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Appendix 

Device Fabrication Techniques and Transport 
Measurement Facilities 

 
hysics in low dimensions often exhibits exotic 

phenomenon that is different from the large scale. To 

study how the magnetism in condensed matters behaves 

when confined in two-dimensional system is the motivation of 

this thesis. The devices studied in this thesis were all fabricated 

in sub-micron scale. Because of the small size of the device, 

the absolute value of the signal is often smaller compared to 

bulky samples. Therefore, it also requires sensitive electrical 

measurement technique in order to detect the subtle 

changes when some effects occur. Here, I will mainly focus on 

the basic steps of micro-fabrication techniques and the 

principle of lock-in detection. 

 

P
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A.1 Micro-fabrication 

A.1.1 Electron beam lithography 

Electron beam lithography, often abbreviated as EBL, is a high versatile technique 
for designing the electric circuit at nanoscale. It sits at the center of the modern 
micro-fabrication process, where many other relevant steps require successful EBL 
writing with as much as high resolution.  

The EBL system contains two parts: one imaging system and one patterning 
system. The imaging system is a standard scanning electron microscope, which has 
an acceleration voltage up to 30 kV. The patterning system relies on the precise 
movement of the sample stage. During exposure, the electron-beam is fixed in one 
direction, and the sample moves with stage to the desired position. There are 
several useful concepts used in EBL and will be explained briefly as follows. 
 UV coordinates. It is important to let the system know the correlation 

relation between the stage position (XY coordinate) and the sample design 
(UV coordinate). Under two dimensions, three points will determine a plane. 
So in this step, we consequently look for three characteristic positions in the 
imaging system with their relative distances known. Normally, these 
positions will be three big makers in our pre-defined coordinating system. 
After locating one position, we adjust the UV coordinates to this position.  

 Write-field alignment. In order to let the system knows exactly where should 
the electron beam go, it is necessary to calibrate the beam with the marker 
on the wafer. We do two steps alignment. First, before we start setting the 3 
points for building up the UV coordinate, we align roughly at a “dummy 
wafer” with some patterns on it far away from the as-exposed wafer. The 
purpose is to limit the chance of exposure of the device by mistake. The 
reason is that for each alignment, the imaging system has to peep the 
actually spotted position the electron beam locates. Although it is not a 
really high dose exposure, the resist can still react with the electron. 
Sometimes when the alignment of the beam is really poor, the adjustment 
distance of can be very large, which will cause the unexpected exposure. 
Second, we use the local marker close to the desired exposure position to do 
a fine alignment again to make sure the accuracy of the following writing. 

 Working area. It defines the area that will be exposed in one step. Normally, 
the size should be equal to or smaller than the write-field. There will be 
problem if the size is bigger than the write-field, because then the working 
area will be divided into several small pieces according to the size of the 
write-field and the center of the first piece will be away from the desired 
position, causing shift of the whole structure. 

 Stitching. It is not always feasible to put all structures in one working area 
without sacrificing the accuracy. Because in this case, we are forced to use 
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large write-field in order to fit the working area without position shift. 
However, large write-field means the beam will be diverted by the 
electromagnetic field to reach the outskirt of the write-field, which will cause 
the misalignment to the design. In order to solve this problem, we use 
stitching technique. The idea is to divide large structure into smaller 
working areas manually and overlap each one a little bit with its adjacent 
neighbor. For example, in Figure A.2a, we show the design of our Pt EDLT. 
The electrical contacts are divided into a small and big structure, 
respectively (Fig. A.2b, c). For the small (big) structure, the working area 
(and equals to the write-field) is 120 μm (600 μm) and the stage movement 
is 115 μm (580 μm), which leads to 5 μm (20 μm) stitching area. This 
technique will prevent the contact discontinuity caused by inaccurate writing 
when two working areas are placed next to each other. 
The time to expose a given area for a given dose is given by the following 

formula: 

 D × A = t × I (A.1) 

where D is the dose, A the exposed area, t the time and I the beam current. For 
minimizing the exposure time, we use as large current as possible. However, larger 
current causes more serious proximity effect that will broaden the structure. Since 
current is proportional to the aperture size, in addition, larger aperture will also 
lead to bigger exposure variation. 

Another factor determining the time is the dose. The dose reflects the 
electron interaction strength with the resists. Depending on the acceleration 
voltage, electrons interact stronger or less with the resist. This can be in analog to 
the bullets. High acceleration voltage leads to electrons with high kinetic energy 
that as well as the Different resists or substrates require different recipes. Before 
writing structures of new system, dose test is always recommended. The recipes of 
various resists used in this thesis are listed as follows. 

In our institute, a Raith eLiNE lithography system is used for writing 
features with accuracy as high as 20 nm using small aperture (10 μm) and write 
field as large as 2.4 mm. 

Before loading the wafer into the system chamber and exposing with electron 
beam (e-beam), we must design the structures first. Our group developed a 
technique using AutoCAD software to design the EBL structure. This software 
especially benefits the electrode design of layered material microflakes. By aligning 
the photos of flakes on marked wafer taken under microscope with the pre-defined 
coordinate system we input into AutoCAD, we can easily draw the electrical leads 
and bonding pads without interfering with dirts and other impurities en route. At 
last, we converted the file format from .dwg into .dxf and upload it to the eLiNE 
software. 
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Figure A.1 The outlook of the Raith e-LiNE lithography system. Two monitors are necessary for 
viewing the imaging and patterning systems at the same time. 

In order to save exposure time, we normally divide the whole structures into 
a small one and a big one with roughly 600 μm2 and 1800 μm2 in size, respectively 
(Fig. A.2a). For the small structure, we use 120 μm2 write field, 20 μm aperture 
and stitch 5 μm (Fig. A.2b). For the big structure, we use 600 μm2 write field, 120 
μm aperture and stitch 20 μm (Fig. A.2c).  

In addition, because the dose is proportional to the acceleration voltage of 
electron gun, we use 10 kV for the big structure and decrease the dose to 1/3 of the 
one for small structure with 30 kV (Tab. A.1), which also saves time of exposure.  

Table A.1 The parameters of microfabrication with various e-beam resists. 

Resist PMMA ZEP-520A ma-N 2401 

Spin coat (rpm|s) 4000|60 6000|30 6000|30 

Bake (°C|s) 180|90 150|180 100|30 

Voltage (kV) 30 10 10 30 

Dose (μC/cm2) 500 180 16 240 

Developer MIBK:IPA=1:3 n-Amyl acetate ma-D 532 

Develop (s) 45 40 240 

Stopper IPA MIBK:IPA=1:3 DI H2O 

Lift-off solvent Acetone NMP PRS 

Lift-off T (°C) 50 80 80 
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Figure A.2 (a) AutoCAD design of the Pt electric double layer transistor. (b) The small structure 
for higher resolution with small write-field (120 μm). (c) The big structure for lower resolution 
with big write-field (600 μm).  

A.1.2 Deep-UV optical lithography 

The most common way to prepare high quality layered materials so far remains 
mechanical cleavage with scotch-tape method. After cleavage, the substrate is full 
of small flakes with various thickness and size. Because the position of the desired 
flake is uncertain, it is required to distinguish roughly the quality of the flakes 
under microscope. Later, for depositing the electrical contacts, it is necessary to 
locate the position of the flake. 

For the convenience of patterning, pre-marked substrates are used for 
studying cleaving layered materials. The markers are made with deep-UV optical 
lithography with the EVG-620 Deep-UV Mask Aligner system (Fig. A.3) following 
the recipe described below (Fig. A.4). The general procedure of the 
photolithography is listed as follow.  
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 Substrate cleaning: The Si wafer with 300 nm oxidization layer (SiO2) is 
blown with dry N2 gas and O2 plasma successively. In extreme case, piranha 
solution (H2O2 (25%):H2SO4 (97%) = 1:2) is used for thorough cleaning of 
organic residues. For pristine Si wafer, to remove the intrinsic surface 
oxidization, HF solution (1-5%) followed by RCA solution (H2O2 
(25%):NH4OH (25%):H2O = 1:1:5) are used. 

 Spin-coating: The cleaned wafer is then baked on a hot plate at 180 °C for 
120 seconds to remove absorbed water molecules. Immediately after baking, 
the wafer is transferred to the spin-coater. Primer 1,1,1,3,3,3-
hexamethyldisilazane (HMDS) can also be coated prior to resists. The -CH3 
groups will bond to the Si atoms, forming a hydrophobic surface that is good 
for metal wetting. Afterward, the photoresist OiR 906-12 in EEP/MMP 
solvent is dropped in the center of the wafer followed by spinning at 5000 
rpm for 60 seconds to reach a thickness of ~1 μm. The wafer is then baked 
on the hot plate for 60 seconds at 95 °C.  

 Alignment: The Cr-coated glass shadow mask is placed on top of the wafer 
for partially blocks the light from reaching the wafer, creating a pattern. 
After sliding both into the system, we align the shadow mask with the 
marker on wafer through a microscope. For preparing the pre-defined 
markers, it is not necessary to align precisely as long as the structure is in 
the center of the wafer. The distance between the mask and the resist plays 
a role to the resolution. In alignment mode, the mask is not contact with the 
wafer to prevent scratch. After alignment, the mask will be pressed hard on 
the resist layer by vacuum in order to increases the resolution. 

 Deep-UV exposure: In modern lithography, light is used for decomposing the 
polymer chain. The shorter the wavelength of the incident light, the higher 
the resolution is. When the feature size of the pattern is close to the 
wavelength, interference effects may lead to blurry details, such as rounded 
edges of the pattern. Depends on the resists being used, the exposure time 
varies from few minutes to hours based on doses. The deep-UV light (240-
350 nm) in this system is generated by Hg-Lamp that needs to be cooled for 
30 min after using.  
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Figure A.3 The outlook of the EVG-620 deep-UV mask aligner system for photolithography 
produced by EV group. 

 

Figure A.4 The schematic flow chart of the UV lithography procedures for making pre-defined 
markers. 
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A.1.3 Magnetron sputtering 

Magnetron sputtering belongs to a kind of physical vapor deposition technology. 
During the deposition process, the target material is ejected to the substrate due to 
bombardment of the ions that are ignited in the form of plasma.  

The platform we used in this thesis is a magneton sputtering system 
produced by Kurt J. Lesker company (Fig. A.5). This system comprises of a 
process chamber and a load lock. The load lock integrates an ion etching system 
for surface cleaning. The process chamber is connected with the load lock with a 
gate valve, which is able to maintain a high vacuum during leisure time. There are 
in total six target pockets, including one RF target (normally for dielectric 
materials).  

We use the magnetron sputtering system mainly for fabricating the metal 
channel of EDLT. Because the metal flux produced by sputtering contains higher 
energy, the film quality in terms of signal magnitude is higher. The procedures are 
shown as flow chart in Figure A.6.  

The substrate is first cleaned by oxygen plasma, mainly for removing the 
organic contaminants. Later, the substrate is spin-coated with PMMA resist at a 
speed of 4000 rpm for 60 s. After the e-beam writing and development as 
mentioned before, the substrate is loaded into the load-lock chamber, where the 
pressure is pumped down from ambient to below 3×10-5 mbar through turbo pump. 
Later, the substrate is transferred into the process chamber through a gate valve 
and waits until the pressure keeps decreasing till 4×10-7 mbar by a cryopump.  

The sputtering is initiated by Ar flow at a pressure of 3×10-3 mbar. The Ar 
plasma is accelerated through the electric field with power ~100 W and attacks the 
target. For acquiring homogeneous film, we stabilize the metal flux for 15 s before 
opening the shutter that blocks the flux from reaching the substrate. The 
sputtering time varies between materials and Ar pressure/power depends on the 
requirement of the film thickness and surface morphology. 
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Figure A.5 The outlook of the Kurt J. Lesker company produced magneton sputtering system. 

 

 

Figure A.6 The schematic flow chart of the fabrication procedures for making the Hall-bar metal 
channel (e.g. Pt) by magnetron sputtering.  
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A.1.4 Electron beam evaporation 

The next step is for fabricating the electrical contact, normally made of Ti/Au 
(5/45 nm). For semiconducting sample, the high contact resistance is a big issue 
because the Schottky instead of Ohm contact.  

Electrical transport measurement relies on good contact between the leads 
and the sample. One way to improve the contact is to make large contact area. 
However, limited by the size of the cleaved or CVD grown flake, it is not always 
feasible, which is why we have to be extremely careful in this step. The equipment 
we used in this thesis is a Temescal FC/BJD2000 bell jar deposition system 
produced by Ferrotec company (Fig. A.7). 

In vacuum systems, moisture and some organic molecules are detrimental to 
reaching low pressure. The lower the base pressure is, the cleaner the substrate 
surface becomes. However, to reach better vacuum also takes longer time for 
pumping. In practice, two methods are used to balance the consumed time and 
better film quality. The first one is to load the substrate into the process chamber 
beforehand. For example, the deposition is scheduled 8:00 in the morning, then 
substrate will be loaded the end of previous day before the laboratory closes, so 
that the process chamber can take the entire night for pumping. Another way is to 
evaporate trace Ti before depositing the desired material. Ti can absorb the 
moisture and organic molecule, and significantly decrease the pressure. It is worth 
noting that the substrate should be covered with manual shelter during the Ti 
cleaning process in order to prevent unplanned amount of Ti deposits on the 
substrate. 

For successful lift-off, several details need to be concerned. First, soak the 
sample in hot solution for enough time (>5 min). When the resist is dissolved and 
metal film is loosen from the substrate, keep bubbling the solution with a dropper 
or blow the wafer with liquid spray bottle. If this step is not continuous, the as-
lifted pieces may attach back to the wafer. It is very difficult to remove because 
the wafer is very clean after lift-off, so the adhesion can be very strong. Unless it is 
really not possible to remove some connected part (otherwise causing short-circuit), 
do not use ultrasonic bath or tape to help lift-off (despite they work) for the 
concern that this may be also detrimental to the channel/substrate interfacial 
contact. 
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Figure A.7 The outlook of the Temescal FC/BJD2000 bell jar deposition system produced by 
Ferrotec company. 

 

 

Figure A.8 The schematic flow chart of the e-beam lithography procedures for making the 
electrical contact (e.g. Au).  
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A.1.5 Exfoliation of layered materials 

In the past, it is generally believed that monolayer of atoms are not stable. On the 
other hand, the physics at two dimensions is of great interest, which stimulates 
scientists to come up with some techniques to obtain ultra-thin materials. In 2004, 
Andre Geim, Konstantin Novoselov and co-workers from University of Manchester, 
invented a method that is extremely simple. They proved (with observing the 
quantum Hall effect) that they obtained for the first time the isolated single layer 
carbon sheet, the graphene. 

The idea is just to peel the bulk graphite crystal layer by layer with Scotch 
tape. In the end, press the thin enough flakes onto a SiO2/Si substrate and there is 
a chance that single layer of carbon atoms can adhere to the substrate stronger 
than the flake because of the van der Waals force. In this way, the monolayer of 
materials can be isolated from the bulk crystal. Later, this method was proven to 
be universal to many layered materials, such as one of the biggest group 
transitional metal dichalcogenide. Despite the difficult of getting large flake, 
mechanical exfoliation remains the most successful method to obtain high quality 
thin flake of layered materials. In this thesis, we also adopted this Scotch tape 
method to obtain atomically thin films. For the simplicity of the device structure 
design, we cleave the flake directly on the pre-marked wafer. One extra step of 
EBL was performed to design a well-defined Hall-bar structure by etching away the 
un-necessary part with ion-milling (Fig. A.9).  

 

Figure A.9 The schematic flow chart of the procedures of defining Hall-bar of the exfoliated flake 
from layered materials. 
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A.2 Transport Measurement 

A.2.1 Lock-in technique 

The measurement technique depends on the device dimension and the signal/noise 
ratio. In our system, the sample size is in the order of a few square micrometers; 
the signal is normally in the order 0.1% of the measured voltage that is related to 
the maximum current sent to the system. For metallic system, the maximum 
current density is in the order of 109 A/m2, whereas is much smaller for 
semiconducting sample. This limits the signal to the order of nanovolts. To 
increase the data quality, we use the Lock-in detection technique, and the principle 
will be explained in the following. 

Lock-in technique is a kind of phase-sensitive detection (PSD) method. 
During the measurement, one Lock-in amplifier (Fig. A.10) is used as a signal 
generator with a particular excitation frequency (better to be a prime number, e.g. 
13 Hz), and the other Lock-in amplifiers are used as detectors to measure the 
response to the input current/voltage. 

In general, any generated voltage can be written as a sum of the products of 
multiple orders of resistance and current: 

 , (A.2) 

where Ri is the i-th order response of the measurement to the applied current 
√2 sin . The output signal is referred to the input signal with a 

particular frequency ω. The system noise Vs can be described by 
 √∆  (A.3) 

where Vin is the noise from the meter, N is the gain. If we do not limit any 
frequency range, the noise can be in the same order or even larger than the signal. 
The tremendous increase of the signal/noise ratio is ascribed to the application of 
band filter, which allows only a particular frequency to pass, and then the noise 
will be significantly reduced. The smaller the bandwidth ∆ω, the higher the 
resolution will be. 

 

Figure A.10 The illustration of the MODEL SR830 DSP Lock-In Amplifier produced by Stanford 
Research Systems. 
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The working mechanism of the phase-sensitive detection is as follow. The 
sample is excited (with constant current or voltage) at a fixed frequency by one 
Lock-in amplifier (from an oscillator or function generator), and the ac response 
signal after sample is sent back to the Lock-in amplifier for analysis. The signal 
from sample is 

 sin  (A.4) 

Lock-in amplifier also generates its own internal signal locked to the external 
reference, and is given by 

 sin  (A.5) 

The signal processing operation is simply by multiplying these two signals, 
so that 

 

sin sin  

											
1
2

cos  

													
1
2

cos 	. 

(A.6) 

Because the difference between ωsig and ωref is really small, so VPSD is equal 
to sum of an AC signal with frequency of ωsig + ωref and a DC signal, which has 
the amplitude equal to ½VsigVref. If the PSD output is passed through a low pass 
filter, then in principle we only measured the sample signal. For the case that θ = 
θsig – θsig = 0° (or ±180°), we measure a good resistive signal. If θ = ±90°, then we 
measure a perfect capacitor. 

 

 

Figure A.11 The schematic illustration of the electrical measurement setup of the ionic-gated 
transistor with constant drain-source voltage mode. 
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The measurements were performed with two Stanford SR830 Lock-in 
amplifiers using excitation frequency ~13 Hz, where longitudinal and transverse 
voltages (VL, VT) were monitored simultaneously. Electrical current I = 50 μA was 
sent to the devices through a custom-built I-V meetkast, which converts the AC 
voltage input into a constant current source. Longitudinal and transverse 
resistivities can be calculated according to: 

 
	

 (A.7) 

and  

 
	
	, (A.8) 

where l, w, t are the length, width and thickness of the Pt Hall bar. 
During ionic gating process, a DC gate voltage VG was applied between the 

channel and gate electrode through a Keithley 2450 source meter. Depending on 
the polarization of voltage bias, either cations or anions were driven towards the 
surface of channel. The gating experiment was performed at 220 K (slightly above 
the frozen temperature Tm of PIL) with VG scan rate of 50 mV s-1. 

To characterize the magnetic and electrical properties of the PIL-gated 
devices, we performed angular dependent magnetoresistance (ADMR) and field 
dependent magnetoresistance (FDMR) experiments. In ADMR experiment, the 
device was rotated continuously within sample xy plane with an angle ϕ between B 
and I while ρL and ρT were measured under a constant applied B field. In FDMR 
experiment, the device was fixed at a particular ϕ and resistivities were measured 
during sweeping the applied B field. 

 

Figure A.12 The schematic illustration of the electrical measurement setup of the ionic-gated 
transistor with constant drain-source current mode.  
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A.2.2 Physical property measurement system 

The physical property measurement system (PPMS) is a product of Quantum 
Design. PPMS is designed to perform a variety of automated measurements. It 
represents the highest standard in the low temperature physics field. The system 
used in this thesis is an old type PPMS Model 6000 (Fig. A.13) with temperature 
sweep range from 1.8 K to 400 K at an user-defined rate 0.01‐20 K/min and a 
magnetic field scan range up to ±9 T, however, due to the problem of the power 
supply, the reliable range is limited to ±6 T in our experiments. 

The sample space is purged with static He gas, which is particular good for 
the ionic gating experiment for the following reason. A technical problem we 
suffered during the experiment is the crack of the PIL at low temperature. Because 
of different thermal expansion coefficient between Pt film and glass-like PIL (after 
frozen), rapidly cooling applied in our experiment (in order to fix the gate-induced 
state as quick as possible) often builds up mechanical stress causing PIL to break 
at ~60 K. Associated with this pure mechanical process, electrically, the cracking 
of PIL manifests as a jump of the Rs due to the sudden removal of the gating effect 
(Fig. A.14). After cracking, the anomalous Hall effect can no longer been observed 
if we nevertheless cooled the system down to low temperature. The aforementioned 
crack problem is especially serious when there is a flow of cryogen gas blowing the 
sample space, which is the working mechanism of the Cryogenic Limited product 
introduced later. 

 

Figure A.13 The outlook of a Quantum Design physics property measurement system (maximum 
magnetic field 9 T, lowest temperature 1.8 K). 
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Figure A.14 A typical mechanical cracking of PIL in a failed device. The cracking results into a 
jump in the temperature dependence of Rs at ~60 K. The inset shows the image of cracked 
glassy ionic liquid taken in-situ. 

A.2.3 Cryogen free measurement system  

The cryogen free measurement system (CFMS) from Cryogenic Ltd is a physical 
property measurement setup that is equipped with a cryogen free superconducting 
magnet with an integrated Variable Temperature Sample (VTI) space (Fig. A. 15). 
The working temperature range is 1.6 K – 320 K and the magnetic field range is 
±12 T. Because of a limited He pot (~1 L liquid He4), the field ramp rate and 
magnetic field sweep rate are slower than the PPMS. The maximum field sweep 
rate is limited to 0.3 T/min and the continuous temperature ramp rate is 0.7 
K/min for cooling.  

The For the sake of ionic gating purpose, after applying gate voltage to the 
desired value, ionic liquid should be frozen as fast as possible. This will require a 
faster cooling rate. To achieve this goal, the needle valve is manually tuned to a 
larger opening and the pressure in the chamber increases to 30 mbar, so that the 
liquid He in the He pot is evaporating rapidly. However, due to the limited amount 
of reservoir, this process cannot last long. After the temperature on the sample 
position decreases by ~50 K (enough to freeze the ionic liquid), we turn down the 
opening of the needle valve to normal value depending on the desired temperature 
to be reached. Afterwards, the sample temperature will be increased a bit and the 
VTI temperature keeps decreasing. Eventually two temperatures will reach the 
same value and the PID-controlled program can take over the cooling process and 
maintains the set cooling rate automatically. 
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Figure A.15 The outlook of a Cryogenic Limited produced cryogen free measurement system 
(maximum magnetic field 12 T, lowest temperature 1.6 K). 

During the magnetic field scan, especially at lowest temperature we can 
reach with this setup (~2 K), the cooling power may not be enough to maintain a 
stable temperature while ramps the magnetic field at relatively fast rate. In this 
case, special care should be taken on the adjustment of the needle valve opening in 
order to increase the cooling power. However, this will affect the heat dissipation 
from the magnetic field scan, especially frequently passing the B = 0 T when the 
current switches the sign. 

A.2.3 Magnetic property measurement system  

The magnetic properties of the studied materials in this thesis were measured by 
the most sensitive type of magnetometer called superconducting quantum 
interference device (SQUID) MPMS XL-7, Quantum Design (Fig. A. 16). The 
sample was prepared as follow.  

For liquid sample, such as ionic liquids, first put a piece of diamagnetic 
cotton inside half of the sample capsule (normally the longer half). Then, put the 
capsule on a balance with accuracy of 0.1 mg and zero the weight. Later, soak the 
PIL into it and weight the sample carefully. At last, close the capsule with the 
other half and inset the closed capsule into a plastic straw. The straw is connected 
to the probe stick with kapton tape and is ready for measurement. 

For powder sample, similar to the liquid sample, cotton is used to fix the 
powder stable during applying magnetic field. Instead, the powder sample is first 
put in half of the capsule and is shaked to be compact. A small piece of cotton is 
press on top of the powder sample to further prevent the sample from moving. 

For thin film sample, the sample is directly attached to the plastic straw 
with kapton tape. If the film is grown on some wafers (silicon, sapphire, etc.), we 
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put the side with film next to the straw and glue the back side with tape, in order 
to prevent sample contamination for further measurement. For layered single 
crystal sample, we mimic the scotch tape method and isolate a small piece of thin 
layer material from the bulk single crystal and stick to the tape to the straw.  

For achieving good measurement, sample should be placed evenly along the 
straw direction, either in mass quantity or the shape of the sample. This is because 
a voltage signal coming from the pick-up coil detection of a magnetic flux change 
when the sample is moving up and down along the magnetic field direction. Later 
this voltage is converted to magnetic moment through fitting. Any asymmetry will 
lead to poor fitting and has influence on the results. The detail of the pick-up 
process is illustrated in chapter 6. 

  

Figure A.16 The outlook of a Quantum Design magnetic property measurement system 
(maximum magnetic field 7 T, lowest temperature 1.8 K, sensitivity 5 x 10-8 emu). 



 
 

 


