;y‘,OAK RIDGE

National Laboratory

SVT Slow Control

A
Q010101 ¢
101T10101011010101 101 o0

J. Schambach

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

ENERGY




SVT Electronics — Simplified Overview
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N MOSAIX LEC PADs: Slow Controls Interface
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Service Slow Contol Block Di
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Core Slow Control Block Diagram
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Control Interface

« Services Management Interface:

Reset management

Analog monitoring

Tile power switches and reset control
|/O configuration

Stitched backbone configuration

« Core Management Interface:

%

Readout control and configuration
Pixel matrix and bias configuration
High-speed channel operation

Tile and LEC logic control

OAK RIDGE

National Laboratory

Interfface | Endpoint Flavor # Instances | Broadcast | Description

Services | Services LEC 1 No SBB and HSCH bandgap config
Service Node 48 Yes Tile reset, monitoring, power switch config
Monitoring ADC 1 No Analog monitoring ADC control

Core Core LEC 1 No LEC routing config
Tile 144 Yes Tile readout and matrix config
High-Speed Channel |8 Yes High-speed channel configuration

J. Schambach




Segment Readout Architecture
~70cm (c-side)

~30cm -
’< T ~25cm (a-side)

BPOL12Vv DC/DCs SIB

SCB
+10V/-5V (from DPB)

Copper I12C (from DPB)

Segment vref (calibration) FPC or semi rigid PCB

Slow
Controls

Control fiber
(1IRX + 1TX)

- master 12C to VTRX+ modules

(green FPC)
Analog power to segment

- slave 12C from rescue link ." Coplxjserqtac[)t%ber - gls dkata links
- Supplies activation | ZIE connector :Tric;]%er
- voltages & currents A/D Balancing - VTRX+ supplies (FH34SR1-50S-0.55H) Contral IN/OUT
- 160MHz Clock resistors - Clock
- Trigger - Trigger
- Control IN/OUT Wires soldered - Control IN/OUT
on MPIB
- (green FPC)
PSUB - Analog power to segment
from DPB .
3 (violet FPC)
: Digital power to segment

(violet FPC)
Digital power to segment

Wires soldered to FPC—
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OB & Disk Readout Scheme

Conftrol Board
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The Slow Conftrols Interface
on the OB and disks is
utilizing the “YANCBrain” of
the ANCASIC, a custom
ePIC ASIC developed
jointly by BNL, RAL, and
LBNL.

Multiple LAS sensors are
daisy-chained to only one
elink on the IpGBT.

Multiple (~12) of these
chains can be serviced by
the provided elinks (up
and downlink) of just one
IpGBT.



IoGBT Architecture
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IpGBT

Each I/O group contains
either 4, 2, or 1 elink(s)

Frame Function 1/0 Group
FRMUP[23:0] FEC[23:0]
FRMUP[39:24] Data[15:0] 0
FRMUP[55:40] Data[31:16] 1
FRMUP[71:56] Data[47:32] 2
FRMUP[87:72] Data[63:48] 3
FRMUP[103:88] Data[79:64] 4
FRMUP[119:104] |Data[95:80] 5
FRMUP[121:120] [DownlIC[1:0] See text
FRMUP[123:122] [EC[1:0] EC
FRMUP[125:124] (IC[1:0]
FRMUP[127:126] [H[1:0] HFH[1:0] = 2'b10

Uplink

Payload = 3840 Mbps

64 bits

8 bits 32 bits 24 bits

{H(3), 1C(1), H(2), IC{0), H(1), EC(1), H(0)EC(0)}

D(31:24) D{23:16) D{15:8) D(7:0) FEC(23:0)

Header plus:
* IC-Field (80 Mb/s)
« EC-field (80 Mb/s)

L | J
2 groups of 8 output e-Ports
Number of data ports:
* 16 elinks @ 80 Mb/s
8 elinks @ 160 Mb/s

4 elinks @ 320 Mb/s
Output eLinks (down-link)

Bandwidth [Mb/s] 20 160 320
Maximum number 16 8 4

Downlink

Line Rate: 2.56 Gbps
32 out of 64 bits are data:
Payload = 1280 Mbps

Input eLinks (up-link)

96 out of 128 bits are data:

Up-link bandwidth [Gb/s] 5.12 10.24
FEC coding FEC5 FEC12 FEC5 FEC12
Bandwidth [Mb/s] 160 320 640 160 320 640 320 640 1280 | 320 640 1280
Maximum number 28 14 7 24 12 6 28 14 7 24 12 6
5.12 Gbps 10.24 Gbps
Field FEC5 FEC12 FEC5 FEC12
Frame [bits] 128 256
Header [bits] 2 2
IC [bits] 2 2
EC [bits] 2 2
D [bits] 112 96 224 192
FEC [bits] 10 24 20 48
LM [bits] 0 2 10
Correction [bits] 5 12 10 24
# of eLink groups 7 6 6

J. Schambach




IoGBT elink Routing 5.12Gbps

128 bits

2.56Gbps . -

64 bits 8 hits 96 bits 24 bits

Downlink

|
[ 8 bits 32 bits 24bits ‘ ///\/____————//A\\——____\//\
] \ \
|

HeaderIC/EC LM Data Group 5 Data Group 4 Data Group 3 Data Group 2 Data Group 1 Data Group 0 FEC

{H(3), 1C(1), H2), 1C(0), H(1), EC(1), H(O)EC(O)} D(31:24) D{23:16) D(15:8) D{7:0) FEC(23:0) [5:0] [1:0] [15:0] [15:0] [15:0] [15:0] [15:0] [15:0] [23:0]

L | ) S . N
| ‘ 24 elinks @ 160 Mb/s
Header plus:
2 groups of 8 output e-Ports - . .

*IC-Field (80 Mb/s)

+ EC-field (80 Mb/s) Number of data ports:

* 16

« € 8 elinks @ 160 Mb/s

. 4 ell oy s

Data ePort 23 Data ePort 22 Data ePort 21 Data ePort 20 Data ePort 3 DataePort2 DataePortl DataePort0

[3:0] [2:0] [3:0] [3:0] [3:0] [2:0] [3:0] [3:0]

G3

[7:0] [7:0]

elink 15 elink 13 elink2  elink0
[3:0] [3:0] [3:0] [3:0] Inner Barrel:

40 bits * 2 transitions * 16 (bit-stuffing) / 4 bits per frame =
320 frames to reconstruct a 40bit SC word

Shadowing elinks enabled for OB & Disks Outer Barrel & Disks:

17 frames to reconstruct a é68bit AncBrain word

DataOut
DataRate[1:0] Dataln[7:0]
e-Link[3] E-Link[2] E-Link[1] E-Link[O]
2’b10 (x4) 160Mbps {chn2[7:4],chn0[3:0]} - Dataln[7:4] - Dataln[3:0]
2’b10 (x4) 160Mbps {chn2[7:4],chn0[3:0]} Datain[7:4] Dataln[7:4] Dataln[3:0] Dataln[3:0]
%OAK RIDGE J. Schambach
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Filber Aggregator Board Firmware for Slow Control

Up to 20 IpGBT channels should be possible in one of the smaller US+ FPGAs based on
resource usage in ATLAS FELIX firmware, a total of ~250 |pGBT links

Use IpGBT firmware for SVT side, add firmware for Aurora protocol on FELIX side

Aggregation Firmware (uplink):

Assemble IpGBT frames into 40bit SC words for each file depending on data rate (LAS vs MOSAIX)
Only keep “data” tile words

Drop other SC words or handle locally (errors, dropped frames, empty frames, status, ...)

Add geometric word to identify Segment and mux into TX channel towards FELIX

Add summary status for locally handled conditions

Slow Controls Firmware (downlink):

Separate downlink data into individual [pGBT channels and interpret (pass-through or handle locally)
Add sync signal to delimit readout frames for IB

Add commands for readout frame generation on AncASIC for OB and disks

(otherse) .....

s_QOAK RIDGE J. Schambach

National Laboratory



Summary of all calibration and monitoring scans for ITS2

(from the ALICE ITS Calibration Paper: arXiv:2510.27592v1)

Digital/Analog  Calibration ~1/year Tagging of problematic pixels and pixel columns
VCASN Calibration ~1/year Course tuning of pixel thresholds
ITHR Calibration ~1/year Fine tuning of pixel thresholds
Short Threshold  Monitoring ~1/day Measurement and monitoring of pixel thresholds
Full Threshold Monitoring ~1/year Measurement of thresholds used as reference
VRESETD Monitoring ~1/year Monitoring of VRESETD working point
Pulse Shape Monitoring ~1/year Probing of the pixel analog signal shape
Noise Calibration ~1/year Detection of noisy pixels
o 2 The MOSAIX pixel cell is conceptually
I DIGITAL STROBE  MASK EN very similar to the (ITS2) ALPIDE pixel cell,
ﬂl 9 PULSE - so | am showing here the calibration
zl Iz YRR L = scans used for ALPIDE as an example of
L m* sodeq ou I\ ograour . STATE‘ similar scans necessary for MOSAIX.
C= Collecting J— ~ J
E dde (1) \/l/ Mult All DACs controlling the various pixel
ple event . oy . .
buffer circuitries are global to a pixel matrix,
SUB THRESHOLD . I~ ) - 3
(VCASN, ITHR) no individual pixel control is possible
Figure 2: Simplified schematic view of the ALPIDE pixel cell. (OTher than the mOSK)
s_QOAK RIDGE J. Schambach
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VCASN, ITHR, and Threshold scans
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ol ‘1I‘JOI L ‘20\0‘ L ‘3(\)0. L ‘4E‘|0‘ L ‘5\00 in June 2025. The top figure shows the untuned case where default settings for VCASN and ITHR (50 DACS) have recorded in June 2025. The top figure shows the untuned case where default settings for VCASN and ITHR (5(

DACs) have been adopted. The bottom panel refers to the case where a threshold tuning to 100 e~ has beei
performed. The x axis of both plots is split into two parts: IB chips on the left (chip ID from 0 to 431) and OF
ones on the right (chip ID from 432 to 24119). See text for more details on outlier chips.

Charge () been adopted. The bottom panel refers to the case where a threshold tuning to 100 e~ has been performed. The
x axis of both plots is split into two parts: IB chips on the left, and OB ones on the right. The y axis maximum
is set to 450 e~ since above this limit the threshold cannot be reliably extracted, given that the maximum injected
change is 500 e~. See text for more details on outlier chips.

Figure 3: Number of hits normalized to the number of injections per charge point as a function of the injected
charge (in electrons) for a pixel of ITS2 in a threshold scan. The errors are evaluated as Binomial errors based
on the Clopper—Pearson [9] method with a confidence level of 68.27%, as provided by the ROOT TEfficiency
class [10]. The red line represents a fit to the data performed with an error function. See text for more details.
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Threshold Scan: “Bad” pixels
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Figure 9: Percentage of bad pixels for every stave of ITS2 as extracted from a full threshold scan with thresholds
tuned to 100 e™. The fully non-working chips are excluded from the calculation. The number of chips per stave is
9, 112 and 196 for 1B, ML, and OL staves, respectively. Vertical dashed lines separate the different layers, while
the horizontal red lines are used as a reference to indicate the percentages corresponding to 100, 1000, and 10000

bad pixels per chip. See text for more details.
OAK RIDGE J. Schambach
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Reasons for “bad” pixels (bad S-Curve):

1.

2.

an excessive noise or a too-low threshold leading to hits independent of
the thresholds;

a too-high threshold preventing the pixel from firing with 100% probability
within the charge range;

a malfunction in the charge injection circuit, preventing the pixel from
being stimulated;

a malfunction in the pixel or its respective readout circuitry.



Noise Scans: Fake Hit Rate (FHR) runs
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Figure 10: Percentage of noisy pixels for every detector stave in a noise scan performed in September 2023
after a threshold tuning to 100 e~. The number of chips per stave is 9, 112 and 196 for 1B, ML, and OL staves,
respectively. Vertical dashed lines separate the different layers, while the horizontal red line is used as a reference
to indicate the percentage corresponding to 50 noisy pixels per chip.
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Figure 18: Trend of the fake-hit rate averaged for every detector layer. Cosmic runs in different periods are used
to determine the fake-hit rate. The error bars represent half of the difference between the maximum and minimum
fake-hit rate of the chips in a given layer. See the text for more details on the four different periods separated by

vertical dashed lines.
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VRESETD and Pulse Shape Scans
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Figure 12: Two-dimensional histogram showing the injected charge as a function of the strobe delay for a pixel of
ITS2. The colored scale refers to the number of hits recorded for each charge-delay pair. The ALPIDE is operated
with the maximum signal clipping (VCLIP = 0 DAC units) and the pixel under study has a tuned threshold of about
100 e~. The double arrows indicate the time-over-threshold for a charge of 800 ¢~ and the rime walk. See text for
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Figure 11: Results from the VRESETD two-dimensional scan recorded in July 2023. The x axis represents °F Mean: 431 ns 3 0“33;_ Mean: 6.7 s e E
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the value at which the VRESETD DAC is set, the y axis represents the average threshold per layer in e~. The error 1P ®, Underflow: 0 4 [ Underflow: 53 . * ]
bars on the average thresholds are estimated as the standard deviation of the average chip threshold distribution ; f i:emow'“ ; 102§ Overflow. 0 : ‘. , E
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Figure 13: Left panel: distribution of the ToA of the ALPIDE analog pulse calculated chip by chip as an average of
1024 values coming from the pulse shape scan of 1 pixel row. Right panel: distribution of the ToT of the ALPIDE
analog pulse calculated chip by chip as an average of 1024 values coming from the pulse shape scan of 1 pixel row.
Thresholds were tuned to 100 e~ for this measurement, and a charge of 300 ¢~ was injected in the pixels. Error
bars correspond to Poissonian errors of the counts.
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Threshold Scan Trends Over Time
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Figure 14: Evolution of the average in-pixel thresholds per layer, from March 2023 to January 2026  All the
threshold runs are recorded either during long (weeks) periods without beam or at the end of every LHC fill once
the beam is dumped. The error bar for the threshold is calculated as the ratio between the standard deviation and
the square root of the number of entries in the per-chip threshold distributions. For the majority of the data points,
the error bar is smaller than the marker size. The gray bands indicate the long periods without beam collisions, the
green and orange bands indicate periods with pp and Pb-Pb collisions, respectively. For each band, the value of
the integrated luminosity delivered to ALICE during the corresponding period is reported.
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Figure 15: Evolution of the average in-pixel temporal noise per layer, from March 2023 to November 2024. The
temporal noise is extracted from threshold scan runs recorded either during long (weeks) periods without beam
or at the end of every LHC fill once the beam is dumped. The error bar for the noise is calculated as the ratio
between the standard deviation and the square root of the number of entries in the per-pixel noise distributions.
The gray bands indicate long periods without beam collisions, the green and orange bands indicate periods with
pp and Pb-Pb collisions, respectively. For each band, the value of the integrated luminosity delivered to ALICE
during the corresponding period is reported.



Calibration Procedure Estimates from Jupyter Notebook (1)

Configuration: The configuration fransactions will be different for each RSU/tile/etc, no broadcast can be used to speed up the process, i.e. each tile is
configured sequentially:

Posted: Bandwidth (MHz) Transaction (s) Pixel (s) Tile (s) Segment (s)
0 5 0.000008 0.000041 0.028052 4039476

Non-Posted: Bandwidth (MHz) Resync stages Mean Transaction (s) Mean Pixel (s) Mean Tile (s) Segment (s)
0 5 24 0.000021 0.000104 0.072381 9.554276
1 5 12 0.000018 0.000092 0.064069 8457134
2 5 6 0.000017 0.000086 0.059536 7.858693
3 5 4 0.000017 0.000084 0.058024 7.659213
4 5 2 0.000016 0.000082 0.056513 7.459733
5 5 0 0.000016 0.000080 0.055758 7.359993

Configuration Scrubbing: To ensure that all pixels keep their configuration during a run, the configuration must be updated with regular intervals.

Pos*ed: Bandwidth (MHz) Transaction (s) Pixel (s) Tile (s) Scrub cycle segment (s) Scrub cycle segment weighted (s)
0 5 0.000008 0.000041 2.805192 403.947648 807.895296

Non- Posted: Bandwidth (MHz) Resync stages Transaction (s) Pixel (s) Tile (s) Scrub cycle segment (s) Scrub cycle segment weighted (s)
0 5 24 0.000021 0.000104 7.238088 955.427616 1910.855232
1 5 12 0.000018 0.000092 6.406920 845.713440 1691.426880
2 5 6 0.000017 0.000086 5.953556 785.869344 1571.738688
3 5 4 0.000017 0.000084 5.802434 765.921312 1531.842624
4 5 2 0.000016 0.000082 5.651313 745.973280 1491.946560
5 5 0 0.000016 0.000080 5.575752 735.999264 1471.998528
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Calibration Procedure Estimates from Jupyter Notebook (2)

Mon"oring: Bandwidth (MHz) Resync stages Monitoring cycle segment (s) Monitoring cycle segment weighted (s)
0 5 24 0.26928 0.53856
1 5 12 0.25056 0.50112
2 5 6 0.24048 0.48096
3 5 4 0.23712 0.47424
4 5 2 0.23376 0.46752
5 5 0 0.23184 0.46368

Calibration: An example calibration run where the impact of a DAC setting is tested on all pixels of the sensor. A number of pulses are injected for each
setting and data is read out. The calculation shows the time required to urn both assuming full parallel control of all tiles of a segment, and in the case of
sequential control of all tiles of a segment.
Parallel calibration procedure estimates (s):
SC Bandwidth (MHz) Power (s) Config (s) Integration (s) Readout chip (s) ReadoutRU (s) Total (s)
0 5 0.5011 64 568 92 424 1149

Sequential calibration procedure estimates (s):

SC Bandwidth (MHz) Power (s) Config (s) Integration (s) Readout chip(s) ReadoutRU (s) Total (s)
0 5 72.16 9212 81838 13258 424 104804
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