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. . micro resist
micro resist technology GmbH - who we are... techn@gy

Specialized in providing innovative resists, polymers, photopolymers and ancillaries,
we support our high-tech customers with high performance materials, technologies and process solutions.

» stablished: 1993 (since March, 1st 2025 wholly owned
subsidiary by TOKYO OHKA KOGYO CO., LTD.)

= Employees: ~55 (2025) mfﬂﬂrﬁﬁ@gy tok

= [ocation: Berlin, Germany
(Corporate office, logistics and manufacturing)

= Facility: 3.450 m?2 incl. clean room (300 m?2)

o 1T 7}1\
e el
gaeiBal

= Certifications:
ISO 9001:2015
ISO 14001:2015

» fields of business activities:

— Manufacturing: formulation / synthesis
— Distributorship (products of partner companies)

— Researching advanced materials and processes
— Lithographic Services
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micro resist technology GmbH - Application and end-use industry

Consumer Electronics
Automotive / Mobility

Lighting &
Telecommunication
Technology

Security Features

Health Care / Medical
Life-Sciences

Others

=Micro-electronics

=Sensors Technology

=Micro-optics & Photonic Components
=Display & Immersive Technology

LED & Laser Lighting
=Photonic Integrated Circuits
=Opto-Electronics

»Physical Security Feature (Holographic images)

»Decorative elements (packaging / labels)

=Mechanical Microcomponents
=Microfluidics & Point-of-Care
= ab-on-Chip

=3D Printing & Additive Manufacturing
*Emerging Technologies

OPTIMAL WS, November 20, 2025
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micro resist technology GmbH - product portfolio jnﬂﬂtﬁﬁ@gy

Photoresists for direct writing lithography

Direct writing lithography = mask-less patterning technology

Beam based patterning: = e-beam
= Laser : 1PL, 2 or MPL, LIL

Direct deposition: inkjet printing e

1 R -

= hest or plezo
& elemant

= Useful to generate 2D, 2.5 D and 3 D patterns
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. . micro resist
Negative resists techn:;'pgy

micro resis
techno 1y

Negative Photoresists for UV, Laser - F :
! r E-Beam lithograph
& Electron Beam Lithography © c€a thography
= — ma-N 2400 & mr-EBL 6000
« ma-N $00 .
- 480 = Mix & match approach
it ma-N 1400 & mr-EBL 6000
« EpoCore and EpoClad
ot cehon sk
T = For laser based lithography
e mr-DWL 4
T— ‘\\
}"«"0 z.' §
L FREE)

\ww/
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Negative resists - for E-Beam lithography mﬂﬂtﬁﬁfm@gy

ma-N 2400 series Applications:
= Non-CAR = Micro- and nanoelectronics
= Aqueous alkaline development = FEtch mask for semiconductors and metals
- - . G t al_Nat C icati 2021,
Pattern transfer via RIE Patter transfer via RIE/Lift-off httpe://doi.ora/10,1038/841467-091-21624-3

MEMS cantijever

N

waveguides
- “a

o directional coupler

: _ y "-———L‘
Resist mask (bright top layer) on Si pattern after
RIE (CHF3) plasma (high etch selectivity of resist to Si)

Reconfigurable photonics with on-chip single-photon detectors
* Cr/ Au marker lift-off (ma-N 2400)

« CHF; RIE (ma-N 2400) —» SisN, WG device
Blideran et al Microelectron. Eng. 86 (2009) 769 - 772
Schuster et al AnalBioanalChem (2008)

Patterning for oy
permanent applications
Cryogenic RIE: SF6:02, @ -120 °C, . .
etching depth of 3.0 + 0.1 um (Si), Selectivity of 9.7 High AR patterns on Si, 9;55105 PET SR LRT L L Ttt],
: 1.9 um;

400pC/cm? (EPRG200, 100 keV)

P. Yousefi et al, Nuclear Inst.&Methods in Phys.Res.Sec. A: Vol. 909, 2018, 221 |
P. Yousefiet et al , Optics Letters , Vol. 44, No. 6 (2019) —

D. Andrén et al ,Large-Scale Metasurfaces Made by an Exposed Resist", ACS Photonics
2020, 7, 4, 885-892, https://doi.org/10.1021/acsphotonics.9b01809
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Negative resists - for E-Beam lithography mmmtgiﬁf:g@gy

mr-EBL 6000 series

= CAR
= Solvent development

Pattern transfer via RIE

UNIVERSITAT
DES
SARRLANDES

1500k — 204m

120 nm thick mr-EBL 6000,
Resolution < 100 nm

98 nm SiC dots (FT: 70 nm)
after ICP RIE SFg & resist removal

Applications:
= Micro- and nanoelectronics
= Etch mask for semiconductors and metals

Permanent app: Fabrication of stamps for NIL

SAARLAMNDES

ReedT)  UKIVERSITAT
'Ahl " [
s

— 188nm
nm—1 zb SkKEU

mr-EBL 6000 stamp,
100 nm thick, 100 nm L/S

Maximov et al. Poster Nanotech (2002)
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technol|

Negative resists - for a Mix & Match approach = remrvgy

mr-EBL 6000 series E-Beam & i-line stepper (ILM&M)

Fabrication of photonic integrated circuit (PIC) related waveguides (WG), ring resonators and coupling structures
(for etching in LP-Si;N,)

i-line stepper exposure (365 nm):

- Preliminary PIC pattern ,:(Hm;'c:_:,ﬁ.?}m“m
e-beam lithography (50 keV): ZfM
- Fine tuning pattern accuracy Fantrunm 17
Mikrotechnologien
=
~ Fraunhofer

ring

ENAS

resonator

SEMA Wmane ovarlay

(b) (©) (d) 6" wafer, 150 Chips, 72 PICs:
2.5 h e-beam + 3 min i-line

Optical microscope image of: FT: 500 nm, (1) WG (900 nm width), (compared to 14 h e-beam only)

(2) coupling structures (hole array, 800nm square holes, 400 nm line bars),

(3) ring resonator (900 nm width, 0.5um/ 1 um gap to WG) M. Reinhardt et al, Proc. SPIE 12802, EMLC 2023, https://doi.org/10.1117/12.2675558

S. Schermer et al, Oral presentation @ MNE 2023
Ch. Helke et al oral presentaion @ EIPBN 2024
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Negative resists — for a Mix & Match approach mﬂﬂtﬁﬁfm@gy

ma-=N 1400 (UV-resist)

E-beam (50 keV) & i-line steppr E-beam (100 keV) & MA (i-line)

500 nm thick ma-N 1400,
Pattern dimensions:
1 um + 0.45 pm, gap 300 nm

(smallest resolution
by EBL: 100 nm L)

A
2.0 am

6" wafer:
2 h e-beam + 5 min i-line
(compared to 10 h e-beam only)

On-chip terahertz spectrometer: SFy/O, etch of NbTiN

‘ BN (5 @ Ao

I 3 S
Fraunhofer =4 ZfM

Optical & SEM images of devices: 200 nm thick ma-N 1400, %

smallest resolution: 55 nm by EBL & 350 nm by i-line stepper ENAS iccanmerar Laiveasis Zenfum e ; T T
THEANT? IlGischnGiogen = c N S
a) Canpolat-Schmidt at al, Proc. SPIE 12472, 37th EMLC, 124720] (2022); doi:10.1117/12.2639447 D. J. Thoen et al, J.Vac.Sci.Technol. B 40,
b) C. Helke et al, Micro and Nano Engineering, Volume 19 (2023) 100189 doi.org/10.1016/j.mne.2023.100189 052603 (2022); doi.org/10.1116/6.0001918

—C) Helke et al @ EIPBN 2024 _ _ |
OPTIMAL WS, November 20, 2025 WWW.microresist.com 10



. . : L micro resist
Negative resists — for a laser direct writing techn:;'pgy

mr-DWL

Features & Applications:
« UV sensitive until 405 nm
« fast and contactless prototyping with DWL

fN HEIDELBERG
UL INSTRUMENTS

QT PO Cmce L I Wit 4 i
— 10 R[] g LN T LR '.

2 Photon Polymerization (2PP) FT: 50 um, AR: 10 FT: 80 um FT: 150 uym
LDW with Diode laser (DWL66FS) @ 405 nm (200 mW)

Z Fraunhofer
¥ 2 Layer litho with 2 laser emission wavelengths
(one developing step)

Generation of suspended micro structures of mr-DWL on SU-8

A .
1 avi 7 v = project

S. Hemanth et al.
MicroelecEng 176 (2017) 40-44

V. Cadarso Poster EIBPN 2012

OPTIMAL WS, November 20, 2025 WWW.microresist.com 11



ol . micro resist
Positive resists techn:;'pgy

™ PFAS-free products - micro resist
%%/ we pay attention technol gy

= For - thin & thick - gray scale/ 2,5 D lithography
Positive Photoresists ma-P 1200G & mr-P 22G_XP os . . .

ma-P 1200, unexposed
ma'P 1 200 LIL o5k ——— ma-P 1200, exposed i
P‘:E_L i-line h-line g-line
=04 .
' -
q:)
» ‘~ —
N\ R N
frd a & N E 03
7T ol \
$ @ E2 3 $ : K
X ¢ \
\\ 4 %- 0.2 \_\
N 5 N
Lot el
0.0 L
300 350 400 450 500

Wavelength [nm]

Ready-to-use high performance photeresists for . ] )
standard UV, greyscale, and laser interference lithography bi nary p'h Utﬂ‘llthﬂg raphy greyscale | Ithﬂgraph}f

oy 3

= lod S compone

* Frodocton accoorting 1o 50 9001 «d {50 1800)
v FRAS

CCRNtOgY Ger

B M
= 1 thermal reflow

(Y O Y M
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Positive resists - for gray scale lithography

ma-P 1200G

= Up to 60 um (single), 120 um (double) film thickness

= Max. grayscale exposure depth: 70-90 um with
LDW @ 405 nm

= Smooth surface after development in TMAH
= (Patterning via UV- and LIL demonstrated)

Mask based greyscale litho (MA)

HEBS (high energy beam sensitive glass) Pixelated mask,
mask: tinted glass substrates, grey values  FT resist: 30 ym

tuned by the optical density of the glass
=1Benchmark

[.J CANYON MATEHIALS INC. TECHNOLOGIES

FT resist:
1,5um/ 7,5 um

Reticle based greyscalelltho
(i-line stepper r .y

micro resist
technolf *Jgy

M HEIDELBERG Laser direct writing @ 405 nm
U INSTRUMENTS

IhTe AMIEY
HO® (Edrm

Thebecprs 52
Mmgw 2N

e B e 355 e nn
uw

DWL66*, FT: 40 — 100 pm

FT: 500 nm, tool: yPG 101,
- 20 nm high steps,
> transferred into 50 nm steps in Si (RIE)

) 58 151 136

b g5 118 | 56 AN » Litho
[ SR o o e oo
of — - -
_i70nm
= -2000} . . -
Ee— = ' 583 nm m) Etch
S ‘E, &4 nm
— @ 4000 __jasnm
— i BS nm
| et _ & am
_ f— \_ -6000 !
o \ |
1oum ; S\ 500 1000 1500 2000 2500 5000 3500 4000 4500

~—— Position {um)

S. Schermer et al https://doi.org/10.1117/12.3008954, EIPBN 2024; MNE 2024 - Gerges et al DOI 10.1116/6.0001273
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Positive resists - for gray scale lithography

micro resist

ma-P 1200G/LIL

LIL @ 405 nm
FT range: 100 nm - 1 |

/ "y
LY

>
s
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' et
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[ | ! i g ; ) i
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Manufacture of

- laminar gratings as well as
- saw tooth patterns

as master for etching

NCIo resisy
¢ ]
technoll ‘fov

L/

Advancing greyscale lithography and pattern

transfer of 2.5D structures using ma-P 1200G
resist series
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technolf Jgy

LIL @ 351 nm
FT range: 3 pm - 10 um

Further research in

@®PT

I AA A I
IV A\ L

project

as well as
rns

roplating
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- . : micro resist
Positive resists - for gray scale lithography fﬁhﬂg@gy

mr-P 22G_XP
= Up to 120 um (single), 200 um (double) film thickness
= Further reduced bubble formation during exposure,

* max. grayscale exposure depth of 160 um successfully demonstrated with LDW @ 405 nm
= Smooth surface after development in TMAH

_ (MA) UV-lithography with Laser direct writing @ 405 nm
1.0 Exposure wavelength: e ma-P 22G_XF, expesad HEBS greyscale mask PICOMASTER XF 200
W 355 nm 0,151
\\ ——365nm B \
08w 375 nm E L |
\ = o5l )

06| _ \x_____h_‘_
;‘ ﬂ.'?m 3/ 40 4% 50

04} e

01t s

-‘-‘-H—‘--_-""——\—\_
0o — R -
0 20 40 60 80 100 120 140 160 180 200
Depth in resist filrm [pm]
Residual absorption after exposure and resulting light attenuation
in the resist film
Max. 70 ym pattern height, saw tooth 125 ym high lenses, 125/ 250/500 um diameter,

Lower residual absorption after exposure gives pattern in different heights & pitches Fresnel lenses 500 ym diameter
less attenuation of exposure light in the resist
film, and allows deeper patterns RAITH Acknowledgement:

Raith Laser Systems B.V. Dr. Kahraman Keskinbora

OPTIMAL WS, November 20, 2025 WWW.microresist.com 15



technol|

Positive Resists for UV - Gray scale lithography m;cmresrsr"pgy

mr-P 22G_XP N HEIDELBERG
. . . UL INSTRUMENTS
Laser Direct Writing - with DWL66* @ 405 nm at HIMT

Variation of laser power (max. 300 Watt), filters, writing heads, mode and number of overlapping exposures, and developing;
gray value distribution (GVD 1024) adjusted to contrast curves

100um  SE2 FocLs = 2361 He LN HeloELBERG “eipm  SE2 Fo = 35 [IRTE LN HEIDELBERG
I i £ EUM A BT R A 03215 AT W o B LY A S ~ A RILHAN Swpedd 7o 00" SN i

Meg= 107X  EHT= 300KV WD=148mm Sinel A= SE2

Fresnel lens, 103 pm deep, 2 mm @&, | Temple, 120 pm deep, FT~180 um | Pyramids, 155 pm deep, FT~200

FT~120 pm (single coat; 4 mm writing (double coat; 10 mm writing head, MM (double coat; 10 mm writing head,
head, CI-Over 20, 1.5 h develop) CI-Over 40, 2 h develop) CI-Over 40, 2h develop)

167 pm deep ramp structure,

FT~200 pm (double coat; CI-Over 40,
2h develop)

G. Schuster, G. Ekindorf, A. Voigt et al:

a) SPIE AL+P 2023 https://doi.org/10.1117/12.2661526
b) MNE 2023

c) SPIE AL+P 2024 https://doi.org/10.1117/12.3010852

OPTIMAL WS, November 20, 2025 WWW.microresist.com 16
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Positive resists - for gray scale lithography

Methods for pattern transfer

Resist pattern

- DRIE etching
(works for << 15 pm thick films)

_ Favourite
Resist pattern (non-destructive)

- Thermal moulding with PDMS
- UV-moulding with hybrid polymers

(e.g. OrmoComp®, OrmoClear®FX,
or OrmoStamp®FF)

Resist pattern
- UV-moulding with hybrid polymers

Resist pattern

- Metallisation

- Electroplating

- UV-moulding with OrmoComp®

micro resist
technolf *Jgy

Resist Permanent pattern OrmoComp®

OPTIMAL WS, November 20, 2025

“ -

Challenges with thick resist films

Remaining DNQ reactivity in
generated resist master

- thermal stability & “light”

“— stability?

— Resist pattern distortion
possible

OrmoComp®, OrmoClear®FX,
OrmoStamp®FF

- Inorganic-organic hybrid polymer
- Suitable for optical applications

WWW.Mmicroresist.com 17



s . : micro resist
Positive resists — for gray scale lithography tm,';@gy

mr-P 22G_XP
Favourite method (non-destructive for resist pattern): Replication with PDMS & Hybrid polymer

Resist pattern - Thermal moulding with PDMS - UV-moulding with OrmoClear®FX
130 um deep 48h @ 35°C

mag HV  spot W[ SO0 pm §WCHO rEsist” v HV  spot WD SO0 pm
2¥ 120x 2000kY 2.5 6.4 mm mr P 22G Master

500 pm
¢ 10D0KY 2.5 PDIMS Mold

OrmoClearEX Replica

OPTIMAL WS, November 20, 2025 WWW.microresist.com 18



- . : micro resist
Positive resists — for a Mix & Match approach f;d}.ﬂg@gy

ma-P 1200G & mr-P 22G_XP r- ;

Generation of hierarchical riblet structures by combining LDW & LIL NV AAY™
raorication process (Automated Maskless Laser Lithography Platform
- : Different orders of for First Time Right Mixed Scale Patterning)
: Develop DWL* and LIL** with
: A i ® and without a
T : . development step
WL oy i ©  between both exposure
i k8 Davelop methods I |
- @ © domn e NN EN
i ¥ ., Very good resuits DWL @ JOR FESEARCH ) / LIL @ UZA ~
ovaton P i Ve et 3 Joanneum Research University of Zilina
! i De DWL @ 405 nm :
g ! e @ 530 imin developiit Forschungsgesellschaft mbH Slovakia
, o | . LIL @ 405 nm Austria
* DWL'@ Josnneum Research GinbH == LIL @ Uiiversity of Ziing 80 & development

MV W WO A e

Optical pattern assessment: 405nm - LIL manufactured surface gratings on different parts
of the 405nm - DWL fabricated greyscale wave pattern in ma-P1275G, grating on the slopes
slightly tilted due to the oblique incidence of light

SR MAD: WA R Vi fahl M e

40 um depth; small structure (405nm - LIL manufactured):! 690 nm grating period, ~ 400 nm depth

Application: Generic riblet structures of micro & nano scale used to reduce frictional resistance on surfaces in turbulent flow
— beneficial for surfaces of any means of transport to reduce fuel consumption and increase speed + mitigation of ice formation risk

OPTIMAL WS, November 20, 2025 WWW.microresist.com 19



. . _ micro resist
Photoresists — for a Mix & Match approach @_D_T_I_Iu_/\ i fggf}f}z{:@gy
; | I 6 1Vl F 1\ Lo |

The OPTIMAL "“all-in-one” laser lithography platform will be validated through the manufacturing of master
tools for 4 different use cases:

Full-polymer micro lenses for industrial optics.

Hierarchical multifunctional drag reduction riblet structures.
Free-form lens arrays for high-end virtual reality displays.

. Microfluidic structures for lab on chip medical devices.

hWNE

Use case 1 Use case 2 Use case 3 Use case 4

Positive resists for laser based gray scale litho via 1PL & LIL Negative resists for laser based
lithography via 1PL & 2PP

mr-DWL series

ma-P 1200G, mr-P 22G_XP, ...

OPTIMAL WS, November 20, 2025 WWW.microresist.com 20



. micro resist
Hybrid polymers techn:.;pgy

micro resis

techno i

UV-Curable Hybrid Polymers -

= UV curable, highly transparent materials for
(permanent) micro-optical applications

Ready-to-use high performance materials for
micro optics, photonics, and life sdences

= Bvalban secues correul by, s s

* Uheod ba e spaercy

* Wl dhomiial i

« Terpwraiay sidiey

* ¥ort corghancs

* Prodont on slcordey L0 3001 wd 150 18001

Pade 3y Sleraty

SO 1ES5L TeCtivdogy Smths "
a3 3010 Zhar e MR e O wErn T T |

oz
Yopenioer 5. 325 18
14595 Yoo S
CRMANY e
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. micro resist
Hybrid polymers technolf *Jgy

1.0

- High optical transparency
« High thermal stability (300°C)

4 OrmeComp®

normalized weight

* Sub-100nm resolution with high AR N | Mmoo
« Large customer base (diverse patterning) | | |
Y IR " — = N R - .
1 200 300 400 500 GO0

femperature [*C]

Direct imprint 2-photon polymerization Direct laser writin photolithgraphy

UL - S

ARG X A g
r'l " A q r—-} :.r\"’ A{\..f\nl\ﬁ"ih r\ .'ﬁ' ™A |’] _r!

ARAA A o' e nAAAA
'l'|| AAA r‘ A I'-\ & A I-'\ ,—-] .:)

-y

1st generation replica

EHT= 500V = fmage Width = 446 8 pm
W= &3 mm = Stageat T= 332"

Wi
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. micro resist
Hybrid polymers techn@gy

= Rapid prototyping & design testing of optical structures

= Suitable products: OrmoComp®, OrmoCore, OrmoClear®,
OrmoClear®FX

= Compatibility to various 2PP-machines (Nanoscribe, Heidelberg

Instruments,...)

IDELBERG
TRUMENTS

e A1)

|

mnanH
U i

E

N HEIDELBERG
UL INSTRUMENTS
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Summary

&

Materials for E-beam,
standard UV & laser
based lithography -

for conventional
pattern transfer
processes and fast
and contactless
prototyping

Wednesday, 10 December 2025, 12:30 CET

Materials for special _

patterning technologies:

= Thin & Thick-film
grayscale lithography

'« Mix & Match

techniques PP
. 1PL & LIL (Pos.PR)

1PL & 2PP (Neg.PR)

1PL (UV) + e-beam

(Neg.PR)

R —

Tkt

@ CEwy| microresist
s technolf *Jay

Dr. Anja Voigt

Ll

Business Unit Manager

Your Attention!

Thank youmfor -

OPTIMAL WS, November 20, 2025

micro resist

technol| y

' 4

Hybrid polymers for
direct fabrication of
micro-optical .
components & devices

JANUARY 27-28, 2026
I-YNGBY, DK HOSTED BY ET'!

Copenhagen

>

NANO MICRO
LITHOGRAPHY SYMPOSIUM

MEET THE COMMUNITY OF EXPERTS
IN 3D LASER, ION, ELECTRON BEAM LITHOGRAPHY,
AND DIRECT-WRITE TECHNOLOGY

JOINTLY PRESENTED BY

mie MOS8 &F

y GeniSys techn

NCro resist

WWW.microresist.com
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