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ABSTRACT

A study on humidity sensor coated by polyvinylpyrrolidone on
Mach-Zehnder interferometer in planar lightwave circuit

Ju Ha Kim
Advisor : Prof. Eun Seo Choi, Ph.D.
Department of Physics

Graduate School of Chosun University

In this paper, a humidity sensor implemented by Mach-Zehnder interferometer (MZI)
in a planar lightwave circuit(PLC) have been demonstrated. Firstly, waveguide
channels for MZI was made in a PLC by using photo resist patterning process. One
of arms of MZI, which is called by sensing arm, was etched. The length of the
etched region is 5 mm, where polyvinylpyrrolidone(PVP) was coated by
dip-coating. The PVP interacts to surrounding humidity and results change of
refractive index value depending on the degree of relative humidity(RH). As a
consequence, variation on effective refractive index of sensing arm in the
PVP-coated MZI presented modification of the interferogram in intensity and peak
wavelengths depending on the RH around the PLC. The measured results have showed
that the proposed humidity sensor works successfully at RH environment ranging

40% to 80%.
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3-1. 2E=H3H30 ~ 80TC)0l [HE & B3 (AUsE 20% 1F)

peak 1 peak?2 peak3 peak4 peakd peak6
30C 0 0 0 0 0 0
40C 0.47 0.78 0.20 0 -0.05 -0.08
50C 0.44 0.39 -0.19 -0.16 -0.18 -0.16
60C 0.31 0.24 -0.29 -0.21 0.05 0.34
70C 0.42 0.42 0.07 0.12 0.34 0.57
80C 0.65 0.76 0.39 0.36 0.88 1.28

H 32 258330 ~ 80TC)0 & MtE HE (AUSSE 30% 2F

peak 1 peak2 peak3 peak4 peakd peakb
30C 0 0 0 0 0 0
40°C 1.14 1.04 1.40 1.15 1.17 0.88
50T 1.92 1.51 1.61 1.64 1.64 1.58
60°C 2.03 1.69 1.92 1.90 2.23 1.95
70C 2.10 1.95 2.28 2.39 2.86 2.65
80T 2.13 2.39 2.28 2.83 3.38 3.27




H 3-3. 2&83(30 ~ 80TC)0l 2 THE Pt (MtHsSE 40% 2
peak 1 peak? peak3 peak4
30C 0 0 0 0
40°C 0.67 0.29 0.65 0.45
50T 0.70 0.47 0.75 0.86
60°C 0.62 0.49 0.96 1.20
70C 0.88 0.99 1.11 1.38
80T 1.30 1.43 1.74 1.69
3-4. 25330 ~ 80C)0l hE & H3 (MUESE 50% 1&)
peak 1 peak2 peak3 peak4
30C 0 0 0 0
40°C 0.26 0.42 0.39 0.55
50T 0.26 0.60 0.03 0.74
60°C 0.44 0.42 0.21 0.74
70C 0.39 0.55 0.31 1.05
80T 0.65 0.78 0.70 1.36
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H 3-5. 2EH3H(30 ~ 80TC)0l & MtE B (AUSE 60% 2F
peaki peak? peak3 peak4 peakd peakb
30C 0 0 0 0 0 0
40°C -0.3 0.2 0.5 0.6 0.5 1.2
50T 0.0 0.7 1.0 1.3 1.6 1.9
60°C 0.6 1.3 1.4 1.6 1.6 1.2
70C 1.0 1.5 1.4 1.0 1.1 1.2
80T 0.6 1.1 0.9 0.7 1.1 1.3
H 3-6. 2L HSH(30 ~ 80TC)0l & MHE B (AUsSE 70% 0F
peak1 peak? peak3 peak4 peakd peakb
30C 0 0 0 0 0 0
40°C -0.4 -0.2 0.1 0.6 -0.7 0.1
50T -0.4 0.0 0.4 -0.6 0.8 0.1
60°C -0.9 -0.8 0.4 0.0 0.2 0.7
70C -0.3 0.2 0.3 0.8 0.8 0.8
80T 0.2 0.2 0.0 0.7 -0.2 0.2




KIr

sHoll &

9)

~
{ID
100

0l

00

—_— O
=2

MZI PLC dIA

=
[a—

orgtofl

Orciel 18 3-1428 18 3-190t

2&= 30 ~ 80CIHAXl

3-120k X2k 20I,

-7RH H

IT
sl

Al

=
=

FAIZ12 Al OSA

Ha

10% 2tH2=2

2EXHUAM 20 ~ 70%DEXI

nEE

L

2
=

L

2
=

Ju
{ID

-

<0

g

D

U1
%
<0
T
LY

KA

o

7}
RO
KIr

e
0+

XD
~

o

F

tol HE

2

(s

&HOIE A

maez

3E &

nm

11
0}

40|

fa

maez

PNy
=]

SRS

K

2HE 24Ot

3-82 =& 40TCUHA

(s

&H0IE =S

ez

o

ot

HElDl AR

E0

oft

S Aol <

= o
S =

1

20I=0l

3-90il A

IT
a

3-16,

1.0

ol

4 25 JF

3-100iM= 2% 60C=2 D&

g 3-17, 2

&O0lot AL,

oz &

CHI

| A

HOA
GIlA PVPL

2
[

<

{ID

20

0l
HH

z
01
_lu_
OF

R0

|
—

et 0Ol

Ol=I AL

&

nmJ}

HAZM

2
= T

dliisk

o
ju—

HH

DtOICY.

o

ol

H
0l

1

Ju

20l

3-1201 A

1T
a

f

oI ez2 g 3-18 1

o3
=
Kk
iy
ol
ol
U
OF



-46

Ay
-48 R\

Transmission [dBm]

-50

1500

8 3-14(a). U&=

1520 1540 1560 1580 1600

Wavelength [nm]
H3H(20 ~ 70%)0l & AHEY (2% 30T 1F)

]
- N w
T T T

Wavelength Shift [nm

o
T

8 3-14(b). &Uis<

Humidity [%]
B15H(20 ~ 70%) 0l (02 W& HIHSE 30C 1F)



Transmission [dBm]

1500 1520 1540 1560 1580 1600
Wavelength [nm]

8 3-15(a). AUSERISH20 ~ 70%) 0 HE AHEY (2% 40C 0F)
4

—=— peak1
—=m— peak2

'g' 3F —=—peak3

k=S

=

= 2r

N

<

=

s

0]

>

<

= 0

Humidity [%]
08 3-15(b). AUSEESH(20 ~ 70%) 0l HE & HIH(RE 40C 10F)



Transmission [dBm]

1500 1520 1540 1560 1580 1600
Wavelength [nm]

8 3-16(a). AUSERISH(20 ~ 70%) 0 HE AHEY (2% 50C 0H)
4
r —=— peak1

3t —m— peak2

'g' —=— peak3

= I —=— peak4

& 2T

= I

N

< 1r

~N—

o0 L

5

o Or

>

=

Humidity [%]
08 3-16(b). AUSEEHSH(20 ~ 70%) 0 HE & HIH(RE 50C 0F)



-40
g .
e 42
=,
= -44
2
w2
2 -46
= e, —— H30 T60
= —— H40 T60
S -48 —— H50 T60
= Fow —— H60 T60
50 | ———H70 T60

1500 1520 1540 1560 1580 1600
Wavelength [nm)]
08 3-17(a). AUSERISH(20 ~ 70%) 0 HE AHEY (2% 60C 2H)

—=— peak1
3r —m— peak2

'g' —m=— peak3
&, 2+ = peakd
- | —=— peakd
=

= 1r

n

< L

sn Of

= I

=

o 1K

o -1

< L

= ol

20 40 60 80
Humidity [%]
28 3-17(b). HUSEESH(20 ~ 70%) 0l HE IHE H3H(RE 60C 1)




Transmission [dBm]

1520 1540 1560 1580

1500 1600
Wavelength [nm]
8 3-18(a). AUSEEIEH(20 ~ 70%)0 &2 ABEH (% 70T
4
g 3r
k=S
&
= 2+
7
<
an
5 1
o)
>
<
= 0
20 40 60 80
Humidity [%]
8 3-18(b). AUHEERISH(20 ~ 70%) 0l 2 UHE BIgH(2% 70T



Transmission [dBm]

1500 1520

a8 3-19(a).

1540 1560 1580
Wavelength [nm]

HUSZESH(20 ~ 70%)01 HE AHEY (2%

]
- N w
T T T

Wavelength Shift [nm

o
T

—=— peak3
—®— peak4
—=— peakb

a8 3-19(b).

20

dUsT8z

40 60
Humidity [%]

H(20 ~ 70%) 0l (HE IHE BsHRE

80

-
0



H 37 dUHEEH3H(20 ~ 70%) 0l HE IIE H3 (2% 30C DA
peak 1 peak?2 peak3 peak4 peakd peak6
20% 0 0 0 0 0 0
30% 0.6 0.7 0.5 0.4 0.5 0.4
40% 0.8 1.1 0.9 0.9 0.9 0.9
50% 1.6 1.6 1.6 1.6 1.6 1.5
60% 2.5 2.6 2.4 2.1 2.0 1.9
70% 1.2 1.4 1.5 1.4 2.2 2.2
H 3-8. dUsZ=HE(20 ~ 70%) 0l HE It B3t (2% 40T 1DF
peaki peak? peak3 peak4 peakd peakb
20% 0 0 0 0 0 0
30% 2.4 1.0 0.5 0.7 0.5 0.2
40% 1.6 0.4 0.9 1.0 0.9 0.8
50% 1.3 1.1 1.3 1.6 1.6 1.4
60% 2.6 2.3 2.4 2.8 3.3 3.1
70% 0.7 1.0 1.2 1.5 1.8 2.6




H 39 dUsZH3H(20 ~ 70%)0 HE IIE H3 (2% 50C DA
peak1 peak? peak3 peak4 peakd peakb
20% 0 0 0 0 0 0
30% 0.2 0.3 0.5 0.4 0.5 -0.4
40% 0.7 0.8 1.0 0.9 0.7 0.7
50% 1.2 1.2 1.3 1.3 1.7 1.0
60% 1.8 1.9 1.1 1.1 0.6 -0.6
70% 2.0 1.3 0.5 0.5 0.1 -0.7
H 3-10. d4UHEZEHEH20 ~ 70%) 0l HE IHE Bigt (X 60C &
peaki peak? peak3 peak4 peakd peakb
20% 0 0 0 0 0 -
30% 0.3 0.3 0.4 0.4 0.4 -
40% 0.6 0.7 0.9 0.6 0.6 -
50% 0.9 0.8 1.1 0.4 0.4 -
60% 0.3 -0.8 -0.9 -1.3 -1.3 -
70% 0.3 -0.8 -1.5 2.1 2.1 -




H 3-11. dUHEEHEH(20 ~ 70%) 0l & mE B35t ( 70C
peak 1 peak?2 peak3 peak4 peakd

20% - - 0 0 0
30% - - 1.0 0.0 0.3
40% - - 0.2 0.6 0.6
50% - - 1.4 1.2 1.3
60% - - 2.4 1.8 1.6
70% - - 1.5 1.1 1.8
3-12. AUSETHSH(20 ~ 70%)0l & W& B35 ( 80°C
peaki peak?2 peak3 peak4 peakd

20% - - 0 0 0
30% - - 2.1 0.9 0.8
40% - - 2.4 2.9 2.0
50% - - 0.3 0.4 0.8
60% - - 1.4 2.3 3.2
70% - - 0.1 0.7 1.6
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