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Proposed Method - Active SRR Resonator
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Vital sign detection

 Active circuit 

Non-linearity property of AMP  

 Intermodulation (IM) products

Enhance the sensitivity of signals  

Wrist or Fingertip
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Artery

Sensing Part

Fingertip
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 Intermodulation (IM)

 Output current：𝑖𝑐

Proposed Method - Intermodulation
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𝝎𝟏 : Export from Signal generator 

𝛚𝟐 : Oscillator by SRR

𝑖𝑐 𝐴𝐶 = 𝐼𝑠(𝑒
𝑉𝑏𝑒/𝑉𝑇 − 1)

𝑉𝑏𝑒 = Acos ω1t + B cos ω2t
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 The transistor’s nonlinearity. 
𝒏 = 𝟏 => 𝝎𝟏 − ∆𝝎𝟏

𝒏 = 3 => 𝝎𝟏 => 𝟐𝝎𝟏 −𝝎𝟐 − 𝟐∆𝝎𝟏

𝒏 = 5 =>𝝎𝟏 => 𝟑𝝎𝟏 − 𝟐𝝎𝟐 − 𝟑∆𝝎𝟏

𝒏 = 7 =>𝝎𝟏 => 𝟒𝝎𝟏 − 𝟑𝝎𝟐 − 𝟒∆𝝎𝟏

𝒏 = 9 =>𝝎𝟏 => 𝟓𝝎𝟏 − 𝟒𝝎𝟐 − 𝟓∆𝝎𝟏
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Measurement Results – Wrist signal
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No MUT on the Sensor

With FR4 on the Sensor

𝝎𝟏 𝝎𝟐

𝟐𝝎𝟏 −𝝎𝟐
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 Frequency shift by IM products with/without the MUT

 IM components near the primitive frequency are odd harmonics 

and located at 2ω1 − ω2 , 3ω1 − 2ω2 , 4ω1 − 3ω2 and 5ω1 − 4ω2

 The sensing frequency is shifted as ∆𝑓1 , ∆2𝑓1, ∆3𝑓1 …

 Pulse signal that use the frequency shift in 9th IM.

 Pulse signal

 ECG signal
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 The weak pulses from the microvascular inside the fingertip can be detected by 

the proposed SRR sensor.

Measurement Results – Fingertip signal 
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