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ABSTRACT 

 

The effect of ultra low energy ion implantation in semi-insulating gallium arsenide 

(GaAs) substrates have been carried out using 2 keV and 10 keV implants of silicon and 

carbon for n-type and p-type dopants, respectively. Challenges with ultra low energy III-

V semiconductors ion implantation include: (i) shallow implant damage in the material, 

(ii) lack of understanding of extent of damage, (iii) implant damage causing other lattice 

defects, (iv) ion channeling, and (v) stoichiometric surface and bulk changes of III-V 

semiconductors due to ion implantation.  Furthermore evaporation of Arsenic (As) for 

temperatures above 700 oC leads to severe surface damage and pitting on III-V 

semiconductor surface. As a result, it is impossible to electrically activate dopants using 

RTA above 700 oC without excessive surface damage. Prevention of surface 

decomposition is a pre-requisite to fabricate high performance MOSFET devices in III-V 

materials. Therefore insight into ultra low energy ion implantation of III-V 

semiconductor and capped rapid thermal annealing without surface damage will help 

pave the way for future integration of III-V materials in MOSFET devices. In this 

research, e-beam evaporated amorphous silicon (α-Si) film has been used as a capping 

layer on ion-implanted GaAs substrate for high temperature rapid thermal annealing 

(RTA) for dopant activation. It has been discovered for the first time that an optimum α-

Si capping thickness between 70 Å to 300 Å to encapsulate GaAs could be used for RTA 

up to 950 oC.  This optimum α-Si thickness provided damage-free surface and minimized 

arsenic loss.   

 


