The NSW High Voltage Infrastructure

loannis Drivas-Koulouris , Efstathios Karentzos
NTU ATHENS Freiburg University

HEP 2022
THESSALONIKI
15-18 June 2022

UNI
[

FREIBURG



Outline

UNI

FREIBURG

 The NSW High Voltage Infrastructure

1. MMG/STG High Voltage Scheme
2.  Hardware Installation

3.  Validation of High Voltage Boards

* NSW HV DCS Integration

1. NSW Caen Easy System
2. STG Caen Generators
3.  NSW Reset Network

6/15/22 HEP-loannis Drivas-Koulouris



LHC Plan

UNI

FREIBURG

High
Luminosity

-
@ »

- -

LHC / HL-LHC Plan

LHC
LS1 EYETS 14 TeV 14 TeV
1314y M
5to7x
splice consolidation nominal
8 TeV button collimators ara cryolimit HL-LHC installation bkl
7 TeV R2E project cc I? : my‘;?gr‘:gn luminosity
e collim:

2on vz aois Rz oois Reoe oo [aore o oo Wzeer [eoee  [zoco e Illlm

radiation
damage
75% 2 x nominal luminosity r
nominal nominal luminosity || experiment upgrade k—r—_|
luminosity | experiment beam pipes / phrase 1 experiment upgrade phase 2
= 30 fb” 150 fb"! 300 b | tuminosity

The LHC upgrade aims to extend and to improve the physics discoveries by increasing the
luminosity.

® Phase 1: 2018-2021, Luminosity up to 3 x 1034 cm-2s-1
® Right now :First beam splashes and collisions at 900 GeV after NSW commission
® Phase 2: 2024-2027, Luminosity up to 7.5 x 1034 cm-2s-1

The HL-LHC requires major upgrades by the experiments to withstand the increased particle
rate. The two major Atlas upgrade projects are the New Small Wheel and the BIS78A
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ATLAS Run 201289 [LB 96-566], LHC Fill 2516, Apr. 15 2012, 50ns spacing
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Muon system upgrade goals:

* Improve the tracking efficiency in the high
rate environment.

* Reduce fake triggers from background hits.
Currently, intolerable end-cap muon trigger rate
with 90% fake muon triggers.
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» Facilitate management of implementation,

MDT

RPC

operation and maintenance by using o i 1UONe T o
standard building blocks i i
» Controls hierarchy:
» 1. Front-End (FE): detector interface
» 2. Local Back-End (BE): FE connection,

readout, processing
> 3. Sub-detector BE: grouping o T
different technologies, standalone Coo ) Global Control Stations (GCS)

operation - B8

~4. Global BE: interfaces to operators, llsmtl - ltl _ l_‘i
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The New Small Wheel (NSW)
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e the installation of NSW will reduce the trigger rate in the forward
region (|n|>1.3) of the Spectrometer.

* Cope with future LHC Luminosities.

* Two new sub-detectors : MicroMegas(MM), small Thin Gas
Chambers(sTGC).
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Mainframes number of slots: 16
Can host 5 boards of A7038ST (3 slots) type or 16 of A7038A (1
slot) type.

e 4A7038STP + 1 A7038STN Boards

4 x 32 = 128 channels for read-out
Mapping : 16 sectors x 1 quadruplet x 1 layer x 8 PCBs

1x 32 = 37 channels for drift
Mapping : 16 sectors x 1 quadruplet x 2 radial segments

16 A7038AP Boards(NEW)
16 x 48 = 768 channels for read-out
Mapping : 16 sectors x 2 quadruplets x 3 layers x 8 PCBs

Mainframe Boards

Mainframe 1 in Y.05-07.S2 16 x A7038AP

4 x A7038STP
1 x A7038STN

Mainframe 2 in Y.05-07.S2

4 x A7038STP
1 x A7038STN

Mainframe 3 in Y.05-07.S2
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STG HV Scheme

The STG HV Scheme has been installed for both

sides of NSW. For every side it consists of :
1. 155427 Mainframe (USA15)

2. 2/side A1676 Branches (USA15)

3. 2 Crates per branch (UX15)

The crates are filled with two types

of HV boards :

A3535 (32 Channels)
A3540 (12 Channels)

2 Generators(power and service)

HV Splitter board due
to communication
issue with the CPU

power of Branch
Controller

6/15/22
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S4527 Al1676
Mainframe Branch Controller

St

/ EASY 3000 crate
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A3540 A3535
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Arrangement of filled crates in the racks

Upper crate Upper crate

Lower crate Lower crate
¥.26-24.X1 Rack for NSW-A|  |Y.29-24.X1 Rack for NSW-A |
'Y.62-24.X1 Rack for NSW-C~ ' Y.58-23.X0 Rack for NSW-C '
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MM HV Board Testing Site
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* Testing Site @ BB5:CERN

* One Mainframe with 16 slots

* 4 cables

* 2 loads (Resistors) , for the boards to start operating

e Testing 2 boards at the time

validation PC
0 Opc-ua
HV DCS PROJECT peta Via network |
OPC UA SERVER | » | Caen Mainframe
OPC CLIENT
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Purpose : the boards can work under specific conditions with stable behavior.

Development of a dedicated to the boards’ validation project --Caen
A7038(ST,A)-- at BBS5.

“One click” (start/stop) handling mechanism, to facilitate the validation

process.

“Settings Ease Configuration”. Validation panel for the test of all the boards ety | st
with the possibility to change the the test parameters whenever is needed. I - G|

A root script has been developed in order to analyze the collected data

automatically at the end of each run. e p e 1
Test Step S 1. All channels of the board are ON for 10’
X3 x3 2. Al ODD channels are OFF and EVEN are ON for 30’
steps 2-4 steps 2-3 3. All EVEN channels are OFF and ODD are ON for 30’
seforess 4. Switch OFF all channels for 2h. ==
5.Switch ON all channels for 50’ T
6. Switch OFF all channels

6/15/22 HEP-loannis Drivas-Koulouris 9
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MMG CAEN EASY SYSTEM
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Low level structure :
Data Points,archive,alarms for the

new system.

Create new panels for MMG
Mainframes. Every panels
includes the mainframe and

boards parameters.

The FSM consists of 3 nodes/one
for every mainframe.
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CAEN_SY4527_ps03.pnl (ATLMMGHVA - ATLMMG...

© © ® \ _QuickTest_:
Module Panel Scale Help

Module Panel Scale Help

Z a @ W S S & s O & & £ 12 English, US [en_US.utfe] ~
MMG CAEN SY4527 : PSMMGO03 XXXX XXXX Alert Settings
Power, Clock and Fan Status
AC Power OK| TRUE 50Hz Clock Status 0 HVFan1 Speed 3611 rpm  HVFan1 OK " TRUE
HVFan2 OK " TRUE 625kHz Clock Status- HVFan2 Speed 3432) rpm  HVFan2 OK [ TRUE
PwFan1 Speed [1114868! rpm PwFan1 OK [ITRUE HVFan3 Speed [JIS867] rpm  HVFan3 OK [ITRUE
PwFan2 Speed [II788] rpm PwFan2 OK [JITRUE HVFan4 Speed [RESSIRI ™  HVFan4 OK TR
PwFan3 Speed [JII858] rom PwFan3 OK [JISTRUE HVFan5 Speed [N ™™  HvFans ok [IENE
HVFané Speed 3540 'PM  LyFane OK ITRUE
Ci icati irmware
OPC Conn. Status [\ TRUE Dummy RegOut | Firmware 202- 0.08
Non.OPC Gossiors - Dummy Regin 0 Gateway | 10.145,59.1  IP Address 10.145.59.33
Comm. Aive' | Xoomm: admin:admin:TCP/IP:Fri Jul 23 13_00_04 2021:10.145.64.17;
(Aux) Comm. Alivez- CmdExec Mode 0
Summary Output Signals FrontPanel Input Signals
ChanoN O OwW (O OverTemp O GenOut (O vsel @ (Stable Beams Signal)
oc O Unv O  FanFail O GenOutCfg 0x0
Crate Map
A3076AP| A3078AP| A3078AP| A3078AP| A3078AP| A3078AP| A3078AP| A3078AP| A307BAP| A3078AP| A307BAP| A307BAP| A3078AP| A3078AP| A3078AP| A3078AP
g|o|ojg|o|ojo|o|o(o|jg|o(o|dg| 0| Qg |pwsttus
g|o|ojg|og|lojg|g|o(go|g|ojg|g|0Of Qg |fmwerr
O|o|Oo|o(Oo|o|o(Oo|lolOo|o|lOo(0O|O|d| O |AMexerr
0 U o A O O B Y
Temp | Temp | Temp | Temp | Temp | Temp| Temp | Temp| Temp| Temp | Temp | Temp | Temp | Temp | Temp | Temp
19 18 19 18 19 19 19 19 19 18 18 18 18 18 20 19
01.05 ( 01.05( 01.05( 01.05( 01.05| 01.05( 01.05| 01.05| 01.05| 01.05| 01.05| 01.05| 01.05| 01.05| 01.05| 01.05
BStatus| BStatus| BStatus| BStatus| BStatus| BStatus| BStatus| BStatus| BStatus| BStatus| BStatus| BStatus| BStatus| BStatus| BStatus| BStatus
0| ©0| 0|0 0| 0|O0|0C|OC|O|OC|O|O| 0| 0| O

04 05 06 07 08 09 10 n 12 13 14 15
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Z 8 § T W & & & %S 0O & A& £ 1a [English Usen usutis] ~
MMG CAEN SY4527 : PSMMG02 XXXX XXXX Alert Settings
Power, Clock and Fan Status
AC Power OK | TRUE 50Hz Clock Status 0 HVFan1 Speed 2395 rpm  HVFan1 OK | TRUE
HVFan2 OK| TRUE 625kHz Clock Status - HVFan2 Speed 2431 rpm  HVFan2 OK| TRUE
PwFan1 Speed 1644 1pm PwFan1 OK INITRUE HVFan3 Speed 2288 rpm  HVFan3 OK | TRUE
PwFan2 S[ATLMMGHVA:CAEN/ E HVFan4 Speed [N P™  HVFan4 OK NN
PwFan3 Q"E"SMMGOZ','P"Vlstatus.PwFanStatus.PwSpeedFa:r:l E HVFan5 Speed 2431 'PM  pvFans OK [ TRUE
HVFan6 Speed 2431 'PM  pvFane OK | TRUE
C icati irmware
OPC Conn. Status JIITRUE Dummy RegOut [N Firmware 1.3.0- 0.08 build c12
Non-OPG Sessions- Dummy Regin 0 Gateway | 10.145.59.1  IP Address 10.145.59.35
i XC D e
Comm. Aive! [ omm admin:admin:TCP/IP:Fri Jul 23 11_39_45 2021:10.145.64.17;
(Aux) Comm. Alive2 - CmdExec Mode 0
Summary Output Signals FrontPanel Input Signals
ChanON O OW (O OverTemp O GenOut (O Vsel @  (Stable Beams Signal)
oc O Unv O  FanFail O GenOutCfg 0x0
Crate Map
A3078ST A3078ST A3078ST A3078ST A3078ST
D D D D D PwStatus
O O O O O Frmw error
O O O O O HvMax error|
0 0 O 0 O ovT
Temp Temp Temp Temp Temp
18 17 18 17
01.05 01.05 01.05 01.05 01.05
BStatus BStatus BStatus BStatus BStatus
@) @) ® o
00 03 06 09
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STG CAEN EASY SYSTEM
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Low level structure : Data
Points,archive,alarms for the new
system

The FSM consists of 3 nodes
1 Mainframe

2 branches

2 crates per branch

Panels have been modified accordinaly

6/15/22

STG CAEN SY4527 : PSSTGO1
[Power, Clock and Fan Status |

Alert Settings

AC Power OK - 50Hz Clock Status - HVFan1 Speed - pm  HVFan1 OK -
Prim. Power OK - 625kHz Clock Status - HVFan2 Speed - pm  HVFan2 OK -
pm
PwFan1 Speed [[IN2860] rpm PwFan1 OK [JITRUE| HVFan3 Speed [ Pm  HvFans oK R
pm Fand -
PwFan2 Speed - pm PwFan2 OK - HVFan4 Speed - pm  HVFan4 OK
m  HVF:
PwFan3 Speed - pm PwFan3 OK - LS Speed - (5 MFTSEE -
HVFané Speed - pm  HVFan6 OK -
Ci icati irmwar
OPC Sessions [N Dummy RegOut 1 Firmware 20.2- 0.08
Non-OPC Sessions - Dummy Regln 1 Gateway | 10.145.64.1 IP Address 10.145.64.36
Comm. Aive! ISR S ode J TCP/IP:Mon May 02 12_55_03 2022:10.145.64.22;
(Aux) Comm. Alive2 - CPU Load /00.00:00.00:00.00
Summary Output Signals FrontPanel Input Signals
ChanON @ Ow (O OverTemp ) GenOut @ vsel (O (Stable Beams Signal)
oc O unv O  FanFail O GenOut Cfg0x 303 vSel FALSE
Crate Map
A1676 A1676
Vsel Vsel
Vo Vo
Vi Vi
03.02 03.02
ILK ILK
@) o
1 3

HEP-loannis Drivas-Koulouris

Name: PSM

Rack Information

Y5823X0

- HV (A3540AP)
.01 [';:,\ Main Po

n Voltage

Main Power

V Gen Voltage

Board 11 - HV (A3540AP)
FWrel: 1.01 IZ:} Main Power 5

SiN:117  Temp:

Boar

Name: PS FWr
S/N:236  Temp: cC@

Generator Info

Srv: A3485

in Y070752
Pw: A3486

in Y5823X0

-Crate 1

Switched on channels on this Boal 2

-2) [0 [ [ oo (o oo [ oo [ oo [

(1-2)

Switched on channels on this Board: 31

(o [ (o [ (o [ [ [ o [ o [ ol

(o [ (o [ [ [ o [ o [ o [ ol
(o [ [ [ [ [l

Switched on channels on this Board: 32
(o (o (o (o (o [ [ [ [ [ [ [ [
(o (o [ o (o [ o o[ [ o [
(o [ [ o [ [

Switched on chann n this Board: 32
(o (o [ oo (o [ o o o[ [ o [
(o (o [ o (o [ o oo [ [ oo [

wP (1-2)

(o [ [ [ [ [l
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STG CAEN 48V Generators

S _Object Time WA

W
(3
STG CAEN 48V ACDC

Y2924X1_Generator0 - ﬂ

STG CAEN 48V ACD(

¥2924X1_Generator0
'Y2924X1_Generator1

Y0707S2_Generator0
Y0707S2_Generator1 STGC GENERATORS Alert Settings ~ A3486 AC-DC Converter Y2924X1 Generator 0 [IEINONT ok Alert Settings ~
—~Connected Racks
= Chan A Chan B Branch Controller OPCUA Server
rY0707S2 Genl ———— —Y070752 Gen2 X
1 OverCurrent FALSE OverCurrent Voltage | 48,00 V Voltage | 48.00 V 48VA1676 | TRUE SerNum 180 Connection State 1
Y2624x1
(Generator 1 [NNONINN OverVoltage — OverVoltage Current [NU020/A  Current[INI020/A  Firmware 11118102 Model  A1676A Server State [\RUAAING
Channel 0
BRGKE | vaszaxt Gent — O | undervoltage | Fse UnderVoltage
o - Y2624X1 Y2924X1 Y2624X1 Y2024X1
660 A 0.00 v Trip FALSE Trip 48V Connections asv o o a8V o o
Temperature 000 OverVoltage FALSE OverVoltage Pw 0 o Srv 0 -
ey TempError FALSE TempError o o O o
(Generator 2 NGNINN 0 | interlock FaLse Interlock
Channel 1 [NOKINN | v2024x1 Gen2 _ [ [Yor07s2 A3486 AC-DC Converter A3485 AC-DC Converter
o Serial number W T3 ¥2924X1 in UX15 Y0707S2 in US15
6.60 A 0.00 v MPS
22v e v S [ ChanA [ ChanB I Crete [ ChanC [ Chan D
Temperature 0.00 C
[ Side A
Power Highlight Channels On | &
o Service
5 ~Y2924X1 Genl ————  [~Y2924X1 Gen2 . 5
Zoom lGenerator 1 JGNINN vasax | OverGurent | pause OverCurrent Fase R
- Y %
] | Channel0 [k | YO707S2 Gen O | overvottage FaLse OverVoltage -
020 A 48,00 v g UnderVoltage | FAse UnderVoltage | FAISE
= L
STG CAEN 48V ACDC D6 Temperature 28,00 Trip FALSE rip FALSE STG CAEN 48V ACDC
OverVoltage rasE OverVoltage FALSE
2 [EWE Y2924x1 TempError FALSE TempError FALSE .
i 1
No panel available! Channel 1 [ Bk IR FALSE N — No panel available!
Add panel within panels/fwAtlasSecondaryPanels 0 ~v292ax1 Add panel within panels/fwAtlasSecondaryPanels
for: STGC_CAEN_ACDC — 8OOV voro7s2Gen2 _ o Serlal number 203 Mps S for: STGC_CAEN_ACDC 48V Service HV Side A - HO
Temperature 30.00 C 12v S asv I
STGC_CAEN_ACDC RN [~ Branch Controller STGC_CAEN_ACDC IEEEH
STGC_CAEN_ACDC [ 4evAte7e  [RTRUEIEEES  serNum 180 Firmware 3.02 Model A1676A STGC_CAEN_ACDC [}

* Low level structure : Data Points,archive,alarms for the new Generators
* Create new panels for the STG Caen Generators scheme
 The FSM consists of four nodes
* Two Generators/four channels per side
* Generators can be operated directly from the FSM Commands
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NSW CAEN Reset Network
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The Reset Network allows to perform a simultaneous reset of
boards/Branches/Mainframes per rack and sub-detector level.

CAEN Reset Network - What is the muon reset network ?

["A1676A RESET CONTROL BOARD |
TINFNT PAVIA

A system has been implemented following the Pre-Existing
Muon logic.

Two Reset Network Systems has been created for MMG and
STG separate

MMG Reset consists of the MMG HV Mainframes

STG Reset consists of STG Branch Controllers and Mainframes
for MMG LV and STG HV,LV

6/15/22 HEP-loannis Drivas-Koulouris 14



MMG CAEN Reset Network
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The Mainframe(s) Reset

1 second to send the signal to the mainframe, while

~2 min to loop over all the chain including also the
DCS.

SOFT Reset:

The signal is sent and then the flag is automatically
reset! The specific reset touches the CPU without
affecting the connected devices.

HARD Reset:

The signal is sent and the flag is not automatically
reset! You have to Clear the reset after 1-2 seconds.

Everything connected to the mainframe will be
switched OFF!

6/15/22

Qe O] 6] iBest

=

MMG_RESET_NET

Mainframe Reset OPERA

CAEN System Reset Network: MMG SY4527 Mainframe Remote Reset

Ctrl/ReadoutLoop
Agilent Control m Agilent Readout Loop “ ‘
ResetSignal
Side A/C
Mainframe MMG O Soft Reset Set Reset Signal Clear Reset Signal Refresh

(O Reset Signal Not Present @ Reset Sent/Present  (§) Unknown (7} Command being Processed

[Mainframe Reset Flag (Reset Mode] Configuration -- read only, changes need to be done on the mainframe directly |
—Side A/C

Mainframe MMG

No panel available!

Add panel within panels/fwAtlasSecondaryPanels
for: MMG_RESET_NET

HEP-loannis Drivas-Koulouris 15



STG CAEN Reset Network
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FSM consists of two nodes : one for Mainframe and one for
the Branch Controllers

1. Mainframes Reset
Same logic and procedure with the MMG.

2. BRANCH CONTROLLERS Reset

Currently, two out of four lines are used! If the granularity increase
also the other two will be used releasing Br02 and Br0O3 from their
initial lines. Thus,

#52: Br00, and Br02 for side A

#54: Br01, and Br03 for side C

6/15/22 HEP-loannis Drivas-Koulouris

[ @k [ © [ 0] [NOUSER |

sraneserver
Hanianes

Branch Controllers  ["GPERATIONAL |

CAEN System Reset Network - STG Branch Controller Reset

ReadoutLoop

CurentAddress 0 AglentConrol  [RUNNINGI
Runing [IRUE| Updating [IRUE| Active? (DACVot) O Agient Readoutioop  [BUNNINGIIN
Controller Reset Chans

Branch Controllers Reset
SideA  SideC

o o o1 BICHT 00 BrCiT0
52 54 PSSTGO1 BrCtri-01 Brctl-03

@ OK @ Disabled @ Unknown () Processing Request () Reset Signal Present

STG RESET NET | Qe © &

No panel available!

Add panel within panels/fwAtlasSecondaryPanels
for: STG_CAEN_RESET_NET

STG RESET NET

Mainframes

CAEN System Reset Network: STG/MMG SY4527 Mainframe Remote Reset

Crl/l P
Agilent Control  [NSRUNNINGT  Agilent Readout Loop [INRUNNINGI ‘
ResetSignal Refresh
Reset Signal Not Present
Mainframe O Soft Reset Set Reset Signal | | Clear Reset Signal i

O
@ Reset SenvPresent
@ Unknown

The specific line holds: STG HV, STG LV, and MMG LV!
(O Command being Processed

Note:

CAEN Mainframe Remote Reset is an expert operation for the case where acceess to USA15 and the hardware is unpractible.
Before asserting a reset signal the CAEN OPC Server and corresponding OPC clients should be stopped.

For a soft reset, be sure back-plane and SY4527 CPU response is configured as expected |

[Mainframe Reset Flag (Reset Mode) G — read only, changes need 1o be done on the mainframe directly ]

Mainframe

STG RESET NET

No panel available!

Add panel within panels/fwAtlasSecondaryPanels
for: STG_CAEN_RESET_NET
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Summary

All A7038AP Boards have been tested succesfully. No major issues have been found, and all the boards have
been qualified and have been installed at P1.

All the HV infrastructure is in place from September 2021, along with their dedicated DCS system:s.
The DCS System for both sides has fully integrated and is fully operational.

NSW Reset Network has been installed and tested successfully and now is in use whenever is needed from
the detector experts.

The Caen Easy System is fully functional and operational for both sides of the NSW.

THANK YOU!!!
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