
https://research.tue.nl/en/studentTheses/7b4c2327-94a9-41c4-a070-434c3b492e2e


Technische Universiteit Eindhoven 

Faculteit der Technische Natuurkunde 

Vakgroep Vaste Stof 

conversion Electron Mossbauer 

Spectroscopy (CEMS): 

The construction and automation 

of an apparatus. 

M.A.A Tjin A Ton 

Verslag af studeerwerk in de groep Cooperatieve Ver­
schij nselen van de vakgroep Vaste stof. 

Begeleider: Ir. R.J.T. van Kempen 

Afstudeerhoogleraar: Prof. W.J.M. de Jonge 





In this report a survey of the CEMS apparatus is given. 

Furthermore the design of a 'cold finger', software and mea­

surements are described. 

The CEMS spectrometer now is fully operational. Measure­

ments can be performed in different conditions. The sample can 

be cooled to temperatures down to 30 K and a magnetic field up 

to 0.9 T is appliable. A software package, able to perform data 

acquisition and able to set the measuring conditions, is 

present for the CEMS setup. Almost fully automated measurements 

can be operated by the computers. 

The first measurements on natural iron films with the CEMS 

spectrometer at room temperature show good results. The spectra 

have an energy resolution complying to the requirement: the 

linewidth of the natural iron peaks is o. 26 mms· 1 • Several 

useful applications can be devised for the CEMS apparatus. 
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1 Introduction 

The Conversion Electron Mossbauer Spectroscopy (CEMS) 

project is a part of the subgroup Cooperative Phenomena of the 

(subject) group Solid State Physics. This subgroup exercises 

fundamental research on appearances, which are caused by co­

operative behaviour of particles in solids. Examples are ferro­

' antiferromagnetism and superconduction. 

One of the ways to study the magnetic behaviour of solids 

is Mossbauer Spectroscopy (MS) . A restriction for using this 

method is that the solids must contain atoms with a Mossbauer 

transition. In this case the atom is 57Fe, since crystals 

containing iron can have interesting magnetic properties and 
57Fe is as an isotope for 2% present in natural iron. 

The principle of Mossbauer Spectroscopy is that an atom 

doesn't have a recoil while emitting or absorbing a photon. Due 

to this effect (the Mossbauer effect, ME) the band width of the 

energy levels is very small. The theoretical energy resolution 

for a 14.4 Kev decay energy is 1 in 1014 ! 

The moving of the Co source (the Co decays to 57Fe) causes 

a small variation on the original 14.4 Kev energy, due to the 

Doppler effect. As a function of the energy (proportional to 

the velocity of the source) the number of absorbed photons 

varies. This energy spectrum contains all information, which 

can be obtained by Mossbauer Spectroscopy. 

CEMS is a very sensitive way to determine the hyperfine 

interaction of a crystal and CEMS is often more sensitive than 

Transmission Mossbauer Spectroscopy (TMS), which is more 

efficient at higher numbers of Mossbauer atoms. 

The energy spectrum of iron is build up by a few contribu­

tions. The most important of these contributions is the nuclear 

Zeeman effect, which causes the energy levels of iron to split 

up, which results in six transition peaks. The magnitude of the 
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splitting is proportional to the magnetic field at the posi­

tions of the 57Fe atoms. The Mossbauer theory is described in 

chapter 2. 

This report discusses (parts of) the construction of a 

CEMS apparatus. It was R. van Kempen [REF 1) task to design it 

and it was my task to help him construct some parts and auto­

mate the experimental setup. This report is also meant to be a 

manual for the CEMS apparatus. This means that some parts of 

the report are very technical. 

One of the purposes of this report is to give a complete 

survey of the total experimental setup. The experimental setup 

(described in chapter 3), including the vacuum system, sample 

holder, electronics and detectors, is designed by R. van Kempen 

[ref 1). Besides some electronics and some small parts (includ­

ing collimators), the part of the cryogenic system in the 

vacuum system, the 'cold finger', is designed by the author 

(section 3.5.2). 

The biggest part of this graduation project was the 

automation of the CEMS apparatus. Like in most experimental 

setups in the department of physics (including cooperative 

phenomena), the automation of CEMS is based on the PHYDAS 

(PHYsics Data Acquisition System). A new electronic interface 

for the PhyDAS, the Integrated Multiscaler / Signal generator 

(IMS), was designed for and in deliberation with the CEMS 

project. Testing and operating the advanced IMS, used to 

perform the measurements, was a part of the automation. A 

software package, complying to certain demands, is written 

around this device. The automation is described in chapter 4. 

Chapter 5 describes the results and the discussion. This 

includes test measurements, concerning the cryogenics and 

collimators, and measurements on samples already used for TMS. 

Finally the conclusion and some recommendations are done in 

chapter 6. 
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at least 2r, because the gamma quant is emitted and absorbed. 

In general not all of the energy (E0 ) difference between 

the two levels, is transferred to the energy (Ey) of the pho­

ton. The remaining energy is transferred to the nucleus as 

recoil energy (ER) : 

I(E} 

E -R 0 

r 

(2) 

r 

figure 2. 2 E9 denotes the energy difference between the 
excited and the ground level . The photon emitted from a 
free nucleus at rest only possesses the energy E9-R; in 
order to excite the absorbing nucleus it requires the 
energy E9+R. 

The emitted photon has an energy, ER smaller than the transi­

tion energy Ea and the absorbed photon has to have an energy ER 

larger than Ea (figure 2.2). 

The total momentum also has to be obtained: O = Py + p nucleus 

, or with vR the speed and M the mass of the nucleus and c the 

speed of light: 

E 
__:y_+Mv =0 
C R 

(3) 

Thus an expression is obtained for the recoil energy (with the 

approximation E0=Ey) : 
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Spectroscopy can only be applied on atoms with a Mossbauer 

transition. 

Einstein solids. 

Classically, the atoms of a solid have a kinetic energy 

according to Eq. (6). Einstein pointed out that a solid is also 

a quantum mechanical system and that it should have a quantized 

energy in stead of a continuous energy distribution [REF 2]. 

Einstein assumed for simplicity that the energy levels should 

be equidistant (with an energy distance EE). Due to interac­

tions among atoms the energy levels are broadened and the 

higher energy 'levels' are broadened in such a way that they 

overlap. Only near the ground state the levels are quantized. 

The Einstein energy and Einstein temperature (OE=EE/k) of iron 

can be calculated: EE(iron)= 0.04 ev, OE(iron)= 500 K. If the 

temperature is much smaller than the Einstein temperature the 

atoms will strongly populate the ground state 

In order to 

have a recoil­

less transition, 

the involved 

atom (without 

kinetic energy) 

has to stay in 

the ground 

state. This is 

the case when 

the recoil en-

ergy is much 

smaller than the 

energy of first 

exited state, 

the Einstein 

nergy. For 

e-

an 

FIGURE 2.3 Emission of gamma rays from nuclei 
embedded in an iron lattice. The recoil ener­
gy of 57Fe is small compared to the Einstein 
energy, while the recoil energy of 58Fe exci­
tes the lattice into a continuum. 
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3 Experimental setup. 

In this chapter the experimental setup will be discussed. 

First a general view on the experimental setup will be given in 

section 3.1 and then the separate parts of the apparatus will 

be treated in separate sections. 

3.1 introduction. 

The new experimental setup has to comply to the following 

demands, concerning the measurement conditions (section 3. 5) 

[REF 1]: 

* The sample must be rotatable, since there is a 

angular dependence of the photon absorption. 

* Measurements at temperatures between room temperature 

and 30 Kelvin must be possible. 

* A magnetic field up to 1 Tesla must be appliable. 

A schematic survey of the experimental setup is shown in 

figure 3 . 1. The source is mounted on the transducer. The 

transducer, controlled by the Mossbauer Driver, works like a 

loud speaker. The actual velocity of the transducer can be 

measured. 

The channeltron detectors need a high vacuum to operate. 

The gamma ray enter the vacuum through a beryllium window. The 

channeltron detectors, which are placed out of the path of the 

gamma rays, are pointed towards the sample. A high voltage is 

applied on the detectors, which can be set on a offset voltage. 
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An electron that reaches one of the detectors, which are 

connected parallel, causes a small drop of the high voltage. 

The signal is first amplified and shaped in the preamplifier 

and then amplified and shaped as a Gaussian puls by the main 

amplifier. The amplified signal goes into a single channel 

analyser, which separates the electronic noise from the actual 

signal. 

The new Integrated Multiscaler Signal 

device (see section 3.6.2), which replaces 

generator (IMS) 

a multichannel 

scaler and a function generator, counts the pulses as a func­

tion of the velocity. The IMS is triggered externally by a 

Preset scaler (PSC). At every trigger the IMS sets a new value 

for the velocity and starts counting pulses. The pulses are 

added to the number in the memory place for that corresponding 

value. The frequency of trigger pulses from the PSC determines 

the frequency of the movement of the source. 

The signal for the velocity is amplified in the velocity 

range selector by a factor, which is set by an IOS (Input 

Output System) . The velocity controller or Mossbauer Driver 

converts this signal for the transducer, which converts this 

signal into velocity. 

a 

The velocity as 

function of the 

time is shown in fig­

ure 3. 2. The velocity 

increases and de-

creases linear in 

time. The counts at a 

certain velocity are 

stored in the corre­

sponding memory chan­

nel. In reality 8192 

channels are 

The total 

used. 

surf ace 

velocity 

61234561 

time 

channel 
number 

figure 3. 2 Principal of a constant ac­
celeration spectrometer. Here a set-up 
with only six memory channels are 
shown. In practice much more channels 
are used, e.g. 8192. 
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under the graph during one period is equal to the total move­

ment of the source: o. The velocity starts and ends at o (mm/s) 

to keep the source at its place while not measuring. 

The source describes a double parabolic movement. Since 

the number of gamma quants reaching the sample is depending on 

the source - sample (and collimator) distance, this influences 

the spectrum. For usual amplitudes the relation between the 

distance and the count rate is approximately linear, so the 

number of counts during one period (the unfolded spectrum) also 

shows two parabolas. When the (unfolded) spectrum is folded, 

the parabolas annihilated each other. This folded spectrum 

shows the number of counts as function of the velocity. 

The PhyDAS (Physics Data Acquisition System, chapter 4) 

computer controls all the devices, which are connected to it as 

shown in figure 3.1. The computer processes the data, gathered 

by the IMS, and displays it by means of the graphic display 

controller on a monitor. A PC is connected to the PhyDAS 

computer and serves as a terminal. 
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3.2 Detectors. 

In order to have a rotatable sample holder, channel tron 

detectors were chosen. These detectors are mounted in such a 

way that they rotate along with the sample (figure 3.3). The 

sample is tightened to the sample holder with springs and is 

situated on the axis of rotation. The sample holder is ther­

mally insulated. 

Gas flow detectors [REF 7], which are widely used for 

CEMS because of their efficiency, are less suitable for rota­

tion and not suitable for low temperatures. A disadvantage of 

the channeltron detectors is that their efficiency is smaller 

than the efficiency of the gasflow detectors, caused by the 

fact that they have a 

smaller solid angle, in 

which the electrons are 

detected. 

By applying a high 

voltage (3000 V) on the 

channeltron detectors, e-

lectrons ions and x-

rays reaching the detec­

tors cause an avalanche 

of electrons. The detec­

tors are fast (1 ns) but 

hardly energy sensitive. 

For the detectors a 

high vacuum of at least 

10-6 mbar is required [REF 

8]. This CEMS setup for 

low temperatures is more 

complicated than a stan­

dard TMS setup, since it 

requires a high vacuum. 

figure 3. 3 A picture of the detec­
tors and the sample holder. 
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3.3 vacuum system. 

The vacuum system, shown in figure 3.4, is one of the main 

parts of the new experimental setup. The vacuum system is 

designed by R. van Kempen [REF 1]. 

In the vacuum system a 'cold trap' is included. On the 

cold trap, filled with liquid nitrogen , the molecules in the 

vacuum freeze. So a higher and cleaner vacuum is acquired. The 

lowest pressure of the ultra high vacuum system is 5 10-9 mbar. 

[ 

nitrogen level 
controller 

liquid 
nitrogen 
vessel 

power switch 

coldtra 

diffusion 
pump 

sensor 

220VAC 

UHV chambe 

backing valv 

beryllium 
window 

roughing I valve 

rotary 
pump 

down-to-air 
valve 

nttrogen (g) 

figure 3.4 Schematic diagram of the UHV system. The sample and 
the detectors are placed in the narrow part of the chamber, 
near the Be-windows. 

The nitrogen level in the cold trap is checked by a 

nitrogen probe. The nitrogen level control unit controls the 

electrical valve and automatically fills the cold trap if 

necessary. When totally filled (75 l} the liquid nitrogen 

vessel can supply nitrogen for six days. The nitrogen out tube 

is continuously heated to prevent ice formation. 

When the nitrogen level (for whatever reason) is too low, 
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the diffusion pump is switched off to prevent pollution of the 

vacuum system. The water cooled diffusion pump is also switched 

of when the temperature of the pump is too high. 

The cold trap and the diffusion pump can be isolated with 

a valve from the vacuum part, where the actual measurements 

take place. In this way the diffusion pump (and the backing 

pump) can still be operational while changing the sample. 

Before changing the sample, the ultra high vacuum (UHV) chamber 

is first filled with nitrogen gas to prevent pollution of the 

chamber. After changing the sample, the vacuum system reaches a 

pressure of 10-6 mbar in about one hour. 

At a pressure above 10-6 mbar, the high voltage of the 

detectors is automatically switched off to prevent damage to 

the detectors. No measurements can be performed above this 

pressure. 

The three pressure sensors, employed in the vacuum system, 

are connected to one control unit. The control unit displays 

one of the pressures and can set triggers at adjustable pres­

sures. The first Pirani gauge is installed to measure the 

roughing (the pre-vacuum of the UHV chamber). The second Pirani 

gauge is connected to the backing of the diffusion pump. The 

penning gauge measures the pressure in the Ultra High Vacuum 

(UHV) chamber. To prevent pollution of the penning gauge, its 

high voltage must be switched off manually at about 10-6 mbar. 

In the extension of the direction of the movement of the 

source Beryllium windows are placed to give the gamma rays a 

good passage into the vacuum chamber. The toxic windows are 

mounted in such a way that they can not be touched. 
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A 57Fe atom with a nuclear spin of 3 / 2 can decay in sev­

eral ways, as shown in figure 3.6. The 14.4 keV excited nuclear 

state of Fe decays by [ref 9]: (i) emission of a 14.4 keV gamma 

quantum or (ii) a conversion electron. The latter process is 

followed by the emission of various Auger electrons and x-rays. 

In most of the cases (81%) the atom decays by emission a 7.3 

keV K conversion electron. 

Also other Mossbauer isotopes can be used, but 57Fe has 

the best applications. An example of another Mossbauer isotope 

is 119sn. 

The effective diameter of the source is 6 mm. The source, 

mounted on the transducer, is shielded by 20 mm lead, with an 

aperture with a 20 mm diameter towards the sample. 

Since the radiation is only desired at the sample, colli­

mators are used. It has been shown that the quality of the 

spectrum can be enhanced drastically by good collimation (ref 

10] • 

Four lead collimators 

with different sized aper­

tures have been made to fit 

in the aperture in front of 

the source. The collimators 

have thicknesses of 20 mm, 

equivalent to a decrease of 

the radiation by a factor 

500. Apertures between 2 mm 

and 4 mm can be chosen for 

different sizes of the sam­

ples. 

The total intensity on 

the sample decreases due to 

the usage of the collimator 

(see figure 3.7), but the 

variation on the angle of 

incidence also decreases, so 

Source 

( ) Collimator Sample 

figure 3. 7 Illustration of the 
geometry, concerning the colli­
mators, for different source 
positions. The dotted lines re­
present hindered paths of the 
gamma rays. 
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3.5 measurement conditions. 

In the design of the CEMS apparatus by R. van Kempen, the 

magnet, the rotatable sample holder and the concept for the 

cryogenic system were included. The insert of cryogenic system 

had yet to be designed and build. Also the control of the 

magnet and steering of the angle of the sample had to be 

automated. The test results are given in chapter 5. 

Angle of incidence. 

At the top of the vacuum chamber a stepmotor is connected 

to the axis of the sample holder. The axis of the insert is 

centred by a bearing at the bottom of the vacuum chamber. When 

the stepmotor is switched off, the angle can be adjusted 

manually without opening the vacuum chamber. 

The stepmotor interface is controlled by the PhyDAS. The 

signal of the stepmotor interface goes to the stepmotor con­

troller / power supply, which steers the stepmotor. The stepmo­

tor is hardly used, since one measurement can last for days. 
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3.5.1 magnetic field. 

The design of the vacuum 

chamber was adapted to magnet 

(see figure 3.8). 

The magnet can produce mag-

netic fields up to 1 Tesla at a 

pole distance of 60 mm. When 

large currents are used (>5 A) I 

water cooling is needed. Since 

the electrons are deflected by 

the magnetic field, it is harder 

to detect conversion electrons at 

high magnetic fields. 

pole tip 
UHVchamber 

Be window 
coil 

power supply DAC 

figure 3.8 Magnet 

The commercially bought power supply can provide currents 

up to 25 A at 120 V (see section 5.1). A voltage, given to the 

power supply by an ADC, sets the current for the magnet. The 

DAC is controlled by the PhyDAS. To prevent damage, the voltage 

for the power supply slowly approaches the voltage set by the 

DAC due to a large Resistor Capacity time build in the cable 

between the DAC and the power supply. 
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3.5.2 cryogenics. 

When R. van Kempen designed the vacuum system of the CEMS 

apparatus, the concept for cryogenics was also devised. Some 

space and a flange on top of the vacuum chamber were left for 

the insert part of the cryogenics. The electronics for the 

temperature regulation and the temperature sensors were already 

present. The design of the 'cold finger', the heat exchanger in 

the vacuum chamber, was one of the major parts of the gradua­

tion project. 

The demands for the heat exchanger were: 

- The heat exchanger must be able to keep the sample at 

stable temperatures down to about 30 Kelvin. 

- No vibrations may be transferred to the sample holder. 

- The heat exchanger may not have a negative influence on 

the vacuum. 

- The cryogenic system must be operational at the same 

time as the rest of the apparatus. 

A complicating factor was the very limited space for the 

heat exchanger in the vacuum chamber, due to the dimensions of 

the magnet. The heat exchanger should not touch the vacuum 

chamber or the rotatable axis and sample holder. The horizontal 

sizes of the heat exchanger are limited to less than just 20 

mm. Also the positioning of the heat exchanger had to be very 

accurate. 

The idea to achieve low sample temperatures is to cool the 

sample holder down by means of a 'cold finger'. The aluminium 

sample holder is thermally isolated from the stainless steel 

axis by KeLF spacers. In the 'cold finger', which is attached 

to the aluminium sample holder by a copper wire, liquid helium 

expands and thus cool·s the heat exchanger. 

Some simple considerations show that the heat transfer to 

the sample holder by heat radiation is small compared to the 

heat transfer via the stainless steel axis. When the loss of 
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the cryogenic system. 

In figure 3.11 a 

side view of the heat 

exchanger is shown. 

Total sizes of the heat 

exchanger are: horizon-

tal diameter 16 

length: 77 mm. 

The whole 

exchanger made of 

per and is gilt to 

vent oxidation. 

pipes ( ( 5) , ( 14) at 

mm 

heat 

cop-

pre-

The 

the 

are top of the picture) 

separated for more sta­

bility. The heat ex-

changer is situated as 

close as possible to 

the sample holder. The 

height alignment is 

determined by the 

height of the upper 

detector holder. 

( 1} 

The bottom part 

of the heat ex-

changer is shaped as a 

Wall of the 
vacuum · "'­
chamber 

77 

Axis of the 
sample holder 

Part of the 
detector holder. 

Rhodium Iron 
Temperature sensor 

----- Heat conduction wire 

figure 3 .11 /A technical composition 
drawing of the heat exchanger. The 
numbers indicate different parts. 

block to be able to attach clamps ( 3) for the threads of a 

rhodium iron temperature sensor, mainly meant for test pur­

poses. The resistance of the rhodium iron temperature sensor 

decreases almost linear with the temperature from room tempera­

tures to 30 degrees Kelvin. The temperature range, the small 

dimensions of the rhodium iron sensor (diameter 3 mm, length 8 

mm) and the fact that is suitable for vacuum, were the reasons 

to purchase this sensor. 

The temperature of the threads of the sensor influence the 
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minimalise the loss of coldness. 

The thin walled pipe (7) is strengthened at the bottom 

(20) and at the top (8). At the top the pipe is squeezed by the 

swagelock coupling. At the bottom the strengthening is needed 

to be able to weld the pipe to the pipe (5) of the heat ex­

changer. The parts of the cryogenic system are welded as much 

as possible, because weldings don't have a negative influence 

on the vacuum. 
The retour pipe consists of less parts than the insert 

pipe and has a smaller diameter. There is no thin walled pipe 

implied in the retour pipe. The retour pipe is also connected 

with a swagelock, but at a different height in order to fit 

through the top flange. 
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