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This document outlines the installation and setup of the MMR H50/H5000 Hall Effect Controller.
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About the H5000 Hall Effect Controller

Specifications

The H5000 Hall Effect controller is built on and intended to replace the proven H50 Hall Effect controller previously
offered by MMR Technologies. See Page 9 for the Theory of Operation. This device provides accurate Hall Effect,
Van Der Pauw and Magnetoresistivity measurements when used with a MMR Hall Chamber and Refrigerator
assembly. These devices are intended for use with MMR Refrigerators only.

Voltage: 115VAC-220VAC 50/60Hz (Not user selectable)
Power Consumption: 50W
Communications: RS232 or USB1.0 (USB with H5000 only)
K2000 Needed: No
Weight: 10Lbs
Dimensions: 8.5"(W) x4.5"(H) x 14.25"(D)
Environmental: Indoor use only, 5C - 40C Temperature, 5000M Max Altitude, 80%
Humidity for temperatures up to 31 °C decreasing linearly to 50 % Rel
humidity at 40 °C.

System Requirements

The H5000 Hall Effect Controller is designed for use with ‘'MMR Technologies Software Suite’ which must be
installed prior to using this device. For custom control of this device see page 19, please note MMR may not support
custom configurations and in some cases the warranty may be void.

Operating System: Windows 2000, Windows XP, Windows 7, Windows 8
Hardware: 32BIT /64BIT INTEL or AMD Processor
Memory RAM: 2GB
Memory Hard Disk: 1GB
Peripheral Interface: 1x RS232 Serial or USB1.0.
Mac OS: Not Supported
Linux / Unix: Not Supported

Environmental and Safety

The H5000 Hall Effect Controller is built on and intended to replace the proven H50 Hall Effect

Controller previously offered by MMR Technologies. Please observe the following safety warnings. Do

not open the enclosure, do not operate on any voltage other than specified, do not attempt to service A
or modify the equipment, do not operate in wet/damp locations. Warning, electrical shock, injury or

death may occur if the device is opened or the earth modified. Use only the cables supplied with the

device and ensure a proper Ground is present. The H5000 should only be used as intended and should

not be used for any other purpose. Any non-intended use could cause fire, loss of life, loss of
equipment, and bodily harm. User assumes all risk should the equipment be misused, modified, or use

in an unintended manner. Contact MMR for service requirements.
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Hardware Installation

Installation

Before proceeding please ensure the MMR Technologies Software Suite is installed and the following items are
present:

e  1x H5000 Hall Effect Controller

e 1x K2000 Temperature Controller (If Temperature control is required)
e 1x AC Power Cable

1x RS232 DB9 Serial Cable

1x USB 3FT Cable

1x User Manual and Software / Driver Installation CD

1x 4FT Refrigerator Ribbon Cable

1x BNC Probe5 Magnet Control Cable

e  4x Triax Cables

e 1x H5000 - K2000 Link Cable

Please connect the H5000 as shown below. Do not connect both the RS232 Serial cable and USB cable
simultaneously, these are provided as an option should ports be unavailable.

REFRIGERATOR

AC

RS232 or USB

Once connected and with the PC running you may now power up the H5000 device. Please first ensure the AC
Power switch at the rear of the unit is 'ON' (see page 6 for further information). Press the front button labeled
'Power' to activate the unit. If the USB cable was used Windows will automatically assign a Comm port. This must
be identified and if necessary changed to be in the range of 1-16. (See page 5 or contact your system administrator)
Please note down the assigned Comm Port Number as this will be required to communicate with the device.
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Changing Port Numbers in Windows

(Note: Administrator access maybe needed, contact your IT department)
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Front / Rear Panel Interface

POWER
TO TURN OFF HOLD
FOR 3 SECONDS COMMS
USE MODE ONLY
GAUSS METER
RESET
NOTE: TQ POWER DOWN THE UNIT, PRESS AND HOLD THE POWER BUTTON FOR 3 SECONDS.
GROUND
TRIAX
FIELD CONTROL
MAGNET POWER
SUPPLY CONTROL
AC POWER IN
& NG RISK OF EL|l|u|: SHOCK
e
TO REFRIGERATOR TO K2000 FOR R5232 UsB 1.0
TEMPERATURE
CONTROL
*Replace fuse with 3.15A Slow Blow (IEC 127-2 or similar) ONLY.
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Getting Started

" MMR Technologies Inc - Suite 648t e o] x|

TECHNOLOGIES The World's Resource for Solid State Characterization
,” — —

STEP 1 [ Hardware
Digital Temperature Contraller C
¥ Kz000 COMM 2 [Present] ~] Pal
Seebeck Measurement System
I SH1 08 COMM1 NOT Fresent] =] Foll
HALL Measurement System
I~ Hs000 COMM 3 [MOT Present]l ~] Pl

STEP 2 - Experiment Type
© Dual Temp Live Monitor
& Refiigerator Temperature Ramp € Seeheck Experiment MMR Technologies Inc 2012

© Heat Capacity Experiment  Hall Measurement System 1400 North Shoreline Blvd, AS
Mountain View, CA 94043

United States of America

STEP 3 Begin>> +1 (650) 962 9620
http: / fwww.mmr-tech.com

Step 1 - Device ports are easily verified through the welcome screen above, select the port number the H50/H5000
Hall Effect Controller is connected to (shown as present next to the H5000) and press 'Poll'. If the H50/H5000 is
connected to that port and powered on it will respond with a device name and version number.

Comm Port l@ﬂ Comm Port @ﬂl

H50.V1 H5000.v24

-

If the port number is not visible try refreshing the port list by clicking the refresh icon above the ‘Poll' buttons. If this
does not resolve the issue try restarting the computer. For further assistance contact your system administrator and
finally the MMR Helpdesk (See contact information on Page 27)

0 Refreshes the available port list and starts Device Auto Detect.

Step 2 - Select ‘Hall Measurement System’ this will load the Hall experiment module, if there is no K2000 present
deselect ‘K2000' under hardware. This will disable temperature control for all experiments. Errors will occur if the
K2000 remains selected when not present.

Step3 - Press 'Begin
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General Operation
Main Interface
& MM Technologies Epriment Sute - 2013 - Temperature] &l 10|
Sun.elMain T SB1000 HSCI'JU Help
E B & E
B 2 o &
E 5 2 g
3 R/ =
=] o
3 §
2 3 8
i 5 3
&
REFRIGERATOR
MINIMIZED APPLICATIONS TEMPERATURE
Refrigerato . .
299.56K
e - Te.. 5(0] x|| & 581000 see.. 510 x| -
< ! fi

The main interface of the MMR Technologies Suite is shown above; this is the primary container for all MMR
applications. The Applicable items for the H50/H5000 Hall Effect Controller are show above.

H50/H5000 Spooler

[Main Suite -> H50/H5000 - > Show Spooler]

This window shows the communications queue and response from the associated device, in this case the H5000
Hall Effect Controller. Troubleshooting is the primary use for this window. However clicking "Send" is a short cut to
the' Main Communications Console' outlined in the Software Installation Guide.

H50 Spoocler Porks

Ready

Send Hide
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Theory of Operation

MMR Technologies has designed the H5000 to allow the user to make completely automatic measurements
of the resistivity and Hall coefficient of thin uniform conductive samples of arbitrary shape, over a wide range
of temperatures. The system uses the Van der Pauw method to measure the resistivity and the Hall
coefficient. Four probes are attached to the sample and current can be forced to flow between any two while
the potential between the other two is sensed.

The sample is mounted in an evacuated enclosure on a cold stage which can be cooled from ambient
temperature to as low as 70K by a MMR Technologies' micro miniature refrigerator. A PT100 RTD temperature
sensor and resistance heater, incorporated in the cold stage of the refrigerator, allows the temperature of the
sample to be set at any value in a range as wide as 70K to 730K, depending on the model. This temperature
control is provided by connecting the refrigerator and Hall Dewar system to the MMR K2000 Digital
Temperature Controller.

To add to the versatility of the H50/H5000 and to MMR's refrigeration systems, several features have been
incorporated into the H50/H5000. These allow it to control and sense the magnetic field or to be used for
thermo power measurements.

A £ 2.0V programmable voltage is available at Probe 5 on the rear panel to control a magnet power supply.
The software sets and adjusts this voltage automatically to produce a field for Hall and Magnetoresistivity
experiments.

A Hall probe located in the base of the Hall vacuum chamber is present to sense the magnetic field
immediately below the sample. The H50/H5000 provides the current source for the probe and A-to-D
conversion of the sensor voltage. This gives the user a direct measurement of the field at the cold stage.

AUTO CURRENT

An Auto Current feature has been added to automatically find the maximum current a sample will take before the
resulting potential (V) exceeds the measurement capabilities of the H50/H5000 (approx. £ 2.5V). The Hall and Van
der Pauw measurement system sources the current through a pair of probes connected to the sample and
measures the voltage across another pair of probes. It is obvious that a larger measurement current produces
a larger voltage. In order to get the best signal to noise one should apply the biggest possible current. The
Built in Auto Current feature (see current options) varies the voltage to the sample up to a desired level (just below
the maximum measurement capabilities of the H50/H5000) and reads back the resulting current. The maximum
current measured will be used for future experiments if desired to ensure no over range errors occur during the
experiment. This approach however is limited by several factors. First, the maximum voltage value that can be
read by the system is £2.5 Volts, so increasing of the current will at some point bring the measurement channel
to overflow. Second, there is a limit to the maximum current or voltage that can be applied to the sample. A
request for values of current (voltage) that exceed the maximum may produce an undesirable nonlinear
response. Third, for the low-impedance samples the maximum output current is usually limited by the system
current source.
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General Operation

RESISTIVITY MEASUREMENTS

The H50/H5000 uses the Van der Pauw method to determine the resistivity and Hall coefficient of
samples on the cold stage. Consider the sample illustrated in Figure 1.

Current enters the sample at A and leaves at B and the potential between D and C is measured.

A B
Figure 1. Current and voltage connections for determining resistivity:

(a) Connection for RA defined in text; (b) connections for Rs.
VbD-Vc
We define the resistance RA as i . In(b), the leads are rearranged so current enters the sample at

B and leaves at C and the potential between A and D is measured.
VA -VD

We define the resistance Rp in this case as i

Van der Pauw showed, by the use of conformal mapping, that for flat conductive samples of arbitrary shape the
resistivity p of the material is determined by the expression:

exp (+mRA d/p ) +exp (-TTRB d/p)=1 nNoeRr=Vv/I

Where d is the sample thickness, provided that:

@) The contacts are on the circumference of the sample;
(b) The contacts are sufficiently small;

(c) The sample is homogeneous in thickness;

(d) The sample does not have isolated holes.
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General Operation

HALL MEASUREMENTS

The Hall coefficient may be measured by the Van der Pauw method.See Figure 2.

= AV —= _ AV —=

A B
Figure 2. Current and voltage connections for determining Hall mobility:
(a) Connections for R¢, defined in text; (b) connections forRD .

In case (a) the current enters at B and leaves at D and the voltage between C and A is measured. The
resistance Rc is defined as (Vc-Va) /7. In case (b) current enters at C, leaves at A and the voltage between
D and B is measured. We define Ry as (Vp-Vg) I i. These measurements are repeated in a known magnetic
field applied perpendicular to the plane of the sample. The Hall mobility is then given by:

p=(ARC + ARD).d
2 pB

Where ARc and ARp are the changes in Rc and Rp respectively, with applied field B.

PRECAUTIONS
Spurious results can be obtained through the interfering effects of several factors.
These include:

(a) Photoconductive and photovoltaic effects. Measurements should be done in a dark chamber.

(b) Non-ohmic contacts on the sample. Check linearity of resistances with current.

(c) Heating effects. Use minimum current and check for changes of properties with time after
application of current.

(d) Surface leakage on sample and leakage path between conductors. Clean sample and keep leads
free of moisture.

(e) Thermal EMF’s. Measurable voltages p without current applied.

() Magnetic field not oriented perpendicular to the surface of the specimen.

(g) Specimen is not homogeneous, is not of uniform thickness, has voids in it, or is anisotropic.

(h) Contacts are large and not located on circumference of sample.

These various factors can be minimized by utilizing the flexible connection arrangements made possible by
the H50/H5000, by making a rapid series of measurements at various current settings and by averaging

over many measu rements.
References: Van Der Pauw, L.J. (1958). "A method of measuring specific resistivity and Hall effect of discs of arbitrary shape”
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MAGNETORESISTIVITY MEASUREMENTS

Magnetoresistivity allows the study of a sample's resistivity as a function of magnetic field. Two types of
measurement capability are available: "Magnetoresistivity 1" and "Magnetoresistivity 2". Both provide
automatic four probe measurements of the resistivity (similar to a Van der Pauw measurement) in the
presence of a magnetic field. "Magnetoresistivity 1" allows measurement of the resistivity as a function of
field, or as a function of either current or temperature in the presence of a fixed magnetic field.
"Magnetoresistivity 2" allows measurement of the resistivity versus temperature or current, but readings are
taken for two values of magnetic field at each setting of current or temperature. This experiment generates
two measurement curves on the same domain, with magnetic field as the measurement parameter. Based on
the measurements, the program can calculate other functions characterizing the field dependence of the
resistivity at a given temperature or current.

With "Magnetoresistivity 2" the magnetic field is a fixed experimental parameter and not an experimental
variable. Field #1and Field #2 are the fixed parameters and need to be set accordingly.

The system will do the measurements first with Field #1 and then with Field #2. This procedure can be
explained by the following example:

Consider the systemis to collect data for the temperature range 300K to 500K with steps of 50K,
Field #1 = 1000G, Field #2 = 5000G, and 'Number of Repetitions"= 3.

e.g. At 300K the program will set the field to the value of 1000G (Field#1). The system will take 3 (‘number
of repetitions’) resistivity measurements. After this the program will set the field to the value of 5000G
(Field#2) and take another 3 resistivity measurements. Then the program will average results for each set of
measurements and calculate the Magnetoresistivity Coefficient and Relative Resistivity Deviation at 300K. After
this, the system will set the next temperature value (350K) and will repeat the cycle for all temperature
settings. One should notice that the actual number of measurements at each variable value is twice the ‘Number
of repetitions’ setting.

The graph of the experimental results will contain two curves: one for Field #1 and the other for Field #2.
These curves will differ by the color and shape of the curve symbols.
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Software Setup

Settings and Experiment Setup

E xperiment Mame: iNew Project

Comments:
— Experiment Type Mode
Linearity Check I Yan der Pauw Hall I " Single Poirt
& Curve
~Varables ]
Tempik) | Fied(G) | Cument(a) | [F7Chear ¢ (Loai-2g ¢ Logi-3-10.¢  Loai-10-100

Start: [&) Sci Finish: [&) Sci Step: [4) Sci

|3.0000E-03 |4.0000E -04 [5.5000E-04 Start <> Finish | Caloulate Steps |
~Fixed P

Thickness [pm]: [.001 to 2000) !381
Temperature [K]: (70K to 730K) !Amhient ~ 300K,

Temp Ramp [K/min):  [1K o 15K] Wﬁ—

Set as Default | Advanced Ok,

All H50/H5000 related experiments are configured through the above window. Note: Only options applicable to the

current experiment are visible. For instance a Fixed Temperature variable will not be available when the user has
selected Variable Temperature. Quick Definitions to the above window are listed below:

EXPERIMENT TYPES

Linearity Check: The Linearity Check is useful for ensuring good ohmic contact between the probes and the sample
being studied. It is recommended that this check be done after each sample mounting. An IV curve is included
in the results along with the individual resistance values between probes. Temperature or Field Setting is not
needed and therefore disabled in this mode.

Van der Pauw: The Van der Pauw experiment enables resistivity measurements between probes, the results are
graphed and individual resistivity’s displayed. Temperature setting is possible if a K2000 Temperature controller
is connected. The experiment can be customized with variable Temperature or Current depending on the
individual study.

Hall: The Hall Effect enables discovery of the Hall Coefficient, Hall Mobility, Sheet Carrier, Density and Carry type by
first calculating the Resistivity and then applying a magnetic field. All results are plotted and displayed at the
end of the run. The experiment can be customized with variable Temperature, Field or Current depending on
the individual study.

Magnetoresistivity: Similar to Van Der Pauw in that resistivity measurements can be made but as a function of field.
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EXPERIMENT MODES

Single Point: A single point takes one reading only at a given fixed setting. The Current, Temperature or Field cannot
be varied in this mode. For averaging purposes multiple repetitions can be set under ‘Advanced Settings’.

Curve: Multi points can be taken with varying Temperature, Current or Field depending on the experiment. For
averaging purposes multiple repetitions can be set under ‘Advanced Settings’. For instance if the Variable is
Temperature starting at 320K and ending at 340K with a step of 10K, there will be 3 readings. If more than 1
repetition is specified under ‘Advanced’ the readings will be multiplied.

Example: Repetitions = 2. Total Readings = 6
® Reading #1 = 320K (Variable Point)
®  Reading #2 = 320K (Point)
® Reading #3 = 330K (Variable Point)
® Reading #4 = 330K (Point)
®  Reading #5= 340K (Variable Point)
®  Reading #6 = 340K (Point)
VARIABLE STEP MODE

Linear: Variables are incremented by adding or subtracting a step value.
Log 1-2-3: Variables are logarithmically incremented eg. 1-2-3...9-10-20-30...90-100-200 etc
Log 1-3- 10: Variables are logarithmically incremented eg. 1-3-10-30-100-300-etc
Log 1-10-100: Variables are logarithmically incremented by order of magnitude steps.
Note: Logarithmic steps are only available in ‘Variable Current’ mode.

VARIABLES

Variable Temp: The Temperature is varied each reading specified by the Start, Finish and Step parameters, this is
only available in Van der Pauw or Hall modes, if Curve is selected and if a K2000 Temperature Controller is
connected and configured in the Startup Screen.

Variable Current: The Current is varied each reading specified by the Start, Finish and Step parameters, this is
available in all modes, if Curve is selected and if a K2000 Temperature Controller is connected and configured in
the Startup Screen. The Start/Stop/Step values can be entered as either decimal or scientific format, converting
between formats is possible by clicking the ‘Sci’ or ‘Dec’ label above the value.

Variable Field: The Field is varied each reading specified by the Start, Finish and Step parameters, this is only
available in Hall mode, if Curve is selected and if a Magnet and power supply are connected to Probe 5 of the
H50/H5000. When using manual permanent magnets it isn’t recommended to use Variable Field. (See ‘Field

Accuracy’)
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VARIABLE VALUES

Variable Start: Enter the initial or starting value setting. Note in Variable current mode the values can be entered as
either decimal or scientific format, converting between formats is possible by clicking the ‘Sci’ or ‘Dec’ label
above the value.

Variable Finish: Enter the final value setting. Note in Variable current mode the values can be entered as either
decimal or scientific format, converting between formats is possible by clicking the ‘Sci’ or ‘Dec’ label above the
value.

Step: Available in Linear Step Mode only. Click Calculate Steps to get the number of total resulting readings.
Start <> Finish: Swaps the Start and Finish values to invert the slope of the variable curve.

Calculate Steps: Useful for calculating the number of readings based on the total steps between start and finish
multiplied by the total number of repetitions set under ‘Advanced’

FIXED PARAMETERS

Options: Only available when a Fixed Current is being used. This opens a program that determines the maximum
current the experiment can apply to the sample within the readable range of the H50/H5000 AD Converter.
There are three current setting options associated with this:

e Fixed Setting: The maximum current is determined once and used in the Hall Settings, Click ‘Use Value’
after the process completes.

o Auto Setting Every Measurement: The maximum current is re measured and set at each new Variable
Point.

e  Auto Setting Every Point: The maximum current is re measured and set at every point. (Note:
Experiment Run time will increase)

Advanced: For setting the following Experiment Parameters.

o Number of Repetitions: Setting for repeating each Variable Point.

o Soak Time: A delay that runs each time the Variable (Temperature, Field or Current) changes.

o Reading Delay: A delay between applying current to the probes and reading back the voltage.

o Standby Temp: Specify if the system should return the sample to a given temperature at the end of
the experiment. (Note: Only if a K2000 Temperature Controller is present).

Fixed Current: When varying the temperature or field a fixed current must be specified in scientific format. The
range is 1.0E-03 — 1.0E-12

Fixed Temperature: When varying the current or field and Temperature control is present a desired fixed
temperature should be entered.

Temp Ramp (K/Min): The suggested Temperature Ramp rate is 15K/Min for all MMR refrigerators. This can be
lowered if required.

Thickness: For Van der Pauw and Hall Experiments a sample thickness value in um is necessary to calculate
resistivity.

Field: When varying the Temperature or Current a fixed field value is required. Note: If an error is generated see
‘Max Field Value’ under Field Settings.
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Field Ramp Const: This is the Field Setting field feedback loop multiplier. The default value is 100 and shouldn’t be
changed unless the user desires to make very small field changes.

Sensitivity V/kG: This coefficient should match the calibration value of the Gauss sensor in the Hall Chamber. If it
does not the Gauss readings taken from the H50/H5000 will be inaccurate. This value is uploaded to the
controller at the beginning of each experiment. For the H5000 if now gauss reading is shown on the front panel
the sensitivity constant needs to be set. See commands page XX for more information or rerun the experiment
with the correct setting.

FIELD CONTROL MODE

H50/H5000: Automatic Field setting mode, this controls the field and polarity by a magnet power supply connected
to Probe5.

Manual: Manual Field Setting mode, the user will be responsible to set the field and polarity at each measurement
point. If the measured field is outside of the experiment range then an error will be produced.

Field Settings: In order to control the external power supply a maximum field value which corresponds to the
maximum control voltage (2.0V) of the H50/H5000 probe 5 must be specified, the time delay needed to
set Magnet current and field setting accuracy. The maximum field value is needed for the software to
calculate the first control voltage setting to provide the required Field value. After the system has
measured the actual field the control voltage will be adjusted. This feedback loop will function until the
required field value has been obtained.It takes time to change the current through the inductive load, so
a time delay between the action which forces the current and the measurement of the field value is
necessary. The system decides that the required field value has been reached when the difference
between the actual and target values of the field is within the specified accuracy. You can set the Field
Control Setup parameters using the same technique as for the Fixed Parameters.

Note: There is one limitation to the system field control which is true for all of the field control options.
The field measurements are taken by a Hall Sensor inside the sample chamber. The Maximum voltage
which can be read at this input is 50 mV. So, the maximum field value, which can be measured (and
therefore controlled) by the system, can be defined as 50 mV divided by the Hall sensor sensitivity. For
example, if the sensitivity is 10mV/kG, then the maximum field which is readable is 5kG. If you have
specified a field value which exceeds the maximum an error message will occur. If larger fields are
required, Hall sensor with lower sensitivity will be needed.
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LINEARITY
Linearity Check Two Probes Resistivity Experiment EXPERIMENT
- Settings - Sample Diagram - VARIABLES
Expenment Name New Project Current Setting: +4.0000E-D4/(0.000400) A
Time Started: 15:54:22 Curent Start +3.0000E -03/(0.00300) &
Elapsed Time: 00:04.00 inish +4.0000E -04/(0.000400) &
Expenment Mode: Curve - Current Step: +5.0000E-03/(0.005) A
PROBE MAP
Repititions: 3
= COLLECTED DATA
 Aquired Data I Data Points |
i Current Point: 7
Ficbes Souce/Meter 12712 23/23 3473 41741 Foints Remaining. 0 —— THTAL COINTS
i TIA) A E0ETE-04' [+4.0065E-04 [+4.0058E-04 [+4.0061E-04 Progress -
Voltage 1, (¥] [+3. +2.9933E-01 [+3.0056E-01 |+3.0384E-01 ‘ “_L PROGRESS
(Curent2 (&) |-4.0222E-04 |-4.0222E-04 |-4.0222E-04 [-4.0225E-04
Voltage 2, (V) [-3.0441E-01 [-3.0071E-01 [-3.0158E-01 |-3.0467E-01 = =
Resistance, (Dhms) |+7 5687E+02 |+7 4736E+02 |+7.5004E+02 [+7 5792E+02 e TEMPERATURE
L Power FROM K2000
oo | S SR STARTISTOP
!!I:urem Probe = 41/41, Current Set = false, Voltage Received = falze, Polarity = « |
LINEARITY RESULTS
x|
Linearity Check Resistance Graph
1 Expesiment - I ~Vanable Cument I EXPERIMENT
Expenment Name New Project C o +3.0000E-03/0.00300 [4) VARIABLES
Mode: Cutve - Cument C e +4.0000E-04/0.000400 (&)
6 +50000E-03/0.005 (&)
1 T T DATA OPTIONS
I Statistics 1 Graphical IV Curve |

Average Resistance 3 Repititions
New Project, 15 Decambar 2014, Total peints: 8, Variable Current (0.00200A) 1o (0.000400A),

— =) _— "1

127112 3/23 34734 EARES
7584
758
5754
s |
G7e2
|
i
& 780
o 0]
=3 b
el &
D743
=10
a6

S E—— L PR S —— i

0.8e-3 28e3

Tolal Painls . 2 (x3 Repititions) EpotGiph | PintGiaph

EXPORT BUTTONS

| oo |
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VAN DER PAUW

 Hall - Van Der Pauw Experiment o ] 3
Van Der Pauw Four Probes Resistivity Measurement EXPERIMENT
 Settings ¥ —Sample Diagram——— VARIABLES
Experiment Hame: Mew Project Current Setting: 3.00E-03 A
Time Started: 16:21:37 Fieed Temperature: Ambient ~300K Meier Sheter
Elspsed Time: 000053 Fiarnp Fiate: N4 2 3
Experiment kMode: Single Point
Soak Time: MAA PROBE MAP
Reading Delaw: 2 sece
Fiepititions: 3 Thickness: 38 um 1 4
~ Aquired Data +Source -Source
" COLLECTED DATA
Probes Source/Meter 12743 23714 472 41732 " Data Point
Cuitent 1, (811[-3.0025E-03 [+3.0025E-03 [+3.0033E-03 [+3 0033E-03 A e 2
Wohage 1. 1¥) |+7 4962E-01 [+7.4718E-01 |+7 4962E-01 |+7.4737E-01 Paints Femaining: 1 TOTAL POINTS
Cument 2. (8] |-3.0189E-03 [-3.0185E-03 |-3.0189E-03 |-3.0189E-03 -
Yolage 2, V] |-7.5431E-01 |7 5187E-01 |-7.5408E-01 |-7.5164E-01 -
Resistance, (Ohms] |+2.4976E+02 |+2.4897E+02 |+2. 4969E+02 |+2.4391E+02 33% PROGRESS
Ratio [+49.9600E-01 [+3.9700E-01 [+9.9300E-01 |+3.9600E-01 =
Form Factor |0.993 1 1 1 Refrig N
Resistivity [Dhmeem] |*9.3061E+01 [+4.3065E+07 J+4.3123E+01 |+4.3056E+M Temperature: Ambient TEMPERATURE
ol FROM K2000
Wiew Data | -I - — CTART/STOP
|[Eurrent Set = tue. Voltage Recsived = false, Polariy = . Current Probe = 41/32 |
VAN DER PAUW RESULTS
x|
Van Der Pauw resstuity
Ewperiment ‘W ariable Current Fixed Temperature + Field
Experiment Name: New Project Current Start +3.0000E-03/0.00300 (4] Temp Setting: AMB ~300K
tdode: Current Curve Cunent Finish: +4.0000E-04,0.000400 (4]
Time Started: 16:11:26 Current Step: +5.0000E-03/0.005 (&) Thickness 381 uM
Elapged Time: 00:05.24
Raw Data Statistics | Graphical Fiesistivity
Average Resistivity L RESISTIVITY
Mew Project, 15 December 2014, Total paints: 8, Variable Cument (0.00300A) to (0.000400A), Temperature (AMB ~300K)
430
[ ERROR BARS
A (MULTI REPITITIONS)
E
S43.0851
= [
;aa a0
343 oss
43.050 -- 1 1 1 1 1 1 1 1 1
0.5e-3 1.0e-3 1623 2023 25823 30e3
Variable Cument (0.00200A) to {0.0004004), Temperature {AMB ~300K), Curve
il [=lm)
Tatal Points : 2 [#3 Repititions) Export Graph Print Graph | Cloze |
Page |18
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HALL EFFECT
& Hall Effect - Experiment - 0] x|
Hall Effect Four Probes Resistivity Measurement
. [ = EXPERIMENT VARIABLES
[ Settings ]  Sample Diagram
Experiment Mame New Project Fixed Current: 3.00E-03/(D.00300) A
Time Started: 16:23:22 Fized Temperature: Ambient ~300K FIELD POLARITY
Elspzed Time: 00:02.08 Famp Rate: MAA

Experiment Mode Single Point
Goak Time: NAA

Reading Delay. 2 secs Fized Field: 250 G - Manual SAMPLE MAP
Repititionz. 3 Thicknesz 38Tum
Aquired Data - Resistivity
Probes Source/Meter 12743 23714 urn 41732
Cument 1181 1.3 1033E-03 |+3.0028E-03 [+3.0029E-03 |+30033E-03 | _pata Points———————
Voltage 1. [¥] |+7 497E-01  |+7 4722E-01 [+7 4962E-01 |+74741E-01 Curent Paint: 1 TOTAL POINTS
Current 2, (4] |-3.0199E-03 |-3.0785E-03 |-3.0189E-03 [-3.0189E-03 Pairts Remaining: 2

Voltage 2, [¥) |-7.5428E-01 |- B187E-01 |-7.5406E-01 |-7.5T6E-01
Resistance, (Ohms] |+2 4973E+02 [+2 489BE+02 |+2 4970E+02 |+2 4891E+02 "P“’Q'B“

e PROGRESS

Ratin | +5 8500E-01 [+8.9700E-01 [+3.9900E-01 [+3.9600E-01

SRR

Form Factar {1355 1 1 1 Refri
skt [Okireem]| [ +4 J050E+01 |+, 3055E+01 [+4,3122E+01 [+43054E+01 Temperature: e TEMPERATURE
Fower: FROM K2000
Aquired Data - Hall Hall Results
Piobes Source/Meter 13 724 24431 13724 24731  Temperature: AMB ~300K
Current 1, (8] [+3.0029E-03 [+3.0029E-03 Fesistivity [ohrtcm]: +4.3072E+01
Woltage 1. V) |-2 1648E-03 |+2 5478E-03 Mability [emas):
Current 2, [4) |-3.0189E-03 |-3.0193E-03 Density [em-3):
Woltage 2. (V) [+2.4326E-03 [-2.0046E-03 Hall Coeff. [emi3/Coull: HALL DATA
Resistance, (Ohms) |7 6345E-01 |+7 BRAZE-01 Sheet Murber [om-2)
Field, (G) | 21561 GALSS [ Sheetbleslhpepll
Type of Carriers:
oo | N [ SN A—— sTATISTOP
HF’luiect Ended, D ata maybe incomplete. |
= Hall Effect Results [
Hall Effect raw pata
Experiment Vatiable Curent 1 [ Fixed Temperatuse + Field —
Expariment Hame: New Project Curent Start +7,0000E 03/0,00700 (&) Temp Selting. AMB ~300K
Mode: Curve - Current Current Firesh: +8,0000E 03/0.00800 (&) 5
Time Staned: 09:50:49 ep: +1.0000E 03/0.001000 (&) Thickness: 381 uM
Elapsed Time: 03:29.23 HALL EFFECT
: z ~ LA : L — RESULTS
Stalisties | Resistvily | Hall Coefficient Mobiity | Sheet Resistiviy | Sheet# | Density
u Reading S/ M S/ M S/ M S/ M Temperature., [K)
i - Four Probes Resistivity Measurement Data ~
12 / 43 23 / 14 34 / 22 41 / 32
current 1(a) +7.006E-03 +7.0056E-03 +7.003E-03 +7.0026E-03 Ambient RAW DATA
Vvoltage 1(V) +2.1139E-01 +2.1316E-01 +2.1036E-01 +2.1335E-01 PLAIN TEXT
current 2(a) -6.9908E-03 -6.9908E-03 -6.9908E-03 -6.9908E-03
Voltage 2(V) -2.0977E-01 -2.1235E-01 -2.1203E-01 -2.1275E-01
Resistance +3.0089E+01 +3.0394E+01 +3.0184E+01 +3.0450E+01
Ratio +9.8900E-01 +9.9300E-01 +9.9600E-01 +9.8800E-01
Form Factor 0.999 1 1 1
Resistivity +5.2221B+00 +5.2304B+00 +5.2041BE+00 +5.2270B+00
Four Frobes Hall Measurement Data
13 / 24 24 / 31 13 / 24 24 / 31
current 1(a) +7.003E-03 +7.003E-03 +7.003E-03 +7.003E-03
Vvoltage 1(V) +1.9799E-02 +1.6065E-02 -1.6183E-02 -1.9764E-02
current 2(a) -6.9908E-03 -6.9908E-03 -6.9908E-03 -6.9911E-03
Voltage 2(V) -2.1181E-02 -1.7742E-02 +1.4530E-02 +1.8300E-02
Resistance +2.9284E+00 +2.4158E+00 =2.1954E+00 =2.7206E+00
Field +5.1096E-032 -5.1703E+03
Mobility +3.6102E+02
Density +3.3117E+15 - EXPORT CSV
Tatal Points : 5 [#2 Repititions) Export .CSW | Print Data Close
Page |19
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v Show Annotations

Border Style 2
Font Size

Show Legend
Mumeric Precision
Data Shadows

Grid Options
Multiple Axis Style
Include Data Labels
Mark Data Points

- v v v

Undo Zoom

Maximize...
Customization Dialog...
Export Dialog..

Zooming In — Left click and drag a box over the area of interest. On release of the mouse the graph will be enlarged.
Note: When printing only the current view will be printed.

Zooming Out — Right click the graph and select ‘Undo Zoom’

EXPORTING DATA

Exporting data is done via CSV (Comma Separated Values) and can be easily opened in EXCEL or similar.
Please note that EXCEL sometimes reduces the decimal places shown. In order to maintain resolution change the
decimal place value to at least 5 in the Format section of EXCEL, see below.

ot I S

Number ‘ Al

t | Font | Border [ Fin

Category:
General
Number

.| Sample
4.30550E+01

Phone: +1 (650) 962 9620

Currency
A i

g P =
Date D places: |§ —

Time
Percentage
Fraction

Text
Special
Custom

41 Daggett Drive, San Jose, CA 95134
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System Information

Command List

Communications between the H50/H5000 are made via Plain Text serial. There are slight differences between the
H50 and H5000 communications protocols outlined below.

H50 H5000

Communication Ports: IEEE GPIB, RS232 USB, RS232
Baud Rate: 4800bps 9600bps
Handshaking: None RTS/CTS
Serial Data Type: Plain Text Plain Text
COMMAND ACTION FORMAT H50 FORMAT H5000

DE Set Defaults “DE” “DE”

RF Read Field “RF” “RF”

SC? Read Gauss Sensor Constant “sc?” “sc?”

SC Set Gauss Sensor Constant “SC0.0025” “SC=0.0025"

RI Read Current “RI” “RI”

FI Force Current to probes (SC/ FORMAT) “FI34=3.00E-04" “FI34=3.00E-04"

RV Read Voltage across probes “RV12” “Rv12”

FV Force Voltage to probes (DEC FORMAT) “FV14=1.82" “FV14=1.82"

Measurement Accuracy

Output:

Accuracy:

Resolution:
Resistance Range:

Field Measurement:

Interface:

Voltage Range:
Current Range:
Probe5 Range:
Digital Resolution:

Phone: +1 (650) 962 9620

Triax output leads for 4 probe measurements. (All probes are equivalent, each
programmable for current injection or voltage sensing.)
Measurement accuracy +2% mid-range, + 5% end-range.

15 ppm.

10° to 10" Ohms.

Integrated Gauss meter included in chamber.

USB and RS-232C for computer control, recommended for use with
MMR Technologies Software Suite only.

1+2.5VDC

+1.0E° - 1.0E VA

1+2.0VDC

16 Bit with PGA
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Troubleshooting

Help Desk and MMR Contact Information

Help Desk Email Address: support@mmr-tech.com
Bug Reporting: spdbugs@mmr-tech.com
Sales & Marketing Department: sales@mmr-tech.com
Help Desk: +1 650 962 9620
Office Hours: 7:30am - 5:00pm (Pacific Time)

Monday - Friday

Physical Address: 41 Daggett Drive,
San Jose, California 95134
USA
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Glossary of terms
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Declaration of Conformity

Declaration of Conformity

C€

Manufacturer: MMR Technologies
Model Name: H5000

Date: July 2014

Expires: July 2018

UL/ IEC 61010

Application of Council Directives:
Low Voltage Directive (LVD) 2006/95/EC
Standards to which Conformity is Declared: IEC EN 61010-1 3rd Edition
Electrical equipment for measurement, control, and laboratory use
Pressure Equipment Directive (97/23/EC)
Conformity is declared to Annex | Essential Requirements of the Directive

Application of Council Directives:
Electromagnetic Compatibility Directive (EMC) 2004/108/EC
Conformity is declared to Annex | and Il (EMC) 2004/108/EC
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