(= CAYLAR

INSTRUMENTATION SCIENTIFIQUE

Magnetic Field System for
Atomic Force Microscopy

@ CAYLAR MFC Magnetic Field Controller

+EBEE' E o G-" 2rc
HeteB.3'C Riter.s

HENUSE)

USER MANUAL
Magnetic Field Controller and ModuleV24

Caylar SAS MFC50@®-016 to 021
14 avenue du Québec December2024

BP 612

91140 Villeborsur-Yvette Rev24.a

France

Tél +33 169299162



MFC5002-016 to 021 Page 2 | 42 MFC/MFM User Manual v24.01



INSTRUMENTATION SCIENTIFIQUE

(= CAYLAR

Summary
Introduction, 5
Magnetic Field Controller (MFC) Presentation 6
a)  Front panel — Keyboard and screen 6
b) Menus list 7
c) Home page ]
d) Diver menu 8
e) Infos menu 9
f) Rear panel - Communication connectors 9
g)  Rack Arr flow. 10
h)  Rack dmensions 1
Magnetic Field Module (MFM) Presentation 12
a)  Outof plane configuration (OUTP) 12
b)  In-plane configuration (INP) 13
c) Change module plane configuration 13
d)  Clips for user sample fixation 15
e) Module dimensions drawings 16
f)  Fixing the module 17
g) Calibration process 18
Field regulation operation — Closedloop. 19
a)  Main regulation menu — set the field / plane mode 19
b)  Operating principle —Regulation start [ stop conditions: 20
c)  Operating principle —Field regulation: 21
d) Regulation Parameters Editing 22
Motor operation — Open loop 24
a) Introduction 24
b)  Motor parameters editing 25
REMOTE CONTROL (Ethemet [ Serial) 26
a)  Ethernetintroduction [ menu 26
b)  Serial configuration /[ menu 27
c)  Sending [ receive command (Ethernet, R$232, USB) 28
Sending commands: 28
Response to a command: 28
d) Listof Commands (Ethernet, R$232, USB) 29
e)  Python ethernet and Serial example 39
Notes 40

MFC5002-016 to 021

Page 3 [ 42 MFC/MFM User Manual v24.01



INSTRUMENTATION SCIENTIFIQUE

(= CAYLAR

MFC5002-016 to 021 Page 4 [ 42 MFC/MFM User Manual v24.01



. CAYLAR

INSTRUMENTATION SCIENTIFIQUE

Introduction

The aim of this system is to generate a variable bipolar magnetic field in two plane configuration modes: IN and
OUT of plane. For the in-plane mode, the magnetic field axis orientation is mainly included in the user's sampe

surface.For the out-plane mode, the magnetic field axis orientation is mainly normal to the user's sample surface.

The system can be controlled fully manually from the front panel (keyboard + oled screen) or fully remotely via

ethernet, USB or R$232 communication protocols.

It has a field closed loop control using an internal hall sensor for field measurement but it can also be usedin open
loop. All the systemis fully open so you can achieve more complexregulation by controlling the motor by yourself

thank to the internal or an external sensor for example.
The system consists of two parts:

1 A Magnetic Field Controller (MFC) which contain all the electronic for supplies, communication and field

module control.

@CAYLAR

TN_PLANE 2.C

1 A Magnetic Field Module (MFM) which contain a stepper motor and a permanent magnet in order to
generate the magnetic field. This module has two configurations manually settable by the user: IN and

OUT of plane (two set of poles). The module includes a~ 3 meters connection cable to the controller.

Out-plane version:

In-plane version:
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Magnetic Field Controller (MFC) Presentation

The MFC is a 2U rack cabinet which contains all the electronic contrals.

You can control and monitoring all the system manually from its front panel keyboard and oled screen. Each

change made in MFC menus are then permanently saved on the controller SD card. You will therefore find the same
parameters after powerrecycle.

Fromits rear panel you have access to 3communication connectors (ethernet, R$232 and serial via USB) for remote
control.

a) Front panel — Keyboard and screen

« ESCAPE Same as cancel key « C» «Fl» «R2» « FR3» «H»
and return to the home page Menuaccess (shortcut)

| W2\s 8 MFC Magnetic Field Controller

Unusedkey « C» cancelthe «g », «C »,«H », dhp
ON/ OFF SWITCH modification and deselect Select/ modify a « ENT» selectthe
with power on green led the target parameter parameter targeted parameter or

validate changes
Brackets show the selected parameter. To select

another parameter use «g », € »

W_ Some menus continue to show the

actual field

IP : <192.168.001 En& >
NM : 255.255.255.000 Edition cursor (when parameter
PORT : 1234 selected with « ENT>» ). Use «H »,
[ AUTO SETTINGS ]

MAC:FC:C2:3D: XX: XX: XX

«[» to move the cursor and «g »,

«C »to change the cursor value

MFCfront panel view/ example of menu displayed on the oled screen
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b) Menus list

The various menus are explainedin their associated sections of this documentation. Alist of the MFC menus is
available from the home page {« ESCAPE key) by pressingthe «p key. Then use «H » and «Ip keys to
navigate in the different page of the menus list or return to the home page. You can selec amenu with «g »,

«C »keys and enter the menu with « ENT» key.

The menulist also reminds you the shortcuts associated with each menu. The shortcuts are given at the right of

the menu names.

<< MENUSLIST

HOME DISPLAY «H », «[p keys to navigate in the

different page of the menulist

Selected menu, press «ENT» key
to enter the menu. «<g », «C »

keys to select another menu.

Menhus hames Shortcut menureminder

Oled screen view of MENUS LIST page 1 /2 on MFC front panel

List of MFC menus and pages:

Menu nhame Function Shortcut
Home page Displays the overall system status (field, setpoint, temperature, ethernet | ESCAPE
socket connected....)

REGULATION Control the regulation manually (field setpoint, plane configuration...) F1

OUTP PARAMS Change the regulation parameters for the out-plane configuration F1x2

INP PARAMS Change the regulation parameters for the in-plane configuration F1 x3
ETHERNET Change the ethernet parameters F2
SERIAL Change the serial parameters F2x2
CTRLMOTOR Control the motor manually F3
DIVERS CONFIG Change other parameters {field unit, sound...) F4

MFC INFOS Display MFC [ MFM information’s F4x2
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c) Home page

The home page displays the overall system status. It's the startup page. You can access it from other menus with
the « ESCAPE key (red).

User setpoint (can be different

IN PLANE : +4000.0 G than actual field)
‘ Actual plane configuration
+ 2500.0 G ,

Actual field (depend of plane
H: +22.0 °C R: +27.3°C configuration)

G‘ m [;] m [:] MENUS f. MFM hall sensor temperature (H)

and MFC rack temperature (R)

V/ Shortcutreminder for menulistaccess

Ethernet socketicon: visible if socketis open. The four

icons can be hidden depending of opened socket

Motor icon: if visible it means that the motor is enabled
(when this icon turn it mean that the regulation is running).
Can be hidden if the motor is disable

Oled screen view of the home page on MFC front panel

d) Diver menu

To access the “DIVER MENU”, press the « F4» key. On this menu you can change the MFC display unit (Gauss /
mTesla [ Tesla), enable or disable the starting sound of the system and reset the various parameter of the MFC to
their default value.

NOTE: the user magnetic field unit is only for screen display of the MFC. The remote commands and their
returned values are in Gauss.

Actual field for selected plane

DIVER MENU -02479 G

configuration

NI <<|GAUSSE >

START SOUND: YES

Reset MFC parametersto
[ RESET TO FACTOY | their default values button

(a validation is needed)

Oled screen view dDIVER MENbh MFC front panel
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e) Infos menu

To access the “INFOS MENU", press the «F4» key twice. This menu shows you the serial number of the MFM [ MFC
and the program date and revision.

Actual field for selected plane
INFOS MENU -02479 G
Controller Infos
- SN: MFC5002-XXX MFC Serialnumber
-v24.X.X DD/MMIYY
Calib Infos
- Outplane: DD/MMIYY
- Inplane: DD/MM/YY Calibration dates for in

and out plane mode

configuration

Program versionand date of
programming

Oled screen view of INFOS MENU on MFC front panel

f) Rear panel - Communication connectors

MFC serial number

—
MFC

'. Made in France LINE RATING
¢ 100-240VAC
Manufactured by CAYLAR sas 47-63Hz

28VA MAX

q3

ETHERNET

RS232 connector MFM connector
Sub-D 9P 2RFEM Sub-D 26P 3R FEM high density Mains connector
USB to serial connector SD port 100 - 201VVAC, 47 - 63 hz
USBtypeB Micro SD card max28VA

Ethernetconnector
RJ45, link led (green, link activity led (yellow)

MFC rear panel view

NOTE: the SD card is used to save the user configuration and calibration datas. It is also used for program

update. Don't remove or modify without instructionsfrom Caylar.
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g) Rack Air flow

The MFC include a fan which extracts the internal hot air through the bottom grid of the rack. The rack can be
placedon aflat surface.lts feet allow it to have a sufficient space with the holding surface and the grid so the air
can move freely. If the rack feet are removed, be careful toleave the fan outlet free enough to allow sufficient air

flow.

RACK FEET

MFC bottom viewg Air flow

MFC5002-016 to 02 Page 10 [ 42 MFC/MFM User Manual v24.01



&

CAYLAR

INSTRUMENTATION SCIENTIFIQUE

h) Rack dimensions

235,54

@ CAYLAR

+008.96_

Removable feet

88,1

205,33
) 315,5
58,55 L 198,4 _ ~
~
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Magnetic Field Module (MFM) Presentation

The MFM is the field generator placed on the microscope just under the user sample.

It uses a bipolar permanent magnet connected to a stepper motor to generate the variable magnetic field The
magnet is placed at the middle of a ferromagnetic core which have aU-shape. At the extremities of the U-shape
are placed two matched poles. There is two different shape of poles depending of the field orientation
configuration:IN or OUT of plane.The rest of the module structure is composed of non-magnetic parts.

To change the magnetic field, the permanent magnet is rotated by the stepper motor to orient more or less its
magnetic fieldlines with the ferromagnetic core.

The produced magnetic fieldis read back by an internal hall sensor. It permits to achieve aclosedloop control of

the magnetic field.

The module also uses the internal hall sensor to monitoring the MFM temperature. NOTE: No temperature

calibrationis performed by Caylar. The temperature is only given as an indication to the user.

Free M2 and M1.6 holes are available on the module surface around the poles foruser tools, clips or samples fixation

(see module dimension section).

a) Out of plane configuration (OUTP)

Forthe out of plane configuration (OUTP), the generated magnetic fieldis oriented perpendicular {(normal) to the

user sample surface.

The user sample is placed on the user pole surface {used for calibration) and the other pole shouldn't be used.

f = Positive Magnetic field

orientation

~3-meters connection cables to MFC

Second out-plane pole

(donot use) M1.6 Tapped holes for

poles removing

Free M2/M1.6 threaded
holes for user tools, clips

or sample fixation...

Non-magnetic
Stepper motor .
PP structure (Aluminum)

User pole [ User sample position Internal hall sensor for
field and temperature

measurements

MFM out of plane configurationg Parts presentation
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b) In-plane configuration (INP)

For the in-plane configuration (INP), the generated magnetic field is oriented within the user sample surface.

The user sample is placed at the center of the two in plane pole, just above the in-plane hall sensor.

~3-meters connection cables to MFC f = Positive Magnetic field
orientation

In-plane pole M1.6 Tapped holes for

poles removing

Free M2/M1.6 threaded
holes for user tools, clips
or sample fixation...

Stepper motor
Non-magnetic

structure (Aluminum)

Internal hall sensor for field and
temperature measurements /

User sample position

MFM inplane configurabn ¢ Parts presentation

c) Change module plane configuration.
NOTE: Handle the module in a clean environment without metal parts / dust that could be attracted by the
magnet of the module. Pay attention to the hall sensor at the center of the MFM when replacing poles.

Step1: Turn on the MFC with the MFM connected to it and set the magnetic field to zero in order to minimize the

attraction force on the poles we want to remove for change. Then turn off the MFC.

Step 2: Remove the four MI1.6 poles screws and use the poles removal tool (in the poles box) to helpyou to

remove the poles from theirlocation. The tool heeds to be screwed to the pole.

Pole removal tool

4x - M1.6 Xx 8mm
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Step 3: Use the poles removal tool to help you to pick and place the new set of poles from the poles box to the
MFM. Insert the two new poles on the module with the four M1.6 screws. Tighten the screws but don't overtighten

them (need to be 14.5 N.cm - max16 N.cm). Be very careful when inserting the poles. Do not touch the center
pcb sensor.

Pole removal tool

4x -M1L.6 X 6mm

Step 4: Power on the MFC and change the plane configuration manually (REGUL MENU - Regul plane listbox) or
remotely (see remote control section).

NOTE: The actual configuration is displayed on the home page of the MFC screen (see image below) or you can

check the configuration by remote commands (see remote control section).

/:\:8 MFC Magnetic Field Controller

IM FLAME: +EEEE, B G
+HH808.8 G
=2 R

7| MEMUS
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d) Clips for user sample fixation

Two clips are provided with the MFMin the pole box to easily fixing your samples. They can be mounted on the M2

tapped holes on the MFM surface around the poles (see image bellow):

Clips + M2x3mm TF

In-plane recommended clips position Out-plane recommended clips position

You can use this two
positions for clips

Note: Each position is good
for in/out plane configuration

“Ri’]&&

LAR

ON SCIENTIFIQU

MFM Clips presentation
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e) Module dimensions drawings

29
19
18 _
3 meters connection cable to MFC 12.4 Remove pole M1.6 tapped
) - : holes
9 3.5
™M
|
~ 1
|
1',, ©.
[Ip] 1
[e)]
‘_ E
1
uw
N
o~

/ 116.65

x4 Free user M2 tapped holes

X6 Free user M1.6 tapped holes

Motor tangent to the top surface

(= CAYLAR

©17

yd

21.1
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30
3x M2.5 fixing MFM holes 9.95
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Out-plane configuration

Second out-plane pole (do not use!)

) e ||
o © O o \
(o]
D A ' I—— o
o o ©
Remove pole M1.6 tapped i User out-plane pole

holes

f) Fixing the module

To fixthe MFM to an AFM microscope, remove the four M2 x 1I6mm screws in order to remove the base box holder.
Then fixthe base box holder with three M2.5 x 6mm TC screws and put back the MFM on it with the four M2 x 16 mm

SCrews.

4x - M2x16mm

3x-M25x6mmTC

Base Box Holder
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g) Calibration process

The MFM and MFC are calibrated together. So MFM can be used only with his associated MFC.

The systemis calibrated for out-plane and in-plane configuration with an external hall probe reference placed at
the two user sample positions: center of thetwo poles for the in-plane configurationand at the center of the round
user poles for the out-plane configuration. The probe sensoris located at 0.3 mm from the poles surface forin/out
of plane configuration (most common user sample thickness). The probe is precisely positioned thanks to a special
holder attached to the MFM chassis during calibration.Images of the calibration positions are given on the figure

bellow.

The calibration reference instrument is a 3-Axis digital teslameter 3MH3A-0.1%-1T from SENIS with 3-Axis Hall Probe
type F3A-03KS02C.

NOTE: Because the external calibration hall probe {user sample position) isn't at the same place as the internal
MFM hall probe there are some hysteresis errors that affect the calibration. To minimize these errors we made two
different calibrationswith arising and afalling slope of the fullfield range. At the end we made an average of these
two slopes to minimizing hysteresiserrors.

After the calibration we keep the calibration hall probe in place and we test the system during more than 4 hours

with 150 random setpoints for each module and plane configuration. Calibration datas and test datas are availadle

foreach module.

Out plane calibration position In plane calibration position

L .
0.3mm - e

NOTE: Calibration hall probe holder not displayed

Calibration hall probeposition for IN and OUT of plane configuration

MFC5002-016 to 021 Page 18 [ 42 MFC/MFM User Manual v24.01



INSTRUMENTATION SCIENTIFIQUE

(= CAYLAR

Field regulation operation — Closed loop

a) Main regulation menu - set the field [ plane mode

The magnetic field regulation allows the user to set a desired field with an adjustable control of the regulation
speed, precision and overshoot. The regulation can be controlled manually or by remote control (see remote

control section).

WARNING: Be careful when you often change the field setpoint within short time intervals. When the motor is used
itcreate heat fromits driving current. This heat dissipation can affect the permanent magnetinside the MFM (and
the user sample) and creates long-term temperature drift of the magnetic field. Temperature measurementof the
hall sensoris available to monitor this temperature variations. This allows the user to know if the engine is used too
often. Our tests show that a setpoint change every 3 minutes does not affect the module significantly but it depends

of various factors as external temperature, external environment, etc.

For manual control press « Fl1 » key to enter the “REGUL MENU":

Actual field for selected

REGUL MENU -02479 G

plane configuration

MAX CMD: +1910 G (1) Non settable parameters.
MIN CMD: -2055 G
SET : <+0000.0 G>
REGUL PLANE: OUT
[ STOP REGUL ]

indication for user of the minand
max field setpoint. Values are

different for each system.

(2) Manual field setpoint

(4) Emergency regulation stop (3) Plane configuration

Immediately stop the regulation selection: outor in plane

and disconnect the motor

Oled screen view of REGUL MENU on MFC front panel

Forremote control here is alist of remote commands (see remote control section) related to “REGULMENU":
(1) GET_REG_INP_MAX _SETPOINT

(1) GET_REG_INP_MIN_SETPOINT

(1) GET_REG _OUTP_MAX_SETPOINT

(1) GET_REG_OUTP_MIN_SETPOINT

(2) SET_FIELD

(2) GET_FIELD

(3) SET_REG _PLANE _MODE

(3) GET_REG _PLANE _MODE

(4) SET_REG _STOP (Note: to restart the regulation use the SET_FIELD command with the same setpoint)
(4) GET_REG_STATE
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) Operating principle — Regulation start [ stop conditions:

The operating principle of the MFC fieldregulationis alittle bit different than a conventional PID systems. It doesnt

drive continuously the module to keep the field constant.

When the user requests anew setpoint, the MFM motor and the MFC regulation loop are activatedin order to reach
the desiredfield. When the feedback field enters and stays in a certain interval range around the user field setpoint
(MAX ERROR) during a certain period of time (STAB TIME), the controller fully disconnects the module motor and
stop the regulation loop in order to keep the permanent magnet orientation. It means that the controller assume

ithas reached and stabilized the user setpoint for enough time.

The purpose of fully disconnect the motor and stop the regulation is to reduce the electrical noise [ interferences
and heat fromthe motor that caninterfere with user measurements during an atomic force macroscope scan for

example and also causing magnetic field drift.

The maximum error and stabilization time are settable by the user (see remote control section or manual
parameter edition present on this section). These parameters are different for the in-plane and out-plane

configuration.

The figure bellow shows an example of field regulation run:

4 Field
< t0 = new field setpoint
O
P
o
o) .
5 Regulation/ motor stop
L
> C
2 '
A 4
+ MAX ERRC i AR, Ao i
USER NEW SETPC x 7 —————_| _——
- MAX ERRC vy /+ -+
\/ - A b B S
A < STABTIM > STAB TIME
<STABTIM
" Reguloff | Regul on "1 Regul off
0 t4 Time

Example of field regulation enraevolution and stop conditions

t0 - The user set a new field setpoint. The module motor and regulation start running and the field start to reach
the new value.
Interval A - The regulation didn't manage to maintain the field in the configured interval range around the user

setpoint during the configured stabilization time. Each time the field exit the interval range, the counter of the

stabilization time is reset to zero and restart at the next interval range re-entry.
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Interval B - The regulation manages to maintain the fieldin the interval range during more than the configured
stabilization time. The controller assumes that it has reached and stabilized the user setpoint. The field regulation

is then stopped and the module motor is fully disconnected from the controller at t4.

WARNING: C - The field can continue to drift a little bit for multiple reasons like module mechanical

deformations due to magnetic field force applied on mobile part and external/module temperatures variations.
So, it can exit the interval range after the regulation stop. Since the regulation is stopped, it won't try to restart itself
in order to avoid disturbing the user during his measurements. However, the user can monitor the field and restart

the regulation if desired by applying the same setpoint.

c) Operating principle — Field regulation:

Magnetic field regulation doesn't directly control the stepper motor of the MFM. It controls afield speed regulation

which controls the stepper motor speed. The diagram bellow resume how the field regulation work.

FIELD
USER FIEL ERROR sign () MOTOR ROTATION SIDE (CLOCK WISE /ANTI CLO( R
SETPOINT 6 e e
A MFM
FIELD SPEEI FIELD SPE MOTOR Motor
2BS () |—» FieldRegulation | SETPOINT ERROR FieldSpeed | SPEED (Hz
> »(+ > . >
(gain, fs min/max) Regulation
1
FIELD SPE i
I
df/at i
\ 4
I Calibration _FIELD BRl| MFMHall
FEEDBACK EIf | correctiontable B sensor

Field regulation block diagram

The parameters of the field speed regulation are factory set but the user can adjust the field regulation
characteristics thank to three parameters in addition to the stop condition parameters explained in the previous
chapter. There are the regulation min/maxfield speed (FS) and the regulation gain. These parameters are different

forin-plane and out-plane configuration.

When thefield error is minimal, the speedrequired by the field regulation to the field speedregulation is then the
parameter ‘min fs". On the contrary, when the error is maximum the requested field speed is then equal to the
parameter "max fs". The "gain” parameter is used to define the maximum error from which the requested field
speedis ‘'maxfs”. The gainis similar to the proportional coefficient for a PID regulationbut with alittle bit of dumping
around the regulation error extremum. More we increase the gain parameter, faster the regulation will react to a
field error by requiring a higher field speed to the field speed regulation. To minimize the overshoot, itis better to

lower the value of this parameter.

Note:Be careful with the "min fs" parameter, the module must have enough speed control at low error to be able

to change the field efficiently and quickly if you want arelatively fast response.

It is recommended to keep the basic factory settings which gives the best compromise between speed and no

overshoot. You can always reset this settings from the "reset to factory” buttonin the " diver menu".
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The figure below explains the effect of these 3 parameters for regulation characteristics:

4 Field speed setpoinfGauss/Sek

Maximum field spee(mg = = = = = = = = = = = = = —
setpoint (MAX F<

\ Highergain

Lowergain
Minimum field spee(=

setpoint (MIN F<

ABS(field error) [Gauss

>

Field speed setpoints field error during regulation vs various parameter

d) Regulation Parameters Editing

There are two identical menus to manually editing the in-plane or out-plane regulation parameters.

Press « F1 » key twice for the “OUTPLANE REGUL PARAMS” menu or three times for the “INPLANE REGUL PARAMS” menu;

OUTPLANE REGUL PARAMS

FS MAX: <150.0 G/s >
FS MIN : 00.7 G/s Regulation speed characteristics
GAIN : 00.9000

STAB T: 03000 ms Regulation stop conditions
MAX ERR: 01.0 G

Oled screen view of OUTPLANE REGUL PARAMS menu on MFC front panel

Caution: you must set the « MAX ERR » parameter correctly to take into account the measurement noise that is not
the same over the entire fieldrange. If the amplitude of the measurement noise is greater than the giveninterval

range thenthe regulation will never be able to stop because the field will always exit the setpointinterval range.
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List of regulation parameters and related remote commands:

Name Related remote command (1) min Default max | Unit
Minimum field GET_REG_OUTP_ MIN_FS 0 1.0 (INP) 10 G/sec
speed GET_REG_INP_MIN_FS 0.7 (OUTP)

GET_REG_MIN_FS
SET_REG_MIN_FS

Maximum field GET_REG_OUTP_ MAX_FS 0 380 (INP) 350 G/sec
speed GET_REG _INP_ MAX_FS 150 (OUTP)
GET_REG_MAX_FS
SET_REG_MAX_FS

Gain GET_REG_OUTP_GAIN 0.0001 | 0.9 (INP) 5 No

GET_REG _INP_GAIN 0.7 (OUTP) Unit
GET_REG_GAIN
SET_REG_GAIN

Stabilization GET_REG_OUTP_ STAB_TIME 0 3000 (INP) 99999 | ms
time GET_REG _INP_ STAB_TIME 3000 (OUTP)
GET_REG_STAB_TIME
SET_REG_STAB_TIME

Max error range | GET_REG _OUTP_ MAX _ERR 05 1.2(INP) 99.9 G
GET_REG_INP_ MAX_ERR 1.0 (OUTP)
GET_REG_MAX_ERR
SET_REG_MAX_ERR

(1) Seeremote control section
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Motor operation — Open loop

a) Introduction

The systemis designed to be scalable and fully open to the user. The user can therefore control the MFM motor by

himself to create his own regulation for example.

WARNING: When the motor is used, it generates a heating effect due to its driving current. This heat dissipation
creates long-term drift of the magnetic field and can affect the user sample to. Temperature sensor is present on
the module to monitor the temperature variations. This allows the user to know if the engine is used too often. Our

tests show that using the motor 1 min at full speed every 4min does not affect the module significantly.
The motor is controlled by three parameters:

1 Speed: The speed corresponds to the stepper motor steps frequency in Hz The motor has 24 steps per
turn. Itis connected to a 1367:1 planetary gearhead reducer. This reducer is connected to the permanent
magnet thanks to 111 gear box. So a full turn of the permanent magnet inside the module correspond to 24
*1367* 1= 32808 steps.

1367:1 planetary Stepper motor
gearhead 24 steps

Rotation permanent 1:1gear box

magnet

== == == = Rotation axis

The equation bellow gives the conversion between stepper motor steps speed in Hz and permanent

magnet speedin turn/minutes:

G QEIND O wbd ROV
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1 Rotation side: define the rotation side of the stepper motor view from the back of the motor.
WARNING: the rotation side does not give the direction of field variation! During a full turn of the
permanent magnet in the same direction, the fieldincreases and decreases (or vice versa) between the
minimum and maximum field! If you use the controller field regulation, we use the part of the field curve

where the clockwise side decreases the magnetic field and vice versa.

CLOCK WISE

20\

The direction and rotation speed of the
motor can be observed from the rear

& : washer of the motor.

Tip: draw a line with amarker on the

washer to better see its rotation.

ANTI CLOCK WISE

1  Motor state: The state defines if the module motor is disable (fully disconnected from the MFC) or enable.
When enabled, the motor start to turn if the configured speedis superior to OHz.
Note: you can enable the motor and set a speed of zero to stop the motor but the current will continueto
flow thought the motor. This creates heat that can affect the user sample and the permanent magnet of
the MFM by create long-term magnetic field drift. It is hardly recommended to disable the motor when
you don't want to change the module magnetic field.
Note 2: When the motor is enabled, a dedicated iconappears on the Home page (see home
page section).ltis removed when the motor is disable. The icon is static for manual motor

control and dynamic (icon turning) when the field regulation drives the motor {closed loop).

b) Motor parameters editing

For manual motor control press the « F3 » key to enter the “MOTOR MENU":

Actual field for selected plane

MOTOR MENU -02479 G

configuration

SPEED: <000.0 Hz >

Onthe fly configurable parameters:

DIR : CLKWISE
STATE: ON

whenyouthe selectthe parameter,
you candirectly edit it with «H »,

«Ib» keys, youdon't need to press
the enter button first.

Oled screen view of MOTOR MENU on MFC front panel
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List of motor parameters and related remote commands:

Name Related remote command (1) Values

Speed SET_MOTOR_FREQ min Default | max Unit
GET_MOTOR_FREQ

000.0 000.0 350.0 Hz

Direction SET_MOTOR_DIR Clock wise [ Anti clock wise
(Rotation side) GET_MOTOR_DIR

State SET_MOTOR_STOP ON [ OFF
SET_MOTOR_START
GET_MOTOR_STATE

(1) seeremote control section

Remote Control (Ethernet [ Serial)

a) Ethernet introduction [ menu

The system can be fully controlled via a sockets TCP/IP communication protocol from the rear RJ45 ethernet

connector {see rear panel section of this documentation). The communication port is 1234.

To configure the IP and mask go to the “ETH MENU" by pressing «F2» key. You can do it manually or select the “AUTO
SETTINGS” button to lunch a DHCP request and find IP and MASK automatically if the DHCP is available on your

network.
The system manages the simultaneous connection of 4 sockets maximum.

Each time an ethernet socket is open, adedicated icon appears on the Home page (see home page

section).Itis removed when the connection withthe socketends.

ETH MENU 02479 G . Actual field for selected plane

configuration

Fixed parameter

Oled screen view of DIVER MENU on MFC front panel
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b) Serial configuration [ menu

The system can be fully controlled via serial communication protocol from the rear RS232 or USB connectors (see

rear panel section of this documentation).

The USB connector is connected to an USB to serial UART interface (FT234XD). The MFC appear as a normal port

COM on your PC and you just have to open a serial communication with it.

IMPORTANT NOTE: The two RS232 and USB connectors work together and their drivers are internally connected to
the same serial uart communication with the MFC microprocessor. It means that when the MFC sends a response
to a command from USB or RS232 connector, the response is sent at the same time on the two communication
channels (both connectors). It also means that these two communication channels cannot be used at the same

time as itwould cause collisions between received commands.

To configure the serial communication parameters, go to the “SERIAL MENU" by pressing «F2» key twice.

Actual field for selected plane

SERIAL MENU -02479 G

configuration

BAUD : <115200 >

WORD LENGTH (BIT) :
PARITY : NONE

STOP BIT: 1

FLOW CONTROL : NONE

Oled screen view of DIVER MENU on MFC front panel

RS232 Sub-D connector pinning:

5 4 3 1-NC 6-N.C
© o 0 . . 2- X 7 - RS

3-TX 8- CTS
.9 .8 .7 o a-ne 9-nC

5 - 0V (floating from rack ground)
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