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Rocking stage for high-quality
polishing of cross section surfaces

Cross sections milled by Ga FIB are typically on the several tens of microns,
width and depth. However, for structures such as displays, TSVs, MEMS,
BGAs, or flip-chips, which may require extra-large cross sections for failure
analysis, a plasma ion column is the preferred solution for milling. TESCAN
SOLARIS X FIB-SEM equipped with iFIB+™ Xe plasma FIB column delivers the
high currents needed to speed material removal for large cross sections.

Unfortunately, surfaces milled by Xe plasma FIB are often
not as smooth as those milled by Ga FIB and may contain
undesirable curtaining artifacts. One method for improving
surface quality is to tilt the sample, then mill from different
directions,althoughthis makesthe cross-sectioningprocess
more difficult, more time consuming and less accurate. To
overcome these drawbacks, TESCAN SOLARIS X offers a
novel method that greatly improves surface quality, while
maintaining simplicity and accuracy throughout the milling
process: the rocking stage. The rocking stage allows
users to take advantage of SOLARIS X's wide field of view
and SEM imaging for monitoring the milling process and
accurate endpointing.

Eucentric sample stages allow tilting only around the axis
perpendicular to both the FIB and SEM columns. The main
problem to this approach is the inability to perform SEM
imaging during the FIB milling process, in the case that the
sample requires milling from different directions to reduce
the curtaining effect. Without the ability to implement SEM
imaging during the polishing process, polishing becomes
very difficult and less accurate. It requires pausing the
polishing process, then changing the stage position to
check the cross section quality from time to time. It is
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difficult to stop milling when the desired point/structure is
reached and also minimize the curtaining artifacts.

TESCAN's novel rocking stage adds tilting in the plane of
the cross section. This method (Fig. 1) allows monitoring
the entire milling and tilting process with SEM imaging,
which is essential for precise end-point detection. Figure 2
illustrates this on a real solder bump sample.

Conclusions

Excellent results were obtained on common 3D and
packaged semiconductor samples that require large-sized
cross sections, like solder bumps (Fig. 2), TSV (Fig. 3) and
ball-bond Au wires (Fig. 4). Non-homogeneous samples like
these were previously very difficult to cross-section with FIB
milling from multiple directions, an absolute necessity to
minimize the curtaining effect. The rocking stage facilitates
fast and precise FIB milling from multiple directions and
enables detailed SEM observation to simplify the cross-
sectioning process, allow precise end-point detection and
improve the final polishing quality for failure analysis of
semiconductor and other samples.

<« Fig. 1: Principle of the
A rocking stage, which
allows SEM observation
during FIB milling, when
the sample requires
milling from multiple
directions to reduce
the curtaining effect.

Stage tilting
while polishing
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» Fig. 2: Utilizing the rocking stage

to alternate the sample tilt (angles
+10°,-10°) in the cross section
plane. During the solder bump
cross-sectioning process, using
SEM observation while milling with
the FIB is beneficial for accurately
identifying the precise endpoint for
FIB milling in the center of the bump.
Preparation time was 18 min, which
is comparable to broad ion beam
polishing; however, the plasma FIB
active area is precisely confined to
the solder bump and therefore does
not damage adjacent structures.
Backscattered electron imaging

at SEM beam energy 10 keV.

Fig. 3: Cross section through TSV
sample by alternating the stage tilt
+10° in the cross section plane. TSV
length is 50 pm, maximum diameter
5 ym, preparation time 30 min.

High current Xe plasma FIB milling
significantly reduces the preparation
time in comparison to Ga FIB, while
still offering the advantage of ease
of operation and reliable end-point
detection to reach the center of

a thin TSV precisely. Methods

such as mechanical polishing or
broad ion beam etching cannot
achieve the precise cross section
dimensions or reliable endpointing.
Backscattered electron imaging

at SEM beam energy 10 keV.
Backscattered electron imaging

at SEM beam energy 10 keV.
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Fig. 4: Cross section through the
packaged PWM controller (sample
courtesy of ON Semiconductor).
Preparation time was 90 min.
Cross section (depth 120 pm)
through the extremely non-
homogeneous sample, containing
the combination of soft Au wires
and hard mold compound, which
can only be polished effectively by
milling from multiple directions.
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