The Nanoworkbench

Standard Packet:

A powerful SEM/FIB Workbench configuration
with Nanorobotics and Wizards from
f%wKI;ocke Nanotechn{ik‘-g__\
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The Nanoworkbench

Motivation

At Light Microscopes...
... it is natural for everybody to use tool sets like tweezers,
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The Nanoworkbench

Motivation

But what happens at Electron Microscopes?

The operators of SEM, FIB or Dual Beam systems

generally work without tool sets - and call it natural.

What do you want to do with your sample?
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The Nanoworkbench

Task

The task:

« Handling at stereo microscopes by hand and brain

IS Intuitive and easy.

* In SEM/FIB chambers the operator looks with one eye
through a few millimeter small hole in the dark,

converting simple navigations into a challenge.

« Klocke Nanotechnik solved that problem
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Solution:

The Nanoworkbench

... as Standard Packet

The Nanoworkbench

... developed by Klocke Nanotechnik offers for the first time an easy to use system for
in-SEM/FIB Nanomanipulation, object handling, material preparation and processing,
assembly and manufacturing together with new methods for nano-characterization:

» Plenty areas

» Various
configurations

« Qver 300
nanorobotics
components

X Simplification
possible?

Skin Cream Industry
Nautical oll research
Extraterrestrial materials

Polymer film Industry

4 Material Research

Stationary assembly => Sample size
¥ independent

! Automation =>up 1o 6 tips in
| @ risk-free operalion

Color = exclusive applications of Klocke Nanotechnik

I N Ve
i@ Canesian Movement => no mixing of axes

Single nm resolution af full stroke

\

3

Carbon copy paper industry i{
Coating Industry |

Environmental Research /

A Easy height measurements
Measurement of height \
differences (Steps, object |

2 thickness, ...) |

| \
Manipulators to separate objects __ @ Crime Research / h

3 Profiles along an objedt surface "“( & Dimensional SEM

=> no avershooting

@ wafer Probing[ |
/ L 5

\ Micro-Jackhammer if wanted
N

5 Semiconductor/ “.“'\ 6 Exclusive Probe tips
| / \
|

R 7 Tumkey solutions & Accessory
Forensics /

\ High throughput by automation

Turnkey solution incl. QC in each
~._step

i\ .
|'_@ TEM Lamella handling /
‘ {

__With automatic Macros (cutting)

'@ Mask Repair ,~

|

|

| \ Nanomanipulation -
| \.._Gripping

4 3D-Profiles /|
& Dimensional Measurements

Movement of elastic micro
structures

Current/heal siress al CNTs

Force-Distance diagrams of
Microstructures

e.g. bending of CNTs
Bond strain tester
e.g. pulling forees at CNT -

Sticking of objects
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—._ ¥ Stress tests

—. ‘@ Elasticity

~_ @ Reliability ,'J'

/
4 Friction /

‘ Electron / lon Microscopy | \I _CNTs on AFM tips

Applications | |

/ :

/ Nanostructures onto Probe tips
| { -

i

I“. . y | ﬁ _CNTs an Semiconductors
| \ & Assembly of new products 4 Manufacturing of single
| “.‘ Advanced Microproduction: ~ E\ devli?es (:_g %QUID%]
w‘ \ & The NanoFab / [ ;
| B { S Field emilters
| |
|
| \
i
I
|

\_RF antennae

Actualing Microactors / Light sources, ...

|
\_@ Testing of new products - )
\___Measurement of Microsensors

- 4 Tribology /

) @ Nanorobotics sample stage Turnkey solution from Raith with ELPHY software

-
. 7 e-beam thhOQraphy [ In eombination with Manipulators
.__@ => Nanoprohing

__Turnkey solution from Raith: e_LINE SEM

Turnkey solution from GATAN

3D Microtomography
(XRay-Technology) -~

{__X-RAY Phase & Absorption contrast
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The Nanoworkbench

... as Standard Packet

The Nanoworkbench Standard Packet:

The previous sketch described briefly the complex application field. But most applications
can be realized by the Nanoworkbench configured with an “Application Package”, that
expands the SEM/FIB to a material processing system and/or a nano-analytical
workbench. The following application packages are realized, further will follow:
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& 4 £a
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Manipulation, NanoCleaning, NanoProbing, TEM-Lamella, 3D-Nanofinger
NanoCutting, Force-Distance, Particle sorting, NanoFriction Spot-Heater
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The Nanoworkbench Standard Packet

Configuration

The “Nanoworkbench Standard Packet” includes:
« The basic application package “Nanomanipulation”

« One additional application package out of:
NanoCleaning or NanoProbing or TEM-Lamella or 3D-Nanofinger or NanoCutting or
Force-Distance or Particle sorting or NanoFriction or Spot-Heater or further future
application packages, see individual documentation of each module.

Each application package includes a standard tool, a standard sample
and a pre-defined process.

 The following set of modules for easy usage an application control:
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The Standard Packet

The patented 1D-Nanofinger®

The 1D-Nanofinger® as scout:
for finding sample and tool positions, also on isolators:

 Move towards a sample and stop 5 nm above,
store sample position in world coordinates

* Operate as ,Self Finding Tool" =>
find e.g. a maximum or minimum

N

» Wizard guided movement of tools to those
positions are enabled.
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The Standard Packet

Assistants/Wizards for easy usage

“A suitable wizard for all applications is mandatory”

____ e

- Move grid with sample stage to center
|- Set focus to welding position and press AlianZ

Guided process provides
step by step instructions

- oe tip with key tnl welding position £
- Move tip with keypad down into contact with lamella

All data of user interest is
clearly displayed

~~~~~~~~

ol o1 [P / | Processes are executed
\ - automatically, when no
user input is required

One window
after another
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The Standard Packet

Assistants/Wizards for easy usage

One common control for SEM/FIB and manipulator:

[P o
- Set focus on grid
- Move grid with sample stage to center

|- Set focus to welding position and press AlianZ

NRM '
ignz] o4 [ LI

« SEM/FIB and Nanomanipulator positions are
controlled in a global coordinate system

» The Wizard controls SEM/FIB stages &
manipulators, reads and sets SEM/FIB focus
and zoom, automates these features and
guides even through complex processes

« ,Traffic lights” (green, yellow and red) show
clearly the system status

www.nanomotor.de m info@nanomotor.de
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The Standard Packet

Traffic Lights for easy usage

X

NanoControl can't communicate with the NVWC. Please » Green = ,go"
check the IP and the network connection.

¥ Communication error (00100) -

* Red => press Info

| Info |

» Wizard helps if possible

OK
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The Standard Packet

Live image positioning

Live Image Positioning, movements in World Coordinates:

CIle into image « One mouse click in the SEM

P e —— e ——— —— e R
moves tip to
ponpt of nlguse

Image moves any tool to
this position in XY direction

« Sample stage movements
can be included

T T M —— TS T W - ——

» Flag positions

« Automatic tool approach by
Nanofinger® in Z-direction

REM MY TE00NY WO N0 e
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The Standard Packet

 Sequencer with intuitive tree structure:

Sequencer for Automation

with icons for
command levels
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Sequences,
Loops

Cases
Simultaneous

. and;:
Wizards!
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The Standard Packet

Programming of the

Sequencer for automation ...?

... simply with record buttons!

B> knt manual al control
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Sequencer for Automation
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The Standard Packet

Macro Executor

The Macro Executor controls everything:

-

Execute Macro o E@

|

-
Init |
Mave to Park » Calls all macros and processed

flowe to Wvork

defined in the system
Tip to Lamella

Tip to Grid - Is executed by Remote Control interface

select Lamella

Run
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The Standard Packet

User Login for secure usage

 System selection:

pre-configured arrangement of Nanorobotics
fitting to a particular system,

e NanoControl 13
e version 130028 e Login for:
e + Standard Users
e + Administrators

System Account O | A d . . t t
Develop (DB) = T 5 ] nly ministrators
Passwoed have access to the
[] automatically logon next time Seq uencer
L Start J [ Close ]
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The Standard Packet

SEM/FIB:

Live image
output

Remote Co
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Nanorobotics Control

| | \ E—

Nanorobotics:

v

Live Image Positioning
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The Nanoworkbench Standard Packet

Summary
The Standard Packet includes:

« The basic application package “Nanomanipulation”;

« One additional application package out of:
NanoCleaning or NanoProbing or TEM-Lamella or 3D-Nanofinger or NanoCutting or
Force-Distance or Particle sorting or NanoFriction or Spot-Heater or further future
application packages,

« A standard tool, a standard sample and a pre-defined process for each application;

« The following set of modules for easy usage an application control:
Self Finding Tool, Live Image Positioning, Assistants (Wizards), Sequencer for automation,
Macro Executor, User Logins, Remote Control;

« Hardware:
2 Nanorobotics Manipulators including docking stations.
2 Controllers
System integ ration ® Nanofinger is a registered Trademark of Klocke Nanotechnik GmbH
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