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HW structure - Main logic unit and FMC modules

The cryomodule or cavity data like vacuum status, helium level, RF leakage level, field emission probe signal and Main logic unit

others can be important indicators of of conditions that could compromise the stable operation of the RF systems e ZCU106 (by Xilinx) eval board - carrier,
including amplitiers, RF distribution, fundamental power couplers, and superconducting accelerating structures.. o Zynq UltraScale+™ FPGA chip and a quad-core
That is why the dedicated system (RF Protection Interlock - RPFI) has to closely monitor all sensitive parameters Arm Cortex A53

and drop the permission for RF operation instantaneously when a possible fault situation occurs. The new design of o two FMC slots

such an RFPI system has been proposed by LUT-DMCS team. This system is dedicated to the PIP-I| accelerating
structures. The modular design and interlock logic realization by the SoC (system on Chip) module are the main
driving factors for this development. Such an approach provides not only a fast reaction to upcoming faults but also
wide flexibility in the input signal sets and protection logic configuration and implementation. This contribution
describes the proof of concept prototype design and evaluation as well as the full signal count prototype ongoing
efforts.

@ FPGA - main logic function implementation,

@ Arm processor - EPICS integration and 10C for
configuration and inputs / outputs monitoring

FMC modules
o FMC GPIO with 40 GPIO channels for SC H
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RFPI prototype structure @ acceptable throughput - up to 50MHz, ¢l
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e FMC ADC for analog (and RF) signals,

o 8 channels (14-bits, 25 MS/s), Figure 2: FMC ADC module structure diagram
@ equipped (optionally) with RF detector

1M 1M onnononmn Oononn Mo 1M

Filter []
Filt |
Filter []

,_
L
] ilter
—
(I

: MPS
(2]
% RTD HY Contact

MPS

Switches Timing FEP

10 Connector

i . g i i RFPI 3 g ) p I‘—' Timing I# I_._l [_._l O | O
€ EE bl € EE bl € EE bl € EEB I A M A
. £ gt z . E gt z . E gt T . E g % 8 % 8 84/
sohib . 3 2 bir 8 2 sk 8 f iaife—] pss | e
%) %) < g S w » » < g w 2] [2] < § o w [2) 12 < é 88888 r" ﬁ
h 4 I I A 4 ; ; A4 ; I Input Signals nnn Voltage level Voltage level
= - - #’ translator translator
ermits
% ) SssA 5 £ ssA 5 B4 ssa — 5 MgmtB
n n n Optical
—) FMC FMC : " Power 'y
GPIO ADC Distribution . N .
alo A A A
{} i? — o L < o - 8 8 5/1/ 8 8
o — digital I |_| |_|
Cavity 3 Cavity 4 Cavity 1 Cavity 2 ( P! Power i o 1
Reference
— L MGMT Supply . .
FPGA Direction Voltage
Eval Kit
HE Pressure level HE Pressure level
Coupler vac. permit (x2-x4) Coupler vac. permit (x2-x4) <|': u
Beam vac. permit Beam vac. rmit ¥ A
l - l - i e ot ac . hE i K e B o s 4
i ETH H ETH Fover H i > 2 5 i @ MGMT
ST O o Lt E
CRYO & Vacuum 1 CRYO & Vacuum 2 —~ CH St LI
i 4«DDR4 Component WA Connectors PM Bus A 8 8 )4 12C 8 /{/ 8 )% 8
« FAN FAN FAN | FAN potxt o ¥
. 1 1 1 1 [1 1 [1
L | FMC |
LLRF MPS To control system To control system

Figure 3: Main logic unit - evaluation module

: o . (https://www.xilinx.com/products/boards-and-kits/zcu106.htmlinformation Figure 4- FMC GPIO pOSt—prOdUCtion view
Signals conditioning modules
l!!!!l ! Software structure

Contact switches signal conditioning module

= | @ monitoring of open/close PLC switches inputs, Clent fayer { N J { ot sy J _
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@ for PoC: up to 4 RF detectors can be configured - 4 channels

monitoring - :
Prototype verification

The Resistance Temperature Detector (RTD) and
Coupler Bias High Voltage Power Supply SC

The test-bench verification

| ; T Crvo Permit Testing @ SC modules post-production testing - individual channel
@ two temperature measurement channels available, Y- v ot o G i confirmation.

o ready for four wires configuration operation, @ PoC box after integration testing - main protection function logic

checks,

e High Voltage power supply voltage and current read-out,

@ system modules design improvements introduced based on
findings from bench verification.

PIP2IT verification
“catery e NIRP Testing @ the PoC integration and operation with cavities in the high beta

(HB650) cryomodule,

o the RFPI PoC response performance measurement (from artificial
fault occurrence to RFPI permits drop),

SSA Permit Output

The SSA outputs/inputs signal conditioning
module

@ SSA, SSA DC, LLRF, MPS permit output signal generation,
@ SSA ready input signal,

RF Forward Power

@ equipped with e-fuse (thermal fuse) protection.
@ achieved performance better than defined in requirements,
@ several hours of successful "in the loop" PoC operation dedicated

Management and Diagnostics sub-system
to single cavity protection
apins] @ provides watchdog mechanisms for Full-scale prototype development
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Figure 1: PoC Management subsystem o Carrier board with SoM (Kria26)

Ack led @ 6 FMC slots for signal conditioning,
e FMIC based ncrface boar
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