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Lakeshore Hall Probe SOP

The Lake Shore 7507 Series Hall effect/electronic transport measurement system
(HMS) is designed to measure electronic transport properties of electrically conductive
materials. It utilizes a 7 inch electromagnet and can produce magnetic fields of
10kGauss. The Hall system software controls the instrumentation (current, voltage,
magnetic field strength) during an experiment and determines sample resistance,
resistivity, Hall coefficient, Hall mobility, carrier concentration, or current-voltage
characteristics. Hall effect measurements are the most frequently used means to
determine carrier type (electrons or holes), mobility, and carrier density in
semiconductor material. Hall effect measurements are used to characterize properties
of a wide variety of electronic conductors, including semiconductors, metals, and
superconductors, thin films, heterostructures, and bulk materials (single crystal or
polycrystalline). Typical semiconductor materials include Si, Ge, GaAs, GaN, AlGaAs,
CdTe, HgCdTe, SiC and others. Other samples commonly tested include
magnetoresistors, GMR films, high temperature superconductors and magnetic
materials.

Prerequisites for operating the Lakeshore Hall Probe:

a) Receive “one on one” training and certification from NRF Staff. Discuss your
process with a staff member.

b) Obtain a NRF ID (if you do not already have one) by completing the NRF Lab
Use Request Form.

Caution
S afety High voltage Magnetic field

e High Voltage — High voltage may be present at the sample contacts. Always use
the light-tight box to cover the sample when performing measurements.

« High Magnetic Fields — The electromagnet produces high magnetic fields and
may be hazardous to pacemakers and other medical devices. Keep magnetic
materials clear of the area.

1.0 Pre-Operation

1.1 Tool Reservations may be made via the NRF Reservation Page.
http://nimet.ufl.edu/servicecenter/resources/default.asp

1.2 Much of sample preparation depends on the sample material and type. The user


http://www.phys.ufl.edu/nanofab/user.html
http://www.phys.ufl.edu/nanofab/user.html
http://nimet.ufl.edu/servicecenter/resources/default.asp
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must develop specific procedures for their samples. Contact size, spacing, and
metallurgy can have a significant impact on measurement accuracy. Sample
preparation and contacting is the user’s responsibility. What follows are general
guidelines.

1.3 Samples must be, nominally, 1X1 cm square to fit the sample card.

1.4 Pattern the sample or identify contact regions. Refer to Appendix A (located in
binder at the tool) to determine where to attach leads to the sample. Some
common Van der Pauw geometries are shown below.
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1.5 The contact regions must be ohmic. Some materials require etching of the
surface prior to metallization. Other materials require alloying with a suitable
contact metal followed by annealing. Appendix B (located in binder at the tool)
lists some common contacts to semiconductors. Again, contact metallization is
the user’s responsibility.

1.6 Attach wire leads to your sample using solder, silver paste, conductive epoxy,
wire bonding, spot welding or other means (only indium soldering is covered
here). Recommended wire is 50-100um diameter copper, silver plated copper,
or gold.

1.6.1. Heat soldering iron. Indium melts at 156.6°C (313.9°F) so it does not
require a very hot iron. Excessive heat may damage your sample.

1.6.2. Using a soldering iron, melt solder onto the tip and place a small amount
of solder at each contact point.

1.6.3. Using tweezers, place one end of the wire to a contact point and solder it
in place. Ensure that wire is long enough to reach the contact points on the
sample card.

1.6.4. Repeat for all remaining contacts.

1.7 Mount your sample to the sample card. The card can be purchased from the
NRF or from Lakeshore (Part number 671-201). The samples cards are re-
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usable...do not permanently mount your sample to the card.
Plated Sample mounting Sample
contact fingers area indicator Contact mounting area

Bottom

Polarizing slot

1.7.1. Hold the card up to a light to see the sample mounting indicator on the
back side. The “X” marks the center of the sample mounting area, as well as
the tail of the positive magnetic field vector oriented up through the sample.
Use temporary mounting adhesive such as double sided tape, rubber

cement, or vacuum grease.

Do not touch the gold plated contact regions on the sample card with your
bare fingers. Fingerprints may change measurement readings on high
resistance samples.

1.7.2. Using tweezers, place your sample onto the mounting adhesive. Using a
cotton swab, press down gently on sample being careful to not scratch the
surface.

1.8 To complete the mounting procedure, solder the other ends of your wire leads to
a contact on the card. When finished, it should look similar to the picture below.
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2.0 Operation
2.1 Login using the TUMI system

2.2 Go to the electromagnet cabinet and turn the control switch to “Standby” and
press the green button to enable.

MAINS

STAND By

ALSBI 50y 1nna

2.3 At the electromagnet, pull the t-lock handle out and swing the module arm
out.

Sample enclosure screws




Lakeshore Hall Probe SOP Revision 2.0 08/16/18
Page 5 of 10

2.4 Remove the sample enclosure and place the sample card on the header
block. Your sample should be facing the electronics rack with the

computer.
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2.5 Replace the sample enclosure, tighten screws and move the arm back.

A

Do not run a measurement without the sample enclosure. There is live
voltage at the contacts, and light can affect the measurement readings.

2.6 At the computer, click on the Hall Measurement System icon to start the
software.

2.7 We operate the tool in manual mode, and the only functions we will use are at
the top of the screen called, ‘Resistance’ and ‘Field’.
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2.8 Press the ‘Resistance’ button and a new window will open. You will press the
radio button numbers that correspond to the numbers on the Hall
Measurement Worksheet

¥ Manual Resistance measurement @

Resistance Range
i« Low " High [ >> 100kohm]
Compliance V. Over I. Over Current Leak
Positive Source Negative Source Positive Measure MNegative Measure
Contact Contact Contact Contact
@il 1 ~ 1 1
2 2 2 & 2
. 3 3 13 £ 3 s
- 4 4 4 4 -
] C5 C5 (ol (oll
- 6 6 B B
7| i Excitation parameters | V;
N DC Voltage:
- DC Current: 1.0 mh
- DC Current: A
Dwell Tirne: 2 5
7] Resistance: ohm
=1 Measue | LClose

2.9 Determine excitation current and enter it in the yellow box in ‘Excitation
parameters’. You want to have enough current to be in the ohmic regime, but
not enough to cause heating within the sample.

2.9.1. Start with a low current...maybe the nanoAmp range. The software
defaults to 1mA. For 10 nA, enter 10 in the ‘DC Current’ box and press the
‘n’ key.
n=nano
m=milli
p=pico
u=micro

2.9.2. Arrange the radio buttons in the order of 2-1-3-4.
2.9.3. Enter a dwell time. The dwell time is the time that it will apply current. This
can be a few seconds, to a few minutes, depending on the type of sample.

Start with a few seconds and press ‘Measure’.

2.9.4. You will see numbers appear for the DC Voltage, DC Current and
Resistance on the right side. Take note of the voltage and resistance.

2.9.5. Now, double the current and see if the resistance stays the same and the
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voltage doubles. If it does not then begin increasing the current until this
happens.

2.9.5.1. For example, | started a sample with 100nA and got 2.34uV and
23ohms.

2.9.5.2. Doubled it to 200nA and got 3.7uV and 18ohms...not ohmic

2.9.5.3. |then jumped to 1pA and got 11pV and 11ohms

2.9.5.4. Doubled it to 2pA and got 19uV and 11ohms...not ohmic

2.9.5.5. Increased it to 100pA and got 0.872mV and 8.7ohms

2.9.5.6. Doubled it to 200pA and got 1.74mV and 8.7ohms....ohmic region

2.10 Once you are in an ohmic region, open the Excel file on the desktop
named ‘Standard Hall Worksheet'. At the top is a useful calculation to help avoid
heating effects by ensuring that the total power delivered is less than 1 milliwWatt.

2.10.1. Using the above example, with 8.7o0hms resistance, | should keep
the current less than 339uA. | would probably use 200pA since it is ohmic,
and also far away from delivering 1mW.

Current Voltage |Resistance (ohms) Excitation current (A)
21 34 8.7

2.11 Once the current is determined, we can begin performing the Hall
measurements. Do not change the current during any of the measurements.

2.12 There should be copies of blank worksheets (shown below) near the tool.
Using a blank worksheet, begin filling out the form starting with Resistivity
measurements.

2.12.1. Simply press the radio buttons for each current and voltage pair
and press measure

2.12.2. Record the resulting resistance. The units must be in Ohms. If it
shows up as milli-ohms, then record it as 102 ohms, etc.

2.12.3. Perform this for all pairs shown

2.12.4. The worksheet also indicates which resistances should roughly be

the same. If they are markedly different, then you likely have some issues
with your contacts. Try re-soldering the contacts
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Current | Voltage | Resistance (Ohms)
21 34
el { 12 43
32 41
Teaual 23 14 :I_ el —
43 12
~egqual —[ 34 21 ~egual —|
14 23
41 32 :I' el
Hall Measurement
Zerofield Gauss
-Keeptrackof signs (+/-) Current | Voltage | Hall Voltage [Volts)
13 24
31 24
24 13
42 13
Positive Bfield Gauss
Current | Voltage | Hall Voltage [Volts)
13 24
31 24
24 13
42 13
2.13 Now begin the Hall measurement section with zero field. Again, press the

radio buttons for each current and voltage pair, but this time you record the
Voltage, not the resistance.

2.13.1. It is also very important to keep track of the signs.
2.13.2. Units must be in Volts
2.14 When the zero field measurements are complete. Close the ‘Resistance”

window.
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2.15 Press the ‘Field’ button and a window will open that will allow you to
control the electromagnet. The max field you can enter is 10,000 Gauss. Enter
the desired field and press ‘Apply’.

-'-' Manual Field Control g]

8.79 G
0.000 A

Field Setpoint
(0.0
Appl x
et
Close

L L L 1 1 1 1 1 1 L L L 1 B

2.16 Wait for the field to stabilize and then press ‘Close’
2.17 Open the ‘Resistance’ window again.

Note that it will default back to 1ImA and 2s dwell! Re-enter your
excitation current and dwell time.

2.18 Again, go through each current and voltage pair for the positive field
measurement and record the voltage. Be sure to keep track of the signs.

2.19 When complete, close the ‘Resistance’ window.

2.20 Open the ‘Field’ window again, and then press ‘Shutdown Field’ and then
close the window.

2.21 Open the Excel worksheet again and enter all of the values that you
recorded in the yellow fields of the corresponding sections.

= Current must be in Amps

= Thickness must be in centimeters. There is a calculation field at the top to
help convert your dimensions from Angstroms (for films), or microns (for
bulk samples).

= Resistance must be in Ohms

= Hall measurements must be in Volts...keep track of signs
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Determine excitation current to give less than 1mW delivered to reduce heating effects
Choose current in nano Amp and measure resistance Data input field
[ current | voltage [Resi (ahms} ] itation current (A)
Ca [ s | e | . ickness Convers \
[ current Used [ 1.006-04 [Amps | 1017 ﬁ ;I:Jno ?M
[Film Thi | 7.0006-04 [em |
Resistivity Measurements Contact checks (less than 5% difference)
Current Voltage (ohms) Ohms Ratio Percent Difference Percent Difference
21 34 1.1960E+02 Ra 950E+0 3 2134-1243 L) 0 2134+1243=-4312+3421) ) =
12 43 1.1920E+02 Rb 6943E+0 3241-1423 L) 7L 3241+2314-1423+4132) ) =
32 41 1.6990E+02 A4312-2134 |L) =
23 14 1.6950E+02 Sheet Resistance 1423=3241 | 0 -
43 12 1.1980E:02 647.934
34 21 1.1940E+02 s
e
Hall Measurements
Zero Field [ [ [Gauss |
Current Voltage Reading (V)
13 24 4.700E-03
31 24 -4.800E-03
24 13 5.200E-03
1.040E+13
e —
1.486E+16
Current Voltage Reading (V)
13 24 2.900E-03 Maobility
31 24 -3.000E-03 926.020
24 13 7.000E-03
13 -6.300E-03
2.22 The sheet will calculate all of the following once all of the data has been
entered.
e Sheet resistance
e Resistivity
e Sheet carrier density
e Bulk carrier density
e Carrier mobility
e p-type and n-type...if signs do not match for either type then you may

need to increase the dwell time for the Hall measurements. Carrier
type may not be able to be determined for all materials.

2.23 When finished
e Remove your sample,
e Close the software
¢ Go to the electromagnet cabinet, press the red button and turn the
control switch to “0”.



