Extended Abstracts of the 2007 International Conference on Solid State Devices and Materials, Tsukuba, 2007, pp. 1136-1137

[-10-3

Self-Aligned Dual-Gate Single-Electron Transistors (DG-SETs)

Sangwoo Kangl, Dae-Hwan Kimz, II-Han Parkl, Jin-Ho Kiml, Joung-eob Lee',J ong-Duk Leel,
Byung-Gook Park’,

'Inter-University Semiconductor Research Center and School of Electrical Engineering and Computer Science,
Seoul National University, San 56-1, Sillim-dong, Gwanak-gu, Seoul, 151-742, Korea

Phone: +82-2-880-7279

Fax: +82-2-882-4658

E-mail: swk1230@gmail.com

*School of Electrical Engineering, Kookmin University,
Chongnung-dong, Songbuk-gu, Seoul, 136-702, Korea

1. Introduction

Single-Electron Transistors (SETs) are actively being
studied as an alternative or supplement to CMOS technol-
ogy beyond the point when CMOS is predicted to face criti-
cal scaling limits. Although SETs can offer high effective
integration density, low power operation and high func-
tionality, it has drawbacks which can be solved by utilizing
the dualistic character of MOSFETSs. This necessitates the
co-integration of SETs and MOSFETS on a single substrate,
which consequently requires the fabrication of SETs on Si
substrates with a process sequence similar to that of MOS-
FETs. Such discussion has brought about extensive re-
search in the field of silicon-based SETs [1]. Of these
methods, some make use of uncontrollable fabrication
methods, eliminating the possibility of its practical usage.
Others such as Dual-Gate(DG) SETs utilize a more con-
trollable and reliable one [2]. The latter comprehends the
above-mentioned requirements for the realization of SETs,
meaning the search for its improvements is justified. In this
paper, we present a self-aligned DG-SET showing en-
hanced process compatibility with conventional MOSFETs,
while at the same time overcoming the problems that were
persistent in the previously reported fabrication methods.

2. Previous work

Several CMOS process based fabrication methods for
DG-SETs have previously been introduced [2-4]. However,
the fabrication process was somewhat dissimilar to conven-
tional MOSFET process, and moreover, inherent parasitic
MOSFET components caused the device to cut-off at low
control gate voltages, and the MOSFET current to over-
whelm the SET current at high voltages, consequently de-
grading the Peak-to-Valley Current Ratio (PVCR) of the
device. Taking such issues into consideration, the structure
shown in Fig. 1(b) is proposed as a solution. The simulated
conduction band edge diagram for the previous device and
the self-aligned device are presented in Figs. 2(a) and (b),
respectively. It can be noted that for the self-aligned struc-
ture, the electrically induced tunneling barriers remain con-
stant even when the control gate voltage is increased to a
high level. Since the MOSFET current domination at high
control gate voltages is caused by energetic electrons that
have energies exceeding the height of the tunneling barrier,
it can be noted that in the case of the newly proposed de-
vice, the degradation of the PVCR can be greatly reduced.

3. Device Fabrication

The devices were fabricated on a p-type (100) SOI wa-
fer. SOI thickness was reduced to 28 nm from an initial
thickness of 300 nm, through a series of thermal oxidation
and subsequent oxide wet etch step. The active region was
defined through a mix-and-match of photo/e-beam lithog-
raphy, and subsequent silicon plasma etch process. The
minimum width of the active was around 30 nm. A
cross-sectional SEM image of an active test pattern is
shown in Fig. 3(a). Afterwards, a 145 A control gate ox-
ide was formed through dry thermal oxidation. This, at the
same time reduced the width and height of the SOI active
by 13 and 7 nm, respectively. Then the gate a-Si layer was
deposited by means of LPCVD and patterned through
e-beam lithography. The gate a-Si and control gate oxide
was etched by a plasma etch process. The minimum gate
length at this point was 40 nm. Through a thermal dry oxi-
dation step, the side gate oxide layer and inter-gate isola-
tion oxide layer was formed simultaneously. Due to the
combined effects of etch undercut during the gate a-Si etch
process and silicon consumption during the oxidation
process, the gate length was reduced by approximately 25
nm and the SOI thickness by 50 A. Afterwards, in order to
form the sidewall spacer gates along the control gate, an
a-Si layer was deposited through LPCVD and etched back
by plasma etch processing. Implant offset TEOS sidewall
spacers were formed along the side gates, which was fol-
lowed by source/drain implantation. A cross-sectional SEM
image of a test pattern of the gate side is shown in Fig 3(b).

4. Results and Discussion

The whole fabrication process is highly compatible with
the conventional CMOS process. Moreover, the process
sequence is actually identical to virtual source/drain type
MOSFETs [6]. This implies that the self-aligned DG-SET
can be readily co-integrated with MOSFETSs, making the
integration of various CMOS-SET hybrid circuit applica-
tions that have previously been suggested possible [7]. An-
other merit is that the total capacitance of the dot, which
determines the operation temperature of the device, can be
decreased beyond the limit posed by lithography by means
of thermal oxidation. This was taken into account in the
main device fabrication. The room temperature transfer
characteristic of the fabricated device is as shown in Fig. 4.
Although no oscillation peaks and valleys are visible in the
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current curve, the trans-conductance curve shows two clear
peaks, indicating single-electron tunneling operation of the
proposed device.

5. Conclusions

A new self-aligned Dual-Gate Single-Electron Transistor
(DG-SET) with high process compatibility with MOSFET
and the potential of suppressing parasitic effects shown in
previous structures was proposed. Such effects were veri-
fied through simulation. A fabrication sequence was pro-
posed and the device fabrication was carried out. Room
temperature measurement of the transfer characteristic re-
vealed a double peak in the trans-conductance curve prov-
ing the single-electron tunneling operation of the device.
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(a) (b)
Fig. 1 Structural depiction of the (a) previous and (b) self-aligned
version of the DG-SET.
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Fig. 2 Simulation results of the electrostatic potential formation
along the channel for the (a) previous DG-SET and the (b)
self-aligned DG-SET.
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Fig. 3 Fabrication process flow of the self-aligned DG-SET.
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Fig. 4 Cross-sectional SEM image of the test patterns for the (a)
active side after Si-etch and of (b) the gate side. The gate side
view was prepared by an additional poly-Si deposition and oxide
staining process by means of HF dipping.
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Fig. 5. Room temperature trasnfer characeteristic of the
self-aligned DG-SET. Device parameters for the device are L, =
15 nm, Ly, =45 nm, W = 10 nm, toy ¢, = 350 A, toe 50 =120 A.
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