Figure 3: (a) Above: optical image of a small section (~3x3
mm) of an operational logic chip and (b) Below: current
density map of the same area.

found to deviate from expected values. In many cases, the
current distribution in a given sample may be very
complicated; therefore, the best way to diagnose a fault is
often to compare the current distribution of the failed device to
that of a known good chip. Many chips have on-board
components which filter out high-frequency signals, so care
must be taken to choose a frequency which is low enough to
be admitted into the inner workings of the IC. Alternatively,
the sample can be powered in a way which circumvents such
elements. Our sensors have an extremely wide operating
frequency range, from DC up to several GHz, which usually
allows the selection of an appropriate frequency.

Figure 4 shows the optical and current density images taken
on an operating SRAM sample powered at 2.5VDC with a AC
200 mVRMS voltage. The current enters the sample at two
wire bond pads, seen to the left of the optical image. To
obtain good results, it is often easiest to begin imaging by
scanning the area where current first enters the multilayer
structure, such as at a bond pad, and then to follow the current
throughout the chip, until it disperses or disappears into the

Figure 4: (a) Zoomed-in optical image of an operating SRAM
sample. The white box indicates the region of interest (with
the true aspect ratio). (b) Current density image of this ROL
This map is presented with a skewed aspect ratio for clarity.

lower levels of the package. In the sample shown in Figure 4,
the current amplitude can be seen to slowly wane as it flows
toward the right edge of the image. This indicates that the
current is leaking off through many of the active components
into the die, as opposed to shorting all at once through a single

location.
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Figure 5: Left: Magnetic field distribution of the full die of a

[flip-chip sample. The strong field signatures across the center
of the package are created by the introduction of power from
the package level to the chip itself. Right: Current density
image of a FIB-induced short at the lower right of the sample
(the location of this area is indicated by the black box in the
first image).
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Figure 6: Field image and current density map of a flip-chip
test structure. The current enters at a point in the package
near the top left of the image and then flows into a test
structure on the die, before exiting through another point at
the top right. The horizontal lines on each image indicate the
boundary of the die.

Imaging of flip-chip samples and packages

We have also imaged samples in a flip-chip configuration.
The relatively large separation between the current-carrying
layers and the magnetic sensor (~100 pm) limits the spatial
resolution of the technique in comparison with front side
scanning. However, for many types of failures, this reduced
resolution is sufficient to make a clear diagnosis of the
problem. Figures 5 and 6 show results obtained on two such
samples. These images were acquired using an MR sensor
fabricated in-house with a voltage sensitivity over twenty
times better than our magnetoresistive sensors. This increase
in sensitivity allows for much faster scan rates and for the
detection of smaller current densities. Figure 5 gives the
magnetic field profile of an SRAM chip with a FIB-induced
short. The short appears as a faint field signature in the lower
right of the die in Figure 5(a), but is readily imaged with a
more detailed scan, as in Fig. 5(b). This sample carries a 900
pA RMS AC current. Figure 6, in comparison, displays the
current density profile of an entire flip-chip device and the
adjacent package area. This sample carries a 700 pA RMS
AC current. In Figure 6, the location of the current path can
be clearly traced through the entire chip, and can therefore be
compared with the chip layout to localize potential problems.

Conclusions and Future Work

We have demonstrated promising applications of a new
current-mapping  technology based on  miniaturized
spintronics-based magnetic sensors. The high spatial
resolution of our sensors allows us to resolve features down to
50 nm. For front-side applications, we can expect deep
submicron resolution in most cases, and the technique has the
advantages of operation at ambient conditions and non-
invasiveness.
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