Chapter 3 Experimental Procedure and Sample Prepar ation

3.1 Experimental
3.1.1 Differential Interferometer Setup

The optica setup used for measurement of interferometric fringesis shownin
figure3.1. A 5mW maximum output & 632.8nm Helium-Neon laser was used for the
laser source. The laser beam firgt passed through an isolater and then apolarizer. The
polarized beam passed through the first beam splitter (50/50) and seperated into two
portions. One portion of the beam (the reference beam), is modulated by passing through
aBragg cdll which will be discussed later &t 80OMHz. The phase-modulated beam is
Steered by the second mirror into the detector. The second portion of the beam (the
sample beam) is tranamitted through the second beam splitter and then steered by the
gavano mirror to the sample. The galvano mirror oscillates at a frequency wy
perpendicular to the main beam on the sample a same frequency. For film thickness
measurement wy=3932Hz and fore eectric field effect measurement wg=0. The reflected
beam from the rocking mirror passes through a 5X objective and focuses on the reflective
sample surface. The focus of the objective lens can be determined by moving it up and
down and find the smalest and aso the brightest image of the laser beam on the sample
surface. The reflected beam from the sample reflects back into the 5X objective and
retraces its path to the detector. The sgnd from the detector is amplified by a
preamplifier and andyzed for its power spectrum. Thesgnd is analyzed usng an
Agilent E4401B spectrum analyzer. Agilent E4401B spectrum andyzer is connected to a

computer for data acquisition. A microscope was setup with adigital camera.
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Figure 3.1 Differential Interferometer Setup



Heterodyne interferometer operates either with two frequencies lasers or with single-band
frequency modulators to produce traveling interference pattern. With two frequencies
lasers, the test medium and dl the optical dements are dightly different from each other,
which brings some limitation to the measuring sysem. In this interferometer, the
reference beam and sample beam share the same laser source. The reference beam is
modulated by Bragg cell, which has much higher modulating frequency and interaction
length compared to Raman-Nath modulator.  Raman-Nath modulator is another type of
very commonly used modulatorsin heterodyne interferometery which was discussed in
chapter 2. This gpecia design permits to diminish the role of low-frequency noise and
greatly enhances the sgnd-to-noise ratio. The resolution of this interferometer is about
0.05nm.  The distance maybe changes due to the film structure or externd stimuli.

Due to the complexity of the system, it requires careful dignment. For instance,
the laser beam has two diffracted order beam after passing through the Bragg cdll.

Specid attention has to be paid to find the exact Bragg angle of the incident laser beam
into the Bragg cell by adjusting the right amount of power to maximize the 1% order beam
intengity. Proper careis aso required to make the sample and reference beam congruent,
i.e. pardld and coincident, for optimum interference Signdl.

Another critica dignment isthe objective lens. In order for sample beam to trace
its path to the photodetector and interfere with the reference beam, the sample beam has
to pass through the center of the objective and aso focus precisaly on the reflecting
sample surface. Both the objective holder and the gavano mirror are attached to three
dimensond trandation stages. The three dimengond freedom for both the galvano
mirror and the objective alows the dignment of the laser beam at the rotationa center of
the galvano mirror and the center of the objective.

Adjudting the sample-to-objective lens distanceis criticd. Finding the right foca
plane for the sampleis an iterative process. There are two focd planesfor the objective
with the total distance between the laser spot at the center of the galvano mirror and the
sample. Thefocd farther awvay from the sample surface is unstable, whereas the one near
the sample surface gives gable Sgnd. To define sable sgndl, we have to use aflat
dlicon wafer asthe sample. For perfect flat sample, the laser beam travels a the same
distance from the galvano mirror to the sample which is a the foca plane of the objective



lens as discussed above. The phase of the sample beam does not change, thus there
should be no modulation of the reference beam. However, the sample holder and sample
itself cannot be perfectly flat. There will dways be some modulation about 80MHz (the
reference beam modulating frequency) leading to sidebands observed at the spectrum
andyzer. If the Sdebands are very smdl, we cdl theSgnd is sable; otherwise, we call
the 9gnd ungtable. Choosethe right focd planeis very criticd for the systlem to have
gebilized signdl.

The laser spot is about 7mm after passing through 5X objective. The gold line
samples used to probe electric fidd effect are at 10mm pitch. Polymer filmswere
deposited on and between gold lines by spin-casting process. In order to investigate the
effect of eectric fidd on the polymer film, the laser is focused on the film in between two
gold lines Such smdl dimensons for both the laser spot and the films require high-
resolution visudization sygem. A high-resolution microscope shown infigure 3.1 is
ingaled for visudization.

The systems shown in figure 3.1 can be used to measure both film thickness with
gavano mirror rocking frequency of wg=3932Hz. When galvano mirror is stationary
(i.e. wg=0), the system can be used to measure the changes of the film under externd
fidd. Furthermore, if the two polarizersin figure 3.1 were removed and gavano mirror
rocking frequency were set a wg =0, the system can be used to measure directly the film
thickness change under externd field. With polarizers and wgy =0, the dynamic
birefringence due to E-field can be aso probed.

Bragg cdl provides the phase shifting in this interferometer. The principle of
Bragg cdl isillugtrated in figure 3.4. A Bragg cdll is an acousto-optic modulator. The
device congsts of aglass block with a piezod ectric transducer bonded to it. When the
transducer is excited at afrequency ny it sets up acoustic pressure waves that propagate
through the glass block, causing a periodic variation (wavelength L) in its refractive
index. A laser beam (wavelength | ) incident a the Bragg angle gg (Where L Sngg=I1 ) on
this moving phase grating is diffracted with a frequency shift ny, The Bragg modulator
beams either of one diffraction order or of two diffracted orders depending on the
accuracy of adjustment and on the power gpplied to the modulator. The modulator can
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shift the laser frequency by 80MHz at alow eectric power input of upto 2 or 3W. The
frequency difference between the diffracted reference beam and the undiffracted sample
beam is equd to the modulation frequency.

3.1.2 AC Electrical Field applying device

The gold dectrode sample with spin-cast polymer film is placed under the beam.
The gold dectrodes gpplying device is adjusted to firmly contact the gold pad on the
sample. Apply an AC field to the sample as shown in figure 3.5 with wg =0. The changes
in thefilm under electric field can be probed.

3.1.3 AFM thickness measurement

AFM (Atomic Force Microscopy) MMAFM-2 made by Digitd Ingrumentsis
used to measure film thickness. MMAFM-2 can be operated at both Tapping mode and
contact mode. Tapping mode is used to measure film thicknessin this sudy because
tapping of soft surfaces by afast oscillating probe prevents damage by virtualy
eliminating the laterd forcesinherent to contact mode AFM. In tapping mode, the tip-
sample contact areais minimal, providing the best resolution (a few nanometers lateral
and sub nanometer verticd) in imaging of non-periodic topographical features. Height
images recorded in tapping mode aso most accurately reproduce the true topography of
soft samples For examining polymer materias, tapping mode offers the ability to
perform a high- resolution profiling of surface morphology and nanostructures:

3.1.4 Thin film thickness measur ement

To cdibrate interferometer thickness measurement, the measurement results were
compared with AFM thickness measurement. Thin films of PS were spin-cast on haf of
the slicon wafer as shown in figure 3.2. The laser beam focused at the edge of 0.9% PS
filmisshown in figure 3.3. By focusing the laser on the edge of thin film, two first order
Sdebands appeared due to the phase change of the thin film. According to the theory
derived in section 3.2, film thickness can be calculated from the ratio of first order
Sdebands to versus carrier. The following figure 3.2 shows spin-cast PS thin from 0.9%
polystyrene (PS) solution in toluene at 3000rpm (rotations per minute). Figure 3.3 shows



the laser beam focusing at the edges of above PS thin film. The interferometer
measurement of the 0.9% PS film thicknessis 30nm, and the AFM thickness
measurement gives about 30-35nm.

Figure 3.2 0.9% Polystyrene (PS) Film Spin-cast on Slicon Wafer Sample

Figure 3.3 Laser Beam Focused on 0.9% PS Film Edge
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Figure 3.4 The Bragg Cdl
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Figure 3.5 Apply AC Field to Polymer Film
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3.2 Materialsand Sample Preparation
3.2.1 Spin-casting Film Sample preparation

Sample preparation procedure is shown in figure 3.6. The sillicon wafer was
immersed in ethanol solvent for 24 hours and then followed by air-drying. Subsequently,
the wafer was exposed into a piranha solution (in the volume ratio of H,SO4: H,0,=3:1)
for 30 seconds. The piranha solution was constantly stirred to bresk air bubbles and let
fresh O, react with slicon wafer and then air-dry the wafer. The clean wafer was dipped
into deionized water and tested if the wafer is hydrophilic or polar. If the wafer is polar,
the water Soreads very nicely on the wafer and air-dry the wafer again; otherwise, the
water will de-wet and form droplets on thewafer. In this case, immerse the wafer into
the piranha solution and repest the above procedure until the wafer finaly becomes polar.
To treat the wafer into hydrophobic, expose the clean hydrophilic wafer into 0.1% HF
solution in deionized water for 10 seconds and then air-dry the wafer and dip the wafer
into deionized wafer to test if the wafer is hydrophobic. If the wafer is nonpolar, the
water will dewet from the wafer. If S0, ar-dry the nonpolar wafer. Otherwise, immerse
the wafer back into the HF solution until the wafer becomes nonpolar and then air-dry the
wafer.

The materias in different concentrations were used for study. 2%, 3%, 4% PPO
2000, 2%, 3%PPO 8000 solution in ethanol, 0.9%, 2% Polystyrene (PS) in toluene. For
polar polymer PPO, the wafer is treated to obtain hydrophilic surface. For nonpolar
polymer PS, the wafer is treated to obtain hydrophobic surface. To spin-cast polymer
film, the vacuum connected to the spinner sample holder hasto be turned on. Then place
the treated wafer on top of spinner sample holder. A few drops of polymer solution were
placed onto the wafer and then were alowed to spread before the spinner was turned on.
The power and vacuum were turned off until the film thicknessis uniform. The whole
procedure is shown in figure 3.6.
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Figure 3.6 Flow chart of sample preparation

3.2.2 Gold dectrode sample preparation
The gold dectrode samples were made by lithography method by IBM. The basic
fabrication sequence for ultra deposition processis shown in Figure 3.7. Followed by

For interferometry

cleaning, dehydration baking, the wafers are coated with photo-resst.  Spin codting is
used to gpply photo-resst films. The photo-resst (PR) is subsequently exposed through a
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mask. The mask contains clear and opague features that define the pattern to be created
inthe PR layer. The areasin the PR exposed to the light are made either soluble or
insoluble in a specific solvent known as adeveloper. In the case of when the irradiated
regions are soluble, a postive image of the mask is produced in theresst. Such materid
is therefore termed a positiveresist.  If the developer dissolves the non-irradiated
regions, anegative image results. Theresst in thiscaseis caled anegative resst.
Following development, regions of SO» no longer covered by resist are removed by
etching, thereby replicating the mask pattern in the oxide layer and findly dl the resdue

are cleaned.? The resultant gold dectrode lineson S sample are shown in figure 3.9.
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Figure 3.7 Flow chart of atypica resst process. Stepsin broken lines are not the used
for al materids,
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Figure 3.9 The gold line sample
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