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Exploration of Gallium Oxide-based
Semiconductors for Nonenzymatic
Biomedical Sensor Applications
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Dong-Sing Wuu
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This study employed various deposition techniques to fabricate gallium oxide-based thin
films on multiple substrates and integrated them into extended-gate field-effect transistor (EGFET)
structures for multifunctional, nonenzymatic physiological sensing. Leveraging the films’ high
stability and selective compound adsorption, the sensors achieve sensitive detection of pH, glucose,
ammonia nitrogen (NH;-N), and cell viability. Enzyme-free design reduces cost and extends storage
life. Biocompatibility tests confirm noncytotoxicity, making the devices suitable for long-term
biomedical monitoring. The results demonstrate gallium oxide-based semiconductors as promising
materials for multifunctional biosensors in healthcare and environmental applications.
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IREIAE - FEBCAE (RS R AL RGNS - S8R RY A pH ~ W&lE - ARSI TEEH
HRERIZ Z IS5 - FE MR TR B e B SR AURS & - T BN O U SRR,
FrEd BRI BERIEARE R RR TR BV E B e -

=~ SUEBREERREEAMA S0

1 EERE

Kitgest B SRR I BHE T 2R M SR BT R RR 4G - BRI R B2 R - 7k
1315 (chemical bath deposition) » 7KZE (hydrothermal synthesis) B4 85 B L2 GBI FE 1L
(metal-organic chemical vapor deposition, MOCVD) » DLECER EEFRARHERE © A5 &k 14 B e A=
TEVERIRSEE - KR ERBE BRI ~ KRB R E 2 (RS - 5 YR EERR b el S8 B 1R
HER2HEIL - RIS 5 MRS PR T EEAE —ERRH Y - A2 - MOCVD #%
il FI AT e i i et T 5 i E S AR R - BRI AR R - A — 2R K

R AT - FiE S R T e g e B R B M 2 A BRSO -
IR/ KBS KB — IR - BT IMIESIRIEERSAE - #5hsS & N0E
B S LR IR - KB BB T DR R A R P o iR - HBR B - AR - & K
ﬁﬂ%ﬁﬁ [ 12 e IR <2 T8 ALY EORIA B R0 B = B LA » ANt A Zkom i 5 6
HISEY) @ A LEFF KNS (GaOOH) » B2 i S IR KR @ & Lok i i Ry L%
FoKEEE o BAFFIAIMLER KR » SEE AR K VA IR R R I B SR R (Ga(NO3)3/HMT A
WEEH 1:1 ~ 1:2 > 2:1) - BRGEFERARSBEREER AR ER - o H S
1 o BB IRAS RS S R P DA (- R iy el B - K BVE BRI BE =R LR /R 140 °C T
J& 30 738# - SeDIEBET /KB VEEE - 120 °C Hiazik FHERBEE HaEfp Gl - R DIERE
NEEHEE - (ER8E 1 X1 mm® BRGSO DURBBTE L W - $27Hi3 e B a1 - I e R A

pH ~ AE PR AR F AR S HZEH (& 1) -
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'
n -4./
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Sensing
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fE B AR BRI RS MRS FIATE N S RIS LR TR
TERR (N, BEFHEEE - DIERERERE KD - f/EFHERFIH MOCVD ST~
FMR b - FHiBER RS 5 TEGa B SR - HIRES B 80 Bl 800 scem » i LAGESRME Foik
F e PUEETEH - N ESNE IR 73 B3R 560 °C Bl 600 °C - [ER TR 176 4788 - 1E
FEEBAKEE (15 Torr) REFT » RRERTBEYIREFS 7357 M0 A S T2 HCHE IR - PR A A AE [F] T 258
1TEEE (8 2) -
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2. WARGAZ » AR ER K Ga,0; 5% - BFE/TRKEE - ARAIE EGFET £ BRAIKE -

2.2 KB ERIKBGEZEARTEBEE S

Atfgee - A A E DU S B BGE IR B AR b » DUANE] pH (BRI
[FITERFRE N - Ui T A P ER A iEns i - BRI IS - e RS
IR~ ZIEIL TR NIZE AR « (5L Ga,O, FEKIH A X BHRATET (X-ray diffractometer, XRD)
i B T BH{WSR (scanning electron microscope, SEM) » {17 BB AR 4N YFEEE (Fourier-
transform infrared spectroscopy, FTIR) FIHi & 5% (Raman spectrometer) HE1T T A BHEFIERY
W9 o FERER - FEAFETEREAEE TUL pH = 3.15 AU EE S 0E KT - FEREH
600 1 800 °C HIEK 4 /NFF#% - EAEZAE&A ([-401] ~ [002] » [403]) » FTIR FIHL S EEH]
B HE I Ga-0-Ga Il Ga—OH B HfEZCHIFELE « BLoh » 8 B AL (e ] i 355 05 e 78 A IR
HIEE » HE T SRS pH BORIFF 4 -

—H&IME * a-GaOOH Fi TR REFIA/ N EEUR A ATEHY pH (B ~ /KBNS ERI IR FE DL
Fe A WD o GaOOH i1~ [IFF E ] BE & 37 FI VR N ki o 1 1 1 B T 65 i BB A7) 11 VR I 2
& WAl RERURIAK B FERTHYZ AL - 200E 3 Fs » JPREE R A E Y pH {E -
ERAMeE R - T T RvEE R 28 EIERE pH EMTERRE) - —&mE /¢
B pH HRE THRFEBEYNSE Y EBER TR - BEGHERIIRE B
[001] FFIAERAIHEIR GaOOH Kif-  fEVAWK pH {EFy 3.15 W - BIE R MEGREET - =I|AD 60
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°C HEPERTE ERYTEREERN B IRTHE R iR e (18] 3(a) & (b)) = TEFHEFRE AR 95 °C fiFE
TR B FER B Ry 140 °C BIMRME T » S FriRfsidwenE 06 IR T80 - [F
FHE G EAE o S8 BRI iR SRt T 3(c) AR A/INE 0.71 BICREVESKRAE - BiE
WeH) pH {ERSINE] 5 B - A OH-BE RIS EIE - PR T35 82 (E 3(d)-3(D) » A
PEE e R RN - A/ NIREWIN - 75 pH Bk 7 f1 9 BUGREET - fEEIRT
RPE (8 3(2) & 3()) 1 60 °C 2 (18 3(h) & 3(k) ¥ © a-GaOOH WY RE R /588 » 1
£ 95 °C 10 ([ 3G) K 3(1) » FEk 2R INVRE » I B ZEREANEW - SRR
FERIER AR K600 °C 4 /NIFTR - FTARRELIRFE T a-GaOOH WY/ RE » (HEE(L Ry f-Ga,0, ° [E 4
HUR T TR KERELRY SEM ERE - FRE iR KRR E BB EERIZ LI -

3. WA & GaOOH #kéh 89 SEM B ° (a-c) & ixi& pH 1A% 3.15 B4 %14 20 °C » 60 °C A &

90 °C TRIEZ AR&ER o (d-H) &iEdk pH 2% 5 B4 514 20 °C » 60 °C XA & 90 °C F R &

Z A RES o (g) BiEik pH LA 7 B2 314 20°C > 60 °C AR 90 °C FRIEZ A K&
(-1) &% pH 1A & 9 B 5 %14 20 °C > 60 °C IAZ 90 °C FTRIEZ k& d -
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[ 4. JUAR AR B2 600 °C 1B K 4 h PTEF %ﬁ&ﬂ%ﬁm%ﬁM (a-c) A& pH 1A% 3.15

B2 514 20 °C 60 °C A& 90 °C FRIEZ A K& dh o (d-) &ixik pH A5 5 B4 %1 4E 20

°C»60°C AR 90 °C TRIEZ A K&  (g-) Bk pHE L 7 B2 %4 20 °C > 60 °C A

A 90°C FTRIEZ AKER ° (-1) &k pH AL % 9 B4 %14 20 °C » 60 °C A A& 90 °C F R
}F:i_zz;;];éa gy °

2.3 BRREF KGR ATEANR S

By 7 AP mORGE R TR E 1 - M MOCVD RIRE 6 FHEIT SR AT - [
5(a) B T3EH SEM ¥} f-Ga,0; HWIRIEE LS ZnGa,0, BT AVRE D S ATEI TR 177
R REBHER B-Ga,O, HIREIRHIGH 040 B HE S EIA EA SR AEHS » BURHH
£ Si Zefl BB G AL MR n] R A SME R R © HRIESPEEE - SRS SR
fife - SCWLH RS R REIE R 2] 1 -
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£ MOCVD B2 5 [ A DEZn {ER Zn HIEEYI1R - Al R R R H IR b
(& 5(b)) ~ 25 Zn B ERIE H 5 SRR AL K2 5 LU B (R A SRR AT - IR HL AL B
e B FJRER FTERT T « Sfr RT B g K ELEINAAEE - IREZ AR Zn [T (RERE A SR R
BRAEDURGEAE RS EAS ST T R T » SE M 30 L R EAa B iR 5 PR fer 18 ML ek ki
BT - I ATRESRT AR ER -

B 5. (a) Ga,0, # (b) ZnGa,0, #H ey iFH X T THMER L - WA Z AR A RBERE (K
X AZ % X 50,000 #2 X 100,000) » A BAR K @ HAEL

BE4h > ZnGa,0, HIEIRH E RS A RBHRT  HEEBIEUR Zn 095 | AU T HE
HIBAETE - IEPTRER B R EN B - HEAR]RE 22 E00# MOCVD BIFE Y R AERCH R
AL ERTE® - IS » ZnGa,0, %H%Fﬁﬁ%%?:tm’]fﬁﬁ%ﬁ%%@ FLFE I TE T
F ~ ER ST R HE S AANE - DUREEEI - BN E A MR LN S E
HEEERNEY) L EiaEE > ’aéqu:ﬁ'@ﬁﬁﬁﬁﬁfﬁ%

& 6 B T REEEU X YEEEE (energy-dispersive X-ray spectroscopy, EDS) 43 HT#s & »
FLAFERT Ga,0, #ElELAK ZnGa,0, HITTEALK © Ga,04 HY EDS JEFEHER T Ga fl O JTTELA
ITALEET B HLHIELE - BN Ga,0, CECINUIREIRE b (& 6(a)) < #H5RER + 78 MOCVD
SRErF5 A DEZn % - B THHEARUSEIE (& 6(b)) @ #EE Zn CABA Ga,0, g o &
BILROWER - Zn S EEEFE DEZn Wi SR ECELG] BT - 3R AHZE @I 5EY) i & 1Y 34
PERTRETEYEH] Zn BEERE - fEB B R B M DEEE R rT B SR B A g - AR HAH
HomERE AL - S5 PTEEE Zn [R5 [EEAVEYE S B /m S AS IR IR C#E R © Zn BIHUA
Ga,0, Mg ATREE B8 Zn HHBANYE T REREEGER R RERYIZ R - SEEMBGINE IR - E
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HEEAYE - REWEEMIEEIPF RS - BURDEEREE A S EMEE - Harfey) s
FRVE RIS © ILOh - ZE[EIERATHY EDS MU BIVR Zn FEIRSRIAI 217041 - SRR RS 2] HLAEIHER
FEEBH D HER S - B ELE N SEM BIERIAYRE R ETY I SCEAH AWEE - SRR TATRHE
CFEIEHTE S ERIEEREEETT -

(@)

Spectrum 1 Spectrum 1

0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

Full Scale 379 cts Cursor: 0.000 keV/| Full Scale 200 cts Cursor: 0.000 keV
Element | Weight% Atomic% Element | Weight% Atomic%
oK 2023 3517 OK 24.07 44.77
SiK 35.81 37.94
Si K 55.80 55.27
ZnL 5.92 2.70
Gal 23.97 9.56
Gal 34.20 14.60
Totals 100.00 Totals 100.00

6. (a) Ga,0, ¥ (b) ZnGa,0, #HBL Y 7T & M 2 H7 °

BT E— DR AL A R A AW ICR A S AT S B A 2R B U T R
(field emission transmission electron microscope, FE-TEM) 43 #1#8H MOCVD #f.2 B-Ga,0,
B ZnGa,O, RS B RERE R  (B 7) - WA SR M X OGRS AT T30 W EREE ([ 8) -

21 7(a) T * f-Ga,0, TIETEE % FE-TEM TN o] BRZZFHES R A1 H ST ks 6 -
o1 (400) LA R IHEE - BRI MIEE R 0.296 nm - BHfE%E JCPDS #41-1103° & HHH
FF o SBEHEE f-Ga,0, ffl o EEE T4 (selected area electron diffraction, SAED) H#t—
WERRS T ISR - nIE YRR EL XRD BEAIEEER (400) ~ (-201) ~ (111) £ (401) &40
HATEH XRD BRI EZIEYE - BURATER PR S 5 Bk AR SRS - I
BB T ARWSERATER MOCVD SAE2 A EA M - £54 TEM Ei XRD #55E - WEREAMIFTRT)
FIFH MOCVD S HiE e ~ S SHEYIE P f-Ga0, HilE -

£ ZnGa,0, WHEE /> (& 7(b)) » Eif FE-TEM [FIBEEER T HEFHE7E g Win s & i -
Hrf (311) &l A LA ST FE SO0 (B R 0.251 nm » B JCPDS No. 38-12401 fEue(g—% - 25
H ZnGa,0, fHIIZEL - SAED ST HETE (111) ~ (220) ~ (311) EH (400) SLAAIREETER -
Bl XRD W ZEREGTIEARRT - BRI St S M AR - B R - (BB R
HE > ARFFEAY MOCVD SRR AEH S HIH 4B B R A R 5 1830 2 M B R R A -

8 BH/R T ZnGa,O, ERHTH AR XRD SATHEH - DGR H L B S R AR - R
[ZFER) Ga,0, EIETE (-201) ~ (002) Ei (400) fhiHE 23R I BARBE S & - SHEER R B-Ga,0;
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B 7. & BAAT L B AR 4T ¢ (a) -Ga,05 $ (b) ZnGa,0, B Si (111) A Bk kx4
% £ ﬁéz%éﬂ & TEM B > THEABRFAARZ MG RG ; PRSLLER
TFHEEE  EWHSRH RS ARG BEEBEALA 5 GE ARNBRE S ENE

TEM B » T RBEZ)H F o4 A 4 -

FH (Z2[ERE C2/m) - HIEZAR 8 ~ s » SR E%EE%E%@H&%EM KA ([ 8(a)) ° £
FiE MOCVD BIFE M- DAMIESE ZnGa,0, fHAER R » XRD [ElGE 2IRBAREE L (& 8(b)) : [AA
1) Ga,0, fEETIGBEE HFZEIE A Hﬂﬁﬁﬁzmm}%V”‘aHEm% ZnGa,0, FHIHTHEG I -

HIESRETRT ~ =5 (full width at half maximum, FWHM) #ffi/]s » BEAS SLIEHE— D2 -
a b
(a) ) g
350.] 002) (220)
Y v
300 200 4 \
= 250+ S 150+ (440)
] : v
& 2004 ‘ S
> > 100-
2 1501 g 100 G e
S (603) 5 (111) Y v
€ 1009 (—201) € 504 v
- . {11 Ya00) -
501 (~402) “ ‘
W M e °] |
-0 ; -50 . . v v . v
60 70 80 10 20 30 40 50 60 70 80

29 ( ) 20 (°)

& 8. (a) Ga,0; ¥ (b) ZnGa,0, L6y XRD %4t 8 3¢ -
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FFESBREREN - RMEHFE Ga,0, 5 ZnO W& - FEHILERT R E TR B
T EEHRT2MEEE B ZnGa,0, o ILAEMIFF EEREEHEEDEENEEH ZnGa,0,
T RZ AR E AL T8 - #5& XRD » SEM  EDS i TEM 737455 » ARHFFEAL
TGt HE RS M ELBORS RS LB HR T ZnGa, O, MK - FRER AT AE R SRR A 2k -

=~ SRR

3.1 pH ERGH

ROHTREE T ER S HIENY EGFET $R[E pH (EAVEEETT By o B HE R 5 5
N[E pH ERHIENA W - A6E @GR 2 REF MOSFET (2N7000) 2KAETTHIE - 2EE
s A ST - FROLE TR — ISR R 3V o AR R RS — JEAE R (VDS) i 0 F
3V o DUHIE E g M - 2008 9 F7r » EGFET 11 IDS-VDS hiff £ #17I) MOSFET 17
R - BNEEFREE VDS BEANT BT GAEESE 0.6V 45 ABIRIIRFE « [EEEENRE - EHEA
WeH pH {EIEEET LR TE (pH 1 £ pH 11) I - SR dhip B — SR - B8NS
=Y pH {H B S EBURAKAY BRI AR EE IR » BT HH AT e T P A8 L T 2B SR 2= T P S A
FREE AL - EYibE pH FHEm FERVERS » RGBT H3ERYD - HEEEMEEEEE
SEFTTR ARG E R T -

P FEY 2N7000 MOSFET FRIRHIHE TR EM: » BURHISFER 1pg-Vps HIfR - FEHETERS
EVE - IS IR/ IMEIFRR E KRB E - K RS SR R R BRI RRAE pH EIH B A i &
W ERIELERBL - B pH IREFER - BEREERE T RS - I 1he-Vps HIRRZ
S o TERFNE A - FRAMRIZEERI B IR AIE S8 FIIEBUE - SR FIEE I - safE
e MR EERERERR o sERERBM L BERE RS DL N ARKETE ¢

pH current sensitivity = Al,/ApH. 1)
& 9 R T H A LA MOCVD B &R Ga,0, Hl ZnGa,0, il EGFET Z£E 1Y pH ELHIR
JE - ANiE 9(a) A - B Ga,0, FIEHIZS/E pH (HEE 1— 11 MERH BRI ERE6R - B

A~ 6.31 mA/pH WS BRBHEUE LI 98.9% HIERIEE - SREERTERE TERKRR Ga0,
MRS A G A 22 Bl REfa R - S5 SeRF A B Sl T e IR R AR - dG5m b
R FE (o7 S E FE TR AR SCR » A - 58 MOCVD Rl = i (5 s i 1 B R P
FEHA BT E RV E A E1T f - (b T 2 TS pH ERUE -

FRELZ T » 20 9(b) AR » ZnGa,0, EEGHIZRHIE LB BUE IR - F 4.31 mA/pH » {H
HAR M RER] 99.6% » BN EEREN pH KIEE BIBTE - ZnGa,0, MEHEE R AR - 15
B Zn REEZ R EUE BB ERSLTS - nIRE g RHERENE I BAE RIS
HEFHISOETETE « AR - ST RS I TR e M rT R YN B S AR aR I B » AR S HL
A TE A Y B R AR AR o

MEZ T » ZnGa,0, ECHIEIRAE -V MR RELHIERHEEREE RIS - BRI E
57.2 mV/pH * R* {HEE 99.0% » A1 10 Fizx © 55700 ZnGa,0, FEfELEHHE Uk T K Rz
FIHERI S FERE SR IEEE T - PTRERFIAIA Zn HEF% 3% I 14 B pa B 3R T R 43 B s BRAH -
Rl » ZnGa,O0, ECHIFRE= R RS pH (EHI 7 AR HEEZETE ) - B IR AR fgE sk
SR 2R E R -
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2 b
@ Ga,0, (b) 2nGa,0,
100 100
ol 'v"'vvvw"""'v
""""m""v"“"m'mm"" mvwvvvwvvvﬂv“'vvvwmvvw-vvv
% i —— 80 P i
,. "","vvvvvw'vvvvv
< €01 ‘f" YTy » . 60 Yy
< 17 B
g’ j"’ "vvv"vvvvvvvvvvvvvvvvvvvwvvvvuv"“vvv é
—8 407 ,},: '::"vv"vvvvv v _‘3 404
{ "‘ —
v YTy * pH3
] J Sl 20 s
—— pH5 e pH7
- pH7 v~ pHo
0 v pHY 04 e hH11
—v—pH11
0 1 2 3 4 5 3 * T ; y :
Vs (V) Vg (V)
100 100 =
90 £ a0 | e -
80 e 80 T,
5 70 .
< 60 e < 60 o
5% V. E 50 .
£ 40 A, 2 40
30 _ 20 )
20 y =—6.3074x + 93.257 - o y = —4.3112x + 101.27
10 R? = 0.9898 20 L oaasT
0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
pH oH

9. (a) Ga,0, $ (b) ZnGa,0, EGFET &R % /£ 1~ Fl iR . pH &7 oy o e {8 B 8]
i 47 ST B RO AT M SR AT

(@) Ga,0, (b) Ga,0,
80 80+
60 - 60
< < 1
E 40 E 40 7'y
2 4 —%— pH1 8 1 p/ 7, —w— pH1
s —¥— pH3 ;""; ¥ —¥— pH3
20 v ;? ~v— pH5 20+ i —w— pH5
—w— pH7 4 '1_" "' —w— pH7
—w— pH9 d‘&!’ d —»— pH9
01 v pH11 04 v— pH11
1.0 15 20 25 3.0 35 4.0 4:5 50 55 10 15 20 25 3.0 35 40 45 50 55
Ves (V) Ves (V)
3.4
3.1 e i,
9 3.2
‘e
° [ S
s 29 S
8 g ° .
> >
2.7 y = 0.0549x + 2.5048 28 e y = 0.0572x + 2.6741
i N R’ = 0.954 > R?=0.9895
2.5 2.6
0 2 4 6 8 10 12 0 2 4 6 8 10 12
pH pH

10. (A) Ga,0, #2(B) ZnGa,0, EGFET &l % £ 7 B /& pH 75 o 09 445 th 4
ST B AR AR AT P B AT o
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3.2 HEERCA

11 JB/R T DA ERCHI AT AR EGFET EOHIZRSE B R A B pE T ERE - /£ 0—20
mg/mL A8 R P [ P E T RS Y - Ga,0, By RERE Ay EHIZs B I B RUE - HE
T EBHE R 0.73 mA/mg-mL ™ > FRPEREEE 95.6% 5 HhAM » Ipe-Vs BRI BERIE R 12.7
mV/mg-mL™" > BH 94.9% WM (R - SEL4ERERH » Ga,0, HIEAEE FCETTRIM
e AR IR R B LIRS E BoR S IR B R E -

(a) (b)
80+ 80 -
60+ 60 -
= <
<
E 401 € 404
2 -] —=— G0
- ——G1
20 204 ——G5
—+—G10
0 +-G15
0+ 1 —— G20
0 1 2 3 4 5 10 15 20 25 30 35 40 45 50 55
Vs (V) Vs (V)
100 2.7
75 9, @, 26 _.»-"'“
e homesi il ...
T 4 _
< > )
E 50 g 25 e
192 [ o®
8 > .
25 y =—0.7284x + 75.552 04 L y = 0.0127x + 2.3486
R? = 0.9564 ’ R? = 0.9488
B0
[ ]
0 2.3
0 5 10 15 20 0 5 10 15 20
Glucose Glucose

11. Ga,0; EGFET Sl % /2 % L% #1 3 B 50 t 9 (a) #fw th 42 92 (b) #45 th 42 R LA
B2 S A -

JEAN » BRA ZnGa,0, 'F BRI i B 7 M ) Y o ] 1 Hh R B0 L SR (I BE T -
HEFEBBE S 0.92 mA/mg'mL "+ SIMEERy 97.2% ; EEEEFUEANE 253 mV/mg:
mL™" - FHBAIRER 96.6% - ZnGa,0, Gz B A= M B FERES) - ATRERR RIA HL i 5miY
R AL LR TR - S E R EIRE B LR A F (B 12) -

PRI S 58 TR s B S e 7 i PR B AR E ELAR IR BB S » G, 0, 1R ILES
HIFEEERUE » 1T ZnGa,0, R HE SRR EN: - 8 A RIRYRF DR - RO K
FER R ] BT E T IR SR T IR AL
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(a) (b)

80- 804

60 604 :;,4"
Ay
4

z <
E 404 E 404
_‘cg _r‘g —a— GO
+- G1
20 20+ ——G5
+— G10
+-G15
0 0+ —+—G20
0 1 2 3 4 5 10 15 20 25 30 35 40 45 50 55
Vps (V) Vs (V)
100 2.9
2Y ]
75
% ... v vt 2]
'“. .............. e
z o —
E 50 St S 28 ;
_'</3> >@ . M
...
y = -0.9204x + 65.541 = 0.0253x + 2.7644
25 ; ° y
R?=0.9411 R?=0.9661
0
0 5 10 15 20 2'70 5 10 15 20
Glucose

Glucose
B 12. ZnGa,0, EGFET Rl % 5 7 R 4 3 4 20 b 89 (a) fodo w4512 (b) 4045 W 4R AL
R AR 2 5 A -

3.3 [ARCH

RECGHIZ R B ALiE/ A B ME SR - e ER S 2R e EE =R R
FRFE - AR RS B R B REE N - A RUCR S E R LAY E B E
U0 EESE/KATE P Er Bk 7 FE AR A B T - AR e fEPE OH JERENUE - ST 2
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RARIRE 2 7K o I B B B B e B LT - ARG S RKE R L B~ T E
TEEEEFEIEFBE M (ion selective electrodes, ISE) » HEARMERERE = » {HIE T = BB G R
HEEDIEFREIRGEER I - T4k » FEEEl R B fEmE g - B E /b
HIESS » R ARMARIIFCE S - AR5t - DL Ga,0, / AsEME G R RRGHIE 2
EGFET 7ot HERBERERENE - HIREEEEE SnO, » ZnO B WO, FE# Kl » Ga,0,
HEECHZ EAE SR E ekt  HEeRIAERANRER/KEEN A bBfEE e
BRI (5% 3) -

& 3. R AR R RCE SUL R

Sensmg Preparation Sensitivity
(mV/mg i) | "

La,(,SisMg0O,4-In, 04 Hydrothermal Soild electrolyte 6.55 (19)
o All-solid-state
PANI/POPD/Ag Electropolymerization clectrode 6.19 (20)
Inkjet-printed graphene/  Inkjet printing, drop-  Flexible solid-contact 6.4 @1
ISM casting ISE ’
Ga,0,@Sn/GO Hydrothermal nano rod 23.8 @)

M~ EYHEE M EEIREE

4.1 I2FE AR

SeHTRIE BT EER WS AR P B E RV RO ZR N E pH (A B E BRI =K
FE o AR SRERET RIS R R A ECHISR M S - EHRE LAY ERE 2 —H
R o FoaV i A HAER R SR - AT TEW B RN - & pH 7 BMG » 9 5 s
—X pH {8 - pH 183&IEF % : pH 7 — pH 5 — pH 7 — pH 9 — pH 7 » Z&{ETEERLE 25 /5%
NFER » B4 0 Bl Ga,0, HYETFRIME - HHIE 15(2) AI AL - & pH FEZEFRMEE 5 B IER
—0.128 V> [fi'd pH T2 9 BfHIE 0.187 V- HIESERR—EIEERIGREIZE pH 7 £ » REBIE
FIHBER B AAEATE - B 15(b) BR ZnGa,0, BIFE THERSUE - HEIHH Ga,0, B2
AL BRI RN R RIS E N -

IR - R EEEREE - At - RllSSarRERIHEEFEEESE -
BTG RIAREN » Mot TIESEE - EESREEHEME 6 AD620 7F ik

BHEITRN 244 H1 1149 69



—
[V
-

0.00

Reference voltage (V)

-0.04 —

—-0.02 -

ﬁ&j(%% N ;%:5%&[] 15(0) )Eﬁ‘i—\‘ ° Tf DMEM ig%%qj Ga203 E@?E{E{%%Ei&;ﬁgu% 0.2 mV/
h 5 ZnGa,O, FNERHEHE, 0.3 mV/h » fEFEET - 16 pH 7 $EEET > Ga,05 LUK ZnGa,0, #1
EHE R R TR -

—
(=)}
-

c
0.04 (©) 0.75

» Pure Ga,0, [ ] |+ ZnGay0,

f | VpH 9\ —a— Ga,0,
: pHI9 g 0.02- | \ 0.50 —+—7nGa,0,
/ > | pHT7 pH7 | | pH7
pH 7 pH 7 | pH7 § 0.00- #s-n-n . Soa-a-a A A-a-t-a < 0.25 4
------- = ] ] > %
S _0.02- | >
g ‘ f 0.00 o
b Q2 ! |
ra-u g n nG:.) \ “
pH 5 -0.04 -+ ‘l »pli_s / _0.25
e e -0.06 ' . -
5 10 15 20 25 0 5 10 15 20 25 —-0.50 +— r - - - . r
Time (min) Time (min) 0 100 200 300 400 500 600

Time (min)
15. (a) Ga,05 ¥A & (b) ZnGa,0, EGFET R& R &5 /£ £ # 2 J& X ERIF I © (¢) Ga,05 A K
ZnGa,0, &R & ZIiF A4 -

4.2 £YHER4

Foste— 0 B v] R RS Th A A B (L B AV 3G - VERHE H IR - 3
FZ e R g8 MTT HIBGETT 7o ERa - DIRHS G PR T S iR AR o2 -
g o B RGHIERSHR AR B - tHIE 16(a) FIR, - S8 RIFRUAMII A R 58 =GN - (HREEP
BEEY H5e% - B 16(b) BURELEGHIZEE IR = R IHIIEP RS « diiEPEy IR Hosz
RERT - BURHAERIRIURAF - EOE=RAREAMEENE - BLh - BRI P B RS
FIEFEEZER - EHREAGEE AR - RACHE - HREE 8 7w U8 AP E i
b E AR » DA KRR (R TR AIR - Ry 59— A FERF Ah il B AR B s 1 - efPIBE
I MTT HIEL - BRI E @A R ISR MTT (U4 55 Ry formazan - 5%2Y)E Al DMSO
VERE - E— R L AT (R E R o RLHIEUEE ] Hso8 R RiHE Rat I {5 5 1 il it
SMETTHMET - HEERMETE DMEM i FBS - SEEFRINRIIA - (AL B E A -
16(c) HIFEFRERR - JHEqm (AT TRk 3 S MU ARV P RO B B ) o o o IR P BB QR A s
R REATR R ICENHIIEARP B B HAEMREEN ENEREASEET -

ES

AW FERC I 2 AR SRR B Wi = B S L R AT EE G IR - MR IERE HR
FRRE R A R A ERITE ST - FE AR S 2 BB RS - B T W R (E - ERE
HERAF LR HHEBIRIREN S BRI - HRET - fEEHEESRENER
B EVHEE R RIRERENE - e EFRRREAIIEI M ER &8 B iy B
JE o [ RRAIEAE R SR » FFHE MOCVD B ZnGa,0, Wil - Elrafd il 14 B s A
AR > E— T T RO ER R E MR B B IR - RS - AR RE E ISP G AT EFT Y AS49
AR < R BT BURHAERIR IR A ERYRIATIE - SRS - (LR
MR R TE R 2 ThRE ~ (BECA ~ Sl SRR A BRGNS ECRTE ST - R AT S HERS 2 R B
B PR TEPG OB R Fr s TSI & 2 BRSO 8 [ B8 0 ZERE -

70 FUELRAN 244 55 114.9



(a) Ga,04
100
S
10X ;;
8 50
>
©
O
20X 0
Control Ga,0; ZnGa,O,
(b)
10X |

Bl 16. $1AZE IE % 45 45 4 40 i, HS68 cell line £ 3% % 0938 412 tm ps H M 3R © (a) % 0 R4 (b)
B3 ROGEIBEEN () it 2ot o

SENR

1. Timothy C Dunn, Yongjin Xu, Richard M Bergenstal, Wataru Ogawa & Ramzi A Ajjan, Diabetes Technology &
Therapeutics, 25, S-65-S-74 (2023).

2. Connie W Tsao, et al., Circulation, 147, €93-¢621 (2023).

3. Keren Papier, Anika Knuppel, Nandana Syam, Susan A Jebb & Tim J Key, Critical Reviews in Food Science and
Nutrition, 63, 426 (2023).

4. Hsin-Yu Chou, Jung-Lung Chiang, Chang-Tze Ricky Yu, Jo-Mei Maureen Chen & Dong-Sing Wuu, Sensors and
Actuators A: Physical, 349, 114071 (2023).

5. Anoop Kumar Singh, et al., ACS Applied Electronic Materials, 7, 512 (2025).

6. RIS, LAEA LRI S L SRS R R iy Bl ey A IR e B LR VR RI 9E, BRSZ A BLACER, 571, (2025).

7. Rekha Pilliadugula & N Gopala Krishnan, Materials Science in Semiconductor Processing, 112, 105007 (2020).

8. Xianghu Wang, Fabi Zhang, Katsuhiko SAITO, Tooru Tanaka, Mitsuhiro Nishio & Qixin Xini Guo, Journal of Physics
and Chemistry of Solids, 75, 1201 (2014).

9. Tae Jong Hwang & Jong Su Kim, Journal of the Korean Physical Society, 1 (2025).

10.Jong Su Kim, Jin Su Kim & Hong Lee Park, Solid State Communications, 131, 735 (2004).

11 BHE, fLBEBH/ A A RmE MR B AR IS A AR 8 2 FEH, BT EURER, 5, (2025).

12. Jung-Chuan Chou & Cheng-Wei Chen, /IEEE Sensors Journal, 9,277 (2009).

13. Sheng-Joue Young, Lin-Tzu Lai & Wei-Lun Tang, /EEE Sensors Journal, 19, 10972 (2019).

14. Chia-Hsun Chen, Shu-Bai Liu & Sheng-Po Chang, Coatings, 11, 929 (2021).

15. Tingke Rao, Jialin Li, Wen Cai, Min Wu, Jie Jiang, Peng Yang et al., ACS Omega, 6, 32297 (2021).

16. Ashwini Kumar Mishra, Deepak Kumar Jarwal, Bratindranath Mukherjee, Amit Kumar, Smrity Ratan & Satyabrata Jit,

IEEE Sensors Journal, 20, 5039 (2020).

BHEITRI 244 11149 T1



17. Cheng-Wei Liao, Jung-Chuan Chou, Tai-Ping Sun, Shen-Kan Hsiung & Jui-Hsiang Hsieh, Sensors and Actuators B:
Chemical, 123, 720 (2007).

18. Chun Fu Lin, Chyuan Haur Kao, Chan Yu Lin, Chia Shao Liu & Yi Wen Liu, Scientific Reports, 9, 3078 (2019).

19. Lei Dai, Yongguang Liu, Wei Meng, Guixia Yang, Huizhu Zhou, Zhangxing He et al., Sensors and Actuators B:
Chemical, 228, 716 (2016).

20. Yating Kan, Chenhua Han, Ying Ye, Xiao Zhang, Yuanfeng Huang, Liang Xing et al., International Journal of
Electrochemical Science, 11, 9928 (2016).

21.SaraKriva i, Zeljka Bo ek, Marko Zubak, Vedran Koji & Petar Kassal, Talanta, 279, 126614 (2024).

=150

R AR TP EASHBTRAEREE SN LSRN  FAR LT HASHHF R+ 4
LR

Dr. Hsin-Yu Chou received his Ph.D. in Ph.D. Program Tissue Engineering and Regenerative Medicine
from National Chung Hsing University. He is currently a Postdoctoral Researcher in the Department of

Materials Science and Engineering at National Chung Hsing University.

M MEEAET YR ARSRETEE+  AART P RASHH AL HAFLE -
Dr. Wei-Hsiang Chiang received his Ph.D. in the Department of Photonics from National Yang Ming
Chiao Tung University. He is currently a Postdoctoral Researcher in the Department of Materials Science

and Engineering at National Chung Hsing University.

RREAEEFAELFEREMHAEL £ -
Mr. Wei-Hsiang Chiang is currently a M.S. student in the Department of Materials Science and

Engineering at National Chung Hsing University.

RMERER KB L THREMHRFALE o
Mr. Keng-Hung Wu is currently a M.S. student in the Department of Materials Science and Engineering at

National Chung Hsing University.

TIREREABEIFIIVAZER TR L HAABRLHBHEARENEETEHEI LB AR -
Dr. Jung-Lung Chiang received his Ph.D. in Electrical Engineering from National Sun Yat-sen University.
He is currently an Associate Professor in the Graduate Institute, Prospective Technology of Electrical

Engineering and Computer Science at National Chin-Yi University of Technology.

REEXAABEIFLARZERTIRE L AARLETAERRRMEAMBEAETREREE
¥ o

Dr. Dong-Sing Wuu received his Ph.D. in Electrical Engineering from National Sun Yat-sen University. He
is currently a Chair Professor in the Department of Applied Materials and Optoelectronic Engineering and

the President of National Chi Nan University.

72 FUELRAN 244 55 114.9



