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ABSTRACT

Recently, synaptic devices have the advantages of being able to process information in parallel. However, nondestructive weight
control is limited in 2-terminal synaptic devices because reading and writing are conducted in a common electrode. Hence,
3-terminal synaptic devices with separately reading and writing processes are currently emerging for not only nondestructive
weight control without data loss but also a very short vertical channel length. Since the length of the vertical channel is
determined as the thickness of the active layer, nanometer range channel length can be achieved. According to the nano-scaled
channel length, vertical 3-terminal artificial device can be operated with low voltage and energy consumption. In this review
paper, vertical 3-terminal artificial synaptic devices were classified by electric field transmission or ion migration into organic
semiconductor. According to a recent study, vertical 3-terminal artificial synapse was able to simulate a biological synapse even
with a low driving voltage of up to 10 uV and a current density of MAcm * level. This review article gives an overview of
vertical 3-terminal artificial synaptic devices, and suggest a practical strategy to achieve the massive data processing with high
speed and low power consumption.
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Fig. 1. (a) Transition frequency comparison table for
organic transistors. Adapted with permission
[8]. Copyright 2020, Wiley-VCH. Structure of
vertical synapses by (b) field penetration
Adapted with permission [10]. Copyright 2021,
Wiley-VCH GmbH and (c) by ion migration.
Adapted with permission [11]. Copyright
2020, Springer Nature.
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Fig. 2. (a) The schematic diagram of a biological synapse and three-terminal transistor. (b) EPSC characteristics
with gate pulse. (c) PPF characteristics induced by consecutive gate pulses. Adapted with permission [12].
Copyright 2022, Wiley-VCH GmbH (d) The transformation from STP to LTP triggered by repeated pulses.
Adapted with permission [13]. Copyright 2021, American chemical Society (e) Spike-timing dependent pla-
sticity (STDP) characteristics. (f) Spike-rate dependent plasticity (SNDP) characteristics.Adapted with per-

mission [1

5]. Copyright 2019, Wiley-VCH GmbH.
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Fig. 3. Vertical 3-terminal artificial synapse with the field permeable source electrode using silver nano wire. (a)
The cross-sectional SEM image of device. (b) SEM image of field permeable silver nanowire source
electrode. (c)—(h) Changes in Pseudo-conducting channel with gate pulse (i)—(j) band diagram of VOFST.
Adapted with permission [12]. Copyright 2022, Wiley-VCH GmbH.
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Adapted with permission [23]. Copyright 2019, Springer Nature.
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Adapted with permission [11]. Copyright 2020, Springer Nature.
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Fig. 8. Vertical 3-terminal n-type organic artificial
synapse (TNOAS) with PEO/LiClO; electrolyte.
(a) Structure of TNOAS and ion migration
of Li ions. (b) The cross-sectional demonst-
ration image of device. (c) Synaptic plasti-
city of TNOAS. Adapted with permission
[11]. Copyright 2020, Springer Nature.
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Table 1. Summary of vertical 3-terminal artificial synaptic device

Device  Permeable source  Electrolyte Channel length, Electrical Minimum energy Maximum
type material material channel area characteristics consumption current density
On/off ratio: 10*
- 65 nm, — Threshold voltage: 10 fJ - [12]
-135V
Field Ag nanowire
trans- 105 nm, Memory window: 52 V, [13]
mission 200%200 pm’ Memory ratio: 10°
ki in voltage:
SWCNT - 150 nm, —  "working drain voltage 13 ) [10]
10 uv
40 On/off ratio:
- , ) Minimum working drain ~100 fJ 2.7 MAem?>  [23]
2x80x80 nm
voltage: —10 pV
[EMIM][TFSI]*
Ion 11.9/1.6 nJ for the
migration - ) On/off ratio: 10 potentiation/ [11]
50%50 pm .
depression pulse
. 150 nm, Minimum working drain 5
- PEO/LICIO. 6.16 pJ 10 KA 24
s 0.83 um’ voltage: 0.01 V P em” - [24]
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