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¢ FT-IR Interferometery
+ Continous-sean vs. step-scan
» Nexus 870 vectra-piczo interferometer

» Applications overview

+ Dual-Channel Experiments
» Polarization Modulation (IRRAS, VCD)

+ Step-Scan Experiments
= Amplitude Modulation
* Phase Modulation
* Time Resolved Spectroscopy
+  Sample Modulation

Continuous Scan vs. Step-Scan
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Features of Step-Scan

= Independent of Fourier frequency
= Censtant phase modulation (uniform probing depth in PAS)

* Convenicnt to extract dynamic signal phase (modulation

experiments)

+ Hiph time resolution fast Kinetic process (us to ns TRS)

Thermo Nicolet Nexus 870 Research FT-IR

Key Featurcs:

Inlegration {all expts)
Versatility (open architeclure)
Performance (+/-0.2 nm)

% Fixed Mirror Assembly




Nexus 870 Vectra-Piezo Interferometer

*  Moving Mirror Control:
positions and holds moving mirror at desived laser crossing (+/~ 0.2
nm accuracy).

* Fixed Mirror Control;
generates phase modulation at desired frequency and amplitude
using closed loop control of 3 piczoclectric transducers (5 -1000
Hz, 0.5- 3.5 X 1. )

*  Dynamic Alignment Controk;
checks and corrects alignment only during stepping using the
fixed mirror assembly (smart dynamic alignment)

*  Flexibility in Experiment Design:
best accommodates TRS, modulation and imaging experiments

Dynamic Alignment (DA) and Phase
Modulation (PM)

“Fixed" “Fixed”
Mirror 4 DA Sclencids Mirror

3 Piezoelectric
transducers far
PM

4 Inductive Solenaids for DA,

3 PM Plezoelectric Transducers




Overview of Advanced FT-IR Applications
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Dual Channel Polarization Modulation

Why dual channel?
Remove water and CO2
contamination
M Why polarization modulation?
Encrease detection sensilivity
i Why PEM module not TOM box?
Pin-in-place optics. Installation time
4 reduced by 93 %
Applications
IRRAS (film on solid or liguid)
VCD
VLD

Dynamie dichroic polymer stretehing,




Nexus PEM Module

Polarization Modulation

Definition
Optical polarization direction is modulated at very high frequency {37 kHz or 50
kHz)

Advantages

[ncrease measurement seasitivity and detectivity.

Measure very small dichroic ditference {dichroism) dircetly.
(AA= A - Ayy)

Cuncels out spectes with randomly oriented dipoles.
Applications

IRRAS: thin (ilms on metal substrate. air/water interface (LB),
VCI: chirality of molecules.

VLI: vibrational incar dichroism of materials,




PM-IRRAS Experiment

Dual Channel Spectroscopy

Collect Sample and Background at the Same Time
SST (Synchronous Sampling Technique)

Two Independent, Electronically Matched Digitizers
Double Modulation Experiment

Reflection - Absorption

Path length = 2x = 2d /cos o

Transmittance: d = pathlength = 10 um

Reflection - Absorption: d (pathlength = 10 um, o = 85°) = 0.44 um




Differential Spectroscopy
p - Polarized Light vs s - Polarized Light

[ REFLECTIVE SUBSTRATE |

Nexus PEM Module:

Dual Chaunnel PM-IRRAS Oplical Setup - 3D View

ZnSe
wire Grid  PEM
Slow Polarizer

Focus
Lens

Infrared
Beam

Notes:

1} IR transparent crystal {ZnSe) with piezoelectric actuators;

Focusing

Lens

Surface
Normal

Detector

2) Resonant periodic stress on one axis induces anisotropy of refractive index
3} Anisotropy produces phase retardation and thus rotation of polarization




MCT-A Detector

t"_" Mirror PEM

Nexus BaF, Lens

870

ample

. dolaris
Mirror Polarizer

Photoelastic Modulator (PEM)

/

Piczoctectric Transducer Optical Element (ZnSc) Piczocleetrie Transducer

Compression and Stretching Causes an Oscillating Birefringence
The Frequency of the Oscillation is Constant for each Optical Head




Photoelastic Effect

Birefrigence - Different Linear Polarizations of Li ght have
Slightly Different Speeds Through the Material

The Difference is Known as Retardation (A(t) = z[n(t)-n()])
(A(t) in length)

Retardation can be Expressed in Terms of Distance (nm),
Waves ('/, or !/,) or Phase Angle (degrees or radians)

Modulation is Wavenumber Dependent - Bessel Function
Describes the Variation with Wavenumber

Double Modulation Experiment

Regular Interferometer Modulation

Fourier Frequency = 2vv
(v = mirror velocity and v = wavenumber)

Example: 4000-400 em™! at v = 0.6329 has Fourier
frequencies of 5-0.5 kHz

Photoelastic Modulation (PEM)

Modulates the Light between Different Polarization States
Must have a Frequency (100 kHz) that is at Least an Order of
Magnitude Higher than Fourier Frequencies




Double Modulation

Interferometer Modulation & Polarization Modulation

] T | 4 T 1 ]
it
e |
[N
o
=3 - -
Q
=
o
QL -
b}
gt
@
O
1 1 ] ! 1 1
Time

Nexus PME Module:
Dual Channel PM-IRRAS Electronic

Setup

PEM control signal in

Difference signal in

2 iPEM Sum signal_in
“Control
Reference
oo
- GWC . .
Demodulator
F 3
Detector Signal In ,
Channel A: Channel B.
1) Sum out of GWC with built-in 1) DifTerence out of GWC with built in
Low Pass Filter (11 kilz) High Pass Filter (25 kilz)
2) Channel A: A/D Converter 2) Channel B: A/D Converter

3) Output = I+ 1, “Backgronnd™ 3) Qutput =1, -1, “Sumple”
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{Background)

Application Examples of PM-IRRAS

Metal surfaces - ex situ
SAMs (self-assembled monolayers) in C-H stretching and
finger print regions

Metal surfaces - liquid phase in situ
structure studies of SAMs
electrochemical studies

Metal surfaces - gas phase in situ
corrosion studies on Cu
carbon monoxide on Co (0001)
organic vapors on Si0, film on Au

Air/water interface (LB film)




Cross-Sectional Composition of Hard
Disk Drive

m R/W Head (<100 nm
above surface) .
Lubricant (10 - 15 4)

Sputtered Carbon
Overcoat (300 A)

8 Ni,Cr,Co, (Mag. Media)

110 pm NiP

| Aluminum Substrate

Chemical Structure of Lubricants
Dow X-1P

O£ Q]

n=9 -6

Fomblin Z-DOL

HOCH,CF,0(CF,CF,0), (CF,0),CF,CH,0H

n

Average Molecular Weight 2000




PM-IRRAS of Lubed/Unlubed Disk

a0

20

Arbilrasy units

40 1

10

Lubed Disk

No Lube

3500 3000 2500 2000 1500 1000
Wavenumbers {cm-1)

PM-IRRAS Intensity

PM-IRRAS of Hard Disk Lubricants

1.0201
1.0151
1.010

1.005 1
1.000 4
0.995 1
0.990 1
0.985 1
0.5980 1
0.975 1
0.970 1

Concentration study on Dow X-1P 1281 Z-D0L

hard disk lubricant additive

1330 X-1P

1600 1500 1400 1300 1200

Wavenumbers (em-1)




Continuous Scan vs. Step-Scan

continuous scan

" step-scan [
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Amplitude Modulation Experiment
Setup

Lock-in output

- Chopper
; ‘control
Step-scan

el ‘| source
AUt ’ [ .Q—J
" Spectrometer - - J

Reference in

Emission

v

det‘elctdrh :

4_':L'dck-in Am‘p_l'iﬁer ' _

Lock-in input T

Notes:
1) When high frequency modulation is well above Fourier frequency - ok with continuous scan
2) Step-Scan must be chosen when lower frequency modulation averlaps with Fourler frequency




AM Modulation - Electroluminescence

Electroluminescence Spectra of an InP:Fe device - Phonon Sidebands
Phonon sideboards are associated with different acoustic, optic
and focalized vibralional modes (lower frequency - stcp-scan)
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Single Beam

Phase Modulation Single Beams

7000 6000 5000 4000 3000 2000
Wavenumbers {cm-1)

FT-IR Photoacoustic Spectroscopy (PAS)

Signal generation
- modulated light = modulated thermal wave = pressure
modulation = sound = photoacoustic signal

Microphone

IR Intensity
—

Thermal Waves




Step-Scan Phase Modulation PAS Experiment Setup

MTEC 300 Photoacoustic ESP

Nicolet Nexus 870.Re'sea-rch FT-IR

Frequency and Phase Dependent PAS Signal
microphone

* Probing Depth
Hs=(a/m f)1/2
ftg = Thermal diltusion depth
S = Modulation frequency (hz, = 2xf)
o = Thermal diflusivity (0=K/pC,)

AP -
Helium Gas -~

(K - thermal conduetivity: p - density,
C,-heat capaeity)

: W‘mﬁ
Bty

- Signal phase

D = arctan (Q /1)

I - in-phasc specteum
Q - quadrature speetram




Continuous-Scan and Step-Scan PAS

Continuous Scan PAS
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= Step-scan Phase Modulation PAS
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Kapton™ Infrared Microscopy

1. View the Sample

2. Aperture the Area

L)

. Measure the Spectrum-—"7

12 um layer of Teflon®

25 um layer of polyimide

Sample prepared by
microtome cross section

440400 Fim * Duter Layer

fartis Fam > Sariras Lagr

brerkinte
5

=~ = m
-

L

2\

BOO 3000 200 2006 1603 W00 1400 1X9 100d 3
Wavsnuaien {tm.4)

*Rapton and T=0lon are Tradenurks of Dupont Corporation




Frequency-Resolved PA Spectra of Kapton Film

(12 mm Teflon/Polyimide Substrate)

Photoacoustic

2000

1800 1800 1700 1600 1500 1400 1300 200 1100 1000

Wavenymber {cm*

Kapton Film Depth Profiling

Photoacoustig

ErEERREED @ 6§ E E

Kapton * 400 Hz * In-Phase

Kapton * 400 Hz * Quadrature

3000 {26061 12000 | {15061 (1500 [580
Wavenumbers (cm-]




Kapton Film Depth Profiling - Signal Phase
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Quantitative Analysis - Thickness Determination:
4 repon = A& P 1900.1205 Hagorr, = (1.475 - 0.150) 8.9 = 11.8 pum
(real thickness = 12 im)

FTIR Time-Resolved FT-IR Spectroscopy
(TRS)

Step-Scan Step-Scan
External Digitizer Internal Digitizer
(50 ns) / (10 pis)
RS

Continuous scan

(Rapid-scan)
kinetics (20 ms)




Rapid Scan

Continuous Scanning Method
Upper Limit about 20 ms (50 scans/s)

Dynamic Process does not have to be
repeatable

Accessed through Series Software

-"‘-_"’“St’é'ﬁ"‘-‘-’SE‘:‘é"ﬁ“FT—IR TimeResoIved
B _lgnz\,mgwmspectroscopy .\ng “‘35'-‘3"' ety

+ Simultaneous Acquisition of Spectral and Kinetic
Information on Repeatable Processes Initiated by:
«pElectric Pulse
=wLight Pulse
s Temperature Jump
~+Rapid Mixing
« Data Acquisition from Nanosecond (ns) to
Millisecond (ms) Time Scales

+ Large Spectral Range and High Resolution




Step-Scan TRS

* Reversible/Repeatable Reactions and Processes
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Time Resolved Step-Scan Timing Scheme

Ste, Hold
Ax ‘i / -~ Retardation
\/L \/\ Laser Signal

M m Settle Time
n
LJ

{minimum)
Static Sampling
Interval

Trigger Signal

TR Sampling

Y

Time




+ Material Science

— Liquid nysta]s and Polymer—Dlspersed Ltqlnd Clyslals
- Charactenzauon of LED’s or Laser Diodes
- Polymer Stretching -

Blology and Blophyszcs

"~ Prolin Conformauanal Changes :
— Bacteriorhodopsin B

« Photochemistry

— Excited Stales of Metal Complc:\cs '
— Photochemical Reactions in Condensed or Gascous Phasc

Parts

» Ge Windows - 25mm x 2mm
» Teflon Spacer - 10um

= Copper Tape Electrode Ring

Cell Preparation

«0.1% Aqueous PUA Solution
= Apply solution to Ge Windows

* Rub Residual PV in a
Uniaxial Direction

= Place windows fuce-to-fuce,

Liquid Crystal Dynamics

Side View Front View

Teflon Spacer

Aperture: I cm

anti-paralle! 10 rubbing Ge Windows
direcrion

Copper Tape Electrodes — PVA Film




S*TRS Application (1) - 5CB Liquid
Crystal

ne OO e,

4-pentyl-4’-cyanobiphenyl (5CB)

Wavenumber (cml) Band Assignment
2226 CN stretching
1606 phenyl C-C stretching
1496 pheny! C-C stretching
1460 C-H deformation of pentyl chain
1397 C-H dcformation of pentyl chain
1378 C-H deformation of pentyl chain
1285 C-C stretching of biphenyl ring
1006 phenyl C-H in-plane deformation

5CB - Liquid Crystal Time-Resolved Spectra

C=N Stretching Phinyifc
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Sample Modulation

Perturbatlon {sinusoldal) —
Any physical variable -
Mechanical, electric, ete.)

Notes: 1) Perturbation can be any physical parameter such as mechanical strain,
electric voltage, pressure, ete.
2} Step-scan multiple modulation (phase and sample) mode is used to colleet I
and Q dynamic spectra.

Ww— ==$w_ﬂmmmmm

« Rheo-optical studies of polymer films

« Study molecular level responses of samples
undergoing flow, deformation and refaxation

 Study dynamic linear dichroism of samples
as a function of sinusoidally modulated
strain




Dynamic IR Sample Modulation Spectrometer

Nexus 870 Manning Polymer
" Modulator™

Strain Amplitude: 8- 75 micronstiz)
Static Strain: f-125cm

Mirror Position Aceuracy: v/~ 0.2 um: 10 - 80 If;
Signal demodulation: DSP-hased 2 stage demadulation
Typical data collection time: 20 min (modalation mode).

Rheo-Optical Layout of Polymer Stretching

Detector

Polarizer

Filter
§ Polymer .

o ¢E= x sin (o t)

Source Film

Sinusaidal
tensile strain

Transition
dipolc response

T e e T e TS ST I Polarized IR '
/PO = Deteson esponse]

—— I(Elastic - In-phase)—Q (Viscous - Quadrature)
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As the polymer is strelched, a reorientation of the backbone chain
occurs leading to pick shifts and intensily changes across the spectnun

Summary

The fully integrated DSP-based Vectra-Piezo Dual Channel Step-

Sean FT-IR {(Nexus 870) provides solutions to the following

advanced applications:

— Phasc modulation PA depth profiling;

- Time-Resolved Experiments up to ns, with a choice of an
external digitizer;

- PM-IRRAS, PM-VCD, PM-VLD with dual channcl
advaniages;
(angstrom-A thick mono-layers, 10 absorbance unit in
VCD).




