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Abstract
In this work silicon multi-segment photo detectors are analyzed for their suitability as mode demultiplexing devices in
multi-mode multiple-input multiple-output (MIMO) transmissions. Therefore, different chips are characterized with respect to their local responsivities and segment’s bandwidths. The fiber alignment and packaging process of the detector
are presented. By using a two-segment detector a (2x2) MIMO transmission over 1 km multi-mode fiber at 850 nm operating wavelength is formed and characterized by its specific impulse responses as well as the bit-error rate performance
capabilities. The results show that multi-segment detectors are suited for simple and efficient mode demultiplexing in a
multi-mode MIMO system.

1

Introduction

MIMO impulse responses and the required packaging processes are presented in section 3. Based on the impulse
responses the bit-error rate capabilities are shown in section 4. Finally, section 5 provides the concluding remarks.

The growing demand of bandwidth particularly driven by
the developing Internet has been satisfied so far by optical fiber technologies such as dense wavelength division
multiplexing, polarization division multiplexing and multilevel modulation. These technologies have now reached a
state of maturity [7]. A possible way to further increase
the available data rate is now be seen in the area of spatial multiplexing [3], which is well-established in wireless
communications. In fiber-optic communications the concept of MIMO transmission over multi-mode fibers has
attracted increasing interest, targeting at improved fiber
capacity [4, 6]. The capacity of a multi-mode fiber is
limited by the modal dispersion compared to single-mode
transmission where no modal dispersion except for polarization exists. In theory, the optical MIMO concept is
well-understood [6]. However, the practical realization of
the optical MIMO channel requires substantial further research regarding mode multiplexing, mode maintenance
and mode demultiplexing.
In this work silicon multi-segment photo detectors are
analyzed for mode demultiplexing in multi-mode MIMO
transmission [5]. The benefit of segmented photo detection
is that the detector can be directly attached to the multimode fiber channel and mode demultiplexing as well as
optic-electrical conversion can be performed in one stage.
The novel contribution of this paper is that based on measurements and computer simulation the suitability of multisegment photo detectors for optical MIMO systems is evaluated.
The remaining parts of this paper are structured as follows:
Section 2 characterizes the chip segments with respect to
their local responsivities and segment’s bandwidths. A
two-segment detector is used to form a (2 × 2) MIMO
transmission over a 1 km multi-mode fiber. Their specific
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2

Chip Characterization

The multi-segment photo detectors manufactured by Vienna University of Technology in 2009 [5] are characterized by measuring their responsivities in dependency on
the fiber alignment. Therefore, a single-mode fiber (SMF)
with a 4.4 micron core diameter is placed over the siliconbased chip at a distance of 10 to 20 microns, as illustrated
in Figure 1. Considering the beam divergence based on
the fiber’s numerical aperture of 0.13, the light field diameter on the chip is 7.6 to 10.2 microns. An exact alignment is achieved by inserting the fiber into a rigid cannula,
which itself is fixed on a 6-axis precision alignment sys-

Figure 1 SMF placed over the chip
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ing signal deconvolution as described in [2]. Also, the SMF
is positioned over the segment of interest when measuring
its bandwidth. The 3 dB bandwidth results are summarized
in Table 1 for the two detector types and their different segment parts.
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Figure 2 SMF alignment on the two-segment detector
using a Hexapod
tem, being henceforth referred to as Hexapod. The setup
with the detector located on the circuit board is shown in
Figure 2. In this contribution different chip types are analyzed. The first type uses two detection segments, a circular area in the chip center and an outer ring, whereas the
second type uses three detection segments with an additional inner ring, as illustrated in Table 1. Bonding wires
interconnect the chip with the circuit board in order to provide external access via SMA connectors. The port labeled
with A is connected to the centric circular area and port B
to the outer ring. Considering the three-segment detector,
port C is connected to the inner ring.
In this testbed configuration the chips are scanned in 1 micron incremental steps to determine the local responsivities. The results in Figure 3 show a homogeneous responsivity distribution within the detection segments with
a peak photo current of 0.6 A per watt incident light power,
being a typical value for silicon PIN photo diodes when operating at 850 nm wavelength. It can also be seen that the
small bridging lines which connect the circular area and
the inner ring to their respective bonding pads show some
responsivity themselves.
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Figure 3 Responsivity distributions in A/W of the twosegment detector (left) and the three-segment detector
(right) at 850 nm operating wavelength
Impulse response measurements are used to determine the
detector’s segments bandwidth. Therefore, a short optical
pulse of approximately 25 ps full width at half maximum is
applied to the device under test (DUT) and the corresponding received pulses are measured. Subsequently, the influence of the transmit pulse, which is spectrally not fully flat
in the interesting bandwidth region, is removed by apply-
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Multi-Segment Photo Detector
Packaging and MIMO Impulse
Responses

A multi-mode MIMO system is formed by transmitting
several data streams on different modes or mode groups
through a multi-mode fiber (MMF). Since the electrical
field distributions of these modes spatially differ, demultiplexing may be performed by employing segmented photo
detection. Considering the two-segment detector, the lower
order mode groups, whose electrical fields are concentrated
in the core center, are detected mainly by the centric circular area. In contrast, higher order mode groups have wider
electrical field distributions and are mainly detected by the
outer ring segment. As an example, Figure 6 shows the
measured intensity patterns when exciting different mode
groups using SMF to MMF splices with different radial
offsets δ .
In order to guarantee reproducible measurements and a
transportable MIMO detection system a 50/125 gradedindex (GI) fiber is permanently attached to the detector by
using UV-curable adhesive for fixation. The fiber is aligned
with the Hexapod such that the measured photo current of
the centric circular area is maximized and the cross-talk to
the outer-ring is minimal. Subsequently the fiber is lifted,
the adhesive is applied and finally the fiber is re-aligned.
However, the re-alignment process is time limited since the
small UV portion of the microscope illumination starts cur-

20

40




















Bandwidth in GHz

Table 1 Bandwidths of the two detector types
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Figure 4 Testbed configuration for determining the MIMO specific impulse responses
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Figure 5 Measured electrical MIMO impulse responses using the two-segment detector when comparing different
launch eccentricities δ and detector outputs (Port A or B) at 850 nm operating wavelength with respect to the pulse frequency fT = 1/Ts = 625 MHz

(a) δ = 0 µm

(b) δ = 15 µm

Figure 6 Measured intensity distribution patterns as a
function of the light launch eccentricity δ at an operating wavelength of 850 nm; the dashed line represents the
50 µm core size

Figure 7 Multi-segment photo detector in metal housing

ing the adhesive. This packaging process step is crucial because residual fiber misalignment may also lead to crosstalk. Subsequent to the MMF fixation the setup is packaged in an adapted metal housing as illustrated in Figure 7
to protect the detector from extraneous light and to make
it transportable. The non-rigid characteristic of the circuit
board is taken into account by using 3D printed strain relief
elements.
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The two-segment detector is used to form a (2 × 2) MIMO
system as shown in Figure 4. In this system SMF to MMF
splices aligned with different radial offsets δ are used for
mode-selective excitation, where the center launch condition (δ = 0 µm) mainly excites the low-order modes and
the offset launch condition (δ > 0 µm) excites high-order
modes. A mode-selective fusion coupler is used for mode
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multiplexing and then the signals are transferred through
a 1 km GI 50/125 channel. Finally, the two-segment detector is used for mode demultiplexing as well as for the
optical-electrical conversion process.
The MIMO transmission system characteristics are obtained by measuring the impulse responses at 850 nm. For
the offset launch condition different radial eccentricities,
i.e. 10, 15 and 20 µm, are studied. Figure 5 shows the measured MIMO impulse responses using the two-segment detector. Comparing the impulse responses when launching
with δ = 0 µm shows significant cross-talk to the outer ring
segment B. Since this centric launch condition mainly excites the LP01 mode which has a mode field diameter of
approximately 11.08 µm at 850 nm in the 50/125 GI fiber
it is expected that the detected energy is concentrated in the
inner circular segment A which has a diameter of approximately 10.1 µm. However, slight misalignments during the
adhesive curing process can lead to such cross-talk effects.
An optimization of the housing technology may reduce this
cross-talk. Another source is the electrical cross-talk in the
detector itself. Comparing the high order mode excitation
paths, the highest signal-to-interference ratio is achieved at
δ = 15 µm. Therefore, the highlighted impulse responses
are used to form the (2 × 2) MIMO system.
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employing a two-segment detector, have been measured at
850 nm operating wavelength. They show in coherence
with the BER performance results that segmented photo
detection is suited for multi-mode MIMO applications.
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