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Gosselin, Sawan, An Ultra Low-Power CMOS Automatic Action Potential Detector”, IEEE-TNSRE, 2009.  

•  Input-ref. noise: 5.6 uVrms,   Power consumption: 9 uW 
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Gosselin, Sawan, An Ultra Low-Power CMOS Automatic Action Potential Detector”, IEEE-TNSRE, 2009.  
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Analog Biopotential Detector 

  Sub-microwatt biopotential detector 
based on a custom analog processor 

  Enhances biopotentials for 
detectability and captures complete 
waveforms  

  Less overhead than a digital: no A/D 
conv. & no dig. noise. 
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Delay element: 9th-
order allpass delay filter 

Decision block : 
Latched-comparator 

Gm-C based Analog 
pre-processor.  The 

Teager energy 
operator (TEO): 
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  Implemented in a CMOS 0.18-µm, it 
measures 272x257 µm2. 

  Detector + delay filter: ultra-low-power 
dissipation of 780 nW: validated with 
synthetic neural waveforms  
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Simard et al, “High Speed OQPSK and Efficient Power Transfer Through Inductive Link 
for Biomedical Implants”, IEEE TBioCAS, Vol. 4, No.3, 2010. 



Kansai Chapter, 2012 Polystim Neurotechnologies 

LPF 

- 

+ 

Vd(t) 

Cos(w1t+q2) 

VCO 
Input 
Signal 

Vs(t) 

90 -  
Phase Shifter 

Data Out A 

Data Out B 

LPF 

LPF 

Sin(w1t+q2) 

VCO 

Data out 

Phase 
Shifter 90 

I branch 

Q branch 
LPF 

Input 
Signal 

LPF 
LPF 

QPSK 

CMOS 
0.18µm 

13.56 
MHz 

>10* 
Mbps 
8.0** 
Mbps  

~1.0 
mW** 

*Postlayout;        **Measured 

BPSK 

CMOS 
0.18µm 

13.56 
MHz 

1.6* 
Mbps* 
1.2* 

Mbps** 

0.61 
mW** 

Vop

VinpVinn

Von

VDD

VSS

CN

BN

CP

M1 M2

M3

M4

M5 M6 M11

M12M8M7M10

M9M13

M14

M15

M16

M17M18

M21

M22

M19

M20

M24M23

QPSK Demodulator 

Comparator 
BPSK Costas-loop 

VCO QSG LPF 

Receiver 
coil 

Clk 

Dout 

Data 
in 

Chopp
er 



Kansai Chapter, 2012 Polystim Neurotechnologies 

 Motivation 
  Brain-Machine-Brain Interfaces 
  Implantable Neuroprostheses 

 Multichannel Neurorecording 
  Acquisition, and Compression  
  Spike Detection : Analog/Digital Techniques 
  Thresholding : Conventional and adaptive  
  Energy Delivery, and Data Transmission 
  Electrodes, Integration, Assembly and Validation 
  Prototyping and Case Studies 

 Laboratory-on-Chip based Sensors 
  Neurotransmitters manipulation and characterization 

 Resources/Summary 



Kansai Chapter, 2012 Polystim Neurotechnologies 

Coulombe et al,, “A Highly Flexible System for Microstimulation of the Visual Cortex: 
Design and Implementation”, IEEE TBioCAS, Vol. 1, No. 4, 2007, pp. 258-269. 
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Adjustable 
Vth 
comparator 

Salam et al, “A Novel Low-Power Implantable Epileptic 
Seizure-Onset Detector”, To appear in IEEE TbioCAS, 2011  
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•  Adjustable current mirror gain (D1-Dm) 
•  Sensing capacitances values for different analytes; 
•  Different parasitic capacitances of different chip samples. 
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Invitation to Attend NEWCAS in Montreal 
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  Multi-Channel Intracortical biosensing 
  Adaptive Thresholding and automatique spike detection 
  Epilepsy seizures onset detection 
  LoC-Based neurotransmitter detection 
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