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Abstract A novel microwave resonator loaded with an active amplifying circuit is
present, which consists of a corrugated ring structures and two coupled microstrip.
Compared with passive structure, the introduction of active amplifying can compen-
sate for the metal loss of passive structure at resonant frequency and increase quality
factor significantly. The Q value of the passive structure is around 50, while the Q
value of another structure is 500 times more than before, up to 25,000. Subsequently,
we proposed an active liquid microwave sensor combined the proposed active
resonator and microfluidic channel. Although fluid injection may lead to greater
loss, active amplifying circuit can make up for these losses. The simulated results
have verified its high resolution with different concentration of glucose solution. It
is easy to sight the frequency offset even though the change of the concentration is
only 0.2 mmol/L. These results demonstrate the proposed sensor has advantages of
low costs, compactness, and high resolution for liquid detection.
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1 Introduction

Surface plasmons (SPs) could be either propagating (surface plasmon polaritons,
SPPs) in extended interfaces or localized (localized surface plasmons, LSPs) in finite
metal particles [1]. Although SPs can realize many novel applications due to their
novel properties of deep subwavelength confinement and field enhancement, metals
behave similarly to perfect electric conductors (PEC) which does not support the SPs
at lower frequencies, like microwave frequency [2]. In order to achieve the SPs at
lower frequencies, the concept of spoof SPPs based on the structured metal surfaces
has been proposed [3]. Spoof LSPs have been proposed and experimentally verified
at microwave frequencies [4, 5]. Subsequently, various devices based on spoof LSPs
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have been designed, such as metallic spiral structure [6], closed subwavelength high
contrast gratings [7], and closed corrugated ring [8]. However, quality factors (Q
value) of the resonance peaks are still hard to get a significant boost due to their
inherent loss.

In this paper, we proposed an active liquid microwave sensor combined the active
microwave resonator and microfluidic channel. Compared with passive sensor, the
introduction of active amplifying can compensate for the loss of passive structure at
resonant frequency and increase quality factor significantly. The simulated results
have verified its high resolution with different concentration of glucose solution. It
is easy to sight the frequency offset even though the change of the concentration is
only 0.2 mmol/L. These results demonstrate the proposed sensor has advantages of
low costs, compactness, and high resolution for liquid detection.

2 Active Microwave Sensor Based on Spoof LSPs

2.1 Microwave Active Planar Resonator Based on Spoof
LSPs

Figure 1a, b shows the proposed ultra-thin corrugated ring based on spoof LSPs with
and without the active amplifying circuit. The corrugated ring is similar to Ref. [8],
and the difference ismetal of outer ring is removed tominiaturize the size and loading
coupling branches. The S-parameters are calculated by simulated softwareHFSS (the
negative resistance is used to replace the active amplifying circuit), and the results
are displayed in Fig. 1d. The introduction of active amplifying can compensate for
the metal loss of passive structure at resonant frequency and increase quality factor
significantly.We can see that the curve S11 becomesmore sharpwith the introduction
of active circuits. Meanwhile, the quality factor of two cases has been calculated by
themethod of group delay. TheQ value of the passive structure is around 50,while the
Q value of another structure is 500 times more than before, up to 25,000, consistent
with expectations.

2.2 Active Planar Microwave Sensor for Glucose Solution

Reference [8] has verified that the closed corrugated ring has high sensitivity with
changes in dielectric constant of the surrounding environment and the active circuit
improved Q value so as to higher resolution. Based on these, we proposed an active
liquid microwave sensor consists of proposed corrugated ring loading microfluidic
channel as shown in Fig. 2a. Although fluid injection may lead to greater loss, active
amplifying circuit can make up for these losses to obtain very high resolution. The
simulated S11 of proposed sensor with different concentration of glucose solution is
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Fig. 1 Layout of the corrugated ring without (a) and with (b) active circuit; c the side view of the
resonator; d simulated S-parameters of active and passive structure

0

-20

-40 

670 680 690
Frequency(MHz)

Unit: mmol/L
0

0.2 
0.5 
1
3

(b)

Microfluidic channel in PDMS 
Outlet

Inlet
z

y
x

(a) Adhesive bonding tape

S 1
1(d

B
)

Fig. 2 a 3D view of the proposed sensor and b simulated S-parameters with different concentration
of glucose solution

shown in Fig. 2b. It is observed that the proposed sensor has very high Q value even
if different concentration of glucose solution is injected, and it is easy to sight the
frequency offset even though the change of the concentration is only 0.2 mmol/L.
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These results demonstrate that the proposed sensor has advantages of low costs,
compactness, and high resolution for liquid detection.

3 Conclusions

In this paper, we proposed an active liquid microwave sensor combined the active
microwave resonator and microfluidic channel. Compared with passive sensor, the
introduction of active amplifying can compensate for the loss of passive structure at
resonant frequency and increase quality factor significantly. The simulated results
have verified its high resolution with different concentration of glucose solution. It
is easy to sight the frequency offset even though the change of the concentration is
only 0.2 mmol/L. These results demonstrate that the proposed sensor has advantages
of low costs, compactness, and high resolution for liquid detection.
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