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Abstract

This paper proposes a novel design of portable planar microwave sensor aimed at enhancing the
convenience and accuracy of non-invasive blood glucose detection. The sensor employs four circu-
lar Complementary Split Ring Resonator (CSRR) units arranged symmetrically in a diamond config-
uration, etched onto the bottom grounding metal layer of an FR4 dielectric substrate, and coupled
fed through microstrip lines on the top surface of the substrate. The design of CSRR sensor elements
allows strong interaction between glucose solution and the electromagnetic field in the resonance
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region, thereby detecting subtle electromagnetic variations characteristic of different glucose con-
centrations, enhancing the sensitivity of Blood Glucose Level (BGL) detection. The sensor demonstrates
high sensitivity within the 0~20 GHz range, with sensitivity improving from 5.06 MHz /(100 mg/dL)
to11.30 MHz/(100 mg/dL) through adjustments in model dimensions. Moreover, as the detection
frequency increases, the sensor’s primary parameters exhibit a highly linear relationship with detec-
tion sensitivity.
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Figure 1. Lumped element model
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Figure 2. Proposed sensor model
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Figure 3. CSRR structure
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Figure 4. Simulation result: S21 curve
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Figure 5. Variation of resonance point with parameter a
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Figure 6. A model for loading glucose solution samples
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Figure 7. S21 curve when unloaded/loaded
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Figure 8. S21 curve of glucose samples with different concentrations (e, € (70~80))
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Figure 9. S21 results of sensors on glucose samples of different concentrations (¢, e (70~80)) at various detection frequencies
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Figure 10. Fitting results of parameter a and frequency offset
E 10. 2% a 55RAMEER

1
10
Tor .
=
<
E,
i_":’g
an
.
6
5l
3 5 6 7 8 3 4 5 6 7 8
(LG IR £/GHz TR ERIER £/ GHz
(a) (b)
1
1
N
T
=
=
3 4 5 6 7 8 3 4 5 6 7 8
RS IEIR /G Hz RS A/ GH
(d)

(©)
Figure 11. Fitting results of sensor resonance point and frequency offset
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