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 Small Variation ΔRBODY + Baseline Impedance RBODY

 Inject AC Current (ICG) & Measure Voltage(VBioZ)

RBODY + ΔRBODY

VBioZ

ICG

BioZ = RBODY + ΔRBODY = VBioZ / ICG

R

t

RBODY

(10~200Ω)

ΔRBODY

(0.01~1Ω)

Setup for BioZ Measurement
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For the long-term recording 

and user comfort

Challenge I: Input Impedance

 Low-impedance contact (need gel)

 Large size (>10cm2)

 High-impedance contact (only metal)

 Small size (<1cm2)

Source: InbodyGel-electrode Dry-electrode

Gel Metal
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Signal Attenuation and Settling Error Voltage Division

[Y.Shu, ISSCC 2020]

Challenge I: Input Impedance

Very High Input Impedance Required (at 50kHz) ! 
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Noise Contribution

 Current Generator (CG)

 Flicker noise (removed by DEM)

 Thermal noise

 Instrumentation Amplifier (IA)

 Flicker noise (removed by Chopping)

 Thermal noise

 Input-signal dependent noise

[H. Ha, SSC-L 2018]

Conventional BioZ Interface

Challenge II: Noise

Multiple Noise Sources to Mitigate
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IN

IP=IN+IΔ VΔ=RbIΔ
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 Suffer from Current Mismatch.

 Require an Extra Electrode

Conventional BioZ Interface

Limited Voltage Headroom

Challenge III: Current Mismatch

Needs Output Balanced Current Generator
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 Motivation

 Proposed Architecture of BioZ Interface

 Bias Control Loop (BCL) & Mismatch Cancellation

 Quiet Chopping IA with DEO Filter

 Full Pre-Charge (FPC)

 Measurement Results

 Conclusion

Outline
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Current

Generator  Bias Control Loop (BCL)

 Current mismatch cancellation

 Bias electrode removal

 Quiet-Chopping IA

 High input impedance of IA

 Input-dependent noise cancellation 

 Full Pre-Charge (FPC)

 Input impedance boosting

Overall Block Diagram
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Current Generator: This Work

 Bias Control Loop (BCL)

 Current Mismatch Cancellation

 Bias Electrode Removal

 Dynamic Element Matching

(DEM)

 CG 1/f Current Noise Reduction
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Half Power and Area 

Remove High-Pass Filter (HPF) 

Well Matched Currents

No Bias Electrode



 Motivation

 Proposed Architecture of BioZ Interface

 Bias Control Loop (BCL) & Mismatch Cancellation

 Quiet Chopping IA with DEO Filter

 Full Pre-Charge (FPC)

 Measurement Results

 Conclusion

Outline
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Quiet Chopping CFIA

Difference in Input Voltage 
between Gm1 and Gm2 1+βA0

ΔVIN =
A0

VOUT
=

VIN
  

Noise Analysis

Input chopper Output chopper

 Preserve the function of chopping technique.
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Further Improvement: Current Balance (CB) Input Stage

 A more linear input range

 Less input parasitic capacitance

Current Balance (CB) Input Stage

[Yazicioglu, JSSC 2008]

Reduce ~80% !!

Cp,IA = Cgd + Cgs+ Cgb
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 Both input signals seen by Gm1,2 are nearly the same and static.

Input-dependent Noise Cancellation

Normal Chopping CFIA

Quiet Chopping CFIA

For each input Gm
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[J.Xu, ASSCC 2020]

 Embedded Passive HPF

DEO Filter in CB Input Stage

No Input Impedance Degradation

 Cut-Off Frequency <1kHz (CEXT=10nF)
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 Motivation

 Proposed Architecture of BioZ Interface

 Bias Control Loop (BCL) & Mismatch Cancellation

 Quiet Chopping IA with DEO Filter

 Full Pre-Charge (FPC)

 Measurement Results

 Conclusion

Outline
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 Zin ≈ Equivalent Impedance of Cp (on and off chip)

Input Impedance 
of BioZ Interface

Rin_BioZ=Req||Rin_IA

Input Impedance of BioZ Interface

Input Impedance of QC CFIA 
(Rin_IA)

Rin_IA >1GΩ

(At baseband)

Equivalent Impedance of Cp

(Req)

Req<300kΩ

(Cp>10pF, fBIOZ=50kHz)
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 Compensate the Required Charge of Cp

Impedance Boosting: Full Pre-Charge
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Full Pre-Charge: Implementation

 G=6, CFPC=10fF⨯29=5.12pF

 Compensate Cp up to 25pF with a resolution of 50fF.
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 Proposed Architecture of BioZ Interface
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Outline
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102MΩ

133kΩ

50kHz

57dB

 57dB improvement at various fBIOZ (1kHz-1MHz)

Input Impedance Measurement Result
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 Input-signal dependent noise cancellation

Noise Reduction by Quiet Chopping
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SNR=(R/Rrms) where Rrms=Rn*√BW

RM

(Ω)

ICG

(μApp)

Noise Density

@1Hz 

(mΩ/√Hz)

SNR 

(BW=4Hz)

(dB) 

20 100 0.49 86.1

40 100 0.49 92.1

100 100 0.49 100.1

200 100 0.50 106

500 40 1.27 105.8

800 25 2.14 105.4

2k 10 5.95 104.5

4k 5 12.2 104.3

 0.5mΩ/√Hz at 1Hz (RM=200Ω)

System Noise Measurement
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Hold breathing
Shallow

breathing

Deep

breathing

Zoom in

CG=60μA

fBioZ=50kHz

B

C

X

O

LVET

ICG

BioZ Testing Setup (w/o bias electrode)

Dry Electrodes (0.45cm2)

7.5mm

BioZ Measurement

 Dry-Electrode Thoracic BioZ Measurement
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CG=20μA, fBioZ=200kHz

Measured Resistor (RM)=200Ω

Disable FPC Enable Disable

ETI (0.2nF||10MΩ)

 Once the FPC is disabled, RM drops from 200Ω to 186Ω.

VOP

VON

IA

fBIOZ

CG

10MΩ

0.2nF

10MΩ

0.2nF

10MΩ

0.2nF

10MΩ

0.2nF

Cp_off

Cp_off

Cp_on

Cp_on

RM

Test with Worst-Case ETI
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a Digital-assisted cancellation   b SNR=(R/Rrms) where Rrms=Rn*√BW   c High-pass filter results in low input impedance

Comparison Table

25 of 56



 A BioZ Interface IC with Bias Control Loop (BCL)

 Current mismatch cancellation

 Bias electrode removal

 Quiet-Chopping IA with DEO Filter and Full Pre-Charge (FPC)

 Boosted input impedance of 100MΩ at 50kHz

 Input-dependent noise cancellation 

 DC electrode offset (DEO) removal

 Successfully Demonstrated with On-Subject Test

 0.45cm2 dry-electrode test w/o bias electrode

© 2022 IEEE
International Solid-State Circuits Conference

20.1: A 0.5mΩ/√Hz 106dB SNR 0.45cm2 Dry-Electrode Bioimpedance Interface with Current 

Mismatch Cancellation and Boosted Input Impedance of 100MΩ at 50kHz 

Conclusion
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