Level-1 Data Driver Card of the ATLAS New
Small Wheel Upgrade Compatible with the
Phase Il 1 MHz Readout

Panagiotis Gkountoumis

National Technical University of Athens — Brookhaven National Laboratory

On behalf of the ATLAS muon collaboration

HEP, 12-14/05/2016, THESSALONIKI

SIAILAY BROOKHIAEN

NATIONAL LABORATORY

rrrrrrrrrrr




Overview

* LHC schedule
e ATLAS experiment & New Small Wheels
* NSW overall electronics
* The Level-1 Data Driver Card (L1DDC) for
* Micromegas (MM)
e Small Thin Gap Chambers (sTGC)
* Trigger boards
* L1DDC prototype-1

* Summary



e Level-0 @ 1 MHz

 Level-1 from 400 KHz - 1 MHz (Larger data rate)

Phase-1 requirements for the trigger rate:

LHC

L1DDC must fulfil run 3 and 4 requirements

LHC / HL-L

LHC upgrade plans & impact on ATLAS
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The ATLAS experiment

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

* ATLAS - General purpose detector

* Small wheels are part of the muon spectrometer
and are located between the end-cap calorimeter and
end-cap toroid

e 10 min diameter

e Consist of:

e Cathode Strip Chambers (CSC)

* Thin Gap Chambers (TGC)
* Monitor Drift Tube (MDT)

* Not efficient in high rates (maximum 20 KHz/cm?)

Small Wheels

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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16 planes/sector
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New Small Wheel
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* NSW is a set of precision tracking and trigger detectors New Small Wheel C
(MM and sTGC) able to work at high rates | — [ ________ .
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NSW Run-4 updated expected rates

f\tﬁ -!IIII!IIIIIIIIIIIIIIIIIII'IIII'IIII!-
ﬁ - Background hit rates in NSW "
Final rates for NSW predictions T [ | —— Based on CSC & TGC rates
totally based on Run-2 Small @ Hp A GEANT4 sTGC NSW, cavem |-
Whee| measurements o | GEANT4 sTGC NSW, electrons | |
T GEANT4 sTGC NSW, muons
_ 34 —2c—1 ’
L=7+10"*cm™s 15 I GEANT4 sTGC NSW, protons
nghest hit rates: ~19 kHZ/sz ] GEANT4 sTGC NSW, others

Rate was increased compare to
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Overall readout and trigger scheme

On-detector

Up to 8 FEs
[ | : STGC - On NSW rim
. d H '
pa | y - .y
1/FEB TDS I /42 trigger
Only for Vo 1
sTGC o
H & N
strip B Router
/FEB TDS |/

Level-

# of VMMs per FEB:

MM: 8

sTGC: strips 5,6 or 7
sTGCpad2orl
sTGC wire 1

Front end board
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Off-detector

USA15
Trigger | l
processor i
Possible duplicate i Sector
removal i Iogic
Trigger ""i
processor i:
o TTC Event ROD
¥ Z monitor
—— >
| FELIX network Config
Trigger DCS
calibration )
monitor

|
<«----» Bidirectional fiber —— miniSAS cables |
— Differential pairj
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One way fiber

Radiation tolerant ASICs
Slow Control Adapter
(SCA)

Read Out Controller
(ROC)

Address Real Time (ART)
GigaBit Transceiver
(GBTX)

Trigger Data Serializer
(TDS)

VMM (amplifier,
discriminator, shaper)

Front-End Link
eXchange (FELIX)
Interface network
Timing Trigger &
Control (TTC)

Art Data Driver Card
(ADDC)

Read Out Device (ROD)
Detector Control
System (DCS)
Front-ends (FE)



Radiation tolerant ASIC (Serializer/deserializer)
e 1 E-Link is 3 differential pairs

GBTX ASIC architecture
* Clock (40, 80, 160 or 320 MHz)

Clock[7:0) «——— —l- r”te“‘a' clock reference « data-up (monitoring data — Level-1 data)
' * data-down (configuration data)

GBTX : .
e E-Links can be grouped in 5 independent banks that
can support
* 40 E-Links @ 80 Mbps
= GBTIA & * 20 E-Links @ 160 Mbps
e ’d « 10 E-Links @ 320 Mbps
: » Different E-Link configuration for each detector
. GBLD * MMs: 8 FEs/L1DDC
2 g Z s *  sTGC: 3 FEs/L1DDC
; ' -7« Clock and data-down have the same phase
< * Data-up are aligned to the GBTX clock
‘ * Fiber side: 4.8 Gbps transmitting speed
st e  GBTX s configured by the Internal Control (IC) channel
* GBTX logic uses Triple Modular Redundancy (TMR)
v ¥ | 12¢ (light)| 120ibits
I control ITAG 12¢C [ Internal External \
L ————_docks | Port Port Control Conltrol
Header Data Data Data Data Data FEC FEC
) (3:0) | €0 [ECLO) 1o 6ay | (63:08) | (47:32) | 31:16) | (15:0) | (31:16) | (15:0)
Figure taken from GBTX manual : : T I ;
. | | |
Header field Slow Control Data field - 80bits Forward Error
- 4bits field - 4bits Correction field - 32bits

GBT Frame format
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E-Link

L1DDC for MM detectors

< 200 mm

\ 4

12C

e VTTX

12C

12C

 Dimensions: 200 mm * 64 mm * 15.5 mm
(I'*w *h)
e Use only radiation and magnetic tolerant
components
* 3 GBTXASICs
* 1 GBT-SCA ASICs
* 1 VTRX transceiver
e 1VTTX transmitter
* 9 miniSAS connectors
* 8forthe FEs
* 1 forthe ADDC
3 FEAST DC-DC converters (1.5V—-2.5V)
* Bottom side of the board will be attached
to the cooling channel
* Power consumption ~15 Watts

e Configuration of the 2 GBTX is performed
Bottom side by the SCA
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L1DDC placement on MM detectors

L1DDC will be placed radially on both sides of MMs detectors and
only on the 15t and 4t plane of each wedge (4 planes)

1 L1DDC will serve the 8 FE located on each side of a plane

For the MM L1DDC will be placed on the center to minimize the

cable length (fixed length @ 3 m)

Non-conductive thermal foam will be used for better connectivity

to the cooling channel
512 L1DDC will be fabricate for the MM

13/05/2016

FE12

ADDC

ADDC
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L1DDC

Cables

FE

ADDC
ADDC

MMs sector (8 planes)

Cool Water
Input

Hot Water
Output

FE1
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L1DDC for sTGC detectors

13/05/2016

J1

Bottom side

J27

VTRX Ilr i k=
- I ~
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4= [ VTRX

IC

= [VTRK

12C

Dimensions: 140 mm * 60 mm * 15.5 mm
(1 *w *h)

2 GBTX ASICS

2 VTRX transceivers

4 miniSAS connectors

* 1 extra miniSAS is used for the inner strip
FEs

2 FEAST DC-DC converters

2 voltage levels 1.5V for GBTX and 2.5V
for VVTX and VTRX

Bottom side of the board will be attached
to the cooling channel

Power consumption ~11 Watts
Configuration of the 2 GBTX is performed
by the IC channel

512 L1DDC will be fabricate for the sTGC
11



L1DDC placement on sTGC detectors

 L1DDC will be placed on the upper
part close to the rim for the sTGC
detectors

 1L1DDC will serve 3 front ends of
each plane

* Non-conductive thermal foam will be
used for better connectivity to the
cooling channel

Cooling plate

Cooling pipe —»
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Alternative
routing path

RI M-L]_DDC Alternative

routing path

* Transmits the TTC data to the trigger I
boards (Pad and Router) Rim GBT 1+1 redungant power

12v
* Receives monitoring and any additional ! ! ! '

data from the trigger boards v [ 2sv 1sv [ 2sv
80Mb/s: to SCA
L,

* Fully redundant board 160Mb/s: to FPGA 1
« 2 GBTXASICs 1
2 VTRX optical transceivers

18 miniSAS vertical connectors
* 8+ 8 forredundancy for Routers VTRx GBTx
* 1+ 1 forredundancy for Pads

GBTx VTRx

E-links E-links

CoO~NO U B WNE

* 2 voltage levels
* 1.5V for GBTX ASICs to Routers to Routers
« 2.5V for VTRX transceivers 1 | minisAs — — MiniSAS
2 160Mb/s 160Mb/s
e 4 FEASTs (2 for redundancy) 3
" .
 GBTX standards 5 . X
e SLVS for the Tx ° ot ot
* LVDS and SLVS for Rx 8 | miniSAS — —— miniSAS
* Power consumption ~11 Watts o o v [ e
. . . 160Mb/s 160Mb/s
e 32 L1DDC will be fabricate for the trigger
boards
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RIM-L1DDC with vertical connectors

Top side Bottom side
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Rim box position

e It will be placed on the rim

e 2 rim boxes (Small and Large
Sectors)

Commercial boxes will be

Large sector

=
N
i
]
=
=

Structure

Rim boxes

RIM-L1DDC

Pad trigger

8 Routers
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L1DDC - Prototype 1

* Prototype 1

Already fabricated
Size 210 mm x 144 mm
Layers used : 14

Alternative paths in case of GBTX
failure

Input voltage 3.6 V—-42V
GBTx, GBTIA & GBLD (VTRX) ASICs

Xilinx FPGA Artix7 - xc7a200t-
3FBG484

SFP+, Gigabit Ethernet, VTRX,
miniSAS 36p, SMAs

Still in debugging process
Board is functional
Not radiation tolerant board

13/05/2016

To front ends To ADDC

36p MiniSAS Mux-demux

Trigger, Clock GBTx ASIC
- RJ45 input
. ' GBTX JTAG
translators . ; Bl
Reference
FPGA JTAG clock - SMA
power — h* S | .' ‘
A S 1. o L g Aol
DC-DCs s oy e A L & -
Artix FPGA 36p miniSAS,
LDOs GBTx
SFP+ RJ4S5, VTRX programmable
Gb Ethernet clocks

Top side of L1DDC prototype-1 board
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Send data back to L1DCC

L1DDC tests

E-links were tested with

* Internal loopback test (both GBTX
and FPGA)

e The communication with the FE

0 errors received after
transmission of more than 15.000
E-Link packets

Data are send through Ethernet
and UDP packets to a PC

O errors received in UDP packets
after 2 weeks of continuous
operation

FELIX software is not yet available
— optical path is not tested yet

A series of tests are also
performed by Piraeus University of
Applied Sciences

Data are fed to the L1DDC by the FE

UDP output at 1Gbps
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Summary

 L1DDC is an intermediate aggregator board for the Level-1 data and
distributes the TTC data to the front ends and trigger boards

* L1DDC will be able to cope with the high data rates of the HL-LHC

* [t is a radiation and magnetic tolerant board, it has small size and SEU
mechanisms to assure signal integrity

* Prototype boards have shown high reliability after continuous operation



Thank you for your attendance!



References

ASICS

* GBT project: https://espace.cern.ch/GBT-Project/default.aspx

* GBTX: https://espace.cern.ch/GBT-Project/GBTX/Manuals/gbtxManual.pdf

e GBT-SCA: https://espace.cern.ch/GBT-Project/GBT-SCA/Manuals/GBT-SCA Manual V8.0.pdf

* FEAST: http://project-dcdc.web.cern.ch/project-dcdc/public/Documents/FEAST%20datasheet.pdf
* GBLD: https://espace.cern.ch/GBT-Project/GBLD/Manuals/GBLDv4 Test Report-October2015.pdf
* VMM: https://twiki.cern.ch/twiki/pub/Atlas/NSWelectronics/vmmSpecification.pdf

* ROC: https://twiki.cern.ch/twiki/pub/Atlas/NSWelectronics/VMM3 ROCspec.pdf

Boards

* L1DDC design review: https://twiki.cern.ch/twiki/pub/Atlas/NSWParameterBook/MM Parameters.xIsx
* RIM-L1DDC: https://twiki.cern.ch/twiki/pub/Atlas/RimElectronics/RIM GBT.docx

Parameter books
* sTGC: https://twiki.cern.ch/twiki/pub/Atlas/NSWParameterBook/sTGC.xIsm
e MMs: https://twiki.cern.ch/twiki/pub/Atlas/NSWParameterBook/MM Parameters.xIsx
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Radiation tolerant components FEAST ASIC

* |nput voltage range 5 to 12V

GBTX A_SIC _ = *  Minimum output voltage 0.6 V
* Isusing the IBM/GlobalFoundries 130nm (7 «  Continuous 4A load capability
CMOS technology * Very low output noise (Low Drop Out regulators
* Power supply @ 1.5V . r will not be used)
) PO\{VGF consumption is 2.2W (full o!oerat!on) GBTX ASIC e Adjustable switching frequency 1-3 MHz
* E-Links use Scalable Low-Voltage Signalling .

Radiation and magnetic tolerant:
(SLVS) for 400mV (SLVS-400)

VTRX optical transceiver (consists of 2 ASICS)
* The GigaBit TransImpendance Amplifier (GBTIA)
* Bit rate of 5 Gbps (min)
e Total jitter < 40 ps
e Supply voltage: 2.5V
* Power consumption: 250 mW

FEAST ASIC

* GigaBit Laser Diode (GBLD) GBT-SCA ASIC
* Bit rate of 5 Gbps (min) * Supply voltage: 1.5V
* Supply voltage: 2.5V orl2V
, e * Power consumption: 325mW * Package Type: LFBGA
VTTX e 453 mm * 14:5 mm * 10mm (w * | * h) * 0.8 Pitch GBT-SCA ASIC

* Pin count 196
13/05/2016 HEP 2016, THESSALONOKI, GREECE o Ball size 0.5mm 22



VMM architecture

_I ADDC board
GBTx

12c | sca | config
ar Elink | 2 | from SETT SETB
160MHz clock = L1DDC mini-SAS: D STGC strips B R . or
TTC (BCclk,BCR) E | GBTx 4, 8 or 9 twin-ax [] sT&C pads i 64 channels
________ DMiCromegas ; . ==
D common é |OgIC Ll
: I
— 1
Front End boards . stripcharges 2 | 1o H 3 + 6-b ADC
L 3 : a :
mini-SAS = :gum L : B
sTDS: 4 sites, g shaper peak \-
J‘l ART data only 3 populated band-ID, $ID[0:3] — 10-b ADC :
strip direct ADCs strip : 1 H
(i) 5 frame w | H 4)( H
iagE TDS =1} Eme 5 Pr:c;'n : ti 8-b ADC LO i LS
! xfer clock for VMM diract output 11:4 clock E Trigger L= FIFO T
. BCID :
I {12 : | 12-b BC
# of VMMs: config, BC, BCR : A
MM: & — full-reset : I trlm | | addr. I
sTGC: VMM pacs 107, . to Pad _
pad/wire: 3 o pad hits sGlio ; : registers

strip:6or 7 s

\—l mini-SAS I_I

B mgeer  E k. '
” | pulser |- bias H DAC |H{tempH Gray count | registers I—
/, E-linkD logic

. +—
ol reset” 7 — SDI,SDO
Per VIMIM: BC, —
ARR('T'E:E Readouton  CCR config, " > .Cl!Stom +— 1.2V CMOS ¢ SCK’ cs
BCelk Level-0 Accept full-reset BC, BCR < to/from bi-dir LVDS
L | L1DDC
ENN:C;QOCF: feadout BC clock, TTC, datal __ E-link1 £ | (eam)
oftRese eadou
TestPulse Controller
Level-0 ROC —dataz—dama_data“

F_NS\'J_FEB_bInd:_\-'Di
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E-Link rates for MMs detectors (3GBTX)

T % i ¥ i i
152 T m Small hits 16.2 T m Small hits
15.1 H m Small nulls 16.1 ¥ = Small nulls
13.3 ¥ 14.3 T
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E-Link rates for sTGC detectors

+ [
Q3 SROCS2 : + H Small sector hits
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FE @320Mbps
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Current L1DDC prototype 2 layout (400 KHz Level-1)

Power Mini SAS Mini SAS

connector
210 mm

Spacers

Reset button v GBTx

FEAST ITAG Configuration switches

Test headers



GBT-SCA
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SDAXIG | 4 — — - RX
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MMs detector

MMs PCB layout

top view

precision target

L.

Constructed MMs
plane (Large Module)




sTGC trigger

The digitized signal (time and amplitude) from STGC
FEs is sent to the pTDS where the strips are pad »| Pad | |
. | = tri
buffered and tagged with the BCID twin-ax = trigger USA15 o
Pad signals are sent to the pad trigger logic, B Router y| Trigger
- L . —r— fibre . |Processor [__
which identifies a track - >V -
i i i “ ” i gome fibres ector
The candidate geometrical coordinates MM “ADDC on NSW ren o |\ > “Logic >
together with its corresponding BCID are sent ART 1 Gar _ 5| Trigger
t -4 Tx-Tx fibre processor
o the front-end sTDS oad. wire |
, wi =
The sTDS then transmits the strip charges, o \\ on-chamber \L TIC
BCID, band-ID, and ¢-ID | VMM — X ROD |—»
. . . # s per FEB: eadout GBT

Router handle all incoming traffic from the wus N ASIC / Rx-Tx —

i ; 5:"1:":-{ + event
TDS ChIpS faalan . “L1DDC” monitor
Signals are sent by fiber to track finding ASIC Config [ x|/ Ednky __
processors at USA15 where centroids and 5 on Config
track segments are calculated and sent to LV power -

. . . . rigger

sector logic to be combined with candidate Front end boards monitor DCS
tracks from the Big Wheel g3
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E-Link clocks

Clock and data-down relation

System clock 40 MHz A f §

¢ > Phase difference from the global system clock
e-Link clock 40 MHz & r \
e-Link clock 80 MHz JP A
e-Link clock 160 MHz A | A | 4 A A

|
I
Retimed ] !
Dota :
! |
: | trackMode{2:0]
[ enableChannel
' trainChannel
|
Wi | resetChannel
Phase +
Dota |

Delay Line

Data phase aligner for the data-up

o | PP L U

e-Link data 80 Mb/s ( 1 X 0 X 1

e-Link data 160 Mb/s

e-Link data 320 Mb/s

13/05/2016

Figures taken from GBTX manual
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Overall scheme

Rim electronics — 10 boards
* 8 Routers

* 1 PAD trigger

e 1RIM-GBT

RIM-GBT

e Transmits

* configuration data and clock to SCA
 BCclock to FPGA

* Configuration data to FPGA
* Any additional data to FPGA

e Receives

* monitoring data from SCAs
e Data from the FPGA

RIM boards

13/05/2016

sTGC fibre plan — one sector

Use of 6 spare pairs The alternative to wasting 25%
enabled by FELIX to FELIX of the FELIX ports is to cut a
configuration 24 pairs bad fibre and re-weld a spare
fibre to the patch panel output.
G 4x6p

F Readout: splitter: trunk-to-12-fiber in USA15:
in: 4x12 fibres from trunk; out: 4x6-pair patches

E I 4x12 fibres on trunk

to Sector Logic

512 bi-dir GBT links
P | (up to 14 fibres)

1024 uni-dir trigger llinks

ATCA Use of 4 spare fibres
to _| . per sector enabled . .
FELIX ] trigger mezz card by Trigger Processor Tlfu.e trlgg.er cardfrecen;es only 34 ;
sector configuration of its 36 inputs from the Front end.
The other two come from FELIX.
0 3x12f

The letter indicators refer to
details in FibrePlan_V3.xlsx

N Trigger: splitter: trunk-to-12-fiber in USA15:
in: 3x12-fibres from trunk; out: 3x12-fibre patchs.
Trunk cables are multiples of 12 fibres

M I 3x12 fibres on trunk
and may serve more than one sector.

USA-15
---------------- Normal route ===---eeccaccaceeccaccaaaacaaaa=-=-. Low-latency route
Cavern [
L Trigger patch panel at end of schleps:
in: 3x12-fibre bundles; out: 3x12 to trunk cable.
1 I
D Readout patch panel at end of schleps:

in: 4x6 pairs; out: 4x12 to trunk cable

2x6p K
18 of 24 fibres used

Ve

Two Star splitters: ]
Two 12-fibre bundles

J

12 f

12 f 12 f

32 of 36 fibres used

PN

] Two Star splitters:

One Star splitter:
One 12-fibre bundle
to 6 duplex LC

to 12 duplex LC
9 pairs used, 3 spares

One Star splitter:
One 12-fibre bundle
to 6 duplex LC

One Star splitter: Two 12-fibre bundles

One 12-fibre bundle to 12 duplex LC
to 6 duplex LC 9 pairs used, 3 spares

/

"‘\“}\-’
I.-\“

There are 4 si

HEP 2016, THESSALONOKI, GREECE

Router to USA-15.

2 GBT’s provide redundant paths for:

- readout of Pad Trigger L1-Accept data,

- configuration and monitoring of the
Pad Trigger and Routers.

— duplex patch LC-LC
mmm 17-fibre bundle

Il part of a trunk cable
E-link (copper)

4 fibres per router

trigger

DIEx ks rrom each

LL_sTGC_opticalPath_V05
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Operation principle MMs and sTGC

Drift Electrode

) N W-BOOV

> mm Conversion/Drift Gap ), 0.6kV/cm
Micromesh
128 pm e': ‘?.'? e ‘ 40kv/cm
70 pm
PCB Board

e=» Copper readout strips

e Resistive Strips

MM detector principle

sTGC — 331.744 channels

-Wires: 50 um, pitch 1.8 mm
-Strips: pitch 3.2 mm
-Data rates:

-Strips: LM — 1.77 Gbps/plane, SM — 1.14 Gbps/plane
-Pads & Wires: LM — 1.04 Gbps/plane, SM — 632 Mbps/plane

Micromegas — 2.097.152 channels

-Strip pitch: 450 um for Large Module (LM), 425 um for Small
Module (SM)

-Readout Strips: 300 um, Resistive Strips: 250 um

-Data rates: LM — 7.99 Gbps/plane, SM — 4.39 Gbps/plane

Pad 4

1.4 mm

1.8 mm

Resistive
I - i, -k, Cathode

Lt

Insulator (0.1 mm)
Strip (pitch 3.2 mm)

sTGC detector principle
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