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Abstract—Integration Platform Session: The paper presents on 
overview of a polymer based hybrid integration platform devel-
oped at HHI. The crucial building blocks involved are described, 
and examples of recently developed components are given. 
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I.  INTRODUCTION 

    For implementing photonic integrated circuits (PIC) various 
platform technologies are being investigated and applied. 
Besides monolithic solutions on III-V (mainly InP) and silicon 
semiconductors, hybrid integration has attracted a great deal of 
attention. With more and more increasing complexity of pho-
tonic integration it is foreseeable that both monolithic and 
hybrid technologies will eventually be merged with each other 
in a complementary manner to establish a photonic multi-PIC 
integration process. As hybrid integration platform planar 
lightwave circuit (PLC) boards relying on silica (SiO2) are 
traditionally used. Another more recent approach, which basi-
cally represents a refinement of the silica process, employs 
SiN4/SiO2 waveguides (TriPlexTM). At HHI we have been 
developing an alternative PLC platform (referred to as 
PolyBoard) that is based on polymer waveguide material. 
Despite the evident strengths of the silica technology, use of 
polymers provides distinct features that allow for added design 
and processing opportunities for performance enhancement 
and potentially achieving lower fabrication costs, including: 
simple layer deposition by spinning; micro-machinability with 
optical grade surfaces/facets; fairly large thermo-optical (TO) 
coefficient for efficient TO tuning/switching; easy-to- inte-
grate ultra-thin film elements (UTFE) for implementing very 
compact and temperature-independent passive optical func-
tionalities; possibility of combining polymer material with a 
wide range of other materials; and refractive index contrast 
>1.5% feasible to further reduce chip-size. The present paper 
gives an outline of the PolyBoard technology and presents 
recent implementations of respective optical components. 

II. POLYBOARD CONCEPT AND ELEMENTS 

    The concept of the PolyBoard technology is schematically 
illustrated in Fig. 1. It utilizes a PLC board with buried 

monomode waveguides which are formed in a layer stack of 
commercially available polymer material spun onto a Si sub-
strate (4-6 inch diam.). The crucial technological features of 
this hybrid - and thereby modular and flexible - integration 
platform are: 
 

- Buried waveguides with adjustable index contrast 
Δn = 0.005 -0.030 to serve as on-chip optical inter-
connects and basis for optical waveguide device 
structures (e. g. AWG); lateral and vertical (under in-
vestigation) tapering feasible 

- Efficient thermo-optical tuning exploiting fairly large 
TO coefficient (> 10-4K-1) and inherently low thermal 
conductivity of polymers  

- Passive alignment and attachment of single-mode fi-
bers using etched, laterally self-aligned U-shaped 
grooves; mean optical SMF/waveguide coupling loss 
~ 0.25 dB (for Δn = 0.011) 

- Vertical coupling out of light accomplished by means 
of 45° turning mirrors formed into the wavguides, in 
the simplest way by micro-machining (dicing saw) 

- Integration of photodetectors by surface-mounting of 
back-side illuminated pin diodes (up to 25 GHz 
bandwidth) 

- End-facet coupling of edge-emitting laser devices us-
ing active alignment and gluing (coupling loss: ~ 2 –
 4 dB) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Schematic illustration of HHI’s PolyBoard technology 
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- Implementation of passive-optical functions by inte-
grating ultra-thin film elements (UTFE) with temper-
ature-independent performance; UTFE’s comprised 
of dielectric layers on polymer substrate film with to-
tal thickness ranging from ~ 10 µm to ~ 25 µm; func-
tions realized: various optical filters; polarization 
beam splitter (Fig. 2) and rotator; optical reflector 

Figure 2.  Performance of UTFE based polarization beam splitter (PBS) 
 

III. POLYBOARD BASED PHOTONIC INTEGRATED 

COMPONENTS 

On the basis of the PolyBoard process various integrated 
components have been realized recently. These include: 

Using UTFE based band-pass filters 1300/1550 nm 1x2 
multiplexers/demultiplexers were realized with fiber-to-fiber 
insertion loss down to 1 dB. More complex spectral functional-
ities (CWDM, triplex) and extension of channels are under 
development, with the main challenge being the achievement 
of the very low insertion loss figuress required. Furthermore 
optical reflector chips were fabricated for OTDM network 
monitoring to reflect wavelengths > 1630/1650 nm. 

Optical transceivers for 2.5 GHz operation were realized 
incorporating a 1310/1550 nm UTBE filter as wavelength 
splitter, HHI’s proprietary CSDFB laser as 1310 nm transmitter 
and two photodiodes, surface-mounted as outlined above, to 
form the signal detector and a tapped monitor diode, respec-
tively. Such chips are readily extendable to form extremely 
compact transceiver arrays for point-to-point PON systems. 

Different variants of photodetector components have been 
developed. For WDM-PON applications photodiode arrays 
were integrated with an arrayed waveguide grating (AWG) in 
which a UTFE polarization rotator is used for TE/TM compen-
sation to reach polarization independence. Related devices 
have also been fabricated to accomplish a compact read-out 
chip for Fiber Bragg-Grating strain sensors.   

The detection of phase-shift keyed (PSK) transmission sig-
nals requires dedicated receivers that are used either in a direct 
interferometric or coherent detection mode. For both concepts 
PSK receiver chips were developed. A direct PSK receiver 
with 25 GBd symbol rate was demonstrated that was designed 
with a delay interferometer containing a UTFE polarization 
rotator and a patented arrangement of thermo-optic heaters for 

fine phase adjustment. In this way the crucial residual polariza-
tion dependent frequency shift could be kept at a level as low 
as +/- 125 MHz [1].  

Regarding coherent phase demodulation a fully integrated 
28 GBd dual-polarization QPSK receiver chip was developed 
that is comprised of two 2x2 MMI based 90° hybrid mixers for 
the TE and the TM signal, each of them vertically coupled with 
an 4-array of 25 GHz bandwidth photodiodes. To separate the 
two polarization states an UTFE-PBS has been inserted into the 
input waveguides as sketched in Fig. 3 [2]. Packaged in a 
CCRx compliant housing the receiver exhibits a responsivity of 
about 0.02 A/W, a phase error < +/- 3, and a common mode 
rejection ratio of < 20 dB. The unit was successfully tested in 
28 GBd QPSK and 10 GBd 16 QAM systems experiments. 

Finally, wavelength-tunable lasers were fabricated and in-
vestigated relying on a thermally tunable Bragg grating formed 
in a polymer waveguide which again was butt-coupled to a 
reflective InP based gain element [3]. Very recently a tuning 
range of >50 nm could be reached in the extreme case at only 
170 mW of electrical heater power consumption(Fig. 4).  

mirror

50:50
splitter

TM

TE

LO

90hybrids PD arrays

signal

10.5 mm5.5 mm

4
.4

 m
m

TE/TM
splitter

PBS  
Figure 3.  Schematic of developed PolyBoard based  

25 GBd DP-QPSK receiver chip 
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Figure 4. Wavelength tuning behavior of polymer waveguide grat-

ing laser with > 50 nm tuning range 
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