus and density for the doped GeSi material. The 
amplitude of vibration, at resonance, for SP resonator is much 
exaggerated in this visualization compared to the simulated 
one, 0.23 Å. 
 

 
 

Fig. 2: Eigenfrequency simulation for the Lamé mode of SP poly Ge0.7Si0.3 
resonator. 

III. FABRICATION OF RESONATOR 
The MEM resonators presented in this work are fabricated 

using two mask process on a phosphorus doped carrier wafer 
of resistivity 1-10 Ω-cm. The main steps for the post-CMOS 
compatible fabrication process are illustrated in Fig. 3. 

  
 

Fig. 3: Two mask process flow for poly GeSi MEM resonators: (a) RIE of 1st 
poly GeSi structural layer at -90 °C (b) PECVD of oxide to define a gap of 
~40 nm (c) patterning of 2nd poly GeSi layer at -75 °C (d) HF vapor etch to 
release poly GeSi resonator. 

      

 

Fig. 4: (a) SEM image of 40x40 µm2 SP resonator fabricated using the above 
process flow with 1.8 µm release holes. (b) close-up image of the SP resonator 
showing the overlap between the resonator body and one of the electrodes. 

The fabrication sequence starts with the deposition of an 
isolation layer of 1.5 µm thick PECVD SiO2 at 400 °C. Low 
stress, highly conductive in-situ boron doped poly Ge0.7Si0.3 
layer (430 °C) [11] of 1.5 µm thickness is then deposited by 
LPCVD. The resonating structure, support beams and anchor 
pads are defined by optical lithography and anisotropic 
reactive ion etching (RIE) in SF6 and O2 plasma at -90 °C, Fig. 
3a. An SiO2 layer, Fig. 3b, is then deposited by PECVD    
(400 °C) to achieve a gap of 40 nm between the resonating 
body and the electrodes. Next, a second 1.5 µm poly Ge0.7Si0.3 
layer, using the same recipe as the first structural layer, is 
deposited on top of gap oxide to serve as the structural layer 
for the drive and sense electrodes. The RIE of the electrode 
definition layer includes a considerable over etch given the 
high topography, and hence requires high selectivity towards 
SiO2 - carried out at -75 °C, Fig. 3c. Finally, an HF vapor 
sacrificial release etch is performed, Fig. 3d. 



Fig. 4 shows the SEM images of post-CMOS compatible 
47.9 MHz square plate capacitively transduced poly GeSi 
MEM resonator. 

IV. CHARACTERIZATION RESULTS 
The electrical characterization of fabricated resonators is 

performed in a CASCADE probe station. The transmission 
parameters are measured by a ZVB20 R&S Vector Network 
Analyzer after performing short-open-load-through (SOLT) 
calibration on a reference substrate. A direct two-port 
measurement setup, as shown in Fig. 5, is employed to 
measure the resonance frequency and Q data for the fabricated 
resonators. The SP and CD resonators are then excited in their 
Lamé and Wine glass modes. The grounded substrate allows 
shunting the feedthrough currents away from the output 
electrode. 

 

 
Fig. 5: Measurement setup for the characterization of resonator under 
atmospheric conditions. 

Fig. 6 represents the measured frequency response of a 
two-port SP resonator under atmospheric conditions. With an 
input power of -20 dBm at the input electrodes and 3 V dc 
bias applied at the square plate, a sharp resonance peak is 
observed at 47.9 MHz.  

 

 
Fig. 6: Measured transmission characteristics of poly Ge0.7Si0.3 SP resonator 
vibrating in its Lamé mode at a bias voltage of 3V. The response is measured 
over a frequency span of 2 MHz with a frequency step of 100 Hz. 

 
Fig. 7 shows the electrical measurements on the SP 

resonator with frequency step of 1 Hz. The fabricated 
resonator exhibits an f.Q product of 1.09·1013

, with the quality 
factor of 228,000 in air, the highest reported till date for post-
processing compatible capacitively transduced resonators 
[4,12]. The resonator exhibits an out-of-band rejection of 
6.7 dB and an insertion loss of -50.46 dB. The motional 
resistance of 33 kΩ is calculated from the S21 data for a dc 
bias of 3V applied over a transduction gap estimated to be 
40 nm.  

Fig. 8 represents the measured response of a CD resonator 
with frequency step of 1 Hz. The fabricated resonator exhibits 
a resonance peak at 72.77 MHz with the quality factor of 
185,650 in air. The resonator exhibits an out-of-band rejection 
of 4.75 dB with an insertion losses of -65.83 dB and the 
motional resistance of 195 kΩ at a dc bias of 3V. The higher 
Rm for CD found here is due to the reduced overlap area 
between the disk and the sense electrode compared to SP 
resonator. 

The high quality factor achieved here, compared to 
commonly applied alternative thin-film materials, is possibly 
due to the reduced thermoelastic damping [13] and reduced 
surface losses [14] caused by the lattice defects and other 
imperfections that act as sources of energy dissipation in 
micromechanical resonators. 

 

Fig. 7: Measured frequency response of the SP resonator, for a step of 1Hz, 
exhibiting a resonance peak at fo= 47.9 MHz with a quality factor of               
Q = 228,000 in air. 
 

 

Fig. 8: Frequency response of the CD resonator, for a step of 1Hz, exhibiting a 
resonance peak at fo= 72.77 MHz with a quality factor of Q = 185,650 in air. 



A reduction of the quality factor for SP resonators is 
observed with an increased input power level, as shown in 
Fig. 9. The quality factor drops from 228,000 to 1,050 as 
input power increases from -20 dBm to -10 dBm. At an even 
higher  input power of 0 dBm the resonance drops in intensity 
and falls too close to the noise floor to make estimation of the 
quality factor impossible. A similar degradation trend is 
observed for CD resonators exhibiting a resonance peak 
around 72.77 MHz. We expect this degradation might be due 
to some non-linearities that results in the excitation of 
spurious modes around the main resonance peak at high input 
power levels. However, the energy transferred to these 
spurious modes is still not enough to see them in the 
measured frequency spectra. The better power handling 
capability of SP resonator at -10 dBm compared to CD 
resonator is due to relatively  shorter support beams lengths. 
This attributes to the smaller out-of-plane movement of the 
SP compared to less constrained CD.  
 

 

Fig. 9: Input power versus quality factor for SP and CD resonators. 
 
 

V. CONCLUSIONS 
     In this work, simulation, fabrication and characterization of  
two-port capacitively transduced GeSi resonators is carried 
out. The simulated resonance frequency for these resonators 
matches within 2% with the measured modes of the fabricated 
devices. The fabricated resonators exhibit high quality factors 
around 200,000 under atmospheric conditions. The motional 
resistance of 33 kΩ is calculated for SP resonators at an input 
power of -20 dBm and a low dc bias of 3 V. The fabrication of 
these low power high-Q resonators with a maximum process 
temperature of 430 °C opens up the feasibility of low cost and 
high speed RF components on top of foundry fabricated 
CMOS by post-processing.  
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