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Abstract: We present an embedded 45˚ micro-mirror that can be used to couple light out-of-plane of the optical layer.  The discrete 
micro-mirror is inserted in a micro-cavity into the optical layer. Loss measurements at receiver side show a mirror loss as low as 
0.35dB.  
© 2008 Microoptics Group (OSJ/JSAP) 

1. Introduction 
Optical interconnections gradually find their way 
towards the Printed Circuit Board (PCB)-level as 
optoelectronic components become available at 
affordable costs. Up to now however, no practical optical 
interconnect solution has been presented mainly because 
of a lack of maturity and the difficulty of coupling light 
efficiently in and out of the optical layer. The most 
widely used approach for board-level out-of-plane 
coupling is the use of 45° micro-mirrors. These mirrors 
are wavelength independent, have a high reproducibility 
and can be fabricated with a large variety of micro-
structuring technologies, such as photolithography, 
reactive ion etching and V-shaped diamond blade 
cutting. 

Rather than integrating the mirror directly into the 
waveguide, we recently proposed the use of discrete 
coupling structures [1]. In this paper, we present a hybrid 
approach, in which a metallized 45˚ micro-mirror insert 
is embedded in a cavity fabricated in the optical PCB, as 
illustrated in Figure 1. 
 

 
Fig. 1. Working principle of an embedded 45° 
micro-mirror insert for PCB-level out-of-plane 
coupling. 

 

 
Fig. 2. Cross-section of laser ablated waveguides 
on a pitch of 125 µm 

2. PCB-integrated optical waveguides 

A polymer optical layer, consisting of a cladding-core-
cladding stack, is spincoated onto the FR4 substrate. The 
optical layer contains an array of 50µm x 50µm 
multimode waveguides on pitch 125µm which are 
patterned in the core layer by means of laser ablation [1]. 
A cross-section is shown in Figure 2. The optical 
material has to be compatible with existing PCB 
manufacturing and soldering processes and should in 
addition show very good optical properties such as low 
propagation loss at the targeted wavelength. We study 
the use of Truemode BackplaneTM Polymer, which is a 
highly cross-linked acrylate-based polymer material with 
excellent optical, thermal and environmental properties. 
The micro-cavities that accommodate the pluggable 
coupling components are ablated into the optical layer 
with KrF excimer laser. The substrate contains a Cu-
island, as shown in Figure 1, which is used as ablation 
stop layer during the formation of the cavity. This way, 
the presence of a tilt of the laser ablated cavity bottom is 
avoided. 

3. Embedded 45˚ micro-mirror inserts 
For the fabrication of the 45˚ micro-mirror inserts, we 
make use of Deep Proton Writing (DPW) [3]. This is a 
generic rapid prototyping technology which consists of a 
patterned irradiation of photoresist, followed by a 
subsequent chemical etching step to selectively remove 
the irradiated material. A 500µm thick PMMA sample is 
translated perpendicularly to an 8.3MeV proton beam 
according to a pre-defined pattern in steps of 500nm 
with an accuracy of 50nm, with a proton fluence of  
2.5 x 104 protons/µm². Although DPW is not a mass 
fabrication technique as such, one of its assets is that 
once the master component has been prototyped, a metal 
mould can be generated from the master by applying 
electroplating. After removal of the plastic master, this 
metal mould can be used as a shim in a final micro-
injection moulding or hot embossing step Error! 
Reference source not found.. This way, the component 
can be mass-produced at low cost in a wide variety of 
high-tech plastics.  

The fabricated prototype is shown in Figure 3. 
DPW allows the fabrication of high-quality optical 
surfaces with an average local RMS surface roughness 



Rq 13.4nm ± 2.6nm when measured over an area of 
60µm by 46µm. During the irradiation step, we do not 
irradiate the complete contour of the component, as such 
that it is not released from the PMMA substrate, for ease 
of handling. The dimensions of the component are 1mm 
x 130µm x 500µm. 

 

 
Fig. 3. Sideview of the fabricated DPW 45˚ 
micro-mirror insert, after the etching step, before 
release from the PMMA substrate.  

Before embedding the insert in the laser ablated 
cavity on the PCB, a metal reflection coating is applied 
on the micro-mirror facet. The insert is attached to the 
Cu bottom surface of the laser ablated cavity using a 
small amount of glue, which is cured subsequently in a 
short thermal step. For this first demonstrator, the 
alignment between the mirror and the output facet of the 
waveguides is arranged manually by means of tweezers. 
After fixing the insert in the cavity with UV-curing glue, 
the ablated cavity is filled with cladding material, filling 
the gap between the output facet of the waveguides and 
the Au-coated mirror and covering the insert. 

4. Out-of-plane coupling experiments 
Loss measurements have been carried out on the 
embedded 45˚ micro-mirror insert with preservation of 
propagation direction. A silica multimode fiber (MMF) 
with a 50µm core and a numerical aperture (NA) of 0.2 
was used at the input side, whereas a 100µm core, 0.29 
NA silica MMF was used as detector. The reference 
measurement was performed by in-line butt-coupling of 
the input and output MMF. A total link loss of 1.66dB 
was measured in a receiver scheme. This total link loss 
includes the coupling of 850nm light from the input 
MMF in-plane towards a PCB-integrated optical 
waveguide, propagation in the waveguide of about 3cm, 
reflection of the light on the embedded micro-mirror 
insert and coupling towards the detector MMF. 
Subtracting the in-plane coupling loss and the waveguide 
propagation loss, results in a mirror loss as low as 
0.35dB.  

The detector MMF was mounted on a six-axis 
parallel motion kinematics Hexapod system. This allows 
us not only to position the detector with an accuracy of 
300nm, but also to perform a two-axis scan to check the 
tolerance for mechanical misalignments of the output 
fiber, as illustrated in Figure 4. The resulting -1dB 
tolerance range is ±25µm. 
 
 

 
Fig. 4. Tolerance for mechanical misalignments 
of the detector MMF. 

5. Conclusions 
We have shown the hybrid integration of micro-mirror 
inserts, prototyped using Deep Proton Writing, into laser 
ablated cavities formed in optical printed circuit boards. 
The embedded micro-mirror inserts feature high-quality 
optical surfaces. A mirror loss of 0.35dB was measured 
in a receiver scheme. The prototyped micro-mirror 
inserts are compatible with mass fabrication at low cost 
in a wide variety of high-tech plastics.  
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