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Abstract: We demonstrate terahertz quantum cascade (THz-QC) wire lasers based on dual coupled gratings that
achieve continuous-wave (CW) operation near liquid nitrogen temperatures with a low-divergence Gaussian-like
beam profile. Our configuration circumvents the effective refractive index constraint, significantly enhancing fab-
rication efficiency while retaining the key advantages of low power consumption and high heat dissipation efficien-
cy. By engineering the photonic band structure of the coupled gratings, the laser operates on two supermodes.
For Supermode #1, grating 1 serves as the master oscillator while grating 2 functions as a phased antenna array,
featuring a collimated beam. For Supermode #2, grating 2 is the main oscillator and simultaneously provides a
collimated beam, while grating 1 offers high reflectivity. Both supermodes exhibit high cavity quality factors and
low beam divergence, achieved with a significantly reduced gain area. Experimentally, both supermodes were ob-
served, and the optimized laser produces a collimated Gaussian beam with divergence angles of 12°x18° and an
optical power of 1. 04 mW. The threshold power consumption and thermal resistance are as low as 2. 62 W and
8.5 mK/W/cm?, respectively, resulting in a maximum CW operating temperature of 78. 0 K. This work offers a
more accessible route for low-divergence, low-power-consumption, high-thermal-dissipation-efficiency THz-

QCLs with enhanced CW operation at elevated temperatures.
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Introduction

Terahertz quantum cascade lasers (THz-QCLs)
hold significant promise for applications in precision
spectral analysis'™ , terahertz real-time imaging** ,
high-speed communications™" , astronomy"*"”" , etc.
Most of these applications demand extremely high spec-
tral precision, which requires THz-QCLs to operate in
continuous-wave (CW) to suppress current and tempera-
ture fluctuations.  Although near-room-temperature
pulsed operation has been achieved recently, CW opera-
tion of THz-QCLs remains in cryogenic temperatures.
This limitation arises from high power consumption and
inefficient heat dissipation in the active region. Current-
ly, THz-QCLs typically exhibit power consumption densi-
ty exceeding 1x10” W/cm®, but the intrinsic vertical ther-
mal conductivity of the active region is as low as 9. 6T*"
W/m/K"*. Therefore, thermal management must be care-
fully considered in the design of the active region and la-
ser cavity.

Achieving a low threshold current density is the
long-standing challenge of the design of active region,
and the main task is to suppress the depopulation of the
upper laser level (ULL) via electron-LO phonon scatter-
ing, the thermal excitation of electrons from ULL to the
continuum, and the leakage current channels through
parasitic energy levels'. Recently, Q. Hu et al. pro-
posed a double-well structure that suppressed leak cur-
rent by eliminating parasitic energy levels, enabling
pulsed operation near room temperature . It may lead
to a new solution to improve the CW operation tempera-
ture (T,).

To improve T, and maintain favorable power char-
acteristics and beam quality, the design of the laser cavi-
ty must address electromagnetic (EM) field confine-
ment, quality factor, and thermal management. Low
power consumption typically necessitates a small pump-
ing area, often at the expense of EM confinement,
threshold, and beam quality. Balancing heat dissipa-
tion, field confinement, and beam quality has led to the
development of several innovative resonator configura-
tions, including micro-cavity'® , photonic crystals'’" ,
VECSEL™", and wire lasers™.

Among these, wire lasers — whose ridge width is
much less than the free space wavelength - are particu-
larly promising because of their high optical confinement
factor, low threshold, and low power consumption. Nota-
bly, the effective heat dissipation area in wire lasers is
substantially larger than the heat generation area, a criti-
cal factor for T,,. However, traditional edge-emitting

wire lasers, such as Fabry-Pérot (FP) lasers, feature a
deep-subwavelength aperture, resulting in low power col-
lection efficiency and highly divergent beams'™ .

In order to improve the power extraction and beam
quality, Amanti et al. first proposed a third-order DFB
THz-QC wire laser > *'. The strong optical feedback sig-
nificantly decreases the cavity length and thus reduce the
power consumption. More importantly, by adjusting the
effective refractive index (n,,) very close to 3, the DFB
grating acts as a phased array of end-fired antennas and
results in a compact beam. Based on that work,, more ju-
diciously designed third-order DFB wire lasers have been
realized, including perfectly phase-matched third-order
DFB lasers™', phased arrays of antenna-coupled third-or-
der DFB lasers™ , antenna-coupled photonic line la-
sers”™ and unidirectional photonic line lasers™’. The re-
cord-high T, of 129. 0 K has been achieved with third-or-
der DFB wire lasers, with a divergence angle of 33° x
22.5° However, tailoring the effective index of the
waveguide close to 3 imposes a challenging requirement
on device fabrication. Therefore, it is highly desired to
innovate laser cavity that leverage the excellent thermal
management of wire lasers while enhancing the robust-
ness and feasibility of fabrication """,

In this paper, we proposed and realized a novel wire
laser configuration based on dual coupled gratings as the
cavity. By tuning the photonic energy band structure of
the two coupled gratings, as experimentally proved, the
lasers operate on two candidate supermodes. In Super-
mode #1, grating 1 (G,) operates in TM,, first-order DFB
mode at 3. 24 THz, while grating 2 (G,) functions as a
phased array, providing high beam quality. In Super-
mode #2, G, operates in the TM,, third-order DFB mode
at 3. 55 THz, producing a collimated beam, while G, pro-
vides high reflectivity to reduce the threshold. Such con-
figuration relaxes the requirement of the effective index
of the waveguide, and thus greatly improve the manufac-
ture friendliness and design flexibility. In addition, the
lasers exhibit a collimated beam profile, a low threshold,
and ultimately a high T,,.

1 Design

The active region exploited in this work incorporates
a bound-to-continuum structure™ , with a gain spectra
spanning approximately from 3.0 THz to 3. 8 THz. Fig-
ure 1 (a) shows a schematic of the wire laser, which is
based on a metal-metal (MM) waveguide, namely, the
active region is directly sandwiched between the top and
bottom metallization. The width of the wire laser is as
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low as 40 pm, greatly reducing the heat generation but
facilitating the heat dissipation. There are two gratings,
G, and G,, patterned end-to-end on the top metalliza-
tion, each of which consists of periodic air slits in the me-
tallic layer with distinct parameters including the period
length (A., i=1,2), the metal duty cycle (n,), and the
number of periods (N,). The goal of coupled two gratings
is to construct low-loss, low-consumption, and low-diver-
gent supermodes, all of which are crucial for high 7. In
addition, unpumped lead area and absorbing boundaries
are formed on the both ends. It is worth noting that, such
device configuration avoids the deep dry etching of deep-
sub-wavelength patterns — commonly used in previously
reported THz wire lasers ™' — and thus greatly simpli-
fies the device fabrication.

According to the gain spectrum, A,, 1, and N, are
set as 13.9 wm, 75. 0%, and 25 for G,, and A, and 7,
are 43. 1 wm and 76. 8% for G, while several different N,
were investigated. Here, the gap between the two grat-
ings are set approximately as the effective wavelength in
the waveguide, ensuring efficient EM field transition be-
tween the two gratings. The grating structures and the re-
sultant behavior of the relevant supermodes root from the
photonic band structure of the individual gratings, as re-
spectively shown in Figures 1(b) and 1(c). Here, the
photonic band structures are calculated by means of full-
wave finite element method (FEM) with a commercial
package of COMSOL Multiphysics.

Figures 1(b) shows that, in the frequency range of
gain spectrum, G, exhibits 2 high-Q_ band-edge modes,
both featuring fundamental EM field distributions in both
the transversal and the longitudinal direction. Here, (.,
refers to the cavity quality factor, accounting for both ra-

Lead area

The grating 1 (G)

diation loss and field leakage. The high-frequency band-
edge mode at 3. 79 THz was not considered due to the sig-
nificant gain reduction at the high-frequency tail of the
gain spectrum. In contrast, the low-frequency mode at
3.24 THz, corresponding to the first-order DFB mode,
is of particular interest as it is located near the center of
the gain spectrum. However, this mode lies well below
the light line (marked by the blue line in Figure 1(b) ),
and therefore cannot radiate directly into free space. In
turn, Figure 1 (¢) depicts the band structure of G,,
where the TM,, and TM,, modes are marked in black and
red, respectively. Here, the TM,, mode features a node
of EM field in the center of the waveguide along the y-di-
rection. Among all the band-edge modes, the TM,, third-
order DFB mode at 3. 55 THz is the most relevant. Posi-
tioned near the center of the gain spectrum, this mode
benefits from the peak material gain and exhibits the
highest ()., among all modes. Furthermore, its frequency
lies just above the light line, enabling the radiation into
the free space via grazing emission.

The coupling between the two gratings significantly
modulates the field distribution and ultimately leads to
two high-(Q_, supermodes. Figures 2(a) and 2(b) respec-
tively show the simulated EM field distribution of these
two supermodes in an exemplar configuration, where N,
equals to 10. Figure 2(a) illustrates that Supermode #1
(f, = 3.24 THz) originates from the band-edge mode of
G, for its high Q_ -factor (Q,, =274, when N, =10). A
portion of the field leaks out of G, and propagates into
G,, where it oscillates as the low-() , mode of the latter
(indicated by the green dot in Figure 1(c) ). Note that
Supermode #1 is located below the light line of G, but
slightly above the light line of G,. Consequently, G, oper-
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(a) 3D schematic of the dual-coupled grating laser, featuring the absorbing boundary, lead area, and gratings; (b) Simulated

photonic band structure of G, (4, =13.9 um, 5,=75.0%) and (¢) G, (4, =43. 1 pm, 5,=76. 8%), where the light line is indicated in
blue, the TM,, mode in black, and the TM;, mode in red. The Supermodes #1 and #2 are represented by green dashed lines.
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(a) E -field distribution of Supermode #1 (3. 24 THz) , with the EM field primarily concentrated in G,; (b) E -field distribution

of Supermode #2 (3. 55 THz) , with the majority of EM field oscillating in G,; (¢) Two-dimensional far-field distribution of Supermode
#1 and Supermode #2 in x-y plane at N,=10, with the emission angle 6, of 22° and 29°, and the divergence angles of 15° and 16°, respec-
tively; (d) Threshold (g,,) trends as a function of N, for both supermodes, with the intrinsic material loss (15cm™) indicated by shading.
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ates as the master oscillator and G, as a grating coupler
that diffracts the EM field into free space. Indeed, the
air slits in G, can be treated as a phased antenna array,
creating an arc-shaped far-field distribution with an acute
emission angle (#). In the ideal case of grazing emis-
sion from an infinite array, with the frequency located on
the light line, 6, equals to zero and the arc-shaped beam
evolves into non-divergence Gaussian beam. In reality,
the deviation of the period length, the finite number of
air silts, and the unperfected phase relation between the
air slits make 6, deviate from zero, and degrade the beam
collimation. The simulation presented in Figure 2(c) in-
dicates that when N, =10, the emission angle 6 and di-
vergence angle of Supermode #1 are 22° and 15° (in x-y
plane ), respectively.

Figure 2 (b) reveals that Supermode #2 (f, = 3.55
THz, (., = 1056) arises from the TM,, third-order DFB
band-edge mode of G,, as its field is predominantly local-
ized within G,. Since f, lies within the photonic band gap
of G,, the latter acts as a high-reflectivity mirror and thus
reduces the threshold of Supermode #2. On the other
hand, since Supermode #2 is slightly above the light
line, it also exhibits grazing emission and produces a col-
limated beam. As shown in Figure 2(c), when N, =10,
the emission angle 6 and the beam divergence angle of

Supermode #2 are 29° and 16° (in x-y plane) , respec-
tively. As N,increases, both the emission angles and the
divergence angle decrease, approaching the ideal grazing
emission.

Figure 2 (d) shows the threshold gain (g,) as a
function of N, for the two supermodes. Here, g, is calcu-
lated as g, = (a, +a, )/, where I is the optical con-
finement factor, «,, the intrinsic material loss caused by
Ohmic losses in the metallic layers and free carrier ab-
sorption in the active region, and ,,, = 2mn,, /(AXQ,,) is
the cavity loss. Here, n, is the effective index of the
waveguide, and A is the wavelength. In our devices, «,,,
is approximated as a constant (~15.0 em™). Figure 2
(d) illustrates, thanks to the high Q. achieved, the cavi-
ty loss is much less than the intrinsic material loss «,,,
In addition, g, is insensitive to N, for Supermode #1, but
gradually decreases with N, for Supermode #2. This ten-
dency is closely related to the field distribution of the two
supermodes. When N, <10, the g, of Supermode #1 is
slightly lower than that of Supermode #2, while for N,>
10, the trend is reversed.

We further calculated the area-normalized thermal
resistance (R,, ) of the wire laser and the conventional

wide-ridge FP THz QCL. R, is defined as R,,, = AT/

therm therm

P,, quantifying the heat dissipation performance of the
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Fig. 3 Temperature distribution of (a) wire laser (N =25, N,=10) and (b) conventional FP cavity (cavity length 1 mm, ridge width
200 um) in CW mode at an average temperature of 77. 0 K in the active region. The inset shows the temperature distribution at the cross-
section indicated by the green box, with the cyan arrows representing the conduction heat fluxes. The length of the arrows is directly pro-

portional to the magnitude of the heat fluxes.
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laser and is crucial to the CW operation temperature T,.
Here, AT is the temperature difference between the ac-
tive region (T,,) and the heat sink (T,;), P, the thresh-
old power density. To this aim, we first measured the
threshold power density as a function of heat sink temper-
ature in pulsed mode with a duty cycle as low as 1%,
where the heat accumulation in the active region is negli-
gible, and thus T, = T,,. In this way, we obtained the
relationship between T,, and P,, which holds in both
pulsed and CW operation. As shown in the next section,
for a typical laser, when T, is 77. 0 K, the threshold cur-
rent density J, is 450 A/em® and P, is 3.5 X 10° W/em’.
With these inputs, we calculated - in CW operation -
the temperature distribution and the conducted heat flux
in a 40pm-wide wire laser a 200pwm-wide FP laser, and
the results are presented in Figures 3 (a) and (b) , re-
spectively. The calculated AT and R, are respectively
22.0 K and 6.4 mK/W/cm® for the wire laser, and 32. 2
K and 9.4 mK/W/cm® for the wide ridge FP laser. The
considerably reduced thermal resistance of the wire laser
roots from the more efficient lateral thermal conduction.
The calculation shows that the lateral conducted heat flux
is about 29. 1 % for the wire laser, compared to 23. 6 %
for the wide-ridge FP laser, as shown in the insets.

2 Experiment

Based on the analyses above, three wire lasers are
prepared with N, = 10, 15, 25, and named as laser A, B
and C. The fabrication follows the standard THz MM
waveguide process™ *. Initially, Ti (10 nm)/Au (500
nm) layers were first evaporated on the surface of the epi-
taxial wafer and another n" GaAs carrier substrate. The
epitaxial wafer was then inverted and bonded to the carri-
er substrate using Au/Au bonding. Mechanical milling
and selective etching were employed to remove the sub-
strate for epitaxy. So far, the active region was trans-
ferred to the carrier substrate, with the metallic layer
serving as the lower electrode. Next, the 400nm-thick n*

GaAs cap laser was etched away except in the region of
absorption boundaries. After that, a 200nm-thick SiN,
film was deposited on the surface of the active region. Li-
thography and inductively coupled plasma (ICP) etching
were used to create the insulation lead regions. Follow-
ing this, the top metallic layer with the designed grating
structure is formed by lithography and e-beam evapora-
tion processes. The laser was then packaged, leaded,
and mounted on the cold finger of a close-cycle cryostat
for measurements. Figure 4 (a) presents the SEM image
of a typical wire laser and the zoomed-in views of the two
gratings G, and G,. The area outlined by the white
dashed line corresponds to the lead region.

In CW mode and at a heatsink temperature of 20. 0
K, we first measured the lasing spectra of the three lasers
at different injected currents. As shown in Figures 4(h)
to 4(d) , all lasers predominantly operate on two modes
at frequencies 3. 24 and 3. 55 THz, which perfectly align
with the simulated frequencies of Supermodes #1 and #
2. The only exception is the appearance of a weak lasing
mode at 3.22 THz in laser C, likely due to the TM,,
third-order DFB mode from G,, as it exhibits a relatively
high Q. (212) when N, equals 25. Notably, the spectral
behavior of the three lasers vary under different pumping
conditions. For laser A, Supermode #1 dominates when
the injected current is near the threshold, but is overtak-
en by Supermode #2 at high currents. Such phenomena
can be explained by the above-mentioned simulations, i.
e. , due to the weak spatial overlap of the two super-
modes (Fig. 2(a) (b)) and the gain non-uniformity™,
the mode competition is weak. Although the calculated
Q... of Supermode #1 is lower than that of Supermode #2,
fabrication-induced variations in the gratings may cause
the actual (,, to deviate from the simulations, reducing
the difference in the radiation losses. Consequently, the
radiation efficiencies of the two supermodes may become
comparable. However, Supermode #2 has a larger effec-
tive pumped area than Supermode #1, which enables the
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Fig. 4 (a) SEM image of laser B (N, = 15), including magnified views of G,, G, and the lead area, marked by white dashed line.
Emission spectra of (b) laser A, (c) laser B and (d) laser C in 20. 0 K CW mode, with varying injection current densities. The spectra
show Supermode #1 (3. 24 THz), Supermode #2 (3. 55 THz) and a weak mode (3. 22 THz) , which only exists in laser C.
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intensity of the former to surpass the later as the injection measured and compared with the simulations. During
current increases. In contrast, the lasing spectra of la- measurements, the injector current densities are respec-
sers B and C are dominated by Supermode #2 in the tively 694.0, 670.0, and 561.0 A/cm’® for lasers A to
whole laser dynamic ranges. The reason is that, with the C, and the related lasing spectra are presented in Figures
increase of IV,, as shown in Figure 2(d), Supermode #2 4(b) to 4(d). During the simulations, the intensity pro-
exhibits a lower threshold, in addition to its large pump- files of each supermode was first calculated by means of
ing area and collimated beam pattern. FEM and - according to its lasing spectra — the weight-
The far-field beam patterns of the three lasers were ed summation gives rise to the normalized beam patter of
1
T :
2 :
= &
3 s
Z g
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Fig. 5 Far-field distributions of (a) laser A, (b) laser B, and (c) laser C at current densities of 694. 0 A/cm’, 670. 0 A/cm’, and
561.0 A/em’, with divergence angles of 21° x 25°, 14° x 18°, and 12° x 18°, and emission angles 6, of 21°, 19° and 17°, respectively.
Following the weighted summation of the corresponding spectra, the simulated normalized beams of (d) laser A, (e) laser B and (f) la-
ser C are obtained with divergence angles of 16°x34°, 16°x28° and 14°x26°, respectively, and the simulated exits angles are 25°, 22°
and 19°. The inset shows the far-field measurement method.
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the related laser. Figures 5(a) to 5(c) show the mea-
sured beam patterns of the three lasers, while Figures 5
(d) to 5(f) show the simulated results. Figure 5 illus-
trates qualitative agreement between the experimental
and simulated results, confirming that the two measured
main modes originate from Supermodes #1 and #2. Inter-
estingly, as N, increases from 10 to 25, the emission an-
gle 6, - indicated as inset of Figure 5(c) - decreases
from 21° to 17°, and the divergence angle reduces from
21° x25° to 12° x 18, aligning closely with the antenna
theory . These findings indicate that, increasing N, en-
hances beam collimation, a hallmark characteristic of
wire lasers. The discrepancy between the experimental
and simulated far-field profiles is likely caused by the
limited collection angle of the optical path during the
spectral measurement, which alters the relative intensity
of the two supermodes and ultimately affects the simulat-
ed far-field profile of the mixed mode.

After identifying the origin of the lasing modes, we
further investigated the light-current-voltage (L-I-V)
and temperature characteristics in pulsed and CW opera-
tions. Figures 6(a)-(c) show the pulsed temperature-de-
pendent L—I-V curves for lasers A, B and C, respective-
ly. In pulsed mode, the threshold current densities
(Jy puea) at 20.0 K are respectively 524.0, 476.0 and
385. 0 A/em® for lasers A, B and C, and the related maxi-
mum operation temperatures (TW,W,) are respectively
132.0 K, 136.0 K, and 137.0 K. Since, in pulsed
mode (the pulse width is 1s, the repeat frequency is 10
kHz) , the heat accumulation is negligible, and the tem-
perature of the active region equals approximately that of
the heat sink. Therefore, the measured tendence is in

Current density(A/cm )
200 w0 0 s00 1000

Current density(A/cm?)

qualitative agreement with the simulation, i. e. , the less
threshold gain means the lower threshold current density
and the higher operation temperature. Notably, the val-
ues of J, ., and T, achieved in the wire lasers are
comparable to that of the conventional wide-ridge FP la-
sers from the same material as we reported in Ref. 7.
These phenomena reflect that our novel cavity configura-
tion does not cause obvious additional cavity loss com-
pared to the long-cavity FP laser, which exhibits almost
the lowest cavity loss in all tested cavity configura-
tions™™. In addition, at 20. 0 K, the peak output power
increases from 0. 6 mW for laser A to about 1.2 mW for
lasers B and C, mainly due to the increase of pumping ar-
ea.

Figures 6(d)-(f) show respectively the temperature-
dependent L—I-V curves for lasers A, B and C, mea-
sured under the CW condition. At 20. 0 K, the threshold
current densities (J, .,) are respectively 512.0, 493.2
and 457.0 A/cm” for laser A, B and C, keeping the
same tendency as in the pulsed mode. Regarding the out-
put power, the larger pumping area provides more gain
for Supermode #2 as the simulations revealed, which
leads laser C to achieve the highest power output of 1. 04
mW among the three lasers. The maximum T, a key in-
dicator of thermal performance, is 82.0 K, 72.0 K, and
78.0 K for laser A, B and C, respectively. It is worth
emphasizing that the T, realized in the dual-grating wire
lasers significantly exceeds those of the conventional
wide-ridge FP lasers fabricated with the same material
(49. 5K), as shown in Ref. “".

Another notable phenomenon is that, despite having
the highest threshold current density, laser A achieves
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Fig. 6 (a), (b) and (c) show L-I-V curves measured at different temperatures for laser A, laser B and laser C in pulsed mode, respec-
tively, with the maximum 7, , of 132. 0 K, 136.0 K and 137. 0 K; (d), (e) and (f) show L-I-V curves measured at different tempera-

tures for laser A, laser B and laser C in CW mode, respectively, with the maximum T, of 82. 0 K, 72. 0 K and 78. 0 K.
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the highest T,, (82.0 K). Due to the different values of
N,, the three lasers exhibit varying pumping areas,
which are 33740. 0, 42360. 0 and 59600. 0 wm®, respec-
tively. Correspondingly, their threshold power consump-
tions are respectively 1.59 W, 2.04 W and 2.62 W,
measured at 20. 0 K. The results strongly suggest that,
not only the threshold current density but the power con-
sumption affects the achievable T,,. To examine the in-
fluence of power consumption on heat dissipation, we es-
timated the values of R, of the three lasers by compar-
ing the relationship between the threshold current density
and the heat sink temperature in pulsed and CW opera-
tions. Figure 7(a) presents the variation of threshold cur-
rent density as a function of heatsink temperature in
pulsed and CW operations, respectively. In pulsed
mode, the temperature of the active region is approximat-
ed to be the heatsink temperature. With the same thresh-
old current density, the heatsink temperatures under the
CW condition is less than that under the pulsed condi-
tion, and the temperature difference is exploited to de-
duce the value of R,,,. The triangles in Figure 7(a) illus-
trate a transformation from the CW to the pulsed charac-
teristics using R, as the fitting parameter. In this way,
R, is evaluated to be 4.0 mK/W/cm® for laser A. Fig-
ures 7(b) and 7(c) show the results of the other two la-
sers, and the related R, values are 5.0 and 8. 5 mK/W/
cm’ for lasers B and C, respectively. In comparison to
the conventional 130 pm-wide FP laser™ , which has a

R, of 18.5 mK/W/cm’. The measured values of R

therm therm

agrees qualitatively to the calculated ones, taking into ac-
count the uncertainty of material thermal conductivity
and the cooling power of the cryostat. The comparison
among the three lasers indicates that the heat dissipation
efficiency is related to not only the ridge width but also
the cavity length, and the latter is often overlooked. Our
work suggests that to improve the CW operating tempera-
ture, it is essential to minimize the threshold current den-
sity within the smallest possible gain area.

It is noteworthy that the T, and beam divergence re-
alized in laser C is comparable to other state-of-the-art
THz wire lasers, such as the unidirectional THz wire la-
ser and the perfectly matched third-order DFB wire laser
2.2 Nevertheless, the T, reported is still less than the
record ever reported. We believe significant improve-

ment of T,, is expected in our laser configuration, by fur-
ther decreasing the ridge width and modifying the struc-
ture parameters of the two coupled gratings to minimize
the cavity length.

3 Conclusion

In conclusion, by eliminating the stringent require-
ments for the waveguide effective index and the demand-
ing deep-etching technology, our novel laser configura-
tion achieves a collimated beam profile and an ultra-low
power consumption while showcasing exceptional fabrica-
tion-friendly characteristics. The optimized laser demon-
strates an output power of 1. 04 mW in CW mode, featur-
ing a Gaussian beam with a divergence angle of 12° X
18° and a T, of 78. 0 K. This work underscores the intri-
cate EM field interactions in dual-coupled grating wire la-
sers and validates their outstanding thermal perfor-
mance. Optimization strategies are given to improve T,
which can be summarized from both the optical and ther-
mal perspective. High T, operation requires a mini-
mized threshold gain within a small pumping area and
thus a lower power consumption. Also, the effective heat
dissipation area needs to be significantly larger than the
pumping area, which enhances the thermal conductivity.

Future efforts to fine-tune material properties and
grating parameters could further optimize CW perfor-
mances in terms of operation temperature,, output power,
and beam quality. These advancements would signifi-
cantly broaden the application potential of the wire la-
sers.
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