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ABSTRACT 

In this paper, we present for the first time poly-Silicon 
nanowire (poly-Si NW) based NEMS resonators fabricated 
at very low temperature (300°C max) and recrystallized 
with a 308nm excimer laser for low cost co-integrated mass 
sensors on CMOS. Poly-Si NEMS performances have been 
systematically compared to crystalline silicon (c-Si) 
NEMS and most important resonator’s figure of merit have 
been extracted. Within an excellent fabrication yield, the 
stability measurements of poly-Si NEMS lead to a mass 
resolution detection in air down to 190 zg (×10-21g). 
 
INTRODUCTION 

The transition from MEMS to NEMS allows to 
drastically increase sensitivity and resolution of mass 
sensors and the NEMS-CMOS co-integration is essential to 
improve the efficiency of the electrical detection of the 
NEMS motion [1]. Nowadays only few groups work on 
this topic, as reported on the Table 1. The 3D fabrication of 
the NEMS after the back-end is the most cost effective and 
compact solution for the embedded sensors [6]. To protect 
the back-end interconnections, Poly-Si can be processed at 
low temperature and seems to be an excellent candidate to 
replace c-Si. UV laser is a promising solution to locally 
anneal, crystallize and activate dopants of a deposited 
amorphous layer. In this work, we have fabricated poly-Si 
NEMS at low temperature thanks to a room temperature a-
Si deposition (sputtering) plus a XeCl excimer laser 
annealing. 

 
FABRICATION 

First, morphological and electrical study of the poly-
Si properties according to the laser conditions has been 
performed. Figure 1 shows the sheet resistance as a 
function of the fluence. The resistance decreases with the 
fluence (explosive crystallization) until a threshold called 
super lateral growth crystallization (SLG) [7]. We selected 
two annealing conditions near the SLG regime to fabricate 
poly-Si NEMS, at 700 and 725mJ/cm² called polyA and 
polyB respectively with two dopant concentrations. XRD 
measurements have been performed in order to extract 
preferential orientations and grain sizes. However, no 
preferential orientation was found for every samples. As 
shown in Figure 2, the average grain sizes are between 30-
50 nm depending on the grain orientation. It is probably 
due to the intra grain defects and also the high presence of 
argon in RT PVD silicon. No particular texture was 
observed, samples being randomly oriented. SIMS profiles 
after laser treatment show a uniform distribution of dopant 
atoms, highlighted in the figure 3. c-Si NEMS have been 
fabricated from a SOI wafer. Figure 4 and Figure 5 show  

 
Figure 1: Poly-Si sheet resistance after laser annealing as 
a function of the fluence. Two laser conditions have been 
selected (700 and 725 mJ/cm²) for the NEMS fabrication. 
The top view SEM images illustrate the corresponding 
morphology. 

 
Figure 2: Average grain sizes of a polysilicon layer after 
laser annealing extracted with XRD measurement. 

 
Figure 3: SIMS profile of boron concentration in a 100 nm 
poly-Si layer on oxide after laser annealing. 
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Figure 4: NEMS fabrication sequences for poly-Si and c-
Si NEMS. 
 

 
Figure 5: SEM micrograph of a (a) poly-Si NEMS and (b) 
c-Si NEMS. Characterized NEMS beam has a length of 3.2 
µm and a width of 300 nm. Gauges have a length of 400 
nm and a width of 80 nm. 

 
c-Si and poly-Si NEMS process flows and photos 
respectively. 

 
NEMS CHARACTERIZATION 

The NEMS resonators consist in a cantilever with two 
nano-gauges for piezoresistive detection [8]. We 
performed a resonance analysis of the samples in air by 
measuring the electromechanical response at high 
frequency (HF) of every device in an open loop scheme 
with a downmixing method [9] as shown in Figure 6. 
Equivalent Signal to Background Ratio (SBR) of about 20-
30 dB were found for every NEMS, and a Q factor of about 
100. We also measured the stability frequency as shown in 
Figure 7 with the Allan deviation as a function of the 
integration time. We focused on an integration time of 
about 100ms, an appropriate value for gas sensing 
applications. As we can see, the higher the dopant 
concentration, the better the stability for both polyA and 
polyB. Knowing the resonator effective mass Meff, the mass 
resolution can be extracted: δm=δf/f×2Meff. The NEMS 
frequency stability has been measured for the entire wafers 
and the probability density function (PDF) of this 
parameter is represented in Figure 8 for the best splits. By 
Fitting a Gaussian distribution of the PDF, equivalent 
FWHM was found for poly-Si and c-Si NEMS at 3×1020 

cm-3. We can conclude that such a small average grain size  

 
Figure 6: Resonance peak in air for different poly-Si and 
c-Si NEMS. SBR and Q factors are equivalent. 
 

 
Figure 7: Allan deviation in air as a function of the 
integration time for different poly-Si and c-Si NEMS. The 
dashed window at about 100ms is the area of interest for 
the mass sensing application. Higher the dopant 
concentration, better the resonator stability. 
 

 
Figure 8: Probability density function as a function of 
Allan deviation for polyA, polyB at 3×1020 cm-3 and c-Si at 
different dopant concentrations. PolyA NEMS show a 
distribution of the stability comparable to c-Si. 
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coupled with a random structure enable to obtain a very low 
variability of NEMS properties. The best results were 
found with PolyA at 3×1020 cm-3 with a ratio of 94% 
functional NEMS. We also performed measurements in 
vacuum. Figure 9 shows the voltage noise at resonance of 
polyA without actuation. In this way, the 
thermomechanical noise and dynamic range (DR) can be 
extracted. All the results corresponding to polyA and c-Si 
NEMS 3×1020 cm-3 are summarized in Table 2. 

 

 
Figure 9: Vacuum resonance peak of polyA NEMS without 
actuation voltage allowing the thermomechanical noise 
extraction. 

CONCLUSION 
Poly-Si NEMS fabricated at very low temperature, show 
competitive performances compared to c-Si NEMS. The 
process is completely compatible with a CMOS back-end 
with a room temperature silicon deposition combined to 
UV laser annealing. For polyA, we found an average Allan 
deviation at 100ms in air as low as 8×10-7 providing a 
theoretical mass resolution at the zeptogram scale and an 
excellent yield (94%) paving the way for performant large 
scale NEMS array manufacturing. 
 
 

 
 
 
 

 
 
 

 
 
 
 
 
 

 

 
 
Table 1. Recent monolithic NEMS-CMOS co-integrations benchmarking. 

Device 

  
 

 

Actuation/detection 
Capacitive/ 

Capacitive 

Electrostatic/ 

Piezoresistive 

Capacitive/ 

Capacitive 
Switch 

Materials Poly-Si Silicon Silicon Platinum 

Critical dimension (nm) 60 220 160 60 

Ref. [2] [3] [4] [5] 

 
Table 2. Summary of the different extracted figures of merit for PolyA and c-Si NEMS. Knowing the effective sensor mass 
(Meff=120 fg) and the frequency stability, the minimum mass resolution Δm can be calculated (Δf/f=Δm/2Meff). Sfloor 
represent the noise plateau in Figure 9, Sj the Johnson noise and Sth the thermomechanical noise. 

NEMS Q air/vacuum 
Allan Dev.  

@100ms (x10-7) 

Mass 

resolution 

(zg) 

Yield 

(%) 

Sfloor 

(nV/√Hz) 

Sj  

(nV/√Hz) 

Sth 

(nV/√Hz) 
DR 

c-Si 113/6040 3.8 90 100 12.5 6.6 10.2 106 

PolyA 96/4700 8.0 190 94 13.4 9.7 2.5 95 
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