Ly 1N LB i
Acquiring Luminescence Spectra using

the ARC —NCL Spectral Measurement
System + Lock-in Amplifier
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Disclaimer

Safety —the first !!! This presentation is not manual. It is just brief
set of rule to remind procedure for simple measurements. You
should read manual first.

Notwithstanding any language to the contrary, nothing contained herein constitutes, nor is intended to
constitute, an offer, inducement, promise, or contract of any kind. The data contained herein are for
informational purposes only and are not represented to be error free. Any links to non-UAB information are
provided as a courtesy. They are not intended to constitute, nor do they constitute, an endorsement of the
linked materials by the University of Alabama at Birmingham.
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IS a process in which a excited material emits light (electromagnetic radiation)

For example, the following types of luminescence caused by different
excitation process could be classify :

Chemoluminescence, is the emission of light as the
result of a chemical reaction

Light production in fireflies is due to a type of chemical reaction
called bioluminescence

Photoluminescence ( PL) is a process in which a
material absorbs photons (electromagnetic radiation) L | '
and then re-radiates photons )y /\

Banknote photoluminescence after excitation by UV | i:“"‘"
light from flash lamp B

Electroluminescence (EL) is an process in which a material
emits light in response to an electric current passed through it,
or to a strong electric field. .

<5
Infrared electroluminescence of photodiode in the =9
remote is stimulated by electrical current
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Parameters of the Luminescence

O Luminescence spectra shows how intensity of the luminescence
depends on wavelength

O Luminescence lifetime refers to the average time the molecule/ion
stays in its excited state before emitting a photon (or how long
luminescence could be observed)

O The luminescence quantum vield gives the efficiency of the
luminescence. It is defined as the ratio of the number of photons
emitted to the number of photons absorbed.

Goal of the Lab: Measuring of the Luminescence spectra using
ARC —NCL Spectral System
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Experiment Background

1. Firstof all, we need excitation source to transfer our sample
into excited (high energy ) state. Here we will consider only
optical excitation. It means that we will use optical radiation to
excite sample

2. Second, we need optical system to collect the luminescence and
direct it to detector. Also we need select luminescence from the -
excitation radiation. For these proposes we can use optical filter s
or monochromator which can help select radiation only at
required wavelength.

3. We need detect optical signal ( convert intensity of the optical
radiation into electrical signals) and then convert signal into
digital format
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Experimental setup (Principal Schema )

Triggering signal _ _
J9ering =19 Registration
system DC signal
>
>
Pulse signal
S
grating turret §
S
]
Q
5
Detector S
3
&
Spectra Pro 3001

SpectraPro-300i
Control Unit (NCL)
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Requirements to optical excitation

A wavelength of the optical excitation pulses should be within absorption band

of the studied samples !!!

Available commercial tunable solid-state lasers
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Optical Setup

1) Avoid reflection of the excitation radiation to the measurement system!!!

Optical
Excitation
pulses

- Output slits
sample Input slits P
il o=1/4( |
) ” U ) ” . Optical
L1 L2 Spectra Pro 300i Detector

2 ) Acceptance angle of Spectra Pro300i is ®=1/4. Therefore lens
diameter should be D>LO (for L2=L1=2F configuration D>F/2)
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How to Choose a Detector ?

A optical detector should convert luminescence of the sample into a
electrical signal.

Therefore the major requirement to the optical
detector : to be sensitive at the wavelength of the to
the luminescence photons

Operating Ranges for Judson Technologies detectors

- . . Example of Detectivity for J15D Series HgCdTe
Detectivity vs Wavelength for J10D Series InSb
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Attention, these detectors should cooled by liquid Nitrogen !!!
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Operating Ranges for ARC detectors

Raspensivity (A.W)
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I I
| Model F1 FIAT
1

|
| tdodel PE FIAT

| l
| Mlodel SI-44 0.1 Silicon Photodiode
|

Model ID-444 M-C-T

| |

| Model SI-44 0 Silicon Fhotediode
I

| Model P32 FIT

|
| IModel ID-441 and ID-441-C InGads
I

I

Idodel ID-442 Fhi
|

Mdodel ID-44 3 InSh

1000

2000
Wavelength in Nanometers

4000 G000 000 10000 12000

0 200 400 GO0 B0
07
g 06
Z 05
2
:E 04
Ié 03
e 02
: __!_L_——L_—'-_.______rl___
-’H.._._,..--— -\-.__\_\_\__\‘- | ‘_‘“_""-..\
H“xﬂ' \\:’
"-|.\_\_
) | =
f"‘ g S ) —p3 - :
[ NI
400 Al A0 1000

Wavelength in Manometers

400

£00

Wavelength in Monometers

. -1I]“
”]E -_—’___"‘ IG-4£1 [InGads] ]
00 3 10-443 {53}
T 10" o (pes) __-Fa———f-“"-\
3 —T N
:5_' 1™ ] I ] | I 8,
= | U D4 uCT)
L3

1] 1000 000 3000 4000 3000 6000
Wevelength n Nanomaters

2008 vf



. THE UNIVERSITY OF
.-% |LEALABAMA AT BIRMINGHAM

Two type of the electronic registration system

depends on the ratio of the signal duration (Ts) and period
between pulses (T, ); duty cycle

Input Signal Lock-in Amplifier
Optical Detector

A

A
Y

v

signal

Boxcar Integrator

»Lock-in Amplifier for signals when T.~T,

» Boxcar Integrator for signals when T,<< T,
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Experiments with
7235 Lock-in Amplifier

SIGNAL RECOVERY

o EXNe® [Re 6402 %

wxa O Peaes 08 1T {5)

om Tt 19- 3866°

o=
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Basic principals of the Lock-in Amplifier

V. After integration time
signal
A S | N A T|n>T S
gnal (after chopper) . Vsignal
t Tin
- T,
S <Vsignal>
Gain (controlled by Reference) t t
| le| e . — V=0 ]
G. G. G. ) noise 4

Y+

\ 4

<V

noise

Vnoise~VsignaI Vnoise<<<vsignal
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4‘? Lock-in Amplifier Connections LI i i

A lock-in amplifier can extract a signal amplitude at frequency of the
reference signal and phase shift with fespect to reference signal.

Output signal (fgom the BNC conjnector “Ch1” on the rear panel ) should be directed
to the Analog-Di§ital Convector ip the Spectral Measurement System ,ARC

Input Sig SIGNAL RECOVERY
ffam Opjuy >- = B R B4L2%
Detector | : ealcooiaat |
) s 3 e' 38-66

L] "
L — Signal output
o) ) LORY| (8)
| i -
I - 5 B  senornn »';/’f;f‘ij To Analog-Digital Converter
2 A R N ( Chl in SpectraPro-300i
e - - e e o S CONTROL unit)

1 SERVICEA
OETORE REMOVING ANY COVIR OR PANEL  REFER SERVIONG TO QUALIS PERSONNEL
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Optical design: Czerny — Turner

Focal length: 300 mm
Aperture ratio: f/ 4

Grating size: 68 x 68 mm

Grating mount: triple-grating turre

Grating #1 300gr/mm  (Ay1a.6=) (Aax=5-6)
Grating #2 600 gr/imm (Ay1..6=) (Apax=2-8)
Grating #3 150 gr/mm (Ay1,6=) (Amax=11.2)

Standard slits: adjustable Output slits
from 10 ym to 3 mm wide; Input -slits

Linear dispersion (nm/mm)@500 nm :
11- Grating #1 300gr/mm
5- Grating #2 600 gr/mm
21- Grating #3 150 gr/mm
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To Power
Supply unit

To Control Unit
(NCL)

THE UNIVERSITY OF
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Spectra Pro 3001
Connections

l To Spectrometer

To Power To Computer
Supply unit
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Experimental setup

Spectra Pro 300i e 4

Detector

DC Signal

Triggering signal

Continuous Wave (CW) Laser
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Operation Procedure

1.Switch on :
Mechanical chopper (see manual )
Detector Power Supply (see manual)
Lock-in-Amplifier (see manual)

2. Switch on Spectra Pro 300i :
A-Switch on PC
B-Switch on Spectrometer power supply
C- Switch on Controller Unit (NCL)

Do not switch Laser on !!!
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Operation Procedure

3. Run “SepctraSense” Program

a Slalll“ @ H |J @untitled - Paint | 11:22 AM
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Operation Procedure

4. Select Hardware Status Menu

=] E3

&= SpectraSense

File Edit “iew | SelectTab Help

Open Instiurment
Hardware Config

Hardware Status
Survey Mode
Acquizition
Live Data
Pozt Proceszing
Frosess Womtanng
Teminal

on Research Corporation

All Rights Resery ed

Hardware Statusl SLrvey Mcu:lel .-“-‘-.u:quisitiu:unl Live Datal Piost F'n:u:essingl

Or Here
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Operation Procedure

4. Select grating (#1,#2, or #3) -A
5. To Select required wavelength : input wavelength, in nm and press “GOTO” -B

¥ SpectraSensze

File SelectTab Help

v

_ Comm Active
OJ

Acquisition
Mode

File_| |No File

[~ Dark Subhiaction

THE UNIVERSITY OF
ALABAMA AT BRMINGHAM

4

[ (O] %]
Monochromator 1
Position  [2400.00 . Gotgl
Giating |1 3| —
|3EIEI g/mm
Slit Width
Side Entrance |1U L
Ffant Exit IU w71
Side Exit |1EI Lm
High ¥Yoltage
Timers DFFI Ennfigurel
Input
nl:'l:iggels EI MI

Output
Tl:igge;s EIFFI Ennfigurel

Hardware Statuz I Survey Model .-’-'u:qui$itinn| Live Datal Poszt F'roc:essingl

6 . Switch laser on according to the laser manual (see safety instruction !!)
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6. For Spectra Measuring:

Operation Procedure

6.A- Select Accusation mode

% SpectraSense

Filz | Select Tab Help

Open Instrument
Hardware Config
Hardware Status
Survey Mode

Acquisition
Live Data —
Past Processing Fo

Erocess Momitening
Teminal

N
7 N\

_ Comm Active
O

Here

Acquizition I
Mode

File_| INo File:

[~ Dark Subtraction

I[=] E3
Monochromator 1
Position 2400.00 . Gotol
Grating |1 3’
|3nu gém
St Width
Side Entrance |1U um
FEfoantEeit ID i
Side Exit I'I 1} i
High Yoltage
Timers DFFl Eonfigure'
Input
pTliggels DFFl Eonfigure|
Dutput :
Triggers _OFF | Canfigure|

Hardware Status | Survey Model Acquisition | Live Datal Post F'rocessingl

Or Here

THE UNIVERSITY OF
ALABAMA AT BRMINGHAM
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Operation Procedure

6. For Spectra Measuring:
6.B- Select Scan of the Monochromator #1

%% SpectraSense [ _ (O}
File Edit SelectTab Acquistion Help
SCE[n Type Scan Mona 1
Szan Mono 2
Mond Tirme Based
Synchronized syl Pl
Mona 1 ve 2 cquistion Routing - |
From o {tMono 2 vs 1 I J Esnrae
T hioke gelected
s} IEUDD — Operator I j
Comments -
Increment Ig_gng o J
Integration
Time | 100 mSec.
E_I,Jcles|-|_ DB|a_'r'|D_ h ID_ mID_ 8 Save data as Browse |
Acquisition Routine
Mode | =] Save | Save As | Yiew |
File: | |N-: File StD'agelaveraged j
[~ Dark Subtraction Settings Current | Acquire | Cancel |
Hardware Statusl Survey Mode  Acquisition I Live Datal Post F'rocessingl
o
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6. For Spectra Measuring:

Operation Procedure

6.D- Select Acquisition Mode — Chanel #1

=& SpectraSense
File Edit SelectTab Acquistion Help

Scan Type IScan Mona 1 vl

MonoChromator 1

Fiom  [2aa0000 o
To  [2600 "

Incremert |2.D|j|j "
Integration
Time I-IDD mSec.

1]
i

E_l,Ju:Ies|-|_ Dela_l,lln_ h ID_ mlﬂ_ s

Acquizition

Mode Ich1

M chi - file

chl /file
chil Absaorbance w/o ref
chil %Reflectance w/o ref

chl %Transmittance w/o ref

weraged - I

ISI=] E3

Acguistion Boutine I

Operator I

Caomments

[ |

Save data as

Browse |

Raoutine

Save | SaveAsl

View |

Settings

Current |

Acquire | Cancel |

Hardware Status I Survey Mode  Acquisiion I Live Data I Post Processing I

THE UNIVERSITY OF
ALABAMA AT BRMINGHAM
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Operation Procedure

7. For Spectra Measuring:
7.E- Select Scan Parameters

=% SpectiaSense |_[O] =
File Edit SelectTab Acquistion Help

Scan Type IScan Mono 1 vI

MonoChromator 1 M—'El'lnltlnal Wavelength
// mizhion Foutine I B EEE |

[ |
F .
- |—|2:;EEEE LN — = *E2- Final Wavelength
] rRe— peratar -
Increment IW o Comments — *E3 —Increment
Integration 00 <
Time mSec. <
*E4- Integration Time at each
wavelength
| - | )
< *E5- Number of scanning
E_l,-cles|1_ DEla-"'IU_hIU_mIU_S Save data as B — | CyCIQS
— Acquisition Fioutine
Mode |ch =] Save | Save As | View |
File Ian File Sto'agelaveraged j

[~ Dark Subtraction Settings Current | Acquire | Cancel |

Hardware Statusl Survey Mode  Acquisition | Live Data | Post Processing

8. Press Acquire to start measurements
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Results will be shown in the “Live Data’ window
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9. To save Spectra in the ASCII code (Text File)
9.1 Select File>Save
9.2 Select “Experiment Data”
9.3 Press “OK”
9.4 Select Directory and File Name

=& SpectraSensze
File Edt “iew SelectTab Help

THE UNIVERSITY OF
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Operation Procedure

10. After work done, shutdown :

O Laser (according manual)

[ Detector Power Supply Unit

1 Chopper

dLock-in —Amplifier

L NCL controller

1 Monochromator power supply unite
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