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Abstract — We report device results and techniques for
fabricating gratings for InP-based quantum cascade (DFB)
lasers, grown by MOVPE. Deeply etched lateral gratings are
achieved by the development of a novel two-stage ICP etch

process.
I. INTRODUCTION

The redisation of quantum cascade distributed feedback
(QCDFB) lasers M2 as a cost effective, powerful, single
mode laser source in the mid-infrared (MIR) has created
many real world applications. Recent improvements in
quantum cascade laser performance have made them a
suitable dternative to gas lasers in applications such as high
resolution, trace gas sensing and spectroscopy 4. A number
of applications require single mode emission when operating
near room temperature with the ability to tune the wavel ength
continuoudly over a large range. The conventional method of
tuning the QC laser wavelength is to vary the operating
temperature with typical tuning coefficients of approximately
-0.07cm /K 18 We report the single mode operation of InP-
based quantum cascade distributed feedback (QCDFB) lasers
with AllnAs/ InGaAs active regions, below and above room
temperature. The material was grown by MOVPE and the
structure is based on a double-phonon resonance design ',
with a four well active region structure. More details on this
35 active region structure, including the layer thicknesses, is
given in previous publications P®.  Typicdly, QCDFB
devices have a grating etched into the top of the laser
waveguide ', partially removing the top plasmon-confining
layer. This design relies on a portion of the opticd mode
interacting with the metal in the grating resulting in a
localised loss. Crucidly, the loss component helps lift the
degeneracy between the two modes on either side of the stop-
band . Although effective, this method requires the grating
and laser ridge to be fabricated in two distinct steps. By
monolithicaly fabricating the lateral gratings simultaneoudy
with the ridge ? we significantly reduce process time and
cost. Additionaly, the top of the ridge is left planar by
moving the grating to the side and deep Bragg mirrors
could be used. In this paper, we report the first redization of
InP based lateral grating DFBs with high performance, made
possible by the development of a two-stage inductively
coupled plasma (ICP) etch process.

Il. SAMPLE GROWTH AND FABRICATION
The AllnAs / InGaAs active region and the doped InP
waveguide have appreciably different etch rates and surface
morphology for certain etch chemistries and so the
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development of a high aspect ratio, two-stage, ICP etch
process was required before the realisation of these devices
was possible. To achieve asmooth, vertical corrugation of the
active region the etch depth was required to be 10nm or more.
To achieve such a depth the etch selectivity needs to be high
and so adidectric mask, silicon dioxide (SO,), was favoured.
The SiO, layer (thickness = 800nm) was deposited by plasma
enhanced chemical vapour deposition (PECVD). After spin
coating the sample with SPR350 photoresist, conventional
contact lithography (UV300) was employed to pattern the
sample with the rib waveguide (grating period, L = 1.68mm).
After development of the photoresist the pattern was
transferred into the SiO, layer by using an Oxford
Instruments Plasmalab System 100 ICP etcher. Using a
CHF3/Ar chemistry (rf power = 200W), the process was
optimised to gain a smooth vertica etch profile and a
photoresist to SiO, selectivity of ~1:4. After the dielectric
etch was complete the remaining photoresist on the sample
was removed using an oxygen plasma ash ready for the
semiconductor etch in the ICP etcher. Initial trids using InP
substrates were successfully etched in a Cl/Ar atmosphere
achieving smooth vertical etching and good etch selectivity.
However, when the process was transferred on to the full
QCL structure the vertical etching and good definition of the
rib structure was lost. This was due to the different etching
rates of the InP waveguide and the active region meterials. A
similar etch rate between the different layers and a good
morphology was obtained by switching to a SICl/Ar
amosphere but an excessive amount of mask etching reduced
the selectivity and some undercutting of the mask was
evident. This initiated the development of a two-stage etch
process utilising the two different etch chemistries. The result
was a high aspect ratio etch with a smooth vertical etch
profile and a suitable etch rate. The fina process incorporated
two etches using Cl,/Ar (etch rate = 430nm/min) followed by
an etch using SICI/Ar (etch rate = lum/min). The chamber
pressure was 2mTorr and table temperature was 25°C. The rf
powers / ICP powers were 300W/500W and 220W/1000W
respectively. The total etch time including the pump down
was 23 minutes and a semi conductor to mask etch selectivity
>15:1 was achieved. The remaining didectric mask was
removed and then a dielectric layer was deposited by PECVD
for electrical isolation. The contact window was opened in the
dielectric layer using a reactive ion etch (RIE) and Ti/Au
eectrical contacts were thermally evaporated onto the sample



Fig. 1. Scanning electron microscope image of a quantum cascade
DFB laser ridge with deeply etched lateral gratings The sample is
shown after metallization after a dielectric layer was deposited by
PECVD and a contact window opened by reactive ion etching.

as shown in Fig. 1. Finaly, ~1mm of electroplated gold was
deposited on the sample.

I1l. RESULTS AND DISCUSSION
Fabry-Perot (FP) lasers were simultaneously fabricated on the
sample with the DFB devices. The DFB ridge widths were the
same as for the FPs but the additional rib structures were
either 1mm, 3mm or 5mm wide. This alowed the direct
comparison of the DFB designs with their corresponding FP
devices. Severa un-coated devices were mounted on copper
blocks, gold wire bonded and tested using an electrical pulse
length of 25ns and repetition rate of 5kHz. The device
emission spectra were measured using a Fourier Transform
Infra-Red (FTIR) spectrometer with a resolution of 0.2cm™.
Single mode laser emission (linewidth ~0.3cm™) was
measured for the DFB devices operating at room temperature
and this was still the case when operating a well above
threshold. For the 9mrm (I ~ 9.91nmm) and 14nm (I ~ 10.1nm)
wide ridges, the effective refractive index (ng;) =1 / 2L was
calculated to be (» 2.95) and (» 2.99) respectively at room
temperature. Further emission spectra measurements were
carried out on two devices with length = 0.65mm. The ridge
widths were 9nm (N3) and 14mm (W,) and the rib widths
were 3nm and 1nm respectively. For both devices the
observed change in wavelength over a temperaure range of
190K to 330K is linear, with a tuning coefficient measured to
be—0.067 cm™ K. In (Fig. 2) the emissi on spectra aso shows
the dependence of the wavelength on the ridge width (w),
giving (dn adw » 3cm™/mm). The side mode suppression ratio
(SMSR) for N3 was greater than 30dB for temperatures higher
than 190K where no other side modes were present. The
SMSR for W; was >18dB at room temperature and above.
The inferior single mode performance of W, compared to N
is attributed to the reduced coupling coefficient, which is
caused by the smaler rib length and wider ridge width.
Additionally, a 0.95mm long DFB with a 14mm wide ridge,
5mm rib width and as-cleaved facets was measured as having
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Fig. 2. Single-mode L aser emission spectra measured close to
threshold over arange of temperatures between 190K and 330K for
devices N3 and W1, Pulsing conditions used were 25ns pulse width
at a5kHz repetition rate.

singleemode emission (SMSR >30dB) with peak optical
output power up to ~30mW a room temperature. The
threshold current densities and (slope efficiencies) at 293K
were ~ 5.5 kA/cm? (~64mW/A) and at 250K they were ~ 4.3
kA/cm? (~85mWI/A).
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