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Introduction ..

Links for LHC experiments

 Current generation:

e Separated links for TTC & DAL ming/igger/cu - _RadHard
e Direct clock forwarding to Front-End. :
Back-End 80 Mbps E Front-End
SEC Data Acquisition E CEE
(DAQ) i
800 Mbps (up to 1.6 Gbps) E

* New generation:
o Unitied link for TTC & DAL,

Timing/Trigger/Ctrl

(TTC) E

& 0

e Much faster DAL Data Acquisition ¢

(0AQ) -

. ]
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Introduction .
The new link
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Demonstration system overview qos
Motivation
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Demonstration system overview .

Mativation

TTC source
BE System - BBTx - FE ASICs
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Demonstration system overview .

Mativation

TTC source
BE System - BBTx - FE ASICs

To demonstrate the feasibility of the new link for LHC upgrades
In an early state of development using realistic resources
©]
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Demonstration system overview qos
T1C source e S S

..................................................

BE System

)

FPGA-based devkit
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Demonstration system overview aoe
Back-End System & DAQ

BE System
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Demonstration system overview aoe
Back-End System & DAQ

BE System

BE System
TTC FMC
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Demonstration system overview g
Back-End System & DAQ - i

BE System

ulCA shelf

BE System
TE FMC

______
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Demonstration system overview g
Back-End System & DAQ

BE System

ulCA shelf

BE System
TE FMC

' GLIB AMC
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Demonstration system overview w.s
Back-End System & DAQ

e TIC (downstream):

BE System
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Demonstration system overview uoe
Back-End System & DAQ

e TIC (downstream):

BE System

L~
y uTCA shelf
/
/
I E."T.TE:".E GBT Serializer
| E SOUrce E Optical TIC frame . SFP+
. transceiver g Transceiver
\-. ....... 160Mbps CLK 160MHz
‘\ CLK 40MHz
@N s ———
N iD | ) A k e WL < 18
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Demonstration system overview s
Back-End System & DAQ

 DAQ (upstream):

BE System

BE System

DAQ
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Demonstration system overview s
Back-End System & DAQ

 DAQ (upstream):

BE System

BE System
DAQ

a uTCA shelf N

FPGA

GBT Deserializaer

Readout SFF“_
Logic Transceiver 4,8Bbps
Recovered a
PLL
CLK 40MHz jj CLK ./

@‘N ................................... -
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Demonstration system overview e
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Demonstration system overview e
GBTx T o

\ FEASICs |
o Emulation: ;
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Demonstration system overview e
GBTx i e

FEASICs |
e Emulation:
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Demonstration system overview o«
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GBTx

e Emulation:

Demonstration system overview s

5 FEASICs |

. < : \

4 FPGA \

Recovered ' GBT-FPGA . 1

! VL FMC CLK — PLL Ellmus'::al LKL EF-::EI( E-link CLK l

l 4.86bps GBT Serdes E-link Serdes 1 I

. : SRR XX ;
. VTRx ‘ o

rame ase | I

b E-link RX& TX »
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Demonstration system overview e

} FEASICs |
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Demonstration system overview s
GBTx T o

, . ; \ FEASICs |
o Use of GBTx ASIC: :
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Demonstration SyStem overview e
GBTx . e ASEs i

« lse of BBTx ASIC: : i :

GBTx
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Demonstration system OVErvIEW e

GETx § FEASICs |

« lse of BBTx ASIC: : i :

GBTx

First full system using a
GBTxASIC
o)
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Demonstration system ovVerview wos
Front-End ASIC ' '
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Demonstration system OVErview uoone
Front-End ASIC

e Emulation:

FPGA-based devkit
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o
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Demonstration system OVGI’VIGW (110f16)
Front-End ASIC

e Emulation:

Linerate  B40Mbps
 Eventsize
 links

al7Byte
4@I60Mbps
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Demonstration system OVerview wors
Front-End ASIC ' '

e Emulation:

CLK 40MHz

PLL CLK 160MHz ASIC SPECS

Line rate 640Mbps
LI E-link Serdes Event size a12Byte

Phase Frame
XX > e o D > o > g i ciinks | 4B0Nps
Core
Lbit 16bit
XX P it
E-link RX & TX

(4 x 160Mbps)
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Demonstration system OVerview wors
Front-End ASIC

e Emulation:

CLK 40MHz

PLL CLK 160MHz ASIC SPECS

Line rate 640Mbps
LI E-link Serdes Event size a12Byte

Phase Frame
XX > e o D > o > g i ciinks | 4B0Nps
Core
Lbit 16bit
XX P it
E-link RX & TX

(4 x 160Mbps)
READOUT DATA FRAME
i 2 3 4 251 252 253 254 255
number
SOF Orbit Bunch Event  Payload Payload EOF | EOF 2
- (MMM Cownter Counter Counter O gy SIS BRE ponnt  coocn)

1)
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Demonstration system overview wos

1 T1C
Implementation —BY weseen [ o i e

DAR

@]

PH-ESE-BE A GLIB-based uTCA demonstration system for HEP experiments - TWEPP-13 >




Demonstration system overview w.
Implementation

BE System GBTx FE ASICs
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Implementation

BE System
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Implementation

BE System
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Demonstration system overview wa
Implementation
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Demonstration system overview wa
Implementation

BE System
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Demonstration system OVErvVIEW wsos)
TTC phase & latency determinism
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Demonstration system overview was

TTC phase & latency determinism

e Measurement flags & block diagram:

FPGA

CTP

LI Trigger
Flag1

E Fibre length: 3m

d Bl_.

DAL

L L]
Latency™: 3 cycles
"""""""""""""""""""""""""""""""""" FPGA
GBT TX
Fibre length: Im
_____________________ Latency*: b cycles
j i ) FPGA
Measure P1:delay(C2) P2-delay(C3) P3:delay(C4) P4:ddelay(C2.C3} P5:ddelay(C3.C4)
value 129 868 ns 270 670 ns 473,536 ns 140.802 ns 20 5 ns GBT RX
mean 129.93847 ns 2T0.7T8668 ns 473.65504 ns 140.84820 ns i 3 L Triager
min 129 638 ns 270 470 ns 473171 ns 140 285 ns 8 gg
max 130.468 ns 371.068 ns 474 206 ns 141.109 ns 5 ag
sdev 65.63 ps : : 43 s 73.62 ps 5 o
num 1.188e+3 188e+: 188643 1.188e+3 8643 !
status v
;_q 0 Cable length: 4m
st
isto . - - . : R : Latency*: 8 cycles
c2 e Ly FREA
0 1.00 Vidiv 00 Vidiv !
1360V 2830V 3835V E-link RX
| LI Trigger
294 V/i----  441V/--- 542V Flag 4
FE ASIC %
@\ Total Latency
‘ 19 cycles
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Demonstration system overview was

TTC phase & latency determinism

e Measurement flags & block diagram:

FPGA
CTP

LI Trigger
Flag1

i Fibre length: 3m

d B|_.

DAL

L L]
Latency™: 3 cycles
""""""""""""""""""""""""""""""""" FPGA
GBT TX
Fibre length: Im
____________________________________________________________________________________________________________________________________________ Latency™: B cycles
] ] FPGA
Measure P1:delay(C2) P2-delay(C3) P3:delay(C4) (
value 129 868 ns 270.670 ns 473.536 ns AQ. 5 GBT RX
mean 129.93847 ns 270.78668 ns 473.65504 ns 140.84820 ns U Triager
min 129 688 ns 270 470 ns 473171 ns 140 285 ns 8 gg
max 130.468 ns 271.068 ns 474206 ns 141.109 ns y 5 ag
sdev 65.63 ps 90.48 ps 143.44 ps 73.62 ps 3 s E-link TX
num 1.188e+3 1.188e+3 1.188e+3 1.188e+3 1.188e+3
status W v v
;_q i Cable length: 4m
st
= o — : SN SE— . Latency*: 8 cycles
-' | (= yfcs - FPEA
1.00 Vidiv !
2830V 3835V E-link RX
LI Trigger
242V Flag 4
FE ASIC %
@\ Deterministic phase & latenc Tutal Latency
‘ P y 19 cycles

(intensive test procedures under development)

PH-ESE-BE

* Cycles of 25ns (40MHz)



Demonstration system overview was
Software

o [Control: IPbus-based software over Ethernet

B Administrator: Command Prompt
Dpenlng GLIB with IP 172.168.0.168

Setting Pattern to "static'...
Reading Pattern setting
Resetting the GBT Link..

GBT Link reset
GBT Link reset

Waiting 35s (GBT Link reset completion + extra delauyd...

Reading the status of the GBT Link...

Optimization

GBT Link reszet done
MGT ready

R® Yord clock aligned
Bitslip number

RX Frame clock aligned
GBT RXE ready

Status of the error test.

Error in data flag
GBT R¥ ready lo=st flag

@\ M:“project_glibshdl_projectstweep2Bl3_demosdemo_projectsiglil
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Demonstration system overview wses

mbarrosm@pheseamcll:~

Software

e DAQ: Custom software over PCle

%)
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Demonstration system overview wses

mbarrosm@pheseamcll:~

Software

e DAQ: Custom software over PCle

DM2 buffer is at

Enabling

Readout
Data
Frame

%)
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Demonstration system overview usoe
List of components

BE System GBTx FE ASICs

e TIC source:

o TICci+ TTCex OR FPGA-based devkit (Xilinx KC703) \\ /
 Back-End System & DAQ:

e GLIB AMC + TTC FMC + SFP+

o ulCAcrate (Vadatech V1832)

o AMC Processor (Kontron AMaO30)

o MCH (NAT-MCH Gend PCle)

e Power Module (NAT-PM-DC780)
« [BBTx:

o [GLIB AMC + VL FMC + VTRx + E-link FMC OR SAT board (GBTx ASIC on-board)
e Front-End ASICs:

 FPGA-based devkit (Xilinx MLEDQ) + E-link FMC
« Software

e [ontrol: [Pbus over Ethernet
e DAQ: Custom software over PCle

ol
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Summary & Outlook

DAQ

BE System FE ASICs

e Summary:

ol

PH-ESE-BE

First full system implementation using the new link for LHC upgrades.
First use of the GBTx ASIC in a full system.

Effective use of generic GLIB as BE and FE.
Successful combination of resources provided by various projects.

Managed to overcome numerous technical challenges.

49
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Summary & Outlook

DAQ

BE System FE ASICs

o Summary:

First full system implementation using the new link for LHC upgrades.
First use of the GBTx ASIC in a full system.

Effective use of generic GLIB as BE and FE.
Successful combination of resources provided by various projects.

Managed to overcome numerous technical challenges.

e [utlook:

ol

PH-ESE-BE

Gradually upgrade the setup with real components.

Conclude determinism studies.

Starting point for testing and/or commissioning systems
Realistic chain for [ab and beam tests.

50
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Demonstration system overview
TTC source WL T M B

P ——— BE System GBTx FEASICs
i ‘ DAQ — ! :(—v '
(FPGA-based devkit) jesetitloos: e e e
TTC (downstream)
Initialization
Bus/Signal x| o | ._1|4.®. .EIE. B .EIE. - .“llﬁ. - I‘lﬂllﬁl ) .1% } .zzlﬁ. j .E?E. } .3I
/11 _trigger i 0 ﬂ
/bel_mask 0 ]
/channel a a a
/channel b 0 o —MW
/b _channel generation.bunchCounter 0 1] I} }{}{:GQG{}(I

Level | Trigger

256 216 176 -136 96 56 -16 24 64 104 144 184 224 264@ 31

BusiSignal ol e DU D D D T T . B T P T DO e ...
/11_trigger 1 1 [I_
/bec0_mask 1l 1 |
fchannel a a a
/fchannel b 1 1

/b _channel generation.bunchCounter 173 173

ol
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Demonstration system overview
T1C source B N N

J——— +  BE System E
n . DAI]. :H .H :@ :
(FPGA-based devkit) o o —i ] —
TTC (downstream)
Level | Trigger mask
Bus/Signal X o | 2I|]ﬁ B .-1?6. B :1?35' B Blﬁ 5 4|ﬁ B ﬁ@] | ,3|4, 5 ,?|4, B} ,174, j I-I
/11_trigger ] ] |_|
/bcl_mask ] ]
fchannel & a a
/fchannel b 1 1
/b_channel_generation.bunchCounter 300|300 | A AAAAAAARA AR AR AR AR AR AR MWWWQ%%%}%W

Bunch Counter Reset broadcast command

Bus/Signal X 0 I_?|BI g I-3|EI g 2 N |4|2| B IB|2I g |12|2| g |1'|32| g |2[|I2| g I2¢|12I
/11 _trigger 0 i}
/bel_mask 0 i
/channel & a a
/channel b 1 0 _ ]
/b_channel generation.bunchcounter | 3563) 0| 00 O

ol

PH-ESE-BE



Demonstration system overview

Back-End System & DAR 1 5 e I
(GLIB in uTCA shelf) i I

TTC (downstream)
Trigger

315 335 355 375 395 4145 435 455 474

R oo gy

fuasr/lla cde

fuar/brc_strobe cdc

fusr/broc b _cdo

fuar/brc_e_cdc

fusr/broc dd cdc

- T e R - D = N = R
Lo TR o T o I s T . E o |

fusr/bre t2 cdc

Broadcast command

235 255 275 295 315 335 355 375 395 415

Bus/Signal X 0 IIIIIE]IIIII

faar/flla_cdc

fuar/brc_strobe_cdc

faar/brc_b_cdc

fuar/brc_e_cdc
fusr/bre d4 cdc
@V lI..-'us r/brc t2 cdc
A Extra Slide
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Demonstration system overview

Back-End System & DAQ
(GLIB in uTCA shelf)

} FEASICs

GBT Link TTC (downstream)

Trigger forwarding

Bus/Signal X (0] ?
/usr/gbtLink/GBT TX I[1] data|000000000000000000001/000000000000000000001 X 000000000000000000001 -
Broadcast command forwarding
- Bus/Signal X 0 %éﬁ
fusr/gbtLink/GBT TX I[1] data nnmanc{m@nnﬂmnnﬁ194000000@0000000nr_ﬁr_ﬁ;ﬂlna R 0000000000000000001 0A X

ol
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Demonstration system overview

Back-End System & DAQ
(GLIB in uTCA shelf)

GBT Link & Readout logic DAQ (upstream)

Incoming Readout Data Frame

Bus/Signal

X

0]

0 40 g0 120 160 200 240 280

o B

I..-"us r/from ghtEx[1l] data

00000000000000000ARR

00000000000000000CCCT :

Bus/Signal

Incoming Readout Data Frame detail

X

o

570 571

I!usrffrom_gbtRx[l]_ﬂata

00000000000000000RARRR

00000000000000000AE594

00000000a00000000AA88, )4

0a0aaaaoao IZIEIEIDDEIAEIM!

Incoming Readout Data Frame & Readout |ogic

.. BusiSignal - | . . ...

fusr/gbt_link_normal_mode

/usr/from gbtRx[1] data

fusr/fifo we - o

Jusr/fifo_data

000000000000000008341

1

CSFEB3FAR4G1ARARR

000000000000000000000
Al

CCCCEEBE92AABABE

o ...

128 88 .48

32 72 112 152 192 2

1

elieesenllocse

8 ;
Ii]%h'ﬁ;fﬁ.11\]\1\%\ el allassells i..i%g;

ooooocoooooooo...

1

| T

00000po00000000_ NG

ol
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Demonstration system overview
Back-End System & DAQ

""""""" GBTx i i FEASICs
™ UJAL [
(GLIB in uTCA shelf) @ — B . 2 SR
GBT Link & Readout logic DAQ (upstream)
DMA (PCle) transaction

BusiSignal x o | 8 P wr e ] AT IO o
dmal2redquest ] ]
dmalstart 0 0 |
pcieTransactionDone ] ]
DMA2 RD I 1 0
DMA_RDADDR I 02 0o 0o
DHhZ_RDDﬁ.TP«._D C2ECBSZ2RRATI9DRARR | CCCCEBBEBAYFEBABE gooooooooooooooo :: [ [ [

ol
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Demonstration system overview
GBTx e e

(GLIB on bench) LU SR .

GBT Link TTC (downstream)

Trigger reception

235 236 237 238
| | ¥ |

{00000000000000000001Y

Bus/Signal X 0]

I Jusr/gbtLink/GBT BX O[1] data 000000000000000000001 000000000000000000000p0000000000

Broadcast command reception

I Bus/Signal X 0 | o |
I Jusr/gbtLink/GBT RX O[1] data 0000000000000000001 04 000000000000000000000 X Q0000000000000000010A X i
GBT Link DAD (upstream)
Readout Data Frame forwarding
Bus/Signal X (8] 396 37
I JSusr/mux_dataToGbt 00000000000000000ARRYE | 00000000000000000R765 X 00000000000000000AAMS X Q0000000000000000ATES i
AI Extra Slide
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Demonstration system overview
GBTx TS

(GLIB on bench) LU SR :

E-links TTC (downstream)

Trigger forwarding

i FEASICs ¢

I Bus/Signal X o 950 051 052 053 054 055 056 Qﬁ?l
| | & | | | | L

Ifusrftxfd.?ieldh 0001 0000 % oot X |
| |

Broadcast command forwarding

Bus/Signal X O hlﬁ Zas
Ifusrf tx/dFieldA 0102 0000 I 0104 i
E-links DAQ (upstream)
Readout Data Frame reception
I Bus/Signal X 0 2‘?9 %ﬂ 3?1 3?2 B'IBI
Ifusr,-fautc-sniftednatarull RRARR RRLR Wooadss W A1D3I X BRB4

ol
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Demonstration system overview
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Front-End ASIC emulation R B -

Demonstration system overview
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Demonstration system overview
GBTx T e

, . ; ! FEASICs |
o Use of GBTx ASIC: :
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Data mapping
TTC (downstream)
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Data mapping

DAQ (upstream)

T

Readout Data Frame[a)
GBT Readaut Data Word [n+63] Readout Data Word [n+62) Readout Data Word [n-+61] Readout Data Word [n+60]
rrame mEn nmn EEnN mEEn
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| | |
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| [150]
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