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Semiconductor based electronic devices have made
remarkable changes in the way our society
functions. The scaling of integrated circuits such as
microprocessors and memory devices and discrete
components - transistors and diodes - to nanometer
level is progressing now towards atomic scale.
“There is plenty of room at the bottom” was the
comment 50 years back by Richard Feynman [1].
Recently, the device developers and manufacturers
commented that “There is plenty of difficulty near
the bottom” [2].
The traditional CMOS devices have been
transformed by extending the limits and by the use
of new materials at both front-end and at
interconnect levels, and such devices are being
manufactured up to 45nm gate lengths. Further
extensions are also being developed with various
types of non-planar structures for transistors and
different approaches for on and off chip
interconnects.
However,
the
analysis,
characterization and metrology are becoming more
and more difficult and challenging at each stage.
The International Technology Roadmap for
Semiconductors (ITRS) is used as a guide for
providing a direction for analysis and metrology
for devices and materials which can go beyond
conventional devices [3].
This talk provides a review of some of the trends in
device characterization and analysis as the
technology moves through the nanometer regime
towards atomic level. The physical characterization
of nanoelectronic devices requires combinations of
sophisticated techniques and measurements of
multiple variables. Device characterization
involves optical, physical and structural methods.
Several nanofabrication techniques are pushing the
process envelope for scaling as well as the
performance of the devices. Self assembly with

block copolymers, directed self assembly or
grapho-epitaxy which can use artificial surface
relief structures to induce crystallographic
orientation in thin films and atomic layer
deposition (ALD) are certain methods which can
provide uniform nanolayers for device fabrication.
The device dimensions shrink to a level that the
physical limits are just with in the reach of device
structures [4].
The dimensions in nanometer will have impact on
the measurements of the device characteristics. The
electrical properties of nano-scale transistors with
gate length less than 10nm (figure 1) are different
from the long channel devices [5]. The electrons in
the channel of a Si MOSFET device are confined
in quasi-triangular potential wells and this quantum
confinement of electrons will have dependence on
the Vg and it modulates the conduction [6].
Nanoscale metrology for characterization of
materials and device structures can be obtained by
techniques like TEM holography, TOF-SIMS,
ARXPS
and
with
AFM
employing
nanomanipulation. High resolution imaging using
electron tomography can reduce the interface
refraction and blur in the normal TEM methods.
Conventional methods like X-ray diffraction,
micro-Raman and Photo-elastic and convergent
beam electron diffraction (CBED) have special
resolution limitations, eventhough some of them
have sensitivity to detect low levels of strain/stress.
High performance computing coupled with high
resolution TEM is found capable of resolving
lattice strain measurements in strained channel
devices [7].
Analysis poses much greater challenge than
metrology, as the tools should not hinder the
properties and peculiarities of defects and must be
capable of resolving such defects. Apart from the
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metrology tools, many methods using optical,
electron and ion beam based techniques are being
developed. However, this is challenged by the
rapid advances in process technology and the
feature size reduction [8].
Microscopy in its
various forms continues to be the critical facilitator
for all these physical analysis tools.

We do have plenty of room at the bottom, coupled
with all the difficulties. What we now require is a
set of tools to select the appropriate materials at
nano scale, organize them for the identified
performance and a way to judge the performance
and solve the related problems.
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Fig 1 : Limitations due to the physical limits. A 5nm gate length device has 18 Si atoms at the channel.
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