
 
 
 
 
 

Transmission electron microscope measurement of the 
hydroxyapatite layers coated by droplets eliminated type 

pulsed-laser deposition scheme 
 

Hidehiko Yashiro* and Masayuki Kakehata 
 

Research Institute for Advanced Electronics and Photonics,  
National Institute for Advanced Industrial Science and Technology (AIST),  

Central 2, 1-1-1 Umezono, Tsukuba, Ibaraki 305-8568, Japan 
*Corresponding author email: hidehiko.yashiro@aist.go.jp 

 
The high-crystalline hydroxyapatite layer was coated by a droplet-eliminated pulsed-
laser deposition scheme on zirconia substrates [1]. Raman spectroscopy measurement 
showed that the coating layer changed 
drastically from amorphous to crystalline 
phase at annealing temperature Ta= 360 °C. 
Moreover, narrowing and spectral upshift 
of the Raman spectral line over the 
threshold indicated the increase of the 
crystallite size with increase Ta. An 
asymmetrical shape of the Raman spectral 
line just over the threshold also indicated 
the evidence came from the nm-size crystals 
[2]. This same asymmetric spectral shape 
was reported concern about the nano 
crystalline Si, diamond, Ge, etc. A 
transmission electron microscope (TEM) can 
observe the nm-size image and evaluate the 
crystal phase from the electron diffraction 
measurements. 
  The coating layers for different Ta 
were scratched in ethanol and their grains 
were observed by TEM.  Typical TEM  
images of the scratched grains and their 
electron diffraction patterns for Ta= 400 and 
550 °C were shown in Fig. 1 and Fig. 2, respectively. The diameter of the electron transmission 
was set at 0.8 µm. These patterns showed that the coating layer shown in Fig. 1 is single-crystal 
with larger crystallite size, on the other hand, the coating layer shown in Fig. 2 became a 
polycrystal with smaller crystalline size. These differences might be caused by the growth rate 
of the crystal layer at different Ta. The disagreement on the crystallite size estimation between 
Raman spectroscopy and TEM analysis is under consideration.  
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Figure 2 HR-TEM image of coating layer and 
electron diffraction pattern for Ta= 550 °C. 

 
Figure 1 HR-TEM image of coating layer and 
electron diffraction pattern for Ta= 400 °C. 
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欠端雅之
[2]はSiとGa-Asについての論文のようです。

欠端雅之
１）倍率の違いかもしれませんが、Fig.2に比べて、Fig.1のHR-TEM像は（明るさが違う領域が細かく存在し）格子の並びが見えにくく単結晶的な印象を与えないかもしれません（電子線回折像をみれば単結晶的に方向がそろっていることはわかるのですが）。。
２）電子線回折像ですが（純粋に私の質問です）、Fiｇ.１の回折像は一つのパターンがずれて二つかさなっているのでしょうか？
Fig.1の回折像を回転すると、多結晶のFig.2 の多結晶的な回折像になるような対応関係？
３）Fig.2の回折像の内側に、少し方向性を持った成分があるようですが、これは多結晶に方向性がある？


