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Agenda

« Short introduction to the Multi-Bunch Feedback (MBFB) of PETRA IV
 MicroTCA.4 based electronics for the MBFB (concept)
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MBFB parameters

Requirements and infrastructure

PETRA IV design parameters in the brightness (B) and
timing (T) mode and the requirements for the T-MBFB

High beta section
~40m ... 50m for kicker REISEGGT
~30m ... 40m BPM

Design Parameter Value
Energy E 6 GeV
Revolution frequency f 130.12 kHz

Emittance (e, / €,)

Total current |

Number of bunches M
Bunch current |,

Bunch spacing T,
Bunch length o,
Betatron freq. (f,/f))
T-MBFB det. bandwidth
T-MBFB det. resolution
T-MBFB damping time

rev

<20/4pmrad (B)/
<50/10 pmrad (T)
200 mA (B), 80 mA (T)
max. 3840 (B), 80 (T)
<70 pA (B), 1 mA (T)
2ns (B), 96 ns (T)
45.7 ps (B), 64.3 ps (T)
23.4 kHz / 35.2 kHz
> 500 MHz
<1 pym at £1 mm det. range
<40 turns (A, <200 pm)
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MBFB architecture

Feedback signal flow and diagnostics

* Feedback signal flow

« Stripline BPM (1 GHz)

* Pulse multiplier and filtering (increase SNR)

« Beam offset compensation (increase of

dynamic range and resolution)

« Signal conditioning and combline filter

« 5GSPSADCs
* Processing
*+ 10 GSPS DACs

DAMC-DS5014DR

* High power amplifiers (HPAS)
» Stripline kickers (DC-250 MHz)

« Diagnostics and tools for machine studies

+ Diagnostics of kick voltage of HPAs

» Diagnostics of bunch phase, charge,

position, profile
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from Master Timing from Main Oscillator l l

MicroTCA.4 Electronics

* Tune measurement, growth-damp analysis, emittance control
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Controls + DAQ

S. Jablonski, H.T. Duhme, B. Dursun, J. Klute, S. H. Mirza, S. Pfeiffer, H. Schlarb, Conceptual
Design of the Transverse Multi-Bunch Feedback for the Synchrotron Radiation Source PETRA
IV, Proc. of IBIC2022, Krakéw, Poland, Sep. 2022.
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MBFB electronics

Modules for the feedback:

X
Forchl

PROGRESS I

ol °

PROGRESS I

-

Modules for the HPA diagnostics:

* DRTM-MBFB-CSI — beam offset
compensation

DRTM-MBFB-FE — front-end

DAMC-DS5014DR — ADC / DAC /
processing board

DAMC-FMC2ZUP

A~ + DAMC-DS812ZUP —ADC board
A~ -+ DRTM-DS812FT - front-end

Modules for the timing and clocks:

X .
WOR;\E] o

PROGRESS

Support modules:

eRTM-CLOCK
X3Timer (H. Lippek)

M~ . MCH, cPU, Power module
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New Zone3 Class RF1.1 recommendation

Differential pins for DACs

«  Differential output DACs in the Class RF1.1 instead
of Gbhit-Links in the Class RF1.0

«  Single-ended signals up 6 GHz, high isolation
between channels

1 2

0 3
f[GHz]

Courtesy of J. Zink

Courtesy of J. Zink

DESY. | Conceptual Design of the Multi-Bunch Feedback for the Synchrotron Radiation Source PETRA IV based on the Xilinx Zynq UltraScale+ RFSoC | Szymon Jabtoriski

Class RF1.0

Digital
Clock 10
Digital
fixed 10
Digital
Clock Input
Digital
user 10
Standard
Gbit-Links
MTCA 4
Management

DAC-OUT1 | DAC-OUT3
| "DAC-OUTO | DAC-OUT2
2
ADC-IN3
ADC-IN2

ADC-IN4

Table 1: Zone 3 - Class RF1.0 pin assignment J30, J31 and J32 connector, AMC side view

Class RF1.1

Digital
user 10
MTCA.4
Management|

Digital
Clock Input
Differential

DACs

AMC-CLK- OUT1-/D7- RF-CLK3-
AMC-CLK+ | OUT1+/D7- RF-CLK3+

RF-CLK2- OUTO-/DB- RF-CLK1- D4- D1- DACB- DAC3- DACO-
RF-CLK2+ RF-CLK1+ Dd+ Di+ DAC6E+ DAC3+ DACO+
RF-CLKOD- RTM-CLK- D3- D0-CC- DACS- DAGC2- GBTO-RX-

RF-CLKO+ RTM-CLE+ DAC2+ GBTO-RX+

ADG- DAG-
ADC-INE DAC-OUTO

ADC- AD ADC-
ADC-NG__| ADG-INZ_| ADCING |

Table 1: Zone 3 - Class RF1.1 pin assignment J30, J31 and J32 connector, AMC side view
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DAMC-DS5014DR based on Xilinx Zynq UltraScale+ RFSoC Gen. 3

Basic parameters

8x ADC (grouped in 4 dual-channel tiles)

* 14-bit resolution, sampling rate of 5 GSPS

* AC-coupling (30 MHz — 6 GHz) to front panel or to
Zone 3 connector (Class RF1.1) — single-ended

8x DAC (grouped in 2 four-channel tiles)

* 14-bit resolution, sampling rate of 10 GSPS

* AC-coupling (30 MHz — 6 GHz), single-ended to
front panel or DC-coupling (DC — 2.5 GHz),
differential to Zone 3 connector (Class RF1.1)

» Variable output power (-22 dBm to 3 dBm)
Memory

+ PS: 16GB 64-bit DDR4, PL: 2x 16GB 64-bit DDR4

« eMMC-NAND FLASH, QSPI FLASH, Micro SD
Card, PSRAM

Interfaces

+ 100 GbE zQSFP+, USB type-C on the front panel
« 12x GTY to AMC ports 4-15

RTM
Zone 3 PMBUS
Class Manager DC/DC DC/DC DC/DC
RF1.1 Write Rabbit Front
. Recelver Panel
Radia
Input conditioning
HP 1
1
bank % ADC
Ern ap 16 GiB Memary
bank B4bit x 2666 MT/s
HP
Cutput conditioning bank DAC
HP
Gx LVDS bank
o [ RFSoC P 16 Gi& Memary
64bit x 2666 MT/s .
Xilinx Zyng UltraScale+ RFS0C bank DIt x 2666 MT/ —
XCZU47DR-1FFVG1517E HF _
Interlocks — (XCZU4TDR-2FFVG1S17E prototypes) ganx e
Management 4—| 6 HP banks (52 pins) -~ ccouT
2 HD banks (24 pins) —
3 PSMIOC banks
AMC Smt‘aMC 4 GTH quads PS DDR 16 GiB Memary Trigge
Back mp ~ . (16 MGTs @ 25.785 - 28 21 Gbps) Interface 64bit x 2400 MT/s
Obank 1 GTR quad (4 MGTs @ 6 Gbps)
plane | CPLD | <—| FLGPIO
Port Quad Quad I3 QsFP28
12-15 AxGTY WETY |
Port Quad USB-C
8-11 AxGTY controller
Port CQuad
47 - AGTY | PS QUAD < o -
AxGTR  [a— USB-C —— USBC
Mutitiplexer port
[CKA__—
EE% b it s HD bank HD ban FS MID s Mo | Pi::lf, Sglﬁta?d
[CKD = : bank bank USB 2.0 PHY
‘ [ tt
256 MEB PSRANM redundant 16 GB
580Ks5122 Q5P| Flash aMMC
Port MLVDS 32bitx 200 MT/s
17-20 transeiver PSGPIO
Port 1
Port 0

Courtesy of M. Fenner
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DAMC-DS5014DR based on Xilinx Zynq UltraScale+ RFSoC Gen. 3

Zynq UltraScale+ RFSoC

Clock tree + specification

» Clocking

« External reference clock from front panel, RTM
(RTM_CLK), TCLKA/B or WR

« Sampling clock for the RF converters

* Wideband RF synthesizer

+ External sampling clock from front panel

* Clock generated by the internal RFSoC PLL
* White Rabbit endpoint

» Clock tree configurable from MMC Stamp or
Processing System

» Specification (in preparation)

Deutsches Elektronen-Synchrotron

* Detailed information onthe ™

DAMC-DS5014DR Specification
MicroTCA 4 - based Zynq UlraScale+ RESC Digitizer

Author Michael Eenner, Szymon Jabloriski

Simone Farina, Johannes Zink

DAMC-DS5014DR module  fese

Document Version

1.0

1. Dec. 2022

zaey

parameters, interfaces and

electrical properties
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Front Panel AMC Connector

Zone3 Connector

FCLK 7 FCLK_PCle
Jitter Cleaner | B Bank128
|—I =]
GBTCLK1 x Pelo e
= o | (Port 4-7)
F
2 = [ Bankize
ER-] E
50 MH g o
Touka | z EE GBTCLK2 S PCle x4
Tcke | S 2 — =8 & | (Port 8-11)
T = 33 El Bank130
G & D 20 5| amc
n 3 Si5341_CLKREF1 | @ 3 § GBTCLKS > [(Port 12-15)
%o = g ©| orRTM
2 SYNC_OUT1 59 = [ Banki3l
S ®|_ToK £z 3
3 S| QsFp+
5 GBTCLK4 .
- o
Bank 64, 65, 66,
WR 67,68, 69, 84, 87
WR_PLL2 ) ) WR_CLK_PLL_20M
White Rabbit
WR_PLL1
Timing and Triggers (AMC Port 17..20)
200 MHz @ CLK200ZUP (for PL Start-up)
FPLINK (TRIGO, TRIG1, DATA, CLK)
FP_CLK_OUT SYNC_IN
FP_REF FPGA_REFCLK
FP_ADCCLK SYSREF_FPGA
DACCLK_INO
= DAC
DACCLK_IN1
ADGGLK_INO Bank 224, 225,
226, 227
ADCCLK_IN1
ADC
) ADCCLK_IN2
Wideband —
RF Synthesizer ADCCLK_IN3
Bank 500, 501,
g ETH_REF_CLK (25 MHz for ETH PS) 502, 503,
) 5 o 504, 505
Si5341_CLKREF2 g. g
23 USB3_REF_CLK (26 MHz for USB3)
SYNC_OUT2 s 2
£d
AMC_TCLK I3 PS_PLLO_REF_CLK
@28
AMC_CLK =B
nog PS_PLL1_REF CLK PS
RTM_CLK 23
5 >
=5 PS_PLL2_REF_CLK
=
50 MHz 5
5

PS_REF_CLK (33.3 MHz for PS)

33.3 MHz @

Programmable Logic (PL)

RF Converters

Processing System (PS)
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Xilinx Zynq UltraScale+ RFSoC Gen. 3

Performance of ADCs and DACs measured with the ZCU208 Eval Kit

Noise of analog-to-digital converters
° ADCs (fCIk:5 GHZ, frf:]' GHz) Residual Phase Noise / Timing Jitter of ADCs Additive Amplitude Noise of ADCs

fc|k=SGHz, fl_'=1GHz, decimation 2 E fc|k=SGHz, fl_'=1GHz, decimation 2
T o T T

* Residual white phase noise: gm 5

-154.5 dBc/Hz S g0 [ S
« Timing jitter: E_m i %

70 fs rms (1kHz — 250MHz) > H

= -160 =3

« Addtive white amplitude noise: e )

-155 dBc/Hz z

h . 3 |

+ Integrated Amplitude Noise: sz 2 L e

0.044% (1kHz — 250MHz) E R e E L

iE Pt = r/l
¢ DACs (fclk:10 GHZ! frf:1'5 GHZ) 1{:?32 155 107 113'3 1c|:f' 1{;3 1;}‘5 1e|}‘3 510*:02 | 10" 156 108
Frequency [Hz]
. . . Frequency [Hz]

* White phase noise: Noise of digital-to-analog converters

<-162 dBc/Hz Phase Noise of DACs Amplitude Noise of DACs

fc“(=1OGHz, fﬂ=1.SGHz fc“(=1DGHz, 'll_f=1.SGHz

«  Timing jitter: - r | | . |

36.5 fs rms (10 Hz — 100 MHz) % o W\uﬁm“mﬁl g N
«  White amplitude noise: 27 M )“]l| | gy E A

<-165 dBc/Hz iy . NEH

. % “J"J('J”n’w,_‘k ] E T~

* Integrated Amplitude Noise: & 160 | S Eooof N

0.020% (10 Hz — 10 MHz) e - e - _ . . )

Frequency [Hz] Frequency [Hz]
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DRTM-MBFB-FE: front-end/back-end module for the DAMC-DS5014DR

 8x front-end for ADCs — DRTM-MBFB-FE

_____________________________________________________________________

LG K DA L L L L o o o o o e e e e o e e e e e e e e e e e e e e e e e e e mmmm e mmmmm ]
. . ADC Front-Ends = :
« Single-ended, AC-coupled - — B e
RF amp. amp. 4
= PGA-105+ PGA-105+ - . o
. . . ] 0.04-2.6 GHz or raital attenuator  0.04 - 2.6 GHzor — 9 °
Possible various assembly versions é Pnzane :as :é"fggzm Frison. e st 5 :
. o Lowpass DC-6.0GHz ownass DC - 6 GHz b °
« Bandwidth: 40 MHz — 6 GHz 2 ~ L T > i
b Gain: -25 dB to +20 dB, 0-25 dB Steps é gFTrans. % 2
» RF amp. RF amp. Combiner s 8x N g :
. ) PGA-105+ PGA-105+ o + g
« Max. input RF power: +30 dBm T “ 2}::‘,:31" _ I
* 2Xx up to 6-pole LC filters o BRE o e :
s| 5 P >0OF g B :
Sl &
« 8x back-end for DACs 2l % F
uE_ § ; DAC Back-Ends 8x ditf pair
. S_lngle—e_nded (AC-coupled) or g — —
differential (DC-coupled) output x i 3

Q
w7 Op Athp o PS
_ LMH5401

J20 (ERNI)
Zone 2

12x L — /
b ClaSS R Fl 1 7 10 Buffer CPLD J;I'IAG

CLKRTM

- Bandwidth: DC - 2.5 GHz N o §
« Output power: -15 dBm to +13 dBm ot e 3 mmc |+
2x up to 4-pole LC filters oS! [FLasH| ——

J10 (Radiall)
Zone 1

« CPLD for diagnostics and control
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Diagnostics of high power amplifiers
DRTM-DS812FT + DAMC-DS812ZUP

*  Low-latency, 8-channel, 12-bit digitizer

« AC/DC inputs on the AMC front panel or over
Zone3 Class RF1.0

. 2.7-GHz bandwidth
. Non-harmonic SFDR of about -90 dBc

«  Sampling rate of 500/800 MSPS each channel

«  Zyng UltraScale+™ MPSoC

4 GBytes data memory 0 bk bt el
CH8
10r CH7
*  Low-noise PLL with on-board VCSO and TXCO 20}
-30
«  Trigger inputs and White Rabbit support 40|

A [dBFS]

« PCle Gen.3 x 8 and zQSFP+ support

»  Support for JESD DACs via Zone 3

[ .

1 10 100
Frequency [MHz]

Pictures by courtesy of J. Zink
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Summary

* MicroTCA .4 form factor with the ,analog” RTMs fits well to implement wideband, reliable and high
performance electronics for the Multi-Bunch Feedback of Petra IV

« RFSoC has been selected due to its compactness (lower PCB design effort), processing power, high-speed
interfaces and low-noise RF-ADCs/RF-DACs

« The project involves the development of a few RTM/AMC modules, the system prototype is expected in 2024
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Thank you
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