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◊✲ᡂᯝࡢᴫせ㸦ᩥ㸧㸸ྜ≀༙ᑟయࡿࢀࡽ࠸⏝ࣖ࣡ࣀࢼ௦⾲ⓗ࡞≀㉁࡛ࣄ࣒࢘ࣜ࢞ࡿ࠶

⣲ࠊ࡚࠸ࡘせ࡞⤖ᬗ㠃(-1-1-1)ࡢཎᏊᵓ㐀ࠊࢆ➨୍ཎ⌮ィ⟬ࡿࢀࡤࡼᴟ࡚ࡵಙ㢗ᛶࡢ㧗࠸

⌮ㄽィ⟬ᡭἲ᳨ࡾࡼドࠋࡓࡋ㧗 ┦㸦√19×√19 ┦㸧㛵ࡿࡍᚑ᮶ࡢᵓ㐀ㄗࡇࡿ࠶ࡀࡾ

㠃ᵓ㐀⾲࡞࠺ࡼࡢࡇࠊࡽࡉࠋࡓࡋᥦၐࢆᵓ㐀࠸ࡋṇࡽほⅬࡢᏳᐃᛶ࣮ࢠࣝࢿ࢚ࠊࡋᣦࢆ

ࡢࠊࡸ V ᪘ඖ⣲ࡢ྾╔ࣄ࣒࢘ࣜ࢞ࡀ⣲ࣀࢼࡢᵓ㐀ࡃࡁᙳ㡪ྍࡿࡍ⬟ᛶࢆண ࠋࡓࡋ 
 
◊✲ᡂᯝࡢᴫせ㸦ⱥᩥ㸧㸸This theoretical study examined the atomic structure of the surface 
of GaAs, a substance typically used in III-V semiconductor nanowires. Highly reliable 
calculations (based on first-principles methods) found that the earlier structural models 
of the high-temperature phase (√19 x √19 phase) are in fact unstable and insufficient. 
A new model was built and its validity confirmed. Furthermore, the effect of such surface 
structures, as well as that of the introduction of other group-V elements, on the 
nano-scale structure of GaAs was predicted.  
 
Ỵᐃ㢠 
                               㸦㔠㢠༢㸸㸧 

 ┤᥋⤒㈝ 㛫᥋⤒㈝ ྜ ィ 
㸰㸮㸮㸷ᖺᗘ 1,030,000 309,000 1,339,000 

㸰㸮㸯㸮ᖺᗘ 670,000 201,000 871,000 

⥲ ィ 1,700,000 510,000 2,210,000 

 
◊✲ศ㔝㸸≀ᛶ⛉Ꮫ 
 ศ⛉࣭⣽┠㸸ᛂ⏝≀ᛶ࣭⤖ᬗᕤᏛࡢ㈝◊⛉
 ⣲ࣄ࣒࢘ࣜ࢞ࠊ⟭ཎ⌮ィ୍➨ࠊ㠃ᵓᡂ⾲ࠊᬗᡂ㛗⤖ࠊᮦᩱࣀࢼ㸸ࢻ࣮࣮࣡࢟
 
㸯㸬◊✲㛤ጞᙜึࡢ⫼ᬒ 
㸦㸯㸧᪥ࡢ㧗ᗘሗ♫༙ࣥࢥࣜࢩࠊࡣ
ᑟయᅇ㊰ࡢᚤ⣽ࡿࡼ㧗㏿࣭㧗㞟✚
ࣀࢼࡀᚤ⣽ࠊࡋࡋࠋࡿ࠸࡚ࢀࡽ࠼ᨭࡾࡼ
㔞Ꮚㄽⓗࡢ㟁Ꮚࠊࡿࡍ⾜㐍࡛ࡲ࣮ࣝࢣࢫ
㔞Ꮚ⣽ࡸࢺࢵࢻ㔞Ꮚࠊ࡛ࡢࡿ࡞㢧ⴭࡀ࠸⯙
㔞Ꮚࡓࡋ⏝άᴟⓗ✚ࢆᵓ㐀ࣀࢼࡢ࡞⥺
࡚ࢀࡽࡵồࡀᡂࡢࢫࢡࢽࣟࢺࢡ࢚ࣞࣀࢼ
 ࠋࡿ࠸
㸦㸰㸧࡞࠺ࡼࡢࡇ⫼ᬒࠊࡶࡢᾏ㐨Ꮫ㔞
Ꮚ㞟✚ࠊࡣ࡛࣮ࢱࣥࢭ✲◊ࢫࢡࢽࣟࢺࢡ࢚ࣞ
᭷ᶵ㔠ᒓẼ┦㑅ᢥᡂ㛗ἲࡿࡼ⮬❧ᆺIII-V
᪘ྜ≀༙ᑟయࡢࣖ࣡ࣀࢼస〇ࣂࢹ
ᚤ⣽ຍᕤࠊࡣࢀࡇࠋࡿ࠸࡚ࢀࡽࡵ㐍ࡀ⏝ᛂࢫ

ᢏ⾡ࡢ⨨࣭ࢬࢧไᚚᛶࠊẼ┦࢟ࢱࣆ࢚
III-V᪘ࠊࡾࡼྜ⼥ࡢᡂไᚚᛶ⤌ࡢἲ࣮ࢩ
ྜ≀༙ᑟయࡢᵝ࡞ࠎ㔞Ꮚᡞᵓ㐀ࡢᙧᡂ
㞟✚ࠊࡿࡍ⬟ྍࢆ⏬ᮇⓗ࡞ᢏ⾡࡛ࢼࠋࡿ࠶
⏝ࢆ㔠ᒓ⢏Ꮚࠊࡣᡂ㛗᪉ἲࡢࣖ࣡ࣀ
 ࠋࡿ࠶ࡀVapor-liquid-solidἲ㸦VLSἲ㸧ࡿ࠸
㸦㸱㸧ࣀࢼࠊࡽࡀ࡞ࡋࡋᵓ㐀࡞࠺ࡼࡢᴟᑠ
ࠊࡵࡓࡿ࡞ᨭ㓄ⓗࡀຠᯝࡢ㠃⾲ࠊࡣ⣔࡛࡞
ணእࡢၥ㢟ࠊ≉ࠋࡿ࠶ࡀࡇࡿࡌ⏕ࡀ
III-V᪘༙ᑟయࠊࡣ࡛ࣖ࣡ࣀࢼ㛝ள㖄ᵓ㐀
ࡀၥ㢟ࡿࡍΰᅾࡀᒙ⛛ᗎ✚ࡢ㖔ᵓ㐀ࢶࣝ࢘
⌧ᐇࢆ⏝ᛂࢫࣂࢹ㟁Ꮚࡢࣖ࣡ࣀࢼࠋࡿ࠶
ࡀࡇࡿࡁไᚚ࡛ࢆᒙ⛛ᗎ✚ࠊࡣࡵࡓࡿࡍ
ᮃࠊࡣࡵࡓࡢࡑࠋ࠸ࡋࡲᡂ㛗⾲㠃ࡢཎᏊᵓ
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selective-area vapor-phase epitaxy: A first-principles study 
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㐀ࡀ✚ᒙ⛛ᗎࡿ࠼ᙳ㡪ࢆゎ᫂ࡇࡿࡍ
 ࠋࡿ࠶㔜せ࡛ࡀ
㸦㸲㸧GaAs࡞ྜ≀༙ᑟయࡢ⾲㠃ᵓ㐀
ᐇࠊࡀࡓࡁ࡚ࢀࡉ࡞ࡀ✲◊ࡢࡃከࠊࡣ࡚࠸ࡘ
ヲ⣽ࡣᵓ㐀ࡢࡑࠊࡶ࡚࠸ࡘ┦㠃⾲࡞せࡣ
 GaAsࠊ≉ࠋ࠸࡞࠸࡚ࡗ࡞ࡽ᫂ࡣ
(-1-1-1)㠃ࣖ࣡ࣀࢼࠊࡣẼ┦ᡂ㛗ࡿࡅ࠾ᡂ
㛗㠃࡛ࠊࡀࡿ࠶㧗 ┦࡛19√×19√ࡿ࠶⾲㠃
ࢀࡉᥦၐࡀᵓ㐀ࡿ࡞␗ࡘࡃ࠸ࠊࡣ࡚࠸ࡘ
ᐇ㦂ࡢ㐣ཤࠋ࠸࡞࠸࡚࠸ࡘࡀ╔Ỵࠊࡾ࠾࡚
㛵㐃ᛶࡣ㢖ᗘࡢᒙᩚ✚┦㠃⾲ࠊࡿࡼ
㔜せ࡛≉ࡀ᳨ウࡢ㠃ᵓ㐀⾲ࠊ࡛ࡢࡿ࠶ࡀ
 ࠋࡿ࠶
㸦㸳㸧ࠊࡋࡔࡓᡂ㛗⾲㠃࡛(1-1-1-)ࡿ࠶㠃⌧
ࡘࡢ┦19√×19√┦2×2ࠊࡣ┦㠃⾲ࡿࢀ
ࡣࡽほⅬࡢᒙไᚚ✚ࠊࡾ࠾࡚ࢀࡽ㝈ࡰ
ࠊ࡚ࡗࡀࡓࡋࠋࡿ࠶⣔࡛࠸࡞ࡀᗘ⏤⮬ࡾࡲ࠶
࡚ࡋᑟධࢆඖ⣲✀␗࡞ࢺࣥࢱࢡࣇ࣮ࢧ
⾲㠃ᵓ㐀ࢆኚࠊࡏࡉ✚ᒙ⛛ᗎᙳ㡪ࢆ࠼
 ࠋࡿ࠶㔜せ࡛ࡶࡇࡿࡍウ᳨ࢆᛶ⬟ྍࡿ
㸦㸴㸧ୖグࡢၥ㢟ࢆ㆟ㄽࠊࡣࡵࡓࡿࡍ✚ᒙ
ᩚࠊ࡞࣮ࢠࣝࢿ࢚ཎᏊࡢ⣽࡞㓄ิࡢ㐪
ࡅ࡞ࡋࡽ᫂ࢆ㐪┦ࡢᏳᐃᛶࡿࡃࡽ࠸
ࡋ㞴ࡣᐃ࡛ ࡸᐇ㦂ࠊࡣࢀࡇࠋ࠸࡞ࡽ࡞ࡤࢀ
ࡵồࢆ࣮ࢠࣝࢿ࢚ࡘᣢࡢ㉁≀㠀⤒㦂ⓗࠊࡃ
⟭ཎ⌮ィ୍➨ࡾࡲࡘࠊィ⟬ᡭἲࡿࡁ࡛ࡇࡿ
 ࠋࡿ࠶ᚲせྍḞ࡛ࡀ
 
㸰㸬◊✲ࡢ┠ⓗ 
 ௨ୖࡢ⫼ᬒࢆ㋃ࠊ࡚࠼ࡲᮏ◊✲࡛ࠊࡣGaAs 
(-1-1-1)㠃ࡢཎᏊᵓ㐀ࠊ⾲㠃ᵓ㐀ࡸ␗✀ඖ⣲
ࣝ࣋ࣞ⌮ཎ୍➨ࠊࢆᙳ㡪ࡿ࠼ᒙ⛛ᗎ✚ࡀ
ࠊࡎࡲࠋࡿࡍⓗ┠ࢆࡇࡿࡍド࣭ゎ᳨᫂ࡢ࡛
GaAs (-1-1-1)㠃ࡃࠊ㧗 ┦࡛19√ࡿ࠶×
√19⾲㠃ࡢᵓ㐀ࢆゎ᫂ࠋࡿࡍḟࡸ┦2×2ࠊ
ᒙ⛛ᗎ✚ࡀ㠃ᵓ㐀⾲ࡢ࡞┦19√×19√
ࡿ࠼ᙳ㡪ࢆ᫂ࠊࡽࡉࠋࡿࡍࡽSbࡸBi
ᙳࡿ࠼ᒙ⛛ᗎ✚ࡀ╔ཎᏊ྾✀␗ࡢ࡞
㡪ࢆ᫂ࠋࡿࡍࡽ 
 
㸱㸬◊✲ࡢ᪉ἲ 
㸦㸯㸧ᮏ◊✲࡛ࠊࡣᶆ‽ⓗ࡞➨୍ཎ⌮ࢿ࢚
ཎࡢ㉁≀ࠊ⯡୍ࠋࡓ࠸⏝ࢆィ⟬ᡭἲ࣮ࢠࣝ
Ꮚᵓ㐀ࡀ࣮࢞ࣥࢹ࣮ࣞࣗࢩࠊࡿࢀࡽ࠼
᪉⛬ᘧ್ᩘࢆⓗゎ࡚࠸ࢆ࣮ࢠࣝࢿ࢚ồ
࠸㧗ࡢ࣮ࢠࣝࢿ࢚ࡣ㉁≀ࠋࡿࡁ࡛ࡀࡇࡿࡵ
≧ែࡽప࠸≧ែኚࡿࡍഴྥࡿ࠶ࡀ
࣮ࢠࣝࢿ࢚ࡓࢀࡽࡵồࡾࡼ⟭ㄽィ⌮ࠊࡽ
ࡁ࡛ࡀࡇࡿࡍ㆟ㄽࢆᏳᐃᛶࡢ㉁≀ࠊᇶࢆ
ཎ⌮ⓗᡭἲ୍➨ࢆࢳ࣮ࣟࣉ࡞࠺ࡼࡢࡇࠋࡿ
ຊᏛᏳᐃ⇕ࡾࡼᐇ㦂࣭ ᐃࠊࡾ࠾࡛ࢇ
ᛶࢆㄪࡀࡇࡿᅔ㞴ࣀࢼ࡞≀㉁ᑐ࡚ࡋ
 ࠋࡿ࠶᭷ຠ࡛≉
㸦㸰㸧ලయⓗ࣒ࣝࣀࠊࡣಖᏑᨃࣕࢩࣥࢸ࣏
ᖹ㠃Ἴᒎ㛤ࢆKohn-Sham᪉⛬ᘧࠊ࠸⏝ࢆࣝ
࢚ࡿࡼᐦᗘ໙㓄㏆ఝ⯡୍ࠊ࡚࠸ゎࡾࡼ
ᵓ㐀ࡢ࡚ࡓࡋウ᳨ࠋࡓࡋ⟭ィࢆ࣮ࢠࣝࢿ

ࡾࡘࡀຊࡾࡲࡘࠊ㐺᭱ࡢཎᏊᗙᶆࠊ࡚࠸ࡘ
࣒ࣛࢢࣟࣉ⟭ཎ⌮ィ୍➨ࠋࡓࡵồࢆ⨨࠺࠶
ࠋࡓ࠸⏝ࢆSTATEࡿࡼ◊⏘㜰࣭◊⥲⏘ࡣ
ᩘ್ィ⟬ࡣࠊ⮬సࡢPC࡛ୖࢱࢫࣛࢡᐇ⾜
 ࠋࡓࡋ
㸦㸱㸧ᖹ⾮≧ែࡿࡅ࠾GaAs⾲㠃ࡢཎᏊᵓ㐀
㠃ᵓ㐀⾲࡞ࠎᵝࠋࡿࡍ౫Ꮡ⣲㞺ᅖẼࣄࠊࡣ
ࡿ࡞‽ᇶࠊࡵࡓࡿࡍ㆟ㄽࢆᑐⓗᏳᐃᛶ┦ࡢ
⾲㠃┦ࡽᙧᡂࡿࡍ㝿࣮ࢠࣝࢿ࢚ࡢኚ㸦⏕
ᡂ࣮ࢠࣝࢿ࢚㸧ࣄࢆ⣲Ꮫࡢࣝࣕࢩࣥࢸ࣏㛵
ࣥࢸ࣏⣲Ꮫࣄࡓࢀࡽ࠼ࠋࡓࡵồ࡚ࡋᩘ
ᵓ࠸పࡶ᭱ࡀ࣮ࢠࣝࢿ࢚ᡂ⏕ࠊୗ࡛ࡢࣝࣕࢩ
㐀ࠋࡿࢀ⌧ࡀ 
㸦㸲㸧⾲㠃ᵓ㐀ࡸ྾╔ཎᏊ✀ࡀ✚ᒙᩚࡢᏳ
ᐃᛶࡿ࠼ᙳ㡪᳨ࢆウࠊࡵࡓࡿࡍ⾲㠃ཎᏊ
ᒙ┤ୗ✚ᒙᩚࢆᑟධࡓࡋᵓ㐀ࣔࠊࣝࢹ
ᮏ᮶ࡢᵓ㐀࣮ࣔࢠࣝࢿ࢚ࡢࣝࢹᕪࢆ➨୍
ཎ⌮ィ⟬ࡾࡼồࡢࡇࠋࡓࡵᕪࡀࠊ࠸ࡁ
✚ᒙᩚࡀධࢆࡇ࠸ࡃࡾពࠊ࠾࡞ࠋࡿࡍ
༙ᑟయ⾲㠃࡛ࡣཎᏊࡢ㓄ิ㸦ᵓᡂ㸧ࡀ㉳
࠸࡚ࡗ࡞␗࿘ᮇࡢᬗ୰⤖⯡୍ࠊ࡛ࡢࡿࡁ
࢚ᡂ⏕ࡢᵓᡂ࿘ᮇ༢࡛ࠊ࡚ࡗࡀࡓࡋࠋࡿ
㆟ࢆࡉ᫆ࡾධࡢᒙᩚ✚ࡶࢆ࣮ࢠࣝࢿ
ㄽࡢࡘ୍ࠊࡣࢀࡇࠋࡿࡍᵓᡂ࿘ᮇෆ୍ࡢ㒊
ศࡅࡔ✚ᒙᩚࡓࡗ࡞≧ែࡣᴟ࡚ࡵᏳ
ᐃ࡛ࠊ↓ど࡛ࠋࡿ࠶࡛ࡽࡿࢀࡽ࠼⪄ࡿࡁ 
 
㸲㸬◊✲ᡂᯝ 
㸦 㸯 㸧 ➨ ୍ ཎ ⌮ ィ ⟬  ࡼ ࡾ ᚓ ࡽ ࢀ ࡓ
GaAs(-1-1-1)√19×√19⾲㠃ࡢཎᏊᵓ㐀ࣔ
ࡀ(d)ࡽ(a)ࠊࡕ࠺ࡢᅗ1ࠋࡍ♧ᅗ1ࢆࣝࢹ
㐣ཤࣝࢹࣔࡢᇶ࡙ࠊ࡛ࡢࡶࡃ(e)(f)ࡀ
ᅇ᪂ࡓసᡂࡢࡽࢀࡇࠋࡿ࠶࡛ࣝࢹࣔࡓࡋᵓ
㐀ཬ2×2ࡿࡍྜ➇ࡧ⾲㠃┦ࡢᵓ㐀ࣔࣝࢹ
ᅗࢆ࣮ࢠࣝࢿ࢚ᡂ⏕ࡓࢀࡽィ⟬࡛ᚓࠊ࡚࠸ࡘ
⣲ࣄࠊ࠺ࡼࡿࢀྲྀࡳㄞࡽᅗ2ࠋࡍ♧2
Ꮫࡀࣝࣕࢩࣥࣥࢸ࣏㧗ࣄࡾࡲࡘࠊࡁ࠸⣲㞺
ᅖẼࡀᙉࣄ2×2ࡣࡁ࠸⣲࣮࣐ࣛࢺᵓ㐀
ࢢ19ሸࣜࣥ√×19√ࡣࡁ࠸ᙅࠊࡀ
(filled)ᵓ㐀ࡿࢀ⌧ࡀ(ᅗ1f)ࠊࡣࢀࡇࠋ ᗘ
ࡋࡿ࡞ࡃᙅࡀ⣲㞺ᅖẼࣄࡾࡼ࡞᪼ୖ
ࡿࢃኚ┦19√×19√ࡀ┦2×2ࠊ࡚ࡗࡀࡓ
ࠊᑐࠋࡿ࠸࡚ࡋ⮴୍ᐇ㦂⤖ᯝࡢᚑ᮶࠺࠸
(a)ࡽ(d)ࡢᚑ᮶ࣔࠊࡣ࡛ࣝࢹ㧗 ഃ࡛2ࡶ
ᐇ㦂ࠊ࡛ࡢ(ᅗ2)࠸㧗ࡀ࣮ࢠࣝࢿ࢚ࡾࡼ┦2×
⤖ᯝࠋࡿࡍ┪▩ᚑ19√×19√ࠊ࡚ࡗ⾲㠃ࡢ
ࡀࣝࢹࣔࡢᅗ1fࡓࡋᅇᵓ⠏ࠊ࡚ࡋࣝࢹࣔ
 ࠋࡿ࠶᭷ᮃ࡛ࡶ᭱
㸦㸰㸧௨ୖࡢ⤖ᯝࠊࡣᅗ1᭱ࡓࡋ♧㐺ᵓ
㐀ࡽḟ࠺ࡼࡢㄝ᫂ࡎࡲࠋࡿࢀࡉ(a)࡛ࠊࡣ
AsGaࡿ࡞ࡽභゅࣜࣥࢆࢢᨭࡿ࠸࡚࠼እ
⾲ࠋࡿ࠸࡚ࡗ࡞2㓄ࠊࡀGaཎᏊࡢ6ಶࡢ⦖
㠃࡛ࡣGaࠊAs3ࡶ㓄ࡿ࡞ഴྥࡿ࠶ࡀ
ࠊᐇ㝿ࠋࡿ࠶Ᏻᐃ࡛࡚࠸࡚ࡗవࡀྜ⤖ࠊࡽ
ྥእഃࡣ3ཎᏊࠊࡕ࠺ࡢ6ཎᏊࡢእഃࢢࣥࣜ
ࡓࡗ࡞ࢀࢃྜ⤖ࠊࡾ࠾ฟ࡚ࡁ✺࡚ࡗ
㟁Ꮚࡀవࢆࡇࡿ࠸࡚ࡗ♧၀ࠋࡿ࠸࡚ࡋḟࠊ



(b)ࡽ(d)ࠊࡣ࡛ࣝࢹࣔࡢ࡛ࡲභゅࣜࣥࢢ㛫
ཎᏊࡢ2㓄ࠊࡾࡼࡇࡿࡍ⨨㓄ࢆཎᏊ
භゅࣜࠊࡋࡋࠋࡿ࠸࡚ࡋ࠺ࡼ࠸࡞ࢀ⌧ࡀ
ࢢභゅࣜࣥࠊ࡛ࡢࡿࡁ࡛ࡀࡾࡀ࡞ࡘࡢ㛫ࢢࣥ
ࠊᐇ㝿ࠋࡿ࠶ࡀࢀࡑ࠾ࡿࡍ΅ᖸᵓ㐀⦆ࡢ
3㓄ࣄࡢ⣲ཎᏊࡣእഃࡁ✺࡚ࡗྥฟࡿ
ᛶ㉁ࠊ࡛ࡢࡿ࠶ࡀභゅࣜࣥࡣࢢ(a)࡛10ࡣ㸣
௨ୖ⦰ᑠࠊࡀࡿ࠸࡚ࡋ(b)ࡽ(d)࡛5ࡣ㸣
(d)ࡽ(b)ࠊࡵࡓࡢࡇࠋࡿࡲᑠ⦰ࡢ
Ᏻᐃᛶ࡞༑ศࡣᵓ㐀ࡢ㙐ᆺࢢࣥࣜ࡞࠺ࡼࡢ
 ࠋ࠸࡞ࡁ࡛ࡀࡇࡿࡍᚓ⋓ࢆ
㸦㸱㸧ࠊ࡚ࡗࡀࡓࡋ(a)ࢆࣝࢹࣔࡢᨵⰋࡿࡍ
ࢢࣥࣜࠊࡃ࡞ࡇࡿࡆ࡞ࡘࢆ㛫ࢢࣥࣜࠊࡣ
እ⦕ࡢవࢆྜ⤖ࡓࡗᇙࡿࡵᚲせࡢࡑࠋࡿ࠶ࡀ
࠺ࡼࡴᅖࢆࢢࣥࣜ࠺ࡼࡢ(e)ࠊࡣࡵࡓ
ཎᏊࢆ㓄⨨ࠋ࠸࡞ࡋࡿࡍGaࢆ㓄⨨ࡿࡍሙྜ
ほࡢᵓ㐀⦆ࠊࡀࡿ࠶ࡀሙྜࡿࡍ⨨㓄ࢆAs
Ⅼࡁ✺ࠊࡣࡽฟࡿഴྥࡿ࠶ࡀAsཎᏊࡢ᪉ࡀ
᭷࡛ࠋࡿ࠶㸦ᐇ㝿ࠊィ⟬࡛3ࡣཎᏊࡶAsࡢ
ሙྜࡾࡼࠊࡀᏳᐃࡢ⤖ᯝࡀᚓࠋࡓࢀࡽ㸧ࡋ
ࢺࢡ࢚ࣞほⅬ㸦ࡢ㟁Ꮚᩘ࡞ᚲせྜ⤖ࠊࡋ
࿘ᮇࠊࡿࡳࡽㄽ㸧⌮ࢢࣥࢸࣥ࢘࢝ࣥࣟ
ᙜ0.75ࡾ㟁Ꮚవࡾ࠾࡚ࡗ࡞ᨵⰋࡢవᆅ
ᵓࡢࡇࡲࡲࡓࡗಖࢆศ㞳ࡢ㛫ࢢࣥࣜࠋࡿ࠶ࡀ
㐀ࢆᨵⰋࢢࣥࣜࠊࡣࡿࡍ୰ኸཎᏊࢆ㓄⨨
ࡍ⨨㓄ࢆAsཎᏊ࠺ࡼࡢᅗ1fࠊࡃ࡞ࡋࡿࡍ
࡛ࡀࡇࡿ࠼ᢚ࡛ࡲ0.25ಶࢆవཎᏊࠊࡿ
ࢿ࢚༢ࠊࡣᵓ㐀ࡢᅗ1fࠊ࡚ࡗࡀࡓࡋࠋࡿࡁ
࠸19ᵓ㐀√×19√࡞Ᏻᐃࡶ᭱ⓗ࣮ࢠࣝ
࡞㟁Ꮚᩘⓗࡸศ㞳ࡢ㛫ࢢࣥࣜࠊࡃ࡞࡛ࡅࡔ࠺

せㄳ࡛ࡶࡢᚲ↛ⓗ฿㐩ࡿࡍᵓ㐀࡛ࠊࡾ࠶
ព࡛᭱࠺࠸࠸࡞ࡀవᆅࡢ௨ୖᨵ㐀ࢀࡇ
Ⰻࣝࢹࣔࡢゝࠋࡿ࠼ 
㸦㸲㸧ᅇ᪂ࡃࡋᵓ⠏ࢹࣔࡓࡋ 㸦ࣝᅗ3a㸧ࠊࡣ
STMほᐹ࡛ᚓࡿ࠸࡚ࢀࡽ୰✵࡞භゅࣜࣥࢢᶍ
ᵝࠋ࠸࡞ࡋ┪▩STMࣥࣙࢩ࣮࣑ࣞࣗࢩ⤖ᯝ
ࢀࡉ⨨㓄ࡀཎᏊ୰ኸࢢࣥࣜࠋࡍ♧ᅗ3bࢆ
ീࣥࣙࢩ࣮࣑ࣞࣗࢩࠊࡎࡽࢃࡶࡿ࠸࡚
ࠊࡣࢀࡇࠋࡿ࠸࡚࠸✵ࡀ୰ኸࢢභゅࣜࣥࡣ࡛
୰ኸࡢAsཎᏊ4ࡀ㓄㸦ᅗ3a㸧ࠊࡾ࠾࡚ࡗ࡞
ᮍ⏝ࢆྜ⤖ࡢᣢ࠼⪄ࡿ࠶࡛ࡵࡓ࠸࡞ࡓ
AsཎᏊࡓࡋ⨨㓄⦖እࢢࣥࣜࠊࡓࡲࠋࡿࢀࡽ
⨨࠸పࡾ࡞ࡶࡾࡼAsཎᏊࡢࢢࣥࣜࠊࡣ
 ࠋ࠸࡞ࡽ࡞ࡣࢺࢵ࣏ࢫ࠸ᙉࠊ࡛ࡢࡿ࠶
㸦㸳㸧௨ୖࡢ㆟ㄽ࡛ࠊࡣཝᐦ19√×19√࿘
ᮇࢆᣢࡘᵓ㐀᳨࡚ࡗ⤠ウࠊࡀࡓࡋಸ࿘ᮇࡢ
ᵓ㐀࡛ࡣవ㟁Ꮚࢆࣝࢹࣔࡢࣟࢮᵓ⠏ࡿࡍ
ࢢሸභゅࣜࣥࠊࡣලయⓗࠋࡿࡁ࡛ࡀࡇ
㸦ᅗ1f㸧4ಶ1ࡾࡓ࠶ಶࠊ࡚࠸ࡘࢢࣥࣜࡢ୰
ኸࡢAsཎᏊࡾྲྀࢆ㝖ࠊࡃవ㟁Ꮚ࡞ࣟࢮ
ࠊࡿࡼ⟭ィࡋࡋࠋ(ࣝࢹmissingࣔ)ࡿ
ᅗ1f࡞࠺ࡼࡢࡇࡣࣝࢹࣔࡢవ㟁Ꮚ࠸࡞ࡢ
19√×19√ࠋ㸦ᅗ2㸧ࡿ࠶Ᏻᐃ࡛ࡶࡾࡼࣝࢹࣔ
ࡾᇶᮏ࿘ᮇᙜࠊࡃࡁࡾ࡞ࡣᇶᮏ࿘ᮇࡢ┦
0.25㟁Ꮚ⛬ᗘࡢవࠊࡣ┦ᑐⓗ࣮ࢠࣝࢿ࢚࡞
ᏳᐃᛶࢆỴࠊ࡛ୖࡿࡵᨭ㓄ⓗ࡞せᅉࡾ࡞ࡣ
ᚓࢆࡇ࠸࡞ពࠊࡣࢀࡇࠋࡿ࠸࡚ࡋ

ᅗ3: ᪂࠸ࡋᵓ㐀ࣔࣝࢹSTMീ࣮࣑ࣞࣗࢩ
 㸧ࡾࡼ①㸦㞧ㄅㄽᩥࣥࣙࢩ

ᅗ 1: GaAs(-1-1-1)⾲㠃┦ࡢᵓ㐀ࣔࣝࢹ㸬⥳
ࡀ Gaࠊ㟷ࡀ As  㸧㸬ࡾࡼ①㸦㞧ㄅㄽᩥࡍ♧ࢆ

ᅗ2: GaAs(-1-1-1)⾲㠃┦ࡢ⏕ᡂ࣮ࢠࣝࢿ࢚
㸦㞧ㄅㄽᩥ①ࡾࡼ㸧 



Si(111)7×7⾲㠃ࡢࠊ࡞㛗࿘ᮇ⾲㠃ᵓ
㐀࡛ࡶぢࡿࢀࡽഴྥ࡛༙ࠊࡾ࠶ᑟయ⾲㠃ᵓ㐀
 ࠋࡿ࠶ᯝ࡛⤖࠸῝⯆ࡶ࡚࡛ୖࡿࡍゎ⌮ࢆ
㸦 㸴 㸧 ௨ ୖ ࡢ ◊ ✲  ࡼ ࡾ ᚓ ࡽ ࢀ ࡓ
GaAs(-1-1-1)⾲㠃㛵ࡿࡍ᪂࡞ࡓ▱ぢᇶ
࡞ࣖ࣡ࣀࢼࠊཎᏊᵓ㐀ࡢ㠃⾲ࠊ࡚࠸࡙
ᒙ≧ᡂ㛗ࡾࡼᚓࡿࢀࡽGaAs⤖ᬗࡢᵓ㐀⛛
ᗎࡢ㛵㐃ࠊ࡚࠸ࡘ➨୍ཎ⌮ィ⟬ᇶ࡙ࡃ
᳨ウࠋࡓࡗ⾜ࢆ๓㏙ࠊ࠺ࡼࡢGaAs(-1-1-1)
⾲㠃࡛ࡣ㧗 ഃࠊ┦19√×19√ࡢప ഃࡢ
ࡘ┦ࡢࡽࢀࡇࠋࡿ࡞ၥ㢟ࡀࡘࡢ┦2×2
19√ࡣ࡛ࡾ࿘ᮇᙜࠊࢁࡇࡓࡗ⾜ࢆ⟭ィ࡚࠸
ࡁࡀ࣮ࢠࣝࢿ࢚ᒙᩚ✚ࡀ᪉ࡢ┦19√×
ࠋࡓࡗࢃࡀࡇ࠸ࡃࡾධࡀᒙᩚ✚ࠊࡃ
࠶㛗࿘ᮇᵓ㐀࡛ࡀ᪉ࡢ┦19√×19√ࠊࡣࢀࡇ
࣮ࢠࣝࢿ࢚ᒙᩚ✚ࡢࡾ࿘ᮇᙜࡅࡔࢀࡑࠊࡾ
ࠊࡣᯝ⤖ࡢࡇࠋࡿ࠶࡛ࡵࡓࡓࡗ࡞ࡃࡁࡀ
GaAsⷧ⭷ึࡸᮇ⤖ᬗ᰾㛵ࡿࡍ㐣ཤࡢᐇ㦂
⤖ᯝഴྥࠋࡿ࠸࡚ࡋ⮴୍ࡀ௨ୖࡢ⤖ᯝࠊࡽ
㛗࿘ᮇᵓ㐀ࡀᐇ⌧ࡿࡍ᮲௳ୗ࡛ࣖ࣡ࣀࢼࠊ
ᢚࢆᒙᩚ✚ࠊሙྜࡓࡏࡉᡂ㛗ࢆᬗ⤖ࡢ࡞
 ࠋࡿࡁᮇᚅ࡛ࡀࡇࡿࢀࡽ࠼
㸦㸵㸧௨ୖࡢ▱ぢࡢⓎᒎࠊ࡚ࡋ⾲㠃ᵓᡂ
㠃⾲ࠊࡾࢃ௦ࡿࡍไᚚࢆᒙᩚ✚࡚࠼ኚࢆ
࡚ࡋ⨨V᪘ཎᏊ(Sb,Bi)ࡢࢆAsཎᏊࡢ
✚ᒙᩚࢆ࣮ࢠࣝࢿ࢚ኚྍࡿࡏࡉ⬟ᛶ
ࠊࡎࡲࠋࡓࡋウ᳨ࡾࡼ⟭ཎ⌮ィ୍➨ࠊ࡚࠸ࡘ
⾲㠃ᵓ㐀౫Ꮡ࠸࡞ࡋ┤᥋ⓗ࡞ຠᯝࢆㄪ
ࢆ⣲ཎᏊࣄ➃⤊ࡢ⾲㠃⌮(1-1-1-)ࠊࡵࡓࡿ
SbࡸBi⨨ࡓࡋᵓ㐀ࠊ࡚࠸ࡘ✚ᒙᩚ࢚
࢚ᒙᩚ✚ࠊᯝ⤖ࡢࡑࠋࡓࡋ⟭ィࢆ࣮ࢠࣝࢿ
ࡸSbࠊࡾ࡞ࡃప㡰ࡢBiࠊSbࠊAsࡣ࣮ࢠࣝࢿ
Bi࡛ࡣṇ㈇ࡀ㏫㌿ࠊ࡚ࡋᩚ࡞ᵓ㐀ࡀṇᖖ࡞
ᵓ㐀ࡾࡼᏳᐃࠋࡓࡗࢃࡀࡇࡿ࡞ཎᏊ༙
ᚄࡣAsࠊSbࠊBiࡢ㡰ࠊࡽࡿ࡞ࡃࡁཎᏊ
ᐤࡃࡁᏳᐃᛶࡢᒙᩚ✚ࡀࡉࡁࡢ
 ࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋ
㸦㸶㸧ᑐ2×2ࠊAs࣮࣐ࣛࢺᵓ㐀࡛Asࢺ
╔㠃྾⾲ࠊ࡞ࡿࡍ⨨BiࡸSbࢆ࣮࣐ࣛ
࣮ࢠࣝࢿ࢚ᒙᩚ✚ࠊࡣሙྜࡓࡋ⨨ࡳࡢ✀
ࡢࡽࢀࡇࠋࡓࡗ࡞ࢀࡽぢࡀᙳ㡪ࢇ
ሙྜࠊ⨨ࡓࢀࡉཎᏊࠊࡣ✚ᒙᩚࢆᣳࡴཎ
Ꮚᒙࡢእഃࠊ࡛ࡢࡿ࠶ཎᏊ༙ᚄࡢຠᯝࡣᑠ
㟁Ẽ㝜ᛶᗘࡣBi࡛ࠊSbࠊAsࠊࡓࡲࠋࡿ࡞ࡃࡉ
Ꮫ࡞ኚࡢᛶࣥ࢜ࠊ࡛ࡢ࠸ࡉᑠࡶᕪࡢ
ⓗ࡞ຠᯝࡶᑠࠋࡿࢀࡽ࠼⪄ࡢࡶࡓࡗ࡞ࡃࡉ 
㸦㸷㸧ࡵࡲ㸸ᮏ◊✲࡛ࠊࡣྜ≀༙ᑟయࢼ
ᬗᵓ㐀ไ⤖ࡢ㉁≀ࣀࢼᑟయ༙ࠊ࡞ࣖ࣡ࣀ
ᚚࢆᐇ⌧ࡢࡵࡓࡿࡍᇶ♏ⓗ◊✲ࠊ࡚ࡋGaAs
⾲㠃ᵓ㐀ࢆ➨୍ཎ⌮ィ⟬ࡾࡼ᳨ウࠊࡋ⾲
㠃ᵓ㐀ࡸ␗✀ඖ⣲ࡢ྾╔ࡀཎᏊࣞࡢࣝ࣋ᵓ
㐀⛛ᗎࡿ࠼ᙳ㡪ࢆㄪࡢࡑࠋࡓ⤖ᯝࠊ௦
⾲ⓗ࡞⾲㠃┦ࡿ࠶࡛ࡘ୍ࡢGaAs(-1-1-1) √
㛫ࡢࣝࢹᵓ㐀ࣔࡢᚑ᮶ࡿࡍ㛵┦19√×19
㐪ࡀ࠸᫂ࠊࡾ࡞ࡽᗄఱᵓ㐀ࡸ㟁Ꮚᩘࡢ⪃
ᐹᇶ࡙ࡃ᪂ࢆࣝࢹࣔ࠸ࡋᵓ⠏ࣔࡢࡇࠋࡓࡋ
࠶᭷ᮃ࡛ࡶ࡛᭱ࣝ࣋ࣞ⟭ཎ⌮ィ୍➨ࡣࣝࢹ

࠸࡞ࡋ┪▩ᐇ㦂⤖ᯝࡢ࡛ࡲࢀࡇࠊࡓࡲࠊࡾ
㠃⾲ࠊࡶࢆࣝࢹࣔࡢࡇࠋࡓࡋㄆ☜ࢆࡇ
ᵓ㐀ࡀ✚ᒙᩚࡢධࡾ᫆ࡉᙳ㡪ࢆࡿ࠼
ຠࡢඖ⣲ᑟධ✀␗ࠊࡽࡉࠋࡓࡵ☜ࢆࡇ
ᯝ࡚࠸ࡘィ⟬ࡓࡗ⾜ࢆ⤖ᯝࠊཎᏊ༙ᚄࡸඖ
⣲ࡢ⨨⨨ࡀ㔜せ࡛ࡀࡇࡿ࠶᫂ࡽ
 ࠋࡓࡗ࡞
 
㸳㸬࡞Ⓨ⾲ㄽᩥ➼ 
㸦◊✲௦⾲⪅ࠊ◊✲ศᢸ⪅ཬࡧ㐃ᦠ◊✲⪅
 ୗ⥺㸧ࡣ
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