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Mutual calibration has been known to be a traceable method to determine the absolute thickness of nm oxide films 
Recently, the thicknesses of a serious of ultra-thin HfO2 films were compared in a CCQM pilot study P-190 by 11 NMIs 
using various thickness measurement methods. The reference thicknesses of the films were precisely determined by 
mutual calibration by the average thickness of x-ray photoelectron spectroscopy (XPS) and x-ray reflectometry (XRR) 
data. The film thicknesses were also measured by medium energy ion scattering spectroscopy (MEIS). The film 
thicknesses measured by MEIS were linearly proportional to the reference thicknesses and the thickness difference was 
about 2%. 

 
1. Introduction 

Thickness measurement of ultra-thin oxide films is 
one of the most important measurement issues for 
semiconductor devices. The thickness measurement of 
nm SiO2 films was the subject of first pilot study P-38 
[1].  In this pilot study, large offset values in the range 
from 0.5 nm to 1.0 nm were reported in spectroscopic 
ellipsometry (SE), transmission electron microscopy 
(TEM), Rutherford backscattering spectrometry (RBS), 
MEIS and XRR.  Fortunately, however, the offset value 
of XPS was found to be zero. From this result, mutual 
calibration method was designed to determine the 
absolute thickness of nm oxide films [2]. The mutual 
calibration method by XPS and TEM has been applied 
to the thickness measurements of ultra-thin SiO2, Al2O3 
and HfO2 films [2-4]. 
     HfO2 is an important dielectric material that can be 
used as an alternative to SiO2 for the fabrication of 
memory devices. Therefore, a traceable thickness 
measurement of ultra-thin HfO2 films by physical or 
chemical methods is required for the advanced 
semiconductor industries. In this reason, the thickness 
measurement of nm HfO2 films was investigated in the 
recent pilot study P-190. The certified reference 
thicknesses of six HfO2 films were determined by 
mutual calibration between the average thicknesses of 
XPS and XRR in P-190. 

MEIS is known to be an absolute method to 
determine the amount of substance of ultra-thin films. 
In this study, MEIS was investigated as an offset 
traceable method for the application of 

mutuacalibration method. MEIS was also investigated 
as a traceable method to determine the absolute 
thickness of ultra-thin HfO2 films without combination 
with other method. 

 
2. Film Thickness by Mutual Calibration Method 

Thickness of ultra-thin oxide films is difficult to be 
determined by a single surface analysis method, such as, 
XPS, XRR, TEM, SE and RBS due to the large offset 
value [1]. Mutual calibration by combination of an 
offset traceable method and a length-unit traceable 
method was suggested as a useful way to determine the 
absolute thickness of ultra-thin oxide films as shown in 
Fig. 1 [2]. XPS and MEIS can be used as offset- 
traceable methods because the film thickness is 
proportional to the amount of film materials from the 
basis of the number density of c-Si. The offset value of 
XPS and MEIS is theoretically zero because the amount 
of the film material should be zero when the film 
thickness becomes to zero. 

Fig. 1 Schematic illustration of mutual calibration [2]. 
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TEM and XRR can be used as length-traceable 
methods because the film thickness is based on the 
lattice constant of crystalline Si and the wavelength of 
x-ray in HR-TEM and XRR, respectively. From a series 
oxide films with same property and different thickness, 
the absolute thickness can be determined from the slope 
and offset values in the linear fitting line of the 
thicknesses by offset traceable method in x-axis and a 
length-unit traceable method in y-axis. 
 
3. Determination of Reference Film Thickness 
 

HfO2(1~4 nm)/SiO2(2 nm)/Si(100) films were grown 
on Si (100) substrates by atomic layer deposition. The 
SiO2 layers were grown by thermal oxidation to prevent 
the diffusion of oxygen atoms from the HfO2 films to 
Si substrate. For the comparison, the reference 
thicknesses of the HfO2 layers were determined by 
mutual calibration between the average thicknesses by 
XPS and XRR reported in the pilot study P-190. The 
perfect linear relationship of the linear fitting line 
strongly supports the feasibility of mutual calibration 
method. The reference thicknesses are 0.76, 1.20, 1.64, 
2.08, 2.52 and 3.36 nm, respectively. These reference 
thicknesses can be regarded as certified values because 
they are measured by 11 national metrology institutes 
and they were based on the thickness by XRR where 
the thickness scale is based on the wavelength of x-ray.  
 
4. Results and Discussions 
 

The thickness of the HfO2 films was measured by a 
MEIS system (K-120, KMAC, Korea) with a time of 
flight (TOF) analyser as shown in Fig. 2 [5]. TOF 
analyser is strong for the thickness measurement of 
ultra-thin oxide films because the sensitivity is high and 
all scattered ions can be analysed in the same time.  

 

 
Fig. 2 MEIS spectra of a series of HfO2/SiO2/Si(100) films 
used in pilot study P-190 [5]. 

 

From the energy distribution of scattered ions, the in-
depth locations of the constituent atoms can be 
determined from kinematic factor and the amount of the 
atoms can be also determined from the scattering cross 
section of the atoms.  

The thickness HfO2 films could be determined from 
the measured number of Hf atoms within a unit area and 
the number density of the bulk HfO2. The numbers of 
the constituent Hf atoms were estimated by simulation 
(MEISis) of the obtained MEIS spectra including the 
calibration of stopping power.  

The linear fitting result of the measured thickness to 
the reference thicknesses shows the slope value of 
0.981 and the offset value of 0.017 nm. The slope value 
of 0.981 means that the measured MEIS thicknesses of 
the HfO2 films are close to the certified reference 
thicknesses within 2% [5]. 
 
5. Conclusions 

The thickness of the ultra-thin oxide films can be 
determined by mutual calibration with an offset 
traceable method and a length-unit traceable method. 
The thicknesses of nm HfO2 films measured by MEIS 
were traceable to the reference thickness within the 
thickness difference of about 2%. As a result, MEIS can 
act as traceable method to determine the thickness of 
nm oxide films. 
 

6. References 
[1] M. P. Seah, et al., Surf. Interface Ana1. 36, 1269 

(2004). 
[2] K. J. Kim, Y.-S. Kim, J. S. Jang, J. W. Kim and K. 

W. Kim, Metrologia 45, 507 (2008)  
[3]  K. J. Kim, J. S. Jang, J.-H. Lee, Y.-J. Jee and C.-S. 

Jun, Anal. Chem, 81, 8519 (2009)  
[4] K. J. Kim, S. M. Lee, J. S. Jang, M. Moret, Appl. 

Surf. Sci. 258, 3552 (2012) 
[5] K. J. Kim, et al., to be submitted  

- 153 -


	O-01 PSA19-76_Ichimura_v2_PSA19_Ext_Abst_Fin
	Toward Construction of Measurement/Characterization Platform for Open Innovation

	O-02 PSA19-22_Baer-PSA19_Ext_Abst-June17
	O-03 PSA19-17_PSA19_Ext_Abst_format_RRT_wjmin_final
	O-04 PSA19-65_Ext_Abst-rev1.3_AKim
	O-05 PSA19-23_JeongyongKIM_Revisedfinal
	Standardization of Spatial Resolution of Analytical Optical Microscopy

	O-06 PSA19-13_201905171904-WolfgangWERNER_final (1)
	O-07 PSA19-02_Ext_Abst_Jablonski_modified (1)
	O-08 PSA19-49_Abst_ST_JJuly30, 2019
	O-09 PSA19-06_20190614-HieuTNguyenTruong_final_CORRECTED
	O-10 PSA19-07_Ext_Abst Da Bo 20190628
	O-11 PSA19-21_201905240725-Yong-young NOH_2019-0715_r1
	O-12 PSA19-43_Ext_Abst-CCH-revised2
	O-13 PSA19-72_Ext_AbstーTSUJI-final
	O-14 PSA19-55_201905302043-Bong hoLEE_final
	O-15 PSA19-25_201905270856-Jae youngKIM_final
	O-16 PSA19-18_Ext_Abst_MD_final
	Cluster-induced desorption/ionization mass spectrometry as a versatile tool for the analysis of complex molecules and their reactions on surfaces

	O-17 PSA19-71_Ver 2.3 Tougaard-PSA19_Ext_Abst(review)_DatesAdded (002)
	O-18 PSA19-52_Ext_Abst_Shinotsuka_v9
	O-19 PSA19-64_201906031418-KarolyTOKES_final
	O-20 190827_PSA19_Ext_Abst-nagata
	O-21 PSA19-33_aoyagi_Abst_final
	O-22 PSA19-05_Ext_Abst_MichikoYoshitake_rev
	O-23 PSA19-66_【Zhao】著者からのメール添付PDF、Abstract-PSA19-ZLX
	O-24 PSA19-12_YY_Ext_Abst_rev01
	O-25 PSA19-01_201901111348-Pyuck-paCHOI_Final
	O-26 PSA19-26_Extended abstract_JNKIM_20190704
	O-27 PSA19-68_Ext_Abst accepted version_DrIshikawa190802
	O-28 PSA19-35_201905291941-HeeKANG_final
	O-29 PSA19-53__Ext_Abst_rev6
	O-30 PSA19-14_ExtAbst_Bellissimo_after_Editorial_Review_270619_FormatChanged190701
	O-31 PSA19-24_2019 0703 No24_KY-Kim(Accpeted)
	O-32 PSA19-48_2019 0701 No48_Eunjilee(Accepted)
	O-33 PSA19-04_Ext_Abst_Shard_v3 (1)
	O-34 PSA19-51_201905301611-YasumasaTAKAGI_final
	O-35 PSA19-74_Ext_Abst_BSMun_revised
	O-36 PSA19-67_Rev2_DJ_Matt_2019-0710
	O-37 PSA19-37_201905300017-DavidCANT_final
	O-38 PSA19-81_201906261446-HisaoMAKINO_final
	O-39 PSA19-63_201905312325-MarielaBRAVO-SANCHEZ_final
	O-40 PSA19-20_201905231025-YasukoKAJIWARA_final
	O-41 PSA19-73_(SenaYang)201906131433-Jeong wonKIM_final
	O-42 PSA19-75_2019_Gilmore_final
	O-43 PSA19-32_Okamoto_date
	O-44 PSA19-77_Ext_Abst_siida_final
	O-45 PSA19-44_2019 7 26 dissecting the metallic Fe 2p spectrum
	O-46 PSA19-36_Ext_Abst_revised
	O-47 PSA19-70_01906112037-JonathanCOUNSEL_revision_final
	P-01 PSA19-27_Ext_Abst_HashimotoJFETECfinal
	P-02 PSA19-11_2019 0703 No11 Suzuki
	P-03 PSA19-03_201904231044-RamanBEKAREVICH_ed1_corrected
	P-04 PSA19-08_Ext_Abst_probe_final
	P-05 PSA19-10_ExtendedAbstract_Nagatomi_ver02
	P-06 PSA19-15_Abst_査読修正
	P-07 PSA19-16_(査読後 最終版)
	P-08 PSA19-29_201905281604-NorihitoMAYAMA_final
	Complementary analysis for dislocations of GaN compound semiconductors using STEM and APT

	P-09 PSA19-30_201905282004-SatoshiYASUNO_final
	P-10 PSA19-40_Ohmori_190619_ZHAOedited_FinalVer_4
	P-11 PSA19-42_☆【査読修正反映2】PSA19_Ext_Abst_JFE-TEC_中村
	P-12 PSA19-46_koiwai_Abst_final
	P-13 PSA19-50_2019 0705 PSA-19(Kurokawa)
	P-14 PSA19-47_Ext_Abst_Nagoshi(JFE-TEC)re_20190623
	P-15 PSA19-58_Ext_Abst_Takeda_Makino_accepted
	P-16 PSA19-61_201905302314-ShinsukeNISHIDA_final
	P-17 PSA19-38_Ext_Abst_final
	P-18 PSA19-39_2.PSA19_abstract_Zhao-190717_Accepted
	P-19 PSA19-54_Ext_Abst_JWKim_rev
	JSA26_132_133_proof(r2).pdf
	O-01 PSA19-76_Ichimura_v2_PSA19_Ext_Abst_Fin
	Toward Construction of Measurement/Characterization Platform for Open Innovation

	O-02 PSA19-22_Baer-PSA19_Ext_Abst-June17
	O-03 PSA19-17_PSA19_Ext_Abst_format_RRT_wjmin_final
	O-04 PSA19-65_Ext_Abst-rev1.3_AKim
	O-05 PSA19-23_JeongyongKIM_Revisedfinal
	Standardization of Spatial Resolution of Analytical Optical Microscopy

	O-06 PSA19-13_201905171904-WolfgangWERNER_final (1)
	O-07 PSA19-02_Ext_Abst_Jablonski_modified (1)
	O-08 PSA19-49_Abst_ST_JJuly30, 2019
	O-09 PSA19-06_20190614-HieuTNguyenTruong_final_CORRECTED
	O-10 PSA19-07_Ext_Abst Da Bo 20190628
	O-11 PSA19-21_201905240725-Yong-young NOH_2019-0715_r1
	O-12 PSA19-43_Ext_Abst-CCH-revised2
	O-13 PSA19-72_Ext_AbstーTSUJI-final
	O-14 PSA19-55_201905302043-Bong hoLEE_final
	O-15 PSA19-25_201905270856-Jae youngKIM_final
	O-16 PSA19-18_Ext_Abst_MD_final
	Cluster-induced desorption/ionization mass spectrometry as a versatile tool for the analysis of complex molecules and their reactions on surfaces

	O-17 PSA19-71_Ver 2.3 Tougaard-PSA19_Ext_Abst(review)_DatesAdded (002)
	O-18 PSA19-52_Ext_Abst_Shinotsuka_v9
	O-19 PSA19-64_201906031418-KarolyTOKES_final
	O-20 190827_PSA19_Ext_Abst-nagata
	O-21 PSA19-33_aoyagi_Abst_final
	O-22 PSA19-05_Ext_Abst_MichikoYoshitake_rev
	O-23 PSA19-66_【Zhao】著者からのメール添付PDF、Abstract-PSA19-ZLX
	O-24 PSA19-12_YY_Ext_Abst_rev01
	O-25 PSA19-01_201901111348-Pyuck-paCHOI_Final
	O-26 PSA19-26_Extended abstract_JNKIM_20190704
	O-27 PSA19-68_Ext_Abst accepted version_DrIshikawa190802
	O-28 PSA19-35_201905291941-HeeKANG_final
	O-29 PSA19-53__Ext_Abst_rev6
	O-30 PSA19-14_ExtAbst_Bellissimo_after_Editorial_Review_270619_FormatChanged190701
	O-31 PSA19-24_2019 0703 No24_KY-Kim(Accpeted)
	O-32 PSA19-48_2019 0701 No48_Eunjilee(Accepted)
	O-33 PSA19-04_Ext_Abst_Shard_v3 (1)
	O-34 PSA19-51_201905301611-YasumasaTAKAGI_final
	O-35 PSA19-74_Ext_Abst_BSMun_revised
	O-36 PSA19-67_Rev2_DJ_Matt_2019-0710
	O-37 PSA19-37_201905300017-DavidCANT_final
	O-38 PSA19-81_201906261446-HisaoMAKINO_final
	O-39 PSA19-63_201905312325-MarielaBRAVO-SANCHEZ_final
	O-40 PSA19-20_201905231025-YasukoKAJIWARA_final
	O-41 PSA19-73_(SenaYang)201906131433-Jeong wonKIM_final
	O-42 PSA19-75_2019_Gilmore_final
	O-43 PSA19-32_Okamoto_date
	O-44 PSA19-77_Ext_Abst_siida_final
	O-45 PSA19-44_2019 7 26 dissecting the metallic Fe 2p spectrum
	O-46 PSA19-36_Ext_Abst_revised
	O-47 PSA19-70_01906112037-JonathanCOUNSEL_revision_final
	P-01 PSA19-27_Ext_Abst_HashimotoJFETECfinal
	P-02 PSA19-11_2019 0703 No11 Suzuki
	P-03 PSA19-03_201904231044-RamanBEKAREVICH_ed1_corrected
	P-04 PSA19-08_Ext_Abst_probe_final
	P-05 PSA19-10_ExtendedAbstract_Nagatomi_ver02
	P-06 PSA19-15_Abst_査読修正
	P-07 PSA19-16_(査読後 最終版)
	P-08 PSA19-29_201905281604-NorihitoMAYAMA_final
	Complementary analysis for dislocations of GaN compound semiconductors using STEM and APT

	P-09 PSA19-30_201905282004-SatoshiYASUNO_final
	P-10 PSA19-40_Ohmori_190619_ZHAOedited_FinalVer_4
	P-11 PSA19-42_☆【査読修正反映2】PSA19_Ext_Abst_JFE-TEC_中村
	P-12 PSA19-46_koiwai_Abst_final
	P-13 PSA19-50_2019 0705 PSA-19(Kurokawa)
	P-14 PSA19-47_Ext_Abst_Nagoshi(JFE-TEC)re_20190623
	P-15 PSA19-58_Ext_Abst_Takeda_Makino_accepted
	P-16 PSA19-61_201905302314-ShinsukeNISHIDA_final
	P-17 PSA19-38_Ext_Abst_final
	P-18 PSA19-39_2.PSA19_abstract_Zhao-190717_Accepted
	P-19 PSA19-54_Ext_Abst_JWKim_rev

	JSA26_192_193_proof.pdf
	O-01 PSA19-76_Ichimura_v2_PSA19_Ext_Abst_Fin
	Toward Construction of Measurement/Characterization Platform for Open Innovation

	O-02 PSA19-22_Baer-PSA19_Ext_Abst-June17
	O-03 PSA19-17_PSA19_Ext_Abst_format_RRT_wjmin_final
	O-04 PSA19-65_Ext_Abst-rev1.3_AKim
	O-05 PSA19-23_JeongyongKIM_Revisedfinal
	Standardization of Spatial Resolution of Analytical Optical Microscopy

	O-06 PSA19-13_201905171904-WolfgangWERNER_final (1)
	O-07 PSA19-02_Ext_Abst_Jablonski_modified (1)
	O-08 PSA19-49_Abst_ST_JJuly30, 2019
	O-09 PSA19-06_20190614-HieuTNguyenTruong_final_CORRECTED
	O-10 PSA19-07_Ext_Abst Da Bo 20190628
	O-11 PSA19-21_201905240725-Yong-young NOH_2019-0715_r1
	O-12 PSA19-43_Ext_Abst-CCH-revised2
	O-13 PSA19-72_Ext_AbstーTSUJI-final
	O-14 PSA19-55_201905302043-Bong hoLEE_final
	O-15 PSA19-25_201905270856-Jae youngKIM_final
	O-16 PSA19-18_Ext_Abst_MD_final
	Cluster-induced desorption/ionization mass spectrometry as a versatile tool for the analysis of complex molecules and their reactions on surfaces

	O-17 PSA19-71_Ver 2.3 Tougaard-PSA19_Ext_Abst(review)_DatesAdded (002)
	O-18 PSA19-52_Ext_Abst_Shinotsuka_v9
	O-19 PSA19-64_201906031418-KarolyTOKES_final
	O-20 190827_PSA19_Ext_Abst-nagata
	O-21 PSA19-33_aoyagi_Abst_final
	O-22 PSA19-05_Ext_Abst_MichikoYoshitake_rev
	O-23 PSA19-66_【Zhao】著者からのメール添付PDF、Abstract-PSA19-ZLX
	O-24 PSA19-12_YY_Ext_Abst_rev01
	O-25 PSA19-01_201901111348-Pyuck-paCHOI_Final
	O-26 PSA19-26_Extended abstract_JNKIM_20190704
	O-27 PSA19-68_Ext_Abst accepted version_DrIshikawa190802
	O-28 PSA19-35_201905291941-HeeKANG_final
	O-29 PSA19-53__Ext_Abst_rev6
	O-30 PSA19-14_ExtAbst_Bellissimo_after_Editorial_Review_270619_FormatChanged190701
	O-31 PSA19-24_2019 0703 No24_KY-Kim(Accpeted)
	O-32 PSA19-48_2019 0701 No48_Eunjilee(Accepted)
	O-33 PSA19-04_Ext_Abst_Shard_v3 (1)
	O-34 PSA19-51_201905301611-YasumasaTAKAGI_final
	O-35 PSA19-74_Ext_Abst_BSMun_revised
	O-36 PSA19-67_Rev2_DJ_Matt_2019-0710
	O-37 PSA19-37_201905300017-DavidCANT_final
	O-38 PSA19-81_201906261446-HisaoMAKINO_final
	O-39 PSA19-63_201905312325-MarielaBRAVO-SANCHEZ_final
	O-40 PSA19-20_201905231025-YasukoKAJIWARA_final
	O-41 PSA19-73_(SenaYang)201906131433-Jeong wonKIM_final
	O-42 PSA19-75_2019_Gilmore_final
	O-43 PSA19-32_Okamoto_date
	O-44 PSA19-77_Ext_Abst_siida_final
	O-45 PSA19-44_2019 7 26 dissecting the metallic Fe 2p spectrum
	O-46 PSA19-36_Ext_Abst_revised
	O-47 PSA19-70_01906112037-JonathanCOUNSEL_revision_final
	P-01 PSA19-27_Ext_Abst_HashimotoJFETECfinal
	P-02 PSA19-11_2019 0703 No11 Suzuki
	P-03 PSA19-03_201904231044-RamanBEKAREVICH_ed1_corrected
	P-04 PSA19-08_Ext_Abst_probe_final
	P-05 PSA19-10_ExtendedAbstract_Nagatomi_ver02
	P-06 PSA19-15_Abst_査読修正
	P-07 PSA19-16_(査読後 最終版)
	P-08 PSA19-29_201905281604-NorihitoMAYAMA_final
	Complementary analysis for dislocations of GaN compound semiconductors using STEM and APT

	P-09 PSA19-30_201905282004-SatoshiYASUNO_final
	P-10 PSA19-40_Ohmori_190619_ZHAOedited_FinalVer_4
	P-11 PSA19-42_☆【査読修正反映2】PSA19_Ext_Abst_JFE-TEC_中村
	P-12 PSA19-46_koiwai_Abst_final
	P-13 PSA19-50_2019 0705 PSA-19(Kurokawa)
	P-14 PSA19-47_Ext_Abst_Nagoshi(JFE-TEC)re_20190623
	P-15 PSA19-58_Ext_Abst_Takeda_Makino_accepted
	P-16 PSA19-61_201905302314-ShinsukeNISHIDA_final
	P-17 PSA19-38_Ext_Abst_final
	P-18 PSA19-39_2.PSA19_abstract_Zhao-190717_Accepted
	P-19 PSA19-54_Ext_Abst_JWKim_rev

	JSA26_192_193_proof(r3).pdf
	O-01 PSA19-76_Ichimura_v2_PSA19_Ext_Abst_Fin
	Toward Construction of Measurement/Characterization Platform for Open Innovation

	O-02 PSA19-22_Baer-PSA19_Ext_Abst-June17
	O-03 PSA19-17_PSA19_Ext_Abst_format_RRT_wjmin_final
	O-04 PSA19-65_Ext_Abst-rev1.3_AKim
	O-05 PSA19-23_JeongyongKIM_Revisedfinal
	Standardization of Spatial Resolution of Analytical Optical Microscopy

	O-06 PSA19-13_201905171904-WolfgangWERNER_final (1)
	O-07 PSA19-02_Ext_Abst_Jablonski_modified (1)
	O-08 PSA19-49_Abst_ST_JJuly30, 2019
	O-09 PSA19-06_20190614-HieuTNguyenTruong_final_CORRECTED
	O-10 PSA19-07_Ext_Abst Da Bo 20190628
	O-11 PSA19-21_201905240725-Yong-young NOH_2019-0715_r1
	O-12 PSA19-43_Ext_Abst-CCH-revised2
	O-13 PSA19-72_Ext_AbstーTSUJI-final
	O-14 PSA19-55_201905302043-Bong hoLEE_final
	O-15 PSA19-25_201905270856-Jae youngKIM_final
	O-16 PSA19-18_Ext_Abst_MD_final
	Cluster-induced desorption/ionization mass spectrometry as a versatile tool for the analysis of complex molecules and their reactions on surfaces

	O-17 PSA19-71_Ver 2.3 Tougaard-PSA19_Ext_Abst(review)_DatesAdded (002)
	O-18 PSA19-52_Ext_Abst_Shinotsuka_v9
	O-19 PSA19-64_201906031418-KarolyTOKES_final
	O-20 190827_PSA19_Ext_Abst-nagata
	O-21 PSA19-33_aoyagi_Abst_final
	O-22 PSA19-05_Ext_Abst_MichikoYoshitake_rev
	O-23 PSA19-66_【Zhao】著者からのメール添付PDF、Abstract-PSA19-ZLX
	O-24 PSA19-12_YY_Ext_Abst_rev01
	O-25 PSA19-01_201901111348-Pyuck-paCHOI_Final
	O-26 PSA19-26_Extended abstract_JNKIM_20190704
	O-27 PSA19-68_Ext_Abst accepted version_DrIshikawa190802
	O-28 PSA19-35_201905291941-HeeKANG_final
	O-29 PSA19-53__Ext_Abst_rev6
	O-30 PSA19-14_ExtAbst_Bellissimo_after_Editorial_Review_270619_FormatChanged190701
	O-31 PSA19-24_2019 0703 No24_KY-Kim(Accpeted)
	O-32 PSA19-48_2019 0701 No48_Eunjilee(Accepted)
	O-33 PSA19-04_Ext_Abst_Shard_v3 (1)
	O-34 PSA19-51_201905301611-YasumasaTAKAGI_final
	O-35 PSA19-74_Ext_Abst_BSMun_revised
	O-36 PSA19-67_Rev2_DJ_Matt_2019-0710
	O-37 PSA19-37_201905300017-DavidCANT_final
	O-38 PSA19-81_201906261446-HisaoMAKINO_final
	O-39 PSA19-63_201905312325-MarielaBRAVO-SANCHEZ_final
	O-40 PSA19-20_201905231025-YasukoKAJIWARA_final
	O-41 PSA19-73_(SenaYang)201906131433-Jeong wonKIM_final
	O-42 PSA19-75_2019_Gilmore_final
	O-43 PSA19-32_Okamoto_date
	O-44 PSA19-77_Ext_Abst_siida_final
	O-45 PSA19-44_2019 7 26 dissecting the metallic Fe 2p spectrum
	O-46 PSA19-36_Ext_Abst_revised
	O-47 PSA19-70_01906112037-JonathanCOUNSEL_revision_final
	P-01 PSA19-27_Ext_Abst_HashimotoJFETECfinal
	P-02 PSA19-11_2019 0703 No11 Suzuki
	P-03 PSA19-03_201904231044-RamanBEKAREVICH_ed1_corrected
	P-04 PSA19-08_Ext_Abst_probe_final
	P-05 PSA19-10_ExtendedAbstract_Nagatomi_ver02
	P-06 PSA19-15_Abst_査読修正
	P-07 PSA19-16_(査読後 最終版)
	P-08 PSA19-29_201905281604-NorihitoMAYAMA_final
	Complementary analysis for dislocations of GaN compound semiconductors using STEM and APT

	P-09 PSA19-30_201905282004-SatoshiYASUNO_final
	P-10 PSA19-40_Ohmori_190619_ZHAOedited_FinalVer_4
	P-11 PSA19-42_☆【査読修正反映2】PSA19_Ext_Abst_JFE-TEC_中村
	P-12 PSA19-46_koiwai_Abst_final
	P-13 PSA19-50_2019 0705 PSA-19(Kurokawa)
	P-14 PSA19-47_Ext_Abst_Nagoshi(JFE-TEC)re_20190623
	P-15 PSA19-58_Ext_Abst_Takeda_Makino_accepted
	P-16 PSA19-61_201905302314-ShinsukeNISHIDA_final
	P-17 PSA19-38_Ext_Abst_final
	P-18 PSA19-39_2.PSA19_abstract_Zhao-190717_Accepted
	P-19 PSA19-54_Ext_Abst_JWKim_rev




