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Introduction:

Accurate positioning of the ion beam is one ofrist critical requirements for
circuit edit using focused ion beam system (FIBjisTis more challenging for
copper metal devices due to non visibility of cit@atterns. This is also
important for aluminum metal devices if there apeunique patterns to recognize
on the top level.

One of the standard methods practiced in industty use KNIGHT software to
drive the stage to desired location with reasonabteiracy. Here three point
coordinate lock is used to have necessary correttithe coordinates of the point
to which stage need to be driven.

However all the FIB systems are not integrated WitHGHT software. In
this paper we describe an alternative method feigasion which is based on
coordinate transformation. This has been implenteateMicrion 9800 FC, FIB
system. Details of the CAD less navigation methardcfrcuit edit is described in
this paper. This technique can be adopted on adyJRich does not have CAD
navigation facilities like KNIGHT.

In general, the coordinate system used in the sampl
does not match with coordinate system used foestlag to following reasons:
Scaling factors used for X and Y axes of stagethadample may
be different.
X and Y axis of sample may not be parallel to X &rakis of
stage (Samples are skewed with respect to stage)
Center of the sample is different from center afst

Due to all of the above reasons the relative mowbe stage does not correspond
to same relative move on the sample. In order heeme accurate displacement of
the sample from its bond pad to the area of ciredit, we need to apply
coordinate transformation through matrix as giveloty:



[F] = [A][R] [G] (Equation)

Here the matrix [ F] represents modified coorddsain the stage, matrix
[ A ] represents scaling corrections, the matiik ][ represents rotation (skew
angle) correction and [ G ] represents coordingséesn of the sample as given by
GDS.

By using the computed coordinates, the sample eatrilzgen to location of
interest with reasonably good accuracy. Variousutations show that
computation of new coordinates is quite sensitveotation (skew angle) of the
sample with respect to the stage. Hence calculafi@xact skew angle is
important.

The effectiveness of CAD less navigation is demmaitstl on few samples of both
aluminum and copper metals.

Circuit edit on copper metal devices has beenezwout using CAD less
navigation method. The positioning accuracy is thtmbe with in two micron in
most of the cases. Details of the results are thestm this paper.

Correction Procedure

The correction procedure involves determining Ma® and Matrix A for a given
sample. The matrix R is a sensitive function efvglangle theta. With out this

correction matrix, the error in displacement woloddseveral tens of microns as
shown in the table below:

Skew Gx (Microns) Gy I:x (Microns) I:y (Microns) Delta x Delta y
angle in (Microns) (Microns) | (Microns)
degress
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 2866.20 128.00 133.8(0
3.0 3000 3000 3152.80 2838.80 152.80 141.2(Q
Table 1

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



This error can be minimized by incorporating ratatmatrix R (The coordinate
transformation matrix).

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 Gyand Gy, the corresponding values of F
and F, can be computed as shown below:

Fx = Gy * Cos + Gy* Sin ... (Equation 3)



Fy = - Gy * Sin + Gy* Cos ........ (Equation 4)

Scaling matrix [A]

Scaling transformations are represented by mairiky the matrix shown below
Sx,are Sy are the scaling factors for X and Y aaspectively..

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 multiply@agh 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 alumirdewvice. Four bond pads
and three unique structures are chosen (as shokig 2)for error measurement
during stage displacement.
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The x and y coordinate were chosen both from tiBe(&ie) and the GDS.

GDS
1) x=359.822 ; 1%52.85
2) x=1207.1891 ; y82367
3) x=1050.454 ; J64.05
4) x=152.7800 ; p63.2842

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

Using the gds X,y coordinates at the above meatidocations , new coordinate
are generated with respect to the reference bothdigiag equation 3 and
equation 4.

The reference bond pad is shown in the figure below
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TILT ANGLE (in LOCATIONS X in pm Y in pm
radians)
Bond pad 1 1190345 96403.3
Bond pad 2 119884.2 96545.5
Bond pad 3 1197297 993504
0.002478(0.1427) Bond pad 4 118834.8 99252 4
Structure 1 118886.6 96437.9
Structure 2 119289 97660.1
Structure 3 1197425 99279.7
Bond pad 1 116919 99865.9
Bond pad 2 117756.3 100051.9
Bond pad 3 117454.1 102847.2
-0.051726(-2.958) Bond pad 4 116565.5 102700.7
Structure 1 116769.3 99892 4
Structure 2 117104.5 101135.1
Structure 3 117470.6 102776.2
Bond pad 1 114676.9 100162.1
Bond pad 2 115492 § 1004281
Bond pad 3 114923.1 103180.5
-0.14809(-8.484892°) | Bond pad 4 1140522 1029497
Structure 1 114525.2 100174.9
Structure 2 114740 4 101443 3
Structure 3 114946.6 1031123
Bond pad 1 115382 100182
Bond pad 2 116152.4 100559.4
Bond pad 3 115203.2 103204.3
-0.28850(-16.53%) Bond pad 4 114373.3 102854.6
Structure 1 115230.4 100172.7
Structure 2 115265.8 101469
Structure 3 115235.5 1031405
Table 2

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



Reference-bpl bp2 bp3 bp4
x0 v0 xl vl x2 y2 x3 v3
359.8220 152.850 [1207.1891 (296.5670 |[1050.4541 [3104.0061|152.7800 |3003.2842
structurel structure2 structure3
XA vA xB vB xC yvC
2109400 |188.1190 (6116046 |1410.9181|1061.8940 |3032.4163
Table 3
tilt angle Gx Gy Fx Fv Delta x Delta v
Ref&1 |847.3671 1437170 |847.7207 |141.6165 |1.98 0.42
Ref&2 |690.6321 |2951.1561 |697.9440 |2949.4354|-2.55 1.62
00005 Ref&3 |-207.0420 |2850.4342 |-199.9769 |2850.9386|-0.58 -1.45
Ref&A |-148 8820 |35.2690 |-148.7941 |35.6379 |0.63 -1.40
Ref&B |251.7826 |1258.0681 |254.8998 |12574402(0.20 1.82
Ref&C |702.0720 |2879.5663 |709.2065 |2877.8175|0.83 047
Ref&1 |847.3671 |143.7170 |838.8217 |187.2530 |-1.80 1.25
Ref&2 |690.6321 |2951.1561 |3374207 |2982.8634|-1.80 -1.77
0.0516 Ref&3 |-207.0420 |2850.4342 |-353.8597 |28359522|0.39 -1.10
Ref&A |-148.8820 |35.2690 |-150.5037 |27.5391 [0.90 0.78
Ref&B |251.7826 |1258.0681 |186.525% |1269.3849(0.74 0.68
Ref&C |702.0720 |2879.5663 |552.5397 |2911.9593|-0.26 1.72

Table 4




Ref&1 |8547.3671 |143.7170 |816.8873 |267.1718 |[-1.24 0.72
Ref&2 |690.6321 |2951.1561 [247.6340 |3020.7569 [2.08 2.15
01481 Ref&3 |-207.0420 |2850.4342 |-6253535 |2788.6869 [-0.65 -0.78
Ref&A |-148.8820 |35.2690 |-152.4563 |12.9156 |[-0.76 0.70
Ref&B |251.7826 |1258.0681 |63.4006 1281.4485 |0.33 -0.26
Ref&C |1051.0961 |2879.5663 [614.7156 |3003.1367[1.17 0.98
Ref&1 |847.3671 |143.7170 |771.4562 |378.8679 |[-1.67 1.30
Ref&2 |690.6321 |2951.1561 |-177.5662 |3025.6843(-2.19 -1.57
_0.2885 Ref&3 |-207.0420 |2850.4342 |-1009.483 |2673.7213(0.59 -0.98
Ref&A |-148.8820 |35.2690 |[-152.7635 |-8.5481 [0.65 -0.92
Ref&B |251.7826 |1258.0681 |-116.5655 |1277.7098 [-0.46 0.73
Ref&C |702.0720 |2879.5663 |-146.2306 |2960.3081 [-0.40 -0.91
Table 5

The figures below shows the locations of the boadispand the metallization

structure considered for this experiment.

The errors delta x with respect to x axis and deltath respect to y axis are

tabulated in the table above.
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The next step employed in this procedure was tomme the errorThis

requires determining matrix [A]. Sx is computed by measuring ratio atdince
between two bond pads along x axis in the GDS dBd%imilarly Sy is
calculated by measuring ration of distance betvwe®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 toultiplying these scaling
factors with the transformed coordinate Fx & Fy,torrected coordinates are
obtained .

Sx Sv
1.0020392440 | 0.9993538220
Tilt angle Location Fx Fv Fx' Fy'

Ref &1 838.8217 187.253 840.5323 187.1329
Ref & 2 537.4207 2982.8634 | 533.5166 29380.9509

_0.0516 Ref &3 -353.8597 2835.9522 | -354.5813 2834.1338
Ref & A -150.5037 27.5391 -150.8106 27.5214
Ref & B 186.5259 1269.3849 | 186.9063 1268.5710
Ref & C 552.5397 2911.9593 553.6665 2910.0922
Ref &1 816.8873 267.1718 818.5531 2670005
Ref & 2 247.634 30207369 | 248.13590 3013.5201

_0.1481 Ref &3 -625.3535 2788.6869 | -620.6287 2786.58989
Ref & A -152.4563 12.9156 -152.7672 12.9073
Ref & B 63.4006 1281.4435 | 63.5299 1280.6269
Ref & C 614.7156 3003.1367 | 615.9692 3001.2112
Ref &1 7714562 378.8679 7730204 378.6250
Ref & 2 -177.5662 30256843 | -177.9283 30237443

_0.7830 Ref & 3 -1009. 483 26737213 | -1011.5416 | 2672.0070
Ref & A -152.7635 -8.5481 -153.0750 -8.5426
Ref & B -116.5655 12777098 | -116.8032 1276 8906
Ref & C -146.2306 2960.3081 | -146.52838 2953.4100

Table 6

The coordinates thus obtained were measured andadap FIB. It was found




that the error was with in one micron.

Tilt angle(in Locations Error before correction Error after correction
radians) Delta x Delta v Delta x Delta v
Ref & A -0.76 0.70 0.45 -0.69
-0.1481 Ref & B 033 -0.26 -0.62 0.57
Ref & C 1.17 0.98 021 0.91
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 thplealaced in fib .once
again ,the error was noted and found to be minidhize

The GDS coordinates are given below:

LOCATION Xin llm Yin llm
Bond pad 1 3445210 120.5020
Bond pad 2 3315.52 300417
Bond pad 3 5143 2583 5315.5324
Bond pad 4 120495 4827.1914

Table 8

The FIB coordinates for the copper device are ghaow:




TILT ANGLE(in

radians) LOCATION X in [tm Yin llm
Bond pad 1 3753 881155
Bond pad 2 872148 884327
0TI <5089 Bond pad 3 869028 934308
D2776(-1.55089 Bond pad 4 818964 92818 4
Bond pad 1 819547 87619.6
Bond pad 2 86926.7 87708.9
, ) Bond pad 3 868469 52724 4
-0.20634(-11.8225%) Bond pad 4 81816.6 923343

Table 9

The coordinates thus obtained after the transfoomdébrmula and the measured
error iIs tabulated below:

Reference-bpl pl p2 03

x0 v x] vl x2 y2 x3 v3

344521 120.502 22.0610)3009.8091[428.5700 [3006.2312 |080.8560]3070.4951

i

p4 po 07

x4 v4 I3 V3 x0 v X7 V7

132.3930 |3554.6191|326.4450 [4206.5791|434.0560 |4892.1084|430.2040(4824.7074

Tilt angle Gx Gy Fx Fv Deltax | Deltay

Ref&l  |-22.4600 2889 3071|-613.9473|2823.4144(1.04 -2.5
Ref&2  |84.0490 |2885.7292|-508.9647)|2841.7340|-0.67 -3.67
Ref&3  |336.3350)2949.9931|-275.1969|2956.3233|-0.2 -2.55
-0.2063 |Ref&d4 878720 |3434.1171|-617.5770(3379.27221-0.31 -2.87
Ref&5 |-18.0760 |4086.0771|-854.8516|3995.6954 |1.83 281

Ref&o B9 5350 [4771.6064|-889 9752 |4688.7299(1 .21 -4.96
Ref&7 B56830 4704 2054 (-879 936314621 96951-1.1 -4.09
Table 10

FIB images of the coordinate locations on thepeoplevice:



1. 1% Location of Cu device. 2. 2" Location



5. The 7% Location 6. Full view of Cu device



Again the newly obtained coordinates were mapaed error was measured.

Tilt angle(in Locations Error before correction Error after correction
radians) Delta x Delta v Delta x Delta v
Ref &1 1.04 -2.3 0.75 0.585
Ref &2 -0.67 -3.67 -0.43 -0.363
Ref & 3 -0.2 -2.35 -0.4 0.68
-0.2063 Ref & 4 -0.31 -2.87 -0.597 0.82
Ref & 5 1.83 -2.81 1.43 1.35
Ref & 6 1.21 -4.96 0.8 0.16
Ref & 7 1.1 -4.09 0.37 0.96

The work was to navigate to the particular locaiwithout using CAD tool to
estimate &minimize the error.

Conclusion:
Navigation method in FIB based on coordinate tramsétion is

demonstrated. Effectiveness of this CAD Less ndamganethod is verified on
both aluminum and copper metal devices. Beam posity accuracy of better



than two microns were achieved. This navigationhoetcan be used for circuit
edit in FIB which is not supported by sophisticaseftware such as KNIGHT.
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