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KAMONRAT BOONPRAKONG : DEVELOPMENT OF PRESSURE
SENSORS BASED ON POLYMERIC SENSING MEMBRANE. THESIS

ADVISOR : NIMIT CHOMNAWANG, Ph.D., 124 PP.

MEMS/PRESSURE SENSOR/STRAIN GAUGE

In recent days, pressure sensors were widely used in many applications such as
control equipment in factory, the system of vehicles, plane and medical tools. The
pressure sensors are in micro-scale, consume less power while produce high
efficiency and the cost is therefore, continuously decreased. The pressure sensor was
generally fabricated using micro-electro mechanical system on silicon substrate. The
aim of this thesis is to fabricate SU-8 based pressure sensors. Due to the fact that ,
SU-8 photoresist has lower Young’s modulus and lower cost than silicon, it is used in
this thesis as a detecting membrane in pressure sensors. Fabrication of an SU-8
polymeric detecting membrane was done by UV-lithography. Starting with drilling a
hole with a diameter of 1 mm into a printed circuit board. This hole was then filled
with sacrificial electroplated copper. After planarization of excessive electroplated
copper, SU-8 photoresist was spun on the substrate, followed by UV light exposure to
form a layer of SU-8 detecting membrane. On this SU-8 membrane layer, a series of
four U-shape resistors made of Ni-Chrome thin film was formed. The sacrificial
copper in the drilled hole of the printed circuit board was then removed by chemical
etching. A pressure sensor with a 40 um-thick free standing SU-8 detecting membrane
and a strain gauge resistor of 4.404 kQ was finally obtained. Testing of the fabricated

sensor showed that it can measure input pressures in a range of 0-180 kPa at 25-60°C



with a rise time of 2.3 seconds and an accuracy of £10% when calibrated against the

Motorola’s MPX 5700 reference pressure sensor.
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Academic Year 2010 Advisor’s Signature
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60 2.60
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(um)

10 kPa 20 kPa 30 kPa 40 kPa 50 kPa
100 0.7 1.4 2.1 2.7 3.5
200 11.1 222 333 44.4 55.5
300 56.2 112.0 168.5 2045 280.9
400 177.5 355.1 532.6 710.1 887.7
500

433.4 866.9 1300.3 1733.8 2167.2
600

898.8 1797.6 2696.3 3595.1 4493.9
700

1665.1 3330.2 49953 6660.4 8325.5
800

2840.6 5681.2 8521.8 11362.4 14203.0
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Taozuvlsy (um) 10 kPa 20 kPa 30 kPa 40 kPa 50 kPa
10 27.74 55.48 83.22 110.96 138.70

20 3.47 6.94 10.40 13.87 17.34

30 1.03 2.05 3.08 4.11 5.14

40 0.43 0.87 1.30 1.73 2.17

50 0.22 0.44 0.67 0.89 1.11

60 0.13 0.26 0.39 0.51 0.64

70 0.08 0.16 0.24 0.32 0.40

80 0.05 0.11 0.16 0.22 0.27
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U 16 3800
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6N 22 3400
pzgiliiiyy 27 3900
unna 69 6000
Tasiilowy 132 3000
Tnmidiow 420 2600
ulnswy 1100 400
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A o d’a‘dg’ d‘c [ 1 I'4 v A A
QWTNVKlSNﬁfni%1a@Qﬂ31MﬂT?ﬂUWNmumﬂﬂqﬂﬂqu§MﬂﬁT&ﬁuQQWQ“]ﬁ?ﬂﬂWﬂﬂﬂﬂuﬂﬂaWQQWNﬂQWNﬂuTnﬂaﬂuuﬂﬁﬁ

AINNY
50 um 100 pm 150 pm 200 pm 250 pm 300 pm 350 pm 400 um 450 pm 500 pm NIMUA
Pressure (kPa) (nm)
0 0 0 0 0 0 0 0 0 0 0 0
-13 -12 -11 -11 -11 -11 -11 -11 -11 -12
10 7.44x10" | 6.43x10"7 | 1.64x10"" | 2.82x10™" | 3.85x10™" | 4.39x10"" | 4.20x10™"" | 3.20x10™" | 1.64x10™" | 2.45 x10 0.22
20 2.98x10™" [ 2.57x10"" | 6.57x10"" | 1.13x10™° | 1.54x10™° | 1.76x10™ | 1.68x10"" | 1.28x10"° | 6.57x10™" | 9.79x10™ |  0.90
-12 -11 -10 -10 -10 -10 -10 -10 -10 -11
30 6.70x10™7 | 5.79x10™"" | 1.48x10™"° | 2.54x10™ | 3.46x10™° | 3.95x10"" | 3.78x10"° | 2.88x10™ | 1.48x10™° | 2.20x10 2.04
40 1.19x10™" | 1.03x10™" | 2.63x10™° | 4.51x10™"° | 6.16x10™° | 7.03x10™° | 6.72x10™ | 5.12x10"° | 2.63x10™° | 3.92x10"" | 3.63
50 1.86x10"" | 1.61x10™"° | 4.11x10™° | 7.05x10™° | 9.62x10™" | 1.10x10” | 1.05x10” | 8.00x10™° | 4.11x10™" | 6.12x10"" | 5.68
60 2.68x10™"" [ 2.31x10™ | 5.91x10"" | 1.01x10” | 1.38x10” | 1.58x10” | 1.51x10” | 1.15x10” | 5.91x10™ | 8.81x10™"" | 8.17
70 3.65x10 " | 3.15x10™° | 8.05x10"° | 1.38x10” | 1.89x10" | 2.15x10” | 2.06x10” | 1.57x10” | 8.05x10"° | 1.20x10™ | 11.1
80 4.76x10"" | 4.11x10™ | 1.05x10” | 1.80x10” | 2.46x10° | 2.81x10" | 2.69x10° | 2.05x10” | 1.05x10° | 1.57x10"° | 14.5
90 6.03x10"" | 5.21x10™ | 1.33x10” | 2.28x10” | 3.12x10” | 3.56x10” | 3.40x10”° | 2.59x10” | 1.33x10° | 1.98x10™" | 18.4
100 744x10"" | 6.43x10"" | 1.64x10”° | 2.82x10" | 3.85x10” | 4.39x10” | 4.20x10”° | 3.20x10" | 1.64x10” | 2.45x10"° | 22.7
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131N 3.5 NﬁﬂWi%Tﬁ@\1ﬂ'J"I‘JJEJ'I'JVILWN"’UUGIJfNulﬂE]Z!W‘IﬁJVW]'lLL‘HL!\WIN 9 “Vi']\‘]ﬂ1ﬂﬂﬂﬂuﬂﬂaﬁﬂTNﬂﬁWNﬂuﬂlﬂa‘c’J‘L!LL‘]JﬁQ (90)

AITNYT

50 um 100 pm 150 pm 200 pm 250 pm 300 pm 350 pm 400 um 450 pm 500 pm ‘ﬁwm

Pressure (kPa) (nm)
110 9.00x10"' | 7.78x10™" | 1.99x10” | 3.41x10”° | 4.65x10° | 5.31x10° | 5.08x10° | 3.87x10” | 1.99x10” | 2.96x10"" | 27.5
120 1.07x10"" | 9.26x10™"° | 2.37x10” | 4.06x10” | 5.54x10” | 6.32x10° | 6.05x10° | 4.61x10” | 2.37x10” | 3.53x10™"" | 32.7
130 1.26x10" | 1.09x10” | 2.78x10” | 4.76x10” | 6.50x10” | 7.42x10° | 7.10x10" | 5.41x10”° | 2.78x10" | 4.14x10"" | 38.4
140 1.46x10"" | 1.26x10” | 3.22x10” | 5.53x10” | 7.54x10" | 8.61x10° | 8.23x10° | 6.27x10” | 3.22x10° | 4.80x10"" | 44.5
150 1.67x10"" | 1.45x10” | 3.70x10” | 6.34x10” | 8.66x10" | 9.88x10” | 9.45x10° | 7.20x10 " | 3.70x10 " | 5.51x10™" | 51.1
160 1.90x10"" | 1.65x10” | 4.20x10” | 7.22x10” | 9.85x10” | 1.12x10" | 1.07x10" | 8.19x10” | 4.20x10” | 6.27x10" | 58.1
170 2.15x10" | 1.86x10” | 4.75x10” | 8.15x10” | 1.11x10" | 1.27x10" | 1.21x10" | 9.25x10” | 4.75x10” | 7.08x10"° | 65.6
180 2.41x10"° | 2.08x10” | 5.32x10° | 9.13x10° | 1.25x10" | 1.42x10" | 1.36x10" | 1.04x10" | 5.32x10° | 7.93x10"" | 73.6
190 2.69x10" | 2.32x10” | 5.93x10° | 1.02x10"° | 1.39x10" | 1.59x10" | 1.52x10"° | 1.15x10" | 5.93x10° | 8.84x10"" | 82.0
200 2.98x10"" | 2.57x10” | 6.57x10° | 1.13x10" | 1.54x10" | 1.76x10" | 1.68x10" | 1.28x10" | 6.57x10" | 9.79x10"" | 90.8
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Pressure annugumu WihinGounlawesTanzudazyiia (mQ)
(kPa)

Ag Cu Al Ni Ti Cr NiCr
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 0.2 0.3 0.4 1.1 6.4 0.2 16.8
20 1.0 1.0 1.6 42 25.7 0.8 67.2
30 2.2 2.3 3.7 9.5 57.7 1.8 151.2
40 3.9 42 6.6 16.9 102.6 3.2 268.7
50 6.1 6.5 10.3 26.3 160.3 5.0 419.9
60 8.8 9.3 14.8 37.9 230.9 7.3 604.6
70 12.0 12.7 20.2 51.6 3142 9.9 822.9
80 1.56 16.6 26.4 67.4 410.4 129 | 1074.9
920 1.98 21.0 33.4 85.3 519.4 163 | 1360.4
100 24.4 26.0 412 105.3 641.2 202 | 1679.4
110 29.6 31.4 49.9 127.5 775.9 244 | 2032.1
120 35.2 37.4 59.4 151.7 923.4 29.0 | 24184
130 413 439 69.7 178.0 | 1083.7 341 | 28382
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ANNAY (kPa)

10 3.1 sl euieunsnlasunlasmanudn lihvesTanzudaz wiia

M131990 3.7 Qaauliaveeil Iy

AUANIA

N2y
Electrical resistivity (25 °C) 1.0-1.5 uQ-m
Thermal Conductivity 11.3 kW/°C
Magnetic Attraction -
Thermal Expansion Cofficient (25-100 °C) 13.4 ppm/°C
Temperature Cofficient of Resistivity 400 ppm/°C
(25-100°C)
Specific Gravity 8.4
Density 8400 kg/m3
Melting point 1400 °C
Specific Heat 450 J/kg°C

Modulus of elasticity

220 GPa
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Ay | anwd i fnaeunasinnurunvesiadiumuge 4 (mQ)
(kPa) 20A 30A 50A 100A 500A 1000A
0 0 0 0 0 0 0
10 252 16.8 10.1 5.0 1.0 0.5
20 100.8 67.2 40.3 20.2 4.0 2.0
30 2267 151.2 90.7 453 9.1 45
40 403.1 268.7 161.2 80.6 16.1 8.1
50 629.8 419.9 251.9 126.0 252 12.6
60 906.9 604.6 362.8 181.4 36.3 18.1
70 1234.4 822.9 493.8 246.9 49.4 247
80 1612.3 1074.9 644.9 322.5 64.5 32.2
90 2040.5 1360.4 816.2 408.1 81.6 40.8
100 2519.2 1679.4 1007.7 503.8 100.8 50.4
110 3048.2 2032.1 1219.3 609.6 121.9 61.0
120 3627.6 2418.4 1451.0 725.5 145.1 72.6
130 42573 2838.2 1702.9 851.5 170.3 85.1
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40 358 269 215
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3 0-130 kPa
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QU

gauHil (°C) aanudwmu i @) AR (Q) AR (%)

25 4400.0 0 0

30 4408.8 8.8 0.2
40 4426 4 26.4 0.6
50 4444.0 44.0 1.0
60 4461.6 61.6 1.4
70 44792 79.2 1.8
80 4496.8 96.8 2.1
90 4514.4 114.4 25
100 4532.0 132.0 2.9
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Tadam15199 6.3 drmsrvinnudusulinisaeuauesinaudy 10 kPa naziinisiada

@ o 9 A Yo
ANUAY 180 kPa 1hdeyalumised 6.3 mmanswlldaa

A1519% 6.3 #aN15IAAAUAIADA 10 Ua NANUAUAN 9

51N 6.17

U

ANVUAY AnauAInea 10 DA Y9IEINTIVANUAY
(kPa) aunnga | Anlesga | aunds | mamamden | mamandeu
(max) (min) (average) uINga Yoy qa
0 137 137 137 0 0
10 137 137 137 0 0
30 230 191 219 11 28
40 273 235 253 20 18
50 317 285 300 17 15
60 439 387 413 26 26
70 468 445 457 11 12
80 565 542 554 11 12
90 638 605 625 13 20
100 688 643 668 20 25
110 758 712 734 24 22
120 783 742 768 15 26
130 834 805 821 13 16
140 866 845 856 10 11
150 898 864 884 14 20
160 945 900 929 16 29
170 976 935 956 20 21
180 1023 995 1013 10 18
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Normalized response
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TdsuunsusnnamaznansvimsTaadavedlaezulsafinnusiuasaiamnaa q
%SU-8 Diaphragm Deflectio
clear all ;clc
a= le-6*input('Enter diaphragm radius in um:");
h =1e-6*input('Enter diaphragm thickness in um:");
P = input('Enter applied pressure in Pa:');
b= le-6;
r=0:b:a;
E =4.02¢e9; %Young's modulus
v=0.22; %Poisson's ratio
w = ((3*(1-v"2)*P)*(a”2-1.2)."2)/(16*E*h"3);
figure(1) %Diaphragm deflection
plot(r,w)
xlabel('radial coordinate")
ylabel('Deflection’)
L=0;
X=b;
for i=1:(a/b);
H=(w(i)-w(i+1));
W=(X"2+H"2)7(1/2);
L=L+W;
End
disp('Max deflection =");
format long
disp(w(1));
disp('length =")
format long

disp(L)
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Tsauunsusnaszezmsinsnazanuenindenlveslaezumsa diolaozumlsusi
AMNE1I5A 500 pm ¥H1 40 pm
%SU-8 Diaphragm Deflection
clear all ;clc
a=500e-6; %Diaphragm radius
h=40e-6; %Diaphragm thickness
P=0:10e3:100e3; %Pressure in Pa
b = 50e-6;
r=0:b:a;
E =4.02¢9; %Y oung's modulus
v=0.22; %Poisson's ratio
[x,y]=meshgrid(r,P);
w = (y.*(3*(1-v"2)).*(a"2-x."2)."2)/(16*E*h"3);
figure(1)
surf(x,y,w)
L=[0,0]; DL=[0,0]; X=b;
fori=1:11;
for j=1:(a/b);
H =(w(ij)-w(ij+1);
W=(X"2+H"2)\(1/2);
Lij)=W;
DL(i,j)=L(i,j)-b;
end
end
PP=0:10e3:100e3;
rr =b:b:a;
[X,Y]=meshgrid(rr,PP);
figure(2)

surf(X,Y,DL)
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TlsunsumsSuieuinnsiedndiazmssumanadunndinsediadiau
/I MPX5700
int Volume( = 0,Volumel=1; //Volume = Analog Pin-0
float Vs=5.00;
float sum_ADCO0,sum_ADC1,ADC0,ADC1,P;
int 1,n=20;
long previousMillis=0;
void setup()
{
Serial.begin(9600);
H
void loop()
{
if(micros() - previousMillis > 1*1000000) //1sec
{
previousMillis = micros();
cal_Kpa();
H
H
void cal_Kpa(void)
{
sum_ADC0=0,sum_ADCI1=0;
// ADC
for(i=1;i<=n;i++)
{
ADCO = analogRead(Volume0);
sum_ADCO=sum_ADC0+ADCO;
ADCI1 = analogRead(Volumel);
sum_ADCIl=sum_ ADCI+ADCI;
t
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float VoutO;

Vout0 = ((float)(sum_ADC0/n)/1023)*5;
float Voutl;

Voutl = ((float)(sum_ADC1/n)/1023)*5;
//Commercial sensor MPX5700

float P_kPa0;

float P_psi0 ;

P kPa0 = (Vout0/Vs-0.04)/0.0012858 ;
P psi0 =P _kPa0*0.1431392 ;
Serial.print("MPX5700");
//Serial.print("  ");
//Serial.print(sum_ADCO0/n);
Serial.print(" ");

Serial.print(P_kPa0 );

Serial.println(" kPa ");

//New pressure sensor
//P=((Vout1-0.1004)/0.0324)-13;
P=(((sum_ADC1/n)-133.44)/1.6942);
Serial.print("New sensor");
Serial.print(" ");
Serial.print(sum_ADC]1/n);
Serial.print(" ");

Serial.print(P);

Serial.print(" kPa ");

Serial.print(" ");

}
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Abstract

This article aims to a fabricate a gauge pressure sensor.
In general, Pressure sensor is fabricated on a silicon
substrate. This article proposes a fabricated gauge
pressure sensor with polymer material, such as 5U-8.
5SU-8 has a Young's modulus lower than silicon, also
5U-8 has a good deflection and flexibility more than
siicon and cost of it 15 lower than silicon. This
pressure sensor is change resistance to measure

pressure. Resistors are nichrome. Nichrome has

TCR (Temperature coefficient of resistivity) less than

other metal.
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