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Introduction: Laser induced fluorescence (LIF) 

spectroscopy and Raman spectroscopy (RS) may re-

veal information about a compound’s electronic and 

molecular structure, respectively, and therefore repre-

sent useful tools in planetary science investigations.  

However in some samples, the raw spectra acquired 

from a Raman instrument may contain LIF signatures 

that can obscure much weaker Raman spectral signa-

tures. Additionally, interference from ambient light 

and fixed pattern noise can be problematic for plane-

tary Raman spectrometers in general. While there are a 

variety of reasons that planetary materials may fluo-

resce, interference from LIF of rare earth elements and 

conjugated or aromatic organic compounds contained 

in a sample are commonly encountered in the lab and 

potentially could be of concern during a planetary mis-

sion.  

There are several ways that Raman instrument de-

signers use to mitigate interference from LIF. These 

include the use of UV Raman spectroscopy [1, 2], Near 

Infrared Raman Spectroscopy [3], Time-Gated Raman 

Spectroscopy [4, 5], and a number of methods based 

on the use of tunable or multiple fixed frequency lasers 

to provide sources of wavelength shifted-excitation. 

Such methods include Shifted-Excitation Raman Dif-

ference Raman Spectroscopy (SERDS) [3, 6], Multi-

Excitation Raman Spectroscopy (MERS) [7], and Se-

quentially Shifted Excitation (SSE) Raman Spectros-

copy [8].  We chose to study fluorescence suppression 

using SERDS and SSE because (1) these methods are 

hardware compatible with mature designs of our Ra-

man instruments being developed for flight applica-

tions [9], (2) they can be implemented with a green 

continuous-wave (CW) diode-pumped solid-state 

(DPSS) excitation laser that has been shown to be the 

optimal wavelength for measuring mineral spectra 

among many wavelengths studied [10], and (3) the use 

of green excitation wavelengths in a Raman instrument 

can minimize the possibility of sample altera-

tion/degradation particularly when organics are present 

when the CW power is applied at moderate levels 

(<100 mW) for most, but not all, samples.  

Other methods for LIF suppression each have their 

merits, e.g., gated methods can enable operation in 

full-daylight conditions. However, some of these 

methods either rely on a longer excitation wavelength 

that may avoid LIF in some materials while sacrificing 

Raman scattering  efficiency relative to shorter wave-

length excitation; or rely on pulsed lasers or UV lasers 

which may cause sample degradation at the flux levels 

required for performing Raman mineralogy in some 

samples [11]; or rely on detector technologies that may 

be relatively difficult and expensive to flight qualify.   

We will describe the experiments using a tunable 

DPSS laser in conjunction with a Raman microscope 

using SERDS and SSE, and demonstrate how these 

methods can mitigate background artifacts and LIF in 

Raman spectra of natural samples. 

Raman Spectrometer: A Kaiser Holospec f/1.8 

Raman spectrometer with a dual blaze holographic 

grating and an Andor  iDUS model detector was used 

in these experiments.  The excitation laser was fiber-

coupled to a Kaiser Mark II probehead which was 

mounted in an Olympus BX60 Optical Microscope 

with a 10X (NA=0.22) objective.  A graded-index mul-

ti-mode collection fiber was used to direct the collect-

ed light to the spectrometer.  The instrument provides a 

free spectral range covering 200 cm-1 – 4000 cm-1 with 

a nominal resolution of 6 cm-1.  

Temperature tuning of a green DPSS Laser:  

We considered several different models of commercial 

frequency-doubled DPSS lasers for incorporation into 

instruments robust enough for flight.  Each model was 

capable of producing an output wavelength of nomi-

nally 532 nm in the 20-100 mW range. We selected a 

particular model of DPSS laser for further develop-

ment because it was capable of surviving non-

operating temperature swings from -130 C to 60 C at 

a ramp rate of 3 C/min after sixteen cycles. Further-

more, it demonstrated excellent spatial and longitudi-

nal mode quality after thermal cycling.   

The DPSS laser incorporates an Nd:YVO4 crystal 

as the lasing medium and utilizes an open cavity de-

sign with an intracavity Potassium Titanyl Phosphate 

(KTP) crystal for frequency doubling. During nominal 

operation the laser temperature is controlled to be near 

25 C using a small thermoelectric cooler (TEC).  A 

semiconductor laser diode that operates at a wave-

length of 808 nm is used to pump the Nd:YVO4 crys-

tal.  The Nd:YVO4 crystal (whose pump face is coated 

to be reflective at 1064 nm) combined with a spherical-

ly shaped output coupling mirror form a hemispherical 

laser cavity. The laser diode output is linearly polar-

ized, and the Nd:YVO4 crystal is oriented in a way 

such that its 1064 nm output is also linearly polarized. 

The KTP crystal is a nonlinear optical birefringent 

crystal which is placed inside the laser cavity and 
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serves to double the laser’s fundamental output fre-

quency into the green (~532 nm). The output coupler is 

coated to pass green light while minimizing the 

amount of infrared light escaping from the cavity. 

Since the KTP crystal is birefringent, it rotates the po-

larization of the linearly polarized 1064 nm light pass-

ing back and forth through the cavity. Longitudinal 

modes on the two reflecting faces of the cavity must 

maintain the same polarization on each side of the res-

onator in order to lase.  However, since the extraordi-

nary and ordinary indices of refraction of the KTP 

crystal are function of wavelength, it acts as a first-

order Lyot filter with a sinusoidally shaped transmis-

sion function. Therefore each longitudinal mode expe-

riences a different polarization rotation, so the KTP 

crystal can be used to select one of them for single 

frequency operation [12].  Since indices of refraction 

of KTP are also temperature dependent, the phase of 

the Lyot filter can be used to tune the output wave-

length over the gain bandwidth of the laser [13].  Ex-

periments with our green frequency-doubled DPSS 

laser show that it can maintain single frequency opera-

tion by keeping the cavity temperature between 20 C 

and 30 C.  Over these temperature limits, the wave-

length for this laser can be temperature tuned over 0.4 

nm. 

SERDS: PID controllers were used to regulate the 

temperature of the laser’s TEC to within 0.10 C as 

well as maintain the laser diode drive current to a con-

stant level.  Raw spectra of a natural calcite (CaCO3) 

were acquired over 30 s with 30 mW of laser power, 

with the laser temperature fixed at 20.0 C and 30.0 C 

(Fig 1A). Five peaks that shift as a result of Shifted-

Excitation are known to be typical Raman peaks of 

calcite, while the unshifted background appears to due 

to broadband LIF from this natural calcite, a fluores-

cence peak at 2480 cm-1, and a system artifact at 2400 

cm-1 (the splice point of the dual blazed grating). The 

raw spectra were subtracted from one another yielding 

the SERDS spectrum (Fig 1B). The Raman peaks of 

calcite are apparent in the SERDS difference spectra, 

while the background is largely suppressed. 

Discussion:  SERDS provides a Raman difference 

signature from raw spectra that may be embedded in a 

strong fluorescence background acquired using two 

different shifted excitation wavelengths (Fig. 1A),  

However, albeit a powerful technique,  the peak reso-

lution of SERDS is directly related to the difference in 

the excitation wavelengths utilized and (3) the random 

noise present in the SERDS is increased as a result of  

subtraction of the two shifted excitation spectra.  All of 

these difficulties can be overcome by applying SSE, 

however: (1) Spectra from a minimum of four shifts in 

excitation wavelength are required, and (2) the compu-

tation load for iterative calculations is significant. 

However, our tests demonstrate that both SSE and 

SERDS can be performed within the 0.4 nm wave-

length shift achievable with the system discussed. In 

the context of a flight instrument both SERDS and SSE 

post processing could be performed on the ground dur-

ing mission operations.  Additionally, a new SSE algo-

rithm advanced by Cooper et al. reduces the computa-

tional load significantly [8].  

We plan to thoroughly explore the tradeoffs be-

tween SERDS and SSE using relevant samples for 

planetary exploration. 
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Fig 1: (A) Raw spectra of natural calcite using Δλ=0.4nm.  

(B) SERDS spectrum of the calcite in (A). 

5071.pdf11th International GeoRaman Conference (2014)

http://as.osa.org/abstract.cfm?&uri=as-46-4-707
http://as.osa.org/abstract.cfm?&uri=as-46-4-707

