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1  ǶǟȈǲ 

 

1.1 ȵɝɣɪɶȽǵ ǯ ǵ  

 

ɕɫɶɔ ⱨ SPM ǶƲ ǒȐƲӭᾚ̱ⱨ Ʋ ѝἧƲ

 ӓ ƲȽɱɏȭ ѝἧ DNAǱǰǵ ̱ɈɌ ǲ ȒȅǮ ǉȒǋ

Ƕ˲› Ǳ ⱨ ș όǞ ⱨ ȷȯɶɩǲǑǘȒ șר ǠȒ▌ҘǱὕ Ǯ

ǉȒƳ ɕɫɶɔ ⱨ SPM ǵ ǵϼ ǮǶƲԍἧ Ḣǲϐǖ ǒȐǵⱨ▀

ǱҘȋ ἧǵ ҲǓ ǲ ǜȓƲǤǵɝȭɫǱ Ḹ Ǔɟȼ ɜȭɫ◐ șȉǫ

֗ǺȩɱȿɪɎɶ ǭǚ ǲ̟ǏȐȓƲ ǲ ὑ Ǯ ǜȓȒ[1-3]ƳǞǒǞƲ

ϼ ǵɈɌ ḢǮǶƲԍἧɪɗɩǵҘἶ ɵ ἧ ɵӓἶ Ǔ ǲ ȆֻǪ

ǭǋȒǵǮƲὕ ǵ Ƕ Ǳ ǓǱǘȓǷ ǞǋƳ 
 

ὕ ƲǚȓȅǮǵẉǖǵ ͈[4-8]Ǔ ǠȏǍǲƲSPMǵϑȋֺ ȷɘȭɆɩƲǑ

ȏǺɎȢȨ ǵɈɌҘἶὕ [9,10]ǱǰƲSPMǲ ͜ǠȒⅎ Ǳὕ ș ǠȒǦȈ

ǲƲ ǲḨ ǬǘȐȓǦ ΙȵɝɣɪɶȵɥɱǶ Ǳ☻Ҋș ǦǠǚǯǓǮǔȒƳ

ǞǒǞƲ ǵᾐ ὤǮǱǋ ƵǓƲǤǵȏǍǱ ȵɝɣɪɶȵɥɱșὕ ǠȒ

ǚǯǶὦ ǮǶǱǋƳǤǚǮ ƵǶƲ ƵǱ ǯ ṑǲǑǘȒ SPMὕ ǵ

ș ǠȒǚǯș ǯǞǭƲ ἶ ϼ ɵ ᶅ ˗

ɕɫȮɧɞ ǵʝ ǯǞǭƲ₳ 16₴↓ȏȑ₳ 19₴↓ǵ 1 Ʋ₳ 21₴↓

ǒȐ 24₴↓ȅǮǵ 2 ǲȖǦǪǭƼSPMȵɝɣɪɶȽƽș ǞǭǔǦƳȅǦ₳

25₴↓ǒȐǶƲʝ ɤɶȴǿǵ ֗ ǵ̸ ǯ ֗ Ҳș ǪǭǋȒƳ 
 

♫ ǵ ɪɗɩǵ SPMȵɝɣɪɶȵɥɱǶƲẎ ș ̓ ǠȒȉǵ

ǓẉǒǪǦƳǞǒǞƲᾐ ǮǶǱǋʝ ǵɤɶȴǵǦȈǲǶƲẉᾜǵ ǜș

ǲǞǭȉ ǲ̓ ǮǔǭƲǞǒȉͬ ǮǔȒ Ǔ♬ȐȓȒȵɝɣɪɶȽǓ ȅȓ

ȒƳ ƵǓƼ SPMȵɝɣɪɶȽƽɕɫȶȥȭɆǮ ǞǭǔǦ ȵɝɣɪɶȽǮ

ǶƲW ǲꜘǟǭ șẎ₦ǲ Ǟ ₡ǵɏɶȻɈɩȱɱɒɣɶȽǯɭɶȭȷ

ɄɶȵɥɱǮ ͛Ǳ Ǔї ȒȏǍǲǞǭǋȒƳǜȐǲƲʝ ǵɤɶȴǓ˔ρ ș

ǜȂǰⱳ ǯǞǱǋὦ Ǳȵɝɣɪɶȵɥɱ̸ ș ǠȒǦȈǲƲGUI Ȯɧɓȡȩ

ɩɤɶȴɶȢɱȽɶɓȥɶȷ șᾚЊǞǭǋȒƳǚǵȪȢɇɔɁȭǵ ǶƲǚȓȐǵ

ɕɫȶȥȭɆǮ ǜȓǦ SPMȵɝɣɪɶȽǵКὦș Ʋ̓ ǵὕ ǲǫǋǭ

ǞƲʝ ǵɤɶȴǵ ƵǓ͛ѫǱ ╠ǯǞǭ☻ ǭǭǋǦǧǖǚǯǲǉȒƳ 
  



7 
 

2  SPMȵɝɣɪɶȽǵ ǯȻɓɆȤȦȠ  

 

2.1 SPMȵɝɣɪɶȽǵ  

 

ǚȓȅǮ ȀǦȏǍǲƲSPMǵϑȋֺ ȷɘȭɆɩƲǑȏǺɎȢȨ ǵɈɌҘἶ

ὕ ǱǰƲSPMǲ ͜ǠȒⅎ Ǳὕ ș ǠȒǦȈǲƲ ǲḨ ǬǘȐȓǦ Ι

ȵɝɣɪɶȵɥɱǶ Ǳ☻Ҋș ǦǠƳ ἶ ϼ ɵ ᶅ ˗

ɕɫȮɧɞ ǵ ș♬ǭƲ₳ 16₴↓ȏȑ₳ 19₴↓ǵ 1 Ʋ₳ 21₴

↓ǒȐ 24₴↓ȅǮǵ 2 ǲȖǦǪǭ ǞǦ ƼSPMȵɝɣɪɶȽƽǶƲʝ ǵὕ

Ǔ ǲ̓ ǮǔȒǚǯǲ ǞǭǔǦƳǤǵКὦǯ̓ ǵὕ ǲǫǋǭ

3 ̊ ǲ ǠȒǓƲǤǵ ǯǛǖ ӴǱ ș̊ʤǲȅǯȈǭǑǖƳ 
 

ȵɝɣɪɶȽǶɠɅɩ̸ ȻɓɆșדȇ 8ǫǵȻɩɎɶ(Analyzer, SetModel, 

GeoAFM, FemAFM,LiqAFM, CG, MD, DFTB) ǒȐ ǜȓǭǋȒǓƲ  1ǲǤȓȐșɨȷ

ɆȠɁɕǞǦƳ 
 

 1  SPMȵɝɣɪɶȽǲǑǘȒȻɩɎɶʝ  

ȻɩɎɶ  ⱪ 

Analyzer ὕ ɅɶȽǵ ϑы ɕɫȹɁ

ȳ 

ȵɝɣɪɶȵɥɱǵѼы  

◐ ǯ ◐ ҧ  
SetModel ǯ ǵԍἧɠɅɩ̸  ȵɝɣɪɶȵɥɱǵѼы ǯǞǭԍἧ

ǵɠɅɩș̸Ȓ 
GeoAFM Ω̲ἶ ǲȏȒ˧˛˔ AFMȵ

ɝɣɪɶȵɥɱ 

ϑ ϑ↓Ƕԍἧᾩ↓ǮǶǱǖɟȼǒȐɜ

ȭɫȷȯɶɩ 
FemAFM ▒̱ר AFMȵɝɣɪɶȽ ϑ ϑ↓Ƕԍἧᾩ↓ǮǶǱǖɟȼǒȐɜ

ȭɫȷȯɶɩ 

ǑȏǺ ǵ▒רẀ◐ȉ֯  
LiqAFM ʴȻɓɆɜɄɨȠɩ AFMȵɝ

ɣɪɶȽ 

ʴȩɱȿɪɎɶ Ҳ  

ʴǵȩɱȿɪɎɶ Ҳ  

ʴ ǵҘἶ̱ר▒  

CG ӓ AFMϑȵɝɣɪɶȽ ֦ЖҘḹ ǲȏȒԍἧɠɅɩǵ ӓ

 

ʴ ǵ CG-RISMșדȇ 
MD ѝἧҲҘἶ AFMϑȵɝɣɪɶȽ ֦ЖҘḹ ǲȏȒԍἧɠɅɩǵѝἧҲҘ

ἶ  
DFTB ἧҘἶ SPMϑȵɝɣɪɶȽ ἧҘἶ ǲȏȒ ҘǯɆɱɋɩ

ǵ  

STM/STS, AFM, KPFMϑș  

 

ǚȓȐǵȻɩɎɶǶƲ ȵɝɣɪɶȽǮὕ ֯ ǱƲֺ ǵ SPMȵɝɣɪɶȵɥɱ

ǵǦȈǲⱳ Ǳ șὕ ǠȒǦȈǲ ǜȓǦȻɓɆȤȦȠǮǉȒƳ ȵɝɣɪ

ɶȽǮὕ ֯ Ǳ SPMǯ ͜ǠȒ ǵЋ̱ șƲ̓ ǜȓȒȻɩɎɶǯᾍꜘ

Ǟǭᶫ ǠȒǯᶫ 1ǵ ǲǱȒƳ 
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ᶫ 1  SPMȵɝɣɪɶȽǮ֯ Ǳֺ ǵ ǯᾍꜘǠȒȻɩɎɶ 

 

SPMȵɝɣɪɶȽǮǵȵɝɣɪɶȵɥɱ ǲϼ ǨƲ ǯǵ ș

ǲǮǔȒȏǍǲƲȅǦὕ ǵ ǵ όϑǲǑǋǭ ȐǒǱ˲ ɝȷȋɌȢȸșʹⱥ

ǠȒǦȈǵƼὕ ϑǵ ϑ ƽș ǍǚǯǓ ẲǜȓȒƳǜȐǲƲ όǜȓǦ SPM

ϑǤǵȉǵǒȐƲ ӴǱƼ ◐ ǵѧ ὑƽș ǍǚǯǓẉǖǵḹֻ ҧǮǉȒƳ

ǚǵ ὑǜȓǦ ◐ ș ǋǭƲ ȵɝɣɪɶȵɥɱșὕ Ǟǭ όϑǯǵ ǒ

Ȑ ǵ șȵɝɣɪɶȵɥɱ Ǯ ȈȒǚǯȉǮǔȒƳǚȓȐǵ Ǔ

AnalyzerǯᴀǷȓȒȻɩɎɶǮὕ ǜȓȒƳ 
 

ǲƲƼAFM Ǯǵȵɝɣɪɶȵɥɱƽ ǮǶƲ(i)֦ ЖҘḹǲḨǬǋǭƼAFM

ϑș ƽǠȒǚǯƲ(ii)ƼɈɌҘἶὕ ȵɝɣɪɶȵɥɱƽșὕ ǠȒǚǯƲ(iii)Ƽ

ʴǭǚ ȩɱȿɪɎɶ Ҳƽș Ι ǠȒǚǯƲ(iv)Ƽ ἧҘἶ ǲ AFM ƽș

ǠȒǚǯǓǮǔȒƳ(i)ǵ֦ЖҘḹǲȏȒƼAFMϑ ƽǮǶƲ ǯ ǲϐǖ

ҘƲɓȧɶȷȷɘȭɆɩǱǰȉᾍ ǯǞǭǋȒƳ 
 

ƼAFM ȵɝɣɪɶȵɥɱƽǮǶƲ ɵ ǵҘǵ șḨǲǠȒȉǵǯƲ

Ҙ șǞǱǋ ӴǱΩ̲ἶ ǯș ǞǭǋȒƳѼ ǲǶȻɩɎɶƲFemAFM, CG,  

MD, DFTBǓ ǋȐȓƲ♥ ǮǶȻɩɎɶGeoAFMǓ ǋȐȓȒƳǚǵΩ̲ἶ

GeoAFMǲǑǋǭǶƲ ǯ ◐ ș ►ǱȷȯɶɩǮ ӓǞǭƲ ǵ ̱◐

ǵ ̏ǒȐ AFMϑș ǠȒƳȅǦƲ ◐ Ʋ ◐ ƲAFM ϑǵǍǨǵ

˘ǫǵ ḸǒȐƲ ȑǵʝǫǵ Ḹș Ǯ ȈȒ ȉǉȒƳʝ ƲҘἶ

FemAFM, CG, MD, DFTBǲǑǘȒҘǵ ǮǶƲ ǯ ǯǵԍἧ Ǳ ḌșḨǲǠ

Ȓ (CG, MD, DFTB)ǯƲǤȓȐș ӓǞǦ ̱ ḌǮ ǠȒ (FemAFM)ǯǓ
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ǉȒƳȻɩɎɶ CG, MD, DFTBǲȏȒҘἶ ǶƲԍἧȷȯɶɩǵѝ șȉǫ AFM

ϑș ǠȒḹֻǲ ǋȐȓƲFemAFMǶԍἧȷȯɶɩǵѝ Ǔ ǜȓǱǋ AFM

ϑǵ Ǯ ǋȐȓȒƳ 
 

ǜȐǲ Ǟǖ ȀȒǯƲԍἧ ḌǮҘș ǠȒḹֻƲ ǵ ǲꜘǟǭֺ

ǵ Ǔ ǜȓǭǋȒƳǤȓȐǶƲ(A)֦ ЖҘḹ ǯȏǷȓȒԍἧ ǲϐǖҘș

ǱɏɧɟɶȽǮ Ǟǭ їǠȒ (ȻɩɎɶCG,MDǮᾍꜘ)ǯƲ(B) ἧҘἶ Ǳ

ǲḨǬǋǭ їǠȒ ȻɩɎɶDFTBǮᾍꜘ ǯǮǉȒƳȅǦ Ǔ ǲ

ǠȒǯǔƲ(a) ǉȒǋǶ șẀ◐ǞǱǋҀ̱ǯǞǭ Ǎ Ʋ(b)ǤȓȐǵẀ◐ȅ

Ǯ Ǟǭ ǠȒ Ʋ(c)ǜȐǲ ȋ ș ǠȒԍἧǵ ҲȅǮ ǞǭҘ

ș ǠȒǒǯǋǍǚǯȉƲ ǜȓȒᵂ ꜘǟǭ ǮǔȒȏǍǲǞǭǋȒƳ(a)ǯ(b)

ǶƲȻɩɎɶFemAFM, CGǮ ȖȓȒǓƲ(c)ǶȻɩɎɶMDǮ֯ ǮǉȒƳӇ Ʋ ȉ

ǋ ̧ ǶǚȓȐǵҧ șǠȀǭ֝ȑ Țǧ(c)ǵ ǮǉȒǓƲҧ Ǯ Ǳ

ȵɝɣɪɶȵɥɱǓ ǜȓȒḹֻǲǶƲ(a), (b)ǵ ̧ Ǔ ǜȓȒƳ 
 

ǯǚȔǮƲὕ ǵ Ḍ AFM ǮǶϑș ǠȒ ǶƲҘǤǵȉǵǮǶǱ

ǖƲƼǭǚƽ Ҳǵק ȵɓɆȋ̬ ǵǡȓƲǉȒǋǶ ҲȦɋɩȬɶǵ Ǳǰǯ

ǋǪǦƼǭǚƽ Ҳǿǵ ˛̸ Ҙǵ◙ ǲȏǪǭ ǟȒ ǮǉȒƳǚȓȐǵ

ǶƲǜȅǝȅǱ ǜǵ ̬ Ǯ ǒȐ Ǔ֞ǘȒҘǓ ǮǔȓǷƲǚǵҘḹ

ǒȐ ǲ їǮǔȒƳǞǦǓǪǭƲ ȵɝɣɪɶȽǮǶǤǵ ╛ș ǋȒ ș

ǞǭǋȒǓƲʝ Ʋ ǲǭǚǵ Ҳș ǲϐǖҘǯǯȉǲ ǞǭǞȅǍ

Ǯ їǠȒǚǯȉǮǔȒƳ ȵɝɣɪɶȽǮǶƲ♥ ǵȏǍǱ ȉ ǞǭǋȒƳ

ǲ ʴǵ Ḍ AFMǵȵɝɣɪɶȵɥɱǮǶƲƼ ʴǭǚ Ҳƽș ǲȏǪǭП

ǠȒⱳ ǓǉȒƳǚȓǶƼǭǚƽǯḨ ǵǛǖ ǋ Ḣșדȇⅎǋ Ǯǵ ̱Ҙ

ἶ Ǔⱳ ǯǜȓȒǵǮƲȻɩɎɶLiqAFMǮǶǚȓǲ ȉ ǞǦ ș Ǟ

ǭ̓ ǞǭǋȒƳǚǵȻɩɎɶǮǶƲ ̱ʴǵ ƵǱ◐ ǵƼǭǚƽǵ Ҳ ǯВǲƲ

ȻɓɆɜɄɨȠɩǯǵ ᵂ ș ǠȒǦȈǵȻɓɆȤȦȠǓדȅȓǭǋȒƳ 
 

ƼSTM/STSȵɝɣɪɶȵɥɱƽ ǮǶƲ ǯ ǵɆɱɋɩ ƲƼSTMϑ

ƽƲƼSTSȷɘȭɆɩ ƽƲǤȓǲƼKPFMϑ ƽǱǰǓ֯ ǮǉȑƲȻɩɎ

ɶDFTBǓǚȓȐǠȀǭǲᾍꜘǞǭǋȒƳǚȓȐǵ Ƕ ἧҘἶǲḨǬǖ ἧ ș

ḨǲǞǭᾚǒȓȒȉǵǮǉȒƳ ǋȐȓȒ DFTB(Density Functional Based Tight Binding 

Method)ǯǋǍ ǶȻɩɎɶ׀ǯֿǟǮǉȒǓƲ ʝԍ Ὥ↓ ǲȏǪǭ

ɏɧɟɶȽș ὑǞǦ▌ ǮǉȑƲͬ ↓Ƕͪ ǜȓǭǋȒʝ Ʋ Ǔ

ᾛǜǖ ȇǯǋǍ ǓǉȒƳȻɩɎɶDFTBǲȏǪǭƲSTMȋ STSǵȵɝɣɪ

ɶȵɥɱǵḨ ǯǱȒɆɱɋɩ Ǔ ǜȓȒƳȅǦƲ ἧҘἶ Ǳ ˛̸ ȅǮǯ

ȑǋȓǦ ǯ ǵҘǓ ǮǔȒǵǮƲAFMϑǵ ǲ ǮǔȒƳ 
 

̊ʣ ȀǭǔǦȏǍǲƲ SPMȵɝɣɪɶȽǮǶ SPMǵ ƵǱὕ Ʋȵɝɣɪ

ɶȵɥɱǞǦǋ ǯǤǵѝ Ʋȵɝɣɪɶȵɥɱǵ ↓Ʋ ǵר ȋ ȅǞ

ǋ ǱǰǲꜘǟǭƲ ƵǱ ǵʴǒȐ ȉ ǞǦ ș ǽǚǯǓǮǔȒƳ

ǚǵȪȢɇɔɁȭǶƲǤǵǦȈǵ ș ͑ǠȒǚǯș ǞǭǋȒƳ 
 

2.2 SPMȵɝɣɪɶȽǲǑǘȒȻɩɎɶ ǵ ╠ǔ 
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ʝ ǵɤɶȴǓƲǤǵ ǲᾍǞǭǰǵȏǍǱȻɩɎɶș ȀǷȏǋǒǯǋǍ Ǔ

ǒȑǶƲᶫ 2ǒȐ♬ȐȓȒƳʣǲ ȀǦǚǯǯʝ ǠȒǓƲɤɶȴǵ ḹǒȐȻ

ɩɎɶ ș ǠȒǦȈǵɓɫɶȿɡɶɆș ǙƲ șқǏǭǑǖƳ 
 

 
ᶫ 2 ȵɝɣɪɶȽ ǵǦȈǵɓɫɶȿɡɶɆ 

 

͈ǏǷɤɶȴǓƲ Ǯὕ ǒȐ♬ȐȓǦ SPMϑș ǪǭǋȒḹֻƲǤǵȠɶɄȡ

ɓȟȭɆǵ ֒ȋ ƵǱ ϑы ǲḨǬǖѝ ș ǍǚǯǵȆǓ Ǯǉȓ

ǷƲȱAnalyzerĞǧǘș ǋȓǷȏǋƳǞǒǞƲǚǵ AnalyzerǯǋǍȻɩɎɶș ǋȻ

ɩɎɶĞGeoAFMĞǯ ȆֻȖǢǭƲ ◐ ǵ ȉǉȒ ↓֯ ǯǱȒƳSPMǵȵ

ɝɣɪɶȵɥɱ șὕ ǠȒȂǯȚǰǵḹֻǮǶƲὕ ǵὕ ǯȵɝɣɪɶȵɥɱ

ǯș ȀȒǚǯǲǱȒǓƲǤǵǦȈǲǶὕ ϑǵȠɶɄȡɓȟȭɆș֝ȑ ǋǭǑǖ

ǚǯǓⱳ ǮǉȑƲǤǵȏǍǱ ρ ǵǦȈǲȉ AnalyzerǓ ǋȐȓȒƳ 
 

ǜǭƲSPMȵɝɣɪɶȵɥɱș ǍḹֻǲƲԍἧᾩ↓ǵѝ ȅǮǶⱳ ǮǱǋɟ

ȼǒȐɜȭɫȷȯɶɩǵ SPMϑǵȵɝɣɪɶȵɥɱǮǉȒǵǒƲǉȒǋǶԍἧѝ

ȅǮ ǜȓȒ SPMϑǵȵɝɣɪɶȵɥɱșὕ ǠȒǵǒǲȏǪǭƲȻɩɎɶǵ

ǓЋǖ ǱȒƳ 
 

ȅǦԍἧѝ Ǔⱳ ǯǜȓǱǋḹֻǵ AFMȵɝɣɪɶȵɥɱǲǫǋǭǶƲǜȐǲ

(A)Ω̲ἶ Ǳ ͛Ǳ ș ǋȒǒ    ŁGeoAFM 

(B)ὕ ǵ ˛̸ Ҙș ǞǭȵɝɣɪɶȵɥɱǠȒǒ    Ł FemAFM 

ǵǰǨȐǒș ǽⱳ ǓǉȒƳѼ ǮǶȻɩɎɶGeoAFMƲ♥ ǱȐȻɩɎɶFemAFM

ș ǋȒƳȉǞƲǛǖ Ӵǲ Ǫ֝ȑ ǖȵɝɣɪɶȵɥɱǞǦǋǱȐƲǉȒǋǶ
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Ǔ ₡ǲ ǮҘ ǮǶẎ ǲǱǪǭǞȅǍǯ˔ ǜȓȒǱȐƲGeoAFMǓ Ẳ

ǜȓȒƳGeoAFMǮǶƲ ◐ Ʋ ◐ ƲAFMϑǵКǵ ǫǵ ḸǒȐƲ ȑǵ

ǵ Ḹș ὑǠȒ ȉ̂ǋǭǋȒǵǮƲǚȓșѫ Ǟǭ AFM ǲǫǋǭ

ꜝǱ ϑǓ♬ȐȓȒƳ 
 

ǦǧǞƲΩ̲ἶ Ǳ ̏Ǯ AFMϑș ὑǠȒǚǯǶⱳǡǞȉ ǮǱǋ֯ Ǔǉר

ȒǵǮƲȏȑͬ ǵר ǋȵɝɣɪɶȵɥɱșὕ ǠȒǦȈǲǶƲὕ ǲ ǯ

ǲϐǖҘș ǠȒȻɩɎɶFemAFMș̓ ǠȒǚǯș ẲǠȒƳȅǦƲǚǵȻɩɎɶ

ǮǶƲ ǒȐ֞ǘȒҘǲȏȒ ǵẀ◐ҧ ȉ֝ȑЊȓǦ ș ǲȏǪǭ

ǍǚǯǓǮǔȒǵǮƲɟȼǒȐɜȭɫ ǲǑǘȒ AFM ǯǞǭǶͬ ↓Ƕ ǋȉ

ǵǯǱǪǭǋȒƳǦǧǞƲ Ƕ Ǔ ǲǱȒǯẎǔǖǱȒǵǮƲGeoAFMǮǑ

ȏǤǵ ɵ ș ὑǞǭǑǔƲǚȓșᾯ ǲ ↓șʣǙǦ ǲ Ǩǚȇǯ

ǋǍ ǞǦ ȉ ẲǞǦǋƳ 
 

ǲƲԍἧᾩ↓ǵѝ ǵǉȒ SPMϑǵȵɝɣɪɶȵɥɱșὕ ǠȒḹֻǲǫǋǭ

ȀȒƳԍἧᾩ↓ǵȵɝɣɪɶȵɥɱǲ►ǦǪǭǶƲȅǡỒȈǲ ȋ ǵԍἧ

șʦǏȒⱳ ǓǉȒƳǤǵǦȈǵȻɩɎɶǓȱSetModelȱǮǉȒƳ ǲǫǋǭǶƲ

ǵɎɩȭ ș ǲўȑїǞǦȏǍǱ Ḍș ǋȒǓƲѩǲ̑ ǲʦǏȒ

ǚǯȉƲ ǲ ǜȓǦ Ḍș ǋȒǚǯȉǮǔȒƳ Ǳǰק șȉǫ

ǲǫǋǭǶƲ șѫ ǞǭЊҘɅɶȽș̸ ǠȒƳ 
 

STMϑƲSTSȷɘȭɆɩƲKPFMϑǱǰǵȵɝɣɪɶȵɥɱǶƲ ȋ ǵ ἧ

ǲḨǬǋǭ ǠȒǵǮƲǚǵǦȈǵ ἧҘἶ șȻɩɎɶDFTBǲȏǪǭ ǍƳ

ʝ ƲAFMϑǵ ǮǶƲԍἧᾍǛǯǲ ǲὑȈǦ֦Ж ǱԍἧҘḹɛɄɱȵɡ

ɩș ǋǭ ǠȒ ǯƲ ἧҘἶ ǒȐ ἧ ș ȈǚȓǒȐ ἧҘἶ ǲ

˛̸ Ҙș ǠȒ ǓǉȒƳ♥ ǲᾍꜘǠȒȻɩɎɶǶ DFTBǮǉȒǓƲѼ ǲᾍ

ꜘǠȒȻɩɎɶǶ CGǯ MDǮǉȒƳCGǯǋǍȻɩɎɶǶƲ ↓ҧ șǋȓȒǚǯǶ

ǮǔǱǋ Ǳ ș ǋȒǓƲ ǯ ǯǵ ˛̸ ǲȏȒʰ ǵԍἧẀ̬ǵҧ

ș ӓ ǲȏǪǭ ͔ǞǭǋȒƳʝ ƲȻɩɎɶMDǮǶԍἧǵ֦ЖҘἶ Ǳ Ҳ

șɝȭɫǱ Ҳ ╛ǵ Ι ѝǲȏǪǭ ὑǞǭƲǤȓȐǵ ֻ Ǳ ǯǞǭǵ

ɵ ˛̸ Ҙș ȈǭǋȒƳǚǵḹֻƲ ˛̸ ҘǶ Ǟǖ ǲ ȐǗǓ

Ǥǵ₳᷈ǯǞǭ ˛̸ ҘǓ ȈȐȓȒƳMD ǮǶ ↓ǵҧ ș ǲדȈȒǚǯǓ

֯ ǮǉȒǓƲCG Ƕʥ֯ ǮǉȒƳ 
 

ʴ ṑǲǑǘȒ AFMǵȵɝɣɪɶȵɥɱǮǶƲ Ǟǖ ҲǠȒ ̱ѝἧǲἁ˺ǜ

ȓȒ ɵ ˛̸ Ҙș ǠȒⱳ ǓǉȒƳǚǵǦȈǵȻɩɎɶǯǞǭ CGǵ

ʴǲƲRISM ȻɩɎɶ CG RISM Ǔ ǜȓǭǋȒƳǚǵ ǮǶƲ ǯ

ǵἭ᷀ʤǮǵ ̱ѝἧǵѝ⁹ ș Ҙἶ Ǳ ǮǉȒ RISM ǲȏǪǭ ǞƲ

Ǥǵ Ǯǵ ǵ ȦɋɩȬɶș ȈȒƳ ɵ ǵ ˛̸ ҘǶʰ ǵ ǲ

ᾍꜘǠȒ ȦɋɩȬɶǵӆ ǒȐ їǠȒƳʝ ƲȻɩɎɶMDș ̱ѝἧșדȇЋ

ԍἧǲ ǞǭƲֺԍἧǵҲ Ҳș ǞƲ ɵԍἧ ǵ ˛̸ Ҙș ǠȒǚ

ǯȉǮǔȒƳǚǵȏǍǲȻɩɎɶMDǶƲǉȒ ǮǶʠװ ǵ ǮǉȒǓƲ ἧ

ǓǑǑǘȓȓǷ Ǔ ẎǲǱȒǚǯǓᵂ ǮǉȒƳ 
 

ʴǵ Ḍ AFM ǮǶƲ ̱Кǵǭǚ Ҳșѫ ǠȒƳǤǵǦȈ Ǳὕ

̏ǵ ὑǲǶƲ ʴǵǭǚ ҲǵȵɝɣɪɶȵɥɱǓ ҧǱ☻Ҋș ǦǠƳȅǦƲ
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Ǳǭǚ◐ ǵ ș ǍʣǮȉƲ◐ ǲꜘǟǦ ʴǵǭǚ ҲǵȵɝɣɪɶȵɥɱǓⱳ

ǯǱȒƳǚǵȏǍǱ ǵǦȈǲǶƲȻɩɎɶLiqAFMǓѫ ǮǔȒƳǜȐǲ LiqAFM

ǮǶƲ Ǔ ǒȐ֞ǘȒ Ҙǵҧר▒ ș֝ȑЊȓǦ Ҳ șὕ ǮǔȒǵǮƲ

FemAFMǯ ȆֻȖǢǭ ʴ AFMǵǦȈǵȵɝɣɪɶȵɥɱș ǍǚǯȉǮǔȒƳǜ

ȐǲƲ[5] Ǯ ȀȒȏǍǱ ר▒ ș ǠȒǦȈǵ ȻɓɆȤȦȠȉ Ȇ

ȅȓǭǋȒƳ 
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3  ὕ ɅɶȽ ϑы ɕɫȹɁȳ(Analyzer) 

 

ὕ ɅɶȽ ϑы ɕɫȹɁȳ AnalyzerǶƲ Ḍɕɫɶɔ ⱨ (SPM)ὕ

ǒȐ їҘǜȓȒɅɶȽɓȟȢɩș Ȇ ȆƲὕ ϑɅɶȽǲ ƵǱ ϑы ș

ǠǚǯǲȏǪǭƲ ǦǱ ș♬Ȓǚǯș ǯǞǦȻɓɆȤȦȠǮǉȒƳȅǦƲȵɝ

ɣɪɶȵɥɱǮ♬ȐȓǦ SPM ϑǯὕ ɅɶȽ ϑǯǵ ș ǋƲȵɝɣɪɶȵɥ

ɱ ǵỈ►רș ͔ǠȒǯǯȉǲƲ ◐ ǲǫǋǭȏȑ ὕǱ ș ǍǚǯȉǮ

ǔȒƳ 
 

AnalyzerǵȱɱȹɕɆǶƲ̊ʤǵɓɫɶȿɡɶɆǲȅǯȈȐȓȒƳ 
 

 
ᶫ 3 AnalyzerǵȱɱȹɕɆș ǞǦɓɫɶȿɡɶɆ 

 

Analyzerǵ Ҳ ǶƲ̊ʤǵ ȑǮǉȒƳSPM Simulator ̱ǵ GUIǲǑǋ

ǭƲȱMenu Barȱǵ[Tool]Ł[Analyzer]șȭɨɁȭǠȒƳǠȒǯƲAnalyzerᾐ ǵȤȡɱɇ

ȤǓ ȓȒƳ 
 

3.1 ὕ ɅɶȽǵ Ȇ Ȇǯʝ Ǳ ϑы  

 

3.1.a Ȇ Ȇ֯ Ǳὕ ɅɶȽǵɓȟȢɩɓȧɶɜɁɆʝ  

 

AnalyzerǶƲ  2ǲ ǠɓȧɶɜɁɆǵɓȟȢɩșƲ ϑɅɶȽǯǞǭ Ȇ ȇǚ

ǯǓ֯ ǮǉȒƳ 
 

 2  AnalyzerǓ Ȇ Ȇ֯ ǱɅɶȽɓȟȢɩɵɓȧɶɜɁɆ 

ɓȟȢɩɓȧɶɜɁɆ ɟɶȩɶ׀ █ἧ 
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Unisoku◐╛(.dat, .hdr) Unisoku .dat 

Scala◐╛ Omicron .par 

Asylum Research◐╛ Asylum Research .ibw 

Digital Surf◐╛ Digital Surf .sur 

JEOL◐╛ JEOL .tif  

PicoSPM◐╛ Agilent Technologies 
(Molecular Imaging) 

.stp 

Nanonis◐╛ Nanonis .sxm 

RHK Technology◐╛ RHK Technology Inc. .sm4 

RHK Technology◐╛ RHK Technology Inc. .sm3 

RHK Technology◐╛ RHK Technology Inc. .sm2 

Hitachi(SEIKO)◐╛ Hitachi(SEIKO) .xqd 

Shimadzu◐╛ Shimadzu Corporation .*  

PSIA◐╛ Park Systems Corp. .tiff  

SPIP◐╛  .asc 

WSxM(ASCII XYZ)◐╛  .txt 

Gwyddion(ASCII)◐╛  .txt 

bitmap ϑɅɶȽ  .bmp 

JPEG ϑɅɶȽ  .jpg, .jpeg 

PNG ϑɅɶȽ  .png 

TIFF ϑɅɶȽ  .tif  

 

ϑɅɶȽǵ Ȇ Ȇ Ƕ̊ʤǵ ȑǮǉȒƳAnalyzerǵ GUIǲǑǋǭƲĞMenu BarĞ

ǵ[File]Ł[OpenĢ]șȭɨɁȭǠȒƳǠȒǯƲĞOpen FileĞ ǵȾȢȠɫȮǓ ȓȒǵǮƲ

ǤǚǮ ǘǦǋɅɶȽɓȟȢɩș ὑǠȓǷ ǋƳ 
 

3.1.b Ḩ ǵϊǔ  

 

₡ǵ SPM ὕ ǲǑǋǭƲ Ǔ ǠȒ 2 Ϸ ₳ ǯƲ Ǔ ǢȐȓǭ

ǋȒḨ ǯǶƲ˛ǋǲ₳ ǮǉȒǯǶ ȐǱǋƳȇǞȔƲ ǠȒ 2 Ϸ ₳ ǲᾍ

ǞǭƲḨ ǶϊǋǭǋȒǵǓ ǮǉȒƳǠȒǯƲ ǵ ̭ȏȑȉƲḨ

ǵϊǔǲȏǪǭ ǟȒ ̭ǵ ǓẎǔǋḹֻƲ ǵіѕǶ ǦǱǖǱǪǭǞ

ȅǋƲ ǯǞǭƲὕ ɅɶȽ ϑș ǭȉ ǵ ἧǓ ǖѝǒȐǱǋƲǯǋǪ

Ǧʥ ֻǓ ǟǭǞȅǍƳ 
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ǚǵᵂ șϿ ǠȒǦȈǲƲ

AnalyzerǲǶƲḨ ǵϊǔ

ǓρǏȐȓǭǋȒƳϊǔ ǵ̓

ǋ Ƕ̊ʤǵ ȑǮǉȒƳAnalyzer

ǲǑǋǭƲᶫ 4ǵȏǍǱ ϑɅɶȽ

ɓȟȢɩǓ ǒȓǭǋȒǯǠȒƳ[

ˬẎἶ  Ὑ

͑(Ir ʣǲ Auș ƲȠɉ

ɶɨɱȮǞǭɓɧȭȽɩῬ ș

◐ ǜǢǦȉǵ)S. Ogura et al., 
Phys. Rev. B 73, 125442 (2006); S. Ogura 
and K. Fukutani, J. Phys.: Condens. 

Matter 21 (2009) 474210.]ʟǵʣǲȩɶ

Ȼɩș ǋǭɜȤȷșֳȭɨɁȭǠ

ȒǯƲȱɱɄȫȷɆɟɉɣɶǓ ȓȒ

ǵǮƲǤǚǒȐ[Correct tilt]ș ȚǮȭ

ɨɁȭǠȒƳ 
 
 

 

ǠȒǯƲɅɶȽ ϑǶƲʟ  5ǲ

ǜȓȒȏǍǲƲḨ ǵϊǔ ș Ǫ

Ǧȉǵǲўȑ ȖȒƳǚǵ ̸ǲȏȑƲ

ǵ ǒǱіѕǓǶǪǔȑǯ

ǏȒȏǍǲǱǪǦǚǯǓѝǒȒƳ 
 

ǚǵϊǔ ǵƲ ↓

Ƕ̊ʤǵ ȑǮǉȒƳȅǡƲ x
ׄƲ y ׄǵǤȓǥȓǵ ʣ

ǵɅɶȽșƲ ᾛ˘ˆ ɓȡɁɄȡɱ

ȮǮ ̧ǠȒƳ ǲƲ♬ȐȓǦ

̧ ǵ ₳ ǲᾍǠȒϊǔǵ₳᷈ș

֝ȒƳ ♥ǲƲϊǔǵ ↓ǵ₳᷈Ιș

ǠȒȏǍǲƲ ϑɅɶȽǶẀ ǜ

ȓȒƳ 
 
 
 
 

 

3.1.c ϑǵɓɶɨȦ  

 

AnalyzerǲǶƲ ϑɅɶȽǲᾍǞǭ 2 ϷɓɶɨȦ ș ǋƲ ק ș▌ ǞǦ

ϑƲȉǞǖǶƲ̭ק ș▌ ǞǦ ϑǲẀ ǠȒ Ǔ ǜȓǭǋȒƳ ק ș▌

ᶫ 4 ϊǔ Ѽǵὕ AFM ϑ 

ᶫ 5 ϊǔ ♥ǵὕ AFM ϑ 
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ǞǦ ϑǶƲȨɨȶɈɩ ϑǵ ș▌ ǠȒǚǯǲᾍꜘǠȒƳ̭ ק ș▌ ǞǦ

ϑǶƲȨɨȶɈɩ ϑǵ ǵẀӓș▌ ǠȒǚǯǲᾍꜘǠȒƳ 
 

ǚǚǮƲ ϑɅɶȽǲᾍǠȒ 2 ϷɓɶɨȦẀ ǯǶƲǰǵȏǍǱ ̸ǒș Ǡ

ȒƳȨɨȶɈɩ ϑǵ șƲx ׄǲNƲy ׄǲMǯǠȒƳx ׄǲn Ʋy

ׄǲm ǵ ǲʦǏȐȓȒ Ιș ),( mnz ǯǠȒƳ ),( mnz ǶƲ ǵ ǜ

Ḹǲ ►ǠȒƳ ),( mnz ǵɓɶɨȦẀ ǶƲ̊ʤǵ╛ǮʦǏȐȓȒƳ 

)](2exp[),(
1

),(~
1

0

1

0 M

mv

N

nu
imnz

NM
vuz

N

n

M

m

+-= ää
-

=

-

=

p  

 

ǚǚǮǶƲ͈ǯǞǭƲᶫ 6ǵ ϑɅɶ

ȽșɓɶɨȦ ǠȒǚǯș ǏȒƳ

(Ẏ ẎἶɵẎἶ Ḩ ›ἶ Ʋ

ҍ ᾐ Ʋ ӓἶ ḢƲ ɵ

ӓἶ ↔Ʋ ˝ Ὑ ͑)ᶫ

ǵʣǲȩɶȻɩș ǋǭɜȤȷșֳȭ

ɨɁȭǠȒǯƲȱɱɄȫȷɆɟɉɣɶ

Ǔ ȓȒǵǮƲǤǚǒȐ[Image 

Processing]ș ȚǮȭɨɁȭǠȒƳǠ

ȒǯƲɓɶɨȦ ǵ ǞǋȤȡɱ

ɇȤǓ ȓƲ ǵ ϑǓ ǜȓȒƳ 
 
 
 
 
 

 
 

ɓɶɨȦ ȤȡɱɇȤǲǑǋǭǶƲ[Cartesian], [Fourier], [Power spectrum]ǵʢ

ǵɠɶɇǓ ǜȓǭǑȑƲ̊ ʤǵᶫ 7Ʋʟ  8Ʋʟ  9ǵʢ ǵ ϑǓ ǜȓȒƳ 
 

 
ᶫ 7 ȨɨȶɈɩ AFM ϑǵ[Cartesian]  

 
ᶫ 8 ȨɨȶɈɩ AFM ϑǵ[Fourier]

ᶫ 6 ɓɶɨȦ Ѽǵὕ AFM ϑ 
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ᶫ 9 ȨɨȶɈɩ AFM ϑǵ[Power spectrum]  

 

ɓɶɨȦ ȤȡɱɇȤǵʣ ǲǉȒȷɧȢɇɎɶǵǫȅȆșҲǒǠǚǯǮƲ▌

ǠȒק ѝșẀӓǜǢȒǚǯǓї ȒƳȷɧȢɇɎɶǵǫȅȆșֳǲҲǒǠǯƲ

ק Ǔ▌ ǜȓǦ ϑǓƲ̊ʤǵȏǍǲ♬ȐȓȒƳᶫ 10Ʋᶫ 11Ʋᶫ 12ș Ȓǯѝ

ǒȒȏǍǲƲȨɨȶɈɩ ϑǲ ȀǭƲ ǓǶǪǔȑǞǦ ϑǯǱǪǭǋȒƳ 
 

 
ᶫ 10 ק ș▌ ǞǦ AFM ϑǵ

[Cartesian]  

 
ᶫ 11 ק ș▌ ǞǦ AFM ϑǵ

[Fourier]
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ᶫ 12 ק ș▌ ǞǦ AFM ϑǵ[Power spectrum]  

 

ȨɨȶɈɩ ϑǯ ק ▌ ϑǵɏɭɶȷɘȭɆɩǵȮɧɓș ǠȒǯƲȷɧ

ȢɇɎɶǵǫȅȆǵ ҲǲȏǪǭƲɏɭɶȷɘȭɆɩǵȮɧɓǵϊǔǓ ǲẀӓǞ

ǭǋȒǵǓ ǭǯȓȒƳǚǵǚǯǒȐƲ ק ▌ ϑǲǑǋǭǶƲ ὑǵק ѝ

ǵ▌↓șẀӓǜǢǭǋȒǵǮǶǱǖƲק ѝ⁹Ћ̱ș ǲẀӓǜǢȒ ̸ǓǱǜ

ȓǭǋȒǚǯǓ ǜȓȒƳǚȓǶƲɏɭɶȷɘȭɆɩǵѝ⁹ǲ ǞǭƲק ǵⅎǋ

ḢǲȖǦǪǭ Ǔ Ҳ ǲ ȖȓǭǋȒǚǯș  ǠȒƳװ
 

ȅǦƲȷɧȢɇɎɶǵǫȅȆș‼ǲҲǒǠǯƲ̭ק Ǔ▌ ǜȓǦ ϑǓƲ̊ʤǵ

ȏǍǲ♬ȐȓȒƳᶫ 13Ʋᶫ 14Ʋᶫ 15ș ȒǯѝǒȒȏǍǲƲȨɨȶɈɩ ϑǲ Ȁ

ǭƲ ǵẀӓǓ▌ ǜȓǦ ϑǯǱǪǭǋȒƳ 
 

 
ᶫ 13 ̭ק ș▌ ǞǦ AFM ϑǵ

[Cartesian]  

 

 
ᶫ 14 ̭ק ș▌ ǞǦ AFM ϑǵ

[Fourier]  
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ᶫ 15 ̭ק ș▌ ǞǦ AFM ϑǵ[Power spectrum]  

 

3.1.d ϑǵ ϑ↓ӓ(Lanczos ) 

 

AnalyzerǲǶƲLanczos( 3=n ) ǲȏȒ ϑǵ ϑ↓ӓ Ǔ ǜȓǭǋȒƳ

Е̱ ǲǶƲ̊ʤǵ ș̓ ǠȒƳ 

1)( =xL   if 0=x , 

22

)3/sin()sin(3
)(

x

xx
xL

p

pp
=   if 30 <<x , 

0)( =xL   otherwise, 

êú

êú

êú

êú

ä ä
+

-=

+

-=

--=
3

2

3

2

)()(),(
x

xi

y

yj

ij jyLixLsyxS . 

 

͈ǯǞǭƲᶫ 16ǵὕ ϑș

ϑ↓ӓǠȒƳ( ˬ› ẎἶɵẎἶ

ֻ ›ἶ Ʋ ἶᾐ Ʋ

ἧ ↔Ʋ₳ῇӵˀ ȏȑ ͑) 
 

ᶫǵʣǲȩɶȻɩș ǋǭɜȤȷ

șֳȭɨɁȭǠȒǯƲȱɱɄȫȷɆɟ

ɉɣɶǓ ȓȒǵǮƲǤǚǒȐ[Image 

Processing]ș ȚǮȭɨɁȭǠȒƳǠȒ

ǯƲɓɶɨȦ ǵ ǞǋȤȡɱɇ

ȤǓ ȓƲɠɌɆɶɱǵ ϑǓᶫ 17ǵ

ȏǍǲ ǜȓȒƳ 
 
 
 

 

ᶫ 16 ϑ↓ӓǠȒѼǵὕ AFM ϑ 
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ǚǵᶫ 17Ǯ ǜȓȒɠ

ɌɆɶɱ ϑșƲ ϑ↓

ӓǠȒƳǤȓǲǶƲȤȡɱ

ɇȤʣ ǲǉȒɂɶɩɎɶ

ǵ‼ ǵƲ Ẏș Ǡ ɟ

ȪɋǵȠȢȱɱșɜȤȷǮ

ȭɨɁȭǠȒƳ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

ǠȒǯƲᶫ 18ǲ ǜȓ

Ȓ ϑ↓ӓǜȓǦ ϑǲ

ўȑ ȖȒƳ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

ᶫ 17 ϑ↓ӓǠȒѼǵὕ AFM ϑ(ɠɌɆɶɱ ) 

ᶫ 18 ϑ↓ӓǜȓǦ AFM ϑ 
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3.2 ɉɣɶɧɩɋɁɆɭɶȭἶ ǲȏȒϑ  

 

ȯɶȷȷȽɅȡǯǞǭ̊ʤǵᵂ ș ǏȒƳ ѝἧ collagenǲᾍǞǭƲϼ Ǔ

˘ ǲǱǪǦ (double-tip)ș̓Ǫǭ AFM όș ǋƲȠɶɄȡɓȟȭɆșדȚǧὕ

ϑɅɶȽǓ♬ȐȓǦǯǠȒƳǚǵȠɶɄȡɓȟȭɆșדȚǧὕ ϑɅɶȽșɉɣ

ɶɧɩɋɁɆɭɶȭἶ ǵ ǯǞǭƲ̀ ǵȠɶɄȡɓȟȭɆșדȚǧ ϑɅɶȽș

ǠȒǚǯș ȆȒƳ 
 

ȅǡƲCOѝἧș ǯǞǭ collagen

ș AFM όǞǭ♬ȐȓȒϑșᶫ 19ǲ

ǠƳǚǵ ϑɅɶȽǶƲGeoAFMǲȏǪǭ

♬ȐȓǦȉǵǮǉȒƳ ǯǞǭ COѝἧ

ș ȚǧḹֻƲ ϼ Ƕ ₡ǲᾛǜǖ

ǯǓǪǦȉǵǯǱȒǵǮƲȂȃ Ǳ

AFM ϑǯѨ Ǟǭ ȖǱǋƳ 
 
 
 
 
 
 
 
 
 
 
 

 
 

ʝ Ʋʟ  20ǵȏǍǲƲҜӓǲȏȑϼ Ǔ˘ ǲǱǪ

ǭǞȅǪǦ (double-tip)ș ǏȒƳ 
 
 
 
 
 
 
 
 

 
  

ᶫ 19  COѝἧș ǯǞǭ♬ȐȓȒ

collagenǵ AFMϑ(ǚȓșƲȂȃ Ǳ AFM ϑ

ǯ ǱǠ) 

ᶫ 20 ϼ Ǔ˘ ǲǱǪǭ

ǞȅǪǦ ǵϑ 
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ǚǵȏǍǱʥὈЋǱ ǲȏǪǭ♬Ȑ

ȓȒ collagenǵ AFM ὑ ϑǶƲᶫ 21

ǵȏǍǲǱȒƳǚǵ ϑɅɶȽȉ GeoAFM

Ǯ♬ȐȓǦȉǵǮǉȒƳᶫș ǖ ȒǯƲ

ϼ ǵ˘ ◐ ǲȏǪǭƲcollagen

ǵ AFM ϑǶіѕǓ ǞǖǱǪǭǋ

ȒƳǚǵȏǍǱȠɶɄȡɓȟȭɆșƲɉɣ

ɶɧɩɋɁɆɭɶȭἶ ǲȏǪǭ ֒Ǡ

Ȓǚǯș ȆȒƳ 
 
 
 
 
 
 

 
 
 

 

ɉɣɶɧɩɋɁɆȵɝɣɪɶȽǵ Ҳ ǶƲ ǵ ȑǮǉȒƳȅǡƲAnalyzerǵ

ɟɉɣɶɎɶǒȐƲ[Tool]Ł[Neuralnet Simulator]șȭɨɁȭǠȒƳǚȓǲȏȑƲȱNeuralnet 

simulatorȱȤȡɱɇȤǓ ȓȒƳ ǲƲȱNeuralnet simulatorȱȤȡɱɇȤǵɟɉɣɶɎɶ

ǒȐƲ[File]Ł[Open]șȭɨɁȭǠȒƳ 
 

ǠȒǯƲȅǡѧȈǲƲȱSelect observed 

imagesȱǯǋǍȾȢȠɫȮǓ ȓȒǵǮƲǚǚ

ǮƲdouble-tip ǲȏǪǭ♬ȐȓǦ collagenǵ

AFM ϑɅɶȽɓȟȢɩș ǠȒƳǚǚǮ

ǶƲɅɶȽɓȟȢɩǶƲCube◐╛ǮʦǏȐȓ

ȒǯǠȒƳ ǲƲȱSelect original imagesȱǯǋǍ

ȾȢȠɫȮǓ ȓȒǵǮƲǚǚǮƲCOѝἧǵ

Ǯ♬ȐȓǦ collagenǵ Ǳ AFM ϑ

ɅɶȽɓȟȢɩș ǠȒƳǚǵɅɶȽɓȟȢ

ɩȉƲCube◐╛ǮʦǏȐȓǭǋȒǯǠȒƳǚ

ǵ ǮƲʟ  22ǵȏǍǱȤȡɱɇȤǓ ȓȒƳ 
 

ɉɣɶɧɩɋɁɆɭɶȭǵἶ ș ỒǠȒ

ǦȈǲƲǚǵȤȡɱɇȤʣ ǵɂɶɩɎɶǵƲ

ʢ ◐ǵ[Start]ɚȽɱșȭɨɁȭǠȒƳǚȓǲ

ȏȑƲἶ Ǔ ỒǜȓȒƳ 
 

ɉɣɶɧɩɋɁɆἶ Ǔ ˓ǞǦ ǮƲȤȡɱɇȤʣ ɂɶɩɎɶǵƲ

◐˘Ήǵ[Pause]ɚȽɱșȭɨɁȭǠȒƳǚǚǮƲἶ ǵҧ ș ǠȒǦȈǲƲɂɶɩ

Ɏɶǵ[Check]ɚȽɱșȭɨɁȭǠȒƳǠȒǯƲ̊ ʤǵʢǫǵ ϑƲʟ  23Ʋʟ  24Ʋʟ  25

Ǔ ȓȒƳ 
  

ᶫ 21 ϼ Ǔ˘ ǲǱǪǦʥὈЋǱ ǒȐ

♬ȐȓȒƲcollagenǵ AFN ὑ ϑ 

ᶫ 22 Neuralnet simulatorǵὕ  
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ᶫ 23 Neuralnet simulator 

ǲǑǘȒ Input Image 

 
ᶫ 24 Neuralnet 

simulator ǲǑǘȒ

Reconstructed Image 

 
ᶫ 25 Neuralnet simulator 

ǲǑǘȒ Difference Image

 

ᶫ 23Ʋᶫ 24Ʋᶫ 25ǶƲ‼ǒȐƲȱInput Imageȱ, ȰReconstructed Imageȱ, ȰDifference 

ImageȱǮǉȒƳInput ImageǶƲἶ ѼǵЊҘ ϑƲǠǱȖǨƲdouble-tip Ǯ collagenș

AFM όǠȒǚǯǲȏǪǭ♬ȐȓǦ ϑǮǉȒƳReconstructed ImageǶƲἶ ș

֚ ǞǦП ϑƲǠǱȖǨƲἶ ѼǵЊҘ ϑǒȐ double-tip ǲȏȒȠɶɄȡɓȟ

ȭɆș ֒ǞǦ ϑǮǉȒƳDifference ImageǶƲInput Imageǯ Reconstructed Imageǵ

ѝ ϑș ǞǭǋȒƳDifference Imageǲ̲ȉ ǜȓǭǋǱǋ ǓƲἶ ǲȏǪ

ǭȠɶɄȡɓȟȭɆșὈЋǲ ֒ǞǦǚǯǲᾍꜘǠȒƳ 
 

ἶ ɓȟȢɩǶƲɟɉɣɶɎɶǵƲ[File]Ł[Save Weight File]șȭɨɁȭǠȒǚ

ǯǮƲͪἭ֯ ǮǉȒƳ 
 

♥ǲƲǚȓȅǮǵἶ șѫ ǞǭƲѩǵ ǦǱὕ ϑɅɶȽǵȠɶɄȡɓ

ȟȭɆș ֒ǠȒƳɂɶɩɎɶǵ[Trial]ɚȽɱș ǞǭƲȠɶɄȡɓȟȭɆșדȚǧὕ

ϑɅɶȽǵ Cube◐╛ɓȟȢɩș ǠȒƳǚǚǮǶƲ͈ǯǞǭƲHOPG Highly 

Oriented Pyrolytic Graphite ׄ ѝ ʣǲ ǜȓǦʝΉǵɧȭɆɱ ѝ

ἧ ɛɨɜɶ(CLG ʀȩɕɫɧȭɆɱɵ(L)ɧȭȿɇɵȮɨȱɨɇВ ֻ̱)ș double-tip

Ǯ AFM όǞǭ♬ȐȓǦ ϑɅɶȽș̓ǍǚǯǲǠȒƳǚǵ ϑɅɶȽǶƲGeoAFM

Ǯ♬ȐȓǦȉǵǮǉȒƳǠȒǯƲᶫ 26Ʋᶫ 27Ǔ ǜȓȒƳ 
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ᶫ 26 ѝἧș double-tip Ǯ AFM όǞǭ

♬ȐȓǦ ϑ 

 
ᶫ 27 ɉɣɶɧɩɋɁɆἶ ǵ ǲḨǬ

ǋǭʹ Ǟǭ♬ȐȓǦ ϑ 

 

ᶫ 26ǶƲ ѝἧș double-tip Ǯ AFM όǞǭ♬ȐȓǦ ϑǮǉȒƳʟ  27ǶƲʟ  26

șɉɣɶɧɩɋɁɆἶ ǵ ǲḨǬǋǭʹ Ǟǭ♬ȐȓǦ ϑǮǉȒƳȠɶɄȡɓȟ

ȭɆǓ ֒ǜȓǭǋȒǒș ǠȒǦȈǲƲᶫ 26Ʋᶫ 27ș Cube◐╛ɅɶȽǯǞǭ

AnalyzerǮ ǠȒǚǯǲǠȒƳǤȓǲǶƲᶫǵʣǲȩɶȻɩș ǋǭɜȤȷșֳȭɨ

ɁȭǞǭƲ[Export to Analyzer]ș ǠȒƳǚȓǲȏȑƲᶫ 28Ʋᶫ 29Ǔ ǜȓȒƳ 
 

 
ᶫ 28 ѝἧș double-tip Ǯ AFM όǞǭ

♬ȐȓǦ ϑ 

 
ᶫ 29 ɉɣɶɧɩɋɁɆἶ ǵ ǲḨǬ

ǋǭʹ Ǟǭ♬ȐȓǦ ϑ

 

ᶫ 28ǶƲ ѝἧș double-tip Ǯ AFM όǞǭ♬ȐȓǦ ϑǮǉȒƳᶫ 29ǶƲʣ

ǵ‼ǵᶫșɉɣɶɧɩɋɁɆἶ ǵ ǲḨǬǋǭʹ Ǟǭ♬ȐȓǦ ϑǮǉȒƳᶫ 

28Ʋᶫ 29ș ȀȒǯƲȠɶɄȡɓȟȭɆǶ ֒ǜȓǦǓƲǤǵǒȖȑǲƲ ѝἧ














































































































































































































































































