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We report a monolithic integrated dual-wavelength laser diode based on a distributed Bragg reflector (DBR)

composite resonant cavity. The device consists of three sections, a DBR grating section, a passive phase section, and

an active gain section. The gain section facet is cleaved to work as a laser cavity mirror. The other laser mirror is

the DBR grating, which also functions as a wavelength filter and can control the number of wavelengths involved in

the laser action. The reflection bandwidth of the DBR grating is fabricated to have an appropriate value to make the

device work at the dual-wavelength lasing state. We adopt the quantum well intermixing (QWI) technique to provide

low-absorption loss grating and passive phase section in the fabrication process. By tuning the injection currents on

the DBR and the gain sections, the device can generate 0.596 nm-spaced dual-wavelength lasing at room temperature.
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1. Introduction

Dual-wavelength semiconductor lasers have at-

tracted much attention recently because of their po-

tential applications in all-optical signal processing and

optical microwave generation.[1,2] Various semicon-

ductor devices have been demonstrated to approach

this target based on the injection locking mecha-

nism, including two-section distributed Bragg reflector

(DFB) laser,[1−3] amplified feedback laser,[4] and Y-

branch dual-wavelength laser.[5] In this paper, we re-

port a dual-wavelength semiconductor laser based on

a composite resonate cavity structure combining DBR

grating and facet reflection. In such a composite cav-

ity, the lasing wavelengths should not only satisfy the

Fabry–Perot (F–P) resonating condition but also be

in the reflection bandwidth of the DBR grating. The

grating functions as an optical filter.[6] With an ap-

propriate grating reflection bandwidth, the device can

generate dual-wavelength lasing. This structure offers

many advantages, such as compact size, simple fabri-

cation, and simplicity of use. Furthermore, the mode

spacing can be tuned by optimizing the device struc-

ture. We present a theoretical analysis to characterize

the operation mechanism of the dual-wavelength las-

ing. Then an InP-based dual-wavelength DBR laser

is fabricated based on the quantum well intermixing

(QWI) technique. A mode spacing of 0.596 nm is

achieved in the experiment. The results verify the

theoretical analysis.

2. Theoretical analysis

Figure 1 shows the work principle of the dual-

wavelength DBR laser. The traditional F–P semicon-

ductor lasers work at multi-mode lasing states. The

adjacent longitudinal mode spacing of the F–P laser

is given by

∆λ =
λ2

2Lcavity
, (1)

where λ is the lasing wavelength, and Lcavity is the
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optical length of the resonant cavity. In DBR grat-

ings, the reflectivity of the Bragg frequency is the

strongest. As the frequency deviates from the Bragg

frequency, the reflectivity decreases rapidly. The 3 dB

bandwidth of the reflective spectrum is typically in

the range of 0.1–10 nm. Combine the two structures,

the DBR grating works as a narrow-bandwidth reflect

filter. By choosing an appropriate filter bandwidth, a

specific number of wavelengths can be involved in the

laser action.

F-P resonant cavity DBR mirror dual wavelength DBR laser
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Fig. 1. Work principle diagram of dual-wavelength DBR laser.

The 3 dB reflection bandwidth of the DBR is de-

pended on the product of grating coupling coefficient

κ and grating length. The coupling coefficient de-

pends on the fabrication details, such as the effective

index and the grating depth. In our scheme, the Bragg

reflector supports two longitudinal modes within the

3 dB bandwidth of the reflection spectrum.

We design a composite cavity device, as depicted

in Fig. 2. It contains three sections, a DBR section,

a passive phase section, and an active gain section.

The facet of the DBR section is coated with an anti-

reflection (AR) film, while the facet of the gain section

is cleaved, providing a power reflectivity of ∼ 0.3. The

composite resonant cavity is formed with the DBR

grating and the cleaved facet as the cavity mirrors.

The output light is measured from the gain section

facet.
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Fig. 2. Schematic illustration of dual-wavelength DBR

laser.

As mentioned above, the mode spacing is de-

pended on the effective cavity optical length

Lcavity = naLa + npLp + nDBRLeff , (2)

where na, np, and nDBR are the materiel refractive

indexes of the active gain, the passive phase, and the

DBR sections, respectively, La and Lp are the lengths

of the gain and the phase sections, respectively, and

Leff is the effective length of the DBR grating. For

weakly reflecting gratings, the effective mirror plane

is at the center of the grating.[7] In our scheme, we

take La = 300 µm, Lp = 120 µm, Leff = 200 µm,

na = 3.35, np = 3.3, and nDBR = 3.2. The adjacent

longitudinal mode spacing is calculated to be 0.59 nm.

The reflection characters of the DBR grating

have been simulated by using the transfer matrix

model.[8] Typical κ values of InP-based materials are

in the range of 20–80 cm−1. The Bragg wavelength

is 1.55 µm, and the typical intrinsic material loss

is 2 cm−1. When the length of grating is 400 µm,

the calculated reflective spectra corresponding to the

coupling coefficients of 20–80 cm−1 are illustrated in

Fig. 3. In our experiment, the κ value is around

40 cm−1, the corresponding 3 dB reflection bandwidth

is about 1.05 nm, so two adjacent longitudinal modes

can be involved in the lasing.
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Fig. 3. (colour online) Reflective spectra of DBR with

different coupling coefficients.

3. Experiments and discussion

The dual-wavelength DBR laser was fabricated

by using a two-step low pressure metal organic chem-

ical vapor deposition (MOCVD) process.[9] Figure 4

depicts the wafer epitaxial structure. The multiple-

quantum-well (MQW) structure consists of seven 0.7%

compressively strained quantum wells (6 nm) and

six lattice-matched barriers (12 nm) made of the In-

GaAsP material. The active layer is enclosed with

InGaAsP separate confinement heterojunction (SCH)

layers (100 nm, λ = 1.2 µm) on both sides. A 250 nm

implant buffer layer covers the top of the wafer. The

photoluminescence (PL) peak wavelength of the epi-

taxial material is 1547.5 nm.

In the fabrication process of the device, the ma-

jor challenge was the integration of the active (gain)

and the passive (phase and grating) sections. We

used the QWI technique to make a band-gap blue

shift on the passive section (the phase control and the

grating sections). The QWI processing involved two

steps: P+ ion implantation and rapid thermal anneal-

ing (RTA).[10,11] The active section was protected by a

400 nm-thick depositing SiO2 mask. Then, the 50 keV

P+ ion implantation with a dose of 5×1013 cm−3 was

applied on the wafer. This process introduced intersti-

tial point defects in the implant buffer layer. After an

RTA for 120 s at 670 ◦C, these defects diffused into the

MQW layer, which made the composition intermixed

between the wells and the barriers. After the process-

ing, the PL peak wavelength of the implanted region

blue shifted from 1547.5 nm to 1445 nm, as showed in

Fig. 5. Then, the index-coupled grating was formed by

holographic exposure and reactive ion etching (RIE).

A cladding layer and a p-type contact layer were grown

by MOCVD. A simple 3 µm wide ridge waveguide was

formed by the RIE etching. The electrical isolation be-

tween different sections was achieved by the He+ ion

implantation. Finally, a p-electrode (Ti/Pt/Au) was

sputtered, and an n-electrode (Au/Ge/Ni) was evap-

orated. The wafer was cleaved into devices, and the

grating facet was coated with the AR film.[12]
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100 nm 1.2Q InGaAs SCH

6 nm 1.2Q etch stop layer

100 nm 1.2Q InGaAs SCH

MQW active region

InP buffer

n InP substrate

7.5 nm n InP
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5 nm p InP

2.5 nm InP

Fig. 4. Epitaxial material structure in the first step.

The device under test was mounted on a heat

sink and held at a constant temperature of 25 ◦C us-

ing a thermoelectric cooling unit. Figure 6 shows the

power–current (P–I) and the voltage–current (V –I)

curves with the unbiased grating section. The thresh-

old current of the device is 70 mA, and the lasing

wavelength is around 1534 nm. Figure 7 shows the

corresponding optical spectrum. As shown in the fig-

ure, the device has one main mode and some side

modes, which results from the filtering function of

the DBR grating. The side mode suppression ratio

(SMSR) is about 40 dB. According to the Kramers–

Kronig relation,[13] the material refractive index varies

with the injection current in the grating section.[14]

This means that the reflective spectrum range of the

DBR grating can be moved. In this way, two adjacent

modes can be adjusted into the laser action. When
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Fig. 5. (colour online) PL spectra of the passive and the

active sections.
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Fig. 6. (colour online) Power–current and the voltage–

current curves (Igrating = 0 mA).
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Fig. 7. Single mode optical spectrum (Igain = 80 mA,

Igrating = 0 mA)
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Fig. 8. Dual-wavelength lasing spectrum (Igain = 100 mA,

Igrating = 18.1 mA)

Igain = 100 mA and Igrating = 18.1 mA, the device

is lasing at two modes, as illustrated in Fig. 8. The

mode spacing is 0.596 nm, a little larger than the cal-

culated result. This is due to the change of refractive

index resulted from the current injection. The peak

power difference of the two wavelengths is 0.22 dB·m.

Such a tiny difference could lead to a high mode beat-

ing extinction ratio. Furthermore, the spacing can be

tunable by controlling Igain and Igrating.

4. Conclusion

In summary, we propose a dual-wavelength laser

diode structure based on the DBR grating. The dy-

namics in the composite cavity has been theoretically

studied. A monolithic integrated three-section device

is fabricated using InP-based materials. We use the

QWI technique in the fabrication. The procedure is

simple and suitable for massive production. The de-

vice emits at the wavelength around 1534 nm with a

current threshold of 70 mA. A stable dual-wavelength

with the spacing of 0.596 nm is achieved when the cur-

rent applied on the grating is properly adjusted. With

specific designs, this structure can be used to generate

dual-wavelength lasings with different spacings.
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