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ABSTRACT

In this study, the growth of aluminum-doped zinc oxide nanorods by hydrothermal method.
First, the pre-treatment procedures were included the 0.0075 M zinc acetate solution was spin-coated
on Si substrates for different number of times. Secondary, the Si substrate was submerged
horizontally in zinc nitrate hexahydrate (Zn(NO;),-6H,0), diethylenetriamine (DETA), and doped the
solution of aluminium nitrate, nonahydrate (Al(NO3);-9H,0) at about 120 °C for 4 h. The AZO
nanorods/Si sensing structure based on the extended-gate ion sensitive field-effect transistor(EGFET)
was finished. Accordingly, the size and surface morphology of the Al-doped ZnO nanorods were
examined by a field emission scanning electron microscope (FE-SEM), and the current-voltage

characteristics curves and pH sensing response were measured by the semiconductor parameter
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analyzer (Keithley 4200). The experimental results found that the smaller diameter of AZO nanorods

can be obtained at 12 times pre-treatment. In addition, the superior pH sensing response in pH 7~12

buffer solutions at 6 times pre-treatment, the pH sensitivity is 73.96mV/pH, and the pH response is

very linearity (~1).

Key Words: Hydrothermal method, Al-doped ZnO, Nanorods, Extended-gate ion sensitive field-effect

transistor(EGFET), pH sensing

il

Zu{“#k(zinc oxide, ZnO),fEJ{{F*E E‘TQ‘LW“E' [LLE= il
I - VIR BT - jipﬂuw PitE3.37 eV o H R Tl
I 60 meV[1] » T S AR [~ iR L {5
RIS RER I - T E e Bof [PV S TEAPRI G oF
AL TR S AR ST CERAT AR R
PR TR I NIRRT R LI
AP ET2-4]

FREPER ORI [T EEITORIE S
S e 2 R SR SR
Rl [ (- CEAM B AT E e d [E TV Pls] - +
ﬁ%ﬂp;ﬁé INEaY e rq[‘#}(reswtmty)hﬂﬁ T 1~100 Q-cm
i o ﬁ;%@ (57 BLI ] (R Pty - P\IIF‘“‘;EJIF{ PP
(S ﬁr{ R posss %uﬁ,éﬁ(Alummum Doped Zinc
Oxide, AZO) ~ % (Gallium Doped Zinc Oxide, GZO) ~ &4
AT R R Y
SR L R R S R R A
RLPP TR R R S T T
P 2 Fe o o PRSP (Mobility ) T+ [ -

EFHAZOR HIFE L% » [ I T] miiﬁﬁé
[8] ~ (S5 AMNRI(CVD) 9] » [ A PRI HILRL ]
F% s BT LY EIJ‘J“"F*,‘ bh Py AR [10] 9 SR
AZO -

G
SRR VBT TRl W T IRl Y R sy e S R
FU~ ATRSRSPI] > 7 R S R AR e AT R
gﬁu%’n %ﬁ[igilﬁb&ﬁ@(gﬂ_/@l o

ELFI1 B 7 i Pl (lon-Sensitive  Field-Effect
Transistor, ISFET) {7470 l* E1 e SNE b [ 8 U i | et
WIS o R EFIP. Bergveldh 1970 T [12] » £ 5’@“‘,7}%%?5,
-6 (P-4 L 35l B (Metal-Oxide-Semiconductor
» 13 BT ISFET (7

K

(Indium Doped Zinc Oxide, IZO)[6]Z" »

Field-Effect Transistor, MOSFET)ff!{I]

BRI S RAZOR A 20

SFfMOSFET [ [y BEV £ 8 IR 1% (7 & [~ Popy &2 (=9
L PRI 7 FFES T RS IRE I Rk el
= ?EU??\TQH IV BE T I TSR 1 - e L
A TR - [ RS ¢ U SRR
BEVIRE © SR ISFETPYE RS 35l s P AR
77t o fiESpiegel AT 1983 JH I R S #pE
Fﬁ#,?%‘(Extended-Gate Field-Effect Transistor, EGFET) ﬁﬁ
[13] - F“EGFET [ #MOSFET.V & ity » 255 B sk 1
iy 53 BE > = R S R
EGFET » o {fI=" (& AISFET I i el AL » 1) =" Wap
VIBISERRI S Ay ;'/ﬁﬁﬁ’l‘ib’ PIRCERE S SR VR
ITHIARERE oy ST RS [14- 1715 1 P88 1% B
[18-21] o 5 AP  AENE W R AZOZ FAZH LS I
1355 G RIS 2 5 P Raf]. L BHR =53 AT i
H I B RANRE L RS PR -

MOSFETV 4

HRELEE

ARG T S x5 mm? TR (R
A5 FUPSPOTEERRL ] AP~ TS SRS I T
jﬁﬂf%ﬁ“@(ﬁﬁt o i P SR e RS TR PR (B
%o %ﬁ“ﬂzﬂj KRR | T AR PR 25 5
R RUBE PSR R R A bl BRI AT
el R s e e I

(1) 57~ [ B (T P 5 ) s 2R ) © Ky T TR o
(Zn(CH;COOH)y2H,0) 1 * F[ ¢ » S{Ji550.0075 Mt
VAl » SR B R O PSP RS b FIR e
YR 20 R A B TERS107) > Bl R L
ARV IEIRET TR B > F9RI30F bR L 135 °O)P |12
CER[IYT T AVE EPIRT Rl b S R G L b
FAEARR - RS R L AN )
PYFIEAGHE] o [ R2H ST R R pATRA R -

P50-2



WL S 7

B 4% (20ml)

[ |
v

0.0075MES B 42 15k
1)
HEmAAER L
1) FEHHFYRE
BAE B E A e B AR
L
BEARAM ARG IR L 36(135°C)
v
MATRE

¢t

12 FRTRS E

Q)T IR S K E B2 | PSS
205 mi ] SRR ¢ SR P
B 25 it gL RIS RS F RS
A G R - B TERSE  ff
fléiﬁ[wg%ﬁ FIELD u]qi.i?\'ﬁz;% {‘?jﬁ.{r i %JL@@@}» 5,
200rpm. VLT FEFFRSIE I ST A B E L T R
BRI R SR £ RIS F L
PSP o0 3P e B PR ST ISPER 2 S
o BRI SIREI R 2 o il ]
ARV 120 °C) o RS RS B K ELS IV FL S B
VA AT ORORET S AR % 135
°C) » AR Y AZOF FAEDV AY R » W3R T TR AT RATR
?:‘E—_Jﬁl °

%25 mld g&

HEE S+ BT A Iml HE4E & & T A25m).

I | ]
Y

X% 28
#wHAZROARRENFS LY
BERATHEALLOERSY
BHFAREERELEHY

v
MABERE L HEAEE 1200

v

Rb g BEEFAFREY
v

BERALES B ERE(3CW

)

EA A

AATEOEEETFAQIm).

'3 S (G A= SRR

GYH i 7V AZOZ *F*U“Jiﬁﬁ%ﬂﬁ}ﬁ)%d ]
1 EH(FE-SEM)BFZE AT o =9F » FIAZOG KA/ 5L
A AR (=LA WA S i P (BGFET) iy - =
S = Y PR A 20 R SR
[l EHTAZOZ: LA/ /ﬁlfr’? o L{‘ *ij—'—FF‘TJ 1120 °CHI%E3055
o REEE U R 2 R F A RS U )
i > 120 CCHERTH HEE3057 1 - R (-
SRfRERRE T = APVITH IS S RAE > B 92 X 2 mm’ 4] 1 g
‘E[Jgi;r[ Lo 120 CCREATHIEI0 I [T =
T A ﬁﬁULIEWﬁ | AL [ s b RS
P PRI RS ORI [ R -
?E[J#Wﬁt:’ et l/# zj:fJI?;lh '}HMOSFETW E3
(CD4007UB)/ i ﬁ[y(Gate G)I') & kst = i Sk b
= “FRSH AR A RS A 1 RApE - T e
({1 Ry R (AR o AT o Vi s A B
AT 17 [Keithley 4200 384 % 5o A7 L A - T
EﬂNEWH%Lﬁiﬁﬁﬁé%ﬁJ@Mﬁ#%FM@%
R T AT R TR AR S A e

PS0-3



Sensing Window MOSFET

’ lk/
AZO Zff=

S

458nm

4 A= R AR (R

= A F’]‘Fp

(= VAEHFUIT

FPED PG A A A
#8#(FE-SEM ; Model : HITACHI S4800- 1) % . 7 i/
ST e

HERRAE B0 PR = R0 =5 [FT0 1VIHAEH > I SEM
TR = 2 2 el P]EUE'[JAZO—?*’F*I’”E'Uﬁ@_‘?‘
ol B 120 iR R R S A A ST

—‘—;[s)f‘" [/L 13 y"‘#dL—-J;Jﬁ o

CCU 15.0kV 8.6mm x50.0k SE(U)

7 iECE e

B40nm

= e —
CCU 15.0kV 8.4mm x50.0k

o ey

CCU 15.0kV 8.1mm x50.0k SE(U)

B8 AR o

P50-4



F
CCU 15.0kV 7.7mm x100k SE(U)

500nm

RO, fp 1o

(7 ) R RIS

PR T B G TR (Keithley 420001 T
U SR B AZO R R BRI 1 i T
1 RS PR - [ L% < R R A
RIS TN » S PR SR
R T « SRy > (PR E T BB et
ATHIE > 2t LS L IR« o R O B 8

SEG KRR FF5DH 7~ pH 1288 ST |1 B
o -

DAY 10 = [ 14 S [ SR R ARG FFT pH 7 ~
pH 12 ?%fij;??ﬁfifllﬂ/ Tns-Vas EHIIF IR > B | B
FORHEAH GE o P pUag 3y pH il Sp - o~ (.0
SR 3 P pH ST [HA) IR & D
ROt A A R S R B A il
(Inversion Layer ) » A ZFi4g Ig 1/ FE'lEIJ@’F%E{’ ﬁ']glz#&@?ﬁ
VR gl @%IHIZE‘IgL[E”;bF;LEUf‘\L_ﬁf['}fflJTZIl"ﬂ
P T H|| P IR BRET BT l’fF)'J‘fT'ZZBTE???ﬁf&H 1 A R
e YL > PPk 1 o
Fe LIRS PRI VD Ins-Vos BOR L =564
PR R fe el PR A TR s B RO
SRR S R GTIFT) F  ECR VR 6 W SE R ARk
o IR IR ECE 12 VRN o T (Rl R VR
AL TR 1 %EZ?%F'JF;I VIR 6 WAy R
AZO F A= SE R POPAR R I

B10.  AZOJISilpHT ~ pHI2IAZY los Vot letlSh {5

Bi1l.  AZO/SipH 7~ pH 123?7‘171%;'/ Ios-VesH TS - |

ﬁ'lZ.

PS0O-5

VeV

AZO/Si2%)(1)
pH=12—>11—>10—-9—->8—7
0.8 |Sensitivity = 23.33 mV/pH
Regression = 0.99084
—
é 0.6
~z
s — pH7
049 —— pH8
pH10) ——pH9
0zl ——— pH10
[brg pH11
bH7— ——— pH12
0.0 T T T T T
0 1 2 4 5 6

FIREEL LY
10
AZOISiQ2%)(3)
pH=12—>11—>10—-9—>8—7
0.8 Sensitivity = 28.04 mV/pH
Regression = 0.97493
0.6
— pH7
4 ——— pH8
—— pH9
024 —— pH10
pH11
—— pH12
0.0 T T
0 5 6

AZO/Si¥pHT ~ pH12i?fﬂfzj/ los-Vos B TstlySh » it

FIOVPrE 6T

e ik
1.0
AZOISi(2%)(6)
pH=12—>11—>10—>9—>8—7
0.8| Sensitivity = 73.96 mV/pH
Regression = 0.99012
—_
< 061
)
'—('8 0.4 pH7
| | pH
éHlﬂ — pH9
02 pH1d —— pH10
' pH11
= ——— pH12)
0.0 T T T T T
0 1 2 Va(V) 4 5 6




1.0
AZO/Si2%)9) L.
pH=12—-11-10—9—8-7
0.8 Sensitivity = 55.39 mV/pH
Regression = 0.96047
<
0.6
g
N
2]
- — pH7
0.4 pH8
pH9 2
4 — pH10
21 E pH11
/// ——— pH12
/4
0.0 T T T T T
4 5 6

13 AZOISWSHT ~ pHIZIA los VesBi @St . 3.

FITREAER O

P~ ﬁﬁﬁ

AL S GG A AP S
B 5 APl Si A TESEMIEHA, IR 28
ST RN 27 fUAZO/SIZ FAEE A EHEGE ! F P15
i g = o

GIRIEE L ek es U e sh e e
AZO/Siz F =B F47°pH 7 ~ pH 12;%@3@@3@5
MR s R A e R
AZO/Si F A= R (R D BRI TR - E B
% £173.96 mV/pH  Jl[[354%4 7% £50.99012 -

AT ERUOTT - BEIR VP2 R AR
fEAFT o T ST RO 10 A R SRR
FLFECR6 9 RV AZOT K AR IR o ¥ S
R YR R o R I TRl

1o |AZOSSI%)12) Phss RO (SR =2
pH=12—>11—>10—>9—>8—>7
Sensitivity = 28.03 mV/pH
0.8 4 [Regression = 0.99832
= y pH7 R A N F’ﬁ (NSC102-2221-E-464-006-) ==
= 04 —— pH8 o
o pHO (NSC102-2120-5-005-003)3E4".0 % 2 1[5 % £ Aok
—— pH10
0.2 pH11 E&%}J °
—— pH12
0.0 = T T T T T
0 2 3 4 5
1. Lee, Hee Kwan, Myung Sub Kim, Jae Su Yu (2011)

W14, AZOISiHpHT ~ pHIZIHRY los Vo IetliSt i

FLvgr 12w
e ” ) —L 7 < o 2.

A1 P RIF R los-Vos B RS g

1% 3x 6% 9% 12 7%
T 3.
- 23.33 28.04 73.96 55.39 28.03
H
o mV/pH mV/pH mV/pH mV/pH mV/pH
1% 1 0.99084 | 0.97493 | 0.99012 | 0.96047 | 0.99832
& 4.

P50-6

Effect of AZO seed layer on electrochemical growth
and optical properties of ZnO nanorod arrays on ITO
glass, Nanotechnology 22, 1-8.

Yumoto, H., T. Inoue, S. J. Li, T. Sako, K.
Nishiyama (1999) Application of ITO films to
photocatalysis. Thin Solid Films 345, 38 -41.
Rodriguez, J. A., T. Jirsak, J. Dvorak, S. Sambasivan,
D.Fischer (2000) Reaction of NO, with Zn and ZnO:
photoemission, XANES, and density functional
studies on the formation of NO;, J. Physical
Chemistry B 104, 319-328.

Hara, K., T. Horiguchi, T. Kimoshita, K. Sayama, H.
Sugihara, H. Arakawa (2000) Highly efficient
photon-to-electron conversion with

mercurochrome-sensitized nanoporous oxide



10.

11.

12.

13.

semiconductor solar cells. Solar Energy Materials
and Solar Cells 64, 115-134.

Raimondi, D. L., E. Kay (1969) High resistivity
transparent ZnO thin films, J. Vac. Sci. Technol. 7,
96-99.

Peic, A., T. Dimopoulos, R. Resel, S. Abermann, M.
Postl, E. J. W. List, H. Bruckl (2012) Effect of AZO
substrates on self-Seeded electrochemical growth of
vertically aligned ZnO nanorod arrays and their
optical properties. J. Nanomaterials 2012, 457904/
1-14.

Huang, H., Y. Wu, H. Feick, N. Tran, E. Weber, P.
Yang (2001) Catalytic growth of zinc oxide
nanowires by vapor transport. Advanced Materials 13,
113 -116.

Chen, Y., R. Yu, Q. Shi, J. Qin, F. Zheng (2007)
Hydrothermal synthesis of hexagonal ZnO clusters.
Materials Letter 61, 4438-4441.

Wu, C. L., Li Chang, H. G. Chen, C. W. Lin, T. F.
Chang, Y. C. Chao, J. K. Yan (2006) Growth and
characterization of chemical-vapor-deposited zinc
oxide nanorods. Thin Solid Films 498, 137-141.

Xia, Q. X., K. S. Hui, K. N. Hui, D. H. Hwang, Y. R.
Cho, S. K. Lee, W. Zhou, Y. G. Son (2012) High
quality p-type N-doped AZO nanorods arrays by an
ammonia-assisted hydrothermal method. Materials
Letters 78, 180-183.

D500 ~ ZEEI(C101) - S8 [ EREEHY SR A
(ESAT 2012;%%&%?11‘#[?%?@ B2
Bergveld, P. (1970) Development of an ion-sensitive
solid-state device for neurophysiological
measurements. |EEE Transactions on Bio-Medical

Engineering 17, 70-71.
Van Der Spiegel, J., I. Lauks, P. Chan and D. Babic

(1983) The extended gate chemical sensitive field
effect transistor as multi-species microprobe. Sensors

and Actuators B 4, 291-298.

Liao, C. W., J. C. Chou, T. P. Sun, S. K. Hsiung , J. H.
Hsieh (2007) Preliminary Investigations on a Glucose
Biosensor Based on the Potentiometric Principle.
Sensors and Actuators B 123, 720-726.

P50-7

15.

16.

17.

18.

19.

20.

21.

Guerra, Elidia Maria, Glaucio Ribeiro Silva, Marcelo
Mulato (2009) Extended gate field effect transistor
using V,0s xerogel sensing membrane by sol-gel
method. Solid State Sciences 11, 456-460

Liao, Y. H. and J. C. Chou (2008) Preparation and
characteristics of ruthenium dioxide for pH array
sensors with real-time measurement system. Sensors
and Actuators B: Chemical 128, 603-612.

Liao, Y. H. and J. C. Chou (2009) Prepartion and
characteristics of the Titanium dioxide thin films used
for pH electrode and procaine drug sensor by sol-gel
method. Materials Chemistry and Physics 114,
542-548.

Kim, D. S., J. E. Park, J. K. Shin, P. K. Kim, G. Lim
and S. Shoji (2006) An extended gate FET-based
biosensor integrated with a Si microfluidic channel
for detection of protein complexes. Sensors and
Actuators B: Chemical 117, 488-494.

Chiang, J. L., C. Y. Kuo, A. L. Huang (2011)
Characteristics of chlorine ion sensing devices based
on different conducting oxide thin films. Sensor
Letters 9, 767-772.

Asif, M. H., O. Nur, M. Willander and B. Danielsson
(2009) Selective

calcium ion detection with

functional ized ZnO nanorods-extended gate
MOSFET. Biosensors and Bioelectronics 24,
3379-3382.

Singh, M., N. Verma, A. K. Garg and Niha Redhu
(2008) Urea Biosensors. Sensors and Actuators B:

Chemical 134, 345-351.





