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Glucometer on iPhone
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An Electrochemical Sensor / An Electrochemical Cell

An Electronic Frontend

An Unser’s interface
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The electrochemical Cell

WE

RE

CE

The typical electrochemical cell needs 3 electrodes: the 
working, the counter, and the reference
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How to measure a redox 
reaction?
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A 4-electrode Electrochemical Cell is here required

The 4e Electrochemical Cell
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2
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4

VG & VC
have to be 
different 
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Vin
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Control Amplifier @ RE
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Vin

CONTROL 
AMPLIFIER

Risk of Saturation 

1. The Control Amplifier is 
obtained with a kind of 
Voltage Follower BUT the 
Cell is inserted in its 
feedback loop

2. Thus, the Voltage Follower 
might saturate if the design 
(both Cell & Follower) are not 
co-designed properly
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Vin

CONTROL 
AMPLIFIER

Risk of Saturation 
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IW
I =0

Vin=V+=  V-=VR

VRC=(RCE+RSC)IW

+Vcc

-Vcc
The Control 

Amplifier is then 
in SATURATION!

Typically depend 
on the application 
(kind of redox we 
are monitoring)Are on the hands of the designer 

(the size of the counter electrode 
and/or the circuit powering)



Faradaic Current @ Fixed Bias

Typical curve in chronoamperometry

IOffset
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Vbias=VNernst



O+ reduction and H2O2 oxidation 
observed in Cyclic Voltammetry (CV)
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IF

Faradaic Current in Voltage Scan
Vmin≤Vbias≤VMax

Nernst Equation

E

E0
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TRANSIMPEDANCE 
AMPLIFIER

CONTROL 
AMPLIFIER

Transimpedance Amplifier @ WE
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Concentration 
of Redox specie
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Cottrell Equation
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CONTROL 
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Grounded Working
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Grounded Working
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AMPLIFIER
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Current-to-Voltage Conversion
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Inside the Cell: Faradaic Currents

Rf
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IW

Redox Species in Solution 
generate Faradic Currents 
at the working electrode
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GOD/FAD

O2 D-gluconic 
Acid d-lactone 

Oxidases based detection

H2O
2

2e-

D-glucose

2H+

O2

Direct Amperometric
Detection !
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Equivalent Circuit for 
Bio/CMOS interfaces

4.2 GΩ 1.2 nF

2 nF

79.6 MΩ 

1.2 nF

1.5 MΩ 

140 pF

28 KΩ 

210 pF30.4 GΩ 

0.5 nF

318 MΩ 

280 pF

3.3 MΩ 

160 pF

34 KΩ 

Active model Passive modelActive model
With Voltage effects
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The Capacitance DNA Detection
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Unlabeled ssDNA may be detected with capacitance 
measurements as due to charge displacement
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Method for a precise Capacitance measurement

THE CAPACITANCE !

Frequency!

Charge-Based Capacitance 
Measurement (CBCM)
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The circuit assures the square signal generator, an inverters, 
and an integrator to calculate the average current

CMOS for CBCM detection
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Frequency to Capacitance 
Measurement  (FTCM)

Principle: Frequency To Capacitance Mode

Iref

Vref

VoutVA

VB

Vref

t
Vout

VA-VB=Vref
VA-VB= -Vref

T

t

T=f(C) ?
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Chip Architecture (FTCM)
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Impedimetric Sensing

Clearly, the impedance of the Bio/CMOS interface 
changes accordingly to molecular steric hindrance

Acquired Signal !



S.Carrara, EPFL - Lausanne 
(Switzerland)
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Impedimetric Sensing

Chemical 
Concentrations:
C1, C2, C3

Nyquist Plots may be used for Molecular 
Detection by following changes in Z
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Impedimetric Sensing

Z
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Impedimetric Sensing

Real

Imaginary

Vout (ωt)= Z I(ωt)

Re{V(ωt)}= Vout(ωt)cos(φ)

Im
{V

(ω
t)}

=
V o

ut
 (ω

t)s
in

(φ
)

φ

Z

I(ωt)= I0 , for t=0
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S.Carrara, EPFL Lausanne 
(Switzerland)
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Impedimetric Sensing



S.Carrara, EPFL Lausanne 
(Switzerland)
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Impedimetric Sensing



S.Carrara, EPFL Lausanne 
(Switzerland)

29

Impedimetric Sensing

∫

∫

+90°



S.Carrara, EPFL Lausanne 
(Switzerland)
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Impedimetric Sensing

I0 sen(ωt) Z(ωt) A

+90°

Re{Vout }

Im{Vout }

Vout 

∫
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Receiver

Image 
Capturing

1

Image 
Processing

2

RF Base Station

3

3-coils IPT

4

Datain

Brain/Machine interfaces

CMOS BioChip

5

Phopshene

6

31© Barbruni & Carrara

Bi-Directional Communications



200 µm

Barbruni et al., PCT/IB2022/059944, 2022

Intracortical BioChip to Vision Restoring in Blind Patients

CMOS BioChip 
for Intracortical Visual Stimulation

© Barbruni & Carrara 32



400 µm pitch
1.5 mm deep

Charges sent to the Cortex need to be Compensated, 
not Accumulated!
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Cortical Stimulation for Vision

+Q +Q +Q = 3 Q ?!!

© Barbruni & Carrara
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BioChip Stimulator

The Identified Logic Signal is now used to Stimulate

To Compensate +Q !

© Barbruni & Carrara 34



BioChip Stimulator

© Barbruni & Carrara 35

fosc?

Ibias is used to charge CS
and CR in a relaxation 
oscillator, while couple of 
NOR logic gates return 
the desired pulses for fosc

*

* The Relaxation Oscillator is a a nonlinear 
electronic oscillator circuit that produces a 
non-sinusoidal repetitive output signal



BioChip Stimulator

© Barbruni & Carrara 36



BioChip Stimulator
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Current Mirror
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Fotouhi et al., IEEE JSSC, 2001 Barbruni et al., IEEE MOCAST, 2023

Finally, the H-Bridge provides 
the Right Current with the mentioned Q-Compensation
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BioChip Stimulator
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Barbruni et al., IEEE MOCAST, 2023

RS
Rct

CPE

BioChip Stimulator

The Simulated Performance changes 
with Different Bio/CMOS interface models
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Get you copy of the Textbooks
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EE-517: Bio-Nano-Chip Design  

Bio

Nano

CMOS



Master Projects
https://www.epfl.ch/labs/iclab/index-html/bci-group/
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Collaboration with
Imperial Collage London

https://www.epfl.ch/labs/iclab/index-html/bci-group/
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https://www.epfl.ch/labs/iclab/index-html/bci-group/


Master Projects
https://www.epfl.ch/labs/iclab/index-html/bci-group/
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Collaboration with
Politecnico di Torino

https://www.epfl.ch/labs/iclab/index-html/bci-group/


Master Projects
https://www.epfl.ch/labs/iclab/index-html/bci-group/
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Collaboration with
ST Microelectronics

https://www.epfl.ch/labs/iclab/index-html/bci-group/

