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peak current density of 8.9 kA/cm2 was obtained for an unstrained
AlInAsSb/InGaAs double-barrier resonant tunneling diode.

Theory of the Single Contact Electron Beam Induced
Current Effect
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Abstract—All publications on the single contact electron beam induced
current (SC-EBIC) technique so far have been concerned with the application of the technique. This paper seeks to examine the theory behind the
technique and supports it with experimental observation. It will be shown
that the technique can be used, not only on electron and ion beam machines, but also on any scanning equipment that is capable of generating
electron-hole pairs within a semiconductor device, e.g., with the use of a
fine laser beam.
Index Terms—Displacement current, EBIC, electric displacement , electromagnetics, SC-EBIC, SEM.

I. INTRODUCTION
It has been shown recently that it is possible to capture electron beam
induced current (EBIC) images of integrated circuit (IC’s) using only
a single contact, as opposed to the multiple contacts required by the
traditional EBIC technique [1], [2]. This new technique is called the
single contact electron beam induced current technique or SC-EBIC.
An example of a micrograph captured by this technique is shown in
Fig. 1. It was also shown in [1] and [2] that EBIC images of entire IC’s
can be captured using this method and that it was possible to use it to
detect device failures. This same technique was also used successfully
on ion beam machines [3], [4].
Traditional EBIC requires that a complete electrical circuit be
formed across a junction that is to be imaged. For every extra junction
that needs to be imaged, an additional connection needs to be made
on the semiconductor. For a magnified image of a small area of an
IC, which may have hundreds of junctions, more than that number of
connections need to be made on the IC. This is not only unfeasible in
practice, but the connections, which is normally made with probe pins
[5]–[7], will block the electron beam and prevent it from reaching the
IC, causing massive shadowing.
The idea behind the technique described in [1]–[4] is to completely
remove all but one of the probes. This is possible in the transient mode
since the circuit, which is traditionally completed by the second probe,
is now replaced by the displacement current created by the transient.
II. SC-EBIC EXPERIMENT FOR A SINGLE JUNCTION
A simple SC-EBIC experiment is set up by wiring up a piece of
semiconductor sample with a single metallurgical junction fabricated
on it as shown in Fig. 2. At time ton , say, an electron beam is turned on
to impinge directly upon the junction. A few tens of milliseconds later,
the beam is turned off. The current measured by the current meter is
then plotted against time. The result is shown in Fig. 3.
III. SC-EBIC THEORY FOR A SINGLE JUNCTION
Consider a single semiconductor junction connected as shown in
Fig. 2. The device is initially in thermal equilibrium. Under this condition the current meter registers a zero current. At time ton , a beam
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Fig. 1. Example of an SC-EBIC image.

Fig. 3. Graph of a single junction SC-EBIC experiment.

Fig. 4.

Displacement vectors.

in the n-type region decreases. This reduces the rate of change of the
second group of electric displacements, sn in Fig. 4, which directly
decreases the displacement currents flowing into the n-type region from
the nearby ground planes. Consequently, this reduction in the displacement current is balanced by a reduced flow of electric current out of
the p-type region to ground through the current meter. This explains
the reduced flow of SC-EBIC current in Fig. 3 between on and = 20
ms.
An equilibrium takes place between 20–30 ms in the graph of Fig. 3.
This is when the generation current due to EHP creation by the electron
beam and separation by the junction electric field balances the forward
bias current in the junction. As a result of this balance, the accumulated
electrons in the n-type region neither increase nor decrease. The electric displacements from nearby ground planes terminating in the n-type
region, sn , therefore become constant, and the displacement current,
which is the partial time derivative of this electric displacement, vanishes. The zero displacement current is consequently balanced by zero
SC-EBIC current flowing through the current meter. However, the constant electron beam current itself continues to flow through the current
meter. This current is about 0.1 nA, and therefore cannot be readily
seen in Fig. 3.
When the electron beam is removed from the junction at time o , the
generation current suddenly disappears. This causes a sudden change
from an equilibrium state where the accumulated electrons in the n-type
region neither increase nor decrease, to a state in which the depletion
rate of the accumulated electrons in the n-type region equals the junction forward bias current. This change consequently gives rise to displacement currents flowing from the n-type region to the nearby ground
planes (opposite in direction to sn ), which is again balanced by the
SC-EBIC current flowing from the ground to the p-type region through
the current meter. This can be seen in Fig. 3 where o = 30 ms.
As electrons from the n-type region continues to inject into the p-type
region, the amount of accumulated electrons in the n-type region decreases. This causes the electric displacements to also decrease, resulting in a rise in the potential of the n-type region. This in turn causes
the junction to be less and less strongly forward biased. The rate of de-

D

Fig. 2. Single function SC-EBIC configuration.

of electrons begins to impinge upon the semiconductor junction. Electrons entering into the semiconductor will ionize the material and generate electron-hole pairs (EHP’s). The electric field at the junction is
such that the holes and electrons drift towards the p- and n-type regions,
respectively.
The p-type region has a short-circuit to ground through the current
meter, and is therefore always at ground potential. The n-type region,
however, is floating. The beam generated electrons that are swept by
the electric field into the n-type region will therefore be trapped and
accumulates in the n-type region. These negatively charged electrons
accumulating in the n-type region will cause two groups of electric
displacements to terminate into it. This is illustrated in Fig. 4, where
the space charge region (SCR) is removed. The first group of electric
displacements, denoted as j in Fig. 4, are those which originate from
the accumulation of positively charged holes in the p-type region. The
second group, denoted as sn in Fig. 4, are the electric displacements
which originate from nearby ground planes, e.g., the objective lens pole
piece and housing of the SEM, and the grounded specimen holder.
The rate of change of this second group of electric displacements
give rise to displacement currents flowing from the nearby ground
planes into the n-type region [8]. This displacement current is balanced
by an equal amount of electric current flowing from the p-type region
to ground through the current meter. This explains the initial flow of
current at on = 3 ms in Fig. 3.
As the electrons accumulate in the n-type region, the strength of the
electric displacements also increases. This increase in electric displacement will cause the potential of the n-type region to fall. This in turn
causes the junction electric field to weaken, and the junction will begin
to conduct in the forward direction.
As the junction forward biases, electrons get injected from the n-type
region into the p-type region, hence the rate of electrons accumulating
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crease of the accumulated electrons decreases, resulting in a decrease
in the displacement current flowing from the n-type region to ground.
The SC-EBIC current which balances the displacement current also decreases, as can be seen in Fig. 3 from to = 30 ms onwards.
It is to be noted that since the junction becomes less and less strongly
forward biased as electrons flow out of the n-type region, the rate of the
flow of electrons also decreases in a very gradual manner. Although it
is not obvious in Fig. 3, the SC-EBIC current in this figure does not
actually become zero at the 40 ns mark. It continues on asymptotically.
If one were to look closely at Fig. 3, it can be seen that the wiggly
line lies mainly above the zero current line. This effect can also be seen
in Fig. 1, where the white streaks continue on strongly right through the
right hand edge of the micrograph. It is important to note here that the
areas under the curve of Fig. 3 before and after to must be equal if one
were to plot it for a few hundred ms, since each of these areas represent
the total amount of excess charge stored in the n-type region.
It is also to be noted that the entire process described above sits on
top of the generation and recombination processes that are going on in
the semiconductor. The process described above is mainly electromagnetic in nature, and is therefore a function of the excess charges which
accumulate in the n-type region. These excess charges are not affected
by the generation and recombination processes since the n-type region
is floating in the electrical sense.
The time constant of the entire measurement circuit has been measured to be of the order of about half a microsecond. This is about four
orders of magnitude better than the time constants in the graph of Fig. 3.
In fact the superior time constant of the measurement circuit is self evident from the fact that the electrical noise is reproduced quite faithfully
by the measurement circuit in Fig. 3. If the time constant of the measurement circuit had been significantly poorer, then the electrical noise
would have been smoothed out.
The explanation for the SC-EBIC phenomenon given above assumes
the use of energetic electrons to generate the EHP’s. It can be seen that
the explanation given above is similarly valid, regardless of the means
of generating the EHP’s. So far, the technique has be used successfully
with electron and ion beams. Successful preliminary experiments have
been conducted with the use of laser beam.
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IV. CONCLUSION
The explanation behind the SC-EBIC effect was described in this
article using well known electromagnetics theory. It was shown that
the explanation agrees qualitatively with experiment. It is hoped that
this will fill up the void in the literature on the SC-EBIC effect.
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