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Tip model as input,
atomic structure of pyramidal tip

Sample model as input,
atomic structure of DNA molecules

AFM image as output,
the double-helix structure appears.
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ᾮ୰ᾮ୰ᾮ୰ᾮ୰䛾䛾䛾䛾ືⓗືⓗືⓗືⓗAFMAFMAFMAFM䛻䛻䛻䛻ᑐᛂᑐᛂᑐᛂᑐᛂ䛧䛧䛧䛧䚸䚸䚸䚸䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊᣺ືゎᯒ᣺ືゎᯒ᣺ືゎᯒ᣺ືゎᯒ䚸䚸䚸䚸ᾮ୰ᾮ୰ᾮ୰ᾮ୰䛷䛾䛷䛾䛷䛾䛷䛾⢓ᙎᛶヨᩱ⢓ᙎᛶヨᩱ⢓ᙎᛶヨᩱ⢓ᙎᛶヨᩱ䠯䠬䠩䠯䠬䠩䠯䠬䠩䠯䠬䠩ィ ィ ィ ィ 䜢䜢䜢䜢
䝅䝭䝳䝺䞊䝅䝵䞁䝅䝭䝳䝺䞊䝅䝵䞁䝅䝭䝳䝺䞊䝅䝵䞁䝅䝭䝳䝺䞊䝅䝵䞁䛩䜛䛩䜛䛩䜛䛩䜛䚹䚹䚹䚹㧗㏿㧗㏿㧗㏿㧗㏿AFMAFMAFMAFMィ ィ ィ ィ 䜔䜔䜔䜔䠎䠎䠎䠎㔜ຍ᣺㔜ຍ᣺㔜ຍ᣺㔜ຍ᣺䝰䞊䝗䝰䞊䝗䝰䞊䝗䝰䞊䝗䛾䛾䛾䛾ゎᯒゎᯒゎᯒゎᯒ䛻䜒䛻䜒䛻䜒䛻䜒ᑐᛂᑐᛂᑐᛂᑐᛂ䛩䜛䛩䜛䛩䜛䛩䜛䚹䚹䚹䚹

䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䛾䛾䛾䛾ᙎᛶኚᙧᙎᛶኚᙧᙎᛶኚᙧᙎᛶኚᙧ ᾮయᾮయᾮయᾮయ䛾䛾䛾䛾ὶయ㐠ືὶయ㐠ືὶయ㐠ືὶయ㐠ື

ඹ㬆᭤⥺ඹ㬆᭤⥺ඹ㬆᭤⥺ඹ㬆᭤⥺䛾䛾䛾䛾⟬ฟ⟬ฟ⟬ฟ⟬ฟ

䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊ᙧ≧タィᙧ≧タィᙧ≧タィᙧ≧タィ
᣺ື᮲௳᣺ື᮲௳᣺ື᮲௳᣺ື᮲௳䛾䛾䛾䛾᳨ウ᳨ウ᳨ウ᳨ウ

᥈㔪䞉ヨᩱ㛫┦஫స⏝

ᾮ୰ᾮ୰ᾮ୰ᾮ୰䝋䝣䝖䝬䝔䝸䜰䝹䝋䝣䝖䝬䝔䝸䜰䝹䝋䝣䝖䝬䝔䝸䜰䝹䝋䝣䝖䝬䝔䝸䜰䝹䛾䛾䛾䛾AFMീィ⟬ീィ⟬ീィ⟬ീィ⟬

䝜䜲䝈ゎᯒ

᣺ືᩘ᣺ືᩘ᣺ືᩘ᣺ືᩘ䝅䝣䝖䝅䝣䝖䝅䝣䝖䝅䝣䝖ീീീീ䚸䚸䚸䚸఩┦఩┦఩┦఩┦䝅䝣䝖䝅䝣䝖䝅䝣䝖䝅䝣䝖ീീീീ䚸䚸䚸䚸ᩓ㐓ീᩓ㐓ീᩓ㐓ീᩓ㐓ീ

ヨᩱヨᩱヨᩱヨᩱ䛾䛾䛾䛾⢒ど໬⢒ど໬⢒ど໬⢒ど໬
⢓ᙎᛶ⢓ᙎᛶ⢓ᙎᛶ⢓ᙎᛶ䝰䝕䝹䝰䝕䝹䝰䝕䝹䝰䝕䝹

䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䛾䛾䛾䛾」ᩘ᩿㠃」ᩘ᩿㠃」ᩘ᩿㠃」ᩘ᩿㠃䛷䛷䛷䛷஧ḟඖὶ஧ḟඖὶ஧ḟඖὶ஧ḟඖὶ䜢䜢䜢䜢ィ⟬ィ⟬ィ⟬ィ⟬䛧䛧䛧䛧䚸䚸䚸䚸䛭䛭䛭䛭
䛾䛾䛾䛾ᢠຊᢠຊᢠຊᢠຊ䛛䜙䛛䜙䛛䜙䛛䜙䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䛾䛾䛾䛾ᙎᛶኚᙧ᣺ືᙎᛶኚᙧ᣺ືᙎᛶኚᙧ᣺ືᙎᛶኚᙧ᣺ື䜢䜢䜢䜢ィ⟬ィ⟬ィ⟬ィ⟬䚹䚹䚹䚹

ୖグୖグୖグୖグ䛻䛻䛻䛻᥈㔪᥈㔪᥈㔪᥈㔪䞉䞉䞉䞉ヨᩱ㛫ຊヨᩱ㛫ຊヨᩱ㛫ຊヨᩱ㛫ຊ䛾䛾䛾䛾ຠᯝຠᯝຠᯝຠᯝ䜢䜢䜢䜢䚸䚸䚸䚸ྲྀྲྀྲྀ䜚䜚䜚䜚㎸㎸㎸㎸䜣䛷䜣䛷䜣䛷䜣䛷
䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊᣺ື᣺ື᣺ື᣺ື䜢䜢䜢䜢ゎᯒゎᯒゎᯒゎᯒ䚸䚸䚸䚸ീീീീ䜢䜢䜢䜢ᩘ್ⓗᩘ್ⓗᩘ್ⓗᩘ್ⓗ䛻䛻䛻䛻ᵓᡂᵓᡂᵓᡂᵓᡂ

ྛ✀ྛ✀ྛ✀ྛ✀䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊䜹䞁䝏䝺䝞䞊ᙧ≧ᙧ≧ᙧ≧ᙧ≧䚹䚹䚹䚹ྛ✀ບ᣺ἲྛ✀ບ᣺ἲྛ✀ບ᣺ἲྛ✀ບ᣺ἲ



Ỉ୰䛾䜹䞁䝏䝺䝞䞊᣺ື䛾ᩘ್䝅䝭䝳䝺䞊䝅䝵䞁

ᙎᛶయ䛸䛧䛶䛾䜹䞁䝏䝺䝞䞊䛾ኚ఩᣺ື䛸
ὶయຊᏛ䛸䜢᭷㝈せ⣲ἲ䛷ྠ᫬䛻ゎ䛟
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2. 2. 2. 2. ᾮ୰ᾮ୰ᾮ୰ᾮ୰䝋䝣䝖䝬䝔䝸䜰䝹䝋䝣䝖䝬䝔䝸䜰䝹䝋䝣䝖䝬䝔䝸䜰䝹䝋䝣䝖䝬䝔䝸䜰䝹AFMAFMAFMAFM䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍

䝣䞊䝸䜶ኚ᥮
㧗㏿䝇䜻䝱䞁䚸
䠎㔜ຍ᣺䛻䜒ᑐᛂ



ᾮ୰ᾮ୰AFMAFMィ 䛻䛚䛡䜛䜹䞁䝏䝺䝞䞊඲య᣺ື䛾ゎᯒィ 䛻䛚䛡䜛䜹䞁䝏䝺䝞䞊඲య᣺ື䛾ゎᯒ
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ศᏊືຊᏛ䠄MD䠅ィ⟬䛻䜘䜛

᥋㏆᫬䛾┦஫స⏝ຊィ⟬

䠏䠏䠏䠏䠊䠊䠊䠊ཎᏊཎᏊཎᏊཎᏊ䞉䞉䞉䞉ศᏊศᏊศᏊศᏊ䞉䞉䞉䞉䝘䝜䝘䝜䝘䝜䝘䝜ᮦᩱᮦᩱᮦᩱᮦᩱ䠝䠢䠩䠝䠢䠩䠝䠢䠩䠝䠢䠩ീീീീ䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍

㧗㏿䝇䜻䝱䞁䚸䠎㔜ຍ᣺䛻䜘䜛AFMീ䛾

䝅䝭䝳䝺䞊䝅䝵䞁䜒ྍ⬟䛸䛩䜛䟿

2. 2. 2. 2. ᾮ୰ᾮ୰ᾮ୰ᾮ୰䝋䝣䝖䝬䝔䝸䜰䝹䝋䝣䝖䝬䝔䝸䜰䝹䝋䝣䝖䝬䝔䝸䜰䝹䝋䝣䝖䝬䝔䝸䜰䝹AFMAFMAFMAFM䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍



䠏䠏䠏䠏䠊䠊䠊䠊ཎᏊཎᏊཎᏊཎᏊ䞉䞉䞉䞉ศᏊศᏊศᏊศᏊ䞉䞉䞉䞉䝘䝜䝘䝜䝘䝜䝘䝜ᮦᩱᮦᩱᮦᩱᮦᩱ䠝䠢䠩䠝䠢䠩䠝䠢䠩䠝䠢䠩ീീീീ䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍

ྂ඾ຊᏛⓗᡭἲྂ඾ຊᏛⓗᡭἲྂ඾ຊᏛⓗᡭἲྂ඾ຊᏛⓗᡭἲ䛻䜘䜛䛻䜘䜛䛻䜘䜛䛻䜘䜛኱つᶍ኱つᶍ኱つᶍ኱つᶍ䛺䛺䛺䛺⏬ീண ⏬ീண ⏬ീண ⏬ീண 

ྂ඾ຊሙྂ඾ຊሙྂ඾ຊሙྂ඾ຊሙ䛻䜘䜛䛻䜘䜛䛻䜘䜛䛻䜘䜛᥈㔪᥈㔪᥈㔪᥈㔪䞉䞉䞉䞉ヨᩱ㛫ヨᩱ㛫ヨᩱ㛫ヨᩱ㛫䛾䛾䛾䛾ຊຊຊຊ

᥈㔪᥈㔪᥈㔪᥈㔪䞉䞉䞉䞉ヨᩱヨᩱヨᩱヨᩱ䛾䛾䛾䛾ኚᙧኚᙧኚᙧኚᙧ

᥈㔪᥈㔪᥈㔪᥈㔪䛾䛾䛾䛾ཎᏊᶍᆺཎᏊᶍᆺཎᏊᶍᆺཎᏊᶍᆺ

ヨᩱヨᩱヨᩱヨᩱ䛾䛾䛾䛾ึᮇᵓ㐀ึᮇᵓ㐀ึᮇᵓ㐀ึᮇᵓ㐀

࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ䝅䝣䝖䝅䝣䝖䝅䝣䝖䝅䝣䝖ീീീീ ఩┦఩┦఩┦఩┦䝅䝣䝖䝅䝣䝖䝅䝣䝖䝅䝣䝖ീീീീ ᩓ㐓ീᩓ㐓ീᩓ㐓ീᩓ㐓ീ

GUI䛻䜘䜛䛻䜘䜛䛻䜘䜛䛻䜘䜛ධฟຊධฟຊධฟຊධฟຊ

䝕䞊䝍䝧䞊䝇䝕䞊䝍䝧䞊䝇䝕䞊䝍䝧䞊䝇䝕䞊䝍䝧䞊䝇ᵓ⠏ᵓ⠏ᵓ⠏ᵓ⠏䛸䛸䛸䛸฼⏝฼⏝฼⏝฼⏝

vanderWaals ຊຊຊຊ
㸲㸲㸲㸲㸬㸬㸬㸬㔞Ꮚㄽⓗ㔞Ꮚㄽⓗ㔞Ꮚㄽⓗ㔞Ꮚㄽⓗ㸿㹄㹋㸭㸿㹄㹋㸭㸿㹄㹋㸭㸿㹄㹋㸭
㹑㹒㹋㹑㹒㹋㹑㹒㹋㹑㹒㹋ീീീീࢱ࣮࣑ࣞࣗࢩࢱ࣮࣑ࣞࣗࢩࢱ࣮࣑ࣞࣗࢩࢱ࣮࣑ࣞࣗࢩ
⌧ᐇ᥈㔪ᙧᡂᶵ⬟⌧ᐇ᥈㔪ᙧᡂᶵ⬟⌧ᐇ᥈㔪ᙧᡂᶵ⬟⌧ᐇ᥈㔪ᙧᡂᶵ⬟䛺䛹䛺䛹䛺䛹䛺䛹



䜔䛿䜚ୗᒙ䛾 㓟⣲ཎᏊ┤ୖ䛷

᩺ຊ䛜ᙉ䛔

ỈศᏊ䛾ศᕸ

ྂ඾ศᏊືຊᏛྂ඾ศᏊືຊᏛྂ඾ศᏊືຊᏛྂ඾ศᏊືຊᏛ䠄䠄䠄䠄MD)䛻䜘䜛䛻䜘䜛䛻䜘䜛䛻䜘䜛䠝䠢䠩䠝䠢䠩䠝䠢䠩䠝䠢䠩䝅䝭䝳䝺䞊䝅䝵䞁䝅䝭䝳䝺䞊䝅䝵䞁䝅䝭䝳䝺䞊䝅䝵䞁䝅䝭䝳䝺䞊䝅䝵䞁

Ỉ୰䝬䜲䜹⾲㠃䛾3ḟඖຊศᕸ䛾᩿㠃䠄CNT᥈㔪䠅

᥈㔪䛾ཷ䛡䜛ຊ

䠏䠏䠏䠏䠊䠊䠊䠊ཎᏊཎᏊཎᏊཎᏊ䞉䞉䞉䞉ศᏊศᏊศᏊศᏊ䞉䞉䞉䞉䝘䝜䝘䝜䝘䝜䝘䝜ᮦᩱᮦᩱᮦᩱᮦᩱ䠝䠢䠩䠝䠢䠩䠝䠢䠩䠝䠢䠩ീീീീ䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍



1500 pN

120 pN

AFM imaging

① K 䜲䜸䞁 䛺䛧 ② K 䜲䜸䞁 䛒䜚

Slice position

K䜲䜸䞁䛿䚸⾲㠃䛸䝞䝹䜽୰䜢ฟධ䜚䛧䛶䛔䜛
ᆶ┤㠃ෆ䛾CNT᥈㔪䛾ཷ䛡䜛ຊศᕸ

1500 pN

60 pN

Ỉ୰䝬䜲䜹䛾ຊศᕸ䝅䝭䝳䝺䞊䝅䝵䞁 -䠎- K䜲䜸䞁䛾ຠᯝ
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䠏䠏䠏䠏䠊䠊䠊䠊ཎᏊཎᏊཎᏊཎᏊ䞉䞉䞉䞉ศᏊศᏊศᏊศᏊ䞉䞉䞉䞉䝘䝜䝘䝜䝘䝜䝘䝜ᮦᩱᮦᩱᮦᩱᮦᩱ䠝䠢䠩䠝䠢䠩䠝䠢䠩䠝䠢䠩ീീീീ䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍䝅䝭䝳䝺䞊䝍



h = ω ∗ c ∗ ω + ω ∗ c ∗ ρh
ศᏊ㛫඲┦㛵㛵ᩘ

┤᥋┦㛵㛵ᩘ ศᏊෆศᕸ㛵ᩘ

ཎᏊ✀ᐦᗘ

cij = exp −βu ij
0 + t ij − βφ ij( )− 1− t ij

t ≡ h − c

▷㊥㞳┦஫స⏝
㛗㊥㞳┦஫స⏝

β =
1

kBT

ྜᡂ✚

ω ij
αβ = δαβ sin klij( )/ klij

W R( ) = ρkBT dr∫
ij
∑

1

2
hij r( ) 

2
− cij r( )−

1

2
hij r( )cij r( )








⮬⏤䜶䝛䝹䜼䞊

RISMἲ䠄the reference integral site model method)

MD䠄䠄䠄䠄ศᏊືຊᏛศᏊືຊᏛศᏊືຊᏛศᏊືຊᏛ䠅䠅䠅䠅ἲἲἲἲ䛷䛿䛷䛿䛷䛿䛷䛿䚸䚸䚸䚸⃭⃭⃭⃭䛧䛟䛧䛟䛧䛟䛧䛟᫬㛫ኚ໬᫬㛫ኚ໬᫬㛫ኚ໬᫬㛫ኚ໬䛩䜛䛩䜛䛩䜛䛩䜛
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PR-DFTBἲ䛻䜘䜛KPFM䠄VLCPD 䠅ീ

-Si(001)-c(2x4)䛾ሙྜ

᥈㔪㧗䛥 6Å

Si

H

᣺ᖜ
~0.01V
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z=4.5Å

z=4.4Å

z=4.3Å

z=4.2Å

z=4.1Å
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P in Si(001)-c(4x2)

d=4.0Å

➨䠓ཎᏊᒙ䛾䝗䝘䞊
୙⣧≀䛾ᙳ㡪䛜
᫂░䛻ほᐹ䛥䜜䜛䟿䟿

d=6.0Å

KPFM_Si001_z5

d=5.0Å
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N
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