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System Description

Overview

The Rigel 1550 Spectrometer is a versatile instrument operating in the terahertz range. Rigel
1550 spectrometer is a portable, modular, compact, and reconfigurable terahertz time-domain
spectrometer system capable of testing solid, powder, thin film, gas, and liquid samples for
material sensing and characterization applications. The fiber coupled movable transmitter and
receiver heads can be mounted around the sample or process under test, for the cases where
bringing the sample or process under test inside the spectrometer housing is not feasible. The
terahertz transmitter and detectors are driven by a Femtosecond fiber laser at 1550 nm.

Part Names

Figure 1 shows the main components of the front and back of Rigel 1550 terahertz spectrometer.

Optical Delay module

Onefive ORIGAMI Femtosecond Laser
Shaker electronic controller

Laser driver

Linear stage for slow scan

Lock-in amplifier

NI DAQ for data acquisition

Square wave generator

. USB Hub

10. Shaker power supply

© oo N LD
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(a) (b)
Figure 1 Main features of Rigel 1550 Terahertz spectrometer: (a) Front panel and
(b) Back panel.
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Lens

Figure 2 Rigel 1550 Spectrometer Head for Transmission-mode THz-Time domain
Spectroscopy (TDS).

Rigel 1550 spectrometer has optical light delivery system that includes an optical delay box for
slow and fast terahertz scan. The slow scan can be used to find the THz signal peak and scan
over longer ranges, longer distance between transmitter and receiver with less noise or high
signal to noise ratio. The fast scan option allows for almost real-time measurement of changes
when a sample is placed in the THz transmission mode unit or the user puts in the THz
transmitter and receiver modules in the path of a process outside the spectrometer head.
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(b)

Figure 3 Rigel 1550 Spectrometer Head for (a) Reflection-mode and (b)ATR THz-Time
domain Spectroscopy (TDS).
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Operating Conditions

Eectrical requirements: 100-240 V; 50-60 Hz, <5 A
Operating temperature: 15 - 35°C

Storage temperature: -15° - 65°C

Humidity: < 50%

Warm-up time: 10 minutes for laser emission

Start-up Procedure

CAUTION Do not turn the power to the instrument on and off quickly as this may cause
damage to the units and power supply

1. Open the sample compartment spectrometer head and make sure there is no sample in
sample holder and place sample holder in the center.

2. Make sure the THz Beam path between transmitter and receiver modules is free from
obstructed.

3. Connect the power supply, the fiber optic cable for the Transmitter (Blue) and the other
to the receiver (Red), one SMA connection labeled Tx to the Transmitter and the other
SMA connection to the output from the receiver module.

4. Connect the USB from your Laptop or computer to the USB connection on side of the
spectrometer cabinet for electrical components.

5. Turn the FAST SCAN OFF and POWER ON and green light comes on and the
spectrometer is ready for use.

Rigel 1550 Terahertz Spectrometer User Manual 7
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6. Turn the key for the laser to On position and wait till the status LED stops blinking and
has stable green light. Then press Emission button until it turns red light.

i

7. Wait until Windows recognizes the instruments and initialization is complete.
8. Run the Rigel 1550 Spectrometer Software to do a scan and find the THz peak signal
before fast scan or simply conduct a slow THz scan using the spectrometer.

Rigel 1550 Terahertz Spectrometer User Manual 8
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Safety

Laser Safety

Rigel 1550 spectrometer transmitter and receiver are driven by Fiber-coupled femtosecond laser
from Onefive. Onefive’s ORIGAMI is a Class 3B laser. If user opens optical delay module,
direct and mirror reflected high-peak-power, invisible light pulses can be hazardous to eyes. If
fiber is disconnected or the optical delay module open, the laser power emitted by the ORIGAMI
may cause retinal or corneal damage. The skin of the human body can severely be damaged
when exposed to the radiation. Therefore, extreme care should be exercised during laser
operation. User does not need to eye-wear during normal operation of the Rigel 1550 THz
spectrometer.

Direct exposure of the eye to the invisible laser beam must be avoided.

: DANGER
1 AVOID EYE AND SKIN EXPOSURE TO LASER RADIATION
é\ RADIATION OF THE ORIGAMI IS INVISIBLE AND IN FIBER AND
J DO NOT DISCONNECT THE TX AND RX FIBERS.

Electrical Hazards

The Rigel 1550 spectrometer contain electrical circuits, devices and components operating at
high voltages. Contact with these circuits, devices and components can cause death, serious
injury, or painful electrical shock. Good grounding is essential to avoid a potentially serious
electric shock hazard. Application of the wrong supply voltage can create a fire hazard and
potentially serious shock hazard, and could seriously damage the Rigel 1550 spectrometer
system, and any attached equipment.

CAUTION Do NOT use power cords with faulty or frayed insulation.
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CE compliance

The Rigel 1550 spectrometer and sensor heads have been designed to comply with the
requirements of the Electromagnetic Compatibility (EMC) Directive and the Low Voltage
Directive or LVD of the European Union.

Installation

How to Install Sensors heads and connect to Spectrometer

WARNING Do not disconnect the fiber and MMCX cable from the Rx and Tx sensor heads.

1. The Transmitter and Receiver sensor heads come disconnected from the chassis of the
Spectrometer. Both the optical fiber and electrical SMA connector must be connected
during installation process.

2. Connect the Tx fiber (labeled as Tx) with one end already connected to the sensor to the
collimator output (labeled Tx) on the chassis after passing the fiber through the hole on
the top of spectrometer. The Tx is the middle Fiber output to the right of the Rx Fiber
output.

3. Connect the Rx fiber (labeled as Rx) with one end already connected to the sensor to the
collimator output (labeled Rx) on the chassis after passing the fiber through the hole on
the top of spectrometer.

4. Connect the MMCX to SMA connector on Transmitter sensor to SMA cable from
spectrometer electrical connections label Tx. The Tx and Rx output SMA cables pass
through the hole at the top of the spectrometer.

5. Connect the MMCX to SMA connector on Receiver sensor to SMA cable from
spectrometer electrical connections label Rx output.

Rigel 1550 Terahertz Spectrometer User Manual 10
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How to Restore Terahertz Signal

CAUTION The Transmitter and Receiver can be placed around any process under test or on
optical breadboard but the shortest or minimum distance between the Tx sensor
lens to Rx sensor lens is 17 cm. One can increase the distance between the sensor
heads up to a distance of 47 cm. Ensure the polarization of the Tx and Rx sensor is
correct by lining up the markers on the end-caps of the sensors.

1. Place the transmitter and receiver sensor heads in optical view of each other. The Tx and
Rx should on the same level vertically and horizontally. The user has the option of
placing the transmitter and receiver sensor heads around process or material under test
but a breadboard is also provided for mounting the Tx and Rx on post.

_—

Figure 4 Rigel 1550 Terahertz Spectrometer Sensor Heads.

2. Conduct a long THz scan using Rigel 1550 Software by setting motor speed to 0.5 mm/s
and scan range from 0 to 20mm. Follow the instructions on Running Rigel 1550
Spectrometer Software to conduct slow THz scan. If you do not find the THz peak and
signal in this range change the delay in increments of 20 mm (from 20 mm to 40 mm)
until you find the right delay for the THz peak.
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3. Once the THz signal is obtained on the time domain graph, the software automatically
finds the THz peak and goes to the optical delay position for that THz peak.

4. The next step involves the maximizing the THz peak signal. In order to do that launch
Show Peak THz Signal application that shows the signal level in real-time for the
current delay position.

5. To improve the alignment the Tx and Rx sensor heads should be tilted along y-axis ( z-
axis being optical axis) one by one to maximize signal ensuring the polarization is the
same. The direction of the enclosure of the Tx and Rx antenna must be changed along
the plane made by the marker for the polarization and the optical axis.

6. Then change the delay, after adjustment and changing the direction of the antennas, to
maximize the THz signal reading. The delay can be changed by entering the position in
mm for start position and going there by clicking GO START POSITION. The new
position should be close to the peak position.

7. Repeat process by doing Steps 6 and 7 for finer alignment and should get a value for THz
signal around 6.
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Data Acquisition for Fast Scan

The Rigel 1550 terahertz (THz) Spectrometer has fast scan option for conducting fast scan with
setting of 1 Hz or one waveform per second. The waveform scan length is 50 ps and step size is
50 fs. By selecting the Fast Scan button and clicking START SCAN button in Rigel 1550
spectrometer software followed by turning on the FAST SCAN switch on the cabinet for the
electronic housing one can do fast scan.

CAUTION Before selecting the Fast Scan option make sure the lock-in setting in the Rigel
1550 Spectrometer software is set to sensitivity of High Dynamic mode and with 12
dB/Oct filter setting and time constant of 3 ms. The display range scaling should be
the value of the sensitivity for example 1E-3 for 1 mV gain setting.

For continuous real-time fast scan and data acquisition (DAQ) after doing one fast scan in main
window of Rigel 1550 spectrometer software and switching on the FAST SCAN switch on the
cabinet of the electronic housing run the DAQ FAST Real-time program. The DAQ FAST
Real-time use a data acquisition of the analog THz signal from lock-in amplifier with a sampling
rate of 20 kSamples/second on each channel and is used in acquiring one waveform per second
and displaying the terahertz signal and spectrum. The DAQ has capability to go up to 100 kS/s
per channel. The spectrometer comes with 4 slots for use of DAQ and is extendable for an array
of terahertz transmitter and receiver modules. This is advantageous for industrial applications
where an array of fiber-coupled terahertz transmitter and receiver sensor pairs are used to inspect
an industrial process and the data is acquired in parallel. The DAQ FAST Real-time allows for
any change in the path of the terahertz beam between transmitter and receiver such as putting a
plastic or paper sample or any material to be observable in the delay of the terahertz signal,
change in the amplitude of the THz signal and spectrum of the THz signal.
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National Instruments DAQ that can be used by Rigel 1550 Spectrometer software
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Installing Drivers for the DAQ and Rigel 1550 Spectrometer Software

For Rigel 1550 Spectrometer Application (Rigel.exe) to work properly the user has to install the
Labview Run-Time 8.5 and NI-DAQmx Device Driver 9.3 on your computer or Laptop.

To install the Labview Run-Time 8.5:

1. Download the installation from the National Instruments (NI) website at
http://www.ni.com/downloads/
2. Run the application and follow the instructions.

To install the NI-DAQ driver version 9.3

1. If you have other versions of the NI-DAQ on your computer, remove it and install the NI-
DAQ driver by running the NIDAQ930f2.exe that comes with Rigel 1550 Spectrometer
and Rigel 1550 Real-Time terahertz signal acquisition tool.

2. Follow the instructions for the installation of the driver for the DAQ.

Rigel 1550 Terahertz Spectrometer User Manual 15
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Spectrometer Operation

Running Rigel 1550 Spectrometer Software

After installing the drivers, connect the USB cable to the Laptop or computer and the operating
system will detect the 4 devices connected using the USB cable. The cDAQ-9174 should be
detected and the NI 9125 connected to it. The other three devices are the lock-in amplifier,
Linear stage for the slow scan and shaker controller for the Fast scan.

1. Before running Rigel.exe to launch Rigel 1550 spectrometer software make sure the
DAQ is connected and run a test using Measurement & Automation Explorer (NI MAX)
to make sure the DAQ is connected. Select Configure and Test This Device below.

r |
X, New Data Acquisition Device @

MI-DaOm: has detected a new data acquisition device:

ﬁ' cDAG-9174

What would you like to da?

B eqin an Application with Thiz Device
zing M1 LabY| [54-bit]
Configure and Test Thiz Device
- zing Ml Measurement & Automation Explorer

G Take MNo Action

<[ m " 3

[~ Abways Take This Action

S

2. Right click on the NI 9125 (BNC) that is highlighted and run Self-Test and the program
returns a message saying “The device passed the self-test”. The click on Test Panels at
the top of the window and you should see the screen below:
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£ 1: NI 9215 (BNC) "cDAQIModl” - Measurement & Automation Expl =R

L — - B @ @000
File Edit View Tools Help
4 &) My System Properties | XK Deletz | [ Self-Test | Test Panels... | % Reset Device | (i Create Task... | > E,f/‘ Hide Help
;> gl Data Neighborhood F - =
4 ﬁ‘ Devices and Interfaces Name Value | Back E N
4 @) NI cDAQ-0174 "cDAQL" =] Serial Number 0x18657F5 7
[ @ 1:N19215 (BNC) "cDAQIModL" | =l Slot Number 3 NI-DAQmMx Device

& Metwork Devices
1> PXd PXI System (Unidentified)
b 5 Serial & Parallel
[ 44 Scales
& & Software
& (il VI Drivers
[ g Remote Systems

=] Attributes |’ Device Routes | %, Calibration

Basics

What do you want to do?

PRun the NI-DAQmx
Test Panels

PRemove the device

MView or change
device properties

Rigel 1550 Terahertz Spectrometer User Manual
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Test Panels: 1: NI 9215 (BNC): "cDAQIMaodl1"

Analog Input

Channel Name Rate (Hz)

Amplitude vs. Samples Chart Auto-scale chart [V
DAQ IMod 1/ai0 [+] 5-
Maode Samples To Read
On Demand El
Measurement Type
Vaoltage El
Max Input Limit  Min Input Limit Units
10 10| |V (=]
Terminal Configuration Coup
Differental El -

-35-1

-~ Start | Stop

[ Help ] [ Close |

A

3. Click Start to run the DAQ and make sure there is a signal on the screen then click on

Stop then Close. Now DAQ is ready to use in Rigel 1550. Note: Make sure the name of
the Channel is as shown on the screen image above.
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Test Panels: 1: NI 9215 (BNC): "cDAQIMaodl1"

-

Analog Input

Amplitude vs. Samples Chart

Auto-scale chart [V

e
AL
|| I||| r‘l ||Il| |
||

I'u‘ll ||

/

146m

| . Stop |

Help | [ Close ]

Launch Rigel

1. Run Rigel.exe from the Rigel 1550 Spectrometer folder.
2. Adjust the screen to fit window of your Laptop or Computer.

Rigel 1550 Terahertz Spectrometer User Manual
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File Edit Operate Tools Window Help
DEI
Terahertz Signal Spectrum
. -50- .
-55-
60
65
-70-] E
754
80
_85-]
_90-]
95
= L.
. a -100- L
| X Al |
0012 3 4 56 78 9 1011121514156 1718 B 2 [ 02 04 056 03 10176
Time (ps) Frequency (THz)
2l
Scan Options Spectrum Options
. Normalized Reference Spectrum Y-axis
= Start Position (mm)  Peak Position (mm) FUHM A (ps) 4B | Linear
:J 0 0 0 Zero Padded y ‘
- =, [ = .. ' lﬁl i
- 0 SO glwm|] | c@G D
m' “a - — i

3. Scroll down to screen with Tabs and select Settings Tab. The Lock-in Settings, Linear
Stage settings and Fast Scan settings are as shown below:
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File Edit Operate Tools Window Help

BE0

Error Codes ‘ Settings | Data | Readings | Graphs |

Linear Stage Settings

VISA resource name for Stage Stage Device Number

I/ocoma j 5

i

Responses from Stage

Max Acceleration
2
o 1001

STOP MOTOR

Bandwidth Accuracy Settings

Bandwidth Accuracy (dB)
A
o1
v
Bandwidth Accuracy (Linear)
)
= 0.01
L
Zero pad accuracy
4
oy 1024
L

Lock-in Settings

Phase Angle
184.2
Overload Unlocked Coarse Fine
" ] " ] 150 200 g 1012
w00, 6 e 1
N 250 3 16
50- - § ~18
Choose Time Constant . J 300 2-) ‘)\\
5 12dB/0ct. - 100 ms 0 375 0 n
Choose Sensitivity Signal to Maximize
,’_J High Dynamic Mode - 300 uV - 300 nA 0
Display Range Scaling
)
7 1E-3

Fast Scan Settings

_Length of scan (s) is connected to uP?
5

Deltat (ps)
7005

E

EE

SIETLIED
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The setting for the lock-in Time constant is 100 ms and the Sensitivity is 300 p
scan and other normal scans the Delta t or time resolution of the scan is 50 fs or 0.05 ps.

4. Click on GO HOME.

info@tetechs.com
V. For the fast

5. Under Scan Options after scrolling up enter the Start Position in mm, Scan Width in
mm and Motor speed in mm/s for the normal scan. The Stop position is automatically

calculated so it does not have to be entered.

Rigel Spectrometer from TeTechS Inc. m

File Edit Operate Tools Window Help

.‘9
2

-

T T T T Y T

0 25 5 75 10 125 15 1.5 20 225 25 2.5 30 325 35
Time (ps)

Scan Options

T  Start Position (mm)  Peak Position (mm) FWHM A (ps)

,J 20 223025 1.29935
GO PEAK POSITION ‘,\StOP Position (mm)  Current Position (mm)  FwHmM B (ps)
'} 25.00
FIND CURRENT POSITION. v ) - °

Scan Width (mm) Signal Reading
&'z 000 FWHM C (ps)
35

- 0.0566682 0
Motor Speed (mm/s)

',j! 0.1 mm/s FWHM D (ps)

Fast Scan o

) FWHM E (ps)

0

Running

.E

Error Codes | Settings | Data | Readings | Graphs

Normalized

Spectrum Options

Zero Padded

COMPARE
Clear Comparison Graphs

Bandwidth A (THz)

Bandwidth B (THz)

Reference

Spectrum Y-axis
dB | Linear

>

Bandwidth C (THz)
0
Bandwidth D (THz)
0

Bandwidth E (THz)

DG Oy (O ]@]

4 _._t'l‘ H E‘

For example for the position of where the Tx and Rx are located. We do a scan for the delay
starting at 20 mm and for 5 mm scan with a motor speed of 0.1 mm/s. This corresponds to a 33.3
ps scan. Rigel 1550 spectrometer returns the time domain signal, spectrum, peak position in
mm, Full-width half maximum (FWHM) of the pulse, and the THz power spectrum bandwidth,
which is 20 dB above the noise floor. The pulse width of our measurement in free-space for a
large-aperture transmitter and 5 um dipole as receiver is 1.3 ps and bandwidth of 0.93 THz.
Rigel 1550 goes to the peak position automatically after each scan.

Note: When clicking Start Scan for the first time the Shaker controller and motor for it is
turned on and comes to center position affecting delay by 5 mm. The “is connected to
uP?” LED lights up when servo motor is on and goes to center position for fast scan (if
FAST SCAN is turned on the servo motor for the Shaker will oscillate w.r.t. the center

position).

Rigel 1550 Terahertz Spectrometer User Manual
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6. Click GO START POSITION
7. Make sure the Emission light on the Laser is ON before doing a scan. Once the motor
finishes going to the Start Position, Click START SCAN then click Create New Scan.

© ~

Would you like to create a new scan file
or open an exsting imcomplete scan?

[Create Mew Scan’ |Oper| Existing Scan

.

8. Enter Filename for the Time domain signal to store and Spectrum to store as .csv comma
delimited files. The filename contains the data and time of scan. Once you click OK the
shaker is turned on for the first time scan and then the Running Button will turn on green.
At the end of the scan we get the signal and spectrum shown below.

Rigel Spectrometer from TeTechs Inc, .

File Edit Qpera-ta Tools Window Help

eI

Terahertz Signal Spectrum

-

| | | ' | | ' ' ' ' ' ' ' ' ' | ' | ' ' T
¢ 25 5 75 10 125 15 175 20 225 25 275 30 325 35 o 0.2 0.4 0.6 0.8 10176

Time (ps) Frequency (THz)
2l
Scan Options Spectrum Options
. Normalized Reference Spectrum Y-axis
GO START POSITION ’\‘Start Position (mm)  Peak Position (mm) FWHM A (ps) dB | Linear
o 20 22.3025 1.29935 Zero Padded P )
- = | I a = & —E r
IOFEN %0 o2 O] | | | RGN

9. One can do repeated measurements by putting a sample in transmission mode between the
transmitter and receiver and doing the scan over the same range to see delay of the pulse and
effect on the spectrum or changing the start position of the scan with the same scan width to
measure and store the time domain signal and spectrum for post-processing and comparison.
Note: The value of 6V THz signal corresponds to 6V/10V x 300uV x 1 pA/V Gain = 180 pA
THz current on Rx antenna.
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Comparing Spectra

After finding the delay and obtaining the THz pulse using procedure of initializing and
running Rigel 1550, put the sample in between the transmitter and receiver. To compare
the spectra first put sample at focus of the transmission module or if using the collimated
beam between Tx and Rx, put sample in the middle.

Select a data file to write, l ®
Savein: | , Demo j chc B~
= MName . Date modified Type Size
Scan(Spectrum)_13-09-05_12-25_Referencel... 05/09/201312:29.. CSVFile 9
Recent Places — .
| Scan(Spectrum)_13-09-05_12-52_Referencel... 05/09/201312:54 ... 5V File 9
! __ Scan(Spectrum)_13-09-05_13-31_Reference3... 05/08/20131:39 PM 5V File 9
Desktop | Scan(Spectrum)_13-09-05_14-39_Referenced... 05/09,/2013 2:57 PM 5V File 9
— __ Scan(Spectrum)_13-09-05_15-14_Reference5... 05/08/2013 3:20 PM C5V File 9
._.—_E;J __ Scan(Spectrum)_13-09-06_10-30_Referencel... 06/09/201310:34 ... 5V File 9
Libraries | 5can_13-09-05_12-25_Referencel.csv 05/09/201312:29 ...  (C5VFile 4
5 L || 5can_13-09-05_12-52_Reference.csv 05/09/201312:54 ...  CSVFile 4
S | 5can_13-09-05_13-31_Referenced.csv 05/09/20131:39 PM SV File 4
Computer | |5can_13-09-05_14-39_Referenced.csv 05/08/2013 2:57 PM  CSV File 4|
' (‘é | 5can_13-09-05_15-14_Reference5.csv 05/09/2013 3:20 PM TSV File 4|
Scan_13-09-06_10-30_Referencel.csv 06/09/201310:34 ...  C5VFile 4
Metwork —
e 1 =
File name: |Scan_13-09-065_11-23_ABS .csv] R4 ok |
Save as type: |,'-‘-]I Files (=%} j =g _|

For example here we compare the scan of ABS plastic sample.

1. After putting the sample in between the terahertz sensors, conduct a scan over the same
range from 20 mm to 25 mm with a speed of 0.1 mm/s. The resulting time domain signal
and spectrum are shown below.
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Rigel Spectrometer from TeTechS Inc. P

Fle Edit Operate Tools Window Help
=IO
5-
4.5~
o
3.5
3]
2.5

2-
15|

1-
0.5-|

[&]
R I T I e T \ \ | | ] I
0 25 5 75 10 125 15 175 20 225 25 275 30 325 35 o 0.2 04 0.6 0.8 10176
Time (ps) Frequency (THz)
Scan Options Spectrum Options
. Normalized Reference Spectrum Y-axis
GO START POSITION J\StartPosrtlon(mm} Peak Position (mm) FWHM A (ps) dB | Linear
J 20 23.075 1.49925 Zero Padded ) )
,Stop Poiton (mm)  Gurrent Positon (mm)  FHHIN B (9s)
g 20
FIND CURRENT POSITION v ) 20 0 LOMCARE
(ScanWidth (mm)  ignal Reading T _ )
7 5000 L Bandwidth C (THz)
- 0.0566682 [i]
Motor Speed (mm/s) [
e | o 01 mm/s FWHI D (ps) Bandwidth A (THz) Bandwidth D (THz)
=, S " : — - -
oFe 'O 240 &= | ] = - w0
b= — - T - — -

It is shown that the pulse is broader from 1.3 ps in freespace to 1.5 ps with the ABS sample
and the peak position shifted to 23.08 mm. The is also attenuation due to the sample.

2. To compare the spectra with other measurements or for this example the reference click
on COMPARE. Select the file to compare which is a time domain scan csv file. Do not
load the spectrum as the only time domain signal csv file is used to compare the signal
and spectrum.
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Lookin: | | Demo | c B~
= Mame : Date modified Type Size -
b,
o __| Seani(Spectrum)_13-09-05_13-31 Reference3... 05/09/20131:39 PM  CSV File
Recent Places .
| Scan(Spectrum)_13-09-05_14-39_Referenced... 05/08/2013 257 PM  CSV File
! | Scan(Spectrum)_13-09-05_15-14 ReferenceS.. 05/09/2013 3:20 PM  CSV File
Desktop | SeaniSpectrum)_13-09-06_10-30_Referencel... 06/09/201310:34 ...  CSV File
— || Sean(Spectrum)_13-09-06_11-23_ABS.csv 06/09/201311:26 ...  CSV File
=l || Secan_13-09-05_12-25_Referencel.csv 05/09/200312:29 ...  CSVFile
Libraries | Scan_13-09-05_12-52_Reference?.csv 05/09/201312:54 ...  CSV File E
¥ L | 5can_13-09-05_13-31 Reference3.csv 05/09/2013 1:39 PM TSV Rile
= || Scan_13-09-05_14-39 Referenced.csv 05/09/2013 257 PM  CSV File
Computer |_|Scan_13-09-05_15-14_ReferenceS.csv 05/09/2013 3:20 PM  CSV File
@ i |Scan_13-09-06 10-30 Referencel.csw 06/09/201310:34 ... CSV File
Network || Scan_13-09-06_11-23_ABS.csv 06/09/201311:26 ...  CSV File -
4 m | 3
File name: |Scan_13-09-06_10-30_Reference | | ok |
Files of type: |All Files (") =l Cancel

The Reference is loaded in red and the ABS sample measurement is in white shown below. The
change in FWHM of pulses and 20-dB bandwidth above noise floor is shown too.
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Rigel Spectrometer from TeTechS Inc. P

Fle Edit Operate Tools Window Help

28]

Terahertz Signal Spectrum
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There is a clear difference in the spectrum and delay in the pulse in the time domain. Here again
the ABS sample is shown in white and the reference air measurement shown in red. If you click
clear comparison graphs it will clear the loaded signal and spectra to compare and shows the
last scan which is in white line.

Note: For convenience one can scan the sample first and store the data and do a reference
measurement in air next to show the reference in white line as last scan. The data for the
samples are then loaded using COMPARE from the stored data and shown in color such

as red.

Running FAST SCAN

The fast scan option uses a sine wave generator with position voltage ranging from -1.5V to 1.5
V and frequency of 1 Hz. The Fast scan acquires a waveform every 500 ms using this setting.
The sine wave generator that drives the shaker servo motor can be increased to 20 Hz.
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To run Fast scan mode , first load Rigel.exe for normal slow scan mode and get the signal using
the Rigel 1550 spectrometer software as outlined above. Rigel 1550 spectrometer automatically
goes to the peak position. Then follow the following steps:

1. Change the Time constant of the lock-in amplifier under Lock-in settings to 12 dB/ Oct. -
3 ms as shown below. The unlocked led light turns on if the signal is unlocked if
reference is disconnected. The overload turns on if the gain is high. But the Signal to
Maximize should show a signal between range of -10 V to 10 V with display range
scaling of 1e-3. If the signal is within this range the DAQ is working and the lockin is not
overloaded.

Rigel Spectrometer from TeTechS Inc.
— e

File Edit Operste Tools Window Help
#[=][®
Ererodes‘ Settings | Data | Readings | Graphs ‘
| Linear Stage Settings Lock-in Settings
VISA resource name for Stage Stage Device Number Phase Angle
‘/DCOW j 1 1842
Responses from Stage Overload  Unlocked Coarse Fine
o * ] *] 150 200 g 1012
g 0 2<0> 0 00, bos I
N 250 & 15
50— "~ -
] Choase Time Constant ~300 2- E
SR b ’
b e ::hucvse Sensitivity Signal to Maximize
,‘; High Dynamic Mode - 300 uV - 300 nA 594844
Display Range Scaling
})15—3
Bandwidth Accuracy Settings
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3} 1
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: 2005
v
T
= i v 1
Bic Clo (9 [m[alg] | = ol

2. Turn the FAST SCAN manual switch at the side of spectrometer ON
3. Run RigelRealTime.exe

NOTE: The Main Rigel.exe application program must be running with the lock-in settings
mentioned above for the real-time signal and spectrum to show in the Rigel 1550 Real-Time
application.
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The Figure above shows the real-time signal and its spectrum after running RigelReal Time
application. If a sample is placed between the transmitter and receiver, the change would be
shown in real-time or in a matter of ms.

IE1E]

| DAQ FAST Realtime2.vi
ile  Edit Ep':ata_laols Window Help
o
Error Codes | Data | Graphs
Waveforms to Average
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The Data tab shows the setting for Delta t which is 50 fs, the number of waveforms to average is
set to 1 for fast scan and up to 5 to average out the noise. Since a 3 ms time constant averages out

Q=] m

ab )
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the noise at that speed, there might not be a need to average the waveforms for this setting but if
the Fast scan is increased to 20 Hz this function is used to average the waveforms say up to 11
waveforms before showing the THz signal and spectrum. The X scale is a scale for the
amplitude of the THz signal and it is set to 0.01. This scale is adjusted to view the THz signal to
values of between -15 to 15 for sensitivity of 300 uV on the lock-in.

4. Click the STOP to stop the continuous data acquisition after doing measurements

Choose C5V file to save Terahertz signal. Iﬁ
Savein: | | Real-Time Terahertz Signal j IfF '
L= Marne . Date modified Type
.y
'L Places . data 05/09/20131:21 PM  File f-:llder
|| demo.csv 05/09/2013 2:23 PM CSV File
- ] demo2.csv 05/09/20133:34 PM  CSV File
Desktop || demod.csv 05/09/2013 2:37 PM CSV File
— || demod.csv 05/09/2013 3:43 PM CSV File
=] || RigelRealtime.aliases 04/09/20131:18 PM ALTASES F
Libraries RigelRealtime 04/08/2013 1:18 PM Applicatic
P L 4k | RigelRealtime 04/09/20131:18 PM  Configura
b
Computer
@
Metworlc
' i = r
File name: |ngeI_Fastscan.|:sv| ﬂ
Save as type: | Al Files () ~| Cancel

Rigel 1550 program will ask you to save the THz signal when you clicked STOP into a CSV file.
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Calculating Absorption Coefficient

1. Inorder to calculate absorption coefficient of a material, first place material in
transmission module or in between the transmitter and receiver and conduct a scan within
the same scan range that you would use for reference scan in air

2. Check the checkbox on the right that is named Reference and run another scan removing
the material and conducting an air scan within the same range.

NOTE: Make sure the pulse for the reference is in the same scan range window as the
material under test.

3. While the Reference checkbox is clicked, the last scan you did without a sample is the
reference scan and will be used to compute the absorption coefficient by clicking
COMPARE button.

4. Similar to the comparison of spectra, the software will ask the user to select the file name
(Time domain csv file) of the material that was scanned in step 1 and show the absorption
coefficient once the files is loaded in the Spectrum window.

5. To clear the graphs showing the absorption coefficient, click Clear Comparison
Graphs.
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Zero Padding Option

Before a scan, one can select Zero Padded checkbox to zero-pad the time domain signal with
the number of zeros equal to the Zero pad accuracy or default setting of 1024. The user can
change the zero pad accuracy or number of zeros to add to the signal for zero padding before
computing the spectrum for higher resolution by changing the Zero pad accuracy setting under
the Bandwidth Accuracy Settings.

Accessories

The Rigel 1550 terahertz Spectrometer comes with a transmission mode measurement module
for conducting spectroscopy of power samples compressed into a 13 mm diameter pellet or to
put any sample at focus of terahertz beam. The terahertz transmission-mode measurement
module uses two focusing lenses to focus the collimated terahertz beam from the transmitter
module unto the sample with a beam spot size of 3 mm or less. The second focusing lens
collects the transmitted beam through the sample and collimates the beam that is collected by the
receiver sensor module. Unlike the case of putting a sample such as a large plastic in between
the transmitter and receiver without the transmission-mode measurement unit where the
collimated beam interacts with the sample, using the transmission-mode measurement unit
focuses the beam to a sample spot size so the beam interacts with the sample over the small
region such as the case for a 13 mm diameter pellet.

The transmission-mode measurement unit also has two other positions to put the sample holder
with the sample to have the sample interact with a slightly de-focused THz beam. Although the
spot size at these locations is not at focus, the beam spot sizes are smaller than the case for the
collimated THz beam.
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Turn the Emission red button on the laser off.

Unplug the USB connection to the Spectrometer
Turn the key on the laser to switch OFF the laser.
Turn the Green button for the Spectrometer OFF.

a s wnh e
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Press Quit button in Rigel 1550 Terahertz Spectrometer software.
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