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Abstract

Hafnium oxide layer was deposited on unheated silicon wafer and glass substrates at different power by using RF
magnetron sputtering technique. The structural property was investigated by Raman spectroscopy. Moreover,
HfO, structure in monoclinic major phase especially at high RF power was found from the Raman spectra in
vibrational modes. In addition, oxidation state of hafnium oxide thin films was gained by synchrotron-based
X-ray absorption spectroscopy (XAS) using Hf L3-edge of XANES techniques and X-ray photoelectron
spectroscopy (XPS) as well. The XANES and XPS results show that the oxidation state of HfO; films is unchanged
at different powers. The thin film prepared at higher power tends to have lower oxygen vacancy.

Keywords: Hafnium oxide thin films, Raman spectroscopy, XANES, XPS

1. Introduction

Hafnium oxide (HfO,) has been considered as
an alternative metal oxide material besides SiO, for
high «-gate dielectric material because of its great
dielectric constant, excellent chemical and thermal
stabilities, and high bandgap (Park & Kang, 2006).
HfO,-based materials are also a promising candidate
for high index optical coatings, resistive-switching
memory and ferroelectric field effect transistors
(FeFET) (Ali et al., 2020). Semiconductor company
introduced hafnium-based oxides as a replacement
for silicon oxide in field-effect transistors' gate
insulators. There are three phases of HfO,: cubic,
tetragonal, and monoclinic. The lowest energy
structure of them is monoclinic HfO,. Nevertheless,
the implementation of Hafnium Oxide encounters
various obstacles, including elevated defect density,
increased threshold voltage, and concerns regarding
dependability. Recent research has indicated that
oxygen vacancies are the most active defects. The
creation of oxygen vacancies in hafnia films and
bulk samples can occur as a result of growth,
deposition, and doping procedures. The presence of
an oxygen vacancy in defective HfO, results in the
emergence of a defect level situated at the edge of
the conduction band. The electronic transition is
obviously impacted by the new defect level. The
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presence of principal traps in HfO, implies that the
optimal approach for deposition and postprocessing
conditions should involve the elimination or
neutralization of these defects (Ganggqiang, Sanqi, &
Tingting, 2013; Xiong, Robertson, Gibson, & Clark,
2005). Due to their simple binary oxide with non-
perovskite structure and ferroelectric properties after
doping by various dopants, such as Si, Zr, Al, and
La, Hafnia -based materials have attracted
considerable interest in the research field of
ferroelectrics (Boscke, Miiller, Brauhaus, Schroder,
& Bottger, 2011). The advantage of HfO, for
transistors is its high dielectric constant, which is
greater than SiO» (Luo et al., 2019). In recent times,
several methods exist for producing HfO, thin films
(Kukli et al., 2002). Magnetron sputtering is one of
suitable methods to fabricate HfO, thin films
because the film properties are controllable (Aygun
& Yildiz, 2009; Cantas, Aygun, & Basa, 2014). The
dielectric constant and other properties of a material
are dependent on its deposition method,
composition, and microstructure (Biswas, Sinha, &
Chakraborty, 2016; Gao et al., 2016).

To gain a better understanding of the evolution
of power dependent properties of Hafnia thin films
fabricated by RF sputtering, in this work, we
conducted detailed structural study using Raman
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spectroscopy and chemical composition study by
X-ray photoelectron spectroscopy (XPS) and X-ray
absorption near edge structure (XANES) analysis.
The structural sensitivity of X-ray diffraction
techniques diminishes when the particle size of films
achieves a few nanometers or when the films exhibit
amorphous characteristics with short-range order.
XPS is a well-known measurement method for
probing the chemical environment and the electronic
structure of a wide range of samples. X-ray
absorption spectroscopy (XAS) is an essential
elemental characterization technique due to its
exceptional sensitivity to the local electronic and
atomic structure. This technique effectively
addresses the challenge of characterizing the local
structure and electronic properties of diminutive,
poorly crystalline, or low-conductive film/powder
samples.

2. Experimental Details

Hafnium oxide layers were deposited on
cleaned glass and silicon substrates by RF
magnetron sputtering at room temperature by using
HfO, ceramic target (99.999%, 3-inch diameter).
Before deposition, the background pressure in the
chamber was evacuated to about 1 x 10* Pa. The
deposition pressure was controlled at 1 x 10 Pa.
Argon was employed as sputtering gas and fixed at
10 sccm of flow rate. The spatial separation between
target and substrate was kept at 70 mm. The
operating time was set for 60 min. The RF sputtering
power used during the deposition process varied
between 50 to 200 Watt.

The structural study of the prepared films was
examined by Raman spectroscopy (SENTERRA,
Bruker). Raman spectra were obtained utilizing a
532 nm laser excitation, 25 mW power, and 25 um
%1000 pm window, with a Raman shift resolution of
0.5 cm™! over a range of 50-2700 cm™'. The
chemical composition was analyzed by means of
XPS and XANES. XPS measurements were
conducted utilizing a PHI5000 Versa probe II
(ULVAC-PHI, Japan) that was installed with a
hemispherical electron energy analyzer at Chiang
Mai university, Thailand. A monochromatic Al Ka
X-ray gun operating at an energy of 1486.6 eV was
employed as the excitation source. The survey scans
of XPS acquired over a range of 0 to 1400 eV with
pass energy of 117.40 eV and energy step of 1.0 eV.
High resolutions XPS spectra were gathered with
pass energy of 46.95 eV and energy step of 0.05 eV
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Raman Iensily (2 u)

to probe the elements of interest. The calibration of
the binding energy for all XPS spectra was
conducted utilizing the Cls peak at 284.8 eV. The
peak deconvolution process involved the application
of the Sherly background subtraction method and
the linear combinations of Gaussian-Lorentzian
function. Moreover, the local structure was
investigated by synchrotron-based XANES with
electron energy of 1.2 GeV at the BL5.2: SUT-
NANOTEC-SLRI  XAS  beamline of the
Synchrotron Light Research Institute, Thailand. The
XANES measurements performed by
fluorescent mode at room temperature. The spectra
of Hafnium L3-edge were obtained within an energy
range of 9530-96400 eV, with a 0.2 eV energy
increment. The XAS data was normalized and
subtracted background by the ATHENA program
included in the IFEFFIT package.

WwEre

.....

Figure 1. The RF power dependent Raman spectra
of Hafnium oxide thin films compared with the
calculation results from Zhou et al.’s work (Zhou,
Shi, Zhang, Su, & Jiang, 2014).
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3. Results and Discussion

Raman spectra of the HfO, thin films with
different sputtering power are investigated as shown
in Figure 1. The Raman experimental result was
compared with the calculation results from Zhou et
al.’s work (Zhou et al., 2014). The results revealed
that all films are in a monoclinic/ orthorhombic-I
phase mixture. In the preparation with the sputtering
power more than 100W, HfO, film structure is
obviously the majority in Monoclinic phase (Wu et
al., 2012). As the sputtering power increased, the
amount of activated Ar+ ions per unit time raised.
As a result, more target atoms with higher average
kinetic energies were sputtered per unit of time. As
a result, the deposition rate rises linearly with
sputtering power. The extra energy will be
transmitted to the substrate and released as heat
since the density of the film cannot be indefinitely
increased. When temperature during deposition in
the chamber is higher, a partial transformation into
the monoclinic phase occurs (Pathak et al., 2020).

S0W
| Ols T5W
Hf 4f 100W
125W
Hf 4d 150W
Cls 175W
= \ Hf 4p | 200W
"J;?&)zb:j:w\w“mwi 'MJM
opF*
| 1 1 L 1 1 1 L 1 1 1 " |
0 200 400 600 800 1000 1200

Binding Energy(eV)

Figure 2. Survey XPS spectra of Hafnium oxide thin
films prepared at different RF power.

XPS was utilized to examine the surface
compositions of Hafnium oxide film samples. In
Figure 2, the XPS survey spectra shows that Hf (4f,
4d, 4p), O and C are present on all films' surfaces.
XPS typically has an analysis depth of less than 5
nanometers. There is no surface contamination
observed in all samples within sensitivity of the
instrument. The adsorption of atmospheric carbon
on the surface is expected to be responsible for the
presence of carbon. The high-resolution XPS spectra
at Hf4f and Ols binding energy regions are shown
in figures 3 and 4, respectively. The Hf 4f 7/2 and
Hf 4f 5/2 peaks of all films were observed at binding
energies of about 16.6 and 18.4 eV, respectively,
confirming the formation of HfO, on the surfaces
(Lin & Liao, 2013; Luo et al., 2018). The Ol s peaks
of all films were deconvoluted into two peaks at the
binding energies of 530.3 and 532.0 eV which are
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associated with the Hf-O bond of O-Hf-O and the
O-0 bond of non-lattice oxygen, which was made
possible by the suboxides with Hf, respectively. The
large proportion of the non-lattice oxygen peak in
the O 1s spectra indicates that the HfO, film layer
surface contained more defects (Biswas et al., 2016;
Luo et al., 2018; Perevalov, Aliev, Gritsenko,
Saraev, & Kaichev, 2013). The XPS result in figure
4 shows that the intensity of non-lattice oxygen peak
decreased with increasing sputtering power.
Therefore, it is noted that the HfO; films with low
RF power have more defects.

Hf 4f
~ NHfar,, 200W
IR b
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=
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Figure 3. Hf 4f XPS spectra of the Hafnium oxide
films prepared at various power.

The normalized Hf L3-edge XANES spectra of
the Hafnium oxide films prepared at different power
are shown in Figure 5. The benefit of XANES is that
it is sensitive to the local environment surrounding
the probing atoms and can therefore be used to
determine the chemical composition and oxidation
states of the probing atoms. It is evident from Figure
5, XANES spectra of all samples reveal similar
features and identical energy position of Hf L3-edge.
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Figure 4. Ols XPS spectra of the Hafnium oxide
films prepared at various powers.
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Figure 5. The normalized Hf L3-edge XANES
spectra of the Hafnium oxide films are prepared at
various powers.
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The edge energy of Hf L3-edge was found at
6559.05eV. Additionally, the position of the
absorption edge in all samples is similar to that of
the HfO, standard, indicating that the valence state
of Hf in Hf -O clusters is +4. The highest peaks at
9560 eV relate to the Hf 2p3/2 —5d transition and
features above 9570 eV are due to the transition to
the 6sd continuum (Botti et al., 2020; Cho, Jung, &
Hwang, 2010). A significant decrease in intensity of
the white line feature reflects the decrease of oxygen
vacancy contents. Additionally, this XANES result
is in good agreement with the previous XPS results.

4. Conclusion

Hafnium oxide thin films synthesized at
different RF power by RF magnetron sputtering are
in a monoclinic/ orthorhombic-I phase mixture. The
majority Monoclinic structure was obtained in all
samples which were confirmed by Raman and
XANES results. XPS and Hf L3-edge XANES
techniques were investigated, and they show well
agreement with the same oxidation state of HfO,.
The samples prepared at greater power tend to have
lower oxygen vacancy.

Acknowledgement

The authors would like to thank the
Synchrotron Light Research Institute (Public
Organization) (BL5.2), Thailand for their provision
of the XAS measurement and laboratory facilities.

References

Ali, F., Zhou, D., Ali, M., Ali, H. W., Daaim, M.,
Khan, S., ... Sun, N. (2020). Recent progress
on energy-related applications of HfO,-based
ferroelectric and antiferroelectric materials.
ACS Applied Electronic Materials, 2(8), 2301-
2317. doi:10.1021/acsaelm.0c00304

Aygun, G., & Yildiz, I. (2009). Interfacial and
structural properties of sputtered HfO, layers.
Journal of Applied Physics, 106(1), 014312.
doi:10.1063/1.3153953

Biswas, D., Sinha, A. K., & Chakraborty, S. (2016).
Effects of oxygen partial pressure and
annealing temperature on the residual stress of
hafnium oxide thin-films on silicon using
synchrotron-based grazing incidence X-ray
diffraction. Applied Surface Science, 384,
376-379. doi:10.1016/j.apsusc.2016.05.015



Available online at http://www.ssstj.sci.ssru.ac.th

Suan Sunandha Science and Technology Journal
©2023 Faculty of Science and Technology, Suan Sunandha Rajabhat University

Boscke, T. S., Miiller, J., Brauhaus, D., Schroder,
U., & Bottger, U. (2011). Ferroelectricity in
hafnium oxide thin films. Applied Physics
Letters, 99(10), 102903.
doi:10.1063/1.3634052

Botti, L., Kondrat, S. A., Navar, R., Padovan, D.,
Martinez-Espin, J. S., Meier, S., & Hammond,
C. (2020). Solvent-activated hafnium-
containing zeolites enable selective and
continuous glucose—fructose isomerisation.
Angewandte Chemie, 132(45), 20192-20198.
doi:10.1002/ange.202006718

Cantas, A., Aygun, G., & Basa, D. K. (2014). In-situ
spectroscopic ellipsometry and structural study
of HfO, thin films deposited by radio
frequency magnetron sputtering. Journal of
Applied Physics, 116(8), 083517.
doi:10.1063/1.4893708

Cho, D. Y., Jung, H. S., & Hwang, C. S. (2010).
Structural properties and electronic structure of
HfO,-ZrO, composite films. Physical Review
B, 82(9). doi:10.1103/physrevb.82.094104

Ganggiang, Z., Sanqi, T., & Tingting, T. (2013).
Electronic structure and optical properties of
monoclinic HfO, with oxygen vacancy. Rare
Metal Materials and Engineering, 42(8), 1576-
1580. doi:10.1016/s1875-5372(13)60093-4

Gao, J., He, G., Deng, B., Xiao, D. Q., Liu, M., Jin,
P., ... Sun, Z. Q. (2016). Microstructure,
wettability, optical and electrical properties of
HfO, thin films: Effect of oxygen partial
pressure. Journal of Alloys and Compounds,
662, 339-347.
doi:10.1016/j.jallcom.2015.12.080

Kukli, K., Ritala, M., Sundqvist, J., Aarik, J., Lu, J.,
Sajavaara, T., ... Hérsta, A. (2002). Properties
of hafnium oxide films grown by atomic layer
deposition from hafnium tetraiodide and
oxygen. Journal of Applied Physics, 92(10),
5698-5703. doi:10.1063/1.1515107

Lin, S. S., & Liao, C. S. (2013). The hydrophobicity
and optical properties of the HfO,-deposited
glass. Ceramics International, 39(1), 353-358.
doi:10.1016/j.ceramint.2012.06.033

Luo, J. D, Zhang, H. X., Wang, Z. Y., Gu, S. S.,
Yeh, Y. T., Chung, H. T, ... Cheng, H. C.
(2019).  Improvement of  ferroelectric
properties in undoped hafnium oxide thin films
using thermal atomic layer deposition.
Japanese Journal of Applied Physics, 58.
doi:10.7567/1347-4065/ab0ded

X7A1 1N NTA N

UULAVO N exoeeNUJaPebads

URL http://esaraban.vru.ac.th/archive/identity Tags

237

Luo, X,, Li, Y., Yang, H,, Liang, Y., He, K., Sun,
W., ... Feng, Z. (2018). Investigation of HfO,
thin films on Si by X-ray photoelectron
spectroscopy,  Rutherford  backscattering,
grazing incidence X-ray diffraction and
variable angle spectroscopic ellipsometry.
Crystals, 8(6),248. doi:10.3390/cryst8060248

Park, P. K., & Kang, S. W. (2006). Enhancement of
dielectric constant in HfO, thin films by the
addition of ALOs. Applied Physics Letters,
89(19), 192905. doi:10.1063/1.2387126

Pathak, S., Das, P., Das, T., Mandal, G., Joseph, B.,
Sahu, M., ... Siruguri, V. (2020). Crystal
structure of monoclinic hafnia (HfO,) revisited
with synchrotron X-ray, neutron diffraction

first-principles  calculations.  Acta

C:  Structural

and
Crystallographica  Section
Chemistry, 76(11), 1034-1042.
doi:10.1107/52053229620013960

Perevalov, T. V., Aliev, V. Sh., Gritsenko, V. A.,
Saraev, A. A., & Kaichev, V. V. (2013).
Electronic structure of oxygen vacancies in
hafnium oxide. Microelectronic Engineering,
109, 21-23. doi:10.1016/j.mee.2013.03.005

Wu, R., Zhou, B., Li, Q., Jiang, Z., Wang, W., Ma,
W., & Zhang, X. (2012). Elastic and
vibrational properties of monoclinic HfO, from
first-principles study. Journal of Physics D:
Applied Physics, 45(12), 125304.
doi:10.1088/0022-3727/45/12/125304

Xiong, K., Robertson, J., Gibson, M. C., & Clark, S.
J. (2005). Defect energy levels in HfO, high-
dielectric-constant gate oxide. Applied Physics
Letters, 87(18), 183505.
doi:10.1063/1.2119425

Zhou, B., Shi, H., Zhang, X. D., Su, Q., & Jiang, Z.
Y. (2014). The simulated vibrational spectra of
HfO, polymorphs. Journal of Physics D:
Applied Physics, 47(11), 115502.
doi:10.1088/0022-3727/47/11/115502



7/13/23, 10:30 AM About the Journal | Suan Sunandha Science and Technology Journal

ht

MNYLEAVINDN exoeaNUJaPebado

HOME / About the Journal

About the Journal

Open Access Journal - SSSTJ (An International Journal)

Editor-in-Chief: Assoc. Prof. Dr. Narong Sangwaranatee, Suan Sunandha Rajabhat University
(Thailand).

Open Access: meaning all content is freely accessible (without fees) online to everyone, everywhere.

Journal publishes under the Creative Commons Attribution License (CC BY).

SSSTTJ has both online and printing versions.
ISSN 2351-0889 (Print)
e-ISSN 2539-5742 (Online)

SSST] is an international, cross-disciplinary, scholarly and open access journal of science and

technology. The focus is to publish papers on state-of-the-art science and technology.

Fast Publications: The published research manuscripts are peer-reviewed and a first decision

provided to authors within 30-60 days after submission.

General Information

The Suan Sunandha Science and Technology Journal (SSSTJ) is a double-blind peer-reviewed (at least
two reviewers) scientific journal published twice a year (January and July) by the Faculty of Science
and Technology, Suan Sunandha Rajabhat University. Submissions of manuscripts should be sent to
the Editor of the SSST] by online system: http://www.ssstj.sci.ssru.ac.th. The manuscript will be taken
that all contributing authors attest that manuscripts and material submitted to the SSST] are original
and have not been published or submitted elsewhere and the authors concede to the open-access

distribution of the manuscript, including all content contained therein.

Aim and Scope

ulaunansAuATavtayafIULAAR

URL http://esaraban.vru.ac.th/archive/identity Tags

1/6


https://li02.tci-thaijo.org/index.php/ssstj/index
https://li02.tci-thaijo.org/index.php/ssstj/index
https://www.nstda.or.th/home/nstda-privacy-policy/

7/13/23, 10:30 AM About the Journal | Suan Sunandha Science and Technology Journal

ht

MNYLEAVINDN exoeaNUJaPebado

Suan Sunandha Science and Technology Journal (SSSTJ) is an international academic journal that
gains foothold at Suan Sunandha Rajabhat University, Thailand and opens to scientific
communications in Southeast Asia, Asia and worldwide. It aims to contribute significant articles in
science and technology researches. Published papers are focus on state of the art science and
technology. Committee of the journal and association will review submitted papers. The authors may

include researchers, managers, operators, students, teachers and developers.

Following areas are considered for publication:

Areas of Publications
Biology (BI) Biotechnology (BT) Environmental Science and Technology (EN) Food Science and
Technology (FT) Microbiology (MI) Applied Science (AS) Computer Science and Information
Technology (CS) Other related fields (OF)

Publication Frequency

Two issues per year as follows:
18tissue: January

2nd jssue: July

Access and Publication Fees

The Suan Sunandha Rajabhat University Journal of Science and Technology (SSST]) are published by
the Department of Science and Technology of Suan Sunandha Rajabhat University, Bangkok

(Thailand) on a non-profit basis, offering the following:

e All articles published open access (free of charge) will be immediately and permanently free for
everyone to read, download, copy and distribute

¢ No university library or individual reader have to pay a subscription fee or buy access to access
the articles published in the journal

e Authors do not need to pay any article submission or processing charges

Reprints

Please contact ssstj.contact@gmail.com for more information on how to get the reprints of journal.

Editorial Office

The Suan Sunandha Rajabhat University

Journal of Science and Technology (SSST])
UlUNENITANATAITDYRRIULAAR

URL http://esaraban.vru.ac.th/archive/identity Tags

2/6


mailto:ssstj.contact@gmail.com
https://www.nstda.or.th/home/nstda-privacy-policy/
https://www.nstda.or.th/home/nstda-privacy-policy/

7/13/23, 10:30 AM Editorial Team | Suan Sunandha Science and Technology Journal

HOME ' Editorial Team

Editorial Team

Executive Editor

Chaisri Tharasawatpipat Environmental Science,Faculty of Science

and Technology,
Suan Sunandha Rajabhat
University,Bangkok, 10300 Thailand

Editor in Chief

Narong_Sangwaranatee Physics,Faculty of Science and Technology,

Suan Sunandha Rajabhat University,Bangkok,
10300 Thailand

Associate Editor

Sirilak _Namwong BioTechnology,Faculty of Science and

Technology,Suan Sunandha Rajabhat
University,Bangkok, 10300 Thailand

Wanida Wonsawat Chemistry, Faculty of Science and

Technology,Suan Sunandha Rajabhat
University,Bangkok, 10300 Thailand

Sumitra_Nuanmeesri Information Technology,Faculty of Science

and Technology, Suan Sunandha Rajabhat
University,Bangkok, 10300 Thailand

Nisakorn Sanewaranatee Mathematics,Faculty of Science and

Technology, Suan Sunandha Rajabhat
University,Bangkok, 10300 Thailand

MN']EJL&‘US’N@& exoeeaNUJnPebads uiﬂll'] gMIANATAVUAYR ﬂ')ul!ﬂﬂ a
ht URL http://esaraban.vru.ac.th/archive/identity Tags v


https://li02.tci-thaijo.org/index.php/ssstj/index
https://li02.tci-thaijo.org/index.php/ssstj/index
https://www.scopus.com/authid/detail.uri?authorId=11239037900
https://www.scopus.com/authid/detail.uri?authorId=56006518500
https://www.scopus.com/authid/detail.uri?authorId=8281073000
https://www.scopus.com/authid/detail.uri?authorId=23991916100
https://www.scopus.com/authid/detail.uri?authorId=25655262700
https://www.scopus.com/authid/detail.uri?authorId=56006518600
https://www.nstda.or.th/home/nstda-privacy-policy/

7/13/23, 10:30 AM Editorial Team | Suan Sunandha Science and Technology Journal

Narun Luewarasirikul Physics,Faculty of Science and

Technology,Suan Sunandha Rajabhat
University,Bangkok, 10300 Thailand

Thanida Chuacharoen Food Science and Technology,Faculty of

Science and Technology,Suan Sunandha

Rajabhat University,Bangkok, 10300 Thailand

Noppadon Chamchoi Forensic Science,Faculty of Science and

Technology,Suan Sunandha Rajabhat
University, Bangkok, 10300 Thailand

Bagher Javadi BioTechnology,Faculty of Science and
Technology,Suan Sunandha Rajabhat
University, Bangkok, 10300 Thailand

Editorial Board

Hongjoo Kim Kyungpook National University, Daegu, South
Korea

Mitra Djamal Institut Teknologi Bandung, Bandung,
Indonesia

Jakrapong Kaewkhao Nakhon Pathom Rajabhat University, Nakhon

Pathom, Thailand

Naratip Vittayakorn King Mongkut's Institute of Technology
Ladkrabang, Bangkok, Thailand

Rattikorn Yimnirun Vidyasirimedhi Institute of Science and

Technology, Rayong 21210 Thailand

Ying I. Tsai Chia-Nan University of Pharmacy and

Science, Taiwan, Tainan, Taiwan

Benjaphorn Prapagdee Faculty of Environment and Resource

Studies, Mahidol Universitv Nakhon Pathom

MN']EJL&‘US’N@& exoeeaNUJnPebads uiﬂll'] gMIANATAVUAYR ﬂ')ul!ﬂﬂ a
ht URL http://esaraban.vru.ac.th/archive/identity Tags 2


https://www.scopus.com/authid/detail.uri?authorId=55871345500
https://www.scopus.com/authid/detail.uri?authorId=57189063545
https://www.scopus.com/authid/detail.uri?authorId=57118303100
https://www.scopus.com/authid/detail.uri?authorId=57218872889
https://www.scopus.com/authid/detail.uri?authorId=57191717302
https://www.scopus.com/authid/detail.uri?authorId=6506355194
https://www.scopus.com/authid/detail.uri?authorId=23974520300
https://www.scopus.com/authid/detail.uri?authorId=15077522900
https://www.scopus.com/authid/detail.uri?authorId=24504594000
https://www.scopus.com/authid/detail.uri?authorId=7402628473
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6508318242&zone=
https://www.nstda.or.th/home/nstda-privacy-policy/
https://www.nstda.or.th/home/nstda-privacy-policy/

7/13/23, 10:30 AM

ht

Nguyen Hieu Trung

Boon-ek Yingyongnarongkul

Thanh Son Dao

Saengchan Senapin

Sittiruk Roytrakul

Soo Rin Kim

Stephen Raymond Morley

Vorapot Kanokantapong

Yaowapa Lorjaroenphon

Managing Department

MNYLEAVINDN exoeaNUJaPebado

URL http://esaraban.vru.ac.th/archive/identity Tags

Editorial Team | Suan Sunandha Science and Technology Journal

Thailand

Can Tho University, Can Tho, Viet Nam

Department of Chemistry, Faculty of Science

Ramkhamheang University, 10240 Thailand

Faculty of Environment and Natural
Resources, Hochiminh City University of
Technology, Vietnam National University,

Vietnam

Thailand National Center for Genetic
Engineering and Biotechnology, Pathum

Thani, Thailand

Thailand National Center for Genetic
Engineering and Biotechnology, Pathum

Thani, Thailand

School of Food Science and Biotechnology,
Kyungpook National University, Buksu,

Daegu, Korea

Consultant in Chemical Pathology and
Forensic Toxicology, Leicester Royal

Infirmary, United Kingdom

Department of Environmental Science,
Faculty of Science, Chulalongkorn University,

Bangkok, Thailand

Department of Food Science and
Technology, Faculty of Agro-Industry,
Kasetsart University, Thailand

ulaunansAuATavtayafIULAAR

3/7


https://www.scopus.com/authid/detail.uri?authorId=55969658200
https://www.scopus.com/authid/detail.uri?authorId=6603651182
https://www.scopus.com/authid/detail.uri?authorId=35995147600
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6508384908&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6508382189&zone=
https://www.scopus.com/authid/detail.uri?authorId=36659584200
https://www.scopus.com/authid/detail.uri?authorId=56715110500
https://www.scopus.com/authid/detail.uri?authorId=8506698500
https://www.scopus.com/authid/detail.uri?authorId=26040889600
https://www.nstda.or.th/home/nstda-privacy-policy/
https://www.nstda.or.th/home/nstda-privacy-policy/

7/13/23, 10:30 AM

Panisara Nitutorn

Naruedom Chewpraditkul

Editorial Team | Suan Sunandha Science and Technology Journal
Faculty of Science and Technology, Suan
Sunandha Rajabhat University, Bangkok,
10300 Thailand

Faculty of Science and Technology, Suan
Sunandha Rajabhat University, Bangkok,
10300 Thailand

JOURNAL INFORMATION

-

N

.__‘_\_\_\_ e

Approved by TCl during January 1, 2020 — December 31, 2024

Indexed in TCI

Editor: Narong Sangwaranatee

INDEXING

MNYLEAVINDN exoeaNUJaPebado

ulaunansAuATavtayafIULAAR

ht URL http://esaraban.vru.ac.th/archive/identityTags

417


https://tci-thailand.org/list%20journal.php
https://li02.tci-thaijo.org/index.php/ssstj/about/submissions
https://www.nstda.or.th/home/nstda-privacy-policy/
https://www.nstda.or.th/home/nstda-privacy-policy/

