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LAKE SHORE LIMITED WARRANTY

WARRANTY PERIOD: THREE (3) YEARS for all products except system
products. System products are TWO (2) YEARS. System products
include but are not limited to; modular characterization systems,
vibrating sample magnetometer systems, cryogenic probe stations,
Hall effect systems, electromagnets, electromagnet power supplies,
superconducting magnet systems, superconducting magnet power
supplies, liquid nitrogen cooled cryostats, liquid helium-cooled cryo-
stats, cryogen-free cryostats, and associated options and accessories.

Manufacturer Limited Warranty. The following is the limited warranty
that Manufacturer offers on its Products. Distributor agrees that it
shall not extend, expand or otherwise modify this limited warranty in
any manner.

1.

Lake Shore Cryotronics, Inc. (“Lake Shore”) warrants that prod-
ucts manufactured by Lake Shore (the “Product”) will be free
from defects in materials and workmanship for the “Warranty
Period” which starts on the date of shipment of the Product.

If Lake Shore receives notice of any such defects during the War-
ranty Period and the defective Productis shipped freight prepaid
back to Lake Shore, Lake Shore will, at its option, either repair or
replace the Product (if it is so defective) without charge for parts,
service labororassociated customary return shipping cost to the
Purchaser. Replacement for the Product may be by either new or
equivalentin performance to new. Replacement or repaired
parts, or a replaced Product, will be warranted for only the unex-
pired portion of the original warranty or 90 days (whichever is
greater).

Lake Shore warrants the Product only if the Product has been
sold by an authorized Lake Shore employee, sales representative,
distributor or an authorized Lake Shore original equipment
manufacturer (OEM).

The Product may contain remanufactured parts equivalent to
new in performance or may have been subject to incidental use
when itis originally sold to the Purchaser.

The Warranty Period begins on the date the Product ships from
Lake Shore's plant.

This limited warranty does not apply to problems with the Prod-
uct resulting from (a) improper or inadequate installation
(unless OT&V services are performed by Lake Shore), mainte-
nance, repair or calibration, (b) fuses, software, power surges,
lightning and non-rechargeable batteries, (c) software, interfac-
ing, parts or other supplies not furnished by Lake Shore, (d)
unauthorized modification or misuse, (e) operation outside of
the published specifications, (f) improper site preparation or site
maintenance (g) natural disasters such as flood, fire, wind, or
earthquake, or (h) damage during shipment other than original
shipment to you if shipped through a Lake Shore carrier.

This limited warranty does not cover: (a) regularly scheduled or
ordinary and expected recalibrations of the Product; (b) accesso-
ries to the Product (such as probe tips and cables, holders, wire,
grease, varnish, feedthroughs, etc.); (c) consumables used in
conjunction with the Product (such as probe tips and cables,
probe holders, sample tails, rods and holders, ceramic putty for
mounting samples, Hall sample cards, Hall sample enclosures,
etc.); or, (d) non-Lake Shore branded Products that are inte-
grated with the Product.

F71/F41 Teslameter

10.

11.
12.

13.

14.

TO THE EXTENT ALLOWED BY APPLICABLE LAW, THIS LIMITED
WARRANTY IS THE ONLY WARRANTY APPLICABLE TO THE PROD-
UCT AND REPLACES ALL OTHER WARRANTIES OR CONDITIONS,
EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OR CONDITIONS OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE. Specifically, except
as provided herein, Lake Shore undertakes no responsibility that
the products will be fit for any particular purpose for which you
may be buying the Products. Any implied warranty is limited in
duration to the warranty period. No oral or written information,
or advice given by Lake Shore, its agents or employees, shall cre-
ate a warranty or in any way increase the scope of this limited
warranty. Some countries, states or provinces do not allow lim-
itations on an implied warranty, so the above limitation or exclu-
sion might not apply to you. This limited warranty gives you
specific legal rights and you might also have other rights that
vary from country to country, state to state or province to prov-
ince.

Further, with regard to the United Nations Convention for Inter-
national Sale of Goods (CISC,) if CISG is found to apply in relation
to the goods covered by this limited warranty, which is specifi-
cally disclaimed by Lake Shore, then this limited warranty
excludes warranties that: (a) the Product is fit for the purpose for
which goods of the same description would ordinarily be used,
(b) the Productis fit for any particular purpose expressly or
impliedly made known to Lake Shore at the time of the purchase
of the Product, (c) the Product is contained or packaged in a
manner usual for such goods orin a manneradequate to pre-
serve and protect such goods where it is shipped by someone
other than a carrier hired by Lake Shore.

Lake Shore disclaims any warranties of technological value or of
non-infringement with respect to the Product and Lake Shore
shall have no duty to defend, indemnify, or hold harmless you
from and against any or all damages or costs incurred by you
arising from the infringement of patents or trademarks or viola-
tion or copyrights by the Product.

This limited warranty is not transferrable.

EXCEPT TO THE EXTENT PROHIBITED BY APPLICABLE LAW, NEI-
THER LAKE SHORE NORANY OF ITS SUBSIDIARIES, AFFILIATES OR
SUPPLIERS WILL BE HELD LIABLE FOR DIRECT, SPECIAL, INCIDEN-
TAL, CONSEQUENTIAL OR OTHER DAMAGES (INCLUDING LOST
PROFIT, LOST DATA, OR DOWNTIME COSTS) ARISING OUT OF THE
USE, INABILITY TO USE OR RESULT OF USE OF THE PRODUCT,
WHETHER BASED IN WARRANTY, CONTRACT, TORT OR OTHER
LEGAL THEORY, REGARDLESS WHETHER OR NOT LAKE SHORE
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
PURCHASER'S USE OF THE PRODUCT IS ENTIRELY AT PUR-
CHASER'S RISK. SOME COUNTRIES, STATES AND PROVINCES DO
NOT ALLOW THE EXCLUSION OF LIABILITY FOR INCIDENTALOR
CONSEQUENTIAL DAMAGES, SO THE ABOVE LIMITATION MAY
NOT APPLY TO YOU.

This limited warranty gives the purchaser specific legal rights,
and the purchaser may also have other rights that vary within or
between jurisdictions where the Product is purchased and/or
used. Some jurisdictions do not allow limitation in certain war-
ranties, and so the above limitations or exclusions of some war-
ranties stated above may not apply to all purchasers.

Except to the extent allowed by applicable law, the terms of this
limited warranty do not exclude, restrict or modify the manda-
tory statutory rights applicable to the sale of the Product to you.






Electromagnetic Compatibility (EMC) for the F71/F41 Teslameter

Electromagnetic Compatibility (EMC) of electronic equipment is a growing concern worldwide. Emissions of and
immunity to electromagnetic interference is now part of the design and manufacture of most electronics. To qualify
for the CE Mark, the teslameter meets or exceeds the requirements of the European Radio Equipment Directive
2014/53/EU.

The instrument was tested under normal operating conditions with sensor and interface cables attached. If the
installation and operating instructions in this user's manual are followed, there should be no degradation in EMC
performance.

Exposure to RF interference greater than that found in a typical laboratory environment may disturb the sensitive
measurement circuitry of the instrument.

Pay special attention to instrument cabling. Improperly installed cabling may defeat even the best EMC protection.
For the best performance from any precision instrument, follow the grounding and shielding instructions in the
user's manual. In addition, the installer of the instrument should consider the following:

m Shield measurement and computerinterface cables.

m Leavenounused orunterminated cables attached to the instrument.

m  Make cable runs as short and direct as possible. Higher radiated emissions are possible with long cables.
m Do nottightly bundle cables that carry different types of signals.

F71/F41 Teslameter
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= Chapter 1: Introduction

1.1 Overview

1.2 Features

Perfect for measuring magnetic fields in a wide variety of applications, Lake Shore’s
F71 and F41 teslameters with FP Series probes offer a new level of precision, conve-

nience, and dependability. Some applicationsinclude:

Scientific and materials research

Quality control for magnet manufacturing and assemblies
Electromagnet system control

Magnetizing pulse capture

Stray field detection and safety

Electric motor design

High resolution magnetic field mapping

Features of the F71 and F41 teslameters include:

DC and RMS measurement

Peak to peak measurement

Autoranging

Variable averaging window

Min/Max hold

Relative readings

Temperature compensation

Frequency measurement of field and filtering

TiltView™ touchscreen for improved viewing angles
Smaller, ultra-thin Hall sensor active areas
Multiple probe types to suit your application
Zerowarm-up time

Isolated input and output relays

Analog Hall voltage output

Corrected field reading voltage output
3-year standard warranty

High-speed data acquisition

Field control option

USB and Ethernet connectivity

GPIB with MR-GPIB-USB adapter

Pass/fail mode for quality control

For full feature information, please see our website:
https://www.lakeshore.com/teslameters

‘ Lake Shore

TruZero™ technology to reduce measurement noise and offset
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2 CHAPTER 1: Introduction

1.3 Connectivity

and Usability—
Communication
Options
1.3.1 Physical USB and Ethernet connectivity provide convenient integration with systems using
Connectivity LabVIEW™ IVI.NET, Python, and other software. Interfacing is straightforward using
IVI class drivers and industry-standard SCPl commands.
m  USBcomputer interface: provides direct serial communication by emulating a
standard RS-232 connection
m  FEthernet: allows full control and reporting throughout an IP network
m  GPIBadapter: available for use with MeasureReady® instruments, this adapter
provides GPIB communication to instruments that don’t have built-in GPIB. For
more information, see:
https://www.lakeshore.com/products/product-detail/measureready/gpib-
adapter/
Lake Shore teslameters sold prior to August 2020 also included Wi-Fi capability.
Please see: https://www.lakeshore.com/instruments-wi-fi-addendum.pdf/.
FIGURE 1-1 Communications connections
1.4 Hall Probe Full details on FP Series probes are provided on our website. Please see:
Selection https://www.lakeshore.com/products/categories/overview/magnetic-products/hall-

probes/fp-series-hall-probes.

F71/F41 Teslameter
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1.5 Speciﬁcations Full specifications about the F71/F41 teslameter are provided on our website. Please
see the Technical Specifications page at https://www.lakeshore.com/teslameters.

Feature Description
Power requirement 100V to 240V (universal input), 50 Hz or 60 Hz, 30 VA
Size 216.mm wide x 87 mm high x 369 mm deep
(8.5inx3.4inx 14.5in), half rack
Weight 3.2kg(71b)
Approval CE mark, UKCA
Operating conditions
Rated accuracy 23 °C+5 °C and <70% relative humidity non-condensing
Reduced accuracy -20°Cto0 70 °C,<90% relative humidity non-condensing
L'ls;;::::"t max field 10 mT (100 G) DC, 1 mT (10 G) RMS

TABLE1-1 Key specifications

‘LakeShO"e | www.lakeshore.com


https://www.lakeshore.com/teslameters
https://www.lakeshore.com/teslameters

4 CHAPTER 1: Introduction

1.6 Safety
Summary and
Symbols

F71/F41 Teslameter

Observe these general safety precautions during all phases of instrument operation,
service, and repair. Failure to comply with these precautions or with specific warn-
ings elsewhere in this manual violates safety standards of design, manufacture, and
intended instrument use. Lake Shore Cryotronics, Inc. assumes no liability for user
failure to comply with these requirements.

The F71/F41 teslameter protects the operator and surrounding area from electric
shock or burn, mechanical hazards, excessive temperature, and spread of fire from
the instrument. Environmental conditions outside of the conditions below may pose
a hazard to the operator and surrounding area.

m Indooruse

Altitude to 2000 m

-20°Cto 70 °C, <90% relative humidity non-condensing
Overvoltage category I

Pollution degree 2

Mains fluctuationsup to+ 10%

Ground the Instrument

To minimize shock hazard, the instrument is equipped with a 3-conductor AC power
cable. Plug the power cable into an approved 3-contact electrical outlet or use a
3-contact adapter with the grounding wire (green) firmly connected to an electrical
ground (safety ground) at the power outlet. The power jack and mating plug of the
power cable meet Underwriters Laboratories (UL) and International Electrotechnical
Commission (IEC) safety standards.

Ventilation
The instrument has ventilation holes in its side covers. Do not block these holes when
the instrumentis operating.

Do Not Operate in an Explosive Atmosphere

Do not operate the instrument in the presence of flammable gases or fumes. Opera-
tion of any electrical instrument in such an environment constitutes a definite safety
hazard.

Keep Away from Live Circuits

Operating personnel must not remove instrument covers. Refer component replace-
ment and internal adjustments to qualified maintenance personnel. Do not replace
components with power cable connected. To avoid injuries, always disconnect power
and discharge circuits before touching them. Do not position the instrument so that it
is difficult to disconnect the power cord.

Child Safety
Thisequipmentis notsuitable for usein locations where children are likely to be pres-
ent.

Do Not Substitute Parts or Modify Instrument

Do notinstall substitute parts or perform any unauthorized modification to the
instrument. Return the instrument to an authorized Lake Shore Cryotronics, Inc. rep-
resentative for service and repair to ensure that safety features are maintained. If the
equipmentis used in a manner not specified by the manufacturer, the protection pro-
vided by the equipment may be impaired.

Cleaning
Do not submerge instrument. Clean only with a damp cloth and mild detergent. Exte-
rioronly.
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Desktop Installation

When installing the instrument in a desktop environment, ensure it is mounted on a

flat, level surface.

Improper Use

If the instrumentis used in a manner thatis not specified by Lake Shore, the safety
protections provided by the instrument are no longer guaranteed, and may be

impaired.

Direct current (power line) El
Alternating current (power line)
Alternating or direct current (power line) A
Three-phase alternating current (power line)
Earth (ground) terminal

A\
Protective conductor terminal
Frame or chassis terminal
On (supply)

Off (supply)

FIGURE 1-2 Safety symbols

Equipment protected throughout
by double insulation or reinforces
insulation (equivalent to Class Il of
IEC 536—see Annex H)

CAUTION: High voltages; danger of
electric shock; background color:
yellow; symbol and outline: black

CAUTION or WARNING: See
instrument documentation;
background color: yellow;
symbol and outline: black

‘LakeShore | www.lakeshore.com
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= Chapter 2: Installation

2.1 General

2.2 Inspection and
Unpacking

This chapter provides general installation instructions for the F71/F41 teslameter.
Please read this entire chapter before installing the instrument and powering it on to
ensure the best possible performance and to maintain safety.

Inspect shipping containers for external damage before opening them. Photograph
any container that has significant damage before opening it. Inspect all items for
both visible and hidden damage that occurred during shipment. If there is visible
damage to the contents of the container, contact the shipping company and

Lake Shore immediately, preferably within five days of receipt of goods, for instruc-
tionson how to file a properinsurance claim. Lake Shore products are insured against
damage during shipment, but a timely claim must be filed before Lake Shore will take
further action. Procedures vary slightly with shipping companies. Keep all damaged
shipping materials and contents until instructed to either return or discard them.

Open the shipping container and keep the container and shipping materials until all
contents have been accounted for. Check off each item on the packing listasitis
unpacked. Instruments themselves may be shipped as several parts. The items
included with the F71/F41 teslameter are listed below. Contact Lake Shore immedi-
atelyifthereis a shortage of parts or accessories. Lake Shore is not responsible for any
missing items if not notified within 60 days of shipment.

If you need to return the instrument for recalibration, replacement or repair, a return
authorization (RMA) number must be obtained from a Lake Shore representative.
Refer to section 6.9.3 for the Lake Shore RMA procedure.

Probes are shipped in cardboard containers and are often included in the instrument
shipping carton. Please retain the probe container for probe storage. This will help
protect the delicate probe from being damaged.

Items Included with F71/F41 teslameter:
B F71/F41teslameter

6-pin terminal block, two count

Line power cord

USB Ato USB-Type C™ adapter
Quick Start Guide

‘LakeShore | www.lakeshore.com



8 CHAPTER 2: Installation

2.3 Front Panel

2.3.1TiltView™
Touchscreen

F71/F41 Teslameter

The F71/F41 teslameter has a 5 in capacitive touch, color TFT display with LED back-
light, which is used to control the instrument and display relevant output settings
and the instrument state.

- 2.86502T =

10ms

2.46502T
0.40000T

3.02027T
2.68679T  saseine

RESET

FIGURE 2-1 F71/F41 teslameter front panel

N

1 Power button The power button turns the instrument power on and off.

The screen adjusts from a 0° to a 37° viewing angle, whether mountedina

2 TiltView™ touchscreen
rack or on a bench top.

TABLE 2-1 Front panel connections
The TiltView™ feature makes seeing the screen and operating the touch interface

comfortable from any angle, even when mounted in a rack. The screen adjusts from a
0°toa47°viewing angle, whether mounted in arack oron a bench top.

On benchtop
F71/F41: §47°
Similar ~1 5° O°
instruments:

FIGURE 2-2 TiltView™ angle comparison



2.4 Rear Panel This section provides a description of the F71/F41 teslameter rear panel connections.

0 o
0
FIGURE 2-3 F71/F41 teslameter rear panel

Connector Description
1

Option card slot Field control option

Line input assembly Power is provided through the line input assembly.

Connect to USB devices such as flash drives. Currently, only used
for firmware updates, and to attach the MR-GPIB-USB adapter.
USB serial communications inter- The USB interface is provided to connect with most modern com-
face puters.

3 USB Type-C™ interface

The Ethernet interface is provided to allow connection to a com-
puter network.

For general purpose input/output connection or trigger output
functionality. More information is provided in section 3.5.6.
Probe input connector 26-pin mini D-sub for Hall probes.

BNC analog output connector Outputs the raw amplified Hall voltage signal. See section 2.4.5.

5 RJ-45 Ethernet interface

6 Digital I/0 port

TABLE 2-2 Rear panel connections

.LakeShore | www.lakeshore.com
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10 CHAPTER 2: Installation

2.4.1 Field Control The F71/F41 teslameter can be fitted with a field control option card that provides a

Module high precision control voltage output for electromagnet systems. The stable and
accurate probe field measurement completes the closed-loop control configuration.
The instrument, probe, power supply, magnet, and control parameters play import-
antrolesin establishing stable field control. See section 3.5.2.

Field control is only available for single-axis probes. The averaging window does not
affect field control behavior.

The field control option card's only connection is to the J4 connector on the main
board. See the separate installation instructions that came with the option card if you
are adding the option card yourself.

FIGURE 2-4 Field control option card placement

2.4.2 Line Input This section describes how to properly connect the F71/F41 teslameter to line power.
Assembly Please follow these instructions carefully to ensure proper operation of the instru-
ment and the safety of operators.

I

FIGURE 2-5 Line input assembly

2.4.2.1 Power Cord

The F71/F41 teslameterincludes a 3-conductor power cord that mates with the IEC
320-C14 line cord receptacle. Line voltage is present on the two outside conductors
and the center conductoris a safety ground. The safety ground attaches to the instru-
ment chassis and protects the userin case of a component failure.

Q WARNI NG Always plug the power cord into an easily accessible, properly grounded receptacle to
ensure safe instrument operation.

Do not position the instrument so that it is difficult to disconnect the power cord.

If the power supply cord is damaged or lost, it must be replaced. Contact Lake Shore for a
replacement to ensure proper voltage, current and type of cord.

F71/F41 Teslameter



2.4.3 Digital 1/0 Port

2.4.4 Probe Input
Connector

AWARNING

11

See section 3.5.6 and section 6.7 for features of the digital I/O port.

FIGURE 2-6 Digital I/0 port

This section describes the probe input connector. See section 3.6.3.3 and section 6.7
for further information.

The Lake Shore Hall probe plugsinto the 26-pin mini D-sub socket on the rear panel.
Align the probe connector with the probe input socket and push straightin. The con-
nectoris push-to-lock. You should hear a clicking sound if the connectoris fully
seated.

An electrically erasable programmable read only memory (EEPROM chip) is included
in each probe. The EEPROM chip stores specific information that the teslameter
requires for operation. The information includes serial number, probe sensitivity, field
compensation data, temperature compensation data, and calibration data. When a
new probe is connected, the instrument reads parameters from probe memory and
the probe isready to use. Anew probe can be connected at any time even while the
instrument is turned on.

AR
FIGURE 2-7 Probe input connector

2.4.4.1 Probe Handling

To avoid damage and for best results during use, probes have a number of handling
and accuracy requirements that must be observed.

Some probes used with the teslameter have conductive parts. Never probe near exposed
live voltage. Personal injury and damage to the instrument may resulit.

Force should never be applied to the tip of the probe. On all probes, do not pinch or
allow cables to be struck by any heavy or sharp object. Damaged or severed cables
may be returned to Lake Shore for repair but probes are not always repairable.

The cardboard and foam container that Lake Shore probes are shipped in should be

retained for probe storage and for return shipping for periodic probe recalibration.
For additional probe details, please see section 3.6.

‘LakeShore | www.lakeshore.com
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245 Analog Output The F71/F41 teslameter has an analog output that can provide a DC voltage propor-
tional to the corrected field measurement or the amplified raw Hall voltage. This set-
ting can be configured through the front panel or through the remote interfaces.
Connectan oscilloscope or data acquisition system to the output BNC to analyze the
readings.

The shell of the analog output BNC is connected directly to the instrument ground. Con-
nectingitincorrectly could cause additional noise in the measurement or damage to the
electronics.

For furtherinformation, see section 3.5.4 and section 6.7.

FIGURE 2-8 Analog output connector

The analog output can provide up to *15V.

F71/F41 Teslameter
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= Chapter 3: Operation

3.1 General This chapter provides instructions for the operating features of the
F71/F41 teslameter.

3.2 Instrument Refer to the table below for details on the power button operation.

Power "

Plug the instrument into an outlet

SLEEP Slow pulse Short press of the power button Short press ofthe power button
STANDBY Off Hold the power button until the Hold the power button until the
screen turns off (up to 10 seconds) screen turns on (1-2 seconds)

TABLE 3-1 Instrument power

m  ON:normal operation.

m  SLEEP:lower power state with the main board powered down, but operating sys-
tem remains active for wake-up.

m  STANDBY: both the main board and OS are shut down. Requires full boot up
sequence when turning back on.

3.3 Disp|ay This section describes the various displays of your teslameter.
Overview
3.3.1 Home Screen When the teslameter is turned on, the Home screen is displayed.

The screens you see may differ, depending on your software version. Some screens are
scrollable.

Settings —= |§ 8 <— Status bar
menU Magnitude (RMS)

0.0026 mT

<—Quick access

0.0374 mT | | Freauerey settings
0.0025 mT

RESET

AnTn T =

F41 Teslameter

FIGURE 3-1 Home screen

‘LakeShore | www.lakeshore.com
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3.4 Basic
Operation

3.4.1 Measurement
Modes

F71/F41 Teslameter

The Home screen displays readings such as magnitude, max hold, relative, XYZ (F71),
and frequency. Touch a box on the screen to navigate to a detail screen containing
more information.

The following quick access settings are also available on the Home screen:
m  Measurement Mode

m  Averaging Window

m  Range

The F71/F41 teslameter can be configured for DC, AC, or high-frequency measure-
ments.

Measurement Mode
O bc

® AC (0Hzto 500 Hz)

O  HF (High Frequency 50 Hz to 100 kHz)

CANCEL OK

FIGURE 3-2 Measurement Mode

3.4.1.1 DC Measurement Mode

When absolute field values are desired, DC is the recommended measurement mode.
Averaging windows as short as 10 ms (100 readings per second) are possible, so even
fast moving fields can be characterized using DC mode. In DC measurement mode,
the display shows the measured DC field, the DC max hold, and the DC relative mea-
surement.

3.4.1.2 AC Measurement Mode

AC mode offers the highest level of accuracy for periodic fields. However, it is only
capable of measuring accurately over a limited range of frequencies. This is because
AC mode uses the TruZero™ measurement technique, delivering improved accuracy
at the expense of high-frequency capabilities. AC mode calculates DC level, AC RMS
component, peak values, and crest factor.

m  RMS:the root mean square of the AC component of the field.

B Peak to peak: the difference between the smallest and largest samples acquired
during the averaging window.

m  Crestfactor: the ratio between the largest peak value and the RMS measurement.

m  DCoffset: the component of the field that is not changing. Thisincludes fields that
have a period longer than the averaging window.
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Crest factor
(peak/RMS)

Field

DC offset

Time

FIGURE 3-3 Available field measurements in AC mode

The DClevel is the rolling average field measured over the averaging window period
(see section 3.4.2). The instrument subtracts this DC level from the RMS measure-
ment, meaning the RMS measurement only includes the AC component of the field.

For best results, select an averaging window 10 times the period of the field mea-
sured. This ensures stable DC values and accurate AC values.

Forexample:
A 50 Hz signal has a 20 ms period. So the averaging window should be no less than
200 ms. Longer averaging windows will work even better.

Slow AC signals need a very long averaging window in AC mode. In these cases, DC
mode with a short averaging window may work better. Buffered data streaming

(see section 3.5.3) allows for a sample rate up to 100 Hz (10 ms averaging window) in
DC mode. RMS and peak values can then be calculated using the collected data.

For example:

In AC mode, a 1 Hz signal requires a 10 s averaging window for accurate measure-
ment. In some applications this may be too slow. Instead, DC mode with an averaging
window of 10 ms will provide 100 samples per signal period.

3.4.1.3 High-Frequency Measurement Mode

High-frequency (HF) mode sacrifices accuracy and the ability to measure DC values to
take measurements as fast as possible. The instrument samples at 200,000 readings
per second in high-frequency mode. However, there are many factors limiting mea-
surement accuracy at high frequencies. See the “High Frequency Measurement”
white paper (coming soon, the Downloads page at https://www.lakeshore.com/
teslameter) for a detailed explanation.

High-frequency mode disables signal modulation, allowing the use of the analog out
connection to view the AC waveform in real-time. Connect the analog out to an oscil-
loscope to monitor pulsed or high-frequency fields. See section 2.4.5 for voltage con-
version details.

‘LakeShO"e | www.lakeshore.com
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In high-frequency mode, the instrument has a typical frequency response shown in
the figure below. This bandwidth may vary to some degree between instruments.

0 ———

Gain (dB)
[
| _o—1

1 10 100 1000 10000 100000

Frequency (Hz)
FIGURE 3-4 High-frequency mode instrument frequency response

Each probe has its own frequency response.

3.4.2 Averaging Time interval settings can be set from 10 ms to 105, in increments of 10 ms. The aver-
Window aging window is a rolling average, with the screen retaining a 5 rdg/s update rate.

There are several purposes of the averaging window:

m Selecting how much smoothing is applied to the measurement without altering
the measurement update rate.

m Adjusting the accuracy of the AC and DC components of a measurementin AC
mode (section 3.4.1.2).

m Setting the measurement bufferinterval when using the streaming data buffer
feature over SCPI (section 3.5.3).

The fundamental measurement for the teslameteris 10 ms, with all averaging win-
dows being an average of a certain number of these 10 ms measurement steps. For
example, the 200 ms window averages the previous 20 measurement samples. The
rolling average updates with each 10 ms measurement regardless of the window. For
example,a 10 s averaging window could be queried once every second and each
returned value would be an average of the previous 10s.

F71/F41 Teslameter
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Averaging windows of less than 200 ms will not resultin a faster screen update rate,
but can be queried remotely to capture the higher-speed data.

Averaging Window

10 ms
100 ms
200 ms (default)

1s

CANCEL OK

FIGURE 3-5 Averaging Window

Although readings are immediately available following a major settings change (not
including range change), itis recommended to wait at least one averaging window's
period of time before recording readings. This allows time for the rolling average to
stabilize after being reset.

The F71/F41 teslameter is equipped with an autoranging feature that will automati-
cally select the appropriate range for the measured field. In some cases it may be
desirable to manually select the field range. Autorange and manual range selection
are accessible from the Range quick access setting. When manually selecting a range
foran ACfield in AC or high-frequency mode, select a range higher than the expected
peak value of the field. The main display is RMS, which will be less than the peak val-
ues produced by the field.

Autorange is the default setting.

Field Range
® Autorange
35T

35T

@)
@)
@)
©

CANCEL

FIGURE 3-6 Range

‘LakeShore | www.lakeshore.com
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3.4.4 Field This detail screen can be accessed from the Home screen, or by navigating from
another detail screen. This screen contains different information depending on the
mode of operation. For a 3-axis probe, the magnitude value is defined as the square
root of the sum of the squares of the three axes’ measurements. This is also known as
the vector sum. The figure below shows an example of the display in AC mode.

¢ Input detalil

FIELD FREQUENCY MAX HOLD RELATIVE TEMPERATURE

Feld (AVS) 0.74633 kG
vk 2.13984 KG

Crest Factor

wor =0.08451 kG

FIGURE 3-7 AC measurement detail

3.4.5 Frequency Frequency is calculated by counting DC value crossings. This value is most accurate

(AC modes only) when measuring a fairly consistent AC signal with a strong fundamental frequency
and amplitude greater than 1% of range.

< Input detail

MAGNITUDE FREQUENCY MAX HOLD RELATIVE TEMPERATURE QUALIFIER

Frequency 6 H Z

Enable filter

Band-pass center

1 kHz

Filter type

Band-pass

FIGURE 3-8 Frequency detail

F71/F41 Teslameter
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3.4.6 Max Hold The Max Hold function records maximum and minimum values, with the ability to
Function reset these values to the present reading at any time. Accessing the detail screen will
allow you to reset valuesindividually.

< Input detail

MAGNITUDE MAX HOLD RELATIVE TEMPERATURE QUALIFIER

71.206 mT  reser

s 15,072 mT
0.021 mT reser

RESET ALL

FIGURE 3-9 Max Hold detail

3.4.7 Relative The Relative measurement allows you to take field measurements relative to a base-

Measurement line field. The relative reading is equal to the present field value minus the baseline.
The Relative mode applies to the DC reading in DC mode, and to the RMS reading in
the AC and high-frequency modes.

The relative measurement does not interact with other features at this time.

Touch the Tare button on the screen to capture the presentreading and setitas a new
baseline. Itis also possible to manually set a baseline through the detail screen. Touch
the Clear button to set the baseline to zero.

TIP: This feature can be used to remove the small amount of TruZero™ residual offset
ifa O reading is desired when the probe is placed in a zero gauss chamber. Measure
the residual offset with the probe in a zero gauss chamber and set the relative base-
line to the average offset value.

< Input detail

MAGNITUDE MAX HOLD RELATIVE TEMPERATURE QUALIFIER

w  5.049 mT =

Baseline Magnitude

10.000 mT| 15.049mT

CLEAR

FIGURE 3-10 Relative measurement

‘LakeShore | www.lakeshore.com
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3.4.8 Temperature The temperature compensation detail screen displays the current temperature read-

Measurement ing for the probe tip temperature sensor. Temperature compensation is on by default
but can be turned off for troubleshooting, or set to manual to allow temperature
inputs that are outside the standard operating range of the probe temperature sen-
sor (0°to 90° Q).

For more information on temperature compensation, see section 3.5.7.

< Input detail

MAGNITUDE MAX HOLD RELATIVE TEMPERATURE QUALIFIER

- 23.34°C

Source Compensation

FIGURE 3-11 Temperature measurement

3.4.9 Screen Lock The screen lock feature prevents accidental changes to parameter values. When the
screen is locked, some parameter values may be viewed, but not changed, from the
front panel.

To lock the screen:

1. Taptheactionicon (three dotsinthetop right corner of the screen). Adrop-down
menu appears.

2. TapLock.A message indicating thatthe screenis locked appears in the status bar.
To unlock the screen:

1. Tapthelockiconinthetop rightcornerofthescreen.
2. Tap UNLOCK in the status bar. The screen unlocks.

F71/F41 Teslameter
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Operation

3.5.1Sensor
Information
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The following sections explain the more advanced features of the
F71/F41 teslameter. To find these settings, tap the Settings menu (top left corner of
the screen) to access the navigation drawer, then select an option.

Measurement setup

Sensor information

Analog output

Digital I/0

System settings

FIGURE 3-12 Navigation drawer

The Sensor Information tab provides general information about the probe.

¢ Sensor information

Field

-0.1175 mT

Model number FP-2X-250-ZS15M

Serial number

FP123456

Probe type (Construction) Standard

Sensor type (Family/Variant) 2Dex

Sensor orientation Multi-axis

Sensitivity 11 mV/kG

FIGURE 3-13 Sensor Information

I

Magnitude
Model number

Serial number

Probe type (Construction)
Sensor type (Family/Variant)
Sensor orientation

Sensitivity

The current magnitude reading.

The probe model number.

The unique identifier for this specific probe assigned during manufacturing.
Information about the mechanical design of the probe.

The material family of the sensor.

The direction the sensor is facing, relative to the stem.

Nominal sensitivity of the Hall sensor(s) in the probe at the probe’s operating exci-
tation current.

Thermistor present

Indicates whether there is a temperature sensor in the tip of the connected probe.

Probe temperature reading

Displays the current temperature of the probe, in °C.

Probe calibration data

Indicates whether the sensor data is fixed or able to be set by the user.

Last calibration date

The date and time the probe was last calibrated successfully at Lake Shore.

TABLE 3-2 Sensor information

‘LakeShore | www.lakeshore.com
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3.5.2 Field Control
(optional)

F71/F41 Teslameter

Field control options will only display when the field control module is installed. Field
control is available only for DC measurements with single-axis probes. When Field
Control is enabled, the Home screen will show different options including a quick
access setting for Field Control.

Measurement

100.000 mT |

sepont 100.000 mT | ity

Window

200 ms

100.000 mT gy

350 mT

0000 mT Auto

TARE

Max 100.145 mT
Min -10.296 mT

RESET

Relative

Baseline

Field Control
Toamnaoratiira nnmnoncatinn

F41 Teslameter

FIGURE 3-14 Home screen with Field Control

All field control settings can be accessed through the Settings menu (top left corner of
the screen).

3.5.2.1 Power Supply Protection

Magnet power supplies can be damaged by a control voltage that is too large or by
rapid changesin the control voltage. It isimportant to put limits on these values to
avoid these problems.

3.5.2.1.1 Voltage Limit

The full span of the field control option card is £10V. However some magnet power
supplies are not designed to operate at those voltages, so a limit can be set on the out-
putvoltage. See FIGURE 3-19.
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3.5.2.1.2 Maximum Slew Rate Limit

The slew rate is the rate of change in the output voltage of the field control option
card. This rate can be limited to protect the magnet power supply. The Slew rate limit
will be used even when a step change is requested (including when disabling field
control while actively controlling).

<  Field control

OVERVIEW BASIC SETTINGS LIMITS

Voltage limit
10.0000 V.

Slew rate limit
10.0000 V/s

FIGURE 3-15 Field control limits

3.5.2.2 Open Loop Mode

In Open Loop mode, the control output voltage of the field control option card can be
set directly by the user. This can be helpful in testing and characterizing the field con-
trol system before moving to Closed Loop control.

< Input detail

FIELD MAX HOLD RELATIVE TEMPERATURE QUALIFIER

-9.5199 mT

Output Field control

2.60000 V ®

FIGURE 3-16 Open Loop mode

qLakeShore | www.lakeshore.com
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F71/F41 Teslameter

3.5.2.3 Closed Loop Mode

Closed Loop mode, sometimes called feedback control, is the control mode most often
associated with field controllers. In this mode, the controller attempts to keep the
measured magnetic field at exactly the user entered setpoint. To do this, feedback
from the probe is used to calculate and actively adjust the field control option card
analogvoltage output. The teslameter uses a Pl control algorithm to tune the control-
ler for each unique system.

The Pl control equation has two variable terms: proportional (P) and integral (1), see
below. See FIGURE 3-17.Changing these variables for best control of a system is
called tuning. The Pl equation is:

1
Ouput = P [e +?f(e) dt]

where the error (¢) is defined as: e= Setpoint - Feedback Reading

3.5.2.3.1 Proportional (P)

Thevalue of the proportional term is multiplied by the error (e) to produce the output
value.The erroris defined as the difference between the setpoint and feedback field
measurement.

If proportional is acting alone, with no integral, there must always be an error or the
output will go to zero. A great deal must be known about the magnet, power supply,
and probe to compute the ideal P value. Most often the proportional setting is deter-
mined by trial and error. The proportional setting is part of the overall control loop
gain, and so are the magnet, magnet gap, and power supply characteristics. The pro-
portional setting will need to change if the hardware changes.

3.5.2.3.2 Tuning Proportional

The proportional settingis tied to the overall gain of the system. The gain of the power
supply should be fairly constant over its entire range of operation, but the gain of the
magnet changes with field. As the magnet approaches saturation, the amount of cur-
rent needed to change the field a given amount increases substantially. No single
value of P will be sufficient to maintain acceptable control over the entire range of
magnet operation.

To find the correct proportional setting for a system, turn off the | setting and start
with a low value for P, approximately 5 or 10. And set the control setpoint to some
low, non-zero field (100 mT for example). If the field is oscillating, then P is too high
and needs to be reduced. If the field is not oscillating, increase P by a factor of two
until the system begins to oscillate. See FIGURE 3-17(a). Do not set the proportional
setting so high that it causes violent oscillations. The appropriate value for Pis one
half of the value required for sustained oscillation. An even lower setting of one quar-
ter may be desired for minimal overshoot. See FIGURE 3-17(b).

3.5.2.3.3 Integral

The integral term, also called reset, looks at error over time to build the integral con-
tribution to the output.

1
Ouput = P?J-(e) dt
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By adding the integral to proportional contributions, the error history will push the
output towards a stable value. When the error is at zero, controlling at the setpoint,
the outputis held constant by the integral contribution. The integral setting (1) is
more predictable than the proportional setting. It is related to the dominant time
constant of the magnet. The integral term is set in seconds and a smaller setting cre-
ates a more active integrator.

3.5.2.3.4 Tuning Integral

When the proportional setting is chosen and the integral is turned off, the teslameter
will control the field to some value below the setpoint. Setting the integral allows the
control algorithm to gradually eliminate the difference in field by integrating the
errorovertime. See FIGURE 3-17(d). An integral setting thatis too low causes the field
to take too long to reach the setpoint. An integral setting thatis too high can create
overshoot, which cannot be tolerated in many magnetic systems. An integral setting
thatis very high will eventually cause the field to oscillate.

Begin this part of the tuning process using the proportional setting found above, and
enteran | setting of 100. If the field begins to oscillate, increase the | setting by a fac-
tor of two. Remember the integral term is set in seconds and a smaller setting creates
amore active integrator. If the field is stable but never reaches the setpoint, the inte-
gral setting is too high and should be reduced by one half.

To verify the integral setting, make a few small (100 mT) changes in setpoint and
watch the field react. Trial and error can help improve the integral setting by optimiz-
ing for experimental needs. Faster integrals, for example, get to the setpoint more
quickly at the expense of greater overshoot.

o
& change in /_\ /\
setpoint \/ \
actual field response P Only (too high)
a)
time
/\¥/—
P Only
b)
P Only (too low)
c)
P+l
d)

FIGURE 3-17 Examples of PI control

‘LakeShO"e | www.lakeshore.com
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3.5.2.3.5 Ramp Rate

The setpoint ramp rate determines how quickly the Closed Loop field control will
move from the previous setpoint to a newly configured setpoint. The ramp rate can be
used to avoid overshoot or to sweep over a range of field values. The ramp rateis setin
field units per second.

Setting the ramp rate to O disables ramping. Changes to the setpoint will behave like step
changes.

Tap Field on the Home screen to go to the detail screen, where the Pl values and set-
point can be configured. While the ramp rate is being set, “Ramping” will display on
the detail screen and on the Home screen.

Swipe up on the screen to reveal the Advanced Settings button, which returns to the
Field control Overview screen.

< Input detail

FIELD MAX HOLD RELATIVE TEMPERATURE

QUALIFIER

-0.1204 mT

Proportional

6.000

Integral

0.500

100.000 mT/s

Final setpoint Setpoint

120000 T | 219.280

b Ramping...

Setpoint ramp rate

Field control Q

ADVANCED SETTINGS

FIGURE 3-18 Ramp rate

Avoltage limit warning will display on the detail screen and on the Home screen
when the voltage control limit is reached.

< Input detail

FIELD

Proportional

6.000

Integral

0.500

F71/F41 Teslameter

MAX HOLD RELATIVE

1 201000 T

100.000 mT/s

TEMPERATURE QUALIFIER

-0.1198 mT

Setpoint

1120000 T
A Voltage limit

Final setpoint

Setpoint ramp rate

Field control Q

FIGURE 3-19 Voltage limit



3.5.3 Buffered Data
Streaming

3.5.4 Analog Output
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3.5.2.3.6 MagnoTune™ Magnet System Tuning

MagnoTune™ s an advanced field control technique where the relationship between
control voltage and field is characterized and used to greatly improve closed loop per-
formance. On very large electromagnets, the relationship between supplied current
and generated field strength is not linear, making it difficult to quickly ramp magnetic
fields using a standard PI control loop. Linearization of the current/field relationship
allows faster and more stable controlled field changes.

MagnoTune is a feature available through Lake Shore's MeasureLINK™-MCS software
which creates a unique linearization for a given electromagnet configuration.

The teslameter provides a buffer of measurements for applications where continuous
data, high speed streaming, or digital input synchronization is desired. The buffer
returns up to 128 of the most recent measurements in a comma separated format.
Each measurement hasatimestampinanISO 8601 format that is precise to the mil-
lisecond. When the buffer is queried, the data is cleared. To obtain continuous data,
the buffer must be queried faster than itis filled. At a 10 ms averaging window the
bufferisfilled every 1.28 seconds, therefor it should be queried about every half sec-
ond. For more information about buffer best practices, applications, and example
code please see Fast Magnetic Field Mapping with F71/F41 Teslameters from the Down-
loads page at https://www.lakeshore.com/teslameters.

The analog output can provide up to £14 V however it is recommended that the ana-
log outputis operated such that it remains between £10 V.

The analog output can provide voltage proportional to:
m Theraw (amplified) Hall voltage
m Thecorrected field reading

Channel

Raw X
Raw Y
Raw Z
Corrected X
Corrected Y

Corrected Z

Corrected Magnitude

CANCEL OK

FIGURE 3-20 Analog output

Be sure to connect the analog output to a high impedance input or it may interfere with
the sensitive measurement circuitry.

3.5.4.1 Corrected Field Reading

Setting the analog output to "corrected" results in an output voltage that is directly

proportional to the front panel field readings.

m  Whena multi-axis probe is connected, either the X, Y, Z, or vector magnitude field
reading can be selected.

m Thecorrected output voltage updates 2,000 times per second

‘LakeShore | www.lakeshore.com
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F71/F41 Teslameter

Corrected inputisintended for use in DC mode only. When in AC or high-frequency mode,
the output’s 2,000 times per second update rate results in voltages that represent the
RMS value from the previous 0.5 ms. For alternating fields below 2 kHz, less than a full
period will be contained within the window, resulting in fluctuating output voltages.

3.5.4.4.1 Scaling

By default, the corrected analog outputis scaled so that 1V outis proportionalto 1 T.
Modify this scaling by changing the scaling factor and baseline field of the analog
output. The following equation defines the scaling:

Corrected analog out voltage = scale factor » (field reading — baseline)

Forexample, toscale £10 kG from O to 10V, calculate the scale factor and baseline
using this formula:

10V -0V Vv
Scale factor = = 0.0005 —
10,0006 — —10,000G G

Baseline = —10,000G — = —10,000 G

vV
0.0005 G

To scale the corrected analog output so that it outputs +5 V across a band of interest
between 150 mT and 250 mT, use this formula:
5V — =5V

Scale factor = =100V/T
0.25T —0.15T

. 5V
Baseline = 0.25T — —v = 02T
100 T

The analog outputis not calibrated. For applications that require high accuracy, correlate
the voltage directly to the front panel measurementvalue.

3.5.4.2 Raw Analog Output

Raw analog output is simply an amplified version of the Hall voltage delivered by the
Hall probe. Amplification occurs prior to demodulation or digitization, so itis the
most direct representation of the Hall voltage available. These modes are most valu-
able when viewing high frequency AC signals or magnetic pulses as the signal. View-
ing raw analog signalsin DC or AC modes will result in a modulated signal that won't
be useful.

Due to the raw nature of this signal, the voltage level will not predictably relate to the
actual applied field. The best method for calculating the ratio between field and gen-
erated output voltage is to measure the voltage directly, and compare it to the peak
values that have gone through all the correction required for a more accurate field
value.

To help verify whether your calculations are likely to be correct, the following table
gives an approximate relationship between voltage and field:
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Range Approximate relationship
35T 200 mVv/T
3.5T 2V/[T

350mT 20 mv/mT

35mT 200 mV/mT

TABLE 3-3 Raw analog output

The approximate relationships in the table are only valid over the flat frequency
response bands of both the teslameter and probe. Higher frequencies will appear to
haveincreased gain factors due to higher probe voltages as a result of inductive

pickup in the probe.

The inductive properties of the probes have been characterized and are corrected in the
teslameter, resulting in accurate reported values to use as a correlation source.

3.5.5 Qualifier The qualifier indicates whether the field reading is within a threshold set by the user.
Optionally, the qualifier can latch when the threshold condition is met.

FIGURE 3-21 Qualifier detail with the condition met

FIGURE 3-22 Qualifier detail with the condition not met
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