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GAE Recipe Development:GAE Recipe Development:
Yield EquationYield Equation

Yield = Yield = -------------- = = ------------------------
AR +  ASRemoved 

Atoms

Incident 
Ions

JtD

AR (Atoms Reacted)  – FAST, parameter-sensitive, 
not limited by aspect ratio.

AS (Atoms Sputtered) – SLOW, limited by aspect ratio

J  - Ion Beam Current Density

tD – Time of beam dwell within the pixel 
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GAE Recipe Development:GAE Recipe Development:
Two Phases of GAE Within PixelTwo Phases of GAE Within Pixel

ttDD =  t=  tARAR +  t+  tASAS

ttDD �� ttARAR , and , and ttASAS �  0�  0

For effective GAE
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GAE Recipe Development:GAE Recipe Development:
Reactive Yield vs. Mill ParametersReactive Yield vs. Mill Parameters

Effect on Effect on 
Reactive Reactive 
Yield ARYield AR

Pixel Pixel 
RefreshRefresh

1~ 101~ 10mSecmSec

Pixel Pixel 
OverlapOverlap

~ 0~ 0

Pixel Pixel 
DwellDwell

0.20.2��SecSec

ParameterParameter
ChangeChange

And LimitAnd Limit
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GAE Recipe Development:GAE Recipe Development:
Timing of Pixels within RasterTiming of Pixels within Raster

tRaster =  tRefresh =  �tDii=0

n

Raster time equivalent to refresh time provides 
most efficient GAE.
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GAE Recipe Development:GAE Recipe Development:
Gas Refresh Defines Number of PixelsGas Refresh Defines Number of Pixels

N  =  -------------------
tRefresh

tD  = 0.2 �Sec

Shortest pixel dwell, available in modern FIB 
systems, is close to 0.2 �Sec.
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GAE Recipe Development:GAE Recipe Development:
Via Size “L” Defines Pixel DistanceVia Size “L” Defines Pixel Distance

dX  =  dY  =  --------------------L

(Sqrt (N) - 1)

Dwell points are desirable on the edges of the via.
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GAE Recipe Development:GAE Recipe Development:
Pixel Distance Defines Beam SizePixel Distance Defines Beam Size

�� Beam diameter equivalent to pixel distance Beam diameter equivalent to pixel distance 
ensures minimal overlap and maximal yield.ensures minimal overlap and maximal yield.

�� Corresponding current value is controlled by Corresponding current value is controlled by 
the FIB system; diffused beam is desirable.the FIB system; diffused beam is desirable.

DBeam =  dX  =  dY

For uniform orthogonal raster:
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GAE Recipe Development:GAE Recipe Development:
Numerical ExampleNumerical Example

2 2 ��m via in m via in SiSi milled with Clmilled with Cl22, t, tRefreshRefresh = 1 = 1 mSecmSec

N = 1mSec / 0.2 N = 1mSec / 0.2 ��Sec = 5000 pixels for uniform rasterSec = 5000 pixels for uniform raster

dXdX = = dYdY = 2= 2��m / (Sqrt(5000) m / (Sqrt(5000) –– 1) = ~ 30 nm = ~ beam diameter1) = ~ 30 nm = ~ beam diameter

-- Corresponding  beam current depends on FIB systemCorresponding  beam current depends on FIB system

-- Extra refresh time for milling of UHAR Extra refresh time for milling of UHAR viasvias

-- Extra beam current for surface Extra beam current for surface micromachinningmicromachinning
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ConclusionsConclusions

�� Starting point recommendations for development of Starting point recommendations for development of 
efficient milling recipes are deducted from published efficient milling recipes are deducted from published 
research on FIB GAE theory.research on FIB GAE theory.

�� Further experimental and theoretical efforts, focused Further experimental and theoretical efforts, focused 
on milling rate enhancement aspects of FIB GAE, are on milling rate enhancement aspects of FIB GAE, are 
needed to improve efficiency of FIB in industrial needed to improve efficiency of FIB in industrial 
applications.applications.
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