Additional verifications with TDE of TOP CRP bias connections in NP0O4 area test stand

18/2 Cold -box meeting
(DA)

Work follow-up, pastreports givenat the:

DUNE CMveekTechnicaBoard
https://indico.fnal.gov/event/50967/

DUNE ChveekCRP session:
https://indico.fnal.gov/event/50215/contributions/233058/atta
chments/151317/195470/202P1-26 CRPH-plan.pdf

DUNE CM TDtarallelsession:
https://indico.fnal.gov/event/50215/contributions/233173/atta
chments/151388/195962/Status_TDE. pdf

Cold-box meeting on 4/2:
https://indico.cern.ch/event/1124903/contributions/4722006
[attachments/2385222/4076413/Faraday.pdf



https://indico.fnal.gov/event/50967/
https://indico.fnal.gov/event/50215/contributions/233173/attachments/151388/195962/Status_TDE.pdf
https://indico.cern.ch/event/1124903/contributions/4722006/attachments/2385222/4076413/Faraday.pdf

This was a big effort which needed several weeks and was successfully concluded on last Friday. A very large amountsvefdestaducted
and a lot of things were learned. Today we will give a summary of main findings, there are many details for which theréi mentio explain
and some analysis is still in progress.

As also reminded in the presentation given on 4/2, after the second CB run a set of verifications were planned on biasnegtmms of the
CRP in the NP04 SAS:

a) Understand why the CRP bias connection of half of InducRodeteriorated in between the two runs

A Check the guality of the welding (nothing seen at first glance last week, perform dedicated tests)

A Repeat acoustic excitation tests. Make sure of robustness of connections and quality of adaptor boards

b) Understand if the shield plane could be better connected in order to drain more efficiently EMI perturbations:

A Dbetter connection

A design changes biasing/filtering boards on CRP

A possibility of implementing distributed large capacitors connecting shield plane to GND all around the CRP

(this was done during the fixes for the BDE). Determine how and where these capacitors should be connected

c) Finalize the design of the adaptor boards and prepare their production for the-foli CRP and the new channels layaliscussed at the TE
in September (meeting with Bo and Dominique yesterday). Apart the channels layout are there any improvement possibléaidhéa@ards ?

U After CRP and TDE installation in NP0O4 SAS on 17/1 it was immediately realized that a Faraday cage around the CRP tedhg adbsdad
in order to conduct these studies

U A first implementation of the Faraday cage with Al foils was made on 21/1. This proved the concept. Just by shieldingRthieeEMI
pickup noise on the strips decreased by more than one order of magnitude ! However this Faraday cage had still EMI lealesyand,
important, strongly limited the accessibility to the CRP

U A more convenient Faraday cage version with a mesh was implemented on 3/2 allowing for CRP accessibility. Bessdnéationgiven at
the CB meeting of 4/2. The attachment of the mesh was implemented with a simple wooden frame pushed against the CB reafew hi
mesh version of the Faraday cage, as reported on 4/2 improved in general the noise with respect to Al version and veryaintlport
provided reasonable accessibility to the CRP.



https://indico.cern.ch/event/1124903/contributions/4722006/attachments/2385222/4076413/Faraday.pdf

Week of 31/1 (Dario, Dominiqué&lisabetta:

Waiting for mesh delivery and installation performed some additional
tests with Al panels faraday cage

1) Disconnected floor from Building ground

2) Tried to close the bottom gap with Al tapge improvement but noise
still high

3) Al panels not really in good contact with-@&f (adhesive Al tape),
still a few ohm resistance, improvement got by having a copper braid
from a top roof penetration in contact with Al cage and also with a
second one to the floor

4) Opened an Al panel to access CRP to check the Indt&tion
connection (very painful access conditioAshothing obvious
found, noise very high and no practical difference when indue#ion
is disconnected from GND andwelded to GND (the effect seen in
cold-box was very small)

5) Attempted sound test, no appreciable difference sound/no sound,
again the effect seen in the past was very small compared to level of
noise present




A Ordered mesh material on Monday 31/1 morning
Same material used for APA shielding in past tests
(reference from Alberto) 19 mesh layers after cutting 2.4x1.38 m
Gantois106712, brass 80um, 930 um lattice opening,
69m2 in a roll of 1.38m width

A Designed on Wednesday a support systémesh
stapled on wooden plates pushed against the cold box
cover roof with a belt)

Mesh material arrived on Thursday morning:

Mesh roll cut in single layers 2.4x1.38m

layers stapled on 4 wooden plates,

plates installed and pushed against cryostat roof with
belts

Mesh pushed in contact to roof by wood plates
Large overlap ~60 cm in between nearby mesh layers |
Large mesh excess ~20 cm falling on metallic floor and
pushed by metallic bars/weights

o Io To  To To I I




Negative phone test
This time the phone inside the cage does not ring when called ! (it was not the case

of the Al version with the gap)
Although, given the very thin mesh layer successive more sensitive tests showed still

the presence of signals inside the cage




U During the week of 7/2 we implemented some further improvements on theesh Faraday cage version with:

U Someextra meshayers in the corners having small overlaps in between the mesh layers

U Discovered defects in pressusethe roof attachment pointsinserted some extract thickness with carton box layers
to increase the pressure in the points with deficits

U Discovered that the way the mesh is pushed on the floor is also very important, implemented everywhessare
systemof the mesh orthe floor with metallic bars and some foam to distribute evenly the pressure and compensate
for the floor irregularities

U Improvedthe grounding of thdloor, there were impedances of several Ohm in between different plates, drilled
plates and connected with copper braids. The system improved but we noticed that in some points (where smaller
washers had been used to screw on the braid) the contact was not perfect and there was still higher resistance

A Furtherdecreased noise levels, reaching in large part of the CRP even better tt@ld-box. This configuration
allowed conducting thetudies which werdoreseen on the bias lines
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Lessons Learned on the implementation of the Faraday cage:

1) Without Faraday cage was impossible to opefgatarge EMI pickup on the strips, more than one order of magnitude larc
than in CB

2) With the Faraday cage mesh version we had decent CRP accessibility

3) With the mesh version, after implementing several tricks (which are essential), we reached in large parts noise level
better than the coldbox.

3) This Faraday cage configuration then allowed conducting the studies initially foreseen, even if accessibility wasalot o
4) On the basis of what we learned we know how to make a even better version!

We will have to build a new cage in a different place for the tests of the full CRP in April since the NP04 SAS will bg use
NPO4.

A We should aim at installing a new shielded CRP integration structure for the tests of the full top/bottom CRPs possibl
to the DAQ room for the tests of the full CRPs (the max length of fibers of 200m does not allow to go to the othelhsid
hall). All what learned can be applied to have an optimal version. Suggestions/improvements on the basis of all what
learned:

a) Reuse the support pillars of the NP04 SAS

b) Have space around to access CRP from the sides (this was not the case in the SAS)

c) Implement a good full mesh attachment frame (not the wooden plates) ensuring good and even contact

d) Put a double mesh layer everywhere (it costs 10euro/m2)

e) Implement a metallic floor layer with good internal connections and the mesh pressure system to the floor (this can [
embedded in the mesh itself with an improved system)



Anicereviewon shielding
https://www.emcfastpass.com/wgontent/uploads/2017/04/Engineering\spectsof-ElectromagnetieShielding.pdf

Impedance Method (TL, S.A. Schelkunoff)

Engineering Aspects of
Electromagnetic Shielding

) peden - ~ Shield
=Y. Transmitted wave
Reflected
wave .- & A
& H, - EY Incident
H, y E . wave
) attenuated
" Reflected wave z e, tn,
: Shield interior
Exterior (protected area)
y = R ¥ JoD(G + jwd) r = Jjou(o + jws)  (propagation constant)
o R + joL z = | Jon (medium intrinsic impedance)
* Y6 + jwc 2 o + jows



U Given the noise levels we could conduct the sound tests on indu2tiolw microphonic effects seen after-re
welding bias connectiond the problem seems to be gone, to be repeated for full CRP tests (the adaptor boards

and connections will be different)

U Performed pulsing tests of biasing lines in order to identify ctakksand charge leaks (also recently observed on

1) Normally pulses should not reach the anodes/electronics given the filtering board

50l setup on the adaptor boards, different than the ones used for the CRP).

2) Pulsing tests with square waves but ailsj@cting sinusoidal pulses at precise frequencies easy to identify and
isolate in order to identify leaks and quantify the crogalk in various places
A identified and tested the need of shielding the filtering board to avoid charge leak on the nearby CRP channels,
A identified the need of better grounding of bias cables which were generally irradiating on induetfion

U Pulsing tests repeated after wrapping in the mesh the filtering board
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After having observed a localized noise increase on the strips
(closest to the filtering board) then shielding the filtering
board in a home made box fully wrapped with a metallic
meshA localized noise removed
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Studies on shield plane EMI noise effectiveness:

a) Implemented blocking capacitors from shield to GND of adaptor boards (as done by BDE electronics to solve the is:

their internal oscillation)A no evidence of effect on noise when capacitors were added

b) Decided to build a movable reference RF source in order to test if the shield is transparent and EMI noise isyyickgd

the strips on Inductionl

A Possibility to conduct frequency scans 3KHi#Hz and move the source in various places

i

Found that the antenna produces a nice spot on the strips of indudtioarrelated to its position (shows that the shield i
transparent to EMI)

The transparency look rather flat in between 50 and 600 KHz (apart for some particular frequencies where the entire
made by the floor, the CRP and the cage enters in resonance and the spot on Inducdoomes generalizéd we saw at
least a couple of these resonances and scanned the one sitting at 555kHz see next slides)

Smaller antenna signals measured for lower frequencies (<50 kHz) or higher frequencies (>600 kHz) also affected t
electronics response for high frequencies

Same measurements repeated by adding additional xi@R&apacitors from the shield to a GND braid to the x8 (shield
adaptor boards) + x2 (filtering board) already present.



Antenna connected to external sinusoidal pulse

generator:
A Frequency scans 3 kid¥Hz in various

_ ~antenna positions
Even passing the cable needed to power the antenna through the mesh cage IR 8Tasts performed with various shield plane

delicate operation. . . .
configurations at the same antenna position

A As known from past experience we had to find a way to ground the antenna
cable to the mesh at the entrance point on the floor in order to avoid the cable
acting itself as antenna and introducing noise inside the Faraday cage

and power configuration
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10/2 Frequency scan Red: Faraday cage

Black: cold box :
U Constant response in between 50 and 500 kHz (apart resonances),

lower signals at low frequencies and high frequencies
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Not surprisingwe found later on in theshieldingreviewthat
people have the habit afaringabouttheseaspects:

Chassis Resonances

The resonance frequencies in a rectangular box are given by:

|' 2 2 2
c I it JTr kT
To 2mp, \l(L) (H) (W)

~ |'| L 2 L 2 i 2
S = 150 V(L) +(H) +(W) ( for vacuum )

L = length
H = height
W = width

where the case i=/=k=0 is forbidden

26

Field Distributions at Resonant Frequencies

TMy201 - Ey(x.2) (rear)

e Empty box: Q=5000, Fully loaded, densely populated box: Q=5-25 (practical implications)

e Use extensively internal compartmentalization (limit excitations, lower Q, upper f)

28
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What learned:

A) The shield is transparent to Elé& nice spot of the antenna is visible on the strips of inductibnn correspondence to the position of the
antenna

U the antenna produces a spot unless one injects a frequency corresponding to a cage resonance
U we saw a few of these resonances them and scanned the resonance peaked at 555 kHz

U in that case one sees the spot progressively enlarging while going close to the resonance and at the peak the power gibstips af
Induction-1 and also on Inductiof2 and collection. This is quite impressive to see !

A Itis important to study the resonance frequencies of the cryostat(s) (ebluk etc.. since they have a role in spreading arouhe noise
which manages to enter inside via the slow control connections)

B) The shield as a strong capacitive coupling to Inductiom the way the PCB is made

C)The effectiveness of the shield is not affected by the blocking capacjtwe added also more capacitors reaching a total of 17.
U There was no effect even by directly connecting the shield to the available GND (this cannot be done for normal opematiethsi shield
is at HV)

U what we learned is that it is very difficult providing a low impedance GND which would have been more effective in drainanges

D) Note that the shield plane was introduced with the purpose of ESD protecting the bottom electronics, the top electroniesyisobust,
always manipulated bare hands and does not need that.

U People were thinking that the shield could have some effect reducing EMI pickup but this was never demonstrated and the/¢ests
conducted for the first time demonstrate that this is not the case

A We have to focus on the cleanness of the cryostat environment by improving the connections at the flanges and slow cobtnog¢a
avoid that noise enters inside and general grounding (isolation transformer to be implemented in-bok}



Shieldplanectnd. :
U Information from the 50l tests also point tathe non effectiveness of thahield plane against EMI pickup.

U Thesamestudies on the shield we implemented last week have been repeatedthe 15th by Dominique with
the BDE people using the same setup we defined (mesh cage, RF scan system)

A Theresults are thesimilar: the shield is transparent to RF EMI, spots seen on Inductiastrips. Effectiveness
of the shield is notaffected connecting/disconnectingy the blocking capacitors to GND.

A Howeverfor bottom electronics these capacitors have soméect in reducing he noise(of probably internal
internal origin) and this functionwhich becomes essential when the electronics goe<aid.

U We are not discussing the usefulness of implementing these capacitors for the BDE for this particular aspect,
the whole study was oriented to understanding if the shield plane had any role in preventing EMI pickup
reaching the strips of Inductiofl and if this was somehow dependent on the blocking capacitors



Shield plane studies repeated with BDE on 15/2
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Summary:
U It was not feasible today to go in all details of this long wolk tried to pass the main information

U We have been learning a lot and establishing a method (for setting up a shielded environment, acoustic tests, RF sc
injection tests) that we can apply for the next tests of the full top CRP. Improvements of the system and methods for
future tests have been determined

U Summaries of what learned for the various aspects were provided in the slides of each subtopic
Next steps:
A Next weeks dismount TDE electronics on NP04 roof and free CB roof for Ariadne

A Prepare a new shielded setup for tests of fulp CRFA all investigation methods and lessons learned these weeks
can be reapplied and will be useful to check the new CRP before going in the-boid

A Improve grounding and shielding of coloox in parallel (strongly needed)

A Weshouldalsopay attention to computingresonancesn the cryostat(swhich help spreadingthe noisearound



Tentative Schedule Update

e As of 03/02, at CERN is myself, Kostas, Adam R, Barney and Pablo

e New floor should be dry as of Tuesday (08/02), from then on construction of the LRP
can begin

Cold box opened
Modifications 1o coki box

Werk on Cethode/PO?

CRP1 in the SAS for testing

CAP1 at 185 for modification
Modifications to co'd box roof

Preparation of Ariadne

Instaflation of Arladne

Operation of Aviadne

Resistive mech on cathode

Open cold box / diemount
Adadne

Install the CRP1b under the roof

Test the CRP 1D at warm

Test the CRP1D In the cold box







Additional verifications with TDE of TOP CRP bias connections in NP0O4 area
test stand

4/2 Cold -box meeting
(DA)

Most ofthis wasalreadyreported at the CMweekat the:

TechnicaBoard
https://indico.fnal.gov/event/50967/

TDEparallelsession:
https://indico.fnal.gov/event/50215/contributions/233173/atta
chments/151388/195962/Status_TDE. pdf

Thispresentationmainlyfocuseson the newsrom the work
whichtook placethis week



https://indico.fnal.gov/event/50967/
https://indico.fnal.gov/event/50215/contributions/233173/attachments/151388/195962/Status_TDE.pdf

Coldbox Run2

A
1)

2)

A

Similar noise conditions observed for TDE between Ruand Rur2:
CB grounding issues not improved, there was no time to install a local isolation transformer, confirmed
the role of some problematic services connections aslthprobesJura side. Short of CB with building
ground and cryogenic system
Small improvements in connection of the shield to filtering board of the CRP bias voltages not effective,
the shield plane looks still to have little effect with respect to draining EMI perturbations entering in the
CB Probably impedance bottleneck present at the level of the design of the filtering board
Observedwrorse noise conditions for half plane of Inductie? (Saleveside),was OK in Rufh became
worse in RurR after CRP extraction and reinsertion in CB, worsening immediately observed at warm after
reinsertion of CRP in December. Noise at warm before CRP extraction in November was still OK.
Despite no real improvements on groundwg Runl (or slightly worse than Rdnfor Saleveside) good
noise conditions for TDB taken similar amount of data with TDE as in Rn

(total statistics Runl + Rur2: 1.6M triggers, 45TB)
Operation of PD system with P@Fno significant additional coherent noise observed with TDE

In general happy of Ru, no improvements in CB grounding with respect to little residual noise present in
Runl. However some CRP deterioration observed for half plane of InducfiqBaleveside)

A

New form of noise observed on Wednesday 12/12 afternoon on the half of Inductfoowhere the noise
worsening was observed after having extracted and reinserted the CRP in thelamtd

Run2 ELOGummary:.
https://np-vd-coldboxelog.cern.ch/elisa/display/422?logbook=ip-coldboxelog
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Deterioration of noise level
observed on half of inductien
2 in between Rui and Run

2, with the CRP extraction and
reinsertion in the colebox

Further noise deterioration
(noise spread among channels
due to microphonic noise) on
half of induction2 when

whistle from a cryogenic valve
IS present
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A On Wednesday 15/12 afternoon observed a new form of noise (similar to a microphonic effect) only on the half
of induction-2 Saleveside

A Spotted the origin to a cryogenic valve which was emitting a whigdjeflow of Gar changed on order to eliminate
the whistle A noise on induction2 disappeared

A Thursday 16/12, investigations with a loudspeaker and a dedicated setup with frequency tuning of microphonic
effects on the CRP.

A Scanning various CRP points with the loudspealkemanaged to strongly enhance at 1kHz (strict resonance-at +
100Hz) the microphonic noise effect on inductighSaleveside {nduction-2 Jura side, induction 1 all sides and

collection all sides were totally immunewhen putting the loudspeaker on a CRP corner (in correspondence to the
adaptor boards of theSaleveside)

Point of maxm@v ."'E_,V'Wlth fhe « Qg
Ioudspeakenput “oFFthe CRRBdgeSaleve
sideon tep of theadaptorboard -

—
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Example of Inductioi2 event display during a sound excitation test with the loudspeaker

Induction2 Saleveside Induction-2 Jura side
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