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Design and Characterization of a Broadband
Termination Resistance Integrated in a Generic Photonic

Foundry Platform
W. Yao,1 G. Gilardi,1 M. Smit,1 and M. J. Wale1,2

1 COBRA Research Institute, Photonic Integration Group, Department of Electrical Engineering,
University of Technology Eindhoven, The Netherlands

2 Oclaro Technology Ltd., Caswell, Towcester, Northamptonshire, NN12 8EQ, United Kingdom

We report on the design and characterization of a new type of broadband 50 Ohm ter-
mination resistance that is easily integrated into an existing generic photonic integration
platform. Using the epitaxially grown p-i-n layers to form capacitive and resistive ele-
ments, the device shows DC blocking capabilities up until -13 V and less than -10 dB
reflection magnitude up until 67 GHz. We present design considerations, simulation and
measurement results for this device, which is well suited for co-integration with high-
speed electro-absorption and Mach-Zehnder modulators in order to prevent electrical
signal reflections.

Introduction
One of the main drivers for photonic integrated circuits (PICs) are applications in the
field of optical communications, where the demand for transmitter and receiver capac-
ity steadily increases but at the same time cost reduction is of utmost importance. The
generic foundry approach to photonic integration is well suited for producing low-cost
high performance transmitter PICs for optical interconnect and transport applications [1].
To further improve on integration density, operation speed and cost effectiveness, ad-
vancements in the foundry’s capabilities on the device level are required.

Traveling-wave electro-absorption (EAM) and Mach-Zehnder modulators (MZM) are
often used components in high-capacity transmitter PICs and need to be properly designed
for high-speed operation. This requires matched electrical terminations at the modulator’s
end in order to reduce undesired signal reflections. Monolithically integrated termination
loads are preferred over discrete off-chip solutions as they can be conveniently utilized
in large-scale integrated modulator arrays, reducing footprint and packaging complexity.
Up until now, integrated load terminations in combination with EAMs have been realized
using evaporated NiCr as the resistive element [2]. For MZ modulators in InP the InGaAs
contact layer can be used to form the termination as was shown in [3] and for modulators
on silicon substrate, TiN resistors are usually used as loads [4]. In this paper, we propose
a new design for an integrated termination resistance that uses the bottom n-doped InP
cladding layer and also has DC blocking capability. The device can be fabricated within
a common generic photonic foundry process which is based on semi-insulating substrate.
This paper first describes the device structure, then deals with design considerations and
device simulation and finally presents measurement results of the fabricated device.
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Figure 1: Electrical interface of MZ modulator with (a) and without (b) off-chip termina-
tion. (c) Schematic view of integrated termination resistance.
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Figure 2: (a) Microscope image of fabricated termination device and structure of the
layers used. (b) Detailed view of p-i-n layers and electrical equivalent circuit.

Device Structure
One of the limiting factors for optical transmitter PICs has been the interface to the high-
speed electronics. As depicted in Figure 1a, modulators require RF feed lines that connect
their input and output to pads at the chip edge and wire bonds are needed that further
connect to the electronic assembly. This approach becomes increasingly difficult when
the amount of modulators scales out in multi-channel large-scale PICs. By utilizing on-
chip integrated termination loads the amount of RF feeds can be reduced by half and it
facilitates the electronic packaging as shown in Figure 1b. However, it is required for
the termination to incorporate DC blocking, as the majority of high-speed modulators are
operated in reverse bias and no DC current flow is desired.

Figure 1c shows a schematic image of the new termination device that fulfills both
functions. It conveniently connects to coplanar RF tracks and utilizes the epitaxially
grown layers in such a way that DC current is blocked by the depletion layer capacitance.
The overall impedance between the central signal metal and the two ground metals can be
designed to be 50 Ω. As depicted in Figure 2a the resistance is formed through the contact
resistance RC, the sheet resistance RP of the p-doped layer and the sheet resistance RN of
the n-doped layer. An island of n-doped material is formed by etching a trench around
the device to assure electrical isolation to the rest of the chip, whereas trenches until the
n-layer depth between signal and ground metal are etched to remove the p-doped and
intrinsically doped InP. The resulting structure placed on semi-insulating InP substrate
can be represented by the equivalent circuit shown in Figure 2b.
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Parameter Value

contact resistivity 2 ·10−4Ωcm2

p-layer thickness 300 nm
i-layer thickness 150 nm

Q-layer thickness 500 nm
n-layer thickness 1.1 µm

contact conductivity 23 ·103S/m
p conductivity 120 S/m

i-layer permitivity 10
Q conductivity 16.4 ·103S/m
n conductivity 13 ·103S/m
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Figure 3: (a) Material parameters for the analytical and CST simulations. (b) Calculated
frequency dependent impedance. (c) Reflection magnitude at 10 GHz from CST simula-
tions with indication of fabricated devices.

Design and Simulation
The total impedance of the device can be calculated from the equivalent circuit according
to

Ztot = RP +RC +XJ +
1
2
(
R′P +R′C +X ′J +RN

)
, (1)

where the frequency dependent reactances are from the depletion layer capacitance

XJ =
1

jωC j
, X ′J =

1
jωC′j

. (2)

The DC blocking functionality is realized by this capacitance which takes values of 1
pF and 1.6 pF respectively for the parameters specified in Figure 3. The calculated total
impedance is shown in Figure 3b, indicating that proper dimensioning of the geometrical
parameters can yield a broadband 50 Ω load.

For a more accurate analysis, we utilize the full-wave electromangetic solver package
CST MWS to simulate the scattering parameters of the device. The 3D model incor-
porates the exact epitaxial layer structure and also includes the RF tracks leading to the
device. Figure 3c shows the simulated reflection magnitude at 10 GHz for varying signal
metal widths wsig and its separation to the ground metal. A low reflection magnitude cor-
responds to a good match to the reference impedance of 50 Ω. Based on the results, we
fabricated devices with different geometries also indicated in the Figure. It is evident that
the separation distance influences the reflection magnitude more than the signal width, as
the majority of the resistive path lies in the n-doped layer and its length determines the
total impedance.

Measurement Results
The fabricated devices are characterized using a vector network analyzer and RF probes.
The reflection coefficient S11 of the device can be directly measured and indicates how
much of the incident electrical signal is reflected. The best performing device shows
reflection magnitudes below -10 dB from 1.8 GHz until 67 GHz as can be seen in Figure
4a. DC blocking is realized in reverse bias through the diode under the signal metal
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Figure 4: (a) Simulated and measured reflection coefficient. (b) Measured IV-curve for
device no. 5. (c) Measured input impedance to the device.

whereas in forward bias it occurs because of the diode below the ground metal. Figure 4b
shows that this is observed from -15 V to +20 V with a small leackage current of 1 mA at
+20 V. Given the reference impedance of 50 Ω during measurement, the input impedance
to the device can be directly derived from the S11 measurements and is shown in Figure
4c. The impedance value seen from the RF line input to the device is close to 50 Ω so
that reflections are kept at a low level.

Previous simulations showed that the optimum separation distance is at 110 µm, lead-
ing to the lowest reflection magnitude. The optimum device found from measurements
has a separation of 75 µm. The difference between the simulation and measurement can
be attributed to the difficulties in estimating the material parameters of the actual fabri-
cated devices, where the optimum is shifted to lower separation distances.

Conclusion
We have presented a new design for an integrated termination resistance that has been
fabricated within a generic photonic integration process with semi-insulating substrate.
It is based on the n-doped cladding layer that forms the resistive element and on the
depletion layer that forms a DC block. The measurement results indicate that impedance
values close to 50 Ω can be achieved in a broad frequency range and that DC blocking
is achieved in a reasonable voltage span. It is favourable to use the presented device in
combination with EAMs and MZ modulators to save on device footprint and packaging
complexity in transmitter PIC applications.
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