
Materials Modification Implants for Advanced Devices 

Dr. Leonard Rubin 

Chief Device Scientist, Axcelis Technologies

for their physical or chemical 

effects on the device structure or the implanted dopants.  For this reason, they are referred to as 

“materials modification” implants.   This article describes several diverse applications of materials 

modification implants in advanced CMOS devices. 

The oldest and most widely used materials modification implant is pre-amorphization.  Pre-

amorphization is the use of an initial implant to deliberately destroy the ordered crystalline structure of 

the substrate in order to prevent channeling of subsequent implants.  Germanium has been traditionally 

used for this application because of its high mass, but occasionally xenon is used.  Because the atomic 

mass of Xe is almost twice that of Ge, Xe amorphization is very efficient, requiring doses of only 1-

5x1013cm-2. 

Recently, there is a lot of interest in carbon as a pre-amorphizing species.  Because of its low 

mass, it is difficult to amorphize with C at normal wafer temperatures unless doses far exceeding 

1x1015cm-2 are used. However, the amorphization threshold for C in Si is reduced to as low as 5x1014cm-2 

if the wafer is cooled during implantation and the density of the C beam is sufficiently high.  Spot beam 

implanters such as Optima HDx can easily amorphize Si using C i



common.  The Eterna ELS3 long life source from Axcelis is specifically engineered to maximize the source 

life, productivity, and cost-of-ownership of both 




