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Analysis of a Novel Self-Aligned Elevated Source Drain Metal-Oxide-Semiconductor
Field-Effect Transistor with Reduced Gate-Induced Drain Leakage Current

and High Driving Capability
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A new self-aligned elevated source drain (E-S/D) metal-oxide-semiconductor field-effect transistor (MOSFET) structure
which can effectively reduce the gate-induced drain leakage (GIDL) current without sacrificing the driving capability is pro-
posed and analyzed. Proposed E-S/D structure is characterized by sidewall spacer width and recessed-channel depth which are
determined by dry etching process. Elevation of the Source/Drain extension region is realized so that the low-activation effect
caused by low-energy ion implantation can be avoided. The GIDL current in the proposed E-S/D structure is reduced as the

region with the peak electric field is shifted toward the drain side.
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1. Introduction

As the metal-oxide-semiconductor field-effect transistors
(MOSFETs) have been scaled down to (.15 um regime, the
formation of ultrashallow junction has become increasingly
important to suppress the short-channel effects. In order to
make ultrashallow junctions with the conventional ion im-
plantation technology, very low-energy ion implantation and
rapid thermal annealing is indispensable. However, the low
implantation energy causes higher sheet resistance due to the
low-activation effect.’ As a result, increase in the implanta-
tion dose is required in order to reduce the sheet resistance
of the source drain extension (SDE) region. In various recent
works,! the SDE region is usually formed with relatively
higher implantation dose to ensure enhanced driving capabil-
ities. But in conventional lightly doped drain (LDD) MOS-
FETs, the increase of the SDE implantation dose results in the
increase of the gate-induced drain leakage (GIDL) current.”
GIDL is one of the major leakage components that determine
the off-state leakage characteristics and it can also act as a
scaling limiting factor in deep submicron devices.*> Conse-
quently, for the conventional LDD structures, there exists a
significant tradeoff relationship between the driving capabil-
ity and the GIDL current.

In this paper, we propose a novel self-aligned elevated
source drain (E-S/D) MOSFET structure and describe its ad-
vantages over conventional ones. All the analyses used in this
paper are based on the two-dimensional process and device
simulations for comparison.®” We compare the GIDL ¢har-
acteristics of the E-S/D and conventional LDD MOSFETs
and explain the difference between these structures. Finally,
we show short-channel characteristics and driving capability
of the proposed E-S/D MOSFET compared with the conven-
tional LDD MOSFETs.

2. Proposed Structure

The fabrication steps for the proposed E-S/D MOSFET
are shown in Fig. 1. Two-dimensional process simulator
TSUPREM-4 is used for the simulations.® After the mask ox-
idation on p-type (100) Si wafer, the channel region is opened
by dry-etching.® Silicon surface is etched to the depth of Xg.
B* (4x10'2 cm™2,45keV) and BF; (6 x 10'2 cm™2, 90keV)
implantations are performed for punchthrough prevention and

threshold voltage adjustment, respectively. The implanted
ions are blocked by the mask oxide, resulting in the se-
lectively doped channel.>!? Nitride is deposited and etched
to form inverted sidewall spacers which have width of Ws.
These structural parameters (X and W) have powerful in-
fluence on the device characteristics such as short-channel
effects and driving capabilities because they determine the
shape of the SDE regions. In this work, W5 and Xy are se-
lected 15 nm and 30 nm respectively to effectively suppress
the short-channel effects. 50 A gate oxide is grown. Poly-Si is
deposited and etched until the mask oxide reveals. After etch-
ing all of the mask oxide, As* (5x 10 cm~2, 25keV, 30° tilt)
implantation is performed for the SDE regions. Large-angle-
tilted implantation is performed to guarantee the sufficient
gate-to-drain overlap area. After formation of the 65 nm thick
2nd nitride sidewall, which results in the final nitride sidewall
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Fig. 1. Fabrication steps for the proposed E-S/D MOSFET: (a) mask oxi-
dation and dry etching (b) selective channel implantations (c) nitride side-
wall formation and poly-Si deposition (d) poly-Si etching and mask oxide
removal (e) large-angle-tilted (LAT) SDE implantation (f) n* source/drain
implantation.
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thickness of 80 nm, As™ (5x 10" cm~2, 20keV) implantation
is performed for the heavy source/drain regions. RTA is done
at 1000°C for 10s.

The proposed structure has several advantages. First, the
self-aligned poly-Si gate is formed by the inverted sidewall
spacers so that self-alignment is realized for both source/drain
and gate regions on the recessed channel.!’ Secondly, the
proposed structure has the selectively-doped channel profile
as aresult of channel implantation as shown in Fig. 2(a). With
this profile, the junction capacitance is reduced as the doping
concentration at the bottom of the drain region (II) is mini-
mized. Thirdly, the proposed structure has elevated SDE re-
gions so that low-energy ion implantation can be avoided. As
shown in Fig. 2(b), relatively high energy (~25keV) implan-
tation is used by help of large-angle-tilted implantation.

3. Results and Discussion

Conventional LDD MOSFETs with varying doping con-
centration are analyzed in comparison with the E-S/D
MOSFET. HL, ML and LL represent LDD MOSFETs with
SDE implantation dose of 5 x 10 cm™2, 1 x 10 cm™2,
5 x 101 cm™2, respectively. Very low acceleration energy
of 10keV is used for the SDE implantation. The SDE im-
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Fig. 3. Coptrol of the effective channel Tength by help of the offset spacer
in LD MOSFET.
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Fig. 4. GIDL currents for E-5/D il LBD MOSFETs as o function of
deain voltage. Vog = 0V, HL: 55 10" em=, M2 | = 10Y a2
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Fig. 5. Contours of electric field and doping concentration for (a) HL and
(b) E-S/D MOSFET. Vps = 6.0V and Vgs = 0V.



