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NanoFocus AG nanofocus

see more "

founded in 1994
NanoFocus AG

optical surface inspection: CH)Eerhausen
development & production of Germany
3D laser profilometer pscan® &

3D confocal microscope psurf®

main markets: 12 g:gocus
automotive, micro technology, Ettlingen
medical, solar, forensic, — Germany

electronics, printig

> 500 installed systems

NanoFocus Inc.
___ Glen Allen, VA USA
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Product Range

Standard products

(usurf explorer, psurf
mobile, uscan explorer)

Customized systems

(usurf custom, pscan
custom, psprint custom)

Business solution

(usurf solar, psurf
cylinder, psurf blade etc.)

Integration

(usurf OEM, uscan OEM,
usprint OEM)

nanofocus

see more
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nanofocus

Product Categories eemore
LUsurf® Luscan® Lsprint®
3D-Microscopy 2D-Profilometry 3D-Profilometry

« 3D-Structure e 2D-Shape « 3D-Shape
° Wgar * Roughness » Defects
« Tribology  Production Control

NanoFocus AG - JF - 21 Apr 2010 4



Confocal Technology nanofocus

Detector

» Confocal Principle

—_—— Pinhole

Light
Source

Object T ;
Position ¥

Detector
Intensity
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Technology pscan CF nanofocus

Basic principle of
confocal sensor

Focus
detector

Measurement

PR
= ——y—

Oscillating lens

= 5 Sample with
laser spot

Confocal Point Sensor Scanning Profilometer pscan with
offset camera

Scanning by means of multi profile measurements with point sensors:
autofocus, chromatic whitelight, confocal point, holographic

NanoFocus AG - JF - 21 Apr 2010



Hsprint Technology nanofocus

Detector with

128 Pinholes
\
Laser
Light Source /
(A =830nm) /
with 128 Channels
 {—
1 Z
Detector
Object Intensity |
Height . 1pm
Lateral motion T
— I\
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Hsprint Technology nanofocus

» 128 parallel channels
» scanning speed 54mm/s
» spot diameter 1um
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Confocal Principle nanofocus

see more

White Light
'l

CCD Camera

B

......

Intensity ——»

- e A - T
T 2 o

Displacement —»

.~ Specimen
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nanofocus

see more "

Confocal Imaging Sequence

Sample: Sheet Metal

FWHM

Intensity

[leve| 34 98000000]

[level 36.86000000]

10

NanoFocus AG - JF — 21 Apr 2010



Measuring Task: Finger and Busbar nanofocus

see more "
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Measuring task: crystalline wafer nanofocus

Surface analysis

Etched multi Si Etched mono Si

NanoFocus AG - JF - 21 Apr 2010




nanofocus

see more "

Measuring Task: Etched Surface

Analysis of pyramid structures

Reliable surface

analysis
g
4
0
Number of motifs 2732
Mean Height 157 pm
hdean Araa 52.0 pmz pm
[u] 1 N 3
5 -]
Mean pyramid angle: 42.3° 1 PN
2-_ i ’ ..
o N T
. . 0~
Mean pyramid height: 1.57um ¥ It
2 4
o 3 &z teum
0-1 2-3
Hurizoqtal distance : 337 pm 525 pm
Height differenze : 349 pm AFT pm
Angle : 4347 a7.En
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see more

nanofocus
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Solar Cells

psurf

14
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Thin-Film: Roughness on CIS nanofocus

um
0 2.75
25 2.5
50 2.25
75 2
100 1.75
125 1.5
150 125 Latest 2D and 3D ISO-
o 1 Parameters
0.75
225 05
250 0.25
pm 0
L1 Nm
ISO 4287 ISO 25178
Mean Std dev Min Max Height Parameters
Amplitude parameters - Roughness profile Sp 1.68 um
Rp pm 1.41 0.142 1.13 1.65 Sz 2.95 pm
Rz pm 2.54 0.159 2.31 2.76 Sa 0.504 pm
Ra pm 0.468 0.0356 0.416 0.512 Functional Parameters
Material Ratio parameters - Roughness profile smr 14.4 % ¢ =1 pmunder the highest peak
Rmr % 25.3 7.66 16.5 42.2
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Thin-Film: Pinhole Analyis nanofocus

Number of grains: 36

Total area ocqupied by the graips: 611 umz2 (0.87 %) Autom ated dete Ctl 0 n Of
Density of grains: 0.000513 grains / pm2. .
defects and particles

Area = 17 um2 +/- 14 pym2
Mean diameter = 4829 nm +/- 1773 nm
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Thin-Film: Laser Scribes on Mo [ELI{IETE

Molybdenum

guality
assurance of
laser texture

pum
||||I||||I||||I||||I||||I||LI||||I|R||I||||I||||I||||
0.5+
I ~ [N
0_
' 320S
-1 - B
-1.5 4 L
-2 B
L e e o I e e o e o L e e o B o o e
0 25 50 75 100 125 150 175 200 225 250 275 300 pm
1
Maximum height 1.31 um
Mean height 1.21 ym
Width 43.2 um
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Measuring task: scribe needle nanofocus

Scribe needle and scribe edges

Geometry of
needles

~ Analysis of
.y 1 bulgings

[ T R X R = T T Y
I

E
2
T T T T T T T T T T T T T T
o 0.0 01 013 0.z 0.20 0.3 0.30 0.4 0.43 0.0 0.03 0.0 0.0 o7 0.70 mm
a-1
Harizontaler Abstand : 0.0259 mm
Hihenunterschied der Pusbkte : -1.36 pm
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Solar Cells (FZ]J-IPV)

1.00

160pm

Manofocus AG, D.Hoffmann

LT e

nanofocus

see more "

40um max. scan range AFM

Wil bt LIge

— Profil

[pm]

0.60

0.20

N

-0.20

h0=0}"037\

H1=0,0F9

-0.60

-1.00

0.20 pm

0.0 0.5 1.0 1.5 2.0 25 3.0 0.0
wum)

56.0

112.0

168.0

224.0

(um]

280.0
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Measuring task: concentrator cells nanofocus

Geometry of Fresnel lens

Length =211 mm Pt=11.4um Secale=20um

75
5
25 4
o4
25
5 -
75
10 4

20
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Measuring Task: Wire Guide Roll nanofocus

Controlling wafer sawing process
by inspecting wire guide roll

automated contour
Inspection

200 ]

Drawing not true to scale
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Measuring Task: Saw Marks nanofocus

Measuring of a complete
wafer within a few seconds

pm Frofile # 1/ 1534 FPt=75 om Scae=1J10pm
S0
40 — o

a0
-0 -
0 10 = a0 ac 50 o 70 ac 30 130 1-0 123 130 mm
IS0 4287
Description Mean Std dev Min Max
Amplitude parameters - Houghness profile
Rz yrm Rz Maxinua Height of mughaess pmofle, 1.51 0.0439 1.41 1.7
Ra yrm Ra: Arithwetic Mean Devistion of the mughress pmfile, 0.326 0.00861 0.306 0.36
Arnplitude parameters - Primary profile
Pt urm FE: Tatal Height of @w pmodfile. G52 a76 8.4 80.9
Amplitude parameters - Waviness profile
Wit ym W Total Height of waviress amdfile. 646 274 7.9 9.7
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usurf solar nanofocus

» Special development for crystalline solar cells
» 12 measurements within 1 minute

(incl. positioning and analysis)
» Autofocus function for wavy surfaces (EFG)

» One solution for all kind of
measuring tasks

» Mono-, poly- and EFG cells

» Measuring etched surfaces
with antireflection layer

» nm-scale repeatability

Laser ablation on etched multi Si
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Measuring Tasks: Solar Cells nanofocus

Further applications

» Isolation Channel

» Back Side Metallization
» Micro Via

» Laser Marking

» Waviness

» Geometry of Fresnel
Lens

» Soldering
» Transition Zone
» Etc.
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Solar Cell: References nanofocus

Z
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Fraunhofer Institist
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”I ‘S SWISS SOLAR SYSTEMS

-

~ W FERRO _
id o ’/ Forschungszentrum J;.'l_lich
'/ / / },‘."l i in der Helmhaoltz-Gemeinscharft
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