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Introduction


The spectrometry system can be divided into several major components; power supplies, light sources, a double monochromator, a series of lenses and mirrors, an integrating sphere, and one of two detectors attached to their correct interfacing devices.  Spectra are measured using a computer interface and one of two HP_VEE programs called UV_scan.vee or IR_scan.vee.  These two files, and this document can be found in c:\spectrometer\, which has a shortcut on the desktop “spectrometer”.

Power Supplies & Light Sources

· There are two power supplies for this system.  One for a tungsten filament, halogen quartz (HQ) lamp.  The second powers a xenon (Xe) lamp.  The useful spectrum for the HQ lamp is approximately 400nm to 3000nm.  The useful spectrum for the Xe lamp is approximately 325nm to 900nm.
· CAUTION:  The Xe lamp produces ozone and extended use of this source without ventilation can be dangerous.  If any unfamiliar smell is noticed or you feel lightheaded, it may be ozone, so open the door periodically to get some fresh air and be sure ventilation is adequate. 
· Caution:   The Xe lamp is also under extreme pressure (~50 atmospheres).  For this reason it is very fragile and very dangerous.  If you are going to open the lamp housing always wear a face shield and wear clothes that don’t leave skin exposed.  If you are going to change, move or otherwise shift the Xe lamp directly consult the safety instructions first!
Double Monochromator

· A monochromator is a device that uses a diffraction grating to separate the incoming “white” light into a spectrum of wavelengths, a rainbow.  There are two monochromators aligned in series.  As the grating angle is changed, the wavelength of the exiting light changes accordingly.  The end result is that polychromatic light enters and approximately monochromatic light exits.  The wavelength of the exiting light is a whole number multiple of the number displayed on top of the monochromators; the multiplier varies depending on which grating is in the monochromator.
	Grating (m)
	multiplier

	.25
	1x

	.5 
	1x

	1 
	2x

	2 
	4x


This wavelength can be varied manually with the monochromator control box under the monochromators or automatically through the computer interface.

· Operating the Monochromator:
· The monochromator control box under the monochromator has two switches labeled “slew”; these are the primary switches you will use, in general don’t touch anything else.  The “fast” switch adjusts the monochromator quickly.  The “slow” switch adjusts the monochromator slowly for precision.  Use the fast switch to get close, and the slow switch to get exact.
· When adjusting for a scan, be sure to use the fast switch to go about 10nm below your target, then bring it back up to 1-3nm before your target, then finally use the “slow” switch to bring it to your target exactly.  This coming at it from underneath/behind, technique is necessary to compensate for the play in the monochromator gears, mechanisms etc.
· The other switches of importance are, the power switch and the knobs on the far left.  These knobs adjust the max that the monochromator will go.  If you go past this, the monochromator will freeze and a red light will go on next to the knob.  In order to adjust the monochromator you will have turn the knob down.
· The other switches are not necessary for our use; do not touch them.
· Changing Monochromator Gratings
· First put on a pair of lab gloves, so that there is no chance of getting fingerprints on the grating surface.
· Start by using the “fast” switch on the monochromator control box to slew down to about 200.  This sets the monochromator up so that it is easiest to pull the gratings out.
· Remove the sheet metal housing from the monochromator.
· Locate the grating in the monochromator.  It is on the near side facing away from you.
· Pull back the spring-loaded lever that pushes against the back of the grating.
· Grab the metal tab on the grating mount and carefully remove the grating such that it does not get scratched.  Place the grating in its slot in the plastic grating case.
· Now grab the new grating and – again carefully – place it so that it seats nicely against its mount.  Once you believe it is seated, gently jockey it up and down and side to side to make sure.  You can also peer into the monochromator to try and see if it is seated if you are not sure.  This is the trickiest part of changing the gratings.  You will have to get the feel for it.
· Let the spring-loaded lever down against the back of the grating mount.
· Put the sheet metal housing back on the monochromator.
· Repeat these steps for the other monochromator and grating. 

Inside the Box—Lenses and Mirrors, Integrating Sphere, Sample Mounts (see below for detectors)

· The cardboard box is used to block out external light “noise” that might interfere with accurate measurements.  All measurements should be taken with the lid of the box closed as completely as possible.
· The lenses and mirrors are arranged to gather as much light as possible onto the sample and the detector.
· The filter-wheel inside the box is used to cut out light below the wavelengths indicated next to each filter.
· The filter-wheel can be operated manually by the filter-wheel control panel or by computer interface.
· Note: four “steps” on the panel represents one filter change.  The wheel can also be turned physically by hand.  This is sometimes convenient because when you feel the wheel turn one notch; this is one filter change, rather than a quarter when the control panel “step” is used.
· The filter-wheel is necessary because the monochromator not only outputs light of the specified wavelength, but also ½, 1/3, ¼, (etc.) of that wavelength.  Therefore we use the filter-wheel to block light of these wavelengths.
· The integrating sphere is used to study powders and to measure diffuse reflection and transmission of films.
· There is one kinematic stand holding a mirror inside the box.  If this stand is placed on its mount, the light is directed towards the sphere for powder and diffuse measurements.  When the stand is not on its mount, the light is allowed to pass to the direct transmission and specular reflection part of the system.
Detectors

· Silicon Detector: UV and visible light (up to ~900nm)
· The silicon detector is a small round photo-detector, approximately 1 inch in diameter.  The circular black area on the front of the detector is the receptive part of the material.  On the back of the detector a co-axial cable may be attached.  
· Ideally the incident light image will fall completely within the boundary of the sample material and should be within the receptive area of the photo detector to ensure that the resulting spectrum is accurate.
· Positioning the silicon detector:
· For reflection and transmission spectrum the silicon detector can be placed in a mount that is on a stand with a short focal length lens (~2.5cm).  The purpose of this lens is to gather all incoming light and focus it onto the detector.
· This stand can now be placed up against the “kinematic stops” (stand base platforms) in either the reflection position or the transmission position.
· Finger-tighten the stand down with the sliding clamps. 
· For diffuse and powder measurements the detector can be placed on the sphere at the port, which is on the equator of the sphere (consider the two opposing ports to be along the sphere’s axis).
· Lead-Sulfide detector: near infrared light (~800-2700nm)
· The lead-sulfide detector is a large rectangular box, approximately 2”x2”x5”.  The back of the detector has two connectors.  The coaxial connector is the signal-out.  The serial connector is the power-in.  On the front of the detector is a filter that keeps light below approximately 800nm out.  This filter is in place in order to protect the detector from high frequency light that can bounce around in the detector and create problems.  Do not remove this filter with any room lights on.
· The lead sulfide detector requires a DC power source.  The power supply for the lead-sulfide detector is located to the left of the (Kepco) power supply for the Halogen-Quartz lamp.  The power supply is a gray box with a black switch and a cable coming out of it.
· The cable that leaves this power supply then goes into another little gray box that interfaces the power supply cable with the detector cables.  Be sure that the detector cables go in such that “+” goes in red, “gnd” in green, and “-“ in black.
· The lead sulfide detector requires an AC signal.  For this reason a chopper wheel has been placed in front of the lamp to generate an AC signal.  See: Power Meters and Computer Interface → Lead-Sulfide interface, for more on the chopper wheel.
· The lead-sulfide detector has a gain switch.  Normally we have too much signal rather than not enough so, we use the 2x position.  Assume this is the case unless otherwise stated or you don’t have enough signal.
· Positioning the Lead-Sulfide detector:
· The infrared detector must be placed carefully so that the maximum amount of light is striking the detector.  This is very difficult because the detector is small (3X3mm) and cannot be seen behind the filter.
· The transmission signal must be as closely proportional to its reflection signal as possible.  I.e. for quartz, we expect ~6% light reflected and ~94% transmitted (in the IR). However, if the detector is not placed properly when measuring reflection than when the data is normalized to the lamp we may not get correct data. Usually it is not a problem between measuring lamp and transmission because the detector can simply stay where it is, but for reflection, the detector must be moved.
· The best way to deal with this problem is to hook up the detector to an oscilloscope and turn on the system so that you get a signal out of the detector.
· Now move the detector in the plane perpendicular to the incident light and watch carefully for where the signal is strongest.  Do this for both the reflection and transmission positions with a sample mount that will never move.
· Once you have found the location of strongest signal, set up a kinematic system that ensures that the detector will be in the same place the next time you move it.
· Note: in order for this to work, the detector must never move in it’s stand, the kinematic stops must never move, the sample position must never be moved or rotated, and all of the lenses/mirrors prior to the sample must never move.  In this case, I have already done this for you, and I have set up the kinematic stops so that they are the same kinematic stops for the silicon detector.
· The infrared detector can also be mounted on the sphere; however, it should be supported by a stand because it is so long and heavy.
Power Meters and Computer Interface

· Silicon Detector Interface:

· The silicon detector should be attached to the Newport optical power meter (model 835) with a coaxial cable.  There is a notch cut into the back of the box that the coaxial cable and other cables run through.  This meter measures the power generated by the light incident on the photo detector.  This meter uses a GPIB interface with the computer that works very well and gives a real time power measurement on the console of the UV_scan.vee program.

· Lead-Sulfide Interface:

· The lead-sulfide detector’s interface is a bit more complicated.  Because it has an AC signal, it requires a lock-in in order to determine the magnitude of this signal.

· Chopper Wheel

· The chopper wheel is located outside of the box and is what creates the AC signal for the detector.  The chopper wheel merely spins and “chops” the light with its “fins” in order to create such a signal.

· The chopper wheel has a control panel to go with it.  However, the panel does not control the chopper wheel’s speed! The chopper wheel’s speed can be changed only by opening it up and moving the rubber belt from one set of pulleys to another.
· The control panel actually controls very little.  It is used to produce a reference signal for the lock-in.  Producing a reference signal:
· Plug in the chopper wheel.  This starts the wheel spinning at a non-variable speed.
· Turn on the chopper wheel panel, and put all switches in the “up” position.  This turns on two LED’s in the chopper wheel and also detects the light from them and generates a reference signal.
· Plug one end of a coaxial cable into the “channel 2” port.  This is assuming you are using the upper, (shorter/smaller) holes on the chopper wheel.  If the light is passing through the lower (larger/longer) holes on the chopper wheel then use the “channel 1” port.  Note: it is recommended that you use the shorter/smaller holes because a higher frequency AC signal yields cleaner data than a lower frequency one.
· Plug the other end of the coaxial cable into the lock-in reference input.
· Now you have your reference signal at the lock-in.

· Lock-in

· The lock-in works by taking a reference signal and an input signal and using the reference signal to find the amplitude of the input signal at the frequency of the reference signal.  It is basically doing a Fourier transform.
· The lock-in has many different knobs, switches and interfaces.
· The left hand side is the signal-input.  This is where the detector is plugged in.  This is also where the voltage scale is chosen.  Normally, use 250mV (the maximum), or at least start with this.  I have tried to configure the monochromator, lamp etc. in order to make this the scale to choose.  More often, the problem will be too much signal rather than not enough, and therefore we end up using the 250mV scale.
· To the right of the signal-input area is the reference signal and phase adjustment area of the panel.  Plug the chopper wheel signal in here (see above).
· The 0-90-180-270˚ phase switch is used to flip the signal in 90-degree increments.  The 0-100˚ knob is used to zero the signal.  Once the signal has been zeroed, flip the signal ±90˚ with the 0-90-180-270˚ phase switch to get a, preferably positive, signal.
· To the right of the reference interface, is the voltmeter, which has a 0-1, and a 0-2.5 scale to make it easier to read when you adjust the sensitivity.  However, on the signal output, the range is from 0-1 volts regardless of the scale chosen for the signal input.  (The output signal can and does go higher than this, but I am not sure of how accurate it is after 1 volt.  Presumably, the device is linear up to 1 volt, but not necessarily after.)
· To the right of the voltmeter panel is the signal output interface.
· The red switch is the lock-in power switch.
· The zero offset knob is used in conjunction with the switch below it labeled: “10x full scale”.  This switch is used to choose the direction that the knob adjusts the signal.  This knob and switch are used primarily for large displacements in signal amplitude (as 10x full scale implies), rather than micro-adjustments.
· The larger black knob controls the time constant of the device.  Higher time constant produces a smoother looking curve, but this curve has less resolution.  A lower time constant produces better resolution, but doesn’t filter as much noise.  The trick is finding a time-constant that gives low noise and high resolution, this may mean slowing down the monochromator scan speed.
· The DC-prefilter is just another filter similar to the time constant, but it only filters the output signal, rather than the signal that can be read on the voltmeter of the lock-in.  Generally, leave this set to “out” and adjust the time constant knob to filter noise.
· From time to time check the phase by making sure it is still zero when the signal is flipped 90˚, and certainly never assume that it will be accurate from day to day.

· The lock-in interfaces to the computer through the box to the left of the computer, channel 0.

· Software

· This spectrometer uses the programming/interfacing language HPvee.  The two programs that we use are UV_scan.vee and IR_scan.vee.  The primary difference between the two is:

· UV_scan.vee is configured to use the GPIB interface with the Newport optical power meter.

· IR_scan.vee uses “get single value” to retrieve data from the card located to the left of the computer.  More on get single value:

· Get single value has two inputs:

· The “hsubsys” input must be connected to the “A/D config” box.  Click on configure on the “A/D config” box and set it to channel 0.

· The “channel” input also requires a value of 0.

· The “value” output of the get single value box is the value received from the card in volts.

· The “hsubsys” output is a trigger and a configuration output that is not essential.

· Other minor differences between the two programs exist.

· When using either of these programs you must select your ending and beginning wavelength on the panel.

· Both programs also display the wavelength in real-time and a plot of the data when the program is finished.

· A “userObject” called “scan” is used to advance the monochromator in both programs.  This userObject uses “put single value” with the card to the left of the computer to control the monochromator.  “Put single value” is similar to “get single value” except the value input pin is your digital word input, and use “digital out config” to configure “put single value”.  Note: the color wheel is controlled by “put single value” also.

· When using either piece of software you may choose to unselect “rotate filters”.  This removes the rotation of the color wheel from the program.  The only use for this is when you want to measure the bare grating/lamp spectrum and when you want to measure a filter spectrum.  Normally, leave this box checked!  If you do not, your data will be inaccurate because of the halving wavelengths.

· When using IR_scan.vee, you must tell the program which grating you are using.  Input the blaze wavelength number here in microns, i.e.: 0.25, 0.5, 1, 2.  The program will automatically adjust the monochromator and the wavelength data that is output to the file to compensate for the grating you specify.  When you start the program, it will then calculate what the monochromator should read and asks if you have it set to this number.

UV step-by-step Run Through

· Power up the Equipment

· First, unplug the cord labeled “Chopper Wheel” from the blue power strip located on the lowest ceiling rack above the lamp unit on the north side of the spectrometer float table.

· Now turn this blue power strip on.  This turns on the cooling fan for the lamps and should always be done before powering up either lamp.  You should be able to feel the fan blowing by putting your hand against the chrome grill on the back of the lamp unit.

· Next, turn on the XE Lamp
· The Schoeffel LPS251 Lamp Power Supply is located on the top ceiling rack above the south side (computer side) of the float table.

· First, be sure the black power level dial is set to 150W XE and that the fine-tuning knob is turned all the way to the left.
· Second, flip the small metal power toggle on the left side of the face.  The voltage needle should rise to about 120V.
· Now, push and hold the red START button for about one second (the buzz sound is normal).   The voltage should drop to about 20V and the current reading should now read about 4.75V.  If the current reading remains at zero, try pushing the start button again (you may not have held it in quite long enough).
· Let the lamp warm up for about 25-45 minutes before taking any spectra.  This is how long it takes the lamp to get to a steady state.  See lampstartup.xls for a picture of this.
· Turn on the power to the Newport Optical Power Meter Model 835 using the red push-button.  The meter is located on the lowest ceiling rack above the cardboard box at the west end of the float table.

· Using the small metal toggle, turn on the power to the monochromator control box located directly beneath the monochromator stand.  There are two other adjacent toggles, fast and slow, that allow you to manually change the wavelength.

· If the CPU adjacent to the float table is not on already, turn it on and open UV_scan.vee.

· Turn on the filter-wheel control panel.

· Initial Setup

· Align the chopper wheel so that light passes through one of the holes.  The best way to do this is:
· Put on sunglasses (if you have them).
· Start by closing the iris down which is between the chopper wheel and monochromator.
· Now use an allen wrench or similar tool to move the fins of the chopper wheel back and forth until you can tell that the spot projected onto the iris is not being blocked by either fin of the chopper wheel.
· Put the .25μm gratings in the monochromators.  See changing monochromator gratings above (pg 3).
· Adjust the wavelength of the light exiting the monochromators until the two dials read exactly 520nm.  See adjusting the monochromator above (pg 2).
· Be sure that the coaxial cable from the detector (out of the back of the box) is plugged into coaxial plug on the front of the Newport optical power meter labeled “detector”.

· Align the Optics in the Box

· Open the lid of the cardboard box and remove the front. 
· Adjust the filter-wheel by pushing the “step” button until one of the filters or filter holes is lined up with the monochromator slit (remember there are four “steps” per filter change).  Now manually (grab the filter-wheel with your hand) turn the wheel until the hole just before the “.345” filter is aligned with the monochromator.  Leave it like this, the first thing the program does is move the filter-wheel to the correct filter for your scan range
· You should see a beam of green monochromatic light.  If you don’t see it adjust the shutter on the top of the lamp unit with the knurled metal knob.  This shutter blocks one lamp at a time.  If this does not work be sure that the gratings are in the monochromator and that they are seated properly.
· Linear Transmission
· Be sure that the mirror on the kinematic mount is removed and set aside.
· Place the stand with the mount for the silicon detector firmly against the “stops”, in the transmission position, and use the clamps to lock it down.
· Place the silicon photo-detector in its mount on the detector stand and connect the coaxial cable that is in the box to the back of it.
· Use an allan-wrench to snug the clamps just a bit tighter than finger tight.  (There is no reason to tighten more than this).
· Note: This is where you position the detector if you are going to take lamp spectra as well.
· Now put your sample in the side of the sample clip/holder closest to the lamp.  Also, orient the sample such that the film, rather than the blank substrate face, is facing the lamp as well.  I.e. do not orient the sample such that the back of the substrate is facing the lamp.  Note:  If you are doing a lamp spectrum, do not insert a sample.
· Specular Reflection
· Be sure that the mirror on the kinematic mount is removed and set aside.
· Place the stand with the mount for the silicon detector firmly against the “stops”, in the reflection position, and use the clamps to lock it down.
· Place the silicon photo-detector in its mount on the detector stand and connect the coaxial cable that is in the box to the back of it.
· Use an allan-wrench to snug the clamps just a bit tighter than finger tight.  (There is no reason to tighten more than this).
· Now put your sample in the side of the sample clip/holder closest to the lamp.  Again, orient the sample such that the film, rather than the blank substrate face, is facing the lamp as well.  I.e. we want to reflect off the film face, not the substrate face.
· Diffuse/Powder Measurements
· Place the mirror on the kinematic mount onto the kinematic base plate.
· Place the silicon detector in the port along the equator of the sphere.  (Imagine the two opposing ports are the axis.)
· Close the iris in front of the 200mm lens down so that the beam at the top of the sphere is ~3mm in diameter (should be ~5mm at bottom of sphere).  (Do not change this once you have begun taking measurements.  If you do you will have to re-take a normalization spectrum.)
· Diffuse transmission
· Place a sample in the circular spring-loaded sample holder.
· Swing it into position above the top (north) port of the sphere.  Get it as close to the top of the sphere as possible.
· Center the sample so that the beam of green light is touching only the film.
· Place the plug for the off-axis port in its port.
· Diffuse Reflection
· Place a sample in the circular spring-loaded sample holde0r.
· Swing it into position below the bottom (south) port of the sphere.  Get it as close to the bottom of the sphere as possible.
· Center the sample so that the beam of green light is touching only the film.
· Remove the off-axis plug and orient the sample so that the reflected light goes out this off axis port.
· Powder Measurements
· Place the powder in a small (~1inch dia.) dish.
· Mount the adjustable dish holder on the bar to the left of the sphere so that it can swing all the way under the sphere.
· Place the powder dish in the holder.
· Swing the powder under the sphere and slide it up as close to the bottom of the sphere as possible.
· Center the beam in the middle of the powder.
· Be sure the off axis port plug is in place.
· Reference Spectra
· Find the other BaS port plug and use an Allen wrench to tighten it onto the bottom (south) port.
· Make sure that the off axis port plug is in place.
· Put the front, and then the lid, on the box.
· Operating the Software

· Open the file UV_scan.vee in c:\spectrometer\.
· In the UV_scan.vee program window, type in your desired start and stop points for the wavelength sweep.
· With the optics and your sample aligned inside the closed cardboard box, be sure that the monochromator is still set to 520nm.
· Hit the button labeled “run program”.  The program will make sure that you have set the monochromator correctly, and then you will be prompted to choose a file name for your data.  Name the spectrum file and save it to YOUR OWN FOLDER to eliminate clutter and confusion.
· After clicking SAVE, the monochromators will begin a sweep of the wavelengths between the limits you specified.  This will take about 5-10 minutes.  When the sweep is done, the monochromators will return to 520nm and the filter wheel will cycle back to wherever it was to begin with.
· Next, open MS Excel and open your file.  A series of dialog boxes will open, which allow tab-delimited files to be opened.  Click “Next” at the first box; at the second box, click the “Comma” check box, then “Finish”.  Your file should now be shown as a column for wavelength and a column for the raw data measured by the Newport Optical Power Meter.

· Finally, click “FILE > Save As” and save the file as a MS Excel 97 worksheet (_.xls) making sure to remove the quotes and .vee from the file name.

· From this point, you can plot it or run bandgap calculations, etc. in the spreadsheet.  See the section of this document on analyzing the data.
· Note: there is also a button on the UVscan.vee panel to “rotate filter wheel ‘X’ filters” this is used to turn the filter wheel a specified number of filters without getting out of your chair.  If you use this be sure to set it back to the hole just before the .325nm filter before running spectra.
· Shutdown

· Save all of your files and shut down the programs you used.
· Flip the metal power switch on the xenon lamp power supply to OFF.
· Flip the metal toggle on the monochromator control box to OFF.
· Turn off the Newport power meter.
· Turn off the filter-wheel control panel.
· Turn off the blue power strip last.  Give the fan about 8-15 minutes to cool off the powered down lamps before you flip the fan power off.
· Be sure to close the lid on the box before you leave to prevent dust buildup.

IR step-by-step Run Through

· Power up the Equipment

· First, be sure the cord labeled “Chopper Wheel” is plugged into the blue power strip located on the lowest ceiling rack above the lamp unit on the north side of the spectrometer float table.

· Now turn this blue power strip on.  This turns on the cooling fan for the lamps and should always be done before powering up either lamp. You should be able to feel the fan blowing by putting your hand against the chrome grill on the back of the lamp unit. This also gives power to the chopper wheel and the monochromator control box.

· Next, turn on the HQ Lamp (Tungsten filament, Halogen Quartz Lamp)
· The Kepco Power Supply is located on the lowest ceiling rack above the north side of the cardboard box.  BE SURE THE CURRENT KNOB IS TURNED ALL THE WAY TO THE LEFT BEFORE YOU TURN THE POWER ON.

· With the current set at zero, flip the linked power switches to ON.  The light above the current knob should now be on.

· Now, watching the voltmeter on the front of the power supply, turn the current knob until the meter reads about 1V, wait a minute, turn the current knob until the voltmeter reads about 3V, wait a minute, turn the current knob until the voltmeter reads about 5V, etc. until the voltmeter reads 10V.  The goal is to ramp the voltage up slowly so that we do not stress the lamp filament.  The voltage should hold at 10V+/-0.03V.  CAUTION:  Keep an eye on the Kepco dial meter just in case the multimeter is malfunctioning.   The current should not rise beyond about 6 amps.  The power level will be:  P=I*V=6A*10V=60W
· Using the small metal toggle, turn on the power to the monochromator control box located directly beneath the monochromator stand.  There are two other adjacent toggles, fast and slow, that allow you to manually change the wavelength.

· Turn on the lock-in.

· Turn on the filter-wheel control panel.

· Turn on the chopper-wheel control panel.

· Be sure that the power cables for the lead-sulfide detector are plugged into the small gray box behind the large black box, and be sure that these power cables are plugged into the detector.

· Turn on the detector power supply.  It is the gray box located just to the left of the lamp power supply.

· Turn on the CPU adjacent to the float table if it is not on already.

· Initial Setup

· Check to make sure you are using the correct grating.  See changing gratings in section on double monochromator → changing gratings above (pg 3).
· Use the 1μm grating for scans from ~800-2000nm
· Use the 2μm grating for scans from ~1000-2700nm
· Adjust the wavelength of the light exiting the monochromators until the two dials read exactly 520nm.  See adjusting the monochromator above (pg 2).
· Plug the end of the coaxial cable that is inside the box into the lead-sulfide detector.
· Plug the other end of this cable into one of the signal inputs on the lock-in and use the small metal switch next to these coax-ins to select the proper signal (note: never use the “A – B” position for this switch).
· Be sure that the reference signal input from the chopper wheel control panel is plugged into the reference input on the lock-in.
· Turn the 0-100˚ knob on the lock-in reference area so that the signal on the lock-in voltmeter reads 0 volts.  If you cannot, turn the 0-90-180-270˚ switch and try again.  Repeat this process until you manage to zero out the signal.
· Now turn the 0-90-180-270˚ switch 90˚ so that the voltmeter reads a positive signal.
· At this point the overload light on the face of the lock-in might be on.  Use the aperture between the chopper wheel and the monochromator to adjust the signal so that it reads ~0.9 (on the 0-1.0 scale).  Now the lock-in is configured to take measurements.
· Align the Optics in the Box

· Open the lid of the cardboard box and remove the front. 
· Adjust the filter-wheel by pushing the “step” button until one of the filters or filter holes is lined up with the monochromator slit (remember there are four “steps” per filter change).  Now manually (grab the filter-wheel with your hand) turn the wheel until the hole just before the “.345” filter is aligned with the monochromator.  Leave it like this, the first thing the software does is adjust the filter wheel to the correct filter.
· You should see a beam of green monochromatic light.  If you don’t see it adjust the shutter on the top of the lamp unit with the knurled metal knob.  This shutter blocks one lamp at a time.  If this does not work be sure that the gratings are in the monochromator and that they are seated properly.
· Linear Transmission
· Be sure that the mirror on the kinematic mount is removed and set aside.
· Place the stand with the lead-sulfide detector firmly against the “stops”, in the transmission position, and use the clamps to lock it down.
· Use an allan-wrench to snug the clamps just a bit tighter than finger tight.  (There is no reason to tighten more than this).
· Note: This is where you position the detector if you are going to take lamp spectra as well.
· Note:  Be very careful with the lead-sulfide detector when moving it around in this way.  Not only is it fragile, but also the active area of the detector is only 3X3mm.  This means that the lens and detector are lined up very precisely, and any jarring or bumping of the detector stand could mess up this alignment.
· Specular Reflection
· Be sure that the mirror on the kinematic mount is removed and set aside.
· Place the stand with the lead-sulfide detector firmly against the “stops”, in the reflection position, and use the clamps to lock it down.
· Use an allan-wrench to snug the clamps just a bit tighter than finger tight.  (There is no reason to tighten more than this).
· Diffuse Measurements—The alignment for these measurements is a work in progress.  (Updates to follow)
· Now put your sample in the side of the sample clip/holder closest to the lamp.  Also, orient the sample such that the film, rather than the blank substrate, face is facing the lamp as well.  I.e. do not orient the sample such that the back of the substrate is facing the lamp.  Note: if you are doing a lamp spectrum, do not insert a sample.
· Put the front, and then the lid, on the box.

· Operating the Software

· Open the file IR_scan.vee in the folder c:\spectrometer\.
· In the IR_scan.vee program window, type in your desired start and stop points for the wavelength sweep.
· Input which grating you will use, i.e.: “1” (for 1μm grating) or “2” (for 2μm grating) etc.
· With the optics and your sample aligned inside the closed cardboard box, be sure that the monochromator is still set to 520nm.
· Hit the button labeled “run program”.  The program will ask that you have set the monochromator correctly, and then you will be prompted to choose a file name for your data.  Name the spectrum file and save it to YOUR OWN FOLDER to eliminate clutter and confusion.
· After clicking SAVE, the monochromators will begin a sweep of the wavelengths between the limits you specified.  This will take about 5-10 minutes.  When the sweep is done, the monochromators will return to 520nm and the filter wheel will cycle back to wherever it was to begin with.
· Next, open MS Excel and open your file.  A series of dialog boxes will open, which allow tab-delimited files to be opened.  Click “Next” at the first box; at the second box, click the “Comma” check box, then “Finish”.  Your file should now be shown as a column for wavelength and a column for the raw data measured by the Newport Optical Power Meter.

· Finally, click “FILE > Save As” and save the file as a MS Excel 97 worksheet (_.xls) making sure to remove the quotes and .vee from the file name.

· From this point, you can plot it or run bandgap calculations, etc. in the spreadsheet.  See the section of this document on analyzing the data.
· It is also important to note that the lock-in/detector have a DC offset the source of which I am not exactly sure.  At any rate, it will be important to account for this by either taking data where the signal should be zero or finding a part of your data that should be zero and adjusting the entire spectrum for this factor.  I.e. if it is a negative DC offset, add this value to your data so that zero signal is actually 0.  This matters a lot where the spectra are small.  If it is not accounted for you will see your normalized data tail off near the ends.
· Shutdown

· Save all of your files and shut down the programs you used.
· Follow the reverse of the turn on procedure on the Kepco power supply to shut off the halogen-quartz lamp.  I.e.: slowly ramping down the current knob over a few minutes time and then let it sit a zero current for a few minutes so that the power supply fan can cool it down.  Then flip the linked power switches to OFF.
· Flip the metal toggle on the monochromator control box to OFF.
· Turn off the lock-in.
· Turn off the filter-wheel control panel.
· Turn off the blue power strip last.  Give the fan about 8-15 minutes to cool off the powered down lamps before you flip the fan power off.
· Be sure to close the lid on the box before you leave to prevent dust buildup.

Data Analysis

· There are various templates created for analyzing data so that all you have to do is cut and past your data into columns.  When using a template:

· Do not save over the template.  Always save the file as a different name than the template name!

· Always rename the graph titles, worksheet names, and all other titles to reflect the correct sample name.

· There are many different templates; some have been created for specific purposes.  I recommend creating your own templates so that you better understand them, and so that you know what it is for.

· The most common analysis is transmission and reflectivity calculations.

· Be sure that you have a lamp spectrum (a lamp spectrum should always be taken with the samples).

· To get transmission:

· Divide the transmission spectrum by the lamp spectrum.

· To get reflection:

· Divide the reflection spectrum by the lamp spectrum.

· In this way you are finding what percentage of the light is being transmitted through the material, and what percentage is being reflected off the surface of it, respectively.

· To see this graphically, simply make a plot of these “normalized” transmission and reflection spectra vs. wavelength.

· Other analyses include band-gap calculations, alpha measurements, etc.

* Much of this document has been “borrowed” and updated from a document written by Derek Tucker about an older but similar system.
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