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Everybody	
  knows	
  the	
  problem...	
  
Almost everyone working with instrumentation in a large facility will have come across some 
electromagnetic compatibility issues, typically signal noise. 
 
There is a widespread consensus that planning ahead to prevent problems is much less costly than 
fixing up later. Some problems are not so easy to diagnose and fix. However, very often situations 
arise over time as facilities change or expand, and it is sometimes difficult or impossible to see a 
clear path from the outset. 
 
There is a standing joke in the EMC community  

 “ask two EMC consultants the same question and you will get three different answers” 
 
The theory is easy, but the practice is hard, or rather, while Maxwell’s equations are simple enough, 
precise calculations or simulations on real world system are impossibly complicated. Most often rely 
on generalized rules. Different parts of the spectrum will interact with you very differently. 

 
If you get it wrong the results 

can be catastrophic!!! 
 

NASA-RP-1374 
“Electronic Systems Failures and 

Anomalies Attributed to Electromagnetic 
Interference” 
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ESS....	
  an	
  Opportunity	
  and	
  a	
  Challenge...	
  



ESS 2013-11-12!

4	
  



ESS 2013-11-12!

5 

ESS....	
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Instrument	
  Power	
  and	
  Ground	
  Team	
  

Team: 
Thomas Gahl  
Frithiof Jensen 
Markus Larsson 
Markus Olsson  
Anders Pettersson  
Harald Schneider  
Scott Kolya 

Provide basic guidance and rules for power and grounding to 
both minimize electrical interference between instruments (and 
construction work) and provide a sound basis for the internal 
instrument electrical design.  
 
•  Isolate instrument connections 

 
•  Split instruments into independent power  

and ground zones. 
 

•  Provide guidance for grounding connections  
within zones. 
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Instrument	
  Zones	
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An instrument is a collection of independent subsystems connected only through ICS and DMSC.  
Each detector technology on an instrument will be readout as one or more subsystems. 
 
There are two ways data can get to the DMSC 
•  Via the ICS (controls) network, limited to ~100Mbits/sec 
•  Through a high speed dedicated interface (the Bulk Data Interface, BDI) up to 100Gbits/sec 

An	
  aside...	
  Instrument	
  Control	
  &	
  Readout	
  	
  	
  

DETECTORS DETECTORS SAMPLE 
ENVIRON 
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BDI BDI BDI 

CB CB CB CB CB CB 

COMPUTING 

ICS 

MONITORS 

CB 

TIMING 

D
M
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Aside	
  II	
  Event	
  mode,	
  Cmestamping,	
  and	
  all	
  that..	
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metallurgical reactions using scattering 
techniques are of fundamental importance in 
understanding the reaction kinetics during 
FSW.  

An FSW device for in situ experiments has 
already been used at DESY [SC18] (Fig. 7). 
However, with high-energy X-rays it is 
difficult to determine residual stresses 
because of the small scattering angles, 
preventing access to relevant sample 
orientations. Moreover, precipitates in some 
relevant Al alloys do not have a contrast at 
high X-ray energies so that SAXS cannot be 
used to study the precipitation kinetics in 
these alloys in situ. Neutrons, on the other 
hand, provide the high scattering angles 
needed for accessing three orthogonal strain 
directions even with a large FSW machine. 
With three directions measured, the effect of thermal expansion and mechanical strain can be 
separated, assuming a plane stress state [SC11]. Neutrons also offer sufficient contrast for 
studying precipitates with SANS in cases where SAXS fails. Thus, in situ neutron scattering 
studies can provide important information about the FSW process that cannot be obtained 
using other probes. Although FSW is not a high-speed process, welding speeds of more than 
1 m per minute can be relevant for production. A high-flux in combination with pulse 
multiplexing like at the proposed instrument will be required for sufficient time resolution to 
capture the process. 

1.1.3 Potential user community  

There already exists a relatively large user community involved in residual stress mapping and 
texture analysis using diffraction methods [SC4]. The proposed instrument will naturally attract 
these users, since it will provide the highest neutron flux in combination with high resolution 
thanks to the most advanced neutron optics. Some engineering diffractometers at large scale 
facilities worldwide, particularly the latest TOF instruments, are equipped with sample 
environments for in situ studies, which currently cover large part of their user access. The 
proposed instrument will address also these users interested in in situ experiments in view of 
time resolutions exceeding current possibilities. Additionally, users will be attracted thanks to 
the planned support for user-supplied equipment and measurement of long-lasting processes. 
The envisioned shift towards in situ studies should lead to a significant enlargement of the 
user community. 

A great potential for the growth of the user community is expected to come from the 
installation  of  the  Gleeble®  simulator  on  the  beamline.  This  potential  is  supported  by 7 letters 
of intent (Appendix 3, Letters of Interest) of leading experts from laboratories employing 
Gleeble®  simulators.  A  world-unique facility at ESS, where physical simulation engineering 
studies will be combined with neutron diffraction, is expected to attract the well-organized and 
fast growing community of metallurgists as well as industrial attention. In order to inspect the 
prospect for new science to be initiated by installing a Gleeble simulator in the neutron beam, 
the proposers organized an ESS Science symposium [SC19], where the potential user 
community met for the first time. A sequel symposium with broader coverage of new science 
created by in-situ processing and testing experiments on BEER is scheduled for December 

  
Fig. 7. In situ friction stir welding machine 
“FlexiStir”  at  a  HZG synchrotron beamline at DESY. 
The machine has a mass of 1.4 t and a height of 
1.5 m. The inset shows the tool welding an Al alloy 
sheet. 
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Main	
  Instrument	
  Zone	
  Power	
  

∂∂ 
DET 

ZONE 
DISTRIBUTION 

PANEL 

INSTRUMENT ‘CAVE’ 

∂∂ 

DET 

SE Etc. 

The Role of Isolation Transformers in Data Center UPS Systems 
 
 
Blocking harmonics   This was historically a useful function to prevent the harmonic 
currents created by the UPS from affecting the mains, and to prevent IT-load harmonic 
currents from affecting the mains via the UPS bypass.  However, two major changes have 
changed this situation:  both the modern UPS and modern IT loads are “power factor 
corrected”, which means their harmonic current generation has been dramatically reduced to 
the point where no additional filtering is necessary.  Therefore, the use of transformers to 
reduce harmonic currents is no longer a necessary function in the modern data center.  This 
subject is discussed in detail in APC White Paper 26, Hazards of Harmonics and Neutral 
Overloads. 

Related resource 
APC White Paper 26 

Hazards of Harmonics and 
Neutral Overloads 

 
The first three beneficial characteristics therefore have limited or obsolete value, which 
leaves the fourth characteristic – isolation of the neutral from the source – which is by far the 
most important. 
 
Isolation of neutral from the source   This is the most important characteristic of a 
transformer – it is this characteristic that causes transformers to be useful, necessary, or 
even legally mandated under certain conditions.  The remainder of this paper will focus on 
this attribute of transformers and how it impacts the use of UPSs in data centers.  Because 
isolation of the neutral is the key to determining the role of transformers, we must understand 
this function. 

APC by Schneider Electric                                                                                         White Paper 98   Rev 0        6 

                                                

Transformer isolation 
Transformers are typically represented by the overlapping double-circle symbol shown in 
Figure 2, which will be used to represent transformers in this paper.  However, this symbol is 
a simplification of the actual wiring diagram of a transformer, which is shown in Figure 3 and 
is important to understand for the remainder of this paper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The primary, or input, is on the left and three power phases are applied to the transformer 
windings (green lines) that are connected in the “delta” configuration as shown by the 
triangular shape. 
 
The secondary, or output, is connected in the “wye” (Y-shaped) configuration and consists of 
three power phases and a centerpoint, or neutral, connection1 .  There is no electrical 

 
 

             Isolation of the neutral 
from the source is the most 
important characteristic of a 
transformer – it is this 
characteristic that causes 
transformers to be useful, 
necessary, or even 
 legally mandated. 

“ 

”

 

Phase A

Phase B

Phase C

Phase A

Phase B

Phase C

PRIMARY 
(input)

SECONDARY 
(output)

NO NEUTRAL 
on input side

No electrical connection
Magnetic fields only

NEUTRAL 
created from 

A, B, C

Figure 3 
Wiring diagram showing input 
and output connections to a 
power isolation (“delta-wye”) 
transformer 

1 The example shown is a “delta-wye” transformer.  Although other types such as delta-delta, wye-delta, 
or wye-wye are possible, the delta-wye transformer shown has special advantages and is used almost 
exclusively in data center applications.  The technical reasons for this can be found in many textbooks 
on power systems and are not discussed here. 

 

PEC 

SUB STATION 

INSTRUMENT ZONE GROUND REFERENCE 

The Instrument Cave Zone must not be bridged to other zones unintentionally.  
For example, the beam guide should not provide an electrical path that connects 
multiple zones. 
 

Page 4

1. LV Supplies  <50V 
 

<50V 
 DC 

 

~220V 
 

Neutral 
 

GFI 
 

safety ground 
 

<50V secondary is 
allowed to float 
 

2. HV Supplies > 50V           ~kV Supplies, low current 
 

3. Supplementary safety grounding:  
  high impedance at low voltage 
 

1-10 kΩ 

 

Cryostat 
 

Safety ground 
 

~220 V 
 

Saturable inductor 
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15 Connection Points 

 

36 Connection Points 

 

38 Connection Points 

 

•  Walls/pillars 
•  Gallery (tunnels) 
•  Conduits 

(underground tubes 
from gallery) 
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Example,	
  FREIA,	
  LoKI	
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Avoid	
  ‘unauthorized	
  plugging’	
  

Utilities power for installation 
and maintenance: 
•  3pcs. 16A 1-phase outlets 
•  1pcs. 16A 3-phase outlet 
•  1pcs. 32A 3-phase outlet 
at each location 
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Instrument	
  Grounding	
  	
  
Shown	
  for	
  an	
  instrument	
  cave	
  but	
  similar	
  for	
  other	
  zones	
  (except	
  bunker)	
  

BEAMTUBE ∂∂ DET 

INSTRUMENT ‘CAVE’ 

DET 

Shield Ground is general purpose ground.  
Connect everywhere. Radiological shielding 

is often in steel cans that can (indeed 
must!) be grounded) 

Signal Ground is for electrically 
sensitive equipment.  
Selectively connect. 

Etc. SE 

Grounding Structures (bus bars, etc.) as required 
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Grounding	
  Path	
  for	
  SensiCve	
  Equipment	
  
(if	
  you	
  really	
  really	
  need	
  that)	
  

UPS 

UPS 

UPS 

DET 

XF 

Rack internals float. 
UPS provides floating power 

UPS 

Rack internals grounded through instrument ground  

RACK  
GROUND 

INTERNAL  
GROUND 

IN 

OUT 

ZONE 
POWER 

DIST 
PANEL 
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Small	
  Signal	
  Quiet	
  ImplementaCon	
  

BEAMTUBE ∂∂ DET 

INSTRUMENT ‘CAVE’ 

DET Etc. 
UPS PSU 

SE 

As shown on the last slide, rack internals are grounded through their connection to the 
instrument. This may be on some grounding structure (eg copper bar) rather than the 
actual subsystem itself. The rack frame is connected to shield ground, and the rack 
itself needs to be placed close to the outer shield of the cave structure. 
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Noisy	
  Drive	
  System	
  
(if	
  you	
  really	
  really	
  have	
  to	
  have	
  that!)	
  

BEAMTUBE 

∂∂ 
DET 

INSTRUMENT ‘CAVE’ 

DET SE Etc. 

Controller / PSU 

In cases where we expect some current into neutral/ground we isolate from the 
signal ground. All such are connections to the shield ground. This is a mesh type 
ground within this zone (but only this zone). 
 
Accordingly it is very important that sensitive systems (such as detectors) can 
isolate their grounding from adjacent equipment. As best practice, you should 
aim to be able to isolate each internal module from its neighbours, and provide 
only one well defined grounding point for each module. 
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What	
  needs	
  to	
  be	
  in	
  your	
  Zone?	
  

Control Hutch  

Technical 
area 
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Sharing,	
  not	
  impossible,	
  but	
  discouraged...	
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...	
  except	
  in	
  the	
  Bunker,	
  unified	
  zone(s).	
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How	
  about	
  shielding?	
  

Won’t have a Faraday cage around the 
cave, racks typically next to or on top.   Technical 

area 

No budget or 
space for 

EMC shielded 
cabins etc. 
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ConnecCons	
  into	
  the	
  Instrument	
  (Detectors)	
  

Liebert GXT3  
on-line UPS

ECM
(Environmental 
Control Module)

BCM 
(Back-up Cooling 
Module)

Secure Door
lockable door 
provides an extra 
measure of security 
by limiting access 
to critical  
equipment

Sealed Door 
specially designed 
rubber gasket 
provides NEMA12  
sealing protection

Liebert MCR 
Enclosure  

For smaller spaces 

requiring the 

complete power 

and cooling 

protection.

Dual-Split Rear 
Door available

Bundled UPS  
systems available Wall Mount  

Systems 12 U  

Hinge Body “swing 

out” and 12” depth 

Low Profile available.

Internal Power 
Distribution 
A wide range  

of installed power  

strips is available to 

better accommodate 

power distribution 

needs within the 

enclosure. 

EX Cable 
Management 
Channel 
This versatile 

option helps to 

enhance cabling 

organization and 

internal airflow.

True On-Line Power Protection

Protecting The Edge  
Of The Network
Liebert has brought together several of 

our product solutions to create the IP 

Telephony Availability System. Especially 

designed to protect switches, routers and 

other critical components, this solution is 

ideal for use in remote locations such as 

branch offices, retail stores and other edge 

of the network applications. Housed in a 

Liebert Foundation™ wall mount enclosure 

or freestanding enclosure.

The Liebert GXT3, a true double conversion 

UPS, delivers the high level power quality 

required to fully protect critical network 

switching components from all power 

problems. Available in sizes from 500 up  

to 3000 VA.

Continuous Power Availability

In most cases, your critical routers and 

other network components cannot be 

without power even for scheduled UPS 

maintenance. To meet this need, the 

Liebert 2U Power Output Distribution (POD) 

system ensures continuous uptime by 

providing maintenance bypass capability  

as well as power output distribution.

Power System Monitoring, 
Communications &  
Remote Control 

The Liebert Webcard, 

housed within the UPS, 

will deliver SNMP and 

web-management communications 

capabilities to your power system, including 

the ability to remotely reboot the switch by 

cycling the UPS power off and on. 

The Liebert IP Telephony Availability System, 
version 1.0, has met the Cisco Technology 
Developer Partner Program test criteria for 
interoperability with Cisco CallManager Express 
3.1, Cisco Unity Express, release 1.1.2, Cisco 
Unity 4.0 (3), and Unity Bridge 3.0 (2).

Liebert® MCR  
Integrated Cooling Enclosure, 1.6kW and 3.2kW Liebert IP Telephony 

Availability System

R
acks, In

teg
rated
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Special	
  care	
  with	
  Racks	
  

Control Hutch  

Technical 
area 

                                                                                                                                               
 

Document name Object Page. 

SOLUTION PROPOSALS EMC RACK AND 
COOLING 

2 (8) 

Customer Customer number  Reference 

ESS, European Spallation Source AB 1010435337 Scott Kolya 
 Rittal sales responsible Tel  Datum ID number: Rev. 

Christian Nilsson +46 73 411 78 12 2015-10-14 
 
 

201530_20  
 

 
 

 
 

 

 

IT Racks  
Requirements: 
 
Dimensions Type 1:  600x2000x1200 (w x h x d) 
  Type 2  800x2000x1200 (w x h x d) 
 
Interior: 

19”  Frames in Front and back 
19”  Frames divided in a lower part and a upper part 

 
Lowerpart: - 19”-Frame 11U high 

- Standard connected on TS 8 Frame 
 
Upperpart: - 19”-Frame 29U high 

- Isolated connection on TS 8 Frame 
 
Solution  for  isolated  19”  Frame: 
Separation with synthetic substance as spacer 
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EMC protection  
 
Rittal offers excellent pre-requisites for EMC enclosure configurations in the form of its standard sheet 
steel enclosures, EMC-shielded enclosures, and a practical range of EMC accessories. 
Even the standard enclosures offer good shielding against electrical fields, which is generally sufficient for 
many applications. Depending on the individual application, anything is possible, be it closely inter-
meshed potential equalization in a standard enclosure to prevent conducted interference, or extra 
shielding to protect against high-frequency electromagnetic fields.  
The  large  enclosures  in  the  TS  8  series  offer  a  “good”  level  of  shielding  even  in  the  standard  version.   
For Rittal EMC enclosures with a high level of shielding, excellent attenuation levels and attractive value-
for-money products are achieved on the basis of zinc-plated metal surfaces in conjunction with low-
resistance EMC gaskets.  
According to EMC legislation, CE marking is only compulsory for active equipment and  
systems.  
 
Please note: Empty enclosures are not subject to the EMC Directive because these are passive 
components which cannot be furnished with a declaration of conformity with regard to EMC standards. 
 
In Virtue of the construction the TS 8 rack basically have an EMC shielding. 
 
 
 

 
The diagram shows the shielding effectiveness in the frequency range from 0.01 MHz to 1000MHz. 
 
  

ESS Detector Group are 
prototyping racks with 
custom grounding, in 

both normal and ‘EMC 
enhanced’ versions 

(Verotec, Rittal, Pentair/
Schroff) 

 

Registered in England and Wales, Company registration No. 5642778, VAT No. GB 876 3042 14 
Registered office: Seven Oaks, Clewers Hill, Waltham Chase, Hampshire SO32 2LN 

 

VEROTEC Ltd, Unit B4, Millbrook Close, Chandlers Ford Ind.Est., Eastleigh. SO53 4BZ 
Tel: +44 (0)2380-246900   Fax: +44 (0)2380-246901 

Email: info@verotec.co.uk Web: www.verotec.co.uk 
 

 
 
 
 

30th June 2015 
 
To: Scott Kolya, 
Company: ESS 
From: Tim Armstrong 
 
Dear Scott, 
 

Further to your visit, our subsequent discussions and your recent emails, I am pleased  
to provide the below quotation for your consideration for the special EMC cabinet and  
standard wall box. The core technical specifications for the EMC cabinet I have  
already sent you. 
 
Item 1 
 
Special 42U x 600mm (wide) x 1000mm (deep) VERAK EMC/IP Cabinet 
The cabinet includes 

 42U x 600 x 1000 frame (1000KG static load rating) 
 600 x 1000mm Top Cover 
 2 x pairs of Zinc plated 19” panel mounts mounted on electrical  

insulator blocks to ensure electrically isolated (floating) internal frame. 
 3 x pairs of Zinc plated panel mount supports 
 1 x EMC/IP65 42U x 600mm front glass door with 4-point locking system,  

Swing handle and manual lock 
 1 x EMC/IP65 42U x 600mm rear metal door with 4-point locking system,  

Swing handle and manual lock 
 Top 600 x 1000 EMC plain screen 
 1 x Bottom EMC screen with guillotine cable entry system (see note 1) 
 Removable EMC/IP65 42Ux1000mm side panels 
 1 x Earth continuity kit 
 1 x set of castors / adjustable feet 
 Internal circulating airflow scheme (see note 2) 

 
Supplied fully assembled 
Verotec Part Number = TBA 
2 off Supplied at £3285.00 each 
25off Supplied at £2625.00 each 
 
Item 2 
As above but 800mm wide. 
 
Verotec Part Number = TBA 
2 off Supplied at £3685.00 each   
25off Supplied at £2945.00 each 
 
Item 3 
VERAK EMC/IP baying kit for 42U/1000mm cabinet,  
including brackets, EMC fingers, rubber gaskets and fixing kit 
 
Verotec Part Number = TBA 
2 off Supplied at £165.00 each 
 
 
Leadtime 
6 weeks from receipt of order 
 

 

Quotation 428-15 
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Signals	
  are	
  not	
  a	
  problem	
  !!!!!	
  

Technical 
area 

VESSEL FARADY CAGE 

DET AMP FILTER 

ADC 
FPGA 

RACK 
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�

�
Fig.�3�–�Die�wireͲbonded�to�substrate�and�BGA�package,�size�21�x�21�mm²,�pin�count�400.�

�
The�ASIC�is�designed�and�fabricated�using�the�130nm�1.2V�8Ͳmetal�CMOS�technology�from�IBM.�

The�ASIC� is�packaged� in�a�custom�21�x�21�mm²�400Ͳpin�BGA�package�developed�by� i2a.�Fig.�3�shows�a�
picture�of�the�package,�characterized�by�a�pin�pitch�of�1�mm.�A�detailed�BGA�package�pinout�is�reported�
later�in�this�document.�
�
[1]�G.�De�Geronimo,�J.�Fried,�S.�Li,�J.�Metcalfe,�N.�Nambiar,�E.�Vernon,�and�V.�Polychronakos,�“VMM1�–�An�ASIC�for�
micropattern�detectors”,�IEEE�Trans.�Nucl.�Sci.,�vol.�60,�pp.�2314Ͳ2321,�2013.�
[2]�G.�De�Geronimo�and�S.�Li,�“Shaper�design�in�CMOS�for�high�dynamic�range”,�IEEE�Trans.�Nucl.�Sci.,�vol.�58,�no.�5,�
pp.�2382Ͳ2390,�2011.�
[3]�G.�De�Geronimo,�J.�Fried,�G.�C.�Smith,�B.�Yu,�E.�Vernon,�C.�L.�Britton,�W.�L.�Bryan,�L.�G.�Clonts,�and�S.�S.�Frank,�
“ASIC�for�small�angle�neutron�scattering�experiments�at�the�SNS”,�IEEE�Trans.�Nucl.�Sci.,�vol.�54,�pp.�541Ͳ548,�2007.�
�
� �
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Power	
  supplies	
  can	
  be	
  problemaCc	
  

Technical 
area 

Once the subsystem isolation has been ensured, a
well-defined safety ground must be established.  To what
point?

In the case of the LAr Calorimeter, a dominant con-
sideration is to preserve from EMI the Level 1 trigger

1. LV Supplies  <50V

<50V
DC~220V

Neutral

GFI

safety ground

<50V secondary is
allowed to float

2. HV Supplies > 50V           ~kV Supplies, low current

3. Supplementary safety grounding: 
high impedance at low voltage

1-10 kΩ

Cryostat

Safety ground

~220 V

Saturable inductor

Floating
dc supplies

Sense Load

“Common”

+
+

−
−

Sense

+
+

−
−

Separate cables for each voltage

Common at the front end where the load is
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sum signals.  This is the only analog transmission of
electrical signals from the calorimeter.  It will be ac-
complished by differential transmission, with high com-
mon mode rejection (push-pull drivers, shielded twin
lead transmission lines, differential receivers).  It is rea-
sonable to require that any potential difference between
the sending end and the receiving end be minimized over
most of the frequency range.  At high frequencies, the
current through the shielding braid should be mini-
mized.  Thus the safety ground (reference point) should
be at the location of Level 1 signal receivers.  Each cry-
ostat will have a low resistance connection to that point,
as illustrated in Fig. 8 (a part of that connection could
be the common braids of Level 1 cables from each crate).

In case of a subsystem where all signal communi-
cations (including sensors and controls) are by optical
links, and floating power supplies are used, safety
ground could be some other point.  However, potential
differences between adjacent subsystems are minimized
when they are connected to the same reference point.

If a part of a subsystem could be inadvertently sepa-
rated during maintenance, and a possible safety ques-
tion arises, an additional connection could be made to
the same reference point, but via a nonlinear network
(high impedance for small signals) as in Fig. 6.
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vices connections may create loops which will inject
noise currents into the critical contact areas of the de-
tector and front end electronics enclosures.  The solu-
tion that offers some degree of control is to isolate, elec-
trically, the detector.  This is illustrated for the case of
the ATLAS Liquid Argon Calorimeter in Fig. 4.

An objection is sometimes made that a large object,
such as a cryostat, has a capacitance of several
nanofarads to the support structure and other sub-
systems.  However, at some intermediate frequencies,
say 100 kHz, this presents several orders of magnitude
higher impedance than the resistance of a direct con-
nection.  Noise at frequencies lower than the center fre-
quency of the signal processing chain is important, since
it can be induced by various paths of currents through
nonhermetic shields, into the wide band stages of front
end electronics, such as analog memories and ADCs.

5. AN OUTLINE OF SOME ISOLATION
MEASURES

Figure 5 illustrates some of the practical configu-
rations for communicating signals, power and various
sensor lines with the interior of a Faraday cage.  The
intent of all of them is to divert any ground loop cur-
rents into the shield (enclosure).  In examples 2 and 3,
the impedance of the connecting lines is increased by a
balun transformer, or by resistors in each line where the
current in the leads is very low.

Figure 6 illustrates floating dc supplies for low volt-
age (high power) and for high voltage (very low cur-
rents).

Figure 7 shows the connection for multiple remotely
sensed power supplies.  The “common” can only be at
the location of front end electronics (to avoid making
interdependent feedback loops).

6. THE QUESTION OF SAFETY GROUND
Prevention of ground loop currents, by increasing

the impedance of any loop as much as possible, leads to
the following guidelines:
• All detector subsystems will be electrically isolated;
• There will be no connection to ground other than

“Safety Network”;
• There will be no connection between different de-

tector subsystems.
(These have been adopted as the primary guidelines

in the ATLAS Policy on Grounding.)
The goal of the isolation is to prevent numerous pos-

sible ground loops (illustrated in Figs. 1 and 4), to al-
low checking for inadvertent connections to various
“grounds” (i.e., objects which appear to be near zero
potential, such as the experiment support structure), and
to allow for a safety connection to a single point with-
out creating a ground loop.
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ostat will have a low resistance connection to that point,
as illustrated in Fig. 8 (a part of that connection could
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cations (including sensors and controls) are by optical
links, and floating power supplies are used, safety
ground could be some other point.  However, potential
differences between adjacent subsystems are minimized
when they are connected to the same reference point.

If a part of a subsystem could be inadvertently sepa-
rated during maintenance, and a possible safety ques-
tion arises, an additional connection could be made to
the same reference point, but via a nonlinear network
(high impedance for small signals) as in Fig. 6.
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Special care with safety on HV supplies (anything over 50V) 

Cable/conduit shielding connections  
require careful planning. 

 
ESS guidelines needed soon  
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You might get better noise immunity if you put your (noisy!!) DC-DC inside your vessel 
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are still ‘electrically small’ and well below their frequency of 
¿UVW�UHVRQDQFH�

)LJXUH���±�7KH�FRQVWUXFWLRQ�RI�D�JRRG�TXDOLW\�FORVH�¿HOG�PDJQHWLF�
probe.

)LJXUH���±�$Q�HDVLHU�PDJQHWLF�¿HOG�FORVH�¿HOG�SUREH�GHVLJQ��EXW�QRW�
so good).

)LJXUH���±�7KH�VLPSOHVW�PDJQHWLF�FORVH�¿HOG�SUREH�GHVLJQ��EXW�HYHQ�
less good).

)LJXUH���±�8VLQJ�D�SDSHU�FOLS�WR�PDNH�DQ�XQVKLHOGHG�FORVH�¿HOG�
probe.

&ORVH�¿HOG� SUREHV� DUH� RIWHQ� KDQG�PDGH� IURP� µPLFURZDYH�
semi-rigid’ cable, e.g. RG402 (approx. 3mm outside diameter) 
or RG405 (approx. 2mm outside diameter) because the 
stiffness of this type of cable helps the probes to retain their 
shape and so give more repeatable results, and also because 
their solid copper shields are very effective indeed. 

$Q� DGGLWLRQDO� EHQH¿W� LV� WKDW� WKH� GLHOHFWULF�PDWHULDO� LQ� WKHVH�
VHPL�ULJLG�FDEOH�W\SHV�LV�VROLG�7HÀRQ��DQG�VR�LV�XQDIIHFWHG�E\�
soldering at any normal temperatures. SMA connectors (male 
and female types) are readily available for soldering directly 
to these same cable types, helping to make robust and reliable 
probe assemblies.

0DJQHWLF�¿HOG�FORVH�¿HOG�SUREHV�DUH�RIWHQ�FDOOHG�µORRS¶�SUREHV��
but there is no good reason for making them in a circular shape. 
In fact, rectangular probes have some advantages when used 
RQ�ÀDW�VXUIDFHV��DV� LV�RIWHQ� WKH�FDVH� LQ�SUDFWLFH��$QG�� ,�KDYH�
recently discovered that making them rectangular is much 
easier and quicker than trying to bend semi-rigid cable into a 
QHDW�FLUFOH�

,�GRQ¶W�SODQ�WR�GLVFXVV�HOHFWULF�¿HOG�FORVH�¿HOG�SUREHV�LQ�WKLV�
DUWLFOH��EHFDXVH�DV�\HW�,�KDYH�QR�UHDO�H[SHULHQFH�ZLWK�WKHP��%XW�
I often use unshielded loop probes (like the paper clip probe 
in Figure 4) when searching for ‘leakages’ and ‘weak spots’, 
EHFDXVH�WKH\�SLFN�XS�HOHFWULF��(��¿HOGV�DV�ZHOO�DV�PDJQHWLF��+��
¿HOGV��:KHQ�ZH�GRQ¶W�NQRZ�WKH�QDWXUH�RI�D�SRVVLEOH�OHDNDJH�
�L�H��ZKHWKHU�LW�OHDNV�(�RU�+�¿HOGV��XVLQJ�DQ�XQVKLHOGHG�ORRS�
probe can help save time in locating it. 

Figure 5 shows four probes that are simply made of enamelled 
FRSSHU� ZLUH� VROGHUHG� WR� 60$� 3&%�PRXQW� FRQQHFWRUV��
unshielded loop probes that I really ought to insulate better (so 
I never let anyone else use them).
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)LJXUH���±�7KH�UDQJH�RI�FORVH�¿HOG�SUREHV�WKDW�,�XVH��DW�WKH�WLPH�RI�
writing).

When we don’t feel like spending the time making our own 
FORVH�¿HOG�SUREHV��RU�ZKHQ�D�SURIHVVLRQDO�DSSHDUDQFH�PDWWHUV��
ZH�FDQ�SXUFKDVH�FORVH�¿HOG�SUREHV� IURP�QXPHURXV�VXSSOLHUV�
of EMC test equipment, for example those in Figures 6, 7, 8 
and 9.

)LJXUH���±�([DPSOHV�RI�FORVH�¿HOG�SUREHV�IURP�$DULRQD��/DSODFH�
Instruments and ETS-Lindgren.

)LJXUH���±�6RPH�RI�WKH�PDQ\�FORVH�¿HOG�SUREH�NLWV�IURP�/DQJHU�
EMV-Technik.

)LJXUH���±�+HZOHWW�3DFNDUG¶V�YHQHUDEOH�FORVH�¿HOG�SUREHV��DQG�
currently available ones from Agilent (soon to be renamed Keysight 
Technologies) and Teseq (which used to be Chase EMC).

)LJXUH���±�([DPSOHV�RI�FORVH�¿HOG�SUREHV�IURP�+DPHJ�DQG� 
Com-Power.

&ORVH�¿HOG�SUREHV�FDQ�EH�XVHG� WR�JUHDW�HIIHFW�ZLWK�VSHFWUXP�
analysers costing as little as £800, such as those in Figures 10 
and 11. These are all portable instruments, but some require 
mains power whilst others can run on their built-in batteries – 
YHU\�KDQG\�IRU�GLVFRYHULQJ�SUREOHPV�LQ�WKH�¿HOG�

Figure 10 – Examples of portable spectrum analysers, including 
some very low-cost ones.

Near field probes, homemade 
above (Keith Armstrong)  

Spectrum analysers, mobile useful, tracking  
generator can be used for noise injection 

Simple bench tests can identify problems early in  
the prototyping cycle 

shielding and it allows to contain the electromagnetic 
interferences along a grounded path. Also, it provides a 
common mode return path along the cables, reducing this way 
the CM circuit loop and the associated emissions. 

The coupling between cables mainly happens in the near 
field region in the form of induction and capacitive couplings. 
It is proportional to the coupling path length they share, to the 
current they carry (magnetic field surrounding the cable), to 
the voltage they carry (electric field coupling), to the 
transients speeds, and is inversely proportional to the 
separation between them. The cables are grouped in terms of 
their sensitivity or contribution to electromagnetic 
interferences. The separation between power and data 
equipment and cables must be provided. 

F. Shields. 
The shields are effective against electric field couplings if 

grounded at least at one end; they are however of limited 
effect against magnetic induction coupling, which is 
particularly important in power circuits. The most effective 
technique to minimize induction couplings between cables is 
the distance, in particular for power circuits. 

Still, the magnetic near field emitted by power cables can 
be reduced if a shield is provided for the common mode return 
current. For this, the shield must allow the current to flow 
back and must therefore be bonded to ground at both ends  
with a low inductance connection. The equal and opposed 
currents produce magnetic fields that cancel out, therefore 
reducing the emissions of the cable.  

The shielding effectiveness depends of the shield 
geometry. The aluminium foil and the copper braid are the 
basic configurations used for the cables of ATLAS. The foil is 
the most basic configuration and works up to 1 MHz. The 
braid is mechanically stronger and works up to 10 MHz. In 
some places both shields are used, improving the 
effectiveness but not the frequency range.  

IV. MEASUREMENTS METHODS AND 
INSTRUMENTS. 

A. Measurement setup. 
 The correlation between CM current and system noise 

requires the measurement of both parameters on a setup that 
reflects the final configuration, including the power supplies, 
data acquisition systems, cables and other pieces of equipment 
required to operate the detector 

. The observed system noise strongly depends on the path 
followed by the CM current. Therefore, the measurements 
shall be done either on the testbeam setups or in the 
experimental area,, with the cables laying inside the grounded 
trays. Measurements at other places or without grounded 
supports and trays require the addition of a ground plane 
floor. 

 

B. Instrumentation. 
The EMC measurements shall be carried out with 

appropriate instrumentation. The noise is recorded by an EMI 
receiver with standard input filters. The common mode 
current is measured with calibrated current probes. An 
injection probe and an RF generator are required for immunity 
tests. 

C. Conducted noise measurement. 
Conducted emissions tests carried in laboratories shall be 

done on appropriate ground planes, or at least with grounded 
cables trays or with cables laid on grounded structures, with 
calibrated current probes and with an EMI receiver or 
spectrum analyzer equipped with quasipeak detector (figure 
7).  

 
 
 
 
 
 
 

 
The conducted emission measurement shall be done for 

spectrums comprised between 10kHz and 100MHz. The main 
peaks frequencies shall be recorded together with their 
amplitude. The spectrum diagram shall be reported in the 
EMC Report. 

Emission on AC powerline done in laboratories shall be 
carried out with an appropriate line impedance stabilization 
network (LISN) to normalize the AC plug impedance and 
allow for reproducible measurements independently of the 
plug used. 

D. Immunity tests. 
The immunity of systems with respect to common mode 

noise must be checked to insure its compatibility with the 
specified compatibility level. 

Conducted emissions immunity tests carried out in 
laboratories shall be done on appropriate ground planes, with 
the same setup as for emission tests with the addition of an 
injection current probe driven by an RF amplifier (figure 8). 
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Figure 7: Conducted noise measurement setup. 

Figure 8: Immunity test setup. 
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Conclusion	
  

§  ESS is moving into the detailed design phase for instruments and mustn't waste 
the opportunity to design around a coherent EMC plan. 

§  Macro level guidelines exist, and the interfaces to Conventional Facilities are set, 
and not easy to change. Wherever possible we have taken decisions that give us 
the greatest flexibility. 

§  We now need detailed guidelines for the implantations within the instrument 
zones themselves. It is hardware to generalize here, and we will want to learn 
from best practice elsewhere. 


