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Abstract; The use of environmentally friendly and degradable natural biomaterials to make function-
al devices has attracted more and more attention. Low-operating-voltage electric-double-layer (EDL)
ZnO thin-film transistor( ZnO-TFT) was prepared by radio frequency magnetron sputtering by using
natural albumen as a gate dielectric layer and ZnO as an active layer. The electrical characteristics
of EDL ZnO-TFT was characterized, and the stability and its physical mechanism of the device under
gate-bias and drain-bias stresses were investigated. The ZnO-TFT shows good electrical properties
with a saturation mobility of 5.99 ¢m’/(V - s), a threshold voltage of 2. 18 V, a subthreshold
swing of 0.57 V/dec, an on/off current ratio of 1.2 x 10°, and an operating voltage of less than 3
V. Bias-stress stability analysis indicated that the electrical properties of the ZnO-TFT have obvious
instability under the gate and drain bias stresses. We believe that the change of electrical properties

caused by gate bias stress may come from the positive charge accumulation near the gate dielectric
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and the interface, the charge discharge effect and the composite effect of new trap states; the change

of electrical properties caused by drain bias stress may come from the oxygen vacancy caused by

Joule heat and the electron trap in the channel.
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Fig.2 Electrical properties of the EDL ZnO-TFT. (a) Out-

put characteristic. (b) Transfer characteristics.
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(a) C-V characteristic. (b) C-f characteristic.
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Fig.4  Transfer characteristics of the ZnO-TFT with stress
time under different gate bias stress. (a)V =2 V.

(b)Vy =6 V.

KR NE 4 B AS [ 1 g B[] T B R
SR, W5 T AR RN T Vi g3 R 2
VA6 VFH RS (AV,)  HR T
() KAWL (L) B E 2R (SS) BE R T
1] f A2 i £
m S PTARER R X F Vi, =2 VA IEMHE R
J1, 850 AV, FTSS B R 7 BT 38 i
XS R E , AL BN, Horh VIR D B S, u
Wit 157 3 B5F ) G0 38 A /D VXS N, SS PR R AT 1 R
EME, XERA Ve =2 V MR E R /N T4
B L S s S R 3R T S VA G )Z T B
faf (VAIE F BT A R A D g F R R
B4 L AR 4 v T B B S T AR AR . 0 A,
s e 7 3 A58 /INEsE ) Mt A T v R 3 R o A R R T
SR ARRT 355, AN UL | B A 44 P i B 1
AR . X T Vg =6 V I EMH R T,
Wit 5 I 3 R[] F 84 i, v, 2 PR SEUUEE /N 1T S s TR
€ (B ) SO R 1) R AR ) 3K T R HAL A BT
o IE FL AT (A0 Na ) 76 B 7 T 0 e 3 4R
1] A B T A S ST BT B e AN 2 PR /N T )
FHaE ,15 min W I/ T I 1A%, X BB FEE K



AR

T, S U S R I R A TR R D AR R 133

|
o~
m/(em?-V-tesh

0 10 20 30 40 50 60
t/min

11.0

SS/(V - dec™)

10.8
1E-9¢

0.6

010 20 30 40 50 60
t/min
5 REMH R R ZnO-TFT B H 2 2 5k R 7 i
AL, (a)AV, Flu B ¢ FZEFLITZE; (b) 1,
1SS B ¢ MASL IR,
Fig.5 Electrical parameters of the ZnO-TFT with stress time
under different gate bias stress. (a)AV, andu. (b)
I, and SS.

(4 A O 1 7 0 R #8000 3 8% R R A W 3 119 R
b5 T SS ) 2 B hy S W7 348 A 114 A% 3 i B 7 A
P e 1 3 A T 2 A 30 38 X R AU T Ak = A T /b
BT BRI A5 B Ve =2 VIS Vi =6 V
(AL T, B R 7 B TR, 1 R S
BRI JE XA BT . 3 AT BE AU 2 R T
Y LA SN T/ A T R S N g
G5 oI % it 2 D 3k p e A e KON S B 1
s B 74 B — 2 W A] (30 min) J& , AT HL SO0 N
FL LA L SO s . A R N ) K TR
CIREIN A ) I RN N

BT LA L W, g 1 B9 28 M O R R T 51
B HEMERAREEN Y HILH T K 6 mES
e JCM R B SR g B R (H ) (Al R
HLA R 2> 1 A BB 7 (30 Na ™ (K™ 45 ) BEHL 23
A FEME A BUZ A CANEL 6 (a) ) 5 5 A F it o it A
s FE 1S A3 AR T, i 07 7 st U5 O R AR e 4,
T3 AE F 7= A — A i M A F ) 9 3 S T A TR R
i, 3% A~ o0 3 05 00 B T R R B P B HE A A
Jo ST Ak TR B AR P Na KT AR IE HL T B
W EME A 0 5 4 W52 A A R4 E A

WIS E 2808, A 6 (b) Frzs . 1E #L fr
IR i T AR DAY i) S T R AR R R PR S 1) Al
JET7 10 % 2l T 5 T AL sl B 54 S SO {E 2
i 48 O 5 LU, BT AR D H T 5] R YRR JE RO,
A5 ST AR V8 T8 v A R B L AR R Y IE
BT (LT Bl B = sl A = R IR )=
{¥y ST B3 BIF 285 I 7 20 000 L A7 e P20
Xt ¥4 38 A T Y s R JOR AR T BOEOR
TR AR EEAK ; 53 S, AE M TR L 1R R R
WO B2 R B O W T B T AR R E TR &
TEAFIM A B AR P9, 725X A i 7 v R] RE X A
JotJZ AR B ST A S5 B AR A S BORT Bt B
0¥ NI F VB 23 A NP S B A=Y [ A
B AE IR, A 1 v 1 BE B0 A2 fb 32 202 A 5t
Wi 30T R 5 Ak ) T R 2R AR | FE T H R R KR
W BIF 25 7 A 1 245 BV

6 ZnO-TFT Ml 13 g TARJRELIET . (a) JCH i e 12
J1 5 (b) A7 TE i R R T
Fig. 6 Working principle diagram of ZnO TFT gate bias stress.

(a)No gate bias stress. (b)Gate bias stress.

3.2 RBENAREN

THRBTHRUEV N0V V2V
L6 V IR R 3 T AS [0 7 B () 08 5 % R il
2. KT AL A B, BEE N )R] B B i, e
R i 2 F B BB — O ) RS T 2
— 5 B R B 2l I Ow Fe 1 7 8 K I8 3 9 3 [l
BER . XF Ve =2V BT AR RN g, Bl g B[]
B3 I, e A% it 2k S 22 AN IS 10 4 IR RS, HLAE
60 min N JJ ][] J5 5% 3% il 26 467 T 90 46 #h 4 i
51X F Vg =6 VR I A R 7, Bl 7 B[]
P38 I, A A% it 2k S 22 BRSO S 1) A I RS (B AE
60 min N JJ B i) Ji5 % 8% ith e T3 00 T4 4 it 4 iy A2
{8

R T ST AT M4 s T e R VR R S 4F H
HERef 2w, I 7 AT DL HR 1% EDL ZnO-TFT
a B rERES s, W8 GAth THE Vi il 2 V



134 K B 2 i %43 %
- 8
(a) 1E-4 5
i 17
1E-SkE ~
2 16 "
IE-6F 7
<\C - 0 min 45 e
gz 1E-7f 15 min g
= - 30 min {4 i-'/
1E-8 3 45 min 3
- 60 min {3
1E-9f
. - 20l n 1 L L T}
1E-10E— 0 10 20 30 40 50 60
t/min
(b) 0.9
(b) 1E4f
IESE 1E-09k 10.8 R
P «\rt 0.7 £
T BT = 1E-10F 6V S
B8 0.6 @
1E9f Jos
: IR | T ———_ il
LE10 0 10 20 30 40 50 60

Vs IV
Bl 7 AR ERN 1T ZnO-TFT %% 8% 45 P B )5 1 B 18]
B, (a)Vys =2 Vi(b) Vs =6V,
Fig.7  Transfer characteristics of the ZnO-TFT with stress

time under different drain bias stress. (a) V, =2

V. (b)V,s =6 V.

F16 VDR N ) 4E F R S 6] g B8] 7 FL 2 4K
AV, T FSS Bifi N g B R A AR Ak h 2

M & 8 (a) AT LA i, X 2% 14 it fin s f i
JIE B A N B R BV, SN T R
i, HAEF Ve =2 V B TR IR R T,V =6 V
B 0 O i T 7 7 515 v, B4 28 Ak e 3 R FE /N Y
AR ER; 71 (Vs =2 V) T, #4409 w B R 7 B5F (8]
B AT W S A A Ak T X T A K T D R
F1(Vys =6 V) B, Bifi 25 N7 77 B[] f9 384 Jonn g 3 K
60 min N JJ B[]S w 34003 2 5% ; NEL 8 (b) AT LA
B AT 0 O He 2 0 4E R 1 B R g
(] 4 3 i S A D VR IN 45 min J5 SCF BT RSN
SS it 13 7 B[] f 164 o A ek /0N I A B T i
AR I NTE: DI

A AR N TR 5 LR Y S B AN R
PEFTVE QDT e R o > a4 it fn s O 102 3 R T
i TR A 3 (Ve =0 V), BRI 3 AR i
NI 2P Y, — A 1 2 0 T R
Ui i [ VARG i (1) B 1) L 3, g — A R I A R )R
T 1) B AR P R R T H 3 R DA DR i T
AR IE  JFAE V8 T8 i 34 T ) O s 3 7 2 A

t/min
8 AR HE R 77 F ZnO-TFT F L 2% 2 J0IE 13 A7 Bt
A2 (a) AV, T w Bl ¢ BOARALHIZR; (b) 1,
0SS B« fAE A £k
Fig. 8 Electrical parameters of the ZnO-TFT with stress time
under different drain bias stress. (a) AV, and u.

(b)I, and SS.

W, T8O IR )2 Zn0 o £ B GO R A
BB S S o, DT il 90 3 HP A F T v R R T
5 —J7 T, R i VA B BT T AR 2 pk v A R
P B BIE 2 0T 4 3, 7 A e L AR N . TR EL AL
PEXSETE HL @ R A H Na ™ 1 K * 0] 3 1E Hy
o # 1] AR — ), HLHE A A Na® K45 IE L A
FE IV 77 B TR 0 DN B R) R R KPR 2R AR AR
A, AT HI 85 7 X5 A OR R, BT DL B
ST, BT LA 7R U O R 82 VR R 2R,
AR M S BEOR UE T VA IE N B BEAS X L Y
i AR08 R 7 0 B A 3B B B B Y
Lok R B R, B O A X T 3 G i o AL RA
RIS B/ | 6T B s JRR 1 19 ) 3 F B BIE AR O
55, B H R /0 o (EL B B N g IR ) A
H A F A U R B 2 b U O R R MY B2
77 YA B R ) AR 0 3 O A i 3 T R
HL fige S5 Hp 1 BT (G A B R Y R S ) SRR
2 5 T SO E A IR AV, N
X TR R I s B2 1 (Vg =6 V), Bl & N )
i I 1) ZE 4, 780 38 AL U B Y AR E RS 2l 2
PR BE b T DRI 7 A 1 A0S 6 8k B B A



51 O,

S OUURE 2 AL B S A O e R R 135

ZE LR R T SR PR E PR T e RS OR, AT
T EOE B AR N T I R 3G b0 A BT O TR
| 7L A5 B0 T 2 R IR 1

4B B

AR SR FH B A B 5 I B 02, AR SR RS R T AR
R R, VLR AL BEAE A R Z, A& S R
EDL ZnO-TFT, #4585 T ZnO-TFT ZEMF I I H 7 77

LM fE E’ﬁ%“‘@ % ZnO-TFT #1F 2 H B
W H AR RE, B TR MR N 5.99 em®/

(V-s) ,lﬁlﬁEﬁE% 2.18 V, W B {E 12184 0.57
V/dec, JFRHF LA N 1.2 x10°, TAEH JE(K T
3V, MR T KRN E 0 E 2SR

WA )2, #E V8 T 55 A 0 B T AR TR OB 2 AL
N, AT A5 R I T A R A TR Rl
EDL ZnO-TFT & 44 7 i J N 77 24007 /) i 5 43
BT, & % 4 8 A7 76 — 8 10 R T A R
S NL X A VAR (=0t I N o ISR K )
HL s ) SR 7 1) B2 30, 3 B R A BTN, I B A
PR A, S A L A S B S RN 5 AR 1 Y i R
N IR R R B R iR B F 3G 0, A dL A v/ |
{E H e ] SRS 3

AR SCA G R T UL B A Bl S AT Bt
http ://¢jl. lightpublishing. cn/thesisDetails #10.37188/
CJL.20210324.

Z * X #:

[ 1]XUWY,LIH,XU]J B,et al. Recent advances of solution-processed metal oxide thin-film transistors [ J]. ACS Appl. Ma-
ter. Interfaces, 2018,10(31) :25878-25901.

[ 2 ] FORTUNATO E, BARQUINHA P, MARTINS R. Oxide semiconductor thin-film transistors: a review of recent advances
[J]. Adv. Mater. , 2012,24(22) :2945-2986.

[ 3 ] KAMIYA T,HOSONO H. Material characteristics and applications of transparent amorphous oxide semiconductors [ J].
NPG Asia Mater. , 2010,2(1) :15-22.

[ 4 ] PARK J S,MAENG W J,KIM H S, et al. Review of recent developments in amorphous oxide semiconductor thin-film tran-
sistor devices [ J]. Thin Solid Films, 2012,520(6) :1679-1693.

[ 5] JIANG S H,FENG P,YANG Y, et al. Flexible low-voltage In-Zn-O homojunction TFTs with beeswax gate dielectric on pa-

, 2016,37(3) :287-290.

[ 6 ] UENO K,SHIMOTANI H,YUAN H,et al. Field-induced superconductivity in electric double layer transistors [J]. J.
Phys. Soc. Jpn., 2014,83(3) :032001-1-16.

per substrates [ J]. IEEE Electron Device Lett.

[ 7] WEN J,ZHU L Q,FU Y M, et al. Activity dependent synaptic plasticity mimicked on indium-tin-oxide electric-double-layer
transistor [ J]. ACS Appl. Mater. Interfaces, 2017 ,9(42) :37064-37069.

[ 8 1 HE Y L,YANG Y,NIE S, et al. Electric-double-layer transistors for synaptic devices and neuromorphic systems [J]. J.
Mater. Chem. C, 2018,6(20) :5336-5352.

[ 9 ] FACCHETTI A. Gels excel [J]. Nat. Mater. , 2008,7(11) ;:839-840.

[10] YUAN H T,WANG H T,CUI Y. Two-dimensional layered chalcogenides :from rational synthesis to property control via or-

, 2015 ,48(1) :81-90.

[11] FUJIMOTO T, AWAGA K. Electric-double-layer field-effect transistors with ionic liquids [ J]. Phys. Chem. Chem.
Phys. , 2013 ,15(23) :8983-9006.

[12] R M, L&, %, ¥, XTERBEMN
1-6.
LIANG D K,CHEN Y H,XU W, et al. Ultralow-voltage albumen- gated electric-double-layer thin film transistors [ J].
Acta Phys. Sinica, 2018 ,67(23) :237302-1-6. (in Chinese)

bital occupation and electron filling [ J]. Acc. Chem. Res.

S A R G R )2 RS [T, B IR, 2018,67(23) :237302-

[13] GUO L Q,XU G,XU C,et al. Egg albumen-based biopolymer electrolyte lateral capacitive coupling thin-film transistors on
logical operation [ J]. Org. Electron. , 2021,93:106109-1-17.
[14] GUO L Q,XU C,ZHOU H L,et al. Natural chicken albumen gate dielectric for coplanar oxide electrochemical transistors

with tunable threshold voltage [J]. Org. Electron. , 2020,77 :105517.



136 K Bih 2 Eild 43 5

[15] ZHU J X,ZHOU W L,WANG Z Q,et al. Flexible,transferable and conformal egg albumen based resistive switching memory
devices [J]. RSC Adv. , 2017,7(51) :32114-32119.

[16] KIM S J,JEON D B,PARK J H,et al. Nonvolatile memory thin-film transistors using biodegradable chicken albumen gate
insulator and oxide semiconductor channel on eco-friendly paper substrate [ J]. ACS Appl. Mater. Interfaces, 2015,7(8)
4869-4874.

[17] JEON D B,BAK J Y,YOON S M. Oxide thin-film transistors fabricated using biodegradable gate dielectric layer of chicken
albumen [J]. Jpn. J. Appl. Phys., 2013,52(12R) :128002-1-3.

[18] HU W N,JIANG J,XIE D D,et al. Transient security transistors self-supported on biodegradable natural-polymer mem-
branes for brain-inspired neuromorphic applications [ J]. Nanoscale, 2018 ,10(31) ;14893-14901.

[19] #xM. KEMFAR L EHKRETAML [D]. FIA M K%Y, 2016.

JIANG S H. Low-voltage In-Zn-O Double-layer Thin Film Transistor Research [ D]. Nanjing:Nanjing University, 2016.
(in Chinese)

[20] AKX, 4&E ITO R A M HARFHL [D]. Kb MR K, 2012.

ZHOU B. Study of Low Voltage ITO-based Thin Film Transistors [ D]. Changsha:Hunan University, 2012. (in Chinese)

[21] it ATHEBNLRORBERTERANE BAATOHNERLLFERAEL [D]. KE RIAIFHEK
2 2021.

YANG Y H. Fabrication and Properties of Dextran-based Ultraflexible Degradable Organic Synaptic Transistors [ D].
Changchun ; Northeast Normal University, 2021. (in Chinese)

[22] &%, MERLH R L ERBETALRAEELA [D]. Mot #aK¥, 2019.

NIE S. Low-voltage Oxide-based Electric-double-layer Synaptic Transistors and Their Humidity Sensing Applications [ D].
Nanjing: Nanjing University, 2019. (in Chinese)

[23] &4, R THEFMAMG RN E ERAEHBEHEEART (D], M AEFEETK¥, 2018.

HUANGH. Study on Electric Double Layer ZnO Thin-film Transistors with Chicken Albumen Dielectric [ D]. Guangzhou:
South China University of Technology, 2018. (in Chinese)

[24] 2 23R 4,20 & ER T LG &S ERRA A I RIEE [J]. ARFIR, 2017,38(7) :917-922.

LIU Y R,HUANG H,LIU J. High mobility ZnO thin-film transistor fabricated by sputtering at room temperature [ J].
Chin. J. Lumin. , 2017,38(7) :917-922. (in Chinese)

[25] LEE J M,CHO I T,LEE J H,et al. Bias-stress-induced stretched-exponential time dependence of threshold voltage shift in
InGaZnO thin film transistors [ J]. Appl. Phys. Lett. , 2008 ,93(9) :093504-1-3.

[26] TSAI C T,CHANG T C,CHEN S C,et al. Influence of positive bias stress on N,0 plasma improved InGaZnO thin film
transistor [ J]. Appl. Phys. Lett. , 2010,96(24) :242105-1-3.

[27] LI H C,LIU Y R,GENG K W,et al. Temperature dependence of the electrical characteristics of ZnO thin film transistor
with high-k NbLaO gate dielectric [J]. J. Vac. Sci. Technol. B, 2021,39(1):012202.

FEE(1980 -), 5, ) ARiBIHA, BT
+ R Bz, 2012 T AEREL TR
SEFRATA A 7, 32 N IR
UNEGRTI A

E-mail : congw4026@ qq. com

NER(1968 - ), 55 VLI H %N, 1H
&, B, 2007 A T AR R HL TR A AR
(CR S e S AN AN 9 Y X =
TR 515 BN T R T
R T

E-mail ; phlyr@ scut. edu. cn






