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Installation

A The NanoBot Modet20R0 shown here has

ﬁ/ ) two independent XYZ nanopositioners.

C Mounting on the door assembly leaves the
SEM stage free for other tasks.

C The NanoBot can also be stage mounted.

C Up to four independent XYZ nanopositioners
can be used.

C The user can easily install and remove the
NanoBot.

Xidex

NANODEVICES AT WORK 3

Probe tips and other
optional end effectors
can be attached
manually by the user.

Electrical feedthroug
Is via a KE&O port.




The compact desk to;l) LayO Ut

control module saves
valuable lab space.

Xidex
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A joystick controls
nanomaniulator motidn
in all three axes.

CA LabVI EWE based applications
electrical probing is already installed on a laptop computer runnir
Windows.

C Other custom built user applications require separate purchase o
LabVIEW from National Instruments.
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Inertial Drive Principle

Each NanoBot stage incorporates a
Piezoelectric Driven piezoelectric actuator, a bearing
A““ator IV'as‘”c’o)andadrivenmass.

KL Bearing The piezo expands, carrying the
bearing along with it.

The driven mass moves forward with the
advancing bearing due to static friction.

The piezo then contracts quickly,
exceeding the static friction limit, thus
allowing the bearing to slide with
respect to the driven mass.

Xidex
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Actuation Modes

C The piezo expands and contracts
according to a sawtooth pattern.

C The resulting net forward motion
enabl es t Mgt Sép n oBc

Driven Mass L e
Displacemenm Mode The direction of Multi Step
travel is changed by reversing the
Piezo sawtooth pattern.

Dlsplacement
C Using just one sawtooth moves the

driven mass forward (or backward)
A/\/\/\ one step, enablincg
> Time

Single Step Mode

C Slow expansion and contraction of
the piezo causes the driven mass to
move with it, remaining attached by
static friction. This enables the

-d N a n o Brimd Moson Mode
Xidex
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Joystick Control

Handle Forward, Backward :

Move in Y

Hat Switch Forward, Backward :
C Toggles X, Y speed in {8tép Mode
C Toggles X, Y amplitude in S8tgfeMode
C Toggles X, Y step size in Fine Motion Mode

Handle Twist :
Move in Z

Hat Switch Right, Left :

C Toggles Z speed in Mitkp Mode

C Toggles Z amplitude in Sfatgp Mode
C Toggles Z step size in Fine Motion MocF

Handle Right, Left :
Move in X

Button 5Selects Action§
(LabVIl EWE

Trigger Starts and
Stops Actions
(LabVl EWH
applications)

Button 3 Toggles mode of
X,Y between Mdtep,
SingleStep, Fine Motion

Button 4 Toggles mode
of Z between Mdtep,
SingleStep, Fine Motior]

Button 2 Toggles betwee

Lever Actuates gripper (Only o
nanopositioner #1 and #? for NanoBots equipped with ’ eX

(Model N:X00O0 only) gripper end effector option)
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XYZ Nanop

ositioners
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NanoBot Specifications

Actuation Modes
C Multi Step Mode

A Range ... 15.mm in XYZ
ASpeed ...up.to. 1 mm/sec
C Singe Step Mode
A Range ..... 100 nm to 2 pm in XYZ
C Eine Motion Mode
A Range .....3.5.um in XYZ
A Resolution <lnm.....

Mounting, Electrical Connections

C SEM/FIB Mounting
A Mounts on door or stage assembly
A Adjustable mounting bracket

C Electrical Connections
A KF40 port for electrical feedthrough
A 1006240 VAC input at 50/60 Hz

Size at Maximum Extension

(Excluding End Effectors and Boonjs)

C NX1000 ( One XYZ Nanopositioner )

AFootprint 46x46mm...J..

AHeight ... 70.mm.....
C NX2000 ( Two XYZ Nanopaositioners)

A Footprint................ 101 x 46 mm

AHeight ... 70.mm.....

C Drifte e é ¢ é . <l.nm/min .
C Electrical Characteristics
AEl ectrical MNboips e
ALow Noise Option

A Signal Conductor Resistance1Q
A Maximum Voltage: 500 V
A Maximum Current: 5A




NanoBot System Components

XYZ Nanopositioners (up to Four) Vacuum Feedthrough

Xidex
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Mounting bracket

A\ A
8
N
.

and Coaxial / Triaxial
Cables

Control Module Joystick

Laptop computer
running Windows OS
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Standard Holder
for Sharp Metal Probes

<

Ceramic Coll End Effector Boom

Probe Spring Signal Cable
Holder Loaded
Tube Socket
Probe holder tube < 15 Inch o
accommodates probes
with 75250 um Dia. 0.5 mm Outside Dia. . \
) | — '

T

100 um Dia. sharp
tungsten probe

Socket accommodates probe or probe X’d eX

holder tube with 0-30.6 mm Dia.

NANODEVICES AT WORK
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Standard Holder
for AFM Tips

Flat Mounting Surface Notch to Accommodate Tweezers

Hand Adjustable Set
Screw to Retain Pin

AFM Cantilever Attached to
Flat Mounting Surface with
SEM Tape or Carbon DAG

End Effector Boom

Removable Stainless Steel Pin
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Optional End Effector:
Force Sensor

Output Display Selected to Show:
Time Averaged Force vs. Time (left
Force Power Spectrum (right)

ofcbvivbeinbeboieisbeld

Xidex
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Optional End Effector:
Force Sensing Gripper

Forca Force. Forcs P Mk Arcitods
120

ErEREYLE

Output Display Selected to Show:
Time Averaged Force vs. Time (left)
Peak Force Amplitude (right)

120

100

w-

e
2
o
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Fast, Welontrolled Manipulation of Golc
Nanoparticles Using the NafiSBstiem

Building complex structures Building complex structures

OMpliex structure
150 nm Dia. Gold

MNanoparticles

Sharp Tungsten Probe
Mounted on the NanoBot
Nanomanipulator

A series tirdapsed images show several
adjacent gold nanoparticles herded together.

Xidex
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AFM Cantilever Spring Constant Calibratior
the NanoBdiNanomanipulator with a Forc
Sensor Attachment

NANODEVICES AT WORK
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Parallel MuBas Precursor Delivery Sys
(ParalldMGPD) Nozzle Assembly

Nozzle assembly for the Parallel-MPGD System Xidex

NNNNNNNNNNNNNNNNN
17




Parallel-MPGD
System Schematic

Flexible

Flow Control Tubing

Valves on 1
individual Micro Valve Assembly

. : Mounted on
esen/oirs g Nanopositioner
| NanoBof®

Multi-Nozzle Fixture on
Power Supply and W
Control for Precursor
Reservoirs and Valves
N
|

End Effector
Bracket Attached to Door Assembly or Sample Stage

Sample
Stage

yl

—L
1

/

Internally Mounted Precursor SEMor FIB
Reservoirs with Individual Sample
Laptop Computer with Heating/Cooling Elements Chamber

LabVIEW Software

Controller

Xidex
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Gas Injection Nozzle Approaching a Sample
Substrate while Delivering Water Vapor

X'd
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Carbon Nanotube Etching Using
Parallel-MPGD with Water Vapor

Before

Pre-etch Postetch

Electron
bearmn slicé

CNT on Si surface cut using water vapor as a precursor

S4300K WD1d.Bew 30.0KY 420k  2um s £4300M WDL4.Smm 30.0kY X20k  2um

Before

Electron
beam

Preclean Postclean

500nm

a) & b) CNTs cut using line scan
C) CNTs cut using box scan

| :
d) Competitive contamination that FEFRREN G lE e witht{ut modifying neighboring CNTs
can accompany the process e S oot om 000 st m

Xidex
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Fabrication of a High Resolution Pt Nanotip
using the Parallel-MPGD System

wD17

Pt Precursor i Probe Tip Pt Nanotip
Delivery Nozzle

Q ﬁ, ' Probe
> =

Setup Used to Fabricate a Pt E-beam deposited Pt nanotip
Nanotip on the Apex of a W Probe

Xidex
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Nanodevice Electrical Characterization

I{A) vs Yoltage (¥)

Example: Current Voltage (I-V)

0.0E-9

Curve for a CNT in Contact with s
another CNT '
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Nanodevice Fabrication

Example: Carbon Nanotube AEM Tip Fabrication Using the NanoBot in an SEM

CNT , CNT
Source 4 Source

N

Tip

;
—

12.8kV X25.0K 'I.dBsn" 19.8kV %X28.0K I

The NanoBot’' s Mul t MultiSStep and Sigld &tep imede are The NanoBot’'s Fine
used to rapidly maneuver a W tip in used to maneuver the W tip to within then used to touch the W probe to a
XYZ toward a CNT source. a few um of the source of CNTSs. selected CNT and weld it with EBID.

18.8kV X25.8K 'I.28xm 3 : X. !
An electrical current pulse separates The W tip carrying the CNT is rapidly , eX

the CNT from the CNT source. translated in XYZ to within a few NANODEVICES AT WORK
microns of an AFM tip apex.
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Nanodevice Fabrication

Using the dexterity of the
NanoBot™ it is
align a CNT with respect to an
AFM tip in XYZ. Areasonably
well aligned CNT AFM tip (e.g.,
: to 10°) can be made this way

E 3 Brea . with some amount of practice.
18.8kV X45.8K " '657nm 18.8kV X48.0K ' 758nm W The CNT is welded to the AFM
tip using EBID of carbon.

The NanoBot’'s ™ Fi mgelddfichl tueréht pulse is

mode, is then used to place the then used to cut the CNT away
CNT along the side of the silicon from the tungsten tip.
AFM tip apex.

A CNT attached to the end of a
conventional Silicon AFM tip
enables scanning with higher
spatial resolution and less tip
wear than would otherwise be
possible.

Xidex
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A specialized software module
included in the Action Toolbox
provided with the
allows customers to cut CNTs

in a controlled way
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CONCLUSIONS

. The NanoBot nanomanipulator is an easy-to-operate,
highly versatile, user-programmable system for use In
SEMs and FIB tools.

. The NanoBot System transforms a SEM or FIB tool into a
true nanofabrication / nanomaterial testing environment.

. Specialized end effectors enable mechanical and electrical
probing, TEM sample preparation, force sensing, gripping,
nanomaterial testing, and multi-gas delivery for EBID/EBIE.

. Integration with LabVIEW ™ enables exceptional ease of
use and also allows the user to create custom software

applications. .
Xidex
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