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Toilet in the “Nano World"

Carbon deposition using Phenanthrene gas
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SI1 NanoTechnology Inc.
IS not only making “Toilet”
but also making TEM samples
by FIB!



Outline SII @

= Purpose of this Research and Development
= Concept of Triple Beam

= Evaluation of the First Machine

= Conclusion
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= Purpose of this Research and Development
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/ Mask deposition

| Damage layer by
mask deposition

Damage layer by [\ 1
final milling

Electron Beam
Induced Deposition |

i
R R R R R R

One of Current Issues
Damage at walls of lamellas
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One of Solutions for Reduce Damage

Low Acceleration Voltage Ga lon Beam
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Low VAccC FIB
3kV 2kV 1kV

Scanning lon Microscope Images
By Final Milling lon Beam Current 40pA
SMI3000-Series

Thickness of Lamella: approximately 200nm

EFUG2005 Sl NanoTechnology Inc.



Purpose SII @

Mechanical Damage was reduced
by Low Vacc Ga lon Beam

Chemical Damage?

Low Energy Inactive Gas lon Beam
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How to Operate
Low Energy Inactive Gas lon Beam?

B To Realize High Precision Processing
* Irradiation Point
» Incidence Angle
= End Point Recognition
» Reduce Re-deposition
- etc.
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Solution for Damage-Reduce
TEM Sample Preparation
IS
Triple Beam |

Inactive Gas lon Beam

Focused lon Beam
SEM
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= Concept of Triple Beam
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mRole
« FIB: Making the lamella
e Ar: Finishing the lamella
« SEM: Monitoring the sample state

mAdvantages
e Sureness

« Ga free finishing or reduce effect of Ga
- Easy operation
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mCross Three Beams at One Point of the
Specimen Surface*

mDecide Ar Beam Incidence Angle by Stage
Operation

mSet the Sample at the Beam Coincidence
Point by SEM Observation

mUse Optimized Grids for this Process to
Reduce Re-deposition

*Combination of FIB and Inactive Gas lon Beam: USP5,574,280
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Performance of Ar lon Beam SII Oe

Acceleration Voltage:

Max Beam Current:
Max Etching rate:

1.0kV
10nA
>5nm/min
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Adjust Beam Irradiation Point
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Double Display

SEM Image

- High Resolution Observation | | - FIB Processing

- Process Monitor - FIB Observation
- Adjust Sample Position for - Ar lon Beam Processing
Ar lon Beam Process - Scanning Ar lon Beam Image
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= Evaluation of the First Machine
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Ga-FIB Ar lon Beam

VACC=30kV VAcCc=1kV
Incidence Angle=55dec

Damage Thickness: 2—~30nm  Damage Thickness: a few nm
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Damage Evaluation by TEM SII @
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Ar lon Beam: Vacc=1kV, Inudence Angle=20deg.
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= Conclusion
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Specification SII @

FIB
Resolution Anm@30kV
Oy R | s | Vacc 5~30kV
P p—— 1kV Available
: 'I“-Q Ar lon Beam
* Vacc 1kV

Max Current 10nA
SMI3050TB SEM

Resolution 5nm@1kV
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mPurpose of Triple Beam

mDesign Concept of Triple Beam

« Low Energy lon Beam Final Milling with Real
Time Observation by SEM

« TWo Options, Ga lon or Inactive Gas lon
« Operation, Control Incidence Angle

mEvaluation Results of Final Milling by Low
Energy lon Beam
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Merci!

toshiaki.fujii@siint.co.jp
http://www.siint.com



