High Precision 3D Printing Equipment Made in Germany — Always a Step Ahead.

Vision
We believe that technology will positively impact every person’s life. Technology should
be useful, affordable, simple, and intuitive. Work life will become different from what we
know today. Take the possibility of using MR/AR (Mixed Reality/Augmented Reality) in a
medical environment to teach students or to practice complicated surgeries before the
patient even is affected. Other fields we are working on actively with our equipment are
the possibilities which are opened up by creating Human-Machine Interfaces (HMI), implementing Artificial Intelligence (AI), Neural Networks (NN), and creation of energyefficient computing systems.
It is our strong belief and our goal that the manufacture of optics or photonic components, modules, or systems is scalable. It is our passion to produce optics as electronics
are, with optical packages mounted similar to electronic components. Together, we are
eager to work on this with our customers to make this dream come true.
Imagination is the only limitation.

Mission
We are very open to future-driven ideas. What might sound crazy to some people does
not sound crazy to us at all. We understand that our imagination is faster than the technologies behind that for the time being, but we are positive that we will manage to be
part of the Here and Now and the Future. We are disruptive in the technology we use, the
ideas we promote, and the customers we support.
The company will use the full power of Industry 4.0 with its integral part of IoT (Internet
of Things) and Big Data, and we are constantly developing our ideas and technology further to best support our customers.
A path is created when you walk it. Just do it.

Ethics
It should become clear that customers can use our technology, but the success will be
faster and deeper in a close cooperation. Our drive comes in part by our company, and in
part by the customers who challenge us to push the boundaries. Our supportive technology can be used by our customers to achieve these goals in many different markets and
branches. We prefer our technology to be used where it is the most useful and is the
highest benefit for everyone. We will suggest alternative solutions where they are a
better fit. It is important that there is a freedom to explore within our team. Our freedom
to explore extends to our customer as we see our works in their view, always eager to
meet or exceed their expectations with full responsibility. We take confidentiality seriously, and we will not share any information without permission of the customer or partner, even if it is available by other sources.
Freedom is a passion seldom understood.

Multiphoton Optics can accelerate your business with exceptional Return On Investment
(ROI) based upon client utilization. High-Precision 3D Printing is a cost-efficient way to
maximize Industrial Research and Development (R&D) efforts by modeling with accurate
reproductions, full scale, miniaturized, or enlarged prototypes with high precision. It allows for hands-on product prototyping evaluation for demonstration instead of relying
solely upon drawings or 2-dimensional display. This prevents costly production problems,
and also allows for functionality testing of a design.
High-Precision 3D Printing bridges the gap between commonly used technologies nowadays available for fabrication by its unique ability to reach out to structure sizes which
cannot be processed or created without practical process efforts. It can be perfectly integrated into standard workflows. High-Precision 3D Printing is extremely accurate, using
less resources than any other machining practices. Aside from additive manufacturing of
the prototypes, mastering can also be utilized for mass production. Our equipment is not
intending to replace existing equipment, but rather add capabilities to current processes
and enable higher functionality of existing products or even completely novel products
not yet imagined.

Industry 4.0 Digitized Business Model—Workflow
Our business model is a digitized work flow where the customer provides data in the form
of CAD (Computer Aided Design) files, parameterized simulated designs or other useful
specifications. We work with these files utilizing our software and set up our process to
create the code. Depending upon the complexity of the design and the level of precision
required by the customer, the code gets adapted to produce the desired prototype product. Our engineers are very experienced in achieving this in the most efficient number of
steps possible, keeping processing lean.
Multiphoton Optics supports its customers not only by Prototyping and Engineering (P&E)
Services, but particularly with outstanding hardware and software packages to enable the
customers to create their own codes and lean processes for increased efficiency. Alternatively, P&E Services can be outsourced to Smart Print Fabs being part of suppliers for the
industry of the customer.

Sustainability through Innovation—Green & Lean
Multiphoton Optics is founded in the idea of sustainability for today and the future. We recognize that with the help of everyone, we can all have a brighter tomorrow. There is a need to conserve in order to sustain. Many current processes in place today are resource intensive and conservation can only go so far; at some point processes must be reevaluated. Every effort must be
made to streamline processes and become more efficient with production, which in turn reduces
resource usage. We continue to work on solutions with our products to reduce the amount of
resources needed to accomplish the same or increased output for our customers and ourselves.
This can be accomplished by lean processes, which support reduced use of materials and energy
efficient processes in production. There is a dual sustainability created in production by use of
components, modules, and systems by making use of light in both, product production and use
of the resultant product. It is one of the key topics within our company, particularly considering
the fast developing technologically oriented and knowledge-based society. Multiphoton Optics
supports sustainability through innovative products.
To demonstrate the immense resource savings, consider the following: An unknown material
needs to be evaluated concerning its capabilities of creating 3D structures. An extremely efficient
and convenient way to complete the task is to use an automated parameter search. As an example, 10 differing average powers, 7 differing slicing & hatching distances and 5 different writing
speeds are used to achieve the parameter evaluation. This means that 350 parameters were used
to characterize the unknown material’s process. The total time expended was only 2.5 h, compared to conventional processes with extended resources required to achieve the same level of
information. This can be done with Multiphoton Optics’ technology employing just three process
steps: dispensing of material, automated parameter search of material, and development step to
remove the non-exposed parts of the material. No other current technologies are capable of this
streamlined efficiency.

How We Assist Your Business Work Flow
In order to introduce the technology to our customers, we invite them to let us demonstrate our
technology and capabilities. We offer services to assist with P&E of arbitrary designs suitable for
use with Multiphoton Optics’ process and technology. We understand that adapting new technologies into existing workflows can be demanding. Our technology can be easily implemented into
standard workflows. We offer a set of solutions to eliminate reservation with proven system technology and process1. We can provide prototype creation assistance to our customer as early as the
design phase; through any point of the CAD phase of Industrial R&D. We are then able to create
prototypes for our customer, also including our profound know how working with materials into
the operations. From this point, our customers look to next step solutions that we offer:
# Retain Multiphoton Optics for future prototype process code with our High-Precision 3D Printer

LithoProf3D®.
# Have Multiphoton Optics provide prototype process code.
# Ongoing retention of Multiphoton Optics prototype process code and sale of a LithoProf3D®

system.
2

# Sale of a LithoProf3D® system and the LithoSoft3D Software.

Each of these options have the added bonus of lower Customer NRE (Non-Recurring Engineering)
expenses for new prototype designs.

1

Proven processes to create optical waveguides in Printed Circuit Boards (PCB) were awarded many times; the most prominent awards
acknowledging the progress and maturity level are the Joseph von Fraunhofer Award, the Green Photonics Award of the SPIE, the Cowin
Award, and the Best of Industry Award (cf., section “Award Winning Technology”).
2
Sales options can include leasing.

Multiphoton Optics’ High-Precision 3D Printer LithoProf3D® System
The High-Precision 3D Printer LithoProf3D® is capable of printing arbitrary 3D structures which can
be fast and reliably fabricated on demand within a volume of a material, on a surface of a material,
on top or between already existing structures, components, or macroscopic objects up to several
cm in size. This fabrication of structures is achieved by mask-less fs Direct Laser Writing (DLW) making use of two- or multiple-photon absorption process via Additive Fabrication Mode (AFM) or Subtractive Fabrication Mode (SFM) with easy switching between the different modes. The printer
works on any substrate and is not limited to special formats and shapes.
The LithoProf3D® system allows for automated fabrication of structures with industrial throughput.
It features scalability of feature sizes, scalability of formats, scalability and automation of processes, large scale fabrication, and high precision positioning capabilities.3 All control units and electronics are included in the multifunctional integrated housing of LithoProf3D®.

The LithoProf3D® system contains several subsystems. The first is LithoStream3D control software; an integral part which interprets and provides instructions from Virtual GCode files.
There is a Graphic User Interface (GUI), which
consists of a camera display and an operator
touch screen interface to allow control of the
system and parameter manipulation without
returning to the LithoSoft3D Software.

3

Portions of hardware and software were developed under grant of TOU-1512-004, under a grant of the Bavarian Ministry of Economic
Affairs, Energy and Technology.

A USB port is used for input of LithoSoft3D instructional machine code (GCode and Virtual GCode).
There are optional accessories in hardware and software that can be added to the LithoProf3D®system:
#

Vision2Align3 – High precision detection of alignment marks, assemblies, and components for
adapted automated processes for Level 0 and Level 1 packaging using solely passive alignment to create optical interconnects, optical packages, and optical elements on active or passive optical components.

#

LithoBath3D3 – Easy to exchange exposure configuration for large scale structures in the cm
range with no adjustment necessary.

#

Wafer Chuck3 - Holds wafers or other sample formats in place for High-Precision 3D Printing.

#

LithoDILL3D4 – Provides capability of Dip-In 3D Printing.

The LithoProf3D® system fulfills the highest standards with its modularity in hardware and software
for a large variety of different markets and branches; often interconnected to one another. Simplicity in operations inspires our customers to create noteworthy benefit using Multiphoton Optics’
technology.
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Portions of hardware and software were developed under grant of TOU-1512-004, under a grant of the Bavarian Ministry of Economic Affairs, Energy and Technology.
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Dip-in Lithography is patented by the Fraunhofer Gesellschaft für Angewandte Forschung e.V., licensed to Multiphoton Optics GmbH.

LithoSoft3D Software
Lithosoft3D software is designed for the High Precision 3D Printer LithoProf3D® to be installed
on a computer with Microsoft Windows 10®5 operating system. The software generates Virtual
GCode or GCode which is transferred to LithoStream3D controlling the additive or subtractive
structuring processes.
Virtual GCode is a special format which enables the user to make changes to certain parameters
while using LithoStream3D after the fabrication process without the necessity to return to LithoSoft3D. This is not the case with GCode.
The compiled Virtual GCode allows the same code to be used across many different LithoProf3D® printers without requiring alteration due to hardware variance. The exposure and writing
strategy, like hatching or contouring, can be adapted to the designed object enabling fast fabrication with high quality. It is a versatile software that meets the most demanding requirements.
Capabilities range from standard 3D structuring to sophisticated work flows with selectable exposure strategies, optimized for High-Precision 3D Laser Printing from the sub micrometer to
the cm scale. It has multiple modules to increase its powerful functionality. These modules in#

Field Editor Module - defines position of multiple objects/object-arrays on a substrate.

#

Workbench Module - allows any number of arbitrary objects to be rearranged and combined, even with different fabrication strategies.

#

Slicer Module - provides contouring and hatching of STL files.

#

Lens Editor Module - Highly flexible lens editor to define smooth aspheric or custom lensshapes.

#

DOE editor Module - Provides fabrication of Diffractive Optical Element (DOE) designs

#

Woodpile Editor Module - Create custom woodpile structures.

#

ASCII Import Module - Import line and circle definition ASCII files.

5

Microsoft Windows 10 is a registered trademark of the Microsoft Corporation.

Taking a closer look at each of these modules in more detail:
Field Editor Module (FEM)
The Field Editor Module duplicates an object from any other module and arranges all cloned objects into different patterns; for example, a rectangle or hexagon. The parameters for the arrangement such as pitches, total size, offset, etc. can be chosen and the arrangement over the predefined substrate is done automatically using the FEM. Additionally, a list of data points can be loaded
for the object placement with an optional rotation angle for each placement point individually. This
editor is especially helpful for parameter searches of simple or more complex object arrangements,
since it enables the variation of writing parameters facilitating the scan for the best writing result.
Alternatively, a random generator placement can be used within the module to arbitrarily arrange
the objects.
Workbench Module (WBM)
One of the highlights of LithoSoft3D® is the Workbench Module. If many different objects with various writing strategies should be placed at specific positions on the substrate, the workbench is essential and indispensable. Arbitrary objects, created in the other modules, can be imported and
rearranged. This can be carried out by translations, rotations and mirroring of structures. Some of
the writing parameters of the objects, like the writing speed or the exposure power of the laser,
can be changed as well. Another feature is the grouping of objects, which facilitates the user workflow: Instead of single objects, operations can be applied to the whole group of objects.
Slicer Module (SM)
Arbitrary STL (Standard Triangle Language) files can be imported. Upon import of an STL file, the file
is analyzed and repaired if the file is damaged (e.g. if open contours exist). Several exposure strategies are available: (a) hatching and slicing, (b) hatching, slicing, and single or multiple contour exposure, or (c) just single or multiple contour exposure. For the hatch process, several hatch styles like
parallel or alternate cross hatching are available, where the hatch distance and hatch angle can be
defined. Additionally, slice distance, object size as well as number of contours and distance between the contours can be defined by the user. The complete STL object as well as the STL object
after the definition of the exposure strategy is displayed in the slicer module.

Lens Editor Module (LEM)
The Lens Editor Module is a powerful tool to create arbitrary free-form lenses by loading surface
profile datapoints or by simply dragging the lens contour. Additionally, the LEM provides a set of
predefined lens geometries ranging from spherical via parabolic to aspherical (with or without polynomials) shapes. Various writing strategies are available, and a cylindrical base can be added to the
lens.
DOE Editor Module
The DOE Editor Module provides various exposure strategies for the fabrication of binary and multi
-level DOEs. These exposure strategies comprise several different hatching modes as well as contouring modes. A DOE design can be imported from tab-separated ASCII txt files. Adaptions of the
imported design are possible, such as repetition of the unit cell (M x N) and modification of level
heights.
Woodpile Editor Module (WEM)
In the Woodpile Editor, woodpile-like structures can be created consisting of stacks of individual
lines. Different layers consisting of an arbitrary number of lines with variable lengths can be randomly stacked on top of each other. Additionally, a rotation angle between succeeding layers can
be chosen in the WEM.
ASCII Import Module (AIM)
In the ASCII Import Module, datasets of points can be loaded. Using AIM, these points are then
linked either by simple lines, cubic splines, simple helices or helices with a freeform envelope. Additionally, a certain speed and laser power can be assigned to each point. The lines can be edited via
drag-and-drop control points like in the lens editor module. The interpolated point distances can be
edited by the user to control arc-granularity.

LithoProf3D® - Prototyping Examples
Multiphoton Optics’ technology supports scalable processes for the high-precision fabrication of
arbitrary micro and macro structures, whereas the smallest feature sizes can be in the sub-µm
range, dependent on the material to be employed. There are more or less no constraints on feature
designs to any design rules of traditional fabrication techniques due to the special nature of the process. This provides new horizons of opportunities for increasing the functionality of existing products or the creation of novel products with enhanced functionality. The LithoProf3D® system enables large-scale fabrication with an Infinite Field of View Mode (IFOV), providing high accuracy over
a complete sample area without stitching and simply scalable processes. This makes the system an
ideal tool for the master fabrication of microoptical elements such as microlens arrays or DOE,
among others. High fabrication velocities of > 100 mm/s are possible. The equipment is designed to
support product developments for many different markets and branches.
Materials Development
Introducing new materials or a novel technology into a manufacturing environment often requires
special attention. Materials already established in legacy processes should also be used in new production technologies to reduce the risk of time-consuming processes of approving, or completely
new materials should be employed to allow an enhancement of functionality or enable products not
yet foreseen. As there is an immense need for additional 3D printable materials, having an expedient and easy way of assessing the material response to fabrication process becomes increasingly
important. Although many materials are known to be patternable in two dimensions by conventional 2D methods like, for example, UV or grey-scale lithography, or replication technologies, their capability of being processed in 3D with highest precision is not known in most cases.
An extremely efficient and convenient way to complete the task is to use the LithoProf3D® equipment in an automated parameter search routine. Varying the exposure doses via altering the average laser power, the slicing & hatching distances, or the fabrication speed, etc. is done automatically, screening a huge parameter space in exponentially less time. A large variety of materials can be
used, either commercially available materials or specially designed materials, provided they have a
safe interaction with lasers.

Light – Shaped, Guided, Distributed
Lean processing is not just a lip service – we strongly enforce the reduction of any process which can be
removed from a processing workflow to comply with our ideas of a sustainable and green production
through innovative products. Two prominent examples out of many different applications are chosen to
demonstrate the power of Multiphoton Optics’ technology: the fabrication of microlenses on the facets of
optoelectronic devices by using just three process steps. These comprise dispensing of the material to be
used, additive fabrication of the microoptical structure, and removal of non-exposed parts of the material
by a solvent; this process sequence is open to any device or component with their I/O facets accessible to
the laser light.
IR lasers are widely used in sensor products, however, often providing only an elliptical beam shape. With
cylindrical microlenses directly printed onto laser die facets, Multiphoton Optics has raised the bar to the
next level in low-cost packaging. These lenses significantly improve the lasers’ far fields without the necessity of beam shaping optics in the final sensor system, thus providing customers with enhanced functionality in a miniaturized design and no costly alignment iterations6.
LEDs are the next generations’ light sources. Their advantages are manifold and include lower energy consumption in use, they usually have a longer lifetime, and they are more robust. LEDs have a smaller footprint and can be assembled in many different ways. A large variety of LED products were developed, ranging from automotive and aviation lighting, general (households, traffic lights, cameras, medical devices,
etc.), and data communication. Despite the advantages of LEDs, there are still challenges which remain.
Aside of thermal management, a homogeneous distribution of light, particularly if automotive or general
lighting products are considered, is still a challenge. A very simple and low-cost approach to shape the radiation pattern of an LED is the direct integration of specially designed microlenses on the LED output facets
by LithoProf3D®. The alignment is an integral part of the fabrication process, thus significantly reducing
production cost7.
Noteworthy to mention that any type of lens shape, for example aspheres and free-form optics, can be
printed with Multiphoton Optics’ High Precision 3D Printer LithoProf3D®. Fabrication times can be as low
as seconds per lens dependent on the pitch, the lens size, the writing and exposure strategy. Aside from
microlenses, binary or multi-level diffractive optical elements (DOE) and gratings can also be fabricated
with LithoProf3D®. Dependent on the number of devices to be created by the machine, throughput might
be an issue and should be considered for each application scenario separately, even with the tremendously
low fabrication speed. The fabrication speed can be even further reduced to much lower values by using
LithoPar3D, Multiphoton Optics’ parallel fabrication mode.
6
7

This work was performed in a cooperation of nanoplus Nanosystems and Technologies GmbH and Multiphoton Optics GmbH.
This work was performed in a cooperation of Epigap Optronik GmbH and Multiphoton Optics GmbH.

Taking fabrication speed to extremes, replication masters can be fabricated from the structures, thus
enabling mass fabrication of microstructures. This was done by one of our customers who tested
Multiphoton Optics’ technology in its production setup, providing the information that the material
and the samples were extremely stable. Following our ethics, we will not disclose any information of
the customer.
Key drivers for optical connectivity are the continuous increase in bandwidth and the tremendous
energy consumption of data transfer in computing systems. The challenge is to provide scalability in
optical packaging technology via a process which enables scalability in photonics integration. For a
reduction of the power consumption in an operating computer system and an elimination of the excess heat generated from the system, optical waveguides are identified to solve these issues to some
extent. Interconnect fabrication in different modes (line or helical fabrication) was carried out onchip with tapered waveguides adiabatically coupled using Fraunhofer ISC’s equipment which was one
of the ancestors of Multiphoton Optics’ equipment. Prior to fabrication of hot samples, parameter
searches were performed with varying writing parameters, and a set of parameters out of these
searches was chosen for the fabrication of the interconnects. The chips were characterized at KIT
with respect to their losses, with average losses over five nominal identical interconnects of -1 dB ±
0.28 dB. The best performing devices showed a loss of only -0.6 dB in the entire measurement range.
Simulations of the coupling losses for two double tapers amount to 0.27 dB.8
Supercomputing is reaching out to ExaFLOP processing efficiencies, creating fundamental challenges
for the way that computing systems are designed and built. The governing topic is the reduction of
power used for operating the computer system, and eliminating the excess heat generated from the
system. Current thinking sees optical interconnects on most interconnect levels to be a feasible solution to many of the challenges, although there are still limitations to the technical solutions, in particular with respect to manufacturability in high volume. This element allows to significantly decrease
the overall package size in vertical direction. Apart from the higher degree of miniaturization, fiber
positioning tolerances are more relaxed compared to present grating couplers. As for the microlenses on IR laser dies or LED chips, a microcollimator coupler was directly additively fabricated on
the chip w/o any additional assembly process, following the same lean processes with only three
steps – an efficient method easy to scale up.9
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These works were presented at SPIE’s Photonics West Conference in 2014, and were carried out in the framework of a Priority Program
SPP1327, in cooperation with KIT (Koos’ group).
9
In a joint work of Inphotec TeCIP, ST, and Multiphoton Optics, we introduced a new type of grating coupler at Photonics West 2016.

Monolithic Manufacturing
Another speciality of Multiphoton Optics’ High Precision 3D Printing Platform LithoProf3D® is its ability of providing monolithic integration of for industrial scale works for many different markets such
as medical or mechanics. Monolithic integration is demonstrated by the fabrication of microlens
stacks for endoscopy, consisting of five different individual freeform lens structures, i.e. ten differently shaped surfaces in total, with a piece of the stack cut as for a pie to allow imaging of the inner
part of the structures. The number of freeform surfaces is not limited and can be as low as two or
larger than 10. Diameters can be varied, and the total fabrication times for a sliced & hatched microlens stack was not exceeding 100 min for the largest stack with its height in the lower millimeter
range. Another prominent example is the fabrication of a complete watch of a design of Rolf Lang in
Dresden in a miniaturized version. Finest gear wheels were created, and the entire clock unit was
fabricated without even turning any screw or assembly process.
There are no supporting structures necessary to produce, and the individual components or parts
are intrinsically “mounted and aligned” by Multiphoton Optics’ technology. Again, lean processing is
carried out with only three process steps, significantly reducing cost and – additionally – enhancing

Large Scale Fabrication

Microstructures are well suited to be employed in many prototypes. However, combining the micro
with the macro world is often necessary but a challenge. Multiphoton Optics has proven the scalability of structures in continuation of the works having been carried out at Fraunhofer ISC for over
almost two decades.
Millimeter and centimeter size structures can be fast and reliably fabricated. In order to do so, several features available with LithoProf3D® can be combined in a unique manner to create functional
components: IFoV mode with Railroad Beam Steering10 and LithoBath3D setup. For IFoV with Railroad Beam Steering, the material is exposed utilizing macroscopic movements performed by the
high precision XYZ stages in combination with microscopic movements carried out by the galvo
scanners. This procedure is useful for large structures which are contoured creating a thick wall and
for the fabrication of large and thin structures. LithoBath3D is an alternative fabrication method to
Multiphoton Optics’ LithoDILL3D technology and much more useful for large scale structures than
LithoDILL3D. The scale is just limited by the available access space, leaving no desires open with no
other limitations.
10

Video Clip with Railroad Beam Steering is available at https://vimeo.com/284025514.

Multiphoton Optics has fabricated a miniaturized wind power station11 which has been developed
to demonstrate the capability of the technology to be combined with any other existing technology. A miniaturized wind wheel of approximately 2.36 cm in diameter was fabricated on a standard
DC motor, driven by a impeller wind machine. The poll carrying the generator was conventionally
3D printed using PLA. Conventional LEDs are implemented to illuminate the large-scale logo of Multiphoton Optics made up by arranged geometrical structures. The electrical circuit lines were fabricated in a lift-off process utilizing AZ resin processed on a silicon wafer, followed by a development
step to remove the non-exposed material. Subsequently, a metal layer was sputter-deposited, and
the AZ resin is washed away with another developer, leaving the electrical circuitry on the surface.
Microlenses were fabricated directly on the output facets of LED chips to demonstrate beam shaping. The power for driving the LED chips is generated by the wind wheel. Multiphoton Optics supports sustainability through innovative products.
We have exhibited a worldwide unrivaled enhancement of the fabrication throughput, continuing
to upscale the fabrication formats, and being ready to take the next steps for a further upscale in
productivity. Aside of the extraordinary good machine performance, the increase in productivity is
achieved by implementing the company’s team know how on materials, processes, and light-matter
interaction of more than 30 years into the fabrication strategies. These are continuously implemented into our software producing the codes to drive the machine and the exposure strategies.
Centimeter-scale lens arrays consisting of up to 20,000 microlenses closely packed on substrates is
already water under the bridge for our High Precision 3D Printer LithoProf3D®. Multiphoton Optics
is the first company worldwide having demonstrated Industrial Scale High Precision 3D Printing on
Waferscale. Using 4” glass wafers, various structures were additively printed in a continuous writing
mode using LithoProf3D®. Another fabrication mechanism was demonstrated using 6” photosensitive glass wafers; where the structures are defined with the laser beam, followed by a thermal
treatment to develop the structures and a subsequent etch in a fluoride solution to create the final
structures12.
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Portions of hardware and software were developed under grant of TOU-1512-004, under a grant of the Bavarian Ministry of Economic
Affairs, Energy and Technology.
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This work was performed in cooperation with Schott AG.

Metal Film Structures
LithoProf3D® is also a fast and reliable tool to create micro-structured metal films with a high resolution in
the sub-µm range. The power of direct metal structuring was demonstrated by creating fiducials in thin
metal films on a large scale, for example a 2 cm x 2 cm square with a diagonal of approximately 2.8 cm. A
variety of alignment marks of different shape and precision was fabricated in a remarkable manner. Compared to legacy processes, this direct fabrication of structures from a design file with a very high precision
does not require costly and time-consuming process steps or mask sets, dependent on the legacy process
considered, also supporting Multiphoton Optics’ strategy of achieving Sustainability by Innovation.

Medical and Life Sciences
The LithoProf3D® Printer also is a versatile tool being employed in the fields of medical and life science applications such as Tissue Engineering in Regenerative Medicine, drug delivery systems, or microfluidics.
Scaffolds and specially shaped surface structures or functions can be additively created using biocompatible materials. For fulfilling requirements for applications, where physiologically or biodegradable materials
have to be employed, these can be utilized in an additive manufacturing with LithoProf3D® as well.
Scaffolds in 3D mimicking particular geometries are fast and reliably fabricated up to very large scales using Multiphoton Optics’ LithoProf3D® equipment. For the restoration of diseased or damaged tissue, the
growth of cells on 3D porous scaffolds is a promising approach to generate autologous tissue. Structure
type, size, definition of pores, and surface chemistry can be simply varied to provide nutrition and oxygen
to the cells. These have a significant impact on the cell’s adherence and proliferation, for example on primary human microvascular endothelial cells which are used in the formation of vascularized scaffolds13.
LithoProf3D® is the ideal tool to support investigation of structural and functional influences on cells. Another application which is a perfect fit for scaffold-like structures relates to hair transplantation. The cage
structures are used to keep the follicles in position and therefore to support their adherence and growth
into the tissue. This is useful, because hair follicles often do not directly adhere to the surrounding tissue,
easily being removable. A way to overcome this is to provide a miniaturized cage system with barbed
hooks in which the hair follicles are positioned and kept in place as long as it takes to grow it back; such a
cage system was fabricated using a biodegradable material to demonstrate the functionality for this type
of application.14
13

This work was carried in the Framework of the Priority Program SPP1327 in cooperation with the University of Würzburg, Tissue Engineering &
Regenerative Medicine (Heike Walles).
14
Vladimir Mironov provided the idea and application, design of the cage structure was done by Frederico Pereira, and structure fabrication was
performed using LithoProf3D® with a biodegradable material of Fraunhofer ISC, Würzburg, Germany.

Award Winning Technology
Two-Photon-Polymerization LithoProf3D® utilizes the process of Two-Photon-Absorption for
the fabrication of 3D structures. Multiphoton Optics’ technology uses ultrashort pulsed laser
light as manufacturing tool. The technology is based on a Two- or Multiple Photon Absorption (TPA/MPA) process in case of additive fabrication, initiated by ultra-short laser pulses.
Due to the nature of the non-linear process, the intensity is only high enough to initiate a
reaction in a material in the strongly confined focal volume. The method is known as HighPrecision 3D Printing on sub-micrometer scale, with the structures being created in the additive mode in photosensitive materials.
Aside of additive manufacturing, LithoProf3D® also enables other processes. Using positivetone resist materials or thin metal layers, subtractive processes can be carried out, analogously to classical 2D processing. For the latter materials, the process is a classical ablation
process. Special glasses can be also processed by the equipment, with rearrangement processes being initiated among others, depending on the glass-light reaction.
Multiphoton Optics and its team as well as its founders were recognized many times with
Awards and Nominations, acknowledging the outstanding results and performances of the
teams having been involved in these works, their achievements; and the technology developed for scalable processes to create structures from the sub-micrometer up to the centimeter scale with highest precision.

Specifications
LithoProf3D® is a High Precision 3D Printing Platform available in a standard and customized version. The
specifications given in the specs list represent typical values, which are dependent on desired configuration.

LithoProf3D®

Ref.

Fabrication
Max average power for fabrication

≤ 100 mW

Min feature size

100 nm

1,2,3,4

Optical resolution

≤ 250 nm

1,2,3,4

Lithographic resolution

≤ 500 nm

1,2,3,4

Autofocus

Interface detection feasible down to Δn = 0.0007

Autofocus reproducibility

< 100 nm

Substrate loading size

Any possible up to 6”

Substrate type

Any

Accessible fabrication volume

100 mm x 100 mm x 50 mm

Control software

LithoStream3D (touch screen)

5,6
5,6

Laser
Pulse duration

≤ 250 fs

Repetition rate

(63 ± 0.6) MHz

Average output power

> 650 mW

Pulse energy

> 10 nJ

Wavelength

(522 ± 3) nm

Stability at output
Beam quality M

2

Beam divergence

<1%
< 1.15
< 0.5 mrad

Focusing Optics
Numerical aperture

NA 0.45 (air) to 1.4 (immersion)

Magnification

40x to 100x

Working distance

Up to 9.1 mm

Field of View (FoV)

Up to 420 µm x 420 µm

7

Positioning System
Galvo scanner

8

Max scan angle

± 20 °

Accuracy

50 µrad pk-pk

Repeatability

0.4 µradRMS

Positioning stability

≥ 1 nm

1,9

Max speed

75 m/s

10

Operating mode

w/o and w/ synchronization with stages for an Infinite
Field of View (IFoV)

LithoProf3D®

Ref.

Stages
Type

Electromagnetic direct drive

Bearing

Air guided

Travel distance (lateral)

100 mm x 100 mm

5

Travel distance (vertical)

50 mm

5

Max speed

Up to 2 m/s

6

Max acceleration

Up to 2 g

6,11

Accuracy

± 0.2 µm per axis

Repeatability

Down to ± 0.05 µm per axis

6

Positioning stability

≥ 5 nm

12

Operating mode

w/o and w/ synchronization with scanner for an Infinite Field of View (IFoV)

Requirements

Voltage

115/230 V

Frequency

50 – 60 Hz

Fuse current

16 A

Laser safety

Class 1

13

Ambient conditions

(21 ± 1) °C, indoors, free of vibration

14

Temperature stability

± 1 °C

Relative humidity

40 – 80 % non-condensing

Compressed air

6 – 8 bar

Footprint (W x L x H)

1.7 m x 1.6 m x 1.9 m

Weight

< 1700 kg

15

Reference Notes
1 Dependent on focusing optics.
2 Dependent on material system.
3 Dependent on fabrication parameters.
4 Dependent on sample configuration.
5 Stages with larger travel distance available.
6 Dependent on axis system.
7 The FoV in this example is given for an objective with an NA of 0.6 (x40).
8 LithoProf3D® can be delivered with (LithoProf3D®-GS) and without galvo scanners (LithoProf3D®-S).
9 Determined for NA 1.4 100x and integration time of 8 s with a resolution of 0.1 ms.
10 Typical performance with f = 160mm F-Theta objective.
11 Dependent on load.
12 Determined for an integration time of 8 s with a resolution of 0.1 ms.
13 Housed system; class 4 during maintenance.
14 Clean room compatible version available on demand.
15 Oil-free and dry; ≤0.25µm filtered; N2 (99.9%) recommended.

Glossary and Acronym of Terms
3D

Three Dimensional

AI

Artificial Intelligence

AIM

ASCII Import Module, part of the LithoSoft3D software

AR

Augmented Reality

AFM

Additive Fabrication Mode

CAD

Computer Aided Design

DLW

Direct Laser Writing

DOE

Diffractive Optical Element

fs

Femtosecond

FEM

Field Editor Module, part of the LithoSoft3D software

FoV

Field of View

GUI

Graphic User Interface

HMI

Human-Machine Interfaces

IFOV

Infinite Field of View

IoT

Internet of Things

LEM

Lens Editor Module, part of the LithoSoft3D software

MPA

Multi-Photon Absorption

MR

Mixed Reality

NIL

Nano Imprint Lithography

NN

Neural Networks

NIR

Near-Infrared

NRE

Non-Recurring Engineering

ORMOCER®

Organically Modified Ceramics, registered by Fraunhofer Gesellschaft für Angewandte Forschung e.V.

P&E

Prototyping and Engineering

R&D

Research and Development

ROI

Return on Investment

SFM

Subtractive Fabrication Mode

SM

Slicer Module, part of the LithoSoft3D software

STL

Standard Triangle Language

TPA

Two-Photon Absorption

USB

Universal Serial Bus

WBM

Work Bench Module, part of the LithoSoft3D software

WEM

Woodpile Editor Module, part of the LithoSoft3D software

Reference customers and partners of Multiphoton Optics are nanoplus Nanosystems and Technologies GmbH, microresist technology GmbH, Epigap Optronic GmbH, Schott AG, and many more
which we are not allowed to name due to contractual reasons.

Phenomenon Consortium: AIMEN, CDA GmbH, Thales Group, CNRS, Institute of Photonic Sciences,
Fluxim AG, IMT-A, FlexEnable Ltd., PSA Groupe, Fábrica Nacional de Moneda y Timbre – Real Casa
de la Moneda, designled, Multiphoton Optics GmbH.
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