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Thermal Analysis of InP Lasers Transfer Printed to
Silicon Photonics Substrates
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Abstract—The thermal performance of Fabry–Perot InP lasers
integrated onto different silicon photonics substrates by micro-
transfer printing is assessed. 500-µm-long ridge waveguide lasers
on the original 350-µm-thick InP have an experimental thermal
impedance, ZEXP , of 57 K/W that is reduced to 38 K/W after
printing to a 500-µm-thick Si substrate. ZEXP for lasers printed
on silicon-on-insulator wafers is ∼94 K/W, which is more than
two times higher than that of the laser printed on the Si substrate.
ZEXP of lasers printed on thermally insulating layers like benzocy-
clobutene (BCB) or SiO2 increases with the thickness of the layer.
BCB adhesive layers as thin as 50 nm limit ZEXP to be greater
than 55 K/W. The thermal properties for the different situations
were modeled using finite-element simulations which confirmed the
experimental results within 10% accuracy. The simulations show
how changes in the geometry and the materials of the integration
platform can influence the resulting thermal impedance.

Index Terms—Heterogeneous integration, III–V semiconductor
laser, silicon photonics, thermal management.

I. INTRODUCTION

THE interest in silicon photonics has grown quickly in the
last decade because of the possibility to use the high-

volume manufacturing of the CMOS microelectronics industry
[1], [2] for low-cost photonic circuits. The preferred Silicon-on-
Insulator (SOI) platform of 220 nm of Si on 2 μm of SiO2 on a
silicon substrate offers compact waveguides thanks to the high
refractive index contrast between the silicon waveguide core and
the cladding. The need for integrating active photonic devices
on SOI has been successfully accomplished by die/wafer bond-
ing [3]–[8] and more recently by micro-transfer-printing (μTP)
[9]–[11]. In particular, InP-based Fabry-Perot and DFB lasers,
LEDs, and photodiodes have been heterogeneously integrated
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with silicon photonics by using μTP [12]–[15]. There is grow-
ing interest in μTP due to its placement accuracy combined with
high-throughput parallel transfer [16]–[18]. With μTP, devices
can be pre-fabricated completely in high dense arrays before
transfer, improving material usage and enabling known-good-
die methods. Arrays of III-V material structures of the desired
dimensions can be also transfer-printed and post-processed after
their attachment onto the new platform. μTP allows for integra-
tion onto both rigid and flexible substrates with and without
adhesive layers [19], [20].

Thermal issues can be critical for lasers operating on silicon
photonics [21]. The heat generated by an integrated laser will
increase the temperature of the active region shifting its wave-
length and reducing its efficiency. The heat will also affect the
platform on which the device operates through, for example,
the resultant temperature distribution changing the properties of
many devices (e.g., ring resonators, phase modulators) through
the temperature dependence of the refractive index of silicon. In
fact, while silicon is an excellent thermal conductor with thermal
conductivity, σSi ∼130 Wm−1K−1, the buried oxide in the SOI
has poor thermal conductivity of σSiO2 ∼1.4 Wm−1K−1. Since
this represents an issue for the operation of the active devices on
the SOI, the integration of III-V lasers requires careful attention
of the system geometry and the materials involved to manage the
heat produced [22]–[24]. In the die bonding approach the heat
should be dissipated through the buried oxide layer, so thermal
shunts, metallic vias and trenches have been applied to sink the
heat from the device to the Si substrate along preferential paths
[24]–[26]. This approach involves a high level of complexity in
fabrication, especially after the integration of the III-V to the
SOI. In particular, in the case of evanescent coupling the use of
thermal shunts is limited by the width of the die and the inter-
action with the light in the SOI waveguide. Another possibility
consists in bonding the III-V laser die upside down on a metal
sub-mount in contact with the Si substrate while achieving light
coupling to the SOI waveguide by gratings [4], [27]. A different
approach is to sink the heat to the substrate by μTP of the de-
vices inside a trench on the SOI directly on the silicon substrate
and then edge coupling the light to the waveguides [28], [29].

In this work, we present experimental data and thermal anal-
ysis (Section III) of InP lasers heterogeneously integrated to
different substrates by μTP. In particular, we compare the ther-
mal impedance of lasers directly printed on SOI and on a Si
substrate. We also investigate the influence of different interme-
diate layers between the transferred laser and the substrate on

0733-8724 © 2018 IEEE. Translations and content mining are permitted for academic research only. Personal use is also permitted, but republication/redistribution
requires IEEE permission. See http://www.ieee.org/publications standards/publications/rights/index.html for more information.

https://orcid.org/0000-0002-9511-3344
https://orcid.org/0000-0002-1733-4918
https://orcid.org/0000-0003-3974-347X
https://orcid.org/0000-0002-9002-8212
mailto:ruggero.loi@tyndall.ie
mailto:james.ocallaghan@tyndall.ie
mailto:james.ocallaghan@tyndall.ie
mailto:brendan.roycroft@tyndall.ie
mailto:zhiheng.quan@tyndall.ie
mailto:zhiheng.quan@tyndall.ie
mailto:kevin.thomas@tyndall.ie
mailto:agnieszka.gocalinska@tyndall.ie
mailto:emanuele.pelucchi@tyndall.ie
mailto:emanuele.pelucchi@tyndall.ie
mailto:brian.corbett@tyndall.ie
mailto:ajosetrindade@x-celeprint.com
mailto:cbower@x-celeprint.com


5936 JOURNAL OF LIGHTWAVE TECHNOLOGY, VOL. 36, NO. 24, DECEMBER 15, 2018

the thermal impedance. In Section IV we compare the measured
thermal impedance with simulations and show how changes in
the geometry and the materials of the system can influence the
thermal impedance.

II. EXPERIMENTAL

A. Laser Devices

The metal-organic vapor phase epitaxy (MOVPE) grown
layer structure of the laser is as used in our previous work [30].
A 6 quantum well active region is embedded in a step index
waveguide of 336 nm total thickness. The waveguide is clad
by 1.5-μm-thick n- and p- doped InP, a cap layer of p-doped
InGaAs allows electrical contacting on the p-side. The bottom
of the active region is 1615 nm from the 500-nm-thick InAlAs
sacrificial layer which is included between the substrate and the
n-InP cladding layer of the laser allowing for the release of the
devices from the native InP wafer. The mode overlap is 6.6%
with the quantum wells. The transverse mode reaches 0.5 μm
into the InP cladding layers making the mode independent of the
contact layer or the substrate. This epitaxial structure is suitable
for edge coupling to a silicon or other waveguide.

The micro-transfer-printable lasers are completely pre-
fabricated on the source InP wafer as dense arrays (about 1,000
devices per cm2) of 550 μm long and 60 μm or 80 μm wide
coupons and are aligned along the major flat of the wafer. A
500 μm long laser cavity has a high reflection coated facet
(metal mirror) and an emitting facet passivated by an optically
neutral SiO2 layer. A 2.5 μm wide ridge etched just above the
active region confines the light laterally. The fabrication of the
lasers includes the steps for preparing the coupons to the under-
cut and the μTP [12], [30]. The devices are encapsulated with
a passivation layer in order to protect the III-V material during
the undercut. A resist tethering system restrains the coupons to
the InP substrate holding them in place during the undercut [see
Fig. 1a]. The coupons are released from their native substrate
by selectively etching the InAlAs sacrificial layer in FeCl3 :H2O
(1:2) [see Fig. 1b] kept at 1.0 ± 0.1 °C as to maximize the etch
selectivity with InP. The final result is a chip of suspended de-
vice coupons ready to be picked up and transfer-printed to the
new substrate [see Fig. 1(c)]. The devices were transfer-printed
epitaxial side up to Si and SOI substrates, to a Ti : Au (10 nm
: 150 nm) coated Si substrate and to a SiO2 coated Si substrate
by exploiting direct van der Waals adhesion (also known as
adhesive-less or direct print). Lasers were also printed on Si
and AlN substrates by using an intermediate adhesive layer of
benzocyclobutene (BCB) with thickness ranging from 50 nm to
1.2 μm. The yield of the transfer-printed device was >90% for
both pick up and print.

B. Measurement Setup

The experimental setup used for thermal characterization al-
lowed the extraction of light-current (L-I) and voltage-current
(V-I) characteristics in continuous wave (CW) and pulsed wave
(PW). Several devices were tested in each experiment to vali-
date that the reported values are representative of a particular

Fig. 1. (a) Cross-section of a laser coupon fabricated on the InP wafer contain-
ing the InAlAs sacrificial layer and anchored to the substrate by a resist tether
structure. (b) The undercut in FeCl3 :H2 O results in suspended coupons ready
for micro-transfer-printing. (c) In μTP a PDMS stamp collects the devices from
the original wafer and releases them to the target substrate. (d) Scanning electron
microscope image of a laser printed on a Si substrate, the main components of
the device are indicated.

process. The InP chip and the substrates with the transferred
devices were mounted on a copper heat sink with an interme-
diate layer of thermally conductive paste. The heat sink was in
contact with a thermoelectric cooler managed by a temperature
controller. The light from the device was collected by a high
numerical aperture lens and a 3 mm diameter Ge photodiode
or a multimode optical fiber connected to an optical spectrum
analyzer (OSA). The OSA allowed monitoring of the individ-
ual Fabry-Perot modes and their wavelength shifts due to the
temperature dependence of the effective refractive index while
varying the temperature of the stage and the electrical power
injected into the laser.

III. LASER CHARACTERIZATION

The lasers were characterized electro-optically and thermally
on chip (before the undercut) and after transfer-printing to dif-
ferent substrates. The devices show a threshold current Ith of
16 mA at room temperature [see Fig. 2a] and series resistance,
RS of 8 Ω. The emitted light power is up to 20 mW at 200 mA
depending on the substrate. The free spectral range, Δλ, of the
longitudinal modes is measured to be 0.66 nm as expected for a
cavity length of 500 μm.

The intrinsic thermal properties of the lasers and the heat sink-
ing properties of the hybrid system were assessed by measure-
ment of the characteristic temperature and thermal impedance of
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Fig. 2. (a) Pulsed L-Is for stage temperatures between 20–120 °C before μTP,
and (b) logarithm of the threshold current against temperature.

Fig. 3. Comparison of CW – L-Is for etched facet lasers on-chip and printed
on Si. The light power before μTP is normalized to those printed on Si as
the on-chip light collection is compromised by the adjacent devices. The inset
shows the spectra of the laser on chip at 20 °C and 90 °C while operating at
100 mA.

the lasers before and after μTP to different substrates. The anal-
ysis of the threshold current at different temperatures permits
the extraction of the characteristic temperature, T0 , according
to Eq. 1:

Ith = I0e
T /T0 ⇒ T0 =

ΔT

Δln (Ith)
(1)

Where, Ith is the threshold current, I0 is a fitting parameter,
T is the temperature of the stage and T0 is the characteristic
temperature. High values of T0 imply that the threshold current
density of the device increases less with temperature. III-V laser
diodes usually show T0 in the range 50–100 K. T0 was calcu-
lated from the L-I characteristics before μTP [see Fig. 2(a)] and
by applying Eq. 1 in the range of temperatures 20 °C–90 °C
[see Fig. 2(b)]. The measurements were performed in pulsed
mode with 2% duty cycle and pulse width of 500 ns to ensure
limited additional heating. The characteristic temperature of the
laser is determined to be T0 ∼ 67 K. The redshift of the main
emission peak when operating in CW is about 46 nm over 20
°C to 90 °C or 0.65 nm/°C, the corresponding shift in bandgap
is about 23 meV [see Fig. 3 inset]. The thermal impedance
quantifies the temperature rise of the laser junction for a given
input power and thus how efficiently the heat can be removed
to the heat sink. The experimental thermal impedance, ZEXP ,
can be determined by comparing the shift in wavelength for an
individual longitudinal mode as a function of injected electrical
power at room temperature, Δλ/ΔP, to the wavelength shift of

TABLE I
EXPERIMENTAL THERMAL IMPEDANCES OF LASERS ON THE ORIGINAL INP
SUBSTRATE AND TRANSFER-PRINTED ON DIFFERENT TARGET SUBSTRATES

an individual longitudinal mode given by a change in the stage
temperature at a constant injected current Δλ/ΔT [Eq. 2]:

ZEX P =
Δλ

ΔP
/

Δλ

ΔT
(2)

Δλ/ΔT is measured in pulsed mode in order to ensure that
there is minimal device heating other than that provided by the
temperature controlled stage. Due to the shift of Ith at higher
temperatures, the measurements are done at a current of 100 mA
(well above threshold at room temperature) in order to ensure
enough light is emitted by the laser at high temperatures. Δλ/ΔT
is measured to be 0.102 ± 0.004 nm/K. The Δλ/ΔP set of
measurements are performed in CW. In all the experiments a
single longitudinal mode in the laser spectrum is monitored. The
experimental thermal impedance, ZEXP , of the lasers on-chip
and printed on different substrates are reported in Table I. The
lasers on the source InP wafer (before μTP) have a measured
ZEXP at 57 K/W. Lasers that are printed directly on bare Si
show lower values of ZEXP at 38 K/W, in this case the threshold
current is similar to the devices on chip indicating there are no
negative effects introduced on the device by μTP [see Fig. 3].

The devices printed on a Ti : Au (10 nm : 150 nm) coated
Si substrate show the lowest ZEXP of 37 K/W. In particular,
the introduction of this layer allows for potential electrical
connections through the bottom side of the laser. The thermal
impedance of devices printed on an adhesive or thermally insu-
lating intermediate layer such as BCB or SiO2 increases with
the thickness of this layer. Lasers printed on SOI have ZEXP
of 94 K/W which is more than twice that of the devices on a
500 μm thick Si substrate. As the substrate material is highly
influential on the resulting thermal impedance, some lasers were
printed on AlN which is known to have high thermal conductiv-
ity with values depending on its preparation method. Here we
used a 650 μm thick AlN substrate (σ = 170 Wm−1K−1) with
surface roughness of 30 nm and up to 60 nm high grains that
required a 60 nm thick BCB adhesive layer in order to bond the
laser to the substrate. In this case, the thermal impedance was
still comparable to the devices on chip and measured at ZEXP =
52 K/W. This experiment underlines once again the importance
of having highly flat and smooth bonding surfaces in order to
obtain adhesive-less printed devices and the best thermal sinking
to the substrate [12].
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Fig. 4. Cross section of the InP laser printed on a Si substrate (scale 1:1)
and the simulated 2D-temperature distribution. Tm ax = 27.4 °C is reached at
100 mA and 2 V bias.

IV. SIMULATIONS

The junction temperature, Tmax , of a laser depends on the
amount of heat that is generated, on the location of the heat
source, by the heat sink and the ambient temperature. Important
parameters in the determination of Tmax are the thermal conduc-
tivities and the geometry of the surrounding layers (including
contact and passivation layers) and components (substrate, sub-
mount, etc.). The heat generated by the laser is due to Joule
heating associated to the series resistance of the device and by
non-radiative processes such as Auger recombination and free
carrier absorption which generate heat mainly in the active re-
gion or in the adjacent p- cladding layer [31], [32].

Here we consider a 500 μm long active region with cross
section of 2.500× 0.106 μm2 as the source of power dissipation.
This region is positioned under the ridge and above the 115 nm
thick cladding layer and the 1.5 μm thick n-InP layer as in the
real laser. We use σ = 68 Wm−1K−1 for the whole epitaxial
structure. If we include the lower thermal conductivity of the
active region in the model, the increase in Zt is simulated to be
0.5 K/W for the laser printed on Si. The model considers a SiO2
encapsulation layer which insulates the device at the top side
making the heat dissipation possible only through the bottom
surface, although this is not completely accurate as some heat
could spread through the probes used for contacting the devices
or in the surrounding air. The heat transfer characteristics of the
laser were modeled using COMSOL [33] which uses Fourier’s
law of heat conduction to calculate the 2D steady state heat flow:

q = −σ · ∇T (3)

Where q is the heat flux, σ the thermal conductivity tensor
and �T is the thermal gradient between the heat source and
the heat sink. The Finite Element Model (FEM) provides 2-D
cross-sectional temperature distributions for the laser on-chip
and printed on the diverse platforms. The cross-section and the
dimensions of the heterogeneous laser used in the model are
illustrated in Fig. 4. They match the geometry of the lasers mea-
sured. The thermal conductivity used for modeling the different
materials is indicated in Table II.

TABLE II
THERMAL CONDUCTIVITY, σ, OF THE MATERIALS USED IN THE MODEL

TABLE III
COMPARISON OF THE EXPERIMENTAL, ZEXP , AND THE MODELED, Zt ,
THERMAL IMPEDANCES FOR THE LASERS PRINTED ONTO DIFFERENT

PLATFORMS

Each laser configuration is characterized by its theoretical
thermal impedance, Zt , which is approximated by the simplified
steady-state analytic expression:

Zt =
ΔT

ΔP
=

Tmax − T

Pel − Popt
(4)

where ΔT is the temperature variation induced by the heating.
Tmax is the maximum temperature in the device and T is the tem-
perature of the heat sink. ΔP approximates the heat generated
in the junction per unit time and is given by subtracting the op-
tical power emitted by the device, Popt , from the total electrical
power, Pel , injected into the device. Pel and Popt are calculated
from the experimental V-I and L-I characteristics. Pel is much
larger than Popt – the best lasers at this wavelength range have
wall plug efficiencies < 30% – and gives the strongest con-
tribution to the determination of the thermal impedance. This
highlights why heat management is a significant issue even for
the most efficient laser devices. Finally, the simulations provide
Tmax for each configuration and Eq. (4) allows the calculation
of the thermal impedance. Table III compares the simulated
and the experimental thermal impedances. All the Zt values are
calculated for the laser operating at 100 mA and for the heat
sink temperature at 20 °C. For currents lower than ∼50 mA,
the simulated ΔP is not linearly dependent on the injected cur-
rent, due to its calculation from the experimental V-I and L-I
curves. In this case Eq. 4 is not reliable for the calculation of Zt
[see Fig. 5].

A 500 μm long laser on the original 350 μm thick
InP substrate before undercut has a simulated Tmax =
29.3 °C when operating at 100 mA. Considering an esti-
mated thermal conductivity of the InAlAs layer, σ(InAlAs)∼15
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Fig. 5. Experimental L-I and V-I characteristics for the laser printed on
Au-coated Si along with the simulated Tm ax and Zt . For currents higher than
50 mA, Zt is within 0.2 K/W of its asymptotic value. The actual device exhibits
threshold of ∼16 mA, emitted light power >20 mW at 200 mA and a series
resistance of 8 Ω.

Wm−1K−1 [34], [35], Zt is calculated to be 60.5 K/W.
The same laser without the InAlAs sacrificial layer would
have Zt = 57.3 K/W. The thermal impedance for lasers
printed directly on a 500 μm thick Si substrate is 38 K/W
and is reduced to 37.5 K/W with a Ti : Au (10 nm :
150 nm) intermediate layer. Adhesive-lessly printing the laser
to a 650 μm thick AlN substrate (σ(AlN)∼170 Wm−1K−1)
should give Zt = 32.9 K/W if ideal bonding can be
achieved. With a 60 nm BCB adhesive layer Zt rises to
52.4 K/W.

If a 50 nm or 1 μm thick SiO2 layer is interposed between
the device and a Si substrate the simulated thermal impedance
is respectively 42.7 K/W and 82.7 K/W. In particular, a laser
printed on the 220 nm thick Si waveguiding layer on top of
a 2 μm buried oxide and a 770 μm Si substrate (SOI) would
have Zt = 104.8 K/W. The same laser printed directly on the
770 μm thick Si substrate of the SOI would have a reduced
thermal impedance of 40.1 K/W. In the case where a 50 nm
or a 1.2 μm thick adhesive BCB layers is used to bond a laser
to a 500 μm thick Si substrate, Zt is expected to be 54.0 K/W
and 205.7 K/W respectively. The simulation results are within
10% of our experimental results. Differences between experi-
ment and model can be ascribed to less-than-optimum adhesion
to the substrate given by interface roughness or to a difference
in layer thicknesses. Heat spreading through the metal probes
can also become significant, especially for situations with high
thermal impedance to the substrate. Changes in the geometry of
the hybrid system have been investigated in order to understand
their effects on the thermal impedance. Lasers transfer-printed
to highly thermally conductive substrates such as Si or AlN of-
fer superior thermal impedance compared to those on the native
InP [see Fig. 6(a)]. Consequently, a lower limit for the ther-
mal impedance of a heterogeneously integrated laser is set by
the substrate, in particular by its thermal conductivity and only
partially by its thickness (usually >350 μm). The variation of
Zt with the thickness of diverse intermediate layers between
the Si substrate and the devices is reported in Fig. 6(b). Thick,
highly thermally conductive intermediate layers only slightly
enhance the thermal sink properties of the system while insulat-

ing layers reduce the heat sinking as their thicknesses increases.
In particular, the simulation shows how a BCB layer thinner
than 50 nm would reduce the Zt of the integrated device. The
lasers printed on top of an SOI wafer have shown more than
twice the thermal impedance of those printed directly on the Si
substrate. As shown in Fig. 6(c), the cross-sectional tempera-
ture profile of the SOI indicates that the heat tends to spread
sideways and preferentially along the Si waveguiding layer po-
tentially affecting other elements on the integration platform
located at up to 100 μm far from the ridge. This is due to the
insulating properties of the buried oxide. This issue could be
addressed by defining thermally insulating trenches around the
laser in order to channel the heat downwards but this would
lead to a few K/W increase in Zt . Moreover, the arrangement
of such trenches at the front and the back facet can be difficult
especially if the SOI waveguide lies under the device as in the
case of evanescently coupled devices. Printing the laser source
directly on the substrate of the SOI offers a lower Zt with an-
other advantage being due to the thermal insulating properties
of the buried oxide which prevents the heat to reflow up towards
the Si waveguiding layer and the other components on it. In the
case of adhesive-less printing, Zt decreases by a few K/W if the
active region is closer than 3 μm to the substrate by thinning the
n-InP layer. For standard edge coupled laser designs the thick-
ness of this layer must be greater than 1.5 μm in order to avoid
any modal interaction with the Si substrate [10], [12]. On the
other hand, if a thermally insulating layer is interposed between
the printed device and the substrate then a thicker n-InP layer
lowers the heat density in the device reducing Tmax and then Zt
[see Fig. 6(d)].

Scaling analysis keeping the injection current constant shows
that Zt decreases inversely to the cavity length since the heat
generation per unit area is correspondingly lower [see Fig. 7(a)].
In the case the current density is kept constant while varying the
cavity length, the Zt variation with the cavity length is even
stronger. Zt variations with the cavity length are reduced for
lasers longer than 1 mm in both cases. A 1 mm device shows
a simulated thermal impedance of 18.6 K/W. If the lasers are
printed on an intermediate or adhesive insulating layer the vari-
ation in Zt with cavity length is stronger, especially for cavity
lengths <1 mm [see Fig. 7(b)]. More generally, the thermal
impedance of longer devices is less affected by the material
and the thickness of the intermediate layer. While Zt is lower
for longer devices the absolute heat generated and the elec-
trical power injected in a long laser may be higher than for
shorter lasers due to the reduced slope efficiency of longer de-
vices. It is important to find the right balance between the total
heat produced by the device, the electrical power and the cav-
ity length according with the final application. Changes in the
laser coupon width were studied for lasers with the ridge in the
center of the coupon and no n-contact recess [Fig. 7(c) inset].
Adhesive-lessly printed coupons wider than 60 μm exhibit a
reduction of Zt <1 K/W [see Fig. 7(c)]. Reduction in Zt with
the width of the coupon is more evident for devices printed on
thick insulating layers like SiO2 or BCB [see Fig. 7(d)]. For
a laser with electrical contacts on the top side, the distance of
the n-contact recess to the active ridge only marginally affects
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Fig. 6. (a) Variation in Zt with the substrate thickness for lasers on-chip and adhesive-lessly printed onto Si and AlN substrates. (b) Zt dependence on the
thickness of Au, SiO2 or BCB layers interposed between the device and a 500 μm thick Si substrate. (c) Temperature profile along the different layers of the SOI
when the laser is in operation. The inset shows a 2D-temperature profile (using the log-scale for distance) graphically illustrating the lateral heat spreading. (d) Zt
dependence on the thickness of the n-InP layer for different substrate configurations.

Fig. 7. (a) Zt dependence on cavity length for devices printed on highly thermally conductive substrates and (b) on thermally insulating interface layers. (c) Zt
versus width for coupons adhesive-lessly printed on highly thermally conductive substrates and (d) with thermally insulating interface layers.
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the thermal impedance of devices adhesive-less printed on Si or
AlN, but can have an effect as large as a few K/W on devices
printed on thermally insulating layers because of the higher lat-
eral heat spreading. Increased thickness of the p-contact metal
and reduced thickness of the dielectric layer used for passivation
of the coupon can potentially reduce Zt further. In order to es-
timate such reduction, the heat exchange to the surrounding air
must be included in the model [22]. Use of metallic thermal vias
from the top of the devices to the underlying substrate is also
an option for reducing Zt of devices printed on the thermally
insulating layers.

V. CONCLUSIONS

Our 500 μm long etched-facet transferable ridge lasers have
shown threshold current of ∼16 mA, high light power and T0
of 67 K. The lasers have a measured thermal impedance of
38 K/W when transfer-printed directly on silicon which is a
30% improvement compared to those on-chip. The 2D-FEM
thermal model predicts Zt which is within 10% of the experi-
mental results. The model indicates that BCB adhesive layers
should be as thin as possible in order to achieve best thermal
sinking through the substrate. Thicker adhesive layers should be
carefully evaluated when a III-V laser needs to be incorporated
onto SOI, especially for short device lengths. Lasers transfer-
printed on the silicon substrate of a SOI wafer (Zt ∼40 K/W)
result in more than two times lower Zt than those printed on
the SOI side where Zt is ∼105 K/W. This integration approach
allowed by μTP could lead to conspicuous power savings and
reduced influence of the active devices on the other elements
in silicon photonics integrated circuits especially when the plat-
form hosts a great amount of integrated devices close to each
other.
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