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Lecture 24

Ion Implantation

( Shoot ions into substrate, then anneal to activate and remove

   damage. 

( Projected range depends on implant energy.  Now implanters 

  operate at 500V or less for ranges < 20 nm.

( This is the main way dopants are now introduced in critical

   applications (sources, drains).  


( Method is especially useful for forming shallow junctions with 

   high doping levels.

Advantages:


( High speed


( Excellent reproducibility and controllability


( Ability to attain dopant levels higher than the solid solubility limit

Disadvantages:


( High expense for implanter (a fancy, high-output mass 

  spectrometer)


( Implantation damage must be annealed out.  We’ll treat this later.


( Can get ion channeling along high symmetry directions.  Fix by

   
  preamorphizing implant with Ge.  But this introduces new 

  complications.

1. Implantation issues
Diagram of implanter
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( Implantation species typically BF3 (F remains in substrate) or AsH3

( Maximum concentration is below surface

Diagram of concentration vs. depth, lateral position
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2.  Annealing issues


( Process done almost exclusively by RTP  (usually called RTA: 

   rapid thermal annealing)

( Spike anneal to 1050(C for a few seconds typically used.

( Ramp up at 75–500(C/s, limited by lamp density and control 

   issues

( Ramp down at 75(C/s or less, limited by radiative cooling

( Recipe reduces transient enhanced diffusion: the initial extremely

   rapid spreading of dopants by defect-mediated diffusion.  TED 

   limits shallowness of the junction, particularly for boron.

3. Limiting TED
A. Complexity of the diffusion-reaction equations

See Text Handout – Point out:

( the many reactions involved

( the need for full-blown transient 3-D PDE’s (although we 

   simulated only 1-D for computational efficiency.

( the complications introduced by charged species and Poisson’s

   eqn. 

( effects of surface space charge (end of text)

B. Nonthermal illumination effects

See Handout

Lecture End ––––
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