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Low-noise and Low-power Front-end
for True-tripolar ENG Amplifier

Mariam Abdallati?, Fabien Souliér’, Serge Bernafd, Lionel Gouyet, and Guy Cathébrss

Abstract— Electroneurogram acquisition systems are usually
based on tripolar cuff electrodes that are known todecrease
noise from external sources, such as muscular fice{EMG) or
stimulation artifacts.  This paper presents a preamififier
associated with this kind of electrode in a true-tpole
configuration. It is designed at the transistor leel to lower the
number of transistors while still rejecting parasitical signals.
This integration at the transistor level reduces thesize, power
consumption and noise of the preamplifier comparedo classical
true-tripolar structures.

I. INTRODUCTION

In the context of incurable neurological diseasesh as
epilepsy, Parkinson's disease, stroke or spinal agury,
surgical or pharmacological
satisfactory restoration of sensory-motor functiefiected.
A workaround is then to interface the nervous systéth a
stimulating prosthesis
(ENG). We are particularly interested in the acijois of
ENG signals at the peripheral nervous system wpiekents
the opportunity to improve the functional
stimulation (FES) [1] [8]. Cuff electrodes whichch&een
developed and most used in the last twenty year8][2are
established as a safe and reliable method of dtalhyi
recording the ENG comparing to intra-fascicular aneve
electrode [4, 5]. Typically, the neural activity aseired by
these electrodes is only microvolt's (1-5 pV in thdz-3
kHz [6]). Moreover, the electromyogram (EMG) geneda
by active muscle activity which has signal ampliud the
order of 1mV presents one of the main noise souaces
causes the interference with the recorded ENG.
minimizing these kinds of interferences is a mdjeotive to
be able to exploit neural signals.

There exist two amplifier configurations associateth
the tripolar electrode (figure 1). First, the qu@igole
proposed by R.Stein et al. [9] and J.Hoffer [10§l®wn in
figure 2 (a). This configuration is based on a eniag effect
achieved by shorting the outer poles. Secondly, tthe-
tripole configuration consists of linear combinatiof signals
coming from the three pole¥ (in1, V_in2, V_inB

V_out=A (V_inl-(V_in2 +V_in3)/2) (1)
This combination is usually realized thanks to etitial

amplifiers as shown in the figure 2 (b). The trtipdle has
several advantages over the quasi-tripole sudess:
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Figure 2. Tripolar ENG amplifier configurations éuted from [11]). (a)
quasi-tripole, (b) true-tripole.

sensitivity to interface impedance, better sigoahbise ratio
(SNR) and EMG rejection [11]. The drawback is ttrate-
tripole needs three differential amplifiers whehe tquasi-
tripole requires only one.

In this paper, we present true-tripolar preampiifie
followed by a variable-gain instrumentation amplifi(lA).
This preamplifier is designed at a transistor laaebrder to
educe the size, power consumption and noise htidgrthe

mber of transistors. First, we present the ol/etalicture
of the acquisition channel and the detailed desifrthe
preamplifier. The third section gives the electrica
performances of the designed amplifier. A brietdssion is
then interpreted and finally, the last section giv&me
concluding points and perspectives.

Il. MATERIAL AND METHOD

The acquisition system is designed as @lication
specific integrated circuit (ASIC) and contains eV
channels. Each channel is composed of an |A agedoieith
a preamplifier as shown in the figure 3.
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Figure 3. Overview of the true-tripolar acquisitigystem



A.Overview of the structure Ill. RESULTS

The circuit is designed with the AMS CMOS 0.8bu

technology, with 3.3V supply. The preamplifier pices A.Gains AND Rejection

three functions which are: Triantis et al. have shown that the EMG bioeptial has a
- to combine the input signals as shown in theaéign (1),  linear spatial variation inside an insulated cuif [Therefore,
- to barely amplify the neural signal to an a¢abje SNR, to suppress this parasitical signal the preamplifieeds to
- and to present a differential output to the IA. reject:

Nevertheless, in the aim to increase and adjustataé gain  -the common mode

of the structure this first stage is followed by bk with

variable gain. The latter is numerically controlléy a V_inl=V_in2=V_in3 3)
configurable network of switches and resistors ideo to

obtain a range of gain going from 6 dB to 80 dB fioe -the differential parasitic mode

second stage. We will use a Nexys2 FPGA card f@r th

purpose. The SNR optimization of the IA is lessical than V_in1=0, V_in2= - V_in3 (4)
the preamplifier one thus it's realized with opgraal
amplifiers from the AMS standard library. To characterize the preamplifier, we have to siteulhe

output with these two modes and compare it to theam

Vi Ve Voind mode which is orthogonal to both.

V_inl=-2V_in2= -2 V_in3 (5)
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Figure 4. Three input preamplifier schematic. =1
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The preamplifier is designed like a differentialirpa
whose negative input transistor is split into oryo L
transistors (two times smaller than the positiveuin —
figure 4). This way, it provides the same functidyaas
the classical true-tripolar structure with a sin@feinput)
differential amplifier instead of three, and with size Figure 5. The three simulated modes used for prééengharacterization:
similar to a quasi-tripole amplifier. To improveetmoise (@) comon mode, (b) differential parasitic modg nt@in mode.
performances, we chose to use the PMOS transi&iors . .
the pair and we have optimized the size to (W/L8/1% DC and _AC simulations were performed fqr _these ghre
pum). The active load is made with NMOS transistdrso modes (figure _5)' The results are presgnted infiguzes 6
diodes were added in parallel to bias the outpitage to and 7. The main results of these simulations are:

1.65V approximately. The gain of the differentiaipis - more _than 150dB rejection rat_io for the commond an
given by: differential modes compared to main one.

- dynamic range of about 5 mV.

B.Preamplifier I
Vin

Vin

differential mode

A=gmy/ gm, (2)
B.Bandwidth and noise
Wheregm, represents the transconductance of the P-MOS Fig. 7 shows 200 kHz bandwidth that is far above th
transistors connected to the inputs V_in2 and Vvihde o045 for ENG acquisition (tenths of kHz). The reated

gm, is the transconductance of the diode connected fgor noise due to input and load transistorsatow the PV
NMOS transistors at the bottom of the schematic. T8n the required bandwidth.

achieve the gain of 100 with consumptionlobias= 12
MA we have to chose an active load transistor @iz#=
55/40) and diode of size (W/L=2/164.3).



functionality. It offers the ability to integratarge number of
channels into a single ASIC. We are working now am
experimental setup for the characterization of A®RIC to

confirm simulations results presented here.
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Figure 6. DC simulation result for main (b), comn{ah
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Figure 7. AC simulation result for main (b) and ¢oon (a) modes .
Differential mode is too low to be simulated.
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V.CONCLUSION

In this paper, we have focused on the first stagam
acquisition system for recording electrical signabm
peripheral nerves. Whereas the classical trueltnipo
configuration offers an interesting parasitic sigegection at
the cost of multiplying the number of transistortfie
amplifier presented in this work provides a vempsie low
noise, low power way to implement the true-tripolar



