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 Introduction: 
 

Accurate positioning of the ion beam is one of the most critical requirements for 
circuit edit using focused ion beam system (FIB). This is more challenging for 
copper metal devices due to non visibility of circuit patterns. This is also 
important for aluminum metal devices if there are no unique patterns to recognize 
on the top level.  
One of the standard methods practiced in industry is to use KNIGHT software to 
drive the stage to desired location with reasonable accuracy. Here three point 
coordinate lock is used to have necessary correction in the coordinates of the point 
to which stage need to be driven.  

 
However all the FIB systems are not integrated with KNIGHT software. In 

this paper we describe an alternative method for navigation which is based on 
coordinate transformation. This has been implemented on Micrion 9800 FC,  FIB 
system. Details of the CAD less navigation method for circuit edit is described in 
this paper. This technique can be adopted on any FIB which does not have CAD 
navigation facilities like KNIGHT. 

 
In general, the coordinate system used in the sample  

does not match with coordinate system used for stage due to following reasons: 
·  Scaling factors used for X and Y axes of stage and the sample may 

be different. 
·  X and Y axis of sample may not be parallel to X and Y axis of 

stage (Samples are skewed with respect to stage) 
·  Center of the sample is different from center of stage.  

 
Due to all of the above reasons the relative move in the stage does not correspond 
to same relative move on the sample. In order to achieve accurate displacement of 
the sample from its bond pad to the area of circuit edit, we need to apply 
coordinate transformation through matrix as given below: 
 



[ F ]  = [ A ]  [ R ]  [ G ]  ………………..    (Equation 1) 
 
 Here the matrix [ F] represents modified coordinates on the stage, matrix  
[ A  ] represents scaling corrections, the matrix [ R ] represents rotation (skew 
angle) correction and [ G ] represents coordinate system of the sample as given by 
GDS. 
 
By using the computed coordinates, the sample can be driven to location of 
interest with reasonably good accuracy. Various calculations show that 
computation of new coordinates is quite sensitive to rotation (skew angle) of the 
sample with respect to the stage. Hence calculation of exact skew angle is 
important.   

 
The effectiveness of CAD less navigation is demonstrated on few samples of both 
aluminum and copper metals. 
Circuit edit on copper metal devices has been carried out using CAD less 
navigation method. The positioning accuracy is found to be with in two micron in 
most of the cases. Details of the results are described in this paper. 

 
 
 Correction Procedure 
 
 The correction procedure involves determining Matrix R and Matrix A for a given  
 sample. The matrix R is a sensitive function of skew angle theta. With out this  

correction matrix, the error in displacement would be several tens of microns as 
shown in the table below: 

 
                 
Skew 
angle in 
degress 

Gx  (Microns) Gy  

(Microns) 
Fx (Microns) Fy (Microns) Delta x 

(Microns) 
Delta y 
(Microns) 

0.5 3000 3000 3026.06 2973.70 26.06 26.29 
1.0 3000 3000 3051.9 2947.1 51.9 52.9 
1.5 3000 3000 3077.50 2920.44 77.50 79.56 
2.0 3000 3000 3102.87 2893.47 102.87 106.52 
2.5 3000 3000 3128.00 2866.20 128.00 133.80 
3.0 3000 3000 3152.80 2838.80 152.80 141.20 
                     Table 1 
     

The error in stage displacement is not acceptable for circuit edit jobs even for 
skew angle as small as 0.5 degree. 



This error can be minimized by incorporating rotation matrix R (The coordinate 
transformation matrix). 
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                      Fig 1 
 

Here X and Y represents axis of the sample on GDS where as X’ and Y’ 
represents axis of the sample on the stage. The rotation matrix R is given 
by  

 
 [ R ]   =  Cos �   Sin �                   
                                                      
 
     - Sin �   Cos �  ……… (Equation 2) 
 

Therefore for given values of Gx and Gy , the corresponding values of Fx 
and Fy can be computed as shown below: 

 
 Fx  = Gx *  Cos �    + Gy *  Sin �  …… (Equation 3) 
 



 Fy  =       - Gx *  Sin �   +       Gy *  Cos �   …….. (Equation 4)  
 
 
 
         
 
 
   Scaling matrix [ A ] 
 

Scaling transformations are represented by matrix, A. In the matrix shown below   
Sx,are Sy are the scaling factors for X and Y axis respectively.. 

 
The scaling matrix is given by  

 
             [ A ]        =            Sx        0 

0     Sy           …………….  (Equation 5) 
 

This is 2 X 2 diagonal matrix.  
 

The objects have been scaled simply by multiplying each of its points by the 
appropriate scaling factor  
thus the new coordinate for the object is given by 

   
                          Fx'=Sx*Fx; 
 
                          Fy'=Sy*Fy . 
    
 

Experimental Procedure: 
 
 The experimental work was carried out on aluminum device. Four bond pads  

and three unique structures are chosen (as shown in Fig 2)for error measurement  
during stage displacement. 



 
                                 Fig 2 
 

The x and y coordinate were chosen both from the FIB (die) and the GDS. 
                                       GDS              
  
                       1) x=359.822   ;          y=152.85 
                       2) x=1207.1891 ;        y=296.567 
                       3) x=1050.454  ;         y=3104.05 
                       4) x=152.7800 ;          y=3003.2842 
 
 

Once the gds coordinates of the above locations were taken, the coordinates of the 
sample were also considered in the fib at different tilt angles. 
We considered tilt angle for four different values. 

                           
Using the gds  x,y coordinates at the above mentioned locations , new coordinate 
are generated with respect to the reference bond pad using equation 3 and 
equation 4. 

 
The reference bond pad is shown in the figure below: 



                                                 Fig 3 
 



 
                                  Table 2 
 
    
                               
 
 

From Gx &Gy , values of Fx &Fy are computed for both the bonding pad &the 
unique structures. The values of Fx & Fy obtained were located in the fib and the 
error / off set was found randomly distributed  with in two microns. 
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                        Table 4 



 
                          Table 5 
 

The figures below shows the locations of the bond pads and the metallization 
structure considered for this experiment. 
The errors delta x with respect to x axis and delta y with respect to y axis are 
tabulated in the table above. 

 
 
 



 
                                                 Fig 4 



 
The next step employed in this procedure was to minimize the error. This 
requires determining matrix [A]. Sx is computed by measuring ratio of distance 
between two bond pads along x axis in the GDS and FIB. Similarly Sy is 
calculated by measuring ration of distance between two bond pads along y axis in 
the GDS and FIB 

  
    Sx = 861.2207615 / 859.4680964 
                = 1.002039244. 
 
      Sy =2856.111143 / 2857.943582 
                 = 0.9993588220. 
 

The Sx & Sy obtained were approximately  equal to 1 multiplying these scaling 
factors with the transformed coordinate Fx & Fy ,the corrected coordinates are 
obtained . 

                  
                          Table 6 
 

The coordinates thus obtained were measured and mapped in FIB. It was found 



 that the error was with in one micron. 
 
 

            Table 7 
 
 

The above set of experiments shows that accurate beam positioning is 
possible by determining the matrix [R] and matrix [A] and computing 
corrected coordinates for stage displacement.   

 
Navigation in copper metal devices 

 
The CAD Less navigation method is then evaluated on devices with 
copper metal. In these devices we do not see any metal pattern. Only 
bond pads are visible.  
The coordinates thus obtained were mapped on the sample placed in fib .once 
again ,the error was noted and found to be minimized . 

 
The GDS coordinates are given below: 

 

 
                                     Table 8 

The FIB coordinates for the copper device are given below: 
 
 



 
                     Table 9 
 
 
 

The coordinates thus obtained after the transformation formula and the measured 
error is tabulated below: 

 
 

 
                         Table 10 
 
  FIB images of the coordinate locations on the copper device: 
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   Again the newly obtained coordinates were mapped  and error was measured. 
 
  

 
 

The work was to navigate to the particular locations without using CAD tool to 
estimate &minimize the error. 

 
 Conclusion: 
 

Navigation method in FIB based on coordinate transformation is 
demonstrated. Effectiveness of this CAD Less navigation method is verified on 
both aluminum and copper metal devices. Beam positioning accuracy of better 



than two microns were achieved. This navigation method can be used for circuit 
edit in FIB which is not supported by sophisticated software such as KNIGHT. 
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