A Novel Self-aligned Gate-last MOSFET Process Comparing High-k Candidates

Chi On Chui, Hyoungsub KinT, James P. McVittie, Baylor B. Triplett’,
Paul C. Mclntyre', and Krishna C. Saraswat
Department of Electrical (‘and Materials Science) Engineering, Stanford University, Stanford, CA 94305, U.S.A.
Tel: (650) 725-3612, Fax: (650) 725-6278, E-mail: chion@stanford.edu

The hightk dielectrics ZrO, and Hf O, have been researched in the last 15 years to replace
SO, to suppress leskage upon scaling [1]. However, no systematic physical and electrical
comparison of the behavior of these two metal oxide dielectrics has been reported. In this work
we compare these two dielectrics deposited in the same chamber with the same technique using a
newly developed self-aligned gate-last MOSFET process, that is much less-involved than
processes like replacement or damascene gate [2].

The high-k materids were formed by atomic layer deposition (ALD) at 300°C [3]. The
k-vaues of 29 (for ZrO,) and 17 (for HfO,) were extracted by measuring the EOT from a series
of MOSCAPs with different physical thickness (Fig. 1). When the gate leakage densities are
plotted against EOT (Fig. 2), ZrO, displays a lower leakage than HfO, a the same EOT,
consistent with its higher k-value. As-deposited ZrO, was polycrystalline in the tetragonal phase
while HfO, was amorphous (no long-range order); both films had excellent surface roughness.

The novel self-aligned gate-last process is summarized in Fig. 3. Sinceonly n-MOSFETS
were fabricated to verify the process, p-Si substrates (5 10" cmi®) were used. After standard
field isolation and active area opening, 8 wt% phospho-silicate glass (PSG) was then deposited
followed by LPCVD SO, (LTO) capping (Fig. 3(a)). The source/drain regions were defined by
etching the LTO/PSG above the channdl position (Fig. 3(b)). To prevent auto-doping from the
PSG sidewall, achemicd SO, was formed on the channel surface prior to source/drain formation
by solid source diffusion (SSD) using rapid therma anneal (RTA). Resulting junction depth
profiles are shown in Fig. 4. Numerous SSD tests were launched to optimize both peak
concentration and junction depth (Fig. 5). RTA at 1100°C for 10 scs from 8 wt% PSG was
chosen. 15 A of SO, was then grown on the channel surface followed by ALD of about 35~45 A
of ZrO, or HfO, (Fig. 3(c)). Pt gate electrodes overlapping the source/drain were formed by
photoresist liftoff followed by LTO back-end isolation, contact hole etching, and metalization
using 1% Si-doped Al (Fig. 3(d)). All the samples were subjected to forming gas annedl at 400°C
for 45 min. SO, of about the same EOT as high-k using Al gate electrode was included as a
control. This simple implantation-less process consists of only 5-lithography levels.

Transfer characteristics of both an Al gate SO, control device and Pt gate ZrO, and HfO,
N-MOSFETs of the same size are exhibitedin Fig. 6. The EOTs extracted from these devices are
21.9 A, 20.6 A, and 23.3 A respectively. For similar EOT, the SIO, device off-current was
mainly gate leakage while that for ZrO, and HfO, was source/drain leakage, for these bulk
devices without intentional short-channel effect (SCE) suppression. Since the amount of
transistor drive current is the ultimate concern from a circuit perspective, MOSFET output
characteristics of these three dielectrics should be compared (Fig. 7). With the same amount of
gate (standby) leskage estimated from the corresponding EOTs (from Fig. 2, both ZrO, and
HfO, devices ddlivered about the same amount of drive current (Fig.7), even though the mobility
estimated from ZrO, and HfO, devices were about 59% and 72% respectively compared to the
SO, control device. To conclude, these results suggested that using either ZrO, or HfO, would
provide smilar on-to-off current ratio at a given device size.
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Figure1l. EOT vs. physical thickness of ZrO, and
HfO,. Pt gate MOSCAPs were used for extraction.
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Figure2. MOSCAP gate |leakage density
vs. EOT for ZrO,, HfO,, and thin SO, [4].
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Figure 4. Spreading Resistance Probe
(SRP) profiles of phosphorus SSD from
8 wt% PSG driven by RTA.
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Figure3. The novel self-aligned gatelast MOSFET process flow.
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Figure 6. Drain current vs. gate overdrive for three dielectrics. Data
were measured from Pt gate n-MOSFETswith W/L = 100/1.5 mm/nm.
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Figure 7. Drain current vs. drain voltage for three dielectrics. Data
were measured from Pt gate n-MOSFETs with W/L = 100/1.5 nm/nm.



