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Lakeshore M81-SSM Measurement SOP

Take Hall-measurement as example

Setup

The Lake Shore M81-SSM Synchronous Source Measure System as shown in Figure 1 is a modular system for applying
voltage and current stimulus to the experimental system, as well as measuring voltages and currents produced by the
experimental system. On the right column in Figure 1, from top to bottom, each module corresponds to BCS-10 balanced-
current source (S1), VS-10 voltage source (S2/Vs, S3/Vs_10), VM-10 voltage measure (M1/Vm, M2/Vm_10), and CM-10
current measure (M3).

Fiure 1. Lake Shore M8

e ———

1-SSM system 7

Communication Connection
To ensure the M81-SSM system is connected to the CRX-VF desktop, first check the USB cable of the M81-SSM system is
connected to the USB port of the desktop, as shown in Figure 2.

Figure 2. M81-SSM system USB cable connection

On the Measurelink interface, check that magnetic field controller is turned on (but do not apply any current to the
supermagnet at this stage), as is shown in Figure 3, so that the measurement sequence could be created or edited. Also
check that M81 Source/Measure System (“M81”) is turned on, as is shown in Figure 4, so that the MeasureLink will initiate
and establish the control of the M81-SSM system.

+ Please note that magnetic field should NEVER be ramped if the magnet is not cooled down by CCR, and the field
controller is turned on only for the purpose to open or edit the sequence file. Failure to comply will result in the
serious damage of the magnet.

+* Also please pay attention that the applied magnet field must follow the temperature limits in Table 1 when charging
the superconducting magnet. Failure to comply will result in the serious damage of the magnet.

Magnet

temperature
for safe operation

#25T SK Base
27T <5.5K 10Kt0 400K

Sample stage
temperature

Maximum magnetic

field capability

Table 1. Maximum magnetic field capability at sample temperature
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Figure 3. MeasurelLink connection interface-1 Figure 4. MeasurelLink connection interface-2

Sequence Creation
Go back to Home tab in the top left corner of Measurelink and click on Sequence, as is shown in Figure 5. Most useful
icons are: Measurements, Loops, Controls, and Data, as is shown in Figure 6.

120 M81 Hall st on Hall sensor-1\MB1 Rxy vs Ha_for Hall sensortest 1miseq

V stream and syac

imente\MeasureLINK\Sequence -003 miseq

117 M8Y Hall st run 1\M1 Ry vs Ha_for Co Hall bar test-002.mlseq

atter i Ry vs Hz for Cu foi-01

1781 Ry vs He_for Co Hallbor test-002.miseq

17 M8y Ray vs He_for Co Hallbar test-002miseq

117 M8Y Hal st run-1\M1 Ry vs Ha_for Co Hall b test-002.miseq

Figure 5. MeasureLink home page for sequence creation

181 Ry va H.for ol s2nze~00] mizeq - Sequence Meszurement

M81 Balanced Current Source Configuration

Device

Instrument:  METRes

Synchronization
) it etings charged

Ouput ansbled

Output shape

AC valve mode: - 1 Syne phase shite
Ampltude;
1 Frequency:
Offcet

Duty yele:

Coupling, Guards, & CMR Ranges and Limits

] Instrument changed s etbngs charged
] | Coupling ype:
O Guars

] | Comman mode reducton:
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Figure 6. Sequence creation page

Measurements

1. Below are options inside “Measurements” icon.

2. For M81: M81 Source/Measure from drop-down list, select either stream or synchronous measurements.
Stream: continuous measurements; synchronous: one-time measurement

3. For Stream/Synchronus measurements:

Click “Add parameter” to add in the values to measure. Can either measure from a measurement device or source
device. (Measuring from source device, for example voltage output of the voltage source, is required if any data
from source is to be used in plotting function that is going to be discussed later). For synchronous, choose proper
settle time; for stream, choose sampling rate and time/datapoints (row count).

Loops: (for field, temperature, voltage, current)

4.
5.

Choose the instrument for the loop.
Measurelink allows setting up loop in another loop (nested loop). If needed, create two loops separately and drag
the sub-loop into main loop. Similar idea applies to other steps to be included in the loop, dragging is the method.

Control: (setting a constant configuration for PPMS, M8&1, till next time it gets changed through
loop/another control instruction)

6.

Control steps should always be set first before the measurements to adjust measurement configuration and
source configuration. User needs to individually configure each measurement/source device used in experiment.
Control for source: Using M81 VS as an example, as shown in Figure 7, click on instrument settings changed when
a change should be applied to the voltage source. Select output enabled to turn on output. Adjust amplitude,
frequency and offset if needed.

Device

Instrument: M81Vs

Output Synchronization

& Instrument settings changed Instrument settings changed
7] Output enabled: Sync

7] Output shape DC - Sync source:

7] Amplitude: ov Sync phase shift:

] Frequency: 10 Hz
7] | Offset: oV

Ranges & Limits

Instrument settings changed
AC voltage range:
DC voltage ran
Curr

ge:

High output limit

Low output limit:

Figure 7. Control for source editing page

Control for measurement: Using M81 VM as an example, as shown in Figure 8, click on instrument settings
changed when a change should be applied to the voltage source. Available modes are DC, AC and LIA (locked-in
amplifier). LIA is an important method to eliminate noise and amplify the signal of interest. Averaging time can be
left at INPLC (number of power line cycle), but can also be set to other values to reduce noise at 60Hz. Choosing
A-B, A or Ground as the input. Tune lock-in settings to X,Y or R theta data collection and refer the measurement
to the source with excitation frequency setting. Change reference harmonic values if needed, or just leave it as 1.
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Device

Instrument: M81Vm

Input Ranges

[¥] Instrument settings changed [7] Instrument settings changed
9] | Mode: DC Range:

7] Averaging time: 1NPLC

[¥] = Coupling: AC

v

Input configuration: AB

Filter Lock-in Settings

[7] Instrument settings changed [¥] Instrument settings changed
Filter enabled: 9| | Preferred display: XY
[C]  Low-pass comner frequency: [V Reference source s1
[[] | Low-pass rolloff: [V]  Reference harmonic:
High-pass comer frequency: Y] Reference phase shift: Specified
[C]  High-pass rolloff: Phase shift value: 0°
[7] * Gain allocation strategy: [¥] ' Lock-in time constant: 100 ms
9] Lock-in rolloff: 6 dB/Octave
[¥] ' Lock-in FIR filter enabled:

Figure 8. Control for measurement editing page

Data: (embedded plotting function)

9. Go to series to set up the plotting style and data to be plotted. Click on the series or axes folder icons to add new
plots or axes to be plotted. User can choose data to be plotted in series and format the chart. Formatting axis can
be done in the corresponding axis row (scale type — linear/log, data type and alignment information).

Finishing Off
10. Save sequence if needed for future use, user can always create and store your own sequence so that next time
you can easily duplicate your previous setup and run the experiment quickly.

11. Always, at the end of your sequence, add in control steps to return everything back to normal (turn off sources,
reset the field back to default values).

12. When everything is finished, user can choose export options on top bar to save data.
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Detailed step for Hall Measurement

1. After starting MeasurelLink and creating the communication between M81-SSM system and the desktop, open the
example Hall-measurement sequence file at this directory: “C:\Users\PS_Administrator\Desktop\Example
programs\M81 Rxy vs Hz example sequence.mlseq”. We'll take a look at how this example sequence is created in the
following steps.

2. First, BCS-10 balanced current source is used as the current source, we need to configure it. Click on Controls -> M81
Source/Measure -> M81 Balanced Current Source Configuration to create configuration step for BCS-10. It is
recommended to use triaxial cables for the BCS-10 connection to reduce leakage current.

3. Asshown insetup 1, the example uses a Sine wave of 10 uA RMS as the current source with the frequency of 97.7 Hz.
Because we are using lock-in amplifier of VM-10 (LIA mode) to measure Hall bar, choose output shape to be Sine and
set a prime number frequency that is not close to AC wall wart voltage frequency. Please enable the Guard function
to minimize the effective capacitance and leakage current.

o g M&1 Ry vs Hz example sequence.miseq - Sequence Measurement

& & i oo | X Cut [ Paste ZE i 7

Measurements

Navigation < M81 Balanced Curmrent Source Configuration

- =% Step 1 M81 Balanced Current Source Configuratior

B =5 Step 2 M81 Voltage Measure Configuration Device

4 4 ) Step 3 Discrete Field Loop [10 kG to -10 kG] Instrument: M81Bcs
R (1) Step 3.1 M81 Synchronous Measurement

1 [] Step 4 Chart Test] Output Synchronization

4 9% Step 5 M81 Balanced Current Source Configuratior eenteetinns e [ Instrument settings changed

48 B Step 6 Go to Field with Chart 0 G Output enabled: [] = Synchronization:
(©) Step 7 Finish Output shape: Sine M [ syncsource:
AC value mode: RMS v ] Sync phase shift
Amplitude:
Frequency:
Offset:
Duty cycle:

Coupling, Guards, & CMR Ranges and Limits

[W] Instrument settings changed [ Instrument settings changed
[J ' Coupling type: [ current range:
Guard: ] High output limit:

[[] Common mode reduction: []  Low output limit:

[] Disable on overload:

Setup 1. Current source configuration

4. Then we need to configure the voltage measurement instruments. Click on Controls -> M81 Source/Measure -> M81
Voltage Measure Configuration. As shown in setup 2, select the M81 VM-10 Vm as the voltage measurement device.
Set the measurement to LIA mode and coupling to DC mode. Here set the reference source accordingly to S1. Can also
verify the source information by clicking on M81 instrument to check which instruments are connected to S1, S2 etc.

5. Next we need to set up the parameters of the lock-in low-pass filters. Two types of filters, i.e., lIR and FIR need to be
set up in this step.
lIR filters contain two parts, the lock-in time constant t. and roll-off. Set t. according to the source current frequency
f, and in principle it should be at least 3 times of 1/f, such that a few rounds of integration would be performed and
the DC noise could be well removed. For example, with AC current frequency set at 97.7 Hz, here we choose t. to be
300 ms.
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The lock-in roll off determines how sharp the noise could be cut-off, but also impacts how long it would take for the

signal to settle. It is a trade-off between the two factors, as the higher roll off, the longer time taken for the signal to
settle, as is demonstrated in Figure 9. Empirically the settle time tsete is in relation to tc as tsewe = 10~15 tc. Here we
choose 24 dB/octave roll off, so the full settle time tsetre Wwould be about 5 s.
On the other hand, the FIR filter could be enabled to further reduce the noise. The cycle numbers N could be chosen
in the principle of N*t. < tsewie. Here we choose N be 10 for noise reduction.
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Figure 9. Step response of IIR filter.

M81 Ry vs Hz example sequence.miseq - Sequence Measurement

o—
o—

N ¥ 7

Delete

Measurement
Navigation < M81 Voltage Measure Configuration

- T Step 1 M81 Balanced Current Source Configuratior

4 = Step 2 M81 Voltage Measure Configuration Device

4 & ) Step 3 Discrete Field Loop [10 kG to -10 kG] Instrument: M81Vm

L j ) Step 3.1 M81 Synchronous Measurement

& [ Step 4 Chart [Test] Input Ranges

B “ Step 5 M81 Balanced Current Source Configuratior

[®] Instrument settings changed Instrument settings changed

-+ —f Step 6 Go to Field with Chart 0 G Range:

Mode: Auto range

(C) Step 7 Finish Preferred display:
Averaging/Observation time:
Coupling:

Input configuration:

R OO®

Resistance reference:

Filter Lock-in Settings

[®] Instrument settings changed Instrument settings changed

Filter enabled: Reference source:

Low-pass corner frequency:
Low-pass rolloff:
High-pass comer frequency:
High-pass rolloff:

Gain allocation strategy:

Reference harmonic:

Reference phase shift:
Phase shift value:

Lock-in time constant:

Low noise Lock-in rolloff:

Lock-in FIR filter enabled:

Specified v
0°
300 ms

24 dB/Octave

FIR cycles:

TOJ

Lock-in digital filter enabled:

Setup 2. Voltage measure configuration
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6. Add a control loop to set magnetic field for the magnetic field scanning. Go to Loops -> Field -> Discrete Field Loop.

Choose the starting field and use “Add Segment” to add the ending field. Allow Round trip if wanted to collect extra
data (hysteresis etc.).

7. Asshown in setup 3-1, we start the measurement at the starting magnetic field at 10 kG (1 T), and 5 s for the initial
field to be stabilized before starting the measurement. The ending field is set to be -10 kG (-1 T), and a loop scan
between 1 T to -1 T would be established when the Round trip button is checked. Note that number of points are
manually input, and field step size is calculated based on the scanning field range and the number of datapoints. Also
manually input the ramp rate (G/s) and wait time at each field. Please do NOT exceed the maximum ramp rate of 840
G/s. Also note that the wait time at each field (circled in red) should be at least one cycle of t.ete, S0 that the signal
is well settled and recorded. Here we choose wait time 5 s at each field.

el g M81 Rxy vs Hz_for Hall sensor~001.mlseq - Sequence Measurement
—o— B o | —
S Xocu [ paste =7 ¢
® & & Q3 l z = , ?
Start n  Measurements Loops Data Delete p  Dow Hel
New~ 7 e v < 3 Copy B9 Export Script

easurement nsert Steps Clipboard Move Tools Help

Discrete Field Loop

“5 Step 1 M81 Balanced Current Source Configuration

4 55 Step 2 M81 Voltage Messure Configuration Dedice Loop Configuration

4| 8, _} Step 3 Discrete Field Loop [10 kG to -10 kG] Instrument: Ls625 v SO

: Starting wait time: 5s
2 (T) Step 3.1 M81 Synchronous Measurement -

Loop spacing: Linear

B[] Step 4 Chart [Test]

Round trip: vl

4 =T Step 5 M81 Balanced Current Source Configuration

R —B Step 6 Go to Field with Chart 0 G

~ Loop Segments
(©) Step 7 Finish P Seg

1] Add Segment X, Remove Selected

Ending Field Number of Points Field Step Size Wait Time Ramp Rate (G/s) | Take Data ‘
-10kG 100 -202.02 G| 55 200G [v]

Setup 3-1. Magnetic field configuration

8. Add in data collection step by Measurements -> M81 Source/Measure -> M81 Synchronous Measurements, as shown
in setup 3-2. Use “Add Parameter” to add in data to be collected. Drag this step into the field loop created in the
previous step.

=1 MB1 Ray vs Hz example sequence.miseq - Sequence Measurement - X

Navigation “ M81 Synchronous Measurement

+5 % Step 1 M81 Balanced Current Source Configuratior

2 =% Step 2 M81 Voltage Measure Configuration Device Measurement Display Options
4 5 () Step 3 Discrete Field Loop [10 kG to -10 kG] Instrument: - Measurement type Multiple fetch  ~ Showtable: 4]
R () Step 3.1 M81 Synchronous Measurement Settle timeout:

R[] Step 4 Chart [Test]

48 <5 Step 5 M81 Balanced Current Source Configurati

= eld v 6 —
Step 6 Go to Field with Chart 0 G [2) Add Parameter || X Remove Selected Move Up

(©) step 7 Finish

Channel Data Source Caption

s1 - | Source Amplitude

st - [ source Frequency

M1 + | Measure X

M1 - | Measure @

Setup 3-2. Data collection configuration

9. Now, outside the voltage loop, create a chart to visualize what data this experiment has collected. As shown in setup
4, this is done by Data -> Chart. Click on “Series” folder icon under “Chart: X vs. Y” and on the top left of screen, choose
“Add Series” to add the plot. For each chart(series) in the same step, we need to set corresponding X-axis and Y-axis
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for different types of data. These datatypes should correspond to the data to be plotted in the “series”. In the example
sequence, data to be plotted is the LIA measurement results from previous loops. “Measurement Results” should be
set to the step which measures all the data. Then choose M1 X or M2 X for Y-Axis data. For X-Axis data, choose
“Measured Field”.

10. The example sequence plots voltage measurement from M1 and M2 against field in separate steps. These two have
same data types in both X and Y axes, so they have one similar pair of X and Y axes configuration. For X-axis, choose
field as datatype and choose double for Y-axis.

@k

L

181 Ry vs Hz_for Hall sensor~001 miseq - Sequence Measurement 2 x

Navigation < Chart
4 95 Step 1 M81 Balanced Cu [ chart:Test
= 5 Step 2 M81 Voltage Messure 4 [ series Chart Properties

4 8 T} Step 3 Discrete Field Loop [10 kG Hz
2 (D Step 3.1 M81 Synchronous Measurement 4 Aces
B [ Step 4 Chart [Test] l X-ais: Field Legend Properties
5 % Step 5 M81 Balanced Current Source Configuration V¥ Avis: Vg Viibity: ] Show legend
<8~ Step 6 Go to Field with Chart 0 G Placement: Inside
Step 7 Finish

Orientation: Horizontal

Horizontal alignment:  Center

Vertical alignment:  Bottom

Selection: | Allow selection

Setup 4. Chart visualization configuration

11. After setting up chart, add steps to turn off balanced current source, and set field to zero, as shown in setup 5 and
setup 6.

1= M81 Ry vs Hz_for Hall sensor~001.miseq - Sequence Measurement

[ M81 Balanced Current Source Configuration

-8 % Step 1 M81 Balanced Current Source Configuration
B = Step 2 M81 Voltage Measure Configuration Device
4+ [} Step 3 Discrete Field Loop [10 kG to -10 kG] Instrument:  M81Bcs

2 (1) Step 3.1 M81 Synchronous Measurement

B[] Step 4 Chart [Test] Output Synchronization

-8 5 Step 5 M1 Balanced Current Source Configuration (e T [ Instrument settings changed

4~ Step 6 Go to Field with Chart 0 G Output enabled: O [J | Synchronization:

(© Step 7 Finish Output shape: M [J | Syncsource:
AC value mode: - [ | Sync phase shift:

Amplitude:

Frequency:

Offset:

NN RERE

Duty cycle:

Coupling, Guards, & CMR Ranges and Limits

[] Instrument settings changed ] Instrument settings changed
[J ' Coupling type: [J  Currentrange:

O Guard: High output limit:

[m]
[J ' Common mode reduction: [ | Low output limit:
(]

Disable on overload:

Setup 5. Turn off current source
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Navigation

8 <4 Step 1 M81 Balanced Current Source Configuration

+ 7T Step 2 M81 Voltage Measure Configuration

) Step 3 Discrete Field Loop [10 kG to -10 kG]
R () Step 3.1 M81 Synchronous Measurement
2 [4] step 4 Chart [Test]

4 5 Step § M81 Balanced Current Source Configuration
4~ Step 6 Go to Field with Chart 0G

) Step 7 Finish

Field Ramping Parameters
Instrument: Ls625

Target field:

Display Options

Show chart:

Chart sampling interval

M81 Rxy vs Hz_for Hall sensor~001.miseq

Setup 6. Set magnetic field to zero

- Sequence Measurement

Go to Field with Chart 0 G
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12. Click Start to run the sequence. After the sequence is finished, the measured chart will be generated automatically, as

shown in setup 7-1. Remember to right click the mouse and select “Export CSV” to save data as the .csv file for future
plotting and analysis, as is shown in setup 7-2.

el 5

Navigation f

Step 1 M81 Balany

5 Step 2 M81 Voltage Me:

4 =0 sep3

ete Field Loop [10 kG to -10kG]

() Step 3.1 M81 Synchronous Measurement

Step 4 Chart [Test]

1

M81 Rey vs Hz example sequence miseq - Sequence Meas:

t

Chart
Chart: Test

Field (G)

0s

Setup 7-1. Generated plot after the measurement
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[ [

Navigation

5 Stp 1 M81 Bolanced Current Source Configuration
5 Step 2 MB1 Vltage Measure Confguration

0} 5tep 3 Discrete Fied Loop 101G t0-1013]

(© Step 31 M81 Synchvonous Measurement

7] step 4 Chart [Test]

Step 5 M81 Balanced Current Source Configuration
Step 6 Go to Field with Chart 0G
© step 7 Finish

+500p

-5004

A5m

ME1 Ray vs Hz example sequencemiseq - Sequence Measurement
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“5m———rt

Chart
Chart: Test
@ savess X
4 1> ThisPC > Documents > MeasurelINK Search MeasurelINK
Organize New folder - @
§ Downloads # A Name - Dote modified Tpe Size A
) Documents # Data File folder L
& piures 4 ProcessView File folder
2023.08.08 M81 1 &) Chart 1.csv Microsoft Excel C.
s030a17Mets | ) Chart 1-00T.csv Microsoft Excel C.
- ) Chart 1-002csv Microsoft Excel C.
v 5] Chart 1~003.csv Microsoft Excel C.
5] Chart 1~004.csv Microsoft Excel C.
@ onedrive ) cooldown 13June2023.cov Microsoft Excel C.
- o 5] cooldown 19lune2023.csv Microsoft Excel C.
5] cooldown 20lune2023.csv Microsoft Excel C.
8 This PC 5] cooldown 23May2023.csv 5 MicrosoftExcel C.
3 30 Objecs 5] cooldown 25May2023.csv 5726720 MicrosoftExcel C.
I Do ) cooldown snd run 12June2023.csv NUBENPM Microsoft xcel .
— ) cooldown_05June2023.csv 6/5/2023 457 PM Microsoft Excel C.
. FS— ) cooldown_22june2023.csv 0 Microsoft Excel C
¥ Downloads ) cooldown_31May2023.csv Microsolt Excel C r
& Music 8] magnet and sample high Tmeasure to 400 Kcsv  6/21/2023 10 Microsoft Excel C.
= Pictures 5] magnet quench SG.csv 5/26/2023 2:40PM Microsoft Excel C.
5] magnet tests at Tample 300 K after changing quen. Microsoft Excel C.
) sample.csy Microsoft Excel C.
N v ) wermup 23May202.csv Microsoft Excel C. .
File name: [ TREREY
Save as type: | Comma separated values (csv) (*csv) -
! \
9 05 0 05 1
eld (6)

Setup 7-2. Export datafile for plotting and analysis
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