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Analysis of Charge Transfer Mechanism in Molecular Memory Device
using Temperature—dependent Electrical Measurement
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Abstract

A molecular memory device which has a structure of Al/Al20s/ASA-15 LB monolayer/Ti/Al device,

was fabricated. To study a charge transfer mechanism of molecular memory devices,

current

density-voltage (J-V) characteristics were measured at an increasing temperature range from 10 K to
300 K with an interval of 30 K. Strong temperature-dependent electrical property and tunneling
through organic monolayer at low bias (below 0.5 V) were appeared. These experimental data were

fitted by using a theoretical formula such as the Simmons model.

In comparison between the

theoretical and the experimental results, it was verified that the fitting results using the Simmons
model about direct tunneling was fairly fitted below 05 V at both 300 K and 10 K. Hopping
conduction was also dominant at all voltage range above 200 K due to charges trapped by defects
located within the dielectric stack, including the Al:Os, organic monolayer and Ti interfaces.
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Fig. 1. Schematics of (a) molecular structure of
the ASA-15 molecule and (b) crossbar
type device structure.
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Fig. 2. Current density-voltage (J-V)
characteristics of ASA-15 molecular

memory device according to the
temperature in a range of 10 K to 300 K.

< #jAl 3l Simmons model2HE tholdE
HEdg 219 V < Dy/ledd B4, 48E Foss
Hydy Afd=e ¢4 1) 2.

O

¢+€_V Xp|— Ma(b,}#—ﬂmd
n 2

2

Aq71M, me AR AF de FHY T = #
He] Fo], Ve A/HAY, o BEAAFEAN g
g Azt Y RdZ BAFY] M =LHA
o8l 4 (DA a9t P9 FXE BAFY, A
A8 HA AF IYY (nonlinear least square
fitting) & 35t 19 33 Zo] EAHHA J-V F
A vustdth. HAe #e ¥WEgE 300 Ko
A @g = 1.81£0.05 eV, 10 KolA 2.33+0.09 eVo]
I, 29 a& 043001 o]t} ©] +X1& Simmons
modeldl A &3t AitE o2& Y 39 AA
o2 ez, 43z v wsty o

1)



5
4+
3k £
“g 300K
2
E L
£ o3 o5
2 o} e FRseyrrrrrrT 10K
R e ™
(= - -
1
o
E 2l
° y —0— measurement at 10 K
3k i —O— measurement at 300 K
d ——fitting (-1.5V ~ 1.5 V)
4r - - - fitting OV ~0.5V)
s L L L L L ) )
20 45 40 05 00 05 1.0 15 20
Voltage [V]
(a)
04
—0O— measurement at 10 K
—O— measurement at 300 K
—— fitling (-1.5V ~ 1.5V) g
— osll fitting (0V ~ 0.5 V)
E 300K
2 02
I3
8
€
8ol
3
(8]
10K
0.0 pl= ===
L L L L
0.0 04 0.2 03 04 05
Voltage [V]

ad 3. 10 K& 300 K9 2%9A Simmons
model& ©] &3 ASA-15 EAv=g
29 J-V A3y AR v (a)
-15~+15V ¥4, (b) 0~+05 V H 4.

Comparison to measured data and fitting
data using Simmons model in ASA-15
molecular memory device at temperature
both 10 K and 300 K. In the bias range
from (a) -15to 1.5V, and (b) 0 to 05 V.
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plot according to the temperature at
bias voltage from 0.05 V to 1.5 V.
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