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INTRODUCTION

Scanning probe microscopy (SPM) refers to a suite of tech-
niques that measure the interaction between a fine probe or
tip (diameters from c nm to pm) and sample at a small
probe-sample separation (from contact to pm distances).
These measurements of interactions allow the study of
properties such as topology, magnetic field, electrical field,
capacitance, temperature, work function, and friction. This
information obtained from SPM can be useful in supporting
IC failure analysis, as we will describe in this article.

Scanning tunneling microscopy (STM) [1] was the first SPM
technique and was invented in the early 1980s. STM meas-
ures the tunneling current between the tip and the sample
surface at a tip-sample separation of several angstroms. The
usefulness of STM is limited particularly for analyzing
microelectronics since both tips and samples need to be
conductive and a high vacuum environment is normally
required. In 1985, scanning force microscopy (SFM) [2],
commonly known as atomic force microscopy (AFM), was
developed. An important advantage of SFM over STM is
that tips and samples need not to be conductive. SFM can
also operate in ambient environments with no vacuum re-
quirement. SFM measures the local forces or force gradients
between the tip and the sample. These local forces include
contact force, frictional force, van der Waals force, magnetic
and electrostatic forces. SFM uses a tip that is attached to a
flexible cantilever. The local force or force gradient is
detected by measuring the deflection of the cantilever. To
date, SFM is the most widely used SPM technique.

Recently, other SPM techniques such as scanning thermal
microscopy (SThM) [3], scanning capacitance microscopy
(SCM) [4] and tunneling AFM [5] have been developed.
This class of SPM techniques combines contact-mode AFM
with a second measurement technique (e.g. a thermocouple
attached to the tip) to obtain information such as semicon-
ductor doping, temperature, or Fowler-Nordheim tunneling
current distributions.

SPM AS A F.murm ANALYSIS TOOL: STRENGTHS w
LIMITATIONS

The use of SPM has not become widespread in the failure
analysis community mainly due to its limited scan range,
nominally 100 x 100 pm maximum. With this limited range,
it would take weeks and perhaps months to completely
examine a whole die. In essence, SPM is not useful for
defect localization. SPM is also not useful as a backside
analysis tool. From the backside, the SPM probe is at least
30-50 pm from the active area. Since all SPM interactions

drop off significantly as the tip-sample separation increases,
signals from the active areas are extremely weak and not
observable. Another disadvantage of SPM is that its probe
assembly must be custom-designed to fit into packaged ICS.
Data interpretation may be difficult in SPM, particularly if
the signals come from different levels of metals in an IC.

SPM, however, offers excellent spatial resolution, nominally
in nanometer range. This unparalleled spatial resolution may
offer a distinct advantage oyer other techniques for resolving
sub-micron features. In addition, some SPM techniques have
high detection sensitivity. For example, scanning kelvin
probe microscopy can detect mV potential variations [6] and
magnetic force microscopy (MFM) can detect AC current in
the VA range [7].

This article focuses only on SFM techniques. We will high-
light several areas where SFM maybe used for failure anrdy-
sis of ICS. We will also show examples with unique and
interesting SPM information.

TOPOLOGY

Typically, SFM is used to obtain topology images on ICS.
There are three modes for topology imaging: contact, inter-
mittent-contact (tapping) or non-contact. Tapping-mode
imaging yields an image with the best spatial resolution and
minimal damage to both tips and samples. AH the topology
images in this article were obtained using the tapping mode.
Fig. 1 shows the top and surface views of the memory areas
of a CMOS SRAM. The image was acquired in about ten
minutes. SFM topology images provide 3-D information
(length, width and height), in contrast to optical and SEM
images where only 2-D information (length and width) is
obtained. The height information can be used to calculate
surface roughness.

Recently, we have used SFM to analyze the effect of focused
ion beam (FIB) exposures on ICS. Fig. 2a shows a top view
of a planarized n-channel transistor that was given an initial
low-dose FIB exposure (O.1 nC/pm2) without charge neu-
tralization. The image shows areas that resemble small
“bumps” in the passivation layer with the height of 5-10 nm.
These “bumps” were not seen with either optical inspection
or SEM imaging. The same n-channel transistor received an
additional 0.5 nC/~m2 dose. The additional FIB exposure
converted some of the “bumps” into the “pits” (Fig. 2b).
These “pits” may be the result of an ESD discharge during
the FIB exposure. Subsequent electrical measurements
confirmed that the transistor had indeed been damaged and
there were gate oxide shorts in this transistor. The SFM


