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Outline

“ Motivation
O The ATLAS Tile Calorimeter (TileCal)
U Why upgrade

“* Low Voltage Power Supply (LVPS) System
O Bricks

*» Testing Mechanisms for Production

O Burn-in station
» Functionality
» Test settings and outputs
> Interface boards
o Simulation of the PCBs
o Validation of the PCBs
» Control Programme - LabVIEW

 Summary
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ATI.ASI TlleCal

-
LAr forward calorimeter (FCAL) =

Central hadronic calorimeter of the ATLAS experiment.
o 4 sections — 2 central barrels in the middle and 2 extended on either side. Each divided
into 64 wedge shape slices.

TileCal samples energy of hadrons by interacting with 500 000 scintillators
within the system.
TileCal has critical role of measuring the energy and direction of showers

when the particles collides with steel plates.
o Jets, hadronic decays theta-leptons and missing transverse energy
o Provides muon identification and inputs to the level 1 calorimeter trigger system

LVPS box are positioned within each wedge segment of the TileCal, LVPS brick
located inside box to power all of the front-end electronics, housed within
same drawer.
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Why upgrade?

&

O Phase Il upgrade of the ATLAS detector will increase luminosity by
factor of five.

O High radiation levels and increased data processing requirements,
redesign and replacement of read-out electronics is required.

Q Improved reliability through redundancy and simplicity, to improve
durability and reduce maintenance.

O Move away from the present single point failure in readout system.
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LVPS System

Block diagram and functionality description
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LVPS Brick V8.4.2 locally produced
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Function: 200V DC bulk power converted to +
10v DC at 2.3A which is distributed to Point-of-
Load Regulators within the Front-End
electronics

LT1681 Controller Chip: heart of design.
o Dual transistor forward converter
o Provides switching at 300 kHz

FET Drivers: Drive the Field Effect transistors
o When conducting current flows to the
primary windings of the transformer
which transfers energy to the secondary
windings

Opto-Isolators: Provide voltage feedback for
controlling the output voltage

Shunt Resistor: For measuring the output
current

Protection circuitry: Over Current Protection
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~ Functionality of Burn-in Station
\ N < " o~ -
T, q»*\\' = . )Q_‘ 0 The purpose of the burn-in
2 e process for power supplies is
S to weed out "infant mortalities”

o This is to improve the reliability of the LVPS
brick

: \ O LVPS modules (bricks) are subjected to
L S stressed environment
2 \ o i }r/ o
, B o Electronic load and temperature are
Y \ Viain boa elevated
;4 ~ miE O Accelerated aging is performed on the
bricks

o To check operation life
o To identify components which fail to
perform at their maximum rated limits

O Operating parameters :

o Runtime ~ 8 hours
o . Load at 5A with temperature up to 70° C
0 LabVIEW Control Program is used to
control and record parameters of the 8
bricks
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Interface with each brick for control (enable,
start-up) and monitoring (reading measured
values)

L Behavioral parameters measured (voltage,
current and temperature)

0 Receiving 200 V and providing it to the brick
(switchable power)

UART interface with the main board
Programmable microcontroller PIC16F883

U Programming provided through dedicated
programming connector

0 Local power provided through AC/DC

modules RAC03-05SC and RAC03-15SC
U 5V and 15V DC are generated and used locally

22-30 JULY 2021 SAIP2021 thabo.james.lepota@cern.ch 8



Simulation of the interface board
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0 Schematic diagram is used to draw up a simulation of the board using Proteus 8
software package.

0 Microcontroller PIC16F883 is programmed using MPLAB XC8 and CCS complier, it
transmits and sends commands to different components.

O Simulation is used to check the signal flow and functionality of the PIC
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interface board

B Bk mmI® k. L & F OB
m 5 - == it ,*‘ ,e/ ,0
Compile Build Build All Clean L5200 [ Erncair;m " Debug C/ASM List Symbol Map  CallTree  Statistics  Debug File
Compile Target Chip View Output Files
BurnInModuleTest.c | BrickInterface. cospit
[ L
o 2 ide <16FB83.h> . =
& 3 delay (clock=16000000)
_— 4 s NOWDT,HS, PUT, NOPRCTECT, BROWNCUT, WOLVE, NCCPD, NOWRT, NCDEBUG <
H 5 5232 (baud=%600, xmit=PIN Ce&, rcv=PIN_C7) Ju rs: 8 to 11, 7 to 12
g [ fast_iol(R)
g_ T fast_io(B) o
|7 | 8 fast_io(C)
2 3 5 - = - z - 4
b 10
iy 13 #define BUFFER SIZE 32 £
= 13 BYTE buffer[BUFFER SIZE]:
g 138 BYTE next_in = 0;
B 1s BYTE next_out = 0;
15 int32 adc_wvalue:
16 float adc wolt:
1N char X: - MPLAB x lPE
18
19 #int_rda
20 vold serial isrci)
21 int €
22
23 buffer[next in]=getc():
24 t=next_in;
25 next_in=(next in+l) % BUFFER SIZE:
26 if (next in==next out)
4
LR LY Insert Pit: BurninModuleTest C\Users\E 10130000C160AISSE2A0C30DS00DA 10473981590
:1013E0000630D5008411C4238A158A11C1 26841580
| Dulpul] :1013F000962A0230D5008A11C4238A150230D500F E
01400008A11C4238A158A11C1268A1506 24043046
Memony usage: ROM=59%  RaM=23% - 43% . 08D5008A11C4238A150438D5088A11C42348
0 Enars. [ Warnings 10N 3mlsnCa0050RDALICA S0ATSOAL1S9

Build Successhul :10144800C1268A15962A0830D5088A11C4238A1528
:101450060830D5608411C4238A158A11C1268A153D
+10146008962AD6615230D5008A1167218A15F 8882C
+101470000319472A5208D5008A1108268A1552681E
+10148000D5008A11D8268A1 58A1117258A15962A19
:18149006D6015230D5008A1107218A15F8080319A0
:1814A0085E2A5208D5008A11C4238A155208D50035
:181480008A11C4238A158A1117258A15962AD601FE

L Code is loaded to the compiler CCS then it get complied and the Hex  puwimesoe e

. . . . :1014E008D8268A158A11C1268A15962AD601523025

:1014F008D5008A1107218A15F80803198C2A520889

file is then flashed to microcontroller using the MPLAB X IPE.
:101510008A158A11C1268A15962A33300CLEBE2ARE
:19152000990839300C1E922A9900962AD28155282A
:82153000630056
1B4400E@OE22FFF3F5F
:B00BRRA1FF

L PIC16F883 works as a multiplexer whereby it selects between A
§everal ana]og or digital.input signals and forwards the selected ., sije flashed on the
input to a single output line PIC16F883
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Validation of the interface board

K| Courtesy of Roger

ASCII Character FUNCTION e B e \\‘
1 Brick 10V ON = -A e — A\
2 Brick 10V OFF y == > = -
3 Brick 200V ON
4 Brick 200V OFF
r Brick Start (Run_IN)
o Brick Stop (Run_IN)
g Read brick input current (ADC)
i Read brick output current (ADC)
t Read brick input voltage (ADC)
4] Read brick output voltage (ADC)
e Set brick temp 1 (ADC)
f Set brick temp 2 (ADC) et
q Read back address SRR IEDIGE
ASCII ADC OUTPUT (Voltage and
Input channels with | Current)
Characters | positions
q CHO-CH1 -1.250014 VvV
t CH2-CH3 -0.945255 Vv
s CH4-CH5 -0.642216 A
p CHB-CH7 -0.340653 A
m CH8-CH9 0.0007241 V
e CH12-CH13 0.3154422 A
f CHB8-CH9 0.6418322 A
i CH15-CH16 0.9362935 A
q CHO-CH1 1.1039902 V
t CH2-CH3 1.2500190V
s CH4-CH5 1.0552374 A
p CHE-CH7 0.8690014A [/ = MR I
m CHB8-CH9 0.5930806 V : =] smavu]_swanga £ 5| :‘
m CH8-CH9 -0.002705 V| - 2o e | :

QO A circuitry used to validate the receive and transmit lines of the PIC

= ‘ smguc‘ x:mE| Delays [0 2[[0 2] Fiing (9]

0 ADC (LTC2449) - digitizes all analog input signals from a brick

22-30 JULY 2021
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Burn-in Station: LabVIEW C

Programme

ontrol

MAIN PROGRAM BURN-IN
- - = STOPRUN
EXECUTION BEGIMS USE PORT A: USE PORT B: OPERATOR?: Final Trims for bricks IT_Loads owrn.(inminutes) P
hases: x| foasma v LEPOTA LONG TERM BURN-IN TEST load0 Losd1 Losd2 Load3 ;3
—— RUN FOREVER £ o “0
CARDS INPUTFLE: Cards OK?  Initialization message o700 Timeto run (HHMM) 420 0
PROMFT CARDS_BURNIN3.TXT J BURN-IN Initialization OK ‘DD 0000 | Remaining LT time * - Load 4 ’_LDE‘* 5 - Load 6 - Load 7 STOP
USER TO 4 — NO — wnd YES Y, ) 40 (g0 [0 [ofi0
=ER TEST FILE DIRECTORY: 00:0000 Elapsed LTtime » events
EMTER % CABURNINZUIRI-test_2011 = Startup trim {16 lo
BRICK IMFO
1D brickT: Vin V] Vaut V] T1_Max  Eff_Max 1D brick6: Vin [V] Vout [V] T1_Max Eff Max 1D brick5: Vin [V] Vout [V] T1_Max  Eff_Max 1D "’i?kj* Vin V]
= : [199.5884 | [3.2455 | 60024 97.7440
CREATE AND SAVE NO [199.5884 | [3.2455 MmN 1: =gt I NO 199.5884 | [3.2455 mEmEE B NO [199.5884 | [3.2455 mummmm i 197.7440
i lin [A] lout [A] A T1Min | Eff Min lin [A] lout [A] SadIRE_|_| T1[Min| | EHLME lin [A] Tout [4] IR T1Min | Eff Min lin [A]
TS FILE 0.2334 9.414865 | |9.48037 0 o 0.2334 9.414865 | (948937 0 0.2334 9414865 | |0.48937 [] 0 0.339
EFfL%] EffL%] Eff[%]
Templ [C]  Temp2[C]  Temp3[C] f65.59 6 Templ [C]  Temp2[C]  Temp3[C] 5550 5 Templ [ Temp2[C] Temp3|[C] =5 4 Templ [C]
31.0562 1.2500 183343 31.0562 1.2500 18.3943 31.0562 1.2500 | [18.3943 | 59.5668
INTERFACE Brick7. LTTTest; Tempt + Eff Temp! R Brick6. LTT Test: Temp1 + Eff Temp | [ Brick5. LTT Test: Temp1 + Eff Tenp! [N Brick4. LTT Test: Temp1
o
BOARDS STOFP
5 ESESSESEEEssEmsiees SEESEEEEEEEEaEEEeE B e A
yes g SEESSiesseemnne B g SEESSEEEESSSSseSes
SET LOAD iRl EESEEEER] | =
. . Time [min] Time [min] Time [min]
TRAIL RUN TURN ON Time [min] & 28] v ET——— Time [min] & | 8wy JE TN Time [min] & | TR — Time [min] ale
Tempi [oC] /Eff | 2[4 Temp1 [oC] / Eff 0| (2% Tempt [oc]/ £t B %1 Temp1 o]/ Eff | B0
IDbrick3: iy Vout ¥l Ti Max  Eff Max 1DbrdR:  yin Vout V1 TiMax EffMax | IDbrickl: gy Vout ¥] T Max Eif Max | Dbrickd: o p
Yes NO 996036 | [5.3024 | [no 198.5689 | [5.2928 0 0 NO 199.0563 | 26251 0 0 NO 197 8340
FAIL TO RUN STOP Iin (A1 lout [l MoudiAl T1.Min Eff Min lin[Al loat[A]  "oad[Al  TiMin Eff Min Tin [A] ot T (POt NI i e Iin 1A]
0.3373 8.956818 | 10.2728 0 o [03350 | [9.254208 | 102763 o o 0.2613 9.414865 | |102162 [} 0 0.2479
Eff[%] Eff[%] EEf[%] [T T
3 Temp1 [C] Temp2[Cl  Temp3 [C] 8091 2 Templ [C] Temp2 [C]  Temp3 [C] 81.76 1 Temp1 [C] Temp2 [C]  Temp3 [C] 7119 G Templ [C]
RRRaN?_ | 12500 | RRansa | R7aa17 | [ 7800 AR az7a_ | 704016 | [.2500 | [36.6313 | 7anarm |

POLL ALL INTEFACE
EOQARDS FOR
EVALUATION

TEST COMFLETED

yes

Front graphical panel of the LabView program for burn-in
station: shows input and output voltages, current,
efficiency and temperature on each brick.

LabView execution diagram
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Summary

** The Burn-in station development is currently in :

progress with all the boards undergoing functionality
test and how it is interfacing with the LabVIEW control
programme .

“* The testing mechanisms are essential for quality
assurance to validate reliability of design and
construction or manufacturing techniques of the
bricks before they are shipped to CERN for further
tests.

“* Wits Institute of Particle Physics is tasked in
producing about 1032 of the LVPS bricks for ATLAS
Tile Calorimeter, which will power the front-end
electronics of the detector.
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Comments or Questions??

Kgotso, Pula, Nala!

KE A LEBOHA.
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Back slides
Stage 3: Point of load Regulatbr;s: -

Super Drawer -4 Mini Drawers
(2) +10V On Detector s
& 1o gk 1 per Drawer On Detector
254 i 1 per 4 Drawers : USA15
4 2000c 1
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- Point-of-Load Regulators
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Back slides

Burn-in bathtub curve for electronics failure rate

Failure Rate
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Back slides

Hlerarchy of the VI’s (Vlrtual lnstruments) for
the LabVIEW control programme
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