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Abstract— Densely integrated photonic integrated circuits (PICs) 
require efficient solutions for monitoring the light intensity on chip 
in order to implement control and configuration operations to set 
and stabilize the working point of the circuit. To this end, 
waveguides supporting the propagation of surface plasmon 
polaritons (SPPs) are good candidates to realize small-footprint 
light detectors. In this work, we report on the realization of an in-
line Surface Plasmon Detector (SPD) that exploits the 
photothermal effect to monitor the optical power in a titanium 
dioxide (TiO2) optical waveguide. Detailed design guidelines are 
provided to maximize the responsivity of the SPD, taking into 
account the effects of the metal geometry on the coupling between 
the dielectric and plasmonic modes, the power dissipated in the 
metal, and the equivalent thermal resistance of the structure. 
Experimental validation of the proposed device is provided 
demonstrating an ultra-compact 1.6-µm-long SPD operating at a 
wavelength of 1550 nm with a sensitivity of – 20 dBm and a 
bandwidth higher than 100 kHz. The proposed device concept can 
be ported to generic dielectric platforms and to other wavelength 
ranges where SPP propagation is supported.  
 

Index Terms— integrated photodetectors, integrated photonics, 
optical sensors, photothermal effects, surface plasmon polaritons. 

I. INTRODUCTION 

Photonic Integrated Circuits (PICs) are evolving towards 

architectures with an ever-increasing scale of integration that 
implement more and more complex functionalities. To develop 
PICs that can be reconfigured reliably, on-chip photodetectors 
must be integrated to locally monitor the optical power and 
closed-loop control systems have to be designed to set and 
stabilize their working point. Semiconductor photodetectors are 
widely employed in the near-infrared range because of their 
small size, fast detection speed, high detection efficiency [1], 
and monolithic integration on silicon and III-V photonic 
platforms. This family of transducers includes photodiodes [2], 
photoconductors [3], sub-band-gap detectors based on defect 
state absorption [4], and surface state absorption [5]. However, 
these approaches cannot be directly deployed onto dielectric 
waveguide platforms, such as silicon (oxy) nitride or other 
glass-based technologies. 

A promising approach to implementing light sensing in 
small-footprint devices is offered by surface plasmon polaritons 
(SPPs), which are guided waves that can propagate along the 
surface of a conductor [6] [7]. SPP waves remain tightly 
confined on the metal-dielectric interface because the free 
electrons of the conductor respond collectively by oscillating in 
resonance with the electromagnetic wave [7] [8]. SPPs are only 
possible for wavelengths longer than a particular critical 
wavelength, which depends on the plasma frequency and is 
specific to each metal [6] [7] [8]. Moreover, SPPs are only TM 
polarized as there is no solution to the Maxwell equations that 
would represent a bounded mode for the TE polarization [6]. 
As SPP propagation is associated with the absorption of optical 
power in the metal, a temperature-dependent change of the 
metal resistivity is generated by the photothermal effect, which 
can be exploited to monitor the intensity of the light in the 
waveguide [9] [10] [11] [12] [13]. Different configurations 
have been proposed for photothermal detectors such as a 
Wheatstone bridge [11] and hybrid plasmonic waveguides [10].  

In this work, we demonstrate an in-line Surface Plasmon 
Detector (SPD) integrated into a TiO2 platform that exploits the 
photothermal effect to monitor the optical power inside the 
waveguides. The device simply consists of a thin strip of gold 
placed underneath the TiO2 core of the waveguide, whose light-
dependent resistance is measured by using a four-probe lock-in 
detection scheme. The paper is organized as follows. In Sec. II 
we illustrate the working principle of the device and the design 
rules to optimize the device performance in terms of insertion 
loss and photothermal responsivity. To this end, systematic 
numerical simulations based on a multi-physics 3D finite 
element method (FEM) including optical, thermal, and 
electrical analysis were carried out to investigate the impact of 
the metal strip geometry in the coupling between the dielectric 
TiO2 waveguide and the SPP waveguide, and to maximize the 
absorption efficiency in the metal. In Sec. III the technology 
employed to integrate the SPD on a TiO2 platform is described. 
Experimental results reported in Sec. IV demonstrate the 
functionality of the device both in terms of responsivity (−20 
dBm) and speed (> 100 kHz). A concluding section summarizes 
the main achievement of this work.  

II. DEVICE CONCEPT AND DESIGN OPTIMIZATION 
The waveguide used for this work is realized with an air-
cladded 1.2 µm-wide and 370 nm-high titanium dioxide (TiO2) 
core on top of a 2 µm-thick silicon dioxide (SiO2) on a Si 
substrate. In the SPD region, a gold strip is inserted underneath 
the waveguide core, as shown in Fig. 1(a) and (b). At the 
transition between the dielectric waveguide (no metal strip) and 
the plasmonic waveguide, the TM fundamental mode of the 
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dielectric waveguide may excite several SPP modes (see Fig. 2) 
[6] [14] [15]. SPP modes propagate in the plasmonic waveguide 
with different phase constants and accumulate different phase 
shifts for the same travelled distance. At the end of the metal 
strip, the relative phase between the SPPs modes modifies the 
shape of the overall electromagnetic field and hence the mode 
matching with the fundamental TM mode of the output 
dielectric waveguide. This constructive (maximal transmission) 
or destructive (minimal transmission) interference results in an 
insertion loss that depends on the metal strip length L. 
 

 
 

Fig. 1. Front (a) and lateral (b) view of the platform with the SPD. The width 
and thickness of the TiO2 core are 1.2 µm and 370 nm, respectively. A thin strip 
of gold is realized below the TiO2 core with thickness T, width W, and length 
L, which are the SPD parameters optimized by numerical simulations.   
 
 

 
  
Fig. 2. Propagation of a surface plasmon excited by a TM dielectric mode. 
When the TM mode encounters the metal strip (yellow), it may excite several 
SPP modes (indicated with different colors) that propagate at different phase 
velocities and interfere constructively or destructively at the end of the 
plasmonic waveguide depending on the strip length L. 
 

In the next sections, 3D FEM Multiphysics simulations are 
reported to analyze and optimize the coupling between the 
dielectric and the plasmonic modes. Factors such as the power 
dissipated inside the metal and the thermal behavior of the 
whole structure are investigated to maximize the responsivity 
of the device while keeping a low insertion loss for in-line 
detection of the guided light. All the reported simulations are 
carried out at a wavelength of 1550 nm. 
 

A. OPTICAL ANALYSIS 
The design of the in-line SPD detector has to be optimized in 
order to maximize the optical power absorption in the metal 
strip (this being at the origin of the photothermal effect), while 
keeping low the overall loss, meaning that other sources of loss 
(e.g., out of plane scattering and back reflections) must be 
minimized. To this end, full vectorial EM simulations were 
carried out to evaluate the dependence of the complex refractive 
index of the SPP modes on the transversal geometry of the 
metal strip. The refractive indices of the SiO2 bottom oxide and 
the TiO2 layer are 1.445 and 2.2, respectively, as confirmed by 
material characterization (see Sec. III). The cross-sectional 
shape of the fundamental mode of the SPP waveguide (TM-
polarized) is shown in Fig. 3(a). The waveguide supports the 

propagation of higher order modes, as the one shown in Fig. 
3(b), whose effects will be studied in the following.   

 
 
Fig. 3. Electric field profile of the guided modes of the plasmonic waveguide 
with T = 34 nm and W = 3 mm: (a) first order TM0 and (b) third order TM2 SPP 
modes. The second-order mode (not shown) is not excited by the TM mode of 
the input dielectric waveguide and does not contribute to the photo-thermal 
response of the device. 
 
Figure 4(a) shows the real part (solid blue line) and the 
imaginary part (solid orange line) of the effective index of the 
fundamental mode versus the thickness T of the metal strip. The 
propagation loss  
 

𝛼𝛼 = −4𝜋𝜋 ℑ�𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒�
ln(10) 𝜆𝜆0

10−5 [dB/µm],       (1) 
 
which depends on the field intensity adjacent to the Au strip, 
increases for thinner strips. For thick strips, the evanescent 
component of the field penetrates more into the metal [16], but 
the rapidly decaying SPP mode profile makes this contribution 
too small to affect the propagation loss α. Furthermore, if the 
metal is too thick, the significant discontinuity at the edges of 
the metal strip would severely increase back reflections and 
reduce the light coupling to the detector. Thus, for light 
monitoring applications, the metal thickness should be 
maintained thin enough to increase the gold absorptance while 
also minimizing back reflection loss. In the following, a 
thickness T = 34 nm is assumed. Also, we observe a decrease in 
both the real and the imaginary (absolute value) part of the 
refractive index versus the thickness of the gold. This behavior 
is typical of a short-range surface plasmon polariton [6].  The 
large index contrast between the dielectric (2.2 for the TiO2 and 
1.445 for the SiO2) introduces a larger cutoff frequency for the 
long-range modes, which in the considered structure are not 
supported [17]. 

Concerning the cross-sectional width W, the gold strip should 
be as narrow as possible to maximize the SPD responsivity. In 
this way, the equivalent thermal resistance of the detector 
increases, inducing a larger variation of the temperature and 
consequently of the read-out voltage (see Sec. B) for the same 
amount of dissipated power. Since the lateral confinement of 
the SPP modes is given by the width of the dielectric core (that 
in the considered case is 1.2 µm), there is a minimum width 
Wmin of the metal strip for which the guided light does not 
interact with the free electrons of the gold strip outside the core. 
As shown in Fig. 4(b), this implies that real (solid blue line) and 
imaginary (solid red line) parts of the effective index neff of the 
SPP mode remain constant for W > Wmin. Choosing a strip width 
slightly wider than Wmin guarantees the highest responsivity 
while keeping the detector robust to fabrication tolerances. For 
the considered structure, Wmin = 2.6 µm, so W was set to 3 µm. 
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Fig. 4. (a) Real (blue) and imaginary (orange) parts of the SPP modes refractive 
index versus the thickness T of the gold strip.  (b) Real (blue) and imaginary 
(orange) parts of the SPP modes refractive index vs gold width. 
 

The length of the metal strip L is the fundamental design 
parameter as it determines the intensity of the transmitted 
optical wave and the amount of optical power that is absorbed 
by the metal. Fig. 5 shows the simulated normalized 
transmittance Pout across the SPP detector versus the length L 
(W = 3 µm and T = 34 nm). Results show that the TM 
transmission has a decaying sinusoidal behavior with a period 
of 2.4 μm. The exponential decay is due to the fact that the SPD 
has a fundamental mode with a complex-refractive index  
neff = 2.084 - i0.016 which corresponds to a propagation loss of 
0.56 dB/µm. The periodic oscillation suggests that another SPP 
mode is excited, which propagates independently along the top 
and bottom surfaces of the metal at a different speed. Numerical 
simulations show that the waveguide supports the propagation 
of three SPP modes. In Fig. 3(b) we show the electric field 
profile of the third mode, whose complex effective index is 
shown in Figs 4(a) and (b) in dashed lines. The second mode is 
not shown because its electric field has an odd symmetry in the 
horizontal direction and it is not excited by the fundamental TM 
mode of the dielectric waveguide. The real part of the refractive 
index of the first and third modes is substantially different, this 
meaning that the two modes travel with a different phase 
velocity and accumulate a relative phase shift along the SPP 
waveguide. When the relative phase difference between the two 
SPP modes is a multiple of 2π, the overlap with the fundamental 

TM mode of the output dielectric waveguide is maximized and 
Pout is maximum. The beat length Δ𝐿𝐿 is related to the difference 
between the real part effective index of the two SPP modes as 

Δ𝐿𝐿 = 𝜆𝜆0
ℜ{𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒,0}−ℜ{𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒,2}

        (2)  

In the considered SPP waveguide geometry (W = 3 µm and T = 
34 nm), where ℜ{𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒,0} = 2.084 and ℜ{𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒,2} = 1.489, a beat 
length Δ𝐿𝐿 = 2.6 µm is found, which is in very good agreement 
with the result shown in Fig. 5. The minima in the transmitted 
power of Fig. 5 occur when the two interfering SPP modes are 
out of phase at the end of the metal strip. Since the transmittance 
is almost zero in all the minima (thus corresponding to complete 
destructive interference), we can conclude that the two modes 
are excited with a similar efficiency at the transition between 
the dielectric and the SPP waveguide and that they have a 
similar propagation loss along the SPP waveguide, as 
confirmed by the value of the imaginary part of the refractive 
index shown in red dashed lines in Fig. 4(a) and (b). From these 
figures it can also be appreciated that the difference between the 
real part of the effective index of the two SPP modes is almost 
independent of the thickness of the gold strip T and the width 
W (at least for W > 3 µm); this means that the beat length Δ𝐿𝐿 is 
not critically affected by fabrication tolerances. Moreover, the 
beat length does not change significantly with wavelength: Fig. 
6 shows that the refractive index difference Δℜ{𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒} =
 ℜ{𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒,0} −  ℜ{𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒,2} between the two SPP modes changes 
by only ± 4% across a wavelength range of more than 60 nm, 
thus enabling the SPD to work on a broad wavelength range.  

 
Fig. 5. Normalized transmittance through the SPD versus the metal strip length 
L for TE (blue) and TM (orange) input modes. The width and thickness of the 
strip are W = 3 µm and T = 34 nm. 

 

This beating effect disappears for TE propagation, where SPP 
modes cannot be excited; in this case, Pout simply shows an 
exponential decay due to absorption in the metal strip. The 
shallow fluctuations on top of both TM and TE curves, with a 
period of about 500 nm, depend on Fabry-Perot (FP) cavity 
effects due to internal back reflections at the metal-dielectric 
interface; as the detector length L increases, this FP effect 
reduces because of the increased cavity loss due to metal 
absorption. As a result, the TE transmittance flattens after about 
3 μm, while the TM mode maintains the beating effects between 
the two SPP modes.  
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Fig. 6. Simulation of the difference between the real part of the effective 
refractive index of the first SPP mode (blue)  versus wavelength. The simulation 
suggests that the difference between the real part of the modes remains constant 
over a large bandwidth. 
 

Numerical simulations were carried out to localize optical 
absorption across the waveguide. Since TiO2 is assumed to be 
fully transparent in the considered wavelength range (1550 nm), 
power dissipation occurs only within the Au layer. More in 
detail, in the cross-sectional plane the dissipated power is 
mostly concentrated within two-thirds of the core width [Fig. 
7(a)], while it longitudinally spreads all along the detector, with 
a maximum dissipation at its center [Fig. 7(b)].  

The absorption efficiency 

𝜂𝜂 = 𝑃𝑃𝑑𝑑
𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

,           (3) 

which is defined as the ratio between the power dissipated in 
the gold Pd and the overall losses Ploss, gives a direct 
measurement of the capacity of the gold to transform the lost 
power into heat. Note that Ploss includes the loss due to radiated 
light and back reflection due to mode mismatch at the input and 
output sections of the SPP waveguide. In Fig. 7(c), the 
simulated losses efficiency is shown, highlighting how the 
absorption of the TM mode (orange) exhibits both the 
oscillations mentioned previously: the fast fluctuations due to 
the Fabry-Perot cavity are superimposed on the wide 
oscillations due to the coupling of the SPP propagating modes. 
For short lengths, Ploss is dominated by the coupling mismatch 
and η is only about 10%. As the length increases the coupling 
losses remain constant but Pd increases and so does η. An 
efficiency of 42.5% is achieved for the TM mode at L = 2.3 µm. 
Notably in this working point, η is 1.7 times bigger than the 
value observed for TE propagation (about 25%), demonstrating 
the benefit of SPP propagation. The absorption efficiency 
increases up to 50.4% at L = 4.7 µm, which coincides with the 
second transmittance peak. This is a remarkable result since 
there are lengths for which the transmitted optical power and 
gold absorptance are maximum. The absorption efficiency is 
limited by the coupling losses and the mismatch between the 
waveguide mode and the SPPs modes, and it can be further 
improved by introducing a mode adapter at the input/output 
sections of the plasmonic waveguide.  

 

  
Fig. 7. Front (a) and lateral (b) view of the simulated power dissipated density.  
(c) Absorbance efficiency η, defined as the ratio between the power dissipated 
in the gold strip and the overall loss of the SPD versus the detector length L for 
TE (blue) and TM (orange) modes. 
 

 
 

Fig. 8. Schematic of the SPD. 
 

B. THERMO-ELECTRICAL ANALYSIS  
In the proposed photothermal detector, the optical power 
dissipated by the metal of the SPP waveguide causes a 
temperature variation that induces the bolometric effect [10]. 
By measuring the change of the voltage drop due to the 
variation of the metal's resistance, it is possible to measure the 
optical power in the waveguide.  

Figure 8 shows a top-view schematic of the complete device. 
The metal structure of the SPD is designed in order to enable 
the measurement of the light-induced temperature variation of 
the metal strip by means of a 4-probe technique. A small current 
Is is forced between the two pads on the left, while a light-
dependent voltage change ΔV is measured with a high-
impedance amplifier across the two pads on the right. The 4-
probes measurement allows to minimize the effect of the 
parasitic series resistance of the bonding wires and pads. 
Furthermore, a lock-in readout scheme is preferred for the 
readout, allowing to minimize the contribution of the 1/f noise 
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of the preamplifier, maximizing in this way the sensitivity of 
the power monitor. For the design optimization of the electronic 
access to the detector, we varied the width of the sensing track 
Wtr from 200 nm to 1600 nm. A narrow width Wtr increases the 
equivalent thermal resistance from the plasmonic waveguide to 
the contact pads in such a way that, even though gold is a good 
thermal conductor, heat does not spread through the sensing 
tracks and remains mostly localized around the waveguide. 
Therefore, the smaller Wtr, the larger is the thermal resistance 
Rth, and hence the temperature variation. The temperature 
profile along the detector is presented in Fig. 9 for an input TM 
mode with a power Pin = 1 mW, reference room temperature 
(that is 25°C for Pin = 0). We considered two different lengths 
L of the detector and two different widths of the arms Wtr. For 
Wtr = 200 nm and L = 1.6 µm, we obtain a peak around 40°C, 
which is 15 °C higher than room temperature. These results also 
provide an optimal length for the sensing tracks as no 
temperature variation is observed after 10 µm (Wtr = 200 nm) 
or 20 µm (Wtr = 1600 nm). 
 

 
 

Fig. 9. Transversal SPD temperature profile for an input power Pin = 1 mW.  
 
The thermoelectric performance of the proposed plasmonic 
detector is characterized by its responsivity Rd, defined as  
 

𝑅𝑅𝑑𝑑 = ΔV
𝑃𝑃𝑑𝑑

 ,           (4) 

where ΔV is the voltage difference observed when a current Is 
is forced through the circuit, and  
 

Δ𝑉𝑉  =  𝐼𝐼𝑠𝑠 Δ𝑅𝑅  =  𝐼𝐼𝑠𝑠 𝑅𝑅0 𝛼𝛼 Δ𝑇𝑇,     (5) 
 

where R0 is the resistance of the detector at reference room 
temperature and α is the temperature coefficient of the 
resistance of the gold. 

Figure 10 shows the simulated voltage variation ΔV versus 
the optical power Pin at the input section of the detector. A 
temperature coefficient resistance α = 3.4⋅10-3 [1/K] is 
considered. Simulations are performed when Is = 25 µA for Wtr 
= 200 nm (solid lines) and 1600 nm (dashed lines), and L = 1.6 
µm (blue) and 2.3 µm (orange). Since the temperature varies 
linearly with Pin, and the resistivity varies linearly with 
temperature, ΔV is directly proportional to Pin. The voltage 
variation is very sensitive to the track width, for which we have 

a factor of 5 between the slope of the curves with Wtr = 200 nm 
and 1600 nm; much less sensitivity is observed versus the 
detector length L, where the slope change is less than 15%. This 
behavior is due to the fact that the total electrical resistance is 
dominated by Wtr rather than by L. Since the absorbed optical 
power Pd increases with L, the best detector is not that with the 
smallest footprint, but that with the best compromise between 
the absorption efficiency η and the total electrical resistance, 
which is L = 2.3 µm and Wtr = 200 nm. 

 
Fig. 10. Simulated variation of the voltage drop across the SPD for increasing 
power in the waveguide Pin for Is = 25 µA. The detectors with Wtr = 200 nm 
perform around 5 times better than the ones with Wtr = 1600 nm. Fixing the 
width of the tracks, the longer detector performs better, given the longer 
absorbing region. 
 

III. TECHNOLOGY AND DEVICE FABRICATION  
All devices are fabricated on a 22 mm by 22 mm silicon chip 
covered by a 2 µm thick thermally grown SiO2 layer. The 
devices are produced by three consecutive steps of electron-
beam lithography. In the first step, the plasmonic gold detectors 
and their 4-probe addressing electrodes are patterned in a 
double-layer of PMMA (poly(methyl methacrylate)). This 
initial step is finalized by subsequent evaporation of a 3 nm Cr 
layer and a sub-40 nm Au film followed by a lift-off process. A 
370 nm amorphous TiO2 layer is then deposited on the entire 
chip by electron-beam evaporation of a suitable target material 
on a sample holder maintained at 470 °C.  Ellipsometry of this 
layer gives a refractive index of 2.2 at 1550 nm. The TiO2 PIC 
[18] including waveguides and grating couplers is patterned in 
a second electron-beam lithography step in a negative tone 
resist which is then used as a hard mask during the following 
inductively coupled plasma reactive ion etching (ICP-RIE) of 
the TiO2 layer. Here, we use a CF4 plasma (20sccm) with a 
radiofrequency power of 50W, and an ICP power of 200 W, 
under a pressure of 4.5 mTorr at 0 °C to etch the layer. The last 
electron-beam lithography step consists of realizing 
macroscopic pads for electrically contacting the device with an 
external control and measurement electronics. The pads are 
made of 10 nm thick Cr and 200 nm thick Au layers to insure 
mechanical robustness against wire bonding. The TiO2 
waveguides are 1200 nm-wide, 370 nm-high and 1.5 mm-long. 
A portion of such a waveguide and a dummy Au detector 
(without the sensing tracks) are shown in Fig. 11(a). In this 
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example, the length L of the detector placed under the 
waveguide is 1.6 µm by a width W of 3 µm. Figure 11(b) shows 
an overview of a detector fully connected to its four-probe 
electrode systems. 
 
 

 
Fig. 11. False color SEM photographs of the TiO2 testing PICs. (a) Dummy 
detector L = 1.6 µm and W = 3 µm placed underneath a TiO2 waveguide. (b) 
overview of the SPD and its addressing electrodes arranged in a 4-probe 
configuration. The yellow hue highlights the Au parts of the device. 
  

IV. EXPERIMENTAL RESULTS 
Light coupling into the chip was achieved by using vertically 
emitting grating couplers designed to operate on TM 
polarization. Straight waveguides integrating SPDs with 
increasing length L were fabricated to assess the insertion loss 
(IL) and the back reflections of the SPD. Fig. 12 shows the 
transmitted optical power Ptx versus L normalized to a reference 
all-dielectric waveguide (L= 0). Experimental data are averaged 
over a wavelength range from 1520 nm to 1580 nm, where the 
SPDs exhibit a flat spectral response, and the error bars indicate 
the standard deviation evaluated on several nominal identical 
samples. A very good agreement is found with numerical 
simulations (data from Fig. 5 are reported in dB-scale for a 
direct comparison) on the position of the minimum 
transmission (around 1.1 µm) and the maximum transmission 
(2.2 µm). The insertion loss in the transmission maxima (5.5 
dB) is higher than the value expected from simulations (2.5 dB); 
we believe that this is caused by some scattering loss in the 
plasmonic waveguide due to surface roughness at the metal-
dielectric interface. The back reflection of each SPD was 
measured by using coherent optical frequency domain 
reflectometry (OFDR) [19] and amounts to –17 (± 0.7) dB, in 
agreement with electromagnetic simulations. This means that 
mode adapters from the dielectric to the plasmonic waveguide 
are not necessary, even though they could reduce the scattering 
loss.  

Fig. 13 shows the light-dependent change of the voltage ΔV 
across the SPD, as measured by a lock-in scheme, for increasing 
power Pin in the waveguide, when a current Is = 25 μA is 
applied. Is is constant and does not change when light travels 
through the waveguide, nor when the optical power gets 
dissipated in the gold. Also, being 25 µA and the optical power 
inside the WG > -20 dBm, the dissipated power due to the light 
is 2 orders of magnitude higher than that due to Is. For these 
reasons, any possible thermal effect caused by Is is negligible. 
In agreement with the numerical results of Fig. 10, ΔV increases 
linearly versus Pin. The responsivity Rd, which is given by the 
slope of the linear fit (red), is equal to 7.5 μV/mW in good 
agreement with simulations of Fig. 10. With the lock-in 

amplifier bandwidth set to 1 Hz, the minimum detectable power 
is about -20 dBm, which corresponds to a voltage change ΔV  =  
75 nV, that is induced by a temperature increase by only 1.75e-
3 °C. The detector sensitivity can be extended to lower optical 
power by increasing Is, the limit being given by the current 
handling capability of the thin arms of the detector, which in 
our case is about 250 µA. With this supply current we were able 
to measure a minimum optical power of -30 dBm in the 
waveguide. In the considered device the dynamic range is 
restricted to 15 dB by the maximum power in the waveguide 
(Pin = 0.75 mW), which is limited by the coupling efficiency of 
the grating couplers (13 dB loss each). 
 
 

 
 
 Fig. 12. Normalized transmitted power vs. SPD length for TM mode. The 
experimental curve (blue) is in good agreement with FEM simulation (orange). 
 

 
 
Fig. 13. Measured responsivity of the SPD for Is = 25 µA. The voltage is linear 
w.r.t the optical power and the responsivity equals 7.5 μV/mW 
 

The time response of the SPD is shown in Fig. 14. It was 
measured by modulating the input light with a square wave at 
20 kHz and reading the detector voltage ΔV with an 
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oscilloscope triggered by the modulating signal. The time 
constant of the detector response (red curve), which is defined 
as the time it takes for the system step response to reach  
1 - e-1 ≈ 63.2% of its final value, is about 1.2 µs which 
corresponds to a bandwidth of about 132 kHz. The measured 
response is in very good agreement with simulations (yellow 
curve) performed by using a time-dependent FEM model, 
showing a time response of 1.1 µs. The limit to the SPD speed 
is set by the heat capacity of the dielectrics and the gold’s 
resistivity thermal constant (the electronics response in blue). 
 

 
 

Fig. 14. Normalized time response of the SPD. In blue, the response time of the 
SPD when electronically and in orange when optically excited. In yellow, the 
simulated response time. 

 

V. CONCLUSION  
In conclusion, we demonstrated the possibility of monitoring 
the light intensity in TiO2 waveguides by exploiting 
photothermal effect in a multimode SPD. By optimising the 
geometry of the device, we exploited constructive interference 
of the SPP modes in order to minimize the coupling loss at the 
dielectric-plasmonic waveguide interface and optimize the 
absorption efficiency in the metal. This allows an absorption 
efficiency, and hence a photothermal response, that is 1.7 times 
bigger than the value observed for TE propagation, where SPP 
propagation is inhibited. As a result, the fabricated device, 
which is extremely compact in size (1.6-μm-long), exhibits a 
sensitivity (−20 dBm) and a time response (>100 kHz) that 
fulfils the requirements for implementing monitor and control 
operations in PICs. The SPD insertion loss, which is about 5 dB 
in the fabricated devices (2 dB in simulations) can be 
substantially reduced by introducing a mode adapter at the 
input/output sections of the plasmonic waveguide [20]. The 
fabrication process is extremely simple and versatile since it can 
be ported to any dielectric waveguide platform, where 
monolithic integration of semiconductor photodetectors is not a 
viable approach.   
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