Focused Ion Beam Guide


The pages with FIB pertinent topics are in notebook 2.   Notebook 3 was also flagged for FIB relevant material.  Most of the third notebook is FIB related.   Upon going through these pages the important details for FIB can be summarized in this document.  
Purpose:  This guide is a compilation of my laboratory notes on operating the Focused Ion Beam.  I primarily use the FIB to mill sub micrometer holes through metal, however other applications will also be discussed.  

FIB geometry and parameter overview

Illustrate the angles at which the two beams are incident on the sample.  Show how eucentric tilt is accomplished.

Achieving precise coincidence, proper aperture, focus and astigmatism.


Focusing on Gold grains


Making a feature to focus on 


Always find the coincidence first and zooming in an out to find it fast. 


What exactly is so special about the eucentric

Basic operation startup procedure
Milling practices and rates


Overlap 

Dwell time 


Choosing and aperture 


Point shots


Rates for circles vs. squares

Deposition practices and rates

Using a pattern to specify a intricate beam raster


File Conversion


Code properties


Generating with matlab

Omniprobe

Application Specific Topics
Fourier Transform holography mask

Each time the stage is moved to a new sample:

· Move to new chip and align proper axis

· Ensure proper focus and astigmatism on the electron beam

· Check that the sample is calibrated to eccentric point near window

· Focus ion beam off of window and mill a focus feature 

· A spot can me milled to optimize astigmatism

· Focus electron beam and make sure both beams are coincident

· Move to position on sample an begin sample aperture milling

Milling a dose array for apertures though nitride with gold below:
· Make a few large features so that the orientation can be easily identified

· Make a row of ~5 terraces for each test radius

· Mill a R_out= max aperture at 10pA to determine duration for sample hole

· Make an array or Terrance in SiN.  

· R_out= 250nm at 1pA t=70s. 

· R_out= 150nm at 1pA t=3s

· At 1pA mill reference of a given radius for times between ~100 and 5 seconds for each.

· At zero tilt make mages then flip vent and test.

Milling a dose array for selective etch apertures with SiN below:
See Vol. 3 page 44-45

· Make a few large features so that the orientation can be identified and the refernce hole arrays can be determined 
· Selective milling the sample hole:

· Mill a R_out= max aperture at 10pA with t=20second increments to determine selective etch time.  Move to slightly smaller radius to clean up center.

· Through milling the reference hole:

· Mill Array with R_o=max in rows at 10pA for times between 30 and 2 seconds

· Try radii around R_out = 20nm 

Milling a sample and reference aperture though nitride with gold below:
· Mill a R=300nm hole for 30seconds at 10pA and use it to focus electron beam and gain coincidence.

· Mill sample aperture with

· R_out=full value and R_in =0 at 10pA t=120 second may need to repeat a few times.

· R_out=full value and R_in = .5*R_out, .8*R_out and .9*rout for about 30 second until walls are clean.

· Mill special feature like a square at 10pA for t=60s repeated

· Switch to 1pA beam an regain coincidence and focus/

· Move to center to center point with proper orientation.

· Mill Terrance in SiN.  

· R_out= 250nm at 1pA t=70s. 

· R_out= 150nm at 1pA t=3s

· Mill Reference Hole using parameters from a dose test (Here are C_26 values for 600nm of Au see Vol. 3. page 68.

· Large hole 160nm x 140nm on top and 150nm round on bottom

· R_out = 80nm at 1pA for t=40s

· R_out = 60nm at 1pA for t=20s

· Small hole 52nm x 70nm on top and 44nm x 37nm on bottom

· R_out = 20nm at 1pA t=14s

Milling a selective etch sample aperture and through reference aperture with Au over nitride and some structure below the nitride: (Vol. 3 page 14-17)
· Mill sample aperture with

· R_out = full value at 10pA for t=20seconds repeat until close 

· R_out = full value at 10pA for t=10seconds repeat until ring around edge

· R_out = 50nm less than full at 10pA for t=10sec (repeat) 

· R_out=  50nm less than full at 10pA for t= 5sec   (repeat)

· Move to proper orientation fro reference hole

· Mill reference hole at 10pA according to dose array.  Here are the values for C_23 and a table with all of the value will be included in the future

· R=20nm at 10pA for 18s 125nm on top and 100nm by 150nm on bottom 

Using Silicone Nitride as an edge stop

Milling at an angle that is not perpendicular to the sample

Making a cross section cut.

Milling large features

Coherence holes generally are considered large features since they range from 10 to 100 micrometers in diameter.   Such large features also tend to be milled in films that are thicker than a micrometer.  The structures described here were circles that were drilled through ~2 micrometers of gold on 100nm of Silicon Nitride.
Since large features can be very time consuming it is temptious to look for short cuts.  For example it may seem faster to just mill the edge of a circle rather than the entire area however I have yet to have any success with such a shortcut.  Usually, as the outer edge of a large feature is milled the center will eventually flip up because it is only attached by a few filaments material.  Inevitably the center core blocks the beam prevents the feature from over being completely cut away from the edges.  

I have had the most success with making coherence holes by increasing the current and milling the entire area.   Depending on the side of the hole being milled the times will vary, but the overall procedure is as follows. 

Though it may not matter I have had more success first drilling though the nitride and then the gold.  The sample were mounted with the nitride layer up.  

Away from the membrane set eccentric and gain rough coincidence with the beam.  A piece of dust should work fine.  
At a higher electron potential find the place on the membrane about where the hole should be centered and drill a small (Radius = 2.0 micrometers) with a the course milling current I_course.  
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