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The ATLAS Tile-Calorimeter
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Fig. Left - The ATLAS detector, Right - The ATLAS inner Barrel, Right

« The Tile Calorimeter (TileCal) is a sampling calorimeter which forms the central section of the Hadronic calorimeter of the
ATLAS experiment.

« TileCal performs several critical functions within ATLAS such as: the measurement and reconstruction of hadrons, jets,
hadronic decays of T-leptons and missing transverse energy. It also participates in muon identification and provides inputs to
the Level 1 calorimeter trigger system.

» The detector is located within the region n <|1.7| and is partitioned into four barrel regions. Each barrel region consists of 64

wedge shaped modules which cover Ap~0.1 and are composed of plastic scintillator tiles, functioning as the active media,
inter-spaced by steel absorber plates.
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TileCal Phase Il Upgrade

New readout, Front-end and Back-
end electronics - to stream data to
trigger processor at 40 MHz crossing
rate providing fully digital data to the
trigger processors;

Improved radiation hardness of
electronics for high luminosity
environment.

New mechanical frames to house the
front-end electronics;

HV(PMT) will be controlled remotely;
LV: Unified Input to FE electronics
power to 10V; individual Brick control
Upgraded calibration systems|(
Cesium and Laser);

Redundancy introduced in data links;
Replacement of 10% of PMTs
associated with the most exposed
cells;

Ryan Mckenzie, University of the Witwatersrand
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10 VDC OQutput
10 VDC Output
Connection to

Embedded Local
Monitoring
Board

200 VDC Input

Transformer

Low Voltage Power Supply Brick

A transformer coupled buck converter.

Converts bulk 200VDC power to the 10VDC which is then distributed
to the Front-end electronics.

Makes use of inbuilt protection circuitry — Over voltage protection,
Over current protection and Over temperature protection.

1136 LVPS Bricks to be locally produced by SA-CERN over the next
two years.

The required lifetime of a Brick within TileCal is ~ 20 years.

L Fiter LCBuk  LCFiter

Fig. South African High efficiency LVPS Brick bottom view .
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Low Voltage Power Supply Brick

Thermography Production
High efficienc
X-ray scans VPS Brick
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Receive from Asserbly Quality Assurance Testing

Due to the Bricks being located within the Inner-barrel of ATLAS access to them is on the order of

once per year. Therefore, any failures will persist for up to a year.
Reliability of the Bricks is a key concern and as such a rigorous quality assurance procedure is to be

Visual Inspection implemented.
The procedure consists of a visual inspection, Initial testing, Burn-in testing and Final testing.

Awaiting Initial Testing

Fail > Repair Initial testing: Verifies performance metrics of Bricks
p
once received from manufacturer.
Awaiting Burn-in Testing
. i Testi Burn-in testing: Performs accelerated aging of the
urn-in 1estng electronic components of a Brick.
Awaiting Final Testing

Fail > Final testing: Verifies performance metrics of Bricks

Final Testing
once more to ensure that Burn-in testing did not

Awaiting Shipping cause any damage to the Bricks.

Ship to CERN
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User EBrick lype: Serial Number:
Ryan A Run-Enable

Initial Test Station TR e

1.04177 Violts

Start Output Voltage

The Test station is composed of 3 key elements: M s corert | Tetet | W | oo imcen
Min. Output Voltage _ Details > > o™ Input Current Monitor
Load Control -0.0083523  Volis

1' MeChanI.CS - TESt :fIXtu re Voltage Trip Point __Tsl#& _ __Details>> 33.00000 .
2. Electronics — Oscilloscope, HV power supply, LV power o i o ] o G e
supply, Electronic load, DAQ card and a custom Interface Output vy | Tenes | I .L‘“"E”“'e Less0n ——

Startup Verification ] 4 0.258126 Volts

board.
ut on vs Trim est # etails > > Terperature Monitor 1
3. Software — Custom LabVIEW control program (Please see vour et R e R .. T
e T

9 Ternperature Monitor 2

Edward Nkadimengs poster) , | :
ERagslput Boaioy _ 87.4989 Degrees Fahrenheit
Current Input Monitor _
Runout

High voltage (DC) power supply  Low voltage power supply  Test fixture with brick mounted tempeturevionior [ rater | M | pes> || | [ETMAuAL coNTRGL na ok

G OPERATIOM MODE:
Run All Manual Control ELL

Fig. Wits Initial test station LabVIEW control program

Connected to oscilloscope Connected to Brick

Connected to DAQ card

Oscilloscope Electronic load Data acquisition card
Fig. Wits Initial Test Station fixture. Fig. Wits Initial Test Station interface board.

Fig. Wits Initial Test Station.
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Initial Testing of an LVPS Brick Allook at Test 5: Output analysis

* Test 5 serves as an analysis of the outputs of a LVPS brick.
Parameter This test ensures that the bricks out characteristics are
Trip occurs at 11,6V within the range that the TileCal Front-end electronics

Frequency Standard 0 1000 Status of test: Pass can accept.

Deviation “ = = * The brick is operated at nominal load (2.5 A). — This is to
o \ be amended to 2.3 A

Duty Cycle Standard 0 b ; // | e The Bricks monitoring hardware registers the

Deviation L performance

Frequency Max (Hz) 290000 350000 T / ‘l * Observe that all but one of the sub-tests yielded a
, desirable result.

Frequency Min (Hz) 250000 310000 e l

Minimum Stable Load (A) 2 2.1 S GaR Raaeh el Wy

- I B
L. -2210‘3-1.510‘*-110“ 5107 00 5107 1107 15107 2107 I
Minimum Output Voltage 9.8 10.2 Time — =
-0.06971 o.m UL J ‘ 1
(V) ' '

Fig. LVPS Brick over voltage protection test

Over Voltage Protection (V) 11.5 12 | illustrating a pass. ,

Trip occurs at 11.6A S o il

Status of Test : Failure I : I I
Over current Protection (A) 10.25 10.75 2 ~. 15 — °"';:°:‘

10 / Iman vs Load viot 1 P
Output Root Mean Square 0 0.5 ’ / T}
Voltage E ° ‘
Clock duty cycle average 0 40 2 / \
._./_’//

Clock Duty Cycle Standard 0 0.15 ’
Deviation ;12510‘* A410° 510° 0 510° 1107 15107 2107 e e e
Start-up delay (Max) (s) 0.08 0.2 e -

Fig. LVPS Brick over current protection test
Fig. Wits Initial Test Station performance metrics. _illustrating a failure.

Fig. Test 5 output analysis
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T, = Equivalent operating time at T,

* A form of accelerated aging of electronic Ts = Stressed lifetime

. - T, = Operating temperature
components. Ts = Stress temperature
P . . .. B u r n - I n Te St I n g EZ = Activation energy
* Improves LVPS Brick reliability once on k = Boltzmanns constant
detector by encouraging failures associated AFy = Temperature acceleration factor

About Print Help (F1)

with the infant mortality region before Nokco? TipeCopactrFoed . Sk TeRam
. . [10.F Tantalum(Solid-Chip) _=||CWR - Chip 25T -
InSta”atlon : _l Application Temperature T Temp (T)
. . . Infant 1 1 v| [
d The Operatlon Of the LVPS brICkS at d hlgher Mortality : Normal Operational Period : w::r:(g!ut J Applmmwmljowmoasom J YD
. Period
load and operating temperature should cause il , g |
oy . . . . Q | | Failure Rate %/kPcHrs @+125'C' T+
the components to fail immediately within the 5 ' ! =
. . e p Ob d Failure Rat Ervronmental Conditions
Burn-in station as opposed to prematurely g . . e —————— ) I 5
within ATLAS. F | e : I
. . . = ', Rate ! Constant Failure Rate ' 0 Dby -
L4 We wa nt to St|mu|ate fa”ure meChan|smS b - -y - -: ----------------- :_ ——————— FIT=Base « PI[CY) « PI(T) « PI(SR) % PIY) & PI(Q)  PIE) x 1000 CWR Style - Tantakam Chip
A N Base = 0,00005 PI(T) = Exp[-0.15/(8.617E-5) x [1/Tamb - 1/298]] = 1,254
which are experienced within normal i : . P ST 1
2 1 PICY) = 1.0 uF"(0.23] = 2 424 PI[E) = Lookup Env.= 10
operation. ittt boessacs r— Fkﬂs;f::.sw.
* Primary components of concern are Time -
i i i ifi i Fig. Bathtub lectroni il te.
illustrated in the Slmpllfled Slgnal flow 9. Bathtub curve of electronics failure rate Fig. C29 KEMET capacitor failure rate calculator.
diagram. It is assumed that any failure of the https://ec.kemet.com/design-tools/fit-calculator/
components shown will open the signal flow
loop and cause a failure. 200y ——pf 2 —»l _TL v ] 20 e > Vout
T, Eq 1 1
o = AFy = exp[Ee(E - L : ,
T T pl X (T Ts)] i 2 Al L

The Arrheni i
e Arrhenius equation Fig. LVPS Brick simplified signal flow diagram.
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Burn-in Test Station Overview = B

mmmmmmmm

Burn-in procedure: 2 ; s [LI[L
« Endurance run approx. 8hrs at 5A o

e Operating temperature to be determined during calibration.

e 8 Bricks are undergo burn-in simultaneously.

The Test station is composed of 4 key elements which work -

together to facilitate the Burn-in of 8 Bricks per test cycle. e ’ II i

Mechanics — Required to contain the Burn-in station electronics,
provide thermal and electrical insulation.

Cooling system — Provides active cooling of the Bricks as well as
the Dummy-Load boards. Allows for the control of the Bricks
operating temperature.

Electronics — Will be covered in detail the next slide.

Software — Allows for the control of the custom electronics, the
HV power supply as well as the storage and real time viewing of

data. Fig. Brick Burn-in station cooling system block diagram.
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Burn-in Test Station Electronics

Dummy-load board:

* Acts as a variable electronic load for the LVPS bricks.
* Converts power received into heat via MOSFETS.

* Heat dissipated via cooling plates.

Load Interface board:
* Interfacing between main board and Dummy-load board.
» Allows for the control of the load applied to the Bricks.

Brick Interface board:

* Interfacing between main board and an
individual Brick.

e Used to control and monitor a Brick.

e Acts as a switch for the 200 VDC input to a Brick.

Main board:
* A multiplexer to each Interface board.
e Facilitates serial communication with PC.

a Fig. Testing of the WITS Burn-in station before final integration with the chassis and cooling system..
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TileCal Phase-Il upgrade

* In the year 2027 the start of the operation of the High-luminosity Large Hadron Collider (HL-LHC) is planned
with a foreseen peak luminosity of 5 x 1034cm™2s1.

« The resulting HL-LHC environment has necessitated the development of new electronics, both on and off
detector, in order to ensure the continued peak performance of TileCal.

LHC / HL-LHC Plan HiLur Y

LHC HL-LI'{C :
| Run 3 | Run4-5..
LS1 EYETS LS2 13- 14 Tev IREAS LS3 14 TeV
13 TeV energy
Diodes Consolidation
splice consolidation I LIV Installati =
7 TeV 8 TeV button collimators ﬁarl}?nlarg\‘i‘on - SO nner tripie Hoihs
— R2E project regions Civil Eng. P1-P5 radiation lignit installation

== —

5 to 7.5 x nominal Lumi

ATLAS - CMS fssslacbos
experiment upgrade phase 1 ATLAS - CMS 1
peee rominal Lumi _2Xnominal Lumi ALICE - LHCb (2. nominal Lumi e

.‘
75% nominal Lumi| /—‘ upgrade
EXs [ 190 b | (3500 imegrated (SR
luminosity EELIITE (VR

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY € PROTOTYPES / CONSTRUCTION INSTALLATION & COMM.H “ PHYSICS

Fig. LHC/ HL-LHC Plan (last update January 2021) The HL-LHC project | High Luminosity LHC Project (cern.ch)

Ryan Mckenzie, University of the Witwatersrand SAIP2021
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TileCal Phase-ll Upgrade power distribution [ 4" [w]

Y1 MHz 20 MHz
TDAQ
FPGA rigger
High Voltage (HV) Distribution System [ Lﬁﬁs }
e The HV distribution system provides regulated high voltage to individual HVADs. It z $
consists of HVremote boards that provide primary HV which is distributed to the HVADs || [Tierer | ,  MD: Mini Drawer
via passive HVbus boards located within the Minidrawers. FPGA signal 3 SD:Sup:r Draw:e( |'
e The upgrade removes the radiation hardness requirements of the HV regulators as L RE? § -FFﬂ”bZ rhete mAtipler
regulation is now implemented off-detector A | et < ’|’%  FELIX: Front-End Link
e Buffer eXchange
\ HVPS Remote System DCs f J { O-Tx TDAQi: Trigger and Data
Low Voltage Distribution, Control and \ Pipeling "l RTx /:;gl/iisi:‘iolz'”tefface
. e e It~ eraeY e A R e - : Fie
Monitoring System (LVDCMS) — t7 T4 Programmable Gate
e This system provides low voltage power to — 2 g Array
the front-end electronics of the Superdrawers. 10 voe % : TDE:P/K‘:‘;LC’gcTezsgirgital
The off detector Auxiliary boards (AUXboards) T 2 /—<—‘ E| l‘g{ Converter
operate as 200 VDC power supplies as well as / om El/t?vlje:gil\/giZZr'OItage
perform control and monitoring functions via = v signal FPGA (¢ | FPGA ST DCS: Detector Control
o 1 © | b ol woac [ | conditioning I Syst
the Embedded Local Monitoring Board (ELMB) / S "MT. HVAD ﬁ.—L F E(IS\/IeBTEmbedded Local
. b MGT ' .
of the Low Voltage Power Supplies (LVPS), of ! . l Monitoring Board
which there is one per TileCal module. The @ ¥ ADC BT p— ELMIIB;\I/IVIB:.fm.bedBdedd
> : = OCa onitorin oar
new on detector LVPS is radiation hard and is (A0MH2) |5 14 Fomat | 4 Mother Bomed
comprised of eight Bricks which function to HV: High Voltage

step-down the 200 VDC received from the AUX e Davghterboard /L tmtveonl;age
boards to the 10 VDC required by the Point-of- Mainboard

load regulators located on the MBs as well as
an ELMB. Fig. The upgraded readout chain and power distribution of TileCal.
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TileCal Phase-ll Upgrade mechanics

* The On-detector electronics are housed in a new modular configuration in which one drawer
(Superdrawer) is composed of 4 functionally independent Minidrawers (MD).

 The new configuration simplifies installation and  manipulation creating better conditions for
servicing within the high radiation environment.

Fig. Tile new super-drawer architecture, ATL-TDR-028 - LHCC-2017-019, pg 69 Fig. Super-drawer architecture designed explicitly for Extended Barrels
modules, ATL-TDR-028 - LHCC-2017-019, pg 70

Ryan Mckenzie SAIP2021



PMTs and High Voltage Active Dividers(HVADS)

PMTs receive scintillation light
via wavelength-shifting fibres.
This light is then converted into
electrical signals.

A total of 768 PMTs located in
the most exposed regions will be
replaced due to aging.

The HVADs make use of
transistors and diodes in
addition to passive components.
They are responsible for dividing
the received high voltage power
between the individual dynodes
of a PMT.

The Upgrade ensures that the
calorimeter performance, in
terms of linearity and energy
resolution for the measurement
of highly energetic jets is
maintained.
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b

Sl PMT. HVAD H—L

SAIP2021

1 MHz
]
I * 1 MHz +a0 MHz
TDAQI
FPGA Trigger
objects
= FY
=
&
Tile PPr | .
I —
FPGA Signal iﬁ_
»| TTC RECO E:
RECO . . §
o - GBT | =
Buffer 1
HVPS Remote System DCS 5 J L 0-Tx
— 512
IR e
Pipeline
""""""""""""""""""""""""""""""""""""" S r
ELMB-MB @ 3
2l IR
ELMB2 4 i
10 VDC E g
2 | &
=) o
/_t ANt
0-Tx

| R-Tx

F
i MGT '
L 4
GBTx
L= o | P ]

g

Yy

el

MD: Mini Drawer

SD: Super Drawer
PMT: Photo multiplier
Tube

FELIX: Front-End Link
eXchange

TDAQI: Trigger and Data
Acquisition Interface
FPGA: Field
Programmable Gate
Array

PPr: Pre Processor
ADC: Analog To Digital
Converter

HVAD: High Voltage
Active Divider

DCS: Detector Control
System

ELMB: Embedded Local
Monitoring Board
ELMB-MB: Embedded
Local Monitoring Board
Mother Board

HV: High Voltage

LV: Low Voltage

FR: Front End




Front End board for the New Infrastructure with Calibration and
signal Shaping(FENICS) = "]

Y1 MHz 440 MHz
TDAGH T ——
 Areadout board objects MD: Mini Drawer
responsible for the = | PTT B eou
“r- - - ile PPr | Y Tub
ampllflcatlon and Shapmg FPGA signal s FILEJLI()E(: Front-End Link
of current received from a rfme ] | eco 2 e o
S|ng|e PMT that iS a|SO i Rim ‘ GBT (o = Acquis.itionlnterface
. . . . . Buffer FPGA: Field
Involved in calibration as it HVPS Remote System DCs F— J { 07 | programmable Gate
contains the Charge | L | L& ] ] IL___ SR
. . . = 3 . ioi
Injection system. 212 Comemer e
« FENICS reads the fast Lorck I sowoc 8| |§  HVAD: High Voltage
ignals (full width at half — S E b omeercomo
| 2 . betector Contro
S|gn.a S ( - / 5. % System
maximum 25 ns) using : O-Tx ELMB: Embedded Local
t . . v | 5'9“;2 ) FPGA & | FPGA R-Tx Monitoring Board
WO gailns (X32, Xl) and AR pm! HVAD H_L cononing - ELMB-MB: Embedded
d th d ' ' MGT . Local Monitoring Board
reads e average 2 - Mother Board
i i i = ADC HV: High Volt
current (integration time @ Lioma [l [ W Hih voliage
10ms) using six gains FR: Front End

(0.3, 25, 25.3, 50.3, FENICS CARD Daughterboard )
125.3,150.3V/uA) w

Ryan Mckenzie SAIP2021



Mainboard (MB)

1 MHz
][]

 There is an MB located in t mﬂjl‘lMHz ta0 Mz
each Mini-drawer of TileCal. A [“’G‘”‘ Trgger }

. . . objects MD: Mini Drawer
single MB interfaces with . . SD: Super Drawer
twelve FEN-ICS and one DB. || [ vterer o -iﬂ”bl “hoto ittt
A MB digitizes the low and T Signal 2 FELIX: Front-End Link

. ; . . »| TTC RECO E eXchange
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froThthe FEtNtICE which " = J H feaustion
aretnen sent 1o ItS assoclate HVPS Remote System DCs T_ 0-Tx Programmable Gate

Aux-board ™ Rome Array
DB . Fipetine T PPr: Pre Processor

-

ADC: Analog To Digital
Converter

HVAD: High Voltage
Active Divider

DCS: Detector Control

* An Upgraded MB is
functionally divided into two
halves for redundancy,

a's3asdqoe 6 Xt
EdgOE & ¥ 7530 1L

i

provides digital control of the e Sysitein
. ) X ELMB: Embedded Local
front end boards using Field- ‘ sional FPGA fef | FPGA RLTx Monitoring Board
A b pwr b Hvap [ | e ELMB-MB: Embedded
Plzrggzmmabcllef Gate Arrays —.—Ij—L MGT T I Local Monitoring Board
S), an eatures L ] , Mother Board
( ) » ADC GBT GBTx HV: High Voltage
voltage and current @ " wom) | et | 1 vy Vislhere
monitoring. FR: Front End
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- The DB is the primary
interface between the on and
off detector electronics of
TileCal and is mounted on an
MB. A DB sends detector data
to the off-detector electronics,
receives and distributes LHC
clocks, configurations and
slow-control commands.

« Major changes to the DB
Include using FPGAs with
improved power sequencing as
well as im-proved routing from
the MB Analogue to Digital
Converters (ADCs) to achieve
better readout timing
performance.
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A PPr is composed of four Compact
Processing Modules(CPMs) and an
Advanced Telecommunications
Computing Architecture (ATCA) carrier
board. Each CPM will read out and
operate up to two TileCal SDs via high-
speed optical links.

A CPM implements a bi-directional
GigaBit Transceiver communication with
four 9.6 Gbps uplinks and two 4.8 Gbps
downlinks per mini-drawer. The uplinks
transmit detector and monitoring data to
the CPMs. The downlinks provide
Detector Control System (DCS)
commands and Timing, Trigger, and
Control information to the on-detector
electronics, as well as the LHC clock for
the sampling of the PMT signals.
Deposited energy is reconstructed and
calibrated in real-time using the received
digitized samples. The CPM transmits
this data to the TDAQI via the ATCA
carrier board at the LHC frequency via
four 9.6 Gbps optical links

Ryan Mckenzie
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Trigger and Data AcQuisition Interface(TDAQI)

All interfaces between the
TileCal and TDAQ are
implemented in the TDAQI
module.

The TDAQI constructs the
trigger primitives and
interfaces with the trigger
and FELIX systems.

The Trigger FPGAs
compute trigger objects for
electrons, jet, global, and
muon triggers and the
results are transmitted
through low latency high-
speed optical links to the LO
trigger.

« Trigger sums changing from
analog to digital.

=
HVPS Remote System

1 MHz
o]
’ ) Y1 MHz 440 MHz
TDAQI
~ FPGA Trigger
objects
= F Y
=
-
Tile PPr | o
I -~
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MD: Mini Drawer

SD: Super Drawer
PMT: Photo multiplier
Tube

FELIX: Front-End Link
eXchange

TDAQI: Trigger and Data
Acquisition Interface
FPGA: Field
Programmable Gate
Array

PPr: Pre Processor
ADC: Analog To Digital
Converter

HVAD: High Voltage
Active Divider

DCS: Detector Control
System

ELMB: Embedded Local
Monitoring Board
ELMB-MB: Embedded
Local Monitoring Board
Mother Board

HV: High Voltage

LV: Low Voltage

FR: Front End




Low-Voltage Power Supply (LVPS)

111111111

PLAT
sssss

Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr electromagnetic

LAr electromagnetic
barrel

Fig. The ATLAS Inner barrel

Fig. Low-Voltage Power Supply. ATLAS-TDR-028 pg 113
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W Present System Architecture — 2-Stage System

Motivation for LVPS brick upgrade  woon ez

In Drawer : : . Dot : .
: ; ; . +15HV, #5HV 1 per Drawer OnDetector. - : :
. Mﬂﬂ'[elBUade }\ndReIums 1 p.er4Drawer5§ ....... Usﬂ15
: : : : 3 : -
Local -} R, : LVP3 VR - 200vDC
¢kts [T | —

* The main TileCAL upgrade pertains to the |

T

Splitter Box

. Digitizers : : :
Front-End (FE) electronics: all data sent Il ] e S EEN |
okts  JNTTT : | : : '

200 VDC

out is now digital, trigger signals are no —
longer analogue. = | _,_
 Upgrade from a 2-stage to 3-stage power g ] k] A IR HRRR
distribution system to accommodate the e
FE upgrades.
* Emphasis is placed on the reliability of the

: BT |
CKTs B

B New System Architecture — 3-Stage System

particle detector and by extension all of FE Creuiy
. . In: Brawer +-10VDC 10 ;e?gf::ferr On Detector
the subsystems and electronics therein and Retums - i | USA15
. o . . Local - POL -— | L -
 LVPS’s represent a single point failure in o [res e T WS g —
the readout system. — loss of data from a o ] 8 »
particular module. . 200V00
* Limited access to LVPS on the order of — = = 1
ckTs [ REGS [ 4(89) Splitter ;7
once per year. Bores
S .

@ - Point-of-Load Regulators
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LVPS Brick functional block diagram

i FH_E ‘ * LT1681 Controller Chip: Heart of design
: I
RN Vot * FET Drivers: Drivers which drive the Field Effect
g o Transistors.
EI:V:EE%’GNDE: * FETs: 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

+— Primary

Isolated Secondary — * Protection circuitry: Over Current Protection, Over
Voltage Protection,

Fig. Block diagram of the LVPS Brick. ATLAS-TDR-028 pg 115
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Frequency Standard Deviation 0 1000
Duty Cycle Standard Deviation 0 0.1
Frequency Max (Hz) 290000 350000
Frequency Min (Hz) 250000 310000
Minimum Stable Load (A) 2 2.1
Minimum Output Voltage (V) 9.8 10.2
Over Voltage Protection (V) 11.5 12
Over current Protection (A) 10.25 10.75
Output Root Mean Square 0 0.5
Voltage

Clock duty cycle average 0 40
Clock Duty Cycle Standard 0 0.15
Deviation

Start-up delay (Max) (s) 0.08 0.2

Ryan Mckenzie, University of the Witwatersrand

SAIP2021

_-- Initial Test Station Performance

Metrics

Provide extrema of allowed
operational environment of LVPS
brick., i.e deviation about nominal.
Based on operational limits of LVPS
brick components.

Over Voltage Protection (OVP),Over
Current Protection (OCP) are very
important.



LVVPS Brick Burn-in station under construction

Fig. LVPS Brick Burn-in station under construction.
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A Burn-in test sequence

Parameter Value

Time duration 6 hours WAIT
Temperature 80°C

Brick Load 7A
Startup cycles 30+

LVPS brick efficiency as a function of Load

STOP

Brick efficiency
=" = =
= LA =31

=
L

0 1 2 3 4 5 &

g
Cutput current (4) STO P

=
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Dummy-load board interfacing

Bypass mainboard using — D1 Voltage regulator(Orientation is difficult to

UM232R determine), text should be upright. Load interface board

/ \ , ' W

Mica insulation . \ | ’\

between plates /.i | "%
/ 7o ik " = <

and MOSFET , AN\ /N R ss

o
=1

Dummy_load board
Nylon bolts
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Brick Burn-in station AC Wiring Block Diagram

220V AC Input 07

Burn-in station AC wiring block dliagram
Jan 21, 2021

Ryan McKenzie
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Burn-in station cooling block diagram

* Function: To extract heat from the dummy-loads and

LVPS bricks. Water chiller Water manifold
* Considerations:
|.  Total heat to be extracted ~ 750 W
Il. Ensuring bricks receive 15°C coolant.
Ill. Require 86L/h per branch,
IV. Ensuring consistent flow rate.
e Additional flow meter to be added.

Water chiller

Ryan Mckenzie, University of the Witwatersrand SAIP2021



