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o mes®™ Presentation Outline e

* The UT detector: small intro

* Hardware description: why is it like that

* Data flow architecture: discussion of the data
formats and implementations

* Conclusions
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pnveritt The UT detector
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A fmee® The UT detector i

* Silicon Sensors

* D type sensors:
e Circular cut-out to

Sensor Type Pitch Length Strips # sensors e ¢ t
: maximize acceptance nex
A p-in-n 187.5 pym  99.5 mm ole 888 to beam pipe
B n-in-p 93.5 pm  99.5mm 1024 48
C n-in-p  93.5 pym 50 mm 1024 16
D ninp 935 pum 50 mm 1024 16 | * Alype sensors:
e 187.5um pitch
* Built-in pitch adapters
* Top-side biasing via wire
S e bonds rather than conductive
Type 8 glue to backplane

1024 strips
Type C

1024 strips
Type D
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i gniversitit The SALT ASIC

* SALT128 ASIC prototype done and tested

128 channels

& & links
I‘r{:a.r:ulpL'LliI:r Shaper + E@ _5:5;.:11;
INf127:01 ;| l-..,:‘h | < ISE:”I’;*:; E éhP%(E : DSP Seniatiser -
mputs L = - l ¢
x128 l - - Desertaliser |]:111:EL
T DLL| | tmgml
Calibration Baseline DAC | ﬁgﬁi{ = FC dEbug -‘g
TFCemd onfiguration E
e ~| PLL
Biasing DACs IEC + SPI ‘J
‘;’r « 128 channel, 130nm TSMC ASIC
Control signals WANGE e Fast shaping time/return to
RN nnnnmnmnnm . gatitelelrr]ﬁbedded ADC
* DSP:

* Pedestal subtraction
e Zero suppression
* e-link data formating
e Qutputs arrays of Channel-Value
pairs.
e SLVS e-links (typically x3, but
e L) also x4 and x5 are used)
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niversitat Hardware description

* The sensor is wire bonded to the ASIC

* The ASIC does most of the work: analog processing, digitization, zero suppression,
MCM suppression, serialization, ...

* Data (Channel-Value pairs )leaves the system in digital form, elink packets.

noise

0 I ] L [ ]
ChannelID | iR
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Zurich
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Optical Interface (to surface)
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") Universitat g rqware description
7 Zurich

* Communication with surface is mainly optical, using PCle40 boards
(TELL40 and SOL40)
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Universitat Hardware description
Ziirich

* Restrictions and irregularities:
* Material budget: minimal marterial in acceptance are

* Minimal traces
* Different occupancy depending on position

* Different granularity |~ e - UTbX Y
UTbV z ‘
X
_ UTaU
Many hits UTaX
. B
4 or 5 elinks
Few hits B6.8 mm 5
3 elinks
J;'s

1528 mm
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Universitat Hardware description
Ziirich

* Restrictions and irregularities:
* Material budget: minimal metal in acceptance are

* Minimal traces
* Different occupancy depending on position

1719 mm
Y

UTbV 4 ‘
X

* Different granularity

512 strips =>4 ASICs

.8 mm

1338 mm

- - -
--','.’- '
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Universitat Hardware description
Ziirich

* Restrictions and irregularities:
* Material budget: minimal metal in acceptance are

* Minimal traces
* Different occupancy depending on position

* Different granularity |~ e - UTbX
UTbV
F i1 [j Beg || GE ese
] 572 o i HE]
1024 strips => 8 ASICs
J;'s%
1528 mm

66.8 mm

1338 mm

27/05/21 C. Abellan (UT Collaboration) — The LHCb Upstream Tracker data flow architecture

13




Tl Universitit
2y Zurich™

Data Flow Architecture
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et Data Flow Architecture 488

* Description of the different data formats

o e g e o o
S e S
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e Data Flow Architecture (8

* ASICs send data in a common format:

N | Packet 4 bits 6 bits 12 bits 12 bits
OorIna aCKel: : : : : .
BXID | * | 0 | nHits || HitO0 | Hit 1 | ... | Hit nHits-1
Hit 7 bits 5 bits
1t:
channel number | channel value after DSP
Header (12-bit)
Packet name BXID Parity Flag Length Data Comment
4 bits 1 bit 1 bit 6 bit n-12 bits
Idle 0000 1 1 ’b11.0000 — no enough data
BxVeto | brid_ent/3:0] * 1 ’'b01.0001 — BxVeto in TFCemd
HeaderOnly | bxid_cnt/3:0] * 1 ’b01.0010 HeaderOnly in TFCemd
BusyEvent | bzid_cnt[3:0] * 1 ’b01.0011 — nHits> 63
BufferFull | bzid_cnt/3:0] * 1 ’b01.0100 — no space in memory
BufferFullN | bxid_cnt[3:0] * 1 ’b01.0101 no space in memory
NZS | bxzid_cntf3:0] * 1 ’b00.0110 Values NZS in TFCemd
Normal | bxid_ent[3:0] * 0 ntHits Hits Normal event
Sync | brid_cnt[11:0] sync_pattern | Synch in TFCemd
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et Data Flow Architecture 488

* Description of the different data formats
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Data Flow Architecture

e

* A mix of practical reasons lead the UT to use several GBT data formats

* The GBT frame is 112b wide, the UT format, being 24b, 32b or 40b,

leaves some unused space.

* Some flex cables are using 40 bit configurations to transmit 24b or 32b,
cost reasons

8b|8b|8b|8b|8b|8b|8b 8b/8b8b|8b|8b 8b|8b
Byte number 131211109 /8|7 |6 5|4 3/2 1|0
s | 4 ASIC x 3 elink 24 bits | 24 bits | 24 bits | 24 bits
s | 2 ASIC x 3 elink 24 bits 24 bits
L | 2 ASIC x 4 elink 32 bits 32 bits
6 | 2 ASIC x 5 elink 40 bits 40 bits

* This arrangement is done between the flex cables and PEPI backplanes.
Depending on the region the UT uses one format or another.



et Data Flow Architecture 488

* Description of the different data formats

R
W e e
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Data Flow Architecture  [§8%

* A common output data format

* Desirable features:
* Easy to implement in an FPGA

* Low resources
Easy / fast to decode in a CPU/GPU

* Aligned to 8b
* Multithread friendly
Fit in the available PCle bandwidth

Cover all corner cases gracefully

* What if one ASIC stops working?
* What if one ASIC goes to error?
* What if one ASIC misbehaves?

* Try NOT to lose too much data (i.e. 1 ASIC failing shouldn’t interfere with
the information of the other 47!)

27/05/21 C. Abellan (UT Collaboration) — The LHCb Upstream Tracker data flow architecture 20



e Data Flow Architecture (8

Normal Packet: 4 bits 6 bits 12 bits 12 bhits
I BXID | * | 0| nHits Hit 0 Hit 1 | ... | Hit nHits-1
* A common output data format [ pap o fen ] |

Hit: ‘ channel number | channel value after DSP |

* Aligning data to 8b:
* ASIC data is 7b+5b=12b, we add 4b padding?

* We could find a use for those 4b...
* Add ASIC_ID and we have a strip ID valid within a sensor

Normal ASICxx Hit

151 14) 13| 12)11] 10} 9| 8] 7| 6] 5| 4] 3| 2| 1] O

ASIC_ID [4b]| Chan Number [7b] | DSP Val. [5b]

Local Strip ID [11b] DSP Val. [5b]

= 3 3 £3 £33 £33 B

Channels |

I .

Channels
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et Data Flow Architecture e

* Introduce the concept of lanes

* Oversimplifying the problem:
* Each half TELL40 has 6 input fibres

* With up to 4 ASICs each => 24 inputs total ASICs
* Simplest case 3 elinks => 24b => 2x12b word => 2x16b after align
* Total of 2 words x 24 ASICs = 48 words of 16b

* Each half TELL40 has a 256b wide PCle interface

e 256b/16b = 16 words of 16b each interface

* We would have to map 48 positions to 16 possible destinations each

* Combinatorics is very large, hard to do, might require pipelining
or complicated structures.
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et Data Flow Architecture 488

* A common output data format

* Introduce the concept of lanes.
* What if we simplify the combinatorics?

* 1 fibre can only go to a small portion of the PCle frame
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Data Flow Architecture

N

e

* Introduce the concept of lanes
* Lanes greatly reduce combinatorics:

Example of a nhormal event

Event Headers & Flags LANE 5 LANE 4 LANE 3 LANE 2 LANE 1 LANE 0
16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16D 16b
8o | 8o [ 8> | 8o | 8 [ 8o | 8 [ e | 80 | 80 | 8o [ 80 | 8> [ 8o | 8 [ 8o | 8 | 80 [ 80 | 80 | 8 [ 8 [ 8 [ 8o | 8 | &0 [ 8 | 8o | 8 [ & [ 8> [ &b
Event 0 Header Hit1 Hit0 Hit Hit1 Hit0 Hit1 Hito Hit1 Hit Hit1 Hit
Hit2 Hit3 Hit2 Hit2
| Hia

* Conceptually it makes sense too:

* |n most of the cases 1 lane =4 ASICs = 1 sensor
* Strip ID is within a sensor

* Not all cases, in some cases 1 lane =% or % of a sensor
=1

Channels |

I .

Channels
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Data Flow Architecture

e

* Introduce the concept of lanes

* Lanes greatly reduce combinatorics:

Example of a nhormal event

* |t is multithread friendly:

Event Headers & Flags LANE 5 LANE 4 LANE 3 LANE 2 LANE 1 LANE 0
16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b
8o | 8o [ 8> | 8o | 8 [ 8o | 8 [ e | 80 | 80 | 8o [ 80 | 8> [ 8o | 8 [ 8o | 8 | 80 [ 80 | 80 | 8 [ 8 [ 8 [ 8o | 8 | &0 [ 8 | 8o | 8 [ & [ 8> [ &b
Event 0 Header Hit1 Hit0 Hit Hit1 Hit0 Hit1 Hito Hit1 Hit Hit1 Hit
| HiR WG | HR2 | | Hi
] | | Hia

* 6 lanes allow for up to 6 threads, lane positions are fixed, so every
thread knows where to go to look for its data without colliding
with other threads

* What is that header?

Event Header Format

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Hits in Lane 3 [8b] Hits in Lane 2 [8b] Hits in Lane 1 [8b] Hits in Lane 0 [8b]

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Event ID from TFC [8b] RESERVED Hits in Lane 5 [8Db] Hits in Lane 4 [8b]

27/05/21
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i !
Example of a hormal event

[-[-]- BBl
e ==

Event Headers & Flags LANE 5 LANE 4 LANE 3 LANE 2 LANE 1 LANE 0
16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b
8o | 8 | 8 | 8 [ & [ 8o [ 8 | 8 | 8o | 8 | 8o | & [ s [ 8o [ 8o | 8o | 8 | 8o | 8o | & | & | s [ a0 [ 8o | 8o | 8o | 80 | &0 | & [ & [ & [ eb
Event 0 Header Hit1 Hit0 Hitd Hit1 Hit0 Hit1 Hit0 Hit1 Hit0 Hit1 Hit0
| iR Hit3 H2 | Hit2
] | | Ha |
° C ;
orner cases:
* ASICs fl mm b ial head henlorm
S T1ag unco on states by a special header, when 1 or more
flags are present we add the FLAGs HEADER, that is nothing else
but all headers from all ASICs.
Example of an event with an irregularity in at least one ASIC  Statiscitally improbable, expecte of the time
Event Headers & Flags LAME 5 LAMNE 4 LAME 3 LAME 2 LAME 1 LAME D
16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b
8o | e [ 30 | a0 [ 30 [ e | 80 [ e [ s | s [ 80 | a0 [ 8 [ @ [ s |2 [ s | @ [ s [ @ [ s [ 2 [ 80 [ @ [ s [ a0 [ s [ a0 [ 80 [ e [ a0 | 2
Event 0 Header Hit1 Hit0 Hit0 Hit1 Hit0 Hit1 Hit0 Hit1 Hit0 Hit1 Hit0
Hit2 Hit3 Hit2 Hit2
FLAG HEADER | | Hit4
Header (12 bits)
= Data
t . BXID |Parity| Flag | Length Comment
Flag Header Format: only present if one or more ASICs have special cases to report, FTYPE not normal, when present all channels repart 4-bit | 1-bit | 1-bit | 6-bit | 12n-bit
0000, 1, 11 0000, Idle packet (append if no enough data)
Beb 01 0000, CorruptedEvent
010001, BXVeto
3b 3b 3b 8b 3b 8b 8b 8b 010010, Not X Headeronly
. T 010011, presen BusyEvent (nHits>63)
ASIC3 Lane 1 Head ASIC2 Lane 1 Head ASIC1 Lane 1 Head ASICO Lane 1 Head ASIC3 Lane 0 Head ASIC2 Lane 0 Head ASIC1 Lane 0 Head ASICO Lane 0 Head bxid 010100, BufferFull
010101, BufferFullNZS
BRI e 000110, | data |NZS packet, true length is fixed in firmware
- 0, nHits data [Normal event (nHits<63)
B ETER AT RETe s R 12-bit bxid pattern [Synch packet, fill one whole frame
27/05/21 C. Abellan (UT Collaboration) — The LHCb Upstream Tracker data flow architecture
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) rnee™ Data Flow Architecture

Example of a normal event
B

AAAAAAAAAAAAAAAAAAAAAAAAA

m
. ) . . . . vent Hoaders & Flags LANE 0
[ ? I 160 | 60 | 160 | 16p 160 | 16p 160 160 160 | 160 16 | 160 160 | 16p 160 | 16p
u ISn a errl ylne Clen HE 8 | &b | 8 | 8 | 8 | 8> | 8o | 8b | 8 | 8 | 8 | 8 | 8> | 8o | &b | 8 | 8 | 8 | 8 | 8o | 8 | & | 8 | 8 | 8 | 8> | 8o | &b | 8 | 8 | 8 | &b
Event 0 Header Hit1 Hit0 Hit0 Hit1 Hit0 Hi Hit0 Hit1 Hit0 Hit1 Hit0
[ Hit2 Hit2 Hit2
[ H

* It trades efficiency for other benefits. It needs to fit in our “90Gbps PCle
available bandwidth.

* We have done simulations using the most realistic MC data we have

. Occupancy . . .
0 e 7 s oo © Simulating the busiest TELL40s we
w By Tt EEEE?EE:E Wraxzz0) | have computed worst cases for
N Type D S-elink (UTaX0a2) all configurations (3,4,5 elinks)
: ~ . . .
& ol < | * Our simulations do not go above
g | 56.15Gbps
5 fkd 5 o
5 AT - 2= : ' : ' . . .
AARE ’ nhits per ASIC per BX. ® « True it could be more efficient,

but it is very convenient
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* Implementation
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et Data Flow Architecture 488

* FPGA implementation
* LHCb provides a framework

Boards
MiniDAQ2 architecture ODIN 40 SOL 40
e . |

I 80 bits width GBT

n24

Y BCID
M Alignment
res
0y » C dat

Data
Processing

l ;

|
1
(2 3
|
|
|
|
I
I
1
|
b
I
|
|
|

Raw Data Oata
Duodhg ulpmm Prouul ng Processing

C. Abellan (UT Collaboration) — The LHCb Upstream Tracker data flow architecture 30

27/05/21



et Data Flow Architecture 488

* FPGA implementation
* LHCb provides a framework: data is received in a bus of 24b, 32b or

40b depending on what flavour the fibre is receiving.
Common development

Flavour
Dependent

Input Control Output Control

64b
common
interface
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* Conclusions
* The UT data flow architecture is presented

* All data formats are defined

* Several cases because of occupancy and geometry

* All cases are covered: Different occupancies, different number of
links, all possible states of all ASICs, etc...

* The output format is easy to decode in a CPU
* Information loss due to errors is minimized

* Our simulations show that we have a good headroom in terms of
bandwidth

* The architecture is designed to hide all complexity from the DAQ
and present a uniform data format

* The design is intended to minimize the impact of having multiple
cases to cover

* Implementation is undergoing

27/05/21 C. Abellan (UT Collaboration) — The LHCb Upstream Tracker data flow architecture 32
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L —

Beam plugs
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Universitat Hardware description
Ziirich

* Restrictions and irregularities:
* Material budget: minimal metal in acceptance are

* Minimal traces
* Different occupancy depending on position

1719 mm

* Different granularity [~ ~ UTbX ;I

UTbV 4

1024 strips => 8 ASICs

66.8 mm

1338 mm

512 strips =>4 ASICs

3 75

1528 mm
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e Data Flow Architecture (8

* ASICs send data in a common format. But depending on the number of
elinks information is spread differently over the links:

12 bit 12 bit 12 bit 12 bit 12 bit 12 bit 12 bit 12 bit 12 bit

Sync Headler- Sync Sync BxVeto |BusyEvert

Data packet
Stream

§8bit§8bit§8bit§8bit§8bit§8bit 8bit§8bit§8bit§8bit§8bit §8bit§

w1th4elmk30123012301230

w1th5elmk30123401234012
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Hardware description

* Flex cables provide power to the chips and transmit signals to the
readout electronics.

L & P
=y o
¥~ e
0‘\ PR Vg J‘L
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) e The data flow s

* The flexes are connected to pigtail cables that cross the detector box
boundaries and connect to the readout electronics
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