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【提出用】

(1)ナノからマイクロ領域における力の計測や可視化に取り組んでいま
す。応用として、原子種や状態を表したカラー原子間力顕微鏡
（Colour AFM）、分子の動きの可視化、力学的バイオ計測、生殖補助
医療（Assisted Reproductive Technology）があります。
(2)学生・職員工房『キャンプこまば4』を運営しています。
(3)世界から学生やインターンを積極的に受け入れています。

図4.AFMで受精の力計測 図.5 分子修飾で理想的AFM探針を得る
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The tip plays the role most important in Atomic Force Microscopy since the imaging principle is based on mapping 
of the tip sample interaction. In order to achieve atomic resolution, and to give quantitative results with high 
repeatability, the tip apex needs to be atomically sharp, with little or negligible contribution from other protrusions 
or volume of the tip apex. The introduction of a CO molecule for tip functionalisation resulted in a large 
breakthrough, pushing the limits of AFM to sub molecular studies, but the operation was limited to cryogenic 
temperatures. Here we present another approach, where tetrapod structured molecules are left to randomly 
attach to form a monolayer on the base metal tip. Three out of four pods serve as tripod legs, and help to maintain 
a designated distance between neibouring molecules, acting in favour to avoid multi-tip effects. The height of the 
molecules serves to lessen the background forces. Favourable conditions on the molecular spacing, the 
molecular height, and the base tip radius were derived based on geometric considerations. Force and images 
were numerically calculated and compared to a single ßoating-atom- probe, in terms of maximum attractive force 
and the structural similarity index measure(SSIM).
      

Atomic force microscopy (AFM) has become an 
important imaging tool in surface science, where 
observation of the sample surface is carried out by 
mapping the interaction between a sharp tip and the 
sample. The tip is crucial for the quality and 
repeatability of imaging.1,2,3 To achieve high spatial 
resolution, the tip needs to be atomically sharp4. In 
conventional AFM, achieving atomic resolution 
involved using FIB to sharpen the tip5 and/or lightly 
touching the sample surface with the tip to pick up a 
cluster of atom at the apex6. The tip made in this way 
had high reactivity7, making it difÞcult to observe 
molecular skeletons. This problem was solved by 
functionalising the tip by placing a molecule at its 
apex8. This technique reduces the force between the 
tip and the sample, allowing the tip to approach the 
region where repulsive forces occur9. Various 
molecules have been used, and CO tip in particular 
generated images with high contrast10, leading to 
v a r i o u s d i s c o v e r i e s s u c h a s b o n d o r d e r 
d i s c r im ina t i on11 , de te rm ina t i on o f na tu ra l 
compounds12, identiÞcation of the structure of products 
obtained from chemical reactions13, and determination 
of the structure of self-assembled monolayers14. 
However, due to the nature of the bond of  the CO 

molecule to the tip, deßection of the CO molecule 
occurs15. This may lead to image distortion16 or the 
need to compensate for the deßection when evaluating 
the measured data. To solve this problem, an oxygen-
terminated copper tip, with an O atom covalently 
bonded to the apex was introduced17. Oxygen-
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Fig.1. (a) A schematic of a tip functionalised by a self-
assembled BATT molecules. The base tip is depicted as a 
hemisphere of radius R. Intermolecular distance is given 
by a. Parameter D1 is deÞned as the height difference of 
two front most molecules’ apexes, and, parameter D2 is 
deÞned as the height difference between the apex of the 
base tip and the apex of the front most molecule.
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図1. カラーAFM 図.2 UHV TEM AFM 図.3 液中原子間力顕微鏡
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