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. . micro resist
micro resist technology GmbH - who we are... gefhm;g)gy

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

» Fstablished: 1993
» Employees: ~50 (2024)

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

» facility: 3.450 m?2 incl. clean room (300 m?2)

» Certifications:
ISO 9001:2015
ISO 14001:2015

» fjelds 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 - Product portfolio management ”””’",’.;ii’iﬁrpgy

Negative Photoresists Positive Photoresists Hybrid Polymers Nanoimprint Materials Strategic Distribution
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Strategic Distributorship in Europe:

DuPont (electronic materials, WLP, dry film),

Kayaku Advanced Materials (SU 8/2000/3000, PMGI, PMMA),

DJ Microlaminates (Dry film sheets), ShinEtsu (Photo-curable PDMS), etc.

M ogrissl raerguesents R LN L L

f J VY padmigy U imprid (RS Y
.- 1 PR remtperriey \ M s A areatebs s wey
e M Bt e g THA [ ':““‘
.t AN
VSR — 1o i b
- rnling® L) -
vl vy

UV Wi, Fhede W8

WY g

G KAYAKL

o= MBI ACVANLE L MATERWLS

o R2TIN
mLul.

e U LS
DJ MICROLAMINATES, Inc
o

sy Ptile Ahmels

Bt tygee mansbmpiring

WY iglhsiin
P e g (T

Shirtsu

Tves vy
U ZURT DTN S0

OPTIMAL Online Seminar, September 11, 2024 WWW.microresist.com 5



Content

1 Company information

2

Photolithography — General aspects

Positive photoresists
and application examples

Negative photoresists
and application examples

Summary

OH OH
Hy Hy
//C\ ¢ X1
H3C/ - H3C/ -
L dn

OPTIMAL Online Seminar, September 11, 2024

micro resfs
technolf *Jay

WWW.microresist.com



Photolithography — General aspects

Process [ Substrate ]
(1) Apply photoresist l
[ Photoresist ]

[ Substrate ]

[ Mask ]

(2) Expose to light
[ Mask

[ _ Photoresis§ ]

I Substrate

)
1

/

([ Mask |

(3) Apply developer

Positive Photoresist Negative Photoresist

iy
Substrate

[ Photoresis ]

[ Substrate
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Ex r her
/ posure energy Violet Red \

Cosmic | Gamma | y_ : Micro | Radio
Rays | Rays oy | tavan Waves | Waves
| | |
10"m 10*m 107m 10°'m Am)

Vacuum |Short Wave UV [Middie Wave UV| Long Wave UV
U (UV-C) (UV-B) (UV-A)
(nm)
| | | |
100 5 254 300 315 40y
200 280

Resist sensitive @:

- UV broadband 300 - 450 nm: mask aligner/ mercury
lamp/ LED

- UV: i-line/ 365 nm - Stepper/ LED

- UV: 365 nm, 405 nm (excimer/ diode) laser - direct
writing & interference lithography

- DeepUV (248 nm, 266 nm)
- E-beam
- UV-molding, imprint (T, UV)

WWW.microresist.com 7



Photolithography — General aspects

Photoresist is a light-sensitive material

Polymer binder /
resin |

micro resist
technolf *Jay

Photoactive Component
(PAC)

Solvent

(mixture)

Photoresist layer preparation

A N
S
R/

@J

Metering Rod

Cover/ protection foil

=

Chemical Bath \ Spin-coating J Dip-coating

[

Slot -casting -‘ Spray-coating . Screen Printing Inkjet Printing Aerosol Jet

? Dry resist film

\ Carrier foil
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Photolithography — General aspects

micro resis
technolf *Jay

Application of generated resist patterns

_— WS —_

Permanent application

App: MEMS, MOEMS/
WG, microfluidics or
master for replication

Use of negative resists

Non-permanent application: pattern transfer

d

Subtractive procedure

|

App: Etch mask for wet/ dry etching

} '
7

N

Additive procedure

|

|

App: Mold for electroplating

App: Maslf for PVD & lift-off

1
I

Resist removal l

i
l |
ity Iiaiaiel

S e

-
|

[T ¢

Use of (preferably) positive resists, use of negative resist
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Photolithography — General aspects on Eﬂ“"pgy

Application examples

1 mm 100 pm 10 pm 1 Hm 100 nm 10 nm
| | | | | |
| | | | | |
(freeform) Micro MEMS, metal parts  Contact pads Diffractive beam AR coatings
lenses MOEMS, lens Metal mirrors shaper photonic crystals
Micro prisms arrays Diffractive grating Meta-lenses &
Masters Waveguides surfaces
I—

Nt
- N - -

. -

*rr

1
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o . micro resis
Positive photoresists techn@gy

> : « For — thin (< 1pym) & thick (=100 pm) - binary and gray scale lithography
i oo . ma-P 1200/ HV, mr-P 1200LIL, ma-P 1200G & mr-P 22G_XP
Applications:
« Etch mask for semiconductors (e.g. Si), SiO,, metals

« Mask for ion implantation
* Mould for electroplating & for UV molding

0.6

ma-P 1200, unexposed
--=-ma-P 1200, exposed
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Positive photoresists

micro resist
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Composition Photoreaction and resist function

. N T o)

= - NE

=0

—OH

OH OH h vé)r A S, \ Inden_ecarboxylic
Ho Ha > | acid (ICA)
//C\“ié/(:\@/ @ Z~ 7|\, Dissolution
H3C/ - H3C/ ~

O=—S=—0 o—s—o0 " promoter
| Dissolution |
i 0 inhibitor N
\_ N e, )
~1 exposed resist
. i : £ lak + ICA)
Resin: Novolak Photoactive compound (PAC): = (novo
Diazonaphthoquinone (DNQ) S
- —
N 1 \
Usually several DNQ chromophores %
Solvents Additives attached to a backbone molecule 5 N
3 .
« non-CAR ﬁ _
« Aqueous alkaline development fa unexposed resist
0.0 (novolak + DNQ)
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Positive photoresists

ma-P 1200G

N HEIDELBERG Laser direct wri
l..l'l.;lﬂi'l'ﬁ LUMENTS

=

GenISys

DWL
Mask based greyscale litho (

vy v

HEBS (high energy bea
tinted glass substrates,

optical density of the gl
C CANYON M

Pixelated mask,
FT resist: 30 um

=1/Benchmark

Advancing greyscale lithography and pattern
transfer of 2.5D structures using ma-P 1200G
resist series
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micro resist
technolf *Jay
ool: uPG 101,

steps, - transferred into 50 nm steps in Si (RIE)

m_ 135 12 68 " .n 3 ot Litho
o
™ a 125 Et("
uzmlstz‘ N. Gerges et al
o FEwn DOI 10.1116/6.0001273
Jisam
00 1500 080 2500 I IS0 &0 a8
Position {uml
litho LIL @ 351 nm

FT range: 3 pm - 10 pm

Further research within

EEemicon

Manufacture of

- laminar gratings as well as
- moth eyes patterns

as master for electroplating

2.3008954

TEOIRCLDGES
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https://doi.org/10.1117/12.3008954

oy . MmICro resis
Positive photoresists mr-P 22G_XP terhn:fpgy

= Up to 130 um (single), 200 pm (double) film thickness
= Lower residual absorption after exposure gives less attenuation of exposure light in resist film, and allows deeper patterns
= greyscale exposure depth 160 um with LDW @ 405 nm successfully demonstrated

1,0
= Smooth pattern surface with DWL: roughness on top and in patterns < 10 nm [ e _
: : posure wavelength:
oA\ o 365 nm
3 | —405nm
. .. —— 436 nm
Laser direct writing @ 405 nm okl \\ N—— e —
0al VN0 N S S
o2\ NN A S
0.0 ; :
0 50 100 150 200

fum]
Further research within "

ey n a) SPIE AL+P 2023 https://doi.org/10.1117/12.2661526
f—————  Mag= 85X  EWT-300kv WD=198mm Signal A= SE2 Uy b) MNE 2023
SPIE AL + P doi: 10.1117/12.3010852
FT: 200 um, ©) o /
Pyramid patterns, 155 uym deep 130 ym deep, DWL @ HIMT

Pattern transfer methods:
a) via PDMS & optical polymer, b) direct moulding with an optical polymer or c) replication via electroplating

OPTIMAL Online Seminar, September 11, 2024 WWW.microresist.com 15


https://doi.org/10.1117/12.2661526

Content

1 Company information

2

Photolithography — General aspects

Positive photoresists
and application examples

Negative photoresists
and application examples

Summary

OH OH
Hy Hy
//C\ ¢ X1
H3C/ - H3C/ -
L dn

OPTIMAL Online Seminar, September 11, 2024

micro resfs
technolf *Jay

WWW.microresist.com

16



. . micro resis
Negative photoresists re:hn:fpgy

Negative Photoresists « For - thin (< 1|Jm) & thick (>1OO |Jm)

binary lithography UV curable materials for

micro-optical applications
« Broad thickness range
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Negative photoresists

micro resis
ma-N 400 & ma-N 1400 technolf *Jgy

Composition
— Resin: novolak —_
OH OH

Ho Hy

//C\Lfi/c X
ch// H3C//

L 1n
R\‘ Q i i,R

X
N3 N3
PAC:

aromatic bisazide,
different for all ma-N

Solvents Additives

non-CAR
Aqueous alkaline development

Features & Application:
UV sensitive; pattern transfer via PVD & Lift-off :

ma-N 400, unexposed
ffffff ma-N 400, exposed
ma-N 1400, unexposed
ffffff ma-N 1400, exposed

| 84l i-Iipe hAIilne
C TR
g2+ X .
0 ! 1 DX - R
250 300 350 400 450 500 550
Wavelength [nm]

SEM: Sn/ Au sandwich layer on TiW pad,
reflowed sperical bump (& 7.5 um)

(&)

Absorption Coefficient [um™]
w

Al resonator {a)
D
—
1mm
E||H
NOEM

I ||K
| |
100 ym 100 pm

Goeppl et al J. Appl. Phys. 104,
113904 (2008)

Voigt et al, Microelec. Eng. 78-79 (2005) 503
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. . micro resis
Negative photoresists ma-N 2400 techn:fpgy

Features & Application:
e-beam sensitive; pattern transfer via dry etching

- - - Gyger at al_Nature Communications 2021,
Pattern transfer via RIE Patter transfer via RIE/Lift-off nttps://doi.org/10.1038/s41467-021-21624-3

MEMS cantilever
waveguides
l - A

o directional coupler

i - Reconfigurable photonics with on-chip single-photon detectors
Resist mask (bright top layer) on Si pattern after « Cr/ Au marker lift-off (ma-N 2400)

RIE (CHF5) plasma (high etch selectivity of resist to Si) « CHF; RIE (ma-N 2400) — SizN, WG device
Blideran et al Microelectron. Eng. 86 (2009) 769 - 772 Patternlng for
Schuster et al AnalBioanalChem (2008) perma nent app'ications
High AR patterns on Si, glass or PET, F¥TTT1110111 101111 T
Cryogenic RIE: SF6:02, @ -120 °C, FT: 1.9 um; '
etching depth of 3.0 £ 0.1 um (Si), Selectivity of 9.7 400uC/cm? (EPRG200, 100 keV)

P. Yousefi et al, Nucleal_' Inst.&Methods in Phys.Res.Sec. A: Vol. 909, 2018, 221 D. Andrén et al ,Large-Scale Metasurfaces Made by an Exposed Resist", ACS Photonics
P. Yousefi et et al , Optics Letters , Vol. 44, No. 6 (2019) 2020, 7, 4, 885-892, https://doi.org/10.1021/acsphotonics.9b01809
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. . micro resist
Negative photoresists EpoCore& EpoClad technolf *Jay

Composition Features & Application: Epoclad
_ _ UV sensitive; manufacture of polymer fiood exposed
Resin: Epoxy resin based optical MM&SM waveguides Substrate

o 2 oy i '|

| ~o | o | >o [N [
CH CH CH CH2

| | | ~

G G G | Epocore
o o o C|:H/
CH, CH, CH, ] — = ] =] —
A of Epocore

uv
Jv by v Jv v Jv ]y |y

Epoclad, [] [] [] [] []
flood exposure

?Hz ‘Hz ‘Hz ‘CHZ

CH\O C‘:H\O C‘:H\O ‘CH\O

CHy” CH,” CH,” CH,” ; |
PAG: I Lamination —

N F- hv oo+ X . .
@S oFs T s WG configuration based on EpoCore/ EpoClad
Solvents Additives
« CAR

« Solvent based development

Straight-type Y junction Guan et al Mach-Zehnder

JMicromechMicroeng_2013
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. . micro resis
Negative photoresists mr-DWL techn:fpgy

Features & Applications:
» Fast and contactless prototyping with DWL @ 405 nm
» Optical applications in micro system technology

« Mould for electroplating and stamp fabrication

M HEIDELBERG
U INSTRUMENTS

l_!_l p——Y

EHT= 500K Detector = SE2 Image Width = 1.112mm f
| WD= 48mm Mag= 103X StageatT= 487" 1

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

2 Layer litho with 2 laser emission wavelengths
(one developing step)
Generation of suspended micro structures of mr-DWL on SU-8

Further research within

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

. V. Cadarso Poster EIBPN 2012
FT: up to 500 pm "
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Negative photoresists

micro resfs
technolf *Jay

Composition

A inorganic
building block

LR organic

polymer chain

« CAR
+ Solvent based development

Features & Application:

UV sensitive

High optical transparency

High thermal stability (300°C)
Sub-100nm resolution with high AR
Permanent optical application

Direct imprint 2-photon polymerization Direct laser writing Photolithgraphy

1st generation replica

NI L

N HEIDELBERG
U INSTRUMENTS

I MERCK
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. . micro resfs
Negative resists ma-N 1400 (UV-resist) technolf *Jgy

Application for a Mix & Match approach E-beam (100 keV) & MA (i-line)

E-beam (50 keV) & i-line stepper
' 500 nm thick ma-N 1400,

Pattern dimensions:

1 um + 0.45 pm, gap 300 nm

(smallest resolution
by EBL: 100 nm L)

Further research within 20 pm

G |

1 I 1 IV 7\ L

~
6" wafer:
| 2 he-beam + 5 min i-line
4l (compared to 10 h e-beam only) On-chip terahertz spectrometer: SF,/O, etch of NbTiN
: ‘. CS @ AS l
. @ SN @ Al
o @ »nn
2 um
— —— _—
Optical & SEM images of devices: 200 nm thick ma-N 1400, = Fraunhofer @ ZfM
smallest resolution: 55 nm by EBL & 350 nm by i-line stepper ENAS 1y) usire aninenrhe A
e Mvaechnoiogien

D. J. Thoen et al, J.Vac.Sci.Technol. B 40,

a) C. H. Canpolat-Schmidt at al, Proc. SPIE 12472, 37th EMLC, 124720] (2022); d0i:10.1117/12.2639447
052603 (2022); doi.org/10.1116/6.0001918

b) C. Helke et al, Micro and Nano Engineering, Volume 19 (2023) 100189 doi.org/10.1016/j.mne.2023.100189
c) Helke et al @ EIPBN 2024
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Summary
micro resist
tech rﬁr’fpg 1%

A n -
variety of different materials are available for:

Materials for special i

Materials for E-beam,
standard UV & laser patterning technologies:

based lithography -

for conventional . Thin & Thick-film _
pattern transfer greyscale lithography | H_ybrld polyme_rs fo;
processes and fast . Mix & Match d|rect_ fabncafuon o)
and contactless techniques micro-optical _
components & devices

« 1PL & LIL (Pos.PR)
1 PL & 2PP (Neg.PR)
o !

prototyping

1 |IVlI\I—

|%;_ '._E:E‘Er"‘ micro resis
oo technol aqy

mrt Webinar - M AW
eet the Ex l‘ts E.:I':":'_-'ia Waigt Eopericksr hr, 32"

Pushing deep greyscale lith pe
dopth with a novel phom'%.pw beyond 10 Thank y0u fOr e 1 FEEL Bailin - Grermany
Wednesday, 19th Apnil 2023 - I'-::m: :'“'.fl|:-ﬂ|
Your A tten t’on! F‘WH:‘-:; b ériane ';a.l4 +:"- "-.“ I:-.-'lll‘hj _:::.
il 3 vkl e presisT e

4 4



