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Ion Implantation 
High Energy Accelerator 

1. Ion Source 

2. Mass Spectrometer 

3. High-Voltage Accelerator (Up to 5 MeV) 

4. Scanning System 

5. Target Chamber 



Force on charged particle     F  q v x B 

Magnetic Field                      B 
2mV

qr2

Implanted Dose                   Q 
1

mqA
I t 

0

T

 dt

m  mass

v = velocity

V  acceleration potential

A = wafer area
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Ion Implantation 
Overview 

• Wafer is Target in High Energy Accelerator 

• Impurities “Shot” into Wafer 

• Preferred Method of Adding Impurities to Wafers 

– Wide Range of Impurity Species (Almost Anything) 

– Tight Dose Control (A few % vs. 20-30% for high temperature 

pre-deposition processes) 

– Low Temperature Process 

• Expensive Systems 

• Vacuum System 
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Ion Implantation  
Mathematical Model 



Gaussian Profile

        N x  N p exp 
x  Rp 

2

2Rp
2















Rp  Projected Range

Rp Straggle

Dose      Q = N x dx  2
0



 N pRp
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Ion Implantation 
Projected Range 
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Ion Implantation 
Straggle 
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Ion Implantation 
Selective Implantation 



N x,y  N x F y 

F y 
1

2
erfc

y  a

2R









 erfc

y  a

2R





















R  transverse straggle

N x  is one - dimensional solution

Figure 5.4 

Contours of equal ion concentration for an implantation 

into silicon through a 1-mm window. The profiles are 

symmetrical about the x-axis and were calculated using 

the equation above taken from Ref. [3].  
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Ion Implantation 
Selective Implantation 

• Desire Implanted Impurity 

Level to be Much Less 

Than Wafer Doping 

  N(X0) << NB 

 or 

  N(X0) < NB/10 
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Ion Implantation 
Selective Implantation 



X0  Rp  Rp 2ln
10N p

NB









 Rp  mRp
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Ion Implantation 
Junction Depth 



N x j  NB

N p exp 
x j  Rp 

2

2Rp
2














 NB

x j  Rp  Rp 2ln
N p

NB









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Ion Implantation 
Channeling 
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Ion Implantation 
Lattice Damage and Annealing 

• Implantation Causes 

Damage to Surface 

• Typically Removed by 

Annealing Cycle 800-

1000o C for 30 min. 

• Rapid Thermal Annealing 

(RTA) Now Used for 

Lower Dt Product  
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Ion Implantation 
Deviation from Gaussian Theory 

• Curves Deviate from 

Gaussian for Deeper 

Implantations (> 200 keV 

• Curves Fit Four-Moment 

(Pearson Type-IV) 

Distribution Functions 
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Ion Implantation 
Shallow Implantation 
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Ion Implantation 
Shallow Implantation 
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Ion Implantation 
Rapid Thermal Annealing 

Figure 5.12 

(a) Concept for a rapid thermal annealing (RTP) system. (b) Applied Materials 300 mm RTP System (Courtesy Applied Materials) 

•Rapid Heating 

 

•950-1050o C 

 

•50o C/sec 

 

•Very Low Dt  

(b) 
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Ion Implantation  
References 
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End of Chapter 5 


