Control and Monitoring for a
serially powered pixel demonstrator
for the ATLAS Phase-Il upgrade




 ATLAS Phase-Il Upgrade for the HL-LHC
» Serial Powering

» Outer Barrel Demonstrator

» Detector Control System (DCS)
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- 5 times higher instantaneous luminosity

- Pile-up of >200 proton-proton interactions per bunch
crossing

- 4000fb-1 integrated luminosity over 10 years




R [mm]

 New full silicon
Inner tracker

* 4 double sided strips*
and 5 pixel layers

» Serial powering for pixels
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https://indico.cern.ch/event/697988/contributions/3055922/
https://indico.cern.ch/event/697988/contributions/3055922/

* Supervisory control and data DCS Power
aCQUiSition (SCADA) tOOI Computer Supp”es
for operation and user interface

* Three paths: Interlock
1. Interlock 2. Control/Monitoring Matrix Crate

3. Diagnostics

Readout

PPO

DCS
Controller
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Outer Barrel Demonstrator Program

» Several prototypes to test e Full Demonstrator
different system aspects ~ 6 serial power chains with

- Integration of modules electrical modules

- Inclined section:
4 x 8 dual-modules (2 FE)

— Barrel section;:
2 X 7 quad-modules (4 FE)

- 120 FE-I4 chips In total

- Thermal performance
- Full electrical system




/-Module Electrical Prototype

Quad Module

- 2A current for
SP chain

Cable Saver
Board

- 2V per module

s

to DCS
Controller



« Combinational logic with no * Monitoring of sensors

configuration required .
J . * Acts on power supplies

e Purely hardware based system

Humidity,
Monitoring F ;
Switch’
: 1 1

Emergency.Off
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Control and Monitoring path

* Independent of readout and interlock

* Monitoring of each module in the serial power chain with
the PSPP

— Reduction of sensor cables
- Temperature and Voltage

* Bypass to deactivate modules

PSPPV3
mounted on flex | g
<
FPGA as B
Controller and B S
interface to DCS -“*‘**“ﬂm .
Computer N
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e User Interface with WinCC

« Control and operation of
SP chalin

- Status and history

T1_L3 A XP_SC1_MS5_LV: T1 L3 A XP_SC1_M5 LV

V[ ATLITPDEMO1:DcsC 1/SCB1/Chips Actual.ModuleWoltage 265.03125
4] [QE-REEY

2.00
!

0.50 1.00
LR I RIS S T TR

0.00
!
*
[
T
T

I IS R Ry e L K A R N R R L R S R L K S R O O R S e R e R AR ERL
14-08-2018 14-08-2018 14-08-2018 14-08-2018 14-08-2018 14-08-2018 14-08-2018
15:20:00 15:25:00 15:30:00 15:35:00 15:40:00 15:45:00 15:50:00

DCS for ITk Pixel Demonstrator
Niklaus Lehmann

19.09.2018

~T1 L3 A XP_SC1

—WCAMN

—Bypass Flags

-

Chain
Control

|

—Module WVoltage
— M1

\I
II
un

—Module Temp

— M1

Close (Ctr+Q) |

VMeas

59.99V  |60.00v

WMeas

79.94 V

| Details |

| Details |

VMeas

14.68 V

Details ‘

alert VMeas

I - | G 2000 |

Details ‘

ViMeas

1201V

Details ‘




Module VOItage Supply current mcreased
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* Monitoring of temperature
and voltage on module level

- useful for debugging and
commissioning

e Overvoltage protection
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Source Scan with YARR

* Different readout systems used B 1 g

- pyBAR, RCE, YARR, FELIX 500 i
— Talk G. Unel, Poster E. Buschmann, C. Dulsen :: -
» Diagnostic path 20

10

not yet integrated 109

20 40 60 80 100 120 140 160

» Movable radioactive source

e Readout with SP chain Workini -

300

200

100



https://indico.cern.ch/event/697988/contributions/3055931/
https://indico.cern.ch/event/697988/contributions/3056115/
https://indico.cern.ch/event/697988/contributions/3056148/
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- Single ended AC coupled lines

« The PSPP communicates with a slow control bus (SCB)

— Constant clock at 200kHz and Manchester encoded data at 100kBit/s

e Threshold scan performed with

1. busy SCB, 2. normal operation, and 3. disconnected (no SCB, reference)
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 Complex system with many elements

 Full qualification of system with all components
necessary

- Found bugs in PSPP - solved in new version
- Behavior of HV and LV supplies in a serial power chain
- Monitoring of as many values as possible for debugging and
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* Finalization of full prototype

- Mechanical integration of modules
- Integrate all chains in DCS

e Further tests

— Test chain with 16 modules
- Bypass test with PSPP
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Thank you for your attention

Thanks to all peoples involved in the
Demonstrator program
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Supply current increased
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DAQ SYSTEM Heater
Readout
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source  Linear Stage E

CO‘, Cooling rﬁ
Cable Cable

Longeron in Handling Frame

'MENER WIENER
LvPs

MPOD
DCS
CRATE
DELTA Heater
LVPS

Erwironmental control
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Type 0 Services

* Flex for power and data
 Power flex includes PSPPV3
e Flexes assembled and tested

* Bent and then Integrated in Longeron
structure
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» DCS Controller in ARTIX FPGA
» Up to 4 SCB busses

- Intended to use 2 Controllers with
3 busses each

e Communication over Ethernet

- Modbus on TCP protocol
Implemented
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Input LED
Status LED

* Current source prototype
On L0 vty ® O

* Improved stabilization of
O oo M i @O supplied current

30...60Vv

* Still room for improvement
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* pyBAR: Bonn ATLAS Readout in Python

- FPGA based desktop readout system
- For module testing

* YARR: Yet Another Rapid Readout

- FPGA - PCle based readout system
- SW baseline for ITk

 RCE: Reconfigurable Cluster Element
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