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BPM system requirements 

The	  total	  number	  of	  BPMs	  shall	  be	  107	  including:	  
•  MEBT: 	   	   	   	   	  4	  

•  DTL: 	   	   	   	   	  8	  	  (2	  per	  tank)	  

•  Spoke	  cavi?es: 	   	   	  30	  

•  Low-‐β	  ellip?cal	  cavi?es: 	   	  10	  

•  High-‐β	  ellip?cal	  cavi?es: 	   	  28	  

•  HEBT: 	   	   	   	   	  22	  

The	  BPM	  system	  shall	  be	  able	  to	  
measure:	  

1.   Beam	  posi?on	  

2.   Beam	  phase	  

3.   Beam	  intensity	  
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BPM system requirements (cont’d) 

The	  BPM	  pickups	  will	  have	  different	  designs.	  Nevertheless,	  it	  
is	  planned	  to	  use	  the	  same	  type	  of	  electronics	  for	  all	  the	  
pickups.	  

Pickup pictures from SNS, Jim O’Hara, LNAL, “SNS Linac Beam Position Monitor pickups”, 2002 
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BPM system requirements (cont’d) 

Beam	  

14	  Hz	  

2.86	  ms	  

Fast	  measurement	  
(instantaneous)	  

Slow	  measurement	  
(average)	  

50	  mA	  

50	  mA	  
+	  

BPM	  

Nominal	  pulse	  

14	  Hz	  

50	  mA	  

2.86	  ms	  

Diagnos?cs	  pulse	  

1	  Hz	  

50	  mA	  

100	  μs	  

averaging	  

The	  BPM	  system	  shall	  be	  able	  to	  make	  a	  fast	  and	  a	  slow	  measurement	  of	  the	  beam	  
posi;on,	  phase	  and	  intensity	  in	  nominal	  and	  diagnos;cs	  pulse	  modes.	  
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Beam	  
Current	  

Beam	  RF	  voltage	  
envelope	  

14	  Hz	  

Trigger	  

352	  MHz	  

2.86	  ms	  

RF	  
voltage	  

Ø  Beam	  posi?on	  accuracy: 	   	   	  ±100	  μm	  (RMS)	  

Ø  Beam	  posi?on	  resolu?on:	   	   	  20	  μm	  

Ø  Phase	  measurement	  accuracy: 	   	  ±1°	  (RMS)	  

Ø  Phase	  measurement	  resolu?on:	   	  0.2°	  

Ø  Measurement	  range: 	   	   	  50%	  of	  the	   	  
	   	   	   	   	   	   	  beam	  pipe	  dia.	  

Ø  Phase	  measurement	  range: 	   	  ±180°	  

Ø  ADC	  sample	  rate: 	   	   	   	  >	  1	  MSPS	  

Ø  Electronics	  response	  ?me:	   	   	  <	  1	  μs	  

Ø  Refresh	  rate	  (end	  user): 	   	   	  14	  Hz	  

We	  are	  discussing	  with	  the	  Beam	  Physics	  group	  to	  
finalize	  the	  requirements.	  

BPM system requirements (cont’d) 
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Electronics platform comparison 

Full table by Miha Rescic from Cosylab (Currently working at ESS)   

VXS	   μTCA	   PXI	   cPCI/cPCIe	  

Vendor	  number	   16+	   ~10	   70+	   Many	  

Maturity	   Medium	  	   Medium	   High	   High	  

Max.	  transfer	  rate	   Star/dual	  star:	  30Gbps,	  	  
Mesh:	  112	  Gbps	  

1	  GbE,	  2GbE,	  10	  GbE;	  
Up	  to	  12.5	  Gbps	  
250MB/s/lane	  (PCIe)	  

PXI:	  132	  MB/s	  
PXIe:	  250	  MB/s/lane	  (up	  
to	  16	  lanes)	  

PCI:	  132	  MB/s	  
PCIe:	  250	  MB/s/lane	  
(up	  to	  16	  lanes)	  

Backplane	  ?ming	  and	  
synchroniza?on	  

112	  S.E.	  pins,	  32	  diff.	  
pairs	  

84	  pair	  for	  MCH,	  7	  pairs	  
per	  AMC	  for	  12	  AMCs	  

10	  MHz	  and	  100	  MHz	  
clock,	  8x	  shared	  trigger,	  
star	  triggers	  

Topology	   Star,	  dual	  star,	  full	  mesh	   Star,	  dual	  star,	  full	  mesh	   Master-‐slave,	  star	   Master-‐slave,	  star	  

Redundancy	   YES	   YES	   Power	  Supply	  only	   Power	  Supply	  only	  

Users	   Military,	  Avionics	   DESY	  XFEL	   EBG	  MedAustron,…	  
CERN,	  LANL,	  ORNL,	  
ITER	  (planned),	  JET,	  
ETE,	  EBG	  MedAustron	  

Crate	  cost	   High	  (From	  3000	  €)	   Medium	  (From	  2000	  €)	   Medium	  (From	  880	  €	  
for	  4	  slot	  version)	  

Medium	  (From	  900	  €	  
for	  6	  slot	  version)	  

Documenta?on	   Poor	   Fair	   Good	  

Ease	  of	  use	   Fair	   Easy	  to	  start	  	   Fair	  

RTM	   NO	   YES	   NO	  (alterna;ve:	  
FlexRIO)	   NO	  

Power	   90	  W	  (5V),	  66W	  (3.3V)	   20	  –	  80	  W	  per	  slot	   30	  W	  per	  slot	   30	  W	  per	  slot	  
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 µTCA chassis platform 

 
  Not Intended for Design - Do not Claim Compliance 

 

PICMG® MTCA.0 Short Form Specification, September 21st, 2006     6 of 34 
 

 

Figure 2 describes the four AdvancedMC form factors that MicroTCA supports, as well as their properties and some 

potential applications.  

 
F igure 2  AdvancedMC Module  conf igurat ion  examples 

 

 
 

 

MicroTCA Carrier 
The MicroTCA Carrier concept is the basis for the MicroTCA specification. Elements of a MicroTCA Shelf act as a 

MicroTCA Carrier, which emulates the requirements of the Carrier Board defined in AMC.0 to properly host 

AdvancedMC Modules. Carrier functional requirements include power delivery, interconnects, and Intelligent 

Peripheral Management Interface (IPMI) management, among others as defined in the AMC.0 base specification.  

These Carrier functions are implemented on AdvancedTCA Carrier Boards that accept up to eight AdvancedMCs. The 

term HMicroTCA CarrierI used in MicroTCA refers to Carrier functions needed to provide an infrastructure that 

supports nominally twelve AdvancedMCs. The elements inside the dotted line in Figure 1 represent the MicroTCA 

Carrier functions. 

A MicroTCA Carrier Hub (MCH) combines the control and management infrastructure and the interconnect fabric 

resources needed to support up to twelve AdvancedMCs into a single Module, which is the same size as an 

AdvancedMC. MCHs are the infrastructure elements that are shared by all AdvancedMCs. Since MCHs represent a 

single point of failure in a MicroTCA solution (where any fault could bring down the entire system), it is possible to 

include a pair of MCHs to make the solution suitable for High Availability (HA) applications. Figure 3 shows a 

block diagram of an MCH. 
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Simple	  diode	  detector	  and	  S&H	  +	  LPF	  (LHC	  –	  CERN	  and	  DESY)	  

From Marek Gasior’s presentation at the DITANET workshop at CERN, Jan 2012 

BPM signal detection – method 1 
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BPM signal detection – method 2 

LR-BPM
Log-Ratio BPM Electronics

Beam position measurement
Non-interceptive 
Optimal for single-pass short bunches, 
Linacs, transfer lines, first turns
Fast-cycling synchrotrons, boosters
Beam charge range > 500
Beam-based center determination

The Log-Ratio Beam Position 
Monitor (LR-BPM) is an 
electronics module for fast 
analog processing of beam 
pickups signals

Input signals parallel 
processing allows single-pass 
position measurement

Bunches at any repetition rate 
up to 500 MHz.  Individual 
bunches can be distinguished 
from one another up to 5 MHz 
repetition.

L-band, S-band, X-band beams 
can be processed provided 
bunch groups are  short      
(<3 ns)

±2V X and Y outputs are held 
until the next bunch when 
Sample & Hold mode 
(optional) is activated

Provides log signal from each 
pickup electrode for computer 
analysis, with 5 MHz 
bandwidth.

Beam-based center 
determination accessory 
equalizes pickup signals to 
simulate beam on center

Log-Ratio BPM is plug-
compatible with Bergoz’ 
multiplexed BPM

LR-BPM may be custom-built 
on daughter card for 
installation on user’s DSP 
mother boards

Cables length matching not 
critical:  pickup signals don’t 
need to be in phase

Signal processing
Signals from the pickups are stretched to 
produce bursts.  This is essential to measure 
the single pass of a bunch.  Four parallel 
logarithmic amplifiers detect the burst 
envelopes.  Amplifiers’ response is log of 
amplitude.  Logs of opposite pickups are 
subtracted. If pickups are rotated, axes are 
translated to obtain X and Y positions.  The 
process is all-analog, wideband.

Beam-based center determination
Differences between parallel processing 
channels can be near-eliminated using the 
Beam-based center determination accessory.  It 
equalizes opposite pickup signals to simulate 
beam on center. 

The zero offsets can thus be measured at 
regular intervals under user’s control and 
deducted from further readings.  Signals 
entering the equalizer must be in phase.
It is controlled by the LR-BPM module, via 
the input cables.  Center determination and 
beam position measurement can be 
interleaved.    v.1.2

Operating principle

Based on the pioneering work of Robert E. Shafer 
at Los Alamos Laboratory, the Log-Ratio BPM 
derives beam position from logarithm of the ratio 
of opposite pickup signals: Log(A/B).

• Y
[mm] Y [V] = ky log A/B =

ky (log A - log B) ≈
≈ ky r+

-
r

log

log

A

B

Position measured by this method is more linear, 
over a wider range, than difference-over-sum.

The position of the beam from rotated pickups:
Y

X

AB

C D
 is obtained by axes 

translation to the vertical resp. horizontal plane 
by wideband analog circuits.

ESS-Bilbao BPM system 

Commercial log-amp detector 

ESS-Bilbao log-amp detector board 

AD8310 
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USING THE AD8310 
The AD8310 has very high gain and bandwidth. Consequently, 
it is susceptible to all signals that appear at the input terminals 
within a very broad frequency range. Without the benefit of 
filtering, these are indistinguishable from the desired signal and 
have the effect of raising the apparent noise floor (that is, 
lowering the useful dynamic range). For example, while the 
signal of interest has an IF of 50 MHz, any of the following can 
easily be larger than the IF signal at the lower extremities of its 
dynamic range: a few hundred mV of 60 Hz hum picked up due 
to poor grounding techniques, spurious coupling from a digital 
clock source on the same PC board, local radio stations, and so 
on. Careful shielding and supply decoupling is, therefore, 
essential. A ground plane should be used to provide a low 
impedance connection to the common pin COMM, for the 
decoupling capacitor(s) used at VPOS, and for the output 
ground. 

BASIC CONNECTIONS 
Figure 27 shows the connections needed for most applications. 
A supply voltage between 2.7 V and 5.5 V is applied to VPOS 
and is decoupled using a 0.01 µF capacitor close to the pin. 
Optionally, a small series resistor can be placed in the power 
line to give additional filtering of power-supply noise. The 
ENBL input, which has a threshold of approximately 1.3 V  
(see Figure 15), should be tied to VPOS when this feature is not 
needed. 

VS
(2.7V–5.5V)C2

0.01�F

52.3�

NC = NO CONNECT

C1
0.01�F

C4
0.01�F

NC

NC

INHI ENBL BFIN VPOS

INLO COMM OFLT VOUT

AD8310

4.7�
OPTIONAL

VOUT (RSSI)

SIGNAL
INPUT

8 7 6 5

1 2 3 4

01
08
4-
02
7

 

Figure 27. Basic Connections 

While the AD8310’s input can be driven differentially, the input 
signal is, in general, single-ended. C1 is tied to ground, and the 
input signal is coupled in through C2. Capacitor C1 and 
Capacitor C2 should have the same value to minimize start-up 
transients when the enable feature is used; otherwise, their 
values need not be equal. 

The 52.3 Ω resistor combines with the 1.1 kΩ input impedance 
of the AD8310 to yield a simple broadband 50 Ω input match. 
An input matching network can also be used (see the Input 
Matching section). 

The coupling time constant, 50 × CC/2, forms a high-pass corner 
with a 3 dB attenuation at fHP = 1/(π × 50 × CC), where C1 =  
C2 = CC. In high frequency applications, fHP should be as large 
as possible to minimize the coupling of unwanted low frequency 
signals. In low frequency applications, a simple RC network 
forming a low-pass filter should be added at the input for similar 
reasons. This should generally be placed at the generator side of 
the coupling capacitors, thereby lowering the required capacitance 
value for a given high-pass corner frequency. 

For applications in which the ground plane might not be an equi-
potential (possibly due to noise in the ground plane), the low 
input of an unbalanced source should generally be ac-coupled 
through a separate connection of the low associated with the 
source. Furthermore, it is good practice in such situations to 
break the ground loop by inserting a small resistance to ground 
in the low side of the input connector (see Figure 28). 

VS
(2.7V–5.5V)C2

0.01�F

52.3�

NC = NO CONNECT

C1
0.01�F

C4
0.01�F

NC

NC

4.7�
OPTIONAL

INHI ENBL BFIN VPOS

INLO COMM OFLT VOUT

AD8310

VOUT (RSSI)

SIGNAL
INPUT

4.7�
GENERATOR

COMMON
BOARD-LEVEL
GROUND

01
08
4-
02
8

8 7 6 5

1 2 3 4

 

Figure 28. Connections for Isolation of Source Ground from Device Ground 

Figure 29 shows the output vs. the input level for sine inputs at 
10 MHz, 50 MHz, and 100 MHz. Figure 30 shows the logarith-
mic conformance under the same conditions. 

INPUT LEVEL (dBV)

3.0

–120 –100

O
U

TP
U

T 
(V

)

–80 –60 –40 –20 0
(+13dBm)

20

2.5

2.0

1.5

1.0

0.5

0

10MHz 50MHz

100MHz

INTERCEPT

(–87dBm)

01
08
4-
02
9

 

Figure 29. Output vs. Input Level at 10 MHz, 50 MHz, and 100 MHz 

 

AD8310 response 

Signal	  detec?on	  with	  log-‐amps	  (ESS-‐B	  and	  CERN)	  
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BPM signal detection – method 3 

Down-‐conversion	  to	  IF	  +	  IQ	  sampling	  (SNS)	  

Photo ref: J. Power et al. , Beam Position Monitor System for the SNS LINAC, Proc. PAC 2003  

+I	  	  
+Q	  	  

-‐I	  	   -‐Q	  	  

+I	  	  
+Q	  	  

-‐I	  	   -‐Q	  	  

I	  

Q	  

f	  =	  fIF	  	  ,	  	  	  Tsampling	  =	  n	  TRF	  +	  TRF	  /4	  

f	  =	  fRF	  +/-‐	  fIF	  

f	  =	  fRF	  

Mixer	  Input	  

Ref.	  

IQ (under-) sampling Demux + sign correction 

+I	  	   +Q	  	  
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Proceedings of the 2003 Particle Accelerator Conference

From the pickups 

Down conversion 
to IF  

ADC sampling 

ADC clock 
generation (PLL) 

IQ DEMUX 
(FPGA) 

Calibration timing 
+ AFE gain 

control (FPGA) 
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BPM signal detection – method 4 

Direct	  IQ	  sampling	  (or	  under-‐sampling)	  in	  RF:	  

f	  =	  fIF	  	  ,	  	  	  Tsampling	  =	  n	  TRF	  +	  TRF	  /4	  

IQ (under-) sampling 

+I	  	   +Q	  	  

-‐I	  	   -‐Q	  	  

+I	  	   +Q	  	  

-‐I	  	   -‐Q	  	  

Direct	  sampling	  in	  RF	  would	  simplify	  the	  AFE	  due	  to	  the	  elimina;on	  of	  the	  RF-‐IF	  stage,	  
but	  there	  could	  be	  issues	  with	  the	  zone-‐3	  connector	  which	  might	  not	  be	  suitable	  for	  
transferring	  a	  high	  frequency	  signal.	  	  

352 MHz (or 704 MHz) signal from the detector (after filtering) 



13	  13	  

BPM signal detection - method 5 

200	   400	  

40ns	  

Sample	  No.	  

AD
C	  
Di
gi
ts
	  

40ns	  

Sample	  No.	  

AD
C	  
Di
gi
ts
	  

200	   400	  

FPGA	  calculates	  
envelopes	  of	  
RFFE	  signals.	  
Beam	  posi;on	  
calculated	  from	  

integrals.	  

RFFE	  output,	  digi;zed	  by	  BPM	  
electronics	  (5Gsps),	  aoer	  

gain/offset/jiqer	  correc;on	  &	  FIR	  
filtering	  in	  FPGA.	  

5ns	  

Pi
ck
up

	  V
ol
ta
ge
	  

Time	  

Low-‐passed	  pickup	  signal	  (scope	  
measurement).	  

Slide from Boris Keil’s presentation at the DITANET workshop at CERN, Jan 2012 

Ringing	  filter	  +	  ADC	  sampling	  at	  very	  high	  frequency	  (SLS):	  
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Comparison of signal detection methods 

Diode	   Log.	  Amp.	  
Down	  mixing	  
+	  	  sampling	  in	  

IF	  

Sampling	  in	  
RF	  

Ringing	  filter	  
+	  

Fast	  ADC	  

Complexity	   Low	   Low	   Medium-‐high	   Medium	   high	  

Cost	   Low	  	   Low	   High	   Medium-‐
High	   Very	  high	  

Performance	   Acceptable	   Fair	   Good	   Good	   Good	  

Possibility	  of	  use	  
for	  LLRF	   No	   No	   Yes	   Yes	   No	  

Compa?ble	  with	  LLRF	  Not	  Compa?ble	  
with	  LLRF	  
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BPM electronics (analog + digital) 

Commercial MTCA.4 module (10 ADCs + 2 DACs + Virtex-5 FPGA 

SIS Documentation SIS8300
µTCA 16-bit Digitizer

Page 5 of 59

1 Introduction
The SIS8300 is a ten 10 channel 125 MS/s digitizer with 16-bit resolution according to the uTCA
for Physics draft standard.

SIS8300 with SFPs installed

As we are aware, that no manual is perfect, we appreciate your feedback and will incorporate proposed
changes and corrections as quickly as possible. The most recent version of this manual can be obtained
by email from info@struck.de, the revision dates are online under http://www.struck.de/manuals.html .

Note 1: It  is  PICMG‘s policy to prohibit  claims of  compliance with respect  to  a  specification under
development. Any such claims must be understood as applying to a draft, which is subject to change

Note 2: The SIS8300 is developed in co-operation with DESY under ZIM grant 2460101MS9
(ZIM: Zentrales Innovationsprogramm Mittelstand)

1.1 Related documents
A list of available firmware designs can be retrieved from http://www.struck.de/sis8300firm.html

Struck Documentation SIS8300
uTCA for Physics Digitizer

Page 6 of 59

2 Design
The central building block of the SIS8300 card is a Xilinx Virtex 5 FPGA. It holds the 4 lane PCI
Express interface and is in control of all active components.

2.1 Functionality
The key properties of the SIS8300 card are listed below.

� AMC .4  µTCA for Physics Board
� 4 Lane PCI Express Interface
� Dual SFP Card Cage for optional Multi Gigabit Link
� Xilinx Virtex 5 FPGA
� DDR2 Memory Interface
� 4 x 1 GBit default DDR2 memory (4 x 2 GBit option)
� Atmega128 IPMI
� External Clock and Trigger Inputs
� Frontpanel digital I/O (4in/4 out) on Harlink Connectors
� RTM ADC Analog Inputs, I2C-Bus
� 10 ADC Channels 125MS/s, 16-Bit
� 2 DAC Channels 250MS/s, 16-Bit
� Clock distribution with phase shifting
� 4 M-LVDS µTCA Ports
� 2 µTCA Clocks

2.2 Block Diagram
A simplified block diagram of the SIS8300 is shown below.

SIS Documentation SIS8900 
µTCA for Physics RTM  

 

Page 4 of 21 

1  Introduction 
The SIS8900 is a 10 channel single ended input RTM according to the MTCA.4 standard. The card as 
developed to be used in combination with the SIS8300 125 MS/s 16-bit MTCA.4 digitizer. 
  
 
 

 
SIS8900  

 
As we are aware, that no manual is perfect, we appreciate your feedback and will incorporate proposed 
changes and corrections as quickly as possible. The most recent version of this manual can be obtained 
by email from info@struck.de, the revision dates are online under http://www.struck.de/manuals.html .  
 
 
 

 
 

 

Struck Documentation SIS8900 
µTCA for Physics RTM  

 

Page 5 of 21 

2  Design 
The SIS8900 card is a signal conditioning input card for the SIS8300 digitizer.  

2.1 Functionality 
The key properties of the SIS8900 card are listed below. 
 

� MTCA.4 µRTM board 
� IPMI port expander (µRTM management) 
� 10 channel analog signal input with coaxial connectors 
� coaxial connectors LEMO (optional FBM) 
� channels alternatively AC or DC stage via solder bridges (assembly option) 
� inputs to SIS8300 DC stage with single ended to differential conversion via 

operational amplifier or inputs to SIS8300 AC stage with single ended to differential 
conversion via transformer 

� 3 differential clock inputs with RJ45 connectors 
� 3 or 4 (assembly option) buffered differential I/O with RJ45 connector 
� Access to 6 digital inputs and 6 digital outputs via two pin headers  

 

2.2 Block Diagram 
A simplified block diagram of the SIS8900 is shown below. 
 

 
 
 

Commercial micro-RTM 
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ATCA-based LLRF electronics (DESY) 

7. SOFTWARE structure and protocol selection to 
demonstrate operation under real test conditions in 
typical applications. Ideally merged with hardware 
demonstration of prototypes 

These goals should be developed in close collaboration with 
the PICMG industry partners who will provide prototypes for 
physics evaluation. This will require coordinated parallel 
prototype development effort in mechanics, electronics and 
software design. 

VI. XTCA EARLY PHYSICS EXPERIENCE 

Physics applications are currently being prototyped on both 
ATCA and MTCA platforms. The ATCA IO prototype 
solution is shown in Figure 12.  Proposed concepts for MTCA 
AMC modules and shelf are shown in Figures 13 and 14.  

 

 

 

 

 

 

 

 

 

 

 
Figure 12: Physics Implementation of AMC Stacked Board Carrier (Courtesy 

W. Koprek & T. Jezynski, DESY)  
 

 
 

Figure 13: Double Wide AMC with IO via µRTM (Courtesy R. Downing) 

 
 

 

Figure 13 shows the proposal for MTCA rear IO, namely a 
double wide AMC card with an added IO connector in Zone 3. 
This provides a larger payload design space for the analog 
section and avoids conflicts between analog and digital lines 
and ground planes. The corresponding shelf concept is shown 
in Figure 14. 

Several machine control applications are exploring the use of 
AMCs in an MTCA chassis for interlocks and controls 
including RF fast feedback control. RTM, IO and timing 
distribution must be incorporated beyond the existing standard 
specifications.  The main reason for RTM is to avoid handling 
cables while exchanging modules, especially for RF, clock 
synchronization or precise sampling trigger signals where 
mere flexing of cables changes delays enough to require 
recalibration, aside from potentially  damaging a flexed RF 
cable.  

VII. ACHIEVING PHYSICS XTCA INTEROPERABILITY 

The goal of all standards efforts from the commercial user 
point of view is “interoperability,” The entire reason for the 
invention of ATCA was the realization by competing telecom 
providers that they could no longer afford the development 
costs of unique proprietary products and that both providers 
and customers would benefit by adopting a common 
interoperable architecture and infrastructure. Thus providers 
can concentrate on unique developments within that 
infrastructure to bring new economical products to market in 
the shortest possible time, responding to new-technology 
advances quickly without having to constantly reinvent 
infrastructure. For the physics community to achieve similar 
benefits for its relatively small niche market it needs to adopt 
as many of the existing standards as possible, and collaborate 
on developing standard extensions where no standards exist.  

Besides benefits on the engineering and “time-to-market” 
sides, the benefits to service and maintenance operations are 
even greater in minimizing total life-cycle costs of machine 
subsystems.  

µ
R
T
M

IO

IO

Analog 
ground 
areas 

Digital 
ground 
area 

Dedicated IO connector 

AMC 
standard 
connector 

RTM

1.3 GHz
RF Inputs

105 MHz 
14 bit 8 Ch 
COTS ADC’s

Stacked 1-wide
AMC ADC’s &
IO AMC’s, 
connectors

25 MHz IF Inputs (24 Ch)

Figure 14: MTCA Shelf 12 AMC Payload Slots Rear IO µRTM 
(Courtesy K. Rehlich, DESY) 
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Auto-calibration and linearization 

R. B. Shurter et. Al, Analog Front-end Electronics for Beam Position Measurement 
on the Beam Halo Measurement, Proc. PAC’01 
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Proceedings of the 2003 Particle Accelerator Conference

J. Power et al, “Beam Position Monitor Systems for the SNS 
Linac”, PAC’03  

with resistor networks at both ends. The signal is returned
to the flanges via two HF joints which slide without con-
straint on the other side of the boards. The joints also serve
to protect the interior of the tube from rf interference. The
hysteresis error of the mechanical system is 15 !m.

The rod is easily removed by unscrewing nuts on each
side causing the rod to drop through the hole of the printed
circuit.

The determination of the absolute rod position is per-
formed by an electrical contact (accuracy!2:5 !m) with a
template, shown in Fig. 15, inserted onto the BPM and
centered with pawns. The mechanical dimensions of the
template are controlled to !5 !m by the measuring sys-
tem Mitutoyo EURO-M574. After alignment of the rod to
the center of the BPM under test, the template is removed
and the upper flange is carefully screwed on the BPM.

The positioning error of the two flanges results in a
measurement error of !

ffiffiffi
2

p
" 25 !m, this error is divided

statistically by the square root of the number of performed
calibration procedures. A mechanical deformation was
measured after the BPM screwing on the flanges corre-
sponding to a coaxiality error of 35 !m between the rod
and the BPM.

The error sources of the mechanical system including
the calibration are summarized in Table VI in Sec. V.
The acquisition system is based on the peripheral com-

ponent interconnect extensions for instrumentation (PXI)
hardware standard. The stepper motors are driven by a
National Instruments stepper driver unit type NI MID-
7604, which is controlled by a PXI stepper motion con-
troller (type NI PXI-7334) from the same company. A
LABVIEW program developed in-house controls the hard-
ware and perform the data acquisition.
To characterize spatial linearity, the rod is positioned at

the mechanical center and, for different radial positions the
corresponding electrical positions are measured directly
with the LR Bergoz module. Figure 16 shows the mapping
corresponding to this measurement realized with the tem-
perature regulation described previously.
Figure 17 shows the dynamic range of the LR-BPM

module with respect to beam displacement and intensity

FIG. 15. (Color) Photo of the template positioned with pawns
above the BPM block. The rod is positioned at the center of the
BPM in X and Y by electric contacts with the template.
Afterwards, the template is removed and the upper flange is
delicately screwed on the BPM. Two half crown pieces are
inserted under the rf joint to maintain an equal height.

TABLE IV. Performance of the BPM readout electronics.

Electronics Error in !m for different input power Remarks

># 33 dBm #60 dBm #70 dBm

Noise 15.8 rms 124 rms 1674 rms Centroid is intensity dependant
" of the mean value 3.2 rms 25.3 rms 342 rms 12 points in 300 !s pulsed mode
Stability 12.6 rms Not tested Not tested Long term repeatability
Temperature 15.5 max Not tested Not tested Temperature regulated

-2
-1
.5

-1
-0
.5

0
0.
5

1
1.
5

2

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

X(V)

Y(V)

FIG. 16. (Color) Mapping of the BPM position characteristics
moving the stimulus (rod center conductor, irod ¼ 0:3 mA) along
polar coordinates. The radius was incremented by 1 mm. X and
Y are directly the measured positions by the log-ratio Bergoz
module.

DESIGN, TEST, AND CALIBRATION OF AN . . . Phys. Rev. ST Accel. Beams 13, 032801 (2010)

032801-9

Maurice Cohen-Solal, Design, test and calibration of an 
electrostatic beam position monitor, Ph. Rev. ST - AB 

DC	  offset	  compensa;on,	  
lineariza;on	  and	  auto-‐calibra;on	  
shall	  be	  done	  by	  the	  FPGA.	  	  



Beam	  
Current	  

Beam	  RF	  voltage	  
Envelope	  
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Timing requirements for the BPM system 

14	  Hz	  

Trigger	  

352	  MHz	  

Intra-‐pulse:	  
	  

•  ADC	  sampling	  
•  Data	  storage	  on	  the	  AMC	  memory,	  etc.	  
	  
	  

Inter-‐pulse:	  
	  

•  Data	  communica;on	  to	  the	  control	  system	  
•  Auto	  calibra;on	  
•  Error	  compensa;on,	  etc.	  
	  

RF	  reference	  phase:	  
	  

•  RF	  phase	  detec;on	  
•  IQ	  demodula;on	  

2.86	  ms	  

RF	  
voltage	  
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LLRF	  1	  

CPU	  

L.L.	  elect.	  

Timing	  

CPU	  

Event	  
Gen.	  

BPM	  1	  

CPU	  

L.L.	  elect.	  

LLRF	  n	  

CPU	  

L.L.	  elect.	  

Timing	  

Fanout	  

Event	  
Rec.	  

Ethernet	  

Coaxial	  cable	  

Op;cal	  fiber	  

Op;cal	  fiber	   Op;cal	  fiber	  

352	  MHz	  

MO	  

Timing system for BPMs (draft) 

Ref:	  
CDR	  -‐>	  5.	  Control	  Systems	  
CDR	  -‐>	  4.8.2	  Low	  Level	  RF	  control	  	  	  

HMI	  

Interface	  to	  the	  
control	  system	  



20	  

Summary of the minimum timing requirements for 
the LLRF and BPM systems 

Timing	  signal	   Freq.	   Synchroniza?on	   Spec.	   Source	   Comment	  

RF	  ref.	  ph.	   352	  MHz	  	  or	  
704	  MHz	  

Synchroniza;on	  
needed	  for	  the	  
whole	  Linac	  

Drio:	  <0.5°	   Coaxial	  
cable	  or	  
Op;cal	  fiber	  

Pulse	  rate	   14	  Hz	   Synchroniza;on	  
needed	  for	  the	  
whole	  Linac	  

Stability:	  
1ppm	  

Event	  based	   +	  
Programmable	  delay	  	  

ADC/DAC	  
sampling	  

10	  MHz	  –	  
100	  MHz	  

Synchroniza;on	  
needed	  within	  
the	  shelf	  

backplane	   shelf-‐to-‐shelf	  
synchroniza;on	  might	  
also	  be	  needed	  for	  
rela;ve	  phase	  
measurements	  	  	  

Non	  real-‐;me	  
or	  slow	  

-‐-‐-‐	   Not	  needed	   -‐-‐-‐	   Ethernet	  

Calibra;on	  ref.	  
(BPM)	  

352	  MHz	  or	  
704	  MHz	  

Not	  needed	   Internal	  to	  
the	  shelf	  
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Space allocation for the electronics 

ESS#Linac#

RF	  distribu;on	  from	  the	  klystron	  gallery	  to	  the	  tunnel,	  source:	  ESS	  RF	  group	  


