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Overview
In this section we will go over the Layout and placement of the spectrometer, how to take measurements, and how to trouble shoot problems.

Lay Out
The fiber optic spectrometer has three main parts: the box, the power strips, and the computer. In Figure 1 we see the layout of the fiber optic spectrometer on the optical table. Each component is talked about in more detail in the components section.
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Figure 1.
Figure 2 is a diagram of the interior of the spectrometer’s box. The components of the box are talked about in more detail in the components section.
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Figure 2.
Operation
Here we will talk about basic operation of the fiber optic spectrometer.

Basic Operations

Two basic operations are discussed: turning the spectrometer on and turning the spectrometer off.

Turning the Spectrometer On

To turn on the spectrometer and open the spectrometer’s program, perform the follow steps.

1. Turn on the power strip and press the reset button at the back of the spectrometer (labeled 3 in Figure 1) (when you do this you turn on both spectrometers and supply power to everything in the spectrometer box)

2. Turn on the power supply in the spectrometer box (the power supply is labeled 14 in Figure 2)

3. Turn on the appropriate lamp, the DH-2000-BAL for UV-Vis or HL-2000-FHSA for NIR-Vis (the DH-2000-BAL lamp is labeled 1 and the HL-2000-FHSA is labeled 2 in Figure 2), and allow for proper warm up time (further directions in components Lamp Section)

4. Log on  to the computer under your onid account and run Shortcut to OpticFiberSpectrometerProgram.vi  to open the spectrometer program, which is on your desk top

Turning the Spectrometer Off

To turn off the spectrometer and close open the spectrometer’s program, perform the follow steps.

1. After you are done taking data the program will stop running and the start arrow will be white (start arrow is black while program is running)

2. To close the program, press the X in the top right corner of the program window

3. Log off of the computer

4. Turn off the power supply in the spectrometer box (the power supply is labeled 14 in Figure 2)

5. Turn off the power strip at the back of the spectrometer 

Measurements
There are four measurements that you can take with the fiber optic spectrometer: Transmission Measurement, Reflection Measurement, Transmission and Reflection Measurement, and Florescence Measurement.

Transmission Measurement

To take a transmission measurement, perform the follow steps.
1. Turn on the spectrometer and open the program (see Basic Operations)

2. Mount Sample on the sample holder by removing the sample holder’s arm, placing sample on the double sided sticky tape film side up (so that the spot that you want to take a spectrum of is in the gap), and then replacing the sample holder’s arm (the sample holder is labeled 15 in Figure 2)

3. (Optional) Dim the lights in the room with the dimmer switch by the southern door to reduce background noise (this has a small affect on the measurement)

4. Open sliding door at the front of the spectrometer box

5. Select the appropriate setting in the program for spectrum range, change measurement type to Transmission, and press the white arrow at the top of the OpticFiberSpectrometerProgram.vi program to start taking data
6. Take the dark spectrum

7. Take the reference spectrum

8. Insert the sample into the cage so that the lamp light is on the spot you want to take a spectrum of (cages are labeled 5 for NIR-Vis measurements and 6 for UV-Vis measurements in Figure 2)
9. Take the sample spectrum

10. Repeat steps 8 and 9 for multiple samples
11. When finished send the data to the appropriate Excel file 

12. Close program and log off the computer and turn off the spectrometer (see Basic Operations)
Reflection Measurement

To take a reflection measurement, perform the follow steps.
1. Turn on the spectrometer and open the program (see Basic Operations)

2. Mount Sample on the sample holder by removing the sample holder’s arm, placing sample on the double sided sticky tape film side up (so that the spot that you want to take a spectrum of is in the gap), and then replacing the sample holder’s arm (the sample holder is labeled 15 in Figure 2)

3. (Optional) Dim the lights in the room with the dimmer switch by the southern door to reduce background noise (this has a small affect on the measurement)

4. Open sliding door at the front of the spectrometer box

5. Select the appropriate setting in the program for spectrum range, change measurement type to Reflection, select the appropriate standard, and press the white arrow at the top of the OpticFiberSpectrometerProgram.vi program to start taking data

6. Take the dark spectrum

7. Insert the standard in to the cage so that the lamp light is on the spot you want to take a spectrum of, remove cap if using the OO STAN-SSH standard (labeled 16 in the Layout diagram) (cages are labeled 5 for NIR-Vis measurements and 6 for UV-Vis measurements in Figure 2)

8. Take the reference spectrum

9. Insert the sample into the same cage so that the lamp light is on the spot you want to take a spectrum of

10. Take the sample spectrum

11. Repeat steps 9 and 10 for multiple samples
12. When finished send the data to the appropriate Excel file 

13. Remove sample holder from spectrometer box and close the sliding door at the front of the spectrometer box, replace cap if using the OO STAN-SSH standard (labeled 16 in Figure 2)
14. Close program and log off the computer and turn off the spectrometer (see Basic Operations)

Transmission and Reflection Measurement
To take transmission and reflection measurements, perform the follow steps.
1. Turn on the spectrometer and open the program (see Basic Operations)

2. Mount Sample on the sample holder by removing the sample holder’s arm, placing sample on the double sided sticky tape film side up (so that the spot that you want to take a spectrum of is in the gap), and then replacing the sample holder’s arm (the sample holder is labeled 15 in Figure 2)

3. (Optional) Dim the lights in the room with the dimmer switch by the southern door to reduce background noise (this has a small affect on the measurement)

4. Open sliding door at the front of the spectrometer box

5. Select the appropriate setting in the program for spectrum range, change measurement type to Transmission and Reflection, select the appropriate standard, and press the white arrow at the top of the OpticFiberSpectrometerProgram.vi program to start taking data

6. Take the Transmission dark spectrum

7. Take the Transmission reference spectrum

8. Take the Reflection dark spectrum

9. Insert the standard in to the cage so that the lamp light is on the spot you want to take a spectrum of, remove cap if using the OO STAN-SSH standard (labeled 16 in Figure 2) (cages are labeled 5 for NIR-Vis measurements and 6 for UV-Vis measurements in the Layout diagram)

10. Take a Reflection reference spectrum

11. Insert the sample into the same cage so that the lamp light is on the spot you want to take a spectrum of

12. Take a Transmission sample spectrum

13. Take a Reflection sample spectrum,
14. Repeat steps 11, 12, and 13 for multiple runs

15. When finished send the data to the appropriate Excel file 

16. Remove sample holder from spectrometer box and close the sliding door at the front of the spectrometer box, replace cap if using the OO STAN-SSH standard (labeled 16 in Figure 2)

17. Close program and log off the computer and turn off the spectrometer (see Basic Operations)

Florescence Measurement
To take a Florescence measurement, perform the follow steps.
1. Turn on the spectrometer and open the program (see Basic Operations)

2. Mount Sample on the sample holder by removing the sample holder’s arm, placing sample on the double sided sticky tape film side up (so that the spot that you want to take a spectrum of is in the gap), and then replacing the sample holder’s arm (the sample holder is labeled 15 in Figure 2)

3. Dim the lights in the room with the dimmer switch by the southern door to reduce background noise (this has a large affect on the measurement)

4. Open sliding door at the front of the spectrometer box

5. Select the appropriate setting in the program for spectrum range, change measurement type to Florescence, and press the white arrow at the top of the OpticFiberSpectrometerProgram.vi program to start taking data

6. Take the dark spectrum

7. Insert the sample into the cage so that the lamp light is on the spot you want to take a spectrum of (cages are labeled 5 for NIR-Vis measurements and 6 for UV-Vis measurements in Figure 2)

8. Take the sample spectrum

9. Repeat steps 7 and 8 for multiple samples
10. When finished send the data to the appropriate Excel file 

11. Remove sample holder from spectrometer box and close the sliding door at the front of the spectrometer box
12. Close program and log off the computer and turn off the spectrometer (see Basic Operations)

Trouble Shooting

Here we will discuses how to solve some basic problems that you may encounter.
Alignment
Alignment is the largest cause of problems. If the alignment is off it could cause your amplitude of you spectrum to be too low and this will give you nosier data.

Cages
There are two cages that can be aligned: the transmission cage and the reflection cage.
Transmission Cage Alignment

If you are having trouble with the amplitude from the lamp being small, then you should realign the transmission cage, reflection cage, and the fiber optical cables to increase the amplitude. 
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Figure 3.
To realign the transmission cage, perform the follow steps.

1. Turn on the power strip and press the reset button at the back of the spectrometer (labeled 3 in Figure 1) (when you do this you turn on both spectrometers and supply power to everything in the spectrometer box)

2. Turn on the power supply in the spectrometer box (the power supply is labeled 14 in Figure 2)

3. Turn on the DH-2000-BAL lamp (the DH-2000-BAL lamp is labeled 1 in Figure 2), and allow for proper warm up time (further directions in components Lamp Section)

4. Log on  to the computer under your onid account and run Shortcut to OpticFiberSpectrometerProgram.vi which is on your desk top

5. Set the spectrum range to UV-Vis, change measurement type to Transmission, and press the white arrow at the top of the OpticFiberSpectrometerProgram.vi program to start.

6. Take the dark spectrum

7. Now you should be able to see the lamp spectrum on the Raw Transmission Reference Graph. Start by adjusting the knob on top of the Lamp side XY translation stage until you get the maximum amplitude on the graph (XY translation knob and stage are labeled 1 and 2 in Figure 3)

8. Adjust the side knob of the Lamp side XY translation stage until you get the maximum amplitude on the graph (XY translation knob and stage are labeled 1 and 2 in Figure 3)

9. Adjust the top knob of the Transmission side XY translation stage until you get the maximum amplitude on the graph 

10. Adjust the side knob of the Transmission side XY translation stage until you get the maximum amplitude on the graph 

(Optional)

11. Loosen the lock screw on the Lamp side collimating lens casing (collimating lens casing labeled 5 in Figure 3)
12. Slide the fiber optic cable in and out of the Lamp side casing until you have a maximum on the Raw Transmission Reference Graph.

13. Once you have the maximum the tighten the lock screw on the Lamp side collimating lens casing (collimating lens casing labeled 5 in Figure 3)

14. Repeat steps 11 – 13 for the transmission side collimating lens casing (collimating lens casing labeled 5 in Figure 3)

I find it best to leave the Lamp side collimating lens casing pushed all the way in for reasons that I will explain in the theory section.
Reflection Cage Alignment
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Figure 4.
To realign the Reflection cage, perform the follow steps.

1. Turn on the power strip and press the reset button at the back of the spectrometer (labeled 3 in Figure 1) (when you do this you turn on both spectrometers and supply power to everything in the spectrometer box)

2. Turn on the power supply in the spectrometer box (the power supply is labeled 14 in Figure 2)

3. Turn on the DH-2000-BAL lamp (the DH-2000-BAL lamp is labeled 1 in Figure 2), and allow for proper warm up time (further directions in components Lamp Section)

4. Log on  to the computer under your onid account and run Shortcut to OpticFiberSpectrometerProgram.vi which is on your desk top

5. Set the spectrum range to UV-Vis, change measurement type to Reflection, and press the white arrow at the top of the OpticFiberSpectrometerProgram.vi program to start.

6. Take the dark spectrum

7. Now you should be able to see the lamp spectrum on the Raw Reflection Reference Graph. Start by adjusting all three knobs on the Transmission side angular adjustment stage until you get the maximum amplitude on the graph (angular adjustment knob and stage are labeled 1 and 2 in Figure 4)

(Optional)

8. Loosen the lock screw on the Transmission side collimating lens casing (collimating lens casing labeled 4 in Figure 4)

9. Slide the fiber optic cable in and out of the Transmission side casing until you have a maximum on the Raw Reflection Reference Graph.

10. Once you have the maximum the tighten the lock screw on the Transmission side collimating lens casing (collimating lens casing labeled 4 in Figure 4)

11. Repeat steps 11 – 13 for the Spectrometer side collimating lens casing (collimating lens casing labeled 4 in Figure 4)

Reference/Sample

The reference alignment method is used to make the angle of incidence as close to 0 degrees as possible. This method will also increase the amplitude of your spectrum. 
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Figure 5.

To realign the Reflection cage, perform the follow steps.

1. Turn on the power strip and press the reset button at the back of the spectrometer (labeled 3 in Figure 1) (when you do this you turn on both spectrometers and supply power to everything in the spectrometer box)

2. Turn on the power supply in the spectrometer box (the power supply is labeled 14 in Figure 2)

3. Turn on the DH-2000-BAL lamp (the DH-2000-BAL lamp is labeled 1 in Figure 2), and allow for proper warm up time (further directions in components Lamp Section)

4. Log on  to the computer under your onid account and run Shortcut to OpticFiberSpectrometerProgram.vi which is on your desk top

5. Set the spectrum range to UV-Vis, change measurement type to Reflection, and press the white arrow at the top of the OpticFiberSpectrometerProgram.vi program to start.

6. Slide the Sample holder into the Transmission cage so that the reference is in the line of the lamp light.

7. Take the dark spectrum

8. Now you should be able to see the reflected lamp spectrum on the Raw Reflection Reference Graph. Adjust all three angular adjustment knobs on the adjustment stage until you get the maximum amplitude on the graph (angular adjustment knob are labeled 1 in Figure 5)

Fiber Optics

To align the fiber optic cables you just need to rotate them. Each double ended cable has two single cables side by side as shown in Figure 6. By rotating the cable, you can adjust the amplitude of the lamp. 
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Figure 6.
To realign the Reflection cage, perform the follow steps.

1. Turn on the power strip and press the reset button at the back of the spectrometer (labeled 3 in Figure 1) (when you do this you turn on both spectrometers and supply power to everything in the spectrometer box)

2. Turn on the power supply in the spectrometer box (the power supply is labeled 14 in Figure 2)

3. Turn on the DH-2000-BAL lamp (the DH-2000-BAL lamp is labeled 1 in Figure 2), and allow for proper warm up time (further directions in components Lamp Section)

4. Log on  to the computer under your onid account and run Shortcut to OpticFiberSpectrometerProgram.vi which is on your desk top

5. Set the spectrum range to UV-Vis, change measurement type to the appropriate setting, Reflection or Transmission which ever you are changing, and press the white arrow at the top of the OpticFiberSpectrometerProgram.vi program to start.

6. Take the dark spectrum

7. Now you should be able to see the lamp spectrum on the Raw Transmission/Reflection Reference Graph. Start by loosing the fiber optic cable connector from the spectrometer or the lamp side of the transmission cage. Make sure it is not all the way out or the amplitude maximum will change when you tighten it up.

8. Rotate the cable at the base of the connector until you get the maximum amplitude on the graph

9. Tighten the connector to lock the cable in place

Shutter Manual Operation 

The shutters like to rotate as they move in and out of the solenoid. Every now and then one will get stuck against the side of the cage and you will need to move it by hand. The solenoid should start working normally after you move it. If it does not then you will need to turn off the power supply and follow the procedure for hand operated shutters.

To operate the shutters manually, perform the follow steps.

1. Stop the program  by pressing the red stop sign at the top of the OpticFiberSpectrometerProgram.vi program and turn off the power supply (the power supply is labeled 14 in Figure 2)

2. Press the white arrow at the top of the OpticFiberSpectrometerProgram.vi program to restart the program.

3. In Figure 7, the different shutter configurations are shown. Move the shutters to the appropriate configuration for each spectrum measurement. For the Dark Transmission/Reflection measurements use the Dark measurement configuration. For the Transmission Reference/Sample use the Transmission measurement configuration. For the For the Reflection Reference/Sample use the Reflection measurement configuration. The configuration with both of the shutters open is never used.
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Figure 7.
Theory
In this section we will discuses the theoretical operation of the spectrometer and the equations we use to make the measurements.

Light Path
In each cage the light travels through several lenses which are hidden in the cage. Here we will discuss how the light travels through each cage.

Transmission

When we take the transmission measurements the light from the lamp follows that path shown in Fig. 8. The lamp light comes out of the fiber optic cable and then goes through a collimating lens, labeled 5 in Figure 8. Then the light travels through a focusing lens, labeled 4 in  Figure 8, which focuses the lamp light to a circle that is about 1 mm in diameter. The light then travels through the sample and is collimated with a second focusing lens. The light is then coupled into the fiber optic cable with a collimating lens, labeled 5 in  Figure 8. 
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Figure 8.
I found that the measurements are more consistent if we set the collimating lens adjustment all the way in to the casing. This does not allow the light to be collimated as it leaves the collimating lens. This causes the amplitude of the transmitted light to decrease but causes a more stable measurement. I believe this is because of small vibrations of the optical table which cause the light to shift side to side when coupled into the fiber optic cable. If the light shifts to the side during a measurement then you will get less light in the cable than you did with the reference measurement and a decrease in the fraction of transmitted light changes (refer to Figure 9). If we make the spot size larger or smaller then, the effect of the vibrations is decreased. Figure 9 shows that larger and smaller  sized spots lessen this problem. Figure 10 shows the relative amplitude of the lamp with the collimating lens adjustment at different positions. Position of 0 mm is where it is pushed all the way in. For the largest amplitude you should set the collimating lens case to be pulled out about 4 mm from the all the way in position.
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Figure 9.
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Figure 10.

Reflection
When we take the reflection measurements the light from the lamp follows that path shown in Figure 11 and Figure 12. The lamp light comes out of the fiber optic cable and then goes through a collimating lens, labeled 5 in Figure 11. Then the light travels through a focusing lens, labeled 4 in Figure 11, which focuses the lamp light to a circle that is about 1 mm in diameter on the sample. The light then reflects off of the sample and is collimated with the focusing lens. The light is then coupled into the second fiber optic in the double cable with a collimating lens, labeled 5 in Figure 11. Then the light goes to the reflection cage where it is collimated with a collimating lens, labeled 4 in Figure 12. It is then coupled back into a second fiber optic cable and then is sent to the spectrometer.
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Figure 11.
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Figure 12.
Florescence

When we take a florescence measurement the lamp light comes out of the fiber optic cable and goes through a focusing lens, labeled 7 in Figure 13. The lamp light then goes to the sample and the reflected light goes off to the side way from the fiber optic cable. The Florescence then go in all directions and some is collected in to a second focusing lens, labeled 4 in Figure 13. The Florescence light then goes through a collimating lens, labeled 5 in Figure 13, into the fiber optic cable, and to the spectrometer.
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Figure 13.
Calculation
Each type of measurement uses a different equation to calculate the measurement. We will discuses the differences in this section.
Transmission

We use the following equation to calculate the fraction of light that is transmitted through the sample.


[image: image14.wmf])

(

)

(

)

(

)

(

)

(

l

l

l

l

l

dark

reference

dark

sample

S

S

S

S

T

-

-

=


Where Ssample is the amplitude of the transmitted light at the wavelength λ, Sdark is the amplitude when the shutters are closed and the lamp is block from going to the spectrometer, and Sreference is the maximum amplitude of the transmitted light at the wavelength λ. 
Reflection

We use the following equation to calculate the fraction of light that is reflected from the sample.
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Where Ssample is the amplitude of the reflected light at the wavelength λ, Sdark is the amplitude when the shutters are closed and the lamp is block from going to the spectrometer, Sreference is the amplitude of the reflected light from the reference at the wavelength λ, and Rreference is the theoretical reflectance of the reference. We prepare the Rreference in a file that is separate from the program and can be changed or calibrated.
Florescence

We use the following equation to calculate the amplitude of the florescence light from the sample.



[image: image16.wmf])

(

)

(

)

(

l

l

l

dark

sample

A

A

A

-

=


Where Asample is the amplitude of the florescence light at the wavelength λ, Adark is the amplitude when the shutters are closed and the lamp is block from going to the spectrometer. 
Components Notes
In this section, we will discuses some observations that are not in the manuals.

Lamps
DH-2000-BAL

The Deuterium-Halogen light source is used when we measure the UV-Vis range of the sample’s spectrum. The warm up time for this lamp is about a minute but, if you are going to take a large amount of data for long amounts of time then, I would suggest letting the lamp warm up for 45 to 60 minutes. You can use each lamp separately or at the same time. Figure 14 is the spectrum of the DH-2000-BAL taken with the HR-4000 spectrometer with an integration time of 5ms.
You must use the UV grade fiber optic cables with this light source.
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Figure 14. Full size Graph in Appendix A.
HL-2000-FHSA

The Halogen light source is used when we measure the NIR-Vis range of the sample’s spectrum. The warm up time for this lamp is about 15 minutes. This light source has an additional way to adjust the amplitude. On the top of the spectrometer there is a knob that opens and closes a shutter in the lamp. Figure 15 is the spectrum of the HL-2000-FHSA taken with the NIR256 spectrometer. 
You can use any fiber optic cables with this light source.
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Figure 15. Full size Graph in Appendix B.

LS-LED
The LED light source is used when we measure the Florescence of a sample. The warm up time for this lamp is about 1 minute. Figure 16 is the spectrum of the LS-LED 380 taken with the HR-4000 spectrometer with an integration time of 3.8 ms.

You must use the UV grade fiber optic cables with this light source.
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Figure 16. Full size Graph in Appendix C.
Spectrometers

HR-4000
The HR-4000 has a range from about 200 nm to 1100 nm. The spectrometer has rotational dependents of the fiber optic. This means if you rotate the fiber optic cable at the connection point you can adjust the amplitude of the spectrum (see Trouble Shooting; Alignment; Fiber Optics). Also, the spectrometer has systematic noise when you set the integration time below 3.8 ms. In Figure 17, we can see that the noise starts when the integration time is set to 3.799 ms and the whole spectrum has the noise when we reach 1.350 ms. The lower the integration time the further the noise goes across the spectrum. The data in Figure 17 was taken using the HL-2000-FHSA light source.
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Figure 17. Full size Graph in Appendix D.
NIR256-2.5

The NIR256 has a range from about 800 nm to 2600 nm. The spectrometer has rotational dependents of the fiber optic. This means if you rotate the fiber optic cable at the connection point you can adjust the amplitude of the spectrum (see Trouble Shooting; Alignment; Fiber Optics). Like the HR-4000 light source the NIR256 also has a systematic noise but it is less of a problem for this spectrometer. If you have problems then bump up the integration time.

Note: When taking data with the NIR256 the 56th data point is an average of the 55th and 57th data points.
Shutter System

The shutter system is made up of two main parts: the circuit and the solenoids. The circuit diagram is in Figure 18. We use the Breakout box to send signals to the circuit through ports J2-15 and J2-15. The most current we can send into the breakout box is 10 mA.  When the signal is low we send about 7.5 mA in to the breakout box. When we send the signal high, about 3.2 V, or low, about 0 V, one solenoid turns on and the other turns off. 
The reason for the resister R1 is to pull down the signal to 0 V when we have the program sends a low signal. Without the resister, the lowest the breakout box can go is 1.6 V. R2 is there to provide the correct amount of current at the gate. We want a 10 to 1 ratio between the current that goes through the sink and gate. We have about 250 mA going through the sink and about 21.5 mA going into the sink.
We used a DM74LS02N for the nor gates, BS170 for the transistors, and a Guardian Electric TP8x16 solenoid (data sheets in appendix). The diode is critical to make sure that the transistors do not burn out while turning on and off the solenoids.
[image: image21.png]HR-4000
Break-Out Box

Shutter Circuit Diagram

-

it

12-15 GPIO-7

12-6 GPIO-8 ©

J2-10 GND

= R,=300Q
R,=1000Q




Figure 18.
Dust Box

The main purpose for the Dust box is to keep dust off of the optics. It also keeps air currents from affecting the measurements. It is made of foam board, plexiglass, and aluminum rails. It has a sliding door in the front and back and a swing open door on top. Figure 19 is the diagram of the box.
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Figure 19.

Reference

OO STAN-SSH
The OO STAN-SSH is the main standard for the fiber optic spectrometer. It is mounted on the sample holder. I have preformed a uniformity test to see how uniform the reflections off its surface are, Figure 20. I found the reflectivity to be with in 0.01 % of each other. The spikes on the edges of the plot are caused from the light reflecting off the edge of the mirror.
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Figure 20. Full size Graph in Appendix E.
Figure 21 has the spectrum of the OO STAN-SSH. The spectrum was measured on the grating spectrometer.
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Figure 21. Full size Graph in Appendix F.
Program
The OpticFiberSpectrometerProgram.vi has 2 main parts: the interface or control panel and the Block Diagram.
Control Panel

The control panel is where the user interfaces with the program. In Figure 22 we see a screen shot of the control panel.
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Figure 22.
The control panel has 14 parts. Below is a description of each part (labeled the same number in Figure 22).

1. Start Button- To start the program you need to hit this button.
2. Name and Date Indicator- Upon starting the program, a dialog box will pop up and ask you for your name, date, and test name. The indicators show what was entered in the name and date boxes.

3. Transmission Integration Time Control- Controls how long the spectrometer takes data for transmission measurements.

4. Reflection Integration Time Control- Controls how long the spectrometer takes data for reflection measurements.

5. Measurement Type Control- Controls which measurement you will take. You can measure the transmission, reflection, transmission and reflection, or florescence.
6. Reflection Reference Control- Controls which reference standard to use in the measurement. Also controls which file to use in the reflection calculation.
7. Spectrum Range Control- Controls if the measurement is taken over a wavelength range of 200 nm to 1150 nm or 850 nm to 2650 nm.

8. Averaging Number Control- Controls how many measurements are averaged to get the finial measurement.

9. Data Taking Buttons- You push these buttons to record the data on the graph. The led lights up next to the button you need to push to take the current measurement.

10. Raw Dark Graph- A graph of the raw dark spectrum made from averaging a number of measurements. The number of measurements that is averaged is entered in the Averaging Number Control. 
11. Raw Reference Graph- A graph of the raw reference spectrum made from averaging a number of measurements. The number of measurements that is averaged is entered in the Averaging Number Control. 

12. Raw Sample Graph- A graph of the raw sample spectrum made from averaging a number of measurements. The number of measurements that is averaged is entered in the Averaging Number Control. 

13. Calculated Values Graph- Displays the calculated transmission and reflection data.

14. Step Counter- The steps of each measurements are listed in this box. The led lights up on the current step.

Block Diagram

The block diagram is code of the program. It has 4 main parts: initialization, normalization measurements, sample measurements, and data export. A screen shot of the block diagram is shown in Figure 23. The 4 main areas are out lined and labeled.
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Figure 23.
Initialization

In this section of the program, we do several things. We initialize the wrapper which is what controls the spectrometer’s vi, we set all the settings that the user entered in the control panel, and we set all the indicators to be cleared. The Initializaton secton of the program is shown in Figure 24.

[image: image27]
Figure 24.
The Initialization section has 3 parts. Below is a description of each part (labeled the same number in Figure 24).

1. Create Wrapper and User options entered

2. Graph ranges setting

3. Clearing of LEDs on the control panel

Create Wrapper and User options

In this section, we start up the wrapper that will communicate with the spectrometers. We set the inputs for the other parts of the program in this section.
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Figure 25
The Wrapper start up and User options has 14 parts. Below is a description of each part (labeled the same number in Error! Reference source not found.).

1. Wrapper Create vi- Creates the wrapper that will talk to the spectrometers. Any program needs to start with this vi.
2. Wrapper Open All Spectrometers vi- Finds all spectrometers that are connected to the computer and gives them a number.

3. Wrapper Get Wavelengths vi- Retrieves the wavelengths that span the spectrometer’s range in predetermined steps. We will use this line to supply the wavelengths for the rest of the program.
4. Side Panel Tab Control- Changes the tab on the control panel to the appropriate panel for the selected measurement type.

5. Set Transmission Integration Time- Sets the line that will supply the rest of the program with the transmission integration time.

6. Set Reflection Integration Time- Sets the line that will supply the rest of the program with the reflection integration time.

7. Set Number of References- Sets the number of times we will run the reference part of the program. We run it 2 times for the Transmission and Reflection measurement and 1 time for all other measurements.

8. Retrieval of Name and Serial Number- We retrieve the name of the spectrometer to include in the data.

9. Wavelength to Energy Conversion- Converts the wavelengths to the corresponding energies and sends them to the data export section of the program.

10. Shutter Control Sub vi- We set both shutters to the closed position (more information about the Shutter Control Sub vi in the Shutter Control VI section of the manual).
11. Time Average- Sets the line that will supply the rest of the program with the number of time averages to take when taking the measurements.

12. Main Graph Tab Control- Sets the tab of the main graph to the appropriate tab for the selected measurement.

13. First Dialog Box- Opens up and asks for the users name, date, and comments. Sends these to the data export section of the program (more information about the Shutter Control Sub vi in the Dialog Box VI section of the manual).

14. Spectrum Range Control- For a selected spectrum range, it out puts a 1 for the HR4000 range and a 0 for the NIR256 range.

Graph Ranges Setting

In this section, we set the range for all the graphs and name the axis. 

[image: image29.png][tz o X o]

True 1

3
ot Refection sl Asorpion Gl hdated Transmission and Reflcton? o Retecton Do o Reflecton Reference]
e Relecion o et O T ded Loy — st ey
T ] sl Mo e Wocale Masimum 2 Wocale Masimum
R Tt < . e e P i T e
P Scale. Maximum P ¥Scale Maximum cale, Maximum — cale e,
it o [ Vi Vicdemoman | [T —
e H Vocal irimm [p e Finiman P Vecal.pinmm b Vocsle Mninu
B om0 pScale. NameLbl Text ] PrScale. NameLbl. Text] pxScale. NameLbl Text] PScale. NameLbl. Text]

|

I - !
[Raw Transmission sample], [Caluleted T or R Values} |:r 1R ;J [Raw Transmission Dark] [Raw Transrission Reference]
b ¥Gcole Mimum b ¥Gcole Mimum 1 ¥cal. Mirimum b ¥Gcole Mimum 5cde Mrimum
b Vscde Maimum Ve Maimum b Vscale Maximun b Vscde Maimum b Vscde Maimum
1P focok iniman P—¥5csle Miimum b ¥5cdle Mrimum L Vacele Mirimum b ¥scale Mirimum
by I Pi5cale Namelbl.Text PREcsle Namelbl-Text Pi5cale Namelbl.Text PE5cde Namel bl-Text| Pi5cale Namelbl.Text
I L Puorescere)
[Calated Transizson and Reflection 2
G b sscae Maimm
b sscae Maimm b cal piniman
b scale Mirimum I P Vorermamar
b Vscde Maimum e
b ¥scale Mirimum Pi5cale Namelbl.Text

Picale Namelbl Tt

epending an what Spectrometer you are usin

[Fere We et the % and ¥ Ranges on the Graphs]
o ;





Figure 26
The Graph Ranges Setting has 5 parts. Below is a description of each part (labeled the same number in Error! Reference source not found.).

1. Axis Range Setter- Puts out the ranges for the two spectrometers. Send the set of range values for the x and y axis to each graph.

2. Wavelength to Energy Conversion- Converts the wavelength ranges to energy ranges to use if the user set the x axis to energy.

3. Switcher- Switches from wavelength to energy depending on the users preferences.

4. Set Graph Range- Sets each individual graph’s x and y axis ranges and sets the name of the x axis.

5. X Axis Name- Outputs the name to be displayed on the x axis.
Clearing of LEDs 

In this section, we set all the LEDs on the control panel to the off setting. 
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Figure 27.
In Figure 27, we have a constant false setting that sets all of the LEDs to the off setting. This makes sure that no LEDs are on at the start of the program.
Normalization Measurements

In this part of the program, we take the dark and reference spectrums. We then average the number of spectrums by the number entered by the user and store it to be used in the calculations in the sample measurements part of the program. Figure 28 is a diagram of the normalization measurements section of the program. 
There is a True False case structure that will take the transmission (True) and reflection (False) dark and reference spectra. We do this by first opening the shutters so we can take the measurement then displaying the averaged data on the control panel. Next the user starts to collect data when they hit the take data button on the front panel. Then we measure and average the data and send it to the Sample Measurements and Data Export sections of the program. There are four possible measurements you can take each with its own data box. The small box to the right of Figure 28 is the place that we import the reflective data file for the standards.

Note: When taking data with the NIR256 the 56th data point is an average of the 55th and 57th data points.
[image: image31.png][Reflection nes]

Fefiecion Referencs]
il =E

a2 =
= L {Documents and Settingstal Users|DocumentsNational Insirument Fber Optc Spectrometer Data Fles Data Fle For 0O STAN 55,1

[Wrapper_getSpectrum.vi] ke Transmisson Dark Spectra]

[irepper_getopectrum.v]

per_getSpectrum.vi

| e |
F

il
[t e - i e
] i1

e Trarsmison berkcsperraZ]
o (3
] |
iapper_setntegratiorTime v]

| RlE (s

41 En

w Transmlsion Reference

]

[Pt Reference Spectra e Average Reference Spactral
51452+ +50)in

[P Dark Spectra
lPush buton to [Tine Average Dark Spectra; lPush button to
ltart Time Averaging (514524 ..c+5n)in lstart Time Averaging

ooooml )

B —

B L ra—— T T





Figure 28.
In Figure 29, we see an enlarged portion of Figure 28.
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Figure 29.

The Normalization Measurement section of the program has 9 parts. Below is a description of each part (labeled the same number in Figure 29).

1. Tab and Case Structure Control- The measurement type tells the rest of the program which settings to use when taking the dark and reference spectra. Here we control the tab at the bottom of the control panel that shows the raw graphs.
2. Shutter Change- Here we tell the shutters to open and close to take the next measurement. Then we delay the program 1 second to allow time for the shutters to move.

3. Wrapper Get Spectrum- Tells the spectrometer to start measuring the spectrum. 

4. Spectrograph- Takes the output spectrum with the wavelengths to be displayed on a graph on the control panel.

5. Take Data Control- The button to take data. When pressed it stops the for loop and then goes to the next part of the program.
6. Set Integration Time- Here we set the integration time for the spectrometer. It may be different for the transmission and reflection measurements so we need one at each measurement.
7. NIR256 Average- If we use the NIR256 spectrometer this box will get the 56th data point by averaging the 55th and 57th data points. If we use the other spectrometer then nothing happens.

8. Running Average- We take a running average so that for large number of averages the computer does not run out of memory.
9. Storage Array- For the transmission data we store it in an array so that after we take the reflection data they can be sent out at the same time.

Sample Measurements

The Sample Measurements is the main part of the program. This is where we take the raw sample spectrums and calculate the transmittance and reflectivity of the sample. In Figure 30, we see the sample measurement section of the program. In this section we take the raw sample spectrum, average it, and carry out the appropriate calculations to display the transmission and reflectivity of the sample.
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Figure 30.

The Sample Measurements section of the program has 9 parts. Below is a description of each part (labeled the same number in Figure 31).

1. Shutter Change- Here we tell the shutters to open and close to take the next measurement. Then we delay the program 1 second to allow time for the shutters to move.

2. Flip Flop Control- This box calculates if we should take transmission or reflection data depending on the number of measurements we take.

3. Dialog Box- Activates the Dialog Box VI which ask the user if they want to continue taking data.
4. Set Integration Time- Here we set the integration time for the spectrometer. It may be different for the transmission and reflection measurements so we need one at each measurement.

5. Wrapper Get Spectrum and Running Average- Tells the spectrometer to start measuring the spectrum and we take a running average so that for large number of averages the computer does not run out of memory.

6. Wavelength Energy Converter- Changes the wavelength and energy lines depending on what the user indicated they wanted to be displayed on the graphs.

7. Calculation- Here we calculate the transmittance or reflectance of the sample. For more detail on how we do this check the Theory section.

8. Raw Sample Graph- Plot the raw sample spectra on the front panel.

9. Calculated Sample Graph- Plot the transmittance or reflectance of the sample on the front panel.

10. Column Name Creation- We create the column headings for the excel data sheet.

11. Flip Flop Control- This box calculates if we should take transmission or reflection data depending on the number of measurements we take.

12. Absorbance Calculation- Here we calculate the absorbance of the sample.

13. Data Storage- We store each set of data in an array and for every cycle we add an additional data element.
14. Raw Data Panel Tab Control- Changes the tab on the control panel to the appropriate panel for the selected measurement type. At the end of the transmission and reflection measurement this control shows the user the absorption plot.
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Figure 31.
Data Export

In this part of the program, we organize the data with headers and send them in packets to excel. The first dialog box props the user to decide what data they want to export to excel. The second dialog box asks what file name to give the data and where to send it.
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Figure 32.
The Data Export section of the program has 13 parts. Below is a description of each part (labeled the same number in Figure 33).

1. Header Creation- Depending on the setting chosen by the user, these controls create the head text.

2. Dialog Box- Activates the first Dialog Box VI which ask the user for their name, date, and what x scale they would like to use on the graphs. Then it sends out that data to be on the header.

3. Header Assembler- Assembles the Header text for export to excel.

4. Raw Data Header Creator- Creates the column headings for the raw data spectrums.
5. Last Element Deletion- Here I delete the last element of the data storage arrays. Because of the way I set up the program there is an element of all zeros at the end of each array.

6. Raw Data Assembler- Assembles the raw data arrays to get ready to export the data to excel.

7. Shut Down Shutter- Here we tell the shutters to close at the end of the program.

8. Dialog Box- Activates a Dialog Box VI which ask the user what data they want to send to excel.

9. Data Assemble Area- We assemble the data in arrays to be exported to excel in 4 parts.

10. Header Export- We export the header to excel and a dialog box that ask the user for the name of the file to send the data to.

11. Sample Name Export- We export the names of the samples to the excel sheet.

12. Column Name Export- We export the names of the columns to the excel sheet.

13. Data Export- Last we export the data to the excel work sheet.

Note: The file that we send the data to is a text file displayed in excel. To make it an excel sheet you need to save the data sheet in excel.
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Figure 33.

Sub VIs

There are several sub vis in the program that perform 2 main functions. The first set prompts the user for information to complete the measurements. The second vi controls the shutter system.

Dialog Box VI

The Dialog box prompts the user for information to enter at different times during the program. Here we will show 3 different parts of the program, the control panel, the pop up box, and the block diagram. In Figure 34, we see what the first dialog box sub vi’s control panel looks like when it is running. Each data text box is on the pop up box. There is a black square that can not be seen when the program is running. Every thing in the black square is in the pop up box. The Black square can be seen in Figure 35.
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Figure 34.

In Figure 35, we see that the text boxes in the control panel are text entry boxes in the pop up box. Notice that the Wavelength LED is a yes or no question. The pop up box closes when the user selects which units to use on the graphs.
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Figure 35.

Figure 36 is an image of the Dialog Box program. All the text entry data is sent out to the fiber optic program. We then send this data to a excel program so that they will be recalled next time the program runs. This way the user does not need to reenter the text fields every time it runs.
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Figure 36.
Shutter Control VI

The shutter control vi sends the signals out to the shutter circuit of 0 V or 3.2 V. The control box of the shutter control vi is shown in Figure 37. The 3 inputs of the sub vi are shown being the GPIO In or which out puts type to send the signal and the two values that you want to send out. The values are entered 0 for 0 V and 1 for 3.2 V.
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Figure 37.
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Figure 38.
The sub vi has 3 parts on the block diagram. Below is a description of each part (labeled the same number in Figure 38).

1. Inputs Values- The input values enter ate these points. One is the GPIO command to communicate to the spectrometer where to out put the data and the other 2 are the values that you want to out put.

2. Value Conversion- The input value is converted to a voltage to put out.

3. Out Put Command- Tells the spectrometer to out put the designated voltage.

Appendix 
A. DH-2000-BAL Spectrum
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B. HL-2000-FHSA Spectrum
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C. LS-LED 380 Spectrum
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D. Noise on spectrum of HR-4000 as a function of integration time
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E. Uniformity of the reflectivity of the OO STAN-SSH
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F. Reflectivity of the OO STAN-SSH
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G. Data Sheets and Manuals
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[image: image51.emf]Raw Lamp Spectrum DH-2000-BAL Taken with the HR-4000
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[image: image54.emf]Reflection of first Lens as a fucntion of Distance to Fiber Optic
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[image: image55.emf]Spectrum of HL-2000-FHSA Lamp 1/2/2009
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[image: image56.emf]Spectrum of the LED 380 Lamp 1/2/2009
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[image: image57.emf]Noise on Spectrum as a Function of Integration Time (micro Sec)
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[image: image59.emf]Average Reflection of OO STAN-SSH H lamp (VIS)
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