G-2-5

Extended Abstracts of the 2012 International Conference on Solid State Devices and Materials, Kyoto, 2012, pp947-948

Dual Function of Charge Sensor: Charge Sensing and Gating

Tomohiro Kambara, Tetsuo Kodera? 2 Shunri Od& ?

! Quantum Nanoelectronics Research Center, Tokyiiutesof Technology,
2-12-1 O-okayama, Megro-ku, Tokyo 152-8550, Japan
2 Institute for Nano Quantum Information Electroni€&e Univ. of Tokyo, 4-6-1
Komaba, Meguro-ku, Tokyo 153-8505 Japan
3PRESTO, Japan Science and Technology Agency (§&Waguchi, Saitama, Japan
*Phone: +81-3-5734-2542, Fax: +81-3-5734-2542, H:rnkambara@neo.pe.titech.ac.jp

1. Introduction

Single electron spin is a promising candidate folr s
id-state quantum bit (qubit) because of its lonherence
time [1,2]. Double quantum dots (DQDSs) in variouatea
rials are studied to achieve the electron spintguBj. Ma-
nipulation of electron spins in GaAs has alreadgrbee-
ported [4-6]. However, the coherence time is lichitee-
cause of hyperfine interaction [7]. On the othendhaelec-
tron spins in Si are expected to have a longer revice
time since there are almost no nuclear spitie lifetimes
of single electron spins in Si have recently beeasared
to be more than seconds [8]. A detection of sirajlarge
transition is necessary to read out electron stftes con-
trol of the spins in DQDs. Single electron trarmistor
guantum point contacts are usually used as a clsmmor
(CS) for the detection [9,10]. However, using C&séch
DQD needs a large space. Such large structure uoitsg
has a problem with integration to achieve quantum-
puter. Therefore, technological development of @G&&h
have multifunction not only of detecting chargensition
of the DQDs but also of gating for DQDs is required

In this work, we report the charge sensing andngati
measurement of CSs. Charge transitions in a litqgr
ically defined DQD are detected by a differentiahduct-
ance of the integrated CS. The CS works also aata ¢
electrode for the DQD by applying negative voltages
both source and drain electrodes of the CS. Intiadithe
applied voltages of the CS have an additional atdegnof
modifying its own threshold voltage. These resaliggest
that the important technology for the integratidnQDs is
developed.

2. Device structure

The device structure we measured is shown in K&. 1
Si DQD, CS and gates are fabricated by electromblea
thography, dry etching and thermal oxidation. Thteg are
used for controlling the electrochemical potentiéleach
QD and modifying tunnel rates through each potébta-
rier. Constricted regions, controlled to be arodrid nm
width, by the oxidation after dry etching, work gatential
barrier for the DQD and CS. Back gate (BG) is useth-

and that of the buried-oxide layer is 145 nm.

3. Resultsand discussion

Figure 2(a) shows a charge stability diagram of the
DQD measured at 4.2 K. White dashed lines in Hia) are
detected lines of a charge transition by the CSveha Fig.
2(b). Large current flows in the points of intersac of the
dashed lines. The points indicate triple pointsclthare
typical characteristics of DQDs coupled in serighe
charge transitions are successfully sensed byntegriated
CS as shown in Fig. 2(b).

We applied the voltages to the source electrodgs)(
and drain electrodes/{c9 of the CS in sample B [Fig.
3(a)]. Figure 3(b) shows measured differential caridnce
traces of the DQD as a function of the right gatdtage
(Vgr). Here, from top to bottorWscsis increased from -1.5
V to -1.0 V in 0.05V steps. The change of the C&piial
shifts Coulomb oscillation peaks of the DQD. Theref
we successfully demonstrate that the CS works athan
gate for the DQD.

Figure 3 (c) showsycsVscs characteristics, wherigcs
is a current through the CS. Switching characiessof
MOSFET with Coulomb oscillations are observed. By a
voltage difference between the back gate voltagg &nd
Vscs an effective back gate voltage for the GGl = Vg
— Vscg is determined. Th&esm,g is shown at upper axis in
Fig. 3(c). Veing ONly modulates a charge density of the CS.
This result suggests that we can set working vekadf the
DQD and the CS independently.

Figure 3(d) shows measured differential conductance
traces of the CS as a function Bfs,, Coulomb oscilla-
tions are observed and shifted slightly with desi@Vy,.
The electrochemical potential of the DQD is modifiey
Vg andVgcswhile that of the CS is almost fixed agailgt
Veiing Modulates the potential of the CS effectively, levhi
the modulated CS works as a gate for the DQD, wisch
shown in Fig. 3 (b).

A matching of the working voltages for single charg
transition of QDs and charge sensing by CSs is wery
portant to investigate properties of QDs. The gafunc-
tion of the CS can modify the potentials of the D@id

duce 2-dimensional electron gas (2DEG) at the loweritself to match the working voltages. Dual functiohthe

Si/SIG, interface in the silicon-on-insulator (SOI) layBiG
acts like a gate of metal-oxide-semiconductor fiefigct
transistor (MOSFET) structure.

CS is a useful and important technique for flexibleas-
urements in various QD devices.

Figure 1(b) shows a scanning electron microscopy4. Conclusions

(SEM) image of sample A. DQD and CS are scheméfical
indicated by ovals. The thickness of the SOI lage&80 nm,
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We detected the charge transitions of the lithdgrap
ically defined DQD by the integrated CS. The CSoals



works as a gate for the DQD with the voltages &gburce
and drain. Those voltages also shift its own tholeskolt-
age. We obtained the technique of charge sensidgyan

ing of the DQD with one CS.
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Fig. 1 (a) Schematic structure of sample A. DQD, &

gates are covered with thermal-oxidized S&dd the buried

oxide. (b) Scanning electron microscopy (SEM) ima§¢he

sample. The DQD and CS are schematically indicated b

ovals.
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Fig. 2 (a) Charge stability diagram of the DQD. Yehilashed

lines show the same lines in (b) obtained by CSDfffgren-
tial conductance of the CS. The charge detectioesliare
clearly observed.
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Fig. 3 (a) SEM image of sample B. (b) Measured dhfficial
conductance traces of the DQD fdy.s between -1.0 V (bot-
tom trace) and -1.5 V (top trace). The traces Hamen given
an offset for clarity. Red dashed arrows are use@ye-guide.
() lacsVscs characteristicsVeting (= Vog — Vscg is shown at
upper axis(d) dlgcddVesng as a function o¥esmg.



