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Plasma immersion ion implantation (PIII) is an advanced and cost-effective technology 
used in surface modification of various types of material. In this technique the object to be 
implanted is immersed in plasma and suddenly charged to a high negative voltage. As a 
consequence the plasma sheath expands away from the target and the uncovered ions are 
accelerated to the target and implanted. Because of its capabilities of batch-processing, treatment 
of large areas with even non-flat surfaces and high throughput, PIII has received an ongoing 
concern for surface modification of semiconductor and dielectric materials. In these materials 
implanted ions accumulate on the dielectric surface and build up an opposing electric field which 
can have a profound effect on doping results. In this paper effect of dielectric substrate thickness 
on implantation parameters is investigated. Finite difference schemes were used to solve self-
consistent fluid equations in order to simulate spatial and temporal evolution of plasma sheath, 
surface potential and accumulated dose. 

We suppose a 1-D planer electrode which is covered by a dielectric layer with thickness d
and immersed in plasma. If the pressure of background gas is sufficiently low, we can use the 
cold plasma fluid equations to describe the spatiotemporal evolution of implantation parameters. 
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space, ���, �� is the electric potential inside the sheath. �
��, �� can be described by the Boltzmann 
distribution: 
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Appropriate initial and boundary conditions must be exerted to solve these equations. Potential of   

dielectric surface, as a boundary condition, can be determined by considering the capacitive effects of 
dielectric substrate. Nitrogen plasma was used as work gas and other parameters such as >?
 � 1 eV, 
ion density �/ � 10@ ��2A, amplitude of ideal rectangular negative voltage�/ � �30  KV, pulse 
duration of t=10 µs, emission coefficient of secondary electron ( �/ � �30 KV) B/ � 18.5 and 
relative permittivity of dielectric 5F � 8.8 are chosen . 

 Figures below illustrate variation of implantation parameters. With increasing the dielectric 
thickness the magnitude of electric field over substrate decreases. As a consequence electric force on 
charged particles reduces in order to push electrons away an attract ions toward the surface.  Thus 
sheath width with increasing dielectric thickness decreases. Variation of accumulated dose over 
dielectric surface (not presented here) is the same as variation of  sheath (Fig.1) ,i.e. with increasing 
the dielectric thickness accumulated dose decreases. 

 

Fig(1). Sheath thickness                                                Fig(2). Surface potential drop 
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