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o] V<e/2CY wolle AF/ ZasA ) o viA ed H@gAA
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FUy® Upwe Zt7t Aole A7143 ¢V, G 3 o] Ni#lsh 2N A
Aol @25 e 28 13 2L AE 18 23 o474 o] A9 9= &
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[ sinh(B3N—7)A sinhA—(y — 8) sinhNA sinh(2N— A 6 (2N— )]
[sinhiA — (¥ — @) sinhNA sinh(;— M)A/ sinhA]/A

for NCi<2N , i1<j, j<3N-1

sinh(3N— H)A[ sinhid sinhA— (7 — @) sinhNA sinh (i — M)A
— (7 — B) sinh2M sinh (i —2N) A
+ (7 —a)(r — B ) sinh*M sinh(; —2N)A/ sinhA]/A
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Ey+ (€*/2C)sinh kA[ sinh (3N— &) A sinhA—( 7 — @) sinh 2NA
sinh(N—£)A—(y — 8)sinh NA sinh (2N— k) A
+(7 — a)(r — B) sinh°NA sinh (N— &) A/ sinhA] /A
for 0 < A< N

Ey+ (€%/20) sinh (3N— k) AsinhA— ( 7 — B) sinh NA sinh (2N— £)A]
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for N< k< 2N
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sinh(2N— k)A —(y — @) sinhNA sinh (k— N)A
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Mol e Aol 39 wole) HAdigkel tgate AH ke A 192 AL
S8 4 02 FES 5 9.

[ sinh A+ (y— @)sinhA(1 —e*™)/2 + (y— B)sinh A
M_L]n (1—e®™)2—(y—a)y— B)(2e™M — ™ —-1)/4]/
2 A [Ginh 20+ (y— a)sinhA(e ™ —1)/2+ (y— B)sinhA
k= (e " M—-1)2—(r— ) (r— A)(2e "2~ "N _1) /4]
for 0 ¢ <N

[ sinh 24+ (y— a)sinhA(e ~*—1)/2+ (y— B)sinh A
w1, (1=e®™)2—(y—a)(y— B(2— e P — P41/

2 A [sinh 2+ (7— @) sinhA(1 — e 2)/2 + (y— B)sinh A
(e M —1)2—(r—a)(y— B2 — e~ — oM 4]

for N ¢ k <2N

[ sinh’A+ (7— @)sinhA(e "2 —1)/2+ (y— B)sinh A

N1 , (e ™™M—1/2—(r—a)y— B)N(2e "M — ¢ "™ _1)/4]/
e T o In
2 AT [ Ginh %A+ (7= @)sinhA(1 — e2)/2 4+ (y— B)sinh A

(1—e*™)/2—(y— a)(y— B)(2e "2 — "™ —1) /4]

for 2N ( k <3N-1
(20)
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AR kye A QONAM FAR ol 7HE JAE BFE W3 a2n r <] 9
FEelA 4 (200

N 2+8N
N (a— BN
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Ry ov= [ sinh A sinh NAsinh2NA— (y—a) sinh®NA 1/A (28)
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T QT B o= AS A JUAE BAHA & AAm R HAAs
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(Ri x— R —20CUsnle £ 81, AR 4 ov— R 1an)] (29)
0Rth H& o dojurh ol2ld AN} 4 (299 Algste W AE 2AS
T8 & Aok 2AAN kA HoERE b AA Moz As HAYd WY
2 AQ V= A QOANM AF(k k' )| vy =0 & AXNFozZH
Vi=(e/O(Ry 4 —Rux)—2(C"Unle = 6 1, )Ry v—Rin)
—20CNUple+ 8 1 )Ry av—R o)/ [80e — Son

+ 03, Oane TR —Rip—Riav-1— Ry 3v-1] (30)
o ol 2g + A

._13_



V. SN-H Z 42 F E3

o] olHE T-0014 3N-BZolxe] 2% 24 AL BAsta I V=0
A A (298 AFEST HEaAE 59 WA Hugel AW Ao As 4

H( ny, noy)oll tHgE AFHAHA FH &

AFQ(O,I; nN=i1,n2N=il)=0, (31)
AF*(N=1,N; ny= %1, noy=*1)=0, (32)
AF*(N,N+1; ny=*1, nyy=+1)=0, (33)
AF*(2N—1,2N; ny==*1, nyy=%1)=0, (34)
AFE(ZN,ZN"*‘I. nN=i1,n2N=il)=0, (35)
AF°(3N—1,3N; ny=*1, noy=%1)=0 (36)
9} e ZHAAM @& F A A (DI A (29)& AHEsE A (31)-4 36)2

C(ZN)UQN C(N)UN R , R
g YN — [ = YN LN o
( 2t nm) ( Ky nN)( Rm) - (2R1,2~)’ (37)
Ce™ Upn _ (Cg(N)UN ) Rnn—Rn_ |~
( € * nZN)_ B € * nN( RN.ZN_RN—LZN)
Ryn—Ry_1 N
(2(RN2N Ry-1.09 ) (38)
( Cw ) ( ;”’U )( Ry ney = Ryw )
e - TN Ryy1ov— Ryon
Ryiine1— Ryw
* 39
( 2(Ry+1,2v— Ruon) ) (39)
(Cg(ZN)UZN + o ) (C(N)U )( Ryov — Ryon-1 )
e - N Ronov— Ron—1.an
Ronov— Ron—19nv-1
40
( 2(Ron v — Ron—1.2n) ) (40)
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MaN | = - "\R - R
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(41)

+ ( R2N+l,2N+l—R2N,2N)
T\ 2(Ronan+1— Ronon) [
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<ABSTRACT>

Single Electron Tunneling in 3N-Pump with Stray Capacitances

Chung, Hong -jang

Physics Education Major

Graduate School of Education, Cheju National University

Cheju, Korea

Supervised by Professer Kang, Young Bong

Based on the analytic solution to the electrostatic problem of the 3N-pump
with equal junction capacitances C, equal stray capacitances Cy, and two gate
capacitances C,;N) and Cgsz) , we obtain explicit expressions for the Gibbs

total free energy, charging energy barrier hight and the stable domain for the
coulomb blockade of 3N-pump with two gate voltages at zero temperature. In

particular, we analyse the effect of the stray capacitances on the pump
operation. For C,V/C=C/*/C=0.5, the charging energy decreases with
increasing the value of Cy/C, the barrier height also decreases. In addition,

the barrier height rapidly decreases with increasing the number of junctions.

* A thesis submitted to the Commitee of the Graduate School of Education,
Cheju National University in partial fulfillment of the requirements for the

degree of master of Education in February, 1999.
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When C,/C is more than special value the barrier height is the negative

value, then the system can not play a role of the pump device. Finally we
analyse the stable domain for the coulomb blockade of 3N-pump at the zero
temperature and zero bias voltage as a function of the number of tunnel
junction N and capacitances. Our results show that the local stability domains

in the “gate voltage - gate voltage plane” . Form various shaped regions
depending on the value of N, Co/C, CM/C and C/*’/C. The positions of
triple points linearly increase with increasing the value of Co/C. That is,

when a electron transfer through the tunnel junction, with increasing of the

value C,/C. The gate voltage demands lagger value thus the value of Co/C

play an important role in determining the operation of 3N-pump.
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