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ATCA LLRF for XTCAV_NC_ SC Existing System
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ATCA LLRF for XTCAV_NC _SC Proposed Changes

2856 MHz Reference
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ATCA LLRF for XTCAV_NC SC

SC Timing

XTCAV_NC_SC

NC Timing

SC Drive

A

Modulator
Trigger
Status HV
NC Drive
V Mon
UpConversion > L/ P oive Klystron Ky Refl
. - Kly Fwd
2856 MHz Signals 11.42 GHz Signals  |Twramplifier | -
‘ ‘ Qutput Mon Klystron
- ““““ ““““ ‘HHHHHHH
L
Y
HXR_SLED SXR_SLED
HXR_SLED_In Fwd
2856 MHz PRL Local Oscillator _E] HXR_SLED_In Refl :‘(RiLEDJI“ FW;T
1 R_SLED_In Re
Reference 3% 2856 MHz HXR_SLED_Out Fwd i
I SXR_SLED_Out Fwd
HXR XTCAVA HXR XTCAVB "
HXR_A_In Fwd [ SXR XTCAV
. HXR_B_In Fwd |
2856 MHz Signals Bt
HXR_A_In Refl HXR B_In Refl SXR_In Fwd
16
v . HXR_A_Load Fwd '} | xR B_Load Fwd -
7 11.42 GHz Signals | ...\ ... - u
' = HXR_B_toadRefl SXR_Load Fwd
16 SXR_Load Refl
p DownConversion ra
[ -~
16
£ -
I

November 11, 2021

Interleaved RF from Two Timing Streams

-- Sikora



ATCA LLRF RTM Interlocks
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ATCA LLRF for XTCAV_NC_SC System
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Interleaving Sources and Destination (PAU)

U Interleaving of source is handled by the trigger and separated LLRF cards

= NC beam/NC LLRF with NC XTCAV = NC_HXR_XTCAV | NC_SXR_XTCAV
= SCbeam/SC LLRF with SC XTCAV = SC_HXR_XTCAV | SC_SXR_XTCAV
= Different set values, readback values and feedback are maintained by different systems (NC LLRF and SC LLRF) independently

O Interleaving of destination
= Need to drive different set values for different destination
= Allocated internal trigger channels (in the timing-core) for each destination (HXR and SXR)
= Base firmware provide destination code to HLS firmware when a trigger occurred on the internal trigger channel
= HLS firmware adds up proper offset on the set values for driving RF depends on the destination code from the internal trigger channel

U Equivalent with the software PAU (pattern aware unit), but minimize the firmware changes

XTCAV_NC _SC November 11, 2021 -- Sikora



Trigger/PAU Implementation in the ATCA Firmware

Operation Mode
DISABLE/ACCEL/STDBY/BOTH

»
»

MOD/SSSB
trigger in RTM

v

—_—
Internal Trigger Channels
Provide Destination a
Code for SXR
Q
Provide Destination Code a
for HXR 4

v

Execute LLRF Feedback

A

Add up additional trigger lines to teach lIrf_hls firmware
about destination

LIrf_hls firmware maintains separated feedback instances
for each destination

Each feedback instances have own offset PVs for set values
Firmware Changes are required

"



Extension of Trigger Configuration

o
O Trigger Channel Assignment for UED
0 LLRF Accel Drive lIrfHIs firmware
1 LLRF StdBy
2 MOD Accel Modulator Trigger Output
3 MOD StdBy
4 RTM Accel Drive RTM firmware
5 RTM StdBy
6 SSSB Accel SSSB Trigger Output
7 SSSB Stdby
8 DagMux Accel Driv DagMux
9 DagMux Stdby
10 Check Timeslot Getting Timeslot Information
11 Destination HXR Getting Destination vl\ci?rlf igggr%egs;irrﬁgtr)rgz\bvaf[jentcitrir:;slot
12 Destination SXR Getting Destination
t = tAC - on ; Destination aware timeslot from AC timeslot and destination index
= {() : HXR, 1: SXR} : Destination Index
Remark) Since, we have 18 virtual timeslots, 10

XTCAV_NC_SC we can have up to 3 different November 11, 2021 -- Sikora



Timeslot Aware Operation (Current Implementation)
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Pattern Aware (Timeslot Aware + Destination Aware)

Feedback Feedback Feedback
for TS4 SXR for TS4 HXR for TS4 SXR
Feedback
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for TS4 HXR for TS4 HXR
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HXR SXR HXR SXR HXR SXR
| | | | | | | | | | |,
| | | | | | | | | | | “time
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SXR HXR HX SXR R HXR SXR
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Pattern Aware with Virtual Timeslot

t=tac+6n
n € {0:HXR,1:SXR}

: Destination Index

: Destination aware timeslot from AC timeslot and destination index

t=4+6 =10 t=4+0=4 t=4+6=10
Feedback Feedback Feedback
for TS4 SXR for TS4 HXR for TS4 SXR
Feedback
Feedback
for TS4 HXR for TS4 HXR
TS1 TS1 TS1 TS1 TS1 TS1
HXR SXR HXR SXR HXR SXR
| | | | | | | | | | L,
| | | | | | | | | | |~ time
TS4 TS4 TS4 TS4 TS4 TS4
SXR HXR SXR HXR SXR
Feedback Feedback Feedback Feedback
for TS1 HXR for TS1 SXR for TS1 HXR for TS1 SXR
t=1+0=1 t=14+6=7 t=1+0=1 t=1+6=7

"

13



XTCAVInB921

SLAT TID-CDS-ACS



Installation (Timing & PRL)

FRONTVIEW - -;
rrwév‘hwwe [

i ?’?’?ﬂ e 9 e'v- ? L ) <« Slot5SC - HXR & SXR 2856 MHz LLRF Controller

o R — Slot 6 SC - HXR & SXR 2856 MHz LLRF Diagnostic

B B

<+——Slot 3 NC - HXR & SXR 2856 MHz LLRF Diagnostic

:3;?09090:?:9.90“ 1 5’? :
"T??Q‘fgl! R1RTRTRIRIRTS L «———Slot 2 NC - HXR & SXR 2856 MHz LLRF Controller

g ‘*?qr ' rwé?ﬁ'
i —— - I

=  Work with Richard Burgess for LCLS-I/LCLS-II
timing fiber drops. Work with Matt Weaver for 2856
MHz PRL.

<—— Slot 6 SC - HXR & SXR LLRF RTM (LCLS-II Timing)
<+—— Slot 5 SC - HXR & SXR LLRF RTM (LCLS-II Timing)

<«— Slot 3 NC - HXR & SXR LLRF RTM (LCLS-I Timing)

<+—— Slot 2 NC - HXR & SXR LLRF RTM (LCLS-I Timing)

15




Installation (2U Advantech Server, SKY-8201)

Front View

Rear View

» Console/RS232 to DIGI/MOXA

» CAto Cisco Switch
» MGMT to Cisco Switch

SLAT TID-CDS-ACS
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Installation (Vadatech Switch, ATCA Crate Slot 1)

To Cisco Switch To MOXA

&7 vadatech  PROPERTY OF SIMONS OBSERVATORY  janaiin
1 Auema  "LiRE
n‘orﬁ"l« — :
Ve R R Rl eaua v

"™
&

3 Q@ S —

Fiber to 2U
Advantech
server

SLAT TID-CDS-ACS
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Installation (Network)

=]
FYGA VIS KA VI GA PS KA FPYN KA EY KA Y364 TIKA UYRA PIYRA TI KA UI A

P2 P4

Fiber network
module can
be swapped
out for more
capacity

Port 1 — 2U Advantech Server MGMT
Port 2 — 2U Advantech Server CA
Port 3 — ATCA Shelf Manager

Port 4 — ATCA Switch (Slot 1)

SLAT TID-CDS-ACS 18



Installation (Console RS232)

To Cisco To 2U

Switch Advantech
Server
Console
port

SLAT TID-CDS-ACS

To ATCA
switch

Console port
(slot 1)

To ATCA shelf
manager
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Test stand for XTCAV InB15
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< JUoi4 >

Test stand for the LLRF Control systemin B15

< RACK No.: B015-121-R06 >

VME CRATE - LCLSI TIMING FANOUT

FEEDTHRU

FEEDTHRU

TEKTRONIC SCOPE 4CH
Digital oscilloscopes

FEEDTHRU/WORKSPACE

ATCA CRATE: SHM-B15-SP02-1
Slot 7: Empty - Available
Slot 6: Empty - Available
Slot 5: Empty - Available
Slot 4: Empty - Available
Slot 3: Empty - Available
Slot 2: LLRF Upconverter
Slot 1: Switch Blade 10G

FEEDTHRU/WORKSPACE

LLRF Down Converter

CPU-B15-RF03

FEEDTHRU/WORKSPACE

ATCA CRATE: SHM-B15-RF03-1
Slot 7: Empty - Available
Slot 6: LLRF Upconverter LLRF DownConverter(SC) (SC-SXR 2856 Mhz PRL)
Slot 5: LLRF Upconverter LLRF DownConverter(SC) (SC-HXR 2856 Mhz PRL)
Slot 4: Empty - Available
Slot 3: LLRF Upconverter LLRF Down Converter(NC) (NC-SXR 2856 Mhz PRL)
Slot 2: LLRF Upconverter LLRF Down Converter(NC) (NC-HXR 2856 Mhz PRL)
Slot 1: Switch Blade 10G

< Jedy >

VME CRATE - LCLSI TIMING FANOUT

FEEDTHRU

FEEDTHRU

TEKTRONIC SCOPE 4CH
Digital oscilloscopes

FEEDTHRU/WORKSPACE

ATCA CRATE: SHM-B15-SP02-1
Slot 7: Empty - Available
Slot 6: Empty - Available
Slot 5: Empty - Available
Slot 4: Empty - Available
Slot 3: Empty - Available
Slot 2: LLRF Upconverter
Slot 1: Switch Blade 10G

FEEDTHRU/WORKSPACE

LLRF Down Converter

CPU-B15-RF03

FEEDTHRU/WORKSPACE

ATCA CRATE: SHM-B15-RF03-1

Slot 7: Empty - Available - Ai filler panel

Slot 6: RF Interlock RTM (SC-SXR_LCLS-Il Timing)
Slot 5: RF Interlock RTM (SC-HXR_LCLS-II Timing)
Slot 4: Empty - Available - Air filler panel

Slot 3: RF Interlock RTM (NC-SXR_LCLS-I Timing)
Slot 2: RF Interlock RTM (NC-HXR_LCLS-I Timing)
Slot 1: Empty - Air filler panel

21
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Test stand for the XTCAV2 LLRF Control system in B15 (1)

Shelf Manager: SHM-B15-RF03-1
Supervisory Controller CPU: CPU-B15-RF03

< Front > - < Rear >

Gumu

110198 5".???.?.?7 ey

......

. <
Upconverter S I 1 1 N SN I RPEET GNY L 'I Downconverter
R i3 : ' i — N

,/ > - ,? 'c"\,-

r e N ‘ 9




LCLS-I (NC) RF Reference Flowin B15

— e . . e e e . oy
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Amplifier
125-808

475 MHz to
2856 MHz
Multiplier Chassis

714-109-22

2856MHz

— e o o o e . . .

2856Mhz SHM-B15-SP02-1
.14dBm (STCAV)

13dBm w S SHM-B15-RF03-1
(XTCAV)

SHM-B15-KY01-1
(FACET)

- o e e o o e e e o

/

ol ARy
LS | = g \ M4

TID-CDS-ACS

*Click each blue block to jump to more details 23



LCLS-I(NC) Timing Signal Flow in B84

2856Mhz
6.43 dBm
SHM-B084-SP15
LCLS-I(NC) timing: 2856Mhz RF
119Mhz from B34 Amplifier and
1-to-8 RF FANOUT
2856Mhz
Coupler Amplifier 4.97 dBm
119Mhz l l
2.18 dBm
VME Lowpass .0 . .
(CRAT-BO84-Rf04) Filter Multiplier Chassis E——— Bandpass Filter
6.09 dBm

Si~T TID-CDS-ACS *Click each blue block to jump to more details 24



ATCA-based Control System Platform

SLAT TID-CDS-ACS

25



ATCA-based Control System Platform (1)

The Crate (aka -- Shelf)

Slots for application cards (blades)

/ Intake Fans

T~

\ Power supply

DC or AC input

Exit Fans Backplane Shelf Manager
SLAEC TID-CDS-ACS
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ATCA-based Control System Platform (2)

Application Card/Module components

ATCAAMC Carrier Board |

Note: ATCA crates can be oriented
vertically or horizontally. For LCLS and
FACET we have standardized on 7-slot
horizontally oriented crates.

AMC Daughter Boards

ATCA Backplane

SLAC TID-CDS-ACS
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ATCA-based Control System Platform (3)

LLRF Application Card = AMC Carrier + AMCs + RTM

AMC Carrier

TNLY 001e1u] Sy

LLRF Firmware

SLAC TID-CDS-ACS



ATCA-based Control System Platform (4)

RF Interlock Transformer Trigger Daughter Board

SLAT TID-CDS-ACS
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ATCA-based Control System Platform

Front Panel + Connector Interface to the outside world
Downconverter AMC (PC_379 396 16 C03 AO01)

- TN
-y 18039631
b -
r
<
Oo 3 3 7 &
l;g; = 2 5 =
3 z 2 z z
=z E s z
I ® o : TR IA T
o

Upconverter AMC (PC_379_156_06_CO00_A01)

/9119081

LR R

RF OUT MON

12190

o

¥ s

s> (1
=0 >
—
-0 =
-— (o}

8SSS Ol
v
1NO 434
@

TIMING

ETHERNET

%

6L968-6L8

WL IND I

ZST1oOM
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ATCA board part numbers for LLRF Application (1)

AMC Carrier Board, Product Part Number: PC 379 396 01 CO06 AO0O
Xilinx Kintex KU040 - 371 MHz Timing
Ref: https://confluence.slac.stanford.edu/display/AIRTRACK/PC 379 396 01 C06
Note: When ordering new boards use: PC 379 396 01 C09 AO0O
Downconverter AMC, Product Part Number: PC 379 396 16 CO03 A0l
LLRF: AMC Precision ADC Card Version C03_A01 (2856 MHz LO)
Ref: https://confluence.slac.stanford.edu/display/AIRTRACK/PC 379 396 16 CO03
Upconverter AMC, Product Part Number: PC 379 156 06 CO00 AO01
LLRF GEN2 Upconverter Version C00_AO01, w/interlocks (2856 MHz LO)
Ref: https://confluence.slac.stanford.edu/display/AIRTRACK/PC 379 156 06 CO00
RF Interlock RTM, Product Part Number: PC 379 396 19 CO02
Interfaces to High Power RF (HPRF) System
Modulator — RF Amplifier — Klystron
Ref: https://confluence.slac.stanford.edu/display/AIRTRACK/PC 379 396 19 C02

SLAT TID-CDS-ACS
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https://confluence.slac.stanford.edu/display/AIRTRACK/PC_379_396_01_C06
https://confluence.slac.stanford.edu/display/AIRTRACK/PC_379_396_16_C03
https://confluence.slac.stanford.edu/display/AIRTRACK/PC_379_156_06_C00
https://confluence.slac.stanford.edu/display/AIRTRACK/PC_379_396_19_C02

ATCA board part numbers for LLRF Application (2)

 RF Interlock Transformer Trigger Daughter Board (RTM daughter board or RTM
trigger board), Product Part Number: PC 379 156 07 CO0O
Ref: https://confluence.slac.stanford.edu/display/AIRTRACK/PC 379 156 07 CO0O0

SLAE TID-CDS-ACS 32


https://confluence.slac.stanford.edu/display/AIRTRACK/PC_379_156_07_C00

Front Panel Inputs Mapping

Downconverter AMC (PC_379 396 16 C03 AO01)

| 18039631

" 1

]
@ arcaLirr

RFIN 2

RFIN3
RFIN4

RF IN 4 MON O

RFIN 5 MON
RFIN 1 MON

/ Angy
pur _, ' RE oy 'Re g F N oy Rew
SLAE TID-CDS-ACS W gy U7 v Ury ; ’ 2



RTM Panel Inputs
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RF Interlock RTM (PC_379 _396_19 C02)
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STCAV

SLAT TID-CDS-ACS



LCLS-Il Injector Beamline

LCLS-Il Injector Functional Schematic
(quadrupoles and diagnostics not shown)
10/13/2013, updated 7/13/2016

UV Laser IR Laser
257.5 nm 1030 nm

Collimation
100 Hz and matching

. Kicker
. =AY — v L1
> —~ N Laser heater and \,
E o o 98 MeV  energy collimator Screens,
™~
=)

Dump

SLAT TID-CDS-ACS 36



S-band Transverse deflecting CAVity 2 feet (STCAV2) System Overview

g EEE EEE S B S S B B S S B B B M ey

4 Gallery

\
\

’ F
e ——— —— . ———

Klystron
RF
Window

\_~ WR284 Vacuum Waveguide

P1-08

/ Penetration

e

WR284 gas Waveguide

\

3X RF Vacuum
Window

/
|

N Ry - 0 _

RF Load

S T T S O S R S S, W W

/
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STCAV2 system layout

LLRF and

cuum 1-8 penetration cup

racks (available) \
available —~
( ./

Klystron
transmitter

1-7 penetration (coming Dec. 2022)

Vacuum
waveguide
(available)

STCAV?2 layout

Cavity module is in manufacturing

(N

:

L
)
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LLRF System Design

SLAL TID-CDS-ACS
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LLRF Control System Design Overview

2856MHz PRL

= Triggers
] o (BERCE
; ‘ RF output

EPICS Supervisory
Control PC

RF signals
Modulator status
Klystron beam V.,C.
Klystron refl. power

O T Modulator

*  We have 2856MHz PRL like we have for FACET

* Unlike FACET, 2856 MHz reference will be locked to LCLS-1 and LCLS-II Linac

* LLRF Algorithm tweaks for STCAV2 Frequency offset

* ATCALLRF platform sends trigger and RF output signals to modulator

*  Modulator sends RF signals, modulator status, Klystron beam voltage, current, and

OPIl/User
1 oAl reflected power to ATCA crate

DN

 ATCA crate connects to the IOC through UDP



ATCA-based Control System Platform -Test Stand for the
STCAV2 LLRF Control systemin B15

Shelf Manager: SHM-B15-SP02-1
Supervisory Controller CPU: CPU-B15-SP02

< Front >

CPU-B15-SP02

¥ SHM-B15-SP02-1 lg
i . .

© 4 l. lb l"‘\.

vadatech Ml

SLAE TID-CDS-ACS 41



ATCA-based Control System Platform

Front Panel + Connector Interface to the outside world

Downconverter AMCO (PC_379 396 16 CO03_AO01)

T T
18039631

RF IN 2 MON

RF IN 1 MON

RFIN1 4

8
=
)
=
U
[\ 4

R —————— = -y

Up_converter AMC1 (PC_379 156 06 _CO00_A01)

— /29119081

x
-
-
=
-
o
=z

RF Interlock RTM (PC_379 396 19 CO02)

s T

3
= b
() m
(/7] .‘1
g @8
m -y

TIMING

ETHERNET

6L96E-6.¢€

LN INI 49

ZST1ON
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LLRF Controls System Design - GUI

SRF Cavities
Cryomodule ACCLLOE:0100

< GUI from SC RF >

SRF Cavities Overview - Cryomodule ACCL:L0B:0100 (on IcIs-dev3)

Intik
Resst

— Cavity Control
s Detune LLRF oo, Drive
EBD R RF State RF Mode R Permit =27 Limits
i 00 degrees 88wy Wﬂ Chirp SELAP‘ SELA‘ SEL [3EL Rav| Pulse |W nan (2 W MW .::j
z oy degrees - MV Da Cavity Offline Fhlrp SELAP‘ SELA ‘ SEL ‘SEL Rav| Pulse |W nan (Hz [l [ | .::}
degrees 85 v Wﬂ Chirp SELAP‘ SELA ‘ SEL ‘SEL Hav| Fulse |W nan (H2 @ W i:]
degrees 180wy Wﬂ Chirp SELAP‘ SELA‘ SEL [3EL Rav| Pulse |W 226167 [Hz W ] -::j
degrees 130 My ’?ﬂ Chirp SELAP‘ SELA ‘ SEL [3EL Rav| Puise |W nan (H2 W M i:j
l_dewm ,WMV ’Twm Chirp SELAP‘ SELA‘ SEL ‘SEL Rav| Pulse |W inf | Hz | u i:}
v 00 degrees 180 My Wﬂ Chirp SELAP‘ SELA‘ SEL ‘SEL Hav| Pulse |W nan (H2 W M i:}
& 00 gegrees 134wy Wﬂ Chirp SELAP‘ SELA‘ SEL |3EL Rav| Pulss |W nan |H2 W u .::j

kLY S-21

ELY-31

< GUI from FACET >

Klystron Low-Level

KLY-41

Cryomodule ACCL:LOB:01 - SRF SSA Control (on Icls-dev3)

SRF 5545
Cryomodule ACCLLOBE:0100

55As

554 State

IS

O

(o]

[s}

ol|o s}
ENNENN ENN T

=

=

Fault Surmmary

Alarm Summary Drive Power

Farward Power Reflected Power

H
5

H
5
m
%
]
=

On

Qn

GUIfrom FACET and LCLS-II
*  GUI will be based on them and update according to actual PVs and user request
*  We will follow PV naming convention and check with naming czars

* PV naming convention: Device name - DeviceType : Area: Position, PV name - DeviceType : Area: Position : Attribute
ex) ACCL:LOB:0110:PACTMEAN, ACCL:LOB:0110:SSA:RefPwr, TCAV:DIAGO:xXX:XXX

Expert.

Expert

Expert
Expert...
Expert...

Expert...

Fault Status

Station

RF Control
Power

RF (on Icls-dev3)

RF Power and Phase (hean)

WWG Power 0.00 MW

— Power

Desired hi| 8.00
Dizabled

Slow FDEE OFF I

ADES

Fast FDBK |

| 0.04

WY G Fud 0.00

Faused SLED Out 0.00 kAW

an

Klys Fud 0.00 MW

Phase
WVG Phase 153.63 Deg

Klys Refl 2.53 MW

0.4 W

5558 Out

Desired Deg | 0.00 PDES

Disabled

| 90.00

S55B In 0.00 my

Faused

Slow FDBK OFF

Fast FOBK |

PRL 6.96 mW

oM

exr_|

HSTA OoN Deactivated

Phaze — P Jitter A Jitter ——

16590 deg 4419 deg 0.00

112.67 deg
21.16 deg
0.39 deg

0.00deg  0.06 deg

Fault Sequencer

Automatic

Reset

Modulator
Off

off

PP3

hod &

hod B

Modulatar £ Klystron
REMOTE
HY On

0 faults

Ready Fault Fault Lockout
|

[Cwvon |

Hu 0f | [ Mad Reset || FLE Feset |

LS}

Permit A Maot_Enabled

LOPLL

CLKPLL Locked

Locked

ATCA

RF Switch
(RTNY

RTM ADC

Permit B Mat_Enahbled

360.00

key Swich Enable

BVLT BWLT Max

0.04 012

Locked BCS

STANDEY

‘ Stafion SBTC-2

‘ BYLT Jitter KDT

410.00

Uk ECLR BCUR hMax

1.00e-11 13.58

K¥ac

3.900e-09

WYAC Focus

[rcav vac stiptool] |

Klys Enter Triggers

Feedback Diag (Expert)

Hadulatar |

Tcav vac archive] |

SLED Status “Water Status

Wacuum Status Waveforms I

|
[ ModFauts |

12/12/2022 20:40:29



HPRF System Design
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HPRF Control System Design Overview

_.

"
EPICS PyDM GUI —

Linux RT server Modulator

Modulator exposes a modbus TCP interface for knobs, buttons, statuses

Modulator contains a control system app (touchscreen/mouse/keyboard) - but no PVs
EPICS IOC app runs on Linux RT, uses the modbus module - PVs

EPICS GUI accesses PVs exported by EPICS app

SLAC TID-CDS-ACS
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Modbus registers

- ~100 registers exposed < Example register map from ScandiNova >
. Many of them are temperatu res, rates’ address type input/output description
0 intl6 output protocol ID
statuses .
1 intl6 output protocol rev
- 50 events (state changes, interlocks), but the 2 uint16 ouput watchdog
|OC app saves all events to a file 3 int1e output modulator state
4 uintl6 output modulator status
- State change requests, resets 5 int16 output access level
- Setvoltages and currents 6 float output warm:up timer
8 float output pulse rep freq
20 int output modulator target state
21 float output CCPS voltage
25 float output pulse width
800 float output water flow rate
999 intl6 output event log index
1715 struct output first interlock event
0 uintl6 input watchdog
1 intl6 input modulator state
2 uintl6 input command bits (reset)
100 float input CCPS voltage
300 float input pulse width

SLAT TID-CDS-ACS



HPRF Controls System Design - GUI

* Simulator provided by ScandiNova

* Actual GUI will be as close as possible with
this

* We are working with operators and
engineers to provide appropriate user
interfaces and full IOC integration

* Joe wants the GUI exposes the same
functionality as the GUI that comes
with the ScandiNova cabinet.

« UED and Berkeley already have the
ScandiNova modulator, and we will keep
GUI as close as possible with our
collaborator

1 A% TID-CDS-ACS

(%))

2022-12-12 19:07:42
AccesslLevel: Operator

CT:

Simulator

Timestamp
1601-01-01 01:00:00:0

Type
State

Text

Trigld
0 Initialize

CvD: 0,0 kV

0,0 A

Fl: Toggle help

Plswtnset @] 8.0us|
T Cojolafolalo

DigiCvdRead
DigiCtRead
DigiFwhmRead
AvaPowRead

Digi 10 o

OilTempRead ’ 25.0C
OilLevRead 1 2,0 mm
Tank 10 [

Tank IO

D
VoltSet B|l1000.0 v

PS1 VoltRead 0,0V
PS2 VoltRead 0,0V
PS3 VoltRead 0,0V
PS4 VoltRead 0,0V
PS5 VoltRead 0,0V
PS6 VoltRead 0,0V
PS7 VoltRead 0,0V
PS8 VoltRead 0,0V
PS9 VoltRead 0,0V
PS10 VoltRead 0,0V
PS11 VoltRead 0,0V
PS12 VoltRead 0,0V

clolele/e/e/e)

PrfRead
M LocalTrig

5.0 V|| IpciCurrRead
Ipc1PressureRead @

IpciVoltRead

PDU IO

PS 10 @
Bleeder I0 g

CecpsSuFlowl
CcpsSuFlow2
CcpsSuFlow3
CepsSuFlow4
CecpsSuFlow5
CcpsSuFlowb
CcpsSuFlow?7
BodyFlow

SolenoidFlow

0,0 I/m
0,0 I/m
0,0 Ifm
0,0 I/m
0,0 I/m
0,0 I/m
0,0 I/m
0,0 I/m
0,0 I/m

AmbientTempRead
CoolFwdTempRead §
KlyRtnTempRead @
KlyTemp1Read d
KlyTemp2Read '

0,0cC
0,0C
0,0C
0,0C
0,0cC
RfDrvRead 0W 0,00 dBm
RiFwdRead 0.0 W 0,00 dBm
RiRHRead 0,0 dBm

FlowPowerCollectori@ i &

RIVSWRRead ' 0,00

CollectorFlow RfPIswthRead 0,0 us

0,0 I/m

Digitizer Config

0,00E+00Torr
0,00E+00V

Matrix

STANDBY
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Documents from ScandiNova

« Control Systems Manual: https://slac.sharepoint.com/:b:/r/sites/Icls/Icls-
2/as/linac/Shared docs/TCXDGO/modulator/Scandinova/controls%20documents/new 17Nov2022/FOL-
00500 rev 00/DOC-014478-
04 KSERIES%20ScandiCAT%20control%20system%20manual.pdf?csf=1&web=1&e=Wh6éUD6 -

* Modbus TCP Specification document : https://slac.sharepoint.com/:b:/r/sites/Icls/Icls-
2/as/linac/Shared docs/TCXDGO/modulator/Scandinova/controls%20documents/new 17Nov2022/FOL-

00500 rev 00/Appendixes/DOC-000295-
14%20ScandiCAT%20Generic%20ModbusTCP%20spec.pdf?csf=1&web=1&e=F2re4h -

» Software installation guide document: https://slac.sharepoint.com/:b:/r/sites/Icls/lcls-
2/as/linac/Shared docs/TCXDGO/modulator/Scandinova/controls%20documents/new 17Nov2022/FOL-

00500 rev_00/Appendixes/DOC-
007184 02%20ScandiCAT%20software%20installation%20instruction.pdf?csf=1&web=1&e=Dgxdrt -
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https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/DOC-014478-04_KSERIES%20ScandiCAT%20control%20system%20manual.pdf?csf=1&web=1&e=Wh6UD6
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/DOC-014478-04_KSERIES%20ScandiCAT%20control%20system%20manual.pdf?csf=1&web=1&e=Wh6UD6
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/DOC-014478-04_KSERIES%20ScandiCAT%20control%20system%20manual.pdf?csf=1&web=1&e=Wh6UD6
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/DOC-014478-04_KSERIES%20ScandiCAT%20control%20system%20manual.pdf?csf=1&web=1&e=Wh6UD6
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/Appendixes/DOC-000295-14%20ScandiCAT%20Generic%20ModbusTCP%20spec.pdf?csf=1&web=1&e=F2re4h
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/Appendixes/DOC-000295-14%20ScandiCAT%20Generic%20ModbusTCP%20spec.pdf?csf=1&web=1&e=F2re4h
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/Appendixes/DOC-000295-14%20ScandiCAT%20Generic%20ModbusTCP%20spec.pdf?csf=1&web=1&e=F2re4h
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/Appendixes/DOC-000295-14%20ScandiCAT%20Generic%20ModbusTCP%20spec.pdf?csf=1&web=1&e=F2re4h
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/Appendixes/DOC-007184_02%20ScandiCAT%20software%20installation%20instruction.pdf?csf=1&web=1&e=Dgxdrt
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/Appendixes/DOC-007184_02%20ScandiCAT%20software%20installation%20instruction.pdf?csf=1&web=1&e=Dgxdrt
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/Appendixes/DOC-007184_02%20ScandiCAT%20software%20installation%20instruction.pdf?csf=1&web=1&e=Dgxdrt
https://slac.sharepoint.com/:b:/r/sites/lcls/lcls-2/as/linac/Shared_docs/TCXDG0/modulator/Scandinova/controls%20documents/new_17Nov2022/FOL-00500_rev_00/Appendixes/DOC-007184_02%20ScandiCAT%20software%20installation%20instruction.pdf?csf=1&web=1&e=Dgxdrt

Concept of STCAV2 RF control system

2856MHz Reference
>
ATCA shelf
TD EPICS
LCLS2
~ Timing Fiber
thruugh -
CPSW framewo
KLY Beam Voltage
only
Trigger
Mudulator
RTM Fault Triggel Temperature
Vacuum
Water, etc
KLY Beam Voltage
KLY Beam Current
_ KLY Reflect Power
I
LLRF signals Modbus TCP
To EPICS
el A~
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STCAV2 Interlocks (1)

[ SMA : BNC |

[ SMA  ENC |

Scandinova

ATCA Carrier
RTM
ATM: v Boam V Out [ SRS
Beam ¥in |zt Modulator
Ref Out ~
Madulatar Trigger | BNC: BNC | )
Baam Wod Trig — » Trigger
POU: X101:31,32
Iator Stat . .
Netwerk o1 Sockoto o e bb Stale STATE: TRIG
- M SLED | DB 15: DB15 |
Tming Streary : DB 1S Refl Intlk
" [ >
IRl M g | Leme : BNC o N
" 5550 Gate . |
[ ] —
DIGI
)
AMCT
DCINL T 5SS Amp v hen
Man
L RFIN 2 {SMA: M ] LLRF Out [ M :N]LLRF Out £514.50 l—l Klystron
RF Ot 0ds - n 0dB Drive
RFIN
Elystron
36 ¢
RFIN 3 553 Fuel Output
— — 1
Phase Ref. Line FaiL 50 1 Ky Refl
(PRL) PRL [N SMA] AMCO Coupler Kly Fwd
AFIN 2
LDF2-50
RFIN &
RFIN 5 RFDIGI 9
RFIN 2
RFINS
RFIN 3
Attenuator values TBD Cou In Fud
Coupler
FSMA N s Cay In Rov
Tl :
SMACN _30 = . Cav b Furd TCXDGO
I
SMA N _“ a8 . ‘ Cayln Rey Cav Qus Fwd
cacutrev | Coupler
SMACN Cav Out Fwd —
-30dB
SMA N Kly Fued LDF4-50
SMA N Cly Retl LDF4-50
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STCAV2 Interlocks (2)

System: 014478-04 Source?

- 0 — 8 MHz?
[«—Water flows FW D

l4—»Solenoid power supplies
<+—Ilonpump power supplies

[+—Klystron temp (Switches
‘fOperator key R E F L
L CCPS#1

i T s cepsi2
! Customer trig (rastely cepsas

Status (Trig) ===t g — "  [——»corm

: i su#L
PDU X101:31,32 e ™I REFL Intlk (TTL)
> SU43
> sU 4 ’)
4 * ne H
24 V "
v ‘:‘zﬂ :z O A\ & 4 O
e SUH7 o @ 22700 @ T m |
SU #8 D n 2 M1M2 M3 Iy M 5 % 17 8 D_)
Refl INterlock qr— 7 J3| =——ube Front view I
. " RE-DIGI —
Conn Name Type Function
\ ) J1 RF FWD SMA Forward power 0-8MHz, max -5dBm, Analog Devices
e b 12 RF RFL SMA Reflected power | DNR >50dB HMC713LP3E

signal is present or not

©) 13 Trig in SMA TTL, Hi=Start digitizing. (not used)

| 14 INLK out SMA TTL, Hi=0K / Lo=Interlock, <100ns reaction speed

I T&I SC Duplex Left | Trigger input HFBR-24E27
Right | Interlock return, Light=0K / Dark=Interlock HFBR-14E4Z

— X7 =
Or if trigger is received Or 24VDC is applied

Conn Name  Type Function Part number
JuL Sumintlk | SCduplex | Sum interlock, Light=No INTLK input is missing HFBR-14E4Z

JLR_ Trigin

e RFDIGI: 014775-03

2 Trighh | BNC

131 1o DsubSF

52

133 i
134 Input: SpiCs

135
136
3:7
B8
39

PDU “Status” will communicate Beam Voltage Interlock (Trig state).
How do we get the RF Reflected Power Interlock to the LLRF?
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Functional Blocks of Firmware/Software

J Timing
= Timing Core firmware listens timing stream from TPG (LCLS-Il) and generates triggers and clocks for other parts of firmware

* tprTrigger software module configures trigger and rate settings for The Timing Core, and monitor the status

—J RFCommon

*= RFCommon firmware measures RF phase and amplitude and generates RF signal from the input of lIrf _hls (baseband waveform and
phase/amplitude)

= RFCommon software module configure/monitors the RFCommon firmware (ex, Clock and PLL locking status, select input channels for
Lo, ...)

1 LLRF HLS

= Llrf_hls firmware provides the following functions:
O  Get Phase/Amplitude measurements from RF Demod, and calculates Window Average, Channel Weight Average
O  Phase Reference Subtraction
o  Provides bunch by bunch feedback
o Interfaces to the lIrfHIsAsyn software module
=  LlrfHIsAsyn software module

o  Configures/Monitors the lIrf_hls firmware status

SLAE TID-CDS-ACS
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Firmware Structural View

The new firmware functions for this

application consist of gluing the 2856 MHz - _ —
DSP modules with the core LCLS-II timing and AmcCarrierCore = ® AppTop
diagnostics modules. 1
The clock domain crossing remains \ o
synchronous since the two sources [2856 / S
MHz reference and LCLS-II timing reference] /yAcCa rrlerTlmlng \ AppCore 8
are locked. b 5
Synthesizes 119MHz | 1860 119 MHz o
Synthesizer >
8
0. ¢ Diagnostic Bus 2
TimingCore BsaCore sertion |[—1 | &
Recovers LCLS-Il timing
@ 186MHz
Forwards LCLS-I| Y
timing/triggers @119MHz AppLIrfCore

Cavity Signal DSP

Processes triggered data and
returns measurements

Implemented in git slaclab/lIrf-hls project.
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Firmware Functional View

The new firmware functions for this application
consist of gluing the 2856 MHz DSP modules with
the core LCLS-Il timing and diagnostics modules.

The clock domain crossing remains synchronous

since the two sources [2856 MHz reference and
LCLS-II timing reference] are locked.

SLAE TID-CDS-ACS

LCLS2
Timing

BSA..«—

186 to
119 MHz Synthesizer
Timing 186/}\/IH2 o 119|MHz e
Core £ red
triggers 2 2 LLRF
58 8 Hardware
N and DSP
S
(@)}
i
; : =
DlagnOStlc < g measurements
Bus < A
New Existing
Core Functions Application Application
Functions Functions
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Firmware/Software Stacks for NC LLRF Application (Firmware
focused)

Modular Design for UED LLRF (Firmware focused)

BsaCore

RF Common

TPR Pattern
TPR Trigger

RF Common-Level

21BM1]0S

Attenuator
Slow DAC

ATCA-Common Level

PLL

Timing Timing Core oo
Crossbar LLRF Specific
RF Firmware

oJemulli4

Base Firmware
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Firmware/Software Stacks for NC LLRF Application
(LCLS-I timing only)

RFCommon ATCACommon Non-CPSW
Moqules Mocfules related M?dules

V[ |
RFCommon
db

yaml Modules Timing Modules lIrf Modules
L

A A
[ | 1

EPICS Module

Database Templates interlockRtm J lirfHIsAsyn
db db

UAsyowy ||
qp UlWpyI0!
gp aAesolne

EPICS Modules

(VN (@]
c g
—~+ @O
O jc
B~
Q mr—
< §o
M

UASY Wy 00[433ul
UASYSIHI|
UASY oWV ||
UOWWOJVILY

uIwpy2O0l

API (non-epics)

Software f

Firmware/

* .
Hardware k= Firmware M : Independent

56 | with non-EPICS APIs




Firmware/Software Stacks for SC LLRF Application
(LCLS-II timing only) - FDR

RFCommon ATCACommon Non-CPSW
Moclules Moqules related Modules

f )0 ) \
ATCACommon
db

yaml Modules Timing Modules lIrf Modules
A

A A
[ | | 1

EPICS Module
Database Templates interlockRtm j lirfHIsAsyn
db db

UAsyowy ||
gp ulwpyool
gp 9Aesolne

EPICS Modules i et 1 Sttt 1 Sttt

Q)
Q
=
c
—~
—
o

Q)
c
—
O
wn
Q)
<
0]

UASyw3yo0[433ul
UASY/SIHMI|
UASy oW |
uowwod)4y
UOWWOoJVvO 1V

ulWwpyI0l!

[ e

API (non-epics) I :I : i i
: I I : : I : Non-CPSW related

I 1: Updated Modules

Software f

Firmware/
Hardware ¥ Firmware

57




	Slide 1
	Slide 2: XTCAV
	Slide 3: ATCA LLRF for XTCAV_NC_SC Existing System
	Slide 4: ATCA LLRF for XTCAV_NC_SC Proposed Changes
	Slide 5: ATCA LLRF for XTCAV_NC_SC
	Slide 6: ATCA LLRF RTM Interlocks
	Slide 7: ATCA LLRF for XTCAV_NC_SC System
	Slide 8: Interleaving Sources and Destination (PAU)
	Slide 9: Trigger/PAU Implementation in the ATCA Firmware
	Slide 10: Extension of Trigger Configuration
	Slide 11: Timeslot Aware Operation (Current Implementation)
	Slide 12: Pattern Aware (Timeslot Aware + Destination Aware)
	Slide 13: Pattern Aware with Virtual Timeslot
	Slide 14: XTCAV In B921
	Slide 15: Installation (Timing & PRL)
	Slide 16: Installation (2U Advantech Server, SKY-8201)
	Slide 17: Installation (Vadatech Switch, ATCA Crate Slot 1)
	Slide 18: Installation (Network)
	Slide 19: Installation (Console RS232)
	Slide 20: Test stand for XTCAV In B15
	Slide 21: Test stand for the LLRF Control system in B15
	Slide 22: Test stand for the XTCAV2 LLRF Control system in B15 (1)
	Slide 23: LCLS-I (NC) RF Reference Flow in B15
	Slide 24: LCLS-I(NC) Timing Signal Flow in B84
	Slide 25: ATCA-based Control System Platform
	Slide 26: ATCA-based Control System Platform (1)
	Slide 27: ATCA-based Control System Platform (2)
	Slide 28: ATCA-based Control System Platform (3)
	Slide 29: ATCA-based Control System Platform (4)
	Slide 30: ATCA-based Control System Platform
	Slide 31: ATCA board part numbers for LLRF Application (1)
	Slide 32: ATCA board part numbers for LLRF Application (2)
	Slide 33: Front Panel Inputs Mapping 
	Slide 34: RTM Panel Inputs
	Slide 35: STCAV
	Slide 36: LCLS-II Injector Beamline
	Slide 37: S-band Transverse deflecting CAVity 2 feet (STCAV2) System Overview
	Slide 38: STCAV2 system layout 
	Slide 39: LLRF System Design
	Slide 40: LLRF Control System Design Overview
	Slide 41: ATCA-based Control System Platform -Test Stand for the STCAV2 LLRF Control system in B15
	Slide 42: ATCA-based Control System Platform
	Slide 43: LLRF Controls System Design - GUI
	Slide 44: HPRF System Design
	Slide 45: HPRF Control System Design Overview
	Slide 46: Modbus registers
	Slide 47: HPRF Controls System Design - GUI
	Slide 48: Documents from ScandiNova
	Slide 49: Concept of STCAV2 RF control system 
	Slide 50: STCAV2 Interlocks (1)
	Slide 51: STCAV2 Interlocks (2)
	Slide 52: Functional Blocks of Firmware/Software
	Slide 53: Firmware Structural View
	Slide 54: Firmware Functional View
	Slide 55: Firmware/Software Stacks for NC LLRF Application (Firmware focused)
	Slide 56: Firmware/Software Stacks for NC LLRF Application (LCLS-I timing only)
	Slide 57: Firmware/Software Stacks for SC LLRF Application (LCLS-II timing only) - FDR

