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¾ 1  ]OPQR~_��D 0.7 µm¬¥£]�x¿�ÀlT

�l HRTEM¾Á 

Fig.1  HRTEM images of helium bubbles distributed at depth of 

0.7 µm in helium ion pre-implantation tungsten sample:  

(a) under-focus and (b) over-focus 
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¾ 2  SRIM XY, GD-OES Â��ÃN��ÄÅÆN��]

OPQR~]�_D�¬¥-¤¥x¿ 

Fig.2  Depth distribution of helium in tungsten samples implanted 

by helium ion with single energy (a) and sequent energy (b) 

measured by SRIM simulation and GD-OES spectra 
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¾ 3  ��aWOPJbc�Ä]OP^QR~aWOPJ>bc~_� SEM���Ç 

Fig.3  SEM images of surface of tungsten samples of alone deuterium irradiated (a, b) and deuterium irradiated after helium 

ion pre-implanted (c, d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 4  ��aWOPJbc�Ä]OP^QR~aWOPJ>

bc~_� SEM-FIB��,È��Ç 

Fig.4  SEM-FIB surface (a, c) and cross-section (b, d) images of 

tungsten sample of alone deuterium irradiated (a, b) and 

deuterium irradiated after helium ion pre-implanted (c, d) 
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¾ 5  �ÃN��]OP^QR�ÄÅÆN��]OP^QR

~aWOPJ>bc,��aWOPJbc~_��D

a,]¤¥� GD-OESÉV 

Fig.5  GD-OES spectra of deuterium and helium concentrations 

in tungsten samples of alone deuterium irradiated and 

deuterium irradiated after helium ion pre-implanted with 

single energy helium ion pre-implantation (a) or sequent (b) 
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¾ 6  Ê§N�]OP^QR~aWOPJ>bc,��aW

OPJbc~_��Da�uvws¾ 

Fig.6  Thermal desorption spectra of deuterium

 

in tungsten 

samples of alone deuterium irradiated and deuterium 

irradiated after helium ion pre-implanted with different 

energies 
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¾ 7  Ê§N�]OP^QR~aWOPJ>bc,��aW

OPJbc~_��D�a®��� 

Fig.7  Total amount of deuterium in tungsten samples of alone 

deuterium irradiated and deuterium irradiated after 

different-energies helium ion pre-implanted  
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Abstract: High-energy helium ion pre-implantation in tungsten and deuterium plasma exposure were carried out by high-energy ion 

implanter and linear experimental plasma system (LEPS). SEM-FIB, TEM, GD-OES and TDS measurements were used to analyze the 

effect of helium ion pre-implantation on deuterium retention in tungsten from both microstructure and deuterium concentration depth 

profile. The results show that a large number of helium bubbles form in the irradiated area by implantation of helium ions. After deuterium 

plasma exposure, the number of deuterium bubbles is significantly lower than that of sample with alone deuterium plasma exposure. 

GD-OES analysis shows that deuterium concentration depth profile increases obviously at the helium capture position, and the helium ion 

pre-implantation increases the diffusion depth of deuterium in tungsten. TDS analysis also shows that helium ion pre-implantation 

increases the retention of deuterium in tungsten. This can be attributed to the defects formed after helium ions pre-implantation provide a 

large number of new trap sites for deuterium capture in tungsten, which leads to the significant increase of deuterium retention in tungsten. 

Key words: tungsten; helium pre-implantation; deuterium; GD-OES; retention 
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