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# -*- coding: utf-8 -*-
# Sensing tip analytical model
# Author: D. Bonzon

HHHEHTH T
# Imports #
HHHHH R

import matplotlib.pyplot as plt
import numpy as np

import math

from scipy.misc import imread
import time

import numpy as np

HHHH R
# Definitions #
HHHHHH R

#PI
pi = 3.1415

#Diametre extérieur tip petit coté
De =1.1e-3

#Diametre intérieur tip petit coté
Dil = 500e-6

#Diametre intérieur tip grand coté
Di2 = 5.0e-3

#Longeur tip

L = 50e-3

#Position de I'electrode interne

| =3.5e-3

#Epaisseur de la membrane

e = 15e-6

#Diameétre du trou

d = 30e-6

#Longueur sur laquel les graphs sont tracés
Laff = 3.5e-3

# Constantes physique electrique
rho = 0.65

# Constantes physique fluidique
mu = le-3

# Constantes physique bruit
Kb = 1.38e-23

T =300

dF = 2400

# Constante de calcul
#spatial
NPAS = 2500

INT_LENGH = (De/2) + 1
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dx = INT_LENGH / NPAS

# Fin des domaines
# from -De/2t0 O
DOMAIN1 =0
#fromOtoe
DOMAIN2 = e

# frometol
DOMAIN3 = |
#fromltoL
DOMAIN4 = L
#fromltoL

HHHHR R
# Variables #
HAHRRRRRRRR

X = [O]*NPAS
Xum = [0]*NPAS
R = [0]*NPAS
U = [0]*NPAS

dR = [0]*NPAS
dU = [0]*NPAS
dJ = [0]*NPAS

deltal = [0O]*NPAS
Rtot_PosPart = [0]*NPAS

Uexc =0.5
Rtot=0
Itot=0

HHHHHH R
# Fonctions #
BHHHH AR

#Retour la resistance infinitesimal de la position pos en fonction de
position pos_part de la particule et de son diametre diam_part
# pos et pos_part sont en métres

def eval_dR(pos, pos_part, diam_part, delta_x):

#Evaluation de la section occupée par la particule
if(diam_part > 0):
if( ( pos > ( pos_part-(diam_part/2) ) ) and ( pos < (
pos_part+(diam_part/2) ) ) ):
fleche = (diam_part/2) - abs(pos-pos_part)
corde = 2*math.sqrt((diam_part-fleche)*fleche)
SectPart = pi*(corde/2)**2
else:
SectPart =0
else:
SectPart =0

#Evaluation de la resistance infinitesimale locale

deltaR =0

if(pos<DOMAIN1):
rayon=-pos
deltaR = (rho*delta_x)/( (2*pi*(rayon+d/2)**2) - SectPart)
#deltaR = (rho*delta_x)/( (pi*(rayon+d/2)**2) - SectPart)
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elif(pos<DOMAIN2):
deltaR = (rho*delta_x)/( ((d/2)**2*pi) - SectPart)
elif(pos<DOMAINS3):
rayon = pos - e
deltaR = max( (rho*delta_x)/( (((Di1+(((Di2-Dil)*pos)/L))/2)**2*pi)
- SectPart) , (rho*delta_x)/( (2*pi*(rayon+d/2)**2) - SectPart ) )
#deltaR = max( (rho*delta_x)/( (((Dil+(((Di2-
Dil)*pos)/L))/2)**2*pi) - SectPart ) , (rho*delta_x)/( (pi*(rayon+d/2)**2)
- SectPart ) )
else:
deltaR =0

return deltaR

BHHHHHA R
# Initialization #
BHHHHHH R

f_static_R = open('Dropbox/PhD/ModelPipette/Results/resultsStaticR.txt',
IWI)

f_static_U = open('Dropbox/PhD/ModelPipette/Results/resultsStaticU.txt',
IWI)

f_particules =
open('Dropbox/PhD/ModelPipette/Results/resultsParticles.txt’, 'w'")

HEHHRRRRR
# Calculs #
HUHRHRR R

# calcul de I'axe des x

for i in range(NPAS):
X[i] = i*dx - (De/2)
Xum[i] = X[i]*1000000

# calcul sans particule

position_particule = 0
diametre_particule =0

R[0]=0
U[0] = Uexc

for i in range(NPAS):
position = X[i]

#Calcul de dR
dR([i] = eval_dR(position, position_particule, diametre_particule, dx)

#Calcul de R
if(i>0):
R[] = R[i-1] + dR{i]

f_static_R.write(str(position)+'\t'+str(dR[i])+"\t'+str(R[i])+\n")
#Calcul de i
Rtot = R[NPAS-1]
Itot = Uexc / Rtot
for i in range(NPAS):

position = X[i]
#Calcul de dU
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dU[i] = -dR[i]*ltot

#Calcul de U
if(i>0):
U[i] = U[i-1] + dUJ[i]

#calcul de dJ
dJ[i] = (Itot*dR[i])/(rho*dx)

f_static_U.write(str(position)+"\t'+str(dU[i])+"\t'+str(U[i])+"\t'+str(dJ[i
D+\n’)

# Calcul parametrique avec particules
DiamTip = [500e-6]

PosElectrode = [3500e-6]
#PosElectrode = [it * 1e-6 for it in range(250, 4001, 250)]

MembraneThickness = [15e-6]

DiamAperture = [35e-6]
#DiamAperture = [it * 1e-6 for it in range(45, 70, 5)]

DiamParticule = [15e-6]
#DiamParticule = [0, 6e-6, 10e-6, 12e-6, 15e-6]
#DiamParticule = [it * 1e-9 for it in range(0, 15100, 100)]

for Dil in DiamTip:

for | in PosElectrode:
DOMAIN3 = |
INT_LENGH = (De/2) + |
dx = INT_LENGH / NPAS

for i in range(NPAS):
X[i] = i*dx - (De/2)
Xumli] = X[i]*2000000

for e in MembraneThickness:
DOMAIN2 = e

for d in DiamAperture:

R[0]=0
for i in range(NPAS):
pos = X[i]
dR[i] = eval_dR(pos, 0, 0, dx)
if(i>0):
R[] = R[i-1] + dR[i]

Rbase = R[NPAS-1]

Rmesure = 30e3

jNoise =
math.sqrt(4*Kb*T*((Rbase*Rmesure)/(Rbase+Rmesure))*dF)

RNoise = (jNoise*(Rbase+Rmesure))/Uexc

GANHqg



for dp in DiamParticule:

for ind_part in range(NPAS):
pos_particule = X[ind_part]

#Calculs dR,R
R[0]=0
for i in range(NPAS):
pos = X[i]
dR[i] = eval_dR(pos, pos_particule, dp, dx)
if(i>0):
R[i] = R[i-1] + dR]i]

Rtot_PosPart[ind_part] = R[INPAS-1] #Rtot pour
chaque position de particule

Rmax = max(Rtot_PosPart)

f_particules.write(str(dx)+\t'+str(l)+"\t'+str(Dil)+'\t'+str(e)+"\t'+str(d
)+\t'+str(dp)+'\t'+str(Rbase)+'\t'+str(Rmax)+'\t'+str(Rmax-
Rbase)+'\t'+str(100*(Rmax-Rbase)/Rbase)+\t'+str(RNoise)+\n")

print "dx=",dx,"pos=",l," diam_tip=",Dil," mem=",e,"
aperture=",d," part=", dp, " Rbase=", Rbase, "Rpeak=", Rmax, "deltaR=",
(Rmax-Rbase), "%=", ((Rmax-Rbase)/Rbase)*100, "Rnoise=", RNoise

TR
# Affichage #
HHHHH

fig = plt.figure("Figure "+str(diametre_particule), figsize=(15,8))

plt.subplot(311)

plt.plot(Xum,dR, label="Diff Res")
plt.axis([-(De/2)*1000*1000, Laff*1000*1000, 0, 3000])
plt.ylabel('Resistance [ohm]’)

plt.xlabel('Position [um]’)

plt.grid()

plt.subplot(312)

plt.plot(Xum,R, label="Resistance")
plt.axis([-(De/2)*1000*1000, Laff*1000*1000, 0, 35000])
plt.ylabel('Resistance [ohm]')

plt.xlabel(*Position [um]’)

plt.grid()

plt.subplot(313)

plt.plot(Xum,U, label="Potential")
plt.axis([-(De/2)*1000*1000, Laff*1000*1000, 0, 0.6])
plt.ylabel('Potentiel [V]")

plt.xlabel('Position [um]’)

plt.grid()

plt.show()
f_static_R.close()
f_static_U.close()
f_particules.close()
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%% Spatiotemporal ion distribution model for electrically active cells
%% AUTHOR: D.Bonzon
%% Last version: 03.03.2017

%% CLEAR
clear all;
close all;

%% CONSTANTS

ESPECE = 4;

NA =1;

K=2;

CL=3;

NPI = 4;

Z=[1,1,-1,-1];

SIZE = 10000;

FRONTIER1 = 4800; % 10nm membrane

FRONTIER2 = 5200;

ITERATIONS = 333333;
AFF_PAR_IT = 166666;

dt = 0.3e-12;
dx = 0.25e-10;

Q =1.602e-19;

e0 = 8.854e-12;

er=5;

NAV = 6.022e23;

KT =4.11e-21;

%Mobility coefficients [m”2/v*sec]
mu(NA) = 10.12e-8;

mu(K) = 4.98e-8;

mu(CL) = 6.88e-8;

mu(NPI) = 6.88e-8;

%% INITIALIZATIONS
X = zeros(1,SIZE);
fori=1:SIZE
X(i) = (i-1)*dx;
end
Xnm = X.*1000*1000*1000;

T = zeros(1,ITERATIONS);
for t = L:ITERATIONS

T(t) = (t-1)*dt;
end
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CONCENTRATION_NA_IN = 10;
CONCENTRATION_K_IN = 90;
CONCENTRATION_CL_IN = 100;
CONCENTRATION_NPI_IN = 0;

CONCENTRATION_NA_MEM = 0;
CONCENTRATION_K_MEM = 0;

CONCENTRATION_CL_MEM = 0;
CONCENTRATION_NPI_MEM = 0;

CONCENTRATION_NA_OUT = 90;
CONCENTRATION_K_OUT = 10;
CONCENTRATION_CL_OUT = 100;
CONCENTRATION_NPI_OUT = 0;

Seff(:,NA) = zeros(1,SIZE);
Seff(:,K) = zeros(1,SIZE);
Seff(:;,CL) = zeros(1,SIZE);
Seff(:,NPI) = zeros(1,SIZE);
N(:,NA) = zeros(1,SIZE);

N(;,K) = zeros(1,SIZE);

N(:,CL) = zeros(1,SIZE);
N(:,NPI) = zeros(1,SIZE);
Grad_N(:;,NA) = zeros(1,SIZE);
Grad_N(:,K) = zeros(1,SIZE);
Grad_N(:;,CL) = zeros(1,SIZE);
Grad_N(:;,NPI) = zeros(1,SIZE);
Grad_J(:,NA) = zeros(1,SIZE);
Grad_J(;,K) = zeros(1,SIZE);
Grad_J(:,CL) = zeros(1,SIZE);
Grad_J(:,NPI) = zeros(1,SIZE);
Charge = zeros(1,SIZE);
Champ = zeros(1,SIZE);
LocalConductance = zeros(1,SIZE);

PotentialTime = zeros(1,ITERATIONS);

cnt=1;

fori = 1:FRONTIER1
N(i,NA) = CONCENTRATION_NA_IN*NAV;
N(i,K) = CONCENTRATION_K_IN*NAV;
N(i,CL) = CONCENTRATION_CL_IN*NAV;
N(i,NPI) = CONCENTRATION_NPI_IN*NAV;
Seff(i,NA) = 1;
Seff(i,K) = 1;
Seff(i,CL) = 1;
Seff(i,NPI) = 1;

end

for i = FRONTIER1:FRONTIER2
N(i,NA) = CONCENTRATION_NA_MEM*NAV;
N(i,K) = CONCENTRATION_K_MEM*NAV;
N(i,CL) = CONCENTRATION_CL_MEM*NAYV;
N(i,NPI) = CONCENTRATION_NPI_MEM*NAV;
Seff(i,NA) = 0;
Seff(i,K) = 1/10;
Seff(i,CL) = 0;
Seff(i,NPI) = 0;

end

for i = FRONTIER2:SIZE
N(i,NA) = CONCENTRATION_NA_OUT*NAYV;
N(i,K) = CONCENTRATION_K_OUT*NAYV;
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N(i,CL) = CONCENTRATION_CL_OUT*NAV;
N(i,NPI) = CONCENTRATION_NPI_OUT*NAV;

Seff(i,NA) = 1;

Seff(i,K) = 1;

Seff(i,CL) = 1;

Seff(i,NPI) = 1;
end

%% COMPUTATION
for t = 1:ITERATIONS

%Channel state
if(t>166667)
for i = FRONTIER1:FRONTIER2
Seff(i,NA) = 1/2;
Seff(i,K) = 1/10;

Seff(i,CL) = 0;
Seff(i,NPI) = 0;
end
end
%Charge
Charge=Q*(Z(1)*N(;,1)+Z(2)*N(:,2)+Z(3)*N(;,3)+Z(4)*N(;,4));
%Field

Champ = (1/(e0*er)).*cumtrapz(X,Charge);
%Potential

Potential = -cumtrapz(X,Champ);
Potential(SIZE)

LocalConductance = 0;
PotentialTime(t) = Potential(SIZE);

fori=1:ESPECE
%Concentration gradient
Grad_N(:,i) = gradient(N(:,i),dx);
%Diffusion current
JDiffusion(:,i) = sign(Z(i))*(kKT).*mu(i).*Grad_NC(:,i);
%Drift current
JDrift(:,i) = abs(Z(i))*Q*mu(i)*N(:,i).*Champ;
%Total current
JTot(:,i) = Seff(:,i).*(IDrift(:,i)-IDiffusion(:,i));
%Current gradient
Grad_J(:,i) = gradient(JTot(:,i),dx);
%Continuity
N(,i) = NC,i) - (1/(Q*Z(i))) * Grad_J(:,i).*dt;
end

%% PLOTS
if(mod(t-1,AFF_PAR_IT)==0)

figure(t)

hold on;

grid on;

rectangle( 'Position’,[120,0,10,12e25], 'FaceColor',[0.88 .93
.99],'EdgeColor’ ,'w',  'LineWidth',0.1)

plot(Xnm,N(:,NA), 'b")

plot(Xnm,N(:,K), 'g")

plot(Xnm,N(;,CL), ™

plot(Xnm,N(:,NPI), k")

xlabel( '‘Distance [nm]' )
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.99],

.99],’

ylabel(
legend(
xlim([115 135])

'Nb ions [m"-"3]' )
‘Na', 'K, 'CI, 'NPI)

figure(t+1)

hold on;

grid on;

plot(Xnm,Charge, ™)

xlabel( '‘Distance [nm]' )
ylabel( '‘Charge [C/m"3]' )
xlim([115 135])

figure(t+2)

hold on;

grid on;

plot(Xnm,Champ, 'g")

xlabel( ‘Distance [nm]' )
ylabel( ‘Champ [V/Im]" )
xlim([115 135])

figure(t+3)

hold on;

grid on;

rectangle( 'Position’,[120,-0.1,10,0.25],
EdgeColor’ , ‘W', 'LineWidth',0.1)
plot(Xnm,Potential, 'b")
xlabel( '‘Distance [nm]' )
ylabel( 'Potential [V]' )

xlim([115 135])

figure(t+6)

hold on;

grid on;

rectangle( 'Position’,[120,-12000,10,24000],
EdgeColor’ ,'w', 'LineWidth',0.1)
plot(Xnm,JTot(:,NA), ")
plot(Xnm,JTot(;,K), 'g")
plot(Xnm,JTot(:,CL), i)
plot(Xnm,JTot(:,NPI), 'K")
xlabel( 'Distance [nm]' )
ylabel( '‘J [A/m”2]")

xlim([115 135])

figure(t+7)

hold on;

grid on;

yyaxis left
plot(Xnm,-Potential, 'b")
xlabel( 'Distance [nm]' )
ylabel( 'Epot [eV])

xlim([115 135])

yyaxis right
plot(Xnm,Potential, 'b")
xlabel( 'Distance [nm]' )
ylabel( 'Potential [V]' )

xlim([115 135])

GANMq

'FaceColor',[0.88 .93

'FaceColor',[0.88 .93



set(gca, 'YDir', 'reverse’);
end
end

figure(99)

hold on;

grid on;

plot(T,PotentialTime.*1000, 'b")
xlabel('Time [s]' )
ylabel('Potential [mV]' )
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PhD in Microelectroni cs & Microsystems, EPFL, 2012 to present
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MSc Microengineering, EPFL, Lausanne, 2010 — 2012
Orientation Micro-, Nano Systens and Biomedical Technologies

Final Master grade of 5.75/ 6

- Master project at Prof. M. J. Madou Group, University of California, Irvine : « Use of Electro Spinning for Structural
Color Applications»

- Two semester projects in startup with Biocartis SA: « Microfluidic Pumping System& «Séchage de canaux
microfluidiques emplis de disques de silicium»

Venture Challenge, VentureLab, Lausanne, 2011
A 14 weeks class to develop a business idea

BSc Microengineering, EPFL, Lausanne, 2006 — 2009
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Ecole Technique et des Métier s de Lausanne, Lausanne, 2002 - 2005
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Working experience
Doctoral Assistant, LMIS4, EPFL, 2012 - present

Start-up Development, Pandora Underwater Equipment SA, 2008 - 2013
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Hardware engineer, Novano, Lausanne, 2009 - 2010 (part time)
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Intern, Radio Suisse Romande, Lausanne, 2005
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Qualification profile

Softwares:

Altium Designer, SolidWorks, Matlab, COMSOL, X@e, Word, Excel, PowerPoint, Mathematica, ImageJ
Processes:

Electronic & Microfluidic design, Machining & Fast prototyping, SEXbservation, Cleanroom processing
Programming languages:
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Languages

French : mother tongue, English : level C2, German : level A2

Hobbies

Ski mountaineering (Patrouille des Glaciers 2018 2014), Road bicycle raang, Triathlon, Running

GANOq



'(B# B$) ( #"'B
&B& * + B &( 'B

*Y5*)\g [\q -/$) 50 q\g/ )90 \g [\gZg *0O\q[fg&aHBEGCGIB q $ -$.q- + f.q
) )*./-0 /0- q ) q%$/096.%d+' 9.0 -*. q# ),)*-[4#(\g@aHb\qHGLoHHM]|q

#II & n IB

*)5*)\gq [\a -" /*)\q [\a )/*)\g [\aZq ) 0 \g0[qaHF&aQBFq4/)y . ¢
$*. ).*-.[QQ , S ((/ &S .#(!S867<S

*)5*)\aq [\g 0" -\g [\q --) *)\qg [\aZqg ) 0-Vd [gBH/BGK Dy K+$+ // q/$A
1*-q.$)""'q '""q $.+ ).%$)"[q () #). "FS )(., /I2FS 1#.4 ,& ( S

*)5*)\q [\gq 0'" -\g [\g ~--) *)\q [\qZq ) 0\qg [gqaHFGJb[g $)"" o ''q
+$+ /] [y #). "FS )(., I2FS 1#.4 ,& ( S

*)5*)\a [\g -" /*)\q [\gq )/*)\q [\q $*1)) \q[degHFGJIp g \y*+0.q9 1$.0
** 4/ q . g $*. ).193Qq, S ((/ &S H#@Q'S867:

("(B

*)5*)\aq [\q *)5*)\q [o-Tug[Dg' O- O\g [o [\d\g-F\g *) O \q [qa#t+BSGMb([q
Y(( .),S ),S &B#& S, # &S )(( .#)(ES m HFGMMmMFKHFNNqg

*)5*)\q [\q )4\q [\a )g 4"# (\q [\q -'$\q 0d Aw-H\aZd\ ) 0 \q [q
aHEGMbBY S ),S' (/ .8,#8(% ,) &/# # Sm (-BHFESMMFKGINK(

*)5*)\ad [q [\g 0'" -\g [q [\q ) 0 \g [\gq -- \d)lg [\@gz@- <00$)\q [gaHFC
O# -FS-3-.'-S ( SS.B)*~%-¥(!'S (S ( &FZBEASFGEGLLMHOqQ Gq

*)5*)\q [g [\q <"0$)\q [\g *- # ' /\q [\q 0Vg-\§q[maq[\e- ) *Q\q [gaHFGLb
- ,0 .#)(S O# S1#."S)*.# BRGHFG(GHPEKMq G

*)5*)\a [q [\qg 0" -\g [q [\g ) 0 \g [\qaZqg H{9(*F(aS[¢aBELIS & ., #
#'* ( S- B)QEFGKFKLGMLqg Gq

*35*)\q [\g $) ' $-\qg [\g ' 5\q [\g Zq \g . [§) @HRGMHbBg ), S #0
y'* (- .)BEQHFGIGJJIJMGH(q Iq

*35*)\q [\q $) ' $-\g [\qg ' 5\q [\qZqg S-\gYdJaHFE&b[y3 ( 3S )B.,)&S O;
qgHFGIGJIMGGqg Gq

GO Fq






