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A variety of energy emissions accur as a result of primary beam inter-
action with the specimen surface. Secondary electrons, x-rays, visible pho-
tons, near IR photons, and Auger electrons are emitted during inelastic scat-
tering of electrons. Backscattered electrons (BSE) are emitted during elastic
scattering of primary electrons. Backscattered electrons are those electrons
which pass through the electron cloud of an atom and change direction with-
out much energy loss. BSEs may diffuse into the sample or may escape
from the sample surface. In practice, the primary electron beam penetrates
deeply into low Z (atomic number) materials and produces few BSEs while
high Z materials retard primary beam penetration and emit large numbers of
BSEs. According to Murata et al.," the higher the atomic number, the smaller
the mean free path between electron scattering events (i.e. 528 A for Al vs.
50 A for Au at 30 KeV) and the higher the probability of scattering. In practi-
cality, the contrast of the material in the backscatter mode is dependant
upon Z. The simplicity of this relationship is the basis for the operation of
SEMs using a BSE detector,

For samples with low Z materials overlaying higher Z materials (such
as semiconductors), why not use electron depth penetration and the result-
ing BSE electrons as a way to accurately visualize subsurface features with-
out sample preparation? |f the primary electron beam could be scanned over
the surface at voltages in excess of 30 KeV, BSE emissions should be avail-
able from successively deeper regions of the sample as the primary beam
voltage is increased. This concept has been proven in STEMs at voltages
exceeding 100 KeV;" however, the STEM imposes severe restrictions an
sample size (< 3.0 mm diameter) and restricts the type of test that can be
performed due to the limited amount of working area in a typical STEM sam-
ple holder.

High voltage SEMs (HVSEM) with large specimen chambers are the
answer to sample size problems and can provide working room for real time
tests of wafer arrays of microcircuits. In a March, 1994 Semiconductor Inter-
nationaf article, high energy electron beam tools (100-200 KeV) were rated
number five on a list of significant trends in SEM” due to their ability to visual-
ize components on intact semiconductors. The basic HVSEM system con-
sists of a scanning high voltage beam (40-200 KeV), large specimen cham-
ber containing a special BSE detector, and a precision stage to accommo-
date a semlconductor wafer or probe card assembly. The BSE detector is
mounted 90° to the specimen surface at a working d|stance of 2-3 mm.
Presently, Hitachi and Materials Analytical Services, Inc.” build HVSEMs.

HVSEM resolution depends upon accelerating voltage and material
type. Figure 1 shows BSE images from successive views deeper info a
glass covered modern computer chip. At 40 KeV, the depth of penetration
through the glass passivation layer on the surface is approximately 1-3 um
and the first layer of metallization is visible. At 100 KeV, the second level of
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metallization, approximately 6-8 um below the surface, is visible (even through
the top metal layer). Additionally, tungsten vias which bridge the metal line layers
are visible (white dots) as the voltage is increased.
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Figure 1. Successively desper views into a computer chip. 120s HVSEM

The need for HYSEMs has been driven by semiconductor manufacturers
and researchers who want to uncterstand problems associated with electromigra-
tron According to Thompson and Lloyd,” current densities measured in amps per
cm’ in integrated circuit (IC) devices with micron size metal lines can be 400 times
higher than current densities in house wiring. Electromigration occurs when the
momentum of electrons moving through micro miniature metal lines causes the
atomns in those lines to “move”. Metal movement causes holes (voids) in the lines
and stress at contact points (Figure 2). Ultimately, circuit line failure can occur
when the voids become too large. Presently, the only way to study electromigra-
tion is by cross sectioning and polishing the circuit or by efching away the glass.
In this type of preparation, the specimen is usually destroyed and the actual
cause of the defect may be caused by the prep itself. Using the HYSEM how-
ever, the lines below the surface glass can be visualized in real time, even while
the circuit is thermally or electrically stressed. Additional uses for the HVSEM
include: visualizing fuses, gates, arrays on intact |C wafers or chips, locating film
inclusions, defects, and submicron contaminants. Additionally, the HVSEM could
be used to examine inclusions and defects in ceramic materials, plastics, and
biolagical specimens that are below the surface. M

Figure 2: Line voids (irregular dark patches on bright metal lines)
120s HVSEM 100 KeV Bar= 1 um
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Microdroplets of Liquid

Part I: Glass Fiber Brush

Walter C. McCrone, McCrone Research Institute*

It is very important to be able to deliver tiny droplets of liquid onto any
surface. There are two general methods for this. One, a glass fiber brush
sealed into a capillary; and, the other, a polyethylene micropipette. Both are
capable of delivering droplets as small as 100 um in diameter. Description of
the glass fiber brush follows. Part I, later in this publication, will describe the
polyethylene micropipette.

We have borrowed this clever idea from Fred Schneider of IBM (private
communication). A bundle of 20 to 30 glass fibers, 5 fo 8 mm long and about
20 pmin diameter, is sealed with a microflame into one end of a glass capillary.
A melting point capillary 1 to 2 mm in diameter and open at both ends is
convenient (Fig. 1). To use for small drop deposition, the capillary is partly
filled (2 to 3 cm. long column of the desired liquid) so that the sealed-in end of
the glass fiber bundle is fully immersed. Droplets can then be “painted” onto
any surface by touching the glass fiber “brush” to the desired spot. Drop size
depends on the number and size of glass fibers, the liquid head in the capillary,
the splaying of the fiber brush on the surface and any movement of the brush
across the surface.

Normally, the glass fiber brush is used with pure liquids because
evaporation concentrates a solution on the brush and may clog the fibers. This
effect can be alleviated if the solution-filled capillary is stored with its brush tip
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Figure 1: Glass fiber brush for deposition of microdrops.

in a bottle or test tube containing a little of the appropriate solvent soaked into
a cotton ball at the bottom (Fig. 2). Evaporation from the open end of the
capillary is very slow, negligible over a period of several hours, and can be
minimized further by drawing down the open end of the capillary to a very fine
opening. In this way, a dilute solution of, say, collodion can be kept ready for
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Figure 2: Protective container for glass fiber brush; a glass wool
plug in the bottom of the test tube is soaked with solvent.

instant use for days and even weeks. It is essential that the brush end of the
capillary be stored in the saturated solvent vapor corresponding fo the solution
used. Strictly speaking, one would avoid small concentration changes due to
differences in vapor pressure if the brush tip is stored over the same solution
rather than over the pure solvent. W

*  Reprinted from The Particle Atlas, Volume 1. available from McCrone
Research Institute, 2820 S. Michigan Ave., Chicago, IL 60616, Tel.: (312)842-
7100, The entire six-volume Particle Atlas is also available on CD-ROM.
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