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GAE Recipe Development:
Yield Equation
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GAE Recipe Development:
Two Phases of GAE Within Pixel

tD — tAR -+ tAS

For effective GAE
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GAE Recipe Development:
Reactive Yield vs. Mill' Parameters
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GAE Recipe Development:
Timing of Pixels within Raster

n
tRaster — tF{efresh = %tDi

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

tRefresh

t[) = 0.2 uSec

Shortest pixel dwell, available in modern FIB
systems, is close to 0.2 uSec.

October 28, 2004 EFUG 2004




GAE Recipe Development:
Via Size “L” Defines Pixel Distance

dX = dY = --==----- I-'- .........

(Sqrt (N) - 1)

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

For uniform orthogonal raster:

Dgeam = dX = dY

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

Corresponding current value is controlled by
the FIB system; diffused beam is desirable.
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GAE Recipe Development:
Numerical Example

2 pm via in Si milled with Cl5, tgerresh = 1 mSec

N = ImSec / 0.2 pSec = 5000 pixels for uniform raster

dX =dY = 2um / (Sgrt(5000) — 1) = ~ 30 nm = ~ beam diameter
- Corresponding beam current depends on FIB system
- Extra refresh time for milling of UHAR vias

- Extra beam current for surface micromachinning
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Conclusions

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

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