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Motivation

!

! SRR microfluidic sensor
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Motivation

!

! LC-lumped microfluidic sensor
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Motivation

!

! CSRR microfluidic sensor
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2018.
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Motivation

!

! SIW microfluidic sensor

G. M. Rocco et al., “3-D printed microfluidic sensor in SIW technology for liquids’ characterization,” IEEE Trans. 
Microw. Theory Techn., vol. 68, no. 3, pp. 1175–1184, Mar. 2020.
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Motivation
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! microfluidic sensing system
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Motivation
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! CMOS microfluidic sensing system
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Motivation

!

! FLL microfluidic sensing system
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Design of permittivity sensor

!"

! System block diagram of the proposed microfluidic sensor
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Design of permittivity sensor
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! MCSR design
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Design of permittivity sensor
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! MCSR design
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Design of permittivity sensor
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! Sensing oscillator design
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! Permittivity measurement setup
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Experimental results
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! Sensor calibration

& '()*)+ !!"# ' (*+,,-.
/*//0-11 2 ),*-( !!"# ' (*+,,-.

/*//0-11
!
' )-*,+ !!"# ' (*+,,-.

/*//0-11
"
2 0-

& /*.11) "! ' 0*-,1
/(-, 2 /*/+((0 "! ' 0*-,1

/(-,
!
' /*0./- "! ' 0*-,1

/(-,
"
2 /*0(,3

! "#$ %$&'()$* !!
&+* #$% & )$'(,-'
.&+ /$ .&,.(,&-$*
/0 '(/'-1-(-1+2 -#$
%$&'()$* !!"# &+*
"! 1+-3 $4(&-13+5



!" !"#$%&'!(&

Experimental results
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! Permittivity measurement

! "#$ %&'(%)% $**+*, +- !! &./
"#$ % &*$ 01234 &./ 5616247
*$,8$9:(;$<=1



!" !"#$%&'!(&

Experimental results
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! Performance comparison 
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Conclusion

!"

! A new microwave oscillator-based microfluidic sensor was 
proposed, designed, and experimentally verified to measure 
the complex permittivities of water-ethanol mixtures.

! An MCSR sensing device is proposed in this paper to 
concentrate the electric field in a narrow gap and treated as a 
frequency-selective element for the sensing oscillator design.

! The maximum measured errors of !r and "#$%& of the water-
ethanol mixtures were well controlled below 10%.
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