26

2005 6

Vol. 26  Supplement

CHINESE JOURNAL OF SEMICONDUCTORS

June, 2005

ADC  DAC

DAC
0. 1W.

EEACC: 126

: (

MOS
; MOS ;
5H
. TN302; TN303
/
A/D D/A
D/A (1~61
DAC )
ADC DAC
(SET) MOS
ID) 5 (2)
5 (3) 5 (4)
Si )
ADC DAC
2.1 ADC
1
.A/D
,2004-12-13

2004-09-21

A/D

5 (5)

ADC

100083)
(DAO)

MOS
100MHz

(ADC)

0253-4177(2005)S0-0265-03

(SET) MOS

n

A/D

n
Sample/hold Divider
CLK

L
T

ADC

20,21, e,
A/D

n

V2

V. (@2t )

L ClN T CP(;
[ Singlé electron
tunneling junction

1

A0

1 =

Fig.1 Schematic

SET MOS
of n-bits hybrid SET and MOS ana-

log to digital converter circuit

©2005



266

2.2 DAC
2
SET MOS DAC
DA
Vdd
Culrrent source
L~
nMOS
oV
7, o0 |
(V C‘l’(j
oot f-4-H HE Ho
2C Ch

N
Single electron
tunneling junction

Dot g |
|

Output circuit

1
1
T

Cy Input capacitance

v, o__| l_ T amay

2 n SET MOS
Fig. 2 Schematic of n-bits hybrid SET and MOS digit-

al to analog converter circuit

3
3.1 ADC
(7] SET MOS
ADC . 3
2~3V, 3(a)
; 12. 5MHz; D1,D2, D3, D4
(b)s(C)a(d) (e)
4 ADC ,
(DNL) =+0.16921.SB ,
(INL) + 0. 14881.SB s
0.4%.
3.2 DAC
3 SET MOS DAC
, 4
D1.,D2,D3 4(a),(b),(c)

, DAC ,

26
>
E) 3.0p
£ 55l 1=300K
o
220
S 4r
= 2|b) D,
OF
EN|
3 2H9) D,
E of
=
2
® 2Hd) D.
A 0F
4|
2He) D,
0 I N L L
2 22 2.4 2.6 2.8 30
Input voltage/V
3 ADC
Fig. 3  Simulation results of single electron ADC circuit
(DNL) =40.068LSB s (INL)
+0.065LSB , 0.36%.
5F
a
Z 0
2 st
g
= I D,
B @
)
5 -
, D,
% 0 (c)
B 30F 7=300K
B V=25V €, =28C
%0 25 _(d) H H
TE 20 1 1 1 1
< 0 0.2 0.4 0.6 0.8 1.0
Time/ps
4 DAC

Fig. 4 Simulation results of single electron DAC circuit

4
SET  MOS
n  ADC  DAC
ADC DAC .
100MHz . 0. 1uW
ADC  DAC :
ADC  DAC
ADC



267

Ahn S J,Kim D M. Asynchronous analogue-to-digital convert-
er for single-electron circuits. Electron Lett,1998,34:172
Mizugaki Y, Delsing P. Single-electron signal modulator de-
signed for a flash analog-to-digital converter. Jpn J Appl
Phys,2001,40:6157

Hu C H, Jiang J F, Cai Q Y. A single-electron-transistor-
based analog/digital converter. Proceedings of IEEE-NANO,
2002.:487

[4]

[5]

[6]

[7]

Lageweg C, Cotofana S, Vassiliadis S. Digital to analog con-
version performed in single electron technology. Proceedings
of IEEE-NANO.2001:105

Le ] Y.Jiang J F,Cai Q Y. Design of hybrid SET-CMOS D/A
converter, Proceedings of IEEE,2001:299

Inokawa H,Fujiwara A, Takahashi Y. A multiple-valued logic
with merged single-electron and MOS transistors. IEDM Tech
Dig.2001:147

Yu Y S,Hwang S W, Ahn D. Macromodeling of single-elec-
tron transistors for efficient circuit simulation. IEEE Trans E-

lectron Devices,1999,46.1667

Single Electron Data Conversion Circuits

Ou Xiaobin and Wu Nanjian

(Institute o f Semiconductors, Chinese Academy of Sciences, Beijing

100083, China)

Abstract: Two kinds of novel single electron analog to digital converter (ADC) and digital to analog converter (DAC) circuits

that consist of single electron transistors (SET) and MOS transistors are proposed. The hybrid ADC and DAC circuits have ad-

vantages as follows: large load capability;operate at room temperature;low power dissipation. The hybrid SET and MOS tran-

sistor ADC/DAC circuits are simulated. The simulation results demonstrate that the circuits can perform data conversion well at

room temperature. The sampling frequency can reach 100MHz and the power dissipation is about 0. 1uW.
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