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Abstract

The conditions for the detection of electron-acoustic (EA) and surface electron beam induced voltage (SEBIV) signals

using a common sample mount and bottomside detection scheme are hereby discussed. It is shown that while the

intrinsic properties of the sample under electron-beam irradiation would chiefly determine the presence of these contrast

mechanisms, the manner in which the sample is mechanically and electrically configured in relation to the signal

detection is crucial in determining the actual signal coupling mechanisms at work and hence the assumptions by which a

robust and consistent interpretation of experimental results can be made. EA signals are detectable only if electrical

coupling between the sample and the detector is defeated, a necessary pre-requisite as the signal magnitude of carrier-

generated SEBIV coupling is 2–3 orders larger in most cases. With regards to SEBIV detection, bottomside SEBIV

detection may be preferable to topside detection owing to minimization of topographic signal contribution, higher

signal coupling efficiency and a less complex sample-detector mounting procedure.

r 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Among the relatively newer and lesser-known
methods particularly for the analysis of semicon-
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ducting samples in the Scanning Electron Micro-
scope are the surface electron beam induced
voltage (SEBIV) [1–3] and scanning electron
acoustic microscopy (SEAM) [6,7] techniques.
The parallels between the SEBIV technique and
the family of electron beam induced current
(EBIC), for both steady-state [4] and strobed
d.
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modes including the single-contact pulsed mode [5]
have been previously described and studied else-
where in the context of their utility in the
measurement of minority carrier diffusion length
and lifetime quantification [8]. The SEAM techni-
que was originally thought of as a mutually
exclusive technique for the detection of acousti-
cally coupled electrostriction phenomenon during
the recombination of excess carriers as a semi-
conducting sample is irradiated by an electron
beam [9], in addition to the other coupling
mechanisms such as thermal-wave and piezo-
electric coupling [10,11]. In this paper, the insights
from recent work on the study of experimental
conditions and detection properties of capacitively
coupled bottomside detection of SEBIV and
SEAM signals in a common detection configura-
tion are presented. It will be shown that the
intricacies of the detection configuration play a
vital part in determining the degree to which these
two signals can be discriminated depending on the
electron beam-sample induced charge dynamics
and the electrical configuration of a substrate-
based acoustic detection scheme. The results of
bottomside or backside SEBIV and SEAM detec-
tion will be compared with the topside SEBIV
detection to highlight the relative properties of
these two modes of detection.

The next two sections will describe the fun-
damental operating principles for SEBIV and
SEAM while a common detection configuration
Fig. 1. SEBIV signal gener
for both these techniques will be presented in
Section 4.
2. Principle of detection: SEBIV

The SEBIV mode involves the detection of
variations in the surface potential that arise during
the irradiation of a semiconducting material by an
electron beam. In this application, electron–hole
pair carriers are generated which subsequently
results in a transient voltage generation on the
surface of the sample due to carrier separation
under a locally induced electric field across a
depletion or space-charge region (SCR) as shown
in Fig. 1. The charge dynamics in the sample are
identical to the EBIC family and hence charge
generation and recombination parameters such as
minority carrier lifetimes and diffusion lengths can
be studied using the detection of this induced
voltage signal [8].
Two detection configurations for SEBIV can be

used: Detection from the topside or alternatively,
through the backside or substrate (see Fig. 1). In
topside detection, the sample substrate is ohmi-
cally grounded through the substrate metal con-
tact M2 with the dielectric layer D above M2
omitted, the topside metal contact M1 is floated
(unconnected) and a metal ring electrode R
with a typical diameter of 2–3mm depending on
the desired field of view is positioned close to
ation and detection.
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the sample surface (typical electrode to sample
separation is about 0.5mm). The ring detector and
sample surface form an electrostatic capacitor with
capacity Cdet,top. By means of this capacitor
arrangement a local potential DV at the specimen
surface induces an image charge Qdet on the metal
electrode, resulting in a transient displacement
current Idet ¼ dQdet=dt in the ring detector sub-
circuit, where dt is the transient time corresponding
to the charge change dQdet. Idet can be amplified by
a current to voltage preamplifier for subsequent
signal acquisition and display on the SEM.

The bottomside detection scheme works on the
same principle, except that the detection config-
uration is inverted with the metal contact M1
being grounded while the metal contact M2 serves
as the capacitive pickup through the dielectric
layer D. The ring electrode R is not used in this
case. This method of detection is superior to the
former detection configuration as the magnitude
of the signal increases significantly due to the
higher dielectric permittivity and also the larger
bottomside detector area and hence capacitance of
the substrate dielectric, Cdet,sub. For example,
typical values for Cdet,top and Cdet,sub are 0.5 and
90 pF for a 1mm loop in free space and a 16mm
diameter, 1mm thick lead zirconate titanate (PZT)
disc (also used for electron-acoustic (EA) detection
as discussed later in greater detail in Section 3),
respectively. In addition, spurious pickup from
secondary and backscattered electrons (BSEs) is
negated in bottomside detection, hence giving a
purer SEBIV signal compared to topside detec-
tion. Sample-detector mounting is also much more
straightforward in bottomside detection, com-
pared to the additional effort required in precisely
positioning the topside loop detector for optimal
topside SEBIV signal coupling.

It was previously shown [1,2,8] that for top
and bottomside SEBIV detection, the maximum
magnitude of the detected SEBIV signal DVmax

in a p–n junction can be represented by the
expression

�DVmax ¼ Cefb ln½1þ ðG0I0=I sÞ�; ð1Þ

where Cef is the dimensionless capacitive coupling
coefficient for the detector given by Cef ¼ Cdet=Ci,
where Cdet is the capacitance between the detector
electrode and the irradiated surface area of the
specimen and Ci the input capacitance of the
charge preamplifier, b ¼ kT=q is the thermal
potential, G0 ¼ ðE0=EehÞð1� FÞ is the generation
rate of excess charge carriers, E0 is the energy of
primary electrons, Eeh is the energy needed for
generation of an electron–hole pair, F is the
fractional BSE energy defined as F ¼ ZhEi=E0,
where Z is the BSE yield coefficient and /ES the
mean BSE energy, I0 is the primary electron beam
current and Is the reverse saturation current of the
p–n junction.
If the sample is a semiconductor wafer with

subsurface SCR, i.e. subsurface potential barrier
without the presence of a p–n junction, then the
maximum magnitude of the detected SEBIV signal
DVmax can be expressed as

�DVmax ¼ Cefb ln½1þ ðDn=N0Þ�; ð2Þ

where Dn and N0 are the concentrations of the
non-equilibrium and majority charge carriers,
respectively.
The ‘‘+’’ sign in expressions (1) and (2)

corresponds to the surface depletion layer (or to
the layer with a slight inversion) for an n-type
region, whereas the ‘‘�’’ sign corresponds to the
same for the p-type.
As can be seen from Eqs. (1) and (2), an

important parameter for the experimental detect-
ability of SEBIV signals is the capacitive coupling
coefficient for the detector, Cef, with a larger value
of Cef resulting in a higher coupled signal
magnitude. In practice, Cdet and hence Cef can be
increased by decreasing electrode to sample
separation, or by increasing the dielectric permit-
tivity as in the case of bottomside detection as
mentioned earlier. The relative sensitivity of
SEBIV detection from the top and bottomside
will be experimentally studied in Sections 4 and 5.
3. Principle of detection: scanning electron acoustic

microscopy

SEAM was first reported in 1980 and involves
the detection of transient acoustically coupled
thermal waves in the SEM [13,14]. Owing to
sensitivity considerations, primary electron beam
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Table 1

Examples of thermal diffusion lengths

Material Thermal diffusion length, m (mm)

at 50 kHz at 1MHz

Silicon 53.7 12.0

Organic coating 4.5 1.0

Aluminum 13.4 3.0
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pulsing in conjunction with lock-in amplification is
commonly employed to attain higher signal-to-
noise performance. As the pulsed electron beam is
scanned across the semiconductor surface, energy
is absorbed within the sample bulk, causing local
periodic heating and resulting in local crystal-
lographic expansion and contraction (see Fig. 2).
Highly damped thermal waves are generated as a
result and their propagation are mostly limited to
within a thermal wavelength, m, given by the
relationship

m ¼ ð2K=rCoÞ1=2; ð3Þ

where K is the thermal conductivity of the
material, r the density of the material, C the
specific heat and o the angular modulation
frequency. Example values of m for some common
materials and frequency dependence are given in
Table 1.

Thermal waves introduce stress–strain condi-
tions on the lattice structure and ultimately result
in phonons or acoustic waves being generated and
propagated through the material, where they can
be detected using suitable acoustic to electric
transducer configurations. In general, EA signal
detection can be accomplished either by surface
(shear) or bulk wave phonon detection. In this
study, the latter detection mode will be studied due
to the common detector configuration between this
and the bottomside SEBIV detection technique.

The signal contrast mechanism in SEAM under
the thermal-wave mechanism is therefore depen-
dent on thermal-elastic characteristics of the
Fig. 2. EA signal formation under the thermal-wave mechan-

ism.
sample, while the spatial resolution D is deter-
mined by the following relation:

Dð¼ d2
b þ R2

0 þ m2Þ1=2; ð4Þ

where db is the electron beam diameter and R0 the
generation volume diameter (the electron path
length) [6]. The amplitude of the thermal-acoustic
signal is given by the expression

A ¼ aBQ=ðorCKÞ
1=2; ð5Þ

where a is the coefficient of thermal expansion of
the material, B the bulk modulus of elasticity
(reduced Young’s modulus) and Q the heat source
power. In reality, EA signal generation is a
relatively inefficient process owing to: (i) The
multiple energy-conversion steps from the kinetic
energy of the primary electrons to the final
acoustic wave generation; (ii) The effect of
acoustic damping of the sample and sample holder
bulk and; (iii) Lossy acoustic coupling due to
surface imperfections and acoustic impedance
mismatch at the various interfaces between the
sample and the transducer. In practice, probe
power in excess of a few milliwatts is commonly
required for adequate final EA detection perfor-
mance where the thermal-wave mechanism is
involved.
In addition to thermal-acoustic generation dis-

cussed so far, other phonon-generation mechan-
isms in EA detection have also been proposed, for
example, ferroelectric contrast [10], excess carrier
recombination [12], internally generated space
charges in semiconductors and dielectrics [15]
leading to the additional mechanisms of local
piezoelectricity and electrostriction [16], magneto-
elastic interactions in ferromagnetic samples [17]
and photostrictive mechanisms [18]. The presence
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or absence of these mechanisms is extremely
specific on the sample and detector configuration;
hence analysis of EA results has to be done in the
context of each of these contrast mechanisms.

Although the SEBIV and SEAM techniques
have been discussed separately so far, they share a
common detector configuration as far as sample
bottomside detection is concerned. The following
sections will discuss the experimental configura-
tion and procedure for SEBIV and EA detection in
a common detection setup.
4. Experiment for concurrent SEBIV and EA

detection

The setup shown in the overall system block
diagram of Fig. 3 was used to study the conditions
for the acquisition of SEBIV and EA-type signals.
The SEM used was a Hitachi S-2700 fitted with a
LaB6 thermionic emission gun equipped with a
beam blanker. The LaB6 gun gives a high beam
current that is necessary particularly for EA signal
detection as previously mentioned. A typical
maximum beam current of about 2 mA at a beam
energy of 25 keV provides more than sufficient
margin for EA detection. The signal outputs from
the SEBIV and EA detectors are routed through a
preamplifier and also a lock-in amplification stage
in the case of strobed mode operation using a
pulsed primary beam. A PC is used for digitally
controlled beam scanning and signal acquisition.
Function
Generator:

sine, square, 
pulse

Preamplifier
Lock-In 
Amplifier

PC

Electron Gun

SEM
Column Transducer

Beam blanker

Sample

Deflection coils

Reference 
frequency

Analog signal

Fig. 3. Overall system configuration for concurrent EA and

SEBIV detection.
The detector module shown in Fig. 4 forms the
sample-piezoelectric transducer module shown in
the overall system schematic of Fig. 3, and is the
experimental realization of the setup shown in
Fig. 1. The device-under-test (DUT) (1) forms the
topmost layer of a detection stack consisting of a
piezoelectric or dielectric element that is metallized
on both faces for ohmic contact (2) and an
acoustically reflective tungsten spacer (3) that
serves both to confine acoustic waves for higher
detection amplitude response as well as to serve as
an electrical signal feedthrough (6). The stack is
housed in an electrically conductive shell (5) that is
electrically insulated (4) from the detection stack.
In the configuration of Fig. 4(a), the piezoelectric/
dielectric element (2) is electrically grounded on
the top surface at the sample substrate. Therefore,
electrical coupling through the sample substrate is
eliminated and only phonon-based piezoelectric
(EA) coupling is present in this configuration. In
Fig. 4(b), the grounding point resides at the sample
surface. Given the considerable resistance present
between the sample surface and the sample
bottomside, both electrical and phonon coupling
is present in this configuration, enabling both
SEBIV and EA signals to be detected. The SEBIV
selectivity achieved by alternating between these
two configurations can therefore be utilized to
study the properties of SEBIV and EA detection in
a common substrate-based detector.
Fig. 4. Sample mounting configuration used for the p-doped Si

sample where (a) The piezoelectric/dielectric (PZT/SiO2) disc is

grounded directly; (b) Grounding point located on the topside

of sample. Configuration of sample holder showing (1) Sample;

(2) Piezoelectric/dielectric disc; (3) Electrically conducting

tungsten spacer; (4) Electrically insulating spacer; (5) External

ground shell; and (6) Electrical signal feedthrough.
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Two samples were chosen for the studies, the
first being an Si sample with selectively p-doped
regions, and the second being a bipolar junction
transistor (BJT) array (Harris’ CA3096) consisting
of three npn and two pnp transistors in one DIP
package. The five BJTs of the CA3096 provide a
sufficient number of permutations of p–n junctions
for this study. A PZT transducer1 was used as the
piezoelectric element. Using a PZT, both acoustic
and electrically coupled signals can be derived.
Alternatively, an SiO2 disc was used as a substitute
for the PZT to exclude piezoelectricity and hence
acoustic coupling, thus forming the purely elec-
trical or SEBIV detection mode through the
substrate.

Two probe modulation schemes were studied:
The first uses a continuous scanned beam, and the
second utilizes beam blanking for probe beam
amplitude modulation. For the modulated pri-
mary beam experiments, the detector output
signals were routed through an additional lock-in
amplification stage.
5. Results and discussion

5.1. Topside SEBIV detection in p-doped Si test

sample

Detection of SEBIV signals from the topside
was extensively described in previous publications
[1–3,8] and is hereby used as the reference
experimental set in order to compare the char-
acteristics of bottomside SEBIV and SEAM
detection. Topside SEBIV experiments were per-
formed using a metallized Si sample with p-doped
regions. The oxide and aluminum metallization on
the left half of the area depicted in Fig. 5(a) have
been etched away, leaving only the underlying
doped Si regions. The oxide and metallization on
the right half were left intact. A 25 keV electron
beam with a probe current of about 10 nA on the
Hitachi S-2700 LaB6 SEM was used in most cases,
except for EA detection where beam currents of
about 1 mA were used. SEBIV images were
obtained using a continuous beam (Fig. 5(b))
1Morgan Matroc Ceramic’s PZT-5B.
and with beam-pulsing and lock-in signal ampli-
fication (Fig. 5(c)). In the former, the displacement
currents (Idet) were generated mainly due to the
modulation of the signal as electron beam is
scanned across doping boundaries. As the beam is
scanned in a raster with the scan rate in the x-
direction being about 500� higher than the y-
direction, the resultant image contrast is obtained
primarily along the doping boundaries normal to
x, i.e. the vertical edges as seen in Fig. 5(b).
However, when beam-pulsing of 10 kHz together
with lock-in amplification is used, and with the x-
scan being set at a much lower rate than the beam-
pulsing rate to allow for sufficient lock-in sampling
at a given pixel, image contrast is obtained along
both x- and y-axes as shown in Fig. 5(c). The
differing contrast properties obtained using these
two detection schemes have been termed ‘‘edge
contrast’’ and ‘‘area contrast’’, respectively [19]. In
either case, the results show that image contrast
corresponding to the different levels of doping in
the Si test sample can be obtained using capaci-
tively coupled topside SEBIV detection. From a
qualitative examination of the results, it is
observed that the resolution of SEBIV imaging is
mostly limited by nonequilibrium carrier diffusion
length [8] and therefore is similar to the resolution
attainable by the EBIC technique.
Figs. 5(b) and (c) also reveal that there is a small

amount of topography present in the topside
SEBIV images due to the contribution of sample-
emitted electrons hitting the loop detector; bot-
tomside detection through the sample substrate
may be preferable when total rejection of emitted
electrons is desired [2]. Another advantage of
substrate detection is the higher signal sensitivity
due to the inherently larger dielectric permittivity
of the substrate dielectric compared to the free
space between the topside loop detector and the
sample.

5.2. Through-substrate SEBIV and EA detection in

p-doped Si test sample

The sample previously used for topside SEBIV
detection was reconfigured for bottomside EA
detection configuration as described earlier in
Section 4; the resultant images are shown in
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(b)

(c)

(a)

Fig. 5. Micrographs showing (a) SE image of doped Si test sample; (b) Topside SEBIV detection without beam modulation; (c)

Topside SEBIV detection with beam pulsing at 10 kHz. Scan width=500mm.
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Figs. 6(a)–(c). Fig. 6(b) shows the specimen or
absorbed current image which serves as a control
case to evaluate the contribution of bulk currents
on EA and SEBIV signal detection from the
bottomside. As expected, only topographical con-
trast is obtained in both the SE (Fig. 6(a)) and
specimen current images. Fig. 6(c) shows an EA
image of the sample obtained at a probe current of
about 1 mA using the detection configuration of
Fig. 4(a), i.e. when the sample is grounded from
the backside and consequently at the top surface of
the PZT. Since the grounding surface shields the
electrically coupled signals from the PZT, no
SEBIV coupling through the sample substrate is
obtained. Instead, the EA image of Fig. 6(c)
acquired at one of the detection resonance points
of 113 kHz shows contrast originating from elec-
tron–acoustic interaction, with the contrast being
determined by differences in material and hence
acoustic impedances instead of electron emission
properties, with the Al metallization regions
having the highest EA signal levels. Also, the
resolution obtained from EA detection is much
poorer compared to the SE, specimen current and
SEBIV images for a given set of probe beam
parameters as can be observed from Figs. 5 and 6.
The theoretical resolution for SEAM imaging of Si
at 113 kHz is calculated to be about 35.7 mm using
Eqs. (3) and (4), with the thermal wavelength m
being the dominant resolution parameter. This
fact, together with the multi-resonant frequency
characteristics of the signal detection in this
configuration, confirms that the EA mechanism
dominates for the sample-detector configuration
of Fig. 4(a).
The above-mentioned high probe currents (1mA)

required for EA imaging exemplify the relatively
poor efficiency of acoustic signal generation in
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(a) (b)

(c)

Fig. 6. Micrographs showing (a) SE topography; (b) Specimen current image; (c) Using PZT transducer (EA detection mode) at

113 kHz (resonant peak) with grounding configuration shown in 4(a). Scan width=500 mm.
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SEAM, which requires 2–3 orders of magnitude
higher probe currents compared to charge collec-
tion techniques such as EBIC and SEBIV to
achieve reasonable image quality; this point has
been attributed to the inefficient nature of the
multiple energy conversion steps involved in EA
detection and also losses due to acoustic damping
in the detection stack [6]. On the other hand, the
electron–hole pair generation process in SEBIV
and EBIC detection is much more efficient, with
probe to junction current multiplication factors of
the order of thousands easily attainable in EBIC.

From the configuration shown in Fig. 4(a), the
grounding configuration was changed to that
described in Fig. 4(b), with the signal ground
now being connected to the topside of the sample
instead of the topside of the PZT transducer,
which is now electrically floating at a finite
resistance of a few kilo ohms from ground imposed
by the conductivity of the test sample. In this case,
any electrical potential due to SEBIV at the sample
would be coupled through the sample substrate.
This is evidenced by the images obtained using
bottomside detection, and still using the PZT as the
substrate dielectric, as shown in Fig. 7(a) (without
modulating the beam) and Fig. 7(b) (with the beam
modulated at the frequency of 200kHz), which
reveals a marked departure from the EA-domi-
nated contrast of Fig. 6(c). Firstly, the contrast
characteristics closely resemble that of the topside
SEBIV detection mode shown in Figs. 5(b) and (c).
Subsequent substitution of the piezoelectric PZT
transducer with non-piezoelectric dielectric discs
such as phosphosilicate glass (PSG), Teflont and
SiO2 did not fundamentally alter the contrast
properties of the images obtained from that of
Figs. 7(a) and (b). Secondly, the contrast char-
acteristics exhibit a wideband and comparatively
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(a) (b)

Fig. 7. (a) Bottomside detection without beam modulation; (b) Bottomside detection with beam pulsing at 200 kHz. Grounding

configuration shown in 4(b) was used. Dominant signal generation mechanism is SEBIV and not EA. Scan width=500 mm.
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flat amplitude response as a function of frequency,
a departure from the resonant behaviour that is
characteristic of acoustic coupling. Thirdly, the
transducer electrical signal levels were also between
2 and 3 orders of magnitude stronger than the
EA mode for a given probe current, with suffi-
cient signal modulation obtained even without
beam blanking and lock-in amplification (Fig. 7(a))
that is absolutely required for sufficient EA
detectability.

From these observations, it can be concluded
that the dominant signal generation mechanism
for semiconducting samples with the mounting
configuration of Fig. 4(b) is electrically coupled
SEBIV, even when a piezoelectric transducer is
used. This outcome highlights the importance of
the sample-detector mounting configuration, par-
ticularly the electrical grounding of the transducer
and sample when performing EA detection
through the substrate for semiconducting samples.
Particular care in ensuring adequate electrical
grounding must be taken to minimize the possibi-
lity of electrical coupling through the piezoelectric
transducer so as to negate the possibility of
detection of SEBIV signals, especially as the signal
generation efficiency in EBIC-type mechanisms is
a few order of magnitudes higher than the thermal-
wave mechanism in EA detection.

One final point is that bottomside SEBIV
detection generally exhibits reduced topographical
artifacts from background emitted electron pickup
compared to topside detection. This property may
be advantageous in certain applications where a
purer image of doped regions without interference
from surface topography is required. An exception
to this lies in situations where the sample morphol-
ogy is such that the beam-landing characteristic at
the sample surface is significantly affected as can be
seen from the effect of particulates on the surface
of the doped Si sample on the bottomside SEBIV
image contrast (Figs. 7(a) and (b)).

5.3. SEBIV and EBIC analysis of CA3096 bipolar

transistor array

An experiment to compare the characteristics of
SEBIV and EBIC detection was carried out using
the CA3096 transistor array, which consists of
three npn and two pnp BJTs. This sample was
selected as a representative example of a more
realistic application for the analysis of p–n
junctions given the larger but still manageable
number of p–n junction configurations that the
CA3096 provides. Several images were obtained
using the mounting scheme of Fig. 4(b) using both
topside and bottomside SEBIV detection. The
primary beam landing energy used is 20 keV and
the primary probe current is set to approximately
5 nA on a Hitachi S-3500N tungsten source SEM.
To exclude EA coupling through the substrate, a
dielectric SiO2 disc is used as the capacitive
element. Images of two selected transistors using
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(b)(a)

Fig. 8. SEBIV topside detection showing: (a) Unmodulated beam (edge contrast); and (b) With lock in detection at 2 kHz (area

contrast). Scan width=680mm.
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the established EBIC method across the emitter
and substrate of the device were also obtained to
serve as the reference charge collection results.
Five experimental configurations were studied and
the resultant micrographs obtained are as follows:
1.
 Topside SEBIV, without beam modulation
(Fig. 8(a))
2.
 Topside SEBIV, with beam modulation and
lock-in amplification at 2 kHz (Fig. 8(b))
3.
 Bottomside SEBIV, without beam modulation
(Fig. 9)
4.
 Bottomside SEBIV, with beam modulation and
lock-in amplification at 2 kHz (Fig. 10)
5.
Fig. 9. Bottomside SEBIV detection, edge contrast using

unmodulated primary electron beam. Scan width=680mm.
EBIC micrographs across emitter-substrate of
selected npn and pnp transistors (Fig. 11).

Note that the images in Figs. 8 and 9 have been
rotated through 901 relative to the SEM raster
scanning axes; the higher scan rate of the raster is
therefore in the y-direction, yielding stronger edge
contrast features on horizontal edges when look-
ing at the unmodulated primary beam SEBIV
images shown in Figs. 8(a) and 9. The contrast
characteristics obtained here are consistent with
the edge contrast obtained using the doped Si test
sample described in the last section. Similarly,
employing a pulsed primary electron beam and
lock-in amplification yields an area-type contrast
of the p–n junctions of the BJT as shown in Figs.
8(b) and 10. Comparing the topside (Figs. 8(a) and
(b)) and bottomside SEBIV detection (Figs. 9 and
10) cases, it is again observed that the signal levels
for bottomside SEBIV detection are noticeably
higher as indicated by the lock-in amplifier gain
settings than that from the topside, as predicted by
Eqs. (1) and (2) due to the larger capacitance of the
dielectric.
Closer examination of these results and also that

of SEBIV detection from the bottomside of the
sample using beam modulation (Fig. 10) shows
that in a more complex sample such as the CA3096
with multiple p–n junctions, not all of the
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(b)(a)

Fig. 11. EBIC micrograph across emitter-substrate of: (a) bottom-left npn (scan width=150 mm); and (b) top-right pnp (scan

width=250 mm).

Collector-substrate contrast (white) 

Collector-base contrast (grey)

Base-emitter contrast (black) 

Base-emitter (white) 

Collector-base contrast (grayish white) 

Collector-substrate contrast (white) 

Fig. 10. Bottomside SEBIV detection, with lock in detection at 2 kHz (area contrast) and showing BJT p–n junction zones. Scan

width=680 mm.
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junctions are equally well-detected using SEBIV,
whether from the topside or bottomside. For
example, junction contrast from the top-left pnp
transistor is not as pronounced as the other BJTs,
for both edge and area contrast imaging modes. It
is suspected that the geometric configuration or
layout of the pnp regions and metallization layers
of this particular BJT are responsible for this
behaviour, which ultimately results in a signifi-
cantly reduced final capacitive signal coupling
from the BJT in question. This was substantiated
by experiments using EBIC which showed that
standard EBIC contrast was obtainable from the
said BJT, thus suggesting that the root cause is one
of insufficient capacitive signal coupling and not of
reduced electron–hole pair signal generation dy-
namics. The effect of sample structure on SEBIV
detection efficiency is currently under study.
Comparing the results for SEBIV (Figs. 8–10)

and that obtained for EBIC (Fig. 11) for two of
the CA3096s BJTs reveal a high degree of
correlation between the two detection methods,
suggesting that the same underlying physics is
responsible for signal formation. For example, the
contrast characteristics for the npn BJT in the
bottom left of Fig. 10 under SEBIV and in
Fig. 11(a) under EBIC are identical except for
the effect of primary beam shadowing due to
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subsequent surface dust particle contamination as
seen in Fig. 11(a). The only difference lies in the
inverted contrast for the top-right pnp transistor
between SEBIV (Figs. 8(b) and 10) and EBIC (Fig.
11(b)), although the contrast properties across
feature boundaries remain fundamentally identi-
cal. The contrast inversion is an instrumentation
artifact of the lock-in amplification used for the
beam-modulated area contrast SEBIV detection,
which is dependent on the reference frequency
used for a given experiment. Hence it is important
to note the relative nature of image contrast
interpretation in these two techniques. This point
however, should not devalue their utility as far as
the junction-mapping application is concerned.

Finally, with respect to the practicality of these
two techniques, the following points can be made
regarding two advantages of SEBIV over conven-
tional EBIC:
(i)
 The elimination of the need to make external
electrical contacts to specific nodes on the
sample. This significantly simplifies the experi-
mental setup whenever charge collection mi-
croscopy analysis is desired, and also relaxes
the environmental constraints of implementing
I/O in an evacuated specimen chamber.
(ii)
 Contrast can be obtained simultaneously from
all junction areas on a sample in SEBIV
detection in most cases, whereas contrast is
obtained only from the immediate intercon-
nected junction in EBIC. This parallel contrast
acquisition greatly improves analysis through-
put especially for samples with a large number
of junctions as is common with the high device
count of modern day VLSICs.
6. Conclusion

The results highlight the importance of sample-
detector mounting configuration in determining
whether acoustic or electrical coupling and hence
EA or SEBIV contrast mechanisms dominate in
the piezoelectric and capacitively coupled backside
analysis of semiconducting samples. In all cases,
EBIC-induced potentials generated in semicon-
ductor structures tend to dominate over the
thermal-acoustic (EA) response, which is signifi-
cantly weaker. In the issue of topside vs. bottom-
side SEBIV detection, it is shown experimentally
that bottomside detection gives a stronger contrast
compared to topside SEBIV due to the higher
detector capacitance as well as providing better
rejection of topographical contrast. The contrast
features for SEBIV have been shown to be highly
correlated to EBIC, suggesting that the same
fundamental charge dynamics are responsible for
signal contrast. Hence, the SEBIV technique
provides a superior charge collection experimental
method especially as contrast is derived simulta-
neously from all junctions, whereas EBIC contrast
is localized to the junction where the interconnec-
tions are made.
Acknowledgements

The authors would like to thank Prof. E. Plies
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