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ABSTRACT

The International Technology Roadmap for
Semiconductors  (ITRS) projects that future high
performance processes will require transistor gate stacks
having equivalent oxide thickness (EOT) of 0.6 nm in the
next decade [¥. Since the gate stacks of future processes
will likely consist of bottom interface (BI), high-k
dielectric, and metal gate electrode layers, an important step
in scaling the EOT of the composite gate stack is to
understand the relative EOT contribution and scaling
limitations for each layer. Previous investigations show the
substrate/Bl layer is critical for carrier mobility and EOT
scaling of high-k gate stacks ', Likewise, scaling of the
high-k dielectric layer requires optimization of the
deposition process to address growth initiation and
coverage concerns . The use of metal gate electrodes in
high-k gate stacks is also known to be favorable to EOT
reduction since it eliminates polysilicon (poly-Si) depletion
during transistor inversion ¥ and restricts EOT increase due
to top interfacial reactions between the high-k dielectric and
the poly-Si gate electrode .

Furthermore, transistors incorporating sub-0.6 nm
gate stacks must demonstrate good transistor characteristics
after 1000°C or greater rapid therma anneal. It is well
known that high-k transistor transconductance (G,,) and lq,
drive currents are greatly affected by the mobility, which is
affected by the BI layer quality and physical thickness 2.
The use of HfO, high-k dielectric with poly-Si gate
electrodes is known to result in transistor flat band (Vy,) and
voltage threshold (VT) shifts, likely a result of Fermi level
pinning '), signaling the likely use of dual metal gates to
provide the proper transistor VT. Lastly, the ability of sub
1.0 nm gate stacks to maintain good transistor
characteristics subsequent to the 1000°C source/drain (S/D)
activation anneal places a heavy constraint on the gate stack
materials to inhibit interfacial and bulk reactions within the
gate stack.

This paper presents results of significantly scaled
high-k transistor gate stacks through:

0) reduction of the Bl layer using an HF-last/NH;
anneal interface,

(i) significant thickness reduction of the HfO,
dielectric, and

(iii) use of TiN-poly-Si metal gate electrodes.

Using these deeply scaled gate stacks we discuss scaling
trends of high-k transistors as well as the implications that
these sub-0.6 nm EOT gate stacks hold for the
semiconductor roadmap.
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