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A TEM cross-section showing 17 um along the interface between two IC devices. The specimen was dimpled
to produce interference fringes (see light micrograph below) and thinned in the PIPS™ for 25 mins at 3 keV.
(TEM preparation by Reza Alani, Gatan Inc.)

Cross-sectioning for TEM

lon milled, cross-sectioned TEM
specimens are used extensively
to study the microstructure of
multilayered materials. In
practice, it is difficult to get all the
layers in a cross-section equally
electron transparent because of
differences in mass thickness
and ion milling rates.

Differential thinning effects can
be minimized by milling at low
angles so that the slow milling
layers protect the fast milling
layers from the ion beam. The
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A light micrograph of the same IC
device cross-section, shown above,
after dimpling.

effectiveness of this technique is
illustrated in this note by using
the Gatan precision ion polishing
system (PIPS™) to produce high
quality TEM cross-sections of
difficult materials.

PIPS™

The PIPS™ is a dedicated low
angle ion polishing unit with high
milling rates. The standard
milling angle is 4° with the
possibility of obtaining milling
angles ranging from 1°to 7°. The
unit relies on two miniature
Penning ion guns (PIGs™) to
deliver powerful and stable ion
beams.

The micrograph above is an IC
device polished in the PIPS™. It
is seen that by thinning at low
angles the extent of differential
thinning is limited and the thin
area is exceptionally large.
However, polishing at low angles
alone is insufficient to prevent the
preferential thinning that occurs
when the ion beam passes along
the cross-section interface.

This preferential thinning can be
reduced by rocking the
specimen so that the ion beam
never travels directly along the
interface. Alternatively, even
better results can be obtained by
modulating the beam intensity
during specimen rotation.

lon Beam Modulator

The modulator used in the PIPS™
combines fast electronic (on/off)
switching of the ion beam with
variable speed specimen
rotation. The ion beam is off and
the rotation speed is a maximum
when the ion gun is aligned
along the interface.

The effectiveness of the beam
modulator is illustrated by the
TEM micrographs overleaf of

(1) a tungsten-titanium/tungsten-
titanium nitride/tungsten-titanium/
silicon cross-section and (2) a
cross-section of four boron
carbide layers sandwiched
between silicon carbide
substrates.






