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Fig. 1. (color online) (a) The image of corn starch is
gelatinized in boiling water; (b) the schematic image
of proton/electron hybrid IZO film synaptic transis-

tors gated by corn starch solid electrolyte structure.

3 HEREQAM

B 2 (a) 470 B T I 2 HL R ) 2 A %
IKEAE R ORI 2 RORGERHR N KN, 4
FL2 A AEAN T  HIZIK BRI A Sz, A i R4 &
Ko T ERAG R RE R HENVER 2> T NS H A
P, GRS, AR TER 7 T O AR
& W EOR KRB SRR R, Sk T 7 i
J&, VERTRI R RIRELEERGIN, Jek TR TOPAT

168501-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 16 (2017) 168501

B )R] RE, HEBE 5K TR AE T K
HEH, XA R T K5 TR 71 s i A
14 122 DURIAL i 00 R K SE M A T 4% T I & 1
L, 127 TGS R A K R PR A L TR TR) B, 36 A8 LT
SR B IAEE K FAEE S T B it T R
TP AT B ek o TP & K&K M2
(-OH), {EMILI V&M 73 T MK T KA R
KA AR, Xt 477 A — s K 28 7 5 L (24260,
TE A [ 25 LR DT R 5T T IR IE A ML S ABL T A [
SREBRMETE P B2 (a) NEKIEN E S H
iR IO P FELS A AR T 2, e P AT AL, B AR
WA, 5 I B R 3G HC, K B S T 1) R OKE
R [ 45 LR 5 VA3 2 I ALIE A 9 B AR, TR T
U2 PO IR B A 1 Ha I, A R X
JZHAELZIAN 1.2 uF /em?. B2 (b) R LA R K e #
A HLAR BT 9 B BT\ BT 2R A R i A )
PRSI M 2R, BERE R 2k P A e — N B R A
W O, Z00.5 V, 33X 0] BE A B K UKD 18 4 FLfR
JR AR ITEL UM R Vs 15 VIR
WBEAR 2 —1.5 VI, 7E R [ 2 AR 2 55 0E

10!
(a)
~ Im.
‘E 100 I\.\.
; 10! .\.\I
g .\-\-
] 0] 0 N
£ 10-2f HO I\.\-
2 o L
g OH -‘-*I~..|
& 1073¢ H He
O o \ o — o™ 7N
\g O +Ha \H \ 0
1074 1 1 1
100 10! 102 103 10
Frequency/Hz
250
(c)
200 Vst from —0.6 V to 1.2 V
Step: 0.3 V
< 150
=
=
3
100
50
OO 0.4 0.8 1.2

Vas/V

K2

Iy /A

Jo2 F A T FR) S BT T SV TE R T2 B S
NiTES=4 S IR S O VA= WP N ke SR 1% S 1
PR R e 2, W] DATE S SRR I T R L 4R
1 x 107, T E{EFENR S 7T el (1) 25
dVis

d(logyg Ias)’ @
P Vs It L, Tas A UEIS LR, &THE 20
156.8 mV /dec. 4 ) B E LI Vg, 1738 3 13/
Vs Ml 26 0L & B R 7E X S ) BOEE 159 21, 49K
0.2 V. FRIMHLAIX (Vas>Ves — Vin) B35 RULITE RS
v H (2) X3RS

I = o @
X LAEEKE, L = 80 um, W AHIE % ¥,
W = 1000 pm, C; 4K A bl & H A 5 A7 T
FUHZ, C; = 1.2 uF/em?. &3 Har /5 A X
I BT R p Z818.7 em-V-1s™1 E 2 (c)
N A TR R R i 2, W HL R Vs L —0.6 V
RGNS 1.2 V, BRI 0.3 V. KR, Y

S:

(‘/gs - ‘/th)Qa

103 16
(b) $5=156.8 mV /dec
Ton ot = 1x107
10-5F Vis=15V
10-7F
F -—
wgrm.,.
10-1
—-1.5 —1.0 .
10~°
(d) V=2V, V,=15V, V.= -1V
1077
109'&
10-11 . . .
0 50 100 150 200
Time/s

(MR (a) FRIER) [ 25 AR BT R IR R I 2, 38 9080 43 7 IG5 X DA BOR B AR IR (b) #fF

PRSI 2 (o) 50kt ARR IR I 2G5 () e kst 2465 42 o 2

Fig. 2. (color online) (a) Frequency-dependent specific capacitance of corn starch solid electrolyte Insert: Molecular

formula of corn starch solid electrolyte and the equation of hydration; (b) transfer characteristics of device; (c) output

characteristics of the device; (d) time response of the device of pulse square-shaped.
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gate pulses dependent memory decay ratio; (b) change
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Abstract

A human brain is a high-density neural network, which has ~ 10'! neurons and ~10'® synapses. Neuron as a
basic information processing unit builds the biological neural network, and the realization of information transmission
and integration depends on the synaptic connection between neurons. This information transfer and integration work is
difficult to realize by relying on von Neumann computer, due to the computer only works according to the well-defined
programs. To further simulate the imagery thinking of human brain neural network, the researchers begin with the
information memory and processing mechanism of human brain neural network. A large number of microelectronic
devices with human thinking characteristics are designed, such as memristor, atomic switch, phase change memory,
and transistors. The oxide-based thin film transistor under the new material system is one of these devices, and has
attracted the attention of researchers. The transistors working as the biological synapses, the gate electrode is regard
as presynaptic input terminal, and the channel current is measured as postsynaptic output. Utilizing the proton gating
behaviors, a series of synaptic behaviors, such as short-term and long-term memory, paired-pulse facilitation, and spike
timing-dependent plasticity is mimicked successfully in these synaptic transistors.

With the progressing of science and technology, and the increasing of requirements for environmental protection,
researchers pay more attention to the environmentally friendly solid electrolyte materials to fabricate oxide-based thin
film synaptic transistor. Researchers have a major interest in starch, due to the low price, rich source, and excellent
mechanical properties. Starch can be extracted from corn, potato, sweet potato and other starch-containing substances,
and is generally insoluble in cold water, and gelatinized in boiling water. In this study, corn starch solid electrolyte is pre-
pared on ITO glass by spin coating progress, and dried at a constant temperature at 30 °C. The electrical performances
of protonic/electronic hybrid IZO synaptic transistor gated by corn starch solid electrolyte are excellent, operation volt-
age, Ion/ofr ratio, field-effect mobility and subthreshold swing are 1.5 V, 1 x 107, 18.7 cm?- V157! and 156.8 mV /dec.,
respectively. Due to the mobile proton migrating in corn starch solid electrolyte, the paired-pulse facilitation, learning
and memory behaviors and high-pass filter of biological neural synaptic plasticity are realized successfully. The synaptic
transistors have potential applications in the field of environment-friendly microelectronic devices to reduce the produc-
tion costs. Therefore, the corn starch solid electrolyte gated proton/electron hybrid synaptic transistor as an artificial

synapse can offer a suitable option to building the neural network.

Keywords: corn starch solid electrolyte, paired-pulse facilitation, synaptic transistors, high-pass filter
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