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High-Resolution Transmission Electron Microscopy (HRTEM)
Lab Activities during April 2022 – March 2023
Ambuj Mishra, Abhilash S.R. and Debdulal Kabiraj
Introduction
Energetic ion beams play a crucial role in modifications of the materials and can change their
physical properties. TEM is a state-of-the-art technique that is used to investigate
morphological, structural, and compositional modifications in a material. The IUAC TEM and
TEM sample preparation facilities are being utilized by various users of different universities.
TEM Specimen Preparation Facility
The TEM specimen preparation facility is equipped with an Ultrasonic bath, Hot Plate,
Traditional Lapping/Grinding Tools, Dimple Grinder, Diamond Wire Saw, and Precision Ion
Polishing System (PIPS). All these instruments are regularly used for TEM sample preparation.
Planar TEM, Cross-sectional TEM (XTEM), and Powder samples on TEM Grids are prepared
for TEM characterization. The TEM specimen preparation facility has been utilized to prepare
more than 107 TEM samples including 11 XTEM and 26 planar samples by various users
during this academic year 2022-2023.
High-Resolution Transmission Electron Microscope (HRTEM) Facility
Maintenance of TEM is very important for smooth operation and is done as and when required.
Some of the regular TEM maintenance activities undertaken are the Bake-out process followed
by HT conditioning, ACD heating, Camera warmup, etc. TEM Bake-out cycle has been
performed in the month of June, September, December 2022, and February 2023. More than
110 samples of various users have been characterized for TEM, HRTEM, SAED, STEM-EDS,
and STEM-EELS.
Some of the research works published during 2022-2023 in peer-reviewed journals using the
IUAC TEM facility are listed below:
1. Morphological, and structural characterization of amorphization/ crystallization at
the interfaces of thin films and within the semiconductor systems
Anusmita Chakravorty et. al studied ionization-stimulated damage recovery in GaAs system
[1]. In this study, controlled damage has been introduced using 300 KeV Ar ion irradiation,
followed by successive irradiation using 100 MeV Ag ions at ∼80 K by varying the fluence
(ions cm−2
). The 3D version of the thermal spike model (TSM) has been used to simulate the
temperature profiles after an impact of SHI irradiation on an amorphous nano-zone embedded
in a crystalline GaAs matrix. 3D-TSM simulations have predicted that the thermal spike in this
zone was confined, indicating melt-flow at the crystalline-amorphous interface that could
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promote recovery. This lattice recovery has been supported by XTEM results (as shown in Fig.
1).
Fig. 1: Cross-sectional TEM images of the GaAs crystal irradiated with (a) 6.9 × 1013
(0.3 dpa) and (b) 1 ×
1015
ion cm−2
(5 dpa). (c) TEM image of (b) at a higher magnification, recorded at a depth of around 350 nm,
displaying details of the small dark areas up to the atomic level. (d) TEM image of GaAs crystal irradiated with
1.2 × 1014
ion cm−2
(0.5 dpa), followed by sequential irradiation with 100 MeV Ag at ∼80 K with 3 × 1013
Ag
cm−2
). Insets present the fast Fourier transforms (FFTs) of some selected regions. (e) Higher magnification
image of (d). Insets in (a) and (e) present the zoom-in view of the selected regions [1].
G. Maity et. al presented a novel technique to develop poly-crystalline Si thin films at room
temperature using 500 keV Xe+ ion irradiation [2]. The Al-induced crystallization process has
been employed to reduce the crystallization temperature. For that, c-Al (50 nm)/a-Si (150 nm)
bilayer thin films have been used for irradiation experiments. Structural studies have shown
that crystallization of Si was started at a threshold fluence of 3 × 1015
ions cm−2
, and
crystallinity was found to increase with increasing ion fluence. XTEM study has been shown
in Fig. 2. A similar kind of detailed review study of metal-induced crystallization of a- Si and
a-Ge thin films has also been published by G. Maity et. al [3].
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Fig. 2: XTEM micrograph of the (a) pristine sample and (b) the sample irradiated at a fluence of 1 × 1016
ions
cm−2
. (c) High-resolution TEM (HRTEM) image of a selected area of the interface [2].
2. Study of morphological and structural properties of 2D materials
Rohit Sharma et. al has demonstrated a simple drop cast method for the fabrication of MoS2
and WS2 channel-based FET on commercially available pre-patterned OFET devices [4]. The
synthesis of few-layers thick MoS2 and WS2 nanosheets (NSs) has been done by solvent-
assisted exfoliation method. A large number of thin flakes of MoS2 and WS2 have been shown
in the TEM images shown in Fig. 3(a) and (b), respectively. The regular lattice fringes of MoS2
with an interplanar distance of ~ 0.251, ~ 0.206 and ~ 0.204 nm correspond to the planes (012),
(006) and (014), respectively have been shown in the HRTEM image in inset of Fig. 3 (a).
Similarly, the regular lattice fringes of WS2 with an interplanar distance of ~ 0.263 and ~ 0.296
nm corresponding to the planes (011) and (004) respectively have been shown in the HRTEM
image in inset of Fig. 3 (b). The SAED image, inset of Fig. 4 (a), and the FFT image, inset of
Fig. 3 (b), confirm the polycrystalline nature of MoS2 and WS2 nanosheets, respectively.
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Fig. 3: TEM images of (a) MoS2 NSs, and (b) WS2 NSs. The inset images of Fig. 4(a) show the HRTEM and
SAED images. On the other hand, the inset images of Fig. 4(b) show the HRTEM and FFT images [4].
3. Morphological and structural characterization of thin films, powder samples, and
embedded systems
Hemant Jatav et. al has synthesized the nanocomposites (NCs) of Ag NPs inside the silica
matrix using the atom beam co-sputtering technique. The post-deposition growth of the
embedded Ag NPs has been systematically investigated at a wide range of annealing
temperatures (ATs) [5]. HRTEM images of the NC samples annealed at different temperatures
have been shown in Fig. 4. The images show the size, shape, and distribution of NPs inside the
silica matrix. From these images, it has been found that the majority of Ag NPs are spherical
in shape and their size distribution changes with AT. The mean size of stable spherical NPs in
the as deposited sample has been estimated to be ∼5.0 ± 1.6 nm as shown in Fig. 4(a). For
annealed samples, the average size of the spherical NPs has been found to be ∼4.8 ± 1.3 and ∼
4.9 ± 0.9 nm for 400 and 600 °C annealed samples presented in Fig. 4(b) and Fig. 4(c),
respectively.
The calculated d-spacing has been found to be in the agreement with the literature, and it
corresponds to the (111) crystal plane of Ag NPs. On the other hand, the mapping of the
constituent elements have been conducted through STEM-EDX as shown in Fig. 5, which
confirms the existence of Ag NPs inside the silica matrix [5].
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Fig. 4: HRTEM images of Ag nanoparticles (NPs) inside silica matrix at (a) 25 (as deposited) (b) 400, (c) 600,
(d) 800, and (e) 900 °C. (f) HRTEM image of the 900 °C annealed sample (yellow circle indicates the presence
of small nanoclusters) and the histograms in the inset show the mean size and distribution of NP size with
different annealing temperatures. (g, h) Comparison of histograms at different annealing temperatures [5].
Fig. 5: (a) HAADF-STEM images of Ag nanoparticles (NPs) inside the silica matrix at 800 °C. Scanning TEM
energy-dispersive X-ray spectroscopy elemental mapping of (b) silicon-K, (c) oxygen-K, and (d) silver-L edge.
 


	6. Page 6 of  9
(e) Overlay of images (b−d). It indicates that silicon and oxygen are distributed uniformly throughout the
nanocomposite thin film, whereas silver is present in the form of nanoparticles, which are mostly spherical in
shape [5].
Jitender Kumar et. al has synthesized Cu-doped Mg2B2O5 nanophosphors using a combustion
method, and investigated their structural, morphological, optical band gap, electronic structure,
and photo/thermo-luminescence properties using XRD, SAED, HRTEM, DRS, XANES, PL,
and TL glow curves [6]. TEM images showed the formation of elongated, non-uniform,
asymmetric, and agglomerated nanocrystals with a size range between 55 nm and 126 nm and
average particle size as 80 nm, as shown in Fig. 6. The HRTEM images have been analysed
using Image-J software, and the calculated d spacing has been found to be corresponding to the
lattice plane (110) of triclinic Mg2B2O5 nanophosphors. SAED has also been carried out, and
the calculated d-spacing has been found to be corresponding to (-120) of triclinic Mg2B2O5 [6].
Fig. 6: (a) TEM image, (b) magnified TEM image, (c) HR-TEM image, and (d) SAED pattern of Cu (0.3%)
doped Mg2B2O5 nanophosphors [6].
Sapna Yadav et. al has synthesized the NiO/Cr2O3 nanocomposite by a simple chemical
reduction method to study its photo-catalytic activity under sunlight irradiation [7]. The TEM
images have revealed that the synthesized NiO/Cr2O3 nanocomposite was stable after five
cycles of photocatalytic reaction [7].
Shraddha Shukla et. al has synthesized the ZnO nanoparticles by the precipitation method and
characterized further by UV–Vis, FTIR, XRD, FE-SEM, and TEM. This research has disclosed
degradation of three most commonly used antibiotics, i.e., amoxicillin (AMX), azithromycin
(AZT), ofloxacin (OFX), and their consortium, using ZnO nanoparticles as a photocatalyst and
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UV light as a source to activate photocatalyst [8]. In Fig. 7(A) and (B), the TEM images of
ZnO nanoparticles have been shown at different scales 500 and 100 nm, respectively. The grain
size of the nanoparticle has been measured to be ~20 nm as shown through histogram in Fig.
7(B).
Fig. 7: TEM images of ZnO nanoparticles at different scales: (A) 500 nm, (B) 100 nm [8]
From the HRTEM images in Fig. 8(A) and (B), the lattice spacings have been found to be 0.192
nm, 0.278 nm, and 0.163 nm corresponding to the hkl planes (102), (002), and (110),
respectively [8].
Fig. 8: HRTEM images of ZnO nanoparticles at (A) 2 nm (B) d-spacing and hkl planes [8]
Prashansha Singh et. al has investigated in detail the laser-mediated upconversion emission and
temperature-sensing capability of (Ca0.99−aYb0.01Era)TiO3. Samples have been prepared at
different concentrations to observe the effect of erbium on upconversion while increasing its
concentration and keeping all the other parameters constant [9]. The TEM micrograph in Fig.
9(a) has confirmed the spherical morphology of the particles and shown that the crystallites are
agglomerated due to annealing performed at high temperature (900 °C) [9]. The SAED pattern
of the Er3+
- Yb3+
codoped CaTiO3 nanocomposite has confirmed the poly-crystalline nature
with the lattice planes (130), (221), and (111) as shown in Fig. 9(b).
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Fig. 9: (a) Transmission electron microscopy image of CaTiO3: 1 at% Er3+
, 1 at% Yb3+
, (b) corresponding
SAED pattern, (c) corresponding HRTEM image, (d) fringes of lattice spacing and (e) size distribution
histogram plot [9].
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