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Abstract

We developed a control board that is conforming to the MTCA.4 standard, the FPGA "Zynq" is embedded an ARM
Cortex-A9. The Xilinx’s “Zynq” SoC (system on chip) is a key device of the new board. Our present control board is
adopted as many accelerators, SuperKEKB LLRF, cERL LLRF, and so on, because of it has a user friendly interface
(EPICS I0C) in MTCA standard. But the control board does not possess enough extension, because of its size, single
width full-size conforming to the MTCA.O standard, and the size itself is small, so the area we can use for input and
output connectors is also small. Moreover, we use Virtex5-FXT (PowerPC440 is embedded), and as advancement of
control algorithm, we face difficulties. While, the new board Single-width Full size we made a success of expanding the
area double-width Full size. The external interface satisfying many system, has enough space for more expansion by
using FMC and u RTM(MTCA Rear Transition Module). Furthermore, by introduce the latest FPGA” Zynq” , we
bring about improvement of capacity. The new control board is implemented EPICS IOC under an embedded Linux on
Cortex-A9. The first application of the new board is STF2 LLRF.
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Figure 1: MTCA .4 Embedded Linux FPGA card

32 MTCA4 Bt DEH

MTCA.4 (Micro TCA Enhancements for Rear I/O and
Precision Timing) |£ PICMG THIL T 5,
MTCA.0 % FEAIZAE 6l 6 X O L7~ FE R
T AL E LR SR E A A X v TR ME
2% £ 91T Zonel TAMC =237 % | @ Port[17..20]
DIBEEI N0 72, v L7 O E D FEET
%% uRTM (MTCA Rear Transition Module) 723M# %
%72, Figure 2 DX 91T Zone3 O ZD =7 X T
BROANMTIZEITO, BEEEZILET A Z LN TEX 5,
DESY TiX RF 22 R—x > M4 FEE L7 u RTM %
fEVY, Zone3 N LTCTFu/EEORD R %2 L
TWb, ZZ T, uRTM T 10 OIEEZEIT> TV
%, Gigabit Ethernet(RJ-45)X1 ¥ X T SFPX2, DIO
X4 8 ZiBAIL, MCH Z#&H L7215 Ethernet
BEBLOESBEBEENTEDH XL IIC L,

AMCa#4% (Zone1)

| I

VAVREOL] (one3)

Figure 2: Front board(Left) and x RTM(Right)
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Figure 4: MTCA 4 Shelf (rear view)
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Table 1: Virtex5FXT vs Zynq

Virtex5 FXT XC5VFX70T-1FFG1136C

Logic Cell 71,680

Flip Flop 44,800

RAM 820kB

DSP 148

PCle Genl X8
Processor IBM PowerPC 440

Processor Extensions —

CPU Freq. Up to 550MHz
L1 cashes 32kB Instruction / Data per processor
L2 cashes -

On-Chip Memory —

Internal Connect PLB

Zynq XC7Z045-1FFG900C

350,000

437,200

2,180kB

900

Gen2 X4

Dual-ARM Cortex-A9 MP Core with CoreSight
NEON, Single and double precision vector FPU
Up to 667MHz

32kB Instruction / Data per processor

512kB

256kB

ARM AMBA AXI-4
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Table 2: Specifications of new control board

FPGA Zynq XC7Z045-1FFG900C

oS Linux (EPICS-IOC)

RAM DDR3-SDRAM 1GB X2 (PL, PS)

FPGA Configuration QSPI FLASH-ROM 16MB, SD card, Remote Update
FMC slot High pin Count X 1 ,Low pin Count X 1

Zonel (AMC Connector)  Port[0:1]:1000BASE-BX, Port[2:3]: Reserved (GTX), Port[4:7]: PCle
Port[17:20]:M-LVDS, IPMB: IPMI v1.5 support

Zone3 (ZD connector) RGMII, GTX X 3, I/O X 8pairs
Switch 8bit DIP-switch
Front Panel LED Hot swap status (blue), Error status (red), Running status (green)
Size PCIMG MTCA .4 Double-Width Full Size 148.5%28.95*181.5 [mm]
P/N(7..0) -
RGMI I § g
DDR3- TX/RX(2..0) N
SDRAM 1GB
Micro
Zynq I STemp L e USB
8bit Switch 10 Mem. ensor
LED GRN, RED 0 Ctl. 1/0 | TEMAG | GTX o IPMI
3 Lanes TENAC a
GTX Port 2,3 -
FIC 1/0 HPC ["LAp/N(33:0) 61X Pt 4 x |2
34HGT, 56+Pairs | HAPNQ3:0) | | | PL(Programable Logic) TrPgC'leTL RK/TX (20:17) h
1 Lanes :
FMC 1/0 LPC - GTX 0SC
14IGT, 33+Pairs meAa/NG3:0) 5 = 125MHz
UART Micro
UART
PS (Processing System) /USB UsB
Dual Cortex-A9
1GHz
Mem. Mem. SDIO
Lo Ctl. Gtl. | with DMA
0SC QSPI DDR3- SD card
33.333MHz | FLASH16MB | SDRAM 1GB

Figure 5: Block Diagram of new control board
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Figure 6: Block Diagram of LLRF for STF2

PASJ2014-SUP103

5. £&®

B#H D SoC FPGA ToH D [Zynql Z#HE#H L 7=
MTCA.4 JRFSICHERL U728 LW — K2 B% L
776 220D FMC A1y FEB L uRTM % - 724
REVEIRMNFIRE L 720 ka7 7Y r— a V2
H+s5Z&T&%, £72. Zynq NWEO KH FPGA
lkintex7] & RIZMEREO Y v ZRIKIZ XL W &FET
B TH A AEBEAE L . ARM Cortex-A9 (2
Linux Z#liAdeZ & T EPICS # &t Z4k72 Y 7 b
7T bAHATeZ N TE S, LT, FPGA N
TN—RU=2T7 ¢V 7 N7 2EHEIT LY 22—
FEUT o EEXDZENTE S,

A% . STF2 LLRF %3 U & s gl o & ko
720 Z OF LWEIFEER — R 5 FETH 5,

SE X

[1] M. Ryoshi et al., “LLRF Board in Micro-TCA Platform”,

Proceedings of the 7th Annual Meeting of Particle Accelerator
Society of Japan, Himeji, Aug., 2010.

[2] T. Miura, et al., " Digital feedback system using pTCA for
DRFS", Proceedings of the 8th Annual Meeting of Particle
Accelerator Society of Japan (2011)

[3] M. Omet, et al., “Development and Application of a
Frequency Scan-based and a Beam-based Calibration
Method for the LLRF Systems at KEK STF”, Proceedings
of the 9th Annual Meeting of Particle Accelerator Society
of Japan (2012)

[4] T. Kobayashi, et al., “Prototype Performance of Digital
LLRF Control System for SuperKEKB”, Proceedings of the
8th Annual Meeting of Particle Accelerator Society of
Japan (2011)

[S] S. Michizono, et al., “Tuner control for cERL cavities by
digital feedback system", Proceedings of the 9th Annual
Meeting of Particle Accelerator Society of Japan (2012)

[6] H. Ishii, et al., “Development of a beam position detector for
an orbit feedback system in SuperKEKB”, Proceedings of
the 8th Annual Meeting of Particle Accelerator Society of
Japan (2011)

[7] T. Kobayashi, et al., “RF Reference Distribution System for
SuperKEKB”, Proceedings of the 10th Annual Meeting of
Particle Accelerator Society of Japan (2013)

[8] K. Hayashi, et al., “Refinements of the new LLRF Control
System for SuperKEKB”, Proceedings of the 9th Annual
Meeting of Particle Accelerator Society of Japan (2012)

[9] http://mtca.desy.de/

[10] Virtex-5 Family Overview DS100(v5.0) Feb.6,2009

ds100.pdf

[11] Zyng-7000 All Programmable SoC Overview DS190(v1.6)
Dec.2,2013 ds190-Zyng-7000-Overview.pdf

[12] H. Deguchi et al., “Linux and EPICS embedding on
MTCA.4 FPGA(ZYNQ) board”, in this meeting.

- 1307 -



