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Definitions

* EMI = Electromagnetic Interference

Unwanted electromagnetic emissions, generated by electronic or
electrical devices, that degrade the performance of another
electronic device.

The interference Is produced by a source emitter and is detected
by a susceptible victim via coupling path. The coupling path may
Involve one or more of the following coupling mechanisms:

 Conduction (electric current)
 Radiation (electromagnetic field)
 Capacitive coupling (electric field)

e Inductive coupling (magnetic field)

Maximum acceptable levels of EMI from electronic devices are detailed i.e. by
the FCC = Federal communications commission (US)
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Definitions

* EMC = Electromagnetic compatibility

The ability of a device, unit of equipment or system to function
satisfactorily in its electromagnetic environment without
Introducing intolerable electromagnetic disturbances to anything
In that environment.

Common methods of noise reduction:

proper equipment circuit design, shielding, grounding,

filtering, 1solation, separation and orientation, circuit impedance
level control, cable design, cable distribution, and noise
cancellation techniques.

EMC is regulated in EU: legal character,
but DESY as self-user of developments needs not to certify!

Requirements on devices might be even more stringent as legal!
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Motivation for EMC

 System-Integrity: Function of large system only successful if the
perturbation of the sub-systems to each other is small.

 Pulsed operation: The combination of
-high pulsed currents and voltage sources (source emitter) and
-the need of high precision measurements (susceptible victim)
IS especially critical (transient effects).

 Cost and success: Studies In industry (Siemens)

System Estimated costs mended mstruments Remaining malfunctions
in %o in %o in %o
EMC Jafterwards planned Jafterwards | planned Jafterwards planned
Technical 2.5 l...2 <50 <3 2...10 <]
simple
Technical 50210 [...4 10...=50 <5 5...210 <2
very complex
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Motivation for EMC

Source of
noise:
System |

System 2 /

Digital electronics

Switching power supplies

DC/DC converters

Maltunction of analog electronic
= Electronic design,

= Choose of commercial products

\ Transter

system:

o ) Coupline
;’:}{'4;# - l —

S /

Receiver System 1
signal + noise
Relevant?

Protection ground (PE)

Parallel cables

Current loops

Radio waves, not seen since long
= Infrastructure

> Electronic design

el

Current through receiver
\_. Voltage level shifts

= Electronic design

No system 1s perfect: Neither: Normally: Technique for
Source, Coupling, Receivers | low emission=How sensitivity

=> Do your best/adequate at ecach)  Courtesies: P. Gottlicher
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Coupling: magnetic principle

Each loops of current couples to other loop I :&[T )
U, = 'L I \deal,—, -g® *A Area’ ‘f{ ircumference 'I] Ll

= K.LLr} Ilen current close to signal
=> Keep currents away from uncontrollable PE-ground

Electronic board Crate System installation

Coaxial cahle

H B E pner: sinal
= o = ~ B Sional nner: signal
= = = = i shield: possible return
iy — 2=
=i = &b 2
= s —_ =i
2 = = = Door
x| & EJ = ['wo wavs j'nnncdmn n
- =y 4F] sl Fren —— i
; = back fol — 1 ¥ front panel
= l-return PE on Tloor
e :
= -
] v [t complete return to tloor:
- | VME-boarc
E
=

A=Im*2m /=2(1lm+2m)

Coaxial cable AT/ M act —

With both ends I l—.J"f' SD_:'SIH{Z j |.'" ] MHE":) -TTL
of shield to GND - =»parallel cable with no current:

No sionals act Careful, 1f both U,=0.48Ve cos...
o signals across e e
gaps in plane ! connected ! Courtesies: P. Géttlicher
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Coupling: capacitive principle,
interruption of currents
Cable

o Current I,

Current I,

- Cable with non-compensated (not completely) voltage-signal
C/length=¢ 77/In(distance/radius) = 12pF/m
distance=5mm, radius=0.5mm

- Routed on metal support =  Mirrored current on support
- At interruption of support: What can happen?

Large way around; Use other cable (=noise, crosstalk)
= Voltage-compensation on small distance: U,=-U ac), I,=I,
= Interconnections at small distances (grid) in the ground
= Small distances of signal cables to metal support
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Example: Sensitive detection in LLRF

e LLRF system

OUrrpy ®10%0U e = 0.1

high—power
vektor—
modulator cavity
@ T Pt I 1 PSR WATATATATATATAT VAR I
Master— Tt
ascillator
1300
1300
VM
il 1300 LO-gignal 1300 —
Lot ™ do
"‘}L{? +250kHz 1 +250kHz converter
| ]
LO-Driver A digital part rzescrtn;é o l ! | i B__“|
% e . ACC5, Probe
. psP  r— acc i DCW, AN-36

e Stability requirements on phase and amplitude of the vector sum of the cavity field vector :

Amplitude stability : <107

and linearity oU yre <100pV
lized to A=1V

Phase stability : 5¢ <0.01° amlzed im A=)
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Example: Noise in LLRF system

7
® Noise conversion of the LO-signal at down-converter from master-oszillator: 5y f)= J‘Su ( f)df’
’

(a) 780 | 1 IIIIII| I IIIII|T| Ll IIIIIIII I IIIIIII| T IIIIIIl (b) 105 I IIIII|TI T IIIIIIII 1 IIIIIIII T TTIr T

L
~. - 5 = DWC LOat AN3? .
0l - 3&2 I,:g i ir':;'::tzr = 10 == DWC LO at injektor .
! ! ' —_— i t 3 == Marconi generator |
y 'h - Mf—;ﬁtg:;‘:@.ﬁ [uptimized} . == MIT MLO system (optimized)

-100 - AT = P3| generator (10GHz) g 104 == P3| generator (10GHz) AE=10MHz -
~y - ' » (TTF2 250kHz) 3
I - — 104 o m
b C E 2 i
i} - 3 = .
= onk I .

=120 o =10 & —
@ \ 1.8 27 E N\ f
- 3 D P 3
2 o Al =10 & 2 K ]
o - S Mo 4 < o ~
c - . -~ = —\\ . \I
@ - - » (9] 2 A\
@ -140 = \ J < S 10° \
= - ol M, _— =] & o E
o - 2 < 3 E ]
m - 310" = = C ]
a C ] ~ N (81MHz method) i
-160 i 10" |
—f=1.3GH: \\ - 10" E
— CW with Agilent analyzer — 3 -
- clock disconnected from 1Q-driver) i“hx‘_ E L
_180- 1 IIIIIII| 1 IIIIIII| 1 IIlIIIII 1 IIIIIII| ‘I“L-I‘T"I"I'lﬂ' 100 | Illllul | IIIIIIII 1 IIIIIIII TR
2 3 4 5 5 7 > 3 4 5 6 7
10 10 10 10 10 10 10° 10 10 10 10 10
frequency [Hz] frequency [HZ]

_ _ _ U = ] 0 XU ypyy
Large noise signal from LO (large difference at injector or Anbau)
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Example: Noise in LLRF system

Due to improper design additional sidebands are generated
(internal problem, be solved)

=

e Shielding, cable effects and rf-packaging : A A A A A
-10 ;—‘lhp'vz:ﬁ:qfl“:t;";?; i::;ﬁ shielel| =
without isolated Q shield
220 :_ ......................................................................................................................... _
wob ]
E L
. %_40 :_ ......................................................................................................................... -
Currents to undefined P S ;
5 f
ground ]
-?0;_ ......................................................................................................................... -
~ _
Metallic RF-packaging : Tk R | '»w‘u'««*w«fmwhf'»m
T o ) IS IR A A I S A IS A S

1.296 1.298 1.300 1.302 1.304
f [GHz]
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Example: Noise in LLRF system

e Cross talk observed to gun RF (03.Nov.2004)

[fy¥sm]l  Cavity 8 Probe Ampl, TTF2,RF/ADC/CE, ACCL, PROEEAAMPL, TD Cavity 8 Probe Phaze

TF2,RFAADC/CE, ACCL , PROBE/PHASE, TD

[Mv/n]  Cavity 3 Probe Anpl, TIF2,RF/ADC/C3,ACCL PROBE/ANPL,TD  [°]  Cavity 3 Probe Phase TTF2,RF/ADC/C3, ACCL, PROBE/PHASE  TD
[fV/n] Cavity 2 Probe Anpl, TTF2.RF/AC/C2.ACCL.PROBE/AMPL.TD  [°]  Cavity 2 Frobe Fhase TTF2.RE/ADC/C2.ACCL  PROBE/PHASE . TD
(Mi/n]  Cavity 1 Probe fmpl,  //C[13:2:3:4:5:6:7:6],ACCL,PROBE/ANPL,TD _ [°] Cawity 1 Probe Phase //C[132;334:53537:81,ACCL, PROBE/PHASE  TD
0.8 o] 250 7]
071 p 200,
P — ]
150,
0,64+ ___,_—-l—""'-'__
——
100,
0,51 —_'_'__'__,_,_-——
"""—-—._._,.—-'-""
5, {| {1
I
0.41
e 22 1] [l m———————— S e 0
0.3
50,
0.2 -100.
i 150, -
l\"‘--... __'_____,_——"'_'-'__
A e (L T
0, 200, 400, GO0, 800, 1000, 1200, 1400, 1800, Bt e R R R R e
Res=1E,Buf=12 [L=ec]
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Example: Noise in LLRF system

* in this case the Reflected power cable from gun was damaged

Holger Schlarb, DESY


https://ttfinfo.desy.de/TTFelog/data/2004/45/03.11_a/2004-11-03T21:12:02-00.JPG

Example: Noise in LLRF system

o after replacing the cable ...

[Hysm] Cavity & Probe Ampl,

[Hv/m]  Cavity 3 Probe Ampl,
CHysm]  Cavity & Probe Ampl.
CHvs/m]  Cavity 1 Probe Ampl,

L 0 o = o ) o =1 O Y~ 1[N =ity & Probe Phase

TTF2,RF/RIC/C3,ACCL, PROBE/RMPL,TD [
TTF2,RF/RIC/C2,ACCL, PROBEAAMPL, TD [
A/CI132: 31450617181, ACCL, PROBE/RMPL, TD  [*

Cavity 3 Probe Phaze
Cavity 2 Probe Phaze

]
]
1 Cawity 1 Probe Phaze
2

TF2,RF/AOCACE,ACCL, PROBEAPHASE, TD

TTF2.RFAADCAT3,ACCL  PROBE/PHASE, TT
TTF2,RF/AAICAC2,ACC1, PROBE/PHASE, TD
L2 3:4:5:6: 78], ACCL , PROBE/PHASE, TD

0,8 ﬂ R0, iu
- 200,
P— ]
150, - -
0,6+ | ——
S —— ]
100. |
0,54 L’—’_’_, —
‘“U
50, 4 |
I
f_ 0+- _h-_w
0,3+
-50. |
0.2 -100, -
0,1+ =150, 1 \J
i Eal o : ; ; i ; O =200, ! I ! 1 ! I ! 1 ! I ! 1 ! I ! O | )
o 2010. 4010. 50:3. 80:3. 1060' 1260' 1460+ 1ECIIU+ EUUU*Resziﬁo‘Bu&zfo‘ 400,  BOD, 8O0, 1000, 1200, 1400, 1600, [222%‘.
Res=1E,Buf= 1 [uzec] =
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Example: Noise in LLRF system

 but there is still are large cross talk:
a)2.7 mV noise from the other cavities
0)-0.7 mV noise from the gun RF

Several option for the source of the cross

talk:

- other leaking cable connection

via the power supply

- within the down converter

(in lab -65dB measured)

- Improper earth/mass connections
- from the downconverter to the ADCs

L ?

Holger Schlarb, DESY
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Example: Noise on toroid signals

* Noise on signals for diagnostics (here charge measurements)

Rms~10mV =>4% @0.5nC
Signal [V] Pkpk ~100mV => 40% @0.5nC

A 0.08 Investigation of noise signals; saved in 2005-01-11T204518-Toroids- Investigation of noise signals; saved in 2005-01-11T204518-Toroids-
: ! ! ! — 3GUN 0.25 T T I
: : : — 1TCOL
: : : : | : : : :
0.04k I N S UV SN S EORUUPUUPR PP RUURPUUY PRRT O 0.2 I b : Y i il 0
< 0.02 ‘ ‘ E 2015;‘!“
—_ {1
s | ul‘ i m ‘ 1| \M |' 5
° H \\'H‘ \uw'\ m\
-0.02 ‘ E 0.1

004

: : | : 0,05k o i GGUN Tme=15.0mVpkpk=T 15,1 MV |-
R T S e —— 1TCOL; rms=10.7mV;pkpk=80.7mV
' ' ‘ ' : —— 12EXP; rms=12.3mV;pkpk=143.1mV

_0'080 200 400 600 800 1000 0 i i i i
time [us] 0 100 200 300 400 500
time [sec.]

»
»

Time In macro-pulse Time from pulse to pulse
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Example: HV jumps during PETRA
Proton proton ramp

 The interference probably comes via voltage drops and rises in the
10 kV mains (the changing load of 'ramping PETRA' cannot be

Completely compensated by the voltage regulation of the main power
Transformer (T TFelog: 13.04.2004)

PRRTTRT RS |

Bl = e . vy

e

Causes only confusion but had no severe impact!
Holger Schlarb, DESY
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https://ttfinfo.desy.de/TTFelog/data/2004/12/19.03_M/2004-03-19T09:08:39-00.ps
https://ttfinfo.desy.de/TTFelog-secure/data/2004/16/13.04_a/2004-04-13T20:27:36-02.eps

Example: Orbit jitter due to
magnet regulation loop failure

e extreme case: orbit jitter at exit of the linac

[mr!H‘ TTF2 .DIAG/BPM/16ACC7 /X

e
L I
!

|||‘ I|”|

e ]
m
Al Tl |

| |
e —
[ 3
]
-——l-
—
]
=
—
——
—
==
_::"
=
II

——

AT

s

.—-

I

e
—

L,

—
——

I

S—

..1-

o

i

20:21 20:23 20: 25 20:
8.11.04 8.11.04 B.11.04 8.11.04

Identified as oscillating PS for Quad Q1BC2.

Problem: regulation loop was adjusted during switched of kly3
disturbance of power line due to kly3 caused instability
together with high noise floor in this environment

(grounding and shielding problems).
Holger Schlarb, DESY
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Changes

of HV distribution of TTF2

Hgﬁi 1‘1‘&5! Mard ost s0e .
pommtams } ‘ ‘ ‘ Courtesies:
J. Eckholdt
Al ] AE
Ll L LLd
|E:, TR 98 ".:tl TR 28 I_T' TR B-18
v ) B ) . )
E— _ — j — L
] ] ]
Y pooos 25004 N oo
Hv24B - HV 25/B L HV B-18
e o~
PEN FEN PEN
! . o Re;uaurn’1 =~ F"CM'H’ Mnd:hlur \‘\QLEE,@ LO'LA Pumpenhaus
| Pumpenhaus 1 kodulator Supplies 45 MoblaEtor Tunnel 2
HY 14/8 ( 264 7 N R
N = : R
PEN ”
! : .
s Change noise source to HV B-16

Wakuumkomprassoren




Grounding and HV distribution

due to historical reasons: old system not preferable for HV distr.
Modern distribution Present distribution at TTF

TN-S - System mit isoliert verlegtem PEN  TN-C-S - System *

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

Nicht empfohlen

Vagabundierende Strome sind nicht zu vermeiden!

—>For XFEL dedicated investigation on HV distribution required
= Ground scheme especially in building and tunnel needs careful design
—> Separation between power net for measurements and ‘noisy net’

Holger Schlarb, DESY



Example: Filter for noise reduction
* large noise detected by photomultipier of beam protection system

PMT's am Injektor, Test der Drosseln im HV Kabel
Messung 13.12.2004

~adc: TTR2.DIAGSE 1

>
£
~
=

: o |
o uses already differential signal = mowe 2. Dark current gun

Erdleiterdros-

transport isril.r\issrholfen 000: befOre

Drosseln

 but HV powersupply and e . +tNoise due to

_ Ges HvKabels pulsed cables
HV cables picked up EMI

noise i v~ L
: : Unidentified \ —
-> Inductive coil for normal | HF noise (>1MHz) === Dark current cavities

mode rejection implemented . e

leiterdrosseln

—->Removed all relevant noise! orekt oam FT

Now system fulfills EMC onge
standards. (low cost, small B

mending, high success)

Holger Schlarb, DESY Courtesies: P. Gottlicher



Example: EMI in PMs due to pulsed

power cables (modulator to klystron)

« when first time connected to klystron 5 (operating ACC2&ACC3)

(vl PM coupler 7 PM for gun COUpIer
PM for couplers ACC4 an oS owomayw

L
!
Ht - 1
I
’ |
9]
| |
[ + 1

-0.4

b - caused interlocks | A

o e e '+ —> caused Iinterlocks
" 0. s0. 150. 250 e 450 | L]

Res= 1.Buf=14 [1 e e e  TRTRURL oOIL o

Logbook entry: 17.09.2004 13:41 O.Hensler

Subject: Pulsed cables of modulator 5:

During the puls cable tests some weeks ago, we had problems to connect our VME
to the CANbus readout. The VME crates went to overtemperature and switched off.
Was ok the last two days, after we connected the VME chassis to rack ground

When the Modulator 5 is running, the use of walkie-talkie is impossible ! (C.Mueller)

Holger Schlarb, DESY


https://ttfinfo.desy.de/elog/servlet/XMLlist2?file=/TTFelog/data/2004/38/17.09_M&xsl=/elogbook/xsl/elog-ttf-wiki.xsl&picture=true#2004-09-17T13:41:42
https://ttfinfo.desy.de/elog/servlet/FileEdit?file=//TTFelog/data/2004/38/17.09_M/2004-09-17T13:41:42-01.xml&xsl=/elogbook/xsl/elog-fileform-ttf.xsl&mode=edit
https://ttfinfo.desy.de/TTFelog/data/2004/39/20.09_M/2004-09-22T08:50:42-00.EPS

Example: Investigations
pulsed power cables

e lower noise signal due to improved grounding

e some Investigations on radiation from cables done
 Improved adaptation network required

o still too high current flow on outer cable shield

Location: Messung des Magnetfeldes ™
o bei Modulator 5
Y] |I_‘| L =0 MECR%né l [;6 J G.l et H_Ochfrequentes

h |
D ke Einschwingen

Aus voll

=5 ",'_”,,, 0 R s o DC
THEE N - ' Moduator 4
3 0 8 i S— .
Sopes -4 r—"—ﬁ.:"\-:r-—"'t"_t—rm'F'LET I —
i | R
Eng| iy
Lfl_”_il_”yl_”JA_”JL”&s 7 Elektronik PM
H GND Schwingung durch
E— - Modulator 5 A | S Fehlanpassung
oy il A C I S S S S A
: s W z0.0my quupsAchlf3ﬁsmv
. o o tweaes |_"'| £l
|='—‘=| Kopg'_!:ung Invertier, Bandbreltel F%ngfnﬂ —zgsil]lrlﬁcrljlwl oouffosgb Tas{ko?f

Adiv
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Summary & Conclusion

 EMI can critical influence the performance and the cost
of the machine

* has big impact on the machine commissioning time!

 Complex subject since:

—> spans large range in power i.e. from 10kV .... 100 uV

—> spans large range in frequencies DC .... ~100 MHz

- many different groups involved (MKK,MHV-p, LLRF, ...)

e Requires:

VYV VYV

Y

Systematic study of EMI occurrence at TTF2

Needs assessment of the various subsystem (TTF2/XFEL/ILC)
Development of cost efficient solutions (TTF2/XFEL/ILC)
Development of standard EMC protocol and tests for
accelerator equipment

Development of grounding scheme

Holger Schlarb, DESY
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