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Abstract 

The Complex Materials Optics Network comprises active research groups within the 

University of Nebraska-Lincoln. Their main focus is optical materials preparation, 

characterization, and instrumentation development. The purpose of the project is to develop a 

computer interface for a Terahertz-source and detector. The interface should consist of a 

manual and a remote Transmission Control Protocol/Internet Protocol (TCP/IP) control of the 

hardware and must display the status of the source and the detector. It must also allow direct 

changes of the source and detector parameters. The program used for programming the 

interface is LabVIEW and the work plan was split into experiment design, command set, 

interface design, graphical user interface design and a test. A computer interface for the 

Terahertz-source and detector was designed and tested with approved results. 
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1. Introduction 
The University of Nebraska – Lincoln, chartered in 1869, is an educational institution of 

international stature. It is a member of the Association of American Universities and is 

recognized by the Carnegie Foundation as a Doctoral/Research Extensive university. 

 

1.1 Background 

The Complex Materials Optics Network (CMON) comprises active research groups within the 

University of Nebraska-Lincoln. The primary focus is optical materials preparation, 

characterization, and instrumentation development for solving contemporary experimental 

and theoretical problems in materials sciences and engineering bridging Physics, Chemistry, 

Biology and Engineering applications. 

There are several areas in optical applications where the use of a Terahertz (THz) source 

could be profitable. The development of an experimental setup for optical spectroscopy could 

be used to integrate it into already existing setups for various hardware and software. The 

software interface should be flexible enough to test the control program. 

 

1.2 Purpose 

The purpose of the project is to develop a computer interface for a Terahertz-source and 

detector with features as specified below.  

The interface should consist of a manual and a remote Transmission Control Protocol/Internet 

Protocol (TCP/IP) control of the hardware. The graphical interface for the manual control 

must display the status of the source and the detector. It must also allow direct changes of the 

source and detector parameters.  

In the remote mode the software should work as a server which provides a client with 

information about the source and the detector. The client side should also be allowed to 

change the source and detector parameters using a suitable command set. 

The source and the detector will be used as a module in different experimental setups for 

optical spectroscopy. Thus, the software interface should have sufficient flexibility to allow 

integration in existing hardware and software. A simplified experimental setup has to be 

developed in order to test the control interface. 
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1.3 Method 

The main part of this project has been performed at Department of Electrical Engineering at the 

University of Nebraska, Lincoln.  

The program used for programming the interface is Labview. Labivew is a program for 

graphical programming. It is used for measurement and automation. It has been around for 

more than 20 years and is being manufactured by National Instruments. (National Instruments 

Corporation, 2007) 

 

1.3.1 Work plan 

Experiment design 

To learn how the TCP/IP command was working in Labview, a simple experiment design was 

developed. This simple program was sending a simple string from a client to a server and the 

server returned the value. This was later used as a base for structuring of the TCP/IP 

communication between the server and the client programs.   

Command set 

Once the TCP/IP commands was working it was possible to look into the next part of the 

project. This was to implement the requested command sets as part of the TCP/IP traffic. 

Obviously starting with one command and later adding more was the way it was handled. 

Interface design 

The server and client also needed an interface. This was done in parallel with the command 

set. From the start there was only the TCP/IP connection, but later on a Lock-in and 

backward-wave oscillator BWO were added as separate tabs in the interface, making it 

possible to control several things from the server manually. 

Gui design 

In order to make the interface less complicated for users. the graphical user interface (gui) for 

both the server and the client was cleaned up to look less messy..  

Test 

When all components were in place, TCP/IP, command set, BWO drivers, Lock-in drivers, it 

was time for testing of the experimental setup. Chapter 2.1. 
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1.4 Scope 

This report consists of three parts: 

 The theory behind the experimental setup which describes the BWO principles, Golay 

information, the lock-in and a drawing of the setup. 

 The software interface, which focuses on the TCP/IP interface, server design and 

client design. 

 Last but not least the results, which show a spectrum and some stability tests done 

with the setup. 

The setup will be with an ellipsometer which is an optical instrument for material analysis. 

However, there will not be any detailed description of ellipsometry or optics in general in this 

report. 
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2. Theoretical Frame of Reference 

2.1 Experimental Setup 

The experimental setup is displayed in the Fig. 1. This setup was used to test the Backward 

Wave Oscillator (BWO) functionality with the server- and client-interface located on the 

computer (PC). 

The PC is connected to a digital to analog converter (DAC) via a serial RS232 interface. This 

is done in order to control the power for the BWO. A chopper wheel (C) is placed after the 

BWO to transform the light beam from the BWO into a chopped light beam. (This is because 

of the way the golay detector works, read next chapter.) The chopper is connected to the 

Lock-in in order to get the correct frequency of the chopped signal. 

The chopped signal is reflected on several mirrors (M) and a sample (S) before it reaches a 

lens (L) that focuses the beam before it reaches the golay detector (D). The detector also 

requires power (P). 

Eventually the detector is connected to the Lock-in and the information is sent to the PC 

through a Bayonette Neil-Concelman (BNC)-cable. 

 

 

2.2 BWO Principles 

A BWO is an electro-vacuum diode, where THz emission is generated by electrons, 

decelerating in a periodic field. To tune the BWO emission wavelength, a voltage is applied to 

one of the electrodes (cathode). To control the THz source high voltage power supply from a 
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Figure 1 – Experimental Setup 

Lock-in 



 5 

computer, a digital to analog converter (DAC-16) is used. The BWO use a power supply 

ranging from 0 to 6000 Volts. The BWO used in this project was a QS-1500 from Microtech 

Instruments, Inc. (Microtech Instruments, Inc, 2007) 

 

2.3 Golay Detector 

The name golay comes from the person who invented the first basic detector back in 1947, 

Dr. M.J.E. Golay . The golay is used while performing measurements in infrared 

spectroscopy. The detector has a non selective wavelength and an absorbing surface. This 

provides a uniform sensitivity over a wide range of wavelengths.  

A golay pneumatic cell (see Fig. 2) is built up by a ballasting chamber and a pneumatic 

detector chamber on each side of a mirror membrane.  

 

Figure 2 - Golay working principles 

The pneumatic chamber contains a gas of low thermal conductivity and is sealed at one end 

with a potassium bromide window. Through this window radiation reaches a thin absorbing 

film. This absorbing film responds to infrared radiation and warms up the gas. Once the 

temperature of the gas rises there will also be a rise in pressure within the chamber, this 

leading to a distortion of the mirror membrane which is the other end of the chamber. 

On the other side of the membrane there is a ballasting chamber. It provides a fine leak to the 

detector chamber to prevent changes in room temperature from affecting the detector. The 

membrane remains flat in case of a changing radiation, since the pressure remains the same on 

both sides. (Pye Unicam, Ltd. 1969) 
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2.4 Lock-in 

A Lock-in amplifier is an instrument with dual capacity. The functionality is to recover 

signals that are present in a noisy background, or to simply provide high resolution 

measurements from rather clean signals, over several frequencies. They can be used in various 

environments, such as optics, electrochemistry, materials science, fundamental physics and 

electrical engineering. The lock-in in this project was an EG&G Instruments Model 5105 

Lock-in Amplifier. (Ametek Advanced Measurement Technology, Inc, 2003) 

2.4.1 Principles of Operation 

The Lock-in uses a low-noise analog signal processing circuitry and a microprocessor. Figure 

3 shows a block diagram of the Lock-in. 

 

Figure 3 - Lock-in block diagram 

The signal (detector) channel input can be set to either single-ended or pseudo-differential 

voltage mode operation. 

The two signal channel filters, identified as High-Pass and Low-Pass filters, can prevent large 

interfering signals. These signals could otherwise cause non-linear operation and overload. 

The Low-Pass filter allows signals under the cut-off frequency to pass, while the High-Pass 

filter allows signals over above the selected cut-off frequency.  

The reference (chopper) input is responsible for implementing the reference trigger and 

phase-looked loop. It is also used for switching of waveforms. The reference input is also 

responsible for implementing the phase shifter. This is to provide the possibility to change the 

phase of the reference input for the demodulators at a required value. 

The two demodulators or phase sensitive detectors (P.S.D) is used to encode the information 

from the signal input. One of the demodulators works in 90° phase shift (in quadrature) to the 

other. 

The function of the output filters is to reduce the unwanted, non-information bearing time 

variations, mostly known as output noise. 
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There are two overload detectors in the signal channel filters. They detect conditions of input 

overload. There are also two overload detectors following the demodulators located at the 

analog-digital converters. They detect output overload conditions.  

The analog to digital converters at the outputs are required to allow them to be read via the 

computer interface.  

All of the functions of the instrument are under the control by a microprocessor. The 

processor supports the serial RS232 computer interface. The processor can also do digital 

filtering if needed as well as calculating vector magnitude and phase of the input signal. 

(Ametek Advanced Measurement Technology, Inc, 2003) 

 

3. Realization of Software Interface 

 
Figure 4 – Software Interface block diagram 

TCP/IP is used to communicate between a server and a client (Fig. 4). During the 

experimental setup stage both the server and the client is running on the same PC, but that is 

obviously possible to change as long as the TCP/IP communication works. 

On the client side a command is entered, for example setwvl. This command is sent using the 

TCP/IP functions of LabVIEW and is received by the server side. The server executes the 

command by setting the BWO to the appropriate value and sends back a confirmation to the 

client that the command has been executed.  

In a measurement situation the server will first do what is already mentioned, but it will also 

read the wavelength from the BWO, through the lock-in which is using a golay pneumatic cell 

as a detector. The signal will be transformed to the appropriate value and sent back to the 

client side as confirmation.  

The pattern will be continued until the requested wavelengths have been measured. 
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3.1 TCP/IP Interface 

3.1.1 Command Set 

In order for the TCP/IP communication to work between the server and the client and in order 

to make something useful of the communication, a command set it required. This command 

set consists of seven commands.  

 setwvl() = sets the wavelength (in m) to xxx, if successful the server returns 

setwvl=xxx, if not the server returns setwvl=ERROR 

 setrange(xxx) = sets the lock-in range to appropriate value, error as above 

 setdelay(xxx) = sets the lock in delay to appropriate value, error as above 

 getwvl() = asks for the current wvl (in m), if not successful the server returns 

getwvl=ERROR 

 getintensity() = asks for the signal at the golay detector, error as above 

 getvoltage() = asks for current voltage, error as above 

 initialize() = initializes the server to predefined values 

They can either be used manually from the client or automatically through a measurement 

process, also this runs from the client. This section will give a more detailed description on 

one of the commands, setwvl(xxx) 

 
Figure 5 – Sending setwvl 

This command is performed in three steps. First is the part located at the client (Fig. 5), which 

concatenates the setwvl-string with the selected value and after that sends the string to the 

server using TCP/IP.  

 

 
Figure 6 – Schottky diode selection 
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After this the server checks if the correct Schottky diode is being used, as being displayed in 

Fig. 6. It this is true, the server will send back a confirmation, while if it is wrong, it will send 

an appropriate error message instead. In case of wrong schottky diode, the server will check 

which diode should be used instead. The server also sets the output frequency and output 

voltage to zero. Everything on the server side is stored in a log file. 

 
Figure 7 - Receiveing 

The last part (Fig. 7) is where the client waits until it receives the confirmation or error from 

the server. Whatever comes back, the client will show in the front panel.  

3.2 Server Design 

The server is built up as a main labview file (a *.vi), with several subroutines (known in 

labview as subvi’s) being called at different places. The entire TCP Communicator - Server.vi 

block diagram is attached in the appendix. 

3.2.1 Gui 

The graphical interface of the server consists of three main windows or tabs. These tabs are 

TCP/IP Server Control, Lock-in and BWO Control. 

TCP/IP Control 

Figure 8 – TCP/IP Control window 
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This is the first tab (Fig. 8) in the server, it is possible switch between manual and automatic 

mode by pressing the Manual button. The manual button will turn green when activated. It is 

also possible to enable or disable parts of the system by turning the Lock-in and BWO on or 

off. There is a possibility to select which port to use for the TCP/IP communication between 

the server and the client and last but not least there is a Stop Button to stop the server if 

required. 

In the “From File” window the current setup settings for the server is shown at load. In the 

other larger window named “History of the client” the entire TCP/IP communication from the 

client is captured and also stored into a log file. 

The small windows below show which value is sent back to the client. For example, if the 

client asks getwvl(), the server will send back getwvl(xxx) and xxx will be shown in the 

window named “getwvl”. 

Lock-in 

Figure 9 – Lock-in window 

The second tab (Fig. 9) is the Lock-in, which is where the intensity is displayed and where it 

also is possible to perform changes to the Lock-in.  

The upper left window consists of 4 controls. The left one is the selection of what com port to 

use. Second left is the range. The range can be set from the client by using the command 

setrange(xxx) where xxx is a value from 0-10 that corresponds to a predefined range. To the 

right is the “High Pass Filter” and “Low Pass Filter”. All these controls are preset with the 

setup file. 

In the “X Calibrated” and “Y Calibrated” controls it is possible to set what to display, but that 

will not be explained here. However, the standard start up parameter sets the controls to 

“Calibrated” unless the setup file has been changed. The intensity is shown at the “X 
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Calibrated”. Below those controls there are two indicators. The left one is the “Locked”, this 

will stay in the current state unless the Lock-in cannot lock the signal anymore. If such a 

situation occurs the button will turn red. The right one is the “Overload” alarm, which will 

turn red in case of an overload. 

The right side of the tab is mainly controls to set phase, slope and offset. Both the phase and 

the offset can be auto triggered by using the “Auto Offset” and “Auto Phase” buttons. This is 

also done at startup. “Time Constant” can also be changed in this tab, with the control. 

However, this can also be set from the client, sending the command setdelay(xxx) where xxx 

is a value between 0-9 that correspond to a predefined time constant. 

BWO Control 

Figure 10 – BWO Control window 

The last tab (Fig. 10) of the GUI is the BWO Control, which logically controls the BWO. 

The controls and indicators are located on the left respective right sides of the tab. 

“Calibration Table” location is preset with the setup file, but can be changed by browsing for 

an alternate location. This however has to be done, before starting the BWO control. The 

Calibration Table is used to decide the Minimal and Maximal frequency and these are 

displayed in the appointed indicators below the calibration table. 

“Vmax, V” is also preset by the setup file but can be altered during run. “SD Selection” 

means Schottky diode selection. Before trying to set the wavelength (Output Frequency) the 

right Schottky diode should be used. There is no physical way of testing which of the real 

diodes is used, but the “SD Selection” control has to be switched manually to the appropriate 

value or the server will automatically give the BWO zero volts and stop. The “Frequency 

Multiplication Factor” depends on the Schottky diode. 

In the middle of the tab is a large dial. This dial shows the current set wavelength (Output 

Frequency). This can either be set by TCP/IP from the client by the command setwvl(xxx) 
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where xxx is the wavelength in m, or by turning the dial manually if the server is run in 

manual mode. It is also possible to retrieve the wavelength from the server, by the command 

getwvl(). This is explained in chapter 3.1.1 command set. 

To the right of the dial is a Frequency indicator. This indicator turns green if the wavelength 

has a valid frequency. Below the lamp there is also an indicator (BWO Frequency) showing 

the actual frequency of the BWO. If everything was optimal this would show the same value 

as the output frequency.  

At the very right side there is the “Output Voltage” meter. This meter shows the BWO output 

voltage. 

3.2.2 Setup File 

 
Figure 11 – Setup file 

The setup file is used every time the server starts. This chapter is to give a brief explanation of 

how the setup file works. When the server start, it will automatically call for the sub vi called 

Server_Setup.vi. The program for the setup file looks like shown in figure 11. What happens 

now is that setup vi will look for its own file path (1) and replace the end of it (2) with 

“setup.txt” located in the same folder as the sub vi.  

Once the setup.txt is found it sends all the text in the setup file to the main vi “From File” (3) 

so that the parameters will be visible. At the same time it searches for the first setting to set 

(4). In this case only the comport settings is shown. When the vi finds “comport” in the 

“setup.txt” it stores whatever after “comport” in the text file into “Comport Lock-in” (5).  

The same procedure is performed for the high pass and low pass filters, range, time constant, 

display settings, calibration table, max voltage and sd selection. 

After all is set, the server takes the information and stores it globally in the main file TCP 

Communicator - Server.vi. 

 

 

 

1 2 

3 

4 

5 
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3.3 Client Design 

Just as the server, the client is also a main file, known as TCP Communicator - Client.vi and 

the entire block diagram for this *.vi is found in the appendix. The client is also using some 

sub vi’s to run properly. 

3.3.1 Gui 

While the server is built up by three tabs, the client is made with two tabs. The first one 

containing manual mode and the second one is an automatic measurement system. 

Manual mode 

 
Figure 12 – Manual mode window 

The first tab window (Fig. 12) of the client gui is the manual tab. This has three sections. The 

left section is showing the TCP/IP connection status. It also has a function to choose which 

port to use for the TCP/IP connection. Finally it has a stop button to stop all current running 

connections and stop the program. 

The middle section is where the command set for running client-server manually is located. 

As explained in chapter 3.11 Command Set you have the commands: 

 Setwvl 

 Setrange 

 Setdelay 

 Getwvl 

 Getintensity 

 Getvoltage 

 Initialize 
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To the right is a window “Received” where the information from the server is shown. For 

example, if the command initialize is sent. The server will send back “Done” if initialize was 

successful and this is what will be shown in the “Received” window. 

 

Automatic mode 

Figure 13 – Automatic mode window 

Automatic measuring is performed by using the second tab (Fig. 13). To the left there is a 

graph that shows live updated intensity and wavelength as the measurement is running. All 

the information in the graph is also saved into a measurement file, with a name which is either 

predefined as “TextFile.txt” or decided when starting measurement. 

The right part of the automatic tab window is split into three sections. At the top section 

selections are made for the measurement, as from what wavelength to start, where to stop and 

by how large steps.  

In the middle right section, the settings for the measurement file are selected. The 

measurement is also started here and stopped, if desired. During the run of the measurement, 

the “Measuring” indicator turns light green. 

The lowest right part contains information received from the server. “setwvl” is a 

confirmation on that the right wavelength it set, while “intensity 2” and getwvl” is the values 

that are stored in the graph and measurement file. 
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4. Results 

The computer interface for the Terahertz-source and detector was designed and tested with 

approved results. In sections 4.1 and 4.2, examples on the use of the interface are presented. 

4.1 Spectrum 

Figure 14 shows a power spectrum for the Terahertz light source. It was possible to record 

this spectrum, as a result of a working interface. 
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Figure 14 – THz source power spectrum 

4.2 Stability 

In order to use the Terahertz light source, it needs to be stabile. Figure 15 shows two graphs 

off a stability tests for the THz source. Larger versions off the graphs can be found in the 

appendix. Its possible to see a power drift over time in the graphs. 
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Figure 15 – Stability tests 
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5. Discussion 

The purpose of the project was to develop a computer interface for a Terahertz-source and 

detector with specific features.  

The first part of the project, where the experimental design was made went smoothly, as it 

was a good idea to try to understand how the program LabVIEW worked. By doing the 

experimental design, it was also possible to learn how TCP/IP communication is working in 

LabVIEW.  

The second part, where the command set was done was more complicated. This was also what 

took most of time during the seven weeks this project was done. This also led to delays and is 

a reason for why there are so few test results in the report. The main problem was to 

understand how loop conditions was working in LabVIEW. However, once one command 

started working correctly, it was easier to manage the rest of them. 

In the third part of the project, the interface design was made, although this was made 

parallell with the command set. Several parts of the interface design were easy to make, as 

there was existing LabVIEW drivers for the Lock-in and the BWO. However, it was 

complicated to make the work in the same interface as the .vi files tended to grow beyond 

recognition even with two screens connected to the computer. If the same project would have 

been done again, it would surely be good to try to spend more time on optimizing the size of 

the programs by using more sub-vi’s. 

At the end of the project, a lot of time was spent on cleaning up the GUI to make it more 

accessible for future users. There was also some tests done, in order to test the stability of the 

system. 
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