<)
BRUKER
( ><)

AQS Technical Manual
with DRU Systems

(AVANCE II)

Version 003



The information in this manual may be altered without notice.

BRUKER BIOSPIN accepts no responsibility for actions taken
as a result of use of this manual. BRUKER BIOSPIN accepts
no liability for any mistakes contained in the manual, leading to
coincidental damage, whether during installation or operation of
the instrument. Unauthorized reproduction of manual contents,
without written permission from the publishers, or translation
into another language, either in full or in part, is forbidden.

This manual was written by
Arthur Schwilch, Pietro Lendi,
Christoph Schumacher, Michael Herold-Nadig, Balz Odermatt,
Christian Ebi, Michael Schenkel
© November 15, 2006: Bruker Biospin AG

Fallanden, Switzerland

P/IN: Z31717
DWG-Nr.: Z4D9346C



Contents

1

1.1
1.2
1.3
1.4

2.1
2.2
2.3

2.4

2.5
2.6
2.7

3.2

3.3

(0207 1 1 =7 ¢ 1 £ 3
Safety InStruction ...........c..ooumeeeimiinineiiiiieieiiinienas 9
Terms and Symbols ... 9
DisSClaimer ... 9
EMErgencCy ..o 9
Personnel safety ..o 10
Ground connection ........ccooiiiiiiiii 10
Technically qualified personnel only ...............ccoceeennnee. 10
Electrical safety .........ccooociviiiiiiiii 10
Lifting the AQS chassis .......cccooeviiiiiiiiiiiic e, 10
Cleaning ..o 10
Acquisition System with RXAD and DRU ............ 11
INtrodUCHiON ..o 11
The channel concept ... 13
AQS/2 signal and information paths ..........ccccoooiiiiiiin, 15
Basics of the AQS/2 Chassis .......cccovveviiiiiiiiiiiiiineei, 15
RS485 Buses (SBSB), Intra Rack Bus ...........ccocevevnnee. 15

I2C buses and I12C adresSes .........cccovveviiiiiieiiiieiieeinnes 16

High Speed Link .....coooiniiiii e 16
Sample INfo ..o 17
Synchronous Signals .........ccoieiiiiiiiiiiii e 20

Realtime control-pulses (RCP) on the AQS/2 User Bus 20
Receiver pulse separation for multiple-receiver systems ... 27

RF signal paths ..., 28
20MHz Clock Distribution .........ccoooviiiiiiiiiiiceee 29
INtroduction ... 29
Blockdiagram ... 29
AQS/2 Configurations ...........cceeueeeueeveceveeeencannnnne. 31
A typical 2 to 3 Channel AQS/2 HR (200-400MHz, internal
BLA2BB & BLAX300) oo 31
Bill of Material ..........cooviiiiii e 31
Jumper Setting ... 32
Board location ..........coooiiiii 33
A typical 3 Channel AQS/2 HR (500-600MHz, internal BLAXH &
2H T X e 34
Bill of Material ...........ooviiiiii 34
Jumper Setting ....coooiiiii 35
Guide Rail changes .......coocoiiiiiiiiii e, 35
Board location ..........coooiiiiiii 36

A typical 2 Channel AQS/2 HR with internal PREAMP and

AQS Techn. Manual Version 003 BRUKER BIOSPIN 3



Contents

3.4

3.5

3.6

3.7

3.8

3.9

4.1
4.2
4.3
4.4
4.5
4.6

4.7
4.8
4.9

4.10
4.1

BLA2BB (300 and 400MHZz) .....ooiiiiiiiiie e, 37
Bill of Material ........ccoooiiiiii 37
Jumper Setting ... 38
50 Ohm Terminators on AQS PREAMP’s .........cccceeuneee. 38
Board location ... 39

A typical 2 to 4 Channel AQS/2 HR & Solids (with external BLA)

.......................................................................................... 40
Bill of Material .........coooiiiii 40
Jumper Setting ....ooooeiiii 41
Board location ... 42

A typical 5 to 8 Channel AQS/2 HR & Solids (2 Chassis, 3-CH

ROULEI) o 43
Bill of Material ..........coooiiiii 43
Jumper Setting ..o 45
Guide Rail changes ........ccoiiiiiiiiiii e 45
Reference Board/2 1000 ..........ccooviiiiiiiiiiiiiieieeeeen 46
Board location .........coooiiiiiiii 47
Adjusting the AQS Reference Board phase 20/80 MHz . 48

A typical 1 Channel AQS/2 PharmaScan with 1 RX ........... 51
Bill of Material ........ccoooiiiii 51
Jumper Setting ..o 52
Board location ..o 53

A typical 2 Channel AQS/2 BioSpec (2TX/MRX) ......cceeennn. 54
Bill of Material ... 54
Jumper Setling ..o 55
Board location ... 56

A typical 4 to 8 RX Channel AQS/2 BioSpec (2-4TX/4-8RX)

.......................................................................................... 57
Bill of Material ..o 57
Jumper Setling ...o..ooiiii 59
Guide Rail changes .......cccooiiiiiiiiiiii e, 59
Board location ..o 60

A typical 1 and 2 Channel AQS FTMS ..o, 61
Bill of Material ...........cooiiiiiiii 61
Jumper Setting ..o 61
Board location ........ccccoiviiiiiii 62

AQS/2 Mainframe ..........oeeeeeeeeeeeieeeeeieeeeeeeeeanaaaas 63

INtroducCtion ... 63

Technical Data ........cccoiiiiii e 63

Front View oo 64

Rear VIEW ..o 65

Installation in electronics cabinet ............cccocoiviiiiiins 66

Preparation for Use .......coccoiiiiiiiiiiii e 66
Selector Setting for combined Voltages ............ccc.c.u.... 66

AC Power Line FUSES .....ouiiniiiiiii e 67

Mains Circuit Breaker ..o, 67

Fan Control and Over Temperature Protection (ECL > 01 only)

.......................................................................................... 67

AC WIING i 68

FaNS e 70

BRUKER BIOSPIN AQS Techn. Manual Version 003



Contents

4.12 Fan Tray Service Instructions ...........ccoooiiiiiiiiiiiinn, 71
Fan Tray removal .......ccoooiiiiiiiii e 71
Fan Tray reassembly .........cooiiiiiiiiii e 72
4.13 Backplane (USer BUS) ......coovuiiiiiiiiiiiec e 73
Pulse switch for receiver pulse separation .................... 73
Rackadress Settings .......cooooiiiiiiiiiii 74
User Bus Schematics .......cooooviiiiiiiiiiii e 75
414 AdaPIErS oo 94
5 AQS/2-M Mainframe ..........coeueeeeveeeeeieieeeeieeecnnnne, 95
5.1 Introduction ... 95
5.2 Technical Data .........oooiiiii 95
5.3 Front VIEeW ..o 96
5.4 Rear VIEW ... 97
5.5 Installation in electronics cabinet ... 98
5.6 Preparation for Use .........cooouiiiiiiiiiiiii e 98
Selector Setting for combined Voltages ........................ 98
5.7 AC Power Line FUSES ..o 99
5.8 Power-Up Delay ......cooiiiiiiiiii e 99
5.9 Inrush Current Limiter ..o 99
5.10 AC POWET LOSS ..oviiiiiiiiiiee e 99
5.11 Fan Control ... 100
5.12 Safety STOP .. 101
5.13 AC WIFING oo e 102
5.14 FaNS 104
5.15 Fan Tray Service Instructions ............cc.cooiiiiiinnn, 105
Fan Tray removal ..o, 105
Fan Tray reassembly .........coooiiiiiiiiiiiieea 106
5.16 Backplane (User BuS) ........ccoiviiiiiiiiiiicc e, 107
Pulse switch for receiver pulse separation .................. 107
Rackcode Settings ........ocoiviiiiiiiiiii 108
User Bus Schematics ..........ccooeviiiiiiiiiiieen 109
6 AQS Power SUPPIY ...ttt e e 133
6.1 Introduction ... 133
6.2 AQS Switched Power Supply Units .........ccoooiiiiininnn. 134
AQS PSM HPLNA ..., 135
6.3 Linear Power Supply Modules ........cccccooeviiiiiiiiiineen, 136
P SOM A 136
PSOM 2 138
PO e 140
PSOMS 142
Schematics PSM1-3 ..., 144
Schematics PSM5 ... 151
7 AQS Reference Board for RXAD ..........cccceuuu.... 155
7.5 Functions/ Description ... 155
Overall synchronization ...........cccocoiiiiiiiiiii 156
Cable lengths ... 159
Bus interfaces .......cooooiiiiiiiiiii 159

AQS Techn. Manual Version 003 BRUKER BIOSPIN 5



Contents

7.6

7.7
7.8
7.9
7.10
7.1
7.12

8.1
8.2

8.3

8.4

8.5
8.6

8.7
8.8
8.9
8.10

8.11

9.1
9.2

9.3
9.4

9.5

10
10.7

Unit Configuration / Version / Jumpers .........c..ccocoeeieeennn. 160
Differences from previous versions. ...............ccccoeeeneen. 160
Front Panel Wiring / Display ........cccccovviiiiiiiiiiiiien, 161
Part Numbers and Cables .........ccooccoviiiiiiiiiiiieeenn, 162
Troubleshooting / Unit replacement / Tips ‘n’ Tricks ......... 162
Diagnostic TestS ..., 162
Specifications ..o 163
Power Supply / FUSES ..o 163
Backplane Connector ..........cooiviiiiiiiiiiiii e, 164
AQS RXAD ...ttt e e e e e e an e e 165
INtroducCtion ... .o 165
Functions/Description ..........ccooviiiiiiiiii e, 166
Power Supply and Monitoring .........ccoccovviviiiiiieinennn. 167
ReSel o 167
Real Time Pulses ... 168
Effective Gain of the AQS RXAD ..o, 169
Unit Configuration / Version / Jumpers ............cooceiieenn. 169
Differences to previous receiver versions .................... 170
Front Panel Wiring / Display .......cccooviiiiiiiiiiiiiieeceee, 171
[T I 1= o - P 172
Front Panel Connectors ..........ccoviiiiiiiiiiiiiieee, 173
Part NUMbers ... 173
Troubleshooting / Unit replacement / Tips ‘n’ Tricks ......... 174
GENEral oo 174
Download new AQS Receiver (RX) Firmware .............. 174
Error MeSSages ....c.uvvuiiniiiiiie e 175
Diagnostic Tests ....c.oieuiiiii e 178
DC Offset and Quadrature Correction Table .................... 178
Quadrature Phase/Gain Adjust / Useful Pulse Programs .. 182
Specifications ... 186
Timing Definitions ..........ccooviiiiiii 187
Power Supply / FUSES ..o 188
Backplane Connector ..........ccccoviiiiiiiiiiiiiii e, 188
AQS DRU ...ttt ettt eee e r s eaaa e e 191
INtrodUCtioON ... 191
General Functions and Description ...........ccooooviiiiieinn.. 192
Power Supply and Monitoring LED'S ...........cccceeevnnnnnn. 193
Front Panel Wiring / Display ......cccoccoveviiiiiiiiiineeeenn. 194
Reset and Operation LED Display ......cccccoveieiieennnne. 194
Servicing the DRU ... 195
Accessing the DRU ..., 195
Downloading new firmware ............ccoocceviiiiiiiiieieen, 196
Technical data ... 198
Backplane Connectors ..........cccooiiiiiiiiiiiii 200
SGU Signal Generation Unit ..................cccucuu...... 203
Functions / Description .........ccooiiiiiiiiii e 204
Signal paths within the SGU ...............cooiii. 206

BRUKER BIOSPIN AQS Techn. Manual Version 003



Contents

AQS Controller slot detection ..........ccoeveiiiiiiiiiineenn. 208

10.8 Unit Configuration / Version / Jumpers ..........cccccovveeennnnn. 208
Differences from previous versions ..................c......... 209

10.9 Front Panel Wiring / Display ......ccccoovviiiiiiiniiiiieiieeeeeen, 210
LED DiSPlay ..eeuueiiiii et 211

10.10 Part Numbers and Cables ........coooiiiiiiiiiiii, 213
10.11 Troubleshooting / Unit replacement / Tips ‘n’ Tricks ......... 213
GeNEral ..o 213

Error MEeSSages ..oovovviiniiiiiiiie e 214

10.12 Diagnostic TestS .....ooeiiiiiii 217
10.13 Software / Useful Pulse Programs ............cccoooiiviiiiinns 218
10.14 Fast Real Time Pulses (FRTP) ......ccoiiiiiiiiiiiienn, 218
Homodecoupling .......ccoiiiiiiiiii e 218

10.15 Important signals ..o 219
10.16 SpecCifications .....coiiiiii 221
Hardware reSponSe .......ccoouiiuiiiiiiiii e 222

10.17 Power Supply / FUSES ..o 222
Backplane Connector ..., 223

11 AQS Pulse & RF-Splitter ..........ccoueeeveeinceninnannnn. 225
11.1 INtrodUCtioN ..o 225
11.2 Functions/Description ..........cccccoiiiiiiiiiiiiiiii e, 225
20MHz Clock and RX-Pulse Distribution ..................... 225

LO- & LO2-Splitter ....ccvveveeieiiiieiieeeeeeeeeeee e 226

11.3 RF and Pulse Wiring ......ccoooiiiiiii e, 227
1.4 Front Panel ... 228
LED INdicators .......ooeiiiiiiiiiee e 229

Front Panel Connectors PULSE SPLITTER ................ 229

Front Panel Connectors RF-SPLITTER ...................... 230

DiagnostiCs ...uiiiiiii i 231

RF-Splitter Setup and Gain Adjust ..........ccoooiiiiiiiinnnnn. 232

SetUP oo 232

Gain AdJUST ..o 233

1.7 Part Numbers and Cables .........ccccocoviiiiiiiiiiiieen, 233
11.8 Technical Data .........cooooiiiiii 234
PULSE SPLITTER ..o, 234

RF-SPLITTER ..ot 234

11.9 Power Supply / FUSES ...ouoiviiiieeeee e, 235
Backplane Connector ..........cc.cocoiiiiiiiiiiii 235

12 AQS Service Tool (Unitool) .......cceeevvevevncevncnnnnns 237
12.1 INtroduction ... 237
12.2 AQS address Mapping .....c.oveeevieiieiiiee e 238
12.3 Identification of the firmware release ..............cccooceiieanin. 240
12.4 Identify your chassis configuration ..............ccc.coeeiininnnnn. 240
12.5 Download new SGU firmware ...........cccoooviviiiiiiiineiineennn. 244
12.6 Error handling ... 246
Network failures / connection lost ...........cccoeviiiiiennin. 246

System power doOWn .........ooouiiiiiiiiiiiii 246

Problems starting UniTool? ..........ccooeiiiiiiiiiien, 246

AQS Techn. Manual Version 003 BRUKER BIOSPIN 7



Contents

12.7 ECL and required Firmware Versions for AQS/2 .............. 247
12.8 Download new AQS Receiver (RX) Firmware .................. 248
12.9 New configuration of the AQS amplifiers ...........c............ 249
Default values ........ccooiiiiiiiiiii e, 249

Adding Housing Setting ........ccoooviiiiiiiiie 250

| Lo 17 ] = 251

LI 1 o 1 (=X 257

L o L= 259

8 BRUKER BIOSPIN AQS Techn. Manual Version 003



Safety Instruction

Terms and symbols 1.1

o N\

ESD

D

Disclaimer

WARNING: Disregard of this may lead to personal injury.
NOTE: Hint for good operating practice.

Figure 1.1. High voltage!

Indicates dangerous voltage. Do not open cover with this label!

Figure 1.2. Dangerous device!

Instruction manual symbol. It is necessary for the user to refer to the manual prior
to the use of marked items.

Figure 1.3. Electrostatic sensitive Device!

Observe precautions for handling.

Figure 1.4. Protective ground (earth) terminal

Used to identify any terminal which is connected to the external protective con-
ductor for protection against electrical shock in case of fault.

1.2

Emergency

The following general safety precautions must be observed during all phases of
operation and service of the AQS system. Failure to comply with these precau-
tions or with specific warnings elsewhere in this manual violates safety standards
of design, manufacture and intended use of the AQS system.

BRUKER assumes no liability for the customer’s failure to comply with theses re-
quirements and is therefore not responsible or liable for any injury or damage that
occurs as a consequence of non-approved manipulations on the AQS system.

1.3

The mains switch on the AQS chassis front serves as an EMERGENCY OFF. It
powers down the systems.

AQS Techn. Manual Version 003 BRUKER BIOSPIN 9 (265)



Safety Instruction

Personnel safety 1.4

Ground connection

1.4.1

WARNING: To minimize shock hazard the AQS chassis must be connected to an
electrical ground.

The electronics cabinet is equipped with a three-conductor ac power cable. Do
only use power cables approved by BRUKER or compliant with IEC safety stan-
dards.

Technically qualified personnel only 1.4.2

Electrical safety

WARNING: Installation and servicing should only be done by BRUKER qualified
personnel. Always disconnect power cable before servicing. Under certain condi-
tions dangerous voltages may exist even with the power cable removed. To avoid
injuries, always disconnect power and discharge circuits before touching them.

NOTE: Operating personnel must not remove chassis covers except as described
in this manual. Do not replace AQS units with mains switch turned on.

User interface, system messages, and manuals require a good understanding of
the English language.

1.4.3

The AQS systems’s degree of protection against electrical hazard complies with
IEC IP20, i.e. all electrical parts are protected against touching.

WARNING: All electrical connectors must be used as supplied by BRUKER. Do
not substitute them by other types.

Lifting the AQS chassis 1.4.4

Cleaning

WARNING: At least two people are needed to insert and remove the AQS chassis
from the electronics cabinet. A fully equipped AQS system can weight in excess of
50kg.

NOTE: Remove some or all of the AQS units from the chassis prior to handling to
reduce weight.

1.4.5

10 (265)

WARNING: Always switch power off and disconnect the power cable before
cleaning. Never power on until all surfaces are completely dry.

Clean the outside of the AQS chassis and units with a soft, lint-free cloth damp-
ened in water. Do not use any detergent or other cleaning solvents.

BRUKER BIOSPIN AQS Techn. Manual Version 003



Acquisition System
with RXAD and DRU

Introduction

2.1

The first Acquisition System (AQS) was introduced into the market in 1999. The
main reason was the development of a BRUKERs own synthesizer (SGU) based
on a novel channel concept. The construction of the former AQR and AQX units
have been unified, higher integrated and more standardized. During the last years
the architecture has been completed with additional and more diversified configu-
rations based still on a unified hardware and software concept. With this it was
possible i.e. to enhance Solids configurations (RX-BB instead of SE451), to high-
er integrate High Resolution spectrometer electronics (AQS integrated LNA
preamplifiers instead of HPPR), to generate new MRI solutions (Pharmascan and
Biospec with multiple RX) and standardize the FTMS platforms (SGU FTMS).

The new AQS/2 chassis is now the consecutive development of the well proven
AQS chassis and still allows almost all of the former configurations but also offers
new configurations like the new digital receiver electronics with the recently devel-
oped RXAD (receiver with integrated analog to digital converter) and DRU (digital
receiving unit). Conspicuous signs are the vanished analog and digital intercon-
nections between receiver, A/D converter and digital filters at the front side of the
new AQS/2 system.

At a second view one can remark that the VME bus section has been reduced by
two slots. Using a modern, distributed connectivity via Ethernet driven JAVA appli-
cations (TopSpin) with direct communication and data transfer to the workstation,
this is giving access to new and more open system concepts. For instance, new
HTTP based units can be easily accessed and serviced by a commercially avail-
able web browsers.

Features
* Prepared for up to 10 6TE RF and other NMR electronic units

* Support of the recently new developed RXAD and DRU digital receiver elec-
tronics

* Expandable with additional, integrated power amplifiers (i.e. AQS 2H-TX)

* Provisions made to increase the number of RX channels for MRI applications
(5 and more)

® Support of mixed systems (HR and multiple RX imaging) by a versatile back-
plane pulse routing under software control

* Increased flexibility by the operative introduction of the ,scan control“ mecha-
nism (sample information bus)

* Fan rotation supervision and easy serviceable fan tray

AQS Techn. Manual Version 003 BRUKER BIOSPIN 11 (265)



Acquisition System with RXAD and DRU
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Figure 2.1. 3 Channel AQS/2 with RXAD and DRU

I =0 e

b

DRU RXAD

Acquisition control

By the elimination of the acquisition control and data transfer via the CCU and
VME bus, a new and more powerful synchronization channel has been intro-
duced. The already in the basic channel concept defined ,sample information bus*
is now being used for the control of the realtime actions in the digital receiver
chain. Synchronous scan information (e.g. receiving phase, file handle, wobble
control, accumulation and display management) is distributed over this bus from
the acquisition main controller (timing control) via the observe SGU. This bus re-
places and enhances the well working AQ Bus within the new receiving concept.

Analog to Digital Conversion

Newest A/D converter technologies allow sampling rates up to 20MHz with even
very high dynamic ranges. In conjunction of the tremendous progress in digital
signal processing (DSP technology) and very fast and highly integrated flexible
digital hardware (FPGA based) it allows enormous higher DQD bandwidths and
with that less audio artefacts as anyone could expect in earlier times.

Automatic DC compensation and higher frequency digital local oscillators (NCO,
numeric controlled oscillators) but last but not least better performance is also
achieved by continuos A/D converter operation (non start/stop mode). Inherent
thermal settling of the A/D chips by using start/stop mode disappears. The
DWELL clock is derived directly from the basic phase noise minimized spectrom-
eter reference increasing the spectral purity. Finally the DWELL clock generation
for such a system is much more easier, because the gating is handled in the DSP
by managing the data flow using previously mentioned ,scan control‘.

BRUKER BIOSPIN AQS Techn. Manual Version 003



The channel concept

The channel concept 2.2

With the introduction of the AQS/2 Chassis, the well proven AQS channel concept
has been further extended by the replacement of the former receiver units (RX-
22, SADC, HADC/2, FADC, FTLP-4M, RCU) with the recently developed RXAD
and DRU.

It was possible to reduce the control and routing of important channel related real
time events and analog signals to only a few dedicated units. All these channel
oriented signals (RF signals, shaping, gating and blanking pulses, dwell clocks
etc.) are generated in the so called SGU (Signal Generation Unit) under full timing
control of pulse programs. The SGU is physically controlled by the FCU4 (a last
successor of the AQX FCU) via a digital high speed link.

The following diagram shows the consequent implementation of this concept. The
number of analog interconnections is reduced to a few dedicated units. All impor-
tant RF signals, blanking pulses and dwell clock are channel related and follow a
straightforward channel philosophy. In this way, extended and independent multi
channel operation can be performed in a much more transparent way. Less Inter-
faces and units allow a general guaranteed stability and reliability.

AQS Techn. Manual Version 003 BRUKER BIOSPIN 13 (265)



Acquisition System with RXAD and DRU

The channel concept
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AQS/2 signal and information paths

AQS/2 signal and information paths 2.3

Before one can go into details, it is important to distinguish and understand the
three different signal categories used in the AQS/2 Chassis (as already intro-
duced with the first AQS Chassis):

Analog signals: These signals are typically RF or audio signals, which have no
time and amplitude discrete values and may be easily checked with a scope. Ex-
amples of such signals are the local oscillator signals (i.e. LO1 and LO2) or the
NMR signal at the input of the digitizer.

Synchronous signals: These signals are the basic spectrometer auxiliary, control
and timing signals for each transmit but also receive channel. They are all derived
from one master oven controlled oscillator (OCXO). Most important are the
10MHz, 20MHz, but also every transmitter blanking and the receiver gating pulse.

Asynchronous signals: Asynchronous signals fall into the category of general in-
formation transfer protocol signals. These signals are represented by examples
like Ethernet, RS$232, RS485 and I1%C.

Basics of the AQS/2 Chassis 2.3.1

The AQS/2 has been designed to support more than one AQS/2 chassis to allow
a very flexible extension of NMR transmitting channels, multireceiving capabilities
and setting up numerous different NMR application spectrometers configurations.
To manage all these configurations, one has to select the required operation by
selecting the appropriate rack address only. The rack address can be set with
jumpers on the rear side of the AQS/2 backplane ("Rackadress Settings” on

page 74.)

Viewing the AQS/2 chassis from front side, on left side a conventional VME32 bus
with the BRUKER extension (AQ-Bus, F-Bus) for 6 slots is incorporated. On right
side, the extended AQS/2 User bus is able to supply as will be shown later on a lot
of different AQS functional units (signal generators, receivers, preamplifiers, am-
plifiers, etc.).

Every slot on the AQS/2 User Bus backplane is hardware coded, so that every
unit can be addressed via its unique slot address. The AQS/2 User Bus backplane
connector pin assignment is identical for all ten 6 TE slots. That means each com-
mon signal respectively signalpath is accessible on every slot (exceptions are
power supply for BLA2BB, the data transfer to the DRU and signals for the refer-
ence board).

RS485 Buses (SBSB’), Intra Rack Bus 2.3.2

The AQS/2 incorporates two independent SBSB buses called SBSB 1 and
SBSB_2. The first one represents the system tty10, the second one the tty20.

The RS485 buses are originating at the CCU (SBSB_1 and SBSB_2), but may be
in future also be under control of other AQS Controller capable boards (i.e. DRU).
They are hard-wired internally in the backplanes and are not any more accessible

1 SBSB: serial BRUKER SPECTROSPIN bus (historical name)
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Acquisition System with RXAD and DRU

on the AQX RS plug. The SBSB_1 is galvanic isolated (SBSB_1_TTL) on the
ACB standard (ACB-S) or PSD, depending on the configuration of the AQS/2
rack. This reduces interferences between NMR RF, audio and digital units.

The SBSB_1 is the main SBSB which controls most of the NMR units. These are
all SGUs, all RXADs and the HPPR/2 preamplifier system. The SBSB_2 is used
for the control of the ACB and its connected power amplifiers (BLA).

One SGU, which is typically situated in slot 3 in the AQS/2 User Bus (3rd from the
left), serves as the ‘rack master’ or AQS Controller. This AQS Controller overtakes
general control and configuration tasks in the initialization phase which must be
setup according to the rack address. This AQS Controller SGU recognizes its po-
sition automatically and switches into AQS Controller mode whereas all other
SGUs are set to slave mode. The AQS Controller SGU reacts to ,master’ com-
mands (e.g. power up, init...) incoming via the SBSB_1 from the spectrometer
control software through the CCU (VME backplane to user bus backplane to ACB-
S). It also reacts to incoming virtual SBSB commands for devices which do not
have own SBSB interfaces (refer to 12C bus).

Internal AQS/2 communication between AQS/2 SBSB devices like slave SGU's
and RXAD (e.g. clearing power up errors etc.) is done via the so called Intra-Rack
bus (serial asynchronous bus, TTL levels) with the AQS Controller SGU as bus
master.

The AQS Controller SGU is not only AQS Controller, but it behaves identically to a
slave SGU and interprets and executes the commands accepted from the corre-
sponding channel setup (i.e. edasp in TopSpin). It operates as physical channel
(e.g. SGU1). As SGU1 it reacts to RF channel1 commands transferred via the
SBSB_1, as well as all other SGUs’ react to their corresponding RF channel com-
mands.

I12C buses and I12C adresses 2.3.3

High Speed Link

For functional units without an intelligent and powerful micro controller, because it
doesn‘t calculate to have an own costly controller, a multi master capable 12C con-
nectivity is used. The AQS Controller (i.e. SGU) drives these units via different
I2C buses and plays so the role of a virtual unit controller for each non micropro-
cessor unit. Such units are the AQS BLA2BB, the AQS Router, AQS REF but
more may be coming soon. Incoming spectrometer SBSB commands from
SBSB_1 for I2C devices are converted by the AQS Controller to 12C commands.

Example: To set the ,Mini ROUTER' located within the BLA2BB, the incoming
SBSB command from the acquisition control software is transformed into 12C
compatible commands and then sets up the minirouter inside the BLA2BB.

To exceed the limitation of max. 8 12C devices a second 12C bus is located on the
AQS/2 User Bus backplane to allow the control a total of 16 12C slaves.

2.3.4

16 (265)

The high speed link (LVDS1) from FCU4 to SGU transfers all NMR relevant real
time events originating from the pulse program in 50ns time intervals to corre-

1 LVDS: Low voltage differential signaling
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AQS/2 signal and information paths

sponding SGU (e.g. pulses, shapes, phase jumps, frequency jumps, etc.). Each
RF channel is connected by a separate high speed link to the FCU4. To allow a
flexible extension of NMR channels, the wiring is located on the front side of the
corresponding boards. To allow highest speed, a point to point connection archi-
tecture has been chosen.

Similarly the A/D converter output of a RXAD is coupled to the DRU via an own
and well proven LVDS high speed link. With that it is possible to transfer a com-
plex digital data point (real and imaginary) within 50ns and so allowing DWELL
clocks up to 20MHz. Because each receiver channel consists of one RXAD and
one DRU this link is physically located on the AQS/2 user bus, allowing to mini-
mize cable connections on front side.

Sample Info 2.3.5

As already foreseen in the AQS Chassis backplane an acquisition synchronous
scan information mechanism has been installed to control the receiver signal and
process chain even over distributed hardware architectures. It is now possible to
handle the receiver phase within the DRU, the data storage within the workstation
onto disk, the display mode operation of the acquisition within the workstation and
other not yet defined functions. Because it is under pulse program control, a full
synchronicity with the acquired scan or in case of single data point acquisitions
singular sample information can be maintained and finally the data can be easily
traced within the disk file by storing the complete set of the ,Sample Information’.
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Acquisition System with RXAD and DRU

AQS Buses for a two channel system (internal BLA)

HPPR/2

ACB
Standard
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i

I
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A A A
SBSB_2
v SBSB_1 ,—U i
Intra_Rack
\/ 12C 182 A A
i I i
Sample Info
Backplane | | | ‘ | A2 ‘ | A ‘
o >
YYY vy vy vyvy vyvvl vy
| AQs
DRU RXAD REF (Controller, SGU2 BLA2BB
SGU1
FCU4 FCU4 *1 = disabled by AQS Contl_'o!ler
Workuation (CH1) (CH2) (elave penaviouny

*2= only active for observe SGU

— High Speed Link (LVDS)
—— RS485 (SBSB_1) from CCU

—— SBS_TTL (galvanic isolated SBSB_1)
— Intra Rack Bus

— 1°C (1&2)

—— Slot and Rack Adresses

—— Ethernet

—— Sample Info
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AQS/2 signal and information paths

Figure 2.2. AQS Buses for a two channel system (external BLA)

HPPR/2 Power Amplifiers
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— High Speed Link (LVDS)
—— RS485 (SBSB_1) from CCU

—— SBS_TTL (galvanic isolated SBSB_1)
— Intra Rack Bus

— 1?C (1&2)

—— Slot and Rack Adresses

—— Ethernet
—— Sample Info

— SBSB_2 (only used for ACB extented to control external power amplifiers)
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Acquisition System with RXAD and DRU

Synchronous signals 2.4

Realtime control-pulses (RCP) on the AQS/2 User Bus 2.4.1

20 (265)

BLKTRx~ (Blanking pulses for power amplifiers)

Each BLKTR must be routed to the corresponding power amplifier. A SGU can
control up to 8 power amplifiers with the corresponding BLKTR. The SGU must be
initialized via SBSB_1 before starting the experiment. Each SGU will apply under
high speed link control the required BLKTR pulse in real time onto the AQS/2
User Bus backplane. The BLKTR has wired nor logic on the backplane so that
BLKTRs from different SGU can be combined to one amplifier (easy pulsepro-
gramming, channel concept).

No additional cables are necessary to control the internal power amplifiers (e.g.
BLA2BB). The BLKTR are routed directly on the backplane from the SGU to the
corresponding BLA channel. BLKTR for external power amplifiers may be access-
ed on the front of the power supply and distribution board (PSD).

RGP_PA~ (Preamplifier receiver gating pulse)

This pulse (also mentioned as RGP_HPPR) is controlled by the SGU which is ini-
tialized as observing SGU. This signal is routed via the ACB-S standard (or PSD)
to the observe module in the preamplifier HPPR or HPPR/2. All other non lock
HPPR modules are in transmit or decoupling mode.

Note: In contrast to previous AVANCE systems, the preamplifier RGP will not be
connected to the AQR RX22 but to RXAD for multi receiver configurations only.

RGP_LO~ (Local oscillator gating pulse)

This internal pulse enables the local oscillator generation inside the RXAD. The
pulse is automatically generated by the observe SGU after switching to receive
mode.

RGP_RX~ (Receiver gating pulse)

This pulse controls the gating inside the receiver e.g. the RXAD. The pulse is driv-
en by the observe SGU and can be delayed with the spectrometer pulse program
software. The signal is directly routed from the observe SGU via AQS/2 User Bus
backplane to the receiver RXAD. With this signal the receiver may be ,opened® lat-
er in respect to the preamplifier to prevent saturation.
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Dwell_Clk~

RGP_ADC~

Continuos
data flow from
the ADC

Data flow inside the DRU

Synchronous signals

Dwell_Clk~ (ADC dwell clock)

In fact the Dwell_Clk~ has changed operational behaviour in respect to previous
AVANCE systems. It serves now as a dwell enable in the new system and with
that doesn‘t reflect the physical AD converter rate anymore. The AD converter
rate is now fixed to an oversampling frequency of 20MHz, is running continuously
and the data stream is being enabled (gated) by the Dwell_Clk~ inside the DRU.
The signal is also driven by the observe SGU.

RGP_ADC~ (ADC gating pulse)

This pulse (also driven by the observe SGU) controls the ADC data stream. For a
non active RGP_ADC~ the data stream is filled with zeros inside the DRU, during
the active pulse, ADC data is passed unchanged.

This signal is specially used for experiments like digital homodecoupling with
oversampling.

Figure 2.3. Explanation of Dwell_Clk~ and RGP_ADC~

t
o—o o—o e
No datas during non \
active Dwell_Clk~ Filled by zeros during non active RGP_ADC~

Sample Info

The Sample Info channel consists of the five lines SAMPLE_INFO(4:0) originating
at the corresponding SGU. The interface is synchronous to the 20 MHz system
clock (20MHZ_CLK) and hence the word rate is 20MW/s

The scan control commands have a fixed length of 6 words. Bit 4 of the first word
carries the start bit which is always 1. Bit 4 of the last word must be set to 0. With
that, all listeners to these lines are able to synchronize to the information con-
tained within burst sent under pulse program control.
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Acquisition System with RXAD and DRU

22 (265)

In between two Sample Info bursts, a recovery time of 10us must be granted.
The information is clustered to two groups, each with an individual enable bit:

The first group (enabled by bit ,ScanCtrl) carries information which must be avail-
able before a scan (e.g. scan phase, memory buffer, accumulation control). This
information is associated to the upcoming scan.

The second group (enabled by bit ,WriteCtrl*) carries information on how to pro-
ceed with a scan that has been readily accumulated (e.g. file seek, file change).
This information is associated to the past scan.

Table 2.1. Data format of the 6 sample info words (5 Bits each)

word I_3it4 !3it3 !3it2 I_3it1 I_3it0
Pin E3 Pin C2 Pin D2 Pin E2 Pin E1
1 1 (Start) ScanCtrl PhaseRun Phase (0,90,180,270)
2 reserved=0 | st0 st zd ze
3 OffsMeas DruParamIndex
4 WriteCtrl FileNumber (0-15)
5 reserved (set zero) Write Seek
6 0 (Stop) reserved (set zero)
ScanCtrl

Enable bit for the first group. This bit must be set to prepare an upcoming scan.

PhaseRun

If this bit is set, the phase accumulator immediately starts running (synchronously
to the Sample Info). If this bit is cleared, phase accumulation is delayed until
Dwell_Clk~ becomes active for the first time.

Phase

Accumulation phase.

0=0deg
1=90deg
2 =180 deg
3 =270 deg
st0 , st

Controls the memory buffer handling.

st0,st

0,0 accumulate the upcomming scan to the current buffer
0,1 accumulate the upcomming scan to the next buffer
1,0 accumulate the upcomming scan to the first buffer
1,1 reserved
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Synchronous signals

zd, ze

Controls the accumulation.

zd,ze

0,0 add the upcomming scan to the buffer
0,1 write the upcomming scan to the buffer
1,0 write the upcomming DummyScans+1 scans to the buffer
1,1 reserved
OffsMeas

This bit is partially independent of the groups ,ScanCtrl“ and ,WriteCtrl“ and trig-
gers the DC offset calibration. The filed ,DruParamindex” is co-used with ,Scan-
Ctrl* but besides of this it is independent of the other two groups.

Dwell_Clk~ and RGP_ADC~ must be active for at least 1ms. During this time the
DC offset is measured by averaging 16384 ADC samples.

DruParamindex

These four bits select one out of 16 preloaded acquisition parameter sets. This is
intended for interleaved acquisition, where all parameters have to change on the
fly. (e.g. SWH, TD, DC offset)

WriteCtrl

Enable bit for the second group. This bit must be set to write a scan to disk.

FileNumber

These four bits select one of 16 disk files to write to or to manipulate the file point-
er. Data source is always the memory buffer of the last acquisition.

~FileNumber“ can be chosen independently of the preloaded acquisition parame-
ter sets (addressed by ,DruParamindex®) in the range 0-15.
(DataSetList, ifp, dfp, rfp):

0-12: directly access the files 0-12

13: use current file, then decrement file number
14: use current file, no change

15: use current file, then increment file number

Write (wr)
~Write“ = 1: Write TD*NBL samples to the file selected by ,FileNumber*.

~Write“ = 0: disk file pointer manipulation only.

Seek (if,df,rf)
Manipulate the disk file pointer of the file ,FileNumber®.
All 16 disk file pointers are cleared at experiment setup time.

0O=none

1=increment disk file pointer by TD*NBL
2=decrement disk file pointer by TD*NBL
3=reset disk file pointer
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Acquisition System with RXAD and DRU

SEL_ADCx~ (Select A/D converter)
Obsolete.

Interleave_Incr~

This pulse allows to switch between different preloaded modes under pulsepro-
grame control. E.g. real time switching between 2H lock mode and 2H decoupling
mode of the HPPR/2 can be controlled via this pulse or different receiving param-
eters can be selected during the experiment for interleaved acquisition.

ADC Overflow

The ADC Overflow signal indicates an overdriven analogue to digital converter.
Data are useless in such a situation, a corresponding error message will occur.
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Synchronous signals

Figure 2.4. Pulse distribution on a two channel AVANCE (internal amplifiers)
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In this configuration exist three amplifiers

but only two SGUs.
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the 2H-TX (for 2H decoupling or 2H shimming).
There is no blanking pulse required for the 2H-TX.
Controlling Lock mode or 2H-TX mode is done
via the signal SEL2H/!DEC) from the TCU3
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Acquisition System with RXAD and DRU

Figure 2.5. Pulse distribution on a four channel AVANCE (external amplifiers)
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Receiver pulse separation for multiple-receiver systems

Receiver pulse separation for multiple-receiver systems 2.5

All receiver specific pulses must be separated between receivers in multiple re-
ceiver systems. These pulses are:

* RGP_PA~, RGP_LO~, RGP_RX~, RGP_ADC~
* DWELL_CLK~

* SEL_ADCx~

* SAMPLE_INFO(0:4), INTERLEAVE_INCR~

The separation is done with bus switch on the backplane. The bus switch are ei-
ther controlled by jumper or via 12C. Details see "Pulse switch for receiver
pulse separation” on page 73
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Acquisition System with RXAD and DRU

RF signal paths

2.6

The following RF signals are required in a AQS system:

1.

The RF output of every SGU must be connected to a power amplifier or to a
router/combiner.

Each SGU can be initialized as observe SGU and therefore each SGU must
be able to drive the local oscillator signal for the receiver. Every SGU has a lo-
cal oscillator input and a local oscillator output. The LO is looped through every
SGU except the observe SGU, which is driving the local oscillator.

Several fixed frequencies are generated on the reference board (AQS REFER-
ENCE). These signals are required for the upconversion electronics located in
the SGU. One reference board can drive up to four SGUs.

The 10MHz output of the reference board is used to synchronize various units
like the BSMS Lock. The reference board switches automatically to the exter-
nal 10MHz input if a signal is applied.

The detection reference signal (LO 2) is directly wired from the reference
board to the receiver.

Figure 2.6. RF distribution
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20MHz Clock Distribution

20MHz Clock Distribution 2.7
Introduction 2.7.1
This section describes the clock distribution for all AQS units. It's very important
for a synchronous system to have a clock distribution with smallest skew between
the different units.
Between the clock source and the various boards the same number of drivers and
the same length of cable must be used.
The FCU4 clock signal is looped through all FCUs and is finally terminated on the
TCUS.
Blockdiagram 2.7.2
Figure 2.7. Clockdistribution for a single rack version
Backplane 1
Reference Board 1 o
FCU1..8
(@ 20MHz_CLK ‘I
20MHz_CLK1~ PSD 1
N 20MHz_Source1 (o
20M
N 20MHz_Source 2 (O)D
J | ; |20MHz,BackJ @
Slot3..5/ §
Slot1..10 —Y g
(20and 6 for ADC)  |20mHz_cLK n~
H—F HH
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Acquisition System with RXAD and DRU

Figure 2.8. Clockdistribution for a dual rack version
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AQS/2 Configurations

A typical 2 to 3 Channel AQS/2 HR (200-400MHz, internal BLA2BB &

BLAX300) 3.1
Bill of Material 3.1.1
Table 3.1. Bill of material

Pos. | Units | Part Number Units for 3rd chalatz/s ec):tfr;“s%: written in italics. MPp*

1 1 7101618 AQS/2 CHASSIS WIRED

2 1 H9489 AQS POWER SUPPLY DIGITAL 350W

3 1 212170 BSMS FRONTPLATE BLIND 12TE MB
W1345050 AQS POWER SUPPLY BLA 28V 20A

4 1 W1345050 AQS POWER SUPPLY BLA 28V 20A

5 1 Z003403 AQS PSM2 POWER SUPPLY MODULE

6 1 7003402 AQS PSM1 POWER SUPPLY MODULE

7 1 H9488 AQS ACB STANDARD BOARD

8 1 H9503 AQS CCU11 COM CONTR UNIT

9 1 H5813 AQS TCU3 TIMING CONTR BOARD

10 1 H9773 AQS FCU4/2 CONTROLLER BOARD

11 3 72778 BSMS FRONTPLATE BLIND 4TE MB

12 1 Z100977 AQS DRU

13 1 7102116 AQS RECEIVER BOARD RXAD 400

14 1 Z003265 AQS REFERENCE BOARD 400

15 2 2003642 AQS SGU 400

16 1 Z15201 AQS FRONTPLATE 1MM 16TE MB
see pos. 15 | AQS SGU

17 1 715202 AQS COVERPLATE 16TE MB
W1345052 AQS BLAX300 6-243MHZ

18 1 W1345049 AQS BLA2BB150/60 20-400

AQS Techn. Manual Version 003
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AQS/2 Configurations

Jumper Setting

Table 3.1. Bill of material

Description Mpa

Pos. nit: Part Number
oS Units a umbe Units for 3rd channel extension written in italics.

19 1 Z14133 AQS FRONTPLATE BLIND 2TE MB

-b 12 25958 SCREW RRCH KR M2,5 x 12,3 MB

a MEC Part: MB = Part contained in AQS/2 MEC-PARTS MB (Z102136)
b use for pos. 3, 11 and 16

3.1.2

32 (265)

The rack address must be set to ‘0x39’ (JU1A and JU1D to JU1F on the AQS/2
user bus rear side must be closed).

See "Rackadress Settings"” on page 74
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A typical 2 to 3 Channel AQS/2 HR (200-400MHz, internal BLA2BB &

Board location 3.1.3

Figure 3.1. AQS/2 for 2 Channel AVANCE
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AQS/2 Configurations

A typical 3 Channel AQS/2 HR (500-600MHz, internal BLAXH & 2H-TX) 3.2

Bill of Material 3.2.1
Table 3.2. Bill of material
Pos. | Units | Part Number Description Mpa
1 1 7101618 AQS/2 CHASSIS WIRED
2 1 H9489 AQS POWER SUPPLY DIGITAL 350W
3 2 W1345050 AQS POWER SUPPLY BLA 28V 40A
4 1 Z003403 AQS PSM2 POWER SUPPLY MODULE
5 1 2003402 AQS PSM1 POWER SUPPLY MODULE
6 1 H9488 AQS ACB STANDARD BOARD
7 1 H9503 AQS CCU11 COM CONTR UNIT
8 1 H5813 AQS TCU3 TIMING CONTR BOARD
9 1 H9727 AQS FCU4/4 CONTROLLER BOARD
10 3 Z2778 BSMS FRONTPLATE BLIND 4TE OB
11 1 Z100977 AQS DRU
12 1 2102117 AQS RECEIVER BOARD RXAD 600
13 1 Z003936 AQS REFERENCE BOARD 600
14 3 Z003831 AQS SGU 600
15 1 Z103551 AQS 2H-TX BD 500-1000
16 1 W1345056 AQS BLAXH 300/50 500-600MHZ
-b 14 25958 SCREW RRCH KR M2,5 x 12,3 OB

34 (265)

a MEC Part: OB = Part contained in AQS/2 MEC-PARTS MB (Z2102137)
b use for pos. 10

BRUKER BIOSPIN
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A typical 3 Channel AQS/2 HR (500-600MHz, internal BLAXH & 2H-TX)

Jumper Setting 3.2.2

The rack address must be set to ‘0x39’ (JU1A and JU1D to JU1F on the AQS/2
user bus rear side must be closed).

See "Rackadress Settings"” on page 74

Guide Rail changes 3.2.3

Move guide rail from pos. 67 to pos. 68
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AQS/2 Configurations

Board location 3.2.4
Figure 3.2. AQS/2 for 2 Channel AVANCE
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A typical 2 Channel AQS/2 HR with internal PREAMP and BLA2BB

A typical 2 Channel AQS/2 HR with internal PREAMP and BLA2BB

(300 and 400MHz) 3.3
Bill of Material 3.3.1
Table 3.3. Bill of material
Pos. | Units | Part Number Description MP@
1 1 7101618 AQS/2 CHASSIS WIRED
2 1 H9489 AQS POWER SUPPLY DIGITAL 350W
3 1 212170 BSMS FRONTPLATE BLIND 12TE MB
4 1 W1345050 AQS POWER SUPPLY BLA 28V 20A
5 1 Z003403 AQS PSM2 POWER SUPPLY MODULE
6 1 2003402 AQS PSM1 POWER SUPPLY MODULE
7 1 H9488 AQS ACB STANDARD BOARD
8 1 H9503 AQS CCU11 COM CONTR UNIT
9 1 H5813 AQS TCU3 TIMING CONTR BOARD
10 1 H9773 AQS FCU4/2 CONTROLLER BOARD
11 4 22778 BSMS FRONTPLATE BLIND 4TE MB
(1) 2003961 AQS PREAMP CONTROL BD ?
12 1 Z100977 AQS DRU
13 1 7102116 AQS RECEIVER BOARD RXAD 400
14 1 Z003265 AQS REFERENCE BOARD 400
15 2 2003642 AQS SGU 400
16 1 Z003950 AQS 1H2H PREAMP 300
Z003951 AQS 1H2H PREAMP 400
17 1 Z003954 AQS XBB19F 2HS PREAMP 300
Z003955 AQS XBB19F 2HS PREAMP 400
18 1 W1345049 AQS BLA2BB150/60 20-400
19 1 714133 AQS FRONTPLATE BLIND 2TE MB
- 12 25958 SCREW RRCH KR M2,5 x 12,3 MB

a MEC Part: MB = Part contained in AQS/2 MEC-PARTS MB (Z2102136)
b Only necessary if DRU is not HPPR/2 controller
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AQS/2 Configurations

Jumper Setting 3.3.2

The rack address must be set to ‘0x39’ (JU1A and JU1D to JU1F on the AQS/2
user bus rear side must be closed).

See "Rackadress Settings"” on page 74

50 Ohm Terminators on AQS PREAMP’s 3.3.3

The AQS PREAMP modules are delivered with ext. 50 Ohm terminators (SMB
plug). They must be mounted as follows:

* AQS 1H2H Preamp: LOCK IN
* AQS XBB19F 2HS PREAMP: RF IN and TUNE OUT
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Figure 3.3. AQS/2 for 2 Channel AVANCE with internal PREAMP and BLA

A typical 2 Channel AQS/2 HR with internal PREAMP and BLA2BB
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AQS/2 Configurations

A typical 2 to 4 Channel AQS/2 HR & Solids (with external BLA) 3.4
Bill of Material 3.4.1
Table 3.4. Bill of material
: Description a
Pos. Units Part Number Units for 3rd or 4th channel extension written in italics. MP
1 1 Z101618 AQS/2 CHASSIS WIRED
2 1 H9520 AQS POWER SUPPLY DIGITAL 450W
3 1 H9500 AQS ACB EXTENDED BOARD
4 1 Z12170 BSMS FRONTPLATE BLIND 12TE OB
5 1 7102023 AQS PSM5 POWER SUPPLY MODULE
6 1 Z003402 AQS PSM1 POWER SUPPLY MODULE
7 1 H9530 AQS PSD BOARD
8 1 H9503 AQS CCU11 COM CONTR UNIT
9 1 H5813 AQS TCU3 TIMING CONTR BOARD
10 1 H9773 AQS FCU4/2 CONTROLLER BOARD
H9727 AQS FCU4/4 CONTROLLER BOARD
11 4 22778 BSMS FRONTPLATE BLIND 4TE OB
12 1 Z100977 AQS DRU (< 400MHz)
72102520 AQS DRU-E (> 500MHz)
13 1 Z102116 AQS RECEIVER BOARD RXAD 400
2102117 AQS RECEIVER BOARD RXAD 600
2102118 AQS RECEIVER BOARD RXAD 1000
2102119 AQS RECEIVER BOARD RXAD-BB
14 1 Z003265 AQS REFERENCE BOARD 400
Z003936 AQS REFERENCE BOARD 600
Z003937 AQS REFERENCE BOARD 1000
15 2 2003642 AQS SGU 400
Z003831 AQS SGU 600
Z003830 AQS SGU 1000
16 1 Z14119 AQS FRONTPLATE BLIND 1MM 12TE OB
see Pos.15 AQS SGU
712489 AQS FRONTPLATE BLIND 6TE OB
172 | 1 Z14120 AQS COVERPLATE 8TE OB
see Pos.15 AQS SGU
18 1 Z003624 AQS 3-CHANNEL ROUTER BOARD
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A typical 2 to 4 Channel AQS/2 HR & Solids (with external BLA)

Table 3.4. Bill of material

Pos. | Units | Part Number Units for 3rd or 4th clgaensn(:l'lep;;(e):sion written in italics. MPp*

19 1 212490 AQR FRONTPLATE BLIND 7TE OB
2003624 AQS 3-CHANNEL ROUTER BOARD

20 1 Z003349 AQS ADAPTER ROUTER DUAL

-° 14 25958 SCREW RRCH KR M2,5 x 12,3 OB

a MEC Part: OB = Part contained in AQS/2 MEC-PARTS ONE-BAY (Z102137)
b used only with pos. 16 as frontplate
¢ used for pos. 4, 11, 16, and 19

Jumper Setting 3.4.2

The rack address must be set to ‘0x39’ (JU1A and JU1D to JU1F on the AQS/2
user bus rear side must be closed).

See "Rackadress Settings" on page 74
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AQS/2 Configurations

Board location 3.4.3

Figure 3.4. AQS/2 for 2 to 4 Channel AVANCE (with ext. BLA)
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A typical 5 to 8 Channel AQS/2 HR & Solids (2 Chassis, 3-CH Router)

A typical 5 to 8 Channel AQS/2 HR & Solids (2 Chassis, 3-CH Router) 3.5

Bill of Material 3.5.1
Table 3.5. Bill of material: Rack 1
: Description a
Pos. | Units | Part Number Units for 6th channel extension written in italics. MP
1 1 Z101618 AQS/2 CHASSIS WIRED
2 1 H9520 AQS POWER SUPPLY DIGITAL 450W
3 1 H9500 AQS ACB EXTENDED BOARD
4 1 212170 BSMS FRONTPLATE BLIND 12TE MB
5 1 72102023 AQS PSM5 POWER SUPPLY MODULE
6 1 2003402 AQS PSM1 POWER SUPPLY MODULE
7 1 H9530 AQS PSD BOARD
8 1 H9503 AQS CCU11 COM CONTR UNIT
9 1 H5813 AQS TCU3 TIMING CONTR BOARD
10 1 H9727 AQS FCU4/4 CONTROLLER BOARD
11 1 H9773 AQS FCU4/2 CONTROLLER BOARD
12 2 722778 BSMS FRONTPLATE BLIND 4TE MB
1 H5817 AQS GCU3 GRAD CONTR UNIT
13 1 2100977 AQS DRU (< 400MHz)
2102520 AQS DRU-E (> 500MHz)
14 1 Z102116 AQS RECEIVER BOARD RXAD 400
Z102117 AQS RECEIVER BOARD RXAD 600
Z102118 AQS RECEIVER BOARD RXAD 1000
Z102119 AQS RECEIVER BOARD RXAD-BB
15 1 Z104236 AQS REFERENCE BOARD/2 1000
16 5 2003642 AQS SGU 400
Z003831 AQS SGU 600
Z003830 AQS SGU 1000
17 2 712489 AQR FRONTPLATE BLIND 6TE 2nd
1 see Pos. 16 | AQS SGU
18 1(2) | 2102000 AQS BB SPLITTER 2-WAY
19 1 45999 ATTENUATOR SMA-SMA 6DB
-b 12 25958 SCREW RRCH KR M2,5x 12,3 MB

a MEC Part: OB = Part contained in AQS/2 MEC-PARTS MB (Z2102136)
b used for pos. 4, 12 and 17
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AQS/2 Configurations

Table 3.6. Bill of material: Rack 2

Pos. | Units | PartNUmDer | oo o ovonsion wrten naics. | MP°
30 1 2101618 AQS/2 CHASSIS WIRED

31 1 H9489 AQS POWER SUPPLY DIGITAL 350W

32 2 212170 BSMS FRONTPLATE BLIND 12TE 2nd
33 1 Z003403 AQS PSM2 POWER SUPPLY MODULE

34 1 2003402 AQS PSM1 POWER SUPPLY MODULE

35 1 H9530 AQS PSD BOARD

36 2 713955 AQS FRONTPLATE BLIND 1MM 18TE 2nd
37 2 213954 AQS COVERPLATE 18TE 2nd
38 1 Z13955 AQS FRONTPLATE BLIND 1MM 18TE 2nd

Y

2003265 AQS REFERENCE BOARD 400
2003936 AQS REFERENCE BOARD 600
2003937 AQS REFERENCE BOARD 1000

39 1 713954 AQS COVERPLATE 18TE 2nd
2 2003642 AQS SGU 400
2003831 AQS SGU 600
2003830 AQS SGU 1000
40 1 Z14119 AQS FRONTPLATE 1MM 12TE 2nd
41 1 714120 AQS COVERPLATE 8TE 2nd
42 2 7003624 AQS 3-CHANNEL ROUTER BOARD
43 1 72778 BSMS FRONTPLATE BLIND 4TE 2nd
44 1 Z003349 AQS ADAPTER ROUTER DUAL
45 1 715357 SCHILD PL GE “AQS RACK ON” 2nd
Z4K-4466 (Marking Z4K-4466 on left side)
46 1 Z15358 SCHILD PL GE “AQS EXT RACK ON” 2nd
Z4K-4467 (Marking Z4K-4467 on right side)
47 1 HZ13413 CABLE RD 68P1000 DRU INTRA RACK P
-¢ 18 25958 SCREW RRCH KR M2,5 x 12,3 2nd

a MEC Part: 2nd = Part contained in AQS/2 MEC-PARTS 2ND-CHASSIS (Z102138)
b Cable supplied with cable kit
¢ used for pos. 32, 36, 38, 40 and 43
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A typical 5 to 8 Channel AQS/2 HR & Solids (2 Chassis, 3-CH Router)

Jumper Setting 3.5.2

Rack 1:

The rack address must be set to ‘0x39’ (JU1A and JU1D to JU1F on the AQS/2
user bus rear side must be closed).

See "Rackadress Settings” on page 74

Rack 2:

The rack address must be set to ‘0x36’ (JU1B, JU1C, JU1E and JU1F on the
AQS/2 user bus rear side must be closed).

Guide Rail changes 3.5.3
Rack 1:
To change the guide rails correctly please follow the exact order as described be-
low.

1. Move guide rail from pos. 83 to pos. 71
2. Move guide rail from pos. 67 to pos. 77
3. Move guide rail from pos. 74 to pos. 83

Rack 2:

No changes
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AQS/2 Configurations

Reference Board/2 1000 3.5.4

REF1 J6
REF2 J7
REF 3+4 J8
REF 5+6 J9

6dB Attenuator

46 (265)

The REFERENCE BOARD 400..1000 can only support 4 SGU with the necessary
reference frequencies. For more than 4 SGU in one chassis a REFERENCE
BOARD/2 1000 must be used.

The REFERENCE BOARD/2 has 2 standard and 2 boosted REF outputs.
¢ Standard Outputs: REF 1 (J6) and REF 2 (J7)
* Boosted Outputs: REF 3+4 (J8) and REF 5+6 (J9)

5 Channel Configuration:

The standard outputs REF1 and REF2 supply the first two SGU. SGU3 and SGU4
are connected to output REF3+4 with the AQS BB SPLITTER 2-WAY. SGUS is
connected to output REF5+6 with a 6dB attenuator.

6 Channel Configuration:

The standard outputs REF1 and REF2 supply the first two SGU. SGU3 and SGU4
are connected to output REF3+4 with the first AQS BB SPLITTER 2-WAY. SGU5
and SGUG6 are connected to output REF5+6 with the second AQS BB SPLITTER
2-WAY.

Figure 3.5. REF/2 1000 & BB Splitter Connection
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A typical 5 to 8 Channel AQS/2 HR & Solids (2 Chassis, 3-CH Router)

Board location 3.5.5

Figure 3.6. AQS/2 for 5 to 8 Channel AVANCE (2 Chassis, 3-CH Router)
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Guide Rail changes:

1. Move guide rail from pos. 83 to pos. 71
2. Move guide rail from pos. 67 to pos. 77
3. Move guide rail from pos. 74 to pos. 83
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AQS/2 Configurations

Adjusting the AQS Reference Board phase 20/80 MHz 3.5.6

The phases of the signals 20 MHz and 80 MHz, out of the two AQS Reference
Board (2104236 or Z003265) at rack 1 and rack 2, has to be the same. The time
between the negative slope of the 80 MHz and the positive slope of the 20 MHz
signal is a critical value.

Figure 3.7. Connection between the two racks: overview

r— - - — - — /"
|  10MHz AQS REF Board at Rack 1 (Master) |
I 80MHz |
—p J6 »
: >y : 3
| =
| | 8
e e J | L
length: app. 3m length 8.95m
to be matched (20 MHz)

(10 MHz)

20 MHz Phase:

The length of the 20 MHz interconnection (HZ10146) does influence the phase of
the 20 MHz signal at AQS Reference Board / J4 (rack 2). Using a length of 8.95 m
will turn the phase to 0° (360°) and a measurement by scope will show the differ-
ence (+/- 1ns max.)
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A typical 5 to 8 Channel AQS/2 HR & Solids (2 Chassis, 3-CH Router)

Figure 3.8. Phase difference of the 20 MHz
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80 MHz phase:

To observe the 80 MHz signals at J6...9, a bandpass filter has to be inserted. The
Mini-Circuits Model SLP-90 and SHP-25 filter, together with the coaxial cable
HZ04057, will select the 80 MHz out of the multiple frequency signal and change
the phase app. 0° (360°). That can be easy tested by using 80 MHz out of the
SGU and observe the phase difference with and without the filter combination,
when the monitor is external triggered by 20 MHz.

The length of the 10 MHz REMOTE interconnection does influence the phase of
the 80 MHz signal on J6...9 of the rack 2. Use H10045 Cable Set 2"d REF for ad-
justing the optimum length. The cable set and the 80 MHz Filter is a part of the 5
to 6 Channel AVANCE Wiring.

I‘

Time between negative slope of 80 MHz and positive slope of 20 MHz has to
be 3.125 ns * 1 ns. The adjustment must be done after every change of a
AQS Reference Board.

Figure 3.9. Phase 20/80 MHz

| Time=3.125 1.0ns

Y

':'CFH . :2.0.0.va. . . u 1.0.0.'155 “CHi _.|l' R
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AQS/2 Configurations
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Measurement settings:

Reference Board

REF-22

|

CH1
50 Q

CH2
50 Q

Oscilloscope

Trigger to CH1

20 MHz

two coaxial cable

/ with similar length

\80 MHz_

SLP 90% SHP 255

)

50 Ohm
terminated

BRUKER BIOSPIN

55
‘QHZMOW coaxial cable

the phase will be shiftet by 360°
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A typical 1 Channel AQS/2 PharmaScan with 1 RX

A typical 1 Channel AQS/2 PharmaScan with 1 RX 3.6

Bill of Material 3.6.7

Table 3.7. Bill of material

Pos. | Units | Part Number Description mMp2
1 1 7101618 AQS/2 CHASSIS WIRED > ECL 01 °
2 1 H9520 AQS POWER SUPPLY DIGITAL 450W
3 1 H9500 AQS ACB EXTENDED BOARD
4 1 212170 BSMS FRONTPLATE BLIND 12TE MRX
5 1 7102023 AQS PSM5 POWER SUPPLY MODULE
6 1 2003402 AQS PSM1 POWER SUPPLY MODULE
7 1 H14107 AQS PSD/2 BOARD
8 1 H9503V1 AQS CCU11 COM CONTR UNIT
9 1 H5813F2 AQS TCU3/4MB TIMING CONTR BOARD
10 1 H9773 AQS FCU4/2 CONTROLLER BOARD
11 1 H5817F1 AQS GCU3/4MB GRAD CONTR UNIT
12 2 22778 BSMS FRONTPLATE BLIND 4TE MRX
13 1 7102520 AQS DRU -E > ECL 02
14 1 2102116 AQS RECEIVER BOARD RXAD 400
2102117 AQS RECEIVER BOARD RXAD 600
15 1 Z003265 AQS REFERENCE BOARD 400
Z003936 AQS REFERENCE BOARD 600
16 1 7003642 AQS SGU 400
Z003831 AQS SGU 600
17 6 712489 AQR FRONTPLATE BLIND 6TE MRX
-¢ 20 25958 SCREW RRCH KR M2,5 x 12,3 MRX

a MEC Part: MRX = Part contained in AQS/2 MEC-PARTS MRX (Z105180)

b Chassis > ECLO1 necessary for pulse switch setting via software (the required BIS informa-
tion is only in these chassis available)

¢ used for pos. 4, 12 and 17
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AQS/2 Configurations

Jumper Setting 3.6.8

The rack address must be set to ‘0x01’ (JU1A on the AQS/2 user bus rear side
must be closed).

See "Rackadress Settings"” on page 74

I‘

Pulse Switch Setting:

Both pulse switches must be closed via AQS controller.
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A typical 1 Channel AQS/2 PharmaScan with 1 RX

Board location 3.6.9

Figure 3.10. AQS/2 for 1 Channel (TX & RX) PharmaScan AVANCE
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AQS/2 Configurations

A typical 2 Channel AQS/2 BioSpec (2TX/1RX) 3.7
Bill of Material 3.7.1
Table 3.8. Bill of material
Pos. | Units | Part Number Description MpP2
1 1 Z101618 AQS/2 CHASSIS WIRED > ECL 01 °
2 1 H9520 AQS POWER SUPPLY DIGITAL 450W
3 1 H9500 AQS ACB EXTENDED BOARD
4 1 7104783 AQS PSM HPLNA
5 1 7102023 AQS PSM5 POWER SUPPLY MODULE
6 1 27003402 AQS PSM1 POWER SUPPLY MODULE
7 1 H14107 AQS PSD/2 BOARD
8 1 H9503V1 AQS CCU11 COM CONTR UNIT
9 1 H5813F2 AQS TCU3/4MB TIMING CONTR BOARD
10 1 H9773 AQS FCU4/2 CONTROLLER BOARD
11 1 H5817F1 AQS GCU3/4MB GRAD CONTR UNIT
12 2 22778 BSMS FRONTPLATE BLIND 4TE MRX
13 1 7102520 AQS DRU -E > ECL 02
14 1 Z102116 AQS RECEIVER BOARD RXAD 400
Z102117 AQS RECEIVER BOARD RXAD 600
15 1 Z003265 AQS REFERENCE BOARD 400
Z003936 AQS REFERENCE BOARD 600
16 2 2003642 AQS SGU 400
Z003831 AQS SGU 600
17 5 712489 AQR FRONTPLATE BLIND 6TE MRX
-¢ 14 25958 SCREW RRCH KR M2,5 x 12,3 MRX

a MEC Part: MRX = Part contained in AQS/2 MEC-PARTS MRX (Z105180)
b Chassis > ECLO1 necessary for pulse switch setting via software (the required BIS informa-

tion is only in these chassis available)
¢ used for pos. 12 and 17
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A typical 2 Channel AQS/2 BioSpec (2TX/1RX)

Jumper Setting 3.7.2

The rack address must be set to ‘Ox01’ (JU1A on the AQS/2 user bus rear side
must be closed).

See "Rackadress Settings” on page 74

I‘

Pulse Switch Setting:

Both pulse switches must be closed via AQS controller.
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AQS/2 Configurations

Board location

3.7.3

Figure 3.11. AQS/2 for 2 Channel (2TX/1RX) BioSpec AVANCE
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A typical 4 to 8 RX Channel AQS/2 BioSpec (2-4TX/4-8RX)

A typical 4 to 8 RX Channel AQS/2 BioSpec (2-4TX/4-8RX) 3.8
Bill of Material 3.8.1
Table 3.9. Bill of material: Rack 1
Pos. | Units NE riger Units for 3-4T)[() :jgrsls?;;ov?ritten in italics. MP?
1 1 2101618 AQS/2 CHASSIS WIRED > ECL 01 °
2 1 H9520 AQS POWER SUPPLY DIGITAL 450W
3 1 H9500 AQS ACB EXTENDED BOARD
4 1 2104783 AQS PSM HPLNA
5 1 2102023 AQS PSM5 POWER SUPPLY MODULE
6 1 Z003402 AQS PSM1 POWER SUPPLY MODULE
7 1 H14107 AQS PSD/2 BOARD
8 1 H9503V1 AQS CCU11 COM CONTR UNIT
9 1 H5813F2 AQS TCU3/4MB TIMING CONTR BOARD
10 1 H9773 AQS FCU4/2 CONTROLLER BOARD
H9727 AQS FCU4/4 CONTROLLER BOARD
11 1 H5817 AQS GCU3 GRAD CONTR UNIT
12 2 22778 BSMS FRONTPLATE BLIND 4TE MRI
13 2 2102520 AQS DRU -E > ECL 02
14 2 2102116 AQS RECEIVER BOARD RXAD 400
2102117 AQS RECEIVER BOARD RXAD 600
15 2 7003642 AQS SGU 400
Z003831 AQS SGU 600
16 1 Z003265 AQS REFERENCE BOARD 400
Z003936 AQS REFERENCE BOARD 600
17 2 212489 AQR FRONTPLATE BLIND 6TE MRI
see Pos.15 | AQS SGU
18 1 2104431 AQS PULSE SPLITTER
-¢ 6 25958 SCREW RRCH KR M2,5 x 12,3 MRI

a MEC Part: MRI = Part contained in AQS/2 MEC-PARTS MRI (2105116)
b Chassis > ECL0O1 necessary for pulse switch setting via software (the required BIS informa-

tion is only in these chassis available)
¢ used for pos. 12, and 17
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AQS/2 Configurations

Table 3.10. Bill of material: Rack 2

; Description a
Pos. | Units | Part Number Units for 8 RX extension written in italics. MP
30 1 2103493 AQS/2-M CHASSIS WIRED
31 1 H9489 AQS POWER SUPPLY DIGITAL 350W
32 1 2104432 AQS RF-SPLITTER
33 1 212170 BSMS FRONTPLATE BLIND 12TE MRI
34 1 2102023 AQS PSM5 POWER SUPPLY MODULE
35 1 Z003402 AQS PSM1 POWER SUPPLY MODULE
36 1 22778 BSMS FRONTPLATE BLIND 4TE MRI
37 2(6) | 2102520 AQS DRU -E > ECL 02
38 2(6) | 2102116 AQS RECEIVER BOARD RXAD 400
2102117 AQS RECEIVER BOARD RXAD 600
39 5(1) | 214119 AQS FRONTPLATE 1MM 12TE MRI
40 5(1) | 214120 AQS COVERPLATE 8TE MRI
41 1 215357 SCHILD PL GE “AQS RACK ON” MRI
Z4K-4466
(Marking Z4K-4466 on left side)
42 1 215358 SCHILD PL GE “AQS EXT RACK ON” MRI
Z4K-4467
(Marking Z4K-4467 on right side)
-b 6 25958 SCREW RRCH KR M2,5 x 12,3 MRI

a MEC Part: MRI = Part contained in AQS/2 MEC-PARTS MRI (Z105116)
b used for pos. 33, 36 and 39

58 (265) BRUKER BIOSPIN AQS Techn. Manual Version 003



A typical 4 to 8 RX Channel AQS/2 BioSpec (2-4TX/4-8RX)

Jumper Setting 3.8.2

Rack 1:

The rack address must be set to ‘Ox01’ (JU1A on the AQS/2 user bus rear side
must be closed).

See "Rackadress Settings” on page 74

.’ Pulse Switch Setting:
All pulse switches must be opened via AQS controller.
Rack 2:
The rack code must be set to ‘0x102’ (rotary switches SW3..1 on the AQS/2-M
user bus rear side).
The power-up delay must be set to ‘1’ (rotary switch on chassis rear side).
See "Rackcode Settings” on page 108

.’ Pulse Switch Setting:
All pulse switches must be closed via AQS controller.

Guide Rail changes 3.8.3

Rack 1:
To change the guide rails correctly please follow the exact order as described be-
low.

1. Move guide rail from pos. 83 to pos. 71
2. Move guide rail from pos. 67 to pos. 77
3. Move guide rail from pos. 74 to pos. 83

Rack 2:

No changes
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AQS/2 Configurations

3.8.4

Board location

Figure 3.12. AQS/2 for 4 to 8 RX Channel AQS BioSpec (2-4TX/4-8RX) AVANCE
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1. Move guide rail from pos. 83 to pos. 71
2. Move guide rail from pos. 67 to pos. 77
3. Move guide rail from pos. 74 to pos. 83

Guide Rail changes:
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A typical 1 and 2 Channel AQS FTMS

A typical 1 and 2 Channel AQS FTMS 3.9
Bill of Material 3.9.1
Table 3.11.  Bill of material
Pos. | Units | Part Number Units for 2nd char?ni?gzzﬂs?& written in italics. MP?
1 1 7101618 AQS/2 CHASSIS WIRED
2 1 H9489 AQS POWER SUPPLY DIGITAL 350W
3 2 212170 BSMS FRONTPLATE BLIND 12TE
4 1 Z003403 AQS PSM2 POWER SUPPLY MODULE
5 1 Z003402 AQS PSM1 POWER SUPPLY MODULE
6 1 A3144 AQS FTMS PSD
7 1 H9503 AQS CCU11 COM CONTR UNIT
8 1 H5813 AQS TCU3 TIMING CONTR BOARD
9 1 H9773 AQS FCU4/2 CONTROLLER BOARD
10 3 72778 BSMS FRONTPLATE BLIND 4TE FTMS
11 1 2102520 AQS DRU -E
12 1 Z102501 AQS RECEIVER BOARD RXAD FTMS
13 1 Z003265 AQS REFERENCE BOARD 400
14 1 2003643 AQS SGU FTMS
15 3 712489 AQR FRONTPLATE BLIND 6TE FTMS
1 2003643 AQS SGU FTMS
16 1 Z13955 AQS FRONTPLATE 1MM 18TE FTMS
17 1 713954 AQS COVERPLATE 18TE FTMS
-b 22 25958 SCREW RRCH KR M2,5 x 12,3 FTMS
a MEC Part: FTMS = Part contained in AQS/2 MEC-PARTS FTMS (Z2103602)
b used for pos. 3, 10, 15 and 16
Jumper Setting 3.9.2

The rack address must be set to ‘0x39’ (JU1A and JU1D to JU1F on the AQS/2
user bus rear side must be closed).

See "Rackadress Settings” on page 74
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AQS/2 Configurations

Board location 3.9.3

Figure 3.13. AQS for 1 and 2 Channel FTMS AVANCE
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AQS/2 Mainframe

Introduction

4.1

Technical Data

The AQS/2 mainframe is the new version of the AQS mainframe. It consists of a 6
slot VME bus part (previous AQS: 8 slot) and a 10 slot user bus part (previous
AQS: 8 slot).

The VME part can be equipped with VME boards (e.g. CCU, FCU. TCU, GCU).
The user bus part is designed to be equipped with AQS RF units (e.g. SGU, Ref-
erence Board, RX, RXAD, DRU, AQS Preamp, BLA2BB). Also AQR units such as
the 3-Channel Router do fit into the AQS/2 mainframe, however in this case spe-
cial adapters (see "Adapters" on page 94) are necessary.

On the rear side, linear power supply modules (PSM1, PSM2, PSM3, PSM5) and
switched power supply modules for the VME part and for the internal RF power
amplifiers are placed. Also different distribution and amplifier control boards
(PSD, ACB Standard, ACB Extended) depending on the rack configuration

("AQS Configurations” on page 25) fit into the chassis.

The transformer, which feeds the linear power supply modules, is part of the main-
frame and is located on the rear side.

The mainframe is cooled with 8 fans, which are located in a fan tray on top of the
mainframe. The fan tray is serviceable without removing the mainframe from the

spectrometer cabinet. (see "Fan Tray Service Instructions"” on page 71)

Monitoring of proper fan operation and over temperature protection is another
new feature of the AQS/2 mainframe.

4.2

AC Input Voltage (mains selector range) 195-215/210-230 / 220-245 Vrms

AC Frequency range 47..63 Hz
AC Input Current max. 8 Arms
AC Fuse 5x20mm (2pcs. 5x20mm, time-lag T, type H) 8A / 250V

Dimensions (hight x width x depth) 310 x 483 x 570mm
Weight (without units) approx. 20 kg

Environmental conditions:

The AQS/2 mainframe is designed as a subunit in the electronics cabinet of the
spectrometer. For the environmental conditions outside the cabinet please refer to
the site planning guide of the spectrometer system.
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AQS/2 Mainframe

Front View 4.3

Figure 4.1. AQS/2 Chassis front view

Part Num. ECL
AQS/2 Type Label Mains Circuit Breaker and Ser. Num. Label

' FEEEESENEREEESRRNENERENGENEINNSENRIINENENENER |

VME Bus Part User Bus Part
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Rear View

Rear View 4.4

The rear view shows the housing of the power supply boards. On the right hand
side is the transformer housing with the appropriate AC cables located.

Figure 4.2. AQS/2 Chassis rear view

Line Outputs for Line Connector
AQS Power Supplies (Input) and Fuses

Mains
."/’ Selector

WARNING

S ——— e b ‘

eSS EEEEEREAFEEEEEEEA ~mssmmr

\ AC Cables for PSMs

i': Line Outputs:
Only connect AQS POWER SUPPLY units to these connectors.

* AQS POWER SUPPLY DIGITAL 350W (H9489)

* AQS POWER SUPPLY DIGITAL 450W (H9520)

* POWER SUPPLY COMPACT 28V 20A (W1345050)
* AQS PSM5 POWER SUPPLY MODULE (Z2102023)
* AQS PSM HPLNA (Z104783)
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AQS/2 Mainframe

Installation in electronics cabinet 4.5

The AQS/2 mainframe must be installed at it's designated position in the electron-
ics cabinet to ensure proper air ventilation for the cooling fans. The position may
vary in different cabinet types and sizes.

I‘

At least one height unit (1HU) above and below the mainframe must be re-
served for the cooling air supply.

Special air baffle plates may be used to support efficient ventilation. Typically the
air intake is from the front and the exhaust towards the back of the cabinet.

Figure 4.3. Cooling air supply to the mainframe

>1HU 3 Air Exhaust ‘
(1HU) § |@ AQS/2-M @|
A |® ®|
1HU = 44.5mm
Airflow
(6HU)
Y |® ®|
>1HU § Air Intake L Cabinet
The mainframe must be fixed by at least 4 screws into the cabinet. The power ca-
ble is included in the cabinet wiring.

Preparation for Use 4.6
Prior to the first power-up of the AQS/2 mainframe, it must be ensured that the
mains selection switch is in the correct position. (see selector on the back side of
the AQS/2)

The size of the linear power supply modules is designed for minimal power dissi-
pation; therefore the transformer input voltage should be matched to the mains
voltage at the installation site.
Generally, the mains selection switch should be set to the corresponding voltage
range, even if the mains power is weak (max. fluctuations t 6%).
* Factory setting for 230V mains supply = 220-245V
Selector Setting for combined Voltages 4.6.1

In countries with 110-120V mains supply such as USA and Canada combined line
voltages may be used. In this case set the selector switch to 195-215V.
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AC Power Line Fuses

AC Power Line Fuses

4.7

The AQS/2 is protected by two fuses as specified on the power supply name-
plate. The fuses are located in a removable fuse holder next to the AC power con-
nector. Always use time-lag T fuse types with high breaking capacity H.

Mains Circuit Breaker

4.8

The mains circuit breaker on the front can only be turned on when a life AC power
line is connected to the mainframe. In the event of an AC power loss in the spec-
trometer cabinet, the mains circuit breaker resets automatically into the off posi-

tion.

Fan Control and Over Temperature Protection (ECL > 01 only) 4.9

The operation of all fans is individually controlled by the AQS controller and the
control circuit on the AQS/2 user bus. If a fan fails to operate, a corresponding er-
ror message will occur after reading the fan status by UniTool or by the DRU.

Figure 4.4. DRU Service Web: AQS Chassis Diagnostic

Diagnostic

| Fan | Status

N rrr—

[ rrr—

[ —

[ rrr—

[CRR [ —

©® [fw @
[ [ —

[OR T —

‘ Update ‘M

Chassis Top Wiew

If the temperature inside the mainframe exceeds the absolute maximum limit of
save operation, the mains circuit switch is turned off automatically to prevent per-
manent damage to the AQS units.
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AQS/2 Mainframe

4.10

ring

i

AC W

AQS/2 AC Wiring

Figure 4.5.
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AC Wiring

AQS/2 Transformer

Figure 4.6.
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AQS/2 Mainframe

Fans

4.11

Part Num. ECL ———&%

and Ser. Num. Label

70 (265)

The fans are located in the fan tray on top of the mainframe. They are supplied
and controlled via the AQS/2 user bus.

The fan tray is serviceable without removing the mainframe from the spectrometer
cabinet. (see "Fan Tray Service Instructions" on page 71)

Figure 4.7. AQS/2 Fan Tray (Bottom view)

~ (Front side)
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Fan Tray Service Instructions

Fan Tray Service Instructions 4.12

H nly qualifie ruker personnel are allowed to service the main-
/ Onl lified Bruk / Il dt ice the AQS/2 i
frame.

Fan Tray removal 4.12.1

To remove the Fan Tray from the AQS/2 mainframe please follow the steps exact-
ly as described below:

1. Turn of chassis with mains circuit breaker
2. Remove AC power line (rear side)

3. Remove 4 screws on the rear side

Figure 4.8. Fan Tray screws rear side

G\QA.A./%

Phllllps screw M3x8mm (4 Pcs.)
with serrated lock washer

4. Remove 6 screws on the front side

Figure 4.9. Fan Tray screws front side

[:;-v\ 3 ll A2

Countersink screw M3x6mm (6 Pcs.)
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AQS/2 Mainframe

5. Carefully pull the front panel away from the mainframe and place it towards the
left side (dangling from the cable)

Figure 4.10. Front panel removal

]
]
Ul

l' WARNING l’

230V SHOCK HAZARD
DISCONNECT POWER BEFORE FAN TRAY REMOVAL

Front Panel with mains circuit breaker and cable

6. Remove the fan tray by pulling it gently towards the front

Figure 4.11. Fan Tray removal

Pull direction

Fan Tray reassembly 4.12.2

To replace the fan tray in the AQS/2 mainframe follow the steps as described
above in reverse order.

Make sure that:

* the fan tray sits flat on the guide rails on either side of the mainframe before fi-
nal insertion

* no wires are squeezed in between the front panel and the fan tray

¢ all screws are secured and fastened properly (rear side screws with serrated
lock washers)

¢ all fans turn freely after power up
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Backplane (User Bus)

Backplane (User Bus) 4.13

The User Bus is designed to route all specific signals and power supplies to the
specific boards. It represents the ground point of the AQS/2 and is connected to
the chassis frame. For detailed information about user bus signals see "AQS/2
signal and information paths” on page 15, "Synchronous signals"” on page
20 and"20MHz Clock Distribution” on page 29.

Figure 4.12. AQS/2 VME and User Bus (front view)

Pulse switch for receiver
pulse separation

High current connectors
for power amplifiers

VME Bus Slots User Bus Slots

Pulse switch for receiver pulse separation 4.13.1

The User Bus is equipped with two pulse switches. One is located between slots 4
and 5, the other between slot 10 and the ACB-S/PSD slot. Both switches are ei-
ther controlled by jumper JU1 E and F or via AQS controller (12C).

Figure 4.13. DRU Service Web: AQS Chassis Setup
Setup

Switchl | Switch2

Pulse Switch Setting * SRR
click picture to enlarge

Change | Change

I‘

To enable control via AQS controller both jumpers must be left open.
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AQS/2 Mainframe

Pulse switch

Clock distribution circuit

Rackadress Settings

Jumper JU1 for rack adress

4.13.2

* JU1 A..D = AQS controller setting or chassis type (HEX number)

* JU1 E = pulse switch between slots 4 and 5

* JU1 F = pulse switch between slot 10 and PSD

Table 4.1. Rack Adress Setting Jumper JU1
0x N N Rack Adress
F|EJD|C|B|A ) .
Jumper JU1 alolelel ol Configuration
0x 3.. - Single RX
0x 0.. - | - Multi-RX or pulse switch controlled by AQS controller
0x .1 AQS controller = DRU1 in Slot 1
0x..9 AQS controller = SGU1 in Slot 4
0x ..8 AQS controller = SGU1 in Slot 5
0x ..7 AQS controller = SGU1 in Slot 6
0x ..6 2nd Chassis
I = Jumper closed [ -] = Jumper open
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Backplane (User Bus)

4.13.3

User Bus Schematics

Figure 4.15. User Bus Block Diagram
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AQS/2 Mainframe

Figure 4.16. Fan Control & Pulse Switch
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Backplane (User Bus)

Figure 4.17. Clock Distribution
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Figure 4.18. User Bus Slot 1
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Backplane (User Bus)

Figure 4.19. User Bus Slot 2
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AQS/2 Mainframe

Figure 4.20. User Bus Slot 3
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Backplane (User Bus)

Figure 4.21. User Bus Slot 4
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AQS/2 Mainframe

Figure 4.22. User Bus Slot 5
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Backplane (User Bus)

Figure 4.23. User Bus Slot 6
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AQS/2 Mainframe

Figure 4.24. User Bus Slot 7
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Backplane (User Bus)

Figure 4.25. User Bus Slot 8
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Figure 4.26. User Bus Slot 9
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Backplane (User Bus)

Figure 4.27. User Bus Slot 10
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AQS/2 Mainframe

Figure 4.28. ACB Standard/ PSD Slot
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Backplane (User Bus)

Figure 4.29. Power Supply Slot 1
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AQS/2 Mainframe

Figure 4.30. Power Supply Slot 2
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Backplane (User Bus)

Figure 4.31. Power Supply Slot 3
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AQS/2 Mainframe

Figure 4.32. ACB Extended Slot
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Backplane (User Bus)

Figure 4.33. AQS Connector (to VME Backplane)
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AQS/2 Mainframe

Adapters 4.14

The adapters are necessary to install 3-Channel Router in the AQS/2.

2003575 2003349
AQS ADAPTER ROUTER / RX22-BB AQS ADAPTER ROUTER DUAL
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AQS/2-M Mainframe

Introduction

5.1

Technical Data

The AQS/2-M mainframe is a variant version of the AQS/2 mainframe. One chas-
sis may contain up to 7 receiver channels. It has 14 ags-slot on the user bus and
no VME-bus.

The user bus is designed to be equipped with AQS RF receiver units (DRU and
RXAD). For special configurations other units like SGU, Reference Board, 1-4
Router or AQS Preamp may be used. Units like 3-Channel Router, SADC, HADC/
2, RX-22 Receiver or power amplifiers such as BLA2BB or 2H-TX cannot be used
in this chassis.

On the rear side, linear power supply modules (PSM1 &PSM5) and the switched
power supply (PS Digital) are placed. One slot (AUX2) is reserved for the AQS
RF-SPLITTER board.

The transformer, which feeds the linear power supply modules, is part of the main-
frame and is located on the rear side.

The mainframe is cooled with 8 fans, which are located in a fan tray on top of the
mainframe. The fan tray is serviceable without removing the mainframe from the
spectrometer cabinet. (see "Fan Tray Service Instructions” on page 105)

The fan tray is the same as in the AQS/2 chassis.

5.2

AC Input voltage (mains selector range) 195-215/210-230 / 220-245 Vrms

AC Frequency range 47..63 Hz
AC Input current max. 8 Arms
AC Input inrush current limited to approx. 20 Apk
AC Fuse (2pcs. 5x20mm, time-lag T, type H) 8A/250V

Dimensions (hight x width x depth) 310 x 483 x 570 mm
Weight (without units) approx. 20 kg

Environmental conditions:

The AQS/2-M mainframe is designed as a subunit in the electronics cabinet of the
spectrometer. For the environmental conditions outside the cabinet please refer to
the site planning guide of the spectrometer system.
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AQS/2-M Mainframe

Front View 5.3

Figure 5.1. AQS/2-M Chassis front view

Safety Stop Part Num. ECL
AQS/2-M Type Label Mains Circuit Breaker Indicator and Ser. Num. Label

......

NN

—_— —— —
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Rear View

Rear View 5.4

The rear view shows the housing of the power supply boards. On the right hand
side is the transformer housing with the appropriate AC cables.

Figure 5.2. AQS/2-M Chassis rear view

Line Outputs for Line Connector Power-Up Delay
AQS Power Supplies (Input) and Fuses Selector

Mains
Selector
Switch

AC Cables for PSMs / S—

Line Outputs:
Only connect AQS POWER SUPPLY units to these connectors.

* AQS POWER SUPPLY DIGITAL 350W (H9489)
* AQS PSM5 POWER SUPPLY MODULE (Z2102023)
* AQS PSM HPLNA (Z104783)
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AQS/2-M Mainframe

Installation in electronics cabinet 5.5

The AQS/2-M mainframe must be installed at it's designated position in the elec-
tronics cabinet to ensure proper air ventilation for the cooling fans. The position
may vary in different cabinet types and sizes.

I‘

At least one height unit (1HU) above and below the mainframe must be re-
served for the cooling air supply.

Special air baffle plates may be used to support efficient ventilation. Typically the
air intake is from the front and the exhaust towards the back of the cabinet.

Figure 5.3. Cooling air supply to the mainframe

>1HU 3 Air Exhaust ‘
(1HU) § |@ AQS/2-M @|
A |® ®|
1HU = 44.5mm
Airflow
(6HU)
Y |® ®|
>1HU § Air Intake L Cabinet
The mainframe must be fixed by at least 4 screws into the cabinet. The power ca-
ble is included in the cabinet wiring.

Preparation for Use 5.6
Prior to the first power-up of the AQS/2-M mainframe, it must be ensured that the
mains selection switch is in the correct position. (see selector on the back side of
the AQS/2-M)

The size of the linear power supply modules are designed for minimal power dissi-
pation; therefore the transformer input voltage should be matched to the mains
voltage at the installation site.
Generally, the mains selection switch should be set to the corresponding voltage
range, even if the mains power is weak (max. fluctuations t 6%).
* Factory setting for 230V mains supply = 220-245V
Selector Setting for combined Voltages 5.6.1

In countries with 110-120V mains supply such as USA and Canada combined line
voltages may be used. In this case set the selector switch to 195-215V.
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AC Power Line Fuses

AC Power Line Fuses

5.7

Power-Up Delay

The AQS/2-M is protected by two fuses as specified on the power supply name-
plate. The fuses are located in a removable fuse holder next to the AC power con-
nector. Always use time-lag T fuse types with high breaking capacity H.

5.8

Inrush Current Limiter

The power-up delay can be selected with a rotary switch next to the power con-
nector at the back of the mainframe. Please set the switch according to your con-
figuration as described in the configurations section within this manual. The
minimal power-up delay is 0.5s due to the inrush current limiter circuit.

Table 5.1. Power-Up Delay
Setting Delay Setting Delay Setting Delay
0 05s 4 8s 7 14 s
1 2s 5 10s 8 16 s
2 4s 6 12s 9 18s
3 6s

5.9

AC Power Loss

The mainframe is equipped with an inrush current limiter which limits the peak
current to approx. 20A. The limiter is always active, even after a ,hot start* when
the chassis is switched OFF and ON within a short timespan.

5.10

AQS Techn. Manual Index 003

In the event of an AC power loss in the spectrometer cabinet, the chassis turns it-
self of and restarts automatically when the power is restored. To prevent a short
time power loss an external UPS (uninterruptible power supply) must be used.
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AQS/2-M Mainframe

Fan Control

5.11

100 (265)

The operation of all fans is individually controlled by the AQS controller and the
control circuit on the AQS/2-M user bus. The fan status can be checked via the
AQS chassis page in the DRU service web.

Figure 5.4. DRU Service Web: AQS Chassis Diagnostic

Diagnostic

| Fan | Status Chassis Top Wiew
[ —

[CR rr—

[CR Crr—

I rrr—

[CI Crr—

I Crr——

I r——

‘Update ‘ Update |
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Safety Stop

Safety Stop

5.12

I‘

If the temperature inside the mainframe exceeds the absolute maximum limit of
save operation, the mains supply to the chassis is switched off automatically (and
without warning) to prevent permanent damage to the AQS units. This ,Safety
Stop“ condition is indicated with a red lamp on the front panel as long as the
mains supply is present at the power connector.

Make sure to establish and remove the cause of the Safety Stop condition
before you use the spectrometer again.

The Safety Stop can be caused by a fan or power supply failure within the main-
frame. Other causes can be inefficient cooling air supply to the mainframe or ex-
ceeding ambient air temperatures within or around the spectrometer cabinet.

Please contact Bruker service personnel if you cannot establish the cause of the
failure.

The chassis can be returned to its normal working state by switching the mains
circuit breaker manually OFF and ON. An AC power loss also resets the chassis
to its working state (see "AC Power Loss").

Figure 5.5. Safety Stop State Diagram

Start ' MCB = Mains Circuit Breaker

1

(. ) 4
- Power OFF | Overheat . Power OFF Hot w

MCB OFF

-

Chassis OFF | Cool Down | Indicator Lamp OFF,
1 \_  Chassis OFF

MCB OFF A

MCB ON

MCB ON

(Safety Stop Cold w
Indicator Lamp ON,
Chassis OFF
Power-Up Delay 1

and Overheat Cool Down
Inrush Current

L f )
Limiter Safety Stop Hot
‘ Overheat | Indicator Lamp ON, |«

S Chass‘is OFF )

MCB OFF

MCB ON

Overheat

e N
—> Power ON
MCB OFF

S Chassis ON )
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AQS/2-M Mainframe

5.13

ring

i

AC W

AQS/2-M AC Wiring

Figure 5.6.
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AC Wiring

AQS/2 Transformer

Figure 5.7.
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AQS/2-M Mainframe

Fans

5.14

I‘

Part Num. ECL ———&%

and Ser. Num. Label

104 (265)

The fans are located in the fan tray on top of the mainframe. They are supplied
and controlled via the AQS/2-M user bus.

The fan tray is serviceable without removing the mainframe from the spectrometer
cabinet. (see "Fan Tray Service Instructions” on page 105)

Only use AQS/2 FAN TRAY (Z101617) with ECL0O2 or higher as a replace-
ment.

Figure 5.8. AQS/2 Fan Tray (Bottom view)

~ (Front side)
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Fan Tray Service Instructions

Fan Tray Service Instructions 5.15

.’ Only qualified Bruker personnel are allowed to service the AQS/2-M main-
frame.

The fan tray removal and reassembly is the same as in the AQS/2 chassis.
Please do not be confused if the pictures of the AQS/2 chassis are used in the fol-
lowing instructions.

Fan Tray removal 5.15.1

To remove the fan tray from the AQS/2-M mainframe please follow the steps ex-
actly as described below:

1. Turn of chassis with mains circuit breaker
2. Remove AC power line (rear side)

3. Remove 4 screws on the rear side

Figure 5.9. Fan Tray screws rear side

Phllllps screw M3x8mm (4 Pcs.)
with serrated lock washer

4. Remove 6 screws on the front side

Figure 5.10. Fan Tray screws front side

o B AQS/2 T

Countersink screw M3x6mm (6 Pcs.)
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AQS/2-M Mainframe

5. Carefully pull the front panel away from the mainframe and place it towards the
left side (dangling from the cable)

Figure 5.11. Front panel removal

]
]
Ul

l' WARNING l’

230V SHOCK HAZARD
DISCONNECT POWER BEFORE FAN TRAY REMOVAL

Front Panel with mains circuit breaker and cable

6. Remove the fan tray by pulling it gently towards the front

Figure 5.12. Fan Tray removal

Pull direction

Fan Tray reassembly 5.15.2

To replace the fan tray in the AQS/2-M mainframe follow the steps as described
above in reverse order.

Make sure that:

* the fan tray sits flat on the guide rails on either side of the mainframe before fi-
nal insertion

* no wires are squeezed in between the front panel and the fan tray

¢ all screws are secured and fastened properly (rear side screws with serrated
lock washers)

¢ all fans turn freely after power up
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Backplane (User Bus)

Backplane (User Bus) 5.16

The user bus is designed to route all specific signals and power supplies to the
specific boards. It represents the ground point of the AQS/2-M and is connected
to the chassis frame. For detailed information about user bus signals see "AQS
signal path"” on page 13, "Synchronous signals” on page 17 and "20MHz
Clock Distribution" on page 23

Figure 5.13. AQS/2-M User Bus (front view)

Pulse switch for receiver
pulse separation

Pulse switch for receiver pulse separation 5.16.1

The user bus is equipped with three pulse switches. One is located between slots
4 and 5, another between slots 8 and 9 and the last between slot 14 and the PSD
slot. All switches are either controlled via the AQS controller or with a rotary
switch (SW2) on the rear side of the user bus. The switch status can be checked
and set via the AQS chassis page in the DRU service web.

Figure 5.14. DRU Service Web: AQS Chassis Setup

Setup

Switchl | Switch2 | Switch3

Pulse Switch Setting * T ===
click picture to enlarge

Change | Change | Change |

For a detailed description of the SW2 switch functions see "Rackcode Switch
Function"” on page 108.
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AQS/2-M Mainframe

Figure 5.15. AQS/2-M User Bus (rear view)

Pulse switch

Rackcode Settings 5.16.2

The rackcode must be set according to the chassis configuration as described in
the configurations section of this manual.

Table 5.2. Rackcode Switch Function

Switch &P Function Setting
SW3 pLIE Chassis Number Chassis Number - 1
6)&6‘8\?—‘0’
SW2 [£-1 | Clk Source BACK = RF-Splitter 01|23 |4|5]|6|7
‘%@5 Clk Source FRONT =REF-Board | 8 | 9 | A|B|C|D|E|F
Pulse Switch 1 = Slot4 //5° O| X|O|X|O|X|O|X
Pulse Switch 2 = Slot 8 // 9 O|O| X|X|O]O|lX]|X
Pulse Switch 3 = Slot 14 // PSD O|O|O|O| X| X|X]|X
SW1 [&¥ AQS Controller 2=DRU in Slot 1

o

8C0,
9,

68l

a Only chassis with ECLO1 or higher have rotary switch. ECLOO uses jumpers.

b Example setting: Rackcode 0x102 = Chassis no. is 2, clock source is RF-Splitter, all
pulse switches are remote controlled and the DRU in Slot 1 is AQS controller.

¢ O = open or remote controlled, X = permanently closed
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5.16.3

Backplane (User Bus)

Figure 5.16. User Bus Block Diagram
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AQS/2-M Mainframe

Figure 5.17. Pulse Switch, Fan Control & Rackcode
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Backplane (User Bus)

Figure 5.18. Clock Distribution
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AQS/2-M Mainframe

Figure 5.19. User Bus Slot 1
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Backplane (User Bus)

Figure 5.20. User Bus Slot 2
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AQS/2-M Mainframe

Figure 5.21. User Bus Slot 3
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Backplane (User Bus)

Figure 5.22. User Bus Slot 4
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AQS/2-M Mainframe

Figure 5.23. User Bus Slot 5
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Backplane (User Bus)

Figure 5.24. User Bus Slot 6
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AQS/2-M Mainframe

Figure 5.25. User Bus Slot 7

[y I 1 I I I o1 o I 7 I 1 I T I i3 o 3 g A 3 < i 3 4 I
= B LR LLOISTSOY | = |38
del B A6~
DSIA / 3400 paroJddy ON MO WDm KmWD g3y 0y elz g3 % @0 EGTETINS VAT
€V |3S] / S0L0L0 VL15Ed7Z AL ag SRS RN i
owsog | osin / a1og paupon N Jud W=C/S0V EE asas—L (@) ¢ = §1¥ = (OAR10TR
£.° £- _ssmovoa SNE~ATddNS "HMd
| 30353 7 w000t [00To / eTvEoiz oW [ vz / 0t |E53 7 2 SsH00e-sis v
1dag DSIA / 3400 UNDIQ D3/ 4N ssy wowor [ us onus " VOASTE VIASET
<
L TINITSOAT
] ] ] aw a e e
4 @70V INGISIH 13 o D730V 3AB3S 3 m e (©700v 3A83STE [aas Tz
014 013 010 012 018 0TY 01Z
q 64 63 OFSIAT 60 6] 7SIAT 68 6v 6Z
84 83 80 8 L] HERGTITY v 8z
L4 L3 Lo 7SO L3 L8 ©BA0 730V Ly Lz
94 93 90 9 94 v 711 9Z
s4 53 ©7SIAT 50 53 N3 750AT 58 sv 5z
Ll 94 EE] 70 7 78 Mo v vz
N
€4 €3 €0 "o ) €8 VIS0V 3 v £z
u 3 o oanes®E [l 2] ©730v INEISIE 8 70V 3NEISHE a4 24
4 jl 13 jl 10 jl 18] jl 19 TI v 1z
0AG+ 0 AG+ 0 AG+ 07AG+ 07AS*
)
G e e e e
o sloslo slo sip slo mHm Lo o
S=S S=F2 S=: S5 EESS SR xR
& S = = e lﬁ lﬁrg
L 24 S 23 omve == oz IN 523 s 543 « szv 52z
724 2 1723 Lo - 70 2 722 < 729 fih v 274
€24 , > 23 | —mm 70 .z [7a) > £z8 v 74
b b
224 < - 223 T = Se———m ) gmw———= s v wz
N 5 5 [ &
124 <—mm 13 VA S 170 i S4—mm 179 v 12z
8 h
. 0z4 7 073 e 72— P07 gm0y 02z
611 o™= 613 > .10 5 =z o s 018 VxS 132 1374
14 813 Vos7oa 810 Vv 813 t——mm gg o 81y 81z
e Gy 13 L0 Vsea L [EERSETaT L8 A0IS AT L Lz
914 913 Ve D 913 R e Rt S—mm o7y 91z
L O Vomm————™= 13 t—m= c1g o= o) Sa——mm cig g 374
D.%A = W 0AG+
ETr
W | rmgrm——= 113 I e A e I e Ty iz
9 014 ©3AE3SIE 013 Vavairses| 00 Vxeicsss & -=—on - o8 XI1-585 oV 012
S
64 Vaxwam lE =0 S 6 [OEIRT] 68 ORI 6v 67
=] e =m
84 TEONT A 83 EICERENE] 80 ol WE] 8l ¢——== gg o WE] 8v 8Z
o
L Ve ™= L3 t—== g E L3 DN L8 I Ly 1z
94 Voraress 93 \envemea 50 D 9 t—mm 95 g™ 9y 9z
= 54 Toraw 53 ¢——== o] CSAIVIS 956S 8] TR 54 M_|I v 5z
e G (BN o 70V EENCAEIN 7 78 DT ZHA0. w 7z
e mre— y— . — —
= RGN = E0 Y Irsnvisa = @M £d v Ez
£ TDON TGS a T OO TS a TO0IN TS a - DN Al [24
— - —— S — = [
W Vroonr s = W VST D | (s v 18 H w 24
4
97SNg1041ND)
<
SN HLSIE 0
12 &5 i i Ei T T T fai T [ T g T 5 T T T T I T

AQS Techn. Manual Index 003

BRUKER BIOSPIN

118 (265)



Backplane (User Bus)

Figure 5.26. User Bus Slot 8

[y I 1 I I I o1 o I 7 I 1 T I i3 o 3 g A 3 < i C I 4 I
o=|13) / svavz | 0918577 8101570V | = |38
del B AGT-
DSIA / 3100 paAoJddy ON Oma mjm mej & M V\A D & m m m,w K_H (OND) O w S1J w nmv>uKHkD4m KNG
£V |0S) / S0L0L0 VL15Ed7Z EL Y ag SRR
jowsoy | vsin / ayog papon ON Uld W=¢/S0DV 328 58S = 51V = (@A10TS
.8 €= ssmova SNE~ATddNS "HMd
J Vo3 /o500t [ooTo / 6TvE0TZ UoW | vz / 1 |3%& § < sglinv-ess VoS
&% VTABTH WTASE®
1dag DSIA / 3400 UNDIQ D3/ 4N ssy wowor [ us onus
D
7SINIT SOAT
N9 aNg aNg OND ONg aNg aNg
=14 "o oanessE na no (mmaev e s m 18 ©730v IS nv nz
t—m= (74 013 3 35} otg oty 01z
e 63 |“@rsoa 60 63 7SOAT 68 6v 6z
9 —m== gy 83 80 8) 08 Nomoe 8y 8z
Szdu?wxzﬁ - L3 La @7SanT L3 L8 (OUAG- 7907 Lv Lz
(R EEE N R W———— 03 o0 0 og o o1r 07
-5 53 ["@mson 50 5 NSO 58 5V 5z
G E AEl 70 k2l 74 Ssomvon . v 7z
i »——mm Mo
= = E0 ©7SIAT0 = £d V05 730V 321 v Ez
- 43 |"ovovIres®E = a ©7I0v 3NS5 4] 720V 3NGIS T Al [24
-y jl 13 jl 10 jl 15} jl 14 +|I 144 174
0°AG+ 0°AG+ 0AG+ 0AG+ 0 As*
)
[T} ] aw a [T
T i ; ; T
o S=—g s== s=% S=% S=%2 wlﬁw %lﬁm o
524 - 523 | e —mm 570 " 50 o 528 ! s7v sz
N 24 2 923 | Voova - 70 2 %) < 128 e LA 74
€24 , > 23 | Veowe - 70 o £2) > £z8 £zv 344
5 b
724 =d— 223 ¢ T muw =4 723 VT T 228 447 72z
[ v % b L
124 <= 173 VA6~ ,AAF_‘\I 1za =<t ———=m 1) Z<4—mm 179 1744 1z
5 h
0z4 7 3 T 5a—mm oz 7 Za—m > om0 gm0y 02z
0 614 g ™ 613 > = g1 5 > 613 5 618 IS 61V 612
914 2 013 | Ve i e 81 t—mm g1y | ey 817
01 NS L3 t—m= 10 | Vo A% A Ly [174
914 913 @IS 910 VvosTm 913 . t—m= 579 9Tv 174
S “evaAmsE ™ <13 t—sm o 2—mm oy 24— —m 519 547 574
1 =]
Ell ¥ 0 As+
510
14 EREEINEET] -1 =110 EESS m Xg V30T e XITV30T l2as 1z
| 014 [GEIEET 013 pgvnxirsas 01a XEII58  ~ 01 018 XIIL-585 das 01z
S
63 Vo™= 63 t—m= o 2e—m g SO 68 SR 6V 54
=] e =m
8 | 83 | mnvreasa 80 DR 8 ¢—mm gg ST v 8z
= B
L4 Iy L3 ¢——== (] B L3 o WE] L8 & WE] LY LZ
_ - S
94 Vorswsm 93 e 90V ommmE 9 t—mm 99 b 9 97
L i Vgormy ™ o3 —=m o FvEsEs ) A o 59 S——mm oy 74
74 TON 73 ERED 70 TEINIATEIN 73 = 78 ez -y 7z
S - _ _
&4 Vamoar ignvs €3 €0 VIrsnvisa £ (2] €8 ev £z
4 YOO TS (SN C R TS [ G RGIETERATS a -8 DN v iz
. L — = = 2
W VeoonrTaws 2] 10 Vs n INCSAIVIS VEIN 18 & w 1z
E
87SNE™104LNOD
<]
SNEHLSIO ®I071
0z 61 BT LT 91 ST 7T ET fal il 0T [3 8 L 9 S 7 | E I z T

119 (265)

BRUKER BIOSPIN

AQS Techn. Manual Index 003



AQS/2-M Mainframe

Figure 5.27. User Bus Slot 9
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Backplane (User Bus)

Figure 5.28. User Bus Slot 10
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AQS/2-M Mainframe

Figure 5.29. User Bus Slot 11
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Backplane (User Bus)

Figure 5.30. User Bus Slot 12
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Figure 5.31. User Bus Slot 13
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Backplane (User Bus)

Figure 5.32. User Bus Slot 14
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AQS/2-M Mainframe

Figure 5.33. PSD Slot
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Backplane (User Bus)

Figure 5.34. Power Supply Slot 1
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AQS/2-M Mainframe

Figure 5.35. Power Supply Slot 2
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Backplane (User Bus)

Figure 5.36. Auxilliary Slot 1
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Figure 5.37. Auxilliary Slot 2 (RF-Splitter)
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Backplane (User Bus)

Figure 5.38. PS-Digital Slot
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AQS Power Supply

Introduction 6.1

The AQS chassis can be equipped with different power supplies, according to the
power requirements of the configuration.

Table 6.1. AQS Power Supply Part Numbers

Part Number Description Type
H9489 AQS POWER SUPPLY DIGITAL 350W switched PS
H9520 AQS POWER SUPPLY DIGITAL 450W switched PS
Z003402 AQS PSM1 POWER SUPPLY MODULE | linear PS
Z003403 AQS PSM2 POWER SUPPLY MODULE | linear PS

7003404 ¢ AQS PSM3 POWER SUPPLY MODULE | linear PS

2102023 AQS PSM5 POWER SUPPLY MODULE | linear and
switched PS

W1345050 POWER SUPPLY COMPACT 28V 20A switched PS

2104783 AQS PSM HPLNA switched PS
a This unit is obsolete. The replacement power supply is the AQS PSM5.

Table 6.2. Power Supply Comparison Table

Shortname Supply Output Power Load
+5V 5V +12V 12V VME BUS, Fan
PS DIGITAL 350w 36A 10A 8A 2A 350W | USER BUS
PS DIGITAL 450W 50A 14A 9A 3A 460W
+2V 2.5V +19V 19V 19V +35V USER BUS
PSM1 0.5A 0.2A 6.4A 25A 5A 0.2A | 220W | HPPR
+19V 19V +12V  +9V -9V USER BUS
PSM2 1.5A 1.5A 58A 56A 27A 200W | HPPR
PSM3 1.5A 15A 73A 73A 39A 360W
PSM5 1.5A 1.5A 17A 7.3A 3.9A 470W
+28V internal BLA
PS BLA 28V 20A 560W | (pulsed power)
+500V  +20V -5V HPLNA
PSM HPLNA 0.2A 0.1A 3A 117W | (floating supply)
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AQS Power Supply

AQS Switched Power Supply Units 6.2

* AQS POWER SUPPLY DIGITAL 350W (H9489)
* AQS POWER SUPPLY DIGITAL 450W (H9520)
* POWER SUPPLY COMPACT 28V 20A (W1345050)

These units consist of a compact switched power supply module with multiple out-
puts. The ac-input cable connects directly to the line output socket at the rear side
of the chassis. The dc-outputs connect to the backplane.

The supply status is indicated with LED's on the front panel.

The units have no serviceable parts or fuses.

Figure 6.1. View Switched Power Supply

AQS POWER SUPPLY DIGITAL 350W POWER SUPPLY COMPACT 28V 20A
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AQS Switched Power Supply Units

AQS PSM HPLNA 6.2.1

The PSM HPLNA consists of a compact AC/DC power supply module with multi-
ple outputs. The input cable connects directly to the line output socket at the rear
side of the chassis. The dc-outputs connect to two D-SUB connectors with high-
voltage pins on the front panel.

The supply status is indicated with LED's on the front panel.

The unit has no serviceable parts or fuses.

Figure 6.2. View PSM HPLNA

Attention HIGH VOLTAGE:
The D-SUB connectors A and B carry high voltage (+500Vdc).
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AQS Power Supply

Linear Power Supply Modules 6.3

The linear power supply modules consist of rectifiers and linear regulators mount-
ed on an open print. The ac-inputs connects directly to the transformer in the
chassis via a front panel connector. The dc-outputs connect to the backplane.

The supply status is indicated with LED's on the front panel.

The PSM5 has an additional switched power supply module mounted on the print.
It's ac-input cable connects directly to the line output socket at the rear side of the
chassis.

PSM1 6.3.1
Figure 6.3. Overview PSM1
T i —
¥
i
|
§
]
i
|
Table 6.3. Fuses PSM1
SUPPLY FUSE CAT_NM VALUE
+19V F3 2259 8AT
-19v F4 2256 3.15AT
HPPR +9V F5 4907 5AT
+35V F6 2248 0.5AT @
a prior fuse was 0.315AT
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Linear Power Supply Modules

Figure 6.4. Assembly Drawing PSM1
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AQS Power Supply

PSM2 6.3.2

Figure 6.5. Overview PSM2

?ﬁ'

Table 6.4. Fuses PSM2

SUPPLY FUSE CAT_NM VALUE
HPPR +19V F1 2254 2AT
HPPR -19V F2 2254 2AT

+12V F3 2259 8AT
+9V F4 2258 6.3AT
-9V F6 2257 4AT
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Linear Power Supply Modules

Figure 6.6. Assembly Drawing PSM2
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AQS Power Supply

PSM3 6.3.3

The AQS PSM3 is compatible to the PSM2, although it is double as wide because
of the increased output power.

.’ This unit is obsolete.
The replacement power supply is the AQS PSM5.
See "PSM5" on page 142
Figure 6.7. Overview PSM3
- e— e s <
- i

Table 6.5. Fuses PSM3

SUPPLY FUSE CAT_NM VALUE
HPPR +19V F1 2254 2AT
HPPR -19V F2 2254 2AT

+12V F3 2260 10AT 2@
+9V F4 2259 8AT
-9V F6 4907 5AT

a prior fuse was 8AT
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Linear Power Supply Modules

Figure 6.8. Assembly Drawing PSM3
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AQS Power Supply

PSM5

142 (265)

The AQS PSM5 is fully compatible to the PSM2 and PSM3. The main difference is
the increased output power.

If a PSM5 is used as a relacement of a PSM3, an additional frontplate (Z12170)

may be necessary to cover the empty space left behind by the wider unit.

Figure 6.9. Overview PSM5

i . i

PSMS5

+*

(M
it
l||

Table 6.6. Fuses PSM5
SUPPLY FUSE CAT_NM VALUE
HPPR +19V F1 2254 2AT
HPPR -19V F2 2254 2AT
+9V F3 2259 8AT
-9V F4 4907 5AT

The +12V supply from the switched power supply module has no serviceable

fuse.

BRUKER BIOSPIN
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Linear Power Supply Modules

Figure 6.10. Assembly Drawing PSM5
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AQS Power Supply

6.3.5

Schematics PSM1-3

Figure 6.11. Power Supply Module 1-3 Block Diagram
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Linear Power Supply Modules

Figure 6.12. AC Connector

ac I 538 8T T Elf I ST I 28 I €1 I a1 I 1T ar 6 8 L 9 ]
7DD
°oN gmMa e
JoLees poaoenue 9| (>0 |5t
EE
0G/ledpz Prod € - 1 1MPopW fddng demog | wagouigads | 35g
_ 3| «epa/SE7 225 [ ssy g EEE
Zs5¢
wI| < 8 Hn | esapzz [peno-ddy] -] -] = mww
b= S
€9 s000 | ouus|avgus| oy | seerm | weeun] | ] B
L0809 < SnE v
6N 5ed ERENgol) ® YINCOY J z2€ 2r
N sed 97GNI"09 WINIJE Q) 08€ 2f
* TINCOW 782 2r
6d HddH IHNIY R
6d HddH 9TENITOY
—e—{ " J meer
&d 6N EREN Y ® [enrow d ez zr
&d 6N 97ENI"OY ® VENTV I 702 2r
—e—{ g asier
21d 6ld 3Ny
® TNCwd 791 Zr
21d 6ld 97NV
TENCY ) Ovlar
6IN"YddH — EniNiget? —e—{ J zater
ONI™HddH — WIINE29 ¢ YPNITOY {00t e
61d HddH — YTINITOY ® {venrwd zger
> TINCOv ) 092r
EWSd / ZWSd Wsd
> IGNCY J 7y 2r
oz 5] 81 L1 91 51 1 €1 21 1 or 6 8 L El S

145 (265)

BRUKER BIOSPIN

AQS Techn. Manual Version 003



Figure 6.13. Converter AC-DC1
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Linear Power Supply Modules

Figure 6.14. Converter AC-DC2

04 [ 5] [ Il [ 1 Ell [ o1 [ i [ €1 2t 1T at 3 g ] o Z
T35
©ON 9Ma N
acl/Se’/ ¢ 00-2% % i1
o8
Wo/ledrz o € = 1 INPOW ATddng wemod | wgdouiags |58
03| «e@B5€7 39 [11un ssy Sov 334
358
S=ed 30 ¥ ) Hn | eezerez [perouddg] -] e[ 3o [ esamee [<|E2d
z g
€9 5000 | ouys|augus| on | ceerer | wweag] | & van | ssepze 8| EF
EED
SNETd
SINCTN
EWSd U1 Paoe(d 6Z-224 TENT Y
ZWSd 11 peeeld Bz-z2y
77€30
5 NOO~35N4
co 8
2y L £ = o
ISk o+ e o Y ENT 0¥
o 3 =
2g
5=
aE0 NIE30
+0
Y0BYHS
ﬁ o Lo
s I3
Bk
g8l 281 o’y 124 (T3 LN
*2'8 e el sy
28 028 e a1y ERZINE]
6¢ o8¢ sy Y
Ae'E e el iy
%'l 1 e B S JAATY
b NOT11S0d &umM@«MJ &mmwﬁ% %mezm mM m& 5 Hw a9 N9O™38N4
e gRE g =
SE4NOILISOd| 198 198 198 €4 N S g8 —
ne1 net ne'g 112 T a e se4 v eNroe
N N = S —
©®d/21d) | (Bd/21d) | (BIN/BId) 3 N < Sne
EWSd | ZWSd | TWSd |Auerep 39 - (R
55 t—] [l
B Se) a4t
35 4OE8D111
3=
5N
7230
2
S
iy
\_QUE N[220
4IE8R1L
c0
YOOYINS
0z 5] 8l L1 91 SL 1 €1 2t 10 or 6 8 El S Z

147 (265)

BRUKER BIOSPIN

AQS Techn. Manual Version 003



AQS Power Supply

Figure 6.15. Converter AC-DC3
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Linear Power Supply Modules

Figure 6.16. Converter AC-DC4
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Figure 6.17. DC Connector
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Linear Power Supply Modules

Schematics PSM5 6.3.6

Figure 6.18. Power Supply Module 5 Block Diagram
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AQS Power Supply

Figure 6.19. Connectors
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Linear Power Supply Modules

Figure 6.20. Regulators HPPR P19V, HPPR N19V, N9V
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AQS Power Supply

Figure 6.21. Regulator P9V, Switcher Module P12V
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AQS Reference
Board for RXAD

Introduction

7.4

The AQS Reference Board is a new development in the AV series. As spectrome-
ters become more sophisticated the importance of coherence and in particular
phase coherence between the various channels as well as between the transmis-
sion and receiving paths is more and more important. The philosophy of the AV is
to ensure that all RF signals as well as all clocks originate from one source. This
source is a temperature controlled crystal oscillator (OCXO) at the heart of the
AQS Reference Board. Apart from clock signal each AQS Reference Board will
provide the necessary RF signals for up to 4 SGUs. This is to enable the SGU
generate frequencies using a so called up converter. The Reference Board REF/2
unit allows (in addition with two BB-splitter) to supply 6 SGUs. If more channels
are required then a second AQS Reference Board will need to be installed. The
location of the AQS Reference Board will depend on the configuration. Technically
it can be placed in the slots 3 to 5. Standard configurations have placed it in slot 3
immediately to the right of the RXAD.

Functions/ Description 7.5

The Reference Board is responsible for the synchronization through the genera-
tion of various frequencies. Specifically the generated signals are:

1. Detection reference frequency (LO2 = 720 MHz) for the receiver. There are
four versions of the AQS Reference Board that supports the AQS RX-BB or
RXAD series (AQS REFERENCE 400, AQS REFERENCE 600, AQS REFER-
ENCE 1000 and AQS REFERENCE/2 1000).

2. 20 MHz synchronization clock for all SGUs, FCU, TCU, user backplane
3. auxiliary signals (frequency mixture) for up to four SGUs (six for REF/2)
4. 10 MHz signal for the BSMS LTX

At the heart of the AQS Reference Board is a 10 MHz oven controlled oscillator
(OCXO) see Figure 7.22.. The 10 MHz signal for the BSMS LTX is ported directly
through connector J2. This signal is mixed and multiplied and afterwards ported to
the four REF outputs (J6-J9).

The detection reference frequency (LO2 = 720 MHz) for the AQS RX family of re-
ceivers is derived from the 10 MHz OCXO and ported to the J5.
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Figure 7.22. Block diagram of AQS Reference Board
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The overall synchronization is achieved using the 20 MHz signal generated at the
first frequency doubler which is transmitted to the backplane by an ECL signal
(20MHZ SOURCE1 and 2). This is then transformed into a differential clock signal
(20MHZ_CLK_X / 20MHZ_CLK_X) used to clock all slots of the user bus, which
will of course include the SGUs. The same 20 MHz clock is returned and is ported
out via J4 and used to clock the GCU, FCUs and the TCU chain. Essentially all
clocking frequencies in both the analog and digital sections of the AQS are syn-
chronized with the 20 MHz clock of the AQS Reference Board.
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Figure 7.23. Overall synchronization of spectrometer for single AQS rack
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*in case of 3 channels, a single FCU4/4 is used for all channels

Synchronization between two AQS racks

To ensure that two AQS racks can be synchronous two (identical) 20 MHz signals
(source1, source2) are used to generate the clock. The cable is extended to en-
sure that the total length is 895cm (earlier versions 155cm), see Figure 7.25. on

page 159.

In the case of a single AQS rack, the 20 MHz signal (Source2) is not required and
is terminated on the PSD or ACB-S, and the 20 MHz signal (Source1) is used for
the AQS user bus slots.
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Figure 7.24. Single rack synchronization
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In the case of two AQS racks the two AQS Reference Boards must first be syn-
chronized with each other. This will enable up to 8 SGUs to be synchronized. The
10 MHz out J3 of the AQS Reference Board in rack 1 (REF_A) is connected to the
Remote J1 of the AQS Reference Board in rack 2 (REF_B). This signal will auto-
matically replace the oscillator in REF_B. Both units have then essentially the
same oscillator. With two AQS Reference Boards there are potential 4 sources for
the 20 MHz clock. How they are used is explained in the table below.

Table 7.7. Synchronization with two AQS Reference Boards.

Signal use

REF_A source1 | used to clock AQS1

REF_A source2 | used to clock AQS2

REF_B source1 | not used. Terminated at PSD board

REF_B source2 | not used. Terminated at PSD board

Essentially in a two rack system AQS Reference Board in rack 1 (REF_A) is used
to clock both racks. The second Reference Board (REF_B) is only required to pro-
vide the RF frequency mixtures for SGU 5/6/7/8.
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Figure 7.25. Double rack synchronization
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Cable lengths 7.5.2

To maintain this synchronization particularly with respect to phase all signals
should pass through identical electronic circuitry as well as cables of equal length.
The circuitry along the user backplane is designed to ensure equal electrical
lengths regardless of the physical slot occupied by an SGU.

If cables are to be replaced then the same length cable should be used. For ex-
ample the cables carrying the mixture of 6 frequencies to the SGUs are a stan-
dard length of 26cm. Similarly the cables carrying the 20 MHz clock signal need to
be the same length. To maintain this equal length it will be noticed that extra cable
length is connected at the first PSD unit. This is to equalize the cable for PSD1
and PSD2.

Bus interfaces 7.5.3

The AQS Reference Board is controlled by the I°C bus on the backplane. This
bus is used to

1. read the BIS data (Bruker information system, successor to BBIS)

2. allow the master SGU load settings which are stored in an FPGA (field pro-
grammable gate array) on-board into DACs to control the REF signal output.
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Unit Configuration / Version / Jumpers 7.6

The unit is automatically configured through the ‘cf’ routine. No jumper settings
are required. The distinction between AQS Reference Board in rack 1 (REF_A)
and AQS Reference Board in rack 2 (REF_B) depends entirely on the presence of
the J1 REMOTE input signal. This signal is connected only for REF_B.

Figure 7.26. Synchronization of REF2 by REF1.

REMOTE J1 /unconnected REMOTE J1
10 MHz J3
o
REF_A REF_B
OXCO active OXCO bypassed
Differences from previous versions. 7.6.4

This is a totally new development for the AV series and the AQS Reference Board
does not have a counterpart in the AVANCE series.
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Front Panel Wiring / Display 7.7

Figure 7.27. AQS Reference Board front panel

POWER LED
& REMOTE  J1
& 10MHz  J2
& 10MHz  J3
& 20MHz a4
% Lo2 s
REF1  J6

REF2  J7

REF3  J8 (REF 3+4)*

=
%

REF 4 J9 (REF 5+6)*

()* for REF/2 only

J1 REMOTE IN

Sinusoidal input for external 10 MHz clock and must have a power level in the
range 6...13 dBm @ 50 Q. The presence of this signal will automatically switch off
the internal 10 MHz clock generated by the crystal oscillator. This is normally not
connected except when a second AQS Reference Board is synchronized with the
first.

J2 10 MHz OUT

Output to BSMS L-TX J2, used to clock BSMS Lock Transmitter board. Sinusoidal
wave approx. 7 dBm (1.4 Vpp) @ 50 Q

J3 10 MHz OUT

Output for synchronization with second AQS Reference Board. Sinusoidal wave
approx. 7 dBm (1.4 Vpp) @ 50 O

J4 20 MHz OUT

Clock signal to TCU/FCUs, ECL (emitter coupled logic) square wave approx.
+1 Vpp @ 50 Q. This is the principal synchronization signal for the spectrometer.
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J5LO 2 0UT

Receiver detection reference to AQS RX J3, 720 MHz approx. 4 dBm (1.0 Vpp) @
50 Q

J6 - J9 REF 1-4 OUT
Frequency mixture to SGUs. 2.2 Vpp @ 50 Q, all variants except REF/2 at J8 and
J9

Frequency mixture to BB-SPLITTER. 4.4 Vpp @ 50 O, for variant REF/2 at J8 and
J9

POWER LED

See "Power Supply / Fuses” on page 163

Part Numbers and Cables 7.8

Four versions of AQS Reference Boards are available. They differ for the maxi-
mum NMR frequency up to 400, 600 or 1000 MHz and for the number of SGUs.

For 4 SGUs:
* AQS REFERENCE BOARD 400, P/N 2003265
* AQS REFERENCE BOARD 600, P/N Z003936

* AQS REFERENCE BOARD 1000, P/N 2003937

For 6 SGUs with BB SPLITTERs on J8 and J9:

* AQS REFERENCE BOARD/2 1000, P/N 2104236

Troubleshooting / Unit replacement / Tips ‘n’ Tricks 7.9

1. Terminate any unused outputs with 50Q.

2. If you suspect the OCXO is faulty switch to an external 10 MHz signal
(>4 dBmresp. 1 Vpp @ 50 Q) by applying it to REMOTE J1.

3. Ensure that any unused REF outputs (J6-J9) are properly terminated with a
50 Q connector.

Diagnostic Tests 7.10

Not applicable.
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Specifications 7.11

The principal specification is that of the stability of the crystal oscillator which is
specified to:

1X 10'9/day on REF 1000 and REF/2 1000
3 x 1078 total deviation for REF 600
2 x 10°%/day on Ref 400

Power Supply / Fuses 7.12

The Reference Board uses +5 V, +12 V, +9 V, +19 V from the backplane see

Backplane Connector Ref. unit” on page 164. The power LED on the front
panel indicates that all necessary voltages are present and at the correct level. If

the voltage level drops then the LED will go out. Thus once the power LED lights
then further investigation of the backplane to check the precise voltage is unnec-
essary.
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Backplane Connector

7.12.5

The table below shows the pin assignment for the middle rear 110 pin connector.

Note the presence of the source and clock signals.

Table 7.8. Backplane Connector Ref. unit
z a b c e f
1 GND GND 5MHZ_SYNC GND GND
2 GND 20MHZ_SOURCE1 GND GND
3 GND GND 20MHZ_SOURCE2 GND GND
4 GND 20MHZ_CLK_X GND GND
5 GND GND 20MHz_CLK_X GND RGP_LO GND
6 GND GND GND
7 GND GND GND
8 GND GND GND
9 GND GND GND
10 GND GND GND
11 GND GND GND
23x GND (21%)
15 GND SLOT2 SLOT1 SLOTO GND GND
16 GND GND 12C_SDA GND GND
17 GND 12C_SCL GND GND
18 GND GND GND GND
19 GND GND GND
20 GND GND GND GND
21 GND P5V POV P9V POV GND
22 GND P5V NOV NoV NOV GND
23 GND P5V P19V N19V RACK1 P12V GND
24 GND P5V P19V N19V RACK2 P12V GND
25 GND P5V P19V N19V RACK3 P12V GND
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AQS RXAD

Introduction

8.1

The AQS RXAD is a high dynamic range receiver for NMR with integrated analog-
to-digital converter (ADC). The AQS RXAD is available for different nuclei ranges
(RXAD400, RXAD600, RXAD1000) and also in a broadband version (RXAD-BB).
The AQS RXAD is fully integrated in the AQS concept and runs in conjunction
with the AQS SGU, AQS REF and AQS DRU. The AQS RXAD is located in the
analog section of the AQS rack. The board is physically as long as the other AQS
units (REF/SGU/DRU) and attaches to the user bus (backplane) directly.

As the name suggests the AQS RXAD receiver is concerned with the amplifica-
tion of the signal ‘received’ from the sample and therefore uses a intermediate fre-
quency that is generated by the input signal and the local oscillator synthesizer
signal. In contrast to former receiver types with analog audio frequency output
(RX-22, AQS RX-BB) the output signal from the AQS RXAD is in a raw digital for-
mat already. The integrated high performance ADC combines wide bandwidth
with optimal shielding, shorter signals paths (lower EMI sensitivity) and less wir-

ing.

The AQS RXAD has a sufficient gain range to be set in 1 dB steps. The correct
setting of the RF gain will ensure that the receiver output is matched to the ADC
range.

The entire receiver function is controlled by a microprocessor. This allows accu-
rate gain setting, phase/amplitude and dc offset adjustment in the quadrature-
module via a RS485-Interface which runs over the backplane. Calibration and
production data (BIS, Bruker Board Information System) are stored in a EEPROM
flash on the board.

A vital element of any RF receiver is the quality of the shielding to maximize the
suppression of noise. In the design of this unit special attention has been paid to
good clean signal transmission etc. The AQS RXAD is mounted in a 19“ RF cas-
sette type case, the quadrature module is temperature stabilized separately.

All communication with the AQS RXAD take place using the SBSB1 link along the
backplane. This enables the application of the UniTool which is a software diag-
nostic tool and is also used for accessing other devices like SGU or HPPR/2.

In contrast to the RX22, the AQS RXAD is also initialized and supervised by the
AQS controller (DRU or SGU) using the separate internal RS485 bus on the AQS
User Bus.

In multi receiver systems each channel is equipped with a separate AQS RXAD
and DRU and its SGU for LO (local oscillator) signal generation.
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Functions/Description 8.2

The AQS RXAD has four main functions, which are to amplify the signal from the
sample/HPPR, to down convert it, to match the input range of the ADC and digi-
tize the quadrature signal. The vital elements of this are the linear amplification of
all frequencies as well as to guarantee the precise phase relationship of all RF
signals.

The RF input is amplified in several stages to increase the dynamic range. The
current LO frequency for the first mixer stage is generated in the LO frequency
synthesizer.

At the final section the IF signal is split into two channels with phase difference of
90 degrees, a standard method well known as quadrature detection. In order to
ensure that the two channels provide identical amplification, slight adjustment to
the phase and gain of these channels may be necessary. This can be done via
UniTool. Channel A and B are connected directly to the integrated ADC.

The integrated ADC converts the quadrature signal at a very high sampling rate
and transmits the data to the AQS DRU over a high speed data link on the back-
plane.

DC offset is pre-adjusted for proper control of the ADC input range and can be
fine-adjusted using UniTool. The adjusted values can be saved in the on-board
non-volatile memory.

During acquisition full control of the RXAD sections (gain, frequency, sampling
etc.) is maintained by two complex FPGA (field programmable gate array) that
handles the real-time behavior. The FPGA real-time circuitry is controlled by ex-
ternal gating and pulse signals from the backplane (AQS/2 User Bus). Control in-
formation is passed on from TCU, FCU and the actual Observe-SGU in order to
the channel concept.

The on-board microcontroller is used for initialization and RS485 communication.

For multi receiver systems with several preamplifiers, the gating pulse for the
HPPR (RGP_HPPR~) from the backplane is buffered and is fed separately to the
front panel of the AQS RXAD (RGP_HPPR~_OUT J4).
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Figure 8.1. RXAD-Blockdiagram
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Power Supply and Monitoring 8.2.1

Reset

All voltages supplied from the backplane are filtered and stabilized on the RXAD.
Operation of the on-board power stabilization is monitored and indicated by the
green LED on the front labeled POWER. If one of the AQS power supply voltages
used by the AQS RXAD fails the monitoring circuit will turn the LED off.

8.2.2

The AQS RXAD controller is normally in sleep mode (reset state) to prevent dis-
turbance and spikes in the spectra. The 20 MHz microprocessor clocking frequen-
cy is also switched off. The controller will be restarted each time a communication
via the RS485 is opened (TOPSPIN or UniTool).

The controller will be active during acquisition only in the following cases:

* gs‘-mode operation (which is typically used to adjust parameters dynamically)
and

¢ at the beginning of wobble and receiver gain adjustment (rga)

This state is indicated by a blinking red LED labeled ERROR while the green
LED labeled READY remains on.
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Real Time Pulses

8.2.3

pointer turns back

after N lines
or if a reset
has occurred
(see text)
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The AQS RXAD is mainly controlled from the backplane by the following pulses
* RGP_LO~
* RGP_RX~

* INTERLEAVE_INCR~

RGP_LO~

The RGP_LO~ pulse indicates that the LO signal from the SGU is available and
so the LO synthesizer of the AQS RXAD can synchronize. If there is a RPG_LO~
pulse and no appropriate LO signal (defective cable, not connected, wrong setting
of SGU) an error message will appear.

RGP_RX~

The RGP_RX~ pulse opens the receiver after excitation and prevents saturation
of the input stage while transmitters are switched on. An RGP_RX~ pulse occur-
rence while the on-board microcontroller is running will also lead to an error mes-
sage (except in ,gs-mode operation) because microcontroller circuitry noise might
affect the spectral purity of the RF signals.

INTERLEAVE_INCR~

The receiver is prepared for pre-loading a table of different frequency/gain pairs.
An INTERLEAVE_INCR~ pulse selects the next line of the table.

This concept is used for wobble, interleaved acquisition experiments and fast re-
ceiver gain (‘rg’) switching.

Figure 8.2. Circular Table: Mode of operation

Index Frequency Gain
o - T T —
E

0
pointer to current
index in circular table 1 N ‘b

ines must be

pointer - v 2 defined via SBSB/RS-485
after INTERLEAVE_INCR~ 3
pulse

N is limited in the current
FPGA hardware to 85

For RXAD1000 ECL02.00 or newer and RXAD-BB ECL03.00 or newer:
The pointer in the circular table resets to index 0 if a long (= 4 us) INTER-

LEAVE_INCR~ pulse has occurred. A short pulse (< 1 us) selects the next line of
the table.
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Effective Gain of the AQS RXAD 8.2.4

Table 8.1. Possible gain steps of the AQS RXAD

Equivalent Equivalent Equivalent
Receiver RX-BB/RX-22 ReceiverGain |  RXBB/RX-22 Receiver RX-BB/RX-22
VRFJ\%OUT VRFJ\%OUT VRFJI-iNF%OUT
2050 78 90.5 51 4.50 25
1820 77 80.6 50 4.00 24
1620 76 71.8 49 3.56 23
1440 75 64.0 48 3.20 22
1150 73 57.0 47 2.80 21
1030 72 50.8 46 2.56 20
912 71 45.2 45 2.25 19
812 70 40.3 44 2.00 18
724 69 36.0 43 1.78 17
645 68 32.0 42 1.60 16
575 67 28.5 4 1.40 15
512 66 25.4 40 1.28 14
456 65 22.6 39 1.12 13
406 64 20.2 38 1.00 12
362 63 18.0 37 0.89 11
322 62 16.0 36 0.80 10
287 61 14.2 35 0.70 9
256 60 12.7 34 0.64 8
228 59 11.3 33 0.56 7
203 58 10.0 32 0.50 6
181 57 9.00 31 0.44 5
161 56 8.00 30 0.40 4
144 55 7.12 29 0.35 3
128 54 6.35 28 0.32 2
114 53 5.60 27 0.28 1
101 52 5.00 26 0.25 0
Unit Configuration / Version / Jumpers 8.3

There are four versions of RXAD available (see "Part Numbers” on page 173).

Key specifications and digital control behavior remain the same for all versions.
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There are no jumpers or manual switches to set.

Through the ‘cf’ routine the number and location of all installed RXADs is deter-
mined. In multi receiver systems each RXAD in the AQS chassis has a unique ad-
dress derived from its physical position.

Differences to previous receiver versions 8.3.1

The AQS RXAD is different from the RX22 in many ways:
- very low dead-time to switch on receiving (RXAD-BB)

- matching AQS reference unit necessary

- broadband suitability (RXAD-BB)

- service access with UniTool instead of RX22 Tool

For solids experiments, the AQS RXAD-BB replaced the SE-451 system:
- now more than 3 channels available

- phase modulation with SGU

- integrated in AQS concept

The difference to AQS RX in AV systems with RCU:
- Integrated ADC and level matching circuits

- additional connector for digital output data (on backplane)

Differences to previous ECLs

* RXAD1000 ECL02.00 and RXAD-BB ECL03.00:
- Phased array preamplifier power supply on RF_IN (J1) —» see "J1 RF_IN" on
page 173
- The pulse width of INTERLEAVE_INCR~ affects the changes in the frequen-
cy/gain-table. — see "INTERLEAVE_INCR~" on page 168
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Front Panel Wiring / Display 8.4

Figure 8.3. AQS RXAD front panel

ERROR LED (red)
READY LED (green)

POWER LED (green)

RF_IN J1
(and phased array preamplifier

power supply)

LO_IN J2

LO2_IN J3
(former REF_IN)

RGP_HPPR~_OUT J4
(former EP_HPPR)

AQS Techn. Manual Version 003 BRUKER BIOSPIN 171 (265)



AQS RXAD

LED Display

8.4.1

The table below summarizes the states of the three front panel LEDs.

Table 8.2. LED States
ERROR READY POWER 2 -
Description
(red) (green) (green)
- - off - Power supply switched off or operating incorrectly
off on on - Normal sleep mode
- Microcontroller asleep (no spectral spikes due to
microcontroller circuitry)
‘ - No communication is possible with the RXAD.
off on resp. on - Ready for operation (microcontroller awake)
short-time - Communication with the RXAD is possible.
flickering b
° @ @
off blinking on - Communication LED
(data stream) The unit has received a command from the RS485
o bus master. The READY LED switches off and as
. \Qf soon as the RXAD acknowledges the command the
- READY LED is switched on again.
blinking slowly onP on - Indicates warning and not error (‘gs’ mode).
(approx. 3 Hz) Caution: Sensitive NMR experiments are not possi-
ble in this mode due to disturbances of the control-
@ @ ler system.
blinking slowly off on - An error has occurred on the RXAD
(approx. 3 Hz)
@ ° @
blinking fast - on - Boot-mode
-y Board not initialized yet or no application firmware
\\\,,‘,‘ found (e.g. because of power failure during firm-
- ware update).

The power LED indicates that all necessary voltages are present and at the correct level. If any voltage level drops
then the LED will go out. Thus once the power LED lights, further investigations on the backplane to check the pre-
cise voltage are unnecessary.
b The flickering LED indicates the active microcontroller (from firmware ,rxs_ap.hex" and later; previous firmware does
turn on the LED permanently).
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Front Panel Connectors 8.4.2

Part Numbers

J1 RF_IN

Input (receive signal) from HPPR. This is a RF signal which will only be present
when the HPPR is in receive mode. The timing is controlled by the RGP_HPPR
signal which is closely linked to the AQS RXAD gating signal (RGP_RX~).

For RXAD400/600/1000 ECL02.00 or higher and RXAD-BB ECL03.00 or higher:

In addition to the receiving signal, this port supplies also a switchable
phased array preamplifier power source. If switched on, a 14 Vp¢ voltage A
will appear on this connector. If anything but a suitable phased array
preamplifier is connected to it, permanent damage may occur to the con-
nected device.

After system power up the phased array preamp power supply is always turned
off. It must be switched on prior to every use by a software command.

The phased array preamp power supply is protected against short circuit and will
recover automatically after removing the overload condition. The maximal DC-cur-
rent of the phased array preamplifier must not exceed 70 mA for proper supply
voltage.

J2LO_IN

RF CW signal with frequency of SFO1 + fpop from SGU. This signal (1V, at
50 Q) originates from the observing SGU (LO generating SGU) and is only
present when the RXAD is receiving.

The LO signal is routed in a chain through all SGUs and is fed from the most right
SGU (connector LO OUT J4) to the RXAD - see also wiring principle.

J3 LO2_IN (former REF_IN)

Detector reference frequency (local oscillator signal 2) from AQS Reference
Board (REF) LO2 J5.

J4 RGP_HPPR~_OUT (former EP_HPPR)

Buffered gating pulse (RGP_HPPR~) from backplane, used for preamplifiers in
multi receiver systems.

8.5

* 7102116 RXAD400 (5...432.5 MHz)

* 7102117 RXADG00 (5...647.5 MHz)

* 7102118 RXAD1000 (5...1072.5 MHz)

* 72102119 RXAD-BB (BB option, 5...1072.5 MHz)
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Troubleshooting / Unit replacement / Tips ‘n’ Tricks 8.6

General 8.6.1

1. Do not open the AQS RXAD in the field (calibration void).

2. Ensure the AQS Reference Board unit is not labeled with REF22-400, REF22-
600 or REF22-1000. The AQS REF must be a REF400, REF600 or REF1000

type.
3. To replace the unit simply switch off the AQS chassis, replace the board and

switch the chassis on. Having inserted a new AQS RXAD the spectrometer
should be reconfigured (‘cf’) and the entry in the file uxmnr.info checked.

4. RF signals are all AC coupled1 and the overall input resp. output impedance is
50 Q. (Please note: The SMA-connector nuts must not be tightened more than
to a torque of 45Ncm.)

Download new AQS Receiver (RX) Firmware 8.6.2

1. Check if the directory (/Bruker/<xwinnmr/topspin release>/conf/instr/servtool/
UniTool/files/birds) exists. Otherwise create it.

2. Copy the new firmware e.g. rxs_ap.hex into the directory Bruker/<xwinnmr/
topspin release>/conf/instr/servtool/UniTool/files/birds

3. Open a shell or the command prompt in the BRUKER Utilities folder when us-
ing Windows.

Start the UniTool: xwinnmr -e UniTool or topspin -e UniTool
-> ags, confirm

-> decimal address for RX-1 is 16, confirm

N o o &

When the UniTool Menu is loaded, enter <4> Auto Download -> download
is started. The download takes about 22 minutes

8. If you have more than one RX, do the same as above with address 17, 18,
and so on.

1 Except RF_IN (J1) - see "J1 RF_IN" on page 173
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Error Messages

8.6.1

Description of possible error messages:

Table 8.3. AQS RXAD error messages
Error No. Error Message Description Possible cause
Error No. 1 Serial RS485 time-out slave device did not answer in slave device probably not initial-
expected time ized, check connections
Error No. 4 Serial RS485 command, RS485 protocol violation spectrometer control software fail-
checksum error ure
Error No. 10 RAM Selftest Error RAM test failed hardware failure
Error No. 11 No application firmware no application firmware found hardware failure or firmware down-
found load failed
Error No. 13 Power failed indicate that a power up has ordinary power up or a power
occurred and the system is not breakdown during an experi-
initialized ment
Error No. 15 Parameter exceeds valid value out of range spectrometer control software fail-
range ure or faulty input using Unitool
Error No. 16 Unknown board hardware this hardware version has never firmware or hardware error on
version been delivered RXAD
Error No. 18 Unknown version index in internal validation of calibration data hardware error
configuration page failed
Error No. 20 Syntax error selected feature not supported by spectrometer control software fail-
actual firmware, board does not ure, wrong board selected, hard-
understand command ware feature not supported by
actual version
Error No. 22 RTX create error operating system error firmware or hardware error on
RXAD
Error No. 23 RTX memory allocation error
Error No. 24 RTX memory free error
Error No. 25 RTX communication pool
exhausted
Error No. 26 RTX send signal error
Error No. 27 RTX interrupt handling error
Error No. 28 RTX semaphore waiting list
full
Error No. 29 RTX pool create error

AQS Techn. Manual Version 003
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Table 8.3. AQS RXAD error messages
Error No. Error Message Description Possible cause
Error No. 36 Flash Byte Program Error failure during FLASH memory pro- hardware error
gramming
Error No. 37 Flash Erase Error
Error No. 40 Flash Erase Timer expired
Error No. 41 Error in Flash Command
Sequence
Error No. 42 Flash Page mismatch, stor-
ing terminated
Error No. 43 calibration data not valid
Error No. 50 RAM selftest error RAM test failed hardware failure
Error No. 51 no app firmware found RAM test failed hardware failure
(wrong FW checksum)
Error No. 52 no app firmware found RAM test failed hardware failure
(wrong FW name)
Error No. 53 no app firmware found RAM test failed hardware failure
(wrong FW id)
Error No. 58 Corrupt BIS on board BIS (Board Information System) test | hardware failure
failed
Error No. 59 BIS checksum error BIS (Board Information System) test | hardware failure
failed
Error No. 62 BIS Group does not exist BIS (Board Information System) should never occur

missing Group entry

Error No. 102

Missing valid configuration
page

configuration data (calibration data)
not available

hardware failure

Error No. 105

Flash table does not exist,
using default table

configuration data (calibration data)
not available

hardware failure

Error No. 128

input value out of range

entered input value out of range

spectrometer control software fail-
ure or faulty input using Unitool

Error No. 129

Error in LO generation
(coarse tuning)

Error No. 130

Error in LO generation (VCO
gradient fail)

LO synthesizer was not able to set
its frequency correctly

hardware failure

Error No. 131

Error in LO generation
(PLL lock lost)

LO synthesizer was not able to
set its frequency correctly

LO IN cable from SGU not con-
nected

REF IN cable from REF not con-
nected

spectrometer control software
failure

Error No. 133 Wrong RF-switch value
Error No. 134 Wrong IF-switch value

Error No. 135 Wrong AF-switch value

Error No. 136 Wrong PLL-gain-adjust value
Error No. 137 Wrong PLL-level value

faulty input using Unitool

faulty input using Unitool
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Table 8.3. AQS RXAD error messages
Error No. Error Message Description Possible cause
Error No. 138 Enable/Disable expected spectrometer control software fail-
ure or faulty input using Unitool
Error No. 139 No oscillator selected faulty input using Unitool faulty input using Unitool

Error No. 140

Power Diagnostic failed

on-board diagnostic detected
faulty power supply voltages

check power LED on AQS RXAD
and other AQS boards to deter-
mine if AQS RXAD hardware
failed or fuses on the power sup-
plies need to be exchanged

Error No. 141

RGP_RX-Error occurred

receiver has been gated while the
on-board microcontroller was
running — spectra may show
spikes

spectrometer control software
failure

can't be deleted - delete DC
offset correction table in RAM
then save config

Error No. 142 Frequency invalid spectrometer control software fail-
ure or faulty input using Unitool
Error No. 143 Gain invalid
Error No. 144 Gain distribution table not hardware failure
found
Error No. 145 Gain table not found
Error No. 146 PLL table not found
Error No. 147 VCO gradient too low
Error No. 148 VCO gradient too high
Error No. 149 12C bus fail
Error No. 150 wrong IF-gain-adjust value faulty input using Unitool
Error No. 151 wrong gain distribution table- faulty input using Unitool
index
Error No. 152 invalid row number in loop- spectrometer control software fail-
table ure or faulty input using Unitool
Error No. 153 invalid amount of rows in
loop table
Error No. 154 Wrong PLL-tune value faulty input using Unitool
Error No. 155 On/Off expected spectrometer control software fail-
ure or faulty input using Unitool
Error No. 156 Frequency too high for this
type of RX
Error No. 157 DC offset correction table full, too many entries in the dc offset
offset setting is stored tem- correction table
porally only
Error No. 158 DC offset correction table faulty input using Unitool
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Diagnostic Tests

8.7

The AQS RXAD has no special written diagnostic program. The AQS RXAD can
be accessed with the UniTool that is accessible from BRUKER Utilities:

With UniTool you can

1. read and write the AQS RXAD receiver gain

2. adjust the gain, phase and baseline for the quad module
3. adjust DC offset

4. measure the quad module temperature

5. read actual firmware version, ECL and hardware version
6. download new firmware

Be aware that UniTool is a hardware level tool and improper operation may void
the calibration data. UniTool should be used by service personnel only.

DC Offset and Quadrature Correction Table 8.8

I‘

The DC offset of the AQS RXAD variants running with TOPSPIN can be adjusted
by software and stored in the on-board FLASH non-volatile memory. The offset
values are handled for each frequency/gain pair and will automatically be adjusted
each time the receiver gain (rg) or the observe frequency (the nucleus) is
changed.

NOTE: The frequency value in the correction table is rounded to the next
2.5 MHz index-step (see Figure 8.4.). As a consequence of this rounding, a
drifting magnet can cause a nucleus frequency to fall into another 2.5 MHz
index-step where the RXAD is not adjusted. In this case a readjustment is
necessary.

(This difficulty can occur in unlocked magnet systems only. In locked mag-
net systems the nucleus frequency does not drift away.)

Figure 8.4. Rounding of the frequency in the Correction Table

[ e.g. 300.3 MHz

Correction table index: 300 305
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-
-

Borders of rounding: 301.25 Nucleus frequency

L; 4»1 [MHz]

Index +/- 1.25 MHz
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If quad image gain/phase adjustment is necessary (initial quad image in gsim
mode is factory preadjusted), do that before adjusting DC offset. See chapter
8.9 "Quadrature Phase/Gain Adjust / Useful Pulse Programs"”

To fill a DC offset correction table you have to do a ‘gs’-experiment with TOPSPIN.
Be sure TOPSPIN has selected the nucleus/frequency you want to adjust the DC
offset correction for.

I‘

Set the following environment variable (in TOPSPIN command line):
env set TOPSPIN DC CORRECTION=no

(or run the following au-program: dccorr off)

Choose the acquisition window (fid) in TOPSPIN to see the time domain signal
and select Unsh (Unshuffle Symbol i )to see both channels.

Set the AQ_mod in the acquisition parameters (eda, AcquPars) to gsim.

Important: ‘gs’ must be started before UniTool because the UniTool occupies the
serial port communication. At the end, before you try to change parameters in
TOPSPIN, UniTool must be left.

You can program the DC Offset correction with UniTool (Note: ‘gs’ must be started
before UniTool!). When working with Windows start UniTool from BRUKER Utili-
ties, then Service Tools, then click on UniTool.cmd or when working with UNIX or
Linux open an shell and enter UniTool.cmd or start the UniTool from the direc-
tory (/Bruker/<Topspin release>/conf/instr/servtool/UniTool).

Enter device name [‘'?’ for details] (ags) >
--> hit <return>
Enter decimal SBSB address for board in AQS rack (36) >

--> enter address 16 for RX_1, address 17 for RX_2, ... and hit <return>

Bruker UniTool
Version: 1.0
Compilation date: 040226

WARNTING:
This is a hardware level debug tool.
Improper operation may damage your hardware.

Connecting SBSB address 16 (0x10).

>>> RX Main Menu <<<

RX Init
RX Board Info
RX Delete Error
RX Query Request
RX Auto Download
RX Manual Download
RX Gain
RX DC Offset and Quadrature Adjust (built-in-ADC)
RX save Configuration (OfsTable: uP RAM -> uP Flash)
RX erase all OfsTableEntries of actual Frqg (OfsTable: uP RAM -> Trash)
[P] RX select Gain Distribution Scheme
] RX Diagnostic Functions
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[X] eXit UniTool

your choice:

The AQS rack must be powered on at least for 30 minutes to guarantee a stable
temperature of the RXAD before adjusting any quad image or DC offset.

If necessary you can check the RX-temperature with [D] Diagnostic Func-
tionsand [T] RX Temperature:

measurement range: 38...63 degree celsius
AF Temperature: xx degree celsius
PLL Temperature: xx degree celsius

The temperature should be about 54 °C or 59 °C constantly (depends on the inter-
nal hardware-version).

To be sure the actual DC offset correction table in the random-access-memory
(RAM) is empty for this nucleus/frequency choose [T] RX erase all
OfsTableEntries of actual Frequency in the main menu and <y> yes.

Select <Y> RX DC Offset and Quadrature Adjust (built-in ADC).
You will get this menu:

>>> RX DC Offset and Quadrature Adjust Menu <<<

[G] RX Gain
[N] next Gain

[A] RX set DC Offset Channel A [1] Inc [2] Dec [I] Delta
[B] RX set DC Offset Channel B [3] Inc [4] Dec [J] Delta
[C] RX set Quadrature Amplitude DAC [5] Inc [6] Dec [K] Delta
[D] RX set Quadrature Phase DAC [7] Inc [8] Dec [L] Delta

[V] RX save Configuration
[Q] Quit Menu

your choice:

The ‘offset and quad image’ table handles entries (max. 900 entries) which are
stored according to the selected nucleus/frequency (in steps of 2.5 MHz) and the
selected gain (in steps of 1 dB).

To adjust the table for the actual nuclid/frequency you must start with the lowest
gain. Choose [G] Gain and enter 1.

Choose [A] RX set DC Offset Channel A to adjustchannel A.
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Figure 8.5. Example figure 1

IfSpectrum rProcPars rAcunars Title | PulsProg rPeaks r\megra\s rSamp\e rStruc(ure Fid |
= e

S- TOPSPIN scale

correction value e.g. 118

L O By s s B B B S R O L | T S L s s S s B B B B A B
0.064 0006 0.008 0.010 06.012 ] 0.002 0.004 0.006 0.008 0.010 0.012 s]

The graph'’s left half of the TOPSPIN'’s y-axis shows the offset correction of chan-
nel A. If the graph’s y-value is negative you have to enter that value positively to
converge to zero offset. If the graph’s y-value is positive enter the value negative-

ly.

The controller on RXAD will calculate the internal correction values needed. Re-
peat this once or twice and you will be within one percent of the uncorrected off-
set.

There may be an inaccuracy between entered value and actually set correc-
tion due to scaling variation by chosen digital filter and SWH.

a <correction value>, for channel Arespectively b <correction value>
for channel B

e.g. for the above example:
a 118

When you have achieved small offset values you can adjust the offset by increas-
ing or decreasing the lowest significant bit of the adjustment D/A-converter by typ-

ing
[1] Incor [2] Dec for Channel A respectively
[3] Incor [4] Dec for Channel B

The graph’s right half of the TOPSPIN’s y-axis shows you the offset correction of
channel B. --> the same as above for Channel B...

Choose [B] RX set DC Offset Channel B to adjust channel B --> the
same as above...

Instead of type [B] and afterwards enter the correction value you can also type:
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I‘

b <correction value> for channel B
e.g. for the above example:
b -153

When you have achieved small offset values you can adjust the offset by increas-
ing or decreasing the lowest significant bit of the adjustment D/A-converter by typ-

ing
[3] Incor [4] Dec for Channel B

Repeat the whole procedure for the next gain by choosing [N] next Gain. Re-
peat ‘Next Gain’ until all gains are adjusted including the highest gain (= 203 re-
spectively 2050).

If you don’t want your table entries to be lost after a power down of the AQS-rack
you need to save the RXAD configuration with [V] RX save configuration.
This will take a few seconds.

Configuration has been saved

After having saved the table initialize the receiver selecting [0] RX Init from
the Main Menu.

Important: You must choose [Q] Quit Menu and [X] eXit UniTool to free/
release the serial port of your work station before altering parameters in TOP-
SPIN.

Stop the TOPSPIN experiment, select the next nucleus/frequency you want to ad-
just and start another ‘gs’-experiment. Adjust in the same way as above...

If you have finished DC offset correction reset the following environment
variable (in TOPSPIN command line):

env set TOPSPIN DC CORRECTION=yes

(or run the following au-program: dccorr on)

This will set the AQ_mod as it was before the adjustment.

Quadrature Phase/Gain Adjust / Useful Pulse Programs 8.9

182 (265)

For quadrature phase/gain adjustment the following pulse program is useful:

; zgcw.mod

;avance-version (04/02/08)

;1D sequence with CW decoupling
#include <Avance.incl>

“d11=30m"
1 ze
2 dl1l reset:fl reset:f2
dll pl26:£f2
dll cw:£f2 ph30
di
pl phl
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go=2 ph31l

wr #0

dll do:f2

exit

phl=0 2 2 01 3 3 1

ph31=0 2 2 01 3 3 1

ph30=0

;pll fl channel - power level for pulse (default)
;pl26: £2 channel - power level for cw decoupling
;pl : f1 channel - high power pulse

;dl : relaxation delay; 1-5 * T1

;dll: delay for disk I/O [30 msec]

In edasp select two identical nucleus for F1 and F2 and set the offset frequency
OFS2 of the second one to e.g. 1000.0 Hz

Figure 8.6. Example of eda for RXAD Quadrature Adjustment

rSpectrum T/ProcPars rAcunars T/Title rPuIsProg rPeaks r/mtegrals rSampIe f’Slructure Fid |

slalsinjain] 0

Experiment

Experimeant

Width PULPROG = zgow.mod [7] current pulse program
Receiver AQ_mod = asim > Acquisition mode
ol stess TO = 1999990 Size of fid
s NS = 1 # of scans
Er?;vger;m bs = 0 # of durmmy scans
Eleefi TDO = 1 Leop count for 'td0"
Lists N
Wobble SWppm] = 2499188 Spectral width
Feok SWH [Hz] = 100000.000 Spectral width
Autormation AQ[s] = 10.0000000 Aquisition timea
Miscellaneous FIDRES [Hz] = 0.050000 Fid resclutien
User Fi [Hz] = 200000000.00 Filter width
Routing Receiver
RG = 10 Receiver gain
Ly [ps] = 5.000 D ell time
OO [ps] = 0,100 Crvarsampling dwell time
CECIM = 50 Cecimation rate of digital filter
CSPFIRM = meadium 'l CSP firmware filter
DSPFYS = 0 ‘ CSP firmware version
CICTYP = CRU > | Digitizer type
DICMOD = digital ¥ | Digitization mode
CR = 20 Cigitizer reselutiond
CDR = a8 Cigital digitizer resclution
CE [ps] = .00 Pre-scan delay
HPFRCN = normal Pl Preamplifier gain
PRCAIN = high = High power preamplifier gain
CODMODE = add e Cigital quad detection mode
PH_ref [degree] = 0.000 Receiver phase correction
OVERFLW = ignore > Accumulatien overflow cheacking
FROLO3MN = 8] Observe frequency shift reduction
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Figure 8.7. Proposed setup for quad image adjustment

p. ¢ Edit Spectrometer Parameter X

freguency logical channel amplifier preamplifier
BF1 400,13 MHz NUCL x

SFOL 400,13 miz | F  — Fouysour || xsoow |—1  [H 1H/2H 1H
oFs1 [0.0 He  |1H = o 1Hf2H 2H

BFz 400,13 MHz MUC2 RHIERE == HHECE S
SFO2 400,131 MHz | F2  |—] Fcuz/scuz | XBELSF 2HS
OFs2 [1000.0 He [1H =

BF3 400,13 MHz MUC3

SFO3 400,13 miz | Fs | | Fousiscus || xsoow |

oFs3 [0.0 He  |off =

2H 20W
» : cortab available
| save | switchF1/F2 || switch F1/F3 || Defaurr || cancel || param

Set phmod to mc.

Connect now the RF OUT of SGU2 with the RF IN of the RXAD directly and start
acquisition in ‘gs’ mode (pl26 = 40 dB).

Check the input signal level in the acquisition window. Check for appropriate am-
plitude of the ADC and do not overdrive it.

Press in TOPSPIN the button ,Execute realtime ft and show spectrum® (Symbol
ki ) and adjust the quadrature image signal with UniTool.

The adjustment procedure is similar to that one for dc offset correction.

For phase/amplitude adjustments select the menu point <Y> RX DC Offset
and Quadrature Adjust (built-in ADC) and choose one of the following:

[C] RX set Quadrature Amplitude DAC
[D] RX set Quadrature Phase DAC

184 (265)

BRUKER BIOSPIN

Delta
Delta

[51]
(71

[6]
(8]

[X]
(L]

Dec
Dec

Inc
Inc
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Figure 8.8. Example of Quadrature Adjustment

- GS:guad| 1 1 GBrukerTOPSPIN ep |Z||§|[z|

| Spectrum” ProcPars || AcquPars ||E|| F'uISEF'ng" FPeaks || Integrals" Sample" Structure ||ﬁ| Acgu |
Frequency || Delay || Pulse Power | Offset | : o g e ll""””-;:g A

CorPhase || Pulse Receiver Gain o

Q Jiest
RG o : : : . Acquisition .
sensitivity 4 f f ] L ommmmmTITos T
. . . ] o PULPROG ‘= zgow.mod
1 % hin U e e o Csrewes
. - : : i o NUC1 = 1IH
adjust | ; : : - EW = 249.913
max 2050 : : : : . SWH = 100000
: . : : : | TD = 1999990
1 f f : . SCANE =31 :
o : : : . FIDAREA = 2147483647
Receiver Gain 4 o : 2l : :
g Adjust Quad.Spike to < 1%:
G RG > it : 5 : E \
min: 0.23

| save || savean || Restore |

’ Restore all ” Stop ]

3000 2000 1000 0 - 1000 -2000 [Hz]
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Specifications 8.10

Frequency Range:

5...432.5 MHz (RXAD400)

5...647.5 MHz (RXAD600)

5...1072.5 MHz (RXAD-BB, RXAD1000)

Frequency Stability: This is governed by the stability of the crystal oscillator on
the REF unit which is specified to 3 x10"%/day and 1 x10-/year

Frequency Resolution: The local oscillator synthesizer in the AQS RXAD follows
the SGU LO signal with its resolution of <0.005 Hz.

LO Phase Settling Time: 2 us max. (RXAD-BB)
Audio Signal Settling Time: < 2 us (RXAD-BB)

Gain:
Gain Range: 0...58 dB, 58 dB gain range in 1 dB steps

ADC Resolution:

depends on oversampling rate on AQS DRU:
* up to 200 kHz bandwidth 20 bit
* up to 5 MHz bandwidth 16 bit

ADC Output Data Rate
28 bit / 20 Mwords per second (560 Mbit/s)
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Timing Definitions 8.10.1

Turn on or settling time of the AQS RXAD-BB are defined as follows:

Figure 8.9. AQS RXAD-BB timing definitions

DERX (see ‘edscon’) | I
DE1 (see ‘edscon’) — - —<—

BLNKTR~ —
pulse from SGU

I
i
I
Transmitter ’ |
pulse from SGU ;

RGP_LO~ 41
pulse from SGU [
I

RGP_RX~
pulse from SGU

RGP_HPPR~
pulse from SGU

I
(noting preampier \= i

dead time)

|
LO (local oscillator K

signal from SGU)

II ‘\ receiver reference phase stable

receiver/detector | (< 1° error)
reference
phase

| LO phase settling time

|
|
|

— |l audio signal settling time

RGP_ADC~
pulse from SGU

|
zero data X digital audio data

g data processing on
' AQS DRU
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Power Supply / Fuses 8.11
See 8.4.1
Backplane Connector 8.11.2
z a b c d e f
1 GND GND RESERVE_1 NC GND SAMPLE_INFOO GND
2 GND NC GND SAMPLE_INFO3 SAMPLE_INFO2 SAMPLE_INFO1 GND
3 GND GND NC RESERVE_2 GND SAMPLE_INFO4 GND
4 GND 20MHZ_CLK_X GND INTERLEAVE_INCR~ ADC_SEL1 ADC_SELO GND
5 GND GND 20MHz_CLK_X~ RESERVE_3 GND RGP_LO~ GND
6 GND BLNKTR1~ GND BLNKTR2 RESERVE_6 RESERVE_4 GND
7 GND BLNKTR3~ BLNKTR4~ NC GND RGP_ADC GND
8 GND BLNKTR5~ GND BLNKTR6~ RESERVE_7 DWL_CLK GND
9 GND BLNKTR7~ BLNKTR8~ NC GND RGP_RX~ GND
10 GND  SBS_TTL_TX GND SBS_TTL_RX SBS_TTL_TX_ENAB~ RESERVE_5 GND
11 GND LOCAL_TX LOCAL_RX SBS_TTL_WUP~ GND RGP_HPPR~ GND
tr)?ge::(ilgtgab;:ciaévssnically isolated Key Area
15 GND | SLOT2 SLOT1 SLOTO GND RESERVE_ADC_1 GND
16 GND | SLOT3 GND 12C_SDA RESERVE_ADC_2 GND GND
17 GND EMERGENCY_STOP 12C_BUS_REQ 12C_SCL GND ADC_[2C_SDA GND
18 GND | NC GND 12C_2_SDA 12C_2_SCL GND GND
19 GND | NC NC NC GND ADC_I2C_SCL GND
20 GND NC GND P2v N2.5V GND GND
21 GND PS5V P35V POV POV POV GND
22 GND PS5V RACKO N9V NV NoV GND
23 GND PS5V P19V N19V RACK1 P12V GND
24 GND PS5V P19V N19V RACK2 P12V GND
25 GND PS5V P19V N19V RACK3 P12V GND
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Table 8.4. RXAD extension connector

PS5V PS5V P5V

RESERVE_4 RESERVE_5 RESERVE_3

ADC_I2C_SDA LCLK_OPT
ADC_I2C_SCL LCLK_OPT~

L_DATA_3

L_DATA_3~

L_DATA 2

L-OATAZ _

L_DATA 1 L_DATA_O

L_DATA_1~ L_DATA_0~

RESERVE_0 RESERVE_1 RESERVE_2
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AQS DRU

Introduction

9.1

The AQS DRU (Digital Receiver Unit) is a digital signal processing board imple-
menting an enhanced digital receiver in comparison to the RCU introduced in
1994. It incorporates the digital mixing (LO3) stage for DQD and the ,on the fly’
digital signal processing block for a variety of digital filters within the AQS/2 re-
ceiver system.

To achieve a more flexible spectrometer integration (especially with extended
multiple receiver systems), accumulation and data buffering is done on board.
This allows for data transfer to the workstation to run across a commercial local
area network (Fast Ethernet LAN). The omnipresent transfer control protocol / in-
ternet protocol (TCP/IP) is used to build the loosely coupled, standardized spec-
trometer environment, thus allowing flexible extensions in the future.

Distributed communication between the workstation and one or more DRU runs
on common object remote broker architecture (CORBA). CORBA is a modern and
reliable distributed object middle ware. By implementing a hardware- and operat-
ing system independent software interface, it allows in future to communicate with
the DRU by any workstation topology (Intel architecture, SGI, etc.) and operating
system (JAVA, .NET, etc.)

Diagnosis and servicing access to the DRU relies on hypertext transfer protocol
(HTTP) and hypertext markup language (HTML), enabling service access just by
any web browser (e.g. Netscape), without the need for special training of service
people like the former UniTool.

The AQS DRU is enclosed in an aluminum metal case allowing seamless integra-
tion in the AQS chassis - concerning minimized RF interference and design.

The AQS DRU comes in two versions, the DRU and the DRU-E:

AQS DRU, P/N Z100977

This version includes interfaces for automatic tuning and matching (ATMA), probe
identification and control system (PICS) and AQS integrated preamplifier mod-
ules. It will be mainly used for low field NMR systems.

This version does not include the very high speed interface (digital data output)
and has not an expandable ADC word width facility for future RXAD.

A real-time pulse (RCP) input is used to switch the 2H preamplifier module trans-
mit and receive switch according to the lock operation (TP_FO0).

AQS DRU-E, P/N Z102520

This version includes a very high speed interface to stream the received data to
further signal processing systems for applications requiring more than the 50MBit/
s, e.g. for real time decision capability or just for user oriented dedicated solutions.
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The protocol has not been defined yet but may be fixed later by downloading new
firmware. Such protocols could be CameraLink™ or similar.

It also offers wider ADC data paths to the RXAD. This interface is prepared for the
increased dynamic range of future AD converters.

This version does not include interfaces for ATMA, PICS or preamplifier modules.
The HPPR/2 system is required for these purposes instead.

A real-time pulse (RCP) output is available to trigger future experiments upon ac-
quiring NMR data (to be defined).

General Functions and Description 9.2
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The basic digital receiver concept of the DRU is designed to fulfill the following
tasks:

1. Interface to different types of AD converters (for future)
2. Propagate a digitizer overflow condition
3. Capture digitizer peak values (i.e. used for receiver gain adjust)
4. Automatic DC offset calibration (used for AutoZeroCompensation)
5. Digital receiver phase control
6. Digital quadrature detection (LO3)
7. Digital filtering of NMR signals
8. Decimation of NMR signals
9. Accumulation and acquisition, multi buffer handling
10. Data transfer to workstation via ethernet (write to disk, online display)
11. Special fast functions (i.e wobble display, RGA, AutoZeroCompensation)
Most of these operations (scan control) are under real time control by the pulse
program via the so called ,Samplelnfo‘ bus. With this it is possible to handle the
ADC data, in the extreme cases each sample, by the information given via this ac-
quisition synchronous system bus. The scan control runs in parallel with the
DWELL clock and the RGP_ADC of the digitizer.
Depending on type of DRU, following functional modules are incorporated:
12. Integration of AQS preamplifier controller (DRU only)

13. Real Time Trigger output (to be defined, DRU-E only)

14. High Speed LVDS data output (DRU-E only)
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Figure 9.1. DRU Blockdiagram ,digital receiver’
r— - - - - - - - - - - — — A
| DRU-E only |
I |
| max. |
> 20 MS/s
| LVDS — >
| 24 bit |
peak
detection | |
S -
continuous
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Power Supply and Monitoring LED"s

9.2.1

AQS Techn. Manual Version 003

Operation of the on-board power stabilization is monitored by the two green LED
on the front labeled ,POWER'.
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The LED labeled ,DRU* monitors the internal DRU supplies (3.3V, 2.5V, 1.5V).
These are all derived from a single 5V AQS backplane supply.

The LED labeled ,CRP/ATMA' monitors the +/-15V CRP and +9V ATMA voltages.
These are derived from the +/-HPPR_19V and HPPR_9V AQS backplane sup-
plies.

Front Panel Wiring / Display 9.2.2

High Speed Data out

Figure 9.2. AQS DRU-E and AQS DRU frontside view

ERROR
READY
ADC

DRU

CRP/ATMA

LAN TX

LAN RX

LAN (Ethernet Switch)

Trigger RCP out TP_FO in (Lock Rx/Tx)
ATMA / PICS
CRP
Preamplifier Module(s) IF
Reset and Operation LED Display 9.2.1
ERROR LED:

194 (265)

The red ,ERROR' LED indicates a pending ERROR.

READY LED:
Normal operation is indicated by the green ,READY* LED.

Every 500ms this LED is turned off for 20ms, resulting in a faint flicker. If this flick-
er is missing, the DRU is not running properly and must be reset by switching off
the AQS chassis for about 10 seconds.
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ADC LED:

This green ,ADC' LED indicates a running Acquisition.

LAN TX LED:

This green ,LAN TX' LED indicates outgoing LAN traffic.

LAN RX LED:

This green ,LAN RX* LED indicates incoming LAN traffic.

Servicing the DRU

Servicing the DRU

9.3

Diagnosis and servicing access to the DRU relies on HTTP, enabling service ac-
cess just by any web browser. This is possible because only basic HTTP V1.1

protocol elements have been used.

Accessing the DRU

9.3.1

Depending on the slot and the rack code, the DRU adopts one of the following IP
addresses. Any illegal or unknown configuration is mapped to DRU1 and the mes-
sage ,lllegal Rack/Slot configuration. Fallback to DRU1 address." is written to the

DRU Log.

Table 9.1. IP Addresses for DRU

IP Address

DRU Name

149.236.99.89

dru1

149.236.99.88

dru2

149.236.99.87

dru3

149.236.99.86

dru4

149.236.99.85

drub

149.236.99.84

dru6

149.236.99.83

dru7

149.236.99.82

dru8

It might be useful to edit the hosts file.

In case of problems:

* check the RJ45 cabling between DRU, Ethernet switch and the workstation

® check the ethernet switch power if appropriate

¢ check the DRU heart beat (flicker of READY LED)

AQS Techn. Manual Version 003
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* ping DRU1 (DRU2...)
¢ check LAN ,RX/TX‘ LED while pinging

To access the DRU, start your favorite web browser and type ,drui1“ or
»149.236.99.89" as URL. You should get the following start screen:

B Bruker DRU Device Service Web Main

(3 hetp:fjdru) « WSy coogle-Suche
DRU Service Web
Main

Device Information

[ ]
« Device Setup
« Service
L HE|Q
» Ivlain
hain | Information | Sewice | Setup | Help
DBRUKER BIOSPIN AG
Downloading new firmware 9.3.2
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I‘

I‘

Main -> Device Information -> DRU Firmware
leads you to a page giving information about the current firmware.

Note: The document caching of the browsers can be tricky - make sure your
browser doesn‘t fool you with old data. Most browsers have some ,,Reload*
button for this purpose.

Main -> Device Setup -> Load new DRU firmware

leads you to a page allowing to download new firmware. The current firmware file
name is displayed together with a prompt for the new firmware file.

The following example explains the naming convention:
DRU firmware 040325.hex

040325 is a date code for March 25, 2004. Alphabetically sorted, the newest file is
found at the bottom line.

Do not download an older firmware than the currently installed one, ex-
cept you want to roll back in time.
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Main -> Service -> Display logged messages

shows a page containing the main log. If you are in the situation to report a soft-
ware bug, it's a good idea to include this log. You can copy the text part into an ex-
plaining mail or you can save the whole HTML page and attach it.
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Technical data 9.4
ADC Data Input:
Data Rate 2*20 MS/s
Data Format DRU 2x12 bits
Data Format DRU-E 2x16 bits
NMR Data Output (Ethernet):
Data Rate 0.3 - 10°000 kS/s'
Data Word Width 32 bits
NMR Data Output (LVDS):
Data Format to be defined
Acquisition Modes:
Quadrature off acquisition (only channel A, analog and digital modes) QF
Quadrature simultaneous acquisition (analog and digital modes) QSIM
Acquisition with Digital Quadrature Detection (digital mode only) DQD
Digital Quadrature Detection (digital down conversion):
DDS frequency range (LO3) +/-(0...5) MHz
Digital Mixer Operation SSB
Digital Filter type ,smooth‘:
Passband Error 0.01 % max
Transition Region 15 % SWH
Stoppband Attenuation 86 dB min
Group Delay 20 samples
Bandwidth (SWH) 5 MHz max
Digital Filter type ,medium®:
Passband Error 0.001 % max
Transition Region 10 % SWH
Stoppband Attenuation 103 dB min
Group Delay 36 samples
Bandwidth (SWH) 2.222 MHz max
Digital Filter type ,sharp‘:
Passband Error 0.001 % max
Transition Region 5% SWH
Stoppband Attenuation 104 dB min
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1 complex data points

BRUKER BIOSPIN
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Group Delay
Bandwidth (SWH)

Miscellaneous:

Direct accessible Scan Memory Size
Banked Scan Memory Size
Sustained LAN data rate (depending on Workstation)

Trigger output:

Voltage Level
Impedance
max Frequency

AQS Techn. Manual Version 003 BRUKER BIOSPIN

Technical data

68 samples
1.25 MHz max

4M samples

16M samples
45  Mbit/s
5 Vv

50 Ohm

1 MHz
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Backplane Connectors

9.5

The DRU accesses the AQS backplane by 2 high density backplane connectors.
The common interface is similar to the one used on SGU. The ADC data interface
to the RXAD is done by a private additional backplane connector (dedicated DRU
slots within the AQS/2 chassis).

Table 9.2. Common AQS backplane connector
z a b c d e f
1 GND GND INTRA_STATUS GND SAMPLE_INFOO GND
2 GND GND SAMPLE_INFO3 SAMPLE_INFO2 SAMPLE_INFO1 GND
3 GND GND NC 12C_STATUS GND SAMPLE_INFO4 GND
4 GND 20MHZ_CLK_X GND INTERLEAVE_INCR~ ADC_SEL1 ADC_SELO GND
5 GND GND 20MHz_CLK_X~ RESERVE_3 GND GND
6 GND GND INTRA_WUP GND
7 GND BLNKTR4~ GND RGP_ADC GND
8 GND GND DWL_CLK GND
9 GND BLNKTR8~ GND GND
10 GND SBS_TTL_TX GND SBS_TTL_RX SBS_TTL_TX_ENAB~ GND
11 GND LOCAL_TX LOCAL_RX SBS_TTL_WUP~ GND RGP_HPPR~ GND
S—
tr)elzlcjie==(.‘]Stll:la—E’;uasCEaBl\;e;nically isolated Key Area
15 GND SLOT2 SLOT1 SLOTO GND MCODEO GND
16 GND SLOT3 GND 12C_SDA MCODE3 GND GND
17 GND EMERGENCY_STOP 12C_SCL GND MCODE1 GND
18 GND GND 12C_2_SDA 12C_2_SCL GND GND
19 GND GND MCODE2 GND
20 GND GND GND GND
21 GND PS5V POV POV POV GND
22 GND PS5V RACKO GND
23 GND PS5V P19V N19V RACK1 GND
24 GND PS5V P19V N19V RACK2 GND
25 GND PS5V P19V N19V RACK3 GND
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Backplane Connectors

Table 9.3. private DRU - RXAD backplane connector

z a b [ d e f

ADC_I2C_SDA LCLK_OPT
ADC_I2C_SCL LCLK_OPT~

L_DATA_3

L_DATA_3~

L_DATA 2

L-OATAZ _

L_DATA 1 L_DATA_O

L_DATA_1~ L_DATA_0~

RESERVE_0 RESERVE_1 RESERVE_2
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SGU Signal Gener-
ation Unit

Introduction 10.6

The SGU is one of the most significant advances in the new AV series. It is the
unit where the generation of all analog characteristics of the RF signal takes
place. The SGUs are located in the analog section of the AQS rack between the
REF unit and either the Router or internal amplifiers. Each RF channel has a ded-
icated SGU.

On the transmission side the SGU generates the signal frequency, phase and reg-
ulates the amplitude (including shape control) as well as the blanking and gating
pulses. The information is received from the TCU3 / FCU4 via the LVDS but im-
plemented upon in the SGU. The output of the SGU will be a miniature version of
the final transmitted signal. The only change that takes place to the signal after
SGU generation is the power increase in the amplifiers. On the receive path the
SGU generates the LO frequency as well as the receiver gating pluses.

In hardware terms all SGUs are identical but one SGU will occupy the master
(AQS Controller) slot in the AQS and is referred to as the ‘rack master’, ‘master
SGU’ or even better ,AQS controller. This AQS Controller SGU recognizes its po-
sition automatically and switches into AQS Controller mode whereas all other
SGUs are set to slave mode. The slot occupied depends on the jumper setting on
the rear side of the backplane (see 10.7.2). The SGU AQS Controller communi-
cates with various analog units to reduce the needed communication to a mini-
mum for the CCU10 and the subunits. see "AQS signal path” on page 13.

Note that while the AQS Controller SGU has additional functionality it also per-
forms all the tasks of a standard SGU.The various SGU boards are synchronized
by means of a 20 MHz clock signal from the backplane. The clock signal origi-
nates on the AQS Reference Board. The synchronization is essential if the vari-
ous RF channels are to be phase coherent etc.

Apart from the AQS Controller SGU the only other distinction between the various
SGUs is that one SGU is pre allocated as the observing SGU and generates the
LO as well as the receiver timing. This can be any SGU depending upon which
FCU in the edsp menu is chosen as the OBS.

Each SGU has a dedicated hard-wired LVDS link to an FCU (either channel A or
B). The high speed link transfers all NMR relevant real-time events in 50ns time
slots to the corresponding SGU (e.g. pulses, shapes, phase jumps, frequency
shifts etc.). Each rf channel is controlled by a separate high speed link. It is con-
nected via a cable on the front panels of the two units (point to point connection).

NB: The SGU is really a DAC. It does nothing without FCU order. The FCU gener-
ates for example blanking signals. It orders the SGU to go high/low/high/low and
so the BLANKTR is generated. The LVDS is the bridge between the digital and
analog side.

The SGU has access to the various buses along the AQS backplane.

An important feature of the SGU is the extra shielding. This is ensures that the
generated RF signals are free of distortion.
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Functions / Description 10.7
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The central role played by the SGU is evident from the extensive list of functions
below. For further details on some of the specific details below see "Important

signals” on page 219
All SGUs.

1. Generation of the precise final transmission frequency by means of an on-
board frequency generator. The SGU implements all analog aspects of the sig-
nal including frequency, frequency shifts, phase shape etc. The information re-
garding the precise characteristic of the signal is received from the FCU via the
LVDS.

2. Amplitude control both in terms of magnitude (mult) and shape (mod). Al-
though the SGU delivers a max voltage of 1Vpp the linear nature of the ampli-
fiers means that the SGU has exclusive control of the final amplitude.

3. Generation of blanking signals for use in the various amplifiers. The AQS inter-
nal amps receive the blanking directly from the backplane, whereas the exter-
nal amps receives the signals from the PSD which in turn receives the signals
from the backplane.

observing SGU only.

4. Generation of gating pulses to be used in the HPPR, Receiver, A/D Converter,
RXAD, DRU

5. Generation of the dwell clock (HADC,SADC, FADC) or dwell enable signal for
the DRU

6. Generation of LO frequency for the receiver
AQS Controller SGU only

7. Initializes various units after a power up or ‘i’ command. A proper initialization
of all RF units in the AQS mainframe is highly dependent on a correct power
up process of the AQS Controller SGU-1.

8. Communication with the CCU10 via the SBSB1 and with other analog units via
a I2C bus.

9. Router control via the backplane. This also includes control of the mini router
in AQS internal amplifiers. The information is transmitted via the 12C bus men-
tioned above.

SGU-2 only
10. Generation of the ‘wobb’ signal

The LO will be generated on the observing SGU and daisy chained through all the
succeeding SGUs to the receiver. This daisy chain is unidirectional in the direction
of the receiver. If in a four channel system SGU-2 is the OBS then SGU-2 will gen-
erate the LO and this will be daisy chained through SGU-3 and SGU-4 to the re-
ceiver. See Figure 10.3.
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Figure 10.3. LO daisy-chain for the case where SGU-2 is the observing SGU
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Signal paths within the SGU 10.7.1

This is shown schematically in Figure 10.6. Note that the signal path switching is
controlled via the LVDS.

Figure 10.5. signal generation on the SGU

206 (265)

=
EE

=
3

=

=
S

E . W2 Amplitude —| 13123MHz 3-1100MHz
W2 Frequency |
y |
- |
|
2 . |
— W3 Amplitude |
|
|

|
SHAPE |
Zero Amplitude !
Zero Frequency |
|
|
1 Wn
MOD I Frequency MULT
— W1 Amplitude + | + +
W1 Frequency 1
1
|
|

16x16 bit uP RE
XF®
MULTIPLIER CONVERTER ouTt

W3 Frequency ( Information

NCO = Numeric Controlled Oscillator.
DDS = Direct Digital Synthesis.

Although from a service point of view the internal workings of the SGU are not rel-
evant, this is such a new unit and plays such a central role in the spectrometer
that it is perhaps worth making a short description of its main features.

At the heart of the SGU are three NCOs (Numerically Controlled oscillators)
NCO1, NCO2, NCO3. A fourth NCO, NCOO is actually a virtual oscillator in that it
does not physically exist but is used to represent zero transmission, i.e. all three
physical oscillators are switched off.

NCOQO is always used for zero transmission.
NCO1 is always used for the OBS frequency
Any shifts in frequency are implemented using NCO2.

NCO3 is always used for the LO frequency. This assignment of the various NCOs
is illustrated in "NCO allocation” on page 208

The advantage of using multiple NCOs is that frequency, amplitude and phase in-
formation can be loaded simultaneously. This facilitates instantaneous switching
from one phase or frequency to another etc.
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Figure 10.6. Signal paths within the SGU

Functions / Description
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d1

Selective
Excitation

NCOO0

The timing of the NCO output is controlled by a series of instructions delivered by
the FCU via the LVDS with a 12.5ns timing resolution.

The output of the various NCOs is a digital representation of all characteristics of
the required signal. This digital signal is then modulated using the ‘MOD’ input to
implement the shape of the signal. The signal is still purely digital in nature but is
then passed through a DAC to produce an analog output. The frequency at this
stage is still not the final frequency, this only happens at the UP Converter which
mixes the oscillator frequency with the appropriate frequency from the REF unit to
produce the final transmission frequency. The last step is the application of the
‘MULT’ which sets the overall amplitude of the RF output.

Figure 10.7. NCO allocation

PW

NCO2 | | NCO3 | NCOO |

No
Frequency

F1+AF F1 F1+21.875MHz+Fpqp (for RX22)

I No I

F
F1+Fpqp (for RX-BB, RX-400...) requency

AQS Controller slot detection 10.7.2

One SGU within the AQS chassis acts as low level bus controller AQS Controller)
and initializes devices with 12C bus. The slot position of these SGU depends on
the jumpers on the rear side of the AQS User Bus. For correct settings consult the
chapters on configurations. With AQS/2 chassis the current and valid jumper set-
ting is also apparent from the label below the mains selector on the rear side of
the chassis.

* In AQS chassis jumper E must always be set

* In AQS/2 chassis jumper E and F must always be set except in multi receiver
systems, where these jumpers allow to separate the RGPs between two re-
ceiver sections

Unit Configuration / Version / Jumpers 10.8
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Five versions of SGUs have been produced.
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®* SGU-C Part-No. 2003329, output frequency range limited to 325MHz

* SGU400 Part-No. 2003642, output frequency range limited to 430MHz

* SGU6B00 Part-No. 2003831, output frequency range limited to 643MHz

* SGU1000 Part-No. 2003330, output frequency range limited to 1072MHz

®* SGU-FTMS Part-No. Z003643, output frequency range limited to 10MHz
Key specifications and digital control behavior remain the same for all versions

Through the ‘cf’ routine the number and location of all installed SGUs including
the AQS Controller SGU is determined. Each SGU in the user bus has a unique
address by virtue of its physical position and this is used to distinguish the various
SGUs from each other. There are no jumpers that need to be set.

Regardless of the system the units are lined up immediately to the left of the REF.
unit.

A micro bay system will accommodate up to three SGUs.

A one bay system will accommodate up to four SGUs (three if internal amps are
used)

A two bay system will accommodate up to 8 SGUs (4 attached to REF1 and 4 at-
tached to REF2)

Any of the SGUs may be selected as the Observe SGU. In the ‘edsp’ menu the
FCU number is equivalent to the SGU number and so this menu will easily tell the
operator which SGU is the observing SGU.

Table 10.4. Assignment of SGUs

ngéil‘jal Physical FCU edsp display
1 FCU1 Channel A FCU1
2 FCU1 Channel B FCU2
3 FCU2 Channel A FCU3
4 FCU2 Channel B FCU4
Differences from previous versions 10.8.3

This is a completely new development for the AV series and the SGU does not
have a counterpart in the AVANCE series.
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Front Panel Wiring / Display 10.9
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Figure 10.8. SGU front panel

ERROR LED
READY LED

POWER LED

———RFOUT J2

AUX OUT J7
LOOUT J4
LO IN J3

REF IN J1

LVDS link from FCU

RF OUT J2

This is the single rf output which will be connected either directly to an internal
amplifier input or to the router on its way to an external amplifier. This signal will
have a max amplitude of 1Vpp at a power setting of -6db. The signal will only be
present during pulse transmission as the blanking takes place on the SGU itself.

AUX OUT J7

The wobb signal ALWAYS comes from the AUX out of SGU-2 since this is hard
wired to the ‘Tuning in’ input of the HPPR cover display module. On all other
SGUs this output is left unconnected except for the case of SGU-1 where it can be
connected to the 2HTX on an AQS with no router. The wobb signal will appear as
a swept frequency whose variations in frequency will depend on the setting of ‘wb-
sw’. On the scope it appears typically as a pulsing frequency of maximal 1Vpp.
(note that the wobble signal amplitude for HPPR/2 can be set by software, typical
values are around 150mVpp)
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The LO for the WOBB routine will come from the observing SGU LO OUT. This
will also appear as a swept frequency except that this time the central frequency
will be the wobble frequency + detection offset frequency (LO, DQD).

Since all SGU are physically identical the AUX OUT output would be capable of
transmitting RF signal from any SGU but this would require explicit pulse pro-
gramming.

LO OUT J4

RF signal for the receiver (1.0Vpp at 50 Ohm). The signal is generated on the ob-
serving SGU and then daisy chained through successive SGUs in the direction of
the receiver. This signal will only be present during AQ (acquisition time) and if the
SGU in question is the observing SGU or is located to the right (further along the
daisy chain) of the observing SGU.

LOIN J3

This signal will only be present if the SGU in question is located to the right (fur-
ther along the daisy chain) of the observing SGU (1.0Vpp at 50 Ohm).

REF in

Input RF signal from the REF. unit. This is a mixture of frequencies which are used
to generate the final transmission frequencies.

Front Panel SGU-FTMS

The SGU FTMS has slightly different output connectors, because of the different
receiver concept.

LO-1 OUT J4

SYNT_O signal for the ICR AQS FTMS HFU-RX A3147. This signal will only be
present during AQ (acquisition time) and if the SGU in question is the observing
SGU (-2dBm, 0.5Vpp at 500hm).

LO-Q OUT J3
SYNT_90 signal for the ICR AQS FTMS HFU-RX A3147. This signal will only be

present during AQ (acquisition time) and if the SGU in question is the observing
SGU (-2dBm, 0.5Vpp at 500hm).

LED Display 10.9.4

Power LED:

The power LED indicates that all necessary voltages are present and at the cor-
rect level. If the voltage level drops then the LED will go out. Thus once the power
LED lights then further investigation of the backplane to check the precise voltage
is unwarranted.

The table below summarizes the states of the three front panel LEDS.
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Table 10.5. LED States
ERROR READY POWER 2 -
Description
(red) (green) (green)
- - off - Power supply not on or operating incorrectly
off on on - Normal sleep mode
- ready for operation
‘ - SGU microcontroller is powered down
off periodically on With SGU firmware version birdal.hex or
flashing, birdbg.hex and newer:
approx. READY LED on the SGU front panel indicates with a
twice a sec- ,Heart Beat' flashing that the microcontroller is running.
ond With all previous firmware versions the LED did not

TN

@
7/

N

give any hint if the microcontroller is alive or not. During
acquisition the microcontroller on the SGU is in power
save or sleep mode and the READY LED must be in a
steady state.

The SGU board should always be in sleep mode,
unless TopSpin is writing new configuration information
or during ,gs' or wobble. The sleep mode reduces
power consumption, increases component reliability,
improves thermal equilibrium and avoids electrical
noise. For that Top-Spin 1.3 pl2 is necessary.

off on resp. on - Communication LED.
short-time The unit has received a command from the RS485 bus
flickering master. The LED switches to off as soon as the SGU
acknowledges the command.
® @
blinking slowly on on - Indicates warning and not error. The sleep mode dur-
(approx. 3 Hz) ing acquisition is disabled (‘gs’ mode).
Caution: Sensitive NMR experiments are not possible
@ in this mode due to disturbances of the controller sys-
tem.
blinking slowly off on - An error has occurred on the SGU
(approx. 3 Hz)
@ o @
blinking fast - on - Boot-mode

L=
l"‘\\
&

Board not initialized yet or no application firmware
found (e.g. because of power failure during firmware
update).

a The power LED indicates that all necessary voltages are present and at the correct level. If any voltage level drops
then the LED will go out. Thus once the power LED lights, further investigations on the backplane to check the pre-
cise voltage are unnecessary.
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Part Numbers and Cables 10.10

¢ SGU-C Part-No. 2003329 (325MHz)

* SGU400 Part-No. 2003642 (430MHz)

* SGUG600 Part-No. 2003831 (643MHz)

* SGU1000 Part-No. Z003330(1072MHz)
* SGU-FTMS Part-No. 2003643 (10MHz)

Troubleshooting / Unit replacement / Tips ‘n’ Tricks 10.11

General 10.11.5

1. All SGUs are identical and as such are fully interchangeable. If units are
swapped it is advisable to reconfigure to ensure that there are no inconsisten-
cies in unit recognition. Note that for best performance all the SGUs should be
of the same type. If SGU with different ECL were mixed ensure that the SGU
with highest ECL is used as SGU-1.

2. Ensure that all SGUs are using the same firmware. This can be done using
UniTool.

3. Even upon rebooting after a power off, the error LED on the AQS Controller
SGU may light. It may be necessary to enter the command ‘i’ (initialize inter-
faces) to clear this error.

4. Do not open the SGU in the field.

5. Ensure that the 20 pin cable to the FCU is connected before powering up the
AQS. This will ensure the correct termination and also prevent the SGU from
hanging.
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Error Messages

10.11.6

Description of possible error messages:

Table 10.6. AQS SGU error messages
Error No.. Error Message Description Possible cause
Error No. 1 Serial RS485 timeout slave device did not answer in slave device probably not initial-
expected time ized, check connections
Error No. 2 Checksum wrong firmware checksum internal hardware error or down-
load failed
Error No. 3 Watchdog hardware malfunction, on-chip diag- hardware failure
nostic activated
Error No. 4 Serial RS485 command, RS485 protocol violation spectrometer control software fail-
checksum error ure
Error No. 10 RAM selftest error RAM test failed hardware failure
Error No. 11 no application firmware found | ROM test failed hardware failure or firmware down-
load failed
Error No. 13 Power failed indicate that a power up has hap- ordinary power up or a power
pened and the system is not initial- breakdown during an experiment
ized
Error No. 15 Parameter exceeds valid value out of range spectrometer control software fail-
range ure or faulty input using Unitool
Error No. 17 Function not supported by selected feature not supported by spectrometer control software fail-
board hardware version actual hardware version ure, wrong command selected
using UniTool
Error No. 18 Unknown version index in internal validation of calibration data hardware error
configuration page failed
Error No. 20 Syntax error selected feature not supported by spectrometer control software fail-
actual firmware, board does not ure, wrong board selected, hard-
understand command ware feature not supported by
actual version
Error No. 22 RTX create error operating system error firmware or hardware error on SGU
Error No. 23 RTXmemory allocation error
Error No. 24 RTX memory free error
Error No. 25 RTX communication pool
exhausted
Error No. 26 RTX send signal error
Error No. 27 RTX interrupt handling error
Error No. 28 RTX semaphore waiting list
full
Error No. 29 RTX pool create error
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Table 10.6. AQS SGU error messages
Error No.. Error Message Description Possible cause
Error No. 36 Flash byte program error" failure during FLASH memory pro- hardware failure
gramming
Error No. 37 Flash erase error
Error No. 40 Flash erase timer expired
Error No. 41 Error in flash command
sequence
Error No. 42 Flash page mismatch, storing
terminated
Error No. 43 No valid calibration data
Error No. 50 RAM selftest error RAM test failed hardware failure
Error No. 51 No application firmware ROM test failed download error or wrong firmware
found (wrong firmware downloaded
checksum)
Error No. 52 No application firmware ROM test failed download error or wrong firmware
found (wrong firmware name) downloaded
Error No. 53 No application firmware ROM test failed download error or wrong firmware
found (wrong firmware ID) downloaded
Error No. 58 Corrupt BIS on board BIS (Board Information System) test | hardware failure
failed
Error No. 59 BIS checksum error BIS (Board Information System) test | hardware failure
failed
Error No. 60 Unknown rack code Unknown rack code invalid jumper setting on chassis
user bus
Error No. 100 Serial DAC bus (SPI, 8420) on board serial DACs for calibration hardware failure
error can not be set
Error No. 101 Serial ASIC bus (JTAG) error | SGU on board hardware bus can not | Reference signals from AQS REF
be written to or not connected, coaxial cable defect
devices on internal JTAG bus can or ACB/PSD defect
not be initialized
Error No. 102 Missing valid configuration configuration data (calibration data) hardware failure
page not available
Error No. 105 Flash table does not exist, configuration data (calibration data) hardware failure
using default table not available
Error No. 107 Table address or identifier selected table not supported by spectrometer control software fail-
exhausts range actual hardware version ure, wrong command selected
using UniTool
Error No. 108 SGU PLL lock lost or PLL diagnostic detected improper hard- hardware failure
unlocked error ware state
Error No. 109 SGU frequency range value out of range spectrometer control software fail-
exceeded ure or
wrong SGU type in chassis
(e.g. SGU400 in a AV600 system)
Error No. 110 Emergency stop activated, an emergency stop signal from emergency stop signal activated by
SGU reseted backplane detected any spectrometer unit or BSMS
keyboard
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Table 10.6. AQS SGU error messages
Error No.. Error Message Description Possible cause
Error No. 111 FCU - SGU link checksum indicate parity error, checksum of illegal command from FCU, clock
error, SGU reseted high speed data is not correct signal to FCU (High Speed Trans-
mitter) not properly connected, high
speed link cable not connected or
frequency mixture from Reference
Board not connected
Error No. 112 SBSB Wake-Up occurred SGU has been §et to generate LO sigqal while spectrometer control software failure
during acquisition, SGU uP ;';Z;’E;ﬁi’;ﬁ?f@°§&"ﬁé§"erWas e
booted
Error No. 113 Function not allowed in spectrometer control software fail-
present mode ure
Error No. 115 Board overheated, check on-board diagnostic detected board fans/ventilation broken down,
AQS cooling and ventilation temperature of > 75°C power supply defect
system !
Error No. 116 Power supply failure on-board diagnostic detected drop of | power supply defect or on board
detected power supply voltages below speci- voltage regulator failure
fied range
Error No. 200 Can not initialize board AQS Controller cannot initialize firmware version not compatible,
salve board while power up chassis hardware failure on AQS Controller
scan sequence or slave backplane connection
Error No. 201 Can not read board informa- AQS Controller cannot get board firmware version not compatible,
tion information from slave unit while hardware failure on AQS Controller
power up chassis scan sequence or slave backplane connection
Error No. 202 Can not read board firmware | AQS Controller cannot read board firmware version not compatible,
version firmware version from salve board hardware failure on AQS Controller
while power up chassis scan or slave backplane connection
sequence
Error No. 203 Can not write board identifier | AQS Controller cannot write board firmware version not compatible,
to slave identifier to salve board while power hardware failure on AQS Controller
up chassis scan sequence or slave backplane connection
Error No. 204 Can not write SBSB address | AQS Controller cannot write SBSB firmware version not compatible,
to slave address to salve board while power hardware failure on AQS Controller
up chassis scan sequence or slave backplane connection
Error No. 210 Serial DAC bus (SPI, 8420) serial DACs for calibration on REF- hardware failure
error ERENCE BOARD can not be set
Error No. 211 No 12c acknowledge received | AQS Controller can not access one of the AQS units blocks up the
backplane 12C bus backplane 12C bus or on board
hardware failure
Error No. 212 12c EEROM program timer EEPROM for BIS entries can not be one of the AQS units blocks up the
expired accessed backplane 12C bus or on board
hardware failure
Error No. 213 Serial ASIC bus (JTAG) error | REFERENCE BOARD on board hardware failure
hardware bus can not be written to
or
devices on internal JTAG bus can
not be initialized
Error No. 215 Rack 12¢ bus not released AQS Controller can not access one of the AQS units blocks up the

error

backplane 12C bus

backplane 12C bus or on board
hardware failure

216 (265)

BRUKER BIOSPIN

AQS Techn. Manual Version 003




Diagnostic Tests

Table 10.6. AQS SGU error messages
Error No.. Error Message Description Possible cause
Error No. 216 Unknown board in rack AQS Controller cannot identify board | firmware version not compatible,
while power up chassis scan incompatible board in chassis
sequence
Error No. 217 Rackconfiguration not improper combination of boards in some boards are not compatible to
allowed chassis detected by AQS Controller each other
(e.g. REF22 and AQS RX-BB)
Error No. 218 lllegal slot occupation I12C and SBSB device use same slot | wrong AQS chassis code set in 2
detected (12C and SBSB address chassis systems, hardware failure
device use same slot on backplane or according units
address)
Error No. 220 Board timeout slave board answered not within firmware version not compatible
specified time or hardware failure
Error No. 221 Rackmaster task interrupted slave board answered not in firmware version not compatible
by slave behavior expected order or hardware failure
Error No. 222 Reference Board missing or no reference board found during BIS error on REF, 12C bus failure,
can not be detected rack scan PSD board failure, wrong rack
code jumper setting
Error No. 232 Different SGU firmware in AQS Controller detected different firmware version different, down-
AQS detected, download lat- | SGU fimrware version that may load latest version on all SGU's
est version on all SGU's cause improper operation
Error No. 249 serious amplifier malfunction, | hardware diagnostic on BLA2BB can | hardware failure on BLA2BB or
error can not be deleted not be reseted power supply
Error No. 250 no amplifier housing informa- | no amplifier housing information in no amplifier housing information in
tion in BIS, using default BIS found while power up chassis BIS
address scan sequence
Error No. 251 multiple amplifier housing not valid amplifier housing informa- not valid amplifier housing informa-
information in BIS, using tion in BIS found while power up tion in BIS found
default address chassis scan sequence
Error No. 252 general fault detected hardware diagnostic on BLA2BB hardware failure on BLA2BB
detected
Error No. 253 thermal fault detected hardware diagnostic on BLA2BB
detected
Error No. 254 power supply fault detected hardware diagnostic on BLA2BB

detected

Diagnostic Tests

10.12

AQS Techn. Manual Version 003

Not applicable

Power supplies and board temperature are checked periodically by the on-board

microcontroller.
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Software / Useful Pulse Programs 10.13

Each SGU has 10 RTP outputs. They are set automatically with the go command
in pulse programs. To set specific RTPs permanently, the syntax

setrtp<sgu1..8> | <bit0-8> # <bit0-8> is used.
Example:

setrtp1]0|1]2|8*7

; set bits 0,1, 2 and 8 and clear bit 7 on SGU 1

The RTP-bit-settings of different SGUs are combined at the backplane of the ac-
Table 10.7.  real time pulses

Bit # Name Meaning
Bit 0 RGP_ADC ADC gating pulse
Bit 1 RGP_RX Receiver gating pulse
Bit 2 RGP_HPPR Preamplifier gating pulse
Bit 3-5 reserve
Bit 6 INTERLEAVE_INCR selector for gain switching in receiver
Bit 7 DWL _CLK or dwell time for receiver ADC

DWELL ENABLE

Bit 8 ADC_SEL0? selects HADC/2 or SADC+
Bit 9 ADC_SEL1P selects FADC

a not used in systems with DRU
b notused in systems with DRU

quisition rack, so in fact it doesn’t matter which SGU issues these pulses, but in
order to avoid conflicts one should use the observe SGU for them.

Fast Real Time Pulses (FRTP) 10.14

Each SGU has 4 FRTP outputs. They are set automatically with the pulse com-
mands in pulse programs and CPD programs. To set specific FRTPs permanently,
the command setfrtp<sgu1..8>|<bit0-8>"<bit0-8> is used.

Example:

setfrtp1|1

; set bit 1 on SGU 1 into FRTP register.

Bit1 is used for the amplifier blanking, Bits 0, 2 and 3 are reserve.

The amplifier blanking information is routed to the correct amplifier according to
the router setting (edasp command and parameter RSEL, respectively).

Homodecoupling 10.14.7
The following SGU versions are equipped with an additional feature:
* SGU400 Part-No. 2003642 (430MHz) ECL 03 and higher
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Important signals

* SGU600 Part-No. 2003831 (643MHz) ECL 01 and higher
* SGU1000 Part-No. Z003330(1072MHz) ECL 04 and higher

These boards allow the usage of one FRTP pulse for gating another SGU syn-
chronously. While one SGU controls the experiment by generating the LO signal
and the real-time pulses for acquisition another SGU may be used as decoupling
SGU. The observing SGU can now gate the decoupling SGU with a pulse in a
way that the MOD and MULT are set to zero and the most conceivable suppres-
sion of the decoupling signal is achieved.

Important: When using this feature, all SGU involved in the experiment must
have the same hardware version (minimal required ECL is given above).

Important signals 10.15

All signals described below are active low and TTL except for the blanking signals
which use an open drain configuration.

BLKTR (amplifier blanking pulses)

A SGU can control up to 8 power amplifiers with the corresponding BLKTR. The
timing of the blanking pulses is controlled by the FCU via the LVDS which delivers
real-time instructions in 50ns second bursts. All SGUs are capable of generating
blanking pulses.

The internal amps receive the blanking directly from the backplane, whereas the
external amps receives the signals from the PSD which in turn receives the sig-
nals from the backplane.

RGP_PA~ (Preamplifier receiver gating pulse)

This pulse is generated by the observe SGU and is used to gate the OBS module
on the HPPR and used to implemented the transmit/ receive switching. The timing
of the pulse can be modified with the ‘edscon’ parameters. This signal is routed
via the ACB-S standard (or PSD) to the observe module in the preamplifier HPPR
or HPPR/2. All other non lock HPPR modules are left permanently in transmission
mode. In contrast to AVANCE systems, the preamplifier RGP will not be connect-
ed to the AQR RX22. The EP-HPPR output of the RX22 is left unconnected.

RGP_LO~ (Local oscillator gating pulse)

This pulse is generated by the observe SGU and initiates the frequency step to
generate the LO frequency (SFO1+22MHz). The pulse is also used to control the
LO output of the REF unit which will only be present when RGP_LO goes active
low.

RGP_RX~ (Receiver gating pulse)

This pulse generated by the observing SGU controls the opening and closing of
the receiver (RX22, RX-BB, RXAD) and is transmitted directly over the backplane.
The timing of the pulse can be modified with the ‘edscon’ parameters.

RGP_ADC~ (ADC gating pulse)

This pulse (also driven by the observe SGU) controls the ADC data. If the pulse is
low and a dwell clock (RCU systems) or dwell enable (in DRU systems) is applied,
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the ADC will perform a conversion. If the pulse is high and a dwell clock / dwell en-
able is applied, the ADC generates ‘zero’ data. The RGP_ADC is routed over
backplane to the ADC. This signal is specially used for digital homodecoupling
with oversampling.

Dwell_Clk~ (ADC dwell clock for systems with RCU)

The signal is driven by the observe SGU and is used to control the timing of the
AD conversions. Every falling edge of the dwell clock executes an ADC conver-
sion. Although the signal is generated on the SGU, the timing is controlled totally
by the FCU via the LVDS. The pulse is routed over the backplane to the ADC via
the RX22. Homodecoupling experiments are treated as typical pulse programs.

DWELL_ENABLE~ (ADC dwell clock enable for systems with DRU)

The signal is driven by the observe SGU and is used to control the timing of the
AD conversion. A low level of this signal enables ADC conversion. Although the
signal is generated on the SGU, the timing is controlled totally by the FCU via the
LVDS. The pulse is routed over the backplane to the RXAD.

SEL_ADCx~ (Select A/D converter, ONLY systems with RCU)

The signal is applied to select a required ADC in the case of configurations with
more than one ADC. The signal is generated by the observe SGU and is wired di-
rectly via the backplane to the specified ADCs. see "real time pulses” on page
218
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Specifications

10.16

Timing
Minimum Pulse or delay duration: see specification of TCU/FCU
Time Resolution: 12.5ns

The resolution is set by the internal 80MHz clocking frequency on-board the
TCUS3. Pulses or delays between pulses can thus be set to 50, 62.5, 75, 87.5ns,
etc.

Frequency

Frequency Range SGU-C: 5-325 MHz
Frequency Range SGU400: 5-430 MHz
Frequency Range SGU600: 5-643.450 MHz
Frequency Range SGU1000: 5-1072.625 MHz
Frequency Range SGU-FTMS: 0,003-10 MHz

Frequency Stability: This is governed by the stability of the crystal oscillator on
the REF. unit which is specified to 3 x10°/day and 1 x10-8/year

Frequency Resolution: The DDS is clocked by 80MHz and the frequency setting
is stored in a 34 bit register — 80 MHz/234 <0.005 Hz.

Frequency Switching Time:
Instruction time for frequency steps: 100ns with resolution of 12.5ns

Further information on response time of analog hardware: see section "Hardware
response” on page 222

Phase

Phase Resolution: A 16 bit register is used to store phase values.
— 360°/2"6 < 0.006°

Phase Switching Time:

Instruction time for phase steps: 50ns with resolution of 12.5ns

Total response time for any phase step to a phase error with less than 1° <300ns

Further information on phase settling time: see section "Hardware response” on
page 222

Amplitude

Modulator Range: The Modulator values are stored in a 16 bit register which
equates to a voltage dynamic range of 96dB. (20 log(2'%) =96 dB).

Power Level Range: The Power Level values are stored in a 15 bit register which
equates to a voltage dynamic range of 90dB. (20 log(2'%) =90 dB)

Power Level resolution: 0.1 dB
Amplitude switching time:
Instruction time for amplitude: 50ns

Response time of analog hardware: <100ns
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Hardware response

The SGU frequency registers can be set within 25ns, the actual update rate is lim-
ited by the serial link and the event synchronization to 100ns. The SGU phase,
shape (MOD) or amplitude (MULT) registers can be set within 12.5ns each, the
actual update rate is limited by the serial link and the event synchronization to
50ns. There is a finite bandwidth within the analog sections of the SGU resulting

in a response or settling time respectively.

The settling time is independently of change frequency or phase. A quite hard test
is to change phase by 180° and measure the time elapsed to achieve an remain-

ing error of <1°.

Figure 10.9. Response 180° phase step
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See 10.9.4
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Power Supply / Fuses

10.17.9

10

1

15

16

17

18

19

20

21

22

23

24

25

Table below is a list of the various signals transmitted to all user slots via the mid-
dle rear 110 pin connector JO.

Table 10.8.  Backplane Connector

z a b c d e f
GND GND RESERVE_1 NC GND SAMPLE_INFOO GND
GND NC GND SAMPLE_INFO3 SAMPLE_INFO2 SAMPLE_INFO1 GND
GND GND NC RESERVE_2 GND SAMPLE_INFO4 GND
GND 20MHZ_CLK_X 2 GND INTERLEAVE_INCR ADC_SEL1 ADC_SELO GND
GND GND 20MHz_CLK_X RESERVE_3 GND RGP_LO GND
GND BLNKTR1 GND BLNKTR2 RESERVE_6 RESERVE_4 GND
GND BLNKTR3 BLNKTR4 NC GND RGP_ADC GND
GND BLNKTR5 GND BLNKTR6 RESERVE_7 DWL_CLK/DWL_EN GND
GND BLNKTR7 BLNKTR8 NC GND RGP_RX GND
GND | SBS_TTL_TX GND SBS_TTL_RX SBS_TTL_TX_ENAB RESERVE_5 GND
GND LOCAL_TX LOCAL_RX SBS_TTL_WUP GND RGP_HPPR GND
Ié/llige:tlit:anaL&Bg:sgaIvanically isolated Key Area
GND SLOT2 SLOT1 SLOTO GND NC GND
GND SLOT3 GND 12C_SDA NC GND GND
GND EMERGENCY_STOP 12C_BUS_REQ 12C_SCL GND NC GND
GND | NC GND 12C_2_SDA 12C_2_SCL GND GND
GND NC NC NC GND NC GND
GND NC GND P2v N2.5V GND GND
GND PS5V P35V POV POV POV GND
GND PS5V RACKO NoV N9V NoV GND
GND PS5V P19V N19V RACK1 P12V GND
GND PS5V P19V N19V RACK2 P12V GND
GND PS5V P19V N19V RACK3 P12V GND

a  x=Slot-No. (20MHZ_CLK_1 until 20MHZ_CLK_8)
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AQS Pulse &
RF-Splitter

Introduction 11.1

The AQS PULSE SPLITTER and AQS RF-SPLITTER boards are used for the fol-
lowing signal distribution between AQS/2 or AQS/3 and AQS/2-M chassis:

® 20MHz clock

* 11 receiver (RX) pulses
(RGP_LO~, RGP_ADC~, RGP_RX~, RGP_HPPR~, DWL_ENAB,
INTRLEAVE_INCR~, SAMPLE_INFO[0:4] ~)

* LO-signal
* LO2-signal

The PULSE SPLITTER board is situated in one of the AQS slots in the front of the
AQS/2 or AQS/3 chassis, the RF-SPLITTER in the rear of the AQS/2-M chassis.

PULSE and RF-SPLITTER are connected via a twisted pair cable with Mini-Delta-
Ribbon (MDR) connectors. The cable has a differential impedance of 100Q.

One PULSE SPLITTER can support up to 5 AQS/2-M chassis. Each AQS/2-M
chassis needs one RF-SPLITTER board.

LO- and LO2-signals are split in the RF-SPLITTER. Each splitter has one input
and 10 outputs. The LO-splitter has an additional input and LO-switch. All splitters
are unity gain calibrated. Up to 3 RF-SPLITTER boards can be cascaded.

Both units are equipped with 12C-bus and LED indicator diagnostic features. Gain
calibration and LO-switch of the splitters are 12C-bus controlled.

Functions/Description 11.2

20MHz Clock and RX-Pulse Distribution 11.2.1

The PULSE SPLITTER board receives both clock and RX-pulses from the user
bus and converts them to LVDS-logic level signals. These are transmitted via the
MDR-cable to the RF-SPLITTER. It converts them back to their former logic levels
and routs them to the user bus.
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Figure 11.1. Clock & RX-Pulse distribution
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11.2.2

LO_IN2 O

Both LO- and LO2-splitters are integrated into the RF-SPLITTER unit.

The LO-output signals from SGU1 and SGU2 are fed into the inputs LO_IN1 and
LO_IN2. The outputs are either connected to a RXAD or a LO-splitter input on an-
other RF_SPLITTER unit.

The LO2 output signal from the REFERENCE board is fed into the LO2_IN1. The
outputs are either connected to a RXAD or a LO2-splitter input on another
RF_SPLITTER unit.

Figure 11.2. LO/LO2- Splitter

LO-Switch & Splitter
LO_IN1 0—=0

226 (265)

T~0———0 LO OUTH1
o X

LO_OUT2
LO_OUT3
LO_OUT4
LO_OUT5

LO_OUT6
LO_OUT7
LO_OUT8
LO_OUT9
LO_OUT10

OO0 00000 O0O0

BRUKER BIOSPIN

LO2-Splitter

LO2_OUT1
LO2_OUT2
LO2_OUT3
LO2_OUT4
LO2_OUT5
LO2_OUT6
LO2_OUT7
LO2_OUT8
LO2_OUT9
LO2_OUT10

LO2_INO

OO0 O0O0O0O0O0OO0OO0O0

AQS Techn. Manual Index 003



RF and Pulse Wiring

RF and Pulse Wiring 11.3
Figure 11.3. PULSE & RF-SPLITTER Wiring Diagram
Legend: BLNK_TR1-2,3-8
. . Intrarack Cable
l:l Front side unit
| Rearside unit
[..]: Number of coaxial cable (SMA) AQS/2(/3) AQS/2
v
RF-signal designators refer to RX1-2 TX3-8
the name of the source connector. TX1-2 o \%
s i 1l 1
o [}
Upgrade Info: W 3/ 0 < 8
black: 2TX/8RX (basic configuration) VLY e
blue: Upgrade to 2TX/16RX f
green: Upgrade to 2TX/32RX 10MHz
violet:  Upgrade to 8TX B
<
[
&
[©)
2
AQS/2-M z AQS/2-M \*
" <
i N
RX3-8,9 2 RX10-16 £
o a
@ ()
ol
k /
v LO-OUT9, LO2-OUT9 [2] - -
c c
=| | ELO-OUT1-7[7]
LO-OUT3-8,LO-0OUT10 [6,7]
LO2-OUT3-8,L02-0UT10 [6,7] @ f1LO2-0UT1-7 [7]
c
N
AQS/2-M
4// “
| r'e i
[ [ [
RX17-23 £ RX24-30 £ RX31-32 £
bl A i
o o o
X X X
LO-OUT1-7 [7] LO-OUT1-7 [7] LO-OUT1-2 [2]
LO2-OUT1-7 [7] LO2-0UT1-7 [7] LO2-0UT1-2 [2]
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AQS Pulse & RF-Splitter

Front Panel 11.4
Figure 11.4. AQS PULSE- & RF-SPLITTER boards front panel view
LOIN2 J2 LO2 IN1 J3
POWER LED POWER LED
LINK1 LED
PULSE ouT1 OINT J1
J1
LO & LO2
LINK2 LED Diagnostic
LED
PULSE OUT2 LO OUT
J2 J20-29
LO2 OUT
LINK3 LED PULSE IN J4 J30-39
PULSE OUT3
J3
PULSE &
CLOCK
LINK4 LED Diagnostic
LED
PULSE OUT4
J4 PULSE TEST
J5, J6
LINK5 LED
PULSE OUT5
J5
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LED Indicators

Front Panel

11.4.1

Table 11.1. PULSE SPLITTER LED Error Description

LED Name | Color

Error Description (LED OFF)

POWER green

power supply failure

LINK1 green
LINK2
LINK3
LINK4
LINKS

MDR cable not connected to
AQS RF-SPLITTER

Table 11.2. RF-SPLITTER LED Error Description

LED Name Color Error Description (LED OFF)

POWER green power supply failure
LO IN1 yellow 2 | no RF-input signal

IN2 yellow 2 | no RF-input signal

OUT1 yellow 2 | no RF-output signal

0ouUT2-10 yellow 2 | no RF-output signal
LO2 IN green no RF-input signal

OuUT1-10 green no RF-output signal
J4 CONNECTED | green MDR cable not connected to AQS

PULSE SPLITTER, no pulse output

CLOCK 20MHZ green no clock output signal
PULSE ENABLED green pulse buffer disabled, no pulse output

ACTIVE yellow 2 | no pulse active

a Short pulses may not be visible in OBSERVE mode.

Front Panel Connectors PULSE SPLITTER

11.4.2

J1-J5 PULSE OUT1-5

Pulse and clock output to RF-SPLITTER board. All signals are in LVDS logic (Low
Voltage Differential Signal). These signals can only be measured with proper
LVDS termination (100Q differential).

AQS Techn. Manual Index 003
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AQS Pulse & RF-Splitter

Front Panel Connectors RF-SPLITTER 11.4.3

230 (265)

J1 LO_IN1
LO input signal (1Vpp at 50Q load) from SGU1 or SGU LO-chain. This signal is

only present during observe. It can be routed via the internal LO-switch to
LO_OUT1 (J20).

J2 LO_IN2

LO input signal (1Vpp at 50Q2 load) from SGU2 or SGU LO-chain. This signal is
only present during observe. It is split and routed to LO_OUT2-10 (J21-29). It can
also be routed via the internal LO-switch to LO_OUT1 (J20).

J3 LO2_IN1

LO2 input signal (1Vpp at 50Q load) from REFERENCE board. This signal is split
and routed to LO2_0OUT1-10 (J30-39).

J4 PULSE IN

Pulse and clock input from PULSE SPLITTER. All signals are in LVDS logic.

J5/J6 TEST

Pulse and clock output test connector. Signal level = 1/10 TTL at 50Q2 load.

Table 11.3.  Pining J5/J6 Pulse Test Connector !

J5
RGP_ADC~|®@ ®|RGP_LO~ (front view)
RGP_HPPR~|® ®|RGP_RX~ @ ,/(D
20MHZ_CLOCK | ® ®|DWL_ENAB~
76 @DHeet+d
SAMPLE_INFO(0)~ [® ®]INTRLVE_INCR~ G+ TPOH (5
SAMPLE_INFO(2)~ | ® ®|SAMPLE_INFO(1)~
SAMPLE_INFO(4)~ | ® ®|SAMPLE_INFO(3)~

J20-29 LO_OUT1-10

LO output signal (1Vpp at 50Q load) to RXAD or another RF-SPLITTER. These
signals are only present during observe.

J30-39 LO2_0OUT1-10
LO2 output signal (1Vpp at 50Q load) to RXAD or another RF-SPLITTER.

1 Pin numbers according to test cable HZ10124 (CABLE 6P300 COAXIPACK ADAP BNC)
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Diagnostics

Diagnostics

11.5

AQS Techn. Manual Index 003

The input signals of the PULSE SPLITTER and the output signals of the RF-
SPLITTER are monitored by diagnostic circuits. Their status is displayed with LED
indicators on the front panel of the units. Please refer to "LED Indicators” on

page 229.

The same information is accessible for the AQS controller via 12C bus. The infor-

mation may be accessed via the DRU web interface.
(Service web of DRU in Slot 1, see Main / Hosted Devices)

Figure 11.5. Pulse Splitter Device and Diagnostic Status

Device Status

Feady

Diagnostic

| Diagnostic Testpoint | Description |Status

‘@ ‘Dower Supply Monitor (+3.3v, +5v) [ok.

‘@ ‘Dulse Input * [all pulses nactive

‘@ ‘ZOMHZ Clock Input ok m.
‘@ ‘LINK 1 (PULSE_QUT 1 1) [connectes
‘@ ‘LINK 2 (PULSE_OUT 2 J23 [not connected R
[ | LINK 3 (PULSE_OUT 3 13) || aisipibnie £ ards
‘@ ‘LINK 4 (PULSE_QUT 4 J4) [not connected

‘ ‘LINK 5 (PULSE_QUT 5 J53 [nat connected

‘ Refresh ‘ Refresh  F5

* pulses only active during acguisition

Figure 11.6. RF-Splitter Device and Diagnostic Status

Device Status
Ready

Diagnostic

| Diagnostic Testpoint ‘ Description |Statu5

‘@) ‘LO TML ¥ [ractive orfaled

‘@ ‘LO INZ * [ractive or failed |

‘@ ‘LO OUTL * ractive orfaled

‘@ ‘LO OuUT 2-10 * [ractive or failed |

‘@ ‘LO2 N [aled

‘@ ‘LO2 OUT 1-10 Falzd =]
‘® ‘Pu\se Output * T | click picture to enlarge
‘ ‘ZOMHZ Cladk Output ok

‘@ ‘Power supply Monitor (+3.3Y, +5¥) [k |

‘ Refresh ‘ Refresh  F&

* L0 and pulses only active during acquisition
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AQS Pulse & RF-Splitter

RF-Splitter Setup and Gain Adjust 11.6
Figure 11.7. RF-Splitter Setup Window
Device Status
Ready
Setup
‘LO IN 1 Frequancy B0 Mtz ‘ ‘
LO frequency and < | LO IN 2 Frequency B e | |
switch setup ‘LO AN “m ‘ ‘
‘ Adjust DAC Values ‘ | |
[ 500 Mz - oot i (0.255) |t || bown |
LO gain adjust - ‘500 MHz ‘ Lo auT 2-4fm@ | (0,255 ‘Ll ‘Ml
(frequency ‘500 MHz ‘ Lo out -7 el (0..255) ‘Ll ‘Ml
dependant) | ‘500 MHz ‘ Lo ouT s-10 @8 | (0..255) ‘Ll ‘Ml
[ 720 w2 | Lozour 1B (0,255 |t || bown |
02 gain adjust - ‘720 MHz ‘ LO? OUT 2-4 183 (0,.255) ‘Ll ‘Ml
‘720 MHz ‘ Loz aut 57 [ra | (0..255) ‘Ll ‘MI
L ‘720 MHz ‘ Lo ouT s-10 7| (0..255) ‘Ll ‘MI
Pulse driver setup — | pulse Oriver [FeeiE =1 ‘ ‘
‘Set/Update modified Values ‘ Set/Update modifed Values | ‘ ‘
‘Write/Save values into BIS ‘ Wite/Save Values into BIS | ‘ ‘
Setup 11.6.1
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LOIN 1, LO IN 2 Frequency:

* Enter SGU frequency and press [Set/Update modified Values]

The adjust DAC values are set according to the calibration data list stored in the
unit BIS. The controller uses the calibration data closest to the entered frequency
value. The frequency display changes to the chosen data set.

LO IN select:

LO switch setting (see also "LO/LO2- Splitter” on page 226)

®* LO_IN1=LO_IN1 - LO_OUT1 and LO_IN2 - LO_OUT2-10

®* LO_IN2=LO_IN2 - LO_OUT1-10

Pulse Driver:

* ENABLE = pulse driver from RF-Splitter to backplane enabled (Default)

* DISABLE = pulse driver from RF-Splitter to backplane disabled
(only used when SGU in AQS/2-M Chassis)

BRUKER BIOSPIN
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Part Numbers and Cables

Gain Adjust 11.6.2

The gain off the LO and LO2 splitters is adjusted to unity gain at the factory. This
includes the connecting cables'. However if other cables are used or several RF-
Splitters are cascaded, a fine adjust may be necessary. The gain adjusts are bun-
dled as follows:

Figure 11.8. RF-Splitter gain adjust DAC

LO-Splitter LO2-Splitter
(frequency dependant on setup) (720MHz)

LO_INT 7 0 LO_OUT

o L02_OUT1

[ ———o
LO_IN2 o H—o toout24  Lo2 INe —@—D—E L02_0UT2+4
[ =—°0O
[ ——o
—L@—D H—o 10 outs7 _I—@—D—E LO2_OUTS-7
s g
A=
@_D H—o Lo_oute-0 _D_EE LO2_OUT8-10
| =4O

Gain Adjust Procedure:

* Disconnect the LO(2)_OUT cable from the RXAD and connect it to a power
meter

* Check/set the correct RF-Splitter frequency

* Adjust the gain of the LO channel with the [Up] and [Down] buttons
(Adjust value see "LO-Performance:" on page 234)

* Save the DAC values with [Write/Save Values into BIS]

* Repeat the procedure for other frequencies or other LO channels
.’ Important Note:
* Make sure that all unused outputs are properly terminated (50Q)

* The four gain adjusts of the splitters are somewhat dependant on each other. If
one channel is coarse adjusted, the other channels may detune slightly.

Part Numbers and Cables 11.7

* 7104431 AQS PULSE SPLITTER
* 7104432 AQS RF-SPLITTER
* HZ13238 CABLE RD 26P 3M MDR

Test Equipment:
* HZ10124 CABLE 6P300 COAXIPACK ADAP BNC

1 2x CABLE COAX ELSPEC 2000 SMA/SMA (HZ04329)
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AQS Pulse & RF-Splitter

Technical Data 11.8
PULSE SPLITTER 11.8.1
Pulse Performance:
Pulse Input: +5V TTL Logic Level
20MHz Clock Input: +2/-2.5V ECL Logic Level
LVDS Output: LVDS Logic Level
RF-SPLITTER 11.8.2
LO-Performance:
Input Power: +4.5 +0.5 dBm
Frequency Range: 50..800 MHz
Insertion Loss: LO_IN1 — LO_OUT1 (dual LO mode) 0 0.5 dB
Insertion Loss: LO_IN2 — LO_OUT1..10 010.5 dB
LO-Switch Isolation: LO_IN1 — LO_OUT1 (single LO mode) >20 dB
LO-Switch Isolation: LO_IN1 — LO_IN2 (dual LO mode) >20 dB
VSWR: all Ports <1.4
LO2-Performance:
Input Power: +4 +0.5 dBm
Frequency: 720 MHz
Insertion Loss : LO2_IN — LO2_0OUT1..10 010.5 dB
VSWR: all Ports <1.4
Pulse Performance:
LVDS Input: LVDS Logic Level
Pulse OUT: +5V TTL Logic Level
20MHz Clock OUT: +2/-2.5V ECL Logic Level
Pulse & Clock Test OUT: (at 50Q2 load) 1/10 TTL Logic Level

234 (265) BRUKER BIOSPIN AQS Techn. Manual Index 003



Power Supply / Fuses

Power Supply / Fuses

11.9

Both units are powered via their backplane connector from the user bus. For pow-
er supply status see 11.4.1. The units do not contain any fuses.

Backplane Connector 11.9.1
Table 11.4.  Pining user bus connector PULSE-SPLITTER (Slot 1-10, AQS/2, AQS/3)
z a b c d e f
1 GND | GND GND SAMPLE_INFOO | GND
2 GND GND SAMPLE_INFO3 SAMPLE_INFO2 SAMPLE_INFO1 GND
3 GND | GND 12C_STATUS_INT~ GND SAMPLE_INFO4 | GND
4 GND | 20MHZ_CLK_X?2 GND INTERLEAVE_INCR~ GND
5 GND | GND 20MHz_CLK_X~2 GND RGP_LO~ GND
6 GND GND GND
7 GND GND RGP_ADC~ GND
8 GND GND DWL_ENAB~ GND
9 GND GND RGP_RX~ GND
10 | GND GND GND
11 GND GND RGP_HPPR~ GND
Key Area

15 | GND | sLoT(2) SLOT(1) SLOT(0) GND GND
16 | GND | SLOT(3) GND 12C_SDA GND GND
17 | GND 12C_BUS_REQ~ 12C_SCL GND GND
18 | GND GND 12C_2_SDA 12C_2_SCL GND GND
19 | GND GND GND
20 | GND GND GND GND
21 | GND | P5v GND
22 | GND | P5V GND
23 | GND | P5V GND
24 | GND | PV GND
25 | GND | Psv GND

a x = Slot-Nb.
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AQS Pulse & RF-Splitter

Table 11.5.  Pining user bus connector RF-SPLITTER (Slot RF-SPLITTER (AUX2), AQS/2-M Rear Side)
z a b C d e f
1 | GND | sLOT4 SLOT3 SLOT2 SLOT1 SLOTO GND
2 |enp | 12c_scL 12C_SDA 12C_BUS_REQ-~ 12C_2_SCL 12C_2_SDA GND
3 | GND | LOCAL_TX LOCAL_RX INTRA_STATUS_INT~ | 12C_STATUS_INT~ GND
4 |oenD GND
5 | GND | GND GND GND GND GND GND
6 |GND | P12V P12V P12V P12V P12V GND
7 | eND GND
8 | GND | RESERVE(5) RESERVE(4) EMERGENCY_STOP~ GND
9 | enp GND
10 | 6ND | P5V P5V P5V P5V P5V GND
11 | oND | GND GND GND GND GND GND
Key Area
15 | oND | GND GND GND GND GND GND
16 J oND | Pov POV POV POV POV GND
17 fenD | Nov N9V NoV NoV NoV GND
18 | eND | GND GND GND GND GND GND
19 | oD GND
20 | eND GND
21 | eND | GND GND GND GND GND GND
22 | eND SAMPLE_INFO(0) | DWL_ENAB~ RGP-LO~ GND
23 | GND | GND SAMPLE_INFO(2) | SAMPLE_INFO(1 GND RGP_ADC~ GND
24 | GND | 20MHZ_BACK_IN | GND SAMPLE_INFO(3) | INTRLVE_INCR~ | RGP_RX~ GND
25 | GND | GND SAMPLE_INFO(4) | GND RGP_HPPR~ | GND
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AQS Service Tool
(Unitool)

Introduction

12.1

I‘

I‘

For service purpose BRUKER has developed an universal service tool (named
Unitool) that allows access to boards with Unitool support for diagnostic, check
and firmware upgrade over the RS485 serial bus (SBSB, description can be found

on page 15).

The Unitool acts as a browser, all menus are provided by the units themselves.
Board specific Unitool access can be achieved by starting the Unitool with the
matching SBSB address (for addresses see "AQS address mapping” on page
238)

With firmware release ‘AD’ and newer (see later how to determine), the following
devices support Unitool within the AQS Chassis:

* AQS Controller (virtual, provided by one of the SGU)
¢ all SGU variants

¢ all AQS RX and RXAD variants

* all AQS internal amplifiers (reduced function)

* AQS FADC (reduced function)

FTLP4/M, HADC, SADC and Router can not be accessed by UniTool, but via the
AQS Controller (formerly named ,master) menu these boards are shown if avail-
able.

The AQS Controller is a (virtual) device with its own SBSB address, al-
though this function is provided physically on a SGU hardware. The AQS
Controller is a separate task within the SGU firmware.

The AQS Controller function can be accessed on the AQS Controller address
decimal 32 although the physical address of the SGU function is called on ad-
dress 36.

Older firmware releases do not support the AQS Controller Unitool function.
Please follow the instructions to identify the actual firmware release first
(see "Identification of the firmware release"” on page 240)
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AQS address mapping 12.2

Configuration and SBSB addresses can be found in
the ../conf/instr/<curinst> directory in the file uxnmr.info

or by "Identify your chassis configuration"” on page 240 using the Unitool.
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AQS address mapping

Figure 12.1. SBSB addresses

device
independent

16 boot default addresses
AQS/2 chassis 2

16 AQS FTMS Devices

Reserved FTMS —_— e = = = = —
Device ‘|‘<‘:r 1 FTMS ICC ]
device 8 Boot Default addresses
independent
_device 8 Boot Default addresses
independent
T _1 ngerv_e -
_ Y — — — — — 4
Device Y* 3 Router
6 AQS Amplifier
Device ‘A° (BLAX, BLAXH 19Zoll)
[} GRS
()] Device X 2 Birds Reference Boards
c
©
n'd
7
() Device D*
° (reserved)
2
n - = = — — — A
)]
[&]
= . 8 SGUs
8 Device 'S (Signal Generating Unit)
3 .
< Device 'F* 1 FTLP/4M
Device ‘P’ 2 AQS PSD
- T =
Device ‘B’ __1AQS Controller (Master’) |
2 Reserve
Device ‘N’ 1 AQS PULSE SPLITTER \
Device ‘M’ 1 AQS RF SPLITTER ‘
Device ‘E’ 1 AQS FADC
Device ‘C’ “1AQsAcBs |
Device 'H’ 2 AQS FTMS RX
- — 7
Device ‘R’

8 AQS Receiver

SBSB protocol is handled by
on board microcontroller

addresses valid only when AQS Controller

present and initialized

AQS Techn. Manual Version 003

device without microcontroller
SBSB protocol handled by
AQS Controller (SBSB emulation)

BRUKER BIOSPIN

HEX (DEC) — AQS Default Rack Address 2
OxDF (223) /

0xDO (208)—/
OX9F (159)

0x94 (148)
0x90 (144)

Ox4F (79)
0x48 (72)
0x47

0x40 (64) -> AQS Default Rack Address 1
0x3F (63)

0x3E (62)

0x3C (60)
0x3B -

__6thAmplifier 0x18 __
__5th Am_p_'fier' Ox1A _

1st Ampllﬂer. 0x16

0x36 (54)
0x35

0x34 (52)
0x33

0x2C (44 l 8th SGU: 0x0B__

Bag o —~ | 7thsGU: oxoA ]
| __ __6thSGU: 0x09 |
| __ __S5thSGU: 0x08 |
| 4thSGU: 0x07 _ |
| 3rdsGU: 0x06 _ |

0x24 (36) | 2nd SGU: ox05 |

— 1st SGU: 0x04

0x23 (35)

0x21 (33)

0x20 (32) -> AQS Rack Address

Ox1F

0x1D (29)

0x1C (28)

0x1B (27)

Ox1A (26)

0x19

0x18 (24) -1 __ _8thReceiverOx17 ]

0x17 (23) 7th Receiver 0x16

6th Receiver 0x15
ZithEece_iverEd AE
_ 4th Receiver 0x13
3rd Recelver Ox1 2
2nd Recelver 0x11

0x10 (16 -
(1) - " 1st Receiver 0x10

SBSB protocol is handled by
on board microcontroller
default addresses (AQS Controller not present)
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AQS Service Tool (Unitool)

Identification of the firmware release 12.3

1. Open a shell or the command prompt in the BRUKER Utilities folder when us-
ing Windows.

2. Start the UniTool: xwinnmr -e UniTool or topspin -e UniTool
3. -> ags, confirm

4. -> decimal address for e.g. SGU-1 is 36 or RX-1 is 16, confirm

5. Choose -> 1, confirm

You will be given the details of firmware and boot software version.

I‘

Boards programmed in factory may show a different application firmware
checksum compared to boards downloaded with UniTool

————————— Example how to start UniTool -------——--

45% xwinnmr -e UniTool

Enter device name ['?' for details] (ags) >

Enter decimal SBSB address for board in AQS rack (36) > 36
device name taken from already existing configfile: /dev/ttyl0
Bruker UniTool

Version: 1.0

Compilation date: 000921

WARNTING:

This is a hardware level debug tool.

Improper operation may damage your hardware.

Connecting SBSB address 36 (0x24).

———————————————— End Example -—-———-—--—————————————————

Identify your chassis configuration 12.4

I‘

Older firmware releases do not support the AQS Controller Unitool function.
Please follow the instructions to identify the actual firmware release first
(see "Identification of the firmware release” on page 240)

1. Open a UNIX shell or the command prompt in the BRUKER
Utilities folder when using Windows
2. Start the UniTool: xwinnmr -e UniTool
3. -> ags, confirm
4. -> decimal address for the AQS Controller is 32, confirm
5. Choose -> [1], Rack Configuration, confirm
With the AQS Controller UniTool menu configuration information can be traced.

When finished a power up of the chassis is necessary because the AQS Control-
ler has to re-scan the chassis.
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Identify your chassis configuration

Figure 12.2. Determine chassis configuration
——————————————————— Example -—--—--—-—-—-—-———-———-————-—

45% xwinnmr -e UniTool

Enter device name ['?' for details] (ags) >

Enter decimal SBSB address for board in AQS rack (36) > 32
device name taken from already existing configfile: /dev/ttyl0

Bruker UniTool
Version: 1.0
Compilation date: 000921
WARNTIN G:
This is a hardware level debug tool.
Improper operation may damage your hardware.

Connecting SBSB address 32 (0x20).

>>> Rackmaster Menu <<<

Init Rack
[1] Rack Configuration

Rack Delete Error
[3] Rack Querry Request
[A] Service Functions
[X] eXit UniTool

your choice:1

.’ The Re-Scan can be started using UniTool. Start UniTool on address 32 and
select menu point [A] Service Functions and follow the instructions.

Board type codes are shown in the following table:
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Table 12.1.  Birds Board Type Identifier Codes

board | board board description BRUKER
type type number
0x00 0 SGU-C (frequency range 5..430MHz, print index C) Z003329
SGU (regular frequency range 5..<643.45MHz, print index D) 2003642
0x01 1 board not inserted
0x02 2 AQS Reference Board for AQS Receiver (REF400) 7003265
0x03 3 AQS Reference Board with 22MHz IF output for RX22 (REF400-22) | Z003351
0x04 4 AQS Router Combiner 2003624
0x05 5 AQS BLA2BB 150-60 dual amplifier 20-400MHz W1345049
0x06 6 AQS BLAX300 single 300W X Amplifier W1345052
0x07 7 AQS Controller
0x08 8 AQS FTLP/4M filter board 2002812
0x09 9 AQS ACB standard H9488
0x0A 10 AQS PSD power supply distribution board H9530
0x0B 11 AQS RECEIVER BOARD RXAD FTMS 2102501
0x0C 12 AQS FTMS PSD power supply distribution board A3142
0x0D 13 AQS FADC H9685
0x10 16 SGU400 (frequency range 5..430MHz) 7003642
ab ECL2.0
0x18 24 SGUGB00 (frequency range 5..<643.45MHz) Z003831
0x28 40 SGU1000 (extended frequency range 5..1072.625MHz) Z003330
ECL2.0
and newer
0x30 48 SGU-FTMS (ICR frequency range 5..10MHz, print index D 7003643
0x42 66 AQS RXADG600 (standard frequency range 5..645MHz) 2102117
0x52 82 AQS RXAD1000 (extended frequency range 5..1077.5MHz) 2102118
0x60 96 AQS RX-E (extended frequency range 5..1077.5MHz) 7003689
0x61 97 AQS RX-BB (extended frequency range 5..1077.5MHz) 2003689
0x62 98 AQS RXAD-BB (extended frequency range 5..1077.5MHz) Z102119
0x72 114 AQS RXAD400 (base frequency range 5..430MHz, ...) 2102116
0xCO0 192 AQS Reference Board for AQS Receiver RX600 (REF600) Z003936
0xC1 193 AQS Reference Board for AQS Receiver RX1000 (REF1000) Z003937
0xC2 194 AQS Reference Board with 22MHz IF output for RX22 (REF600-22) | Z003938
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Identify your chassis configuration

Table 12.1.  Birds Board Type Identifier Codes
board | board board description BRUKER
type type number
0xC3 195 AQS Reference Board with 22MHz IF output for RX22 (REF1000- Z003939
22)
0xC4 196 AQS BLA2BB 150-60 dual amplifier 20-500MHz W1345072
0xC5 197 AQS 1to4 Router 2101247
0xC6 198 AQS/2 Chassis 2101618
0xC7 199 AQS 2H-TX BD 200-400 Z103550
0xC8 | 200 AQS 2H-TX BD 500-1000 Z103551
0xC9 | 201 REF/2 1000 2104236
OxCA | 202 AQS RF SPLITTER BOARD 7104432
0xCB | 203 AQS PULSE SPLITTER BOARD 7104431
0xCC | 204 AQS/2-M Chassis 2104493

AQS Techn. Manual Version 003 BRUKER BIOSPIN
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Download new SGU firmware 12.5

244 (265)

I‘

I‘

Please refer to the BRUKER Service Information to check out if a download is
necessary.

The download of the newest firmware is not always necessary or makes
sense, please read instructions carefully

If you download new firmware ensure that the AQS Controller SGU has al-
ways the newest firmware. For proper operation all SGU with same ECL
must have identical firmware versions.

Important: Download the correct firmware on the corresponding SGU engineer-
ing change level (see Table 12.2.), e.g. firmware birdbg.hex is not compatible to
older ECL of AQS SGU and is labeled by an increment in the major release char-
acter (birdbg.hex instead of birdal.hex).

As mentioned above, SGUs with different ECLs can be mixed in an AQS. Be sure
that in this case all SGUs have load down the newest corresponding firmware
version:

®* Download latest firmware from ftp:/ftp.bruker.ch/pub/NMR/download/serv-
tools/firmware/aqs/ and copy it to the UniTool directory on your workstation
(see details in "Download new SGU firmware" on page 244).

* Read the release notes carefully

® Start an Auto Download using UniTool. The download routine checks if a
download is necessary.

Further information about the demand of new firmware can also be found on the
FTP server of BRUKER AG (B-CH):

ftp://ftp.bruker.ch/pub/NMR/download/servtools/firmware/aqs/

Follow these instructions:

1. Check if the directory (/Bruker/<xwinnmr/topspin release>/conf/instr/servtool/
UniTool/files/birds) exists. Otherwise create it.

2. Copy the firmware birdbg.hex into the directory /Bruker/<xwinnmr/topspin re-
lease>/conf/instr/servtool/UniTool/files/birds

3. Open a shell or the command prompt in the BRUKER Utilities folder when us-
ing Windows.

4. Start the UniTool: xwinnmr -e UniTool or topspin -e UniTool
5. -> ags, confirm

6. Determine decimal address for SGU to be load down (36 for SGU-1, 37 for
SGU-2 etc. or check the flow chart in Eigure 12.3.)
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Figure 12.3. SGU download

AQS CHASSIS AQS/2 CHASSIS
Z003414 or Z101618
2003934
Type of AQS
Chassis?
OTHERS
SGU Type
¢ SGU400 ECLO4 and ECL? l
SGU600 ECL02
SGU1000 ECL05 switch off chassis
. SGU FTMS ECL03 ut SGU in SLOT4 and
SGU device address: Eull out all other SGU's!
SGU-1 =36 power up chassis again
SGU-2 =37
SGU-3 = 38 ¢
SGU-4 =39
SGU-5 =40
SGU-6 = 41 device default address = 68

v v
—

Enter determined device address in UniTool prompt:
Enter decimal SBSB address for board in AQS rack (36) > address

yes
UniTool menu loaded

?%) l

if not done in a previous step:

put SGU in SLOT4 and
pull out all other SGU's!

I
Restart UniTool and enter device default address 76 in UniTool prompt:
Enter decimal SBSB address for board in AQS rack (36) > 76

XFIO

yes

UniTool menu loaded
?

Restart UniTool and enter device default address 67 in UniTool prompt:
Enter decimal SBSB address for board in AQS rack (36) > 67

XI’]O

yes

UniTool menu loaded
?

Restart UniTool and enter device default address 67 in UniTool prompt:
Enter decimal SBSB address for board in AQS rack (36) > 68

Enter <4> Check Download
-> Download is started and takes
about 30 min

*) an error message ,unknown rack code may occur,
l confirm message with y (yes)

Download all other SGU’s in this manner and restart AQS CHASSIS when finished.
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Error handling 12.6

Network failures / connection lost 12.6.1
The download can be restarted on the same address as before.

System power down 12.6.2

If a power down occurred while loading new firmware the restart of the download
is different. The red LED of the SGU in boot mode is blinking fast.

Check if the AQS Controller has found all SGU'’s at power up (see slot list/config-
uration "Identify your chassis configuration”). If the SGU in boot mode has not
been found (corresponding line in the slot list is empty) a default SBSB address in
accordance with the procedure described in Figure 12.3. has to be entered when
starting UniTool.

The download can be restarted. When finished, a power up of the chassis is nec-
essary because the AQS Controller has to re-scan the AQS chassis.

Problems starting UniTool? 12.6.3

UniTool is running on the SBSB libraries from XWINNMR or TOPSPIN, so a com-
plete installation, valid paths and environment are necessary. Essentials for serial
RS-485 / SBSB communication:

1. The directory <XWINNMRHOME>/conf/instr/spect/rs232_device/ must exist

2. In this directory the corresponding files must be created and edited: ags and
preamp1, e.g.

# XWIN-NMR TTY configuration file
# created automatically by 'cf'

# do not edit, changes are lost after next 'cf'
unit = AQS-Rack
host = spect

device =

/dev/ttyl0

stty = 9600 min 1 time 50 cs8 hupcl cread clocal

246 (265)

3. The file <XWINNMRHOME>/conf/instr/curinst must contain the name 'spect’
(otherwise edit). curinst is the link between <XWINNMRHOME> and /conf/
instr/...

4. Before starting UniTool set the shell variable XWINNMRHOME

Linux (bash) : export XWINNMRHOME=/opt/xwinnmr or
Linux (bash) : export XWINNMRHOME=/opt/TOPSPIN
Windows (cmd) : set XWINNMRHOME=C:/Bruker/xwinnmr or

Windows (cmd) : set XWINNMRHOME=C:/Bruker/TOPSPIN
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ECL and required Firmware Versions for AQS/2

12.7

The following table gives an overview of a necessary download for AQS/2 CHAS-

SIS support:

Table 12.2.  Overview firmware version and SGU ECL
SGU Type Part ECL Required firmware release
Number

SGU400 2003642 00, 01, 02 birdal.hex
03, 04, 05, birdbg.hex
06

SGU600 7003831 00 birdal.hex
01,02,03, 04 | birdbg.hex

SGU1000 Z003330 00,01,02,03 | birdal.hex
04,05,06,07 | birdbg.hex

SGU FTMS | Z003643 00, 01 birdal.hex
02,03,04,05 | birdbg.hex

AQS Techn. Manual Version 003
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Download new AQS Receiver (RX) Firmware 12.8
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N o o A

. Check if the directory (/Bruker/<swinnmr/topspin release>/conf/instr/servtool/

UniTool/files/birds) exists. Otherwise create it.

Copy the new firmware e.g. rxs_ap.hex into the directory Bruker/<xwinnmr/
topspin release>/conf/instr/servtool/UniTool/files/birds

Open a shell or the command prompt in the BRUKER Utilities folder when us-
ing Windows.

Start the UniTool: xwinnmr -e UniTool or topspin —-e UniTool
-> ags, confirm
-> decimal address for RX-1 is 16, confirm

When the UniTool Menu is loaded, enter <4> Auto Download -> download
is started. The download takes about 22 minutes

If you have more than one RX, do the same as above with address 17, 18,
and so on.
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New configuration of the AQS amplifiers 12.9

I‘

Remember that the Unitool is a hardware level debug tool. Improper opera-
tion may damage your hardware. Please read the following lines carefully.

According to the document “BIS Groups and Values” (Andreas Hiinnebeck (AH),
version 2.6 and higher), the amplifiers provide a housing information in its BIS that
allows the software to determine an SBSB address.

Later versions of the amplifiers have this entry in their BIS. If an error message
like

"no amplifier housing information in BIS, using default address " or
"multiple amplifier housing information in BIS, using default address "
is printed out you should read the following lines.

For future 3 channel configurations with internal AQS amplifiers, housing informa-
tion must be programmed in the BIS

Default values 12.9.1

Default values in the amplifier BIS should be:
BLA2BB: Housing, Hsg = 1 (amplifier 1)
BLAX300: Housing, Hsg = 2 (amplifier 2)

In a 2 channel AV with one BLA2BB without a housing entry, no error or warning
messages is given (backward compatibility to most used configurations). BLA2BB
is amplifier 1.

For a 3 channel AV with BLA2BB and BLAX300, where both amplifier do not have
a housing entry, warning messages are given and default values are set. These
values can be modified using the UniTool with the BLA SBSB address.

Default SBSB addresses, when no housing is originally programmed
1. 1 BLA2BB in Slot 8: 0x36
2. BLA2BB (Slot 8), BLAX300 (Slot 6, on the left side of BLA2BB):
BLA2BB: 0x36 (decimal 54)
BLAX300: 0x37 (decimal(55)

Check the addresses before changing any entry. This can be done by starting the
UniTool at the AQS Controller address:

1. Start the UniTool in a Shell: xwinnmr -e UniTool
. -> ags, confirm

2
3. -> decimal address of the AQS Controller is 32, confirm
4

. Select 1, Configuration-> a list is shown (see "Identify your chassis configu-
ration” on page 240) with the SBSB addresses of the devices.
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Adding Housing Setting 12.9.2
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Follow these instructions to add the housing information to amplifiers with old BIS.

Conditions:
* BLA2BB in Slot 8
®* BLAX300 in Slot 6

1.
2.

Power up the AQS Chassis

Start the UniTool in a Shell: xwinnmr -e UniTool or topspin -e Uni-
Tool

3. -> ags, confirm

. -> SBSB address of the amplifier BLA2BB is hex 0x36 resp. decimal 54, con-

firm,

Change at menu Point 2 the housing information (1 for BLA2BB recommend-
ed). The setting is saved automatically. Exit UniTool.

. Start the UniTool in a Shell: xwinnmr -e UniTool or topspin -e Uni-

Tool

7. -> ags, confirm

10.
11.
12.
13.
14.

. -> SBSB address of the amplifier BLAX300 is hex 0x37 resp. decimal 55, con-

firm,

Change at menu Point 2 the housing information (2 for BLAX300 recommend-
ed). The setting is saved automatically. Exit UniTool.

Perform an AQS power down

Power up the AQS chassis and initialize the spectrometer with “cf’
Check SBSB addresses with UniTool on AQS Controller address 32:
BLAX300 in Slot 6 with housing 2: 0x37, amplifier is AMP2

BLAZ2BB: in Slot 8 with housing 1: 0x36, amplifier is AMP1
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