
Electron Channeling Contrast Imaging for epi-layer structural 
defect characterization 

A. Gilbert, A. Meguekam, E. Tournié and J.-B. Rodriguez

UMR 5214  CNRS-UM

Acknowledgements : DFG / ANR (FILTER, ANR-20-CE92-0045), Equipex+ HYBAT, ANR-21-ESRE-0026
1



Context : epitaxy of III-Sb on Silicon substrates

III-SbSi

Large dislocation densities 

!∆# # ≈ 12%
Ultra-large lattice-mismatch

Need for an effective dislocation counting technique
2



J.E. Ayers, Journal of Crystal Growth 135 (1994) 71—77 

i.E. Ayers / Measurement of threading dislocation densities in semiconductor crystals by XRD 75

In cases for which the broadening due to cur- Table 1
vature and crystal size is negligible (i.e., cases for X-ray rocking curve data for a GaAs/Si(001) specimen, pro-

duced from the data of Ayers, Ghandhi and Schowalter [9,181;which ~ ~ and f3~~ /3~) the analysis is the GaAs layer was 3.0 ~em thick, and was annealed after
considerably more simple. In such cases, growth for 30 mm at 850°C; in the case of asymetric reflec-

tions, the measured and intrinsic rocking curve widths are all
f3~,(hk1)— f3~(hk1)— i3~(hk1) for the (0+ 4,) angle of incidence, where 4, is the angle

between the surface and the diffracting planes; Pm is the
= /

3adj K
01 -+- K01 tan

20, (18) measured rocking curve FWHM, and f3~is the intrinsic rock-
ing curve width for the (hkl) reflection from (001) GaAs with

where is the rocking curve width adjusted to (0 + 4,) incidence
account for the intrinsic rocking curve widths. If (hkl) ~ tan2O 1~r,, /3e
one measures rocking curve FWHMs for three or deg (arc sec) (arc see)
more rocking curves at different values of 0, and (002) 15.8 0.080 220 0.5
plots ~ versus tan20, the result is a straight line (113) 26.9 0.257 205 1.5
with intercept K

01 and slope K01. Then the dislo- (004) 33.0 0.422 220 8.7
cation density may be determined independently (224) 41.9 0.805 210 2.4
from the rotational broadening and from the (115) 45.1 1.007 210 3.5(044) 50.4 1.461 235 2.0
strain broadening as follows: (006) 54.9 2.02 220 0.3

(026) 59.5 2.88 235 5.4angular broadening, (444) 70.7 8.15 295 4.7
(117) 76.7 17.90 385 7.7

D=K01/4.36b
2 (19)

strain broadening,
be seen that the data fall on a straight line given

D = K
01/0.090b

2I ln(2 x i0~ cmf~5)I, (20) by

Eq. (19) is now well established and has been P~dj= 41,600(arc sec)2 + 5850(arc sec)2(tan20).
applied to a number of heteroepitaxial semicon- (21)
ductor systems [1,9,18—211although sometimes
without the correction due to Dunn and Koch Thus K

01 = 41,600 (arc sec)
2 = 9.78 X i0~ rad2,

[101.On the other hand, there has been no appli- and from eq. (19), the threading dislocation den-
cation of eq. (20) to semiconductors, to the au-
thor’s knowledge. The simultaneous application
of both equations (19) and (20) may provide more 2 ~
reliable dislocation density data, however.
As an example, consider the case of GaAs on

Si(001). Complete rocking curve data have al-
ready been obtained for this system by Ayers,
Ghandhi and Schowalter [9,18]. These data are

~
reproduced in table 1 for the case of a 3.0 ~m
thick layer on GaAs on Si(001) which was an-
nealed for 30 mm at 850°C.The rocking curve
widths were measured by a Bede model 150 dou-
ble crystal diffractometer (/3() = f~~)with CuKcr
radiation (A = 1.54 A) and using the (0 + 4,) an- 0.0 .

gle of incidence, where 0 is the Bragg angle and o 5 10 15 20

4, is the angle between the surface of the crystal tan2 (0)
and the diffracting planes. Fig. 2 shows the ad- Fig. 2. f3~ versus tan2O for a 3.0 ~am GaAs/Si(001) speci-
justed values of as a function of tan2O. It can men, from the data of table 1.
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Table II. Analysis of Automatic Etch Pit Coun t i ng
by Employing E t c h i n g Solution No. 1

Not optimized Optimized
Microscope total total
magnification number 1.96 a number 1.96 (r

16× 119 34% 98 29%
25 x 89 18% 40 13%
40x 74 36% 33 27%

tomatic etch-pit-counting procedure are illustrated
in Fig. 3. The Noma r s k i interference contrast mi-
crograph (Fig. 3a) shows the (001) surface of an Fe-
doped InP-substrate treated for 10 s in a HBr /H202 /
HC1/HeO etchant. ~ A f t e r image processing the de-
veloped etch pits are displayed as " b r i g h t areas" on
dark background (Fig. 3b). The etch pits detected
and identified u s i n g the algorithm described above
are m a r k e d (Fig. 3c) thus enabling the immediate
control of the results.
For high etch pit densities, as f o und with I n P / S i

layers, conventional e t c h i n g procedures had to be
modified since a considerable overlapping of etch pits
occurred. To overcome this problem etching tem-
p e r a t u r e and time were reduced to v a l u e s t h a t , un-
der retention of visibility, the overlapping is strongly
reduced.

(b)

(c)

Fig. 3 - - Etch pits developed on (001) InP by 10s etching in
20HBr:0.5H20~:20HCl:10H20: (a) Nomarski interference-con-
t r a s t microphotograph of the etched surface, (b) enhanced con-
t r a s t etch pit pattern u s e d for automatic EPD counting, (c) iden-
tified etch pits are m a r k e d (superposition of (a) a n d (b)).

R E SULTS
To p rove the correlation of automatically deter-

m i n e d EPDs and corresponding visually obtained
values, e t c h a n t no. 1 (see Table I) was employed.
The r e s u l t s for various microscope magnifications
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Fig. 4 - - Correlation of automatically a n d visually determined
n umb e r of etch pits on (001) InP t r e a t e d with etchant no . 1 . The
straight line represents full agreement. 95% of the total n umb e r
of data points lie w i t h i n the 1.96 a limits (broken lines).

Etch-Pit Density (EPD)

EPD in InP, 
E.Peiner and A. Schlachetzki, Journal of El. Mat., Vol, 21, No. 9, 1992 

EPD in GaN, 
G. Kamler et al., Eur. Phys. J. Appl. Phys. 27, 247–249 (2004)

Threading dislocations counting techniques 
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Si

III-V

TEM G. Patriarche, C2N

Cross section TEM

Threading dislocations counting techniques 

Surface morphology
AFM GaSb on Si 
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- Observation of “Kikuchi-like” bands : Coates, 1967
- Access to the crystal orientation in a SEM

- Explanation = “anomalous absorption” at Bragg angle : Booker et al., 1967
- ECP ≠ Kikuchi lines because not related to diffraction
- Imaging dislocations is possible because the bending of the lattice planes changes the absorption 
- Access to the Burgers vector

- Dynamical theory calculation : Clarke and Howie 1971  
- Need high currents and high accelerating voltages to observe defects è FEG SEM, STEM

- First attempt in Scanning TEM : Clarke et al., 1971
- 80-100 kV STEM, thin foil 

- First attempts in SEM : Pitaval et al., 1977, Morin et al., 1979
- FEG SEM, large tilt (50-70°), high-energy filter, side-mounted BSED 
- è dislocations in Si and invisibility criteria validated

- More convenient config. : Ng et al., 1998, Simkin and Crimp, 1999
- Standard 4-quadrant Si diode detector on the pole piece è small tilts 

Kikuchi-like ReJlection Patterns with the S.E.M. 1183 

Fig. 4 

Ge sample tilted +lo" and - 10" from the beam axis. 

magnification where this angular variation is greatest. If this supposition 
is correct then i t  should be possible t o  examine smaller specimen areas 
by having a stationary beam and by rocking the specimen in two 
orthogonal directions in synchronism with the raster of the display tube. 

The effect may be related to the predictions of Hirsch et al. (1962), 
(1965) concerning the strength of scattering of electrons on the different 
branches of the dispersion surface (see following paper). Duncumb (1962), 
using a combined electron microscope and x-ray micro-analyser, verified 

D
ow

nl
oa

de
d 

by
 [T

ul
an

e 
U

ni
ve

rs
ity

] a
t 0

0:
10

 1
9 

A
ug

us
t 2

01
3 

ECP Ge sample
Coates, Phil Mag 16:1179, 1967

Kikudi - l ike  Rejection Patterns with the X.E.M. 1181 

which point the signal to noise ratio has deteriorated excessively). At 
constant instrument magnification, the width of the Kikuchi-like bands 
is proportional to (electron accelerating voltage)-1/2 and hence to the 
de Broglie wavelength of the incident electrons as shown in fig. 2 .  

Fig. 2 
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Voltage dependence of the width of a Kikuchi-like band on the electron 
accelerating voltage at constant instrument magnification. 

The angular change of the primary beam to the tilted sample and the 
offset position of the electron detector gives rise to  a wide variation in 
image intensity as the beam is scanned (fig. 1) .  A micrograph of more 
uniform intensity can be produced by controlling the video amplifier to  
give a constant mean signal level during the single frame recording scan 
(fig. 4). Angle dependent patterns have been obtained from samples 
tilted 0" t o  85" from normal to the primary beam and through 360" 
rotation in the tilted plane. Figure 3 shows a pattern having a (111) 
symmetry which was obtained from a cleaved (110) face of a gallium 
arsenide crystal by tilting and rotating the sample in the microscope. 
The orientation of the specimen relative to the electron beam was 
subsequently determined by x-ray diffraction and was proved to  be 
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Fig. 4 

Scanning transmission micrographs of a very thick region of heavily deformed 
aluminium. Magnification of (a) 5000 times and of ( 6 )  20000 times. 
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STEM ECCI Cu-8% Al
Clarke et al., Phil Mag, 24:190, 973, 1971 

522 P. Morin et al. 

Fig. 8 

Images of dislocations under varied diffracting conditions and corresponding SACP 
A V = 500 V, beam energy 45 keV, illumination patterns for each orientation. 

angle 2a = 1.5 x 10-8 rad. 
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ECCI Si 
Morin et al., Phil Mag A, 40:4, 511-524, 1977 

Historical perspective
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Incident 
electron beam

Incident 
electron beam

Adapted from Joy et al., J. Appl. Phys., 53(8), 1982 

When the incident 
beam gets parallel to the crystal planes:

è Beam channeling through the crystal

è Lower back-scattered electron (BSE) emission

Back scattered signal from a crystal : influence of the incidence angle

6

How can we orientate the 
sample wrt the e- beam?



Max scan angle
2q

d

qBq

Scanned ray

Bragg planes

Scan angle

Back-scattered 
signal

- qB qB

Braggs condition ∶
2d. sin θ0 = n. λ

- Enhanced back-scattered signal when θ < 45
- Interpreted as the superposition of two Block 

wave functions 
- True for many lattice-planes 

è Electron Channeling Pattern

Adapted from Joy et al.
J. Appl. Phys., 53(8), 1982  

Allows to orientate (tilt and rotation) the 
sample to set the channeling direction of 

interest

Low-magnification :  contrast related to the crystal structure 
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Figure 1. Experimental and Illustration of Electron Channeling Pattern (ECP). (A) Montage of captured ECP images (taken at 27x
magnification) from a GaP/Si sample, along with (B) an indexed illustration describing the observable Kikuchi lines. Please click here to view a
larger version of this figure.

Figure 2. Rotation of Electron Channeling Pattern (ECP). Depiction of the effect of in-plane sample rotation (i.e., about the [001] surface
normal) on the appearance of the GaP/Si ECP. Rotations of (A) -20°, (B) 0°, and (C) 20° are shown. Please click here to view a larger version of
this figure.

Figure 3. Tilt of Electron Channeling Pattern (ECP). Depiction of the effect of out-of-plane sample tilt (i.e., about the in-plane [110]) on the
appearance of the GaP/Si ECP. Tilts of (A) -4°, (B) 0°, and (C) 4° are shown. Please click here to view a larger version of this figure.



Crystal sample

Incident electron beam
in channeling condition

Low BSE signal

Strong BSE signal

dislocation

Structural defects such as dislocations have a strong BSE 
contrast in channeling condition 

è ECCI (Electron Channeling Contrast Imagery)

Back scattered signal from a crystal : structural defects
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SEM-Based Electron Channeling

cells but can be susceptible to processing-induced stresses 
and impurities. !us, large area defect and strain mapping 
techniques are highly desirable. Simulated and experimental 
ECPs acquired from a Si surface are presented in Figure 5. 
SEMs equipped with a beam rocking capacity can sample 
over a large angular range, as demonstrated for Figure 5a. 
However, the angular range can also be decreased, e"ectively 
“magnifying” the ECP about a zone-axis as shown in Figure 5c. 
!is can be done either by decreasing the maximum rocking 
angle or by increasing the magni#cation of BSE imaging. 
Higher-order Laue zone (HOLZ) lines become apparent in 
the center of the on-zone axis ECP. Because precise lattice 

When the di"raction vector is rotated 90° (Figure 3b), 
the submerged dislocation segment is rendered invisible. !is 
observation is consistent with the invisibility criterion because 
the Burgers vector (b) is now perpendicular to the di"raction 
vector (g), and thus the dot product of these two vectors is 
zero. Also, rotation of g has modi#ed the spot features (one 
spot becoming brighter, the other becoming darker). !e 
opposite nature of the contrast for these two spot features 
implies opposite line directions, consistent with the expected 
dislocation loop con#guration. In the case of SrTiO3 and GaN, 
prior knowledge of possible dislocation types and expected 
dislocation con#gurations help to guide ECCI interpretation. 
Image simulations can assist interpretation for those cases 
where the imaged extended defects are unknown.

Dislocation image simulation for GaSb. GaSb is a narrow 
bandgap semiconductor important for infrared applications. 
GaSb-based devices are multilayer structures that can contain 
various dislocation types that will degrade optoelectronic 
performance. Figure 4 presents experimental and simulated 
ECPs and ECCI micrographs for a GaSb (001) #lm surface. 
!e simulated ECP is generated using a Bloch wave formalism 
detailed elsewhere [11]. !e simulated ECCI micrograph is a 
calculated solution to the Darwin-Howie-Whelan dynamical 
scattering equations [12] employing a scattering matrix 
approach [13]. !e simulated micrograph includes ~30 
randomly placed dislocations consisting of screw and edge 
types with line directions 〈101〉, 〈−101〉 , 〈011〉 and 〈0−11〉 and 
Burgers vectors (1/2〈101〉 and 1/2〈011〉). Comparisons between 
experimental and simulated patterns/images show good 
qualitative agreement. !e range of dislocation types is broad 
for GaSb, but many experimental features do match simulated 
features. Additionally, individual dislocation identi#cation 
should be possible by matching the exact simulated contrast 
pro#le to the dislocation of interest in the experimental ECCI 
micrograph.

HOLZ lines in Si ECPs. Monocrystalline, polycrystalline, 
and multicrystalline (large grain) Si are widely used for solar 

Figure 3: Electron channeling contrast images of a SrTiO3 (001) surface  
at (a) g = 010 and (b) g = 100 channeling conditions. Subsurface dislocation 
line segments in (a) become invisible when the diffraction vector is rotated  
90° in (b).

Figure 4: (a) Experimental and (b) simulated ECP of GaSb (001) and  
(c) experimental and (d) simulated ECCI micrograph of surface penetrating 
dislocations in GaSb (001).

SrTiO3 (001) substrate
Y.N.Picard et al., Micr. Today, 2012
doi:10.1017/S155192951200007 
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Some examples from the literature

Nearly the entire surface of mesa E could be
imaged by ECCI. The resulting micrograph is shown
in Fig. 11 and indicates the atomic step morphology
is centered about a single point (denoted in the figure
by an arrow). A dislocation is likely centered at the
spiral but could not be directly imaged due to the
excessive residual metallization present at the sur-
face. No dislocations or other spirals were observed,
suggesting that a single dislocation was responsible
for the highly stepped morphology over a 150 ·
150 lm area. The step density across the surface of
mesa E averaged !4 lm-1. Mesa D exhibited a step-
free surface over 75% of the total surface area.
However, steps were observed by ECCI near the
sidewalls as shown in Fig. 12. As was the case for
mesa B, the atomic steps extend !10 lm from the
edges and closely follow the {0110} sidewalls. The
step density was!2 lm-1 along the mesa sides where
steps existed. The formation of these steps is again
attributed to H2 etching after film growth.

DISCUSSION

The influence of post-growth gaseous H2 etching,
which presumably occurs during the initial stages of
post-growth sample cooling, could have important
implications for devices built on such mesa struc-
tures. Enhanced ultraviolet emission was recently

reported for GaN p–n junctions grown on top of
4H-SiC mesas thought to be free of atomic steps.19

However, significant leakage current was observed
at the periphery of devices grown on the suspected
step-free mesas. The technique for determining
stepped and step-free mesas in that study was to
inspect the mesa sidewalls by OM for evidence of
significant lateral growth. As discussed earlier,
dislocations generate stepped surfaces while
enhancing vertical growth. Therefore, evidence of
significant lateral growth indicated no screw dislo-
cations and thus a step-free mesa. Direct assess-
ment of areas near the sidewalls edges was
impossible by AFM or other methods. However, the
results of our study using ECCI indicated that
appreciable step densities can, at least in some
cases, exist near mesa sidewalls despite the lack of
surface-penetrating dislocations. This may contrib-
ute to the significant periphery-related leakages
observed previously for GaN devices grown on sus-
pected step-free 4H-SiC mesas.19

It is important to consider that other mesa sam-
ples produced under different localized growth pro-
cess conditions (such as those that exhibit
substantial cantilevering) could conceivably yield
fewer or no edge steps. Further ECCI study of near-
edge step behavior across multiple samples and

Fig. 7. ECCI micrographs of mesa C surface showing (a) the atomic
step morphology emanating from (b) an individual screw dislocation
imaged by the strong intensity fluctuation.

Fig. 8. Micrographs of mesa B imaged by (a) forescattered electron
detection and (b) secondary-electron detection. The atomic step
morphology (a) closely follows the sidewall edges and is (b) invisible
by conventional SEM imaging.

696 Picard, Twigg, Caldwell, Eddy Jr., Neudeck, Trunek, and Powell

Screw dislocation SiC / 4HSiC
Y.N.Picard et al., JEM, 2007
doi: 10.1007/s11664-007-0308-0

1(a)–1(c) show representative ECCI images from each GaAs/
Si template. We have surveyed an area of !180 lm2, !580
lm2, and !3000 lm2 for the Gen-I, II, and III buffer, respec-
tively. The TDD for each buffer is 2.8" 108 cm#2,
7.1" 107 cm#2, and 7.3" 106 cm#2. More detailed defect
characterizations by ECCI can be found elsewhere.13 Then,
the templates were loaded back to the MBE chamber to grow
GaAs/AlGaAs graded-index separate confinement hetero-
structure lasers.14 The Gen-I and Gen-II lasers have 7 layers
of p-modulation doped (p¼ 5" 1017 cm#3) QD layers, while
Gen-III lasers have unintentionally doped (UID) 5 QD layers
in an attempt to achieve low threshold currents at room tem-
perature. The samples were fabricated into narrow ridge-
waveguide lasers via standard photolithography. The lasers
presented here have similar sizes in ridge widths from 3 to
5 lm and cavity lengths from 1000 to 1641lm to avoid addi-
tional impacts on the reliability coming from a different
device dimension. One facet of the lasers was coated with a
high-reflectivity film (!99%). For the reliability test, the laser
chips were wirebonded onto AlN aging carriers and aged at
Intel Corporation. The QD lasers were stressed at 35 %C or
60 %C under continuous-wave (CW) operation, and the driving
current was set at about 2" initial threshold current of each
laser. Light-current-voltage (LIV) sweeps were periodically
performed to monitor the laser performance.

Threshold currents were extracted from the light-current
(LI) curves, and they are displayed in Fig. 2. The Gen-I lasers
revealed rapid sub-linear increases in the threshold currents.
With a criterion for failure as 100% increase in threshold cur-
rent,8 one Gen-I laser (red circle) has a lifetime of 355 h while
the other (black circle) is expected to double the initial thresh-
old in 1097 h using a non-linear model (black dashed curve).8

The Gen-II and Gen-III lasers, which were grown on the
GaAs/Si template with a TDD of 7.1" 107 cm#2 and
7.3" 106 cm#2, revealed improved reliability with slower
increases in the threshold current over the aging periods as
shown in Figs. 2(b) and 2(c). It should be noted that the Gen-
III lasers operated with almost no degradation after the initial
!200 h of aging at 35 %C, all of which resulted in lifetimes
more than 10 " 106 h. Figure 2(d) shows a lifetime extraction
from one of the Gen-III lasers using the non-linear fit (blue
curve).8 Some Gen-III lasers showed faster degradation rates
than the others because of higher initial threshold current den-
sities caused by imperfect device fabrication and handling
(see Fig. S1 in the supplementary material).

Figure 3 summarizes the extrapolated lifetimes of various
QD lasers grown on the three different GaAs/Si templates and
the lasers grown on the Ge/Si template from Ref. 8. The QD
density (QDD) per layer of the Gen-I lasers is!3" 1010 cm#2

while that of the Gen-II and III is !5" 1010 cm#2. A good
linear relationship between the extrapolated laser lifetimes
and TDD can be found even though the number of QD layers,
device dimension, and aging conditions are slightly different,
indicating that the rate of laser degradation is mainly deter-
mined by the relative density of QDs over threading disloca-
tions (TDs) in the active region. Note that the typical carrier
migration length in the InAs/InGaAs QD system is around

FIG. 1. Electron channeling contrast images on GaAs buffers grown on Si. (a) Gen-I template, (b) Gen-II template, and (c) Gen-III template. Arrows indicate a
single threading dislocation observed on the surface. The scale bar is 2 lm.

FIG. 2. Continuous-wave threshold current density versus aging time from
(a) two Gen-I lasers, (b) four Gen-II lasers, (c) four Gen-III lasers at 35 %C,
and (d) one of the Gen-III lasers. The dotted lines and solid lines in (a) and
(d) indicate the initial and doubled threshold current densities, respectively.

153507-2 Jung et al. Appl. Phys. Lett. 112, 153507 (2018)

GaAs / Si
Jung et al., Appl. Phys. Lett. 112, 153507 (2018) 
doi: /10.1063/1.5026147 

previously showed little contrast in Figs. 2(a) and 2(b) now
show strong contrast, while the orthogonal set exhibits weak
contrast, as expected. Finally, the image in Fig. 2(d) is taken
with a g¼ð0!40Þ diffraction condition, which is not parallel
to either set of MDs, so both sets exhibit contrast and can be
seen clearly.

To support the conclusion that the line features seen in
the experimental ECCI micrographs are indeed MDs, and
the source of contrast variance is as stated, preliminary simu-
lated ECCI images of a network of MDs are provided in
Figure 2. The simulations were carried out using a dynamical
scattering model based on the scattering matrix formalism,24

with straight 60$ dislocations parallel to the sample surface
at a depth of 50 nm, for the Burgers vectors indicated in the
figure; details about the simulation approach will appear in a
forthcoming paper, but reports on similar modeling can be
found for other materials systems.1 Each simulated ECCI
image has the same diffraction condition as the experimental
image to its left. Comparing the two sets of images shows
good agreement between the corresponding experimental
and simulated ECCI images. Specifically, the line directions

that provide strong contrast for a given diffraction condition
in an experimental image also show strong contrast in the
corresponding simulated image. Interestingly, the simula-
tions corresponding to the experimental images in Figs. 2(a)
and 2(b) predict that both bright and dark contrasts are possi-
ble for MDs on the same glide plane (i.e., MDs with the
same angle with respect to [011]) depending on which of
two possible Burgers vectors a MD has. However, the exper-
imental images show that only one contrast (either dark or
bright) is observed for MDs on the same glide plane. This
suggests that even though two distinct Burger vectors are
possible for MDs on a given glide plane, only dislocations
with one of the two Burgers vectors actually nucleates.
Previous work showed that the miscut of a sample can cause
certain Burgers vectors to be energetically favorable to
others, thus leading to the preferential nucleation of disloca-
tions with those specific Burgers vectors.25 This mechanism
likely explains the observation of only one Burgers vector
for each glide plane seen in Figs. 2(a) and 2(b), though work
is in progress to further elucidate this matter. Taken together,
the experimental and simulated images show that ECCI can
be used to mimic the analysis of extended defects, specifi-
cally MDs, using invisibility criteria that are commonly used
in TEM. Additionally, while plan-view TEM images of MDs
are quite common in the literature,26,27 the level of contrast
exhibited by the MDs in Fig. 2 is not typically seen in plan-
view TEM. Therefore, imaging MDs could be one specific
area in which straightforward ECCI provides information
that is not usually available through standard TEM.

The fact that ECCI enables TEM-like analysis in an SEM
makes it an extremely useful method for characterizing a large
number of samples rapidly. One such application is investigat-
ing the evolution and nucleation of misfit segments as a thin
film grows thicker. As a proof of concept, samples of GaP on
Si were grown with thicknesses ranging from 30 nm to
250 nm. The thinnest GaP film (30 nm, Fig. 3(a)) does not
exhibit features that can be identified as dislocations via ECCI
with any confidence. Most likely, there are no observable
MDs in the 30 nm GaP/Si sample because it is either below
the critical thickness for dislocation nucleation, which for GaP
on Si has been calculated using the Matthews-Blakeslee
model28 to be %50 nm at growth temperature and experimen-
tally shown to fall between 45 and 90 nm,29–32 or the layer is
not sufficiently thick to yield observable glide of any disloca-
tions that have been nucleated. As the GaP layer thickness
increases, misfit dislocations begin to initiate and grow in
length to accommodate the increasing strain energy in the
layer, which is shown in the 50 nm (Figure 3(b)) and 100 nm
(Figure 3(c)) samples. Quantitative analysis of ECCI micro-
graphs like those in Figures 3(b) and 3(c) show that on aver-
age, the total MD length per unit area for the 50 nm and
100 nm samples are 0.26 and 2.40 lm&1, respectively. This
increase in MD length per unit area is consistent with the ini-
tiation and growth of MDs. In the thickest sample (250 nm,
Figure 3(d)), only a very faint background of dark and bright
contrast is present, due to the thickness of the layer and the
previously mentioned near-surface ECCI sensitivity. While
faint, these features do exhibit a reversal in contrast with the
antiparallel diffraction vector (not shown here), so they do
correspond to MDs and are not surface features of the sample.

FIG. 2. Experimental (on left) and simulated (on right) ECCI micrographs
of a network of misfit dislocations taken under four distinct diffraction
conditions.
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- Installed summer 2023
- Field emission electron gun
- BSE detector
- Full eucentric goniometer stage

SEM-FEG JEOL JSM-IT800 HL
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GaSb on Si (001) 

TDD = 3x108 /cm2 TDD = 1x109 /cm2

A wide range of dislo. densities can be measured accurately 



12

GaSb on Si (001) : Dislocation Density 

Statistic counting on sample C2345 

Low threading dislocation densities 
à inhomogeneous distribution
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GaSb on Si (001) : Misfit dislocation arrays 

GaSb

GaSb

Si

AlSbAlSb
GaSb

Si

Thicker GaSb cap layer à second relaxation step

AlSb strain relaxed by the formation 
of an array of dislocation



Conclusion
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ECCI is a powerful tool to study defects in epi layers :

- Non-destructive
- Relatively simple and quick (5 min to 1 hour)
- Very accurate dislocation density measurements
- Sensitive to the burger’s vector (invisibility criterion) à to be explored !


