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Abstract.  Device fabrication requirements for 65nm and 45nm technologies further increase the demands on medium 
current implanters for higher process quality as well as for increased productivity and flexibility.  Application space 
continues to grow beyond the traditional Vt adjustment implants to include other well and halo implants, creating the 
need for a broader energy range.  Pressure for reduced CoO drives the need for higher productivity and this, in turn, 
drives requirements for tuning time, wafer handling speeds, beam currents and reliability that are substantially more 
aggressive than for older generation tools. Additionally, dose control, angle control and defect control standards have 
become more stringent.  We discuss these requirements in more detail and describe the improvements that have been 
made to Varian’s next generation medium current tool in order to meet them. 

Keywords: Ion implantation; Energy contamination; Angle control. 
PACS: 41.75.Ak;  61.85.+p;  85.40.Ry;  61.72.Tt

INTRODUCTION 

Medium current tools are used for lower dose 
implants, where they have high productivity and low 
cost per wafer, and for implants that require the high 
angle and dose accuracy that can be  achieved with the 
sophisticated control capabilities designed into this 
type of tool.  For CMOS transistor fabrication, 
medium current implants can be classified as either 
well or channel engineering (figure 1). 

Loosely speaking, channel engineering is used to 
control the drive characteristics of the transistor and 
well engineering to control its isolation.  For medium 
current tools, the three channel engineering steps are 
the halo, threshold voltage adjustment and super-steep 
retrograde implants.  The three well engineering 
implants are for the shallow well, the deep well and 

the channel stop. 
The dopant ions that are generally used for well 

and channel engineering are B, BF2, As, P, In and Sb.  
The typical dose and energy requirements for these 
implants are shown in Table 1.  Many, if not all, of 
these implants have precise placement requirements 
and need 1.5% (3σ) dose control or better, and 0.2° 
(3σ) angle control. 

 
TABLE 1. Mid Current Implants 

Implant Dose Range 
(/cm2) 

Energy 
Range (keV) 

Tilt 

Channel Eng.    
  Halo 1e13-6e13 2-40 Yes 
  Vt 5e11-5e12 5-40 No 
  SSR 5e11-8e12 100-200 No 
Well Eng.   No 
  Shallow well 8e12-3e13 100-600 No 
  Deep well 6e12-1e13 800-1200 No 
  Channel stop 5e12-1e13 80-200 No 

 
Varian has developed the VIISta 900XP generation 

of medium current implanters to provide a highly 
productive solution for addressing a wider range of 
these applications.  The VIISta 900XP is over 25% 
more productive than its predecessor, the VIISta 
810XE, and has improved process capability and a 
wider process window.  These performance 
improvements are discussed below, along with a brief 
description of the system changes. 

 
 FIGURE 1.  Medium current implant applications on a 

CMOS transistor 
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FIGURE 3b.  VIISta medium current throughput increase 
since introduction 
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FIGURE 3a.  Throughput calculated from scan position 

SYSTEM DESCRIPTION 

The VIISta 900XP beam line is shown in figure 2.  
The overall architecture is similar to the original 
VIISta 810 [1].  Output from the source is filtered 
before entering the beam line to control contamination.  
The beam is at final energy before mass analysis to 
prevent any energy contamination.  The dose 
uniformity and angle uniformity are close loop 
controlled to ensure precise dopant placement [2].  

The changes that have been made to the system for 
the VIISta 900XP are: to the accel/decel column of the 
beam line, to increase lower energy beam currents; to 
the wafer handling and wafer processing systems, to 
increase the maximum throughput; to the operating 
voltage of the tool, to increase the application space; to 
the dose control system, to eliminate the detrimental 
effects of photo-resist outgassing; and to the software 
and hardware, to reduce beam tuning time and increase 
reliability.  The effect of each of these improvements 
is described in more detail below. 

PRODUCTIVITY 

An implanter’s productivity is controlled by the 
wafer handling time, the implant time, the tune time 
and the availability. 

For most of the implants shown in Table 1, the 
dose and energy are such that the steady-state 
throughput is not limited by beam current.  So, for the 
majority of mid-current implants, the implant time is 
controlled by the mechanical throughput.  For the 
VIISta 900XP mid-current tool the maximum wafer 
scanning velocity has been increased, and significant 
improvements have been made to the timing sequence 

for atmospheric and vacuum wafer handling and to the 
vent and rough cycles.  These have resulted in a 
maximum throughput for the tool in excess of 
500WPH (figure 3a).  Since its introduction, the 
mechanical throughput of the VIISta 810 has more 
than doubled (figure 3b). 

When throughputs are as high as they are on the 
VIISta 900XP, tuning time becomes a critical aspect of 
productivity.  For example, with a steady state 
throughput of 500WPH, a lot of 25 wafers will be 
processed in 3 minutes.  If the average tune time is 3 
minutes then a fully utilized tool running these types 
of lots will spend 50% of its time tuning recipes.  
Significant effort has therefore been dedicated to tune 

FIGURE 2.  VIISta 900XP beam line 
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FIGURE 6.  Reliability of 17 VIISta 810 implanters 
measured over 2 months at 2 customer sites.
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FIGURE 5.  Low and mid energy beam currents. The 
810XP referred to here is a VIISta 900XP without the 

extended terminal voltage. 
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FIGURE 7.  Particle adders (>0.09μm) as measured over 
3 months on two VIISta 810 tools in production at a 

memory fab. 

time reduction using a ‘VSEA standard memory and 
logic recipe set’ as representative of the traditional 
(excluding deep well) application space.  The average 
tune time specification for this recipe set is 2.5 
minutes.  The tool’s performance is shown in figure 4.   

For implants that are lower energy or higher dose, 
such as the halo implants, beam current may limit 
productivity.  For this reason, some modifications have 
been made to the accel/decel column of the beam line, 
to substantially increase the beam currents in the low 
to mid energy range. These are illustrated in Figure 5.  
For beams at or below 40keV the spec currents have 
been increased by between 25% and 100%. 

The final component of productivity is tool 
reliability.  Figure 6 shows the performance of some of 
the over 200 VIISta medium current tools that are in 
production worldwide. 

PROCESS CONTROL 

The important components of process control for 
low dose applications are dose control, angle control, 
energy contamination control, metals contamination 
control and particle control.  The angle control 
capabilities of the VIISta 810 have been discussed 
elsewhere [2], as have the aspects of the beam line 
design that ensures zero energy contamination [3].  

This architecture, along with the simple end station 
design, also provides excellent control of metals and 
particle contamination.  An example of the particle 
performance is shown in figure 7, which shows that 

the tool’s performance exceeds its spec of <21 adders 
≥0.12μm.  The metal contamination of the tool is also 
well within its spec of 5ppm for heavy metals and 
30ppm for aluminum.  Moreover, a significant 
improvement beyond these levels has been made 
possible by new technologies that have been 
developed for the tool, such as the new plasma flood 
gun [4]. 

FIGURE 4.  VIISta 900XP auto-tune performance for the VSEA ‘standard memory and logic recipe set’.  Data is from a one 
week marathon.  Each point represents the average of many set ups.  The spec tune time for this recipe set is 2.5 min. 
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FIGURE 9.  Well implant throughputs on a) LINAC with 
225WPH mech. limit, b) VIISta 3000, c) VIISta 810XE 
which had to use B++ and P+++, d) VIISta 900XP with 
3.8mA B+ and 0.75pmA P++ 
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FIGURE 8.  Control of photo-resist out-gassing effects. 
The dashed line shows that out-gassing effects can cause 
significant dose shift from the bare wafer results (dotted 
line).  The VIISta 900XP’s automatic dose compensation 
(solid line) prevents this. 
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Vertical Diameter Scan: P++ 500keV, 5E13, 520puA
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The dose control system has been improved 
significantly for the VIISta 900XP by incorporating a 
patented [5] means for controlling the effects of photo-
resist outgassing.  This operates automatically and, 
unlike other schemes for dealing with neutralization, it 
is not based on pressure compensation.  The 
effectiveness of the automatic dose compensation 
feature is illustrated by the data in figure 8. 

APPLICATION RANGE 

Traditional high energy tools use complex and less 
efficient LINAC [6] or tandem [7] technologies.  
These tools are much less productive than one based 
on DC technology with a simple high throughput end 
station like that used by the VIISta tools.  Moreover, 
CMOS scaling continues to reduce the required 
energies of many of the low dose implants.  So, in 
order to provide a more productive solution, the upper 
energy range of the VIISta 900XP has been increased 
to 300keV (singly charged) and 600keV (doubly 
charged).  This extended application window allows 
the VIISta 900XP to perform well implants at more 

than double the productivity of a high energy tool and, 
in some cases, enables it to provide all the required 
low dose implants for a semiconductor fab.  This 
benefit is illustrated in figure 9. 

CONCLUSION 

The VIISta 900XP offers a dramatic improvement 
in productivity for low dose implants.  All of the key 
components for productivity have been improved 
significantly.  Substantial improvements have also 
been made to the process integrity of the tool, 
particularly in the area of photo-resist gas load 
handling.  The application window of the tool has also 
been extended by increasing its energy range.  

ACKNOWLEDGMENTS 

I would like to thank Sean Cloherty and Dennis 
Rodier for providing some of the data discussed here.   
I would also like to thank Jay Scheuer and Joe Olson 
for their comments and discussions.  

REFERENCES 

1. A. Renau and D. Hacker, “The VIISta 810 medium 
current ion implanter”, Proc. 12th Int. Conf. on Ion 
implantation Tech., Kyoto, Japan (1998) 

2. J.C. Olson and A. Renau, “Control of channeling 
uniformity for advanced applications”, Proc. 13th Int. 
Conf. on Ion implantation Tech., Alpbach, Austria 
(2000) 

3. A. Renau, “Beam line architecture of the VIISta 810 
medium current ion implanter”, Proc. 12th Int. Conf. on 
Ion implantation Tech., Kyoto, Japan (1998) 

4. P. Kurunczi et al, “Advanced charge control for single 
wafer implanters”, Proc. 16th Int. Conf. on Ion 
implantation Tech., Marseilles, France (2006) 

5. S. Walther, “Method and apparatus for controlling 
implantation during vacuum fluctuations”, U.S. Patent 
no. 6,323,497 

6. S. Wilson and T. McIntyre, “Introducing the Eaton NV-
GSD/HE high energy implanter”, Proc. 10th Int. Conf. 
on Ion implantation Tech., Catania, Italy (1994) 

7. J. Tokoro, D. Holbrook and D. Hacker, “Introduction of 
the VIISta 3000 single wafer high energy ion implanter”, 
Proc. 13th Int. Conf. on Ion implantation Tech., 
Alpbach, Austria (2000) 

 
 
 

348



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move up by 21.60 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20061025091120
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     5
     104
     Fixed
     Up
     21.6000
     0.0000
            
                
         Both
         2
         AllDoc
         4
              

       CurrentAVDoc
          

     Uniform
     108.0000
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     4
     3
     4
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move up by 12.60 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20061025091120
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     5
     104
     Fixed
     Up
     12.6000
     0.0000
            
                
         Both
         2
         CurrentPage
         4
              

       CurrentAVDoc
          

     Uniform
     108.0000
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     4
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 36.00 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     345
     TR
     1
     0
     341
     129
    
     0
     10.0000
            
                
         Both
         4
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     36.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     4
     3
     4
      

   1
  

 HistoryList_V1
 qi2base



	copyright: 


