Micro production systems
... In ultimate precision

Nanotechnology and
mechanical Engineering
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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":
© 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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Nanorobotics

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 resolution

Microgrippe w

and different tip shapes
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3D-Nanofinger ®

A new instrument between
Profilometer and
Coordinate Measuring Machine

Klocke —

Nanotechnik =




3D-Nanofinger®

3D Topography - 0 M\ I\
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e Contours
* Angles

© Stroke:

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

© Resolution of movement: 1 nm
Sensor resolution: 0.5 nm
Smallest structure size: <100 nm

o Automation &g)r?(l)(teechnik?




1 Example
Measurements in small holes

MK
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Linescan to determine the winding angle
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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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INn Detall
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The big System
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. SOme components
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...Including Micro Adhesive Bonding

© Joining of many different materials

o

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) ﬁlél)rﬁ:gteechnig




. with Pattern Recognition
of single pixels
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... probe tip approach

For current measurement
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... Current Measurement
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... Force Measurement
at Microstructures
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B=14 um

Ejastic Structure
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... Force-Distance Diagrams

at Microstructures

slope of display
bump down
bump up
———display down
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... Nanoindentation
to form structures
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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

Klocke —

Nanotechnik =



e.g. to ,,sharpen hairs*

To microscope
Detector

150 nm

SPINDL

Nanomotor ‘ly

Glass fiber
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e.g. Microassembly of RF-Modules

superconducting ﬁ Cl-Line from astronomic
heterodyne detector object

e.g. SIS 800 GHz e.g. RF = 809 GHz

local-oscillator
F(LO) = 808 GHz

-

beam splitter

waveguide-horn

copper block T

antenna  AUA / EEEEEEESTE M e
+ mixer / Nanomotor- r%
RF x F(LO) intermediate Gripper
i i frequency (IF)
microstrip
IF-low-pass Sﬁ _GFI-(|I7jO) Microg rlpper
fixed

waveguide-termination bond-contact to

substrate  IF-amplifier
channel and DC-Bias

Klocke —
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 (.... ?2!)
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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
" Las i Q Y

»’m 3 \ Made for first

process

development

Produced
24.250
good parts:
400-500

per week

Klocke —
Nanotechnik =



Micro Production System
Service machine, future backup system

."wj

All commercial dispensers failed => own development  oe —

/A
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Micro Production System
J Production machine

... Just a box ...
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Micro Production System

'® e Production machine
==
USB Steuefling Ein

Degree of Automation...
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Micro Production System
Production machine

What’s inside?
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Mlcro Production System
Production machine

View at the machine
without housing
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Micro Production System
Production machine

- Klocke —
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Micro Production System
Specification

« 87 good parts per day

* Cycle time < 3,5 minutes

* Yield > 80% measured during production

 Light point position +- 5um

* 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

« QOperation 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
Fiber:x,y,z 6,¢,¢
Gripper: X, V, z /
1 | 2
Dispenser: X, y, z Target  :x.y.z0,0f = = —
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Micro Production System
Coordinate systems

8566 nm/px

m »

843 nm/px

2 1 | |2

!

9844 nm/px

Automatic Calibration

—
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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 GBIits/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

;I}ﬁ center camera live —— s (Sl S

)

i_ﬁ center camera live

1531x1640 0.25% <

1591x1640 0.25% <

N\ /

Angle correction: -0,4855° Klocke =
Axes: z1, z2 Nanotechnik =




Micro Production System

Positioning the target structure
ﬁ center camera live — u: I = l—ag-r

i_ﬂ center camera live T — IL:J rs '_ES-

1591x1640 0.28% ¢ 159141640 0.25% ¢

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



Micro Production System
Positioning of Fiber

| = .
‘f?: ;5 front camera _[‘3“"@ I%
.:,\;. 5 4 '\ 5

161321638 0.28% ¢ i |! 1613x1638 0.25 ¢

\ Angle correction: Axis: 0 / Klocke = ~—=
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Micro Production System
Positioning of Fiber

ﬁ center camera live g S S S
»

T3 tront camera live W e ) |

1613x1638 0.25< ¢

15311640 0.25% <
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Micro Production System

center camera live S e S
~

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

Positioning of Fiber

center camera live v ). S
~

{3 F RotationRz_Caml

159111640 0.25% <

15911640 0.25% <
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Micro Production System
Positioning of Fiber
EERFERT) |93 center camera live oS S

{g’ center camera “VE
I Correction of I

fiber end
Axes:y, z

{ﬁ center camera live

159141640 0.28% < it 159141640 0.28% <

N

Klocke —
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Micro Production System

Selection of User interface

production type
or service tasks

Produktion

Absehen Typ | Duralyt

Bediener | klocke

Process result

Auftrag | demo menfassun

Produktion starten Prozess 571

Ruheszustand

Ausschuss

] Ereignisse dieses Prozesses
Wartungsintervalle

20.09.2011 15:32:18 - Leuchtpuntposition aT: ¥=10000

&~

Klebstoff 94 h

InspektionH ] I 820 h

Inspektions [ || 9398 Stick Kommentar

Aceton 23 h

-

[ Faserabsehen ennommen J
F F—

Wizard reminds user

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

Beenden ][ Eingelegt J Klocke p—

Nanotechnik =




Micro Production System

T adash
2

Prozessid )

(Access 2000-Dateiformat)

! h

SfeE]

Database interface

Frage hier eingeben -

ERP data base

RO R : interface for automatic
Absehenld | Operator |  ProzessBeginn |  ProzessEnde | EmorCode |  Status | Be|

6774 6275 bb 07.04 2011 10.54.03 07.04 2011 10.59.27 0 1 t g f p
6773 6274 bb 07.04.2011 10.46:54 07.04 2011 10,53.57 32168 1 S Ora e O rOCeSS
6772 6273 bb 07.042011 10:42:34° 07.04. 2011 104648 0 1 . "
6771, 6272 bb 07.04.2011 10.37:44| 07.04 2011 10:42.28 0 1 t p t .
6770, 6271 bb 07.04.2011 10.32:12. 07.04 2011 10.37:38 32768 1 parame erS’ IC ureS’ movies
6769, 6270 bb  07.04 2011 10:27.18 07.04.2011 10:32.06 0 1
6768 5269 bb 07.042011 102237/ 07.04 2011 10:27:12 0 1 H
G?Gf 6268 bb 07.04 2011 10:17:01, 07.04 2011 10.22:31 0 1
6766, 6267 bb 07.042011 10:12:14  07.04.2011 10,1655 0 1
6765 6266 bb 07.04.2011 10.05:55 07.04.2011 10:12.08 0 1 !
6764 6265 bb 07.04 2011 10.01:46 07 04.2011 10.05:49 0 1 3
6763 6264 bb 07.04 2011 09:57:12 07.04.2011 10.01:40 0 1
6762 6263 bb 07.042011 095243 0704 2011 09.57:06 0 1
6761 6262 bb 07.04.2011 09:47:55 07.04.2011 09.52.37 0 1
6760 6261 bb 07.04.2011 094222 07.04 2011 09:47:49 0 1
6759 6260 bb 07.04 2011 09:37:34  07.04 2011 094216 0 1
6758 6259 bb 07.04 2011 09:32:53, 07.04 2011 09.37:28 0 1
6757 6258 bb . 07.04.201109:27:28 07.04 2011 09.32 47 0 1
6756 6257 bb 07042011 09:21:52 07.04 2011 09.27:22 0 1
6755, 6256 bb 07.04.2011 09:17:22. 07.04 2011 092145 0 1 1
6754 6255 bb 07.04201109:12:38 07.04 2011 09.17:16 0 1 !
6753 6254 bb 07.04 2011 09.0555' 07.04 2011 09:12 32 0 1 }

> 6752 6219 bb 07.04 2011 08.47.32. 07.04 2011 09.05:30 |} 4/ Absehen lasst sich nicht ausnchten »
6751 6253 bb 07,04 2011 08:42.25 07.04 2011 08:47.07 96 1
6750 6252 bb 07.04 2011 08:37:39 07.04 2011 08.42 14 0 1 {
6749 6251 bb 07.04 2011083115, 07.04 2011 08 37.29 9% 1 |
6748 6250 bb 07.04,2011 08.25:55 07 042011 08:31.09 0 1 H
6747 6249 bb 07.04 2011 08:20.46 07 04 2011 08.25 50 0 1 §
6746 6248 bb 07.04 2011 08:15:22. 07.04 2011 0820 40 0 1 1
6745 6247 bb 07.042011 08:10:57. 07.04 2011 081517 0 1 S
6744 6246 bb 07.04.2011 08.06.55 07.04.2011 08.10.51 0 1 |

6143 6245 bb 07.04 2011 08:02.02. 07.04 2011 08.06 27 1 4 :
Datersatz: (141 4 ][ 35 M2 4] von 6740 ), ST—— T ’J.J-}<
| sete: (1T O[T 1 (000]  « e S BT -
S NN e e A R Klocke =
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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

P

ool of more than 200 Nanorobotics Components

=

Universal Testing Benches

Micro Production Systems






