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NIMIT CHOMNAWANG, Ph.D., 148 PP.

HUMIDITY SENSOR/BUBBLE DETECTOR/X-RAY LITHOGRAPHY

This thesis presents design and fabrication of humidity sensor and bubble
detector using synchrotron x-ray lithography technique. For humidity sensors, su-8
photoresist was used as moisture sensitive material in which the intensity of
transmitted light varies with concentration of water inside. A comb-like su-8
microstructure was designed and a mathematical model was used to predict its
response to transmitted light at a selected wave length. The sensing comb-like
microstructures were fabricated using x-ray lithography techniques. The resulting su-8
modules were combined with a light source and photodetector as well as related
computer interfacing circuits. The humidity sensors were calibrated against saturated
salt solution standards. Their sensitivity, response time and temperature dependency
were characterized. Experiments showed that a sensor with 60 pm-wide su-8 combs
has sensitivity of 17,038 ppm/%RH adsorption time of 2.7 seconds, desorption time of
6.5 seconds, maximum error of £5% and full-scale hysteresis error of 4.10%. For the
bubble detector, it has been known that the presence of air bubbles in fluid-
transporting micro passages might be harmful to patients in cases where microfluidic
devices were clinically used. Air-bubble sensors are therefore needed in such system.

This optical sensor was designed as a PDMS microchannel that allows insertion of



light transmitting and receiving fiber optics on both sides of the fluid passage. A metal
mold was fabricated using x-ray lithography technique so that it can be used to
produce multiples of such PDMS microchannel chips. A duplicated PDMS chip was
bonded to glass substrate, combined with fiber optics and light transmitting/receiving
circuits. The module was tested by feeding DI water into the detector along with some
air bubbles. Experiments showed that the sensor with 65 pm-wide microchannel can
detect bubble of 0.3 pl at liquid flow rates to 0.1-5.0 ul/s. The presence of air bubbles

as well as their volume sizes can be measured with maximum error of +5%.
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cladding sensing film
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Fiber-end Coating layer
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cladding

sensitive coating
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. v 3 aa 4
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2.2.1.1 Ultrasonic bubble sensor
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Light Sensor Out (receiver) Air Bubble
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Light Sensor In (transmitter)
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2.2.1.3 Capacitive bubble sensor
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517 2.19 A23293U93 Seemungkoon (2007)
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Photoelectric sensor

Photoelectric sensor \
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A15199 5.1 MANUFUTUNNS (%RH) YoId1502010INA00UAINQUUNA1 9

Qmﬁﬂ"ﬁ Lithium Chloride | Potassium acetate Magnesium Potassium
(°C) (LiCD) (CH,COOK) Chloride Carbonate
(MgCl,) (K,CO,)
0 11.23+0.54 33.66+0.33 43.1340.66
5 11.26+0.47 33.60+0.28 43.1340.50
10 11.2940.41 23.28+0.53 33.47+0.24 43.1440.39
15 11.30+0.35 23 .40+0.32 33.30+0.21 43.15+0.33
20 11.31+0.31 23.1140.25 33.07+0.18 43.16+0.33
25 11.30+0.27 22514032 32.78+0.16 43.16+0.39
30 11.28+0.24 21.6140.53 32.44+0.14 43.17£0.50
35 11.25+0.22 32.05+0.13
40 11.21+0.21 31.60+0.13
45 11.16+0.21 31.10+0.13
50 11.10+0.22 30.54+0.13
55 11.03+0.23 29.93+0.16
60 10.95+0.26 29.26+0.18
65 10.86+0.29 28.54+0.21
70 10.75+0.33 27.77+0.25
75 10.64+0.38 26.94+0.29
80 10.51+0.44 26.05+0.34
85 10.80+0.51 25.11+0.39
90 10.23+0.59 24.12+0.46
95 10.07+0.67 23.07+0.52
100 09.90+0.77 21.97+0.60
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A 5.1 MAIIFUSNING (%RH) YedmIazaIeINADdNAI NN TiAN  (d0)
qquﬁ Magnesium nitrate Sodium Potassium Potassium
(°C) (Mg(NO,),) Chloride Chloride Nitrate
(NaCl) (KCI) (K,(NO,),)
0 60.35+0.55 75.51+0.34 88.61+£0.53 96.33+2.90
5 58.86+0.43 75.65+0.27 87.67+0.45 96.27+2.10
10 57.36+0.33 75.67+£0.22 86.77+0.39 95.96+1.40
15 55.87+£0.27 75.61+0.18 85.924+0.33 95.41+0.96
20 54.38+0.23 75.47+0.14 85.11+0.29 94.62+0.66
25 52.89+0.22 75.29+0.12 84.340.26 93.58+0.55
30 51.40+0.24 75.09+0.11 83.62+0.25 92.31+0.60
35 49.91+0.29 74.87+0.12 82.95+0.25 90.79+0.83
40 48.42+0.37 74.68+0.13 82.32+0.28 89.03+1.20
45 46.93+0.47 74.52+0.16 81.74+0.28 87.03+1.80
50 45.44+0.60 74.43+£0.19 81.20+0.31 84.78+£2.50
55 74.41+£0.24 80.70+0.35
60 74.50+0.30 80.25+0.41
65 74.7120.37 79.85+0.48
70 75.0620.45 79.49+0.57
75 75.58+0.55 79.17+0.66
80 76.29+0.65 78.90+0.77
85 78.68+0.89
90 78.50+1.00
95

100
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//File: prop_sim.sci

J e e

clear;
t=0:0.01:6;
x=0:5:35;
D =400;
left=1;
right =1;
d t=1t(2)-t(1);
d_x=x(2) - x(1);
lamda=D *d_t/(d_x"2);
h=2 * (1 + lamda);
a = zeros(length(x)-2, length(x)-2);
b = zeros(length(x)-2, 1);
m = zeros(length(x)-2, 1);
as = zeros(length(x), length(t));
M=[];
for tn = 1 : length(t)
fori=1: length(b)

ifi==

a(i,i) =h;

a(i, i+1) = -lamda;

yranarlumsdnasana
Y A
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/f1U9A1 lambda

a 4
H5EMANAS A a

a 4
/lszmenuasng b

a o
/U5EMAUATNY m

a A 3 o '
//LiJGliﬂ"]j" w“l%’mummaunﬂmmm

P a <
//Qﬂﬁiﬁlll@lﬁﬂ"ﬁ allog b

b(i) = lamda*left + 2*(1-lamda)*m(i) + lamda*m(i+1) + lamda*left;

elseif i == length(b)

a(length(b), length(b) - 1) = -lamda;

a(length(b), length(b)) = h;

b(length(b)) = lamda*right + 2*(1-lamda)*m(length(b)) + lamda*m(length(b)-1) + lamda*right;

else

a(i, i-1) = -lamda;
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a(i, i) =h;

a(i, i+1) = -lamda;

b(i) = lamda*m(i-1) + m(i)*2*(1-lamda) + lamda*m(i+1);

end
end
m = inv(a) * b;
M= [M; m];
as(:, tn) = [left; m; right];
plot(x,as(:,tn));
end
mt = zeros(1, length(t));
forn=1: length(t)
mt(n) = intsplin(x, 1-(as(:, n)));
end
mt = mt / max(x);
figure(1, "Figure_name", "Output", ...
"BackgroundColor", [1 1 1], ...
"Position", [80 20 800 600]);
clf(1, "clear");
plot(t, mt);
xtitle("", "$t$", "$\int m(x)\ dx$");
save output
mkdir("out");

fprintfMat("out/Mom.txt", as, "%1.7f");
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