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Abstract: The size of semiconductor devices has been scaled down to improve packing density and output performance.

However, there is uncontrollable spreading of the dopants that comprise the well, punch-stop, and channel-stop when using high-

temperature annealing processes, such as rapid thermal annealing (RTA). In this context, low-temperature deuterium annealing

(LTDA) performed at a low temperature of 300C is proposed to reduce the thermal budget during CMOS fabrication. The

LTDA eftectively eliminates the interface trap in the gate dielectric layer, thereby improving the electrical characteristics of

devices, such as threshold voltage (Vrn), subthreshold swing (SS), on-state current (Ion), and off-state current (Iorr). Moreover,

the LTDA is perfectly compatible with CMOS processes.
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(d)

Fabrication Process Flow

P-type (100) silicon wafer
10 nm of SiO, oxidation by RTA
100 nm of n* poly-Si deposition by LPCVD
Gate patterning (Lg = 10—-15 pm, W¢y, = 190 — 280 pm)
Source/drain ion-implantation (As) by 5 x 1075 cm2, 40 KeV
x Rapid thermal annealing (RTA) (1000 °C, 15 sec)
.< Low-temperature deuterium annealing (LTDA) (300 °C, 1 hr)

‘ Low-temperature nitrogen annealing (LTNA) (300 °C, 1 hr)

Fig. 1. (a) Schematic of an enclosed-layout transistor fabricated for
test vehicles (TVs), (b) a cross-sectional transmission-electron
microscopy (TEM) image, (c) an energy-dispersive x-ray
spectroscopy (EDS) image of a device, and (d) summary of the
fabrication process flow of the TVs.
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Fig. 2. Measured (a) the Ip-Vg and (b) transconductance (gm) of a
device without RTA, after LTNA, and after LTDA.
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Fig. 3. Comparison of the measured transfer characteristics (Ino-Vg)
plot without RTA, after LTNA, and after LTDA for 354 samples.
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