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Abstract

The focus of this work lies on the calibration of our microwave spectrometry mea-
surement setup and as well as a measurement in the infrared range with a Fourier
transform infrared spectrometer.

Our microwave setup contains a sample holder which can’t be easily calibrated
with the network analyser. So we have to do the calibration without the anal-
yser just with maths and a mathematics program. To do this calibration we need
to know which disturbance can happen in the coaxial sample holder. These er-
rors are well known form the high frequency technology. There is a model called
Scattering Parameter® which describes all errors in a two port system like our
transmission line. To calibrate our setup we need three reference or calibration
measurements. These three measurements determine the scattering parameter for
the setup to correct the taken sample measurements to useful data. Our sample
material is Mylar (BoPET - Biaxially-oriented polyethylene terephthalate). Out
of our reflectance measurements we are able to calculate the dielectric constant
€, for the measured sample. The dielectric constant of Mylar does not vary with
frequency. Our reference measurement with well known reflectance coefficients are
an open circuit, a short circuited circuit and a Mylar sample with a calculated
coefficient. We expect the dielectric constant to be exactly the same as what we
used for the calculation.

The second part of the report will discuss the mathematical background of the
Fourier transform spectrometer and some measurements. This part will treat the
basic function of the spectrometer and how to calibrate it and how to make a
measurement. The measured samples are MgO and NdGaO3 and the taken data
will also be fitted.
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1 Introduction

We are interested in the interaction of electromagnetic radiation with matter|1].
A medium is characterized by its material parameters such as the dielectric con-
stant and the conductivity. The theoretical description of the phenomena of the
experimental results presented here are based on Maxwell’s equations, the time
dependent solution of Maxwell’s equations leads to wave propagation. There are
also optical constants which characterize the propagation and the dissipation of
electromagnetic waves in the medium: the refractive index and the impedance.
There are many ways of measuring material parameters and discovering effects
which are characteristic for the material. Here we will focus on microwave wave
measurement techniques and on infrared Fourier transform(IR-FT) spectroscopy.
For the microwave measurement we use a network analyser, which operates from
below 1kHz up to 3GHz. Network analysers are combined driver/response test
systems which measure the magnitude and phase characteristics of linear networks.
The measurement is based on the comparison between the incident signal and the
reflected or transmitted signal. The incident signal is always a sine wave. The
description of the linear network behaviour is provided in the whole frequency
domain. To take all effects into account, calibration measurements are required.
For example the resistance of the coaxial line or the conductors cause those effects.
A IR-FT spectrometer is based on a Michelson’s design of an interferometer.
There a light beam is split into two parts which follow different paths. After being
recombined the intensity of the light is a function of the relative difference in the
path length. So we can see an interference pattern. With a function of delay o
the spectral distribution of the light can be recovered by Fourier transformation.

New Fourier transform spectrometers operate often in the infrared spectral range
(10-10000cm ™).



2 Theoretical basics

In microwave engineering a transmission line is a special cable or other structure
which is designed to carry radio frequencies. The frequency of the current is high
enough its wave nature must be taken into account.

2.1 Characteristic impedance

The transmission line is terminated by the impedance Z; and the characteristic
impedance|2| of the transmission line is Zy. On the transmission line (Fig.: 1) two
waves propagate, one towards the load and the other away from the load. The
incident wave with the voltage V, and the current I, from the generator to the
impedance and the reflected wave back to the generator with the voltage V_ and
the current 7_.

O Z, V. V i]zL

Figure 1: Model of voltage and current at a transmission line

The characteristic impedance is the ratio of voltage to current from a propagat-
ing wave. Since both waves propagate through the same transmission line, their
voltages and currents are related

Vi V_
Zy=—=—— 2.1
e (2.1)
The impedance 7, is the ratio of the total voltage and current
Vo Vi+ Vo
Zp=—=—— 2.2
B (2.2)

2.2 Scattering parameters

Up to frequencies of several megahertz networks can be calculated with the classical
method of Kirchhoff’s equations. The components of a network can’t be described
with easy equivalent circuits because of their parasitic elements and the correlation
between them at higher frequencies. Our transmission line is such a component.
All voltages and currents (Fig.: 2) at the cable of the circuit have to be defined.



Figure 2: Two-Port system with wave quantities

Therefore the calculation is done with incident a; and reflected b; (with i = 1,2)
wave quantities and scattering matrix S. Which is analogous to the dissection of
the incident and reflected wave of voltage and current.

_Vi+Zi1;

; 2.3

N (2.3)
7.1

b, = u (2.4)

VA

With V=V, +V_and I = I, — I_. In general b=S=xa. The equation for a

two-port network
by St Sz aq
= 2.5

S11 is the reflection coefficient at port 1 if port 2 has no reflection. Sss is the reflec-
tion coefficient at port 2 if port 1 has no reflection. Si5 describes the transmitted
wave on port 1 if we apply a wave at port 2. The first index describes the port
of the reflected wave and the second index describes the port where the wave is
applied.

b1 = Snal + 512a2 (26)

by = Sa1a1 + S22 (2.7)
S11 = S99 and S1o = Sy; applies for all symmetric two-ports. Now using the

equations (2.1) and (2.2) and the definition of the reflection coefficient S1; = V_/V

results to v v 145
_ — + 1,

7 il . 2.8
v -v -5, 28)
Which is equivalent to
Zp — Zy
Sy = ——— 2.9
= 2.9



Using the definition from a plate capacitor C' = ¢ye, A/d, the complex impedance
Z =1/iwC, w=2rf and (2.8) we obtain the complex dielectric constant €.. The
dielectric constant is related to the reflection coefficient S1; by

(14 Su)i2m fCoZo
where Z; is the characteristic impedance and f is the measuring frequency. The

dimensions of the sample determine Cy = ¢yA/d. A is the area and d is the
thickness of the sample.

(2.10)

€ =

2.3 Basics of FT spectrometry

A simple diagram of a Michelson interferometer shown in figure 3 is useful for
explaining the basics of principles of Fourier transform spectroscopy|1].
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Figure 3: Michelson interferometer|[1]

The frequency dependent spectrum B (w) comes from an arbitrary source. The
beam of the source is divided by the beamsplitter. One beam is directed to the
fixed mirror 1 and the other beam is directed to the moving mirror 2. The distance
form the beamsplitter to mirror 1 is L. If mirror 2 is moved to the distance L+6/2,
the difference in path length is 6. If 0 is a multiple of the wavelength (6 = nA with
n=1,2,3,...) we observe constructive interference. If we have § = (2n + 1) \/2 we
see destructive interference. With the constructive part we get a light maximum
and with destructive interference we detect no light. Hence the detector measures
I (9), the recombined beam intensity as a function of path difference. That means
the we can convert the frequency dependence of the spectrum B (w) into a spatial
dependence of the recombined intensity I (6). It is now possible to reconstruct
B (w) mathematically out of the spatial dependence intensity I (¢).



By using all mathematical background of Fourier transformation and applying
it to the Michelson interferometer we can write the electrical field at the beam
splitter as

E (z,v)dv = Ey (v) exp {i 2rzv — wt)} dv (2.11)

where v = 1/\ = w/2mc is the wave number of the radiation. The beams have
passed the beam splitter so one was reflected and one was transmitted. We consider
that their amplitudes are equal. If the distance to travel is 2L for one light beam
the other one has to travel the length 2L+ 4. Then we can write the reconstructed
field as

Er (8, v)dv = ||#|| ||¢|| Eo (v) [exp {i (4nLv — wt)} + exp {i [2m (2L + 6) v — wt]}] dv

(2.12)
The beam splitter has the complex reflection and transmission coefficients 7 and
t and we also have assumed that both beams have the same polarization. The
intensity of a given spectral range is proportional to the square of the electric
field(ErE},). Doing this step we obtain

I(6,v)dv o< E2 (v) [1+ cos (2rnv8)] dv (2.13)

If we integrate now over all wave numbers we obtain the total intensity form all
wave numbers at a single path difference

I(9) x / E3 (v)[1 + cos (27v6)] dv (2.14)
0
Usually it is written some different

{I (6) — %I(O)} o /0 h E2 (v) cos (2mvd) dv (2.15)

The intensity in the limit of infinite path difference for a broad band source I (c0)
corresponds to the intensity of the incoherent radiation. This incoherent radia-
tion is exactly half the intensity obtained at equal paths I (co) = I(0) /2. The
interferogram is actually the departure from the value of infinite path difference.
With the fact that B(v) ~ EZ (v) and (2.15) we can write the inverse Fourier
transformation to

B(v) /0 h {1 (5) — %1 (0)} cos (218 do (2.16)

Thus we can measure [ (9) from the interferometer and theoretically it is a simple
task to do the Fourier transformation to achieve B (w), the spectrum of the signal.



2.4 Interference on coplanar boards

If a wave with the wavelength A and at an angle a hits a transparent, coplanar
board[3] with a refraction index n then something is reflected and the other part
is transmitted. The transmitted wave is reflected on the backside of the board and
after the exit of the board it is parallel to the first reflected wave. So the optical
path difference As is with a thickness d of the board

2nd
cos [3

As = — 2dcos (B sin « (2.17)

With sina = nsinf, a =~ 0 we get As ~ 2dn. Using all these formulas and the
constructive part of the interference we obtain

1 2nd
- = — 2.18
m+ 5= (2.18)

2.5 Drude-Lorentz model

To fit our received data we use the program RefFIT. RefFIT is designed to analyse
optical spectra. It uses the Drude-Lorentz (DL) model[4] for the dielectric constant
€(w)
2
“p.j

e(w):eoo—i—zwz'_wz_mw (2.19)
j 0,7 J

It describes the response of a set of harmonic damped oscillators. With e, as the
so called high-frequency dielectric constant, which represents the contribution of
all oscillators at very high frequencies. w,; is the eigenfreqency and determines
the position of the j-th oscillator. w, ; is the plasma frequency and it is connected
to the amplitude of the j-th peak and «; is the linewidth of j-th peak.

The reflectivity R (w) is expressed via the dielectric function € (w) according to

Fresnel formula )
1—/e(w)
1+ e(w)

R(w) = (2.20)




3 Microwave measurements

3.1 Introduction to microwave measurements

Measurements are always measurements from the reflection coefficient M, of the
sample. For these measurements we use a network analyser from Agilent Tech-
nologies. Our measuring setup (Fig. 4) also contains a coaxial transmission line
with a sample holder on top if it. This transmission line is required to perform
the measurement in a cryostat, but that is not object of this work. The cable
between the analyser and the transmission line should be as short as possible to

avoid environmentally caused errors.
Sample holder

Coaxial transmission line

Cable

Connector

NA

Figure 4: Schematic measuring setup

This transmission line is a coaxial air line which was built by Dr. Johnstone.
The transmission line allows us to put the sample on top of it. Concerning the
geometry of the sample holder (Fig. 5), samples with a diameter of 3mm or less and
various thickness can be measured. We use a maximum diameter of 3mm because
the inner part of the transmission line has the same diameter. The characteristic
impedance of the transmission line 7Z; = 50¢) and the length is about | = 95cm.

|

\

|
Co}meotor

7

AN

Outer conductor

Inner conductor ‘ Sample

Figure 5: Schematic sample holder geometry



3.2 Calibration without transmission line

Before we can start the measurement, the network analyser needs to be calibrated.
Such an option is integrated in the software of the analyser. You can only cali-
brate the equipment if it is standardised. That means, that we can only calibrate
our setup (Fig.: 4) without the transmission line. Therefor we use appropriate
commercial calibration standards.

Thus we choose the option ,Calibration” on our device, and apply one of the three
standards to the setup. By choosing the ,Open® standard, the ,Open* button at
the analyser must be pressed. This procedure must be repeated with the ,,Short®
and the ,Load“ standard. In which ,Open“ means an interrupted circuit, ,Short
means a short-circuited circuit. For the ,Load“ a terminating impedance of 502
is used, which is equal to the characteristic impedance Z; of the analyser. Doing
these three steps the scattering or error parameters explained in section 2.2 of this
setup are determined. Those scattering parameters are complex numbers, so we
obtain a real and an imaginary part. All measurements was taken in the frequency
range between 3kHz and 3GH 2. The analyser is adjusted to take 601 data points
in a logarithmic distribution.

1.0F E
— B:Open
| — B:Short
L B: Mylar 6pm B
0.5 — A:Open
A: Short
. — A:Mylar 6um
s .- ]
< 0.07 ]
[a
-0.5) 1
10t~ T T T T I
10* 10° 1c° 10 10° 10°

FrequencyHz]

Figure 6: Real part measurement of the calibration, B: Before and A: After the
actual measurement

Typically an open, a short and a matched load, with the reflection coefficients
Sit.open = 1, S11.short = —1 and S1110aa = 0 are chosen. With this choice the



absolute value is |S11| < 1 and Si1 40t = —1 means that the phase of the sine
wave is shifted around 180°.

0] L A S 0 1 LSS A EE—
—-0.05- |
=
E
[ — B:Open 7
-0.10F — B:Short —
[ B: Mylar 6pm 4
— A:Open
A: Short
= — A Mylar 6pm |
—-0.15+ ‘ ‘ ‘ | | | i
10* 10° 10P 107 10° 10°

FrequencyHz]

Figure 7: Imaginary part measurement of the calibration, B: Before and A: After
the actual measurement

These two figures 6 and 7 are measured graphs of the calibration. We have also
made an extra measurement before (B:) and after(A:) the actual one to ensure
that the analyser works as we expect it to do.

In comparison to the calibration measurement we have taken another one with
the same calibration and the connected transmission line. We have recorded these
graphs 8 and 9 to make sure that the procedure is identical every time we perform
it. Again we have performed the measurement twice. B means before and A after
the actual measurement.

We see that in Fig.: 8 we have a slight difference in the A: Short line compared
to the B: Short line. This difference may come from a little surface inaccuracy on
the conductor of the sample holder. The next phenomena we can observe is the
decrease of the signal at the frequency range above 100M H z. We expect the signal
to be almost as high as the appearing peak before because there should not be
such high absorptions in this frequency range. We don’t know why this happens,
but maybe it’s a product of a calibration which wasn’t fully correct. This effect
is observable in both plots (Fig. 8 and 9). Why this effect happens is a question
that needs to be answered.
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Figure 8: Real part measurement of the transmission line, B: Before and A: After
the actual measurement
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Figure 9: Imaginary part measurement of the transmission line, B: Before and A:
After the actual measurement
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3.3 Calibration with transmission line

After attaching the transmission line, the previous calibration is no longer valid.
In microwave reflection measurement this transmission line is a source of errors.
Mathematically this error source can be treated as a two port error network.

E12
Mll Ell E22 S11

Figure 10: General error model

This figure 10 looks different to figure 2 but both describe the same problem.
Here the E; parameters are the same like the S; in equation 2.5. M;; = % is
defined as measured reflection coefficient. Sy; = ‘Z—; is the real reflection coefficient
of the sample.

Using the equations (2.6) and (2.7) we gain the measured reflection coefficient

E3, 51

M,=F —_—
11 11+1—511E22

(3.1)

This equation leads to the formula for the real reflection coefficient out of the
measured coefficient as soon as the error coefficients are known
_ My, — Eny

E3, + Ey (M — Evy)

St (3.2)

Now it is clear that we need three calibration measurements to determine those
error coefficients. In our case we have to do the calibration after the measure-
ment with a calculation program. But we can’t use the same reflection coefficient
S11,0aa = 0 for the load, because we don’t have a sample which has an impedance
of 50€2 in the whole frequency range. We have to use equation (2.9) for our load co-
efficient. For calibration we use a 6um Mylar disc as load. So we have to calculate
the S11 10aq for this mylar disc.

By solving (3.2) for each calculated coefficient Sy;; with the computing software
Mathematica we obtain the equations for the error coefficients

DEy; = S11,Mi10Mi1 s (S11,s — S11.0) + M1 Mi1 sS11,0 (S110 — S11,s) +

3.3
+ M1, Mi1,6511,5 (S11,0 — S11,1) (3.3)

DEsy = My (S110 — S110) + Mg (S110 — S11s) + Mi1o (S11s — S111)  (3.4)

11



(DE21)2 = (Mn,l - Mll,o) (MlLl - Mll,s) (Sll,l - 511,0)

3.5
(Sll,l - Sll,s) (Mll,o - Mll,s) (Sll,o - Sll,s) ( )

D is the denominator of the equations (3.3), (3.4) and (3.5).
D = Mi1,511; (S11.0 — S11,s) + M11.6S11.5 (S111 — S110) + (3.6)

+ Mi1,6511.0 (S11.5s — S11.)

M, ; and Si1; are the measured reflectance and the calculated reflectance of the
chosen reference samples. ¢ stands for open, short and load.

With the parameters FEq,, E5; and Esy we are able to convert the measured
reflectance M, ; into the real reflectance Si;; of the sample. With ¢ as a place
holder for the chosen sample.

3.4 Measurement

We have made 3 measurements for calibration and we have also tried to measure
two additional samples. Our choice fell on two Mylar samples with various thick-
ness. The first one has a thickness of 15um and the second one is 125um thick.
The reason why we have taken Mylar is that we could easily prepare samples of
the correct thickness.

The measured reflection My, is shown in the figures 11, 12 and 13.

1.0F E
— Open
L — Short
0 5, Mylar 6pm |
) — Mylar 15um
Mylar 125um
=3 . ]
= 0.0
@
-0.5F .
Y — ‘ ‘ | | ]
10* 1 10° 10 10° 10

FrequencyHz]

Figure 11: Real part of the measured data
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One feature we can see in figure 11 and 13 before the correction is that the signal
is decreased in the frequency range above 100M HZ. This mean that the absolute
value of | M| is very small in this frequency range. This is a feature which we don’t

0.20

0.15f

oxof . - A

<4
0,05 Mylar 6um é

— Mylar15um

Re(My1)
o
o
G

— short

Mylar125pm | ]

-0.10 :
1.0x 10° 1.5x10° 2.0x10°

FrequencyHz]

Figure 12: Detailed real part of the measured data

expect. We expect the sam-
ples the be close to the open
signal at the beginning of the
frequency range. At about
100M H z the sample matches
the characteristic impedance
of 502. After this frequency
the sample signals should get
closer to the short signal. At
a detailed look we can ob-
serve this feature already in
the raw and uncorrected data
(Fig.: 12). In the corrected
plot it will be easier to detect.

— Open
[ — Short
0.5 Mylar 6pm 7
[ — Mylar 15um
Mylar 125pum 1
3 [ sty |
= 0.0 %‘W ¥ \
= o |
E I ' 1
-0.5+ B
| | | | | |
10* 10° 1c° 10 108 10°

FrequencyHz]

Figure 13: Imaginary part of the measured data
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3.5 Correction

For calculating the error coefficients of the transmission line we have to use (3.3),
(3.4) and (3.5). For S11 open We use Si1 open, = 1 over the whole frequency range. For
S11,short We use S11 short = —1 over the whole frequency range. We use the Mylar
with 6pm thickness as a load because it has an impedance as close as possible to
50€2. The Si1 joaa is calculated with (2.9). For M, ,; we take the open, short and
Mylar 6pum data shown in figure 11 and 13.

We get the following complex error coefficients (Fig.: 14 and 15).

10- .

05} * | -

Re(E)

-05

1_0r\\f\ WWW“
104 10° 106 10

7 108 10°

Freguency [Hz]

Figure 14: Real part of the calculated error coefficients

In figure 14 and 15 we can observe that the error parameters are connected to
the features caused by the transmission line. They should compensate the features
above a frequency of 100M H z shown in figure 11 and 13. One important point
is that I have calculated the error parameter with two programs and I always got
the same result. T did this to become clear that no program made a mistake.
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Figure 15: Imaginary part of the calculated error coefficients

By using (3.2) and the calculated error coefficients we can now correct the mea-
surements. These corrections are shown in figure 16 and 17. Now all phenomena
described before can be found in the plots 16 and 17. First of all the approach
of all samples from the open to the short signal can be watched very easily. The
next thing is that at about 100M Hz something occurs. There are huge peaks in
the corrected lines and they are somehow connected to the signal decrease above
100M H z in the raw measurements (Fig.: 11 and 13).

The dashed lines are the calculated S7; parameters of the samples in ascending
order. The 6um sample is our reference sample so it matches perfect to the cal-
culated line, implying that the correction calculation works very well. In the case
of the other two sample we can see something like a shift. They are shifted to
the calculated line from the previous sample. The corrected sample data is in the
range between the 6um sample and their own calculated line. This shift is a sort
of coincidental effect which is caused by a connected reason.

15
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Figure 16: Real part of the corrected data

6 [ — Open
: — Short
L Mylar 6pm
4 L — Mylar 15pm
F Mylar 125um
r — Cal: Mylar 6um
[ — Cal: Mylar 15um
2r — Cal: Mylar 125um
o ===
[ e Y Yadtial
-2+
I I I I I

|
10t 10° 108 10 108 10°
FrequencyHz]

Figure 17: Imaginary part of the corrected data
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Figure 18: Real part of the corrected data in the frequency range 5 * 10 Hz to
3% 10° Hz and |S;| < 1 for a detailed look without irrelevant peaks
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Figure 19: Imaginary part of the corrected data in the frequency range 5 * 106 Hz
to 3% 10° Hz and |Sy;| < 1 for a detailed look without irrelevant peaks
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3.6 Result

With these corrected Sy parameters and (2.10) we can now calculate the relative
dielectric constant ¢, of our measured samples. We expect €, to be constant value
of ¢, = 3.

If we have a look at the ¢, we can say that at least the 15um sample is almost a
constant. The 125um sample is a constant until we reach the 100/ H 2z mark. The
value of the constant is higher then it should be, but that is connected to the shift
of the measured S;; coefficients. The 15um Mylar is increased around the factor
15/6 = 2,5 to about 7,5 and the 125um sample is increased much higher. The
imaginary part isn’t shown because it is 0 almost all the time with a few peaks at
above 100M H z.

80
: — Mylar6pm
— Mylar 15pm
60 ; Mylar 125um ;
© 40 1
o
o L 4
20~ -
i {\M"—’_ﬁ L‘k/v//\ﬂww%mh i
[ \u -
O [ —
I I I I 1 I
10t 10° 10° 10 108 10°
FrequencyHz]

Figure 20: Real part of the dielectric constant

3.7 Checking experiments

Another measurement was made with an analyser form Rohde&Schwarz. We have
done the same procedure like with our analyser. The only difference is the fre-
quency range. This measurement is from 10M Hz to 3GHz and we have taken
2001 measuring points. Here we obtain almost the same results as with the other
analyser. We can look on the same coincident effect like before.
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Figure 21: Real part of the dielectric constant in the frequenxy range 10 * 106 Hz
to 3% 10° Hz

3.8 Discussion

First of all, it took us some time to perform a correct measurement. At the
beginning we have tried to calibrate and measure the whole system (Fig.: 4). We
thought that we are measuring an absolute value, a phase and the impedance.

By doing so we have considered the impedance of the transmission line and the
sample. We want to consider the impedance of the sample only.

We have also tried to calibrate the 6um Mylar as a 50€) load. There we were
able to see that there is a difference between our samples. But we got a reflection
coefficient down to —4 (|S1;| < 1).

We have tried to improve our samples by painting them with silver paste. We
have done this step to reduce the distance between the sample and the connectors.
Because the space between sample and connector is in the area of some 10um, on
both sides. By doing this we measured only short circuited samples.

Finally we have done our calibration in two steps described in the sections 3.2
and 3.3. We have also assured that the network analyser make no mistake with a
checking experiment described in section 3.7. The result isn’t as we expected but
we know that the transmission line causes the errors.
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4 FT-IR Measurements

4.1 FT-IR setup

For doing these measurements we have used a Brucker Vertex 80v and the appen-
dant Opus software. How the Brucker works is described in section 2.3. The light
path (Fig.: 22) starts at the laser, is focused with an aperture, runs through the
Michelson interferometer, is reflected at the probe and than measured with the
detector.
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Figure 22: Schematic light path®

The software is doing the Fourier transformation and gives you the result of the
reflection. The whole system is in a vacuum while we do our measurements. In the
Brucker we have a pressure of about 1,25hPa the whole time. For the resolution
we have chosen 1em ™!, for the phase resolution we have used a value of 8 and for
the aperture we have we have chosen 3mm.

LSource:  http://www.ifp.tuwien.ac.at /fileadmin/Arbeitsgruppen/solid _state spectroscopy/
images/FT1.png
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4.2 Calibration

The standard sample holder was too large for our small samples. Thus we had to
design and built a custom sample holder to fit on the standard sample holder.

All measurements are reflectivity measurements. As our reference sample we use
a gold mirror because a gold mirror has the highest reflection R = 1. The whole
sample holder can be moved in z-direction (Fig. 22). We have to check at which
z-position and aperture we get the highest signal. The highest signal means that
the we focus only on the sample and not on the sample and the sample holder.

Because of the disturbance from the components we do not have a reflection
R =1 on the whole frequency range. Thus we have to do a background signal
measurement with the gold mirror. After doing and applying the background
signal we get refection of R = 1 over the whole frequency range.

4.3 Measurement

Then we started with the first reflectivity measurement of MgO. At the MgO
data (Fig.: 23) we can observe a peak at a wavenumber of about 400 cm™! and a
constant part at higher wavenumbers.

1.0

— Fit

— Data

Reflection

0.4 .
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Wavenumber [cm™2]

Figure 23: Reflectivity of MgO

Modelling the received data with the program RefFIT we got a fitted dataset
(Fig.: 23: Fit) and the values from the program
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Maximum Wo Wy ¥

em ™t em™  em™!

1 | 394,05 1413,86 43,84

Table 1: Fit parameter from MgO

Here we have got a €5, = 5,07. This program does a minimisation of the x? and
here we got a x? = 5,10 * 10*. The smaller the value the better it is fitted.

The next sample was NdGaOs. At the NdGaOj3 data (Fig.: 24) we can observe
two high peaks at about a wavenumber of 400 cm ™! and 600 cm~!. We can also
observe some features above 1600 cm™! which we don’t expect. Modelling the
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Figure 24: Reflectivity of NdGaOj3

received data from NdGaOs with the program RefFIT we got a fitted dataset
(Fig.: 24: Fit) and the values from the program
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Maximum Wo Wp ¥
em™! em™! em™!
1 405,72 935,21 28,96
2 593,05 354,54 40,62
3 1601,84 1108,65 677,48
4 3271,26 3048,42 839,45
5 5050,59 4453,16 1290,11
6 6758,71 4718,99 1674,63

Table 2: Fit parameter from NdGaOs

With an e, = 1,69 and a x? = 1,22x10°. Here we have a worse fit than for MgO.
We didn’t expect these features (Fig.: 24) above a wavenumber of 1600 cm ™! in
the reflectance. By using (2.15) for two maxima and subtract one from each other
and taking a average distance of 1700cm ™" we obtain a thickness of ~ 1, 5um with
an = 2. So we have a second 1,5um thick layer or some effect which behave like

a layer with this certain thickness.

23



5 Discussion and Outlook

Finally we were able to do a serious calibration and to take a measurement from
the Mylar samples with the network analyser. If it is a good or a bad one is hard
to detect at the first look. But by converting the real and the imaginary part into
an amplitude and a phase we saw that something was not perfect. Because the
amplitude is dropping so fast and above a high frequency range where we don’t
expect much absorptions. By checking this phenomena with a second device we
got the proof that something is wrong with our device. I think, with more ex-
perience with the network analyser it will be easy to find the mistake we made
and it will be easy to correct it and it should deliver consistent results. The next
phenomena is much more difficult to explain. We think that the calibration mea-
surements and the error parameter calculation is correct, but as figure 20 says,
something isn’t correct. The good thing is that two different devices deliver the
same result (Fig.: 20 and 21). At least the smallest Mylar sample (15um) provides
an almost constant but shifted result. The calculation should be correct because
two different programs deliver the same results. So the only possibility is that the
transmission line isn’t good enough for these measurements. Instead of Mylar for
the calibration a material with an impedance closer to 502 will probably make a
difference. Furthermore the measurements will be in a cryostat so the calibration
needs to be adapted to this case. There is the possibility to make on error coeffi-
cient temperature dependent.

In the case of the FT-IT spectrometry all measurements were quite good. Maybe
it is interesting to find the second thin layer or to check if the NdGaO3 sample
behaves like there is a thin layer. In the future these measurements will also be
performed at low temperatures in a cryostat.
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