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Carrier cooling dynamics in hex-SiGe 
 
1. Introduction 
For integration into silicon photonics, a group IV laser consisting of either strained Ge1, GeSn2–8 or hex-
SiGe9 would be a logical choice. One of the fundamental differences between group IV lasers and their 
group III/V counterparts is however the absence of efficient carrier cooling by optical phonon emission 
due to the Fröhlich interaction in nonpolar group IV semiconductors10–12, as illustrated in Fig. 1. The 
Fröhlich interaction is present in a polar lattice since lattice  vibrations give rise to periodically 
oscillating charges which give rise to potential fields that interact with the photoexcited hot carriers. 
. 

 
Figure 1: Schematic representation of the difference in hot carrier cooling in polar and non-polar 
materials. In polar materials (a), the Fröhlich effect is the dominant cooling mechanism, inducing 
carrier-phonon scattering. In non-polar materials (b), the Fröhlich interaction is not present. Nonpolar 
deformation potential scattering is taking over as the dominant scattering mechanism, which, 
however, is not allowed in the s-type Γ-valley of the conduction band. 
 
In nonpolar semiconductors like cubic Ge, deformation potential scattering takes over as the dominant 
intravalley hot carrier cooling mechanism13–17. This scattering process, however, is predicted to be 
symmetry forbidden in an s-type Γ-valley18 in the conduction band. The reduction of carrier cooling 
could have major implications for the lasing application of direct-band gap Group IV semiconductors. 
 

  
Figure 2: Schematic representation of hot-carrier cooling in nonpolar semiconductors. A distinction is 
made between indirect bandgap semiconductors (a) such as Si or Ge, and direct bandgap (b) nonpolar 
semiconductors which are further subdivided into nonpolar semiconductors with a non-isolated Γ-valley 
such as strained cubic Ge and GeSn (with a not too high Sn composition) (I) and (II) nonpolar 
semiconductors with an isolated Γ-valley, which is the case for hex-SiGe. 
 
It is important to understand the peculiarities of carrier cooling in hex-SiGe as compared to other more 
well-known nonpolar semiconductors. In indirect non-polar semiconductors such as e.g. cubic Ge, 
carrier cooling is dominated by Γ → 𝐿𝐿 and 𝐿𝐿 → 𝐿𝐿 inter-valley deformation potential scattering as well  
as by intravalley deformation potential scattering in the satellite L-valleys as shown in Fig. 2a.  Similar 



behavior is observed in direct non-polar semiconductors with a non-isolated Γ-valley as shown in panel 
(I) of Fig. 2b. In a truly direct bandgap group IV semiconductor like hex-SiGe, which has indirect minima 
at the M-point or the U-point in reciprocal space19 (see Table I below), ultrafast carrier cooling will start 
with Γ → 𝑀𝑀, Γ → 𝑈𝑈 and 𝑀𝑀 → 𝑀𝑀,𝑈𝑈 → 𝑀𝑀 and 𝑈𝑈 → 𝑈𝑈 intervalley scattering, possibly followed by 
intravalley deformation potential scattering in the indirect M-valley  and U-valley. These processes are 
expected at a time scale below 100 femtosecond. In hex-SiGe, the much slower final cooling of 
electrons to the bottom of the conduction band should now take place in the Γ-valley.  
Carrier relaxation in an isolated Γ-valley in a nonpolar semiconductor has not been studied before and 
is a novel aspect of this report. There are 3 different mechanisms that might be responsible for cooling 
in the Γ-valley. (i) While the Si-Si and the Ge-Ge bonds in hex-SiGe are assumed to be completely 
nonpolar, the randomly distributed Si-Ge bonds in the hex-SiGe alloy are still slightly polar. Although 
the random distribution of the Si-Ge bonds is expected to suppress the creation of large charge 
distributions, we cannot exclude a small amount of polar optical phonon emission by the Fröhlich 
interaction. (ii) Optical phonon emission by deformation potential scattering in the valence band might 
be a relatively strong process. Once the holes have cooled down, the electrons will also cool down by 
electron-hole scattering. (iii) Since the conduction band of hex-SiGe in the Γ-valley is of mixed s-type 
and p-type character, deformation potential scattering in the conduction band is also a possible and 
yet unknown carrier relaxation mechanism.   
 
2. Experimental 
Measurements of the carrier dynamics in Ge, GeSn or hex-SiGe are difficult due to the emission in the 
infrared8,20,21. We have measured the time-resolved photoluminescence spectra of hex-SiGe by 
combining a Fourier transform spectrometer and time-correlated single photon-counting. With this 
self-assembled combination, we reach a spectral resolution of 7 nm combined with a temporal 
resolutions of 22 ps. Together, they have the same potential as a streak camera, but now in the mid-
infrared. This measurement is referred to as a time-resolved Fourier transform infrared (TR-FTIR) 
spectroscopy. 

 
Figure 3: Schematic drawing of the TR-FTIR micro-photoluminescence  set-up. 

 
The set-up allows for excitation at 1032 nm (1.2 eV) with a NKT photonics Origami femtosecond laser 
with pulses of <200 fs at 40 MHz repetition rate. The excitation beam is focused using a Cassegrain 
reflective objective with a magnification of 32 (NA=0.38) resulting in an excitation spot size with a 3μm 
diameter at the sample inside the cryostat . The small spot-size allows for the excitation of one single 
nanowire. This setup is therefore referred to as micro-PL. The sample is mounted on a helium cooled 
cryostat and all measurements are performed at 4K lattice temperature. The emitted PL signal is 
collected by the same Cassegrain objective and split from the excitation beam using a beam splitter. 
The laser reflection is filtered from the PL emission using a 1350 nm (0.92 eV) long pass (LP) filter after 
which it is used as an input for the NIREOS Gemini Fourier transform interferometer (FTIR). The 
(interfering) signal from the FTIR module is in-coupled into an SM2000 single-mode fiber, transporting 
it for detection using time correlated single photon counting (TCSPC). The Single Quantum 



superconducting nanowire single photon detector (SNSPD) has a ≳ 35% quantum efficiency at 1800 
nm and ≳ 5% quantum efficiency at 2300 nm, 30 ns deadtime and 22 ps jitter. We use a PicoQuant 
PicoHarp TCSPC module with 4 ps time resolution to record the time between the emission of the laser 
pulse and the first arrival of a PL emitted photon at the SNSPD. Binning and counting the time delays 
of all detected photons results in a statistical measurement of the PL intensity decay over time, as 
shown in Fig. 4a. The unique combination of the FTIR module and TCSPC detector allows us to measure 
the PL decay time as a function of excess energy (Fig. 4b) as well as the time resolved PL spectra  as a 
function time as shown in Fig. 4c. Altogether, the set-up covers a spectral window of 1350-2300 nm 
(0.54- 0.91 eV), determined by the cut-on of the LP filter and the drop in quantum efficiency of the 
SNSPD at long wavelengths. It provides a spectral resolution of 7 nm (limited by the FTIR module) and 
a time resolution of 22 ps (limited by the SNSPD).  

 
Figure 4: Example of a typical data set obtained by one TR-FTIR measurement. a) the 3D representation 
of intensity over time and energy. b) a stacked representation of cross sections of the date at different 
energies. The time domain represented is indicated by the vertical arrow in (a). c) a stacked 
representation of cross sections of the data at different times. The time domain represented is indicated 
by the horizontal arrow in (a). 
 
In this research hex-SiGe nanowires (NWs) are investigated with two different alloy compositions. The 
compositions of interest are hex−Si0.2Ge0.8 and hex−Si0.32Ge0.68. Theoretically predicted energy 
values19,22,23 of the conduction band minima of these two samples are displayed in Table I. 

   
Table I: Energy values of high symmetry points of hex−Si0.2Ge0.8 and hex−Si0.32Ge0.68. 

 
The corresponding band structure representations are displayed in Fig. 5. These samples are of interest 
for carrier cooling investigation since they allow for the comparison of carrier cooling dynamics in an 
isolated Γ-valley band structure (hex−Si0.2Ge0.8, Fig. 5a) to carrier cooling dynamics in a band structure 
where the Γ-valley is surrounded by closely energy matched satellite valleys (hex−Si0.32Ge0.68, Fig. 5b). 
Both alloy compositions have experimentally proven to show direct band gap behavior9. Furthermore, 
the samples are selected to have their PL emission spectrum well within the spectral window of the 
micro-PL set up.  

 
Table II: Dimensions of the hex−Si0.2Ge0.8  and hex−Si0.32Ge0.68  nanowires with wurtzite GaAs cores and 
hex-SiGe shells, as measured using scanning electron microscopy. The growth is similar as described 
in the Fadaly paper9. 



 
 
Figure 5: Schematic of band structure alignment of a hex−Si0.2Ge0.8  sample (a) and a hex−Si0.32Ge0.68 

sample (b). Energy values of the band minima correspond to the values displayed in Table I. For 
reference, the excitation energy is displayed by the grey arrow. 
 
Optical excitation with the 1.2eV laser source of the micro-PL setup, excites carriers far above the band 
gap energy for both alloy compositions. After excitation, the carriers have an excess energy of 0.65eV 
and 0.49eV for hex−Si0.2Ge0.8 and hex−Si0.32Ge0.68 respectively. The second conduction band  minimum 
(Γ7𝑐𝑐) is located at 1.01eV and 1.23eV for hex−Si0.2Ge0.8 and hex−Si0.32Ge0.68, respectively23. This indicates 
that the excitation energy is sufficient to excite electrons into the second conduction band of 
hex−Si0.2Ge0.8 but not of hex−Si0.32Ge0.68. 
 
We compare the carrier cooling dynamics in our hex-SiGe samples with those of a multiple-quantum 
well (MQW) InGaAs/InP sample, suitable for state-of-the-art quantum well-lasing applications. The 
InGaAs multiple quantum well consists of an the alternation of ∼30nm InGaAs barrier layers and ∼6nm 
InGaAs active layers emitting at 2 µm, nicely comparable to the hex-SiGe PL emission regime. 
Absorption can take place over the whole MQW structure as the excitation energy is above the band 
gap energy of the InGaAs buffer layers, resulting in a 625nm absorption thickness. 
Recently, MQW structures have received a lot of attention because of the pronounced hot-phonon 
effects. It is not clear what exact mechanism(s) are by which the carrier cooling rate is suppressed. 
Hypothesis are confinement of the hot carrier movement, or localization of phonons emitted by the 
hot carriers24–28. 
 
3.1       Three dimensional maps of the carrier cooling dynamics in InGaAs MQWs and hex-SiGe 
We first evaluate the operation of our setup by measuring time-resolved PL spectra from the InGaAs 
MQW sample at increasing excitation fluence, as shown in Fig. 6. This representation gives insight in 
both the spectral and time-resolved component of the PL emission. For the lowest fluence 
(0.004mJ/cm2) (a), the PL spectral peak is narrow over the whole measured time domain. With 
increasing excitation fluence, a high-energy tail arises at t = 0, quickly narrowing down over time. This 
behavior is explained as the radiative recombination of hot carriers before they are fully relaxed to the 
bottom of the conduction band. The high energy tail can thus be interpreted as an indication of the 
hot carrier distribution. In other materials, these processes take place on a < 100ps timescale. The 
observation that the hot carriers become distinguishable indicates a reduction of hot carrier cooling 
due to hot phonon effects that can be particularly strong in multiple quantum wells materials24–31. 
In all graphs, high-intensity spikes at determined energies are visible. This is likely a result of an aliasing 
issue, due to an imperfect apodization on the sharp emission, resulting in fringe peaks on either side 
of the main peak. No further attention is devoted to this effect. 
 



 
 
Figure 6: 3D representation of TR-FTIR measurements on the InGaAs MQW for increasing excitation 
fluence between 0.004mJ/cm2 (a) and 3.54mJ/cm2 (d). By increasing the excitation fluence, a high 
energy tail emission becomes apparent, indicating hot carriers in the material. 
 
Fig. 7 represents a 3D visualizations of TR-FTIR measurements of the hex-SiGe samples, at 3.54mJ/cm2 

excitation. Comparable to the InGaAs MQW sample, the hex−Si0.2Ge0.8 sample (Fig. 7a) shows high 
energy tail emission, indicating the existence of hot carriers. In the hex−Si0.32Ge0.68 sample (Fig. 7b), the 
high energy tail is also present, although a bit less pronounced. Likely, the spectrum of the 
hex−Si0.2Ge0.8 sample is more symmetric than visualized in Fig. 7a. This is not observable due to the cut 
on of the filter used (at 0.55eV), altering the spectral shape at the low energy side. The high-energy 
side of the spectrum remains unaltered by this effect. Since hot carrier cooling is visible in the high-
energy tail of the spectrum, this is not a major problem for the research presented here. 
 

 
Figure 7: 3D representation of TR-FTIR measurements on the hex−Si0.2Ge0.8 (a) and hex−Si0.32Ge0.68 b) 
sample after excitation with a laser fluence of 3.54mJ/cm2. The presence of high energy tail emission, 
comparable to the high fluence InGaAs MQW measurements in Fig. 6, indicates the existence of hot 
carriers in the system. 
 



3.2 Carrier cooling dynamics as a function of time 
Fig. 8a shows the evolution of the PL emission spectrum for hex−Si0.2Ge0.8 at 3.54mJ/cm2 excitation, as 
obtained from the TR-FTIR datasets shown in Fig. 7. The displayed time intervals are chosen on a 
logarithmic scale since most interesting behavior takes place at short time scales. At short time delays, 
a high energy emission tail is observed, which can be described by a Fermi Dirac distribution. This tail 
becomes steeper over time (indicated by a yellow arrow). This can be attributed to hot carrier cooling 
as a function time. 
We fit the time-resolved photoluminescence spectra 𝑗𝑗𝛾𝛾(ℏ𝜔𝜔) by Planck’s black-body radiation law which 
has been generalized by both Lasher and Stern32 and also by Würfel33 by 
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in which the constants are given by Katahara34. The LSW fit is applied on the spectra from the 80% max-
intensity point on the low-energy side of the spectrum, until the cut-on of the filter (at 0.92 eV). Lower 
energies < 80% intensity are not taken into account in order to prevent large contributions of variation 
in the fiber efficiency and detector cutoff. Furthermore, it prevents contributions of a possible Urbach 
tail, which is not taken into account in the fit function. The dashed lines in Fig. 8a represent the LSW 
fits applied to the data. 

 
Figure 8: (a) PL emission spectrum over time of the hex−Si0.2Ge0.8. The arrow indicates the effect of 
cooling of the carrier temperature over time. The dashed lines represent the Lasher Stern Wurfel fit. (b) 
Fitted carrier temperature as a function of time in both hex−Si0.2Ge0.8 (blue) and the InGaAs MQW 
(orange), together with the integrated PL intensity as a function of time.  



 
Application of the LSW fits on all spectra over time, provides us with the evolution of the carrier 
temperature as a function of time, or the energy loss rate35, in Fig. 8b. The dotted lines represent the 
integrated PL emission intensity over time. For both samples, a clear decrease in the carrier 
temperature  can be observed over time. The carrier temperature in hex−Si0.2Ge0.8 (blue) starts at an 
initial temperature of ∼ 851K and cools down to a temperature of ∼ 160K. The InGaAs MQW (orange) 
starts at an initial temperature of ∼200K, relaxing to a temperature of ∼ 24K, which is approximately 
the initial lattice temperature (∼10K). The behavior of the carrier temperature  over time will be 
extensively discussed later. For now, we first look at the other parameters we obtained from the 
model. 
 
3.3        Alloy composition dependence of the cooling dynamics 
A comparison of the evolution of the carrier temperature over time for the two hex-SiGe compositions 
is displayed in Fig. 9a. There is a large difference of ∼ 500K, in initial carrier temperature between both 
samples becomes visible (as indicated by the red-dashed line). We attribute this difference to the 
different electronic band structures of the two alloy ratios as displayed in Fig. 9b.  
In hex−Si0.32Ge0.68, similar to cubic-Ge, intervalley scattering allows for cooling almost to the bottom of 
the Γ-valley in the conduction band. This causes the carriers to relax to low temperatures (200-300K) 
in a short time (< 100fs). This relaxation is not visible in our measurements due to the limited temporal 
resolution of our setup.  
As introduced before, the isolated Γ valley of hex−Si0.2Ge0.8 is expected to limit the contribution of 
intervalley scattering. This causes the initially observed carrier temperature to be as high as 800K. The 
observation of an alloy-ratio dependent initial carrier temperature supports the hypothesis of a 
reduced contribution of intervalley scattering to the carrier relaxation dynamics in hex−Si0.2Ge0.8, 
featuring an isolated Γ-valley. The observed difference in initial temperature between hex−Si0.2Ge0.8  
and hex−Si0.32Ge0.68  value of 500 K translates to an energy of ∼0.04eV. This energy is comparable to 
the expected difference in energy minima of the U-valleys of hex−Si0.2Ge0.8 and hex−Si0.32Ge0.68  of 
∼0.05eV as introduced in Table I. It must however be noted that the fitted carrier temperature 
describes the temperature of a distribution of carriers. It can therefore not be one-to-one related to 
one-carrier energy transitions in an electronic band structure. This result should therefore be 
interpreted as a qualitative trend rather than a quantitative measurement.  
 

 
Figure 9: Comparison of the measured carrier temperature for the two different alloy compositions 
(hex−Si0.2Ge0.8 (blue) and hex−Si0.32Ge0.68 (green)). The large difference in initial carrier temperature, as 
indicated with the red-dashed arrow, is explained by the different contributions of the very fast 
intervalley scattering to the slower hot carrier cooling, as schematically represented in (b). 
 
3.4 Influence of hot-phonon effects on the cooling dynamics in hex-SiGe 
Fitted energy loss rates for different excitation fluences are displayed in Fig. 10. In the InGaAs MQW 
(a), with increasing excitation fluence, a higher initial carrier temperature and slower cooling are 



observed (indicated by the red-dashed arrow). This can be explained by carrier-LO phonon relaxation 
creating hot phonons which are in turn heating up the carriers. Hot phonon effects are particularly 
important when the carrier-LO phonon scattering rate approaches the hot phonon relaxation rate in 
which an optical phonon is e.g. converted into 2 longitudinal acoustic phonons by the Klemens 
process25,26. The presence of non-equilibrium phonons results in a reduction of the carrier cooling 
process.  
In the hex−Si0.2Ge0.8 and hex−Si0.32Ge0.68 samples, a different trend is observed. The carrier cooling time 
seems to be much less determined by the excitation fluence, thus suggesting that hot phonon effects 
are less important in hex-SiGe. This results might be partly understood by the fact that the initial 
cooling from the laser energy at 1.2 eV to the bottom of the M and U bands is governed by zone-edge 
phonons instead of the small q phonons responsible for the Fröhlich interaction in a III/V 
semiconductor. A second reason might be the expected non-existent phonon band gap in Group IV 
semiconductors, reducing the non-equilibrium phonon effects.  
 

 
 
Figure 10: Carrier temperature relaxation as a function of time after excitation with different laser 
fluences. Both the temperature and time are displayed on a log scale providing better insight into 
exponential processes. The results obtained from the InGaAs MQW (a), shows a strong reduction of the 
carrier cooling rate with increasing fluence, pointing towards non-equilibrium phonon effects. The 
results of the hex−Si0.2Ge0.8 (b) and the hex−Si0.32Ge0.68  sample (c), suggest a small effect of non-
equilibrium phonon effects, however a lot less pronounced compared to the InGaAs MQW sample. It is 
important the note the difference in y-axis between (a) and (b) & (c), hiding the saturation of hot carrier 
cooling at high temperatures in hex-SiGe. 
 
3.5 Electron-phonon scattering time in hex-SiGe 
In both Figs. 9 and 10, hot-carrier cooling of hex-SiGe seems to saturate at high temperatures (∼200K). 
This effect is especially clear in comparison to the InGaAs MQW measurements which cool down to 
approximately lattice temperature set by the cryostat. Although, reduced carrier cooling rates are 
more often observed37, a saturation at ∼200K, whilst the lattice is assumed to be at ∼10K, is an order 
of magnitude above all reported values plateau values. In this report, we will focus to the dominant 
carrier cooling regime between below ∼0.6 ns. We presently do not yet understand the plateau 
values which might be due to lattice heating37 or trapping of carriers. 
 
A simplified model for the carrier cooling rates was introduced by Shah38,39. This model was initially 
derived for Group III-V semiconductors. Since in Group III-V semiconductors the Fröhlich assisted 
electron-LO phonon scattering is the dominant carrier cooling mechanism. As introduced before, 
electron-LO phonon scattering is efficient when 𝑘𝑘𝐵𝐵𝑇𝑇𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐 > ℏ𝜔𝜔𝐿𝐿𝐿𝐿 and quickly reduces in efficiency 
when 𝑘𝑘𝐵𝐵𝑇𝑇𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐 < ℏ𝜔𝜔𝐿𝐿𝐿𝐿. Taking this energy dependence into account, a differential equation for the 
energy decay over time is described as 
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with 𝜏𝜏𝐿𝐿𝐿𝐿 being the electron-LO phonon scattering time and ℏ𝜔𝜔𝐿𝐿𝐿𝐿 the LO-phonon energy. C is an empirical 
scaling parameter that accounts for the scattering ideality. C = 1 indicates ideal scattering and C = 0, 
indicates nonexistent scattering. For example, the reduction of the carrier-LO phonon interaction by the 
existence of non-equilibrium phonons has often been incorporated in the C value []. Eq. 4 can be easily 
converted into an equation that directly described the carrier cooling in terms of the carrier 
temperature 𝑇𝑇𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐 by 
 

〈𝑑𝑑𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑑𝑑𝑑𝑑

〉 = 2𝐶𝐶ℏ𝜔𝜔𝐿𝐿𝐿𝐿
3𝑘𝑘𝐵𝐵𝜏𝜏𝐿𝐿𝐿𝐿

𝑒𝑒
−ℏ𝜔𝜔𝐿𝐿𝐿𝐿

𝑘𝑘𝐵𝐵𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 .     (5) 

 
We fit the carrier cooling curves in Fig. 11 with the model as described by Eq. 5.  The energy of the LO 
phonon is used as a fitting parameter in order to take into account the energy dependence of carrier-
LO phonon scattering rate. As Eq. 5 is originally formulated for the Fröhlich interaction between 
carriers and LO-phonons, one phonon mode was assumed to be dominant in the material. This mode 
can then be described by one LO-phonon energy (ℏ𝜔𝜔𝐿𝐿𝐿𝐿). In our case, due to the alloy nature of both 
hex-SiGe and the reference InGaAs MQW, we have to determine the average LO-phonon energy in the 
material. As introduced before, the phonon population in a material can be measured using Raman 
spectroscopy. In order to determine the LO-phonon energies for hex-SiGe, we rely on the Raman 
spectroscopy measurements of De Matteis et al.40. From their calculations we predict an average LO-
phonon energy of 39.46meV and 42.42meV for the hex−Si0.2Ge0.8 and hex−Si0.32Ge0.68 alloy 
composition. For the InGaAs MQW, we use an average LO-phonon energy of 33meV, determined for 
a comparable InGaAs MQW structure by Zou et al.41. These values are used as input for the ℏ𝜔𝜔𝐿𝐿𝐿𝐿 

parameter in Eq. 5.When using Eq. 5 as a fitting function, the interdependent nature of the scattering 
rate (𝜏𝜏𝐿𝐿𝐿𝐿) becomes apparent. In order to make the fit converge, it is decided to set C to 1. With that 
we determine a maximum value for  𝜏𝜏𝐿𝐿𝐿𝐿, referred to as the effective carrier-LO phonon scattering time 
(𝜏𝜏𝐿𝐿𝐿𝐿). This value incorporates both the carrier-LO phonon scattering time and the physical phenomena 
determining the value of C as explained above. 

 
Figure 11:( a) Obtained carrier temperatures from Figs 6,7, fitted by the carrier cooling curve (Eq. 5). (b) 
Graph of effective 𝜏𝜏𝐿𝐿𝐿𝐿 as a function of excitation fluence, with the used values for ℎ0 = ℏ𝜔𝜔𝐿𝐿𝐿𝐿. 
 

 
 

Fluence 
(mJ/cm2) 

InGaAs MQW 
ℏ𝜔𝜔𝐿𝐿𝐿𝐿= 33meV 

 

hex−Si0.2Ge0.8 
ℏ𝜔𝜔𝐿𝐿𝐿𝐿 = 39.46 meV 

 
 

hex−Si0.32Ge0.68 
ℏ𝜔𝜔𝐿𝐿𝐿𝐿 = 42.42 meV 

 

0.35 2.7 ± 0.3ps   
1.76  12.5 ± 0.3ps 32 ± 1ps 
3.53 23.2 ± 0.7ps 14.2 ± 0.4ps 35 ± 1ps 
5.30  26.1 ± 0.5ps 45 ± 1ps 

 
Table III: Effective carrier-LO phonon scattering times (𝜏𝜏𝐿𝐿𝐿𝐿). 



 

3.6 Comparison of hex-SiGe and InGaAs MQWs for laser applications 
We found that the carrier relaxation in InGaAs MQWs are strongly limited by hot phonon effects while 
the carrier relaxation in hex-SiGe is limited by deformation potential scattering in the isolated Γ-valley. 
The mechanisms which determine the carrier cooling dynamics in InGaAs multiple quantum wells and 
in hex-SiGe are thus quite different. Nevertheless, Fig. 12 shows that the hot carrier lifetimes of hex-
SiGe are quite comparable to the InGaAs MQW sample at normal threshold laser fluence excitation.  
 

 
 
Figure 12: Carrier cooling for hex−Si0.2Ge0.8 in blue, hex−Si0.32Ge0.68 in green and the InGaAs MQW in 
orange. The excitation densities are 1.76 mJ/cm2, 3.53 mJ/cm2, and 5.30 mJ/cm2 for both the hex-SiGe 
samples and 0.04 mJ/cm2, 0.35 mJ/cm2, and 3.54 mJ/cm2 for the InGaAs MQW. 

 
In conclusion, the hot-carrier lifetimes in hex-SiGe are found to be comparable to the InGaAs MQW 
after excitation laser fluences required for normal threshold lasers. The absence of the Fröhlich 
interaction is therefore not expected to limit the lasing capabilities of hex-SiGe. Further research is 
required to increase quantitative understanding of the strength of the different cooling mechanisms 
in hex-SiGe. 
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