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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�H
In�kmˮͳûwʖʇchk̟Ȑqmˋ%
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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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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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)(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 ̵w΂Ī̖˪ F ˘ͼǘ͟H
IuÅnpmÅ�¦˧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 x΂Ī̖˪̔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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΂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�Ȧdmʼ΋ͮǼuwtp 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 ħͰwtt΂ɰǆ BV �Š

�ˑȠ 7NBV yƙʃq]kn�

�
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�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�ƄŁchk΍ʶw 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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� 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�

ʉtkɈ˫ŀŷīɻßŵĘªÔ¹�̱wŪǖɛuotp̠ˎuŽšf�n 
 
1. ̪ƲĝǙ, ȖȪɀɽǌǧƓ÷̢ Plant Morphology 28 (2016) 15-21 
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ãƈƸ��+ãƈ˖ʅƸ��,ãƸƈƸ�

 
� ͂ǁmÅÑ¬½�Ó�­�ȫȐw±È�ÔɅ͈ʦʷuwtp B5 �ʉtk΂ļʁt̔ƢǬɛyɝʜc�p

t�H)IndxdmiwˑĕŌʅxȩlβ�xqttnȪʦʷqxmʆɿw�ÔÒÔ§ŶèɋͳƐɁĩŨ

���4��ȃ̾dk B5 uÅ� 8W V"+ ÅÑ¬½�Ó�­�͘ŁɽwǊ̤ͳ±È�Ôŕ̒ŁuotpɁ̚�̅tm

c�uʶow̔ƢȮõÚuw`�¡Ô°Ï¦°ƄŁ�̥ȷdknŮ ) u

ʭf 8W V"+w B5 %��4 ĕÅ�mǊ̤ͳ±È�Ô°×͕w±È�ÔƁu

ɚnkȢ˘ɿw¡Ô°Ï¦°yβʡu̔Ƣc�knȢ˘x×͕w±È�

ÔƁuɚnpw�mͳ˹ƠǆĪƼwŽšH
I°˳t×˲�ʭdknb�

x B5 %��4 uÅ�Ǌ̤ͳ±È�Ôl`qt_±È�ÔƁÙwƭǫʙtͳ

ûƺ��ŕ̒Łq]�b°�ʭťf�n�km±È�Ô¡Ô°Ï¦°x

Ĺ”ͳű°Ĕȑwǎͷ�œ`�ymȢ˘xĔȑwǎͷ�œ`ttb°y

ĪxnknȮõȥ͏ŁuÅnpmÅ�ǃ˃tÅÑ¬½�Ó�­�ȫȐw

±È�Ô̖ȳ|w͏ʉyȧǑc��n� � � � � �����Ů )�8W V"+ w B5 %��4 ĕ�

 
1. J. Li et al., Appl. Phys. Lett. 100 (2012) 152903(1)-152903(3). 
2. W. Wu et al., Phys. Rev. Lett. 108 (2012) 077203(1)- 077203(5). 
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� ƪͳǟ�ǵmŚ�hpttt¢Ô¿Ñx�µÑ�Öy¢Ô¿ÑĠuƽͳdpd�tm˕΄tʍĕyŒ�t

t¬ÊÖ¥�­¿yʖʇf�k�mƪͳǟĨʅyǜ̏utnp_�n��ÔɦÿH)Ix )((jóÚũɴ�

Ȧdpw�mȁʖǟyü_mʸɕßqƕƘqs�mƪͳǟ��oɦÿqs�nʹƪͳǟ̟Ȑu��Ôɦÿ�

¡Ö®�Ô�f�b°uÅnpƪͳǟ��kh�b°yq]�n��ÔɦÿxȋʘØʶͽƑŲdpw�m͏

īt��Ôɦÿ�ǻfwxŬͲqs�nȪŽš

qxƪͳʁH
Iyʐt���Ôɦÿ�
,&+8B
L8�

+&-8B
L8�(&-
8B
L8�(&(+8B
L8�wũʶͽ�͑Ƙ

dè͘Ł��ˌ�B4"
�u¡Ö®�Ô�f�b°u

Å�ɬƘˑȵ�Ɂ̞dkn�

 
)&��ÔɦÿwʲƓ�ȓÝòɦÿ|wǷǪ���Ôɦÿʦʷ÷���̎ƶǢƐ�N[�JT��àŧĩɼ�ȹ��


&��Ôɦÿ� ʼΏɼ� ͤȰŁƓ� ¹Ô½Ò­°�
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ÚŸ�ƍƋ )��Ɏ̩� ʺ 
�ƕɗ�ņʇ )�

)ãƷƸɂƈƓǥŽƸƓ͕�ʇţǥŽƸƓʲ��
ƛƴƈƓŃƓ͕�˾ʅƓĪ͚ 
� ½�ÑÆỐʗ̱x��¬Ô͙ŚİǕūƐqs�n½�ÑÆỐʗ̱w΋oqs� 6PWM+ xʖʇȧwǛʿ

¢Ñ¡È�wǌǨuǜ͸ẃʗ̱qs�mɊȂdkÅ�¦xǛʿǌǨÛĜuÅ�˧ʇ˲ɐ°t�H)In6PWM+

x  %T4VN ñ͂uƑŲf�b°x�xnpt�ym6PWM+ �Š�¢Ñ¡È�w̠ˎɅ͈xβ�xuc�pw

�gm6PWM+ yswÅuu¢Ñ¡È�wǌǨuͤ�npt�xxȩ̖βqs�nȪʦʷqxm6PWM+ w͒ø

ƐȆƄÅ�¦wǛʿ¢Ñ¡È�wɅ͈̖ȳ�“dpm¢Ñ¡È�wɅ˄°Ǡƾǟ˔ǵuwtp��¬Ô͙Ś

İǕɉɅyȵkfǏĶ�β�xuf�b°�ʜʙ°f�n�

� 6PWM+ ͒øƐȆƄÅ�¦wÅ{͚ʇŶÅ�¦wǛʿ¢Ñ¡È��mͳƐ˘°É�Ï½�Öɛ�ʉtpm΍

ɋėģɅǨ�̅tmŒǔc�kʍĕw̖ȳmɔ̽uÅ�m6PWM+ w¢Ñ¡È�ǌǨuͤf�ǏĶ�β�xu

f�nb��qum6PWM+ ͒øƐ�ȆƄdkǛʿ¢Ñ¡È�qx͚ʇŶ°ɔ}p½�ÏÈÔ°yä�pt�

b°y͋ͅŶͳƐͼǘ͟qwȅǎqβ�x°tnknibqmä�Ȕ�΍ɋėq̔Ƣf�k�um6PWM+ ͒

øƐȆƄǛʿ¢Ñ¡È��ͳƐ˘°É�Ï½�Ö�ʉtp΍ɋėģɅǨ�̅nknˑȵm��¬Ô½�ÏÈ

Ô°°Æ�¤Ô½�ÏÈÔ°yi�j�Īx�p̔Ƣq]m %T4VN ñ͂q½�ÏÈÔ°yä�pt�Ʌ͈

�ʪ̣q]knʃŲm¡Ô°ÓÖÑÅ�¦wǛʿ¢Ñ¡È�qŜɆu΍ɋėģɅǨ�dm͒øƐȆƄŶ°w

ɔ̽�̅npt_æƘqs�n�� � 1. Kan-o M, Takeya R, et al. Biol. Open, (2012) 1, 889–896. �
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͂˿�ɸ˟ )��͜à�ƒȝ 
��̎�ĐƉ͔ +�ʢý�ì ,���ȱƲ�ɞǀ ,��ʬ͕ĉ×͔ +��ßȬ�Ƚ×͔ -��ȿȪ�ȟâ .�

)ãƷĈĐʰʯƈƓ�ĈĐʲƓ͕��
ãƷƈƓʔͨ�ßƋǌǧĪȳƚ��+ãƷʈɂƈƓ�ʇţʲƓ͕���
,ãƷʈɂƈƓ�Ɠ̆ʦʷǽ͊ɉɅ��-áʏ˅ƈƓ�ŃƓ͕��.ʈɂŃʲƈƓ�ŃƓ͕ 

� pʜʙTĘͳƐʞͤͼǘ͟ɛ�3�5 ɛ�qxmęʒȶ˴�ȕdkɈ˫ŀŷ̵˼īɻts�Ęͼ̔ƢÕȅǎ

ǒuͳƐȶ˴�ȕdmŜ×͕û�ͳͼq̔Ƣf�Ǭɛyʉt��pt�n×Ȕmŀŷĳęʒȶ˴ɛxmęʒ

ȶ˴ǒw�¦Æ�ÇůƘ�ͳƐȶ˴qɇ̨̂Ę˴ˌŵĘyɥƌf�b°x� 3�5 ɛ|wǞʉxŬͲ°c

�pt�nîŪxȓ̑̂Ę˴ˌ 6T?WT4M wŀŷĳęʒȶ˴ɛ�ʉtk 3�5 ɛ|wǞʉuotpm˭̀̄ģ

ɱɡͭƜȞwˎ˩ˮˑŚŶ�É×�Ô 3F+3�) ʖʃ�É¯Ñ°dpɁ̚dknpȫȐ°ȔɛTB4 ˉͯÏ­°

w˭̀̄ģɱɡǒ 
 Ȗʜw˭˯�ʉtkn,&�¹ÏÃÑÇ�Ñ¯º±Õ(&(-��ÑªÑ�Ñ¯º±qůƘǒm

Ħˑīɻō{Å��Ó¦Ï�¢Öīɻ�Ā̌dmǯ 3F+3�) ǯÿ�ʉtęʒȶ˴�̅nkniwǒm)��Ñ

ªÑ�Ñ¯º±qģůƘdmȤu (&-��ũ͘Ł�¦Æ�ÇqǒůƘ�̅nknĘͼʉ̟Ȑx�Ð¨ÓÖÑÕ

#2B qƦě�kx�ª¶ÖÑqˬɖǒmʹɖɮǟƦěĴqƦědknͳͼʉ̟Ȑx�ª¶ÖÑˬɖǒm

4?YL?XJV qŀŷdknpˑȵT�¦Æ�ÇǒůƘuÅ� 6T?WT4M ŵĘǊǆxɩƬdkn�km�ÑªÑ

�Ñ¯º±ģůƘǒmǊt˱Ɲ̂Ęỵ����Åuutnkymiw˱Ɲ̂Ęx�¦Æ�ÇǒůƘǒͼ˻

uɩƬdkn�¦Æ�ÇǒůƘuÅ�ɩƬdk 6T?WT4M ŵĘǊǆxm�ª¶ÖÑˬɖǒƀĹdmȤu½�

ÑªÖÍ³­°ˏŚh�ƸƊf�b°uÅ�̂ĘǊǆx�¦Æ�ÇůƘĳ°ŜʴǆuŪǖdknpˑ̦T

6T?WT4M xŀŷĳęʒȶ˴ɛ�ʉtk 3�5 ɛuȦʉqs�n�
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� pxe�uT O ¤Ð¢�±xɅǨėˌyŴɑu̪ơuƑŲdmɓǟ�ütb°x�ʆſ̥ŤŶŅƪÿ°

dpɝʜc�pw�mĘͳƐȫȐ�ɺͳƄȀˌƐts|wǞʉyɁ̚c�pt�nȪȫȐĀ̌ɛw×o°d

p��ÔɝěɛyǿȾc�pt�yH)Im O ��Ôɝě B4 wǘˎɅ͈�  O
B4 wǌǨ͋ʴuotpxńĪu

̥}��ptttnȪʦʷqxmB4T4LWV�WV�4V=?TJ[WY�B"��ŻȲu  O ��Ô�ɝědkͬw«ÈÖ¥ưō

{ɺĨʅuÅ�ǌǨc�kģˑȠŁưuotpǘˎɅ͈̖ȳ�̅ub°qm O%B4 ʞǌǨuotpʣ̐�ǔ

�ç�ʜʙ°dknpƙͿȔɛT̟ȐĀ̌x��Ôɝěɛq̅nknĹ”ͳűx )(SND °dm O ��Ôɝ

ěȞw B"� ŻȲɫǆwÅ{±Ö§͛xi�j� 
-(jm+&,-d)().L8%
°dkn��Ôɝě̟ȐwɺĨʅxʟ

ʸßq̅tmȗɫ”ǆ )((j
84V&mĹɺɫǆ -((jmĈǵȞͣ -84V&°dknpˑȵ°ˢƢT��Ôɝěu

Å�mŻȲ̇͵x�ɧc .(V8 w͹Źuɪnp«ÈÖ¥ưyǌǨc�knȢ͚̒ĕuẋ͵x�ɧc +(V8 ñ

͂uȋ V8aȋ )(V8 ¢�§w²¶ˑȠy̔Ƣc�m�kͳƐŪǰŮǌux B4 °xʐt�ˑȠʞx�wŪǰȏ

ɴyʪ̣c�pt�b°x�m��ÔɝěwÅ{ɺĨʅuùnp B4 ˼ˮßq¤Ð¢�±ʞyǌǨc��b

°yʭťc�knͳƐŪǰƙͿwˑȵmb��w²¶ˑȠx  O)&0B4 ɭƕƘʞ°˳tƤǞ�ʭdknbwɭ

ƕƘʞx B4 ŻȲuƤdpȔû͖Şdpw�mŻȲǴȭuÅ�ůʞ�¼ª�¤ÊÑǨ͠�ːpǌǨdkçy

ˢv���n  �

1. M. Baleva et al., Phys. Rev. B 72 (2005) 115330-(1-7).�
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� C5 Ȣ͚̒Έ46Ή̔ƢqxmŪǰɜ�͑Ǳf�k�ǒɶɴ͵uƤɽ˒��ǹěf�wy“ƾqs�nˑȠ

Ʌ͈uÅnpxͮǼf�Ūǰ¦Ä­°̸ͣͱyƫc_ʜʙwŪǰɜw��͑Ǳf�b°yŬͲut�b°�m

̟Ȑ¦®Ö¥°Ƥɽ˒�yƿɨdp̟Ȑ�΂Ĕȑq]ttb°ys�mb��xͳƐ˘°É�Ï½�ÖΈ5CΉ

̔ƢH)Iqx˲ţʙtŦͻ°t�nǩoxƤɽ˒��ʉtgu C5 %46 °Ŝʾw̔Ƣy̅v� BC5 %46 ɛwʪ

ʺ°iw 5C ̔Ƣ|wǞʉuŒ�ˏ�qt�n!4 Ż̑ıŚ͜�Ƥ̫°dmʜʙw̑ıȼƐŐƨw�� BC5 

β͚̒ɁĩŨuŒ�̀�b°q BC5 %46 ĕ°dp͉˓Ĕȑĕ�Œǔdknbw BC5 %46 xƤɽ˒�yÛ̏qm

ͮǼf�Ūǰɜwǎͷ�͓`Țtn�kmˑĕÒÔ§ˉ�ʉtttwq C5 %46 uɔ}p˴őƺwǎͷ�œ

`u_tnȤuměƨͳƐwőȭ̕�ƀƈf�ymzg�¡Ô°Ï¦°wüɩ�ǃ˃ŭ̔Ƣwɴq� C5 %

46 Å�Ȧį°t�nkldîŪw̔ƢȮõΈĹ”ͳű +((�SDm»ÖÇőȭŅ̕ (&.�8YJMmȥƈ̟Ȑŋ�

)+(�V8 ʴǆΉqxm̟ȐĔȑ̕ǆwƀĹuùtĕǊǆyüÚdmģɅǨdk̑ıʞwĠ͕yßʸɿuȢ_

tnknb�uotpxŪǰɜwɥ̈ļȵ°mʹǋǟȊäuùu͋ͅͳƐǊǆɩ̈wΌow̏ūyˢv��

�nř̏ūwǎͷ�ĕǊǆɬƘ°ŪǰǊǆ̙ˁx�β�xudm͉˓Ĕȑĕu͏ītċɍ�ȕfb°uÅ�m

ßʸɿ¡Ô°Ï¦°wʃ�ttʅǦʙt 5C ʍĕ�ʜǶdpt�n 
1. K. Kimura et al., J. Electron Microscopy 54(2005) 373–377. 

LB-15 

LB-16 



 
 
ª�AR1j��¼�mhÕ� M�È¦å 
͝Ȩ�˶ˊ )� )ȖȪŃʲƈƓ�ĞŜʦʷȕ̜�ǌǧ̖ȳʦʷƚ�

� ̄ƫȲxĩ̄tsu̴ūf�̄˂Ġʚˎ˩wȂēmĵͱdkžŚmĠʚÚˏ˚w¡ÏÖ Ôtsuˈʠm

c�uʞéuħͰdmɌ̄ȸ�ǌǨdpɌ̄usk�nʐƾ̄ƫȲqxˈʠ�kxħͰ˪yüÚdpt�k

�umɌ̄Ǉ͠mˍȏǌǨtsw˰Ǆǫ̐�ʭfn�

� îŪmȪʦʷƚqːͿdkʐƾº°̄ƫȲw̵ǘǌǧ�Ą̓f�nº°̄ƫȲx΀΁ƹȺʄwǨɹuùn

pǌǨc�kĪͱˮuɚnpˎ˩̱yĪĶdmiw×͕xȋʂɿw XYWXTJ[NTN[ °tnp΁ɟuʹĩdmc

�ub�ym^�p͠ǐ�
r,�g8 wġʛ�kxʩʥɿw̄ƫȲ°dp̄ɦǗʆuȈĩc��n̄ƫȲux

ȺxttymðwƫŨƗy̪ơuƑŲdmůȦwƫŨƗ°dp͢Ȉƫ˂ˉme ͺˆmɰȶͺˆmȢ̥ƫ˂

ˉy̐��H)�+�-�.Imˎ˩΀ȼwǘƫ˂m��¬Ôˎ˘˔�ƑŲf�H
�,In�

� ½�¾Ð¶ Ôœƞÿqs��OTCLWXYW[N4V��7#���K
���J��e��KI+��Ô®�ÐÔ�yɊȂmüÚ�kx

̱ʙƄŁ�ʭf̄ƫȲɵķʕǤˣ�̄ƫȲqxmiwǌǧm¢�§xɍƾ°~�ŜɆqs�yme ͺˆȋw

ɩƬĔŞy̐���H+In]WV�E4TTNKYJVM�ūƐwœƞÿqs��7#�K
D
�F�̍ŚÿwɊȂmüÚ�ʭf�

2NYVJYM%BW?T4NY�ʕĎ˞Ǥˣ̄ƫȲqxmʝǐ ,�g8 óÙwƈŶʄɿwǌǧ�ʭfH+InĘͼʙu OYJC uȶ

˴c��ɲ˴̄ƫȲʕĎ˞Ǥˣ̄ƫȲqxmƈŶŁme ͺˆwɊȂy̐��mˎ˩Ġyʑut�°°�u

Ȣ̥ƫ˂ˉyʜʺnp̔Ƣc��H.In��

 
1. ͝Ȩ˶ˊ (Īǳźʽ), ȓ̄ȸɌ̄̄ȸƓ ̄˂°̄ ƫȲ, p. 137-145, 2015.  
2. Suzuki H, Tanoue K, Yamazaki H: Histochemistry, 96: 31-39, 1991.  
3. Suzuki H, Yamazaki H, Tanoue K: Progr Histochem Cytochem 30: 1-109, 1996.  
4. Kunishima S, Nishimura S, Suzuki H, et al: Eur J Haematol. 92: 276-82, 2014.  
5. ͝Ȩ˶ˊ, ͼǘ͟, 40: 124-127, 2005.  
6. ͝Ȩ˶ˊ (Īǳźʽ), Į ĢÕŃƓws�� ̄ɦʓǤ-state of arts Ver.3, p.733-736, 2005  
 
	
	

Site location analysis of Au dopants in Cu6Sn5 intermetallic compound by Cs-corrected STEM 

Wenhui Yang1, Tomokazu Yamamoto1, Kazuhiro Nogita2, Syo Matsumura1 
1 Department of Applied Quantum Physics and Nuclear Engineering, Kyushu University,  
2 Nihon Superior Centre for the Manufacture of Electronic Materials (NS CMEM), School of Mechanical and Mining 
Engineering, The University of Queensland��
 
� 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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