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Overview

Integration of the Front-end ASIC with LHCDb
e Control and TFC (EDMS document released)
« Data acquisition (EDMS document)
- Information from the front-end data
- Back-end board expected rates

- Front-end to back-end connection

- Firmware overview




ECS & TFC




VELO Upgrade 2 TFC & ECS

EDMS document

* Defines the ECS & TFC interfaces between
VeloPix2 ASIC and LHCb

ECS & TFC architecture will be similar to = s (e v
current detector Y. - e Ko v ‘_ﬁ" VeloP
« Versatile Link (VL) will be upgraded to Versatile : IL‘-.

Link + (VL+) I

- VTRX, GBTx and SCA => VTRx+ & IpGBT

* VL+ main specs:

- LpGBT  SOL: o
* Downlink @2.56 Gbps. (available is 1.28Gbps = 32b @ 40MHz)
* Uplink @5.12 Gbps or 10.24 Gbps

- LpGBT « VeloPix2
* Downlinks (ECS+TFC) @80Mbps, 160Mbps, 320Mbps
* Uplinks (ECS) @ 160Mbps, 320Mbps, 640Mbps, 1.28Gbps

* 1 IpGBT should control 2 or 3 VeloPix2 ASICs
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https://edms.cern.ch/document/3215176/1

ECS

LpGBT GPIOs T ]
» Connected to VeloPix system reset | |
- Avoid unwanted resets if the SOL40 link is lost temporarily : :
- VeloPix requires single ended CMOS input | |
« Control LV power supply — i = Yy :
LpGBT ADC soL 2oeces | [N <=> weer %4—%»‘ . |
« Connected to VeloPix DACoutput - — s o febor :
Slow control | TE I y
 Point to point between IpGBT e-ports and VeloPix2 | e :
* We should operate at higher speed than in the current VELO. | |
160MHz or 320MHz | :
- Speed up detector configuration — | g |
- LpGBT downlink can run from 80MHz but uplink from | o The ———— |
160MHz. Hence, no gain in bandwidth in the uplink S . e o :
by running lower than 160MHz
» Write & read SPI protocol similar to the current detector (SLVS)
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ECS [ ok
TFC IpGBT E TFC b D[':'im;t VeloPix
e TFC commands
- BXID reset. Reset the 12b 25ns internal counter of the VeloPix2 :
- Sync command. Sends a configurable pattern over the DAQ links in D
order to synchronize FE-BE (ASIC ID, 12b BXID, etc) B
- FE reset. It resets the datapath of the ASIC
—  Calibration. Sends Test Pulses over the DAQ
- Shutter to control data acquisition ——
* 8 bits(5 commands + 3b header), 320Mbps ——a—y
* Broadcast the commands (SLVS)
- LpGBT mirror function. Replicates the same command in B
up to4 epOI‘tS IpGBT [ TrC F?ﬂ:, VeloPix
- Explore the possibility of making hardware fanout. ASIC o
should allow external termination of the line T
« Under implementation by F. de Benedetti (link) = |
40MHz CLK 4 Y { i i Rose
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https://indico.cern.ch/event/1475311/contributions/6213873/attachments/3000716/5288106/TFC%20VELO%20UII%20FE%20Implementation.pdf

DAQ
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Scenario

2.56 Gbps
SOL

 Middle scenario 1-1034 cm=2s~1 and 1333 tracks per

- Max avg particle rate per ASIC ~34 }

BXID (See D. Thomson presentation) T e | I|
- Pixel rate ~89
e Timing per hit <50ps. (40ps Sensor, 30ps ASIC) -—‘ 77
T ‘ o | ne DAQ (25 Gbps, 12.5 Gbps...)
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Front-end serializer & protocol

Two optical readout alternatives open

Data link

I:
« Silicon Photonics & Versatile Link + transceiver (VTRx+) I )
» Hardware agnostic serializer protocol l_ I[ IpGBT ][ VTRx+
- Same serializer in the front-end ASIC
) — 4 x 25 Gbh/s
- Same firmware for decoding VTRx+ and Silicon Photonics | veopix2 || pic | [ wptotkm—
| temperature control
Hardware ,
* VTRx+ readout, compatible with Versatile Link+ Back-End. Running 25% SiPh based DAQ
higher speed (12.8Gbps)
« Silicon Photonics, Not compatible with MM conventional transceivers (like
current design of PCle400). = Data ink
It requires SM fibres, CWDM, 2 optical fibres = 4 links of 25.6Gbps.
Optlons _>[ IpGBT ][ VTRx+ ]
- Add conversion layer
- Change Back-End board r_ . 12.8 Gbls
Low level interface | i
» Similarly to Upgrade |, VELO will have a different FE serializer protocol | e
(SPRINT) '

VTRx+ based DAQ
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Front-end data information

Packets

* Synchronization
- ATFC synchronization command should

trigger a special packet
» High speed Link characterization
- PRBS patterns, Clocks, fixed pattern.

* Data output
- Spacial information. Pixel/cluster address

- Time information.
° BXID
Internal 12b counter, synchronized from TFC.
For bandwidth reduction 9b could be transmitted with the data

° Fine time

LSB <30ps
Counter of at least 7b (~3ns)

- Charge
°© At least information for the pixel with highest charge within a

cluster should be transmitter
° For data reduction it could be encoded in 4 thresholds (2b)
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Front-end data information

§ 1750 ¢ ¢ Hits E
Data reduction 2 sk § Paricles
.5 . ' SuperPixels ]
* We should reduce number of DAQ links 2 sof S E
- Fit data output in 1 PIC Z 1000 s o E
~ Minimize number of VTRx+ 150k a0 ® Vg, ) E
. . . . L @ D ® ]
* Front-end data reduction is required for p-p operation e T ; . ﬁ
[ ,00000 ]
- Pixel aggregation 20k e ;
° Superpixels (like current VELO) could be sufficient 05- ]
° Desired option is clustering —20 0 20 40 v Sg(t’ionz [Cri(])

- Other data reduction methods could be explored. (It should be . . o
. . . Data reduction from pixels to superpixels in the current VELO.

possible to enable or disable them by a register) More details D. Thomson presentation.

°© Veto large events (for example larger than 5x5 pixels)

°© Create “event like” packets, will reduce transmit redundant information (BXID)
- Event sorter
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Back-end

From scoping document. 3 readout boards per station (4 modules of 6 ASICs)

Back-end data rate estimation

Considering similar particle rate for cluster or SPP

3 data packets

Cluster/SPP with 42b: 16b address (13b address +3b master), 2b ToT, 7b ToA, 9b BXID, 8b cluster/hitmap
Cluster/SPP with 46b: 16b address (13b address +3b master), 6b ToT, 7b ToA, 9b BXID, 8b cluster/hitmap
Cluster /SPP with 90b: 13b address, 48b ToT (6b*8pixels), 14b ToA (2 highest pixels), 6b stamping the highest

pixels, 9b BXID
Total SiPh PICs Total VTRx+ BW per station Input links
(4x 25. ) (Gbis) Output bandwidth
SiPh (25.6Gbps) VIRx+(12.8Gbps) (Gh/s)
42b 768 896 666 42b 32 38 222
46b 768 1024 729 46b 32 43 243
90b 896 1408 1435 90b a8 59 480

Average data rates per station and total number of SiPh /VTRx+ needed

MINISTERIO

Input links per back-end card required, and average output bandwidth of the back-end card
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Back-end

Hardware interconnection

VTRXx+: Similar to current VELO a7b 70,686

46b 77.418
- Aggregation of 12.8Gb/s links from VeloPix into VTRx+ 225 I

46b 20.493
90b 40.4595

- Intermediate patch panel

- Back-end board with 4x12 or 5x12 input optical links
SiPho:
- Every fron-end ASIC is connected to a PIC (4 serial links @25.6Gb/s)
° Not all serial links will be connected to the back-end

- Back-end board reads a multiple of 12 serial links (FireFly).

- Samtec can manufacture a custom cable assembly with FireFly Assembly of FireFly to QSFP
connectors on one end and QSFP sockets on the other end (CWDM receiver)

* 1 FireFly to 3 QSFPs for inner ASICs. (could be combined with the optical aggregator presented
by D. Thomson)

* 1 FireFly to 12 QSFPs for outer ASICs
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https://indico.cern.ch/event/1535317/contributions/6460100/attachments/3080534/5453246/U2_backend_LHCb_Upgrade_Electronics_mini_workshop_light.pdf

p-p

Front-end
Data

Data Stream 0

P-p minimal processing:

¢ Reconstruct 12b BXID

* Flag FE origin

Draft of VELO Upgrade Il DAQ BE firmware

lon minimal processing:

* Sort packets (similarly to current

VELO)

* Order events consecutively + Flag data origin
* Create event fragments

« Create event fragments

Combined

Front-end
Data

Pb-Pb

& calib

Front-end
Data

Low Level Interface

Data Stream 0

Link
alignment

P-P Data
Processing
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processing

EventID &
Output
Formatting

Router o Pb-Pb Data
> ) (BXID ! Processing
sorter) /Pro¢e=*I/ [ (lustering)
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Slow Controls

DataOutput

Firmware output

FE ASIC identifier
12b BXID

>7b of fine timing
Cluster

Master pixel
Hitmap (shape)
ToT at least 2b.
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Summary

 Described general specs for a front-end ASIC to be integrated in LHCb and VELO readout and
control architecture
Not linked to any specific ASIC design

e Documents
- Link ECS

- Link DAQ
Note that: these documents are just a baseline, any feedback is wellcome

Looking at how to interconnect front-end and back-end
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https://edms.cern.ch/document/3215176/1
https://nubeusc-my.sharepoint.com/:w:/g/personal/antonio_fernandez_prieto_usc_es/ETXLOmVnO7FHkCUEVZD5bpEBu3-zbXZYBmV0AAPXFEbCsA?e=nzvRJE

Thank you

Questions?




Control Back-End to Front-End information

Downlink
_ .28 2?. . |24 23| . .20 19| . |16 15. . |12 ll. . .B ?. _ .0
A) 160 Mb/S ‘ .EC.SE. .EC.Sd. | .EC.SS. .EC.SE. ‘ .EC.SI. .EC.SO. ‘ . .TF(.: br(.]adc.aST. . ‘
31. . |24 s 00000 %15 00000000 8 ?I - .0
B) 320 Mb/s ‘ .~ ECS2 | . ECS1 ‘ . ECsO ‘ ~ TFChbroadcast ‘
TFC Uplink
broa’dca‘St ?JT IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 2423 . 2[19 . 1&5 . 1211 . .B '.n"l . .43. . .0
A) 160 Mb/S ‘ IIIIIIIIIIIIIIIIIIIIII Spare IIIIIIIIIIIIIIIIIIIIII ‘EICISIE‘EICISI4‘EICISIS‘EICISI2‘EICIS|1‘EICISI0‘
?JT IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 2423 IIIII 1&5 IIIIII 8v 0
B) 320Mb/s | spare | ecs2 | ecs1 | Ecso

TFC point to point is also described in the document as a backup.
If we use point to point TFC, ECS maximum speed is 80 Mhz (As the current VELO)

29 28 27 20 19 18 17 10 9 8 7 0
‘EC52| TFC 2 |ECSJ.‘ TFC1 |EC50‘ TFCO ‘




Resources for Back-End SiPh transceiver

Tcl Console
a = £
Hierarchy
Summary

~ CLB Logic
F8 Muxes (<=1%]
CARRYS (1%)
F7 Muxes (1%
~ CLB LUTs (10%
LUT as Logic (10
~ LUT as Memory (1%)
LUT as shift Register
LUT as Distributed RAM
~ CLB Registers (4%)
Register as Flip Flop (4%]
~ CLB Logic Distribution
~ LUT as Memory (1%)
~ LUT as Shift Register
using 06 output only==>LUT as Shift Regit
using 05 and 06<=LUT as Shift Register
~ LUT as Distributed RAM
using 06 output only==LUT as Distribute
using 05 and 08=>LUT as Distributed RA
~ CLB Registers (4%)
~ Register driven from outside the CLB
LUT in front of the register is used
LUT in front of the register is unused
Register driven from within the CLB
~ LUT as Logic (10%)
using 06 output only==T as Logic
using 05 and 06=>T as Logic
using 05 output only<=>T as Logic
~ CLB (15%)
CLBL

Messages Log Reports

)

1Q
»

~

~ [1] back_end_core_gen[0].back end_core_i (back end core_xdcDup_ 1)
» [I] data_checker i (data «

>

Design Runs

Power | Methodology DRC
£ %  Hierarchy
Name

dart28_tester vculls

(1] reg_space
>[I me_clock PLL i
~ [I] m_data_path_i

>

[T] synchronizer_reset_data_path_soft |

[T] synchronizer_rx_active (syn
[T] back_end_core_gen[1].back_end_core_i
[T] back_end_core_gen([2].back_end_core_i
[T] back_end_core_gen([3].back_end_core_i
¢ dbg_hub (
[T] fabric (if
[T] gpio_ctrl (
[T1 gty_ctrl (i
(1] gty_qsfp_trx (
[X] i2c_asic (i
(1] i2zc_common (

IGFAE

[T bus_mux_data_path

[T] deinterleaver_|
[T] descrambler_i
[T] FEC_decoder_j (1
[T] fec_detected_error_shift_reg (shift_
[T] frame_aligner_i (fr= —4)

[T] parallelizer_dual_clock_128_to_840 (p
[T] pass_through_shift_reg (shift_
IF m_data_path_ILA_i (1
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Timing

Utilization  x

S CLB LUTs
(1182240)

118579
28422
15361

1161
1]
35

xdcDup_1)

513
194
193

CLB Registers
(2364480)

82829
18761
7062
989
640
32

8
10023

1910
640
6341

18751
18771
18771

776

33
32
1ll48
238
238

CARRY8
(147780)

1334
309
217

1]

F7 Muxes
(591120)

1823
441
202

64
1]
1]
1]

F8 Muxes
(295560)

385
96
1]
32

CLB
(147780)

22576
5278
2438

335
62
23

LUT as Logic
(1182240)

112912
27038
15361

1137
1]
35

513
194
193

LUT as Memory
(591840)

5667
1384
0

24

0

0

0
1360

o~ o o oo oo

1359

1384
1384
1384

oo oo oo

Black RAM Tile
(2160)

165.5
36.5

URAM
(960)

704
176

0
176

oo oo o0oocococooo o000

176
176
176

oo oo o oo

MMCM

(30)

oo o0O0cocooOHRKREHOODOOODOOOOoOoOOOoOOHHOoOOoOOookHu

3

—

¥oIN°

GLOBAL CLOCK BUFFERs
(1800)

6

3
0
0
0
0
3
0
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
3
3
3
1
Q
Q
0
6
0
0



lpGBT/Silicon Photonics : MPO/CWDM compatibility

Samtec
ECUO - FireFly
(fiber-based)

ECUE - FireFly . .
(copper based) 5

Passible to connect the CWDM to R12 side of the Firefly (Rx)

Courtesy of S. Baron



https://indico.cern.ch/event/1535317/contributions/6460100/attachments/3080534/5453246/U2_backend_LHCb_Upgrade_Electronics_mini_workshop_light.pdf
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