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1. K. Ohya, Proc. of SPIE 10145 (2017) 101451V. 
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� Ȫʦʷx��Ô¬ÊµÑwɅ͈�ˮͳûƑŲÚqβ�xuf��Ï��ͳƐͼǘ͟ňˆƐ̖ȳɛ�͢ʖdm

ͳûąƑǟ¬ÊµÑ �])& wͳû¨Ô¢Öw˫̱ˮßqwɅ͈ƄŁ�ŕ̒Łf�b°�ʜʙ°dpt�n˫

̱ˮʆſ°dpÐÄ©ÖÇ�įʉdmÐÄ©ÖÇĠƅw¸½�ÖǨĪ�Ƅv�b°qmˮͳû�ʖʇch

�b°yq]�ˉ�ʪʺdknîŪxmF ˘ˑȠɅ͈̖ȳqǔ��kɅ͈°ɔ̽f�k�umˮͳû�ŉŕ

dttɿǧqŒǔdkɅ͈�̖ȳdm/&-�c wĪ̖˪qβ�xudkb°�Žšf�nǔ��kÉ¯Ñxm

ˮ̭“ÀÐ�¦yĪͱdmèɋɅ͈yŕ̒Łc�pt�nF ˘ˑȠɅ͈̖ȳwˑȵ°Åt×˲�ʭdpw

�mb�yˬĪɃɿǧw͢Ʌ͈qs�b°yβ�x°tnkH)In�kmbbqĂʉdkʝǐˋ ,(�V8 wÐ

Ä©ÖÇ�ʉtm̂ĘǊǆƄŁuÅ�ɉ˪̖ȳx�mĦˑ̟ȐĀ̌uńĪtȞͣmˮͳû�Ĉǵq]�b°

�β�xudknɅ͈̖ȳuxÐÄ©ÖÇuʋȯf�Ǌt¡Ô°Ï¦°�s�xe�ƺdǉtpx�ʍĕĨ

ʅ�f�b°qmňˆƐ̖ȳwʍĕĨʅyŕ˪utnpt�HIn�kmˮͳûwʖʇchk̟Ȑqmˋ%

)((�8D wˮͳûƑŲÚqw͋ĪɃɿǧus� �])& ¬ÊµÑw͡Ʌ͈�β�xuĩȯ�°ˢvmʃŲm¯

ÖªŒǔmʍĕ̖ȳuŒ�ˏ�qt�n 
 
1. Long, B. S. et al., Science (2005) 903-908 
2. Jensen H. K. et al., J. Struct. Biol. (2016) 49-60 
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ƣĠ�ɍƻ )��̶̩�ˡǣ ��ȨȪ�ɣŘ �

)ȰłƈƆėʦ��ɽ̱ÕȫȐʦʷɉɅ�

�

� +M ͐ʳ͜ƯėˌwĆͳƐxmŁŚɽwʫǟ�ͳɕøƪuƈ]_ͤÜdpw�miwͳƐɿǧ�̥}�b

°xɃ�p͙̏qs�nȪʦʷwʜʙxmͳƐͼǘ̔͟ƢÚqɾƘdkŹx�w̻ F ˘ʖĘĪĘΈBF5BΉ

uÅ�m͐ʳ͜ƯėˌwˑŚɿǧ�ĆȋɿǧwǥŽ�ǔ�b°qs�nBF5B x̟Ȑwƽͳy¦Â�°Ñu

ǎͷdttk�m͜ƯwÅ{iw͘Łɽu�͏ʉŕ˪qs�n�

� +M ͐ʳ͜Ưėˌw  ʶͽw � ʖĘΈ+M ͳƐw � ɑ|w͐ʳu̴ūf� La,bʖĘmɢtĠɑw += ͳƐw �

ɑ|w͐ʳu̴ūf� Lk,hΉwɬƘx�mỨwb°yβ�xutnp]knΉ¦Â�°Ñǌɿ°¼Ö

�¤½°ΐLa,bʖĘ¦Â�°ÑǌɿxĆͳƐƽ 4"B ĪƼ�ŐȜf�n¼Ö�û˜xΊ4"B ǌɿΊ¸Ô±�Ê

¿�µÑ�ÖmwÅ{ � ɑw�Æ×Ñ¤½°wǎͷuÅ�ɘ��n×ȔmLk,hʖĘ¦Â�°ÑxmŁƓˑ

ŚwǥŽΈ4"BΉxŠ�gmiw¼Ö�û˜xmĻ̴ŌƐ͂Ēwƭǫ̤ͳʁuƈ]_ąƑf�b°yĪxn

p]knΌΉ¦Â�°ÑǊǆΐ½�°Ô×�Ô°ɬƘuÅ�m+M-
�+
�l�X+
	+M+
�l�X)
 ͐ʳ͛ΈLk,hʖ
ĘǊǆm�)Ήww{ +=)
�l�X+
	+=)
�l�X)
 ͐ʳ͛ΈLk,hʖĘǊǆ���Ή° +M ͳƐȋwʞͤ�̥}kˑ
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��)���° +M ͳƐȋwͣu~�˘ǌtʞͤys�çy�xnkn 
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ȱȪ�Ţƃ��Ű̬�ͯə��ŵŔ�ˊŖ� � )łƈͨƸ�

 
H˗̘IƭŲŶ̇͵¿Ï§ÉÔĞ��B#A�xmiwɾǚʙtĘƓɾǟwk�m¨Ô¤Ô��ǥŽø͍ʾ|wǭ

̆ǞʉyȧǑc�pt�ndxdm²¶Źqʇe� �B#A uotpxąɷ̖βc�ptttb°yƆtn

Ȫʦʷqxm�Ï¦ßuŀŷc�k 1O ²¶ˆƐuotpmͳƐ˘�ʉtk BC5 %55�B ɛuÅ�čow 1O ²

¶ˆƐu �B# �Ļ̴chmc�u²¶ˆƐͣwʞéĀʉuÅ�¿Ï§ÉÔwÉÖ±Ī̉�̖ȳf�b°�̟

��n�

HȔɛI��ÔëȀɛuÅ� 1O ��Ï¦Ẕ̇uĠŲchk�w�ɺĨʅdm�Ï¦ßuĪȊdk 1O ²¶ˆƐ

�ǌǨchknb�� C5 ̔Ƣʉ̟ȐuĹƸdmÉ¶�ÓÈÖª�ȃ̾dkʄ͵őƺ̋ɍ̳ȷ͋ͅŶͳƐͼ

ǘ͟ΈC4[JV�7�.(%+((Ή�ʉtp BC5 %55�B ɬƘ�̅ub°qm̍ȋw 1O ²¶ˆƐuw`� �B#A ɾǟw

̖β�̟�kn�kͱȊŏɃƐ͂ú�441��ʉtk¤ÆÌÒÖ¤ÎÔ̙ˁ�̅ub°qmƙͿˑȵ°wȌŚ

ǟ�Ɂ̚dkn�

HˑȵI�Ï¦ßu 1O ˆƐ�ŷ�̀�b°qmŻȲ�ʚˮwǎͷwtt �B#A yǔ��knɋumˆƐ̸ͣͱ

ȋ V8 qͮǼdk 1O ˆƐ˞uwtp BC5 %55�B ɬƘ�̅nk°b�mˆƐwͮǼˀǫqx�µÑ�Ömͮ

Ǽˀǫwƅđqxü�µÑ�Öq 1O w �B#A yĻ̴c�knb�xͳƐ˘wěƨû˜w͎tuÅnpmˆƐ

ͣwʞéĀʉwʐt� �B#A ÉÖ±yʇekk�qs�°ˢv���H)In�kmƙͿȮõ�ģʃdkʆſq

441 ̙ˁ�̅nk°b�mƙͿˑȵ°˳t×˲yǔ��kn 
 
1. Ai Leen Koh, Kui Bao et al, ACS Nano 10(2009), pp 3015–3022 
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� ɋÝò½Ò�¤¾Ñ¯¸�¦°dpȧǑc�pt�ƆˑȠ 7NBV �üɫŚǨf�k�m�ÉÑ½�¦x�

wˑȠŁyįʉc�pt�ndxdty�mɺĨʅȞu BV yȳĩf�b°yŦͻ°t�nȪʦʷqxmͳ

Ɛ˘ɸƨuÅ�ůɮͧ�̵v� BV �Š�ˑȠ 7N wüɫŚǨ�̟�knŮxm�ÉÑ½�¦ 7NBV�0&r

,(&�J[�BV�uƚɫupͳƐ˘ɸƨ�̅nk°]wͳƐŪǰŮǌqs�n

4NKCN%BLPNYYNY ÐÔ�yĩʃdpw�m«�ËÉÔ±ŶɅ͈qǶȋñ`y

q]�nBV ɰǆwÙȗ°ĞuȼƐƘȋxƈ]_t�m7N ɒʞßu BV y˜

Ȁʙuůɮdpt�°ˢv���n�L�wÅ{�M�qx ))) ÐÔ�wƅđum

BV uÅ�·ÓÖÐÔ�y̐���n·ÓÖÐÔ�ĩʃǒ� 4NKCN%BLPNYYNY

ÐÔ�wŅǐxƫc_tnpw�mc�t�ɰǆw BV �Š�ˑȠ 7N �

Ā̌q]�ŕ˪ǟys�nɸƨȞwɫǆÙȗx )(� ʴǆqs�mȪǬɛu

Å� 7NBV wüɫŚǨyŕ˪qs�b°yʪ̣c�kH)In�

 
1. T. Kimura et al., Jpn. J. Appl. Phys. 56 (2017) 100307 (3 pages). 
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Ɏʊ�āǍ )��ʊȬ� Ŀ �
)Ð��� F ˘ʦʷǫ��+ʅŁƓʦʷǫ� ¸��Ð©Ö¦¨ÔªÖ�

 
� ʇÿwǌɿ̔Ƣxmʖʇ�ģʇ¿Ó¨¦wʅ̖mʔʅĭȒuɊxhttǬɛqs�n͂ǁqxĪ̖˪�ȋ

)(g8 wÅ��Ó F ˘ 3C °ǆtȶ˴ɛ�ˏ�Ś�hkʦʷyŽšc�mÅ�¦w˯Ũtsw̻ˏ˚w +

ɋėɅ͈�βʡu̔Ƣq]�Åuutnp]kH)IndxdmʸͣĪ̖˪wÛ̷x� F ˘uÅ�ˎ˩ÒÁÑ

wĠ͕Ʌ͈̔ƢxͲdtnibqĪ̖˪ )g8 ̵wĪ̖˪ F ˘ͼǘ͟HIuÅnpmÅ�¦˧Ěwˏ˚Ʌ͈

̙ɬ�̟�kn�

ȶ˴dkÅ�¦wĬȧ˨�¬ÌÖ¾uě�m��°ɿǧq F ˘ 3C ɬƘdkn(&-,g8
]WBNT�w + ɋė 3C

ʍĕ�ģɅǨdmˎ˩�Ǜ˯wˮtswg8 Ʌ

͈�βʡuǾĩf�b°yq]k�Ů J�K�n�

kmʍĕĨʅuÅ�ˏ˚�ǲĩdmˎ˩wǐm

ȋg8 wǛ˯wˮŋ°tnkɅ͈¢�§�̙ɬ

uǨĸdk�Ů L�n�

�

1. M. E. Dickinson1, A. M. Flenniken2, X. Ji, et al., Nature 537 (2016) 508-514�
2. M. Tamura, M. Hosoya, M. Fujita, et al., Hum. Mol. Genet. 22 (2013) 2471-2481�
3. Y. Takeda, K. Hamada, Rigaku Journal 30(2014)17-22�
�
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� ͂ǁmB5 xĪ̖˪̔Ƣ�ƆɆtǥŽ�ŜȞŒǔq]�Åuutnkb°x�mɆotȫȐwǘˎɅ͈

̖ȳuʉt��pt�nǩoxmŢȧʙ̇͵̴ö�Ȧf�ÅÑ®Ô¢�°ˏ˚w B5 ̔Ƣuwtpʪ̣c�

�˙ɿ¡Ô°Ï¦°ym̴öͣͫ°ͳƐ˘ɁĩͣͫwƺuÅ�ʇe�É�Òqs�b°�β�xudkH)In

Ȫʦʷqxṁ͵̴öóƅwŢȧʙˏ˚uwtp�É�Òy̔Ƣc��xşx�Ɂ̞dmB5 ɾȦwÉ�Ò

wǟ̱uotp�̥ȷdkniwˑȵm̴ö�Ȧf�ÅÑ®Ô¢�°ˏ˚l`qt_mˑȠɅ͈°ˏǨyʐ

t� !K%C43W ĞȠŚ͜�¹ÖÏ�°uw`�ÏÈÏÖˏ˚uwtp�ŜɆwĩʃȮõÚqÉ�Òy̔Ƣc�

k�64O&�)�nb�xmÉ�ÒĩʃȮõxĉŗwʶͽu

ąƑdttb°�ʭfnc�uṁ͵u 6�2 qȼƐ�

ȕdk̟Ȑ�ʉtpʶowȮõÚq̔Ƣdk°b�m

¦�ÊÔȔŞuÅnpÉ�ÒwǌɿyƄŁf�ts B5 

ɾȦwÉ�Òwǟ̱yƑŲf�b°yβ�x°tnkn 
 
1 ʀĊ˸, ð, ʼ 161 Ū ȖȪ͜ƯƓ÷ ̧ɯɄ̏Ͱ P168 
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ȰƱ�Ʃƃ )mȨȬ�ćɈ )�mʥà�Ɠ )mƎƶ�Ʃ̅ môȬ�Άï �

)ãƷƸɂƈƓƈƓͨƸƓǅ��ƈͥǅʺƈƓƸƓʦʷʲ�

 
t�ÊÐ�ʳľǆ�Ȧf� 7NBV xmC6C ¬ÊµÑȫȐ|wǞʉyȧǑc��nȪɽ̱xʹȠ̱x�wˑ

ȠŁuÅ�Ā̌c��ymɺĨʅȞu BV yħͰf�°tuŦͻys�nȪʦʷqxm¦¹ªÐÔ�ɛq

Ā̌dkʹȠ̱ 7NBV ˼ˮwɅ͈°ɺĨʅuùuɅ͈ƄŁ�m͋ͅͳƐͼǘ͟ɛuÅ�̥}knͳƐ˘ľǐ

ĪƼ̖ȳwˑȵm¦¹ª̟ȐxʹȠ̱Ʌ͈�ȦdmʼͮǼuwtp 7N%BV�7N%7N�BV%BV ŌƐƤwƑŲy

ʪ̣c�knʹȠ̱ 7NBV�).&,J[�BV�̟Ȑ�Ů�J��uɺĨʅ�ȕf°m+((jwŪǰŮǌux·ÓÖÐÔ�m

+-jɺĨʅ̟Ȑ�Ů�K��ux 4NKCN%BLPNYYNY Ð

Ô�yĩʃdm+((a+-jwͣqˑȠŁy̴bn

kn+-(jɺĨʅ̟Ȑ�Ů�L��qxÐÔ�y¦Ä

°ɿqmˑȠˆyˇƈŁdpt�n�kmBV ̃

ɦuÅ�·ÓÖÐÔ�yĩʃdmʞĪͱy̴bn

pt�nˑȠŁǒu BV ̃ɦyĩʃdttɿǧx

�ĥŊf�b°qmBV ħͰwttɰǆ BV �Š

�ˑȠ 7NBV yƙʃq]kn�

�
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śʊ�ɏƇ )�Ȫʊ�āȡ �Ʊ·�͙í +��ĘŌ�αƥ +�ßƳ�˶ə +��ǒ˿�̊β ,�ɠʊ�ų× ,�

)ãƷƈƓƸƓ͕��ãƷƈƓƈƓͨ˖ŚʅƸƓǅ��+ãƷƈƓƈƓͨ˖ŚʅƸƓʦʷͨ�
,ýŎͳɕƸɂȹǈ÷ʮ�

 
�E3%3W ̵ʨŚ͜xʨ̱t E3 ʞ� 3W ʞq¸�Ô±dk̍ʞȫȐqs�mǊǆmʨǆmˤȄ˥ǟtsuĖ�

�k�mīĲƸğtsuįʉc�pt�nƸğ°dpwĂʉƥţ�Ǉ͠f�k�uxȫȐwc�t�Ͷǟ

Ł�Ů�ǜ̏ys�nȪʦʷqxmE3 ɳŁɫǆ�ƄŁchkʶw E3%)(&/A[�3W �̟Ȑ°dmi�j��

Å��Ó¤�¾ÓÔ¶¬μ~̟ͿuÅ�ƕƘʧƂchkniwͬu̟Ȑuƪěc�kå̉� B5 
6�2 °É

�Ï½�Ö�ʉtp + ɋėʙu̔Ƣdmiw͊Ʈː̹°

E3 ɳŁɫǆ°wʞͤǟ�ˢƢdknŮ ) xmå̉w͊Ʈ

wĶŚ�mE3 ʞĠ͕mE3 ʞʎ͵mE3 ʞ
3W ʞwʎ͵m3W

ʞĠ͕wΎʶuĪͽdpȌʅdk�wqs�nE3 ɳŁɫ

ǆyÙȗf�uo�pmE3 ʞĠ͕|wå̉w͊ƮĶŚy

ƫc_tnpt�n»×Ö¦̟Ϳx�mE3 ɳŁɫǆy

Ùȗf�°°�uʧƂͶǟďyƈ]_t�ĔŞ�ʭdkn

óÙx�mE3%3W Ś͜qxmE3 ʞĠ͕|wå̉͊ƮwǮ

İyʧƂͶǟďwŞÙ��k�f°ˑ̦c��n 
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̪Ʋ�ĝǙ )�Ǩƶ�˵Ɛ )�þ˿�˛Ɛ )�ĳʊ� ̺��ˠȻʊ� ˷ �̝Ȏ�΅˝ �ƶĊ� ˷ �ț͚�śǇ    
)ʅʦ 3BAB��Ȗʺ·�®���

 
� ĘͳƐʞͤͼǘ͟ɛ�3�5 �xmŜ×̟Ȑ�ĘƓͼǘ͟�Ęͼ�°ͳƐͼǘ͟�ͳͼ��ʉtp̔ƢdmÞͼǘ

͟uÅ�ǔ��kĕwʞͤ�ǔ�̖ȳɛqs�nǩoxmĞɶɴÒÖ£Öͼǘ͟�̂Ęͼǘ͟tswĘͼq

Ɉ˫ŀŷ̟Ȑwīɻx�ļȵʙûĘªÔ¹�̱w¤�²Ñ�Ɂĩdkǒmͳ̖ȈĩŶ̳ȷͳͼ�65%B5 �q

̵ǘǌǧ�́”uŕ̒Łf�̟Ȑ̥̌ɛ�Ɂ̚dkH)Inc�umĘͼĕ°iwīɻ°w�Ï�ÈÔ°yƞ

ȚxoɍʪuŒ�� 3�5 ¤¦®Çh 4YYWY3�5 iw͢ʖ�͊�knğÿʙuxmˎ˩ƫŨƗ� 76# qɇ̨

dk¤Ó�´²§²ǌ̱̼ȀÿwȻʻ�Ɛ˺�můƘÕˬɖǒm��ÐÑˉɈ˫uŀŷdmɭ̵˼īɻ�Ā

̌dkniwīɻ��Ñ×Ðɮɦ�kx̂Ę̈́˴ͦɌĴwĨʅd 76# ̂Ęĕ�ĞɶɴÒÖ£Öͼǘ͟uÅ�

ȅĕdknŜ×īɻ�͗͘�Ï³ÑwÅ{͞ɮɦqͳƐȶ˴dm 4YYWY3�5 qīɻ°̂ĘĤʟwû˜�Ŝ

ȧchmŜ×ˀǫwǘˎɅ͈�ŐƨͳƐɁĩŨuÅ�ȅǎdkn̓Ǔɉ˪uÅ�̂Ęĕ°Ŝeˀǫ� 65%

B5 ĕqʪ̣dmȅǎf�b°qƞȚu͙vŚ�hĕ�Œǔf�b°uǨĸdpw�mƞȚûĘ�Ȉoˎ

˩ƫŨƗw̵ǘˎɅ͈�β�xuq]�ÅuutnknȪʖ̇qxm�Ñ×ÐɮɦwÅ{̂Ę̈́˴ͦɌĴ�
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Site location analysis of Au dopants in Cu6Sn5 intermetallic compound by Cs-corrected STEM 
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� Cu6Sn5 is an important intermetallic compound in soldering and electronic packaging. It is formed at the 
interface between molten solder and substrate during the soldering process, and the evolution of 
microstructure and properties also occurs in service. Zeng et.al reveled that Au and Zn are stabilization 
alloying elements for hexagonal η-Cu6Sn5 intermetallic [1]. To understand of stabilization mechanisms at 
atom scale, in this work, we performed direct observation for dopants in Cu6Sn5 intermetallic codoped with 
Au and Ni elements using high-angle annular dark-field (HAADF) imaging and atomic-resolution chemical 
mapping with aberration-corrected (Cs-corrected) scanning transmission electron microscopy (STEM). It 
was found that Cu6Sn5 doped with Au and Ni has hexagonal structure. HAADF-STEM and atomic-resolution 
STEM-EDXS mapping reveled that Au atoms occupy the Cu1 sites in η-Cu6Sn5 although Ni dopant site 
location is still unclear.      
1. G. Zeng et al., Intermetallics 43 (2013) 85-98. 
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