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Abstract: In this paper, the IGZO thin-film transistor biosensor based on functionalized human
leukocyte antigen B27 (HLLA-B27) is developed for rapid detection of the HILA-B27, a serological
molecular marker for ankylosing spondylitis. The fabrication of IGZO thin-film transistors (1GZO
TFT) using radio-frequency magnetron sputtering technology and micro-nano-processing is de-
scribed. The IGZO TFT is modified with 3-aminopropyltriethoxysilane (APTES) and antibodies
to prepare biosensors for HLA-B27 detection. The experimental results show that the functional-
ized IGZO TFT biosensor has stable electrical characteristics and sensing performance. The sen-
sor shows a detection limit of 1 pg/ml for HLA-B27, and its linear response within the concen-
tration range of 1 pg/mL to 100 ng/mL is good. These results indicate that the proposed high-perform-
ance biosensor can effectively detect biomarker of ankylosing spondylitis. In addition, the IGZO TFT can

be expanded into a sensor array platform to realize combined detection of multiple markers for a certain
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disease, which has great potential in the application of portable bedside diagnostic devices.

Keywords: indium gallium zinc oxide; thin film transistors; biosensors; ankylosing spondylitis;

human leukocyte antigen B27
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Fig. 1 Schematic diagram of the functionalized 1GZO

TFT biosensor

1.3 ik 5 R4

A3 R X5 2R AT S (XRD) Al X B2k L+
T (XPS) X v B8 (9 PE BT 4T T 4R 5%, R P 2 iR 4%
I3 2R B8 (Keithly 4155) FAE 15 8% % 1 %y A4
AR

2 ZR51e

2.1 IGZO EEHHMES

TS g I S ) TGZO 3 B A7 R P 40 b L 2R
F XRD Bk IGZO 52 A5 S Ak w2, an &l 2 (a) i
e AL ML R R B AR B A A S I, AT L
SRR A7 AE i B IS 10 T2 285 0 DN 38 5 4 — 380, R T
P S 4 45 19 1GZO e S B IR A X = O 1
FIRWRET O R FARELUE In,Ga.Zn JEFIE WL
FRSE R, ARSI 1IGZO M A W 5 A
FETH V- B FE AR B AF . i XPS R i I Y 2 BT
RS RIB KT I 1GZO #RR R XPS fig i 14
WA 2(h) i, Hff In3d,Ga3d. Zn2p F1 Ols 45
IR W Y dob , BE A T LAt 2 ot , Horpr iy C ST R A XPS
I3 52 b I T L 45 A BE T 284, 8 eV 1 Cls I 3
WEALIE . BT IGZO J&—Fl N Bk SR bR}, 2
A i & R v I R | S S = Ay
2 R R S L R T R B PR RE L RS X
L TR I e TR PN R AR S L Y 25 R
XPS %f RIB K255 F 400 °C 3B & 30 min B Ols
A T E AT 0 o 00k 58 S R RS Ols BRI 4y i
MA O Az % Oy BB 25 R WK 2 (o) 2(D T
. AR KT ZS A0 R 44, 54% 3B K E AL A R
35,97 % . F T 1B K Ak B I P A GRS
it KRR JEE AR AR KRB B8 A 80T 83 VR T 114 N T S s
DL TS I

http: // zkxb. xjtu. edu. cn

|
?’;_i’
20 30 40 50 60
20/(°)
() IGZO WAy XRD F 3%

g_é( . In3d

& Ols

= V'

Zn2p

00 200 400 600 800 1000 1200 1400
ditrfit/eV
(b)a-1GZO B XPS fig i &
e
£
2]
=

0 1 1 L 1 J
536 534 532 530 528 526

é’;’i’.”fff%/ev
(OB K2 Os fE S
i
Eg = Ols
z| —Oi
Zz Oy

0 1 1 1 1 1
536 534 532 530 528 526
Hitriie/eV

(2275, 400 C3B K 30 min ¥ Ols FE%
P2 BRI 4 1 IGZO W AR R 4
Fig. 2 Characterization of IGZO films prepared by sputtering




160 (LA - S Y NI S SO 4 58 %
2.2 IGZO TFT B e {4 gE or v
X T A SR B TGZO TET 58P A GF 1 b sl =lo
SR A R R R B 560 1GZ0 TFT By s 247 "
PEFEAT TR, T IGZO Wi AE 25 <P e iR e <l
FF LR AE 25 S AT L R BRI 2 VU ol S
I 00 58 1 4 055 000 R A L5 0 5 2 T
iU R 2 L 25 AT 3Ca) 3 (b) BT [ h I, S:MMMMMMM””””MH
MR E T . MR £ b 2. 1GZO TFT 1778 0 =5 o s .
SRR T T VR S o BB v
A 1 A U 5 4 M A R I S T b A A — i 0 (bYIGZO TFT i h 54
W B A0 B T BB, AT 3 T %R " -
WL, T VT M B R A 0 R 2 A 10"
58 0 B8 TR R L B 1o” ,
10°
e = G 3\5 W | 0@ | //
s, WL 42515 TET 938 89 98 R K :C,, S ifir o} /
LI g, Wy TET M85 5. T3 0T 78 e — 10" gl
15,43 cm® « (Vo o) 1 HBLIRIF R [,/ T = 7.3 X 1210 J(.) T Y
10° 5 25 38 e A E B LR S = 0. 71 V., X UL e
il #5149 IGZO TFT HA L 5 09 s 22 R, HAH H e (0)IGZO TFT #4423 —
ik T B R A B ) Oy T RS B A 0" B
04— A I 9 AR RS 4 T 9 AMIGZO ..
TET it T 5 AR M 28, W& 3. (o) o, 1] 1R i
[ A% 14 il 26 e AR — 3, R a5 R EW, 1GZO 10°
TET AT 5 19 33800 45 P A8 —He . 38 19 B g M
PR R P2 5 P 3 () B A% o 3406 0 T — B ] ol T
TG PR 358 B (0 P 1145 V8RS % T S R R 1o Wl 3 600
{22 8 3 8 A P S (Pl 4 R R 1GZO o
TFT — 017 75 19 1R, 71 B (A e 28 0 J5E A A
JEIE TP A5 SR 7 DL ST A S A BRI - 7k m%mﬁﬁﬁTéinwﬁ%%ﬁ
ARG T B DA AL 9 i 7RI A7 353 TR 121 B3 Ve =2 Vi IGZOTET % B 45 ki o v il 2%

SHOEIE A ROR AN

-

-10 0 0 20 30 40
v
()IGZO TFT (%5 7 £tk

http: // zkxb. xjtu. edu. cn

Fig. 3 Transfer characteristics and output characteristics

of IGZO TFT withVy =2V
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