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Historically it has been believed that as the devic
dimensions are scaled down the high field carrgoaity
saturation diminishes the difference in performaoice
MOSFETSs in different materials. However, it hasrbee
recently pointed out that a fundamental scalingt for
MOSFETSs is the source injection velocity into the
channel limiting the drain current[1]. This can be
overcome by increasing the low-field carrier magili
Therefore as the scaling of planar bulk Si CMOS8ditrre
reaches its fundamental limits in the sub-20nmmegi
innovative device structures and new materials haes
created in order to continue the historic progiess
information processing and transmission. Ge is a
promising material to overcome the limits of Si doenot
only its higher and more symmetric carrier mobi[R2}
but also smaller mobility bandgap for improved dypp
voltage scaling and lower contact resistance.

Furthermore its smaller optical bandgap broadeas th
absorption wavelength spectrum [3] to make attvadibor
optical interconnects. In particular it may allow
heterogeneous integration of optical receiversidorS
clock distribution. Employing optical clocking caul
eliminate many problems associated with large ntGiliz
chips like reducing timing skew, power and areacfock
distribution. Performance-wise, a monolithically
integrated optical detection system is believebleo
better. However, most of the present detectioresyst
use IlI-V materials in a hybrid integration fashion
Germanium is an attractive material candidate fichsa
system due to its compatibility with Si and lower
fabrication temperature.

Nonetheless, unlike Si, the lack of a stable natixide
hinders the passivation of Ge surfaces [4], resylith
lower mobility, lower drive current and higher leagje in
MOSFETSs and higher dark current (noise) in optical
detection. Common hexagonal Ggihase is
thermodynamically unstable and water soluble. Ourin
the last four decades, dielectric materials lik8,S5i0,
on a thin Si cap, GBl,;, Ge oxynitride and AD; have
been attempted, although none of them would likélgr
an EOT of less than 10A to advance beyond the 20nm
regime. Inspired by the recent successes of thethig
deposition technique on Si, we have investigated th
possibility of applying high to Ge without a native
oxide interlayer. Volatility of Ge surface oxidessub-
oxides makes surface cleaning easier for kigfate
dielectric stack free of the performance limititmyer,
interfacial GeQ layer.

We have demonstrated the use of a higiate dielectric
material ZrQ for passivation of the Ge surface [5]. 2rO
was formed using near room temperature UV ozone
oxidation [6] of Zr in order to minimize any poskdb
reactions between Ge and the dielectric. MOS cégraci
were formed with platinum as the gate electrode. We

achieved excellent/, and C-V characteristics with
hysteresis of 1.5mV and a capacitance-based eeguival
SiO, thickness ;) of about 6 - 10A. Additionally,
excellent device uniformity and very high devicelgi
were attained. P channel MOSFETSs have been fabdcat
on germanium using a low thermal budget@{0°C)
process witthigh-[1 gate dielectric and metal gate
electrode. For the first time, self-aligned suefahannel
Gep-MOSFETSs with ZrQ gate dielectric with EOT of 6-
10 A and platinum gate electrode are demonstrated i
conventional MOSFET structure with twice the low!di
hole mobility than that fo8i MOSFETSs. A low
temperature process to fabricate Metal-Ge-metalIMS
optical detectors is currently being developed. By
combining the MSM optical detectors and the high
performance thin film Ge-MOSFETs we are currently
investigating integrated optical detection schetoes
realize a monolithic optical clocking network.
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