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Abstract of Thesis

Recently, neuromorphic physical computing has been performed using doped semiconductor. However, it can
be operated only at low temperature because of low excitation energy in path-dependent hopping conduction. For
overcoming this limitation, Au adsorbed PCBM molecules arising in-gap molecular orbital in wide HOMO-LUMO
gap was proposed. The nonlinear I-V characteristics for Au-PCBM at room temperature were successfully
observed. This is significant requirement for information processing.

In this research, the structure transformation was happened in PCBM (CB) from Amorphous to Crystal by
changing the annealing temperature. There is a higher inhomogeneous system in the surface of the Crystal
PCBM (CB), which is the crystal structure with clearly empty region both inside and outside of the crystal
structure. After Au deposited in Crystal PCBM, the PCBM crystals were still maintain. The Au NPs are on the
surface PCBM crystals. PCBM with deposited Au newly formed a molecular In-gap state can achieve electron
hopping conduction at room temperature due to a large energy difference between hopping site and HOMO.

Au deposited into PCBM indicates electrical conductivity and the conductivity originated from PCBM / Au
itself. The Crystal PCBM (CB) has empty region, and generate higher density as hopping site at initial stage than
the Amorphous PCBM (CB). The conductivity with Au amount increasing in different conditions of PCBM (CB)
followed percolation model. The conductivity mechanism in different structure and surface morphology of PCBM /
Au can be controlled for Reservoir Computing (RC) system in further application. The electron hopping in both
the Amorphous PCBM (CB) with 6 ML Au system and the Crystal PCBM (CB) with 6 ML Au system follows
Variable-Range Hopping (VRH) model. Both of their activation energies are larger than the thermal energy,
which indicates that the hopping conduction can achieve at room temperature.

The various nonlinear I-V characteristics at room temperature by using nanogap size electrodes were
achieved at both the Amorphous PCBM (CB) with 6 ML Au system and the Crystal PCBM (CB) with 6 ML Au
system.

Both Amorphous and Crystal condition device at 100 Hz owned the highest accuracies in different waveform
generation tasks in their own condition, respectively. Moreover, Crystal condition has the advantage in Sine
function series tasks; while the Amorphous condition demonstrates stronger capabilities in Cosine function series
tasks and Triangle task, also with limited advantage in the tasks of Square2 and Halfwave.

The Side-gate effect is existed in both the Amorphous PCBM (CB) with 6 ML Au system and Crystal PCBM
(CB) with 6 ML Au system. Furthermore, the Side-gate effect in Crystal condition device is much stronger than
Amorphous condition device, which could be expected to perform Boolean logic test and further apply in some
classification tasks due to high dimensionality in this condition of device.

In summary, the Amorphous PCBM (CB) with 6 ML Au molecular device system and the Crystal PCBM (CB)

with 6 ML Au molecular device system can be applied for neuromorphic physical computing.
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Dong Han KIZM BB EE 2 M L7-4&W3E PCBM @& v B V{5 (Hooping Conduction in Au
Adsorbed PCBM for Neuromorphic Physical Computing) (Z-DWT., LML 21T -7,

LML TR, F9=2a—TF 03y NU—V OREEHBILI%R, ZoBEZExy FT—270R
OWETERL LD LT DHMROBURIC OV THE Lz, KIZ, Dong Han KiZ7 —F LV U iFEATH
% PCBM, [6,6]-phenyl-C6l-butyric acid methyl ester & &k +OMAEEHIZEHEE L. PCBM @
HONO-LUMO = < Z*RHIC TRk S D RFTERLR D A8 v & 2 R8N | pieg TR B 50 A 20 70 R 1 2 o
FTHRHBLICOWTEELE,

BUETIE, ERMRFIECOVTHRE L., @RFLTVRBba ¥y 2 AEEZ LT 5
EERFE, BEMOME, 7ENT 7 A8 KL OHRAIRIE D PCBM 47 TR O ERGAFIZ >V THE L7z,

55 =% ClE, PCBM MR ORI, FEIREEZ B O D & & bICRMRIT & PCBM MMEFARE A & Ak
THIEHTIUAXRT MLINBIHLMNIZ LT,

BUETIE, ERTOR—RXBELaL X7 2 2AOBBEETH, PCBURTELT 7 ARETH D &
AT AN E A~ DI & R TR, R KRB TH 2 & T IR MEH CTOLBMPEETHDH Z &
BT LT,

BH5ETIX, F /) A — L OMEEFFOEMA VT, PCBM/Au R CIHEMB BRI EESD 2 LTk
DL, V¥h—vyaZey MTEDMF6 . KidhtE PCBM TIXEMEENE X, 7E/L T 7 X PCBM
T, A FTF— R /ons 2 xRz,

LI X 912, Dong Han Kid, PCBM/AuRIZAEHE L, MEHEEEEM AU F—E 72XV Ay
YREAHE L MR R ICAE D RIIERIBINE . EMERE. YA NS MR ERIE T
LTI LT, MEBRELOHE L TMEL SIS L, R RICE T 5 AR ERRN LS
L2 LI, MEEFOHRLWREEHWZEE 25, Lo T, KTt (%) %
XELTHAMELHD LD LRD D,
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