19964 78 BTIRRARXEH $BHF AR £TH

#X96-33A-7-15

A BRI E e Azt 71 =2 e Y

(Analysis of a basic single-electron logic—cell considering
three-dimensional joint probability distribution)
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Abstract

Detailed analyses have been presented for a basic single—electron-logic—cell consisting of two
single-electron-transistors (SETs) in series. The interconnection between two SETs has been
treated as a Coulomb island and the joint probability density function of all three Coulomb islands
(two from the SETs and one from the interconnection) has been exactly calculated. The average
number of electrons in each Coulomb island and the steady-state output voltage have been
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calculated and analyzed.
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Fig. 1. A schematic diagram of a basic single-
electron logic—cell
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Fig. 2. The flowchart for the calculation of the
voltage transfer characteristic.

m. && &% Aldt 2ot

A% FEEIFTE | nl, 1 nal, | 0|9 F71el o}
e} F48) 2ashe Adde] Alet® 233 ~ 19 5
ool AR’ wpge® 107604 truncationdt
A FeEx s At AAE veFa gl

a9 3. (a), 2™ 4. (a), 2% 5. (a)¥ Vg = Vg
= Vg = 0VY 7% (equilibrium Alel)e] SE5HFE
Red F3 9jtk ¥ 3. (b), 2% 4. (b), ™ 5. (b)
£ Va = Vg2 = 0V, Vg = 003V 3$e] 35T
& Bo] a1 glek a9 34 o T S w2 &
£2, 9 FE-2 JE #3ES FTARI BE ule]e

2 Agle] 0 A (2™ 3. () FEEIE 93

((mmemy) = (00002 FAHoE FAY nofoz 7
A3k Vg = 003V 7% (2¥ 3. (b)ell THES
X AHA octant WEFeE XA HellA A7)

t}. o]2i]t 2|2FL uloleln A} (Ve)e] F7lel ut
g 1 AE AdRck a8 45 o4, = 0 o

(1343)

712 3. 334 phase spacedlA] AAGFEE (@) Vg
= Vg =Ve =0V, (b) Vg = Vgz = 0V, Vg
= .03V (T = 300K, C = 1.6aF, C, = 3.2aF,
R = 100M£2)

Fig. 3. The probability distribution in the
3-dimensional phase space (a) Vg = Vg =
Ve =0V, (b) Vg = Vg2 = 0V, Vg = 003V
(T = 300K, C = 16aF, Cg = 32aF, R =
100M Q).
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= Vg = 0V, Vg = 003V (T = 300K, C =
1.6aF, C; = 3.2aF, R = 100M Q).
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The probability distribution P,,,, when
ny = 2 (@ Vg = Vg = Vg = 0V |, (b)
V3 = Vg = 0V, Vg = 0.03V (T = 300K,
C = 16aF, C; = 3.2aF, R = 100M Q).
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The average number of electrons in each
Coulomb island and the output voltage at
Vg = 0, Vs = 0,03V, Vg = Vin (voltage
transfer characteristic) (T = 30K, C =
16aF, C; = 3.2aF, R = 100M Q).
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Fig. 7. The average number of electrons in each
Coulomb island and the output voltage at
Vg = 0, Vg = 003V, Vi = Vip(voltage
transfer characteristic)

(T = 30K, C = 16aF, C, = 3.2aF, R =
100M 2)
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Fig. 8. The average number of electrons in each
Coulomb island and the output voltage at
Vo = V2 = Vi, Vs = 0.03V.(voltage
transfer characteristic)
(T = 30K, C = 16aF, C; = 32aF, R =
100M 2)
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