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Full characterization of complex materials with ultra-thin film structures or nanostructures can rarely be 
accomplished with a single analysis technique. X-ray Photoelectron Spectroscopy (XPS) has often been complemented 
with Ultra-violet Photoelectron Spectroscopy (UPS), ion scattering data or electron microscopy. This presentation will 
show how the addition of in-situ Raman spectroscopy to an XPS surface analysis system can help to characterize 2D 
nano-materials such as graphene, by adding chemical and bulk information to surface information all obtained from the 
same analysis position on the sample. 

 
 

Advanced materials present ever increasing 
challenges to the analytical scientist. Composite 
materials built from nanostructures or ultra-thin films, 
often with complex chemistries present, are now 
required in a broad range of applications, and achieving 
full characterization is rarely managed using only one 
analysis method. To maintain confidence in the results 
from the utilization of several different methods, it is 
advantageous to be able to perform experiments on the 
same platform. Ideally, this should be without having to 
move the sample, removing the need for additional 
registration or processing to ensure that the data is 
being collected from the same position. 

 
For surface analysis, it has been common for many 

years to incorporate related analysis techniques onto the 
same instrument. For example, X-ray photoelectron 
spectroscopy (XPS) systems are commonly equipped 
with UV light sources to facilitate investigation of 
additional properties of materials via ultra-violet 
photoelectron spectroscopy (UPS). The ion source that 
is typically used for sample cleaning and depth 
profiling can also be used for low energy ion scattering 
(LEIS or ISS), providing more surface sensitive 
elemental composition information than can be 
delivered from XPS alone. The addition of a focused 

electron source enables Auger electron spectroscopy 
(AES) which provides surface sensitive composition at 
higher spatial resolution than XPS can offer. With the 
exception of ISS, all these routine additional analysis 
techniques are electron spectroscopy based and offer 
similar information. 

 
We have recently integrated further instrumentation 

onto a standard XPS system. The integrated system has 
combined a Raman spectrometer with a micro-focused, 
monochromated XPS system. The focal points are 
aligned such that data can be acquired from the same 
point simultaneously, and that the sizes of the analysis 
areas are comparable in size. Chemical modifications 
of the material can be easily determined and quantified 
with XPS. Raman offers a fast way of determining the 
quality and conformity of the material, and direct 
compound identification. The greater depth of field of 
the Raman spectrometer also offers bulk information to 
complement the surface sensitive XPS data. 

 
One such example of combined XPS and Raman 

analysis is that of boron nitride (BN) deposited onto a 
copper substrate. Boron nitride takes in 2 forms, cubic 
and hexagonal, and it is the latter form (h-BN) which is 
of interest as a 2D material, exhibiting high thermal 
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conductivity and allowing tuning of electrical 
properties by functionalization or doping1,2. Rapid XPS 
mapping of the N1s signal demonstrates two states of 
nitrogen present on the substrate surface, and these two 
“phases” can then be plotted out to reveal a distribution 
of on the surface (Fig. 1). XPS point analysis at 
representative sites P1 and P2 show that boron is 
present at point P1, suggesting the presence of boron 
nitride, while point P2 shows no detectable boron signal. 
While the XPS narrow scan data show some oxidation 
states in both the N1s and B1s, Raman data collected 

from point P1 (Fig. 2) shows a clear h-BN signal, 
demonstrating that the primary hexagonal structure has 
been unaffected by any oxidation during deposition 
onto the copper substrate. 
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Fig. 2 Raman spectrum from point P1. 

Fig. 1 N1s phase map, showing presence of nitride (dark 
areas). 

- 183 -


	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




