Andrew Hintz – Team Infrared

Our monochrome spectrometer will have a Czerny-Turner configuration.  The basic layout is below:
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The entrance optics will be used to focus as much light as possible from the light source through a slit and onto the first parabolic mirror.

The diffraction grating will split the light into its component frequencies.  As the diffraction grating is rotated, different frequencies of light will be incident on the photodiode.  Because we need the diffraction grating to rotate with a precision of 0.012o we need to decrease the rotational motion provided by the stepper motor.  In order to do this we will use a wedge system which is pictured below:
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As the stepper motor turns, it will screw the screw into the threaded hole in the bottom part of the wedge.  As the screw is screwed in it will force the slant to tilt more.  This results in a change of the angle of the slant.  As the screw unscrews, the rubber band will force the slant to become less slanted.

The exit optics will be used to focus the light that passes through a slit onto the photodiode.

At 633nm the photodiode will produce 400mA of current for each Watt of light incident upon it.  The HeNe laser that we will shine through the system provides 1mW of power and our optical system will have an approximate efficiency of ten percent.  Using these values, the maximum current that the photodiode will ever produce is about 40 μA.  In order for the DAQ board to be able to read this small of a signal, the signal must first be substantially amplified.

In order to amplify the signal we’ll use the following circuit:
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The resistor will be about 250kΩ and the capacitor will be very small, about a few pF.  The capacitor will help to reduce noise by preventing the circuit from resonating.  In order to reduce noise we will make a printed circuit board for the amp and encase the amplification system in a grounded metal box.  If the noise from the amplification is still too large then we will switch to using a two-stage op amp amplifier with matched resistors.

The computer will use LabView to repeatedly read the light intensity from the DAQ board and then rotate the stepper motor using a nuDrive control box.  

The device will first be calibrated with a Hg lamp.  The computer will first record all the intensities for the spectrum of the Hg calibration lamp, and will then compute what stepper positions correspond to what wavelengths.  It will do this by comparing the observed maximum intensities with the known maximum intensities for Hg.

The Hg lamp will then be replaced with the light to be measured.  The computer will then measure and record the intensities of the light for its spectrum.  It will then compute the step at which the maximum intensity occurred and calculate what wavelength of light this corresponds to.

