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he near infrared (NIR) wavelength
range up to 3 pm comprises many
g absorption features of gases of
great relevance for industrial applica-
tions, such as water and carbon dioxide,
for example. Employing tunable diode
laser spectroscopy (TDLS) has proven to
be a powerful concept for very fast and
highly sensitive detection of gas species
in this wavelength range. TDLS exploits
the fact that characteristic rotational and | ‘
vibrational excitation features are unique 5 | | i
for each gas species, and, when utilizing 10 Fnppalantory T
a monomaode laser, these features can
be scanned very selectively. Wavelength (um)
Highly sensitive detection of hydrocarbons
is especially interesting for industrial and 1 Absorption spectrum of methane
automotive applications. Very strong char- {Source: HITRAN 2004 malecular spectroscopic database)
acteristic absorptions (related to funda-
mental molecular transitions) of most hydro-
carbons are located in the longer wavelength mid-infrared (MIR]  impeded by the lack of commercially available industrial-grade
range around 3.0 to 3.6 pm. They often exceed corresponding  monomode laser sources in the wavelength range beyond 3 pm.
NIR absorption strengths by more than an order of magnitude  For an uncomplicated and inexpensive use, suitable lasers
(Figure 1) and thus permit TDLS with much higher sensitivity.  ideally operate in continuous wave (cw) mode at room tem-
This type of approach to hydrocarbon detection has so far been  perature. Within the scope of the European project :SensHy:
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2 DFB laser: ridge waveguide with lateral metal grating (left), and the laser covered with thick gold layer (right)




(www.senshy.eu) suitable monomode

lasers have been developed by nanoplus,
demonstrating previously unattained per- 0-

formance. They enable a new level of
qualitative monitoring techniques using
TDLS up to a wavelength of 3.4 ym, for
example for hydrocarbon detection.

-204
DFB laser

production technology
nanoplus is an internationally leading
supplier of high quality laser sources for -40 -
gas sensing applications in the visible, NIR
and MIR wavelength ranges [1]. The new-
ly developed lasers presented here are
produced using the company's proprietary 3:;10
technology base to fabricate monomode,
distributed feedback (DFB) diode lasers.
Semiconductor laser material for emission
>3 pm is used for DFB fabrication based
on lateral metal gratings. The grating struc-
tures, with dimensions around 150 nm, are
defined next to the sidewalls of etched ridge
waveguide structures using highly accurate e-beam lithography.
The structures are then patterned by metal evaporation, re-
sulting in DFB laser devices as shown in Figure 2a.

This patented, cost-effective approach has been well-estab-
lished at nanoplus for more than ten years. It shows a high DFB
yield and eliminates the need for epitaxial overgrowth in the
production of the laser layers. An impairment of laser
performance due to the insertion of patterning-induced defects
near the active region is therefore avoided. Taking increased
internal losses in high wavelength diode laser structures into
consideration, the processing route is customized for high
performance. Therefore the laser ridge waveguides are sur-
rounded by a gold layer of high thermal conductivity (Figure 2b)
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3 Spectrum of a packaged (TO5, inset}, industrial-grade DFB laser emitting
around 3.37 ym in cw operation at 10°C and 125 mA (3]
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for improved heat removal and equipped with a highly reflec-
tive backside gold coating for increased optical output efficiency.
DFB devices can be exactly matched to their designated
application in TDLS sensing and are subsequently mounted
onto TO-headers with internal temperature controllers (see
inset of Figure 3). Hermeti-
cal sealing of those headers
in a dry nitrogen atmosphere
yields application-ready,
packaged DFB laser devices
protected from humidity or
the hazard of mechanical
destruction.
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Performance of DFB lasers

The DFB lasers described here operate in the wavelength
range up to 3.4 pm. Their applicability to high quality hydro-
carbon sensing is guaranteed by outstanding spectral proper-
ties. As an example, a laser device for detection of methane
or propane at 3.37 um is illustrated in Figure 3, showing a
spectrum of the DFB laser operating in cw

mode at a chip temperature of 10°C

under a forward current of 125 mA. The

Summary

DFB lasers for TDLS applications in the wavelength range
exceeding 3 um are now commercially available. nanoplus
has developed corresponding devices with industrial-grade
performance up to wavelengths of 3.4 pm. Spectral and elec-
tro-optical characteristics of the lasers qualify them for high

emission is clearly monomode. Side- 3376 e e e — 3376
mode suppression ratios are typically E' i m

better than 40 dB - an excellent value for £ 3374+ 43374
high selectivity gas sensing. A plot de- '*E Yl aki ks i I.mA . "

picting the temperature and current tun- E 3372 4 e . - % 43372
ability of the monomode emission wave- E & e & i ;
length of the DFB lasers is shown in Fig- g 3370+ k * " - 3370
ure 4. The overall tuning range is generally = j & A ]
around 9 nm. Depending on the desired -% 33684 A p . T— 3368
application, the emission wavelength can 2 ® » * 10°c| ]

be set by adjusting the corresponding § 3366 o Y . > 4 s°c |13366
Peltier-controlled chip temperature, ex- @ Je lim ® G 47
hibiting temperature tuning of around 8 0 ® 5°C|q3364
0.28 nm/K. Very fast current tuning of the 80 100 120 140 160 180 200
emission wavelength in a TDLS applica- Current (mA}

tion can then be performed with a typical
tuning coefficient on the order of
0.025 nm/mA. Wavelength ranges of
around 2nm can be sampled in this

4 DFB emission wavelength tuning by variation of the
operation current at different chip temperatures [3]
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manner.
sensitivity and high selectivity spectro-
18 18 scopic applications. Their promising po-
T T T P S TR R SRR ST SO i tential has already been demonstrated
1,64 1,6 within the activities of the SensHy project,
i for example, in detecting acetylene
- 144 10°C 1.4 A tek :
= | — & | impurities in ethylene and polyethylene
E 121 ] 12°C 1.2 manufacturing processes at a wavelength
5 10l Pl - of 3.06 ym [2].
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5 cw L-l characteristics of a DFB laser with emission
around 3.37 pm at different chip temperatures [3]

These long wavelength DFB lasers are capable of cw operation
up to temperatures around 20°C. Figure 5 shows typical L-|
characteristics of a laser for selected chip temperatures. At an
operating temperature of 10°C the laser output power exceeds
1.6 mW, enabling high sensitivity detection in TDLS applica-
tions. Higher power options are currently under development
at nanoplus, as well as even larger wavelength coverage.

2,2011, p.427-434
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