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=C, =—C, ~==C, =—C,

% 1(a). Single electron trap with N small junctions, with equal junction
capacitances  C, equal stray capacitances C,, input gate
capacitances ), and well capacitance C.. The bias voltages of the

two edges are, respectively, V and U.
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% 1(b). Single electron dual-junction trap with 2N small junctions, with
equal junction capacitances C, equal stray capacitances Cg, equal

input gate capacitances C), and coupling capacitance Cc. The bias

voltages of the two edges are, respectively, V/2 and — V/2, while
the voltages in the middle U
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Threshold Voltage (e/C)

a9 2

3 H
g“ ., ] on)s\"\
28 i’ \ x\‘h\ﬁ
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l—- p=10 T
151} v a1 M “w 04 o J
]
mme - gingle electron transport
1 = =: gxciton transport
------------ . =+ combined soliton transport
0.5 _— ' -
SR 1
u L
0 1 2 3 4 8

Threshold voltages (in units of ¢/C) for injecting a charge soliton into
the first island of single electron dual-junction-array trap with three
junctions (N=3) on each side as a function of 7=C,/C at

B=C{/C=0.05,1,10 and a=C,/C=0.5. Shown in the inset is an
enlarged part of the figure in the small 7 region. Also, C¢, C,, C,
and C, are the coupling capacitance, input gate capacitance, junction

capacitance, and stray capacitance, respectively.
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2 — v v
— single eloctron transport
- GXCIION TANIPOTt

«evevs : combined soliton transport

T e,
o8] ™ nmS . R

Threshold Voltage (8/C)

3% 3. Threshold voltages (in units of e/C ) for injecting a charge soliton
into the first island of single electron dual-junction-array trap with
three junctions ( N=3) on each side as a function of A= C,/C at

a=Cc/C=0.5 and 3=Cy/C=0.5, 1, 5 where C¢ C; C, and
Cy are the coupling capacitance, input gate capacitance, junction

capacitance, and stray capacitance, respectively.
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=== single electron transport
3 s w= exciton transport

Threshold Voltage (e/C)

2% 4. Threshold voltages (in units of e/C ) for injecting a charge soliton
into the first island of single electron dual-junction-array trap with

three junctions (N=3) on each side as a function a= C./C at
7=Cy/C=0.05 and A= C,;/C=0.5, 1, 5, where Cpg, C,, C and
Cy are the coupling capacitance, input gate capacitance, junction

capacitance, and stray capacitance, respectively,
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n =0.05

e single clectron transpost
= == gxtiton transport
------ + combined soliton transport

Threshold Voltage (e/C)

3
N
1% 5. Threshold voltages for injecting a charge soliton into the first island of
single electron dual-junction-array trap as a function of the number of
Junction N at a fixed value of a=Cq/C=8=C;/C=0.5 and
7=Cy/C=0.05, 1, 5, where C., C;,C, and C, are the coupling
capacitance, input gate capacitance, junction capacitance, and stray

capacitance, respectively,
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1% 6. Threshold voltages of single electron dual-junction-array trap with ten
junctions (N=10) on each side as a function of cotunneling ( m) at
a=Cq/C=p=C,/C=0.5, and 7=Cy/C=0.5, 1, 5, where
C., C, C, and C, are the coupling capacitance, input gate

capacitance, junction capacitance, and stray capacitance, respectively.
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[Abstract]

Charging Energy and Threshold Voltage for a Single Electron
Dual-Junction—Array Trap

Kim, Han-Kook
Physics Education Major
Graduate School of Education, Cheju National University
Cheju, Korea

Supervised by Professor Kang, Young-Bong

We present an exact analytical solution to the electrostatic problem of the
biased single electron dual-junction-array trap, which consists of equal stray
capacitances C, , equal junction capacitances C, equal input gate capacitances
C,, and coupling capacitance Cg The threshold voltages are investigated for
various charge solitons including a single electron, an exciton, and a combined
exciton and single electron. Qur results show that their threshold voltages have
a strong dependence on cotunneling, C,/C, C,/C , C¢/C, and the number of
junction, and that various charge soliton transports take place according to
these parameters. Previous discussions in the literature have neglected the
effect of the stray capacitance but we find that the effect plays an importanf

role on the charge soliton transport.

* A thesis submitted to the Committee of the Graduate School of Education,
Cheju National University in partial fulfillment of the requirements for the
degree of master of Education in August, 2000.
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