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SUSS MicroOptics ï We Set The Standards  

ê World leading supplier of high-quality Micro-Optics 

ê 8ôô Wafer Technology, Wafer-Level Packaging, SUSS Imprint Lithography 

ê More than 200 active customers, e.g. to SEMI equipment manufacturers, Laser 

& Optics industry, Sensors & Metrology and Medical 

ê Part of the SUSS MicroTec Group (www.suss.com) 
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Neuchâtel, Swiss Watch Valley 

SUSS MicroOptics is ñPreferred Supplierò for Carl Zeiss SMT  

DUV Laser Beam Shaping Solutions for ASML Litho Stepper 



SUSS MicroOptics ï 8ôô Wafer Fab  

Cleanroom facility (Class 1 ï 1000) for the wafer-based 

manufacturing of high-quality Micro-Optics 

Fully established 8óó technology based on SEMI processes 

Â 200 mm wafer size (8ôô) 

Â Fused silica, Borofloat, Silicon and CaF2 

Â Refractive Microlenses: Spheres, aspheres 

Â Diffractive Optical Elements (16-level) 

Â Random diffusers, hybride Micro-Optics 

 

Â Double sided arrays, stops, coatings 

Â Wafer-Level Packaging, Bonding 

Â Master Lens Arrays for Replication and 

Imprint Lithography 
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SUSS MicroOpticsó Solutions  

Refractive Microlens Arrays (ROE) 

Fiber Coupling 

Diffractive Optical Elements (DOE) Hybrid: ROE + DOE + Posts 

Microlens Imprint 

Lithography 
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Illumination Systems Wafer-Level  

Camera (WLC) 

Laser Beam 

Shaping 



High -Quality Diffractive Optical Elements (DOE)  
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ê 8óó wafer scale 

ê 190nm to 10µm wavelength range 

ê 0.5 ɛm min feature size 

ê < 50nm overlay accuracy 

ê Binary, 8-level, 16-level 

ê SiO2, Si, CaF2 

ê 98% diffraction efficiency demonstrated 

at 193nm wavelength (16-level DOE) 



Hybrid: ROE + DOE + Posts/Trenches + Marks  

ê Refractive Microlens Arrays 

ê Diffractive Optical Elements (DOE) 

ê Deep trenches, posts, grooves, holes 

ê Random diffusers, alignment marks 

ê Full integration with excellent lateral 

precisions on 8óó wafer 
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Micro -Optics Solutions  

êSemiconductor Technology 

ê Industrial Optics & Vision 

êHealthcare & Life Science 

êMetrology 

êLaser & Material Processing 

ê Information Technology 

êResearch 



 High -quality  micro -optics   

Micro-optics 



 for stepper and mask aligner 

illumination systems.  



Optical Design: Imaging - Illumination  

ê Thousands of books and patents on optical lens design 

ê How many books are describing illumination systems?  

ê Illumination is always the ñlittle brotherò of the glorious lens design ï 

nobody wants to play with ï except if he really has to! 
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1893: August Köhler invented Köhler Illumination  
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In 1893 August Köhler (1866ï1948) from Carl Zeiss in 

Jena, introduced a new and revolutionary method for 

uniform illumination of specimen in an optical 

microscope in his doctoral thesis.  

 

The Köhler method allows to adjust the size 

and the numerical aperture of the object  

illumination in a microscope independent  

from each other.  

August Köhler, Zeitschrift für wissenschaftliche 

Mikroskopie, Band X, Seite 433-440 (1893) 

 



Microlens Optical Integrator (Köhler )  
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Microlens Array 

Flat-Top Intensity  

Profile 
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August Köhler 



Köhler Integrator ï Flyós Eye Illumination 
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Micro -Optics : Key Enabling  Technology  

14 

Adolf W. Lohmann 



Micro -Optics  in Front -End Lithography  
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ASML, Nikon, Canon 

Micro-Optics: Key Enabling Technology 

in Front-End Lithography 

Diffractive Optical Elements (DOE) 

MEMS Mirror Arrays (FlexRayÊ) 

Customized Illumination 

Excimer Laser (193nm) 

Laser Beam Shaping  

Laser Beam Homogenizing 

Customized Illumination 

Pupil Shaping (DOE) 

Now: FlexRayÊ  

programmable illumination 

technology from ASML 

Microlens Köhler Homogenizer 



Mask Aligners are the work horse of SEMI industry 

since the very beginning! 
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Mask Aligner:  

Technology changed tremendously over the last 

40 years 
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The Illumination Optics never did! 

1969: MJB21 1985: MA150 2010: MA200 Compact 



Mask Aligners Lithography is ĂShadow Printingñ 
ê Mask illumination using UV light 

ê Resolution <=> proximity gap 
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Back End Lithography 

Wafer 

Mask 



Mask Aligners are 

ê Mature technology 

ê Cost-effective 

ê Fast (high throughput) 

ê Service friendly 

ê Easy to use 

ê Convenient 
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Back-End Photolithography 
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MO Exposure Optics  
Innovative Illumination System for all SUSS MicroTec Mask Aligner 



Technology Backbone: Microlens Optical Integrators  

ê Uniform light distribution 

ê Uniform angular spectrum 

 
Optical 

Integrator (I) 

Fourier Lens 
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Plane 
Optical 
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Exchangable IIlumination Filter Plate (IFP) 
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(Patent pending) 



MO Exposure Optics  

Microlens Array 

Optical System MA 200 

Library of  

Illumination  

Filter  

Plates (IFP) 

Microlens Optical Integrators 
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MO Exposure Optics (patent pending) 



Better Uniformity ï Independent of Lamp Position  

Excellent Light Uniformity 

ê Independent from lamp 

misalignment and degradation 

of lamp electrode during 

lifetime cycle 

 

Deviation from mean value in [%] for  

Ø200mm in MA200 Compact 

Lamp Position: Uncritical 

Lamp Tilt: Uncritical 

24 



MO Exposure Optics: Stabilize  the Mask Aligner  

Features 

ê Stable Light Source 

ê Excellent Uniformity 

ê Telecentric Illumination 

 

Benefits 

ê Reduced Maintenance 

ê Improved CD Uniformity 

ê Larger Process Window 

ê Higher Yield  

 

MO Integrator  

MO Integrator 

IFP Module 

Micro-Optics Illumination  

Filter Plate 

MO Exposure Optics 

Standard Mask Illumination Telecentric Mask Illumination 
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Micro Optics 

Illumination Filter Plate 

+ 

Customized  Illumination  

Exchangeable Illumination Filter Plate (IFP) 

Library of Illumination Filter Plates (IFP) 



Customized  Illumination - Optimize Pattern  

Prints in Photoresist, 1.2µm thick resist (AZ 4110), 100µm Proximity Gap, SUSS MA8 

Photomask Pattern 

Square 10x10µm2 
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Optical Proximity Correction  (OPC) 
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Square10µm x 10µm, Proximity Gap 50µm, Photoresist AZ4110, 1.2um thick  



Lithography Simulation 

Source-Mask Optimization Service 

Research & Technology Partners 
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Expertise in Lithography Simulation 

Simulation 3D Resist Structure 

(Layout Lab, GenISys) 

Printed Resist Structure 



Source -Mask Optimization  Service  
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Talbot Self Imaging in Mask Aligner  

From Wikipedia 

ê The Talbot Effect is a near-field diffraction effect first observed 

in 1836 by Henry Fox Talbot. When a laterally periodic wave 

distribution is incident upon a diffraction grating, its image is 

repeated at regular distances away from the grating plane. The 

regular distance is called the Talbot Length, and the repeated 

images are called Self Images or Talbot Images. Furthermore, at 

half the Talbot length, a self image also occurs, but phase-shifted 

by half a period. At smaller regular fractions of the Talbot Length, 

sub-images can also be observed. At one quarter of the Talbot 

Length, the self image is halved in size, and appears with half the 

period of the grating. At one eighth of the Talbot length, the period 

and size of the images is halved again, and so forth creating a 

pattern of sub images with ever decreasing size. 

ê Lord Rayleigh showed that the Talbot Effect was a natural 

consequence of Fresnel Diffraction and that the Talbot Length zT 

can be found by the following formula  

 

 

 where a is the period of the diffraction grating and ɚ is the 

wavelength of the light incident on the grating. 

 

  MO Exposure Optics now allows to perfectly shape the 

illumination in a SUSS Mask Aligner to use Talbot 

Imaging for printing of periodic structures. 

31 



MO Talbot Lithography (Periodic Structures/PSS)  

Hexagons  3 µm 

Pitch  5 µm 

Resist   2 µm thick  

Etching  RIE (Bosch) Silicon  

Proximity  Gap 102 µm 

Mask Aligner  MA8/BA6  
 
 
 
 

5µm 
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MO Talbot Lithography  (Periodic  Structures /PSS) 

Flowers 4 µm 

Pitch  5 µm 

Resist  2 µm thick 

Etching RIE (Bosch) Silicon 

Proximity Gap 102 µm 

Mask Aligner  MA8/BA6 
 
 
 
 

0.8 µm 
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SUSS Mask Aligner MA6 

+ MO Exposure Optics 

+ Customized Illumination 

+ Half-tone photomask* 

+ Proximity Litho, Gap 10µm 
*Half-tone photomask (dot-size 450nm), E-Beam written 

Examples of Microstructuring in Mask Aligner + SMO  

T. Harzendorf, L. Stuerzebecher, U. Vogler, U.D. Zeitner, R. Voelkel, 

ñHalf-tone proximity lithographyò, Photonics Europe, Conf. on 

Micro-optics Fabrication Technologies, 7716-34, April 12-16, 2010   


