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For GaN compound semiconductors, the position of dislocations was confirmed by STEM, and the elemental 
distribution was clarified by APT. From the results of APT, cluster segregation of Mg and In was observed on the 
dislocation, and it could be considered that they were diffused along the dislocations. 

1. Introduction
In the development of semiconductor devices,

control of the structure, interface steepness, crystal 
defects, distribution and concentration of dopant 
elements, etc. are important for evaluation of device 
characteristics and reliability. Analysis of crystal 
defects is mainly performed by transmission electron 
microscopy (TEM) and scanning TEM (STEM), and it 
is possible to identify the type of dislocations. 
However, it is difficult to observe element segregation 
to dislocations by STEM/EDS (energy dispersive 
spectroscopy) analysis. On the other hand, atom probe 
tomography (APT) is an effective analysis for local 
three-dimensional element distribution.  

In this study, for GaN compound semiconductors 
with nm-level island structure [1], the position of 
dislocations is confirmed by STEM, and the elemental 
distribution is clarified by APT, in order to understand 
the element segregation to dislocations. 

2. Experimental
The needle specimen was fabricated by focused ion

beam (FIB) milling. Before the fabrication, the position 
of dislocations was confirmed by STEM. APT analyses 
were performed using LEAP3000XSi(AMETEK) in a 
laser pulse mode. The pulse energy was about 0.01 nJ 
with a pulse repetition of 500 kHz. The analyses were 
performed at 30 K with a detection rate of 0.002 
atom/pulse.   

3. Results and Discussion
Fig. 1 shows the STEM image of needle specimen

before APT analysis and the results after the analysis. 
The threading dislocation from pGaN to nGaN was 
observed near the center of needle specimen from 
STEM image. From the results of APT, linear element 
segregation along the dislocation was not observed, but 
cluster segregation of Mg and In was observed on the 
dislocation in AlGaN layer. In addition, it was found 
that a pit was formed on the dislocation in the island 
structure layer. Mg was segregated as a cluster at the 
origin of the pit. From the above results, it can be 
considered that the diffusion of Mg and In occurs along 
dislocations. 

4. Summary
In this study, it was found that the combination of

APT analysis and STEM observation could evaluate 
element segregation to dislocations. It can be 
considered that the diffusion of Mg and In occurs along 
dislocations. 

5. References
[1] T. Arakawa et al., IC-MOVPE XVIII, 2C-1.4,

pp.34-35 (2016).
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Fig. 1 (a) STEM images of needle specimen, (b) 3D atom map and (c) iso-concentration surfaces (In, Mg). 

- 201 -


	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




