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High precision 3D printing (HP3DP) – freeform optics for VCSEL applications

B. Stender, W. Mantei, A. Krupp, Y. Dupuis, J. Wiedenmann, F. Hilbert, R. Houbertz

Multiphoton Optics GmbH, Würzburg (Germany)

3D printing from the sub-100 nm to the cm scale with highest precision
Nano – Micro - Macro 
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Fraunhofer Spin-Off in 2013.

16 (20) staff plus 2 associates (JPN, USA).

Worldwide B2B Bluechip Customers.

Products High Precision 3D Printer LithoProf3D

Prototyping & Engineering 

Multiphoton Optics GmbH

High Precision 3D Printer: LithoProf3D®

Prototyping & Engineering: LithoP&E 3D
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medium
fine

High Precision 3D Printing (HP3DP): Principles

coarse

single voxels structures

simple adjustment by
laser power & focussing objective & material

200 µm

Realtime
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HP3DP: Optics Manufacturing

Micro Meso MacroNano

Scalability

ShapeSpherical Freeform

 2 mm

Arrays
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Passive Alingment only (up to 12 cm)

2003 – 2008
LD-PD coupling

MM WG

R. Houbertz, Proc. MRS (2007)
R. Houbertz et al., Proc. SPIE 7053, 70530B (2008)
G. Langer et al., Proc. SPIE 7944, 794408 (2011)
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Once the appropriate system parameters for the fabrication of TPA-written multimode 

ORMOCER
®

 waveguides are defined, the start and end positions of the waveguide have to be 

determined from the positions of the laser and the photo diode. For this purpose, the diode chips 

are localized by a machine vision system, which enables the definition of the lateral waveguide 

end cap positions relative to the diode chip location. The accuracy of this method is 

approximately 5 µm, and is sufficiently precise for aligning the waveguides with respect to the 

laser diode (VCSEL) emission point (cf., Figs. 4 and 5). 

The 3D capabilities of the TPA-based lithography require also depth information of the sam-

ple, because the waveguide is aligned and fabricated in situ as intrinsic part of the writing 

process. The depth registration of the waveguide’s end caps is retrieved from scanning a He-Ne 

laser vertically through the sample. By means of a confocal optical setup, the intensity of the 

reflected light is observed and detected as a function of the vertical laser focus position. This 

allows one to determine the position of the ORMOCER
®
 coating’s surface and the top edge 

position of the laser diode, respectively. The data are then re-calculated, taking into account the 

ORMOCER
®
’s refractive index and the laser diode layout in order to precisely determine the 

depth coordinates of the waveguide positions in front of the laser diode’s active emitter area. The 

same procedure is repeated for the position of the photo diode (cf., Figure 5). The time for the 

registration of the electro-optical components depends on the quality of the diode chip alignment 

(e.g., chip tilt), because a bad feedback from the chip edge requires more locations on the chip to 

be scanned. In comparison to the writing of a several cm long waveguide, this procedure is fast 

assuming full automization. Up to now, this process step is done manually, and therefore the 

time consumption of sample gauging is comparable to the duration of the waveguide writing 

itself.   
 

 
 

Figure 4  Optical microscopy of the top view of the laser diode chip. (a) Coarse view: VSCEL 

mounted on a PCB, and ORMOCER
®
 waveguide. (b) Detailed view showing the VCSEL emis-

sion area. The bright line at approx. 8.5 µm in front of the VCSEL indicates the waveguide 

bundle end cap. 

 

After start and end coordinates are defined by the machine vision system, the confocal setup is 

used for mapping the ORMOCER
®
 coating’s surface along the waveguide path. For this purpose, 

the waveguide is approximated by an interpolating function between start and end positions. The 

vertices of this function represent the sampling points, where the position of the ORMOCER
®

 

surface is determined by vertical scanning of a He-Ne laser. By that, the lateral positions of the 

waveguides and their depth is controlled over the entire distance between laser and photo diode 

* 7 Gbit/s @ app. BER 10-9

data rate vs. BER

MM WG in PCB
conventionally

new approach
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Freeform Optics on Chip Level Packaging (PIC – fiber)

PLC

Fiber Array

GRATING fiber

?

60 µm
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w/ printed optic

Freeform Optics for LED application

Point source LED Chip w/o printed optic

Radiation pattern w/o printed optic Radiation pattern w/ printed optic

Point source LED Chip w/ printed optic

TO-18 header

Bonding wire LED Chip (Ø 25 µm)

w/o printed optic

IV

(mcd)
ΦV

(mlm)
Φe

(µW)
Ie

(µW/sr)

w/o printed optic 8.6 14.3 94.0 35.0

w/ printed optic 28.2 24.7 212.0 108.4

All measurements at 5 mA;
ΦV & Φe measured with integrated sphere ; IV & Ie measured in a distance of 10 cm

Polymer ➔ enhanced light outcoupling of chip
Optics ➔ shaping & focussing

Miniaturization of LED illumination systems & influencing the light output distribution
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Freeform Optics for Edge Emitters
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Emission area: 3.5 x 1.2 µm2
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Polarization Catastrophic optical damage (COD)

Threshold (mA) Efficiency (W/A)

pre post pre post

20 21 0.18 0.22

− All laser dies work after printing
process.

− Lens influences threshold & 
efficiency.

− Lens influences far field positively.

− Far field depends on positioning of
lens.

Freeform Optics for Edge Emitters
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Comparing laser dies 
w/ and wo/ printed 
lenses

Up to MW/cm2
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Reference Customers, Partners, Networks
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