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33 Picoammeters Overview

O 4-channel Bipolar current-input stage (transimpedance readout)

0 Two standard measuring ranges (£1 mA and £1 pA)

0 CUSTOMIZATION of ranges upon request:
* Full scale limits (up to 10 mA, down to 1 pA)
* Bandwidth (up to 300 kHz bandwidth)
O 20-bit resolution @ 1 MSPS
O Input channels floating up to £300 V
O Extremely low unbalance between channels (by analog design) FMC-Pico-1M4
O Standard FMC - Vita 57.1
O 12C EEPROM Equivalent Input Noise
* in-factory calibration of gain and offset =il RNGO: 1 mA RNG1: 1 pA
Frequency
* user offset additional compensation
. 1 ppm/FS 2.5 ppm/FS
(i.e. for dark currents) 1 kHz
-120 dB -112 dB
8 ppm/FS 15 ppm/FS
-102 dB -96 dB
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33 AMC-Pico-8

Based on the DAMC-FMC25 carrier designed by DESY
1 MSPS 20-bit simultaneous sampling (8-channels)
Inputs floating up to 300 V

BSP and Linux driver
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Q
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GUI with Oscilloscope functionality

ocaspes

FMC-PICO-1M4

ulGA®

License Agreement LV75 between DESY and CAEN ELS
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=2 FRIB

‘ S|n9|e MicroTCA Chassis Table 1: Acute and Chronic Beam Loss Detection

r Connections along AMC backp ane \ Beam Loss Diagnostic Response Time
2 100% (2 1) 15 usec
10% (0.27) 150 usec
Slow (0.1 W/m) seconds

Table 2: FRIB Diagnostic Devices

Device Total #
Beam Position Monitor * 149
Beam Current Monitor (ACCT) * 12
8x M-LVDS signals: BLM - Halo Monitor Ring * 66
GTS Fiber sl . GTS Clock (20 5wHz) BLM - Ion Chamber * 47
MPS /O t— : GTS Events BLM - Neutron Detector * 24
. ::: :SEKR‘:T > BLM— Fast Thermometry System * 240
Profile Monitor (Lg., Sm. Flapper) 41
Bunch Shape Monitor 1
M PS req uireme ntS: Allison Emma_nce Scanner (2 axis) 2
. . Pepper pot emittance meter 1
U Response time of 5 psec (35 kHz bandwidth) Wire Slit Emittance Scanner (2 axis) 1
0 Sampling time 1 MS/sec Faraday Cup 7
. Fast Faraday Cup 2
U Large dynamic range (from < 1 nA to 1mA) Viewer Plate 5
U Custom firmware: Selecting Slits System - 300 W 5
. . A Collimating Apertures - 100 W 2
| |
g fco mcorport':\te accurate fclmestamp from a global timing system (GTS) Intensity Reducing Screen System 5
< = improved signal processing,
= digital filters, background noise subtraction, advanced threshold
FRIB triggering, etc.
3 CAENels
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CAENels AMC-PICO-8

8 chan @ 1MS (35kHz BW ) Struck SIS8
65x Halo Ring Monitors

42x lon Chambers
24x_Neutron Detectors
8x Faraday Cups

b

300-L2
10 chan @ 125MS

12x Beam Current Monitor
(Differential BCM)

2x Allison Scanner
41x Profile Monitors

Not required for MPS,
but shared DAQ system

Machine Protection System requirements
+ Detect and respond to beam loss events

15 psec to detect >10% beam loss

150 usec to detect 10% beam loss

Detect chronic small losses of 1 W/m or less
* 15 ps requirement >

Fast sampling data acquisition, >= 1 MSPS

Analog signal response, DC to 35 kHz

75% of devices covered by these three MTCA cards
a All utilize FPGA for real-time signal processing and Machine Protection (MPS)

&t

FRIB
3 CAENels
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FRIB Digital Board
General purpose
147x Beam Position
(BPM)
20x Event Receiver
20x Machine Protect
System
Developed at FRIB, used by
Diagnostics, LLRF, and Controls

Image taken from ‘E. Pozdeyev, NA-PAC 2016, TUA1I001, Slide 37’



ESS: icBLM Digitizers

MPS
Post mortem
Timing
Tunnel Gallery
( \ ESS control
room
User

screens,

EPICS 10C Archiver...

1 Signal acquisition
J | FMC-Pico-1M4

' . Full Scale
q 1! interfacing Range

U 10 mA Open Circuit 220 nA

Detectors: | .
QCBLMS j MicroTCA Crates 500 pA Open Circuit 12nA

Equivalent to

10mA 30 m Twinax DA 7,
g Equivalent to
P
{ 5
ess) ) s — 30mTwinax  20MABNA)

\\\ ")/ SOURCE

300 kHz Bandiwidth
3 CAENels
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33 DLS: Photon Beam Stabilization

S1oN3VvVI (=

NI-o2id

cLoCK
FMC1  INPUT

SOFFOX pTCA board Floating- i
Al:nalug\E‘ei ] Flca'il:g- Floasing- point Flanil:g- :
_ voltages poil " point IR output point 1
mssfgapigice e 4-channel currents [A] BEillmlpo.Smoﬂ position [um] L :-‘(]J]F“ Powet supply PSU current [A] |
o | ee— | 20-bit ADC calculation, y ; SFP packet i
anpie it yolASs | ) oan ) | Rl | B | colng | W | Y0 i
ogue low- CANEH 81 82 83 84 1
pass filter module optional offset :
+ 4.1 i
| ‘ ‘ UDP packets
po > R n ﬁ n
g g E %’ Analogue signal
2 8 8 3 currents [A] e
C 60 0 ’ o o
Fast power Fast power Fast power Fast power
supply #4 supply #3 supply #2 supply #1
Analogue magnet
currents [A]

' 4-quadrant X-ray beam Corrector Corrector Insertion Corrector Corrector
XBPM magnet #4 magnet #3 device magnet #2 magnet #1
Electron beam

diamond Setpoint update frequency up to 100 kHz
3 CAENels
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IBS: Machine Protection System

crUlR B B B B
4
EVR
Up to 5 AMC-PICO8 boards per crate

40 channels per MicroTCA Crate
(a total of 320 channels)

MPS requirements:
U Response time of 1 us (300 kHz bandwidth)
U Large dynamic range (from 10 nA to 10mA)
U Custom firmware:

= 3 configurable thresholds

= 2 circular buffers of 1000 samples
(1 us and 1 ms resolution)

= Post-mortem
= Continuous or Trigger mode acquisitions

10
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> 2 DAMC-FMC2zUP

Xilinx Ultrascale+ MPSoC XCZU11EG
= PL: 635k Logic Cells, ~3k DSP slices, PCle Gen 4 x8, 100G Eth
= PS: Quad-Core ARM Cortex-A53 1.5GHz, MALI-400 GPU
= Transceivers: 16 GTY, 32 GTH, 4 GTR

1 FMC+ slot (16 GTY + 6 GTH, all LA and HA connected)

1 FMC standard HPC socket

USB Type-C connector (Display Port and USB 3.0)
64-bit 4GB DDR4 connected to PS

16-bit 1GB DDR4 connected to PL

SD-Card (front panel) connected to PS

Gigabit Eth interface over SFP+ (front panel)

. Clock input and two trigger in/out signals

. White Rabbit support
(input front panel, output backplane M-LVDS and TCLKs)

Flexible clocking
(MTCA backplane TCLKs, 3 PLLs for clocking PS/Zone3/FMCs)

8 GB eMMC connected to PS

JTAG support with FPGAs, FMCs and RTM as targets
Full HPM update functionality

Firmware development with Vivado, HLS

12



232 Conclusions and Future Projects

Picoammeter

Machine Protection System
functionalities

Beam Stabilization System
functionalities
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232 Conclusions and Future Projects

Picoammeter

Machine Protection System
functionalities

Beam Stabilization System
functionalities

Linux Embedded ~ YOCLO -

PROJECT
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> 2 Conclusions and Future Projects

Picoammeter

Machine Protection System
functionalities

Beam Stabilization System
functionalities

Linux Embedded )/OCtO ’

PROJECT

EPICS

EPICS 10C !El
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> 2 Conclusions and Future Projects

Picoammeter

Machine Protection System
functionalities

Beam Stabilization System
functionalities

Linux Embedded )/OCtO ’

PROJECT

EPICS I0C E!Pgllcs
Web server (JS)
GUI, Oscilloscope JS
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