
ORNL is managed by UT-Battelle LLC for the US Department of Energy

SVT Data Rates

J. Schambach



22 J. Schambach

Data Flow – From Tiles to Left Endcap

12-RSU MOSAIX (SVT IB)
The data encoding block is the lpGBT’s TX core
160 Mbps x 144 = 22.5 Gbps
Full capacity: 8 HS serializers = 80 Gbps (10 Gbps each, only 3 used)
Fallback: 40 Gbps, 5 Gbps each (6 used)
4 serializer data outputs drive one VTRx+

6-RSU LAS
72 Tiles
1 HS serializer = 10 Gbps

5-RSU LAS
60 Tiles
1 HS serializer = 10 Gbps

72 Links
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SVT Outer Barrel & Disks
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20.8 μm x 22.8 μm pixel pitch(*)
Continuously active front-end (40 nW typ.)
Global shutter
Zero-suppressed matrix readout
Continuous readout mode
Integration time: 2µs to 216*25ns = 1.6384ms

(*) Baseline: 20.8 μm * 22.8 μm
Abs. Max: 22.5 μm * 25 μm

In pixel:
    Amplification
    Discrimination
    Hit integration register and
    readout register
    Test charge injection
    Digital pulsing
    Masking

Digital pixel designed with low-leakage, 
high reliability std cells

444 x 156 pixels / domain
831168 pixels per RSU
144 domains / segment
9.974 Mpixels / segment

156 columns
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Domain (Tile) Architecture
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On-chip Readout Scheme in the Periphery

  

 

  

 

Framing time base re-generated in each TILE 
periphery

FRAME local signal synchronizes pixels, Region 
Readout and Top Readout

Global SYNC input signal aligns in time the 
integration intervals across tiles

Four parallel readout processes in each tile

Regions have 38 or 40 columns

Double columns in one region are sequentially 
read out

Region data packet is stored in FIFOs

Double columns and full regions can be masked

Serial transmission of tile packet to LEC
Top readout aggregates region data packets for the same 
frame interval

Tile transmits one data packet for each frame interval, in 
order

Hit readout rate

40 (or 20) MHz

160 (or 80) Mb/s

144 links/segment
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Addressing

• Stitched Back Bone (SBB) -> 5 bits for SBB, 2 bits 
for tile in SBB, 1 bit for Top/Bottom 

• Pixel row: 0 -443 -> 9 bits
• Pixel columns per region 38 or 40 ->6 bits
• 4 regions -> 2 bits
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Tile Readout Protocol
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Bit Counts
1 tile noise pixel:
• 1 tile header
• 1 region header
• 1 data
• 1 tile trailer
4 words
-> 64 bits per pixel

1 tile hit (3 pixels):
• 1 tile header
• 1 region header
• 3 data
• 1 tile trailer
6 words
->96 bits
-> 32 bits per pixel

1 hit (3 pixels) per region:
• 1 tile header
• 1 region header
• 3 data
• 1 region header
• 3 data
• 1 region header
• 3 data
• 1 region header
• 3 data
• 1 tile trailer
18 words
-> 288 bits
-> 24 bits per pixel

2 hits (3 pixels) in 1 region:
• 1 tile header
• 1 region header
• 6 data
• 1 tile trailer
9 words
-> 144 bits
-> 24 bits per pixel

4 hits (3 pixels each) in 1 region:
• 1 tile header
• 1 region header
• 12 data
• 1 tile trailer
15 words
-> 240 bits
-> 20 bits per pixel

1 row threshold scan:
• 1 tile header
• 1 region header
• 38 data
• 1 region header
• 38 data
• 1 region header
• 40 data
• 1 region header
• 40 data
• 1 tile trailer
162 words
-> 2,592 bits

1 tile hit (2 pixels):
• 1 tile header
• 1 region header
• 2 data
• 1 tile trailer
5 words
-> 80 bits
-> 40 bits per pixel
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ITS3 simulation for central PbPb

=x

Particle density per 10 us, layer 0 Cluster size over z for collision in z=0
Pixel hit density in 10 µs, layer 0
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2 – 6 pixels per hit (“cluster”)

From simulation of MOSAIX, the cluster size for MIPs is given by:

a + b*(number pixels crossed)

where a and b are ~1 and number of pixels crossed is given by 
geometry considering an active sensor thickness of 10μm.
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Shujie’s presentation to TIC:
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Left Endcap Routing
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lpGBT Protocol

Downlink

Data Uplink

Line Rate: 2.56 Gbps
32 out of 64 bits are data:
Payload = 1.280 Gbps

192 out of 256 bits are data:
Payload = 7.680 Gbps

• Front Ends connect to “e-links”

• The fiber protocol includes “Forward Error Correction”

• Downlink runs at 2.56 Gbps

• Downlink frame is 64bit wide, of which 32 bits are payload

• 1.28 Gbps payload

• Up to 16 e-links @ 80 Mbps

• Uplink runs at either 10.24 Gbps or 5.12 Gbps

• Uplink frame is either 128bit or 256bit

• 256bit frame contains 192bits of payload (7.68 Gbps)

• Up to 24 e-links at either 160 Mbps or 320 Gbps
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lpGBT ePort Routing

5.12Gbps 10.24Gbps
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LEC Data Format & Aggregation

Tile 47
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[3:0]

Tile 0
[3:0]

ePort 1
[7:0]

ePort 0
[7:0]

res
[0]

Tile 71
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Tile 68
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192 bits

96 bits

4 frames to reconstruct a tile word

16 frames to reconstruct a tile word

MOSAIX: 10.24 Gbps

LAS: 5.12 Gbps

Tile Data Words
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