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Modular Nanorobotics

Configuration instead of Development

Pool of more than 200 Nanorobotics Components

Universal Testing Benches

Micro Production Systems



5 - 50 mm stroke
Loads up to 2 Kg
1 nm resolution
No backlash

© Klocke Nanotechnik, www.nanomotor.de
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Microassembly-Module

with < 1 nm resolution

1 nm resolutlon

Microgripﬂp

and different tip shapes
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3D-Nanofinger ®

A new Instrument between
Profilometer and
Coordinate Measuring Machine
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3D-Nanofinger®

"SANN
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3D Topography E: P
\ .Dimensions ©

e Contours
* Angles

© Stroke:

Up to 50 mm in XY and 20 mmin Z
* Roughness =

© Resolution of movement: 1nm
Sensor resolution: 0.5nNm
Smallest structure size: <100 nm
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1 Example
Measurements in small holes

£ [nm_Calb:]

) 100000 200000 00000 400000
Z [nm_Calb:]

3)1'(0 40 uu-
0821 * 7 + -392870,741308| Y =94082,000000 j
50 * T + 106851 046820| Y =54565,000000
| Arge 59,8539

Linescan to determine the winding angle

Internal screw thread with 1.4 mm diameter ﬁ?ﬁﬁ@chmk?




The SEM-FIB Workbench

Handling in SEM/FIB, as easy as at a Light microscope:
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The SEM-FIB Workbench

Skin Cream Industry
Nautical ol research
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Extraterrostrial materials _")
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nipulators to separate objects __ @ Crime Research /

Color = exclusive applications of Klocke Nanotechnik

Electron / lon Microscopy
Applications

"'{ 3 Dimensional SEM
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-_ & X-Ray imaging ~

Applications

Stationary assembiy => Sample size
* mdoporoonl

& Waler Probing W

% Semiconductor

Nanomanipulation M

3 Mask Repair

/ Nanostructures ontpo Probe Ips

[/ CNTs on Semiconductors

% Assembly of new pfodwcl-l ' Manufacturing of shgle
’ \ devices (e.g. SQUIDs)

\\_Flek emilters

Advanced Microproduction: |
The NanoFab f

\._RF antennaa

@ Testing of new products -

@& Nanorobotics sample stage -

7 e-beam thhograghy ! In combination with Manipulators

_ '@ => Nanoprobing

Turnkey solution from GATAN 0. i ——
(XRay-Technology) kL
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4 Nanorobotics Manipulators
Typical SEM-Integration
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Proof of precision:

The iIn-SEM “NanoFab”’

Automatic microassembly of smallest components

e Production of Carbon Nanotube transistors

e AFM tips sharpened by CNTs e Production of GHz antennas ...

0FFIS " Nascatec EMPA‘ §--E &7 csem
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The “NanoFab” in your SEM

. including several different Microgripper series

Ti100ms F PTO%

WW AAVATATAY

Force signal
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Electrostatic Gripper
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Force Feedback Gripper
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Force Measurement

Vild Force [N]
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Nanoassembly of Carbon Nanotubes

. .
@-\H -
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Assembly of a CNT
at an AFM-Tip
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Handllng & assembly of a CNT with a mlcrogripper Klocke ——
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Particle sortino
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SEM HV: 10.00 k¥  WD:5.7817 mm
iew field: 50.62 yum  Det: SE Detector
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Particle sortin

U“[@gls_‘@!_‘éd r_iypggc_am_ 2 Panels  Opticns. Extarsiors  Windows Help

GEM Scanning window [768 ’ — — — : =101

SEM HV: 10.00KV  WD: 9.2038 mm 11| MRAMTESCAN Klocke —
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Micro Production Systems

The bridge between

Nanotechnology and mechanical
Engineering:

Production island with Nanometer-
resolution for up to Kilograms of load

Operation modes:

© Manual mode with Joysticks
© Automatic functions & manual operation
o Completely automatic process

o Closed loop process with vision control —
Klocke =
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Principle

of setup

1. High precision xy-stage

2. Nanorobotics modules [2], microgripper, Nanofinger,
Wafer Prober, ...

3. Two rotation stages for source and target area

4. Adhesive dispenser,
Nanomanipulators,
Scanning Probe Microscopes,
MicroProf®

5. Video cameras with vision software
for pattern recognition

6. Process control with graphical user interface.
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Flexible System Configuration

From Nanomanipulator with Gripper up to:

The most precise production cell available in the market:
o 3D Microassembly and interconnection technology, e.g. including:

o Micro Adhesive Bonding, Pattern recognition and Quality Control

... or a"Universal Testing Bench":
o For analysis, quality control, reverse engineering, prototyping and repair, incl.:
© Nanomanipulators, Wafer Prober, Force Sensors, Inspection Systems for:

o |/V or force measurements, failure analysis, prototype development or repair

... or both, configured by yourself:
© Choose components out of a wide range of our kit, we deliver that special system.

© Change and add components later as you like

In any case:
o |t's 10— 100 times more precise than other solutions!
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Resolution of the Base Stage

Test in Scanning Tunneling Microscope mode:
Z-axis of an STM fixed at the bridge
XY-movement made with the base stage

=> 3D image of CD bits!

Noise in the image: about 50 nm!
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First Expansion Step

with 1 nm resolution
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Second Expansion Step

Including Automation
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Second Expansion Step
with more D.O.F.

© Base stage: X, Y, rotation

© 2 XYZ Manipulators

© 3 different Microgrippers

© Micro adhesive bonding dispenser
© Micro Tensile Testing modules

© Wide range zoom video microscope
© High resolution video microscope

© 3 Cold light sources

© Sequencer for automation
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The small System
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... with 100x100 mm? Stroke
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... In Detall

=~
Vertical & hor. Microgripper

\ Microgripper at 45°

Micro Adhesive Dispenser Klocke
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The big System
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... SOmMe components
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...iIncluding Micro Adhesive Bonding

© Joining of many different materials

© Multi-functionality of the joint (e.g. mechanical fastening
plus conductivity)

© Low heat/cold joining
© Low mechanical stress, uniform stress distribution
© Galvanic isolation of the parts (no contact corrosion)

© Small solutions and new freedom for design

VCSEL diode after active
alignment glued into SMD

Endoscope Objective, housing. Coupler to glass

@ 1,85 mm (Wolf GmbH) fiber (Spinner GmbH) ﬁ?ﬁgteechn”?




... With Pattern Recognition
of single pixels

}
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... probe tip approach

For current measurement
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... Current Measurement

NMOS
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... Force Measurement
at Microstructures

B=14um

i
E’astic Structure
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On arrays in automatic measurement: Alignment by pattern recognition  Klocke @ —
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... Force-Distance Diagrams
at Microstructures

slope of display

bump down
' bump up

160 = ———display down
7 display up

force[mN]

position[nm]
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... Nanoindentation
to form structures
F 1

Depth measurement
for each indent

- Klocke =
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... Nanoindentation
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... incl. Nanomachinin
by grinding

Grinding of a wedge structure into Silicon
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... or Automatic Microassembl
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e.g. to ,,sharpen hairs*

To microscope
Detector

150 nm

Nanomotor v

Glass fiber
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e.g. Microassembly of RF-Modules

superconducting
heterodyne detector
e.g. SIS 800 GHz

local-oscillator
F(LO) = 808 GHz

antenna
+ mixer
RF x F(LO)

microstrip
IF-low-pass

fixed

waveguide-termination

~ {7
.
N/
|

m Cl-Line from astronomic
object
e.g. RF = 809 GHz

beam splitter

N\

\ _waveguide-homn

Ve
copper block

/

s intermediate
(frequency (IF)
'RF - F(LO)
‘=1 GHz

bond-contact to
IF-amplifier
and DC-Bias

88888 P-20808

substrate
channel

Nanomotor-
Gripper

Microgripper _ . vsiy

Klocke —3
Nanotechnik =



Micro Production Systems:

Link:

http://www.nanomotor.de/aa_production_system.htm

Strength:
- flexible configuration, also by user
- Ideal for changing production tasks

- Flexible upgrade options avoid investment risks

Weakness:

- not developed for single type mass production (.... ?!)

Klocke ———
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for mass production

Glass fiber assembly
IN

mass production:

500-700 good parts

per week
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Micro Production System
First Prototype, upgraded to Service machine
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400-500
good parts

per week
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Micro Production System
Service machine, future backup system

All commercial dispensers failed => own development yjocke
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| I\/Ilcro Production System
Production machine

View at the machine
without housing
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Micro Production System
Production machine

- Klocke —

- Nanotechnik =




Micro Production System
Specification

« 87 good parts per day

* Cycle time < 3,5 minutes

* Yield > 80%

 Light point position +- 5pum

* Adhesive & fiber position error < 2um at 15mm length
« Axial Fiber rotation < +-5°

« Varying fiber diameter: 27um - 45um

« Several different pre-defined production processes

« Data base interface

 Remote service

« Operation possible by ,everybody*®

* Replacement machine ready in < 3 days Klocke ~ =
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Micro Production System

D.O.F.
3 Cameras
17 Degrees of Freedom
Faser: x,vy,z 0,0,¢
Gripper: X, Y, Z /
1 | 2
Dispenser: x, Y, z Zielstruktur: x, y, z, 6, ¢ ocke ==
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Micro Production System

1 | |2

Automatic Calibration

— >

Coordinate systems

Klocke —1
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Micro Production System

Data rates and precision

256 gray scales with 1280x1024 —> 1.3 MB

30 pictures per second —_—> 39 MB/s
4 Cameras —> 156 MB/s
= 1,25 GBits/s

Bandwidth must be dispersed to the cameras,

depending on speed and optical parameters.
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Micro Production System
| | Positioning the target structure

center camera live u: =] ‘ ﬁ e

1591x1640 0.25¢ < |

1591%1640 0.25¢ < |

Angle correction: -0,4855°
Axes: z1, z2 Nanotechnik =
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Micro Production System
Positioning the target structure

ﬁ center camera live LC’ =] “&—J‘ ﬁ center camera live E | = l“&—J

1591x1640 0.25¢ < | 1591%1640 0.25% ¢ |

Position correction: +68800nm, -57432nm
. Klocke —
Axes:y, z1, z2 Nanotechnik =



Micro Production System
Positioning of Fiber

r_ B
T ront camera tve I s =)

‘I 1613x1638 0.25% * L 4

1613x1638 0.25% ¢

\ Angle correction: Axis: 6 / Klocke =
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Micro Production System
Positioning of Fiber

Lo o= S

i3 center camera live

T ===

1613x1638 02514 ¢

1591x1640 0.28< ¢

Klocke —
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Micro Production System

13 center camera live

159121640 0.25< ¢

Correction of rotation
Axes: X, VY, z, ¢

Positioning of Fiber
,n::iElll

f‘v center camera live

ﬂ F_RotationRz_Caml

1591x1640 0.25% <
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Micro Production System

i3 center camera live

Correction of
fiber end
AXxes:.y, z

Positioning of Fiber

1591x1640 0.258% ¢

N

43 center camera live

15911640 0.25% ¢

ﬁ center camera live

1591x1640 0.258% ¢
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Micro Production System

Selection of User interface

production type
or service tasks

=

Produktion

Absehen Typ | Duralyt

Bediener | klocke

R Fetag | damo Process result

Preduktion starten Prozess 571

Ruheszustand

Ausschuss

Ereignisse dieses Prozesses

Wartungsintervalle

29.09.2011 15:33:18 - Leuchtpuntposition aT: Y=10000

»~

Klebstoff I 94 h

InspektionH | T

InspektionS (- | 9398 Stuck Kommentar

Aceton 23h

-

[ Faserabsehen ennommen ]
- T e —— —

Wizard reminds user

Wurden Faser und Absehen eingelegt oder soll die Produktion
beendet werden?

Klocke —
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Micro Production System
Database interface

Frage hies singeben .?

Mmowuge STOAGe {Daten bank (Access 2000-Dateiformat)

=i

ERP data base

it ol R interface for automatic
Prozessd | Abschenid | Operator | ProzessBeginn |  ProzessEnde | EmorCode |  Status | Be|
6774 6275 bb 07.04 2011 10:54.03, 07,04 2011 105927 [ 1 f p
6773, 6274 bb 07.04.2011 104654, 07.04.2011 10,5357 32768 1 StO rage 0] rocess
6772, 6273 bb 07.04.2011 10:4234' 07.04 2011 10:46:48 0 1 q t VleS
6771 6272, bb 07,04 2011 10.37.:44. 07,04.2011 104228 0 1
6770) 6271 bb | 07.042011 10:32.12 07.04 2011 10:37.38 32768 1 parameters1 pIC ures’ mo "t
6769 6210 bb 07.04 2011 10.27.18 07.04 2011 10:32.06 0 1 :
6763 6269 bb 07.042011 1022.37| 07.04.2011 10.27:12, 0 1
6767 6263 bb 07.04 2011 10:47.01 07.04 2011 10.22:31 0 1 .
6766 6267 bb 07.04 2011 10:12.14. 07.04.2011 1016 55 0 1
6765, 6266 bb 07.04.2011 10.0555 07 04 2011 10.12.08 0 1
6764) 6265 bb 07.04.2011 10,0146 07.04 2011 100549 0 1
6763 6264 bb 07.042011 09.57,12 07.04.2011 10.01:40 0 1
6762, 6263 bb 07.042011 09,5243 07.04 2011 09.57-06 0 1
6761 6262, bb 07.04.2011 09.47.65 07.04,2011 09.52.37 0 1
6760, 6261 bb 07.04.2011 09:42.22 07.04 2011 09:47:49 0 1
6759 6260, bb 07.04 2011 09.37.24. 07.04 2011 09:42 16 0 1
6758 6259 bb 07.04 2011 09.32:53, 07.04.2011 09.37.28 0 1
5757 6258 bb 07.042011 09.27:28 07.04.2011 0932 47 0 1
6756, 6257 bb 07.04.2011 09.21.62' 07.04.2011 09.27:22 0 1
6755, 6256 bb 07.04 2011 09.17.22 07.04 2011 092145 0 1 :
6754 6255 bb 07042011 091238 07.04201109.17:16 0 1 {
6753 6254 bb 07.04 2011 09:05.55. 07.04.2011 09 12 32 0 1
» 6752 6219 bb 07.04. 2011 08:47:32. 07.04 2011 09.05 30 |} 4 Absohen lasst sich nicht ausrichten
67151 6263 bb | 07,042011 084225 07.04.201108:47.07 9% 1 ‘
6750, 6262/ bb 07.04.2011 08:37.:39 07.04 2011 084214 0 1 {
6749 6251 bh 07.04201108:31:15. 07.04.2011 08.37.29 96 1 I
2 6748 6250 bb 07.042011 08.25:55 07.04 2011 083109 0 1 ]
6747 6249 bb 07.04 2011 0820:46, 07.04 2011 08.25 50 0 1 i
6746 6248 bh 07.04.2011 08.1522 07.04.2011 08 2040 0 1 [
6745 6247 bb 07.042011 081057, 07.04 2011 08.15.17 0 1 I
6744 6246, bh 07.04 2011 08,0655 07.04 2011 08:10.61 0 1 n
6143, 6245 bb 07.04201108:02.02 07.04 2011 08,06 27, 1l 4
Oatenzatz: [1CLC] [ 35 (X101 o a] von 6740 e = QJ.,’
| -
£  P————— T ———eeeeT | S
e R L2 i S SR TR TEHET Klocke =
BySeeE e
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Micro Production System

Process Control

The assembly process

Click 2 times onto this background to see the movie

Hardware



Complete Micro Production Line
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Summar

Modular Nanorobotics

Pool of more than 200 Nanorobotics Components

Configuration to individual machines

Universal Testing Benches

Micro Production Systems






