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L1Calo system architecture Run2

Calorimeter

|
YIPUIIIIYYIYYTYy ~190 000 Cells

TOBs

L1Calo o
UTopo —|L1CTP[—> onceecr [N =~
Jets, TE; Emiss |_—; Twisted pair, 30-70m 7168 Trigger Towers
At cu N
(analogue)
Rl N dToRrODS | L1Calo YYVYVYYY VY
: - s ' PreProcessor
gi’;t) e l - Digitisation & Synchronisation —to DAQ
: 0.1 x 0.1 Cluster | v - Pile-Up Subtraction
fol e (.9) Processor - BCID & Energy Calibration
$ToRODs § ' '
/ to DAQ \ 0 DAQ
* Sum up calorimeter data to trigger towers Cluster Processor Jet/Energy Processor
- Cluster Finder (jets)
* PreProcessor (PPM) FERE™
* Transmission to Cluster and Jet processor [Counts| CMX [T08s | [ToBs] CMX [Counts|
* Find interesting events and provide the ,
information to the CTP Rol  Level-1 Topological Trigger Rol
* Find interesting event topologies through ,
| Central Trigger Processor —L1A

L1Topo
* Positive final trigger decision L1A
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PreProcessor module (PPM)

Analogue
Input
Board

(PPrAnin)

7
7’

VME (configuration
&= monitoring) s

16x

event data
: /fo DAQ/ROD

16x

analogue trigger-tower signals

5 real-time data
§ tocPaJER ____--
“(over 11 m long cables)

16 PreProcessors nMCMs,

- o TN ..mmwmmm

* 64 incoming analogue trigger tower signals

* nMCMs: Digitisation, synchronisation, pile-up suppression, bunch crossing
identification and calibration

* ReM FPGA: Readout, VME configuration and monitoring

* CAN module: Slow control (DCS)

* LCD: Duplicates signals for CP & JEP and drives all signals over LVDS cables
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L1Calo Preprocessor In USA15

* 8 VME crates [6 LAr and 2 Tile]

* 496 analogue cables into 8 crates
[4 cables on front of one 9U module]

N 5 |« 124 PPMs in total,
S [~16 PPMs per Crate]

* Dense digital cabling
at backside of crates
[LVDS to CP/JEP]
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LAr Phase-l Upgrade

Layer 3
AnxA® = 0.1x0.1

Trigger Towers Super Cells

Layer 2
P AnxA® = 0.025x0.1

Layer 1
AnxA® = 0.025x0.1

AnxA® = 0.1x0.1
® k
V4

* Shower shape information lost in trigger towers

Layer 0
AnxA® = 0.1x0.1

* Super Cells: Increase granularity and access to longitudinal shower shapes

* Additionally fine-granularity digital information via optical fibers
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L1Calo system architecture

Run2 y Run3

L1Calo vt ToBs
LAr Electron 0 L1A

(digtay | 2P o | Feawre 278 L1Topo —{L1CTP —
Extractor |T|& X __:

va

Jets, T, TE; E;miss

Fibre- | " | Jet Feature ToDAQ
Optic Extractor |=|0O P———
Exchange ol 4

hoems Large-R Jets
ToBs o [ Global
L1 Calo (ndrb) To DAQ

L1A » Feature ]
™

i

L1Topo —*{L1CTP ——> Extractor

—]
Jets, ZEp Eyss Jets, TE; Efmiss

0.2x0.2 Jet Energy ik (n.9) Jet Energy 1. Hit
ECAL .9) Processor |~ "X Counts :—Ar - " Processor [CMX ToPAQ || counts
analogue

(anal )
analogue @ lTo RODs l e |TREX l-ro RODs l
— >

HCAL *|Pre-pre /v, Pre-processor e/r. T

Tile
(analogue) l ohioh Cluster | ol | (analogue) v Cluster
To RODs (.0 Processor To RODs oG Processor

$toroDS | (n,0) dToroDs |

A 4

CMX
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L1Calo system architecture Run3

* Three new feature identification subsystems:

- eFEX: Identification of isolated e/y and 1 R —
b UpeacElk R ity AE L1Topo —|L1cTP =24
. . . .. Extractor |T | | [TH —_:
- JFEX: ldentification of energetic jets, T e “T
i ibre- | ) | Jet Feature 5 2 Rol
and computation of energy sums EE’E;‘:ge B B 5| I
hiaema Large-R Jets >(
- gFEX: Identification of trigger features o St TS Tobna
requiring the complete data mxractel ]
e Jets, TE; E;Miss
LAr i > .'l:et gy CMX[— To DAQ giotums
. . (analogue) rocessor
* Fibre-Optic Exchange (FOX) T T}
. (Tailr?alogue) Pre-pr:cessor . Cluster CMX
* New readout interface: FELIX R oo Pl :
- To RODs

* Tile Rear Extension Module (TREX)
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Functional Overview

Run2 y Run3

“— VME backplane

e
MPSoC

<«— VME backplane

VME Ctrl, a

: . VME Ctrl,
Config & Monit Config & Monit

& ¢== from Opt.-Tx
additional additional 3x Opt-Tx — m—) to eFE;& JFEX
ower, power, 1x Opt-Rx
?;ND, etc GND, etc E =) |P

@tt mmm) to gFEX

readout

ReM rlo data from ReM SREDATOR Opt- - to ROD
“rom | FPGA . s ad el = | Bicir. | =) | toffrom
nMCMs / <: (4 Ch) @ FELIX
40 MHz, L1A, etc.
(via TTCdec) / ::)cl\ll(:l_?_,clim.
power ctrl 39x 2
Lcb Passive 16x
e ks g 32x (0.1 x0.1) £6h 32x 32x + flo > CP
r::;.:mn:néms 4x real-time LVDS 4x
(40/80 MHz) Virtex-ll from nMCMs DINO
16X (0.2x0.2 16x + flo > JEP a0 el FPGAs
—— - 16x (0.2x0.2) 16x 16x + flo > JEP
i PPM TREX

L CompactPCl connector
i Compact PCI connectors —T
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Functional Overview Run3

<“4— VME backplane

ZYNQ+
* pLCD Config & Monit

3x Opt-Tx jj] &= from Opt.-Tx
1x Opt-Rx - I mmmp to eFEX & jJFEX

additional

power,
* DINO FPGAs 119 = e
rlo data from ReM - Opt- - to ROD
* PREDATOR FPGA nMCMs mmm) | Coon PREEQXOR = | Bidir. | =) } tolfrom
(4 ch) <:| FELIX

40 MHz, L1A etc.

|~ y

o FireFIys 4 lll32x :?cllw(l_-:_?clim,
Passive 16x

* ZYNQ+ MPSoC 140y IR

32x + flo > CP

4x
DINO
FPGAs

16x + flo > JEP

real-time LVDS
from nMCMs
(40/80 MHz)

16x (0.2
PPM

TREX

Compact PCI connectors —T
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pLCD

* In Run 2: Duplication and transmission to
CP/JEP on the LCD card

* In Run 3: Duplication and transmission to
CP/JEP and FEXs on the TREX module o . g |||
- Possibility to double the data rate to 960 MB/s IR FN0 :
(after decommissioning of CP/JEP) :

- LCD not capable of this speed! 3

* Passive LCD card (pLCD)
- Simple PCB as a passive bridge
- Extension of the VME programming interface
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Functional Overview Run3

« pLCD

* DINO FPGAs

* PREDATOR FPGA

* FireFlys

* ZYNQ+ MPSoC

13.05.2020

VME Ctrl,
Config & Monit

rlo data from
nMCMs

real-time LVDS
from nMCMs
(40/80 MHz)

PPM

32X (0.1 x0.1)

16x (0.2 x0.2)

<“4— VME backplane

ZYNQ+
MPSoC

<= [Ethernet | &= pcs

additional 3x Opt-Tx jj] &= from Opt.-Tx
power, 1x Opt-Rx - I =) to eFEX & jJFEX
GND, ete 0 11 w8 w— 10 gFEX
readout
Opt- | to ROD
—— PREDATOR -
FPGA FPGA ‘ Bidir. - to/from
(4 ch) <:| FELIX
40 MHz, L1A, etc.
(via TTCdec) . :?cw‘(l'-il'?clim!
power ctrl 39x :
Passive

LCD

32x

Damir RaBloff — TREX, HighRR BiWeekly Seminar, Vidyo
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16x + flo > JEP

T— Compact PCI connectors —T
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/

* “LVDS Data In-Out”

LVDS_OUT_P
} to PREDATOR FPGA

LVDS_OUT_N | (TREX)

LVDS_OUT_P
to CP/IEP
LVDS_OUT_N

LVDS_OUT_P
to CP/IEP
1000

Ds_ouT N | Uen-out)

* Xilinx Artix-7 XC7A35T

22 oF

WDS_IN_N | )

p c
LVDS_IN_P 8 DC
LN -

Nl
HE

* Main task:
Duplication and transmission
to CP/JEP & new system
- 48 diff. input signals

M M W
= e R

H . DINO FPGA \—Tﬁl—l
- 121 diff. output signals
. 40 to CP pre-compensation
= 33to JEP

" 48 to new system
* Pre-Compensation of the signal losses due transmission

* Transmission via 11m long electrical cables to the legacy system |
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Functional Overview Run3

<“4— VME backplane

ZYNQ+
— Zruax ¢ [ Ethernet | <=> ncs
J pLCD Config & Monit

3x Opt-Tx jj] &= from Opt.-Tx
1x Opt-Rx - I mmmp to eFEX & jJFEX

additional

power,
GND, etc =) to gFEX
* DINO FPGAs oy
readout
rlo data from ReM SREDATOR Opt- - to ROD
® P RE DATO R F P GA niCs - FPGA Bidir. - to/from
(4ch) |¢= [ FELX
40 MHz, L1A, etc.
° H < . ! 40 MHz, L1A,
FireFlys wa TTCdes) i
Passive 16x
* ZYNQ+ MPSoC 32x (0.1x04)| LCD 32x 32x + flo > CP
real-time LVDS 4x
from nMCMs DINO
(40/80 MHz) FPGAs
16x (0.2 x 0.2) 16x 16x + flo > JEP
PPM TREX
Compact PCI connectors —T
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PREDATOR

zynampsoc | [ ax12-chopricat-rx | [ 3x12-ch opmicar-Tx |

efex B jrex B mtxf
1x I

12x * 12x 12x
LOCAL &
BOARD | DESERIALISATION | I SERIALISATION |

* “PreProcessor Data Collector” i S

v
t l r| OPTICCARI;: Dc,:qTé\c Il:sc.& I |FORMATiNG & TMAPPING I
* Xilinx Kintex UltraScale XCKU085 ]«

¥is B
'IVINYO4 X134
v
=}

3
i
!

“¥3s3a

ONISSID0Ud

o
2
=
g
2
S
<1
£
»

8-bit INTF.
LOGIC

PLAYBACK

= | MEMS

! I DATA SELECTOR |

>
A 7 N

A A f
Central processing uniton TREX  &&& | = | [ =

64x 16x
LVDS DATA REC. & | <
I DESER. & DE-MUXING |
o . LINK MONITOR == = real-time
. a a y
Real-Time Data Path: BN — e

- 48 diff. input signals from DINO [erer] HEimrost] S % e
- Convertion of diff. signals to single-ended format
- Deserialization, duplication & formatting

- Serialization & transmission to each FEX system via optical fibres

¥is g
IVINHO4 JINIT-D
v
[=}

3
i
!

I

* Readout Data Path:
- 32 serial links from nMCMs
- Deserialization, buffering & formatting
- Transmission to ROD & FELIX via optical fibres
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Functional Overview Run3

<“4— VME backplane

— ¢=> [[Ethemet | <= pcs
* nLCD Config & Monit
P additional | & from Opt.-Tx
power, ; mmm)p to eFEX & JFEX
GND, etc —
* DINO FPGAs i
rlo data from ReM SREDATOR to ROD
® P R E DAT O R F PGA e - FPGA FPGA to/from
> FELIX
40 MHz, L1A, etc.
o [; S 40 MHz, L1A,
FI re F IyS (via TTCdec) - Q g etc. (TTC)
Passive 16x
* ZYNQ+ MPSoC 32x (0.1x04)| LCD 32x 32x + flo > CP
real-time LVDS 4x
(40/80 MHz) FPGAs
16x (0.2 x0.2) 16x 16x + flo > JEP
PPM TREX

Compact PCI connectors —T
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FireFlys

] Label FireFly Device Used Links | Link Rate (Gbps) | Destination | Source
J F|reF|y modules Coupled to Tx1 | 12-ch transmitter 12 11.2 eFEX -
12 I MTP t Tx2 | 12-ch transmitter 12 11.2 JFEX
-way maie connector Tx3 | 12-ch transmitter 1 11.2 gFEX
Tx4 | 12-ch transmitter - 11.2 e/j/gFEX -
. . Rx 12-ch receiver 12 11.2 - TREX
* Optical Transceivers (6x) oot et 3 58 ROD :
. -ch transmitter
- Samtec FireFly ECUO DPX | 1 9.6 FELIX :
4-ch receiver 1 4.8 - FELIX

- (4x) 12-channel transmitters
- (1x) 4-channel Duplex transceiver
- (1x) 12-channel receiver (only for tests)

* FireFlys:
- Realtime: Transmitter to FEXes
- Readout: Transceiver to FELIX & ROD

e

XILINXa
KINTEX.
o

- XCKUT15™
FLVFIP24AAY1529
CF25)174

2€

Taran

; 0
| NS00 NSTO LG
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Functional Overview Run3

<“4— VME backplane

DCS
VME Ctrl, <:>

d Config & Monit

pLCD : additional 3x Opt-Tx —‘ M < j Thomy Spt= R
Gﬁswetr, 1x Opt-Rx — I =) to eFEX & jJFEX
, etc
» DINO FPGAs 111 — to gFEX
readout
rlo data from ReM e - Opt- - to ROD
® PREDATOR FPGA e - FPGA ‘ Bidir. - to/from
= > 4= | (dch)| ¢m | FELKX
40 MHz, L1A, etc.
° 1 - ~ ) 40 MHz, L1A,
Fl re FIyS (via TTCdec) powerér'l e ete. (TTC)
Passive 16X
* ZYNQ+ MPSoC 32x (0.1x04)| LCD 32x 32x + flo > CP
real-time LVDS 4x
from nMCMs DINO
(40/80 MHz) FPGAs
16x (0.2 x 0.2) 16x 16x + flo = JEP
PPM TREX
Compact PCI connectors —T
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ZYNQ Ultrascale+

* Xilinx Zynq UltraScale+ (ZU3CG-1SFVC784E) MPSoC device =

* Commercial pluggable module from Trenz Electronics

* Task: Slow control (DCS)
- Collection of periodically environmental parameters
from various locations on the TREX via 12C
(e.g. temperatures, voltages, currents, etc.)
- Is being implemented in both the Programmable
Logic (PL) and Processing System (PS) P 128
- Connection to DCS via Ethernet
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Real-Time Data Path to CP/JEP

* 48 input LVDS signals * DINO: Duplication & Transmission
- 32 signals: 0.1 x 0.1 E.. values - 40 signals to CP

- 16 signals: 0.2 x 0.2 jet sums (32 E . values, 8 Fan-out E_values)
- 33 signals to JEP
(16 jet sums, 17 Fan-out jet sums)

<— VME backplane

-
MPSoC

3x Opt-Tx (‘_l I<:| from Opt.-Tx

VME Ctrl,
Config & Monit

1x Opt-Rx =) to eFEX & JFEX

@tt -togFEX

PREDATOR =
FPGA  |and

rlo data from
ReM

MCM -

T FPGA

Opt- Q to ROD B

Bidir. | EE) }tolfrom

LVDS_OUT_P
to PREDATOR FPGA
LVDS_OUT_N | (TREX)
LVDS_OUT_P
to CP/JEP
LVDS_OUT_N

LVDS_OUT_P
to CP/IEP
wps out N | (fan-out)

&S| @en [ [ FELIX

LYDS_IN_N

40 MHz, L1A, = Pl
- etc. (TTC) wos e Lo 8
16X

32x + flo > CP
DINO

FPGAs

40 MHz, L1A, etc.
(via TTCdec)
power ctrl

Passive
32x (01x01)| LCEDP

real-time LVDS
from nMCMs
(40/80 MHz)

16x (0.2x0.2) 16x + flo > JEP

PPM

TREX
Compact PCI connec tors —T

DINO FPGA

-comy
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Real-Time Data Path to FEXs

48 input LVDS signals

zynampsoc | | 1x12-ch opmicat-Rx | | 3x 12-ch opmicaL-Tx |
- 32 signals: 0.1 x 0.1 E values |
12x 12x 12x 1x [l
- 1 6 Sig naIS: O . 2 X O ] 2 jet S u mS L:é:ﬁ.f | oeseriausation | | SERIALISATION | - g
. . . . VME ek * 64x f 64x f 16x f 2 ﬁ 3 |- -OPT.-Tx
DINO: Duplication & Transmission l 1_| L I
. r E 2 S
- 48 signals to PREDATOR ! N (-
. ReM «» 8-bit INTF. | PLAYBACK > DATA SELECTOR g ?:% o
PREDATOR: Data Formatting Lz B =" T |-+ ==
. . . b=
FireFlys: Transmission at 11.2 Gb/s ... 1 A
+L1A, BCR, ECR
H H TTC CLOCK & x
- 12 links to eFEX & jJFEX | N B R T ) p T
. LVDS DATA REC. & | <
-1 link to gFEX _. = (s sommamme SN
VME backplane A A A A PREDATOR FPGA | —m  readout
v 16xl 16xl axl ax — 0.1X0.1F, — config, monit
VME Ctrl « <:> DCs :: DINO FPGAs I T i = sl control
MPSoC
Config &’Monit I et T
" &= rom Opt.-Tx
siom) gl : s to eFEX & jFEX
GND, etc Bl mm) to gFEX LYDS_OUT_P
@ t 1 s e - I }E?’R’?{?MOR FPGA
r/o data from ReM SHEDATOR - Opt- - to ROD
nMCMs FPGA FPGA =) | Bidir. | = | to/from
(::I (4 ch) CZI FELIX LYDS_IN_N 5 : LVDS_QUT_P
40 MHz, L1A, etc. 2 to CP/IEP
(via TIdeec) epiwer a -t :?c'.w('#cﬁm' R [l@_/i . Lvos_OUT_N} ’
Passive 16x
32x (01x04)| LCP 32x +flo > CP D5 oUT_p
real-time LVDS 4x ] to CPAEP
T:;TB:TA?-IT)S F?’I(';I(\’s wps_out_n | (fan-out)
16x (0.2 x0.2) 16x + f/lo > JEP DINO FPGA
PPM | TREX \_mr!_;
Compact PCI connectors - re-compensation
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Readout Data Path

* nMCM data from the ReM FPGA * PREDATOR: Processing & Formatting
through the VME backplane over
32 serial links * FireFlys: Transmission
- One link running at 800 Mb/s to ROD

* TTC information (BC clock, L1A, etc.) - One link running at 9.6 Gb/s to FELIX
from ReM FPGA or FELIX

<— VME backplane

[ zvnawpsoc || 1x12-chopmicarx | | 3x12-ch opmica-Tx |
t eFEX JFEX gFex4
ZYNQ+ > <::> DCS - 12 x| 1 1x ]
VME Ctrl, MPSoC LOCAL &
BOARD | DESERIALISATION | I SERIALISATION I

Config & Monit

> (o]

1x

. STATUS
additional 3x Opt-Tx ‘_'_ | = from Opt.-Tx YME * b f S * it *
power, 1x Opt-Rx T | mmm) to eFEX & jJFEX | controller OPTICAL DATA REC. & | FORMATTING & MAPPING |
GND, etc @ tt =) (p =) to gFEX t h CRC CHECK
| readout saxT Tl6x

“¥3sia
LENR]
“IVINHOL X134
[ |

2
3
o
a2
a
)
&
)

8 'WOANV¥3Ia

(1]
r/o data from Opt- | EE) toROD R | g | BHIINTE | gy | PLAVBACK _>| DATA SELECTOR | =2
ReM PREDATOR FPGA LoGIC MEMS P B3 -'P
nMCMs m—p FPGA FPGA =) | Bidir. | ™ | to/from TS 4 4 2w
&= | @ch) &= | FELX I i) -2
40 MHz, L1A, etc. ‘

(via TTCdec)
power ctrl

Passive
LCD

LVDS DATA REC. & | <mmm lﬁ
32x + flo > CP LINK MONITOR | <o | DESER: & DEMUXING

32X (0.1x0.1)

real-time

32xr/o streams
4? M(FT‘::CI;“A’ e TTC CLOCK &
Lo OPT.-Rx
32x = e-[onx]
64x 16x Ix
16x
4x

real-time LVDS
from nMCMs
(40/80 MHz)

PREDATOR FPGA readout

DINO
FPGAs

v 16xd 16xl sl sx — 01x0.1E, config, monit

16x + flo > JEP p[ omoresas ] T

slow-control

16X (0.2x0.2)
PPM TREX

Compact PCI connectors —T
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Control & Monitoring

* 8-bit Configuration Interface: VME PPM | TREX p—
. . . . ZYN
- 8-bit bidirectional data bus I t ar = Ve DATA (320
. . ry VME ADDR (21b)
- Six control signals — VME A5,D5,RWRDY (1b)
for the communication R DATA (8b)
- Between ReM and FPGA | T Ry by
PREDATOR/ZYNQ ) | ECTIa (6
== PREDATOR_BUSY (1b)
PREDATOR ZYNQ_BUSY {1b)
6x12C 1 l 6x4 ctrl/monit.
6x
FireFly
| 0t * |2C Interface:
gt 0L g - Between ReM/ZYNQ and 12C devices
' I I - ZYNQ is master by default
cenn ol T e | [T e e ] - ReM can request master via VME
FPeA [T s oo - 12C results from ZYNQ to ReM via
8-bit config interface

13.05.2020 Damir RaBloff — TREX, HighRR BiWeekly Seminar, Vidyo
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FPGA configuration

JTAG Master JTAG
Port
. I <— VME backplane Fihernet
e e JTAG Master SO
PPM ! P
] ] ] i . ;”__“. ;1 VME < 1] JTAG Slave ,
* Conf t th a bitfil e
On Igura Ion WI a I I e 3 I SeleclItagEus asel
5 (120) 128 MB
. ;{;gda B P g
. . i 12c SelectJtagBus PREDATOR
* 3 methods of configurat | :
3 methods of configuration ; 3 o FPGA
i ]
+ JTAG Meth | il I
J ethod : RPM ] TREX : DINO
! l- ------ » 1 SPI
PP B svieeomews | i I
* ECh (Slave SelectMAP) i ______ .| DINO
I ! 2 SPT
: ——[2ms |
i i
JTAG Bus: ; i
. M t SPI M th d Programming Bus: ! DINO
aS er e O TDI 3 Test Data In DATA[7:0], CCLEK, Fmm=———- ", SPI
TDO = Test Data Out ;’:&gf C3.4=7, i ‘
TCK -2 Test Clock DONE 1, INIT 1 i
TMS - Test Mode Select | | DONE_2, INtT 2 A S
i
]
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JTAG Method

* Access via micro-USB
connector

* For use in the test-rig

* Fast configuration of
FPGAs and SPlI memories

* Debugging purposes

13.05.2020

I <“+— VME backplane

Flash
sl

CPLD |+

PPM | E
lec..l vME | 0
T
I CPLD
; i i
1
1
e ReM 3 .
i FPGA 12c P SelectJtagBus
E 2 [6:0]
1
:
1
1 l
E PPM TREX
- -
i .
E pLCD igam] 8 bit Progr. Bus
e (Slave SelectMAP)

IDI 2 Test Data In
TDO = Test Data Out
TCK =2 Test Clock

TMS 2 Test Mode Select

Programming Bus:

DATA[7:0], CCLK,
PROGR, CS I-5,
WREN

DONE_1, INIT 1

DONE 2, INIT 2

JTAG Master

JTAG Master

JTAG Slave

SelectTtagBus
(12C)

PREDATOR
FPGA

Ethernet
Port

hEmg SD Card

- > aspl
128 MB

-

L

s

i
i
¥

SPI

S

SPI

T

SPI
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Slave SelectMAP Method (File Mode)

JTAG Master o JTAG
Port
[ J I
_— <“+— VME backplane Fihernes
e Port
’ CPLD p JTAG Master
PPM | — e
e “— oo
1
- I SelectTtagBus QsP
1 e 128 MB
i (12C)
1
[ ?}fglA k i
1
i 2C P SEIE(ES{S]gBUS PREDATOR
; - ' FPGA
° i r
1 ]
1 1
i - i ,
1
| PPM || TREX i
: — T
° : ! .o
- 32M
;_“ pLCD igam| 8 bit Progr. Bus i l
B . - e EReegmEne I .
(Slave SelectMAP) I
[ T
i T
i !
JLAG Bus: Programming Bus: i
1
IDI = Test Data In DATA[7:0], CCIK, e > Dl;' 9 SPI FRTA
PROGR, CS 1-5, i <—’-
TDO 2 Test Data Out WREN i ‘
TCK -2 Test Clock DONE ] INIT 1 :
; 1
TMS = Test Mode Select | | DONE 2, INIT 2 i > DI:IO SPI
]
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Master SPI Method (Flash Mode)

JTAG Master JTAG

* Activation via VME |+ e backptane r—

Flash
JTAG Master Port

i | CPLD |+
PPM !

JTAG | -

P
* For use in test-rig and .

JTAG Slave ammg SD Card

MPSoC
USA15 | e __
E“ FPGA [* e | P Selec[:;:;u]gBus i
' ' - ——[zem]
* Fast configuration of | =]

FPGAs with binaries stored
in SPI memories

SPI

L

(Slave SelectMAP) i DINO

* Target method N T e
UG Bus. Programming Bus: i DINO
. . 2 ATA[7:0], 4 Fomm——— s
* Configuration of SPI 00 Srernacou | | PO TS NN S

TCK - Test Clock DONE 1, INIT 1

memories only via JTAG ]omo]
possible .
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Qualification task: VME config of the SPI memories

JTAG Master | JTAG
Port
® Use I <— VME backplane
Flash
== JTAG Master
to update SPI e | LD 18 -
. JTAG ! P JTAG Sl SD Card
memories e —
- I SelectJtagBus
: ©0) 128 MB
™ B >
* Important to use Master Ll b
. § - E FPGA
I =
SPI method in USA15 ;
i
= " - :
; PPM || TREX i
- s
1 - 1
P[P0 [ soiprogrbus |
ECh (Slave SelectMAP) i ______ .| oino -
i 2 je—{am]
i i
JTAG Bus: Programmming Bus: E
TDI 2 Test Data In DATA[7:0], CCLK, Fem———- > Dl:() SPI
TDO =2 Test Data Out ;’:&gf €815, H ‘
TCK =2 Test Clock DONE 1, INIT 1 :
TMS - Test Mode Select DONE_2, INIT 2 [ e DTO SPI
]
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Qualification task: Firmware design idea

* Write bytewise into memory buffer module
* Send read command to control logic

* Write into FLASH
* Adapt the firmware code from the CALIPPR firmware design

FPGA

VME <—>| ReM = » Memory Buffer

y

e Control Logic e - FLASH
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Qualification task: Current development status

* Memory buffer module implemented into DINO design
* |2C readout instead of VME
* Tested succesfully with SW

* Implementation of write & read of WriteEnable status bit

1RC
&

FPGA

VME > ReM = » Memory Buffer

> FLASH

—-

A
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Qualification task: Write & Read WriteEnable Status bit

Command Read: 0x05 (101) WriteEnable Status Register =0

|51!J [ic] |550
I

ILA Status: Idle

Name

NI B

e FLASH/LOADER/ByteFrame

& FLASH/LOADER/ByteFrameDel |

8 FLASH/LOADER/ChipSelect i

4 FLASH/LOADER/ATX_PRG_FCS_B |
> M FLASH/LOADER/OutputReg(7:0]

4 FLASH/LOADER/Dat_Buf_0_Out |
» B FLASH/LOADER/InputReqg([7:0] :

1% FLASH/LOADER/Flashin | . ' |
> M FLASH/LOADER/DataOutLoader[15:0]

Updated at: 2020-May-05 15:04:59

Command Read: O><<05

ILA ¢ : Idle
520

|
e FLASH/LOADER/ByteFrame I
8 FLASH/LOADER/ByteFrameDel |
8 FLASH/LOADER/ChipSelect i
8 FLASH/LOADER/ATX PRG_FCS_B i
> W FLASH/LOADER/OutputReg[7:0] =]
4 FLASH/LOADER/Dat_Buf 0_Out |
» W FLASH/LOADER/InputReg([7:0] :
14 FLASH/LOADER/Flashin i
> M FLASH/LOADER/DataOutLoader[15:0] |

fo

Updated at: 2020-May-05 16:07:06
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Qualification task: Next steps

* Development & tests of the control logic
* Tests with the whole design

* Implementation for the other FPGAs

FPGA

VME <—>| ReM = » Memory Buffer

y

e Control Logic e - FLASH
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Tests at Heidelberg

* Single-board testbench:
- Custom VME crate
- Homebrew VME crate controller
(i7 CPU, Universe-lIl)
- Initial tests and power-up
(e.g. LVDS transmission)

| hdh A A 4 4 4

x| B

* Multi-board testbench:
- Wiener crate with TREX modifications
- Concurrent Technologies VME crate
controller
- Emulates crate setup at CERN
- Long-term tests (e.g. Thermal test)
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LVDS transmission to CP/JEP

zzzzzzzzzz

* LVDS signal quality check before and
after a 15m cable (in USA15 around 11m)
using an oscilloscope

* Good results on prototype and
pre-production module

« Similar results with Run2 system L L L

Test results provided by Tigran Mkrtchyan (KIP)

Run 2 : PPM + LCD P ey ' Run 3 : PPM + pLCD + TREX

aYal AL AL A

| mnm
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Thermal Test

* 4 active TREX modules & PPMs

* Test duration of multiple days
- Temperature captured every 30 seconds
- Stored in a time series database
- Visualization via Grafana

* Test with two PREDATOR FW designs
- Full-load
- Current design
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Thermal Test: Results

* Temperature increase during the change to the full-load FW design

* Hottest devices nMCMs on the PPM ~54°C

PPM Slot &

PPM Slot 7

55°C 55°C
F’ ¢ 4
0 g Ay vy ST T——— P .. e, e ol S
= 50+c . - - - -

45°C

- — P = — g AR — . 2w SR
40°C 45 'cil -
35°C

40°C
30°C
25'C 35°C
16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00
== MCM1 == MCMZ == MCM3 == MCM4 MCMS5 MCMe MCM7 MCM8 MCM9 == MCM10 MCM11 MCM12 == MCM71 ==MCM2 == MCM3 == MCM4 MCMS MCM6& MCM7 MCM8 MCM9 == MCM10 MCMT1 MCM12
MCM13 MCM14 MCM15 MCM16 MCM13 MCM14 MCM15 MCM16
TREX Slot 6 FireFly TREX Slot 7 FireFly

s0°C
P s e
‘ e e
s5°c NI & S o S mERCRS TN
40°C
35°C
30°C
16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00
— FireFly TX1 = FireFly TX2 = FireFly TX3 = FireFly TX4 ~— FireFly RX — FireFly DPX — FireFly TX1 = FireFly TX2 = FireFly TX3 = FireFly TX4 — FireFly RX ~— FireFly DPX
TREX Slot 6 PREDATOR TREX Slot 7 PREDATOR
55°'C 50°C
i W
45°'C ‘
45°C | ‘
| 40°Cc |
40°C s
35°C 35°C
16:.00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22.00 00:00 02:00 04:.00 06:00 08:00 10:00 12:00 14:00
== Predator Master == Predator Slave == Predator Master == Predator Slave

Test results provided by Tigran Mkrtchyan (KIP)
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Thermal Test: Results

* PREDATOR temperature peak at < 54°C

* Comparison between prototype and pre-production: ~18°C difference

- Improved heat sink

- “Slimmer” FPGA (less GTHS)

TREX temperatures (Slot: 8, PPM: 145)

Temperature [°C]

all 64 GTHs all GTHs off

| room temp ~25°C |-

— PR_MA

.active

:lHIlIHWIIII TTTTTTITTTI]TITTT I\il[lllllH\Illl\

10 15 20 25 30 35 40 45

o
GiE

ReadoutNumber

Testing time (sec): 1800 Readout period (sec): 40

TREX Slot 6 PREDATOR -~

Test results provided by Tigran Mkrtchyan (KIP)
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Integration tests at L1Calo Surface Test Facility (STF)

[t
* System currently powered ﬂ
down B3

* Tests with prototype (v1)
and pre-production (v2)

module W

* Readout path: “ N

- TREX (v1 & v2) to FELIX: Data transmission achieved, decodlng and
verification succesful

* Realtime path:
- TREX (v1) to eFEX: Data transmission verified, no errors
- TREX (v1 & v2) to JFEX: Data transmission verified, no errors

- TREX (v1) to gFEX: Data transmission verified, some errors (cross-check
with jFEX)
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Integration tests at B. 104 (Legacy System)

* System currently powered
down

* Legacy system integration tests
with pre-production
(v2) module

* Readout path:
- TREX (v2) to ROD:
" Established a stable link to the ROD
" Data incorrect, to be investigated

* Realtime path:
- TREX (v2) to JEP:
= Configuration of playback data via Online SW
= Successfully detected on JEM
- TREX (v2) to CP:
" To be tested
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Current Status

* Production Readiness Review
(PRR) last thursday (07t of May)

TREX Production & Installation Timeline DURATION 02/05 21/06 10/08  29/09  18/11
START DATE END DATE DESCRIPTION (days)

* HW design finished (wait for P |

07/05/2020  08/05/2020 PRR 1

O u tCO m e Of P R R) Preparation for Production l

Preparation for

08/05/2020 22/05/2020 ) 14
Production
pcaproducion [
° FW d I t I t d 22/05/2020 12/07/2020 PCB Production 50
eve O p m e n a m OS O n e Initial board assembly [~5pcs] .
. . Initial board
( F LAS H p rog ra m m | n g m | n O r 12/07/2020  26/07/2020 assembly [~5pcs] 14
’ Testing of initial boards I

functions of PREDATOR so720z0  oyoezez eNIOIME
] oards
I Assembly of remaining boards l
d e b u g g N g & ZY N Q) 03/08/2020  17/08/2020 ASSembly of 14
remaining boards
Validation/QA @ KIP _
Validation/QA @
KIP

[ ] Essential teStS done With the Installation of the Installation of the 1st batch [16 pcs] @ CERN I

14/10/2020 21/10/2020  1st batch [16 pes] 7

17/08/2020  30/11/2020 103

TREX prototype (V1 ) & pre- @ cErt Testng @ CERN .
. . 21/10/2020 31/12/2020 Testing @ CERN 70
production module (v2); wait taton a2 61 2 !

01/12/2020 08/12/2020 2nd batch [16 pcs] 7

for CERN power up & cenn
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