FABRICATION of SEMICONDUCTOR METAL OXIDE
BASED GAS SENSORS for BREATH BIOPSY

Alp Kilic®®Onur Alev}, Neslihan Sarica?, Serkan Biiyukkose! and Zafer Ziya Oztlirk? \'4
] 8- 1 . . - - -
,f(_)\",,ﬁf.v.‘;_;;L;.z 2020 1Gebze Technical University Department of Physics, 41400, Kocaeli, TURKEY GEBZE
ST °The Scientific and Technological Research Council of Turkey (TUBITAK), Kocaeli, TURKEY
DIGITAL TECHNICAL UNIVERSITY
& akilic@gtu.edu.tr
A Non-invasive Diagnostic Way: Breath Biopsy & Semiconductor Metal Oxide (MOX) Materials - :: Fmelal Gtk
10° e ] « MOXs are one of the best R
wzzzzza Unhealthy . Sy 9@
. candidate components for : S
10 ] 4.5 QO QQ’ (|g)/ gas out
a breath biopsy due to[ . { &.& ;
Qo ] ] ] ] < 40+ e /D"‘")‘
) P Interaction with wide range & \\
2 10 of biomarkers 2 ,../ \ RECOVERY
§ GEEER - o "r _
© 10 % ’ . A2 /
8 ﬂé metal oxide 20l )
10° 7 1R ‘ /é . i . 15 7 W
7 * / 7 Z ,; / sens' n g laygr ] gasin
-1 —— i e — — %oz - 1.0 T T T T T T T T T
L LAcetoneJ i’«mmoniaJ CO Dim. sulfide Ethane | HCN NO 350 355 360 365 370 375 380 385 390 395 400
disease biomarker concentration U @Al P R kY ) e typ|ca[ current-time graph of MOXs
I cystic fibrosiz HCN 10 ppb ' » nanostructural morphology « sensor response * response time
o | diabetes acetone 1.8 ppm - tvical metal oxide gas sensgr | Provides high surface-to-volume  « - sensitivity * recovery time
kidney diseases NH, 0.8 ppm | yP g ratio and high sensitivity « selectivity » reproducibility
Sensor Fabrication & Structural Characterization
fabrication process of sensors - sensor test setup scanning electron microscope images of fabricated nanostructural MOXs
’ av'F
Electrometer Cu0 , / - N
nanorods " £ | &1
Temperature | Lo p ! ¥
Controller : 4
B V’ m A Py /*'. - r
Generator | 1um v{ \
* very simple & environmentally clear ‘ boreoad e |
hydrothermal route was performed Gas A - WO,
on AL, substrate ) - nanorods nanoflakes
« Au-IDE(electrot) was coated on Chamber 3. L]
surface for sensor measurements  _
Biomarker Sensing Tests  Emooa T e —
50 100 150 200 250 300 . i 2
x-Cu0 % s 5 12 :
- - - 0
048 - * e 7 8— " 8. 1.0-. §
' . n )
[ ' * &) 095 & 0.8- % 15
032 [~ " — 2 0.2 4 2 06‘: % 10
' % . g o.4-. (#p) N
0.2 1
0.16 - - o i
.0- 0.0 - = r T r r
m i * ) Ammonia HCN NOXx Acetone Toluene Ammonia HCN NOXx Acetone Toluene Ammonia HCN NOx Acetone Toluene
2 0.00F %----% -"° & - sensor response of each sensor against varying interference gases at optimal operating temperature
| \ | ! I 7 | 7 | | |
O . T 1 Qe — 125 ppb HCN ——— 450 ppb Acetone 30 - — 1ppm NH,
= 8 |O PP
Q—165 ‘-‘- 2 .‘, 7 1 e 25 -
(D Lo | o 0.06- °
0
110 B . 3 0.04 - 4 Dﬂ B
m J# " ‘ % 0’6: 0.2 (7)) I
~ .’ ‘ § 0.02 § =
O 055 i ¢ - B . R
2 - " 0.00 - O'OM 0_'
000 [ " - : T y T Y T v T ¥ T J T v — T T T T T T 35'32 ' 3S')9 ' 466 ' 41'3
q) 560 570 580 590 600 610 620 420 430 440 450 460 470 480 490 Time (min)
w I : I : | ' I ' I . I Time (min) Time (min)
279 F L2 WO3 @ - sensor response peak of CuO sensor response peak of Ti0, sensor response peak of WO,
' | against against against
. R 125 ppb HCN 450 ppb acetone 1 ppm ammonia
N A _ Conclusion & Overview
93 | J r 1l ° optlmal opfe_ratil:ng temhperature each of the sensors are good candidates
' ' ' . . CJ
N | - _ was identified for each sensor for further sensor array applications 8
; "  clear sensor response peaks S
s due to @
00Fr @---0@ ® - --0® | - 3excellent sensor performances . K3
) L v’ easy & clean fabrication =
S Y Y IS S NS NT— — at low diagnosis limits for 3 v cheap S
50 100 150 200 250 300 i : ) .. . @
diseases; v' highly sensitive & selective &
Temperature (°C) cystic fibrosiz — Cu0 v’ portable & non-invasive
temperature depending sensor response of each sensor ﬂ!gbetej. — Ti0, for early diagnosis of kidney diseases,
against 1 ppm biomarker ldney diseases— WO, i fibrosiz i i
(HCN for CuG; acetone for Ti0,; ammonia for WO,) Cystic brosiz & diabetes disease
ACKNOWLEDGEMENTS This work has been funded by the Scientific and Technological Research Council of Turkey (TUBITAK) project number 116M201; REFERENCES Righettoni,M, et all, Materials Today 18.3 (2015): 163-171.

‘Developing Chemical Sensor Arrays for Determining Biomarker Molecules in Breath! Blyukiose, 5. et all, Turk J Biochem Vol 44 Issue 5113-38.



