


Mass Analyser Magnet :





The ionised gas now travelling along the beam line next reaches the mass analysis magnet.  The ion beam contains very mixed ions of the  ionised gas,  for example BF3.  The gas required as the doping species is usually Boron or B.  The plasma cloud will contain B+ BF+ BF2+ as well as doubly charged species B++.  It is necessary to select the required ion.  An electromagnet is used to do this selection.  The magnetic field B may be adjusted to select the mass of the ion required.





B=(2mv/qr2)1/2





Where m is the mass 


v the velocity 


r the radius and 


q the electronic charge.





So the current in the electromagnet is set up to bend the selected ion through 90o.  Lighter ions are bent more and crash into the inner wall, heavier ions are bent less and will crash into the outer wall.�


The ions are travelling with an energy equal to the product of the electronic charge and the accelerating voltage. A singly charged ion accelerated through 25kV will have an energy of 25kev.  At this stage, after the analysing magnet the acceleration voltage has been supplied by the extraction ring often ~ 20kV.
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Mathematical Model for Ions Implanted into Single Crystal Silicon:





Ions with a particular energy collide with the atoms of the crystal lattice.  These collisions and interactions mean that the incident ions do not have a straight path to their ultimate resting place in the target material.
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The total distance the ion travels in the target material is the range generally called R.





The projection of the distance along the x-axis is the projected range, Rp, and is the effective distance into the material.
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Some ions will be 'lucky' and travel further than the mean distance.  Some will be unlucky and travel less far.  The distribution is characterised by the std. deviation.  (Rp sometimes called the straggle.  The ion distribution is gaussion with mean Rp and std. deviation (Rp.











The expression which describes this distribution is :-]
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	or





	N(x) = Np exp[-(x-Rp)2/2DRp2]








The area under the gaussian curve is the implanted dose and is equal to 
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for an implant completely contained within the silicon the dose is equal to 
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Note how similar the concentration equation is to the diffusion equation -
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4Dt is represented by 2(Rp2





Similar but the distribution is shifted along the x axis by Rp.
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The range into the silicon is dependant on the energy of the implant.





�
Junction Formation :





Remember the concentration Vs distance  in to the silicon curve for diffusion :
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If an implant is implanted with enough energy to be completely contained within the silicon it is possible to have two junctions.
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The concentration equation N(x) = Np exp[-(x-Rp)2/2DRp2]





at the junction Nx = Nb the bulk or substrate concentration





Nb = Np exp[-(x-Rp)2/2DRp2]
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i.e. Boron implanted to a depth of 0.3µm with a peak concentration of Np = 1 x 1018/cm3 into a substrate of doping 3 x 1016/cm3.





Implant energy 100kv straggle 0.07µm
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xj = 0.3 + 2.65 (0.7)





xj1= 0.3 - .186 		xj2= 0.3 + .186





xj1= 0.114 			xj2= 0.486








Selective Implantation or Masking :





Implant into silicon is generally done through an oxide this, because the oxide is amorphous can help prevent channelling.  Also it can prevent contamination by metal ions in the silicon as the implant oxide is often etched off afterwards.  It is generally desirable to implant only certain areas.  The areas where the implant should not go are often masked off by thicker oxides.
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To prevent significantly altering the doping in the silicon we require that the implanted concentration be less than 1/10 the background concentration at the thick Si/SiO2 interface.
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Solving the concentration equation


N(x) = Np exp[-(x-Rp)2/2DRp2]





for Xo yields a max SiO2 thickness only the positive root valid
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for various ratios of Np/Nb		101	M = 3.0


						103	M = 4.3


						105	M = 5.3


						106 	M = 5.7














