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ABSTRACT

This paper introduces a low power readout circait MEMS capacitive pressure sensor in industriakless
sensing supplications. The proposed design retiassing FinFET technology in implementing a caauit to frequency
converter. The transmission frequency is chosaher2.4 GHz ISM band to allow for wireless transita of measured
pressure data in a near-field communication oraatshnge wireless sensor network. The results edoapressure range
of 10to 20 MPa (100 to 200 atm) under power condiomm@around214 pW.
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I. INTRODUCTION

Among the different techniques usually used to cedpower consumption in custom circuits is to repléhe
conventional CMOS MOSFETs by FInFETs. BasicallyREA's have low leakage current and negligible shbannel
effects leading to low power consumption [1]. Loawer operation is essential for extending the tiiiee of a wireless
sensor networks. In this paper we address indisgrial pressure wireless sensors based on MEMS&aitie structures
made of silicon carbide (SiC) to withstand highgstges [2]. Among the advantages of SiC MEMS cdipagpressure
sensors we have high accuracy, low temperaturdicieet and low power consumption. The main bloglsuch systems
is the low power readout circuit that converts pessure-dependent capacitanceinto frequency. €alniques can do
the C-to-f conversion; LC oscillators and ring dlatdrs. Ring oscillators are the simplest among tlwo due to the
absence of integrated inductors and noncriticadsisdor sizing. Ring oscillators show higher pagnfor low area low

power design than LC oscillators.

The paper is organized as follows. Section Il idtrces the MEMS capacitive pressure sensor basei@n
technology and its performance. Section 1l add¥eske FINFET models used in this design.

Next section describes the proposed FIinFET ringlasr and its simulation results. Discussion amhclusion

then followed in section V. Finally we give futunerk to complete the proposed idea.
II. MEMS SIC CAPACITIVE PRESSURE SENSOR

The MEMS capacitive pressure sensor used in thig we shown in Figure 1. It consists of a SiC clatu
diaphragm of radius,aand height h separated by an air gap g from @&aiiét of thicknessyton top of a Si substrate [3].
The deflection of the SiC thin diaphragm dependstlen applied external pressure which consequerithnges the
capacitance between the diaphragm and the subgisashown in Figure 1 there are two modes of d@ralepending on
the pressure range; the non-contact and the toumdtesn Capacitive sensor types are preferred owaoelectric or
piezoresistive types because they are compatibtle standard chip fabrication technology, insensitie temperature,

consume low static power andgenerate low electnooiise.
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With the following structural parameters; @350 um, & 0.35 um , g= 8 um and h= 30um, the capacitance-
pressure C(P) characteristic of Figure 2 is obthinging an internally developed analytical modeff#] pressures from
100 to 200 atm exhibiting slight nonlinearity. T¢iecuit design will use a simple technique to lineathe C (P) curve.
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Figure 1: MEMS Capacitive Pressure Sensor
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Figure 2: C (P) Characteristic

[ll. FINFET MODELING

FIiNnFET technology is one of the promising choice®xtend standard planar CMOS scaling beyond thern20
node. The main advantage of FInNFET technology ésehhanced control of short channel effects. Téiatiributed to
many factors including fully depletion of the thfims, reduction of dopant randomness, mobility emement, and

reduction in parasitic capacitances, area, leakagepower.

In this work we have used the open-source modelknonder the name of BSIM-CMG developed in Berkeley
for Common Multi-Gate transistors [5].More spedfly we considered the tri-gate (TG) FInFET BSIM-GMnodel with
model parameters taken from the Predictive TeclyyoModel PTM developed in Arizona State Univerday sub-20 nm

devices [6].

Table [1] below gives the key parameters usedr thefinition (see Figure [3]) and assigned valug@stifie 16 nm
FIiNnFET technology used in this work.
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Table 1: PTM — CMG Parameters

Parameter Name Value{nm)

L Ciate length 20
TFIN Fin thickness L2
HFIN Fin height | 26

FPITCH Fin piteh - 42

EOT Equivalent oxide thickness 0.8

TGATE Ciate height ]

Tousd widtha N Well
wihere N=No. of fins

Figure 3: (a) 3D View Showing the Key Parameter iTable [1]
Iv. Proposed Ring Oscillator Design and SimulatiorResults

The ring oscillator is simply based on cascadingl edmber of delay inverters with output-input pivsit
feedback. The oscillation frequency is basicallpetelent on the delay of the invertel, QT There are 5 design parameters
that can tune the output frequency to within theseim 2.4 GHz band. These parameters are: the nwhiveerter stages,
the voltage supply, the size of the sensor’s drétage (last stage in the inverter chain), the sfzal other stages and the

capacitive loading on the different stages.

As shown in Figure [1] a capacitance variation 28 1F results in an output frequency variation givsy:
_fDSC
Afosc = — X AC

This gives a variation of 557 MHz in the outputgfuency which is bigger than the 100 MHz band allkbe the
2.4 GHz standard. Therefore a linearizing capacifdr53fF is connected in series with the sensdinta the variation in
the output frequency to almost 50 MHz around theterefrequency. The remaining 50 MHz is assumelketa sufficient
margin to allow for any practical PVT variation. & butput peak to peak voltage has been designgel talmost 80% of
the supply voltage fixed at 0.9 V. This is achiev®dproper sizing of the sensor’s driver. The blatikgram of the
proposed design is given in Figure [4]. It consdts stages with the number of fins for both Nl &MOS transistors as
indicated. This fin counts give NMOS widths of 7 for the sensor’s driver stage, 64nm for the rosteges, Wp/Wn =
1 and L = 20 nm for all devices. The last stageasled with the linearized sensor capacitance dradreer inverters were

loaded with NMOS capacitors.

The simulated waveforms can be obtained at therdifit nodes. The last stage input and output sigaral as

shown in Figure [5].The frequency of the outputnsigvs. the pressure is given in Figure [6] exirilgitacceptable
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linearity. The consumed power is in the range of @IV (varies from 209 to 21jdW according to the output frequency)
assuming continuous operation.
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Figure 4: Proposed FinFET C-to-f Converter
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Figure 5: Sensor’s Driver Input and Output Waveforms
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Figure 6: Output Frequency vs. Pressure
V. DISCUSSIONS AND CONCLUSIONS

In this paper, a 16 nm FinFET capacitance to fraqueconverter for industrial pressure sensing hesnb
designed. The design adapts the ring oscillatdni@cture with 5 stages loaded with a linearizeBNBEMS capacitive
pressure transducer for harsh high pressure induapplications. The main characteristics obtaineet pressure range
from 100 to 200 atm, sensor capacitance variatiomf490 to 615fF, output frequency range from aco@m?2 to 2.47
GHz, power consumption from 209 to 2AW in contentious operation, sensitivity of 0.5MHmfaresolution of 20atm as
a result of the used 8-bit frequency counter [Fil supply of 0.9V.This pressure range is typicatamtrol systems of
chemical industries especially in Ammonia productidants [8].The targeted low power consumptioditisctly related to
higher reliability and lower cost. Other featuréshis device is its high long term stability reddtto the utilization of SiC,
response agility (a sudden change of 100 atm t&2Sns for output frequency to stabilize), and himferload

characteristics(the pressure for the touch moéqusl to 300 atm and SiC membrane breaking press@ieGPal9]).

In order to demonstrate the potential of FinFETaducing power consumption a reference ring osoilldesign
using 50 nm CMOS technology [10] is reproduced withlacing all the transistors with 20 nm FinFETguated in the
number of fins to give the same oscillation frequyeat 2.6 GHz. The reference design consumgs/@4vhile the FINFET
one consumes about T®f this value (20uW) [7].It is worth mentioning that the proposedginscillator has non-
symmetric capacitive loading. The last stage lo&ithvincludes the sensor is different from thatha previous stages.
The values of all added capacitors other than ¢émsa are chosen to adjust the output characterigii that shown in
Figure [6]

In conclusion the proposed FINFET pressure-to-teeqy converter following the SiC capacitive presssensor

is promising for industrial applications in ternfstiee high pressure level and low power consumption

To complete the characterization of the proposesigdewe need to study its robustness against PViatians.
FINFET process parameter dispersion would be aleaillirough measurement or published data. Supgfption can be
limited by introducing a FIinFET band-gap referer{@d]. Finally the temperature effect has to be ssseé and
compensated by proper circuit techniques [12].
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