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»1. Overview of recent development projects« W&ﬂ

TRIDELTA Weichferrite GmbH
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»Classic ceramic processing of Manganese-Zinc-Ferrite material« W&ﬂ

TRIDELTA Weichferrite GmbH

Highly automated process compared to the development of ferrites in 1940s in Hermsdorf:

=> less dirt and pollution

=> less manpower

=» faster and more controllable

=» there are still many uncertainties in ferrite material production, that influence material properties

»

ETD-Core assortment

OTRIDELTA Weichferrite GmbH. Alle Rechte vorbehalten, auch bzgl.
jeder Verfligung, Verwertung, Reproduktion, Bearbeitung, Weitergabe
sowie fur den Fall von Schutzanmeldungen.
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» Overview of shaping technologies of ferrite cores« "”‘
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Classic: Machining:
Compacting+ CNC
Sintering Laser

Methods of

ferrite shaping

Printing:
Filament
Screen-printing
Foil casting+
Sintering

4 // 03-15-25 OTRIDELTA Weichferrite GmbH. All rights reserved, also with regard to any disposal, utilization,
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Embedded:
Polymer
Mixed Ferrite
Concrete




» 2. Uncertainties of classic shaping technologie of ferrite: Compacting« W&a

TRIDELTA Weichferrite GmbH

Dry press automats
— work according to the coat removal method
— this process was developed in Hermsdorf (Germany)
— press size up to 200 t and beyond
— compaction with 2.5 t/cm?

— simple, fast and cheap process
— uncertainties of this process:
— ferrite granulate (bulk density, moisture, ...)
— worker
— pressure control
— density distribution in the core
— cracks after pressing
— shrinkage of the core while sintering (app. 18 %)

Well known process for standard cores

Can cores be produced without shrinkage? Ly ’
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» How to overcome shrinkage: CNC-machining « W&a

TRIDELTA Weichferrite GmbH

— machining of sintered ferrite cores by CNC automats
— was developed in Hermsdorf (Germany)
— grinding process, ferrite is a brittle ceramic
— water cooling, ferrite doesnt like local heat dots
— used for demonstrators and series with flexible
geometries
— very high accuracy of 100 um
— join of segments for larger cores with glue

Disadvantages:

— slow process

— CNC tools expansive

— limits for fragile structures

— limits for very small dimensions
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» How to produce fragile structures: 3D-Screen-Printing« q.fll W&ﬂ

TRIDELTA Weichferrite GmbH

Permeability @ 0,1 mT

technology well known for metal pastes

new development for ceramic pastes by Qsil
high freedom of core-design: thin and tiny Structures  e——) -
fast and automated production
high material and energy efficiency

printing with ceramic ferrite slurry

good magnetic properties compared to compacted core

2700

] Equal Sinterconditions:| " |
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—— Pressed
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o] /]
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» How to produce fragile structures: 3D-Screen-Printing« q.ﬂl ””‘

TRIDELTA Weichferrite GmbH

Grain structure of compacted and printed ferrite at different sintering conditions:

Compacted

2 = 6. 2 =5 2 =5
um EHT= 500kV  Signal A=SE2 12Dec2024 2477608 B Eraunh cfer pm EHT= 500KV Signal A=SE2 12Dec2024 24776881 B nh uier um EHT=500kv  Signal A=SE2 12Dec 2024 24777647 By F,“,.hofer
WD = 8.0mm Mag= 5.00KX Ferrit-Ring P 1320C 9% 3,5h H WD = 8.0 mm Mag= 5.00KX Ferrit-Ring P 1320C 9% 5,5h H WD = 8.0mm Mag= 5.00KX Ferrit-Ring P 1340C 9% 3,5h

2 = 5. 2 =5 2
'ﬂr EHT = 5.00 kV Signal A = SE2 10 Dec 2024 247726 tif - Fraunhafer Hm EHT = 5.00kV Signal A = SE2 12 Dec 2024 2477644 - Fraunhafer um EHT = 6.00 kV S ignal A = SE2
WD = 8.0mm Mag= 500KX  FemitRing S 1320°C 3,5h H WD = 8.0mm Mag= 500KX  Ferit-Ring S 1320C 9% 5,5h

12 Dec 2024  247772.4f .Fraunhofer
WD = 8.0mm Mag= 500KX  FenitRing S 1340C 9% 3,5h

Almost no detectable difference
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» How to produce fragile structures: 3D-Screen-Printing«
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Influence of sintering conditions on magnetic properties:
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Magnetic properties are app. 80 - 90% of compacted ferrite
Shrinkage is higher (app. 22 %)
Can ferrite be printed without shrinkage?
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» New shaping technologies of ferrite: 3D-Filament-Printing« o Wyﬂ

TRIDELTA Weichferrite GmbH

— ferrite powder is composited with polymer

— printing on every 3D-printing device

— easy, fast and cheap production

— combination with other materials possible

— high freedom of core-design without shrikage

.

o ] //’/ -

Limits: 8 104

— bad magnetic properties compared to compacted ferrite £ ]

— good magnetic properties compared to other soft magnetic materials: 82 104
~ Ni-Zn-ferrite 5 ] -
— lronpowder cores I e

" Fe
Good technology for design demonstrators e fw-mfooo

Can the material be sintered to improve magnetic properties? Frequency [ktiz]
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» New shaping technologies of ferrite: 3D-Filament-Printing« o W&a

TRIDELTA Weichferrite GmbH

— filament-ferrite with sintering 80 N —
— improvement of magnetic properties - i d s
. 75 ——H1_b: MFf 114 Rk 6,3
— binder-polymer has to adapted carefully _ —HiRon M|
— debinding-process very slow 701 .
= 65 - i
% 60 _\/’_/—\J ]
o
55 I~ i
50 = 1 ==
155 =
Limits: 8- — -
— bad magnetic properties compared to compacted ferrite T T T
— high shrinkage and risk of deformation Freq/kHz [kHz]

This process is not fully satisfying and requires further development
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» How to produce thin ferrite plates?: foil casting« IKTS

TRIDELTA Weichferrite GmbH

— ferrite slurry to form green foil

— green foil cut and sintered

— very thin ferrite plates

— similar magnetic properties as screen-printing
— binder-polymer has to adapted carefully

— plate thickness < 500 pm

— flexible foils with sintered ferrite powder

Good technology for shielding with ferrite

What about tiny structures?

OTRIDELTA Weichferrite GmbH. All rights reserved, also with regard to any disposal, utilization,
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LASER CUT
» How to produce tiny ferrite cores?: Laser-machining« LCP ;s W&ﬂ

TRIDELTA Weichferrite GmbH

— small sintered ferrite block (5x7 mm or smaller)
— laser is used to shape the ferrite
— ferrite structure has to be considered
— local heat can cause cracks
— lead to MZF decomposition and grain growth
— Ultra-Short-Pulse-laser is used to shape the ferrite
— ferrite structure is not damaged by USP-laser
— very high precision of some ym
— corner cubes (900x900 pm)
— used as antenna

(5)3806,350m)

216931, 39m

Limits of this process:

— depth (1-2 mm)

— design rules

— special laser required

A lot of new shaping technologies are available

Next topic: Embedded ferrites

OTRIDELTA Weichferrite GmbH. All rights reserved, also with regard to any disposal, utilization,
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» 3. Embedded ferrite: Polymer - Ferrite«

— 4 transformers on one SMD device (30x18x2 mm)
— small cores embedded in polymer
— special polymer can be activated by laser

— gold wireing around the ferrite core

— space efficient design
— very high transforming efficiency

— layout can be customized

Disadvantage:
— complex and expansive production
— gold metallization required

_
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TRIDELTA Weichferrite GmbH

» 3. Embedded ferrites: Concrete - Ferrite«

o g Vehicle: Car or Transporter
— project in cooperation with university in Aachen and partners o
— idea of inductive charging of vehicles while driving = E
26 mm
o

P

— 4 m ferrite rod made of standard profile cores were embedded in concrete
— ferrite material with very low losses required (Manifer® 106)

Standard profile core Manifer® 106

— wireing around ferrite core within the concrete segment //’ o PRkl
5 g / : 4 c
‘ m /,,' ,,’ ) onnector
— test runway of 100 m was established and successful (2024) C'// 7 |
// /’/ _ A
. ﬁ rri r
— benefits: modules can be produced separately 2T Femtecores

Connector

— smaller batteries in vehicle -> less ressources required -> lower costs Connector
— modules can be powered by nearby solar or wind parcs by

— accurate planning of the roadway
— breaks between loading roadways
— more expansive than regular roadways

OTRIDELTA Weichferrite GmbH. All rights reserved, also with regard to any disposal, utilization,
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» 3. Embedded ferrites: Ferrite - Ferrite« W@a

TRIDELTA Weichferrite GmbH

MZF-plates by CNC with 4 holes
— dimensions: e.g. 110x100x5 mm
— ferrite cores embedded in ferrite plates
— wireing through the centers

— stackable as required

— strayfields of nano-crystalline ferrite are captured by MZF plates

— used for GPU power supply

OTRIDELTA Weichferrite GmbH. All rights reserved, also with regard to any disposal, utilization,
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TRIDELTA Weichferrite GmbH

» Take home message«

- compared to the past 80 years, there is a huge development in ferrite technology
- ongoing ferrite material and technology development at TRIDELTA Weichferrite GmbH

- freedom of core-design can be achieved by new technologies of ferrite-shaping for any requirement:

Standard and cheap: High Féﬁé's'om

Compacting Laser

Ferrite shaping

Free design:
Filament

Screen-printing
Foil casting

These new technologies for ferrite cores overcome the uncertainties of classical compacting
and will lead to new developments and applications of electronics

OTRIDELTA Weichferrite GmbH. All rights reserved, also with regard to any disposal, utilization,
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» Thank you for your attention « TRIDELTA Weichferrite GmbH

Special thanks to all the partners:
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TRIDELTA Weichferrite GmbH
Robert Friese StraRe 8-10
07629 Hermsdorf | Germany

Federal Ministry
T +49 36601 9152-200
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of Education
F +49 3§601 9152—201 . and Research
info@tridelta-weichferrite.de
www.tridelta-weichferrite.de
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» Annex 1: Material Parameters« W&ﬂ

TRIDELTA Weichferrite GmbH

- Main parameters for Mn-Zn- Ferrites are power losses, saturation magnetization and permeability over
temperature and frequency

- Power losses P:

- Hysteresis losses P,, (Area of hysteresis loop) New curve

- Eddy Current Losses P (Wirbelstromverluste)

- Other minority Losses P

B

H

- Volume power losses P,, = P/Volume

B = Saturation magnetization

A Br = remanent saturation

H¢ = coercivity

- Unit: mW/cm?3 or W/m?3

OTRIDELTA Weichferrite GmbH. All rights reserved, also with regard to any disposal, utilization,
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» Annex 2: History of TRIDELTA Weichferrite GmbH « W&ﬂ

TRIDELTA Weichferrite GmbH

1890 Establishment of the ,Kahla Porcelain Factory“, branch Hermsdorf-Klosterlausnitz

1922 Foundation of the HESCHO (Hermsdorf-Schomburg Isolator Society)

1945 Development of soft magnetic ferrite materials Manifer® and cores \

1952 Development of hard magnetic ferrite materials Maniperm © and cores //Il

1957 Establishment of the CWH (Ceramic Works Hermsdorf) | A

1990 Foundation of the TRIDELTA AG {Delta_Glocke von 1527
2002 TRDIELTA GmbH can look back on over 50 years of ferrite history T
2014 Spin off of the TRIDELTA Weichferrite GmbH from the TRIDELTA GmbH through

change of ownership - Nukas VBB GmbH

2020 Relocation to the new company building on Robert-Friese-Stralle in Hermsdorf

Product portfolio:

ETD-Cores

U-, Ul- und UR-cores Segment- und profile-cores : I .
| : : ~

OTRIDELTA Weichferrite GmbH. All rights reserved, also with regard to any disposal, utilization,
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» Annex 3: Sinter Process«

i

TRIDELTA Weichferrite GmbH

1400 —— Temperature] 4,
\ pO2
1200 \ 31
\ | = Temporar ('
& 1000 ] N g emperatur (°C)
o 800 3 o} o o — =] =
= = 1. .8 100 — 71— = T
© ] \ R 4001 & ,:.‘m;\\ 750
[0} 3 = —_—a|=
S 600 1 5 AN '
5 . 3 MEEANS 8% a=788 140 ‘ =7 * Ny " X
T o 'éhs\A N %%%es a|=7.84 WA TGy 72N IR | ]
J1E4 T s a=818 {1 W . : 020 'S .
- 1 1E-4 — F L \\ : . | ) & ’ o
200 / \ § = E ~ o a=8233 )T g . L] b, v > ANHE -
0 _Js 2 o041k \\\ a=850 lg4 ‘ A LBuL 3 i .
- E b = const. - \ =
0 4000 8000 12000 16000 o~ 3 By iy ol g S .
; =2h Q F s SO AN A9 . |
Steps in 5 sec 0,01k { 40,01 p e < y 2Pl § ° %
. . . . : { X 4 S - > AT
Typical sinter-regime for Mn-Zn-Ferrites ; L S S P S X Nl »
1E-3 3 4 1E-3 > ¢ e (% 4 P ! 1 P
3 9 4 < Y g ¥ & » 4
- 4 I 4 ' 'l I 4 I 4 ; 'l 4 - ! iy QRN 5. < g ‘;‘ S 0
6,010 6,5x10 7,0x10 7,510 8,0x10 8,5&5x10 9,0x10 AR o & @A .y Pu o =
v ) o | . ®d o
1/Tem peratur [K'1] 4 Y N, g ; L e ey 'Nis 5
Y - o & k]
J. Topfer, A. Angermann, “Complex additive systems for Mn-Zn | 25 o o B «? “
ferrites with low power loss”, J. Appl. Phys. 117 (2015) 17A504 " B ¢ a" . - PBe Se 3
L P e 0 p e « 7 "
o ¥ T\ 2B DS oot Sy me
X Lol | # 2 _- - 2N L -

Microstructure of Mn-Zn-Ferrite
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» Annex 4: Applications« W&ﬂ

TRIDELTA Weichferrite GmbH

- Mn-Zn-Ferrites are mainly used as transformers for power and consumer electronlcs
- Application in frequency range kHz-range up to 2 MHz ok By
- Operating temperature around 100 °C

- New applications require operating temperatures > 100 °C

e EM compatibility

Mn-Zn-Ferrite — e Communication technology
(anMn1-x)1-yF62fyO4 e interference suppression
Manifer®-Material technology

e Automotive

e Light technology

e Solar technology

e Crime solve device as powder

N - - = - M\\ \
OTRIDELTA Weichferrii_ _ oo — - i 2’ ____ation,
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