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Impact of Interface Roughness Scattering on the
Performance of GaAs/AlxGa1-xAs Terahertz

Quantum Cascade Lasers
Yuri V. Flores and Asaf Albo

Abstract— We investigate the impact of interface rough-
ness (IFR) scattering on the performance of a series of
the state-of-the-art GaAs/AlxGa1−xAs terahertz quantum cas-
cade lasers (THz-QCLs) through a calculation of the induced
inhomogeneous broadening and intersubband scattering rates.
Our analysis includes two GaAs/Al0.15Ga0.85As THz-QCL
devices with measured maximum operating temperatures at
Tmax = 177 K and 175 K, two GaAs/Al0.30Ga0.70As devices
with T max = 150 K and 89 K, a GaAs/AlAs-Al0.15Ga0.85As
device with Tmax = 181 K, and a GaAs/AlAs device that
did not lase. The investigated QCL wafers were grown at
the same solid-source molecular beam epitaxy facility and at
fixed parameters, so that we expect a constant interface rough-
ness quality for all devices. We find negligible impact of IFR
scattering on the performance of devices that use x = 0.15
barriers as well as for devices that use x = 0.30
barriers with wide > 40 monolayers (ML) wells to support upper
and lower laser levels. Fixing the barrier height to x = 0.30,
we calculate a drastic increase of the IFR-induced linewidth
broadening from ∼0.66 meV to ∼2 meV when the quantum
wells thicknesses reduce from ∼40 ML to ∼30 ML and relate
this effect to the observed reduction of T max from 150 to 89 K.
Furthermore, we calculate a large (∼2 meV) IFR linewidth
broadening and short (∼1 ps) IFR intersubband scattering times
for the device with pure AlAs layers and relate the consequent
reduction of optical gain to the nonlasing of this device.

Index Terms— Interface roughness, intersubband transitions,
quantum cascade laser, terahertz emission.

I. INTRODUCTION

THE crystal momentum for electrons confined in a
two-dimensional semiconductor heterostructure can be

split into a component parallel to the direction of epitaxial
growth (kz) and a component parallel to the heterostructure
planes (kxy). For perfectly smooth interfaces, kxy is well
defined due to the existing translational symmetry in the
xy plane. In the more realistic case of rough interfaces,
translational symmetry in the xy plane is broken, and, as a
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consequence, kxy is not anymore clearly defined. Equivalently,
the cross-plane (xy) quasi momentum conservation condition
is relaxed due to the broken xy translational symmetry.

Interesting consequences of this effect have been reported
on the performance of intersubband-lasers, whose working
principle relies on stimulated photon emission between semi-
conductor conduction band states. Such devices, also known
as quantum cascade lasers (QCLs), consist on alternated layers
of typically 2–5 types of nanometer-thick III-V semiconductor
compound materials with different energy bandgaps. By tailor-
ing the layer thicknesses and through appropriate doping, one
can engineer device parameters as the photon energy, oscillator
strengths, and scattering rates. Using this approach–envisioned
decades [1], [2] before its first demonstration in 1994 [3]– a
wide range of QCL emission wavelengths has been reported,
ranging from the mid-infrared (3–26 μm) to the far-infrared
and terahertz (60–300 μm) regions of the electromagnetic
spectrum. (For a review of research progress on QCLs we refer
the interested reader to state of the art literature as for example
Ref. [4].) The wide spectral range covered by QCLs makes
these devices unique for a number of current and potential
applications, including high-resolution spectroscopy, trace-gas
sensing, local oscillators for heterodyne receivers, homeland
security and biomedical imaging.

In QCLs, interface roughness (IFR) induces intrasubband
and intersubband electron scattering [5]–[9]. Theoretical and
experimental works [10]–[16] showed that IFR scattering
plays an important role in the performance of mid-infrared
QCLs. Examples are an induced linewidth broadening of
∼ 20 − 30 meV [7], [13], a non-radiative scattering time
between upper and lower laser level of ∼ 1 − 3 ps [12], and
large (∼ 1 − 10 kA/cm2) shunt-type carrier leakage current
into excited states [14]. Effects of IFR scattering are espe-
cially manifest in mid-infrared QCLs that use InGaAs/InAlAs
alloys strain-compensated to InP [13], [14] due to the large
(∼ 1.5 eV) conduction band offsets (CBOs) used in the active
region design. (As illustrated further down in section III,
IFR scattering rates scale with the CBO squared).

In the THz-QCLs scientific community, on the other
hand, only few research groups have reported works
investigating the impact of IFR scattering on the laser
performance [17]–[20]. A reason for this is that, historically,
the low (∼0.135 eV) CBO compound semiconductor
GaAs/Al0.15Ga0.85As has served as standard material for
realization of THz-QCLs. However, as the maximum
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operating temperature of GaAs/Al0.15Ga0.85As-based
THz-QCLs appears to converge towards the maximum
reported value of ∼ 200 K [21], alternative material
systems gain the attention of THz-QCL researchers
including InGaAs/InGaAlAs [22], InGaAs/InAlAs [23],
InGaAs/GaAsSb [24], and InAs/AlAsSb [25].

In addition to those material systems, the advantages of the
GaAs/AlxGa1-xAs compound semiconductor with x > 0.15
have been explored for the realization of THz-QCLs with
increased temperature insensitivity (e.g. in [26]–[31]). Key
advantages of this material system are the induced isolation of
active region states from the continuum states together with
the possibility to fully suppress shunt-type electron leakage
through excited states. The latter characteristic (suppression
of shunt-type leakage) has been demonstrated very recently
in [30] for a resonant-phonon GaAs/Al0.30Ga0.70As THz-QCL
via the measured negative differential resistance (NDR) over
a wide 10 − 300 K temperature range, which is a necessary
condition to achieve stable lasing at such temperatures.

In [30], thin (∼28 monolayers (ML) thick) quantum wells
and Al0.30Ga0.70As barriers were used to increase the inter-
subband energy spacing between the upper laser level and
the next excited state from ∼60 meV –a typical value in
GaAs/Al0.15Ga0.85As active region designs– up to ∼100 meV.
Furthermore, although leakage into excited states was sup-
pressed in that design, fabricated devices performed poorly,
and it was speculated in [30] that increased IFR scatter-
ing might be responsible for the poor laser performance.
Interestingly, a similar detriment of the laser performance
was reported for so-called ground state GaAs/Al0.30Ga0.70As
THz-QCLs [27] when replacing the quantum well layer thick-
nesses by thinner values. The causes of such detriment were
reported as unknown in [27].

In addition, inclusion of pure AlAs barriers has been
suggested as alternative approach to reduce parasitic leakage
currents [28]. However, as reported in [28], a design using
pure AlAs barriers failed to lase and excessive IFR scattering
triggered by the large CBO (∼1 eV) at the GaAs/AlAs
interface was speculated to be the reason for this behavior.
An interesting strategy to circumvent the sharp CBO discon-
tinuity at the GaAs/AlAs interface is to use interface grading
techniques as reported in [29], yet at the cost of using wide
(∼55-97 ML) wells and, consequently, absent NDR.

In this work we follow a simple approach in order to
quantify the impact of IFR scattering on the performance
of state of the art GaAs/AlxGa1-xAs THz-QCLs. Investigated
laser designs are the ones originally reported in [21], [28],
[30] and [31], and we include in our analysis the THz-QCL
design with the record maximum operating temperature of
∼200 K reported by Fathololoumi et al. in [21] as well as the
THz-QCL design with thin wells that showed room-
temperature NDR [30]. Using standard expressions for the
IFR-induced inhomogeneous broadening and intersubband
scattering rates, we analyze the interplay between CBOs and
quantum well and barrier thicknesses in these devices and draw
consequences for future design strategies.

The QCL samples discussed in this work were grown in
the same solid source molecular beam epitaxy (MBE) growth

facility (machine VB of Sandia Laboratories) and at fixed
growth parameters (e.g. growth temperature of 630 °C), which
is expected to lead to nearly the same IFR quality for all
samples. As pointed out in [32], researchers need to be careful
when comparing the performance of lasers from different
laboratories/growth sources. By using samples from the same
facility we reduce the risk of over- or underestimation of key
quantities (e.g. doping, layer thickness fluctuations, roughness
parameters) within a particular set of wafers, and increase the
confidence of the analysis’ conclusions.

We find that a combination of high (x = 0.30) barriers
and thin (∼30 ML thick) wells in the active region design
leads to a drastic increase of the linewidth broadening up
to ∼ 2 meV, considerably affecting the laser performance.
We further find that IFR-induced shunt-type electron leak-
age into higher states might become relevant for highly-
doped (>1011 cm−2) devices that use large Al compositions in
the barriers. Furthermore, in devices with pure AlAs barriers,
IFR-induced intersubband scattering from the upper into the
lower laser level might be fast enough to considerably reduce
the upper laser level lifetime, affecting laser performance
further.

II. INVESTIGATED LASERS

The investigated THz-QCLs are presented in Fig. 1 together
with relevant design parameters. The structures are two
GaAs/Al0.15Ga0.85As designs (A, Fig. 1a and B, Fig. 1b), two
GaAs/Al0.30Ga0.70As designs (C, Fig. 1c and D, Fig. 1d),
a GaAs/AlAs-Al0.15Ga0.85As design (E, Fig. 1e) and a
GaAs/AlAs design (F, Fig. 1f). The designs use a three
quantum well (one well injector) active region and are based
on the resonant phonon extraction scheme.

Device A is a standard diagonal THz-QCL design with
maximum operating temperature Tmax = 177 K [30], [31].
Device B is a regrowth of the THz-QCL design with the
record maximum operating temperature of ∼200 K [21]. The
regrowth design showed Tmax = 175 K [28]. Device D
(Tmax = 89 K [30]) achieves the same wavelength align-
ment than device C (Tmax = 150 K [30]) yet it uses
thinner wells in order increase the intersubband energy spac-
ing between the upper laser level and next excited state
to ∼100 meV and –opposite to device C– it shows room
temperature NDR [30]. Device E (Tmax = 181 K [28])
emulates the wavelength alignment of device B yet the injector
barrier of device B is replaced by pure AlAs. Device F uses
pure AlAs barriers in the active region design and did not
lase [28].

For calculations we use a CBO of 0.135 eV [33] for the
GaAs/Al0.15Ga0.85As heterointerface, 0.259 eV [34] for the
GaAs/Al0.30Ga0.70As and 1.05 eV [28] for the GaAs/AlAs
heterointerface. We calculate wavefunctions and eigenenergies
using a 3-band Schrödinger equation solver as outlined in [35].
The THz-QCL designs were processed into metal-metal ridges
as reported in the original references, leading to a nearly
unity optical confinement factor in the direction perpendicular
to the heterostructure planes [33]. Further details on the
laser structures and performance parameters are presented
in Tab. I.
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Fig. 1. Conduction band profile (1 module) at design bias for the investigated THz-QCLs. Relevant wavefunctions and layer thicknesses (in monolayers) are
indicated.

TABLE I

DEVICE PARAMETERS AND PERFORMANCE

III. CALCULATION RESULTS

Table II summarizes calculated scattering times for
IFR-induced intersubband scattering between selected states.
These values are obtained assuming a Gaussian auto-
correlation function of the roughness 〈h(�r )h(�r ′)〉 =
�2exp(− ∣

∣�r − �r ′∣∣ /�2) with an average in-depth roughness
height � and an in-plane (�r) correlation length � as [12]:

1

τ I F R
m,n

= πmc

�3 �2�2
∑

i

δU2
i ϕ2

m (zi ) ϕ2
n (zi ) exp

(−�2q2
mn

4

)

,

(1)

where mc = 0.067m0 is the effective mass for conduction
band electrons in the quantum well material, ϕm,n(zi ) are the
wavefunction amplitudes of states m, n at the i th interface,
and qmn is the two-dimensional scattering vector involved in
the scattering process. Assuming parabolic bands, �qmn =√

2mc Emn with the intersubband energy spacing Emn =
|Em − En | between levels m, n. Similarly, the IFR-induced
inhomogeneous broadening between subbands m and n is
calculated as [10], [11]:

� I F R
m,n = πmc

�2 �2�2
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n (zi )
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TABLE II

CALCULATION RESULTS

For our calculations we use � = 1 Å and � =6 nm as mea-
sured for an InGaAs/InAlAs-based QCL active region [36].
Although the roughness parameters’ values are still matter of
debate in the QCL scientific community (see for example [8]),
we consider that the used values for (�,�) are realistic (see
also discussion in III. D.). For a discussion on different
interface roughness models in QCLs we refer the interested
reader to the work of Franckié et al. [20]. Further discussions
on the impact of different values of (�,�) on the resulting
IFR scattering rates in QCLs can be found in [8], [9].

We draw several conclusions from Tab. II and summarize
them as follows:

A. IFR Intersubband Scattering From the Upper
Into the Lower Laser Level (τ I F R

4,3 )

With exception of device F, calculated τ IFR
4,3 values remain

much larger than typical non-radiative scattering times for
scattering from the upper into the lower laser level via
LO-phonon emission (τLO

4,3 ∼ 0.5 − 2 ps, as indicated in
Tab. II). For a fixed barrier height (device A vs. device B),
we find reduced τ IFR

4,3 values for devices with larger oscillator
strengths due to the increased wavefunctions overlap. Sim-
ilarly, in devices with similar oscillator strength (A vs. C)
τ IFR

4,3 is reduced by ∼30 % from 12.43 ps to 8.41 ps when the
Al composition increased from 0.15 to 0.30.

For device F we calculate τ IFR
4,3 = 1.22 ps as a result of

the much higher CBOs (pure AlAs barriers). This short time
lies close to the lifetime for LO-phonon emission for this
design (τ IFR

4,3 = 1.4 ps). As a result, the effective upper laser
level lifetime reduces by a factor of ∼ 2 due to the action of
IFR scattering. As we explain further down, this short lifetime
contributes to the bad performance (non lasing) of this device.

B. IFR Intersubband Scattering From the Lower
Laser Level Into the Injector State (τ I F R

2,1 )

IFR-induced scattering from electron from level 2 into
level 1 remains in all cases negligibly small compared to elec-
tron LO-phonon emission (τLO

2,1 ∼ 0.2 − 0.3 ps for all investi-
gated devices due to resonant-phonon extraction design). This
is mainly related to the ground state nature of level 1, which

decays very fast at the barriers, leading to small values of ϕ2
2ϕ2

1
(Eq. 1) at the interfaces of the widest quantum well. Larger
CBOs lead to smaller values for τ IFR

2,1 , yet the absolute values
remain large compared to LO-phonon emission rates.

C. Shunt-Type Electron Leakage Into Excited States
(τ I F R

m,n , With m = 2, 3, 4 and n = 5, 6, 7)

IFR-induced shunt-type carrier leakage current into excited
states is defined as intersubband scattering from QCL active
region states into excited states. This type of leakage current
depends on the portion of electrons in the initial subband with
enough energy to scatter elastically into the final subband and
is therefore strongly temperature-dependent.

Using the calculated raw scattering times in Tab. II we
estimate the magnitude of the shunt-type leakage current for
electrons escaping from the upper laser level 4 into excited
states 5, 6 and 7. As outlined in detail in [14], [37], this is
done assuming thermally distributed subbands and weighting
the raw scattering times τ I F R

4,5 , τ I F R
4,6 and τ I F R

4,7 ps with the

portion of electrons in level 4 available to scatter elastically
into levels 5, 6 and 7 ([37, Eq. 10]). The population of
level 4 has to be known for this calculation and we use
here an estimated steady-state value of n4 = 0.3ns [38].
Fig. 2 shows calculated values for shunt-type leakage J I F R

4,5 +
J I F R

4,6 + J I F R
4,7 for the different THz-QCL designs as a function

of electron temperature for subband 4, Te,4. We consider
for the calculations Te,4 values within 100 − 300 K. This
range of subband electron temperatures corresponds to lattice
temperatures between Tl ∼ 10−300 K. As shown in [35], [39],
Te,4 is ∼100 K for Tl ∼ 10 − 80 K and, at higher lattice
temperatures, Te,4 converges to Tl due to the efficient cooling
of electrons via LO-phonon scattering.

We see in Fig. 2 that only low shunt-type electron leakage
current values are found for the large majority of investigated
samples. We categorize the found values as low as they
represent only a small part of the total current density at
threshold ( Jth∼ 0.3 − 1.5 kA/cm2 for Tl ∼ 10 − 200 K).
An exception here is the design that incorporates pure AlAs
barriers in the active region. Large CBOs in this design lead to
short raw times τ IFR

4,(5,6,7). However, averaged over the subband
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Fig. 2. Calculated shunt-type leakage current density for electrons escaping
from the upper laser level 4 into levels 5, 6 and 7 via intersubband IFR
scattering. We use for calculations a subband population for level 4 of
n4 = 0.3ns , with ns values as indicated in Tab. I.

distribution, they lead to negligibly small values of JIFR
4,(5,6,7)

for temperatures up to Te,4 ∼ 150 K. For larger temperatures
we calculate relatively large values of JIFR

4,(5,6,7) for design F
as a consequence of the low τ IFR

4,(5,6,7) values together with
the high-doping used in this device (Tab. I). Design F did
not show lasing even at a temperature of 10 K, so it is
rather difficult to correlate the calculated leakage currents to
the device performance. However, our calculation shows that
IFR-induced shunt-type leakage from the upper laser level
into excited states might become relevant for highly-doped
THz-QCL designs that incorporate pure AlAs barriers.

Interestingly, the calculated scattering times for shunt-type
electron leakage from levels 2 and 3 into excited states are
comparable or lower to the values calculated for leakage out
of level 4 (see for example calculated values for E and F in
Tab. II). The use of high doping was recently suggested as
a strategy to compensate the loss of optical gain in highly-
diagonal ( f4,3 ∼ 0.2) devices [40]. Such devices would expe-
rience a fast depopulation of levels 2 and 3 as a consequence
of a large leakage current J I F R

2,(5,6,7) and J I F R
3,(5,6,7) triggered

not only by the relatively short scattering times but also by
the larger electron temperature in these levels compared to
the electron temperature of level 4 [35], [39]. Very recently the
authors showed in [38] how this kind of leakage current can
effectively counteract the population inversion decrease that
arises from the remaining non-radiative scattering channels as
the temperature increases, contributing positively to the laser
performance.

D. Linewidth Broadening (� I F R
4,3 )

The calculated IFR-induced linewidth broadening val-
ues for the investigated THz-QCL structures lie within
0.66 − 2.10 meV. These values are close to the ones obtained
by Schrottke et al. [41] when fitting experimental slope
efficiency vs. current density data in THz-QCLs. The authors
in [41] obtained γ0 = 0.5 − 1 meV, where γ0 is a
broadening free parameter that describes interface rough-
ness ([41, Eq. 2 and Fig. 3]).

IFR-induced linewidth broadening in addition to the inher-
ent lifetime broadening of the upper and lower laser lev-
els (∼1 meV each) will approximate the total linewidth
broadening. The last has been experimentally estimated to be
∼4 meV from electroluminescence [42] and recently also from
time-domain spectroscopy measurements [43], [44]. Note that
works (e.g. [45]) have been reported that use � = 2.825 Å
(1 monolayer, ML) and � =10 nm as roughness parameters
for modeling GaAs/Al0.15Ga0.85As THz-QCLs. However, fol-
lowing Eq. 2, such a pair of (�,�) would lead to overesti-
mated values for the linewidth broadening (∼ 10 − 40 meV
for the structures investigated in this work).

Because of the arguments raised above, we consider that the
values obtained in this work for the IFR-induced broadening
as well as for the IFR-induced intersubband scattering rates
are realistic. In the following we discuss in more detail the
obtained IFR linewidth broadening values for the different
THz-QCL structures.

A comparison between structures A (� I F R
4,3 = 0.84 meV)

and B (0.34 meV) –both with Al0.15Ga0.85As barriers– shows
that the IFR linewidth broadening is reduced by almost a factor
of ∼ 2 in the “more vertical” design B (z B

43 = 1.26 nm vs.
z A

43 = 0.63 nm) due to smaller contributions of ϕ2
4 − ϕ2

3 at
each interface (Eq. 2). Similarly, in design C (which resembles
design A yet using Al0.30Ga0.70As barriers) we calculate a
somewhat smaller IFR linewidth broadening (0.66 meV) than
for device A. From Eq. 2 we see that this is because the
increased scattering potential at the interfaces in device C is
compensated by a much faster decaying term

(

ϕ2
4 − ϕ2

3

)2
.

In addition, a comparison between devices B
(� I F R

4,3 = 0.34 meV) and E (0.70 meV) –which have
almost identical wavefunction alignment [28]– shows that
the inclusion of pure AlAs injector barriers resulted in a
doubled linewidth broadening. This effect is a consequence
of the interplay of high CBO at the injector/upper-laser-
level-quantum-well interface and the induced wavefunctions
penetration at this interface.

In order to illustrate the effect of narrower quantum wells
on the linewidth broadening we plot in Fig. 3 the con-
tributions of individual interfaces to the total IFR-induced
linewidth broadening in designs C and D. These designs have
almost identical wavefunctions alignment yet design D uses
narrower quantum wells in order to “push” excited states
towards higher eigenenergies [30]. As a result, device D
showed negative differential resistance at room temperature
yet also a larger threshold current density than device C
(Tab. I).

Fig. 3 shows that the narrow wells in device D lead to larger
penetration of the wavefunctions at the interfaces and, as a
consequence, to larger contributions of each interface to the
total linewidth broadening. Summing over all interfaces (Eq. 2)
we calculate a IFR-induced linewidth broadening of 2.04 meV
for device D vs. a value of 0.64 for device C. We relate this
significant increase of the linewidth broadening and conse-
quent reduction of the laser gain to the poorer performance of
device D (Tmax = 89 K for device D vs. Tmax = 150 K for
device C), although virtual suppression of carrier leakage into
higher states was achieved in device D by pushing excited
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Fig. 3. Illustration of the impact of individual interfaces on the IFR-induced
linewidth broadening between upper (4) and lower (3) laser states for design C

(a) and D (b). The term δU2
i

(

ϕ2
4 (zi ) − ϕ2

3 (zi )
)2

of Eq. 2 is represented with
red dots.

states towards higher eigenenergies [30]. This effect also
explains why ground state THz-QCLs [27] –which use narrow
wells in order to push excited states into higher energies–
perform poorly compared to standard resonant phonon designs.
The same effect leads also to device degradation within
ground state THz-QCLs (e.g. the GaAs/Al0.30Ga0.70As ground
state THz-QCL structure in [27] performed poorly (structure
TWIGS254, Tmax = 24 K) compared to a similar structure
yet with wider wells (structure OWIGS271, Tmax = 71 K),
although excited states in structure TWIGS254 were pushed
towards higher eigenenergies.)

Furthermore, a relatively large (2.10 meV) IFR linewidth
broadening is calculated for device F as a consequence of
the inclusion of pure AlAs barriers in the active region
design. Following the arguments raised above we attribute
the bad performance (non-lasing) of this device to a com-
bination of: 1) the increased IFR linewidth broadening,
2) the short upper laser level lifetime (section III. A.) due
to IFR intersubband scattering from the upper into the lower
laser level, 3) the low oscillator strength, and 4) a probable
increase of the optical loss due to the high doping in this
device.

E. Pure Dephasing Time Due to IFR Intrasubband
Scattering (T ∗I F R

2 )

Finally, it is important to mention that IFR scattering
induces incoherent resonant tunneling in QCLs, damping the
Rabi oscillations of the electron wave packet across the
injector barrier. This can be understood as a series of destruc-

tive interferences of the wave packet’s frequencies induced by
the fluctuations of the injector barrier width and height [46].

Such effect is described by a dephasing time τ
deph
4,in j

as 1
τ

deph
4,in j

= 1
2τ 4

+ 1
2τ in j

+ 1
T ∗

2
[9]. τ4 and τin j are due to all

intersubband scattering processes that involve the upper laser
level 4 and the injector level from the previous cascade, in j
(not shown in Fig. 1). T ∗

2 is due to all intrasubband scattering
mechanisms that cause energy broadening of states 4 and in j
and is referred in the literature as “pure dephasing time”.
We calculate the dephasing time due to IFR intrasubband
scattering as T∗I F R

2 = �/� I F R
4,in j and include the results in

Tab. II (� I F R
4,in j is calculated using Eq. 2). The obtained values

for T∗I F R
2 lie within T∗I F R

2 = 1.07−25.4 ps. Note that phe-
nomenological values T ∗

2 ∼ 0.3−0.6 ps are used in THz-QCL
transport simulations (e.g. in [35], [47]–[50]) and that those
times are much shorter than the calculated T∗I F R

2 . This means
that additional subband broadening mechanisms besides IFR
contribute significantly to the pure dephasing time including
intrasubband electron-electron scattering, ionized impurities,
and alloy disorder scattering. (For a detailed discussion on the
impact of specific intra- and intersubband scattering mecha-
nisms on the dephasing times we refer the interested reader to
the work of Terazzi [51].) Altogether we find that inclusion
of additional intra- and intersubband scattering mechanisms
besides IFR is necessary for an extended analysis of the
impact of dephasing on the performance of specific THz-QCL
designs.

IV. CONCLUSION

In conclusion, we discussed the impact of interface rough-
ness (IFR)-induced intrasubband and intersubband scattering
on the performance of state of the art GaAs/AlxGa1-xAs
THz-QCLs. We pointed out to warning regions in the para-
meter space for THz-QCL design, where the effects of IFR
scattering become critical for the laser performance. Exam-
ples of those regions are the inclusion of pure AlAs barriers in
the active region design as well as the usage of Al0.30Ga0.70As
barriers with thin (<30 monolayers) quantum wells to support
the laser states. Simultaneously, quantum wells thinner than
35 monolayers are necessary to suppress thermally activated
leakage into excited states. The latter rule is crucial for QCL
performance as it leads to negative differential resistance over
a wide 10 − 300 K temperature range, which is a neces-
sary condition to achieve stable lasing at such temperatures.
These findings should assist semiconductor device engineers
to cultivate novel design strategies towards room-temperature
terahertz light-emitting semiconductor lasers.
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