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ABSTRACT

Study on improvement of characteristic of
molybdenum disulfide based respiration sensor using

piezoelectric effect

By Hyeon-Seung Kim
Advisor : Prof. Min Ki Kwon, Ph.D.
Department of Photonic Engineering

Graduate School of Chosun University

As we move into the smart era, we are developing rapidly with an emphasis
on the development of wearable device sensors that can monitor health
condition in real time. These technological advances can check breathing, heart
rate, blood pressure, and physiological phenomena in real time without going to
the hospital. Among various sensing, respriation mornerting 1s especially
important because it can possible to follow—up of chronic obstructive pulmonary
diseases (COPD), moniter sleep apnea, nocturnal monitoring of respiration,
unobtrusive monitoring of vital signs and prevent sudden infant and adult death
syndromes. Although the contact method to measure respration rate has the
advantage of greater accuracy, it is difficult to use continuously due to its
inconvenience. Therefore, the development of various sensor technologies has
occurred in many studies on non-contact methods.

For that, in this work, we fabracated the thin film transistor with
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two-dimensional (2D) nanomaterials, transition metal dichalcogenides (TMDs)
which can detect change of humidity during respration. Because of their unique
mechanical, chemical, and electrical properties, and large surface to volume
ratio, it has good responshility and on-off ratio. Molybdenum disulfide (MoSs)
with fast absorption and easy desorption of H,O was chosen among the 2D
layered materials. Although there are few report to apply respration sensor with
MoS,, it is not sufficient to replace commerical respiration sensor.

So, we tried to improve the responsibility and on/off ratio with optimizaiton of
crystal quality of MoSs. In addition, we tried to reduce Shottky barrier height
(SBH) by appling exterial stresss of tensile and compressive. With optimization,
respriation sensor has sensing time belew 0.1 sec of rising and recoversity
time. It means it is sufficient to measure human respration.

After that, we tried to find out if it could be applied to lung cancer
diagnosis. We prepare mice with lung cancer and monitor their respiration
compared to mice without lung cancer. They found that the current values in
mice with lung cancer due to volatile organic compounds such as toluene were
12,5 times higher than in mice without lung cancer.

This research will contribute to the development of new wearable devices

that can monitor health conditions in real time and prevent cancer.
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Collection @ chosun



A1 A E

(o
EL

o
L2 2
2 o

B
olelE dupolx AAM JiEel] THE ol whEA HdaE sk vk 4l
M= I 119 o] AvtE AU AvtE V7[R ofd AntE 7S
Aol F2e = gl A A= 7S 7719 v d1ed B FulA,

de Aleerhl]

2
>,

olo
oo ot
N
N
ofr

- —a

Glassas

Collection @ chosun



1r .

BB ook R

[ B —~— -

oo o B oo ‘ T H 9
oy T [ | S LM TR =

- v ﬂz om0 [T D O ol % Wﬂ Mo X WH milr AF

A R i T o= o BT

;oE o \.WOH ,_mgv i Ss X fLiy OME 7A iy — E:! o ﬁo _EE

R T RR o o Lkt T N 0 Wnﬂ G T o
W o R4 o} Pl iy [0 oF M e W Wﬁ T ,Zl_l by o TR
T oW o om T o o] . - S Oy oy B
Zr¥gELe e |, nFTTiTIziCE
o P T 2T e o | o o & o ST T T w B %
o T o oo P S ) ﬂ_dﬂoe_ao%ﬂ%m@ﬂ&

) s
o Aw - L oW & 2 PRI
oo T £} 1”! el ° MAE iy e DS o 1o G Mﬁ w oE T

—~o0 mo A—I — _z:' _EH o) ,HL —_ ::

<0 oz — o , I ° = N W
dl ) EME juA) e . —_ ~ .EH _E m‘h . = ‘_Irk e =
9 L b = o A o 5 N o o o X
= = s T 2 o i} o T oo d T oW
oE oo~ Mo T B ¢ FTE LT R 30
I E 2 N T mp el @ = 5 =

<A ol E m nal = oW ~ ~ o _é_v o 5T ..nWM % ~ KO
i o N ol ob ﬂc %0 ~N iy R o o E 5w
o = s N — o B T P - 8 7 = B

- T %0 ] iy o] 5 T g 3 T
T X o)) 2 <7 ar Wiz TR ~ i) A o 1 = L =

B ow M w T N2 > e T M+

X o7 o —~ folm < A~
T oo W : i % S AT I
e 2 T oo X oz g ) B oexeHg iz ETER
o __ = g WX g B 2 N
T o ox X N oY ML ofp F W Ty e Mﬁ S < =

XS T B ol z N ~ 8 7§ o
g N oo iof © o 0w g = AL
= R 5 oy o 1 <0 Ch a o= MO ALY

= _é.o ,UI [aN] X 11 o R~ . H._ .

e o oM W ! 2 G o )T ap
T oW R & - g = % Z ) O
B X — 0 y 5} TR _ CE m BT R X F X

oS~ R A i 14 o of W ~N O — O (T
L I o) W %0 L m o — X =T W™ 2 ) MLM ECR
G T TR H W Y T p Sl )
- o) ) omh R %o _ (TR o R o X o CBs o
K g, m e T R PT e Ty frnE b o
~ = o - ~ —_— O o 0
MM oE 1@ 1@ T dn o dl \ H o W T u_u. m m]r oF o _E_. _1“%
W ~ B ol No o o J u]L M o SIS " el

R I 2 o N T "
X B oE " Y

&t

S

ol 7

o

o AdEoew F&F

st

A= 27 o
Collection @ chosun



F93 A=Akl Thin Film Transistor (TFT) A&x7F %& #2418 w1 gt}

MY B

3 12 E}%k?} TFT Zzke] wbeA] 229 SAS Boeth s Al

ojof st} a-Si®} OTFT, Oxide TFT+ A o] & %7} Lﬂ‘tll‘ e o] i
LTPS¥ a-Si, OTFT, Oxide TFT ¥t &2 A7 o]sk=E 7Hou fdshA
EattE @@ o] vl Graphene Oxide: & X
/93 uj7} vre o] 9t} dHA|WF 2D materials

Such e Fool e A% O FE, ¥E £/0Z W] A 2874 A7 2

_,d
©
offt
o
o
re
0%
[o
N
2
N
r\j

m{n
r o
1o
)
>
e
il
)
il
i)

TFT &4 AE&37] <t} 2D materials =&+ Molybdenum disulfide
(MoS2), Molybdenum diselenide (MoSez, Tungsten disulfide (WS,, Tungsten
diselenide (WSey & B3 =40l = 1 F MoS,e= @& A% odyA= <l
gko] edgeol A Al AbA/aa8b wEEsto] F3o] Thest bl el o3 &
F el g sl 2le) MoSE AHgaar.

{“ICollection @ chosun



2D
materials

2D

0.6~0.85

200~900

10°~108

Graphene
Oxide

2D

1.1

~200

~10

Oxide
TFT

3D

1~80

~10*

OTFT

3D

<5

<1

108

a-Si

3D

<1

10°~10®

LTPS

3D

50~150

~10°

Structure

Sheet
Thickness

(nm)

Mobillity
(cm?/Vs)

On/Off
Ratio

Flexibility

TFT 239

i3

%

1o

-
it

A=

-
T

]

Al A

Al

A

o]-&-38tef Al

=
=

H 2D MOSQ

9]

ol St} Lol A

Aol = 2D %2 MoS, B

=

HolErh uhebA

fie)
i
Ao

olo
jant
_EH

<

PR ob2 7kH) A o]

3|

ma

dol vt Aek H AT

=
6}

A WA T

[e)
xS

A

Collection @ chosun



. . detection range | sensitivity response recovery
sensing material sensor type . ) ref

(RH) (%) (%) time (s) time (s)
MoS; FET 0-35 10* 10 60 [4]
MWCNT/Nafionnanofibers fim | SUrace acoustic 10-80 4276 3 63 (5]

wave resonator
MoS,QDs synthesized in NMP impedance 10-95 2.27 X10° 14 280 [6]
graphene/ZnO impedance 0-85 NA 1 2 [71
glycidyltrimethylammonium impedance 11-95 >67.3 25 188 8]
chloride/cellulose
2D hBN-poly(ethylene oxide) impedance 0-90 2160 26 2.8 91
dendritic MoS, impedance 11-95 3031 11 17 [10]
2D MoS,-PEDOT:PSS impedance 0-80 4000 0.5 0.8 [11]
PEDOT:PSS/GO impedance 0-100 2.6 X 10 1 35 [12]
halloysite nanotubes impedance 0-91.5 10° 0.7 57.5 [13]
TiO2/(K,Na)NbO3 impedance 12-94 16 X 10° 25 38 [14]
BEHP-co-MEH: PPV-PAA.PSS capacitive 0-80 NA 35 5 [15]
poly(dimethylsiloxane)/CaCl. capacitive 30-95 10.2 120 [16]
GO capacitive 30-90 209 ~200 ~100 [17
ITO/alumina capacitive 5-95 7372 47.2 49.5 [18]
MoS;/nanodiamond capacitive 11-97 ~3500 <1 09 [19]
carbon dots capacitive 20-90 6300 [20]
GO/MWCNT capacitive 11-97 7980 5 25 [21]
poly(ethylene oxide)/CuO/MWCNT capacitive 30-90 53837.6 20 11 [22]
MoS,/Sn0O; capacitive 0-97 3.3 X10° 5 13 [23]
MWCNT/HEC resistive 20-80 3.84 ~20 ~35 [24]
SnO,/rGO resistive 11-97 45.02 ~90 ~100 [25]
PEDOT:rGO-PEI/Au NPs resistive 11-98 516 20 35 [26]
printed MWCNTs resistive 30-60 57.6 [27]
MoS,/PVP resistive 11-94 80 5 2 [28]
MoS2/GO resistive 35-80 ~1700 43 37 [29]
MoS,/SiNWA resistive 11-95 2967 22.2 11.5 [30]
Pt/MoS; resistive 35-80 4000 91.2 153.6 [31]
2D MoS; resistive 0-80 6800 0.6 0.3 [32]
TiO, nanoflowers resistive 20-95 461X 10* 4 <1 [33]
N-doped TiO, resistive 0-90 3.28X 10° 18 299 [34]
MoS,-flakes resistive 10-95 53 X 10° 8 22 [35]
E 2 O HE A9 54
- 5 -
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A3d vtE=A &2
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2. EdAA2H (Transistor)

7}. BJT (Bipolar Junction Transistor)

BJT (Bipolar Junction Transistor)= + 70 P& wWr=A] Alolo] 3k 7)o N3
A2 o]zl PNPE EWMAAESE F 719 N WAl Atole 3 7he] PH
WA R o]Hx NPNY EWAA~E7F 9lom o|mE, wWo]~ HHH=E o] Fo]A
A ‘:}. of EMAAE ] Hgs 7FalAH g PN Hg2 AWe, o2 PN g2 o

&k wlojoj 27t k. &N
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Y. FET (Field-Effect Transistor)

FET(field effect transistor)v Ao} &S EF AREstE BJT9 th2A A=t
of ¥ F shunt AlEEt AFE == w54 Aot onE, Wo]x~ HE
HE o]Fozl BJT¢+= =27 & AoE, =gddog FAH dom Fx9
w}2}A JFET (Junction gate Field Effect Transistor)®t MOSFET (Metal Oxide
Semiconductor Field Effect Transistor)@ ozt F wh2lo] e 2|k
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o). TFT (Thin Film Transistor)

TFT (Thin Film Transitor)© FET 7|¥Fe] Azp=2 ¢k 5 Bt o = nhEof
X EdA2EHY 29 2379 2ol TFTY del= 4714 & (a) Staggered, (b)
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He Eozut 3485 gt BEAE fo AAAE AFste] wiEAF Aldol

A Agro] WA 4= th= W o] Atk (b) Inverted staggered 3 B+ Inverted
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2. TMDs (Transition Metal Dichalcogenide)

89 Band Gap =A¢F 7H7H9] Al AApR S8o] off 7] ufiEel] A7)
A, 7IAdew ¢ 545 7HAH vreA 54E 7 TMD(Transition Metal
Dichalcogenide)”} Z1g|#S tiAgd 42 %S A7 Jd Foltf. TMD+=
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5. MoS; (Molybdenum disulfide)

TMDS] HEHI B4 F 3ol MoSis 28 eFMo) F5 FS)el 270
A BAZ A3 2L 34 AATEE oI Ytk TRHOE 65 A

A9 e e FAS Y

Indirect Band Gap W=7} Ft}.
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{semiconductodn

o
"'|"|.

"#“:-r

a9 244 MoS, 2R 7% B Azt - %[42]
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A3 Ad ¥ R A3

A1d MoS, ¥t 4%

1. 383 7|4 FZFH (Chemicla Vapor Deposition, CVD)
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3. %84 71 FREH £9 FHPORE 43 B MoS; 54

316 A% ®© MoS, B¢l Raman spectroscopy Z~FEZo|th MoS,9
Raman 2~FE# 93 giFd oz EYet A7t 9tk Elbys Modt SS9 3 A% 9
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