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KEK (Tsukuba)

e* accelerators complex

LINAC:
Injector for synchrotrons

SuperKEKB: e* collider for
HEP experiment (Belle2)

Photon Factory(PF)
/PF-AR: SR photon source

STF: Superconducting RF
Test Facility for ILC

ATF: Accelerator Test Facility
for ILC

cERL: Test Facility for a
future 3-GeV Energy
Recovery LINAC (ERL)



MTCA module used in KEK

Module made by Mitsubishi Electric TOKKI systems Co.,Ltd
EPICS-IOC is running on the LINUX installed on the CPU in the FPGA.

In 2008, the development of digital board based on MTCA.O was started for the aim of
common use at RF control among SuperKEKB, cERL, and STF in KEK.

Digital board (MTCA.0)

: : o N
Type1.used for cav-voltage regulation and cav-tuning  ——gocj— ™ f[ EPIOS-100

—» ADC [—

A

PPC: Linux y

Type2: used for RF direct (under) sampling method to /oo —oAcy—
monitor the slow (narrow band) phase change.

——> ADC — — DAC —

In 2013, the development of the module based on MTCA.4 for the LLRF system of STF

Type3: SFP on the RTM is used to communicate with other module.

Newly developed board based on MTCA.4

Type2

- ' Type3
* FPGA (Virtex 5 FX),
Type‘l * 2x 14-bit ADCs (Max. 400MSPS)
, * Digitall/O
FPGA (Virtex 5 FX), e 2% SEP
4 x 16-bit ADCs (Max. 130MSPS) Mitsubishi Electric TOKKI System Co., Ltd. e 1xRIJ45 *  2FPGAs
4 x 16-bit DACs  Digital /O (Zyng-7000, Spartan 6)
Digital1/0O * 14 x 16-bit ADCs
Mitsubishi Electric TOKKI System Co., Ltd. 4 e 2x 16-bit DACs

Mitsubishi Electric TOKKI System Co., Ltd.



Present status of KEK Accelerators @E _rj'_f

using MTCAs

©

® SuperKEKB Ring
LLRF control system (feedback control)

Superconducting rf Test Facility

=> Newly installed at Damping Ring
Reference system (feedback control)
Beam Orbit feedback control at Interaction Point

® SuperKEKB Linac
Reference system (monitor => feedback control)

® STF (Superconducting rf Test Facility)
LLRF control system (feedback control)
Reference system (monitor => feedback control)

® CcERL (Compact Energy Recovery Linac)

LLRF control system (feedback control)
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Supaer

KeEKB

SuperKEKB Project .

KEKB is being upgraded to SuperKEKB. Luminosity : KEKB x 40 ]
The first beam commissioning (Phase-1) was successfully accomplished 2016.
The commissioning with beam collision (Phase-2) began in March of 2018.
The Belle2 physics run (Phase-3) began in March of 2019.

P. Raimondi
Nano-Beam Scheme SuperKEKB

Belle Il detector

Circumference ~ 3km
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SuperKEKB

EX|st|ng analog LLRF system for KEKB

New LLRF control syste
\\S

with high accuracy and flexibility for superKE =

Super

KEKB
KEeKB

Block Diagram of Vc-FB & Tuner Control
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Mitsubishi Electrlc TOKKI System Co ,Ltd.  for 10.6-MHz IF

* Consisting of yTCA-platformed FPGA boards & PLC.

* Type1 board is used for Cav. field FB control, Cavity Tuning and RF-
I/L.

* EPICS-IOC with Linux-OS embedded in each board.
. Th2e0regulation stability is 0.02% in amplitude and 0.02 deg. in phase.

-

ARES Cavity FB Control Stability

measured by external “outside-the-loop” monitor

in high power test.
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Superconducting rf Test Facnllty

)STF -2 : Prototype of ILC-TD

STF-2: Prototype of ILC-TDR * InSTF-2, two digital LLRF boards connected with optical
One 10-MW MBK drives 12 SC cavities. communication are configured for operation.

[ . e . .
RF conditioning of 8 SC cavities " —> minimal combination of ILC LLRF system.

M-1(12m) CM-2a(6m——— MTCA.4 standard board
_ ‘1 CM-2a(6m)
(OCt' NOV" 2016 ) ‘ l ’ 4 Cavities ‘ | 4 Cavities ‘ l 4 Cavities | 2ch SFP connectors

I

I

I
Optical communication g, o 15

1

T converter
__ | /SeDes

8 SC cavities were operated with
average 30.5 MV/m under vector-

sum feedback control. Zyng-7000(XC72045):
ARM (Cortex-A9) - EPICS-IOC
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b J-PARC O @

v .
Op JFPARC (Japan Proton Accelerator Research Complex) Joint Project
between KEK and JAEA

High intensity Proton Accelerator with a LINAC and two synchrotrons.
Started the beam commissioning from 2006 and achieved the high intensity proton delivery.
LINAC: 400MeV negative hydrogen (H') with 40mA (25 Hz)

Rapid Cycle Synchrotron (RCS): 3 GeV proton with 1 MW (25 Hz).

Main Synchrotron Ring (MR): 30 GeV proton with 500 kW (2.48 s cycle) for the neutrino
experlment 51 KW(5. 52 s cycle) for the Hadron Experlment

/[ PA .y.; MR(3OGeV)

/
D C.lm )makl

/ | e Neutrino
e | 500kW

|
|ZUOKA ) / ( Nopmnmkl
f Ol al
/7 Qostigas.
X C.Irozaks 1mhum Is)
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Platforms currently used in J-PARC accelerators

VME / cPCT systems used for high-end / complicated applications
(timing, beam instrumentation, LLRF, etc.):

Timing system

el "-‘1 “—1 -] .ﬂ.}
) - —) -

S, MR:

L5

"‘f‘.ﬁ;ﬁn -

VME+NIM
i \ e —

Specialized 9U VME

ESS-J-PARC workshop, Fumihiko Tamura MicroTCA.4 based LLRF control system of the J-PARC RCS: design and status

Modules with more than 10years old
=Difficulty in the maintenance due to discontinued modules and outdated FPGA.

Need more functionalities for higher intensities and stability. => MTCA.4 as
10 next platform!




A/D-D/A AMC module

Developed by Mitsubishi Electric TOKKI System Co.,Ltd.

RF I/O
connector

8 ADC and 2 DAC zone1 | & Zones

AMC connector | % ZD connector

- Analog signal through Zone3 (ClassA1.1) Connector
PCI-Ex and GbE through Zone1 AMC Connector

EPICS-10C running on embedded Linux on Zync FPGA

- Enables the remote control and the easy integration into
the current control system.

CLK
e 0) FPGA Zynq XC7Z045-1FFG900C
DACC..O gl 0Ss Xilinx Linux (EPICS-IOC)
DDR3- DIO P/N(..0) RAM DDR3-SDRAM 1GiBx2 (PL, PS)
SDRAM 1GB

A 4 A : _ )

oLK Tl o FPGA Configuration QSPI FLASH-ROM 16MiB, SD Card, Remote Update
JESD204B+8 Mem. 1/0 Temo | | e €1 uss ADC 8ch, 16bit, 370MSPS max., BW 800MHz
@ GTX Ctl. Sensor
16bi t%2 N upwy DAC 2ch, 16bit, 500MSPS max.
rt 0, —
< DAC | 1/0 PL (Programmable Logic) GEM > - > |2 11 .
PCle Port 4-7 >z |2 Zonel (AMC Connector)  Port[0:1]:1000BASE-BX, Port[4:7]: PCI Express Gen2
- - RX/TX(20:17
8bit Switch » 1/0 Trg, ITL /ThC A Port[17:20]:M-LVDS, IPMB: IPMI v1.5 support
LED GRN,RED |« 1/0 DCM  f«—{ 0SC 125MHz | , _ _
: Zone3 (ZD connector) Class Al.1(RFinx8ch,DCoutx2ch,CLKinx1,DIOx6pair, TCLKout)
PS (Processing System)
Dual Cortex-A9 .| UART | | Micro
16Hz UART > usg <> uss SEP Zports
DC Mem. Mem. SDI0 Switch 8bit DIP-switch
Ctl. Ctl. with DMA
\ Front Panel LED Hot swap status (blue), Error status (red), Running status (green)
v v v
0SC QSP1 DDR3- 3D card 1 Size PCIMG MTCA.4 Double-Width Full Size 148.5*28.95*181.5 [mm]
33.333MHz | FLASH16MB | SORAM 1GB oar 11




LLRF and monitor system in LINAC

" to RCS
I 324 MHz —— Q72 MHz ——
S0keV 3 McV 50 McV 190.8 MeV s00Mev [ ] Cavity Pick-up Ref.
{ERT ¥ MERT? l LL3BT |Debuncher2 "[";‘\\'““” 3]%”"}1“/
isSHREQH HBILH SPIL — — AGS  HF— oo oo Ve ve ovcfon
kx, ETY A:f?"':' ];‘,\",',f, ’ S1m Eﬂ:m Debuncherl 1 < - -
\(CPU)(1/0 ) FPGA/DSP ) Mixer&IQ | RF&CLK |
| ' > 12 MH LO 312 \.m//1 O/E
‘ l)( - ¥/ GOMH:
: - \| ) LO A2 MHZ
LLRF I ;F ;l ADC 12 MHz ; [96OM M2 <}
| 33 X e, 1/26
48 MHz {1/%0
. [ A~ | |]< 48 MHz CLK
- #station: 24 (324MHZ), 25 (972MHZ) EPICS LAN < Ether! | | J“ AllE | € I l’l®l 4 <
PLC LAN < Ether2 | 1O | |8« | [pAC I/Q 2 (G
] . ] LCPC Lin = (0 || —
current LLRF system (cPCI) with the digital ricecLik-+1SEeRll » L B, [ ,
: 324 MHz RF
feedback/feedforward. — L — | v restviny
PLC Digital - VO
Upgrade development 324 MHZRE out
Chopping Pulse _

Current LLRF (cPCI) for LINAC

- Started the development of the digitizer part Replace with MTCA module

in the 324MHz LLRF system. NV
Monitor (FCT, BPM)

Signal processed in analog system, and
recorded by the digitizer system.

Upgrade development

LLLLLLLL

®

pick-up

ccccccc

- Started the development of digitizer module.

pick-up

X
2
E
g

>

Eipriprigy
02 020
5
z &
=
g

Integrate signal processing and ‘
monitoring into the AMC module. LLRF with MTCA.4 digitizer module




J-PARC Ring RF system

J-PARC synchrotrons use the wide-band MA loaded cavity
systems.

Beam loading compensation is necessary to achieve the
high intensity operation.

Required Function for LLRF.

RF common function:

Frequency pattern, Freq. &Phase FB

Vector Sum of Cavity Voltage

[ ﬂ {12 cavities

\ h—2
/ 1227 1.671MHz

Cavity Voltage Driver

1/Q pattern generation and FB for Cavity
Feedforward for the beam loading compensation
Development status with MTCA .4
new LLRF system for RCS

longitudinal oscillation FB for MR 13 h=9: 9 cavities

1.671 - 1.721MHz i
b} am



AC100V
new LLRF for RCS
CPU
Single MTCA.4 shelf can supports modules for the — %
all the 12 cavities for RCS. —beem 89 . commn funcon
. . mode (1..0)
Separate modules with functions ot
cavi out
-+ Common Function and cavity driver. SR, Gavity driver
module #1 RTM
Vector Sum is done by special module (High
Speed Serial Com. module) in MCH2 slot cavtt in
cavil out
. . cavi2in cavity driver
- Collect, Sum, return the cavity voltage via cavi2 out | modile #6 ATV
Port#1

12MHz clk

—————» clock generator

Shelf and Modules are fabricated in FY2018 and

eRTM

RF

backplane
A

RF
backplane

144MHz clk

RF
backplane

RF
backplane

AC100V
PM
GbE
MCH >
common function
module AMC =
X
o
o .o
R
~— -0 =<
~ w ok
520z
atE EO

cavity driver
module #1 AMC

A

AMC backplane

cavity driver
module #6 AMC

port 1 (high speed signal transfer)

A

high speed serial
communication
module

under debug for the installation during this summer.

cavity

VoI system clk= 144MHz FB blocks (h=1...6)
AD 1/Q volt pattern
w
LPF o PI controller ¥
- 4 2l la A Ya
o A
LPF 2 PI controller =<%
cos sin cos sin
CORDIC phase affset | CORDIC
A Iy B
harmonic gain v
selection > LUT
register
h=hn -
XRn A gain
pattern
FB out J
T
F1 SUM
phase accumlator [« frequency
pattern
D/A

Cavity Driver 1Q Vector FB block ' 14

......................

Cavity Driver

Common
Func.Module

High Speed
Serial Com.
Module



Summary

MTCA based modules have been used in KEK/J-PARC accelerators,
especially in LLRF system.

Mainly the modules made by Mitsubishi Electric TOKKI

Embedded EPICS-IOC and LINUX-OS on FPGA of the AMC enable the remote-
control and the easy integration into current system.

At KEK Tsukuba campus, the development of LLRF control systems using MicroTCA
standards was started as common-use hardware in SuperKEKB, STF and cERL.

started from MTCA.O modules and MTCA.4 modules are developed.
Used in the LLRF, FB, monitoring system during the beam commissioning.

In J-PARC, MTCA.4 based modules are considered as the new LLRF/monitor system for
the replacement

LLRF system for RCS with RTM RF backplane is under test for installation in this
summet.
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