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Abstract 

Measuring the componentsof the magnetic moment of a nanostructure is 
important to describe several of its physical properties. 
Doing this with fairly high speed and accuracy, the Vibrating Sample 
Magnetometer (VSM) is suitable tor this task. The VSM uses the principle of a 
sample, vibrated by a transducer, which causes a changing flux in nearby 
coils, inducing a voltage, which can be measured. Smart positioning of these 
coils makes it possible to measure the components of the moments. 
The VSM used in the group Physics of Nanostructures was not accurate 
enough. Mostly caused by vibrations, but also trom system components, the 
sensitivity was 1 o-8 Am2 with a stability of 0.3%. 
By installing a new coil-house and air cushions under the transducer table, the 
vibration signal is about ten times smaller. Additionally improvements are 
made to the set-up itself and the computer software, by which it has become 
more user friendly and more stable. 
The realized improvements caused some difficulties in calibrating the system, 
so further optimisation still needs to be done. However, first measurements 
show an impravement in the sensitivity. Althou~h a exact value is not 
measured the sensitivity is now better than 1 o- Am2

. 
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Preface 

I could teil that I did my traineeship in the group Physics of Nanostructures 
because of the subject, but that is only part of the reason. Most important, I 
think, is to get acquainted with the scientific work as done in a research group. 
But that is not all. lt should be a lot of fun to work with the people around. That 
gives a positive spirit, also knowing that they are prepared to help when 
needed. So let me just say thanks to those who did helpor just made it a 
good time (helping in that way): 

Jef Noijen and Henk Swagten fortheir good and friendly support and 
help. Jef also for helping me around the electranies and some very nice 
measurements! 
Gerrie Baselmans and the people of the workshop for helping me with 
the design and engineering of some new parts. 
Floor de Nooij for her contri bution to my report. 
Harm Wieldraaijer for his loudly presence. 
All of the group Physics of Nanostructures for the nice time and all the 
help they have given. 
Fred van Nijmweegen en Gerard Harkerna fortheir support of the 
PhyDas system. 
Laurens Rijniers for his assistance with LabWindows. 
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1 Introduetion 

To measure the magnetic moment of a material they can be placed in an 
external field. lnsight in how the external field influences the magnetic 
moment of a nanostructure tells sarnething about several magnetic properties 
of the sample. Dependent on the orientation of the sample in the extern al field 
the measured moment can have different values, following the easy and hard 
axes of the magnetic material(s) used. Other parameterscan be told from a 
so-called hystereses loop, from which e.g. the magnetic susceptibility or 
saturation magnetisation can be deducted. 

From several ways to measure the magnetic moment of a sample, the 
Vibrating Sample Magnetometer (VSM) uses the induction method. A 
vibrating causes a changing magnetic flux in nearby coils thereby causing a 
induction voltage which can be measured. Because the nearby coils are 
placed in a specific way, it is possible to measure two, of three, directions of 
the magnetic moment of a sample. 
The VSM turns out to be a rather fast way and accurate enough to, e.g., 
measure the moment of a couple of monolayers of ferromagnetic materials on 
a ten by ten millimetre substrate. 

In the group Physics of Nanostructures a VSM has been build recently. Goal 
of the traineeship, of which the results are described in this report, is to 
imprave this VSM. Nat only the hardware but also the software are improved 
in some points. 
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2 VSM technique and theorie 

2. 1 Experimental setup and theory 

2. 1. 1 General 
With a vibrating sample magnetometer the amplitude and direction of the 
magnetic moment of a sample are measured. The technique is basedon flux
and induction voltage measurements. The VSM setup is shown in tigure 1 and 
will be briefly described below. A more extended description can be found in 
[VANOO]. 

Probe -

Sample··· 

Piek-up coil · · ·· 

f Transducer [ 
i 

---~rr 
i i 

i i 
~) 
tJ 
t.:J 

Figure 1. VSM Setup.The sample is shown in 'zero'-position between the piek-up coils. 
[VANOO] 

When a sample is placed in an external magnetic field the material is 
magnetized. The magnetization, M, is determined by: 

M = (2: IDat) /V, (1) 

with mat the magnetization per atom and V the volume. The sample may be 
represented by a single dipale if the sample is well shaped, for the purpose of 
this research and report 4 times 12 mm with a thickness of several angstroms, 
and the distance from the piek-up coil(s) to the sample is large compared to 
the sizes of the sample. 

(2) 

When this dipale is moved up and down a long the z-axis by a transducer with 
a specific frequency, a time specific magnetic flux is generated. According to 
Faraday's law, this flux induces a voltage in nearby coils. That induced 
voltage is linear to the induction field created by the sample, which in turn is 
linear to the magnetic dipale moment. 
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In the VSM present at FNA, the induction field is picked up by eight piek-up 
coils, which are located on two si des of the sample in groups of four. Between 
two large electramagnets a homogeneaus field is created. The position of the 
coils is fixed to the homogeneaus field and the piek-up coils are connected in 
such a way that possible fluctuations of the homogeneaus field are 
compensated. The induction voltage generated in the pickup coils when the 
sample is vibrating is given by: 

U( ) d<P N dh --. t = - di = - J-Lo& . m' (3) 

In this formula ~is the by the sample generated flux, N is the number of coils, 
!lo the magnetic permeability in vacuum and m the magnetic moment of the 
sample. 
The field vector (h) is the vector at the sample location generated by a unity 
current through a piek-up coil. When split-up for each direction (x,y,z) and with 
the movement in the z-direction like z(t)=z0sin(rot) the induced voltage in one 
coil is: 

(4) 

Th is means that when the amplitude z0 and the sample are relatively smal! the 
voltage is linear proportional to the amplitude and the frequency ro. 

In the setup shown in tigure 1 we use a eight coil system because with one 
coil it is nat possible to determine the three directions of the samples 
magnetic moment. 

In tigure 2 a more detailed picture is given of the coil system. 

Figure 2. Coil system shown from three directions. [VANOO] 
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Notice that 2xo is roughly the distance between the poles of the homogeneaus 
field coils. The position of the coils as given in table 1 is relative to the position 
of a sample. 

x1=x2=x3=x4=-Xo x5=x6=x7=xa=Xo 
Y1=y3=y5=y7=Yo Y2=y4 =y6=ya=-Y o 
Z1 =z2=z5=z5=-Zo Z3=Z4 =z?=za=Zo 

Table 1: Relative positions of the piek-up coils 

Th is gives, aftersome mathematics, the precise voltage components in each 
piek-up coil. lf the voltages are added or subtracted from each other, the 
results are linear proportional to the x, y and z components of the magnetic 
moment of the sample. These combinations of piek-up coils are given in table 
2: 

Coil 1 2 3 4 5 6 7 8 
x-Det - - + + - - + + 

y-Det - + + - + - - + 

z-Oet - - - - + + + + 

Table 2: Coil combinations for measuring the components of the magnetic moment 
of the sample 

More detailed intermation to understand these combinations can be found in 
[VANOO]. 
From a more detailed inspeetion of table 2 one can find an even smarter 
combination such that the computer system attached to the setup is dealing 
with two voltages only. These voltages are given by: 

VA = - Vi + V3 - V6 + Vs 
vB = - V2 + V4 - V5 + V7 

lf these voltages are added or subtracted the formulas for V x and Vy are 
found: 

Vx =VA+ VB 
Vy =VA- VB 

(5) 

(6) 

These are again linear proportional to the magnetization in x- or y-direction of 
the sample (see tigure 1 ). 

As shown, this methad only measures two directionsof the field at the same 
time. lt is not possible to measure the z-component. To measure this third 
component the sample has to be repositioned. 
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2.1.2 Noise 
Because measurements yield relatively small signals it is important to 
consider the noise signa I in some detail. A more thorough description is given 
by [VANOO]. 

Thermal noise 
The movement of the electrans in the signal amplifier causes thermal noise. 
The noise power is the same tor all frequencies and is given by: 

(7) 

In this formula kis the Boltzmann constant, T is the absolute temperature, R 
is the gas constant and f is the frequency. 
Thermal noise is not influenced by the position and/or orientation of the piek
up coils and is non-correlated to the movement of the transducer. 

1/f Noise 
1 /f No i se is seen in thin metal films and in halfconductors. Sa it is seen in the 
setup in several parts, which contain such materials. The noise has been 
empirica! correlated proportionally to the inverse frequency. Because the pre
amplifiers have a constant "input voltage noise speetral density" above 60 
Herz the influence of 1/f noise on the signal is much smaller than the thermal 
noise and can therefore be neglected. 

2.1.3 Field noise 
There are two types of field noise. One is created by fluctuations in the 
homogeneaus field. These fluctuations can be caused by current fluctuations 
in the coils. Because the flux ~ is given by: 

cjJ = J J Ê · iida = IÊIAcos(a), this gives :~ = ~~Acos(a) (8) 
c 

The coils in the given setup (figure 1 and 2) are less sensitive tor these 
fluctuations because the coils are perpendicular to the x-axis. More 
specifically, if there is a fluctuation, coils on bath sides of the sample are 
picking it up. Because the coils are connected as given in table 1 and 
equation (5) they cancel out the effect. 
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Movement of the piek-up coils caused by the mechanica! vibrations and sound 
originating trom the transducer, create the other type of field noise. As 
described above the effect of the homogeneaus field is cancelled out but 
vibrations caused by the transducer directly influence the measured flux 
created by the vibrating sample. These vibrations can only be cancelled out if 
the piek-up coils are tightly fixed totheir position. When they rotate over a 
small angle the flux is change: 

cjJ = J J B · iida = BAcos(a):::} ~~ =- BAdco;?:.) =- BAsin(a)à 
c 

(9) 

H ------;;:~~~-.. ---.. --.. -.. ; .... ,-............... , ........ ~ 
(t 
., 

Figure 3 Piek-up coil positioned in a field H. [VANOO] 

The time deritive of rjJ shows clearly that a coil with its axis parallel to the 
applied field is less sensitive than a coil with its axis perpendicular to the 
applied field. (Think of a sine plot, its deritive is higher near zero than at n/2) 
A full calculation can be found in [V ANOO]. 
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2.2 Software and Data processing 

A PhyDas system connected to a PC running the VSM software does the 
setup control and the data acquisition and processing. The computer software 
is specially written for the VSM using LabWindows. 

...... 0 N 0 iJl --{ 0 < ::c 0 . -o -o () ""\ "Q ro 2.. ('() 

w-o +:>-a ~ 
- :J ..... I ;:::; 
';"':" -o !l) . ~ - ~ r, 0 <0 

ii3" 
-o 

(j) Vl (J) \!) v 3 
...., < ('() 0 -o v {i) <0 w cr 0 ('() <0 r+ 

:::::; 0 :::::; 0 (l) 
..., 

~. <0 ('() 

!!. !?... ..... :J 9: 
(X) "'-i Q :::::; 

iiî Vl tO 
6.: 

Figure 4. Structure of the PhyDas system. The PhyDas system has a modular structure so 
partscan be easily repaired, changedor added. [VANOO] 

As shown in tigure 4 the PhyDas system has a modular approach using 
several interfaces for setup control and data acquisition. Each module, with its 
own interface, has a dedicated task. Most interfaces tunetion independently 
and are only connected to the PhyBus communication line. Nonetheless, most 
time dependent interfaces in this setup use the same clock signal from the 
MSI PCK clock-out. As shown the DDS-clock (Direct Digital Synthesizer) and 
the ASR (Analog Signal Recorder) are connected so the period of the 
transducer (and therefore the sample) is synchronized with the sampling rate 
of the ASR. The data recorded by the ASR is returned to the PC software, 
which calculates the magnetic moments and displays them on screen and 
writes them to a file on disk. The software also has a modular structure. 
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.-----:---.....,Ma in program 

--------~------------------------ --------------~Q~9Ie ____ _ 
· Hardware 

Setup 

Figure 5. Software structure. The software is built in a modular way so changes are easily 
made. 

The ma in program is ju st there to start the user interface and the cammand 
parser. The parser actually sends commands trom the interface to the 
different VSM hardware libraries. These libraries contain all the software 
routines to control the PhyDas interfaces and the data acquisition and 
processing. They in turn send their commands to the PCI hardware libraries, 
which are responsible for the low level communication through the PCI 
connector with the different PhyDas interfaces, or back to the user interface to 
update the shown information. 
By using such structure the user interface is more or less separated trom the 
rest of the software and new commands are added easily. When a new 
device is connected, only a new module and cammand in the parser have to 
be added. This makes it also easier to make changes or improvements. 
More on the structure and tunetion of the software can be found in [VANOO]. In 
the paragraph 2.3 the mentioned modules of the PhyDas system and software 
will be described more thoroughly. 
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2.3 Review of some possible improvements to the FNA-VSM 

2.3. 1 In the setup 
There are several problems in the setup that has to be solved. The most 
important is to reduce the vibrations of the piek-up coils. Although they have 
their axis parallel to the magnetic field and to the flux generated by the 
sample, the movement of the coils is still an important noise factor. lt might 
even be possible to imprave the sensitivity by a factor 10 if the piek-up coils 
are more fixed. This can be done by another coil-house between the poles of 
the external field coils. 

Another problem is the position and orientation of the sample. The sample is 
brought in to the measuring area with a probe, which hangs on the 
transducer. The probe has no orientation neither has the sample hanging at 
the probe, so orientation is done by hand, which of course is not very 
accurate. Doing some measurements while rotating the probe around its axis 
and then doing the final measurement with the optimized orientation optimizes 
the orientation. 
The other problem is that of positioning the sample in the middle between the 
piek-up coils. At this time a Perspexprobeis used, which is not symmetrical 
and not straight. Th is gives an extra possibility tor sample misalignment. A 
better fixation of the sample position would imprave the possibility to campare 
several samples. 

To decrease the vibrations further, air cushions could be used under the table 
holding the transducer insteadof rubber plates currently used. 

The problem of the vibrating piek-up coils and the positioning of the sample is 
be solved if a more rigid coil-house and coil fixation is used. lf the probe is 
made of a more rigid material, like Kei-F, a type of plastic, this would prevent 
undesirable swinging of the probe and would made it more straight. But also 
the magnetic moment of the probe should be small. Th is means using a less 
rigid materiaL 
A better orientation is done by making a probe with an oriented headpiece, 
which fits in to the transducer in only one manner. 

Another possible change to the system is not so much an impravement but 
more a simplification. lt involves combining two power sourees into one so 
they both fit into the system-crate. 

The PhyDas system ... 
The modular structure of the PhyDas system makes it easier to imprave its 
performance. Most of the different interfaces tunetion normally. There are two 
problems found. Many interfaces use a "floating" zero/ground intheir electrical 
circuits. Th is was done to prevent one device influencing the other. At the 
sametime this also gives the problem that a signal between two devices is 
not defined in a unique way. Alsó, electranies like the pre-amplifiers work with 
very low voltages (nV) and are therefore very sensitive. lf they are not 
shielded by a metal box attached to a ground they are influenced by signals 
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and fields trom outside the amplifiers-boxes. So some sart of earthing is 
desirable. 

A second impravement is to upgrade the DOS. The DOS should be able to 
reset itself when it starts or ends. Th is would reset the off-set of the generated 
sine-tunetion to zero. The current software routine is nat able to do this 
because the DOS interface is nat recognizing the command. 
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2.3.2 In the software 
Several modules in the software were requiring an impravement Especially 
the way the homogeneaus field is set for values near zero can be improved. 
At this timethereis a module called "Field.c", which contains all the software 
commands to control the field. This module gives low-level commands to the 
hardware libraries, which set the PhyDas interfaces through the PCI 
connection. 
The coils that create the homogeneaus field are connected to a power voltage 
supply. Th is supply is controlled by the output of the DAC interface trom the 
PhyDas system. The needed DAC value is calculated by camparing the 
current field, measured with a Hall-probe, with the required field. The required 
step size in the DAC value is calculated, so the DAC cannot make too large 
steps. When steps are larger then the maximum step size have to be made, 
the software makes the maximum step size until the Hall-probe measures the 
required field. Th is methad works fine tor fields far trom zero. In this far field 
region (trom 50 to 657 kAlm) the needed accuracy is not very high. For 
samples the most interesting field range is around -20 to 20 kAlm because 
most samples will show a switch in their magnetic moment when the 
homogeneaus field switches. Precisely in this range of small fields the methad 
described above shows its mishap. When setting the field around zero, all 
kinds of inaccuracies are important. The sensitivity of the Hall-probe, which is 
used to measure the current field, the sensitivity of the coils of the 
homogeneaus field and the reminance of the electramagnets are the most 
important on es. lf the software gets information trom the Hall-probe that the 
required field is not yet set, the software tries to correct this by resetting the 
coils. When working with very small field-step-sizes (many small steps around 
zero field) this gives the problem that the field will jump up and down, thereby 
lowering the accuracy as shown in tigure 6. 

2-11 



Impravement of a Vibrating Sample Magnetometer 

8 

6 
• •=• ··---···· ./ 

\ 

4 

2 .--. 
N 

E 
<( 0 I 
E 

b -2 ..-
x 

E -4 -

-6 -

-8 - • ....... ;:;;;1""··-··~ ~ . 
-10 

I I 

-8 -6 -4 -2 0 2 4 6 8 

H (kAlm) 

Figure 6. Measurement of a sample in a small field range around zero field. Clearly shown is 
the error in field setting and in the calibration of the VSM. Measurement done with a 
Si02/Co(500 A) sample from -8 to 6 kAlm. 

This problem can be cancelled by the following procedure. lnstead of 
camparing the current field and the required field and then calculating how 
many steps in what size the DAC has to be increased or decreased, the use 
of a table would be better. This table provides the software a list containing 
the exact DAC value for each field in a smaller DAC values range. (The DAC 
can operate in several ranges.) For larger fields this cannot be done because 
it harms the electramagnets to go from a low field to a high field in just one 
step. Therefore the DAC-table methad should be limited to be used only in the 
range between -20 kAlm to +20 kAlm. 

A second software impravement should be made in the DOS library, if the 
DOS is adjusted in the way described before. The DOS would then need a 
reset cammand every time it starts and a reset/phase reset cammand every 
time it stops. At this time the software gives a reset command, which is not 
compatible with the hardware implementation in the DOS. 
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3 VSM Results 

3.1 lmplementation of improvements 

Because of the timeframe of the traineeship a selection had to be made of 
possible improvements. First choice was the coil house, because it was 
expected this would give the greatest signal improvement. Therefore a quick 
survey has been done to the magnetic properties of some materials that could 
be used. 

3. 1. 1 Materia/s 
When measuring the magnetic moment of a sample it is important the 
background signa! is as low as possible. Therefore the material for the coil 
house and probe should have magnetic properties much smaller than most 
samples. On the other hand the materials should be rigid enough to minimize 
vibrations of the coils or the vibration of the probe. 
Three materials that can be used are: Kei-F, ertallite and Perspex. Kei-F is 
very rigid, Ertallite and Perspex have good magnetic properties. All these 
materials are diamagnetic. 
In figu re 7 the magnetic moments against fields from -1 000 to 1 000 kA/m are 
shown. 
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Figure 7. Measurements of the magnetic moments of KeiF, Ertallite and Perspex. All 
measurements are done with SQUID. The samples had the same size and volume. 

From tigure 7 table 3 can be derived. 

Table 3. Magnetic moments measured in SQUID. The right column shows the field deritive of 
the magnetic moment. 

Material Magnetic momenUfield 
(mAm2/kAiml 

Perspex (-6.03 ± 0.01)-10-tS 
Ertalliet (-7.53 ± 0.02)·10-ll 
KeiF (-1.53 ± 0.01)-10' 
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These results show that Perspex has the smallest magnetic moment at each 
field in the given range. 

3.1.2 Coil house 
During the building of the VSM the coillocations were already optimized, the 
new coil house will be designed with the present locations of the piek-up coils 
as specific design parameters. To prevent the coils trom vibrating caused by 
the transducer the coils completely fit in to the coil house. To dampen the 
vibrations trom the surroundings the material the house is made of, should nat 
be fully rigid. Aftersome measurements, Perspex shows to have the best 
magnetic properties tor this purpose. Perspex has a diamagnetic moment 
over the field of (-6.03 ± 0.01) ·10-8 See table 7. 
Figure 8 shows the new design. 

Figure 8. New coil house. 

A technica! drawing of the new coil house can be found in appendix A. 
The new house wil I tightly fit around the care of the coils that create the 
homogeneaus field tor extra stability. Unlike the old coil house the new will 
have a probe guide. An unexpected problem had to be solved because the 
old probe had some anomalies such that it did nat fit into this guide. A new 
Perspex probe has been made, its diameter was toa large. lt did fit into the 
probe guide in the coil house but the friction appeared to be toa large for the 
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transducer thereby reducing the amplitude. To solve this problem a new probe 
of Perspex was made with only a straw on at the tip holding the sample. Th is 
a lso further reduced the magnetic contri bution of the probe to the 
measurements. The specific u se of the probe guide was lost. 
To reduce the noise from vibrating cables they are attached to the coil house 
and shielded. 

A second impravement has been made later on. lnstead of rubber plates, air 
cushions are placed under the table that holds the transducer in its place. 

Another impravement made is a new voltage power supply for the PGA 
(Programmable Gain Amplifier) and the pre-amplifiers. In the old setup both 
had separate power supplies, which did notfit in to the setup crate. Th is was 
done to prevent interference. In the new design there are still two power 
supplies but now in one box which fits in the setup crate. A print layer layout 
of the electrical circuits can be found in appendix B. 

Modifications are made to the DOS. lt has been redesigned to reset itself at 
startup and shutdown. Hereby the offset will always be zero. However these 
modifications created another problem. The interface between the PhyDas 
system and the attached computer stopped functioning. This probably was 
related to the PC I-interface on the motherboard of the PC. lnstalling a nother 
PC solved the problem. 
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3.2 lmplementation of software improvements 

Several modifications have been made to the software. Some were only for 
debugging or cantrolling constants and parameters. Others involve how the 
modules worke. Only the larger changes are described here. Smaller changes 
are documented within the software itself and only concern debugging. 

The largest change is made in how the software controls the PhyDas system 
around zero field. For this reg ion, trom -20 kAm to +20 kAm, a different 
sequence has been written in the field.c module. This new sequence does not 
calculate the next DAC value trom the current field and DAC value but uses a 
table with DAC values to set the field. By doing so errors in the measurement 
and setting of the field are not added to each ether. Results of this new 
sequence are shown later. 

To use the new DOS features a few lines of programming were added to the 
software to use the new reset I phase reset function. The used commands are 
given in the DDS-manual [DDS]. 
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3.3 Resu/ts of implemented improvements 

3.3. 1 Stability 
The stability of the VSM is determined by the stability of its parts like the PGA 
(Programmable Gain Amplifier) and signal enhancers. Todetermine the 
stability long time measurements were done. Normally such measurements 
would take up to 16 hours but due to technica! and software problems no 
measurements of this period were done. 
To neglect the noise contribution trom background noise trom e.g. the 
diamagnetic probe a sample with a large moment was used, in this case a 
fully saturated nickel sample, with a magnetic moment of 1.47 ·1 o-1 mAm2

. The 
measurements were done directly after enabling the hardware. 
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Figure 9. Measurements over a period of approximately an hour. These measurements were 
done at a constant magnetic field of 241 kAlm and one measurement per minute with 11 s 
inlegration time was done. 

Heating of the electrical equipment and stabilizing of the transducer frequency 
and amplitude probably causes the observed drift. Because the small time 
frame the measurements are taken in it is not possible to get a good 
impression of the overall stability of the VSM. The stability in tigure 9 at a bout 
60 minutesis less than 0.3%. In the old situation this end u red tor over 150 
minutes. 

3.3.2 Background signa/ 
Important are the improvements in the background signal. Most of the 
sensitivity problems with the VSM are due to vibrations of the piek-up coils 
made by the transducer. Another problem is the background signal produced 
by the magnetic moment of the probe and dirton it, mostly the remainings of 
samples. As told, to minimize the vibrations of the piek-up coils a new coil 
house has been made. Also air cushions are placed under the table holding 
the transducer so vibrations through the ground are limited. 
To measure the background signal two measurements are done. The first one 
is done with the probe in upward position attached to the transducer. This will 
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keep the weight on the transducer the sa me without the prabe hanging in the 
sample area. This cancels the risk of any contribution to the measured 
magnetic moment. The result is shown in tigure 10. 
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Figure 10. Measurement of the background signal without the probe in the sample area_ The 
measured moment is the result of the vibrating coil house and vibration of the piek-up coils_ 
Only the x-component is shown_ 

Compared with [V ANOO] this result shows a ten times imprave ment. The 
same measurement is done with the prabe hanging in the measurement area. 
The result is shown in tigure 11. 

4 

3 

NÊ 
<( 2 
E .., 
0 
:::;.1 
ë 
~ 0 
0 

:::2: 
0 -1 
~ 
c 
g> -2 

:::2: 

-3 

• 

L\_. . ·-·~ • \. ___ ·-

-800 -600 -400 -200 0 

""· 
"-~· 

-~----·----. ---. 
~. 

""· ""· 
200 400 600 800 

H (kAlm) 

Figure 11. Background signal measurement with the probe in its normal position_ Only the x
component is shown. 

Th is result seems the sa me as in tigure 10. By [V ANOO] it is shown that when 
the prabe contribution still existed it would be opposite to the vibration noise. 
Figure 11 shows raughly the sa me as tigure 10. Th is concludes that the probe 
contribution is much smaller compared to the vibration noise, which of course 
is an impravement On the other hand the vibration noise itself is a bout 1 0 
times smaller compared to the original set-up. The old value at 300 kAlm 
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equals 1.25·1 0-
3 

mAm
2 

while the new value at 300 kAlm equals 1.5 ·1 0-
4 

2 
mAm. 

3.3.3 Sensitivity & first resu/ts 
Because of time no thorough stability measurements are done yet. Still a first 
measurement has been done. The result is shown in figure12 
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Figure 12. Measurements toa Si20/Co(500À) sample. The blocks marktheresult going from 
positive to negative field. The triangles show the result from negative to positive field. 

In this tigure the improvements made to the field setting are shown. The field 
is no longer jumping around zero but is steadily increasing or decreasing. On 
the other hand it is a lso shown that the cal i bration of the field setting and 
measured moments is not perfect yet. The theoretica I value of the x
component of the magnetic moment of the sample is 1.33-1 o-3 mAm2

. 

Measured trom the distance between the highest and the lowest value the 
experiment above shows a magnetic moment of 1.72±0.08-10-3 mAm2

. A full 
calculation of this moment is given in appendix D. Most likely the ditterenee is 
caused by a calibration error in the field setting and the value for mx and 
measurements of the size of the sample. 
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To see it these improvements result in a greater sensitivity measurements are 
done to a Sh0/Co(1 OÀ) sample. The result is shown in tigure 13 
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Figure 13. Measurement of a Si20/Co(10Á) sample. Again the blocks marktheresult going 
from positive to negative field. The driftshownat positive field could be caused by a 
calibration error. 

Just tor qualitative comparison to [VANOO], one could derive trom tigure 13 
that the sensitivity may be smaller than 1 o-5 mAm2 because smaller steps in 
measuring the magnetic moment are shown. 
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4 Conclusions and Recommendations 

4. 1 Conclusions 

Several improvements to the VSM are made in the mechanica! and electrical 
set-up as well as in the software. First measurements show the sensitivity has 
most likely improved and may besmaller now than 10-5 mAm2 (10-5 emu). 
lt is shown that the background signal caused by the probe is cancelled out 
and vibration noise is about ten times smaller. As a result the background 
signal around zero field has increased because contributions from vibrations 
and the probe no langer cancel each other out. 
The choice to use Perspex has been made upon results that show that 
Perspex has a smaller diamagnetic moment than Kei-F, which is more rigid 
though. 
With the new probe and coil house not only the background signal has been 
reduced, also the positioning of the sample is more consistent. The orientation 
is still a problem and can only be optimised manually. 
Although exact measurements were not completed because of a software 
bug, causing the system tostop afterabout one hour, the system seems to 
stabilise in a shorter time compared to the old set-up. 
The step size of the power system to the electramagnets is not small enough 
yet but the improvements to the software and DOS show a more stabie and 
steadily increasing or decreasing field, even around zero. 
Because a good calibration could not be done, first other problems had to be 
solved, at the moment the results are not optimised yet but overall the system 
seems to be improved. 

4.2 Recommendations 

First recommendation is to do a good calibration. Th is is a problem for which 
the precise actions in the software should be analysed to see how the 
software handles the input in the calibration module. The description in 
[V ANOO] is insufficient because after doing one calibration, a second does not 
give a zero result. 
After calibration, measurements to the sensitivity can be done. Count 
measurements at one field setting and determining the spread in the results 
could then be done. 
Todetermine why the system stops functioning afterabout one hour most 
likely a good analyses of the involved software modules would help. lf 
corrected, a good long lasting stability experiment, about 16 hours, is needed 
to teil the exact stability. 
Furthermore, there are also some improvements to the set-up that could be 
applied. The orientation of the probe still has to be done manually. lt would be 
easier to fix the orientation of the probe and the attachment of the sample to 
the probe in some way. The easiest is to fix the orientation of the head of the 
probe to the transducer. 
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Around zero the field setting still is notaccurate enough. Besides the software 
improvement, which makes it possible to make smaller steps also the power 
supply to the electramagnets should be modified to make smaller steps more 
accurate. Perhaps a separate power supply for smal! fields solves this 
problem. 
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Appendix B 
Schematics of the new power souree 
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Appendix C 

Conneetion scheme of the PhyDas system 
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Appendix D 
Ca/culating the theoretica/ value of the magnetic moment of Co-500 

Given a Co-500 sample with the dimensions in table 1. 

Table 1. Dimensions of the Co-500 sample 

x 4.03 
y 5.50 
z 430 

The volume is then: 9.52·1 o-13 m3 

For Co: the magnetic saturation factor is: 1. 76T=1.4·1 03 kAlm 

1.40·106 x 9.52·10-13 = 1.33·10-6 Am2 = 1.33·10-3 mAm2 
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