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1 Why is EMC important for us ?

» Example: Laser-RF-Locking, not optimized phase noise spectrum

Phase Noise Measurement - sisl+fmc20+pztd+md22

. Phase Noise Measurement - s;sl+fmc20+pzt4+md22
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Do these distortion lines At2
I 1 I 1 T T I T I I degrade the time resolution ? Ly =

/4, Adistortion free spectrum is a condition to achieve good time resolutions.
Most of the distortions are self-made and can be fixed but some are related to EMC.
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1 Analog meets Digital in Modular Systems
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1 Low-Level-Radio-Frequency (LLRF) Control

® High-frequency regulation — main noise sources:

Reference (MO) Actuator (ACT) Sp,act(f) i SRF-Cavity

o 2P 3 T
; 1.3GHz, Q,310%, BW200Hz)
Waveguides - :
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Controller Field Detector (DWC) So.owe(f)
Example:
- fs Cavity field stability requirements: Typical PCB ground resistances are about 1mOhm:

Amplitude stability : <0.005% = 5E-5 -> Maximum return ripple current 10uV/ImOhm=10mA

Phase stability : <0.005 deg, <10fs @1.3GHz .
Typical signal levels in receivers are about 1V: 7 - EMC system plannlng

-> Measurement resolution must be <1V*1E-5=10uV .
-> All voltages caused by EMC must be smaller than 10uV! - EMC SyStem paCkagmg
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1 EMC Zones — System Robustness to External Distortion

m Rack-Level m Crate-Level (Modular systems e.g. MicroTCA.4)
Digital Transmission
AMC Class D1.x
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Recomendation
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2 AMC /RTM Zone: IF Detection for Cavity Field Regu lation European
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e MTCA.4 incl. complete suite: LLRF/Diag./ Interlocks/HOM

Challenges:
» Total: 27 RF station / 800 cavities / >3000 RF signals

m Electronic Standarc ® Stability requirements < 0.01% & 0.01deg (<10fs)
LW, A




2 Signal Conditioning and Digital Processing

m High frequency Down-Converter m  Multi-Channel fast ADC Digitizer

(DRTM-DWC10, under license) (S1S8300L2)
PN INNOVative  7one 3 Class Al NIl innovative
SYsteme  sjgnal Transmission systeme

cepvveovesy, U Lo im0 SREIRT  DOEWT  BOERT 20Ee RTinnhnn

10 channel ADCs ! = i
DC'coupled

R
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- 10 channel field detection - 10 channel ADCs (125Msps, 16-Bits)
- S-band (700MHz - 4.0GHz) - FPGA (Virtex6) pre-processing partial cavity vectors
- Resolution, 0.003%, < 10fs - Low latency links via MTCA-backplane
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2 LLRF-Systems:

Channel performance

. cavity
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2 AMC /FMC Zone: Coarse Bunch-Arrival Time Moni  tor

10n, 500 Vdc

m DFMC-DS500

- direct sampling digitizer
- 12 Dbits, 0.5-1 GSP/s

- ADC 2.7 GHz @ 3dB
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beam pICk-Up for CBAM analog FFT,fs=500MHz,fi"=125MHz FFT, fs=500 MHz,fin=1300MHz
CBAM front-end °r ] of

-20
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= Front panel has no direct connection to GND

-60 [

A [dBFS]
A [dBFS]

-80

= hexagon stand-off no direct connection

between carrier GND and mezzanine GND |

® RF connector GND is isolated from front panel WVWWMW‘""“”‘WM
Y 10 100

Frequency [MHz] Frequency [MHz]

Courtesy of J. Zink - f, =500 MHz, f,, = 125 MHz - f,=500 MHz, f,, = 1.3 GHz

- FFT: mean of 100 x 8000 samples - FFT: 8000 samples
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3 MicroTCA.4 Signal-Integrity below <-80dB

m Distortions current paths and its reduction :

Modulate Couple into Couple into

ADC-CLK section ESD-Strip differential inputs single-ended sections

_1&:& N g 25 )

.......

ESD-Strip or
single-ended
connector
Bypassed - Bypassed

to Chassis T - to Chassis
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3 Grounding configurations in MicroTCA.4

m Properties of the Ground System in MicroTCA.4 for Z3 analog transmission:

= Return currents and signals share the same ground, all slots share one ground.
= Available shorts: Chassis-to-Ground (MicroTCA.4), Chassis-to-AMC, Chassis-RTM.
= No bypass structures for boards, the ground is unshielded.

(No Bypass for the Ground)

Analog Section
e.g. Frontend

Main distortions sources:
= AMC,RTM Loads

f ]
| X
VIRTEX -6
XCEVLX240T"
FF11BBABCOA4T

= Power Supply Module

GND System

Crate Chassis
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4 Crate Ground Modelling

‘ External Single-Ended Devices (LOGM, I

. ‘
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5 EMC Optimization

Improved local AMC, RTM ripples (active side)
approx. 10...20dB

Reduction of power-supply ground-chassis distortions
approx. 10...20dB

Improved the ground by return current redistribution
approx. 10...20dB

Short ground-chassis distortions of the power supplies
approx. 10dB

Bypass AMC, RTM ground distortions into the chassis
approx. 10dB

Improved the receivers CMR (project specific)
approx. 10dB
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5 EMC Optimization

® Reduction of source ground-chassis distortions of the power supplies

. Reduction
600mVpp | of about 30
[\ 'MIL )
Wﬁwww«m—\.ﬁﬁ- -i-i:fﬁ{.w.'
il ‘“!
2011, MicroTCA.4 1kW Power Supply 2014, MicroTCA.4 1kW Power Supply

» Reduction of AMC return ripples, Improved local AMC, RTM filter chains

LCAilter |-> DC/DC -> 1.LDO(s) -> LCilter  |-> 2. LDO (local) > RF-filter —> analog section 1

| |-= 2. LDO (local) -= RF-ilter -> analog section 2 __.
|-= DC/DC -=> 1.LDO(s) > RF-filter -> digital section 1
|-= DC/DC -= 1.LDO(s) = RF-filter -> digital section 2 ...
\ T / \— T /
Reduction of LDO :LF noise reduction <1MHz
- Reduction of AMC return ripples - DC/DC chopper lines, RF-filter : RF noise reduction >1MHz
- Decoupling of AMC modules +12V - Distortions and noise for ADCs, ultra-low clock jitter etc.
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5 Measuring Ground Distortions

®m Measuring the Ground-Chassis Distortions

[¥e=cboort 10 C00Ey im0 COd B e

7000 21: 1 kHz —140.1377 dev/Hz

g0

PWS chopper lines

-120dBV/Hz
Distortion limit

A

40dB
Receiver
CMR

-160dBV/Hz

MEWZET 1/f-noise + RF—EDUP"[@ + ADC floor
Signal-pickup ground loops PWS chopper slew-rates

/4 DAMC-EMI Functions: = Voltage ground prober
= Ground-to-Chassis measurements = Vibrations measurements
= Power supplies measurements = Ground influences from RTMs
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5 System Partitioning / Packaging for < -80dB St ability

I Problem of
+ commercial
: digitizers in
CAL ——»|| FR-END —» ADC —» FPGA F-3z-0 standards
: ! without
1 I frontends
T:RH:c:)nst. Strongly coupled together, JESD interface (Isolated
IS amust. except EMC in the information towards an interface)
band is fully under control. isolated FPGA
High frequency MicroTCA.4 AMC: ADC AMC or RTM: AMC: ADC Proprietary
Applications Configuration ext. : FR-END FR-END + ADC RTM: FR-END
i » | Signal integrity by Depend on EMC Good, Good, Excellent
Al R ~ external disortions Excellent for Excellent for
! ‘ ‘ ‘ ' optical inputs optical inputs
‘ ‘ f E& Signal integrity by Very good Very good Good Excellent
=i | iil; ; internal distortions
R - =T
' . Modularity Excellent Excellent Excellent with Z3 Class  Poor
Basebang MicroTCA A AMC: ADC AMC or RTM: AMC: ADC Propriatayy
Applications Configuration ext. : FR-END FR-END + ADC RTM: FR-END
Signal integrity by Depend on EMC Depend on EMC, Depend on EMC, Excellent
external distortions (strongly) Excellent for Excellent for
optical inputs optical inputs
Signal integrity by Very good Very good open - to be tested Excellent
internal distortions
Modularity Excellent Excellent Excellent with Z3 Class  Poor
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6 Future EMC Challenges : MicroTCA.4 digital Upg rades

®» MicroTCA.4 AMC Backplane Connections PCle gen5 :

,I Options gl = > 10Gbase-KR Ethernet
M iCPor0 N | < &m,;’ism
e : " > Slim-pipe support 220Gbps NRZ per lane
X:::z e Update fat pipes to support 32Gbps NRZ (and 56Gbps
> PAM-4, 16GHz BW) per lane minimum
=7 1% (PCle gen5, 200Gbase-KR4).
Fat Pipe = 1% ‘s 2 (_‘,“_
MCH1 Fabric [D:G] = 17 |4 4 A
ST SPEES= B
1—14-) 14 ‘4' < < “ aolc :‘ ]
o<t I m EMC related tasks :
(] o | o ro —e |—e o o—l o | o
RN NN SRS S RSN - MTCA backplane connector crosstalk tests
I SSaaaE
ot AER A - Impact of moving MCH to the center to
reduce channel length will be evaluated
- Payload power per slot to 240W with better isolation
- Ground-Chassis-Distortion to be improved by -20dB
oI GLk1 1o AP — - Clogks - - Verification with next generation receivers
S = I_AMCTCLKCO
AM(??CC.L(I:Bto = Clocks
MCH1 CLK2 AMM(égg(L:lﬁoléo
Clocks
MCH?1 CLK3 to
AMC FCLKA
| eSS
s § ® g8g8sgEggheEEgEEE B § 3§
& & g 3% %%z :zzzz § & &
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6 Future EMC Challenges : MicroTCA.4 Receiver Ro admap

® Improvement of Ground-Chassis Distortion by -20dB :

. KLY PRB, PRB, PRB, PRB, PRB, PRB, PRB, PRB,

Receiver Improvements ( <1fs, <100as, SRF): DRIVE  FWD, FWD, FWD, FWD, FWD, FWD, FAD,  FWD,

. . . . . A REF REF REF REF REF :?EF :IEF :QEF

= - Non-IQ detector in a hybrid configuration with a CSI % % ‘t % ‘t t t t
= -> Brute-force ADC or channel parallelization in Standards DCM (pulsed, CW) 1..16 Mo

Small Power Supply
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—— Standard LLRF Receiver
—— Carrier Suppression Interferometer
4 5
10 10
offset frequency [Hz]
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-200
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= High-Q, Cavity CW-Operation:
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Thanks for your attention!
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2 eRTMs: Low Jitter RF and Clock Distribution

®m Low-impedance bypass managed RF-Backplane

BACK Zone 3 FRONT This avoids a complicated cable management.
=l LO/CLK

generation module Backplane manager

BT

RTM AMC : s e — A
| o 'i'““f‘*@?'ﬁ#é?@ 1l
JLRSZ ol B [ i)
Analogue / \ Digital
RF AMC
backplane backplane

Down-converter modules

<3fs, 1IMHz BW
(1.3GHz)

User slots for analog signals
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