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The 795 nm distributed feedback lasers have great application in pumping the Rb D1 transition. In this paper, in order
to realize specific 795 nm lasing, we designed tilted ridge distributed feedback lasers based on purely gain coupled effect
induced by periodic current injection windows through changing the angle of the tilted ridge. The fabricated devices were
cleaved into 2 mm-cavity-length, including 5 tilted angles. The peak output powers of all devices were above 30 mW.
Single longitudinal mode lasing was realized in all tilted Fabry–Perot cavities using periodic current injection windows,
with side mode suppression ratio over 30 dB. The total wavelength range covered 8.656 nm at 20 ◦C. It was disclosed
theoretically and experimentally that the output powers, threshold currents, and central wavelengths of the tilted ridge
purely gain coupled DFB lasers were relevant to the tilted angles. The results will be instructive for future design of DFB
laser arrays with different central wavelengths.
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1. Introduction
The 795 nm distributed feedback (DFB) lasers are

competitive light sources for magnetometers,[1] preci-
sion gyroscopes,[2] and especially pumping the Rb D1
transition[3,4] used in rubidium atomic clocks. The pumping
light source for rubidium clock needs small volume, high re-
liability and stability, and precise wavelength. Compared to
other ways of achieving single longitudinal mode (SLM) laser
output, such as V-cavity,[5] DBR,[6] and external cavity,[7–9]

DFB laser has many advantages such as compact structure,
stable dynamic single mode, reduced noise level, and easy
integration.[10–14] However, conventional DFB laser diodes
are mostly based on complicated nanoscale lithography and
etching techniques together with regrowth steps.[15–18] Dif-
ficult fabrication process limits the applications in rubidium
atomic clocks.

In this paper, we designed a novel tilted ridge purely gain

coupled distributed feedback laser specifically at 795 nm for
pumping light source used in rubidium atomic clocks. By us-
ing the simple fabrication process without nano precise grat-
ing structure or secondary epitaxial growth technology, the de-
vices with tilted Fabry–Perot (F–P) ridges realized stable SLM
laser output precisely at 795 nm through periodic current in-
jection windows. The fabricated devices were cleaved into
2 mm-cavity-length, including 5 corresponding tilted angles
3.65◦, 2.60◦, 1.86◦, 0.39◦, 0◦ respectively. The peak output
powers of all devices were over 30 mW, side mode suppres-
sion radios were over 30 dB, and total wavelength range cov-
ered 8.656 nm, from 789.392 nm to 798.048 nm at 20 ◦C. It
was disclosed theoretically and experimentally that, different
from conventional DFB lasers,[19–21] the output characteris-
tics of the tilted waveguide purely gain coupled lasers were
relevant to cavity reflection: the peak output powers of the de-
vices were inversely proportional to the tilted angles, while the
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threshold currents were proportional to the tilted angles.
The devices we designed have excellent output charac-

teristics. The relationships between output characteristics and
tilted angles were also discussed, which will be instructive for
future design of gain coupled DFB laser arrays with different
central wavelengths.

2. Structure and fabrication
A schematic diagram of the designed device epitaxy

structure is shown in Fig. 1(a). The GaAs substrate is at the
bottom of the structure and the active region is sandwiched be-
tween the p-AlGaAs and n-AlGaAs waveguides, a large gain
contrast can be achieved by injecting current into the active
region through the p-surface electrode. Figure 1(b) shows the
structure of the tilted ridge lasers array schematically. The
tilted angles from left to right are 3.65◦, 2.60◦, 1.86◦, 0.39◦,
0◦, respectively. Schematic diagram of carrier injection into
the active region through the periodic surface electrode is
shown in Fig. 1(c). Figure 1(d) is the SEM diagram of the
tilted ridge DFB laser with a tilted angle of 3.65◦. The verti-
cal distance between the two electrodes is 7.3 µm, the same
as that of other devices with different tilted angles. Different
tilted angles lead to the change of the effective grating period,
so as to achieve the specific wavelength of 795 nm.

The key fabrication steps for these devices include ma-
terial epitaxy, tilted ridge etching, insulation-layer deposition,
periodic electrode patterning, metallization, and chip packag-
ing. Through a series of above manufacture and process, chips
with different tilted angles were obtained. Then the chips were
cleaved into 2-mm-length devices, and coated on both sides,
one with high-reflective (HR) films (> 99%) and the other with
anti-reflective (AR) films (< 3%). After COS packaging, the
devices were placed on a water-cooled plate for further tests at
20 ◦C.
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Fig. 1. (a) Schematic diagram of the designed device epitaxy structure. (b)
Structure of the tilted ridge lasers array. The tilted angles from left to right
are 3.65◦, 2.60◦, 1.86◦, 0.39◦, and 0◦, respectively. (c) Schematic diagram
of carrier injection. (d) SEM of the periodic electrode window.

3. Result and discussion

The power vs. current curves of different tilted angles
are shown in Fig. 2. The peak powers of the lasers at the five
tilted angles, that is 0◦, 0.39◦, 1.86◦, 2.60◦, and 3.65◦, are all
higher than 30 mW. The threshold currents and peak powers
of the five tilted angles devices are compared, and the compar-
ison results are shown in Fig. 3. With tilted angles increasing,
the threshold currents of the devices show a gradual upward
trend, but the peak powers gradually decrease. This is because
with the increase of the tilted angle, the cavity surface loss of
the laser increases gradually. The light returning to inside of
the laser through the cavity surface cannot effectively form os-
cillation, causing the increase of dissipation, so the threshold
current of the laser increases and the peak power decreases.
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Fig. 2. Power vs. current curves of different tilted angles at 20 ◦C.
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Fig. 3. Threshold currents and peak powers of devices at different tilted
angles at 20 ◦C.
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Fig. 4. The reflectance of the cavity surface varies with the tilted angles.
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Fig. 5. The light intensity distribution on the cavity surface with tilted angles of 0◦, 0.39◦, 1.86◦, 2.60◦, and 3.65◦. (a), (c), (e), (g), and (i) are
uncoated surfaces. (b), (d), (f), (h), and (j) are highly reflective coating films.

We simulated the reflectivity near the cavity through the

commercial software COMSOL Multiphysics to determine the

influence of different tilted angles. The results of the simula-

tions are shown in Figs. 4 and 5. Figures 5(a), 5(c), 5(e), 5(g),

and 5(i) show the distribution of uncoated light intensity on the

cavity surface when tilted angles are 0◦, 0.39◦, 1.86◦, 2.60◦,

and 3.65◦, respectively. As shown in Fig. 4, the reflectivities

for the HR coated devices, uncoated devices, and AR coated

devices are shown in Fig. 4 using S parameter method when

the tilted angle varies from 0◦ to 3.65◦. Utilizing the uncoated

reflectivity, the cavity loss (marked as α) caused by the tilted

waveguide is also calculated by the following equation:
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α =
1

2L
ln

1
R1R2

, (1)

where L is the effective cavity length of lasers, R1 and R2 are
the reflective indexes of the front and back cavity surfaces of
lasers, respectively.

According to the simulation results, with the increase of
the tilted angle, the reflectivity of the cavity surface gradually
decreases and finally approaches 0, indicating that the greater
the tilted angle is, the lager the mirror loss will be. This is the
main reason of the enlargement of cavity loss. This gives the
reason that the corresponding threshold currents will gradually
increase while the peak powers will show an opposite trend.

In order to improve the output power of the tilted ridge
DFB lasers, the end face of the device needs to be coated.
Good HR and AR coating films will increase the power of the
device,[19,22,23] which makes the device with a larger tilted an-
gle obtain a greater gain and easily realize laser emission. By
designing the corresponding coating materials, the reflectivity
of HR and AR coating films is shown in Fig. 4, also the simu-
lations of HR light intensity are shown in Figs. 5(b), 5(d), 5(f),
5(h), and 5(j), which correspond to 0◦, 0.39◦, 1.86◦, 2.60◦, and
3.65◦. By comparing with Figs. 5(a), 5(c), 5(e), 5(g), and 5(i),
it can be seen that most of the light is reflected by the designed
highly reflective coating films, and the transmitted light inten-
sity becomes significantly lower, so as to obtain higher power
output of the device.
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Fig. 6. (a) The 520 mA spectrum of the 0◦ device at 20 ◦C. (b) The relation-
ship between the central wavelengths and the SMSR of the 0◦ device.

Then we tested the spectra of the device at 20 ◦C. When
the injection current is 520 mA, the center wavelength is
795.012 nm. Figure 6(a) shows that the device achieved single

mode operation with a SMSR of 33.5 dB. The central wave-
lengths increases with injection currents rising, and the rela-
tionship between the central wavelengths and the SMSR of
the device and injection currents is shown in Fig. 6(b). The
device maintains a good single-mode output with SMSR over
30 dB at all operating currents injection. The central wave-
length of the device increases approximately uniformly and
linearly with the increase of the injection current, and there is
no obvious mode hopping, which shows the good output char-
acteristics and stability of the device.

Spectra of different tilted angles corresponding to 0.39◦,
1.86◦, 2.60◦, and 3.65◦ at a current of 300 mA above thresh-
old currents respectively at 20 ◦C are shown in Fig. 7(a). When
the tilted angle changed, as we expected, the effective grating
period of the device gradually increases. The central wave-
lengths of the corresponding devices gradually redshift and
show tunable characteristics. The wavelength tunable range
of the five angles is 8.656 nm and spectra operated on all in-
jection currents at 20 ◦C are shown in Fig. 7(b).
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Fig. 7. (a) Spectra of different tilted angles at 20 ◦C. (b) Spectra of all
angles at 20 ◦C.

We calculated the central wavelengths and current drift
coefficients of the devices with different tilted angles and the
results are shown in Figs. 8(a) and 8(b). It can be seen that
the central wavelength of small angle devices is larger than
that of large angle devices under the test current condition, be-
cause small angle devices have larger current drift coefficient.
When the change in wavelength caused by injection current
is greater than that caused by tilted angles, the central wave-
length of small angle devices become larger.
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The current drift coefficient of the devices decreases with
the increase of the tilted angle waveguide, that is, the applica-
tion of the tilted waveguide reduces the current drift coefficient
of the device, as shown in Fig. 8(b), which means, to a certain
extent, the introduction of the tilted waveguide improves the
wavelength stability of the device.

Due to the design of the tilted ridge, the internal distri-
bution feedback mechanism of the device plays a leading role.
The FP mode competition is weakened, consequently the spec-
tra of the devices present a stable single mode output char-
acteristic. The central wavelengths are related to the effec-
tive grating period of the devices. The effective period of the
grating increases with the increase of the tilted angle of the
ridge, which leads to the corresponding red shift of the laser
wavelength. But the current drift coefficient of the devices de-
creases with the increase of the tilted angle waveguide, that
is why the central wavelength of small angle devices is larger
than that of large angle devices. The tunable output of the laser
can be realized at different tilted angles and cover pumping the
Rb D1 transition used in atom clocks.

4. Conclusion
Wavelength-tunable 795 nm distributed feedback lasers

have great applications in pumping the Rb D1 transition.
In this paper, we designed tilted ridge distributed feedback
lasers, realizing a tuning range of 8.656 nm at 20 ◦C cover-
ing 795 nm through changing the angle of ridge. The fabri-
cated devices were cleaved into 2 mm-cavity-length, includ-
ing 5 corresponding tilted angles 3.65◦, 2.60◦, 1.86◦, 0.39◦, 0◦

respectively. The peak output powers of all devices were over

30 mW, SMSRs were over 30 dB, and total wavelength range
covered 8.656 nm, from 789.392 nm to 798.048 nm at 20 ◦C.
The relationship between the tilted angle and the reflectivity
of the end cavity surface was obtained. Different from con-
ventional DFB lasers, the output characteristics of the tilted
waveguide lasers are relevant to cavity reflection. The peak
output powers of the devices are inversely proportional to the
tilted angles, while the threshold currents are proportional to
the tilted angles, which is confirmed in the final test results.
Also the application of the tilted waveguide reduces the cur-
rent drift coefficient of the device, and the introduction of the
tilted waveguide improves the wavelength stability of the de-
vice. The results will be instructive for future design of tilted
waveguides.
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