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1 About This Manual

This manual is intended to be a reference guide for operators and service technicians. It
provides detailed information about the user level maintenance and service, as well as overall
use of the Bruker device.

This manual enables safe and efficient handling of the device.

This manual is an integral part of the device, and must be kept in close proximity to the
device where it is permanently accessible to personnel. In addition, instructions concerning
labor protection laws, operator regulations tools and supplies must be available and adhered
to.

This manual is planned for use by the service engineer in the installation of the device or
accessory, and for the user in performing existing experiments and for the setup of new
experiments.

This manual is an integral part of the device, and must be kept in close proximity to the
device where it is permanently accessible to personnel. In addition, instructions concerning
labor protection laws, operator regulations tools and supplies must be available and adhered
to.

Before starting any work, personnel must read the manual thoroughly and understand
its contents. Compliance with all specified safety and operating instructions, as well as local
accident prevention regulations, are vital to ensure safe operation.

The figures shown in this manual are designed to be general and informative and may not
represent the specific Bruker model, component or software/firmware version you are
working with. Options and accessories may or may not be illustrated in each figure.

1.1 Policy Statement

It is the policy of Bruker to improve products as new techniques and components become
available. Bruker reserves the right to change specifications at any time.

Every effort has been made to avoid errors in text and figure presentation in this publication.
In order to produce useful and appropriate documentation, we welcome your comments on
this publication. Support engineers are advised to regularly check with Bruker for updated
information.

Bruker is committed to providing customers with inventive, high quality products and services
that are environmentally sound.

1.2 Symbols and Conventions

Safety instructions in this manual are marked with symbols. The safety instructions are
introduced using indicative words which express the extent of the hazard.

In order to avoid accidents, personal injury or damage to property, always observe safety
instructions and proceed with care.

Z31980_2_003 7
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A DANGER

DANGER indicates a hazardous situation which, if not avoided, will result in
death or serious injury.

This is the consequence of not following the warning.
1. This is the safety condition.
P This is the safety instruction.

WARNING indicates a hazardous situation, which, if not avoided, could result
in death or serious injury.

This is the consequence of not following the warning.

1. This is the safety condition.
P This is the safety instruction.

/\ CAUTION

CAUTION indicates a hazardous situation, which, if not avoided, may result in
minor or moderate injury.

This is the consequence of not following the warning.

1. This is the safety condition.

P This is the safety instruction.

NOTICE indicates a property damage message.
This is the consequence of not following the notice.

1. This is a safety condition.

P This is a safety instruction.

SAFETY INSTRUCTIONS

SAFETY INSTRUCTIONS are used for control flow and shutdowns in the event
of an error or emergency.

This is the consequence of not following the safety instructions.
1. This is a safety condition.
P This is a safety instruction.

This symbol highlights useful tips and recommendations as well as
information designed to ensure efficient and smooth operation.
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1.3

Font and Format Conventions

Type of Information

Font

Examples

Shell Command,
Commands,
“All what you can enter”

Arial bold

Type or enter fromjdx
zg

Button, Tab, Pane and Menu Names

“All what you can click”

Arial bold, initial letters
capitalized

Use the Export To File
button.
Click OK.
Click Processing...

Windows, Dialog Windows, Pop-up
Windows Names

Arial, initial letters
capitalized

The Stacked Plot Edit
dialog will be displayed.

Path, File, Dataset and Experiment

Arial ltalics

$tshome/exp/stan/nmr/

Names lists
Data Path Variables expno, procno,
Bruker Trademarks lconNMR™,
Table Column Names TopSpin™,
Field Names (within Dialog XWIN-NMR™
Windows)
Parameters Arial in Capital Letters VCLIST
Program Code Courier go=2
Pulse and AU Program Names au_zgte
Macros edmac
Functions CalcExpTime ()
Arg_uments XAU (prog, arg)
Variables disk2, user?
AU Macro Courier in Capital REX
Letters PNO

Table 1.1: Font and Format Conventions
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Introduction

2 Introduction

This service manual is intended to be used by trained Bruker service staff only. The manual
is a service and installation guide for the console part of the Fourier 300 system. Please refer
to the individual probe and magnet manuals for service related information on these devices.

2.1 Concept

The Fourier 300 is intended for use as an FT-NMR spectrometer for structure verification in
basic research, routine NMR measurements in chemical laboratories, and for educational
purposes in the field of NMR. It delivers powerful performance at extremely compact size.
With its new robust probe technology and a unique push-button, power on/off concept, ease
of siting and handling is guaranteed. Researchers have access to numerous pre-defined 1D
and 2D experiments and interactive, automated processing tools help to transfer
spectroscopic data into a corresponding report.
The Fourier 300 console consisting of:

» Fourier 300 spectrometer.

* EASY NMR probe (dual probe).

» Actively shielded superconducting magnet.

+ BOSS1 shim system.

Figure 2.1: The Fourier 300 System

2.2 Limitation of Liability

All specifications and instructions in this manual have been compiled taking account of
applicable standards and regulations, the current state of technology and the experience and
insights we have gained over the years.

The manufacturer accepts no liability for damage due to:
» Failure to observe this manual
* Improper use
* Deployment of untrained personnel

Z31980_2_003 1
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* Unauthorized modifications
« Technical modifications
» Use of unauthorized spare parts

The actual scope of supply may differ from the explanations and depictions in this manual in
the case of special designs, take-up of additional ordering options, or as a result of the latest
technical modifications.

The undertakings agreed in the supply contract as well as the manufacturer's Terms and
Conditions and Terms of Delivery and the legal regulations applicable at the time of
conclusion of the contract shall apply.

2.3 Before you Begin

This service manual contains information and safety information that are necessary for the
installation and sevicing of the device.

All maintenance and repairs are to be accomplished using the information in this manual. At
the same time references over general maintenance and care from the User Manual are also
to be followed.

Consider all safety references!

Be sure that no NMR measurement is in progress during the installation as it might be
disturbed.

Information for ordering spare parts is available in the spare parts section from the Bruker
Service Center (see Contact [+ 127]).

24 Minimum Qualifications for Service Personnel

Type of Task Personnel Training and Experience

Transportation No special requirements. No special.

Installation Bruker certified personnel Technically skilled, with a good
only. knowledge of the application

field.
Routine Use Appropriately certified and Laboratory technicians or
Dailv Maint experienced personnel, equivalent. Training is usually
ally Maintenance familiar with use of done in-house. Familiar with MS

computers and automation in | Windows® environment.
general

Setup and optimization |Bruker certified personnel Experienced laboratory

of program only. technician. High degree of

knowledge of the relevant
application field.

Preventive Bruker certified personnel Technically skilled with a basic

Maintenance only. understanding of the application.

Servicing Bruker certified personnel Background and experience in
only. electronics/mechanics with

computer knowledge.

Table 2.1: Overview Installation and Operation Requirements for Personnel
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2.5 The Bruker Service

Our customer service division is available to provide technical information. See Contact
[ 127] for details.

In addition, our employees are always interested in acquiring new information and experience
gained from practical application; such information and experience may help improve our
products.

2.6 Transport to Manufacturer

When the device must be returned to the manufacturer for a major repair, use the original
packaging for transportation.

Include a good description of the problem.

Z31980_2_003 13
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3 Safety

This section provides an overview of all the main safety aspects involved in ensuring optimal
personnel protection and safe and smooth operation.

Non-compliance with the action guidelines and safety instructions contained in this manual
may result in serious hazards.

3.1 General

Before you start any repair inside of the device, be aware of the high 230/115V voltages.
Even if these voltages are protected by security features to avoid any physical contact, it is
still possible that the voltage sources can be unintentionally touched with a tool, object, etc.

Therefore, always check if you really need the power supply to be switched on during your
work. Otherwise turn the device off and disconnect the power cable from the wall socket to
the device. Safeguard that no one is able to re-power the system without your approval.

3.2 Personnel Requirements

n Only trained Bruker personnel are allowed to mount, retrofit, repair, adjust and dismantle the
unit!

3.21 Qualifications

This manual specifies the personnel qualifications required for the different areas of work,
listed below:

Laboratory Personnel

Laboratory personnel are health care professionals, technicians, and assistants staffing a
research or health care facility where specimens are grown, tested, or evaluated and the
results of such measures are recorded. Laboratory personnel are able to carry out assigned
work and to recognize and prevent possible dangers self-reliant due to their professional
training, knowledge and experience as well as profound knowledge of applicable regulations.

The workforce must only consist of persons who can be expected to carry out their work
reliably. Persons with impaired reactions due to, for example, the consumption of drugs,
alcohol, or medication are prohibited from carrying out work on the device.

When selecting personnel, the age-related and occupation-related regulations governing the
usage location must be observed.

Z31980_2_003 15
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3.2.2 Unauthorized Persons

/\ WARNING

Risk to life for unauthorized personnel due to hazards in the danger and
working zone!

Unauthorized personnel who do not meet the requirements described in this manual will not
be familiar with the dangers in the working zone. Therefore, unauthorized persons face the
risk of serious injury or death.

» Unauthorized persons must be kept away from the danger and working zone.

» If in doubt, address the persons in question and ask them to leave the danger and
working zone.

P Cease work while unauthorized persons are in the danger and working zone.

3.2.3 Instruction

Personnel must receive regular instruction from the owner. The instruction must be
documented to facilitate improved verification.

Date Name Type of Instruction Signature
Instruction Provided By
3.3 Personal Protective Equipment

Personal protective equipment is used to protect the personnel from dangers which could
affect their safety or health while working.

Personnel must wear personal protective equipment while carrying out the different
operations at and with the device.

This equipment will be defined by the head of the laboratory. Always comply with the
instructions governing personal protective equipment posted in the work area.

3.4 Basic Dangers

The following section specifies residual risks which may result from using the device and
have been established by means of a risk assessment.

In order to minimize health hazards and avoid dangerous situations, follow the safety
instructions specified here as well as in the following chapters of this manual.

16 731980_2_003
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3.41 General Workplace Dangers

/\ WARNING

Danger to life from nonfunctional safety devices!

If safety devices are not functioning or are disabled, there is a danger of serious injury or
A : } death.

P Check that all safety devices are fully functional and correctly installed before starting
work.

» Never disable or bypass safety devices.
» Ensure that all safety devices are always accessible.

/\ CAUTION

Danger of injury from tripping over dirt and scattered objects!

“é Dirt and scattered objects may cause people to slip or trip, resulting in personal injuries.
» Always keep the work area clean.

» Remove objects which are no longer required from the work area and particularly from
the floor.

» Indicate unavoidable hazards using marking tape.

/\ CAUTION

Accident hazard from falling from ladder!

It is possible to fall from a ladder when it is used to reach the device on some magnets.
» Do not use a ladder.

P Use an approved platform to reach the device on the magnet.

» Wear non-slip shoes.

NOTICE

Material damage due to a software error!

Samples or the device may be damaged due to a software error causing malfunction of the
control system. Users may also be shocked by abrupt malfunction or unexpected system
start.

» Dummy samples must be used during installation and service.
» Personnel should be alerted to unexpected malfunctions.

NOTICE

Material damage hazard due to impacting the magnet!
Impacting the magnet may result in a quench.
» Mount the device carefully on the magnet.

» Avoid banging the magnet during installation and operation, e.g. when replacing the
sample carousel.

Z31980_2_003 17
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Material damage due to the use of genuine samples during installation
and maintenance!
Using genuine samples during installation and maintenance may result in material damage.

» Use only dummy samples during installation and maintenance.

3.4.2 Dangers from Electric Power

A DANGER

Danger to life from stored charges!

Electric charges may be stored in electrical components even after the system has been

switched off and disconnected from the power supply. Contact with these components may
result in serious or fatal injury.

P Before working on the specified components, ensure that they have been completely
disconnected from the power supply.

» Allow 10 minutes to elapse in order to ensure that the internal capacitors have been fully
discharged.

Danger of injury from electrical shock!
A life threatening shock may result when the housing is open during operation.
» Only qualified personnel should open the housing.
» Disconnect the device from the electrical power supply before opening the device. Use

a voltmeter to verify that the device is not under power!
P Be sure that the power supply cannot be reconnected without notice.

Danger to life from residual electrostatic potentials!

Friction between material being conveyed may result in significant development of
electrostatic potential. Therefore, contact with parts immediately following the conveying

operation may be life-threatening.

P Potential equalisation must be ensured before making contact with parts, unless such
equalisation is provided by the customer.

Electrostatic discharge from friction may occur, resulting in an electric spark and loud bang.
Use ESD flooring and wear ESD shoes.

18 731980_2_003
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/\ WARNING

Danger to life from contact voltage!
Absent or faulty protective earth conductor may result in contact voltage. This may pose a

risk of injury or death.

» Before the initial commissioning of the device, connect the main power supply to the
socket and verify the complete functionality of the protective earth conductor.

343 Mechanical Dangers

/\ cAUTION

Accident hazard from movement of mechanical parts!

The fingers or hand may be pinched due to movement of mechanical parts.

» Shut off the device before accessing.

/\ CAUTION

Accident and material damage hazard from falling objects!

Equipment may fall down during assembly, retrofitting, or dismantling. This may result in
/A\ personal injury or equipment damage.

P If necessary, assemble/disassemble the device in multiple parts.

» Use a platform with railings instead of a ladder to reach the assembly area.
» Avoid working over the head. When this can not be avoided, wear a protective hard hat.

» Follow the mounting instructions in the installation manual.

344 Dangers from Gases Under Pressure

/\ WARNING

Danger of injury due to movements caused by stored pneumatic forces!

Pneumatically driven components may move unexpectedly due to stored residual forces,
causing serious injuries.

» Work on the pneumatics system must only be carried out by trained pneumatics
technicians.

» Before starting work on the pneumatics system, ensure that it has been completely
depressurized. The pressure accumulator must be completely relieved.

Z31980_2_003 19
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/\ WARNING

Accident hazard from asphyxiation!

A break in the pneumatic hose may result in the uncontrolled exit of nitrogen into the
laboratory.

» An oxygen warning device should be present in the laboratory if the device is operated
with nitrogen.

» Note that leakage from the main supply line cannot be stopped by the device!

Overpressure Valve

The high pressure system includes an overpressure valve which safely reduces the excess

pressure in the event of inadmissible pressure conditions developing as a result of faulty
operation, component failure or other irregular events.

3.4.5 Dangers from Magnetic Fields

/\ WARNING

Danger to life from strong magnetic fields!

Strong magnetic fields may cause serious injuries or death and significant damage to
property.

P Persons fitted with heart pacemakers must be kept away from the device. The
functionality of the heart pacemaker could be compromised.

P Persons with metal implants must be kept away from the device. Implants may heat up
or be subject to magnetic attraction.
» Ferromagnetic materials, tools, and electromagnets must be kept away from the

magnetic source. Such materials could be subject to magnetic attraction and may fly
around the room, injuring or killing people. Minimum distance 3 meters.

» Remove magnetic items (jewelry, watches, pens etc.) before carrying out maintenance
work.

P Keep electronic equipment away from the magnetic source. Such equipment could be
damaged.

P Keep storage media, credit cards etc. away from the magnetic source. Data could be
erased.

The magnetic field of the device does not cause any personal injuries or property damage.
For further information see the manual of the magnet used.
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3.4.6 Dangers Due to High or Low Temperatures

/\ CAUTION

Accident hazard from contact with hot or cold surfaces on the unit!

Contact with the hot or cold surfaces of the unit may result in serious burns.

» Do not touch device parts of cooled or heated units.
» Do not use damaged samples.

P After removing a sample or cassette allow it to cool or thaw before coming in contact.

NOTICE

Material damage hazard from overflow of cryogens.
Material damage may result from the overflow of cryogens.

» Turn off the device during magnet servicing.
P Cover the device with a protective cover to avoid contact with cold gases.

» Be sure to use sufficient transfer line and Teflon evacuation hose for nitrogen and
helium refills based on recommendations in the magnet manual.

P After refilling cryogens some parts of the magnet may be icy. Be sure to remove the ice
to avoid its melting onto the device.

3.4.7 Danger from Chemical Substances

A DANGER

Danger of injury from glassware breakage!

Broken glassware may cause minor injuries or material damage, but may also result in a life
threatening situation if hazardous substances are used.

P If glassware breaks, refer to the corresponding precautions and cleaning/disinfection
instructions.

» Wear protective equipment.
» Perform all tasks with the glassware carefully.

» Before carrying out any maintenance work, remove the samples and use dummy
samples if necessary.

P Strictly observe the correct sample adjustment, i.e. the maximum sample height.

P Always transport the glassware with the cover, if applicable. Never turn the glassware
upside down or on it's side.

» The laboratory supervisor is responsible for:

= Establishing and enforcing standard sample handling and cleaning procedures.
= Establishing and enforcing the use of protective clothing and equipment.

= Training laboratory personnel.

= Preparing an emergency plan.
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/\ WARNING

Danger of injury from vapor formation!
During the work process, vapors may form which cause serious injury if inhaled.

» Only install the device in a well-ventilated room or ensure that an extractor is fitted.

NOTICE

Material damage hazard from material contact with NMR solvents!

Material damage may result when the device comes in contact with NMR solvents.
» Follow instructions provided in the manual for correct handling of solvents.
P Follow the sensor cleaning procedures described in this manual.
» If surface damage should occur, contact Bruker for repair of damaged parts.

Material damage hazard from heavy samples!
Samples may be damaged due to incorrect sample lift pressure adjustment.
» Adjustment is valid only for 1 sample configuration and weight.

» Personnel must be trained.

3.5 Environmental Protection

NOTICE

Danger to the environment from incorrect handling of pollutants!

Incorrect handling of pollutants, particularly incorrect waste disposal, may cause serious
damage to the environment.

P Always observe local environmental regulations regarding handling and disposal of
pollutants.

P Take the appropriate actions immediately if pollutants escape accidentally into the
environment. If in doubt, inform the responsible municipal authorities about the damage
and ask about the appropriate actions to be taken.

The following pollutants are used:

Nitrogen Nitrogen gas may cause suffocation at high concentrations. Disposal of the

gas empty gas cylinders must be performed by a specialist disposal company.

Helium Helium inert gas may cause suffocation at high concentrations. Disposal of

inert gas the empty gas cylinders must be performed by a specialist disposal
company.
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Coolants When released, coolants develop decomposition products which are
hazardous to the environment. Maximum care and caution are required
when handling coolants. Always observe the safety data sheet issued by
the manufacturer. Ensure that personnel handling coolants are regularly
informed about potential dangers and are instructed in the safe handling of
coolants.

Cleaning Cleaning liquids incorporating solvents contain toxic sub-stances. They
liquids must not be allowed to escape into the environment. Disposal must be
carried out by a specialist disposal company.

3.6 Signage

The following symbols and information signs can be found in the work area. They refer to
their immediate surroundings.

laboratory supervisor is responsible for ensuring that all the warning labels are maintained in

n The identification and placement of warning labels are included in the manual. The
their proper place any time that the device is used.

Electrical Voltage

Only qualified electricians are permitted to work in a work

room marked by this sign. Unauthorized persons must not
enter the workplaces thus marked and must not open the

marked cabinet.

Danger Spot

Warning indicating a danger spot in work rooms.

The warning label may be ordered using Bruker Part
Number 67470.

3.7 Spare Parts

Loss of Guarantee
The use of non-approved spare parts will invalidate the manufacturer's guarantee.

Purchase spare parts from authorized dealers or directly from the manufacturer. See Contact
for manufacturer's address.
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4 Tool Requirements

All tools required for the installation are provided in the accessory case.

n Be sure to use non-magnetic tools, especially when working on unshielded magnets.
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5 Design and Function

5.1 Overview

Fourier

Figure 5.1: The Fourier 300 Console

5.2 Brief Description

+The Fourier 300 Console consists of the following main components:
* Intelligent Devices with Ethernet [+ 34]
* Intelligent Devices with Can-Bus [ 36]
* Intelligent Devices with LVDS [» 37]
» Devices without Interface [» 37]
The following block diagram shows how all the components work together:
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Figure 5.2: Fourier 300 Console Overview
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5.2.1 Internal Console Component Layout

Figure 5.3: Console: Left Side

1|ON/OFF Switch 7|1H Transmitter
2|Shim Control Boards (2) 8(28 Vdc PSU
3|Lock Control 9|Lock Switch
4|Lock Preamp 10|Peripheral Control
5[Lock Atten. 11{C13 Preamp
6|C13 Transmitter 12|2 x 24 Vdc Fans
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Figure 5.4: Console: Right Side

—_

+5V, +/- 12V, 24V PSU
1H Preamp
Pneumatic Valves

N

Variable Temp Unit (VTU)
Main Board
Main Board CPU

N
)]

w
[*2]

30 731980_2_003



Design and Function

Figure 5.5: Console: Front View

1|Ethernet Hub 4|GAB/2 Backplane
2|Air Inlet (air filter not shown) 5|2H Lock Preamp
3|GAB/2 6|Power ON/OFF Control Board
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Figure 5.6: Location of the Console Air Filter Tray

—_

Air Filter Tray
Remove the tray in order to clean the air filter.
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Figure 5.7: Console Input and Output Connections

1|To/From 2H Probe 10|To Sample Spin
2|Mains IN 11|To Sample Lift
3|To/From C13 Probe 12|N2 Gas Flow to Probe
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4/To BOSS1 Shim System 13|To Heater

5|From Helium Sensor 14|From Thermocouple

6|From Sample Detector 15|Ethernet Out (e.g. to Sample Changer
7|To/From 1H Probe 16|Ethernet To/From PC

8|To Gradient Caill 17|Accessory Mains Out

5.3 Unit Descriptions

5.31 Intelligent Devices with Ethernet

The intelligent devices with Ethernet connectors are connected to the Front End PC via the
built-in hub. These devices include:

* Main Board (Pulse Programmer, 1H Modulator, C13-Modulator, Receiver, Digital Filter)
» Lock System (Digital 2H Lock, including Preamplifier and power attenuator)
* VTU (Variable Temperature Unit for N2 Sample Temperature Control)

5.3.1.1 Main Board

The Main Board contains the Pulse generation for two RF channels, the Receiver Channel
including digital filtering and Gradient Channel with LVDS Interface.

The Pulse Programmer is preloaded with a complete 1D- or 2D-Experiment. Once started,
the entire experiment is run from the FPGA without interaction from the CPU. There is an
external trigger that can be used to trigger individual scans.

The receiver uses a direct sampling technique to digitize and down convert the RF signal.
The FPGA contains a DSP core which performs the digital filtering down the final required
spectral bandwidth. The data from each single FID is stored in the FPGAs internal memory.
Accumulation of FIDs is performed by the on board Arm CPU , which then transfers the data
to the front end whenever it is requested.

The main board has a fixed transmit but a variable receiver routing.
DDS2 is equivalent to FCUZ2 in the signal routing table and is dedicated to 1H.

frequency gl ampiifier preampifier
channel
BF1 50048 Mz HUCT
SFO1 Zo0dai23d4  MHz [ F1_ | Foui | [(x1saw —{ iockow |— x —— oms13c |
oFs1 (12337 Hr 1 u\ aH Drmes i H
hY =
BF2 300.18 MHT NUC2 " ,__,f'ﬂl SR
SFO2 =018 miz [ F2 row |-
oFsz 00 W [ e
—— | Cabg waring SERings
possinie BF routing [] show raceiver routing
[ show RF routing
[ shiow observe winng
[ save |[ swmcnFiFz || swichFiez | [ petaut |[ oo || parem || giose |

Figure 5.8: DDS2

DDS1 is equivalent to FCU1 in the signal routing table and is dedicated to C13.
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frequency agical ampiifier preampifier
cnanne
BF1 75480321 Mz NUCT
SFO1 75483621 wiz [ E — Four — xisow | wooew |—{ ¥ |————{ oms13c |
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; ;
BFz =018 MHz  NUECZ Lgow ) St
SFO2 500.18 e Fouz
OFs2 |00 He o
— cable wWrng Eﬂ‘ﬂll'uﬁ
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Figure 5.9: DDS1

The Main Board is also the Can-Bus Master for the shim Control and the GAB/2 Backplane.

The main board receives only 28Vdc from the central 28V PSU and generates all the other
voltages it requires on board.

5.31.2 Lock System

The Lock System comprises three unit that are mounted together on one module:
» Lock-Board (transmit and receive)
* Lock Power Attenuator
* 2H Preamplifier

The lock board generates continuous small flip angle pulses at nominal 1 kHz rate. The lock
transmit power can be varied in the range from 0dBm to -30 dBm using the separate digital
attenuator. The receiver used a 50 MHz ADC to digitally down-convert the FID using the
same principle as on the main board. The thus obtained real part of the FID is then used for
the lock monitor, whereas the imaginary part is used to track the field, using a digital P+l
control.

The lock operates on a field locking principle, using the HO Coil of the BOSS1 Shim System.
The total range of the lock is around 20 kHz (as measured on 1H). This is controlled by a 12-
bit coarse DAC for range selection and a 12-bit fine DAC which does the actual field
regulation. The resolution of the fine DAC is about 0.025 Hz per DAC Step. In case of magnet
drift, the system has an auto-range function. i.e. when the fine DAC gets to below 500 or
above 3500, the coarse DAC is incremented or decremented by one step, to bring the fine
DAC back nearer the center of its operating region.

The two DAC voltages are fed to the shim board where they are scaled and added. A current
driver provides the driver current for the HO coil.

The Lock board receives only 28Vdc from the central 28V PSU and generates all the other
voltages it requires on board.
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5.3.1.3

Variable Temperature Unit (VTU)

5.3.2

The VTU is uses to control the sample temperature. The heater and thermocouple
connections are fully compatible with the BVT3000. It supports Thermocouple Types T and K
but unlike the BVT3000 it has an internal electronic cold junction compensation, which means
that ambient temperature variations do not affect the reading. The gas flow regulation is done
using 4 digital valves which allow 16 gas flow settings from 0 to 2000/h. The recommended
gas flow for the Fourier “one for all” probe is between 670 and 800 I/h. For setting PID values
please refer to the VTU web server description.

Intelligent Devices with Can-Bus

5.3.2.1

* 2 x Shim Boards (12 Channels each + HO Control) — Slave of Main Board
» Peripheral Control Board (Spin, Lift, Helium Level Control, Sample Status) — Slave of VTU
* GAB/2 Backplane (Interface to GAB/2 Board and -24V power Supply) Slave of Main Board

Shim Control

The Shim Control comprises two shim boards, each of which is capable of controlling up to
12 channels and a HO coil. The two boards are cascaded and controlled from the main board
CPU via CAN-Bus. Each channel has a 16-bit DAC and can deliver up to 300 mA. The shim
board has an ADC with a multiplexer which can measure the current flowing through each
coil for diagnostic purposes. Please refer to the web server description for details.

The shim currents are fed to the peripheral control board via 4 ribbon cables (2-per board)
where they are converted to the standard BOSS1 Connector.

The 20 shim terms are divided up between two shim boards:

Board#1 Board#2

Figure 5.10: Two Shim Boards

The shim control boards are identical in build. The definition as to whether a board is shim
board #1 or #2 is done via a jumper connector which is plugged into ST11. If this connector is
present, it becomes board #2. This is also shown by LED LD7 which is then lit.

Since shim board #1 also controls the HO current, it has a connection to the Lock Board,
where the lock control voltage is generated.

36
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The shim boards receive only 28Vdc from the central 28V PSU and generate all the other
voltages they requires on board.

5.3.2.2 Peripheral Control Board

The peripheral control board takes care of spin, lift, sample control, helium level
measurement and also routes the individual shim cables to a standards BOSS1-Connector. It
is controlled via CAN-BUS from the VTU. It also contains temperature sensors to monitors
the console and shim stack temperatures. Spin and Lift are controlled using proportional
pneumatic valves that require a PWM (pulse width modulation) to set the required airflow.
Please refer to the VTU web server description on how to set up the optimal air flow settings
for spin and lift, as well as how to calibrate the helium level sensor.

5.3.2.3 GAB/2 Backplane

The GAB Backplane provides the GAB/2 Gradient Amplifier with all the necessary
infrastructure to initialize and calibrate the GAB/2 gradient amplifier, i.e. it performs the
function normally carries out by the ELCB Board. It also contains a DC/DC converter to
provide the -24VDC which are otherwise not present in the console. It is controlled via CAN-
Bus from the main board and has an additional slot for an optional ELCB Board for debug
purposes.

The actual control of the gradient information is done via the LVDS interface from the main
board.

5.3.3 Intelligent Devices with LVDS

* GAB/2 Gradient Amplifier

5.3.4 Devices without Interface

* 2 x Transmitters (1H & C13-Channel)
* 1H Preamplifier
* C13 Preamplifier

» Lock Switch (to route C13 Transmitter and Preamp to 2H Lock Coil for gradient shimming
purposes)

o 5V, 12V & 24V Power Supply (used for VTU, Preamps and Ethernet switch)
» 28V Power Supply (used for everything else)
« 2 x Ventilators

5.3.4.1 Transmitters

There are two transmitters which are identical in build but have a fixed routing so that the
upper one is dedicated to 1H (providing about 50W at 300 MHz) and the other is dedicated to
C13 (providing about 150W at 75 MHz). The transmitters receiver their RF and gating inputs
from the main board and have an RF-Output monitor which can be routed to the main board
receiver for diagnostic purposes.

The Transmitters receives only 28Vdc from the central 28V PSU. The gating inputs on both
transmitters are active high TTL.
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5.3.4.2 Preamplifiers

There are three dedicated preamplifiers. The 13C (75 MHz) and 2H (46 MHz) Preamp are of
the same type. The 1H (300 MHz) preamp is unique. All preamps have a gain of ca. 40dB.

Each amp has an RF in, RF out and two logic inputs. “Gate” is used to actively gate the
preamp for low power pulses that don’t have enough voltage to gate themselves. This is a
coaxial input and is driven by one of the service pulses on the main board.

Tune/Blank is a dual purpose input. It switches the amplifier to tune mode, which measures
the reflective power and is used for the wobble function. Since this mode also bypasses the
40 dB gain stage, it also blanks the preamp. The software always blanks the preamp that is
not being used for observing, to avoid reflected power from decoupling pulses on the other
channel getting to the receiver. The tune/gate signal is generated by the main board and is
fed to the lock switch via a ribbon cable. From there it routes the tune/gate signal to the
individual preamps (see wiring schedule in appendix). LEDs indicate the status of tune/blank
mode (see below).

The preamps do not have a separate protection input as they are self-protecting. They
receive +12V as a single supply voltage.

Function Sub-D9 1H 13C/ 2H
Tune/Blank 6 Hi Hi

Gate SMB Low Hi

GND 3;7;8 ov ov
Vsupply 4;5;9 12V 12V

Table 5.1: Preamplifiers

5.3.4.3 Lock Switch

The Lock Switch is required in order to perform gradient shimming on Deuterium for samples
that do not contain water. It reroutes the transmit and receive signals from the C13 channel to
the 2H coil. For diagnostic purposes 2H observe spectroscopy can be carried out by selecting
the 2H observe nucleus.
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9 Chosned Routing
fracuency esgical amginer preampiner
channel
BF1 45073458 MHT MUCT
SFOI 46 079672 mie [ F1_}—o Fout — x1sow |—{ wckew [ x |———— Omatac
OFS1 21459 TR P Drms 1H

BF2 30018 MHI HUCZ HS0 W Orms2H
SFOZ 30013 e F2 | FoUZ
T w

OFS2 0D Hz a

cEblE winng sEbngs

possibie RF routing ] show recaiver routing
[ =how RF routing
L show observe wiring

e
[ save |[ swenFiFz || sweenFira || petaut |[ o |[ parem || close |

Figure 5.11: Lock Switch

The lock switch signal is generated by the main board and is fed to the lock switch via a
ribbon cable. An audible click can be heard when it is activated. A LED also indicates the
status of the lock switch - see the figure below.
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Figure 5.13: Lock Switch connections & LEDS

Power Supplies

Te 15

13C Tune
Corirol

1H Tune
Corir

E3P1434

ET

The Fourier300 Console has two AC power supplies:
PSU 1: Input 90 — 250 Vac, Output: +5V, ¥12V and +24Vdc (+standby voltage)

« VTU
* Fans
» Ethernet Hub
* Preamplifiers

PSU 2: Input 90 — 250 Vac, Output: +28Vdc, 20 A
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* Main Board
Lock Board
Shim Boards
Transmitters
GAB/Backplane

When the mains switch on the rear panel is switched on, the console first goes into stand by
which is indicated by a blinking ON/OFF switch. Pressing the ON-OFF Switch then provides
both PSU1 and PSU2 via inhibit signals provided by the Power ON/OFF Control Board which
is located close to the ON/OFF switch.

PSU1 is fused with 4A slow blowing fuses. The power consumption of the console is approx.
300 W.

For details of how the power is distributed to the units see the wiring schedule in the
appendix.

5.3.4.5 Ventilators

Two 24Vdc Ventilators at the rear panel suck out warm air from the console. The ventilators
have serial resistors to bring their actual operating voltage down to about 18V, where the
operate more silently, prolong ventilator and filter lifetime and still create sufficient air flow.

The fresh air intake is in the base plate near the front of the console. The air filter can be
removed for cleaning services without opening the console.

Figure 5.14: Ventilator
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5.4

Connections

5.5

MAGNET SYSTEM 300454 US LH

MAGMET SYSTEM 300/54 US LH

PC { Ethernet «——23025

H15200 BACSZLT CPL 4 NZ16796 |

FI1BAD (THERMO) o wiiozs |
PHDLUL 30051 C-H-D-05 ZES

Z111650 (HEATER) WHA0117
PHDUL 30081 C-H-D-05 ZES *

T111650 (AIR) 45354
PHDUL 30031 C-H-D-05 ZES

Z100601 (LIFLT) " HE12223

Z100601 (SPIN) . HE12223

H15200 BACSALT CPL :ﬁ
STICKSTOFF 43981

O AGHET SYSTEM

= pROBE

o SHIMCOL
- SAMPLE CHANGER
L P JETHERMET

Figure 5.15: Connections

Accessories

HI1E796 5

HED3517 N

El451430 —Z100371

Z10M039

HZ12223 »

| HZ12223 >

1451420 —L100057

W1 209903
e,

H15200 BACS2LT CPL

Z111650 (H2)
PHODUL 30051 C-H-0-05 ZES

230 £ AC

Z111650 (13C)
PHDUL 30051 C-H-D-05 ZES
7497341
SHIMCOIL BOSS1 51 PLUG

ZA00601 (HELILIM)

MAGNET SYSTEM 300/54 US LH
ZA00B01 (SAMPLE)

MAGNET SYSTEM 300/54 US LH

Z111850 (1H)
PHDUL 30051 C-H-D-05 Z ES

T111650 (GRADIENT)
FHDUL 30051 C-H-D-05 FES

The Fourier has the following accessories / options:

» Sample Express Lite Sample Changer
* BSCU N2 Cooling Unit
* Magnet vibration Isolation
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6 Installation

6.1 Unpacking

/\ WARNING

‘é Do not lift the Fourier up and out of the carton!
Lifting the Fourier up and out of the carton may cause injury and damage the device.
» Simply slide the carton sleeve up and over the console, and then slide the console off
the pallet.

NOTICE

Material damage hazard due to incorrect unpacking procedure!
Lifting the Fourier console out of the carton may damage the device.

» Simply slide the carton sleeve up and over the console, and then slide the console off
the pallet.

» The Console has wheels and can be moved around freely using the handle at the back.

P Retain packaging in case the console has to be sent back for repair/exchange later.

6.2 Wiring Up

Please refer to the diagram in chapter Wiring Schedules [+ 111].

External Filters
Some older models have three external filters (213383, 214331, Z00116).
» Z13383 is connected to 1H Connector the rear of the console.
* Z14331 is connected to C13 Connector the rear of the console.
» Z00116 is connected to C13 Connector of the probe.

Newer models just have two external filters (E1451420, E1451430)
* E1451420 is connected to 1H Connector the rear of the console.
* E1451430 is connected to C13 Connector the rear of the console.
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6.3

Adjusting Air Pressure

6.4

Input pressure to the Fourier 300 console:
¢ Minimum: 0.4 MPa (4 bar/58 psi)
* Maximum: 0.7 MPa (7 bar/100 psi)

Adjust the air pressure so that the manometer in the console reads between 3.5 and 4 bar.
That way the default spin and lift parameters will get you started.

Switch on for the First Time

6.5

The console has three modes:
* OFF (Blue light OFF), switch at rear panel set to OFF.

+ STAND BY (Blue light BLINKING), switch at rear panel set to OFF, ON/OFF Button at top
of console not yet pressed.

- ON (Blue light ON).

Itis IMPORTANT to switch the console on BEFORE switching on the PC, since the console
contains the Ethernet hub, and the DHCP Server will not start if it doesn't find a network.

Checking that the Console has Booted

This procedure takes 30-60 seconds, provided the DCHP Server is running. There is no
visual indication on the console, but the easiest way to check is to see if the three main
Ethernet devices (Main Board, Lock and VTU) can be reached via ping or a web browser.
Their addresses will usually be in the range:

149.236.99.25x
If you are not sure the DHCP Server is running, you can check by opening
Control Panel -> Administrative Tools -> Services -> Bruker DCHP Server

stop the service
Festart the service

. Services (Local)

-~

Bruker Dhcp Server Mame Description Status Startup Type Log Onfs =
{;;?;hu:u:utparam Bruker CCU .., Started Automatic Local Syste..,

{;;?;Eranchl:ache This service .., kdanual Metwork 5., —
-..'-'.‘;;?;Ercuadcu:um kanag.. Monitors an.,  Started Autarmatic Local Syste.., ‘E‘
£+ Bruker Dhep Server Started Automatic ste..
-..‘.";:J_‘;Bruker FLEXIrm Lic... Started Autarnatic Local Syste...
-..'-'.‘;:J_‘;Bruker Tftp Server Started Sutormatic Local Syste..,
‘.‘,‘;;?;Certificate Propag.. Copiesuser.. Started hdanual Local Syste...
{-'.‘;;J_";CNG Keyzolation  The CHG ke.. kdanual Local Syste..,
l.'":‘!- kA B Tk L s ] L [ S TPy S T I

Figure 6.1: Checking the DHCP Server

If you are not sure what addressed have been assigned, you can check by opening the
following file
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Bruker\Diskless\dchpd.leases
lease 149.236.99.254 {
starts 4 2010/08/19 11:08:55;
ends 2 2038/01/19 03:14:06;
tstp 2 2038/01/19 03:14:06;
binding state active;
next binding state free;
hardware ethernet 00:00:ad:11:4f:12;
uid "\001\000\000\255\0210\022";
}
lease 149.236.99.253 {
starts 4 2010/08/19 11:08:58;
ends 2 2038/01/19 03:14:06;
tstp 2 2038/01/19 03:14:06;
binding state active;
next binding state free;
hardware ethernet 00:00:ad:13:34:12;
uid "\001\000\000\255\0234\022";
}
lease 149.236.99.252 {
starts 4 2010/08/19 11:09:01;
ends 2 2038/01/19 03:14:06;
tstp 2 2038/01/19 03:14:06;
binding state active;
next binding state free;
hardware ethernet 00:00:ad:12:85:12;
uid "\001\000\000\255\022\205\022";
}

Once you are sure that all three devices have booted, you can start TopSpin. Normally your
PC will come with cf having already been carried out. If you get an error message, that one
or more devices cannot be found, you may have to repeat cf.

6.6 Performing cf on a Fourier

TopSpin 3.1 is the first software to be used with the Avance system and the Fourier system.
All changes to TopSpin regarding the new Fourier console are implemented in the same
software tree. That means that a Fourier spectrometer can be controlled from any computer
running TopSpin 3.1.

As with the Avance systems, the Fourier must be configured in TopSpin using the cf
command. The NMR administrator password is required to run cf.

The first screen allows to edit an already existing configuration or to create a new one.

Z31980_2_003 45



Installation

Bcr 3]

Spectrometer configuration (Cf)

Configure the hardware of your orcreate a fora

Active configuration: "Fourier300"

Available spectrometer configurations

4 Configuration

Bruker_default_avs00 Avance-AV 500 50013 Datastation |
Bruker_default_avii700 Avance-AV 700 70013 Datastation
Bruker_defautt_avils00 Avance I 600 60013 Datastation

Select one of the availabl or create a new

Press "Edit" to modify or use an existing configuration (e.g. if you want to add new hardware
or if you want o use the configuration from a previous TopSpin version).

Press "New" fo create a new spectrometer configuration from scratch.

Press "Delete” to delete the selected configuration

Press "Show" o view the "Configuration summary” (unmr.info) of the selected configuration

Figure 6.2: cf

6.6.1 Setting the Spectrometer Frequency

The next screen asks for the configuration name and spectrometer frequency (1H) in MHz. It
is usual for Avance300 systems to set it to 300.13MHz. The field of the magnet is close to the
corresponding value and the correct field value is achieved by adding a BO shim current to it.
The Fourier console works the same way. But in order to keep the BO shim current at a low
value, the frequency should be set to a value close to the one which originates from the
actual field of the respective magnet.

At this point, there is a minor inconsistency which can’t be solved. The value of the magnetic
field is checked using the NMR console to detect a proton or Deuterium resonance line. That
means that it is necessary to run cf twice. The first run can be done with the default 1H
frequency of 300.13MHz. Without using the lock, one has to search for the 1H spectrum of a
suitable sample (Sucrose or Doped Water, use zg with a pulse length of about 5us and a
spectrum width of >200kHz). The frequency at which the spectrum is detected, is close
enough to the correct value. Choose a rounded value next to it and re-run cf with this value.

In the example shown here, the magnet’s field resulted it a proton frequency of roughly
300.178MHz. This could be rounded up to 300.18 or down to 300.17, e.g., to have numbers
being easy to memorize.

6.6.2 ETH Addresses and tty Settings

During the cf run, some information is shown about the detected hardware. In addition to the
Fourier main board, only the lock system, the VTU and the Lock switch are part of the basic
instrument. The Ethernet addresses of the Lock and the VTU are set by the DHCP server
and don’t need to be set manually. A missing entry shows that the respective board couldn’t
be detected. This may indicate a problem of the board or the DHCP server.

The Lock switch has to be set to amplifier 1, which is the X amplifier.

The preamplifiers and power amplifiers are build-in and are directly controlled by the Fourier
main board.

Currently, none of the Avance accessories is used with the Fourier system. This may be done
in the future, though.
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6.6.3 Cortab and Power Check

Cortab files for the console are already measured as part of the production. So, please
enable power check for probe protection.

& Cf ==

Additional configuration:

Security configuration
Enable peak power check (POWCHK): i

4| 1 | L3

_ show || Detete || <previous |[ Next> || cancel |

‘ hconfserver: check security parameters: ‘

Figure 6.3: POWCHK

6.6.4 Editing the Nuclei List

It might be a good idea to edit the nuclei list. The Fourier is a dedicated 1H, 13C and 2H
instrument. So, only these nuclei are needed. This is not mandatory but a lot of selection
windows are much easier to scroll if the nuclei list has been cut short.

& cf (3]

Edit nuclei table (delete or modify values):
Note: You can also edit this table with the command ednuc

4 Mucleus | Name Receptivity (rel. 13C) || Spin
1H Hydrogen 56800 1/2
2H Deuterium 0.00821 1

13C Carbon 10 12

. i ] v

[ snow || peete || <previous || next> |[ cancel |

| hconfserver: hardware detection finished ‘

When cf has completed its device search, it comes up with a page of information showing all
the devices it found.

Z31980_2_003 47



Installation

& cf

Configuration summary (wxnmr.info):

CONFIGURATION INFORMATION

Path : C:/Bruker/TepSpin2.1.b.14/conf/instzr/FOURIER200/uxnmr.infe
Date : Sat Feb 26 08:34:43 2011

Release : TepSpin Roguisition Version 3.1 beta-pl0

Installed in : C:/Bruker/TopSpin3.1.b.14

Host + CZC03915GT

os : Windows 7 (Vs 6.1)

ceU : Intel(R) Xeen(R) CPU W3505 @ 2.53GHz (2 cores at 2533 MHz)
User : root

Description : FOURIER300

Location

System : Fourier NMR spectrometer

18-frequency : 300.15 MHz
Order Number
Configured in: C:/Bruker/TopSpin3.1.b.14/conf/instr/FOURIER300

AcqControlServer: DRMS DRU
- ICP/IP address = 127.0.0.1
- Firmware Version = 29259

Router: none installed

Transmitters at the spectrometer subnet:

il it

[ show | [ Detete | [ <grevious | [ Next= || cancel

hconfserver: hardware detection finished

& Cf

Additional configuration programs:

Config
e
Solvent dependent parameter sefup
Installation of standard experiments i
Solvent table setup
Spectrometer parameters setup

b

[ Show H Delete H < Previous H Finish > |[ Cancel ]

hconfserver: hardware detection finished ‘
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6.6.5 RF Routing

The routing window is rather easy. The green lines indicating a fixed hardware wiring have to
be drawn as shown in the next screenshot.

& Channel Routing =
Frequency Logical Amplifier Preamplifier
Channel
BF1  300.18 MHz NUC1

SFO1 300181197  MHz [ _Fi_J [ Fout | [ x1s0w | tocksw |— x |——— pmstac |
OFs1 [1197 41 He  H v 3<

BF2 30018 MHz NUG2 / B0
SFO2 300181382 MHz Fou2

OFS2 |1381.77 Hz off -
—— : cable wiring settings
— —  possible RF routing @ show selected routing [ show receiver routing

© show receiver wiring

(&) show probe wiring

[“1show RF routing

| saveandciose || switth FiF2 || switen F1F3 || pefautt || wfo |[ param || giose |

The receiver routing is done automatically and is not shown by default. It can be made visible
by clicking on show receiver routing and must look like this.

B9 Channel Routing EI
Trequenty logical AMpitier preamplifier redever observe
channet channel
BF1 0.0 MHZ NUCT HUCY
SFOT 00 MHr F1 [ FOC | E X150wW H k=W ]-‘;)—' Dms 130 RECT | l FCu | F1

OF31 0.0 He ™ |

BFZ 00 MHz NUGZ [ Hsow | _ D NUG2
SFO2 0.0 iz [ reuz
oFsz 0.0 He

] show recener muling

[save |[ clearcavie connections || into || param || giose |

The configuration ends with a summary of all the hardware and settings.
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6.7 Additional Configurations
After finishing, cf automatically opens a window from which additional configurations can be
started.
& of 553
Additional configuration programs. 1
Config
R
Solvent dependent parameter setup
Installation of standard experiments
Solvent table setup
Spectrometer parameters setup
] i
’ Show H Delete ” < Previous H Einish > |[ Cancel ]
hconfserver: hardware detection finished ‘
6.7.1 Installation of Pulse Programs and Parameter Sets

Clicking on Expinstall starts the installation and conversion of pulse programs and datasets.
Choose Installation for Spectrometer.

The next window will show an entry Fourier after finalizing TopSpin 3.1. click on it to install
Fourier specific pulse programs and parameter sets.

& | Expinstall for Spectrometer

Select the type of acquisition:
High Resolution Systems

[ Solid State Systems

[] Micro-Imaging and Diffusion Systems

w

< | >
[ < Back H Next> | Finish

Figure 6.4: expinstall

On the following window, one can choose which files should be installed: pulse programs, AU
programs, CPD programs, shape files, etc. followed by the selection window for printer and
plotter.

The last window lets one select the digitizer and default acquisition mode.

50
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Follow the next few screen shots using default settings:

o

‘? Expinstall for Spectrometer

»

Available spectrometer or datastation configurations:

Select the configuration you want to use:

4 [ | +

FEinish

Q Expinstall for Spectrometer

Select the items you want to install:
Install Pulse Programs

Install Bruker AU Programs

[T] rRecompile All User AU Programs
Install Library CPD Programs

Install Library Gradient Files

Install Library Shape Files

Convert Standard Parameter Sets
Install Standard Scaling Region Files
Install Bruker Macros

Install Bruker Python Programs

m

< [T | r

& Expinstall for Spectrometer

Select the basic frequency of your spectrometer:

Basic frequency (MHZz): 300.18
Select the digitizer:
Type of digitzer: DRMS E

Select the acquisition mode:

Acquisition mode: qsim

Select the pre-scan-delay DE:
Default pre-scan-delay (ps). (6.5

| mn | »
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Q Expinstall for Spectrometer @

Expinstall will be executed with following options:

Installation for Spectrometer
(High Resolution)
Configuration name: FOURIER300

Install Pulse Programs

Install Bruker AU Programs

Install Library CPD Programs

Install Library Gradient Files

Install Library Shape Files

Convert Standard Parameter Sets
Install Standard Scaling Region Files
Install Bruker Macros

Install Bruker Python Programs

Basic frequency:  300.18 MHz
Digitizer: DRMS
Acquisition mode:  gsim
Pre-scan-delay: 6.5 s

Printer: Microsoft XPS Document Writer (redirected 1/copy 1)
Plotter: Microsoft XPS Document Writer (redirected 1/copy 1)
Paperformat: A4 [ Letter

6.7.2 Editing Solvents

The list showing the common solvents in solution NMR is displayed and can be edited in the
same way as the nucleus list.

6.7.3 Configuring the Probe

The command edhead is used to make the probe specific parameters known to the
spectrometer. Modern NMR probes use a special memory called PICS to store these data.
This PICS memory can be read by the HPPR preamplifier system via a cable connection.
This is not available on the Fourier system. Therefore, all parameters must be either be set
manually (see below) or you should copy the probe.ph file, which is delivered with the probe
to the directory

conf/instr/FOURIER300

before running EDHEAD. Then select the probe you have installed. The probe which comes
with the Fourier system is a DUL 13C/2H-1H Z-Grad probe.
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d ad Ll
Options Exit
Current probe: 5 mm DUL 13C/2H-1H 2-GRD 212341 [03]
5 mm Dual 19F/1H [04]
5 mm QHP 1H/15H/13C/31P [05]
5 mm QHP 1H/13C/31Pf19F [06]
5 mm QHP 1H/13C/31Pf19F Z-grad [07]
5 mm QHP 1H/295i/13C/31P [08]
5 mm Multinuclear [09]
5 mm Multinuclear inverse [10]
5 mm Multinuclear inverse Z-grad [11]
5 mm TXI 31P Z-grad [12]1
5 mm TXI 13C Z-grad [13]
10 mm 1H [14]
10 mm Multinuclear inverse [15]
10 rm 2H [16] —
10 mm 13C 171
10 mm 150 18]
10 ym 31P [191
10 mm QHP 1H/15W/13C/31P [20]
10 mm Multinuclear [21]
10 mm Multinuclear low freq. 221 ¥
' Define as current probe ] Edit Probe Parameters ] [ Connections I it ]

Click on Edit Probe Parameters to define the probe. All values necessary for that are
delivered on a spec sheet which can be found in the probe case.

The most important ones are the shown here:

® editpp.

Edlit Parameters for Probe: 5 mm DUL 13C/2H-1H 2-GRD 21234/1 [03]

Produck Details

Semple Paremeters Probis Mame: | DUL 3
Temperature Parameter:
Gradient System: |2 3
Coils Paremeters
Gradient System Pacam: Part Number: 21234
Peak Power Parsmeters |
History
Ecl: o ==
nomindl 1H frequency inMHz: |0
Diemeter of Probe: |SB &
ATHA probe: no )l
Product Info
Date of Producton (yyyymmdd): 19891127
Production Ste |SAG.
£ | &

oK Apply Reset Cancel

Edit Parameters for Probe: §mm DUL 13C/2H-1H Z-GRD Z21234/1 [03]
Production Parameters| Cols
Sample Parsmeters Number of Cails: [z == |
Temperature Paramerter|
Gas Compsnsation: &
Gradient System Paranm inside Col
Pealk Power Parameters Nudleus: |13¢ é]
Histor
i Nudeus: |2H &
Nudleus: )l
Nueus: &
outside Coil
Nucleus: | 1E 3
Nucleus: 3
Nuclaus: 3
Nudeus: al
<l | &
OK Apply Reset Cancel
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L e e
Edit Parameters for Probe: 5 mm Dual 13C/1H 711165074 [03]
Production Parameters *_] Peak Power
Sample Parameters
Temperature Parameter Hucleus Peak Power [W] o
Coils Parameters ﬂ s0.0
w Heod =
#|[s0.0
none ¥
none  #|f0.0
wone  #o.o
none  #|l0.0
wone o0
none  #lo.0
none  #oo
none  #f0.0
wone  #o.o
none  #|lo.0
_———y none oo -
oK Apply Reset Cancel
The last step of probe definition is the signal routing to the preamplifiers which looks like the
figure below:
@ Channel Routing @
Amplifier Preamplifier Probe:
[ 13C | 1 Inner Coil
X150 W locksw |—] x |J——— 1 Quter ol
-3< Dms1H 2 Quter Coil
azaw Comeen|
settings
© show cf wiring show receiver wiring
@ show probe wiring
saveand Close || save || Ciearcable connections || o || param || glese |

6.7.4 Configuring the Lock Parameters

edlock gives access to the lock parameters being used for different solvents. The lock
parameters for the Fourier are different from those for the Avance BSMS. Whereas the
solvent related parameters as DISTANCE (in ppm) or FIELD-CORRECTION (in Hz) are
unchanged, the hardware related parameters as LOCK POWER and the PID values are
different. The Fourier comes with its own list which is installed by cf.
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& Edlack o[- B ]
Solvents Edit BSMS Import Help

Solvents| Lock | Signal | Properlies|

& Solvent Lock Power Loop Gain Loop Time Loop Filter Lock Phase

Acetone -29 0.4 0.4 4 -1

CeD8 -20 0.4 04 4 -1

ceD&+Dioxane -20 0.4 0.4 4 -1

cDzcCl2 -20 0.4 0.4 4 -1

cDCI3 12 04 04 1000 -1

D20 -20 0.4 0.4 4 -1

Dioxane -20 0.4 0.4 4 -1

DMSO -20 0.4 0.4 4 -1

EtOD -20 0.4 0.4 4 -1

H20+D20 12 0.4 04 1000 -1

MeQD 12 0.4 0.4 4 -1

Tol -28 0.4 04 1000 -1

Restore default || Close |
& Editsolvent

Edit solvent "Acetone".
Probe parameters
Probe name: |Fourier
Probe description: |Default probe
Lock phase: -1
Lock power: |-29
Loop filter: |4
Loop gain: 0.4
Loop time: 0.4
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& Edlack [E=R(ECR (=)
Solvents Edit BSMS Import Help

Solvents | Lock | Signal| Properties
& Solvent Field Field Update  |Solvent...

Acetone 1430 Q Q
c6D6 1480 Q [}
C6DG+Dioxane 1464 Q [}
cp2ciz 1480 Q [}
coci3 1480 Q [}
D20 1472 Q o
Dioxane 1480 Q []
DMSO 1452 (] o
EtOD 1480 Q ]
H20+D20 1472 Q ]
MeOD 1443 Q ]
Tol 1480 Q ]

< n ] »

Restore default

6.7.5 Configuring the Transmitter and Preamplifier Pre-delays

The command edscon allows to set the pre-delays for the transmitters and preampilifiers.
Currently, these are not used by the Fourier system. Instead, they are preset to reasonable
values. These can be changed on the Fourier web page. This may be changed in future
releases. For now, changing these values will not effect the hardware settings.

[9 edscon |§|
Specirometer Farameters
(%) Spectrometer parameters

BLKTR [sec] Preset fime for ampiifier blanking

DE1 [psec] 450 Time befween LO switching and start of FID

DERX [pser] 1.50 Time between recelver enatie and star of FID
DEADC [pec] 0.50 Time between ADC enable and start of FID

DEPA [psec] 4.50 Time between preampiifier switching and start of FID
FILCOR [usec] o Comection for fiter delay

GRADCHAR 1 +  Used gradient channe!

GRADPRE [psec] Edil... Pre-delay of gradient channels

6.8 Setting the Magnet to the Right Field

The magnet is designed to be operated at 300.18 MHz with the current in the HO Field Coil of
the Shim System set to zero. At this frequency the Synthesizers are "cleanest" and least
likely to create spurious problems.

n When the lock is powered up from cold, the Field DAC is not automatically set.

In order to make sure the current in the Field Coil is set to zero
* Open the BSMS panel.
» Set the Field Value to 2048 and switch the lock to ON once.

« Switch it off again, while the magnet is bring charged to the right field and the cryo-shims
are adjusted.
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6.9 The Lock System

6.9.1 Working with the Lock System

The Fourier lock system is very similar to the BSMS lock. The BSMS Control Suite is fully
functional and for normal operation, the differences are negligible.

BSMS Control Suite PEx
Main| Lock/Level | Shim | Autoshim| Service | Log | Help|
AUTO

[ ] roer | can e J_swm ]

- T .
Phase Power Gain Shift

LOOP-

~LOCK

e

-SWEEP-

[ on-oft ][ Ampl ][ Rate ]

SHIM COIL TEMPERATURE

Field [Field Units]
Previous Actual Step
msowte oz ooz |
e I T
Stepsize
[ =

STD BY

Ssample: down missing up

As explained in the previous chapter, some of the parameters have a different value range.
This applies mainly to the PID parameters. Increasing loop gain and loop time results in a
more rigid coupling to the lock signal (fast regulation with a higher risk to see lock artifacts in
the baseline next to intense resonance lines). Decreasing them results in less coupling (slow
regulation, not suited to fast disturbances, but less baseline artifacts).

The loop filter is only applied on the lock data as they are displayed on the screen. The
higher the value, the more data points are averaged to reduce noise.

6.9.2 Finding a Lock

If the lock is set up correctly, there is no need to search for the lock manually. The lock
command will result in the lock system to read all parameters from the edlock file and to
perform an automatic search and lock procedure.

During installation or in case the magnetic field changed by a considerable amount, it is
necessary to find the lock signal for at least one solvent. This way, the field value defining the
BO shim current can be set correctly.

There are two possibilities to find the lock.
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First approach: Sweeping the B0 field.
BSMS Control Suite (=163

Main | Lock/Level | shim| Autoshim | Service | Log | Help:
AUTO

[Crmse | roer | can | e ] s ]

LOCK

LOOP

[ | wme | rue ]
SWEEP

[ On-off ” Ampl “ Rate ‘
SHIM COIL TEMPERATURE

Field [Field Units]

Previous Actual step

Absolute 2162 32162 E
I (]

Difference o 0

Stepsize
20
STD BY

Sample: down missing up

Figure 6.5: BSMS Panel

On the BSMS panel the sweep mode can be activated. The range (Ampl) and rate of the
sweep can be adjusted. If there is no signal close to the current field value, the lock window
only shows a noisy baseline. Use the Field value from the BSMS panel to search for the lock
signal. Don’t increase the value too fast because it is easy to miss the signal otherwise. The
lock signal looks like this if the field value is correct: symmetric around the middle of the
screen with both leading edges of the signal showing up. The latter must be achieved by
adjusting the Phase of the lock.

Once, these parameters are set correctly, open the edlock window. Select BSMS in the
menu and press Field Update. Leave the Phase set to -1, since this is stored by the lock
control.
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& Edlock =N [EER ==
Solvents Edit BSMS Import Help

Solvents| Lock | Signal | Properlies|

a Solvent Lock Power Loop Gain Loop Time Loop Filter Lock Phase
Acetone -29 0.4 0.4 4 -1
CeDe =20 04 04 4 -1
CeDé+Dioxane -20 0.4 0.4 4 -1
cDzcCl2 -20 0.4 0.4 4 -1
CDCI3 -12 0.4 0.4 1000 -1
D20 -20 0.4 0.4 4 -1
Dioxane -20 0.4 0.4 4 -1
DMSO -20 0.4 0.4 4 -1
EtOD -20 0.4 0.4 4 -1
H20+D20 12 04 04 1000 -1
MeQD 12 0.4 0.4 4 -1
Taol -28 04 04 1000 -1

Restore default || Close |

There is a problem with this approach which also applies to the BSMS. The lock sends a
series of RF pulses with a rate of 1kHz to the 2H coil. This results in an excitation profile of a
central peak and a number of additional peaks on a 1kHz grid. These slowly decay in
amplitude as their distance to the central peak increases.

Setting the sweep to a large amplitude clearly shows the problem.
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ock Displ EBX
(= WSEEE J

There is more than one resonance due to the excitation grid and it is not obvious which one is
due to the central peak.

The rate of RF pulses on the BSMS is 6.66kHz. So, the effect is less obvious and the
determination of the right sweep signal is much easier.

Second Approach: The "flock” AU Program

There is an alternate way of finding the correct lock field. Instead of using the lock instruction,
it is possible to start an AU program called flock. flock asks for the lock solvent, creates a
temporary 2H dataset and starts an acquisition to find the lock signal in the 2H spectrum. It
compares the ppm shift of the 2H signal to the default value from the edlock table. The
difference in ppm is then converted to a shift in the lock field. The new lock field is displayed
in a pop-up window. Additionally, flock informs the operator how many solvent peaks have
been found and if this number is in agreement with the number of resonance lines for the
selected lock solvent. In case, the number of signals is different from the expected value,
flock uses the peak with the highest intensity to calculate the lock shift. The new shift value is
set in the Fourier and a normal lock procedure is started.
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[§ fiock S5

Results:

Solvent: Acetone

Number of solvent peaks found: 1
Using peak at ppm: -1.03

Chemical Shift of defined solvent: 2.04
Current lock field: 998

New lockfield: 1152

-
=

| Close |[ Details._ ]

|

Figure 6.6: Result of Flock with one Solvent Peak

(& fiock ==

Results:
Solvent: EtOD

: Inconsistent number of peaks 11

L Mumber of solvent peaks found: 1

Using largest peak at ppm- 3 06
Chemical Shift of defined solvent: 1.11
Current lock field: 1198
Mew lockfield: 1100

| Close || Detais..

Result of flock if number of detected peaks is not compatible with number of expected
solvent peaks. This can happen if a mixture of solvents is used or if the wrong solvent
has been chosen. In any case, it leads to a field lock. The ppm scale may be shifted if
the wrong solvent has been chosen, though.

Any time, the lock field has changed by a large amount, the following message is shown:

[& Field Update e

Warning- Lock Field has changed significantly.

| Press "OK" to update the field value,
press "Cancel” to ignore the change.

: OK || cancel

J

Pressing OK updates the BSMS field value in edlock table. A subsequent lock procedure
should be able to find the lock signal in the usual way.
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Fine-tuning the flock AU program.
In the AU program, one can find the line:

static const double scale = 19.79;

It defines the ratio between the ppm scale and the BSMS field values. In principle, any
Fourier should be close to that value. It is recommended, though, to calibrate it for any
instruments as the shim current boards are not completely identical to each other.

To determine this value, one has to acquire two proton spectra. For this the Lock should be
OFF. After acquisition of the first spectrum, one changes the lock field by 1000 units (+/-
doesn't matter). With the new field value another spectrum is acquired. Now, determine the
ppm shift of the two spectra in respect to each other, e.g. in the dual display mode. This value
should be close to 20ppm. Please correct the line of the AU program shown above to reflect
the accurate value (take the absolute value, no negative sign).

Third approach: Acquisition of a proton spectrum

An easier and unambiguous approach is to acquire a proton signal using a large spectrum
width SW. The easiest sample is Doped Water with just one large resonance line from H20.
The solvent is D20. Therefore, the lock frequency in ppm on the 2H scale is very close to
that of the proton spectrum on the 1H scale (= 4.7ppm). First try to lock on D20 in order to
transfer the lock parameters for D20 to the lock system. The lock will fail because we are in a
situation there the signal is outside of the lock window. Otherwise, we wouldn’t need to
search for the lock. With the Sweep set to off, change the field value such that the 1H
resonance line is at 4.7ppm. This is also the right field value for the lock signal. Now,
inspecting the lock window, it is possible to set the phase correctly. Save both values in the
edlock window to finish the procedure.

The procedure is illustrated using Cyclosporine as a sample. There is always a resonance
line from the protonated lock solvent because chemical exchange is easy between 1H and
2H. In cyclosporine, it is the largest signal on the left-handed side of the spectrum resulting
from C6D6H.

If the field value is off, it may look like this.

3 Bruker TopSpin 3.1.b.1 an DREAMSPEC s dem

Stat  Acquire  Process  Apalyse  Publish  View  Manage & 5y [:]
Creale Datasel | §Find Dalaset */Open Datasel | Paste Dataset || Read Pars.

Q| (L] arar ) @ 8| kb T||#h

| o)

% £ C \BrukenTopSpin3 0.b. 3examd ||
% 3 C\BrukenTopspind. 1 a-2010050(

— . .

T T T T
e 2 L] -2 tppm)

Time.
1740

Aug 19

Acquisition infarmation ‘Sample

Fid Fiash | _Lock | &

Here is a zoom to the region of interest. The resonance line is at 26.22 ppm.

Ao acquistion running

one Reg. State: & Autoshim @ Locked @ Eror
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Stat  Acquire Process  Analyse  Publsh  View Manage & N =]
)\ Proc. Spectrum = | '# Adjust Phase= &, Calib. Aisw 't PickPeaks= [ Integrate =

Advanced =
Ll ataty| @@ 0| =k T|#& | M
1 @@ E | @Qe il = | |LE S

Browser | Lasts0 | Groups|

4 G BrukerTOPSPINexamdata | || Spectrum | ProcPars | AcquPars | Tile | PulseProg | Peaks | infegrais| Sampie | Structure| ol Fid| Acau
4 3 G \Bruker TOPSPING 1.0-201008(

4 (3 G \Bruker TOPSPIN_DATA g
4 O C\BnkenTOPSPIN OATAt L

& {3 C\BrukenTopSpind 0 b 31iexamc
& {3 G \BrukenTopspind 1 2-2010050(

o

‘Acquisition information Fid Flash | Lock | Sample | Probe Temperature BSUS status messax Teme
1741

R 2080
L one Reg. State: &|  Autoshim & Lockea & Error | AU 19

From the edlock table, one can read that the C6D6 chemical shift for 2H is 7.16ppm. So, use
the field value to shift the proton resonance line to that value on the 1H frequency scale. A
rough value for the field shift is 20ppm/1000 field units. It depends a bit on the actual shim
board but can be a good starting point for all Fourier systems.

There is no need to be exact at this point. A spectrum like this is close enough. Using the
resulting field value, the Fourier must be able to lock the field in the automatic mode.

B 6ruker Tapspin 3.1.b.1 on DREAMSPEC as dom

Stat  Acquire  Process  Apalyse  Publish  View Manage & =]
)\ Proc. Spectrum = | 4 Adjust Phass = ¢ Calib. Axis = '*PickPeaks= | Integrate =
Advanced +
9| |Ll| [ atat' @@e Ol k=g T2 | |k wEml
Be |1 Q@ i @9 ik« 4| LE S BeTFTTL LA

Browser | Lasts0| Groups| P k- Acquisition finished: C:/Bruker/TOPSPIN_DATA/data/Fourier EXAMPLES/Z/pdata/1

4 3 C\BrukenTOPSPINexamaata Spectium | ProcPars| AquPars | Tiie | PulseProg | Peaks | Integrals| Sampie | Structure| Piot | Fid| Acqu
4 €3 C\BrukenTOPSPING 1.3-201005¢
4 O C\BrkenTOPSPIN OATA g

#2 C \BrukenTOPSPIN_DATA\ata 1
#12 C \BrukenTopSpind 0 b 31iexamc
#2 C \BrukenTopspind 1 2-2010050(

< i 74 12 70 tppm]

i fmisned
‘Acquisiion information Fid Flasn [ Lock [ Sample | Prove Temperature B5MS status messax Time:
1715
Rio acquistion running l! 298.6 K
H " Reg. State: | Autoshim & Lockea @ Emror | Av0 19

6.10 Converting the Parameter Set to the Actual BF1

Since the shimming process may have an effect on the BO field, it may be necessary to
redefine BF1 after Shimming and Lock have been optimized. The ideal BF1 is close to
300.18 when the Lock Field DAC is close to 2000 (+500).

When you are satisfied that you have a good BF1 and the LOCK DAC is near its center,
repeat CF and expinstall with the new BF1.
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6.11  Tuning and Matching the Probe

6.11.1  General Information about the Fourier Probe

The Fourier system is delivered with a special probe. It is a modified DUL probe with 13C and
2H on the inner coil and 1H on the outer coil. The special feature is a coil design which is
much less susceptible to the salt content of the sample. Tuning and matching are much less
influenced by a change of the sample. Therefore, the probe is tuned and matched once and
this calibration is not changed on a running system. The side effect is a lower S/N ratio by
about 15% compared to a normal DUL probe.

There are no tuning and matching rods on the bottom of the probe. The tunable capacitors
are accessible via small holes in the upper part of the probe body. Use the screwdriver
coming with the probe to tune and match the probe before installing it into the shim system.

The wobb routine of the Avance system does not work with the Fourier. Instead, there is a
special wobb program which must be started outside of TopSpin.

See also chapter Additional Test Applications [+ 100] for details.

6.12 The Gradshim Command

In order to enable automatic shimming, the probe is equipped with a z gradient.
Unfortunately, TopShim doesn't fit to the pulse programmer structure of the Fourier system.
Therefore, Gradshim is used instead.

It should be noted that only z gradients can be used for shimming. The focus is not so much
on the ease of installation but more on the automatic shimming when the spectrometer is
running in automation.

Gradshim works best when the shim map was made with an already well shimmed magnet.
You can also use a shim map from another system to get started, since the Fourier Shim
Control and BOSS 1 Shim Systems are fairly consistant.

Also important for the success of gradshim are:

» The gradient echo is nicely centered in the spectral width - check by loading and running
the experiment gradshim1d2h_f.
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Figure 6.7: Gradient echo
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« If this does not look like in the figure above, it could be, that the parameter sets have not

been converted to the correct BF1.

* The correct 2H pulse length. This is normally around 50us at 40 W and can be checked by
a zg experiment, where 2H is selected as the oberve nucleus. If the lock is still running
while you do this, there will be spikes in the 2H spectrum!

The command gradshim opens a new window.

& Gradient Shimming (o=@ ==
Exit Edit Setup
Shimming Method
3D 1D " 10%el, & 1D2H
Current Probe
5 mm Dual 13CHMH
Z111650/4
Data Set
DISK |CitBrukerTopspind.l USER |gradshirm
FILENAME gradshim1dzh_f
lteration Control File
FILEMAME |defltldzh j
Iteration Steps
Step #1  highz window:, 18

Start Gradient Shimming |

Show Current Field Profiles |

-

S;F Shirn Mapping = [ @ |[=
Close Edit Misc

Shim Mapping Method
3D £ 1D " 1DSel. = 1D2H

Current Probe

A 1D2H shim map already exists for the current probe:
5 mm Dual 13CHH Z2111650/4

Parameter Set
FILEMAME |gradshim1d2h

Data Set
USER |gradshim

DISE |C:\Bruker\T0pspin3.1
FILEMAME gradshim1dzh_f

Echo Times

TEL |3 TEZ |123

Shim Group for Mapping
SHIMGROUP |highz
SHIMS 772 73 74 75

Start Shim Mapping
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6.13

If gradshim is done for the first time on a system, the profiles of the various shim gradients
must be evaluated. (open Setup in the main window).

- Shim Profiles =3

Shim Profiles for Z Shims

NN

-30.0F

1 L L L 1
-300.0 -z200.0 -100.0 0.0 io00.0 200.0

o]

This has only to be done once. If the shim profiles are available, it is possible to Start
Gradient Shimming.

IMPORTANT: To start gradshimming using the shim button of the flow bar and also from
IconNMR, it is necessary to store the current configuration for automation. (Setup -> store for
automation). The flow bar or ICON will call either a 1H or a 2H gradshim, depending on what
was selected when the setup was stored for automation.

For further information on gradshim please check the respective manual.

Gradshim uses different parameters on a Fourier. Be sure to define the parameter sets
gradshim1d1h_f or gradshim1d2h_f when creating a shim map.

Installation Acceptance

All the for the Fourier 300 necessary Hardware Tests (HWT) were carried out during console
end testing and are not intended to be repeated at the customer site.

The following ATP tests are carried out on the FOURIER during customer acceptance
» Determination 90 degree 2H observe pulse
» Determination 90 degree 1H observe pulse
» Determination 90 degree 13C observe pulse
» Determination 90 degree 1H decoupling (CPD) pulse
» Determination 90 degree 1H high power decoupling pulse
» Determination 90 degree 13C low power decoupling pulse
* Line shape test for 1H with rotation
* Resolution test for 1H

66
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« Sensitivity test for 1H

* Line shape Test for 13C with rotation

* Resolution test for 13C

« Sensitivity test for 13C (ASTM)

» Sensitivity test for 13C (EB)

* HSQC experiment with Z-gradient (console test)
* COSY experiment with Z-gradient (console test)
* DEPT-90 experiment

+ DEPT-135 experiment

For the ATP Tests you will need the following samples
The three Test Samples which were shipped with the system.
* 3% CDCI3 in Chloroform (line shape)
* 0.1% EB in CDCI3 (1H SINO)
*« ASTM (C13 SINO)

To shim the magnet and perform the ATPs test you will require to bring some additional
samples:

* Urea in DMSO (Pulse Length adjustment)
* 100mg or 1g Cholac in CDCI3 (DEPT)
» Cyclosporine in C6D6 (2D Examples)

There are only three hard specs for the Fourier required for a customer sign off:

Lineshape using 3% CDCI3 in Acetone 0.5/8/16 Hz (non-spinning)
1H Sensitivity (0.1% EB in CDCL3) 125:1 (after gradshim)
C13 Sensitivity (ASTM) 90:1 (after gradshim)

Table 6.1: Hard Specs for the Fourier

The remaining ATP Tests will implicitly demonstrate the system remaining functions:
* Water Suppression
» Sample Spin & Lift
» Auto-Locking on various solvents

Gradient Functionality (2Ds & Gradshim)

* Gradshim reproducibility

* Lock and Temperature Stability (COSY & HSCQ)

» * Baseline & Spectral Purity (DEPT)

* Certain artifacts are normal and have been considered acceptable for the intended
use of the Fourier:

* A moderate amount of T1 noise in 2D experiments

» Some "digital noise" on strong signals that require RG < 10. Use zg30 instead zg of if that
happens, in order to be able to increase RG

» Some vibration noise close to the feet of very narrow lines (e.g. lineshape samples). This
can be improved with vibration damping if required.
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* * Some very small spurious spikes in the first few scans of C13 spectra. These should
average out after NS > 64

» Asymmetric smileys in some 1D spectra with high intensity. This can also be seen as
reduction in the level of noise about 200 Hz from the right edge of some 1D and 2D
spectra. If this part contains spectral information, simply increase the spectral width.

* If you obtain reproducible "spurious spikes"” in 1H spectra it may be due to an
unfavorable BF1 frequency. The Fourier DDS are "clean" for at least 200ppm round
300.18 MHz

6.14  Main Differences between Fourier & Avance Systems

» The Lock works at 1 kHz instead of 6 kHz. That means that sidebands are closer together.
Also the lock parameters have different units to BSMS Values.

P: 0.1 to 0.8 depending on solvent.
Higher values mean more proportional gain.

l: 0.1 to 0.8 depending on solvent.
Higher values mean more integral gain.

Power: -12 to -28 dBm depending on solvent.
Note: The values shown in the BSMS Panel are attenuations from
0dBm.

Filter: 4 for strong solvents, 1000 for weak solvents. The numbers are not the

Bandwidth in Hz but the number of averages per second. 1000 is
equivalent to 1 Hz, 4 is equivalent to 250 Hz.

Field: 0 to 4095. 2048 means no current flowing in HO Coil.

Ideal value is between 1500 and 2500, to allow for magnet drift. The
BSMS field has the opposite polarity, i.e. increasing the value of the
field DAC by 1000 steps will cause a shift left (i.e. increase the
frequency) by 20 ppm.

Table 6.2: Typical Values for the Fourier

» Shim Values go from -32768 to 32768. If converting from a AVANCE shim file, you will
need to halve the values to get a good starting point.

* No PID Self Tune for Lock, VTU and Spin Parameters. Since the Fourier is only sold with
one probe, the defaults if operated at 4 bar are usually good enough for all experiments.

+ Different Pulse Programmer Language
 Digitizer Type must be set to “DRMS”
* Ag.mod must be set to gsim

* Fn_Mod must be set to TPPI or QF

+ BC-Mod must always be set to OFF

* GPNAM must always be RECT.1
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7 Configuration

Each of the three Ethernet Devices has an ARM CPU with a web server for service, BIS
setup and diagnostic functions.

In order to prevent accidental damage, the web server access is password protected:
User: root
Password: BRUKER (in capitals !!)

You can connect to the web server using any browser, but Firefox is recommended in case
you want to save the password.

71 Network Settings

The arm CPU receives its IP address by different methods, selected by jumpers on the dip
switch shown below. The default for use with TopSpin is DHCP, i.e. (X, ON, OFF, OFF (X =
don’t care)

If for any reason you cannot connect to a device, it may be necessary to set the jumpers to a
default address (e.g. X,0OFF,OFF,ON for 192.168.1.1)

are set to X,0FF,OFF,OFF will both default to 192.168.1.200. The VTUs default is

n Both the lock board and the main board are based on the minispec architecture, so if they
192.168.1.109.

It is also possible to assign a fixed user specific IP address.

Main -> support -> network configuration

| Parameter | Software ‘ EEPROM | Modify EEPROM

149.236.42.97
2ER.2RE2EE0D
0.0.0.0 ‘ 0.0.0.0

| MAC Address: | 0000ALOBFFLZ ‘ 0000ALLI1IFCLE | ---

IP address: 19z.1e2.1.1 149.236.42,97

Subnet Mask: 255,255, 255.0 | 255.255.255.0

Standard Gateway: 0.0.0.0

| SW2 jurnper settings: |oFF, CFF, ON ‘ SH, OM, OM |

I Apply Changes H Clear Inputs ]

Figure 7.1: Fixed User Specific IP Address

This address will be used if the jumpers are set to X,ON, ON, ON.
The jumper settings are described on each web server on
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Main -> help-> power up jumper
Fourier

Power up jumper

‘ 2f6 | 3f7 ‘ 458 ‘ DHCP ‘ BOOTP ‘ MAC address IP address
no hardware found  192.168.1.100
Hall 192,168.1.104
Signal Channel 192.168.1.106
Bridge 192.168.1.107
EMOOR 192.168.1.108

. . WL 192.168.1.109

OFF OFF OFF | no no defined by serial number £ 4 . s L 10
Signal Channel 2 192.162.1.111
Gradient Unit BMC20 192.168.1.114
SPL 192.168.1.117
Cryo Power Supply  192.168.1.150
MiniSpec 192,1658.1.200

‘ OFF | OFF ‘ [a]y ‘ no ‘ no ‘ O=0000ADOBFF1Z2 ‘ 192.168.1.1

‘ OM | oM ‘ OFF ‘ YES ‘ VES ‘ defined by serial number ‘frum DHCP/BOOTP server

‘ OFF | oM ‘ OFF ‘ no ‘ yes ‘ defined by serial number ‘ BOOTP sarver

‘ (o]l | OFF ‘ COFF ‘ YEs ‘ no ‘ defined by serial number ‘ DHCP server

‘ [l g} | [mlg} ‘ oM ‘ no ‘ no ‘ defined by serial number ‘ user defined

Figure 7.2: Power Up Jumper

711 Resetting the CPU

Any change in network configuration, firmware of FPA content are only valid after rebooting
the CPU. There are three ways to reset the CPU:

By
* Powering up
» Pressing the reset button on the CPU
* Pressing the Hardware reset button in the web server on

Main -> support -> network configuration
This button also appears after a successful firmware update.
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7.2 Firmware Update

The firmware of all the intelligent devices can be upgraded during run-time via the web-
browser. The mechanism for the Ethernet Devices differs to that of the CAN-Bus Devices.

7.21 Ethernet Devices (Main Board, Lock Board, VTU)

Before changing Firmware the current firmware version must be identified. In Ethernet
Devices this is always shown at the bottom of each web server page.

ALET
Main | Suppor | MiniSpec | Help

Version: M4,69 “uild: 1490
et ®l - LY SN -

SRRUKER BICOSPIM GMBH

To download a new firmware select

Main -> support -> CPU software update

1. Select the firmware to be uploaded using the browse button (in some versions called
“Durchsuchen’.

2. Press Upload to upload firmware to CPU.
Lock Board

Upload software

i5top TCP/IP communication

[Wiite default bootoader

[Lwiite |
browse

[Write generic software

File :| |[ Durchs’uchen ]

This takes a few seconds and is finished when the message appears: File ... uploaded
successfully!

3. Press Flash to write the uploaded file into the Flash memory of the CPU.
Lock Board
Flash

File: minispec.bin of size: 1700152 haz been uploaded successfully !

This takes about a minute and is finished when the message appears: Successfully
Programmed Flash.

4. Reset the CPU by pressing the Hardware Reset button.
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Lock Board

Software configuration

Deownload code is 0: Successfully pregrammed flash.
You can reset the hardware or flash additional software now.

5. Confirm the new version after the CPU has been reset.

AET
Main | Suppor | MiniSpec | Help

WVersion: M4, 69 uild: 1490
. et 0 - LY SN -

SBERLUKER BICQSPIM GMEBH

7.2.2 CAN-Bus Devices

n The procedure is the same for all devices.

The procedure is the same for all devices, however

* since the shim control board and the GAB/2 Board are slaves of the fourier main board,
the firmware update of these devices is initiated form the main board web server.

 since the peripheral control board is a slave of the VTU, the firmware update of this
devices is initiated form the VTU web server.

To start the procedure select

Main -> support -> AVR Controller software update
1. Select Device and Board Number and press SET.

VTU
AVR Software Update

Application:

|App|icatian Code ‘ PERIPHERAL v ‘Board Humber ‘ ‘

Set

Software Update:

* Upload EEPROM Diata
® Upload Flash HEX - File

shim control comprises two boards, this procedure has to be carried out twice. Once for

n GAB/2 Backplane and Peripheral Control the Board Number is always “Board 1” Since the
Board1 and once for Board2.
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2. Select the EEPROM file (file ending *.eep) to be uploaded by clicking on Upload EEPROM
Data.

vTU
Upload EEFROM Data

AVR Controller:

‘ AYR ATO9Ocanl128

‘ EEPROM Memaory Size | 4 kBytes

Write generic software: browse

* pep File :

" Durchsuchen. ]

This procedure takes less than a second and is finished when the message appears: Flash
EEP File.
3. Press Flash Eep-File to write the file to the EEPROM.
VTU
AVR Flash EEPROM Data
Filz: peripheral.eep of size: 102 has been uploaded successfully !
This procedure takes about 30 seconds and is finished when the programming menu
reappears.
VTU
AVR Software Update
Application:
|Applicati0m Code | |BDard MNumber | ‘
Set

Software Update:

® Upload EEPROM Data
* Upload Flash HEX - File

Hex File

4. Repeat this procedure (Upload & then flash) for the Hex file.
VTU
AVR Flash Hex-File

File: peripheral.hex of zize: 69236 haz been uploaded successfully !

This procedure takes a few minutes and is finished when the following message appears:
vTU

AVR Software configuration

Download code is 0: Successfully programmed flash.

You can reset the hardware or flash additional software now.

Hardware Reset
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5. Reset the Master CPU (in this example the VTU) by pressing the Hardware Reset Button.

Shim Control: Main Board: main -> shim -> base function
6. Check that the correct version has been successfully updated.

Version Board ( 2.9 |
Yersion Board ( 2.0 .

GAB/ 2: Main Board: main -> fourier --> GAB/2 System -> GAB/2 Menu -> GAB/2 Control

‘ GAB/2 Status

Relay Made on

Analog Path on

GCON Parity Check inactive

GAB/2 Backplane Firmware Version ( 00,04y

GAB/2 Backplane FPGA Versian w001

» hdain » MiniSpec » GABZ System » GAE/2 Menu » GAE/Z Control
Main | Suppott | MiniSpec | Shim | Help

Peripheral Control: VTU: main -> VTU -> peripheral control —> base functions

Messages:

Function | Parameter | Method
Bedlive Be alive ] Get |
Version 0.016 ) | Get |
[ en v ==

7.3 FPGA Update

The FPGA Content of the Ethernet devices can be upgraded during run-time via the web-
browser. The main board requires an external tool to stream the FPGA content, since the
memory of the embedded web server CPU is not large enough to hold an entire FPGA
image.

7.31 Lock Control and VTU

With these two devices, the FPGA is updated using the web server.

n Before a start the current FPGA version must be correctly identified.

1. Open main- >device->base functions and read out the address of register 0x04.
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Lock Board

MiniSpec Base Functions

Write Command: Read Command:

‘ Register ‘ ¥Yalue ‘ Register | ¥Yalue
=00 | ||o=00 =04 58 = 0x00000058
-

2. Begin the update procedure using main -> support -> XILINX CPLD/ FPGA Update.
3. Select the corresponding FPGA image (file ending *.xsfv) and press Upload Xilinx XSVF-
File.

Lock Board

Upload Xilink XSVF-File

browse

Fila:‘ |[ Durchsuchen.. ]

Upload Xilinx x5¥F-File

+Main » Support» Unload Xl A28VE-File
Main | Support | MiniSpec | Help

Version: M4,69 - Build: 1490
CPU (W2) SM: 1947 - HW SN -
@RRUKER BIOSPIN GMBH

This takes a few seconds and is fin-ished when the Start window appears. 4. Press Start.
This procedure takes about 25 minutes !!!

Xilinx JTAG programming

File: minispec_w§4.xsvf of Size: 2719250 has been uploaded succassfully |
Dizconnect the JTAS download cable !
Start

It is finished when this message appears.
5. Reset the CPU by pressing the Hardware Reset button in the menu

Xilinx programming result

Download code is 0: Successfully programmed device.

6. Verify that the new version has been correctly loaded by reading register 0x04 (see
above).

7.3.2 Main Board

The main board requires an external tool to stream the FPGA content, since the memory of
the embedded web server CPU is not large enough to hold an entire FPGA image. The
procedure is therefore different (and simpler) but does need a special software tool called
Allegro Flash Tool (Flash.exe).

Before a start the current FPGA version must be correctly identified. In the case of the main
board this is seen at the bottom of the main web server page.

1. Identify the current FPGA version.
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7.4

(ET]
bain | Support | MiniSpec | Shim | Help

Version: MS.43R5 - Build: 1562R5

2. Start Allegro Flash Tool (Flash.exe), enter the IP address of the main board, and select
the FPGA image (file ending *.1z)

3. Press Flash to start the procedure.
This procedure takes about 35 minutes !!!

% Allegro Flash Tool

Device: | 149 , 236 . 99 ., 214
Filenane: | dreamspec_ed.lz J
Sizes | 3693550 Bvhes

Type: Im

Host:

Device:

Crverall:

Flash Close

It is finished when the following message appears:

! } Success! Please reboot vour hardware!
L

4. Reset the CPU by pressing the Hardware Reset Button in the menu Main -> support ->
network configuration.

5. Verify that the new version has been correctly (bottom of main web page).

Device Specific Settings & Tools

Apart for the generic functions for network configuration, Firmware & FPGA Update each web
server has some individual device specific functions such as:

* BIS EEPROM

 Device Identification

» Device Setup Parameters
» Diagnostic Functions

76
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7.41 Main Board

7411 BIS EEPROM Settings

To recognize the main board as Fourier component, the following entries need to be made in
the field NAME group part of the BIS EEPROM. This is accessed via:

Main -> minispec -> BIS information

PRODUCTION group:

Product 1D: E1451110

Serisl numben | [NE9999
= (—
Date: 14/04/2010
Apply
NAME group:
Enter device identifier ("MQD": Dreamsped).
bk ]

Apply
INITIALIZATION group:
‘Mnde (MINISPEC ar IMAGING):QM\N\SPEC J
‘Interna\ uze 1 ‘
‘Interna\ uze 2 ‘
‘Interna\ uze 3 ‘
‘Ir\terr\a\ uze 4 ‘
Apply

n The names minispec and dreamspec are historical and are used internally only.

Next, further down on the same page, the frequency range has to be defined. For 300 MHz
this is:

DreamSpec setlings: /H\

Cpearating Freguency Mi% 285

Operating Frequancy M{x: 305

MME, Separation Frequel‘k\:\ 35 /

DDS Sync Delay Maodl: D=2B000050
ODE Swnc Delay Modz: Ox283000048
DS Swnc Delay Lo OxZ23000050
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n The three DDS Sync Delay parameters are board specific delay line values that are

determined to make sure that all three DDSs are synchronized and should not be changed!

Next the dependencies and Polarities of the service pulses have to be defined. There are
four programmable service pulses, and they are used to gate transmitters and preamplifiers.
For each pulse the HF pulse that it should be connected to, the polarity and a pre- and/or
post-delay (in multiples of 40 ns) can be defined. The default settings are:

DreamSpec transmitter pulse (service pulse 0):

Transmitter Master (MOD1 or MOD2]): | rOD2

. 1H Transmitter gate
Transmitter Blank Predelay ¢ 40ns: |25 (Wlth 1 Us predelay)

Transmitker Blank Postdelay / 40ns: | 0
Apply

DreamSpec preamp pulse (service pulse 1):

Prearmp Master (MOD1 aor MOD2): | FACDZ
Prearnp Protection Palarity, STS (0 = active high, 1 = active lawl: |1 1 H Preamp Gate

Preamp Protection Predelay f 40ns: ||:| (Inverted)
Prearmp Protection Postdelay f 40ns: ||:|

Apply

DreamSpec Mod2Z pulse (service pulse 2):

Mad2 Master (MODL or MOD2): |MOD1 .
_ — : C13 Transmitter gate
Mod2 Gate Polarity, ST4 (0 = active high, 1 = acdtive law): ||]

Mod2 Gate Predelay / 40ns: |25 (Wlth 1 US prEdEIaY)
Mod2 Gate Postdelay f 40ns: ||]

Apply

DreamSpec 5P 3 pulse (service pulse 3):
5P3 Master (MODL or MOD2Z): |MOD1 C'I 3 P G t
SP3 Gate Polarity, 572 (0 = active high, 1 = adtive lowl: |D reamp a e
SP2 Gate Predelay / 40ns: |D

SP3 Gate Postdelay / 40ns: |D

Apply

The preamp gates are not protection pulses. The preamps are self protecting using diodes,
and the gate is required in order to ensure that low power pulses can pass the protection
diodes.
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7.41.2 Board Temperature Control

The temperature sensitive parts (Master Oscillator, Receiver Gain Stages, Filters, etc.) are all
within a temperature controlled zone on the main board, which is thermally isolated with a
blue foam cover.

The temperature is controlled by a digital PID algorithm which runs in the background on the
embedded CPU. The PID settings can be adjusted using:

Main-> minispec-> electronics temperature control

Fourier

Electronics temperature control

AD controller 2 {NTC):

Chn 1 Chn 2 Chn1 f Chn 2
6881640 | 6879890 | 1.0003 — actual temperature

Heater parameter:

Heater PID Set value Parameter
Praportional band || 3 10000
Integral time 1483 20
Carivative time 1] 1]

temperature setpoint  heater power

/

Temperatu;r./mtpuint Heater register Heat?/puwer [%0] | LED { counter)

rad i
10000 1485 36.3 TED
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A temperature setpoint of 1.0 is equivalent to about 40°C. It should be adjusted so that the
heater power is between 30 and 50 %. when stable conditions are reached. Adjust the
setpoint if necessary (lower value -> higher temperature. The setpoint is raised by 1°C when

the setpoint value is lowered by 0.05, and vice versa ).

PID Values should not need to be changed. The values are stored in the EEPROM and are
valid after power up.

7413 On-Board Voltages

The main board receives only 28Vdc from the central 28V PSU and generates all the other

voltages it requires on board. You can test if all the voltages are correct under:

Main-> minispec-> AD Controller

| 2 | 1eU | 422 | LiBu] [ LB
| 21 | 28\ _PAZ | 26.734 ‘ 238 |‘\.-‘
| 22 | 2eW_PAal | 22,731 ‘ 28 |‘\.-‘
|23 |4'V' |4.I:Il? ‘4 |‘\.-‘
| 24 | 2WS_FPGa | 2417 ‘ 2.5 |‘\.-‘
| 25 | II_FPGA | 3.413 ‘ 3.3 |‘\.-‘
| 26 | I3_DD5 | 3.383 ‘ 3.3 |‘\.-‘
| 27 | II_ADC | 2.294 ‘ 3.3 |‘\.-‘
| 28 | W _DIGITAL | 3,177 ‘ 2.2 |‘\.-‘
| 29 | IW_AMALOG | 3,141 ‘ 2.2 |‘\.-‘
| 30 | 28\ _EXTERN | 27.610 ‘ 28

7414 Pulse Programmer Memory

Unlike the IPSO, the Fourier keeps its entire Pulse Program (incl. decoupling sequences,
loops, 2D evolutions) in memory at once. Since the memory is limited, some pulse programs
may exceed the memory capacity. In order to check if this is the case, you can check the
memory usage using:

80
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Main-> minispec-> memory

Pulse Programmer | Command | Table

Modulator 1 10,64 % 3.22 %
Modulator 2 1.56 % 3.22 %
Feceiver 1.96 % 317 %
Gradients 0.00 %% 0.00 %%
Service channel 1 1.56 % 3.13 %
Service channel 2 1.56 % 3.13 %
Service channel 3 10,64 % 3.13 %
Service channel 4 10,64 % 3.13 %

7.4.2 Shim Control

Since shim control is a slave of the main board, the shim specific web server functions are
found on the main board web server under:

Main-> shim
Fourier
Shim Menu

HARWARE CONTROL:

® Base functions
* BIS information
® Coil 1
® Coil 2

DATABASE:

The Fourier has 20 coils for shimming. One Shim Control Board can handle 12 coils.
Therefore we need two Shim Control Boards. The first Board is represented by the Menu
item “Coil 17, the second Shim Control Board is represented by the Menu item “Coil 2”.

Base Functions

Here you can see the Firmware version of the two boards. If you want to test the Can-Bus
communication you can toggle the 4 LED on board. If you mark the checkbox you can
activate the LED. Below the item Temperature you can see the temperature of the two
boards.
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Coil 1

%3 Bruker Spectrometer - Shim Base Functions - ... (= |[B][X]

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hife
@ g C @ (O [rewnr &5 - [C-[ec P
7 Lock ) DresmSpec [ ¥

| Brukerspec...| | ] Bruke... @ | | ] oruterspec..| | Jorib| -
Fourier

Shim Base Functions

version:

version board 1 |25

Version Board 2 | 2.0

LED:

Board 1: | Address | Enable

ERENEES

Board 2: | Address | Enable

v [O |[vean]

[TEMPERATURE:

Temperature Board 1: | 41,2500

Temperature Board 2: | 37.5000

» Main » Shim » Shirm Base Functions
Main | Support | MiniSpec | Shim | Help

Version: MS.43RS - Build: 1562RS
CPU (V2) SN: 1536 - HW/ Sh: NE99S3
CFG. 03 - FPGA: 119(M) - ERR: -1
©BRUKER BIOSPIN GMBH

Ferti

On this page you can see the 12 coils which are controlled by the first Shim Control Board.
The resolution of the DAC which set the current to the coils is 16 bits. 0x000 is the maximal
negative current and OxFFFF is the maximal positive current. This means the half 0x8000 is
zero current. In the column “current” you can read the current through the coil. The next
column ratio shows you the ratio of the current which flows the coils and the current which

should flow. This ratio should be near 1.

If the current is close to zero, sometimes an error insufficient current is shown. If you are not
sure if a shim is responding, set a larger current (> 100mA) temporarily and check that the

error is fixed.

Coll: | ams || pac [Cn‘jg]e”‘ Ratia
% oo | [Set) |38 | 100
hd |UXBUUU ............. Set .42 1.00
2z loewo  [|[sa]]01s 100
X [moon | [set] oSz |10
Xz |0xa000 || [set] || 042|100
vz oo |[Set] om0 | 100
S (TR | R==) R
%2 -2 | |oxa000 | 040|100
x3 [gonn 023 100
¥ [p@oon 047 | 1.00
2 |oxe000 ] 016 ||[1.00
R* [waooo | [Cset] |13 100
HY 0.00

O Write DAC-Values to FRAM

© Read DAC-Values from FRAM

@ Get Dacvalues

O SetDAC-Values to coils

Write DAC-Values to FRAM:

The DAC-Values will be saved to the onboard storage (non-volatile RAM)
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Read DAC-Values from FRAM:

If you want to get the DAC-Values you have saved in the FRAM, you can choose this option.
Please remember, the values will only catch from the FRAM to the controller on the Shim
Control Board. After this operation you have to do the next operation Get Dac-Values

Get Dac values:

This function fetches the active DAC-Values from the Shim Control Board controller to the
Web page.

Set DAC-Values to coils:
This function sets the active DAC-Values in the Shim Control Board controller to all coils.

Apply:
This button will apply the function you have chosen with the checkboxes.

Coil 2

On this page you can see the 8 coils which are controlled by the second Shim Control Board.
The resolution of the DAC which set the current to the coils is 16 bits.

Coil: name DAC E:n:;r’]ent Ratio
zs5 ‘ 1.00
‘YZQ ‘ 1.00
‘YZB ‘ 1.00
z6 _ | _ ‘ 1.00
xzv2)z | |oxB000 1 ‘ ‘-0.23 ‘ 1.00
‘ s ,D)(BDDD _77 ‘ [m ‘ Y ‘ =
‘xvz [manoo ' ‘lﬁ—et] ‘0.04 ‘1 on
E || Csad ] 0se 1o

Write DAC-Walues to FRAM

O
& Read DAC-Values from FRAM
() GetDac values

O

Set DAC-alues to cails

[ choose ]
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7.4.3 GAB)/2 Interface

Since the GAB/ Backplane is a slave of the main board, the GAB specific web server
functions are found on the main board web server by selecting:

Main-> minispec —> GAB/2 System

3 Bruker, Spectrometer - GAB/2 System Menu - ...

Datel Bearbeiten  Ansicht  Chronk  Lesezsichen  Extras

@ - C g (O [t 1 - | G| coc P
1] Lock | ] Main Board | ] ¥TU
4 || Bruker Spec... | | ] Bruke... B3 | || Bruker Spec... | || Brieb| -

Fourier
GAB/2 System Menu

HARDWARE CONTROL:
* Base functions
# BIS information
* GAB/2 menu

DATABASE:

» Main » MiniSpec » GAB/2 System
Main | Support | MiniSpec | Shirn | Help

Version: M5.43RS - Build: 1562RS
CPU (W2 SN: 1536 - HW SN: NE9299
CFG: 03 - FPGA: 119(M) - ERR: -1
OBRUKER BIOSPIN GMEH

Fertig

In order for the GAB/2 Backplane main board to be recognized as a Fourier component, the
following entries need to be made in NAME group part of the BIS EEPROM. This is accessed

via:

Main-> minispec —> GAB/2 System -> BIS Information

NAME group:

EntWﬂer [("GRP": GABSZ Backplane].
o [cep ) ‘
—

l Apply MNAKME Changes ]

You can check the presence of the GAB/2 Backplane and the GAB/2 Gradient amplifier
using:

Main-> minispec —> GAB/2 System -> Base functions

GAB System Configuration:

| GAB System | Device Status | Connection Status | Operation

G&B System Backplane | present connected
GaR/2 Board present connected

You can check if a LVDS link is present using:
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Main-> minispec —> GAB/2 System -> GAB/2 Menu -> GAB/2 Control

GAB/2 Command

GAB Mode pending (waiting for LVDS link)
OFF

GAB/2 Status

Relay Mode off
Analog Path off
GCOMN Parity Chack inactive
GAB/2 Backplane Firmware Version V00.04
GAB/2 Backplans FPGA Version V0.01

7.4.4 Lock Board

In order for the lock main board to be recognized as a Fourier component, the following
entries need to be made in NAME group part of the BIS EEPROM. Select

Main -> minispec -> BIS Settings

MAME group:

Enter device identifier ("MS1" mgdnel,

Ung' |! LOCkK i |

[ Apply MNAME Changes l

Select the main information and setting page by

Main -> minispec -> Lock
This page is divided in 4 parts:
 properties for the pulse programmer
« the current status of the lock signal
* Fine DAC search function
» Coarse DAC sweep function

The dynamic parameters (lock power, frequency, phase, loop gain etc.) of the lock panel are
panel are set by the edlock table. The values circled in red are base settings and need to be
set correctly for proper lock operation.

An explanation of the parameters and functions follows:
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Pulse properties:

pulse length {ms)

dead time {ms)

| number of points

rec:',rl::le delay {ms)

0.100000

0.020000

4000 S E 1. nnnnnt{)

Attenuator (dB)

| Magnitude Lock Lost

0 ("

——
45.079787 80 ) 20 @nnn J
P-gain I-gain | Integral Setpoint | Freq. Calibration (Hz)
0100000 0100000 125

D

Display Scale Factor

Field DAC Small
Field DAC Wide

moving average

phase angle{deqg)

217

647

1508

260

intern = unchecked
extern = checked

Self Test
[ Starflpdate ]

auto range
| P-Contral ON |

| Cantral ON |

Cantrol Off

operate +F +|

Fhase Caorrection

| DaC Yalue |

Magnitude

| real

| imaginary

‘ 602 ‘

23319290

‘ 4524

¥

Shiowe

| Field DAC center

| Sweep width[steps] | Step size

| Dwell time[ms]

2047

00

( | 4000 5 @

| Magnitude Max | DaC val | Minimum Magnitude
0 ‘ 2047 @nun 5

Search
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Pulse Length:

This value describes the time for pulses. Default: 100 us

Dead Time:

The dead time is the waiting time after the pulse before sampling begins. Default: 20 us

Recycle Delay:

This value represents the repetition rate for the pulse programmer. Default: 1ms (i.e. 1 kHz
repetition)

Number of Points:

The number of data points averaged by the FPGA within the recycle delay. The maximum
value is (recycle delay - pulse length - dead time) / 12.5 MHz. Default: 4000 points.

NMR Frequency:

This is the 2H NMR frequency including chemical shift offset. There is no default as this value
is set by edlock.

Gain:
This is the gain for the receiver path. 40 dB means no gain in relation to the pre-amplifier.
The range is from 40dB to 106 dB. Note that this is NOT the gain set by the lock display
panel which is a pure digital display factor. The hardware gain remains constant and should
be set such that weak solvents have sufficient signal to reach the minimum lock and search
levels, and low enough not to clip or change phase with strong solvents. Default: 80 dB.
Attenuator:

This adjusts the lock power level. At full power (0dB attenuation) the lock power is
approximately 1mW (0dBm). The attenuator has a range 30dB in 1db steps. There is no
default as this value is set by edlock.

Magnitude Lock Lost:
(Default 100000)

If the Magnitude of the lock signal (as seen in “show”) falls below this limit, the LOCK LOST
button in the TOPSPIN BSMS panel will go red show a weak signal or indicate that the lock
has been lost.

P-Gain:
This is the proportional gain of the digital Pl control. Higher Values mean tighter & faster
control but also more lock noise and chance of oscillations. The lock will be stable up to
values of around 0.8, but is normally set to around 0.1 by the edlock table

I-Gain:

This is the integral gain of the digital Pl control. Higher Values mean tighter & faster control
but also more lock noise and chance of oscillations. The lock will be stable up to values of
around 0.8, but is normally set to around 0.1 by the edlock table
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Integral Setpoint:

This is setpoint for the imaginary term during lock and should always be set to 0.

Frequency Calibration:

This value can be used to calibrate the Lock. This is done using a known sample. Increasing
this value by 1 step will shift the 1H spectrum by approx. 6Hz to the left. Default Value: 125

Display Scale Factor:

This is a floating point number that scales the display gain. A value of 1.0 is equivalent to 60
dB in the BSMS panel.

Field DAC Small:

The Lock is controlled by two DACs. A 12-bit coarse DAC is used for range selection and a
12-bit fine DAC which does the actual field regulation. The resolution of the fine DAC is about
0.025 Hz per DAC Step.

A DAC value 0 means maximal negative current and 4095 means maximal positive current.
2047 means zero current. When the control loop is closed, this value is under control of the
lock software.

Field DAC Wide:

The resolution of the wide/coarse DAC is about 50 Hz per DAC Step. When auto ranging is
ON (default), this value is under control of the lock software. In case of magnet drift, when the
fine DAC gets to below 500 or above 3500, the coarse DAC is incremented or decremented
by one step, to bring the fine DAC back nearer the center of its operating region

Moving Average:

This is a moving average of lock monitor signal. The range is from 1 to 1000. There is no
default as this value is set by edlock. A value of 1 represents a bandwidth o 1000 Hz, and . A
value of 1000 represents a bandwidth of 1 Hz.

Note that this is used only for the display of the lock monitor and not for the regulation. The
regulation bandwidth is only affected by the P & | gains.

Phase Angle:

This is the Phase correction for the real and imaginary part of the lock signal. The Lock Level
display in the front end TopSpin displays only the real part of the signal. The imaginary part is
used to regulate the field. There is no default as this value is set by edlock.

Phase Correction:

In order to be able to lock, the real part needs to be maximum and positive and the imaginary
needs to be close to zero. Pressing this button automatically calculates the phase required
for this condition.

Start / Update:

Starts the pulse programmers and sets all parameters to the hardware. This is the OPERATE
mode, which generates lock signal, but not yet close the control loop.
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Stop:
This stops the pulse programmer and date collection. The lock is now in STANDBY mode
and no RF Pulses are generated.
Auto Range:
In case of magnet drift, when the fine DAC gets to below 500 or above 3500, the coarse DAC
is incremented or decremented by one step, to bring the fine DAC back nearer the center of
its operating region. Default: ON
P-Control ON:
Enables the proportional part of the control loop (-> Operate +P). The fine DAC value will be
the proportional gain times the difference between the imaginary part of the signal and zero.
I-Control ON:
Enables the Integral part of the control loop (-> Operate +I). The fine DAC value will be the
integral gain times the accumulated difference between the imaginary part of the signal and
zero.
When the Lock is enabled from within TopSpin it always enables BOTH the proportional and
integral gain ( -> Operate +P +I)
Control Off:
Switches off the control loop, but continues pulsing and data acquisition ( -> Operate).
Standby/Operate:
This part of the Web page is a status field.
Status Description
Standby The Lock board is in Standby mode. No pulses are being generated,
no data acquisition.
Operate The pulse programmer is pulsing and data acquisition is active
working. The PI control is OFF
+P The PI control works with the P-Gain
+ The PI control works with the I-Gain
Sweep on The device is in the Sweep mode
Self test intern The device is in the internal Self Test mode
Self test extern | The device is in the external Self Test mode
Table 7.1: Status and Description
Self Test:

The can self test the lock board by rerouting its output pulse to its receiver input. This creates
a lock monitor signal of constant amplitude and almost no noise, which responds to phase
and receiver gain like a real NMR signal. You may need to reduce the receiver gain, if the
signal is too large.
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Internal / External:

There are two modes for the self test. In the internal mode, the modulator output is routed to
the receiver input internally on-board. This can be done purely by software. In the external
mode you have to physically connect the output to the input, but this has the advantage that
the pulse attenuator can also be tested.

Show

Pressing show refreshes the current values of fine DAC, magnitude, real and imaginary
values of the Lock signal.

DAC-Value:

Shows the current value of the Fine DAC. If the PI control is active, this is an indication of
what the lock is actually doing. When the lock is stable, this value should be close to the
center of it operating region (i.e. around 2000) and can vary by up to £10 counts (each count
represents 0.025 Hz). When Auto-ranging is enabled, when the fine DAC gets to below 500
or above 3500, the coarse DAC is incremented or decremented by one step, to bring the fine
DAC back nearer the center of its operating region

Magnitude

This is a “magnitude” value of the lock signal and corresponds to the sum of the squares of
the real and the imaginary part. Since there is no square root, taken at this point, it is strictly
speaking a power value.

Real

This is the real part of the lock signal, which is used for the lock monitor

Imaginary
This is the imaginary real part of the lock signal, which is used for the Pl control

Search

This performs a search over the entire Fine DAC range looking for the maximum signal in the
100 Hz or so (1H) covered by this range.

The Wide DAC will stay constant during this search function. It searches the range given by
sweep width (default 4000) around the Field DAC center (default 2047) value in steps
(default 40) number of steps, waiting dwell time (default 500ms) at each step.

At the end of the search (which with the above defaults takes about 20 seconds), the
maximum signal found is displayed in Magnitude Max and the DAC value shown in DAC val.
A search is considered successful, if the maximum value is above the value set in Minimum
Amplitude (Default 100000), and if the corresponding DAC value was between 500 and
3500 (i.e. not too close to its limits). If the search was unsuccessful, the AUTO LOCK
procedure of TopSpin varies the coarse DAC in steps of £10, +20, +30, +40 and +50 in order
to find a good lock. If there still is no good lock result, the automatic routine flais, and the lock
has to be found manually using the sweep mode.

Sweep

This function sweeps the wide DAC with a range of sweep width (default 1000, i.e. about 5
kHz range) around the currently set Field DAC Wide value, in steps of step size (default 1).
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Figure 7.3: Wide Coarse too high

Figure 7.4: Wide DAC too low

Figure 7.5: Wide DAC OK

The sweep mode can also be used to check and adjust Lock Phase.
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7.4.5

Figure 7.6: Phase wrong

Figure 7.7: Phase Correct

VTU

In order for VTU the lock main board to be recognized as a Fourier component, the following
entries need to be made in NAME group part of the BIS EEPROM. This is accessed via:

Main -> VTU -> BIS Settings

MNAME group:

Enter device identifier ["wito" for WwTUL

AEpE|

[ Apply NAKME Changes ]

Select the main web page in Main -> VTU -> Controller Parameters.
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VTU

V¥TU controller parameters

PID Controller:

Temperature: .
‘I:'-I'arar!'le!nr Set value Parameter Heater:
escription Temperature
propartional g opooog | [[0.500000 || [setpointik] Temp: Loy = | Max [9] control:
band : : P [2%]

[K]

Integral time |DDDDDDD

0.100000 :
| | [[2000 25945 | |00
soomo |

Derivative ||:|.|:|D|:|U|:|D

tirne

Apply Changes

This can be used to control the VTU independent from TopSpin, or to monitor its function.
PID Parameters cannot be set here, this has to be done on a separate page (see below)

7.4.51 Changing PID Parameters

Select Main -> VTU -> PID Parameter
VTU
Upload PID parameters

Current parameter table

\Temperature From [K] |Temperature To [K] |Gas Flow [%0] |P term |I term |D term

[zs0.00 [z50.00 [o.on [mso oo [o.oo
[o.o0 [ooa [o.00 [ooo Jooo [o.oo
Jo.oo [o.0o [o.0o [ooo Jooo [o.oo
[r An [rnn [nAn [nnn Tnnn Tnnn

The VTU can store different PID setting for different temperature ranges. Since the Fourier
Probe VLC only has a narrow temperature range usually one range is sufficient.

The value for gas flow in this table must always be 0% since this is only used in connection
with an N2 Evaporator system.

Default Values are P=1.0, 1=0.07 for Gas flows of 270 to 400 I/h.

The values can either be changed via the self tune function in TopSpin (not yet implemented
in V 1.0) or uploaded manually. Since the firmware always expects a whole value table, you
have so upload a file, even if you only want to change one value.

1. Create a text file with the following format:

250,350,0.0,1.0,0.07,0.0

(in this example the temp range in °C and 1.0 and 0.07 are P and | respectively)
2. Select this file with the browser and press upload.
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pnin-temp max-temp,floo,p.i.d

IExampla:

browse

0 183,70, 0. 09,0 85,008

163,143,500 05,0.02,0.0%
143,849 40,0 06,0010, 0%
P43, B 20,0 05, 0. 01, 0. 0¢
E99,299 20,0, 04,001, 0. 0%

Filz | |[ Durchsuchen..

3. Press start to save the values to the EEPROM of the VTU.
VTU

PID parameter programming

File: pid =t of Size: 238 has besn uplosded succassfully |

PID parameter programming:

This only takes a second and is completed when the following message appears:
VTU

PID programming result

Successfully updated PID parameter table.

7.4.5.2 Setting the Heater Protection Threshold

In case the gas supply to the probe is missing, the heater switches off when the overheat
sensor reaches the threshold safety limit. This can be set under:
Main -> VTU -> Thermocouple

VTU
VTU Thermocouple

Parameter:

Number | T[K] | ADC value Alarm
1 20875 o + temperature of sample sensor

2 201 se=nnzivjor L temperature of overheat sensor

Overheat:

Overheat Temperature [K]

[7ss ———— overheat threshold (°C)

94 731980_2_003



Configuration

7.4.5.3 Calibrating the Thermocouple

A 2 point correction (e.g. Ice water & Liquid N2) of the thermocouple reading can be done
under:

Main -> VTU -> Thermocouple

Calibration:

| Number | Actual Temperature [K] ‘ Measured Temperature {WinAcquisit) [K]

|1 ||??UEI | ‘\7?.00 |

|2 ||2?3 30 | ‘\2?3.30 |

7.4.6 Peripheral Control

Since peripheral control is a slave of the VTU, the specific web server functions are found on
the VTU main board web server under:

Main-> VTU -> Peripheral Control

VTU

Peripheral Control Menu

HARWARE COMTROL:

Base function

BIS information

Lift Control

Spin

Gas Flow

Helium Level Sensar

Board and Shim temperature

7.4.6.1 Setting the Lift Parameters

When the sample lift is activated, the lift air valve is slowly opened from start% to stop% in
steps of step, pausing time x 32ms at each step. Typical default values for an input pressure
of 4 bar are shown in the example below. You can slow down the lift by increasing the time
per step or reducing the step size. In order to save these values to the non volatile memory of
the board, press save to NVRAM.

The lift can be tested from the web pageside using the up/down toggle function
vTU

Peripheral Control Board

Lift:

Direction: & Up Start [%]: |ZD | Step: ‘ED ‘

O Down Stop [%]: |55 | Time: ‘T ‘

Sample Up / Down | DOWHN
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7.4.6.2 Setting the Spin Parameters

When the sample spin is activated, the spin air valve is slowly opened with offset% and
holds this value for a time given by the number of ticks (in the example below 3 x 30 x 32 ms
= approx. 3 seconds) before beginning the Pl control. Typical default values for an input
pressure of 4 bar are shown in the example below.

The starting value of the air valve setting should be close to the value that the PI controller
finally settles down to. This vale can be read out under Control PWM value (%) and should
then be entered to offset%.

In order to save these values to the non volatile memory of the board, press Apply Changes.
The spin can be tested from the web page using the start/stop toggle function.

VTU

Peripheral Control Board

Spin:
Spin frequenz: (O Start  Set Spin frequenz[Hz] |2EI - ) itarget Spin frequency
® Stop
Get Spin frequenz |2IJ | aCtuaI Spin frequency
Get Spin Voltage [4.45 | voltage of spin sensor
Spin DC Voltage Counter | 10 safety thershold counter
samele Down Thrashald Vektage |[3.38 safety threshold voltage
Apply changes
Control: PWM Value [%] [30.81 | current % air valve setting
| offset{on] 130,99 | initial valve setting when spin starts
p-factor 2000 ] proportional gain
I-factor |_i2.DEI | integral gain
F‘Ds_tDeIa\,r . [3 )\
Ticks of & tant [
o ~ delay before control starts
time constant |3D |_/'
On Tick = 32ms

Apply changes
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7.4.6.3 Setting the Spin Safety Threshold

The spin has a safety function that shuts the spin off as soon as the Lift is turned on either
manually or during the initialization of the sample changer. In order to do this, the analog
sensor that monitors the spinner has to be calibrated. It has three voltages for the three
possible states:

No spinner (typically 0.1 to 0.6V)
Black (typically 0.6 to 2.5V)
White (typically 2.5 to 4.5 V)

Since the values vary between shim stacks and also depends somewhat on the spinner type,
it is necessary to calibrate this value. Usually this only has to be done once at installation.

1. Remove sample or activate the sample lift and note down the "empty" Spin Voltage.

2. Now insert or lower the sample and switch the spin on (either from the BSMS panel or
from the web server)

3. Repeatedly read the Spin Voltage and note down the two values that can be read while
the sample is spinning.

4. Now set the sample down threshold voltage to about half way between the lower of the
two black/white spin voltages, and the empty spin voltage.

You can test if everything is set correctly. The spin should not cut off during normal operation,
but should cut off immediately when the lift is activated.

threshold, before the safety shut off is activated. It should be set to 10 to avoid the spin

n The Spin DC Voltage Counter sets the number of times the value has to be below the
cutting off on a single bad reading.

When the spin safety has been triggered, the spin has to be restarted manually, when the lift
air has been turned off.

7.4.6.4 Calibrating and Measuring the Helium Level

When the measure button is pressed, the system lets a fixed measuring current flow through
the measurement sensor for a time given by runtime x 32ms. The default is 100 x 32ms, i.e.
3.2 seconds.

After this time has elapsed, you can press get value. If the system has been properly
calibrated, this will show the helium fill level in %
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vTU

Peripheral Control Board

Helium Level Sensor:

runtime in ticks[32ms],
max Walue = 200

100 | [ kMeasure

Helium Level[%:]

57.79 || Getvalue

| it to NVRAM |

Helium Lewel Calibration:

1.1 Insert the calibration resistor
2.1 Press measure to read value
3.1 Press corresponding get value Button

Heliurm: Full Level
[Woltage]

0.00 | Getvalue

Helium: Low Level
[Woltage]

583 || Getvalue

To calibrate the Helium Level Sensor :
1. Insert the full level calibration standard.
Click measure.
Wait minimum for the required time (see above).

N

Press get value at the corresponding field. This shows the voltage access the
measurement resistor. For full, this should be zero volts (except for ECL 00 Peripheral
Control Boards, in which case this value will be about 5).

5. Repeat using the empty calibration standard.
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6. For empty, this should be around 6 volts (except for ECL 00 Peripheral Control Boards,
in which case this value will be about 28).

7. Press Write to NVRAM.

Helium Level Correction (ECL00 Peripheral Control Boards only)

ECLOO Peripheral Control Boards require an offset correction of 7%. This is entered in the
section below the helium level calibration:

Helium Lewvel Correction

factor offset

For later boards*, this is not necessary and the setting should be:

Helium Lewvel Correction

factor offset

* in order to find out which version of board your system has, check the Firmware level of the
Peripheral Control Board. V21 or lower is ECLOO and requires the calibration correction; all
higher versions do not need the correction.

‘ Function | Parameter ‘ Method
Bealive Be alive Get
Yersion CEEIEEI )
LED 000

7.4.6.5 Monitoring the Console and Shim Stack Temperature

VTU

Peripheral Control Board

Temperature:

Board temperature |31.00
Shim temperature  |22.02
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7.5 Additional Test Applications
The Fourier has some additional test applications the route certain RF signals back to the
receiver in order to check if all the RF paths are working. These tests are based on the
minispec software which is routinely installed with Fourier PCs.
The minispec Fourier Test Applications are found under:
C:\program files (x86)\Bruker the minispec\service only\fourier test applications
. Open @
Look ir: "WFourien Test Applications| &= ef -
= Mame ‘ Date modified Type
R h‘fﬁ fid‘app 841672010 232 PM - rminispec,
FEETEEEE B fourier matchapp 1/13/2010 259 PM  mriinispec .
! fouriermadulatortest.app 124132010 £00 PM minispec,
Desktop [ faurier transmitter test.app 13713/2010 400 PM - minispec.
— fourierwobb\e‘app 9011 L33 PM minispec,
th;ral:es
LY
Computer
¢ 9
“w
Metwark, <l U | b
File: narne: |’ app j Open |
Files of type: |the minizpec - Application Files [*.app] j Cancel
™ Open as read-orly Help
FID.app
acquires an fid independently from topspin. Pulse length & frequency etc can be adjusted
under Settings. TD, SWH are fixed for this test.
B fidsig =0 E=H )
Intensi
T pdial
—25,-
-5I]_-
-?5_-
_1["]_ [ e
50000 100000 150000 200000 250000 [Time/ms]
100

731980_2_003



Configuration

Fourier modulator test.app
Feeds the modulator signal back to the receiver and tests if a pulse is being generated.

fourier modulator test.sig EI@ @ fourier rmodulator test - [27093100.... EI@
[Intensity/25] 300.1800 MHz  37.74 % »
100 300.1800 MHz  37.76 %

300.1800 MH= 37.76
300.1800 MH= 37.78
300. 1800 MH= 37.78
300. 1800 MH= 37.77
300.1800 M= 37.74
300.1800 M= 37.73
75.0790 MH= 4439
75.0790 MH= 44.41
75.0790 MH= 44,40
75.0790 MH= 44, 42
T5.0790 Mz 44,41
T5.0790 Mz 44, 42

AT A A

80 _

&
A AT

&

60_

A E

20

D L [ | -

|
0.05 0.10 0.15 0.20 [Time/ms] 4 r

The measurement is repeated 20 times and should give stable intensity results. This can be
done both for 1H and for the C13 channel. Select the right channel by changing the observe
nucleus in the window Instrument Settings.
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the rinispec Instrument Settings @
MES533

Advanced...
'p""é SFC v |

Iv Electronic Unit Temperature Check
| Magnet Unit Cowver Check
| Sample Insertion Detection

90" Pulse Length [us] [10 — -
ulse Length [us] | | Rec. Dead Time [rme] no7 =

-

Field Homag. Limit [rms] 05

Flse AitzuEiian i8] |D z D ezired Magnet Temp. [C] IF;
™ =

180° Pulze Length [psz] |4 =

Det. Angle [broad] [7] ||:| =
=1~ HMR Frequencies

Det. &ngle (narow] [ [0 —| 1H [300 ~| |+180000 ~| oK
o Base Freq. [MHz] Freq. Offzet [kHz]

Gain [dB] 70— 1 <] [0 ) Caricel

Baze Freq. [MHz] Freq. Offset [kHz] Default
Recycle Delay [5] r% 2H |45 j |+43|:|_|:||:||:| j Re-Read
— Basze Freq. [MHz] Freg. Offzet [kHz]
tagnetic Field Steps r | | Dbserve Nucleus |-| P ﬂ Save

Static Gradient [%]

o W os s |
SFC Settings... ‘ 8 Y = |

Help

Fourier modulator test.app

Feeds a small amount of the transmitter signal back to the receiver and tests if a pulse is
being amplified. You can see the difference to the modulator signal by the rise time at the
beginning. The signal intensity should be similar, but due to the variations of components
cannot really be used to accurately measure the power.

The measurement is repeated 20 times and should give stable intensity results. This can be
done both for 1H and for the C13 channel. Select the right channel by changing the observe
nucleus in the window Instrument Settings.

n Some oscillations on the top of the signal are normal and are caused by alias effects.
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fourier transmitter test.sig

(o ]lE /=S

@ fourier transmitter test - [27093422..

Intensi
[ tens 2]

i1

B0 _

Fourier wobble.app

300,
300,
300.
300.
300.
300.
300,
300,
300.
300.
300.
300,
300,
300.
300.
300.
300.
300,
300,
300.
300.
300.
300.

lano
lano
1800
1800
1800
1800
lano
lano
1800
1800
1800
lano
lano
1800
1800
1800
1800
lano
lano
1800
1800
1800
1800

M=
M=z
MH=
MH=
MH=
MH=
M=z
M=z
MH=
MH=
MH=
M=z
M=z
M=
MH=
MH=
MH=
M=
M=z
MH=
MH=
MH=
MH=

23.
23.
47,
a7,
47,
47,
47.
47.
a7,
BiIE]
47,
47.
47.
47.
a7,
47,
47,
47.
47.
a7,
a7,
47,
47,

47

g9
gd
51
63
1]
3
62
62
46

65
62
6
a0
63
&0
69
67
56
1
&0
65
64

T L L L = I . L L L L . L

m

[=1=]=]

m

1

Since the wobb routine does not work with the Fourier, this app creates a similar wobble
curve showing the resonance of the probe:

BM BRUKER - the minispec - fourier, wobble.sig

File Edit

EEHE

the minispec

=20+

Resonance Frequency = 300,1730 MHz

= fourier wobble.sig

30010 30013 300.15

Measure  Parameter

T
30007

View Process

E

300.20 300.22 300.25

Window Help

ke L = )18 & b | 2| %

|\Resonance Frecquency = 300.1730 MH=z

BX

minispec 5
Applications

L
Instrument i
Status \,)

Daily Check | &

View
Settings

Calibrated Check!

fid
modulator_test
fourier wobble

fourier match

"%?ninispec

MMR Analyzer

Measure .'

Ready

ch. nigpechservice_onlyfourier_test_applikationsifourier wobble

MEZ299 (149,236,99,248)

Settings: Standard

MUM
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The wobble routine is not very accurate and is NOT intended for adjusting the tune and
match on the probe. This is factory adjusted and needs no adjustment in the field. The
wobble routine is intended more for a quick check to make sure that cable, preamps and
probe are functioning.

Fourier match.app
Gives and indication of the reflected power at a given frequency:

B BRUKIER - the minispec - fourier match.sig

File Edit the minispec Measure Parameter Wiew Process  Window Help

EmBE & It o k2 L E S @ pre | 2| %N A

3001830 MHz 56.20 %

= fourier match.sig

Instrument i
Status \,)
q ?
Daily Check | +¢”

Calibrated Check!

Jr“u’ WA

fourier match

t‘fninispec

MMR Analyzer

LNWM-;MWMMnm‘OﬁWMmM‘*-MW»

0.10

0.15 0. |
Continue I!' Stop @ BRUKER
ch . inizpechservice_only\fourier_test_applikationsifourier match (...X..._)

ExpSpel Application Running. .. ME9999 (149,236,99, 248) MM

The values on the scale are arbitrary and do not represent the reflected power in %.
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8 Pulse Programming

8.1 General Principle

The complete pulse programmer of the Fourier is implemented in the FPGA of the main
board. This imposes some restriction on the variability and size of the pulse programs for this
system. For example, there are no possibilities for branching in the pulse program. The pulse
program can start due to an external trigger but once it started, it is not possible to halt/
resume the program by to external triggers like the MAS signal. Another restriction is that RF
phases can only be switched by 90° in a running experiment. This limits the phase cycles to
the values, 0, 1, 2 and 3.

Unfortunately, it was not possible to use the output of the Topspin Avance compiler as an
input for the Fourier pulse programmer due to a completely different topology. Therefore a
different approach had to be used.

In addition to that, the console must also work with the miniSpec software because the same
hardware is used as a high end miniSpec.

The solution is that the pulse program language for the Fourier is XML based. Instead of
using the output of the Avance pulse program, only the pulse program parameters are
extracted and an internal pulse program on the Fourier main board is started. As a
consequence, for each Avance pulse program there must be a Fourier XML pulse program
which generates exactly the same RF output. Both programs must have the same name.
Starting the Avance pulse program loads the respective Fourier pulse program into the
Fourier pulse programmer, sends the parameters like delays, pulse lengths and amplitudes,
spectrum width, etc., to it and finally starts the experiment. The FIDs are sent to the
workstation via Ethernet using the same CORBA protocol as the DRU on the Avance system.

The advantage is that the complete infrastructure of TopSpin can be used like ased,
NMRSIM, graphical pulse program display, the complete parameter handler, Cortab and
PowerCheck. The operator works in the TopSpin environment only.

The disadvantage is that two pulse programs have to be written which must be perfectly
synchronized. Any change on the Avance pulse program only takes effect on the experiment
if the Fourier pulse program is changed as well. Bruker delivers a set of well tested pulse
programs for the Fourier to cover the intended use of the Fourier spectrometer.

8.2 Structure of Pulse Programs

The Avance pulse program is written in a sequential form. Each delay or pulse on one
channel influences the timing on the other channels. To illustrate this, the first pulses of an
HMBC pulse program are used as an example.

Avance Fourier

All channels Channel f1 Channel f12
d1 d1 d1

p1 ph1 p1 ph1 d31

dé dé dé

p3:f2 ph3 d31 p3 ph3

do do do

p16:gp1 d36 p16:gp1
d16 d16 d16
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Avance Fourier

p2 ph2 p2 ph2 d12

Table 8.1: Structure of Pulse Programs
with the definitions

d13=pl

d31=p3

d36=pl6

To calculate the right timing for p3 on channel 2, e.g., the Avance pulse programmer must
evaluate all pulses on channel f1 as well in addition to all delays. On the right-handed side,
the parallel structure of the Fourier pulse program is shown. Both channels are completely
independent of each other. The only synchronization is done at the beginning of the
sequence. In order to achieve synchronicity throughout the complete sequence, the operator
has to take care of the timing on both channels. E.g., a pulse on only one channel must be
compensated by a delay of identical length in the other channel. As mentioned before,
TopSpin still compiles the corresponding Avance style pulse program in order to generate all
parameters correctly. As can be seen in the example above, additional delays are necessary
for the synchronization of the Fourier pulse program channels. They appear as calculations in
the TopSpin pulse programs.

In the pulse program text file, the complete code for the first channel is followed by that of the
second one.

8.3 Syntax and Examples

The XML format used tags to assign code to a special function. There is always an opening
and a closing tag. The code seems to be a bit complicated because all information for a
pulse, gradient pulse or delay is completely defined.

Delays:
<DELAY>
<Duration>
<Unit>ms</Unit>
<VarType>7</VarType>
<JcampKwd>##SD[1]</JcampKwd>
</Duration>
</DELAY>

As can be seen, a tag <DELAY> defines that the following information is a delay. The tag </
DELAY> closes the definition. Usually, there are sub-definitions as the physical unit for the
delay,e.g. Again, there is an opening tag, the information content and a closing tag. The tag
<JcampKwd> indicates that this parameter is delivered by TopSpin after starting the
experiment. In this case the parameter is d1.

Incremented delays:
<DELAY>

<Duration>
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<Unit>ms</Unit>
<VarType>7</VarType>
<JcampKwd>##SD[0]+##SINF[1]</JcampKwd>
</Duration>
</DELAY>

2D experiments typically increment an evolution time from slice to slice of the 2D. The syntax
is that of a normal delay. The duration itself is calculated from slice to slice by adding the
delay inf1.

Pulses:
<HF_ PULSE>

<Duration>
<Unit>us</Unit>
<VarType>T7</VarType>
<JcampKwd>##$P[1]</JcampKwd>

</Duration>

<Phase>
<Unit>quadrant</Unit>
<VarType>0</VarType>
<Quantity>4</Quantity>
<Val>0</val>
<Val>2</Val>
<Val>1</Val>
<Val>3</Val>

</Phase>

<Atten>
<Unit>dB</Unit>
<VarType>7</VarType>
<JcampKwd>##S$PL[1]</JcampKwd>

</Atten>

<Shape>
<Unit>arb</Unit>
<VarType>T7</VarType>
<Quantity>0</Quantity>

</Shape>

</HF_PULSE>

The first tag defines the pulse duration. The next information is the phase cycle. The phase
cycle is not defined at the end of the pulse program but is an integral part of the pulse
definition. Please note, that the phases are written explicitly because they are fixed values for
a given pulse program. So, they don’t have to be extracted from the Jcamp file. The same
syntax is also possible for durations or amplitudes by replacing the <JcampKw> tag by
<VALUE> tags. The following information is the pulse amplitude. Once again, it is taken from
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the Avance pre-compiler. In this case pl1. The last information is about the pulse shape. If it
is a hard pulse, the shape quantity is “0”, meaning that no information is available. Otherwise,
the name of the shape file has to be given here.

If the phase cycle has to be incremented in a 2D experiment, an <Inc> tag has to be used. In
the following example, the phase list is incremented by 1 for each new slice of the 2D
experiment.

<Phase>
<Unit>quadrant</Unit>
<VarType>0</VarType>
<Quantity>8</Quantity>
<Val>0</Val>
<Val>2</Val>
<Val>1</Val>
<Val>3</vVal>
<Inc>1</Inc>

</Phase>

Gradient pulses:

<GRAD PULSE>

<Direction>
<Unit>number</Unit>
<VarType>4</VarType>
<Quantity>1</Quantity>
<Val>4</vVal>

</Direction>

<Duration>
<Unit>us</Unit>
<VarType>T7</VarType>
<JcampKwd>##$P[16]</JcampKwd>

</Duration>

<Gain>
<Unit>%</Unit>
<VarType>T7</VarType>
<JcampKwd>##SGPZ [1]</JcampKwd>

</Gain>

<Shape>
<Unit>arb</Unit>
<VarType>7</VarType>
<Quantity>0</Quantity>

</Shape>

</GRAD_ PULSE>

108
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The gradient pulse is defined by its direction, i.e., ifitis a y, y or z gradient. It has a duration,
p16 in this case, and an amplitude or gain of gpz1. It is a rectangular pulse, therefore, the
shape name is 0.

Acquisition:
<RESET ABS>
<Execute> </Execute>

</RESET_ABS>

<ACQ_MULTI>

<Duration>
<Unit>ms</Unit>
<VarType>T7</VarType>
<JcampKwd>##S$AQ</JcampKwd>

</Duration>

<Phase>
<Unit>quadrant</Unit>
<VarType>0</VarType>
<Quantity>4</Quantity>
<Val>0</Val>
<Val>2</Val>
<Val>1</Val>
<Val>3</Val>

</Phase>

<DataPoints>
<Unit>points</Unit>
<VarType>0</VarType>
<JcampKwd>##S$TD</JcampKwd>

</DataPoints>

</ACQ MULTI>

<RESETABS> switches to LO and starts the digitizer system. The timing of the acquisition is
defined by <ACQ_MULTI>.

The acquisition duration is ag and it uses the phase cycle 0,2,1,3. TD data points are
acquired. A dwell time or spectrum width is not necessary, they are derived from AQ and TD.

Loops:
<P_LOOP>
<Start> </Start>
<Counter>
<Unit>counts</Unit>
<VarType>4</VarType>
<JcampKwd>##SL[4]</JcampKwd>
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</Counter>

</P_LOOP>
....basic cycle....

<P_LOOP>
<Stop> </Stop>
</P_LOOP>
Everything between the first and the second <P LOOP> structure is repeated 4 times.

Channel assignment:

The complete 2 channel pulse program needs to know which pulses belong to which channel.
Therefore, tags to define one complete channel are also necessary. The frequencies and
transmitter paths for the channels are defined by edasp. The first channel is always f1, i.e.,
the acquisition channel.

<?xml version="1.0"2>

<PlsSetup>

<pulses>

code for channel f1....

</pulses>

<pulses>

code for channel fl...

</pulses>

</PlsSetup>

<PlsSetup> </PlsSetup> declares the text in between to be the pulse program.
<pulses> </pulses> defines the text in between to belong to one channel.
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Maintenance and Repair

10 Maintenance and Repair

The Console is almost maintenance free. It is recommended to regularly every 6 to 12
months) depending on the environment to check and if necessary clean the filter mat for the
ventilators. The filter tray, see the next figure (1), can be removed without taking the console
cover off.

Figure 10.1: The filter tray

The filter itself can be cleaned with ordinary tap water and should be dried before replacing.
Do not operate the instrument without filter for prolonged times, since dirt will build up in the
electronics. Repairs on the console should only be carried out by trained Bruker personnel.
For probe and magnet maintenance, refer to the relevant manuals.
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Cleaning and Disposal

11 Cleaning and Disposal

111 Cleaning

Do not use any detergent or other cleaning solvents. Use only water or neutral cleaning
fluids. Usage of volatile cleaners like thinner or benzine may damage the surface of the unit.

» Clean the outside of the device with a soft, lint-free cloth dampened in water.

n Wait until the unit is completely dry before you reconnect the power cable.

11.2 Disposal

Following the end of its useful life, the device must be dismantled and disposed of in
accordance with the environmental regulations.

device must only be carried out by employees of the manufacturer or persons authorized by

n Installation, initial commissioning, retrofitting, repairs, adjustments or dismantling of the
the manufacturer.

11.3  Safety

Electrical System

/\ WARNING

Danger of injury from electrical shock!
A life threatening shock may result when the housing is open during operation.
» Only qualified personnel should open the housing.
» Disconnect the device from the electrical power supply before opening the device. Use

a voltmeter to verify that the device is not under power!
» Be sure that the power supply cannot be reconnected without notice.
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Improper Dismantling

11.4

/\ WARNING

Danger of injury due to improper dismantling!
Stored residual energy, angular components, points and edges on and in the device or on
the tools needed can cause injuries.

» Ensure sufficient space before starting work.

» Handle exposed, sharp-edged components with care.

» Dismantle the components properly.

P Secure components so that they cannot fall down or topple over.
P Consult the manufacturer if in doubt.

Dismantling

11.5

Before starting dismantling:
« Shut down the device and secure to prevent restarting.
* Physically disconnect the power supply from the device; discharge stored residual energy.

* Remove consumables, auxiliary materials and other processing materials and dispose of
in accordance with the environmental regulations.

« Dismantle the device by following the installation instructions in reverse.

Clean assemblies and parts properly and dismantle in compliance with applicable local
occupational safety and environmental protection regulations.

Disposal Intructions

If no return or disposal agreement has been made, send the dismantled components for
recycling.

» Scrap metals.

» Send plastic elements for recycling.

» Sort and dispose of other components in accordance with their material composition.

NOTICE

Danger to the environment from incorrect handling of pollutants!

Incorrect handling of pollutants, particularly incorrect waste disposal, may cause serious
damage to the environment.
» Always observe local environmental regulations regarding handling and disposal of
pollutants.
P Take the appropriate actions immediately if pollutants escape accidentally into the

environment. If in doubt, inform the responsible municipal authorities about the damage
and ask about the appropriate actions to be taken.
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12 Technical Specifications

Data Value Unit
Voltage 110-230 V AC
Apparent power VA
consumption, maximum
Circuit protection 2 X 4AT A
250V
Frequency 50/60 Hz

Table 12.1: Electrical Connection Values

Transmit Channels

Frequency Range 5-405 MHz
No of Channels 2

Frequency Resolution 0.25 Hz

No of Phases 4

Timing Resolution 20 ns
Transmit Power for 1H ca. 50 W
Transmit Power for X Channel (13C, 15N) ca. 200W

Power Level Adjustment

0 - 60 dB in 1dB steps

Amplitude Variation

14-bit

Table 12.2: Transmit Channels

Receiver Channel

No of Channels

1

ADC

50 MHz 14-bit

Effective Resolution

16.5 bits per complex pair at 1 MHz

Detection Type

Direct Digital Quad Detection

No of Phases

4

Analog Bandwidth

3 MHz

Digital Filter FIR Filter 1kHz to 6 MHz in steps of factor
2
Max No of points per acquisition 2 x 32k (after decimation)

Table 12.3: Receiver Channel
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Gradient Control

No. of Channels

1 internal (GAB/2), 3 external possible

Gradient Interface

LVDS (80 MHz)

Table 12.4: Gradient Control

Shim System

No of Shim Channels

20 (BOSS1 compatible)

Shim Resolution

16-bit

Shim Current

max 300 mA per channel

Shim Temperature Monitor yes
Table 12.5: Shim System

Lock System

Lock Nucleus 2H

Lock Type digital P+l

Lock Speed 1 kHz

Lock Power -30dBm to 0 dBm in 1 dB steps

Lock Resolution

0.025 Hz

Lock Range 10 kHz
Table 12.6: Lock System

Peripheral Control

Helium Level Sensor yes
Sample Spin Control yes
Sample Lift Control yes

ATMA Control no
Table 12.7: Peripheral Control

N2 Temperature Controller

Temperature Control Digital PID

Temperature Range

100 to 500 °K

Temperature Sensor

PT100 or Type K Thermocouple

Temperature Stability

0.1°

Gas Flow Regulation

0 to 1600 I/h

N2 Evaporator Control

yes

Table 12.8: N2 Temperature Controller

Software & Environment

Spectrometer Control Software

TopSpin, minispec software

Interface

100 MB/s Ethernet

Embedded Web Server

yes

124
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Software & Environment

Pulse Programmes predefined, with TopSpin variable
parameters

1D Experiments ZG, ZG30, ZGIG(1,2), ZGPG(2),
ZGPG30(2)

DECP90, APT, APTJR, DEPT
(1) GARP & GARP4 decoupling,
(2) WALTZ64 decoupling

2D Experiments COSYQF, COSYGPQF, COSYPH
TOCSYPH, NOESYPH, NOESYGPPH

HSQCGPPH(1), HMQCGPQF(1),
HMBCGPNDQF(1),
HMBCGPLPNDQF(1)

Table 12.9: Software and Environment
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13 Contact

Manufacturer:
Bruker BioSpin NMR
Silberstreifen
D-76287 Rheinstetten
Germany
Phone: +49 721-5161-6155
http.//www.bruker.com
WEEE DE43181702

NMR Hotlines
Contact our NMR service centers.

Bruker BioSpin NMR provide dedicated hotlines and service centers, so that our specialists
can respond as quickly as possible to all your service requests, applications questions,
software or technical needs.

Please select the NMR service center or hotline you wish to contact from our list available at:

http.//www.bruker.com/service/information-communication/helpdesk/magnetic-
resonance.html
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