
                                                                                                                                                                               
 

 Cobolt lasers for Raman Spectroscopy – White Paper 

 

1. Please tell us a bit about Cobolt? 
Cobolt AB is a Sweden-based manufacturer of high performance diode-pumped lasers and 
laser diodes in the UV, visible and near-infrared spectral ranges. The company’s laser 
products serve as key-components in advanced analytical instrumentation equipment for life 
science, quality control and industrial metrology applications.  
 
Cobolt is recognized on the market for providing compact, high performance, continuous 
wave lasers with reliable single-frequency or narrow-linewidth performance over a large 
range of environmental conditions. This is thanks to the company’s proprietary HTCure™ 
technology for advanced laser manufacturing. HTCure™ allows for robust assembly of high 
precision optical systems into compact, hermetically sealed packages.  
 
Cobolt was founded in 2000 and is head-quartered in Solna, Sweden, where the company’s 
products are developed, designed, and manufactured in a modern and ISO 9001 certified 
clean-room factory. The facility is specially designed for volume manufacturing of advanced 
lasers and laser systems. The company has direct sales offices in Sweden, Germany and the 
USA. Since December 2015, Cobolt AB is part of Hübner Photonics, a division of the Hübner 
Group. Hübner is a market leading supplier of industrial mobility solutions for the transport 
industry. 
 

 
Cobolt 04-01, 05-01 and 08-01 Series of high performance CW lasers for Raman spectroscopy  

 
2. What are the different techniques in modern Raman Spectroscopy, and what are they 

used for?  
Thanks to rapid technology advancements in recent years, Raman Spectroscopy has become 
a routine, cost-efficient, and much appreciated analytical tool not only in material research 
applications  but also for in-line process control applications in for instance pharmaceutical, 
food & beverage, chemical and agricultural industries. Improvements in laser technology 
(smaller, more powerful and more robust), detectors (CCDs and InGaAs arrays), and spectral 
filters (VBG-based notch filters), along with developments of new schemes for signal 
generation and detection, have aided  instrument manufacturers in overcoming the 
challenge of weak signals associated with Raman spectroscopy and  accelerated 
development of much smaller, user-friendly and performant Raman instruments, which in 
turn had led to strong market growth.  
 



                                                                                                                                                                               
 

            
 
Examples of Raman instruments targeting different application areas; i) Probe-based in-line 
process control system  ii) Hand-held device for in-field analysis and iii) Raman microscope 

for high resolution chemical imaging 
 
Solid state lasers, such as those manufactured by Cobolt, offer much more compact 
alternatives to the previously used gas lasers and are covering a continuously increasing 
range of wavelengths and power levels. Another critical improvement in key components of 
a Raman instrument is the introduction of array-based detectors, which allow for fixed-
grating configurations and eliminate the need for moving parts in the instrument. These 
compact new lasers sources combined with fixed-grating spectrometer configurations has 
enabled development of very compact and performant Raman instruments.  Such portable 
or hand-held Raman instruments are primarily used for homeland security and forensic 
applications (e.g detection of explosives and bio-warfare agents). Other applications include 
art restoration, archaeology, drug analysis and identification of gemstones and minerals.  
 
Another important application area for Raman instrumentation is in-line process monitoring 
and product testing. For this, probe-based bench-top Raman instruments are utilized. In 
pharmaceutical industries for instance. Raman-based tools are implemented  throughout the 
whole manufacturing chain; for new drug identification through high through-put screening 
(HTS) techniques, quality inspection of raw materials, monitoring of granulation, blending 
and drying during processing and finally for non-invasive testing of produced tablets and gel-
caps. For in-line monitoring in harsh industrial environments, such in the petro-chemistry 
industry, Raman instrumentation is now being deployed as an alternative or complement to 
gas chromatographs (GCs). This was directly enabled by the use of all solid-state Raman 
instruments using  compact, reliable lasers with long lifetimes.   
 
Raman spectroscopy is also used with confocal microscopy techniques and can in this way 
offer label-free high resolution imaging of chemical substance distributions. A primary 
advantage of Raman over absorption techniques in imaging applications is its capability to 
examine multiple different species from one single excitation wavelength. These confocal-
Raman microscopes are now sensitive enough to be used also for biomedical studies, even 
on single-molecule levels. This capability has been enabled by developments in TERS (Tip-
Enhanced Raman Spectroscopy) and SERS (Surface Enhanced Raman Spectroscopy) which 
have allowed Raman imaging to go beyond the diffraction limit in resolution.  
 
The capability of confocal Raman microscopes to perform label-free characterization of 
biological cells and tissue in high resolution and at video-rates, combined with the 
development of new chemometric approaches for qualitative and quantitative Raman image 



                                                                                                                                                                               
 

analysis is paving the way for use of Raman spectroscopy also for clinical diagnosis, with the 
potential of enabling faster identification of infectious microorganisms and improved 
methods for early cancer detection.  
 

            
 
Examples of compound distribution in medical pill and label-free analysis of micro-organisms 

using Raman Spectroscopy. 
 
Another interesting feature of Raman spectroscopy is its capability to perform chemical 
analysis through optically non-transparent barriers and surfaces, such as containers, using 
Spatially Off-set Raman Spectroscopy (SORS). SORS relies on subtracting the spectrograms of 
the container surface from the spectrogram of the contents of the container. The contents 
inside of the container is reached by scattered illumination light through the container wall 
and the Raman spectrum from it can be recorded by aiming the detection system to areas 
just beside the illumination spot. This approach enables for instance in-field quality 
inspection and fraud detection in the pharmaceutical industries, and is also used for the 
detection of hazardous or explosive substances in security control applications.  
 
Furthermore, the development of very sharp notch filters in combination with reliable, 
narrow linewidth laser sources with a high level of frequency stability, has made it possible 
to record Raman spectral responses in the Terahertz range (Stoke shifts in the range of a few 
cm-1 to a few 100 cm-1). The THz region of Raman spectra contain important structural 
information about the molecules or crystal lattices under investigation. In the 
pharmaceutical industry, this structural information can help to determine the crystallinity, 
and therefore solubility, of pharmaceuticals.    
 

 
Example of distinguishing between crystalline and amorphous griseofulvin through low-

frequency Raman spectroscopy. 
 



                                                                                                                                                                               
 

Raman terminology quick guide 
 

SERS Surface-enhanced Raman 
Spectrosocopy  

Combining the sample particles (eg molecules) under 
investigation with metal surfacesenable enhancement (of up 
to 1010 times) of the Raman signal through excitation of 
localized surface plasmons. 

TERS Tip-enhanced Raman 
Spectroscopy 

The illumination beam is aligned at the sample with an 
atomically sharp tip that is typically coated with gold. This 
illumination generates confined surface plasmons at the tip 
which enhance the Raman signal. The tip also allows for sub-
diffraction spatial resolution.    

SORS Spatially Off-set Raman 
Spectroscopy 

The Raman signals are recorded at points spatially separated 
from the illumination spot. This allows for detecting Raman 
spectra from materials inside an optical barrier, like a 
container wall, provided that the Raman signal from the wall 
is subtracted. 

RSR Resonant Raman 
Spectroscopy 

The illumination wavelength is chosen to overlap with an 
absorption band of the material under investigation. This can 
enhance the Raman signal by a factor of 102-106. However, 
the fluorescence background also typically increases 
significantly. 

SERDS Shifted Excitation Raman  
Difference Spectroscopy 

Method to supress fluorescence emission by subtracting two 
Raman spectra, excited by spectrally slightly shifted laser 
lines.  

THz Raman Low-frequency Raman 
spectroscopy 

Highly frequency-stable laser sources and sharp VBG-based 
notch filters are used to analyse the THz regions of Raman 
spectra, very close to the illumination frequency. Those small 
Stoke-shifts tend to contain features attributable to external 
vibrations of the crystalline lattice in a sample. 

FT-Raman Fourier transform Raman 
Spectroscopy 

The Raman signal is read out from a Michelson 
interferometer in which one of the arms is varied in length 
over time. 

 
 

3. Why is the choice of laser wavelength important for Raman Spectroscopy?  

A number of different wavelengths are commonly used in Raman Spectroscopy today, 
ranging from the UV, over the visible, and into the near IR. Choosing the best illumination 
wavelength for a given application is not always obvious. Many system variables must be 
considered in order to optimize a Raman Spectroscopy experiment, and several of them  are 
connected to the wavelength selection. 

To start with, the Raman signal is inherently very weak. It relies on photon-phonon 
interactions in the sample material, which is typically a one-in-a-million event. In addition, 
the Raman scattering intensity is inversely proportional to the 4th order of the illumination 
wavelength, which means that illumination at longer wavelengths results in a rapidly 
decreasing Raman signal.  

Furthermore, the detection sensitivity is also dependent on the wavelength range. The 
quantum efficiency of commonly used non-cooled silicon-based CCD devices for the Raman 
signal detection rolls off fairly quickly beyond 800 nm. For longer wavelength illumination, it 
is possible to use InGaAs array devices, but those are associated with higher noise levels and 
hence lower sensitivity. Then there is also the spatial resolution to be considered. The spatial 
resolution in a Raman imaging application is affected by the illumination wavelength as the 
diffraction-limited laser spot diameter is determined by 1.22*(λ/4).  



                                                                                                                                                                               
 

 

Detector sensitivity versus wavelength for Si and InGaAs. 

The wavelength dependence of the Raman signal strength, the detection sensitivity, and the 
special resolution all seem to point towards the use of shorter wavelength illumination (UV 
and visible) as opposed to longer wavelengths (in the near-IR). However, there is a major 
challenge to be overcome with shorter wavelength illumination: Fluorescence emission.  
Many materials tend to emit a lot of fluorescence when excited with UV-visible light and this 
fluorescence background tends to drain the weaker Raman signal.  

One proposed method for avoiding the influence of fluorescence is called Shifted Excitation 
Raman Difference Spectroscopy (SERDS). This method relies on recording two Raman 
spectra with two spectrally slightly shifted laser lines, and then subtract them from each 
other. In this way, most of the fluorescence signal, which is not as strongly wavelength 
dependent, can be eliminated.  

For some materials, the influence of fluorescence can effectively be avoided by using even 
shorter wavelengths in the UV spectral range. Although UV light tend to excite strong 
fluorescence, it is typically emitted at wavelengths above 300 nm. This opens up the 
opportunity to both excite and record the Raman signal below 300nm without influence of 
the fluorescence, as the Raman signal is recorded very close to the illumination wavelength.  

 

Avoiding influence of fluorescence by using UV illumination 

However, another important aspect to take into account when selecting illumination 
wavelength is, of course, the availability of suitable laser sources. Factors such as size, 
performance, stability, and cost must  be considered.  UV lasers, for instance, are still 
relatively costly and bulky. So, in many cases, red or near-IR lasers (660-830 nm) are still 
used for fluorescence suppression in Raman spectroscopy, even if the Raman scattering 
efficiency is much weaker there.   

With all these aspects taken into account, the resulting most commonly used wavelength in 
Raman spectroscopy is 785 nm. It often offers the best balance between scattering 



                                                                                                                                                                               
 

efficiency, influence of fluorescence, detector efficiency and availability of cost-efficient and 
compact, high-quality laser sources. However, the use of visible lasers in the blue and green 
(in particular at 532 nm) is increasing. This illumination range is particularly suitable for 
inorganic materials, e.g. carbon materials, and resonance Raman experiments, as well as for 
SERS.  

UV lasers are attractive for resonant Raman spectroscopy on biomolecules such as proteins, 
DNA and RNA. For applications with very fluorescent materials which require near-IR 
illumination, it is common to use 1064 nm. For instance, 1064 nm has traditionally been 
used in FT-Raman configurations to suppress fluorescence interferences. FT-Raman, 
however, is limited by long acquisition times and the need for moving parts. With the 
availability of sensitive InGaAs array devices it is now also possible to use 1064 nm lasers in 
portable and hand-held Raman instruments. For SORS the most commonly used wavelength 
is around 830 nm. 

 

4. What other parameters of the laser source are important to consider in Raman 
Spectroscopy?  
 
In addition to wavelength, there are a number of important performance parameters that 
should be taken into account when choosing the best laser sources for a Raman 
spectrometer. Key performance requirements are the spectral linewidth, frequency stability, 
spectral purity, beam quality, output power and power stability, as well as sensitivity to 
optical feed-back. In addition, the compactness, robustness, reliability, lifetime and cost 
structure should be considered. 
 
The spectral linewidth of the laser sets a limit to the spectral resolution of the recorded 
Raman signal (i.e. how small of a difference in Stokes shift can be detected). However, the 
spectral resolution of a Raman spectrometer does not only depend on the laser source. Also 
playing a role is the groove density of the diffraction grating, the spectrometer focal length 
and, in some cases, the pixel size of the detector. Furthermore, the correlation between 
groove density and spectral resolution depends on the wavelength (longer wavelengths 
require lower groove density for the same resolution). For most fixed-grating systems, the 
laser linewidth should be a few 10 pm or less in order to not limit the spectral resolution of 
the system. However, high resolution systems may require linewidths much less than that, 
sometimes even less than 1 MHz.  
 
Related to the linewidth parameter is the frequency stability, or spectral stability, of the 
laser. The laser line must stay very fixed in wavelength during recording of the spectrogram 
in order not to deteriorate spectral resolution. Typically, the laser should not drift more than 
a few pm over time and over a temperature range of several oC.  
 
Another important performance parameter for the laser is the spectral purity (or, how well 
side-modes to the main laser peak are suppressed, and how close to the main peak the level 
of side-mode suppression is sufficiently high). Detecting the Raman signal normally requires 
a spectral purity of >60dB from the laser source. For many cases, it is sufficient if the level of 
spectral purity is reached at around 1-2 nm from the main peak. However, low-frequency 



                                                                                                                                                                               
 

Raman applications require a high side-mode suppression ratio (SMSR) a few 100 pm, or 
less, from the main peak.  
 
The transversal mode beam quality of the laser beam is also important to consider. In 
confocal Raman imaging applications, it is necessary to use diffraction limited TEM00 beams 
for optimum spatial resolution. However, for probe-based quantitative Raman analysis, the 
requirement is not as tight and here it  is normally sufficient with a beam quality that allows 
for efficient coupling into multi-mode fibres, e.g. with 50-100 µm core diameters.  
 
Output power and power stability are other important selection criteria for the laser 
source. The output power requirement is related to the wavelength, the type of material(s) 
that will be investigated, as well as the sampling frequencies and imaging speeds. All of 
these parameters impact the time required/available to record the Raman spectra. Typical 
laser output powers range from around 10mW in the UV, up to several 100mW in the near-
IR.  
 
Furthermore, for some applications, it is necessary to isolate the laser sources from optical 
feed-back from the sample, particularly in confocal imaging set-ups, as the samples here 
may generate optical feed-back that is very well-aligned with the excitation beam. Optical 
feed-back can induce instabilities in the output intensity and wavelength from the laser and, 
in the worst case, also cause permanent damage to the laser. Diode-pumped solid state 
(DPSS) laser sources are typically not damaged by optical feed-back, but the power stability 
could be affected if the feed-back is interacting with the intra-cavity field of the laser or 
causing stray-light onto power regulating elements in the laser. Direct diode-based lasers, 
however, are generally more sensitive to optical feed-back and may suffer pre-mature 
failure if exposed to even small levels of optical feed-back.  Optical feedback can be avoided 
by introducing an optical isolator in the beam path. If an optical isolator is being used, it is 
normally preferred to have it integrated directly into the laser source itself, as careful 
alignment of the isolator optics to the output polarisation of the laser is required to achieve 
high stability in the output after the isolator.   
 
Finally, the compactness, robustness, lifetime and cost structure are very important 
parameters to be considered in the selection of the optimum illumination source for a 
Raman system. Raman instrumentation has progressed into becoming a standard analytical 
tool in many scientific and industrial applications. Users expect to run routine experiments 
or process monitoring measurements for years without the need for service or exchange of 
the laser source. In a growing number of cases, the instrument must also tolerate operation 
in harsh, industrial environments. For these reasons, most Raman systems are nowadays 
equipped with solid-state based laser sources rather than the aforementioned gas lasers. 
Today, compact solid-state lasers with proven operation lifetimes of several 10,000 hours 
which meet the most advanced optical performance requirements are available in all 
wavelength ranges commonly used for Raman spectroscopy.  
 
 

5. What different types of laser sources are commonly used in Raman Spectroscopy today?  
 
Solid-state based CW laser sources that are commonly used for Raman spectroscopy can be 
grouped into three categories: 



                                                                                                                                                                               
 

   
i) Diode-pumped SLM lasers (single-longitudinal mode DPL lasers)  
ii) Single-mode diode lasers; DFB (distributed feedback) or DBR (distributed Bragg 

reflection)  
iii) VBG frequency stabilized diode lasers 

These laser technologies cover different wavelengths regions and are associated with some 
significant differences in optical performance.  

 
Diode-pumped SLM lasers (DPL lasers) combined with built-in nonlinear optical frequency 
conversion are readily available in compact formats from the UV to the near-IR, with up to 
Watt power levels at 1064 nm. In the visible range, a large number of lines in the blue-green-
red region (660, 640, 561, 532, 515, 491, 473, 457 nm) are available in compact formats and 
with output powers on the scale of several hundred mW. Lower power levels are available 
from compact lasers in the UV ( e.g. 10-50 mW at 355 and 266 nm). These lasers provide 
excellent TEM00 beams, very precise wavelengths with low drift and a single-frequency 
linewidth of typically far less than 1 MHz. These lasers also offer very high level of spectral 
purity with typically well over >60dB SMSR up to within 10:s of pm from the main peak. 
There may be occurrence of low level emissions at neighbouring laser lines, but they are 
several nanometers shifted from the main peak and therefore easily eliminated by 
integrating a dielectric band-pass filter. 

 
Typically TEM00 beam profile and the very clean spectral characteristics of a Cobolt 532 nm 

DPL SLM laser. 
 

 

Spectral linewidth characterisation and wavelength & power stability of a Cobolt 532 nm DPL 
SLM laser. 

Single-mode diode lasers (DFB or DBR) provide very compact and cost efficient illumination 
sources with single-frequency linewidth (<1 MHz) and single-transversal mode beam quality. 
A number of wavelengths are available in the red to near IR, with output powers up to a few 
100 mW in the near IR. The most commonly used wavelengths of this type of laser are 785, 



                                                                                                                                                                               
 

830, 980 and 1064 nm. Side-band emission from the semiconductor emitter limits the SMSR 
of these lasers to around 50 dB, normally achieved at a few 100 pm away from the main 
peak. 

The third group of laser sources for Raman is VBG frequency stabilized diode lasers. In these 
lasers a diode laser is combined with an external Volume Bragg Grating (VBG) element. The 
VBG element provides a narrow linewidth optical feedback, which the diode laser emitter 
gets locked to. With this method it is possible to achieve narrow-line emission at 
wavelengths that are not available as DFB or DBR sources. It is also possible to achieve 
narrow linewidth emission at higher power levels in this way, by frequency stabilizing multi-
transversal mode diode lasers. Careful thermo-mechanical control and high precision 
alignment of the VBG element is required to achieve high stability in the output wavelength 
and linewidth, especially with varying ambient temperatures. Linewidths range from single-
frequency emission up to a few 10 pm, depending on wavelength and output power. And, as 
with other diode lasers, the SMSR is limited to 40-50 dB close to the main peak. However, by 
integrating a dielectric bandpass filter, this can be improved to 60-70 dB at 1-2 nm away 
from the main peak. 

  

Spectral linewidth stability in varying temperature and spectral characteristics with (yellow) 
and without (pink) integrated bandpass filter from a 500 mW Cobolt 08-NLD laser at 785 nm. 

 

6. What are the features and benefits of Cobolt’s laser technologies, and how do they serve 
Raman Spectroscopy applications? 

Cobolt serve the Raman industry with both Diode-pumped SLM lasers (DPL) and VBG-
stabilized diode lasers. Both these laser types require extremely high level of precision in the 
mounting and fixation of separate optical elements. Therefore, reliable performance from 
such lasers can only be achieved if they are assembled with advanced optical manufacturing 
technology, and with proven resilience to thermal and mechanical stress. All of Cobolt’s DPL 
lasers and VBG-stabilized diode lasers are manufactured with the company’s proprietary 
HTCure™ Technology, which relies on high temperature baking of miniaturized optics high-
precision mounted into thermo-mechanically stable and hermetically-sealed packages. This 
approach has proven to provide highly reliable lasers that can tolerate repeated thermal 
shocks over 100oC and mechanical shocks over 60G.  

The Cobolt 08-01 Series of compact SLM and narrow-linewidth lasers is specifically designed 
for Raman spectroscopy applications. The same product platform hosts Diode-pumped SLM 
lasers (08-DPL) and VBG-stabilized diode lasers (08-NLD) in compact and hemertically-sealed 
packages. The modules have fully integrated electronics and optional optical isolators. The 



                                                                                                                                                                               
 

output beam is collimated free-space or coupled into a multi-mode fiber (typically 50-100 
µm core). Available wavelengths are 405, 457, 473, 515, 532, 561, 660, 1064 and 785 nm.     

 

                            

Cobolt 08-01 Series of compact SLM and narrow-linewidth lasers for Raman spectrosocpy. 

One of the newer products in this series is the Cobolt 08-NLD 405 nm laser and this product 
is a recent example of how VBG-stabilized diode laser technology can provide compact 
Raman laser sources at new wavelengths. The Cobolt 08-NLD 405nm laser offers 40 mW 
output power and narrow linewidth (<20 pm) emission, in a TEM00 beam, from a compact 
module with integrated optical isolator and all integrated drive and control electronics. 

This new wavelength is also an example of how careful wavelength selection can improve 
the performance of a Raman spectroscopy system. In a recent collaboration between Cobolt 
and JASCO Corp. (Japan) it was shown that the use of near-UV illumination greatly improved 
the capability to resolve Raman spectra from polyimide. The Raman scattering intensity 
increased at shorter wavelengths, and the detection was less influenced by fluorescence. 
Moreover, illumination at this shorter wavelength allowed for combined analysis using both 
Raman and photoluminescence.   

 

  Raman spectrum of polyimide being easily resolved when using 405 nm excitation. The 
Raman signal is buried in fluorescence for 532 nm and 785 nm laser excitation. 
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