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The angle between the polarization plane of the analyzer and the modulator direction is
normally set at O (in MOKS3 horizontally). Fine adjustment can be obtained by
monitoring the detector signal on a scope and minimizing the AC signal. Best results are
obtained by rotating the analyzer 1-2 degrees from this minimum.

Typical settings of the lock-in amplifiers are given below:

ONE-w signal: 300 mseconds, 500 mvolt, A input, 18 dB filter, Harm1, ratio AUX1, X-
signal, pos. edge, display, AC, float.

TWO-w signal: similar but Harm2 instead of Harm1.

The time-constant of the Hinds signal conditioner should be set equal to those of the lock-
in amplifiers. A time constant of 300 mseconds should allow you to sweep field with a
speed of 100 Amp/second without introducing electronic hysteresis.

Figurel.7:Electronic setup
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1.2 Data acquisition system.

The data acquisition is done by the standard LabView data-acquisition program. This
program is basically an XY-writer written in LabView which runs on the Macintosh
computer available at the NHMFL. The program can be found under

“apple/labView/NML data acquisition. The program will start two different windows.

One in which you can enter all the equipment and their addresses which are connected to
the GPIB interface of the computer. The other window shows the data in graph form and
gives all kind of options. Most of it is explained in Fig. 1.8.
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Figurel.8: Data acquisition system showing the dllipticity-field relation for 9 monolayers of
epitaxial (001) iron sandwiched between gold.

1.4 Cryogenics.

The normal cryostats used for the resistive magnets consist of the Helium reservoir (inner
bucket), the nitrogen reservoir (outer bucket), and a tail (see Fig. 1.9).
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The nitrogen reservoir is completely isolated from the surroundings and the Helium
reservoir by a double-sided wall separated by vacuum. Before starting the experiment one
should assure oneself that this isolation vacuum is still sufficient. Pumping for _ to 1 hour
on it should be sufficient. The tail contains an aluminum shield also isolated from the
inside and outside of the tail by a vacuum and fishing-wire. The aluminum shield is
thermally connected to the liquid nitrogen bath.

Before starting the cool-down procedure one should check if the vacuum jacket fits in the
cryostat. The vacuum-can constrictor on the tail of the vacuum jacket has to be adjusted
so that the sample will be at maximum field (see the markings, cell 3 respectively cell 5,

on the tail of the cryostat

First step is to clean the Helium reservoir and tail of the cryostat. Any water or dirt
should be removed. A special cleaning stick is available near the Kerr probe. After this,
one should close the ports of the liquid helium reservoir, evacuate the reservoir, and refill
it with helium gas (repeat this action two times
Leave the cryostat connected to the helium gasg
bottles with a slight (~0.5 psi) over pressure.
Next step is to fill the outer bucket of the
cryostat with liquid nitrogen. It will take
approximately 1.5 hours to cool down the
cryostat to 70 Kelvin. In the meantime we can
cool the probe down to liquid nitrogen
temperature in one of the pre-coolers available
the NHMFL. The pre-cooler is an isolated tubeFigure 1.9: Cryostat

(OD=4") of 2 meter which can be filled with

liquid nitrogen. Cooling down is best done with a small quantity of Helium exchange gas
inside. Please be sure to purge the lines several times with helium gas because any air
which enters the system will condense on the sample and distort your measurement
results (the Kerr rotation of water is 4.4 mdegueein 20 tesla). Furthermore the ice

crystals will scatter the light and decrease the measured values drastically.

When the cryostat is cooled down, the inner bucket can be filled with liquid helium. This
filling should be done via the small tubes, and care should be taken not to let any air
inside. Another 10 minutes should be waited to let the tail of the cryostat cool down till
liquid helium temperatures.

When loading the probe into the cryostat special care should be taken not to let any air
into the cryostat. The probe should be lifted with the crane and lowered till just above the
cryostat. At that moment another person should remove the clamp and end cap (not the
cryostat O-ring) of the helium reservoir and immediately place a rag over it. The probe
should be lowered slowly (15 minutes) into the cryostat while wiping the frozen air of
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the vacuum can tail and keeping air from getting into the liquid helium reservoir. The holes
in the constrictor should be opened up with an allen wrench before lowering it into the
cryostat. After completion the liquid helium bath can be closed up with the ladish-quik-
connect combination around the tube of the vacuum jacket. Be careful not to freeze the
cryostat O-ring as it will not work in a frozen state. Before proceeding one should pump
down the probe for ten minutes to remove the helium exchange gas. This will reduce the
liquid helium consumption, reduce the Kerr rotation background, and improve the
temperature control.

The temperature can be measured via a Cernox temperature sensor. Its leads are connected
to the Detoronix connector at the top of lower course.

The range of the temperature control depends on the type of rings (Fig. 1.1) used in the
sample stage. With the copper rings the temperature can be controlled from 2-160 Kelvin.
With the G10 rings the higher temperature interval can be accessed (50-325 Kelvin).

1.5 Vacuum and Magnetic Shielding.

The Kerr rotation from the air in the vacuum jacket is approximately 440 mdegrees (over
20 tesla) for the magnet of cell 3. For measurements in the mdegree range it is therefore
necessary to evacuate the probe. At NHMFL several pump combinations are available. If
one decides to put a pump on the magnet platform, one should realize that it is better not
to use a turbo-pump when the magnet is on. This in order to avoid that the blades will
crash.

Most of the optics, including. lens, vacuum window, modulator, analyzer and polarizer, is
shielded. The materials used to shield are magnetic irop-ametal. One should realize

that the forces on these magnetic materials can be quite large. The weight of the lens shield
will increase by more than a factor of five when ramping up the field to 20 tesla.

For thisreason one should not remove the probe, or any of the shielded objects
when the magnet is on.

This is in order to avoid dangerous situations. Always check to be sure the probe is
tightly secured in the cryostat before ramping up the magnetic field.

Although the shields have only a small effect at 633 nm, their presence is crucial at the
shorter wavelengths.

2. Background Information.
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2.1 Measurement technique [4].

In this section the mathematical background of the used measurement technique is
presented. Consider the optical setup of Fig. 0.4. The phase shift introduced by the
PEM, 9§, can be described by:

0 = 9§, sin(2mt)

Whered, is the modulation depth, p is the modulation frequency of the PEM (=50 kHz),
and t is the time.
Then the intensity of the light on the detector can be described by:

2 AR
= - R+ ——Sin(&) + Rsin(A0 + 2) cosd

where E depends on the laser intenditihe angle between the analyzer and the
modulation direction of the PEM, and the parametei8AHRandA® properties of the
sample which are defined as:

R= ;(n2 +r.?),AR=r,2-r2A0=0, -6

and ¢ ande, are related to the Fresnel coefficieng’. We have assumed thsR/R
<<1.
The MO parameters (Kerr rotatiody, and Kerr Ellipticity,n, ) can than be expressed

as.
V-NC, DR
O T o1 T g

The intensity of the light at the detector can be written as:
I'=1(0) +1(p) sn(2mpt) + | (2p) sin(4rpt) 4

where:
1(0) = 1,R[1+ J, (,) SiN(AB +29) |
1(p) = 1,ARJ,(6)
1(2p) =21,RI,(J,) Sin(AB +2¢)



MOKS3: A high field Magneto-Optical Kerr probe. 5/13/99 19

whered, is the retardation amplitude (in rad) is the phase shift upon reflection

between the LCP and the RCP incoming light {e/8mE2and J, J, and J are the 8, 15!

and 29 order Bessel functions, respectively. Fig. 2.1 shows a graph with these functions
for arguments smaller than 10.

Assuming that the amplification factor for
thew and the & component are the same w
may write:

1(p) _

BJ, (&, =4BJ, (4

0 L ( ) 1 ()10,

1(2p) _

10
where B is the ratio between the AC and tr
DC amplification of the silicon detector e 2.1: The Bessel functions Jo(x), Ji(x), and
amplifier and the signal conditioner. J2(X).

= BJ,(8,)2A6 = -BJ,(8,)6,

2.2 Calibration

Calibration of the system can be obtained in three different ways:

®* Measuring a standard sample from which the effects are exactly known.

®* Measuring the Kerr rotation background with 1 atmosphere nitrogen gas in the probe.
One should not use air as water will condense on the sample surface, even if the probe
is not cooled. The nitrogen background for cell 3 was about 22 mdegree/tesla. This
technique will not work at low temperatures.

®* The 2o signal has the same sensitivity for the Kerr rotation signal as for the angle of
the analyzer. From accurate measurements ofatres2 function of the analyzer
angle at -4, -2, 0, 2, and 4 degrees one can calculate the calibration factor for the Kerr
rotation signal.

The calibration factor for the rotation () and ellipticity (Ay,) are related with each

other via the following equation:

. J4,(9)
A =-4 Aell J(5)

In which J and J are the first and second Bessel functions (see Fig. 2.2.8) athe
modulation depth of the PEM. Table 2 gives some values,gfA4 for different values
of the d.
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Table 2: Estimated calibration ratios for different modulation depths.

Lo description Aot Aol Al
2 maximum 1o sensitivity 0.3 0.5

24 real DC signal 0.4 0.3

2.6 J1(d0) = H(Sp) 0.45 0.25

T maximum 20 sensitivity 0.5 0.2

The third column of Table 2 gives thg,Xor the case the ratio of the DC amplification
and the AC amplification is equal tol. The amplification factors of both signals can be set
by set-screws in the signal conditioning unit of HINDS.

2.1 Specifications MOK 3

light source: linear polarized HeNe laser 632 nm (1.96 eV), 2 mW.
polarizer/analyzer: Glan-Thompson, Glan-Laser
noise (100 nm Fe film): smaller than 0.5 mdegree
reloading time: room temperature: 15 minutes
liquid helium temperature: 2 hours
background in vacuum: ellipticity signal: assymetric 0.5 to 1 mdegree/tesla
rotation signal << 2 mdegree/tesla
measurement mode: polar Kerr, longitudinal Kerr, polar Faraday
sample space: 2 cm diameter, 2.5 cm height (with heater)
2 cm diameter, 3 cm height (without heater)
Liquid / Gas cells: Hellma Cell Inc.: 718-544-9534, David Friedmann
Pressure cells: Diamond anvil cell: ask Stan Tozer
Data acquisition: Data acquisition NML © Scott Hannahs
beam diameter: 2mm
temperature range: 2-160 Kelvin (with copper rings)
50-325 Kelvin (with G10 rings)
heater: 50 ohm, 5 Watt
temperature sensor: Cernox number x01974

electrical feedthrougtt9 pins Detoronix

Trouble shooting list: UNDER CONSTRUCTION
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