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3D Ultrasound Computer Tomography
for early breast cancer diagnosis ...

® as harmless as diagnostic ultrasound
® as economical as X-ray mammography
® as sensitive as MRI (long term goal)

Current stage:
@ pilot study 2012-13,
University Hospital Jena

® study with 200 patients 2015-2017,
University Hospital Mannheim

2 19.09.2017 Institute for Data Processing and Electronics


Presenter
Presentation Notes

Non-ionizing 3D imaging of the breast
Sub-millimeter resolution
Quantitative imaging: �Three modalities simultaneously � High specificity
-----------------------------------------------


(including Development stage)
-------------------------------------------
At KIT we develop a new imaging modality for early breast cancer detection: 3D Ultrasound Computer Tomography (3D USCT). It promises three dimensional images of the breast with high spatial resolution and a high sensitivity and specificity for breast cancer diagnosis. Our aim is the detection of tumors with an average diameter of less than 5 mm to significantly improve the 5-year survival probability of the patients. Due to usage of ultrasound, 3D USCT does not expose the patient to any ionizing radiation.  

The imaging principle is based on several thousand of ultrasound transducers (emitters and receivers), which surround the breast in a water bath acting as coupling medium. The USCT is compact and self-contained; the patient bed incorporates all signal acquisition hardware and support technology. The patient lies in prone position on the patient bed and immerses one breast into the water bath. During the measurement one transducer emits ultrasound into the breast while all other transducers receive. The transmitted as well as the reflected signals are recorded: they contain the information about the internal structure of the breast. By iteratively applying this acquisition step for all emitter-receiver-combinations, a complete measurement for one breast creates up to 40 GB of raw data. A complete measurement is currently acquired in approximately four minutes. From the acquired signal data, USCT is able to provide qualitative as well as quantitative imaging of the breast. For instance, sub-millimeter resolution reflection volume images are reconstructed in a dedicated GPU cluster in less than an hour.

Recently the current 3D USCT prototype successfully completed a first in-vivo pilot study and is currently undergoing a larger study quantifying the diagnostic value of the images. There are first strong indications that especially the speed-of-sound images allow a higher specify than mammography and other ultrasound methods for the detection of breast cancer.


3

Clinical Trial Jena

® One conclusion from the Jena Study:

® ROI to small, several patient breasts are
not well ,illuminated®
® Objectiv for improved imaging: new
transducers with greater opening, random
element distribution & good bandwidth

19.09.2017
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MRI subtraction

A

USCT speed of sound

USCT fused SH}\
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Motivation: Relation object size to transducer ﬂ(".
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® Better imaging: increased opening angle required additional to increased aperture radius
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USCT 2.0 transducer performance: Pressure ﬂ("'
over frequency and angle e

#79 4 [(elements-4) angle divergancy freq. depeand. 30mm circle
(At angle = 07)

x 10

Max. pressure 128 Pascal

L Center Freq. 2.0 MHz
3dB bandwidth: 2.1 MHz

il 3dB opening angle: 23.5°
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Transducer 79.4 4: 900um wide rectangular piezo, 4x
substructured, dice-and-fill
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USCT Il Transducers ﬂ(".

Backing / Filler

Piezo — ceramic

,Raw" transducer Scheme: vertical cut
without Polyurethane
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Design and specification

IDUSCTI Selemente 0.9mm (planar) 3.5Mhz phase SDUSCTH felemene O.4mm (plan;
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13 exactly positioned, round
piezofibres of 460pum
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Transducer rectangular ~ Transducer rectangular ~ Transducer round
(0.9mm x 0.9mm) (0.4mm x 0.4mm) (diameter 0.456mm)

Opening angle for | 20% drop | 50% drop | Sound
fax (3.5MH2z) pressure

72

receiver*emitter

3DUSCTII Transducer 14° 22° 100%

(0.9mm, rect) ;

Transducer 0.902mm 16° 28° 100% I A
roun d 24 124 e Yomzls
Transducer 0.4mm 30° 54° 25% 48 48 0(8)% 5%
rect - .
Transducer 33° 58° 25% —

0.4561mm round
Transducerarray specification
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Design and simulation IlI: Finite element ﬂ("'

Karlsruhe Institute of Technology

red: Backing + filling PU + Tungsten (12 MRayl)
red + bright blue: Piezofaserkompositscheibe

) (CeramTec Sonox 505 14.2 MRayl)
grey: Matching (TMM4 ca. 6.3 MRayl)

Blue: Water (1.5 MRayl)

(in 1cm distance)
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oproach SIT

IKTS piezo-fibre transdiice
® IPE TAS Design + 5it = perfect transducer?
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IKTS production of piezo fibre discs ﬂ(".

Karlsruhe Institute of Technology

B PZT fibres @ 450 um
® Composite discs @ 23 mm, thickness 0.40 to 2.05mm
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2nd 1teration Piezofibre Transducers

® First batch had great variability of
individual fibre performance?

® Second batch of fibres with : ,
improved production process, Produced 24 piezofibre discs from one batch of
significantly improved reliability s Rl ot

® 4x discs for six thicknesses
® 400um, 550pum, 750um,
1050pum, 1450um, 2050pum
® Corresponding to 1 to 4 MHz

1 see IEEE IUS 2015 paper “Evaluation of composite fibres for USCT” Selected discs for prototypes
2see SFB/TRP report K04 21.2.17
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Production of prototypes ﬂ(".

® Matching TMM4: ~370um, ~6-7 MRay!
@ Baci_r_jg PU-y-Tulngsten: 1cm thick, ~10-12 MRayl Elestrodes  Filling MatcThing Jayer

|

connecting wire

Ground side surface covered with Housing/case  Backing layer Piezo crystal

conductive silver glue Heraeus PC3000

Wires connected with Heraeus PC3000 Set of 6 prototypes
(100°C curing)
15 19.09.2017 Institute for Data Processing and Electronics



Impedance-Phase characterisation - ﬂ(".

® quality control and reproducability check

Thickness | Center BW Phase (in Workin
of disc freq. (max. degree@ g
(in MHz Power@ max.
(in pum) @max. 3dB/6dB) | Power) : (kt
Power, >0.1)
mean/std.)
400 3.01(0.24) 1.69/ 2.34 -69.98° 0.56 11/13
(0.17)
550 2.54(0.07) 1.57/1.99 -72.24 0.84 12/13 HP4194A characterisation station
(006) . ' Imp.+Phellse from mea'\surement el:ementl.txt ' -
£,=3\25 MHz (5.9414 kOhm) Imp.
750 2.06 (0.11) 1.23/1.34 -74.53 0.90 13/13 ! E;fs‘( s Prss |
(001) 161 t();wuftz(: B)=l.7_05MHz 7
1050 3.56(1.29) 0.17/0.17 -85.08 0.91  4/13 | ‘tos
(003) 210- szt:;:F(:e(mmaifl |rr?;f(g_2:81 MHz %
1450 3.34(0.07) 1.62 /254 -85.22 0.11 1/13  © 4 :
(024) 6f 3%
2050 2.53(0.04) 1.25/1.73 -85.30 0.00 1/13 o
(0.00) % 1 2 5 5 5 6

Frequency [MHz]

Example impedance curve
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Acoustical characterization

® 3-axis US characterization station

® Setup and parameters

19.09.2017

Self-built system
Excitation voltage +-/100Vpp

Freq.-sweep with Chirps: 0.5MHz to
5.5MHz in 250kHz steps

Calibrated Onda HNC-400
hydrophone (up to 10MHz) + 20dB
pre-Amp.

16x averaging (4x SNR gain)
Digitization 400us, 20MHz

Semicircle profile, measurement
time ~ 6 hours

AT

Karlsruhe Institute of Technology

rement container + (30
x 30 x 50 cm), right: AWG, Amp., DAQ, Osci, control PC

16D_Sensor 016 geometric divergency

Coordinates
of hydrophone

x-axis [mm)]

Transducer position

-30 20 10 (0 10 20 30 40 50

y-axis [mm]

Institute for Data Processing and Electronics



Pascal on Hydrophon

Transducer Prototypes
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® 400um (ele. 1)

x 10% 16D_Sensor_016_60mm circle
W:250000Hz

cerBW(FWHM):1473589.2403Hz
r angular main lobe width(FWHM):31.7611°

Iﬁ

-80 60 -40 -20 0 20

16D_Sensor_016 BW 60mm circle
T

: ;
BW: 250000 [Hz]

25 3
MF [MHz]
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550um (ele. 4)

17D_Sensor_017_60mm circle

x 10°
pulseM F:2500000Hz, pulseBW:250000Hz

0.5

1 HEUED
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Pascal on Hy drophon
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750um (ele. 1)

x 10° 18D_Sensor_018_60mm circle
pulseM F-2000000Hz, pulseBW:250000Hz 700
Max . pressure 704 2778Pascal

600

100 Pasc

60 -40 -20 0

Angle (°)
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Discussion & Results ﬂ(".

Karlsruhe Institute of Technology

x 10°% dresden 21_Sensor_021_60mm circle

@ Reliability

® Secondary resonances dominate discs beyond
750um: excluded

® Reliablility of fibre disc production:
kt > 0.1: 92% for 400, 550, 750um

® Reliability of transducer prototypes:
peak pressure < 0.3kPa @6cm): 65% (13/20) @ e 40 200

Angle (")

2050pum fibre disc, 470um wide

x 10° 17D_Senser_017_60mm circle

BlpulseMF-2500000Hz, pulseBW:250000Hz

. P e rfo rm an Ce Max pr%ssure 1 072 15!531Pas:i:21\

® Separation of side lobe is concern: phase
inversion? Usable?

® 400, 550 and 750um most interesting
thicknesses for the application: expected
pressure (~ 1-2kPascal@6cm), good
bandwidth (~ 2MHz @6dB) & acceptable

-80 60 -40 20 0 20

opening angle 5500 fibre A1&C” 4700m wide
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Next Steps and outlook

® Connectivity & Integration with electronics

B Sputter process: Au and Cr/Au-layers
(Adhesive improvment )

B PCB design ready
® Substructuring (100um fibres)

@ Ongoing work, bundleing questions open
® Improved substrate material

® Tungsten filled ?

@ Thanks for your attention!

This project was partly funded as Sonderforschungsbereich/Transregio 39 »PT-
PIESA« SFB/TR 39 as subproject K04.
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Flex print PCB for integration of discs into
electronics and housing

o M,_..——-'"‘;-«I )

Ongoing work...

Institute for Data Processing and Electronics



Appendix ﬂ(“.

Karlsruhe Institute of Technology
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Build up ST
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400pum Transducer Prototype

® Elementl

16D_Sensor_016_80mm circle

cerBW (FWHM):1473589.2403Hz
r angular main lobe width(FWHM):31.7611°

-80 60 -40 -20 0 20

16D_Sensor_016 BW 60mm circle
1600 T T T T T

: ;
BW: 250000 [Hz]
1400

1200
1000
800

600

Pascal on Hydrophon

400

200

0 . L L L L L . L .
0.5 1 1.5 2 25 3 35 4 45 5

MF [MHz]
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Element 3

x 10° 16D_Sensor_016_60mm circle

pulseMF:3000000Hz, pulseBW:250000Hz

Max . pressure 1172 5577Pascal
ceri F-3000000Hz
cerBW(FWHM):1808228.5922Hz

transducer angular main lobe width(F WHM):33.2714°

1000
800

600

200 P:

40 -20
Anala ()

16D_Sensor_016 BW 60mm circle
1200 T T T T T

— BW 250000 [Hz]

1000

800
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400

Pascal on Hydrophon

200

) I L I L L I I L I
05 1 15 2 25 3 35 4 45 ] 55

MF [MHz]

Pascal on Hydrophon
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-J Element 4

x 10° 16D_Sensor_016_60mm circle

9 pulseMF :2750000Hz, pulseBWW:250000Hz
Max . pressure 319.8853Pascal
cerMF:2750000Hz
cerBW(FWHM):841025.1044Hz
Eitransducer angular main lobe width

M):13.6137°

-80 60 -40 -20 0 20
Angle (*)

16D_Sensor_016 BW 60mm circle
350 - T T T T T T

——— BW: 250000 [Hz]

MF [MHz]
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Pascal on Hydrophon

550um Transducer Prototype

x 10°

Flement 1

17D_Sensor_017_60mm circle

60

-40 -20 0 20

Angle (°)

1400

1200
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800

800

400

200

17D_Sensor_017 BW 60mm circle

——— BW: 250000 [Hz]
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Pascal on Hydrophon

900

Element 3

17D_Sensor_017_60mm circle

ure 843 4362Pascal

MF :2250000Hz
BW(FWHIM):915761 332Hz

-80 60 -40 -20 0 20
Angle (°)
17D_Sensor_017 BW 60mm circle

; :
BW: 250000 [Hz]
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Pascal on Hydrophon
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Element 4

17D_Sensor_017_60mm circle

transducerBW{FWHM ):12904 73.5454Hz

h(FWH

-40 -20

Angle ()
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200

17D_Sensor_017 BW 60mm circle

T T T T
—— BW: 250000 [Hz]

MF [MHz]
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f (Hz)

Pascal on Hydrophon
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/50um Transducer Prototype

Element 4

18D_Sensor_018_60mm circle

® Elementl Element 3

x 10° 18D_Sensor_018_60mm circle x 107 18D_Sensor_018_80mm circle

882 pulseMF-2000000Hz, pulseBW-250000Hz
Max. pressure 704 2778Pascal

[ i ransd 00
i 413Hz
1.5
2
25

-80 60 -0 -20 0 20
Angle (°)

BWV:250000Hz
scal

20 Pas

-80 60 -0
Angle (°)

20 0 80 60 40 20 0 20
Anale (*)

18D_Sensor_018 BW 80mm circle 18D_Sensor_018 BW 60mm circle
140 T T T T T

18D_Sensor_018 BW 60mm circle 160 T T T T T

— BW- 250000 [Hz] ——— BW: 250000 [Hz]

800 T T

BW: 250000 [Hz]

700

g

g

Pascal on Hydrophon
!
Pascal on Hydrophon

05 1 1.5 2 25 3 3.5 4 45 5 05 1 15 2 25 3 35 4 45 5 0 1 I 1

: 1 ! I 1 1
MF [MHz] MF [MHz] 05 1 15 2 25 3 35 4 45 5
MF [MHz]
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1050um Transducer Prototype

® Elementl Element 3 |

x 10° 19D_Sensor_019_60mm circle x 10° 19D_Sensor 019 _60mm circle x 10° 19D_Sensor_019_60mm circle

B3 5uls e F: 1500000Hz, pulseBW:250000Hz
Max. pressure 527.4955Pas cal

V1 ax . prefkure 156.8066Pascal
diiransducerMF: 1500000H2
transducerBW(FWHM]J:|3.18.3024Hz l

1.5H [yt ransducer angular ma'l Iobelr.'idth(FWHM):

2 2
25 25

¥

3 = 3
35 35

4 4
4.5 4.5

5 50 Pasce 5

-80 -60 -40 -20 0 20 -80 -60 -40 -20 0 20 -80 -60 -40 -20 0 20
Angle (*) Angle (%) Angle (*)
190_Sensor_0198 BW 60mm circle
19D_Sensor_019 BW 60mm circle 190_Sensor_019 BW 60mm circle 160 . . - ;

600 . . T . . T T : %0 T T T T T T

: ; A : — BW: 250000 [Hz
——— oW 250000 ] —— oW 25000

500+

'S
=]
=]

Pascal on Hydrophon
|
Pascal on Hydrophon

Pascal on Hydrophon
w
(=)
=]

[
o
=]

100

MF [MHz] MF [MHz)

MF [MHz]
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1050um Transducer Prototype Il

® Element 5

x 10° 19D_Sensor_019_60mm circle

R oulseMF:1500000Hz, pulseBW:250000Hz
Max. pressure 498.8976Pascal

1 450
15 400
2 4350
25 +4300
N
L 3 4250
35 <200
4 150
45 100
5 50 Pascal
-80 -60 -40 -20 0 20
19D_Sensor_019 BW 60mm circle
500 : - - - - : - :
450+ B

Pascal on Hydrophon

MF [MHz]
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f(Hz)

Element 6

x 10° 19D_Sensor_019_60mm circle

(<1 0ulseMF: 1500000Hz, pulseBW:250000Hz
Max. pressure 626.842Pascal
(¥iransd
t I
1.5H i HM): 40.8327°

L 1400

P 1300

200

100 Pascal

-80 60 -40 -20 0 20

19D_Sensor_019 BW 60mm circle

700 . . . . . - - -
— BW: 250000 [Hz]

Pascal on Hydrophon
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1450um Transducer Prototype

® Element 1 Element 3

x 10° 20D_Sensor_020_60mm circle x 108 20D_Sensor_020_60mm circle

| Element 4

20D_Sensor_020_80mm circle

300

250

200

150
100
20 Pascal 50 Pas 50 Pascal
-80 -60 40 20 0 20 80 60 40 20 0 20
Angle (°) Angle ()
200 Sensor 020 BW 60mm circle 20D_Sensor_020 BW 60mm circle
- - 400
350 T T T T T T T T " T " " T T . : .
20D_Sensor_020 BW 60mm circle N
80 i —— BW_ 250000 [Hz] — BW: 230000 [Hz)

, :
c

< | = 2 |
£ g 1 o
o < o

% = T ]
c 1 S g
° ® b ®

2 g 2 1
i 1 o o

O 1 1 1 L 1 1 1 1 I 0 Il 1 Il Il 1 1 L 1 1
0.5 1 1.5 2 2.5 3 3.5 4 45 5 5.5 0.5 1 15 2 25 3 35 4 45 5 55 05 1 15 2 25 3 35 4 45 5 55
MF [MHz] MF [MHz] MF [MHz]
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f (Hz)

PRV |
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2050um Transducer Prototype

. Element 4

® Element 1 Element 3|

L3

x10° 21D_Sensor_021_60mm circle x 10° dresden 21_Sensor_021_60mm circle

(] hulselvIF: 2500000z, pulseBW:250000Hz.
Ma)' pressuil 171. Pascal
iransdiicerMF:2500000Hz)

V)51 4205°

40

20 Pasc
-80 60 -40 -20 0 20
-80 60 40 20 0 20 Angle (%)
Angle (%)

#21 dresden_Sensor_021 BW 60mm circle
80 T . T . . T

21D_Sensor_021 BW 80mm circle dresden 21_Sensor_021 BW 60mm circle : - -
180 T T T T T T T 220 T T T T T T - T - — BW: 250000 [Hz]
—— BW: 250000 [Hz] BW: 250000 [Hz]

2001 i
180
160
140
120

100

Pascal on Hydrophon
Pascal on Hydrophon

Pascal on Hydrophon

X 5 8

MEMHZ]
MF [MHz]
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Phase 1: discs

Thicknes | Center

s of disc

(in um)

400

550

750

1050

1450

2050

30 19.09.2017

Bandwidth
frequency (max.
(MHz, max. | Power@
Power, 3dB/6dB)
mean/std.)

3.2088
(0.25724)

2.5530
(0.0503)

1.9469
(0.04931)

1.4392
(0.03432)

3.3209
(0.77073)

2.5308
(0.03945)

M. Zapf - 3D USCT Il

Kt

(MEEWS
td.)

0.5605
(0.1706)

0.8438
(0.0626)

0.9061
(0.0149)

0.9103
(0.0319)

0.1193
(0.2415)

0.0000
(0.000)

Working

(kt >0.1)

11/13

12/13

13/13

4/13

1/13

1/13
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Phase 1:1050um T

Imp. + Power from measurement elementl.txt

2 T T T T T
Imp. + Phase from measurement element1.txt
5 . . : . , 12,3425 MHz (0.049823 MOhm)
1,=2.3425 MHz (0,049823 MOhm 90 18 f=114212 MHz (0.030883 MOhm)
18 f=1,4212 MHz/0.030883 MOhm) 75 16 bw, |(6dB)=1.1688 MHz |
1ok bw, {(6dB)=1.1688 MHz 60 bw; |(3dB)=1.0588 MHz 430
bw, J(3dB)=1/0588 MHz 1al i
14} Giite=8.556]e-07 345
T k=018229 130 = 1.2} 1 S
§ 12f  k,=1.0956 15 & g s
] 5 =]
=3 Center-freq(max Power)=1.4212 MHz 8 = 1t T %’
§ 1t Centeer-Freg(min Imped)=1.49 MHz 10 = g 5]
IS 2 o L . 2
g sl 115 ¢ a 08 Ji58
£ 30 % o6k i
0.6 145
0.4l 60 o.4r i
0.2t 175 0.2f i
-1-90
0 1 fl fl 1 T 0 L 1 0
0 1 2 3 4 5 6 0 4 5 6
Imp. + Phase from measurement element2.txt Imp. + Power from measurement element2.txt
800 T T T T T 800 T T T T T
= 90 f =3.8825 MHz (84.5399 kOhm) Impedance
700} f= 75 700+ f;=11435 MHz (32.8199 kOhm) power|-
bw, 60 bw|(6dB)=2.7088 MHz
600} bw, . 600 | bw, 2.585 MHz 4130
Glite=3.6917e-07 Glite=3.691fe-07
— k=0 k.=0.94076
t 30
E 500 - 8 = 500F | _ 1 s
Q p 15 2 B p >
> Centar-freq(| ax Power)=1.435 MHz a = Center-freg(max Power)=1.435 MHz %
Q 400 Center-Fred(min Imped)=1.4488 MHz 0 = = 400} Centégr-Frefy(min Imped)=1.4488 MHz =
g 15 8 g g
S Lo =
o < °
£ 300 .30 o o 300 15 D?
-45
200 200}
-60
100} 75 100}
-90
% 1 2 3 s 5 6 0 ' : . ' . 0
0 1 2 3 4 5 6

Frequency [MHz] Frequency [MHz]
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[ SFB/TR 39
Bisherige Ergebnisse der 3. Forderperiode (Highlights) ﬂ(IT

- AUSquunq und SlmUIatlon Karlsruhe Institute of Technology
= PZFlex, Finite-Elemente-Simulation
= Modell 1: Piezofaserkomposit

Rot: Backing Epoxid (EPO-TEK 301-2FL, 2,9 MRayl)
Hellblau + Rot: Piezofaserkompositscheibe

(CeramTec Sonox 505 14.2 MRayl)
Blau: Wasser (1,5 MRayl)

(in 1cm distance)

Seite 32



Presenter
Presentation Notes
Farbskala steht für?   Schalldruck, Einheit?
Abstand für Winkel-Frequenz-Plot?   Fernfeld 20 mm

PK Mischung PZT ca. 30 MRayl und Epoxy 2-3 MRayl



AT

Karlsruhe Institute of Technology

Design: Opening angle increase
® Reduced transducer surface for a ROI of 20x20x15cm3
® Plus additional advantages

JDUSCTI 4elemente 0.9mm (planar) 3.5Mhz phase

3DUSCTI 1elemente O.4mm (planar) 3.5Mhz

-80

-B0

-0

-20

20

40

B0

&0
Angle [degree]s & -0 20 0 = m @ &

a0
Angle [degree] -

-0 20 ] 20 40 B0 &0

Transducer rectangular (0.4mm x 0.4mm) 25% soundpressure
JDUSCTI Telement 0.456mm raund (planar) 3.8Mhz

Transducer rectangular (0.9mm x 0.9mm) 100% soundpressure

Opening angle for | 20%drop | 50%drop | Sound ”
f . (3.5MHZ) pressure 'BD
receiver*emitter -
=20
3DUSCTII Transducer 14° 22° 100%
(0.9mm, rect) v
Transducer 0.902mm | 16° 28° 100% “
round a
Transducer 0.4mm 30° 54° 25% &
rect a0
Angle [degree] -
Transducer 33° 58° 25%
0.4561mm round Transducer round (diameter 0.456mm) 25% sound pressure
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SFB/TR 39

Ergebnisse Charakterisierung ﬂ(IT

ihe Institute of Technology

Kopplungsfaktor k, vs. Faserposition
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Ergebnisse Charakterisierung

PT
35 ‘g o
PIES.

Kopplungsfaktor k, vs. Faserposition (Detail)
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SFB/TR 39

AT

ihe Institute of Technology
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SFB/TR 39

Ergebnisse Charakterisierung ﬂ(IT

ihe Institute of Technology

Kopplungsfaktor k, vs. Dicke
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SFB/TR 39

Ergebnisse Charakterisierung ﬂ(IT

ihe Institute of Technology

Kopplungsfaktor k, vs. Dicke (Detail)
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SFB/TR 39

Ergebnisse Charakterisierung

Resonanzfrequenz f, vs. Faserposition
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SFB/TR 39

Ergebnisse Charakterisierung

Resonanzfrequenz f, . [kHz]
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Ergebnisse Charakterisierung ﬂ(IT

ihe Institute of Technology

Frequenzkonstante N, vs. Faserposition
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SFB/TR 39

Ergebnisse Charakterisierung
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Ergebnisse Charakterisierung ﬂ(IT

ihe Institute of Technology

Frequenzkonstante N, vs. Dicke
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Dresdner Prototyp #1 Il AT

ttttttttttttttttttt f Technology

® Stand Juli
Strang nach
Vorgaben
gegossen und in
450, 500, 550, o Cum
600pm Dicke . | N,
Scheiben \
geschnitten =

® Nachster Schritt
Metallisierung,
Polarisierung
und
Kontaktierung

43 19.09.2017 Institute for Data Processing and Electronics
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