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* Summary

— BPM schedule and planning

— BPM sensors status

— BPM Electronics design
* MicroTCA.4
*  BPM-LLRF solution
* BPM electronics performance results
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BPM electronics Schedule SOURCE

* Schedule

— BPM sensors: Production status report (https://ess-ics.atlassian.net/wiki/display/PSP/BPM+-
+Production+Status+Report )

10BPMs * 52 feedth hs *
First production batch s eedthrougns

Type C Type C 256 feedthroughs * ®
delivered at DESY ype ype B g 68 feedthroughs
TypeC : : Type B
N ~
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* Delivered at Daresbury

— BPM Electronics: Building blocks (https://ess-ics.atlassian.net/wiki/display/BB/BPM+-
+building+blocks )

Final
BPM PDR Platform  CDR (Procurement . Installation 1 .
available electronics) Manufacturing (MEBT/ DTL) Installation 2

tests start (LWUs)
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BPM electronics planning

Summary

Calibration service
Compare save and restore
EEE server

Platform management
Operating system

EEE

Maming database

Application specific
Digitizer

Timing system
Cables
MicroTCA.4 crate
Timing generator
RTM

AMC

Ethernet Switch

TR THETRETRETRRCRECOREC R G RECREC R G RGO RE O R G

T

Due

May 31, 2017 00:00
Jan 31, 2017 00:00
Mov 30, 2016 00:00
Jun 30, 2017 00:00
Jun 30, 2016 00:00
Jun 30, 2016 00:00

Jan 31, 2017 00:00

Oct 31, 2016 00:00
Oct 31, 2016 00:00
Oct 31, 2016 00:00
Mov 30, 2016 00:00
Mov 30, 2016 00:00
Mov 30, 2016 00:00
Mov 30, 2016 00:00
Mov 30, 2016 00:00

Mov 30, 2016 00:00

Status

TO DO

TO DO

DELIVERED

TO DD

DELIVERED

DELIVERED

TO DD

TO DO

TO DO

TO DO

TO DO

TO DO

LATE

TO DO

TO DO

TO DO

Group
Ics
IC3
Ics
ICs
IC3
Ics

ICS
BD

ICS
ICS
BD

ICS
ICS
BD

ICS

ICS

Domain

Contraol room

Control room

Contraol room

Caontrol box

Control box

Control box

Control room

Control box

Control box

Control box

Control box

Control box

Control box

Control box

Control room

Description

Calibration service tool

Handle snapshots of PVs

035 and DM for ESS or IKC EEE server

Remaote monitoring and management of the MicraTCA systemn
Supported ICS Linux distribution

EEE (MFS, Cl, build, modules)

For storing PBI system information

BPM application specific functionality

EEE module for final digitizer

EEE module for timing system

BFM signal cables (RF generator to RFFE and RFFE-RTM)
MicraTCA.4 complete crate. Se Term table for explanation.
Timing generator (crate, EVG and fanout).

DESY Struck RTM DWC10-LF

|0x03 IFC1420 ready for final production

Ethernet Switch needed for the BPFM electronics racks
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Risks BPM Electronics:

Key Summary Status Description

BB-45 AFE ! BFE delayed TO DO Cause: Mot enough resources
Responsze: Contract consultant / external company
Severity: Low

BB-44 Hardware delayed / not purchased on time TO DO Cause: Internal delays / external company delays

Response: Priority on the purchasing process. Re-schedule activities.
Severity: Significant

BB-43 1003 IFC1420 delay TO DO Cause: |x0S IFC1420 not available and not supported for production
Responsze: Proceed with Struck 313830002 board
Severity: Low

BB-41 AFE ! ABE hardware does not satisfy the specifications TO DO Cause: Mot enough resources

Response: Commercial hardware/support
Severity: Significant

BB-40 Software developer not available TO DO Cause: Mot enough resources
Response: Contract consultant
Severity: Significant

BB-39 Analog hardware designer not available TO DO Cause: Mot enough resources
Response: Contract consultant
Severity: Significant

BB-38 FPGA firmware developer not available T' Cause: Mot enough resources
Response: Contract consultant

Souarito Lloderats

Rising




BPM electronics planning

BPM Sensor:

=

Risk Description

Status

Cause: Manufacturing delays/DESY delays
BPM feedthroughs delay Response: Re-schedule with Daresbury
from DESY Severity: Significant

Steady

Table: Risks for the DESY LWU feedthrough sensors
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BPM system design

LO generation / distribution
Standalone unit or MicroTCA.4 AMC

Local Sampling
oscillator clock

|
Phase Reference Line X
1

—————————/

________ = ___. Position
Interlock
| | | | | | | | | | | | ‘

P e e e e

Calibration AMC digitizer
(SIS8300 or IFC1420)

Data
management
and data
processing - CPU

Analog
down
conversion

RF analog
processing

N o -

Calibration trigger

\

1

! Power supply
1 and crate
1
1
1
1
1

‘ Ethernet
I MicroTCA.4 crate

\ | | | | | | | | | |
BPM sensors

Timing
and
reference

management

_—
pm—m—m———————

I S S S S S

7
Timing system
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BPM System specifications

*  Specifications

Parameter Value Comments
Beam phase accuracy for nominal beam +/-1°
Beam phase precision for nominal beam 0.2° 1 MHz bandwidth
Beam phase accuracy for 6.3 mA beam and 5 us pulse
length +/-2°
Beam phase precision for 6.3 mA beam and 5 us pulse 1 MHz bandwidth
length 2°
Beam phase accuracy stability over 8 hours for nominal
beam +/- 1°
Beam position accuracy for nominal beam +/- 200 um
Beam position precision for nominal beam 20 um 1 MHz bandwidth
Beam position accuracy for 6.3 mA beam with pulse
length of 5 us +/- 400 um
Beam position precision for 6.3 mA beam with pulse 1 MHz bandwidth
length of 5 us 200 um
Beam position accuracy stability over 8 hours 1 mm

Beam position dependence for 15 mm off-centered beam +/- 200 um
Beam position accuracy for 6.3 mA, 5 us pulse and de-

bunched beam. +/- 10 mm

Beam position precision for 6.3 mA, 5 us pulse and de-

bunched beam. 1 mm

Phase and Position bandwidth 1 MHz

Readout latency 2 us

Current measurement resolution 0.5 mA

Beam position interlock for horizontal and vertical Configurable circular
position - threshold
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BPM sensors

e MEBT: ESS — In-kind Bilbao — talk on this Bl Forum

e DTL—In-kind INFN Legnaro — talk on this Bl Forum

e |WUs
— Feedthroughs: DESY
— Housing assembly/integration: Daresbury

*  Production status report wiki page (https://ess-ics.atlassian.net/wiki/display/PSP/BPM+-

+Production+Status+Report )
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BPM sensors

[}
LWUs DESY manufacturing DESY Procurement
— Feedthroughs: DESY test setup design feedthroughs

* Delay on the first units due internal DESY delays,
materials and feedthroughs manufacturer delays

- mitigation together with Daresbury to re-schedule

the LWUs assembly Test Initial acceptance
equipment tests

— Housing assembly/integration: Daresbury
— Contract for the production is at DESY for review

RF tests

Check or

rework
DESY test reports,

files and
documentation

Control of
Nonconforming
products

ESS/STFC Daresbury
approval

Test reports and Shipping to
data files storage Daresbury

Post-delivery
support from DESY
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- FPGA-based radio receiver:

- MicroTCA.4 based electronics

- RF Front-End unit for analog and RF processing

- RTM LO for frequency down-conversion

- FPGA based for fast signal acquisition from high speed ADCs

|
1 : 1 1 h |
: . : : : |
: X : ¥ I
: n : 3 I
LNA LNA ! .
: : : BPF : : : ADC | de— Ref —|%Amplltude
1 1 1 ' COR
1 : 1 % 1 1 | e |
: N &Y | ! | Y DIC [H—>Phase
1 1 1 ' I 90 NCO
1 [N} 1 1 \
1 1 1 1 | I
| | L
: : i ! : |
I L : : |
1
1
1

]

I

I

— — I
I

sen | LPF I

4 11

_________________________




BPM Electronics — BPM+LLRF solution

e BPM — LLRF solution advantages:
— BPM and LLRF systems are very similar in terms of RF processing (hardware and firmware)
— Reuse of common and debugged hardware and firmware from the LLRF system — almost no need for
new designs.
— Same support for both systems in terms of FPGA firmware (almost the same FPGA firmware design)
* The BPM firmware was designed in less than one week using the existing LLRF firmware!
— EPICS I0C support for both systems is similar

— Almost the same hardware support for both systems (AMC+RTM. Additional support needed for the
RF Front-End).

— The use of COTS RTM is possible (Desy/Struck RTM: SIS8300LF)

e BPM — LLRF solution disadvantages:
— Custom enclosure needed = Under manufacturing.
— Standard Ethernet interface solution needed.

12
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BPM electronics — microTCA.4 prototype SOURCE

BPM RTM

a d..:ﬂ Ll
-

- -
g A < A
’ N E - 3 0.0-"""',
- e ¥ -
=/ X

s
 JEPN IR e [

Struck Input clock
SIS8300-L2 signals

microTCA4 Poard 3 v p N
MCH microTCA.4

Local Oscillator CPU

Power supply
unit

Input signals

13
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LO generation / distribution
Standalone unit or MicroTCA.4 AMC

Local Sampling

|
Phase Reference Line ' .
: oscillator clock
I
I

Ay // OSItIO
Ref i |

MicroTCA.4 infra-structure

N N - ~.

Calibration AMC digitizer

(SIS8300 or IFC1420)

—— - -

RF analog

processing

——— - - —

S W e e -

RTM (DWC1OLF) 1

Calibration trigger

Ethernet

e e - ——

BPM sensors 14
Timing system
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BPM electronics RF Front-End

e BPM — RF Front-End unit:
— Signal filtering
— RF amplification for dynamic range
— Long term drifts calibration

Parameter Value Comments

For max attenuation and
Max Input Power 20 dBm operating bellow P1dB Ve ~
RF Chain Gain 35dB
R o &3 @B I- &= =
attenuation
Center Frequency i/lol-?z - 800 Configurable center frequency | X 8 RF Cha""els
e (3 38) 100 W @Sy =y X J-° P =
Bandwidth (60 dB) 200 MHz
Crosstalk ss0dp 0t mAxgan @ 35zand 704

- Splitter

Nonlinearity 0.1dB Over 80 dB input range (-80 /8

dBmto 0 dBm)
Noise Figure 10 dB Estimated for 5 dB attenuators
Temperature >| RF out
Dependence TBD \ J
MTBF 20 Years

Dynamic Range 60 dB

15
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BPM electronics RF Front-End

® BPM — RF Front-End unit: RF reference
RF shielding input
AC/DC supply enclosures

4x RF inputs 4x RF inputs
Power input 1 1

12C, SPI, UART, etc T R

Ethernet

4x RF outputs 4x RF outputs

Ethernet Ethernet to I2C

connector module
RF reference

Trigger input output

16
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BPM electronics RF Front-End

e BPM — RF Front-End unit: Ethernet interface

I/O’S
expander

Port ,
expander \/O's
Port Controls /
expander LEDs
Voltages
RJ45 Ethernet E—

connector to 12C
8x

Temperature
sensors

12C_3

EEPROM
2M-bit

12C 5 Real time
clock

Serial

Number

17
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BPM system diagram

I Local Sampling 1 LO generation / distribution
Phase Reference Line | . clock | Standalone unit or MicroTCA.4 AMC

: oscillator ,

l l

b 1

[ 1

\ ]

Ay P Position

Interlock

RFFrontend [ _I\/IicroTCA.4 infra-structure
- ~ sroTEEEEEEEEEEET -~
! R )
| AMC digitizer 11 User interface |
| (SIS8300 or IFC1420) Ly
WECEEEEY ; i
d by
I hy
h 3 ! I
| ! Analog Ly
L 1
Pipiptatetebe bt down : :
I
{ conversion ! :
1 |
| : |
__________ g [
1
I

( Mo
Calibration trigger : i : :
Ethernet I 'ming D
| ! and U
1

i ! reference L
MicroTCA.4 crate | Vol

\ | | | | | | | | | | \_--: ------ : e LT

BPM sensors 18

Timing system



EUROPEAN
SPALLATION

SOURCE

BPM electronics - hardware

High Speed
RTM — Rear transition ADCs

CH7
CHa

Ref input
P Module A
CHO . i_l p— = 5 é =, Seh R -~ - ';
CH1 r - , : = E | | | 0 R ) R A ’ e e -
CHz z i
. CH3 b E

inputs ¢° & }

CHe j

LO
CHa
Local ADC Clock
oscillator input

Channels PCle interface:

Data available FPGA: Signal

on the CPU processing
19
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BPM-LLRF solution - firmware

e BPM FPGA firmware:

— FPGA firmware designed based on the LLRF application
— Near-1Q

— FIRfiltering

— Phase and position calculation

SW Struck sis8300L FPGA
D FCic DMA
Subsystem

141 H Custom Reg-IF
— Position interlock S

DDR3
— 2 BPMs per RTM/AMC
Bank
2GB

Near 10 Cart2Pol

Near 10 Cart2Pol

Near IQ Cart2Pol

RTM Near IO Cart2Pol

Cart2Pol

Near IQ Cart2Pol

Filter

Near IQ Cart2Pol

Near IQ Cart2Pol

Near IQ, Cart2Pol

Near IQ, Cart2Pol

Cart2Pol

DSP_raw2pol
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BPM-LLRF solution - I0OC

* Controlling /monitoring electronics parameters (RF attenuators, temperature, clk
source, non-1Q factors, filter coefficients, etc.

* Phases, amplitudes, positions, position interlock
« Raw data, DSP filtered data

* Timing interface

RF Control with SIS8300L Digitizer Device Prefix

0295731148152 0295731148153
0492273184395 0492273184395
-0.053060037296 -0 053060037296

0.007209976643
BPM1 A, BPML_| BPM1AL BPM INT,

-0.001953094774.
(_POSTIONS || POSITIONS

IRF Control with SIS8300L Digitizer

o

Disabled i Disabled

o e
e
e
e
XY Threshold XY Threshold

\ \

i

N

TE3 B3 GE3 1E4 19E4 1264 1364 14E4 1 SEQ 1664 1 40
BPM Samples.

| m ., - PV’s on Matlab
:;& AQ[=8en 21

2016-09-22 17:14:00 INFO: Execute Comand: requirefxec 18830011 -demo - sisi0011rf-de
16 AR Cavect 3 . ry " \refi

20060922 17:14:00 © aveat ren program *requirebrec” (in directory "C\sers\rafae]
2016.99:22 17:14:00 INFO: Command “requirebxec sis§3011rf-dowo - 5is83011r-dewo-tixin
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BPM Electronics performance

10

Beam Position resolution (m)

Signal Power (dBm)

o
T

-
o
T

N
o
T

w
o
T

= Button
== After cables, 352 MHz

10°

10"

Beam Current (mA)

N
o
w

-_—

o
N
T

—_—
O_\
T

=©— xpos
=& ypos

N
o

1 o

N

o

-30

-20
Input power (dBm)

-10 0

10°

- LWU feedthroughs EM simulations:
Beam energy: 200 MeV
Bunch length: 2.1 mm

10" '

—_
o
o

—
<

Phase resolution (°)

1 0-2 I I 1
-40 -30 -20 -10 022

Input power (dBm)



( ; \ EUROPEAN
SPALLATION

BPM Electronics performance

3 T T T T
Sensor 1
Py Sensor 2 | _|
I
>
g oF -
)
Q
§
2-1r ]
2+ i
_ 1 I I I I
Aug 23, 15:00 Aug 23, 18:00 Aug 23, 21:00 Aug 24, 00:00 Aug 24, 03:00
Time
200 T T T T
—— ChA
—— ChB
100 - ~———ChC| |
—— ChD
;_,’ 0r i
©
2
s
E -100 —
X: 24-Aug-2016 00:26:58
y: -213.1932
-200
_300 | | | Il |
Aug 23, 15:00 Aug 23, 18:00 Aug 23, 21:00 Aug 24, 00:00 Aug 24, 03:00

Time 23



BPM Electronics performance

Phase (°)

Temperature (°C)
o

Sensor 1
Sensor 2 | _|

-3
Aug 23, 15:00

0.06

0.04

0.02

-0.02

-0.04

Aug 23, 18:00

Aug 23, 21:00
Time

Aug 24, 00:00

Aug 24, 03:00

Aug 23, 15:00

Aug 23, 18:00

Aug 23, 21:00
Time

Aug 24, 00:00

Aug 24, 03:00

=
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BPM Electronics performance

Sensor 1
Sensor 2 | _|

Temperature (°C)
o
T

.3 U I I I
Aug 23, 15:00 Aug 23, 18:00 Aug 23, 21:00 Aug 24, 00:00 Aug 24, 03:00

Ti
4 T Ime T T

3_

Beam position (um)
N - o - N
T T T T T
= =
— ————
——
1‘??—
&
E{—_—;
- —
— — —
e ——
| I | | I

3 L L L L
Aug 23, 15:00 Aug 23, 18:00 Aug 23, 21:00 Aug 24, 00:00 Aug 24, 03:00 25

Time
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e Thanks!
e Questions?

26



BPM Electronics

AMC digitizer board:
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A Backup solution was agreed with ICS for RF RTM and FMC based applications:

4
r
Zone 3 connector:
DESY Class D1.3
FMC1
Xilinx L
FPGA ~
FMC2
\
10 x high speed ADCs
\.
s
FMC1

X 10 ADCs

10 x high speed ADCs

Interlock

interface

Platform [~ | Application B2 rrGa B status [~ |
Struck SIS8300-L2 High speed digitizers Xilinx Virtex-6 COTS

Xilinx Kintex
Struck SIS8300-KU High speed digitizers Ultrascale COTS by Nov-16

Xilinx Kintex First prototype
10x0S IFC1420 High speed digitizers Ultrascale 30-Oct-16

Xilinx Kintex First prototype
10x0S IFC1410 FMC applications Ultrascale 30-Nov-16
CAENels DAMC25 FMC applications Xilinx Virtex-5 COTS

27



BPM Electronics — Rack BPM

DTL-03U18

BPM UTCA crate
(max 20 BPMs})

Empty

BPM LO Distribution

Empty

2xBPMFE

2XBPMFE

Empty

2xBPMFE

2% BPMFE

Empty

2xBPMFE

2xBPMFE

Empty

Shelf

Empty

Patch panel, MPS

Patch panel, power cables

=
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