Towards a Detector

Control System for
the ATLAS Pixeldetector
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Overview of the Detector Control System
The Front End System
The Back End System
Experience with the Testbeam Setup

Summary and Outlook



Tasks of the DCS

Guarantee reliable data taking + safe operation of the detector

=> Monitoring and control of hardware

= User interfaces for experts and shifters
- Reaction to error conditions and error reporting
- Histograms for trend analysis

- Communication to Data Acquisition System

+ Our detector specific constraints:
- high power density
- harsh radiation environment

- inaccessibittf§ SR TohG Y&y of Wuppertal



Overview of Pixel-DCS
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Front End System
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Power Supplies

- depletion voltage for the sensor
- two low voltages for the front end electronics
- three low voltages for the optolink

Grounding and redundancy considerations = high granularity
ca. 4000 power supply channels

> High level of local intelligence
> Operation of channel groups
> Support interlock system

Susanne Kersten, University of Wuppertal



Evaporative Cooling System

Ca. 20 kW total power dissipation must be removed
minimal extra material in the tracker sensitive volume

H Pneumatic rack
3z=| ItoP drivers

USing C3 F8 Inlet pressure

requltors Back pressure
regulators

non-flammable
hon-conductive '
radiation resistant

Liquid line
DN 20
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h=6100 mm

Detector can be cooled
down to —6 °C v

Pixel&SCT
structures inside

Vapour line
DN 40
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Prototype at CERN:
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mbedded | ocal

VAP, VAG
5.5to 10V,15mA

64 ADC channels 16 bit

34 digital IO lines e

Voltage 5y
Regulators

Radiation tolerant :

onhitor 2ox

General purpose front end IO device developed by ATLAS DCS group

—+ 64 ch

o MUX T
ADC

=

CAN serial fieldbus — *E%j

CANopen protocol

VDP, VDG
VCP, VCG
8 to12Vv,
DIGITAL GND 20mA
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Regulator oV l CAN GND
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I Regulator 5V
AT90S2313 DIP switches *—lﬁ
SLAVE y
OPTOl«—— CAN
ATmegal0s CAN Trans-
—
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4k EEPROM
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Pixel: ca. 250 ELMB
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Digital 1fO shmbh 3 ppt

ATLAZ/DCE 811 2000
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Thermal Interlock System

Aim: protect detector modules
against risks associated with

- de-lamination

- latch ups

- failure in cooling system

NTC resistor on each detector
- standard monitoring

- hardwired Interlock-Box

Logic Unit: combine signals

guwelr tL:m:al |
u ontro
Sype% @tlun
Loqglc
Un?t ------------- ELMB---
Emergency
Exftrg
Interlock = _
Box ELMB
‘ standard
DCS
fine

NTC

temperature sensitlve device

opto couplers, adosnpagaeren, University of Wuppertal

monitoring



The Interlock Box

Robust solution! Not relying on any @:FDL
i UHIB 3k9 ++ Ic2 15
softwarel 1§ >
R5 1M -/
(see text) ?:g +5 IC3 7(;1LCX02
. . I Sensor -I:I——BPA IC6
2 bit logic: o i?}j N\
. R7 1M )D—Q
temperature too high, AR
—{6PA 02

O_ESSG
temp too low, o I

broken cable, short circuit ,
. _ [] Rez| | LCF Ri2[] LCt
i ]

Overall max. error: 1K

Reference section, common for all channels

Oper‘aTion in r‘adiaTion enVir‘onmenT: [ NTC I-Box circuit P. Kind 5.2002 Uni Wuppertal j

5 x 10 ' n/cm?
93 Gy Susanne Kersten, University of Wuppertal




Mapping between Hardware
components and Software

Motivation: graphical surface,

[ | |

make Pr'OblemS €Viden1', (eneap [_[BYLE!;J ‘3 L uy:);a?] (Endesp2)
Layer 1-1 LayerZ—Z_J

easy problem tracing ﬂ

[PCC#O1] [PCC#OZ] [PCC#’JG] [F'CC#‘.M] [PCC#nn]

Geographically oriented tree | | | | |
STPUCTUPZ [BDU#O1] [BDU#OZ] [BDU#QG] [BDU#12] [BDU#13]

tical link

Level 1: pixeldetector
Level 2: shells and disks

Temp 2
Interlock 1
Interlock 2

Level 3: parallel cooling circuits

Level 4: Base Detector Unit
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Back End System
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Supervisory Control And Data
Acquisition System: PVSS

Commercial product PVSSII from ETM, Austria
LHC wide decision
Can be distributed over many stations
Flexible and open architecture
Basic functions for automatisation
Standardized interface to the hardware
Application programming interfaces

Susanne Kersten, University of Wuppertal



Datapoints - ...

=23 DETEDU :
B commaon
=2 [:| Interlack = E lock
...... ~.[21] OptaLink -] Infarmation
...... ~.[21] Codling E| |:| B Layer?
------ - Interock P
------ - [nterlock2
----- - HW[DE T olt]
----- YWdda[DE T alt] i
----- Wdd[DE T alt] e i DI:' vpe
..... Status Create Dp wpe
|E||:| TempSenszar
...... - [5] Temp Create Dp
------ - Templnterlock i
------ - [54] Temp?2 Marne
------ -[01] Templnterlock?2 [‘“_‘| Imterlock
[:| Hy
|:| Ydda
. . . -] vdd
Basic properties defined by the dp type - (23] Status
. . L - 1] TempSensor
Dp = logically related process variable a3 BDUN2
- : : : : - #[Oeouos
Individual configuration attributesindp = = = & onins

configuration, reaction, GUI via scripts
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OPC server

PC with PC with PC with
Software A| | Software B | | Software C

Connection between PVSS and
CAN nodes via OPC server

LE for Process Control Apparatus1}

Apparatus 2 {Apparatus 3}

Based on Microsoft object
Model DCOM/ COM {

Goen | Gowe | T |
Industrial standard interface e L2l lent

No specific driver for each
client

Server A ServerB Server C

NEN

OPC }
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Testbeam Setup
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Aims and Questions

Support shifter with information

Experience with PVSS, are our needs covered by the program
Temperature behaviour of detector module

System test for thermal interlock system

DCS and DAQ together

Build a system which can be used for performance tests
(operating parameters ..)

Build a system which can easily be expanded
create basis for hierarchical structure - BDU

Susanne Kersten, University of Wuppertal



Testbeam DCS Setup

Room
I
[“’““’ ”““!’ - _
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~ (Detector Woaue ) Detector
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I 2002/09/02 10:53:36

DP - Type - creation

DP - setting

Alert settings

prepare Hardware

Config Hardware

NTC-calibration

monitoring

Temp. cool. box (in)

Temp. cool. box (out) |||

Temp. supp. & mod.

Detector

PVSS Startpanel

- apparatus oriented -

For

- geographical or application oriented -
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i Setup DP-Types

Create CAN-Bus-DP-Type

Can-Bus-OP.

Create ELMB-DP-Type

ELNB-DOP-Ty

Prepare PVSS

=1E1>]

i DP Settings

Create TBcoolingbox-DP-Type

Testbeam-OP-Type completely exists

2002/09/02 10:53:36

DP - Type - creation

DP - setting

Alert settings

prepare Hardware

Create TBdetectorTemp-DP-Type

TBdetectorTemp-DP-Typ ists

Create TBmodulesCV-DP-Type

Testbeam-0P-Ty

References

#1 cooling_hox CANopen$CANopenGroupEDEMO ELMB_1.
#2 ternp_detector CAMopen$CANopenGroupFDEMO ELMB_2.
#3  Interlock CANopen$CANopenGroupEDEMO ELMB_3.

Config Hardware |

NTC-calibration |

i setup Alerts and Interlock ;[Qlil Create & Set ELMBs
monitoring :
Temp. cool. box (in) | software interlock temp. 50,00 °C

Temp. cool. box (out) | i
Set software interlock temp.
Temp. supp. & mod. |
Detector | ALERT Temperature: 45.00 °C
e ——— ,
Warning Temperature: 40.00 °C

Set Alert Handling

Create & Set TB cooling-box |

Create & Set TB detector Temp |

Susanne Kersten, University of Wuppertal



=I01x]
Config CAN-Bus

Configure the

ardware
{5

ELMB: cooling_box

ELMB: temp_detector

| 2002/09/02 10:53:36 ELMEBE: Interlock

DP - Type - creation Conﬁg ELMB
Sync Interval
DP - setting j \. read Value
Config ELMB
- T .
Alert settings | N =zt value ta: I EDDD
Type of it PORT
temp_detector e of measurene
prepare Hardware = resavaie [0 C ¢eoeo
Conversion Rate s vt g 6 4 2
e (X B N ]
Config Hardware o o 1 A X Metweork managment
Ao s ool vao BELETD CAN - Bus read Yalue
. . read Yalue: i 5.0 Hz (ol Metwwork managment ELMB F sea0
NTC-calibration sot valuedo: € 300 He (1) B84z Sync nterval
100 my () % 51 B Hz (2) read Valls EI *sSee =t value tao:
55 my (1) g 133151"'; (331 zet value to: r 5 3 1 read Value: u r
monitoring £ 2mv (2) 185 ZS( )  stop (0) A SBO® stop (0
g 1000 m (31 a2 H; EB% & start (1 III g B 4 2 Metwork managmert
Temp. cool. box (in) | o ) 35 £ reset (128) o seeel |l . .. & start (1)
S | ¢ reset(129)
Temp. cool. box (out)l Plug NI 1 Plug Nr. 2 Plug Mr. 3 Flug Mr. 4
Ch_i [t837 counts] 24934 || |ch_i7 [te240counts] 1 3212 V|| [cn_a5 [16852 counts| 21751 w]| | ch_a9 [8852 courts| 21781 v
Temp supp & mod | Ch_2 18323 cowts| 24942 % Ch_18 [10248 counds| 13222 Ch_34 (16938 counts| 21889 Ch_50 14072 counts| 1.8160 Y
. o . Ch_5 | 83985 counts] 1 2907 || [Ch_19 [10767 counts] 1 3117 || |ch_35 [16858 counts| 21760 v || |ch_51 | 1798 counts| 02228 W C nl-' " ELMB
Ch_d [18321 counts| 24939 V|| |Ch_20 [10187 counts| 1 3148 V|| | ch_36 [16858 courts| 21758 || | Ch_52 19378 counts| 24933 Y on IQ a s
Ch_5 [t83t8counts| 24935 v|| |ch_2i [10S8ceunts| 1 3102 V|| [on_a7 (16880 counts| 21761 w|| | Ch 53 [885 courts| 21752 v
Detector | Ch_§ [18375 counds| 24930 V|| [Ch_22 |?0222 counts| 1.3188 V|| |ch_38 [76962 counts| 21764 || | Ch_54 [14078 courts| 1 @160 Y
Ch_7 [t8320counts| 24935 v|| |ch_23 [10234 counts| 1 3204 V|| [cn_sa (16880 counts| 21761 w|| | Ch 55 | 178 voarts| n2zza v

Ch_8 |1937Scounts) 249304 (| [Ch_24 70276 counts| 1 3181 W Ch_40 (18834 courts| 21753 W || | Ch_S6 |19378 counts| 24933

Ch_8 |19313counts| 24929 W |( |Ch_25 |10976 counts| 13129 Ch_41 [18838 courts | 21756 W || | Ch_57 |{884d counits| 21740 W
Ch_10 18323 counts| 24942 % | [ |Ch_26 |10200 counts) 13164 W Ch_42 18834 courts| 21753 W || | Ch_58 |14072 counts| 1 8160 W
Ch_11 [19372 counts| 24928 V|| |Ch_27 |{0978 counts| 13129 Ch_43 [18850 courts | 21745 W || | Ch_59 | P38 counts| 02229
Ch_12 18313 counts| 24909 % | [ |Ch_28 |10205 counts) 1 3166 W Ch_44 (18836 counts| 21786 W || | Ch_B0 |79374 counts| 2.4930 %
Ch_13 [1#325 counts| 24945 V|| |Ch_28 |19328 counts| 2 4943 Ch_45 [1885 counts| 21749 W || | Ch_f1 |8686 counits| 21769 W
Ch_1d 18327 cosnts| 24939 % | [ |Ch_30 |193227 counds) 24941 W Ch_46 18838 counts| 21758 W || | Ch_B2 |4082 counts| 18173 W
Ch_15 [1#313counts| 24929 Y| |Ch 31 |19322 counts| 2 4941 Ch_47 (18855 counts | 21755 W || | Ch_G3 | 1737 counts| 02230 W
Ch_16 18319 couts| 24930 % | [ |Ch_32 |19328 counds) 24948 W Ch_48 18248 counts| 21743 W || | Ch_B4 |79306 counts| 2.4920 %

uzed correction Walue:

rcants s [ ]  Callbration ¢4 Uref)|  Calibration (16 Uref)|

Susanne Kersten, University of Wuppertal



Operation Parameters for ADC
and CAN-Bus

No operation close to the limits!

max. hoise of ADC

—> Conversion rate:
61.6 Hz

-~ Synch Interval:
b sec

- Bus speed:

125 kBit/sec

35,0 sec
30,0 sec
25,0 sec
20,0 sec
15,0 sec

10,0 sec

minimum SYNC Interval

5,0 sec

0.0 sec

0,00Hz 2000Hz 4000Hz 60,00H:z

SYNC Interval and Noise of different ADC ranges

*

# min. SYNC Interyal
noise of ADC

14,0 mV

- 12,0 mV

10,0 mV

80mV

6,0 mV

40 mV

* *

20mV

ADC rate

- 0,0 mV

80,00 Hz 100,00 Hz

Susanne Kersten, University of Wuppertal
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Monitoring: Cooling Box

i Testbeam: cooling-box - inside ktemperatures

NTC 1-2 NTC 1-3 NTC 1-4 NTC 1-5 NTC 1-6 NTC 1-7
130408 Ohm| 132769 Ohm| 126354 Ohm| 135751 Ohm| 139405 Ohm| 141652 Ohm| 13661.9 Ohm
EDIEAUETE MBI 18.1 °C 176 °C 18.9 °C 17.0 °C 16.3 °C 159 °C 16.8 *C

NTC 1-8 NTC 1-9 NTC 1-10 NTC 1-11 NTC 1-12 NTC 1-13 | NTC 1-14

DP - Type - creation 141803 Ohm| 137725 Ohm| 144250 Ohm| 144373 Okwn| 149358 Ohm| 142106 Ohm
159 °C 166 °C 1654 °C 15 4 *C 145 *C 158 °C

: NTEC 1-8 NTC 1-5 NTC 1-3 NTE 1-1 NTC 1-7 Error oftemnperature
Alert settings 15.9 °C B3°c || 189°C || 18.1°C 16.8 °C [A=r =
- — — — : 0.3 °C
prepare Hardware T t T d
Config Hardware | MTC 1-10 MTC 1-9 emperature fren
15.4 °C 166 °C
NTC-calibration | L =" = e o :\ I
‘ =]
monitoring 14.5 °C [ e [ [ e e
Temp. cool. box (in) | * m L 17 fogleley
[

Temp. cool. box (out)l

=
=
o
L
s
=
=
oL
-
ra

MTC1-13 RTC 1-6 FITE 1-11
Temp. supp. & mod. | 15.8 °C 15.9 °C 17.0 °C 17.6 °C 15.4 °C
Detector |
I |

Susanne Kersten, University of Wuppertal



2002/09/02 10:53:36

DP - Type - creation

Alert settings

prepare Hardware

Config Hardware |

NTC-calibration

moenitoring

Temp. cool. box (in) |

Temp. cool. box (out)l

Temp. supp. & mod. |

Detector

i detector monitoring

PCC_1

=101 ]

PCC_2

PCC_xx

PCC_xx

PCC_xx

see Interlocks

i Temperature of PCC_1

Monitoring: Base Detector Unit

i

o]

Stave Nr 1

Stave Nr 2

Half Stave Nr. 1

$1.HS1.BDU_1.M2

i
R

S51.H51.BDU_2.M1

26.2°C

$1.HS1.BDU_2.M2 }

51.H51.BDU_3.M1 }
S$1.HS1.BDU_3.M2 }

S51.H51.BDU_4.M1 }

:

Half Stave Nr.2

S1.H52.BDU_1.M1

$1.HS2.BDU_1.M2

S1.H52.BDU_2.M1

S1.HS2.BDU_2.M2

S1.H52.BDU_3.M1

$1.HS2.BDU_3.M2

Half Stave Nr. 1

Half Stave Nr. 2

S2HS1.BDU_1M1 || | s2Hs2.BDU_1ma |
21.7 °C 21.8°C
s2Hs1.80U_1.M2 || | s2hs2.8pu_1m2 |
21.6°C 22.1°C
s2HS1.8DU_2.M1 || | s2hs2.BpU_2m4 |
22.0°C 21.8°C
s2Hs1.80U_282 || | s2hs2.8pu_2m2 |
22.0°C 22.0°C

;
:

BDU OK

$2HS1.8DU_3.M1 || | s2Hs2.BDU_3ma |
22.1°C 21.8°C

S2HS1.80U_3M2 || | s2.Hs2.8DU_3M2

et | N

BDU OK

52.HS1.BDU_4.M1

21.7 °C

b

software interlock termp.: 50.00 °C _soﬂware Warning termp.: 40.00 °C

Susanne Kersten, University of Wuppertal




Temperature Behaviour of a
Detector Module

i Temperature trend Supporkt

CURVE PATTERN | WALUE |TUNIT | TIME

Tempetature of supporting Structure 1

Temperature of supporting Structure 2

Tempetrature of supporting Structure 3

Average Temperaturs of A in coolingBo:x

Temperature of Module 1

@ E nv i r‘o n R Tem p Tempersturs of Module &

Tempersture of Module 5

Of 24 °C ngzrl,el;&ﬂm i

AT =8 K

with an active
front end
electronics




Summary and Outlook

Complete chain for thermal interlock system
Long cable no problem, no cross talk DAQ - DCS

PVSS covers our needs
Vision manager instable
trending pure - seperate tool for histograming

We now have a system
for further DCS system studies (several CAN Busses, ...)
where further quantities (LV, HV..) can easily be added

which can be used for the control of larger detector parts
Susanne Kersten, University of Wuppertal



