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Introduction

* International Linear Collider (ILC)
e Future Higgs factory machine

e 250 GeV center of mass energy

» Superconducting cavity / cryomodule technology
* Based on TESLA technology

* ~ 8,000 superconducting radio frequency (SRF)
1.3 GHz 9-cell cavities
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e STF-Il Accelerator at KEK

* |LC prototype / R&D accelerator

* 1 normal conducting 1.3 GHz gun cavity

e 2 SRF 9-cell cavities in the capture CM

e 12 SRF 9-cell cavities in 2 main linac cryomodules
e Operated 2015 -

) STF-2: Prototype of ILC-TDR ‘
One 10-MW MBK drives 12 SC cavities. ’ 3

Capture Cryomodule
(2 sc cav.)

Photocathode RF Gun
28 Oct. 2021
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MicroTCA.O-based board developments for
accelerators at KEK —

FPGA in
* In 2008 the development MTCA.O- =~ ZE
. | )

@
based LLRF hardware for the usage (mput, Reflected, oo o
and Pickup) Pl feedback control Cavity drive signal
at SuperKEKB, cERL, and STF was Croof  Withfeedforward |_fouh
conducted

e Cavity field controller/monitor
e Multiple ADC and DAC channels

* Virtex-5 FX FPGA
 Wind River Linux installed on PPC 400

* EPICS-IOC . ZPG1A6 (\éirt:g g Ft(g/,‘ 130MSPS) «  FPGA (Virtex 5 FX),
* 4 x16-bit ADCs (Max. « 2 x 14-bit ADCs (Max. 400MSPS)
* Was used to operate the STF-1l gun  ATiEhiDAL . Digital /0
an d th e ca pt ure C M Mitsubishi Electric TOKKI System Co., Ltd. Mitsubishi Electric TOKKI System Co., Ltd.
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MicroTCA.4-based board developments for

| LC Configuration of ILC LLRF system

* In 2013 a digital system with ILC LLRF control in
mind was started . | e gg
Im] r“n ”HL““' s

e Required more than ten 16-bit ADCs and two 16-bit TR r——
DACS as We” as an Optical con nection In the ILC, 39 SC cavities are operated under cavity-field

vector-sum feedback control.

¢ Re S u Iti n g p ro d u Ct P/N(T. .0) [] Newly developed board based on MTCA.4

REs {3 : Mitsubishi Electric TOKKI System Co., Ltd.

e Based on MTCA.4 s 1 o c RV

Zo3

+ FPGA and CPU SEET— [ E [wlwlw , )
e L Port 2.3 =
(Zyng-7000 SoC, XC77045) o soesca IV E S 10| bl o P°° S [
e ARM-linux installed on e [ =
Cortes-A9 oo baptig s |
ortes | L SDI,O FMC ™ Zones (ZD connector)
« EPICS-10C RS O AMC 8 FMC -
« 2 FPGAs
0SC 0sPI DOR3- - 3 ’ « 2xSFP
* FPGA (Spartan 6, XC65L150T) o | O e lamas

* Block diagram inside Zyng-7000 of newly developed board * 2x16-bits DACs

* ADC, DAC, vector-sum
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Power supply box for MTCA.4 AMC
and RTM

* Boards comply with MTCA.4 standard
* Can be operated in MTCA.4 crate

* We developed and are using a
custom power supply box

MTCA.4 crate

Power supply box
* Front side * Rear side

* Used to operate STF-Il main linac
(12 cavities in CM1 and CM2a)
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STF-1I main linac LLRF system overview

* Two systems were connected via * On the master board feedforward
an optical link in a master-slave (FF) and the vector-sum PI
configuration feedback (FB) are implemented

- CM-1 (12m) L CM-2a (6m) —>p -klysl:ron
1 2 3 a4 5 6 7 8 9 10 11 12 Ty Lorsron]
|2 mod |
T : — ——
5 , 1 I
Klystron 4 4 LO/CLK generator
MO T w CLK_Timing

1300 MH2z %E 1310 MHz 1310 MH2z %E

Notes:
MO = master oscillator §
LO = local oscillator
4 O/E = optical to electrical

S

E/O = electrical to optical A
VS = vector sum

va FF = feedforward
FFIFB
convert FB = feedback Y
T IIR = infinite impulse response Q
DLY = additional delay convert
IR Filter

lc I lc. Q
fa -b) (a -b) a -b)
| a) I_ a ) L a )
[
¥ )
,,, C )
ain Ref tablg l l 1 L Vector-sum
C + )
(o] 4
Slave board

DLY1 DLY3 ~ J
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Achievements of STF-Il LLRF system operation

 Amplitude and phase stabilities

Cavity-field vector-sum in digital board #1
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* Maximum beam energy gained in CM1/2a with 12 cavities: 343.7 MeV

* Maximum average accelerating gradient with 9 cavities: 32.9 MV/m

—
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Outlook for LLRF system
for the ILC CM prototype

\Aathieu Omet, 2025/08/28 MicroTCA-based LLRF systems used at the STF at KEK 10



ILC Prototype Cryomodule

* From 2023 to 2027 we are building and testing an
ILC prototype cryomodule at KEK

* |n scope of MEXT ATD and the ILC Technology Network
* Currently developing all necessary infrastructure

8 1.3 GHz TESLA-type Pigee=

* Plan to develop and implement a MicroTCA.4- 9-cell SRF cavities
based LLRF system very similar of the STF-Il LLRF
t y y I P
SyS em Vertical test 35 MV/m 0.8 x 10E10
* New feature: better integration with the cavity Cryomodule 31.5MV/m 1.0 x 10E10

frequency tuner piezo driver

* Dedicated keynote talk:

Keynote Talk: Future Linear Collider and its LLRF system Shinichiro MICHIZONO

Bidg. #3 Seminar Hall, High Energy Accelerator Research Organization (KEK), Tsukuba Campus

\Aathieu Omet, 2025/08/28 MicroTCA-based LLRF systems used at the STF at KEK 11
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LLRF system at the
STF vertical test stand
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Introduction

©

* Superconducting RF test Facility (STF)

* STF-2 (ILC R&D accelerator) STF (Superconducting RF Test Facility)
* SRF facilities for Kiysion #1 moduator N
‘ Surface Building &% I8
* Inspection ) | ' 60,000 ]
* Pre-tuning 00 st sccss ‘
* Electro polishing o I | e e
® Clean room shutter access . :—g:fg;{go:' Cold mass assembly ; §
 Vertical test stand S =
tunnel access hatch
Jew
{
| o e o |
4 — Cryogenics
g AUD LR REEN g
2 Klystrons _ e uquu’m . )
054 b0 BN R Liquid He system
|

control room
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Current RF system for STF VT stand -

1

* >20 years old | e

* All analog

* Important channels are
monitored in EPICS

* No automation

eSS

o L -
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LLRF system at STF VT area

L eSS

Component overview of new MTCA.4-
based LLRF system

* Decided to buy “of-the-shelf system’
- MTCA.4

)

e Collaboration with DESY MicroTCA.4
 Component list crate
e RackPak/M5-1, 2HE 6-Slot MTCA.4 Crate
e NAT-MCH-PHYS80 UniLOGM
« AM G64/471-41, AMC CPU with Xeon
E3-1505M, 16GB RAM and onboard
256GB SDD ,
 NAT-PM-AC600D (Single Full-Size AC Signal
PSU) generator
* NAMC-psTimer
* SIS8300-KU MTCA.4 Digitizer FPIO
8AC2DC DZ3 125 MS/s 16-bit 10 Kanal 4
X 4 Gbit Power
e DWC8VM1R131.3GHzRFFP11 Converter

MTCA.4 Downconverter/Vektor
Modulator RTM
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Schematic of LLRF system

Schematic of the LLRF system for the KEK STF VT stand Schematic of the SEL controller

1310MHz Reference |
1300 MHz module ’ Cavity
Amp
MicroTCA crate VM DAQ
— Transmitted ar
lconversion m — Already exists Ve Phase Field Detection
€ Setpoint Phase I Q
. Il |Q | Offset
Forward Slgnal Ll Up PlD
e - processing conversio > Amphﬁer — CORDIC CORDIC
on FPGA { b . 2 Phase |
: Reflected Y Y by I Amplltude
CPU —(  LAN switch A IIt q
mplitude
Setpoint
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SEL CW drive of single-cell cavity

1) Applications Places System @ (: en W) & & Wed Oct16, 21:22
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Test of long pulse operation

e Certain 9-cell cavities

to be tested in scope
of the ILC prototype
CM production might
need long pulse
operation

High-level software
script was
implemented, which
allows arbitrary pulse
lengths
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LLRF FPGA direct control

RF on duration [s] RF off duration [s]
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Stop long pulse operation
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Automated long-pulse ramp-up and
automated data taking
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Comparison of ramp-up procedures

L

g o

Manual ramp-up Automated long-pulse  Automated CW
(30 mins.) ramp-up (10 mins.) ramp-up (5 mins.)
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automated data taking 1

©

* [dentical curve as manually wsoren,
ramped up TN e

&
3
& 1E+10 =
. o
* |dentical to long pulse .
automatic ramping
1E+09 XK XK KRR W X MR K KKK 0.1
0 5 10 15 20 25 30 35 40
Eacc [MV/m]
. . 4 Manual CW LLRF Q0 A lLongpulse auto LLRF Q0 A Auto CW LLRF Q0
¢ F u rt h e r a Uto m at I O n R& D WI I I X Manual CW LLRF X-ray X Long pulse auto LLRF X-ray X Auto CW LLRF X-ray

be presented in this talk:

Automated Passband Mode Resonance Peak Finding Algorithm Using MicroTCA.4-Based Digital LLRF System
Eric Viklund
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Summary

\ Mathieu Omet, 2025/08/28 MicroTCA-based LLRF systems used at the STF at KEK 23



s Innovation

. \ Center for

WILELRY.Y | Applied

W 7 Superconducting
Accelerators

SRS MER T/ N—a vt i—

summary

©

* MTCA.O and MTCA.4-based LLRF systems were developed at KEK
e Together with Mitsubishi Electri TOKKI System Co., Ltd.

» Successful operation at the SRF-Il accelerator

* For the test of the currently being built ILC prototype CM a MTCA.4-based
LLRF system will be developed

* A MTCA.4-based LLRF system is currently being commissioned at the STF
VT stand

e Goalis a highly automated VT procedure
e Collaboration with DESY

This work was supported by the MEXT Development of key element technologies to improve the performance of future accelerators Program, Japan Grant Number JPMXP1423812204
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