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Abstract

This document reports one laser diode spectroscopy (LDS) experiment.
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Introduction

Laser Diode Spectroscopy

Spectroscopy is an analytical technique used to identify and measure the characteristics of materials, such as the

composition, structure and properties of molecules, atoms, or ions. It is usually used to study the interaction of

light with matter. Laser diodes are special types of semiconductor diodes that produce light due to stimulated

emission of radiation. Laser diode spectroscopy is the application of laser diodes in the field of spectroscopy. It

is used to measure the optical properties of materials, such as the wavelength and angular distribution of light

emitted from the material.

Population Inversion

Population inversion is a key concept in laser diode spectroscopy. It is a state in which the number of excited

atoms or molecules is more than the number of unexcited atoms or molecules. This is achieved by pumping energy

into the material to increase the number of excited atoms or molecules. Once the population inversion is achieved,

stimulated emission of radiation occurs, resulting in the emission of laser light. Thus, population inversion is

essential for the operation of laser diodes.

Piezo Modulation

Piezo modulation in laser diode spectroscopy is a technique used to measure the optical properties of materials.

In this technique, a laser diode is modulated with a voltage applied to a piezoelectric transducer, which causes the

diode to produce a beam of light with a changing frequency. This changing frequency is then used to measure the

optical properties of the material that the laser is focused on. The optical properties of the material can then be

used to determine the composition of the material, its optical bandgap, and other important characteristics. This

technique is useful for research in the fields of physics, chemistry, and materials science. It is especially useful for

the study of nanostructured materials, as the changing frequency can be used to study the properties of individual

nanostructures. Additionally, this technique can be used to measure the optical properties of materials under

different environmental conditions, such as temperature, pressure, and irradiance.

Resonance Fluorescence Spectroscopy

One type of laser spectroscopy is resonance fluorescence spectroscopy. In this technique, a laser is used to excite

the atoms or molecules in the sample, causing them to emit light. The energy of the emitted light is measured,

and this can be used to determine the energy levels and other properties of the atoms or molecules.

Rubidium is a chemical element with the symbol Rb and atomic number 37. It is a soft, silvery-white alkali metal

that is highly reactive and is often used in laser spectroscopy experiments. When excited by a laser, rubidium

atoms can emit light in the form of fluorescence. By measuring the energy of the emitted light, it is possible to

study the energy levels and other properties of rubidium atoms.
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1 Part I: Direct Detection

In this part of the experiment, we will emit a laser through a Rubidium cell, and will detect the Rb fluorescence.

This method will allow some error in our measurement, and we shall address it in the next part of this report.

1.1 Experimental Setup
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Operating note : The TOP and SIDE knobs are used to align the grating with respect 
to the diode.  The lines on the grating run vertically.  Figure 2 shows the diode laser 
with the cover off and the 5/64” Allen wrench placed in the SIDE knob.  The first 
order diffraction from the grating is directed back into the diode.  The zero order 
reflection from the grating is the light you observe leaving the laser.  The TOP knob 
rotates the grating about an axis that is parallel to the table top.  Turning the TOP 
knob changes the vertical angle of the light diffracted from the grating.  But to first 
order it does not change the wavelength of the light that is diffracted back into the 
laser.  The SIDE knob rotates the grating about an axis that is perpendicular to the 
table top.  Turning the SIDE knob does changes the wavelength of the light that is 
diffracted back into the diode.   

 
E.  Setting up to Observe Rubidium Fluorescence 
 

1. Remove the index card and position the Rubidium Absorption Cell Assembly so that the 
laser beam passes through the center of the cell.  You may use the IR viewing card to trace 
the path of the beam.    
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Figure 4.  Setup for Observing Rubidium Florescence   
 
2.  Point the camera so it looks into the Rb cell from the Side Hole in the cell heater.  If you 

place the camera up on the base of the cell holder you can position the camera so that it 
abuts the glass holder surrounding the Rb cell.  It may also be helpful to dim the room 
lights since you will be looking for the fluorescence light emitted by the Rb atoms.   

 

3. Set up the two channel oscilloscope that you will use for these experiments.   Run a BNC 
cable from the RAMP OUTPUT of the RAMP GENERATOR module to an oscilloscope.  Run a 
second cable from the RAMP GENERATOR SYNC. OUTPUT to the ‘scope trigger.  Observe the 
output on the ‘scope as you adjust the RAMP GENERATOR settings. 

 

Figure 1: Experimental Setup for Direct Detection

1.2 Results & Discussion

After the laser go through the Rb cell, some of it will be absorbed, and we can detect that. We need to use

filters to help getting the absorption spectrum clearer on the oscilloscope. At 50°C, we obtained this absorption

spectrum:

Figure 2: Absorption Spectrum of Rb Sample at 50°C
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Next, we will subtract the frequency pulse from the absorption spectrum, to get this result:Rev 2.0  11/09 
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I. Using Simultaneous Current and Piezo Modulation to produce a larger scan range 
without mode hops. (See the Diode Laser Physics section for an explanation.)   

 

1. Set the laser CURRENT ATTENUATOR knob to zero.  Attach the BNC splitter “F” connector 
to the RAMP OUTPUT on the RAMP GENERATOR.  Plug one BNC from the RAMP OUTPUT to 
the MODULATION INPUT of the PIEZO CONTROLLER, and the second BNC from RAMP 

OUTPUT to the CURRENT MODULATION INPUT.   
2.  Turn the ramp generator amplitude up to maximum, and watch what happens when you 

turn up the current attenuator knob.  With some tweaking you should be able to produce a 
full trace over the Rb spectrum.  The oscilloscope invert function has been used to show 
the trace in what “looks” more like an absorption spectrum in the Figure 11.  Note the 
correspondence to the expected atomic Rb spectrum shown in Figure 8 

 

 
Figure 11:  Expanded Scan Showing Four Absorption Lines 
 

Operating point: The depth of the lines depends on the length of the Rb cell and the 
atomic density, the latter depending on cell temperature.  You can explore this by 
changing the cell temperature. 

 
3. You can see in the above that the background intensity changes considerably with the 

scan.  This is because you are now scanning the laser intensity (via the current) together 
with the laser frequency (via the piezo).  You can correct for this effect in a number of 
ways.  One way is to digitally record a spectrum with the cell in place, and then record a 
second spectrum with the cell removed, and finally divide the two signals in software.  
This has the advantage that only a single photodetector is needed, but the disadvantage 
that the two traces are not recorded simultaneously.  Another way to accomplish this is by 
using a second photodiode, as in the following layout. 

Figure 3: Absorption Spectrum of Rb Sample Compared to Lab Manual

Next thing, we increased the temperature to 100°C, and detected the absorption spectrum:

Figure 4: Absorption Spectrum of Rb Sample at 100°C
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2 Part II: Direct + Indirect Detection

In order to address the error caused by the background, we will reroute the laser using a beam splitter that will

split 50% of the beam and redirect it. By doing so, we will be able to subtract the background noise using the

oscilloscope.

2.1 Experimental Setup
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Figure 12:  Apparatus set up to use two detectors 
 
J. Using Two Photodiode Detectors to Compare a Beam directly from the Laser to one 

that has passed through rubidium vapor 
1. You will need to place the 50/50 Beam splitter in a mirror mount.  Please refer to the 

Optics section in the Apparatus Chapter of the manual if you are unfamiliar with putting 
optical components into mounts.  

2. With this experimental configuration you will detect two simultaneous signals, one with 
and one without the Rb absorption, and then subtract the spectra.  You will use the 
Detector electronics on the Laser Diode Controller.   
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Figure 13: Controller Modules showing connections for using two photodiode detectors 
  
3. Connect the BNC from the Photodiode Detector 1 to the right most (-) DETECTOR INPUT.  

(This will invert the signal from PD 1 so that absorptions will show as dips.)  Set the 
BALANCE knob above the (-) INPUT to 1.0 (fully CW).  Set the GAIN to 1.  Connect a BNC 
Cable from the MONITOR connector above the gain triangle to Channel 1 on the ‘scope.  
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Figure 5: Experimental Setup for Direct Detection

Using this setup, we repeated everything we did in Part I. The results:

Figure 6: Absorption Spectrum of Rb Sample After Removing Background Noise at 50°C
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Change the BALANCE knob and observe the effect on the ‘scope.  Position a second 
Photodiode Detector to intercept the beam that has been split off by the Beam Splitter.  
Connect the power cable of the detector to one of the open ports.  Connect the BNC from 
Photodiode Detector 2 to the (+) or left most DETECTOR INPUT.  Set the BALANCE knob 
above the (+) INPUT to 1.0 (fully CW) and turn BALANCE knob above the (-) INPUT to 0.  
Adjust the Gain on the back of Photodiode Detector 2 for a “good” (2-6 volts) level signal 
on the ‘scope and position the photodiode for a maximum signal.  Now increase the 
BALANCE knob above the (-) INPUT to 1.0 and adjust the BALANCE to get a spectrum like 
the one is Figure 14.   

 

 
Figure 14:  Trace for Channel 1 only showing the combined signal from the detectors.  

Subtracting the signals removes the effect of “ramping” the current.  The beams 
reaching both detectors are varying at the same rate and the BALANCE controls are 
used compensate for any difference in intensity. 

 
The trace shows an excellent correspondence to the expected spectrum, with all four Rb 
absorption dips on a flat background.  Note, however, that the subtraction technique does not 
immediately give an absolute measurement of absorption, while the digital method does.   
 

Operating note: You should always be wary that zero light on a photodiode may not 
correspond to zero voltage output.  You can check this by simply blocking the beam and 
noting the voltage 

 

Figure 7: Lab Manual’s Results for Figure 6

Finally, we increased the temperature and repeated the same thing, yielding this results:

Figure 8: Absorption Spectrum of Rb Sample After Removing Background Noise at 100°C, Subtracted From the

Frequency Pulse

3 Conclusion

In conclusion, laser diode spectroscopy is a useful tool for qualitatively determining the absorption spectrum of

rubidium. By using a laser diode to excite the sample and measuring the emitted light, the absorption spectrum

of rubidium can be accurately determined. This technique is accurate, fast, and cost-effective, making it an ideal

choice for many applications.


