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33 Concept of the Application
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MTCA.4 Machine Protection System
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3> Hardware: AMC-PICOS

8-channel 20-bit 1 MSPS bipolar current-input AMC picoammeter

— DAMC-FMC25

1 MSPS 20-bit simultaneous sampling (8-channels)
* Inputs floating up to 300 V %

oA

* Trigger/Oscilloscope functionality

* Based on the DAMC-FMC25 carrier designed by DESY
* 2 picoammeter FMC-Pico-1M4 supported

* BSP, driver and GUI available

O CAENe!=
ANC-Pico-INY

Avoids ground loops if two different detectors are connected

.
O AN

to the same DAMC-FMC25 - e.g. quadrature detectors

FMC-PICO-1M4

®
ljm4 Turnkey solution with dual 4-channel (8-channel) floating picoammeter!

License Agreement LV75 between DESY and CAEN ELS
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3> System Architecture (1/3)

v

BACK PLANE

Up to 5 AMC-PICO8 boards per crate

(40 channels) PM | TRIG | BUF | mPs
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System Architecture (2/3)

BACK PLANE

THIRD PARTY
CONTROLBOARD
(TPCTRL)

In response to a trigger signal (TRIG) from the TPCTRL the AMC-PICOS8, starts the
acquisition, sends the data buffer (BUF) to the TPCTRL

BUFFER 1 ~ BUFFER 2
5(998+x) 5(999+x) AV(998+y) | AV(999+y)
1000 1000
samples samples
@ 1 MHZ When the. >- . AV(X)
buffer is full

(every 1 ms)
The data are
averaged

/

@ 1kHz
ﬁw’
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>3 System Architecture (3/3)

Under specific conditions the AMC-PICO8 generates a Machine Protection Signal
(MPS) back to the TPCTRL (response time 10 us, from simulations).

MPS

signal
Thresholdl o & & & & C o o o e e B e e e e e e e e e .
Threshold 2 S < AN W R
Threshold 3 R A

Time

 Thresholds 1 and 2 are checked with the use of the first buffer (1 MHz)
at around 10 and 100 pus (configurable)

U Threshold 3 is checked with the use of the second buffer (1 kHz)
at around 10 ms (configurable)
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33 Beamline Stabilization System

Magnets Magnets
V1 V2 V3 v4 )I;-ray C;uaslcrants
Undulator \ eam Position Sensor
|_| H (T H H X-ray beam
e-beam (T T
iy i N
Many 10 m \
Magnets Magnets
V1l V2 V3 va X-ray Quadrant

|—| Undulator T Beam Position Sensor

LT AEATANENER

N\
e-beam \ ;
N

X-ray beam \

The idea is to steer the electron beam in the storage ring
starting from an X-ray position on a beamline

Glinther Reh -
e en diamond
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>3 System Architecture

Magnets Magnets ~d

V1l V2 V3 va X-ray Quadrant
T Beam Position Sensor

~

X-ray beam \

X-ray beam
current
readings

Optical cables (daisy-chain)

MTCA.4

Beam

Stabilization
The system works at 100 kHz System

(one setpoint every 10 pus)

Power supply
correction setpoints
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33> Hardware: MTCA.4
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,, Software: Graphical User Interface
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Ideal for fast-feedback application
19” — 1U stand-alone crate

Different current and voltage ratings

10/100/1000 Ethernet

2x Fast SFP interface (10 kHz update)

Current or Voltage regulation

High analog bandwidth

Hardware: FAST-PS

High-Performance Bipolar Power Supply

Analog control and Trigger Input - optional

Low noise

Configurable Digital control loop

Internal protections and auxiliary readbacks

Local display and control

Linux OS
Embedded

Regulation Type

Output current range
Output voltage range

Maximum output power
Setting resolution
Output readbacks
Output current ripple”
Output current stability
Output voltage stability

Switching Frequency
Max Current/Voltage update rate
Accuracy

External Interlocks/States

Internal Interlocks

Hardware protections

Auxiliary ADC Read-Backs

Connection

Extra-Features

Input Voltage
Efficiency

Power Factor

Current- or Voltage- Control
+5A,+10A,£20A,£30A
+20V,+40V, 80V
up to 600 W
18 bit
20 bit
30 ppm / FS
<50 ppm / FS
< 50 ppm / FS

100 kHz
10 kHz

0.05%

2 Inputs: user-configurable "dry" contacts
1 Outputs: relay (2 magnetic contacts)

DC Link Under-Voltage
MOSFETs Over-Temperature
Over-Current and Over-Voltage
Earth Fault Current
Regulation Fault and Excessive Current Ripple

Input Fuses
Earth Fuse
Over-Voltage

DC Link Voltage
Ground Leakage Current
Temperature

1 x Ethernet 10/100/100
2 x SFP ports

Point-by-Point Current Waveform Loading

User-definable interlock thresholds, active levels and

timings
Firmware Remote Updates
90/260 V(AC) (47-63 Hz)
up to 84 %

>0.95

Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written permission of CAEN ELS s.r.l. is prohibited
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>3 Measurement Setup

DAMC board
with FMC-4SFP

Resistive Load | Current
Measure

Optic fibre

3C
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33 Measurement Results (1)

‘i TELEDYNE LECROY
Everywherayoulook”
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3> Measurement Results (2)

‘i TELEDYNE
Everywhe

5us

IR output

12

\ST-PS

(packet gen.)

cha

Overall latency = 100 pus
+ 20 pus each FAST-PS
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117.6 ug [Tringer  CEIEH

FAST-PS n°1
FAST-PS n°2 (daisy-chain)

ﬁ TELEDYNE LECROY
Everywhareyoulook”

| Daisy-chain latency

20.0 mvidiv 20.0 mAdig
TE1.00 my 18420 mid

K= -10.6868Us  AX=  10.4804 Ps
W2z B.B026ps 1MW 51.3000 kHz
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33> Conclusions

Beam Stabilization System:

O Hardware is already available on the CAEN ELS catalogue
L The Beam Stabilization System has been implemented and it’s ready to be tested at DLS

O The power supply firmware has been updated to handle the daisy-chain

Machine Protection System:
 Hardware is already available on the CAEN ELS catalogue

L The application firmware is currently under developement
O End of Q1 2019 - first prototype for testing

18
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33 Custom Application

CAENels FMC-4SFP CAENels DAMC-FMC25

Optical Interface#0

Optical Interface #1

r

Transceivers

Optical Interface #2

Optical Interface #3

ADC interface

FMC-2SFP+ -

Trigger,
ring buffer

Channel 0 tart-of-Conv

Analog Ly signal
front-end

Channel 1 - Scatter-Gather

Analog __ DMA
front-end

10}98UU0D DNV

Channel 2

Analog __ r
front-end
Picoammeter
control

Channel 3 PCl express

Analog
front-end

Virtex-5 FPGA

-

FMC-PICO-1M4 -

CAENels FMC-Pico-1M4 board

DAMC-FMC25

- CLOCK —
CAENels SEEoss
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3> FMC-PICO-1M4

4-channel 20-bit 1 MSPS bipolar FMC picoammeter

» Standard FMC - Vita 57.1
* Bipolar current-input stage (transimpedance readout)
* Two standard measuring ranges (£1 mA and £1 pA)
* CUSTOMIZATION of ranges upon request
* Custom versions for FRIB, Sirius, INFN, European Spallation Source (ESS)
* Up to 300 kHz bandwidth with 3-nF input capacitance (i.e. long cables)
* 20-bit resolution
* Upto1lMSPS
* Floating up to £300V
* Extremely low unbalance between channels (by analog design) FMC-Pico-1M4
* |2C EEPROM in-factory calibration

Equivalent Input Noise

RNGO: +1 mA RNG1: +1 pA
1 ppm/FS 2.5 ppm/FS
-120 dB -112 dB
2 ppm/FS 7 ppm/FS
-114 dB -103 dB
5 ppm/FS 10 ppm/FS
-107 dB -100 dB
8 ppm/FS 15 ppm/FS
Fs=1Msps -102 dB 96 dB
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>3  FMC-SFP+

FMC-SFP+
Dual- and Quad-channel SFP/SFP+ FMC Adapter

Dual-channel and Quad-channel versions
FMC-2SFP+
FMC-4SFP+ (w/out FMC bezel)
* Wide I/O operating range: VADJ can vary from 1.5V to 3.3V
» Tested up to 10 Gbps / channel
* True level conversion of all SFP+ module pins including 12C lines
* |2C-controlled Oscillator (10-280 MHz)
* Compatible with the DAMC-FMC25 carrier board
* Produced and supported by CAEN ELS
* Designed by DESY

License Agreement LV78
between DESY and CAEN ELS

4-channel version

3 CAENels

Gear For SCIence  peproduction, transfer, distribution of part or all of the contents in this document in any form without prior written permission of CAEN ELS s.r.l. is prohibited

24



3> DAMC-FMC25

DAMC-FMC25

AMC Dual High-Pin Count FMC Carrier Board

@ CAENels
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Double width AMC board — MTCA.4 carrier

Two HPC FMC slots

Data processing on Virtex-5 FPGA

Board management on Spartan-6 FPGA

RTM D1.1 connectivity

DDR2 memories on both FPGAs

External clock input on front panel SMA connector

6.5 Gbps ("-2") transceiver board options

ulGA®

License Agreement LV75 between DESY and CAEN ELS

Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written permission of CAEN ELS s.r.l. is prohibited
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AMC-Pico-8

Technical Specifications

Board Size
Input Channels

Input Connector Type

Current Input Full-Scale Ranges
(configurable upon request)

Maximum Sampling Frequency

Equivalent Signal-to-Noise

Current Resolution

Bandwidth (-3dB)
Temperature Coefficient — TC
Differential TC

Front End Isolation Voltage

Standard

Compatibility

Trigger Inputs

Reproduction, transfer, ( Operating Temperatu re

Double-Width — Mid-Size
8
Triaxial — LEMO 00.650 Series (EPL.00.650)

1 mA
+1 pA

1 MSPS (per channel)
RNGO: >100 dB
RNG1: >90 dB
2nA
2 pA
(20-bit)
> 10 kHz
10 ppm/°C
<25 ppm/°C
£+ 300V
MicroTCA.4: AMC.0, AMC.1
Module Management: IPMI Version 1.5, MMC V1.0
Zone3 Classification: Class D1.1
AMC Backplane Support: Full
Internal,
AMC port #17 RX
AMC port #18 RX
AMC port #19 RX
AMC port #20 RX
0..50°C
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22 Measurement Results (2)

IIR computation and multiplication for power supply vector

I :
| h TELEDYNE LECROY
Evarywhareyoulook”

s

00 ridiv 100 mivriding

Wi= 24606 s MW= 1478 ps
¥2= 26.024 us 1if¥= 7003 kHz
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AMC-PICOS8 Software

Time Plot Signal statistics

CAENels AMC-Pico8 Oscilloscope

Statistics
Mean

std dev

cho B [14.724nA

| [28.372 nA

- & |-5.488 nA

| |29.954 na

| [32.042 na

- B |-15.445 nA

- & |30.689 nA

| |31.609 na

- B |-11.053 nA

| [19.282 na

- & |448.963 pA

| [18.236 nA

ché B |8.567 nA

|[18311nA

ch7 B |7.584nA

| [17.836 nA

Range

1 us Y Y

o I B 8 8B BE 68 7
1imA ® @ @@ e e®e®

Acquisition:
Nr of samples:

Averaging: 1

© CAE

Display, acquisition,
trigger options

Range selection

Display | Acquisition

10000 =

Trigger

[l Pause

Nels

Gear For Sclence
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33 AMC-PICOS8 Noise Performance

CAENels AMC-Pico8 Oscilloscope

Stakistics

Mean std dev

Ché & 200.080pA | [95.748 pA
ch7 [J

Range

o I B EHE
imA 9 @@@®®® O
o 0OO00000®

e-wl

Display | Acquisition | Trigger
F Samp: 1000 kHz

FFT selector: |chs

Cake mux: | O: fixed ak 1

Conv mux: |0 internal osc 2|

Using: fdev/amc_pico_0000:0b:00.0

The RMS noise with 1 MHz sampling is in the order of 100 pA (30 ppm/full scale).

This can be further reduced by on-board filtering — e.g. averaging — over a user-defined time period.
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