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ALICE FoCal
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•FoCal-E 

• Highly-granular, longitudinally-segmented silicon-tungsten (Si+W) electromagnetic calorimeter. 

• 18 pad layers (1 ×1 cm2) + 2 pixel layers (29.24×26.88 μm2). 

• Designed for detecting direct photons and neutral pions. 

•FoCal-H 

• A metal-scintillator sampling calorimeter (1.6× 1.4  cm²). 

• Constructed from copper grooved plates filled with scintillating fibers.

- During the LHC LS3 period, ALICE will add a new 
calorimeter detector (Forward Calorimeter, FoCal) 

- The TDR was approved by the LHCC in March 2024 

Public Notes & Paper： 

• TDR (CERN-LHCC-2024-004) 

• Letter of Intent (CERN-LHCC-2020-009)

mailto:jie.yi@cern.ch
https://cds.cern.ch/record/2890281?ln=en
https://inspirehep.net/literature/1805025


From Pixel Layer to ALPIDE Chip
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Pads over pixels

String-flex tail 

Connect to TCB

Two ALPIDE Strings at UiB IFT lab 

• The pixel layer consists of 22 modules, each containing 6 chip strings. 

• The chip strings are divided into Inner Barrel & Outer Barrel strings. 

• Each string has 15 or 12 ALPIDE (ALice PIxel DEtector) chip. 

• Each pixel has: amplification, discrimination, MEB, test charge injection, masking …

ALPIDE Sensor:  

1024 × 512 pixels 

Chip ≈ 3 cm x 1.5 cm 

1 mm spacers 3 x 15 - chip string on a 1 mm aluminum carrier 

Transition card

Card holder 
and spacers

1 mm aluminum carrier
3 x 15 - chip string3.5 mm tungsten absorber

Total thickness = 8.5 mm
Note: Pixel layer is not to scale
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Layer Assembly Workflow at LTU
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Stage 1 
Manufacturing 

components

Stage 3 
Assembling 

units (carriers)

Stage 2 
Assembling 

components

Stage 4 
Assembling 

modules (slabs)

Stage 5 
Pixel layer  

assembly

1 
Fabricating single-
layer chip-cables

2 
Fabricating circuit 
layers for the long 

flex cables

3 
Etching-off 

aligning lines 
on Al carriers

7 
Mounting SMDs 

on flexmounts on 
the flexes 
(SpTAB)

6 
Soldering SMDs 
on flexmounts

5 
Mounting flexes  

on carrier

8 
Assembling 

ALPIDEs with 
chipcables 

(SpTAB)

9 
Mounting ALPIDEs 

with chipcables  
on carriers 

(SpTAB)

4 
Assembling 

multilayered flex 
(SpTAB)

10 
Mechanical 
assembly of  
a pixel layer

QA Tests: 

TT - technological tests 

AT - assembly tests 

FT - functional tests

TT1 TT2 AT1

AT2

AT2AT3AT4

FT1 FT2 FT3

Current prototypes use two-layer 
chip-cables; the production design 

uses single-layer chip-cables

AT1
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Cross-site record review
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ALPIDE assembly qualification and cross-site verification
Two production gates at Research and Production Enterprise “LTU” (RPE LTU), followed by post-transport verification at University of Bergen (UiB)

LTU · KHARKIV UiB · BERGEN

LTU STAGE 1

Chip assembly
QA (FT1)

Test each ALPIDE
after cable bonding

ASSEMBLY STEP

String mounting
Mount qualified
chip-cable assemblies

LTU STAGE 2

Mounted-string

Repeat PTB tests after
mounting on the carrier

QA (FT2)

UIB VERIFICATION

Reception test at UiB
Retest the received carrier
and its strings

Hold for review or rework
Not mounted at this stage

TEST RECORDS AND COMPARISON

Stage 1 record
Production gate
Traceability and possible rework

LTU post-mount reference
Per-chip results on mounted strings
Carrier, string and chip identifiers

UiB verification record
Per-chip results after transport
Carrier, string and chip identifiers

Cross-site comparison
Match identifiers and tests
Compare grades
Review differences

Like-for-like comparison uses the LTU post-mount result as reference. Stage 1 remains part of the production history.

Scope: ALPIDE assembly qualification. Detailed mechanical layer QA is outside this diagram.

Eligible
Layer completion

transport and handling

Not eligible

FT1 qualifies each chip assembly before string mounting. FT2 verifies functionality after mounting.
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Bergen FoCal ALPIDE Test Setup
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FoCal ALPIDE string test setup

Production Test Box (PTB)

Ethernet to control PC

Power supply cable

FireFly connector

Mini-Transition Card Board
Connect strings to ZIF connectors

The Mini-TC distributes external power and connects the three strings to the PTB. 

The PTB handles clock, slow control, high-speed readout, and Ethernet communication.

A FoCal PTB-based test setup is being prepared in Bergen for FoCal ALPIDE string testing. 

Communication with ALPIDE chips through the FoCal PTB has been established.

mailto:jie.yi@cern.ch


Bergen FoCal ALPIDE Production Test System
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Bergen FoCal ALPIDE production test system
From chip control to reproducible test results

ALPIDE devices FoCal Production Test Box (PTB) TEST PC Python test software + external readout process

String / carrier
Transition Card

ALPIDE

Registers
& control

Pixels + readout

Front-end
Digital logic
Serial output

FPGA / PL ARM / Linux

Clock control
Clock enable / disable

Board services

FPGA image / init

ALPIDE control
Registers / opcodes

Trigger manager
Pulse / trigger / reset

ptb-server
Control endpoint
AXI commands

Register replies
& link counters

HSDATA readout
RX alignment
8b/10b / PRBS check

Frame buffer /
offload

Pixel data service

DMA receive
dma-proxy buffers
↓
ptb-server
TCP streaming

 PYTHON CONTROL & EXECUTION

Config & chip routing
CLI / INI Configs
Chip → control / channel
Board profile + IB / OB

Run & suite coordinator
Chip selection • ordered tests • per-chip lifecycle • failure policy

Board interface +
PTB support
Chip & FPGA setup
Registers / opcodes
Pulse / trigger / DMA
TCP packet translation

Register
Defaults
Masked R/W

HSLink
Alignment
PRBS-7

FIFO
RRU memory
R/W patterns

Analog
APULSE
Front-end

Digital
DPULSE
Digital path

Threshold
Charge Sweep
S-Curve

Pixel Scans

Basic Tests

ptb-readout
External executable
TCP receiver + parser
Writes ROOT events

PYTHON ANALYSIS & REPORTING

Pixel analysis & plots
ROOT event selection
Hit maps / S-curves / metrics

Result archive
Classification / defect CSV
ROOT / PNG / logs + suite summary

Hardware commands / replies HSDATA / pixel-data path Software invocation / results

DCTRL AXI

Readout setup / counters

TCP 49153

Control / replies

Scan start / stop process

Test metrics & status

HSDATA

AXI DMA
TCP 29070

Pixel frames

ROOT

Both TCP paths use Ethernet

SIX TEST PROCEDURESAXI

mailto:jie.yi@cern.ch


ALPIDE QA Tests
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Test What it checks Main output

Basic 
Functionality

Register Register access and read-back integrity Checked registers and mismatch list

High-speed link Link alignment and serial-data integrity Alignment status and error counters

FIFO FIFO memory write/read integrity Failed patterns and memory locations

Pixel Scans

Analog scan Front-end response to injected charge Hit map, dead/noisy pixels and missing frames

Digital scan Digital pixel response and masking Hit map and response/masking metrics

Threshold scan Pixel threshold and response uniformity Threshold map, mean/RMS, and fitted S-curve

Basic tests use GOLD/NOK. 

Pixel scans use GOLD, SILVER, BRONZE, WOOD, and NOK.

Basic tests provide GOLD/NOK. Pixel scans provide graded chip classifications.

mailto:jie.yi@cern.ch


Basic Tests
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Register Test

The register test checks all 37 specifications and assigns NOK when any mismatch occurs.

FoCal / ALPIDE PRODUCTION TESTS TEST 01 / 05

Register test
Verify control access and register behaviour — default-only checks or masked write/read patterns

PYTHON TEST LOGIC / ordered steps, branches and loops SHARED I/O PATH / every hardware operation

Board interface + PTB adapter
Python operations ↔ protocol packets
Chip / control-region / channel routing

ptb-server · ARM / Linux
Receives commands; accesses FPGA
Returns register values / status

FPGA · ALPIDE control
Hardware protocol / serial timing
Clock enable / reset are FPGA controls

ALPIDE registers
Masked register values / default-only fields

1 Select chip & table
Load plan + chip mapping
37 register specifications
Address, mask and default rules

2 Prepare control path
Reset control path / counters
Enable clock → chip GRST
Configure DCTRL; allow settling

3 Load next register spec
Branch on default-only flag
Use only the specified mask
Default-only specs skip patterns

Read masked default
Read once; apply register mask
Compare with default & mask
Record any mismatch
No pattern writes on this branch

MASKED R/W / for each of 7 pattern steps

Write pattern
expected =
pattern & mask

Read back
actual = read value
limited by mask

Compare
actual vs expected
Record mismatches

Restore specified default
After the writable pattern loop
Restore only when a default exists
Then advance to the next spec

More register specs?
Yes → repeat with next entry
No → finish the test
Continue after recorded mismatches

Clean up, evaluate & save
GRST → clock OFF
No mismatch / error → GOLD; else NOK
JSON results + configuration snapshot

Software flow / calls / results Hardware commands / replies HSDATA / pixel data

Path used: DCTRL read/write and TCP 49153 replies. No HSDATA, pixel DMA, ptb-readout or ROOT is required.

All I/O
calls

TCP 49153

AXI access

DCTRL

3 default-only specifications
34 masked-R/W entries

Next pattern; mismatches do not stop the loop

all patterns done

next specification

done

mailto:jie.yi@cern.ch


Basic Tests

INSTR 2026 1013/10/2026jie.yi@cern.ch

High Speed Link Test

FoCal / ALPIDE PRODUCTION TESTS TEST 02 / 05

High-speed link test
Configure both ends, align a normal stream, then check PRBS-7 — return counters, not raw test data

PYTHON TEST LOGIC / ordered steps, branches and loops SHARED I/O PATH / every hardware operation

Board interface + PTB adapter
Python operations ↔ protocol packets
Chip / control-region / channel routing

ptb-server · ARM / Linux
Receives commands; accesses FPGA
Returns register values / status

FPGA logic

ALPIDE control
Registers / opcodes

HSDATA receiver
DATA / PRBS modes

ALPIDE transmitter
Normal stream OR PRBS-7 → DTU

1 Select a direct link
IB or OB master + mapped channel
OB slave has no direct HSDATA
Load role-specific readout settings

2 Initialize transmitter and receiver
Reset control / receiver; enable clock; reset chip
Configure CMU/DMU + DTU; reset readout / offload
Both the chip and FPGA receive setup commands through TCP 49153

3 Phase A · normal DATA
Set FPGA receiver to DATA mode

Wait for alignment → clear counters → observe

Read signal, alignment and decode-error counters

Read chip DTU PLL current-lock status via DCTRL

4 Phase B · PRBS-7
Reset / start the chip PRBS-7 generator

Switch FPGA receiver to PRBS_TEST

Settle → clear counters → observe (default: 5 s)

Read PRBS-checker counters

5 Clean up
Disable FPGA receiver
GRST → clock OFF
Best-effort cleanup

6 All checks must pass
No signal loss + aligned in both phases
DATA decode errors = 0; PRBS errors = 0
Chip PLL current-lock status is true

7 Archive result
All checks pass → GOLD
Otherwise → NOK
Counters + config + JSON

Software flow / calls / results Hardware commands / replies HSDATA / pixel data

HSDATA is checked in FPGA; status returns over AXI / TCP 49153. No pixel triggers, bulk DMA, ptb-readout or ROOT are required.

All I/O
calls

TCP 49153

AXI configuration AXI status /
counters

DCTRL HSDATA

then

FoCal / ALPIDE PRODUCTION TESTS TEST 03 / 05

FIFO memory test
Region-wise write/read checks of ALPIDE RRU memory, with optional extended patterns

PYTHON TEST LOGIC / basic and extended memory checks SHARED I/O PATH / every hardware operation

Board interface + PTB adapter
Python operations ↔ protocol packets
Chip / control-region / channel routing

ptb-server · ARM / Linux
Receives commands; accesses FPGA
Returns register values / status

FPGA · ALPIDE control
Hardware protocol / serial timing
Clock enable / reset are FPGA controls

ALPIDE RRU memory
24-bit access = low 16 bits + high 8 bits

Software flow / calls / results Hardware commands / replies

Full scan: basic 8,192 word checks; extended 28,672. No HSDATA, pixel DMA or ptb-readout.

1 Select chip & test scope
32 RRUs × 128 words per RRU
Basic by default
Optional --extended

2 Initialize control
Reset control path / counters
Enable the ALPIDE clock
Set DCTRL / Manchester mode

3 Select pattern sets

BASIC / always

000000 / FFFFFF
All-zero / all-one patterns

EXTENDED / adds

Checkerboard: 555555 / AAAAAA

Ramp: address

Walking-one: 1 << (address % 24)

Prime: address × 17

Fixed pattern values are hexadecimal

4 REGION-WISE CHECK / scan all 32 RRUs for each test family

Write the region
Write all 128 words first
Fixed or address-based values
24-bit test values

Read back & compare
Read each of the 128 words
Reconstruct low 16 + high 8 bits
Optional dummy reads
Compare and record mismatches
Continue after a mismatch

5 Clean up
GRST → clock OFF
Runs in finally

6 Evaluate & archive
All selected checks pass → GOLD; otherwise NOK
Save mismatches + configuration snapshot
Keep failure details up to the configured reporting limit

All I/O
calls

TCP 49153

AXI access

DCTRL

Next pattern / RRU until all selected test families are complete

FIFO Test

pseudo-random binary sequence (PRBS-7)

The high-speed link is tested in DATA and PRBS-7 modes. The FIFO test covers all 4,096 memory locations.

Check link alignment and decoding ;  data integrity

Check FIFO memory write/read integrity

mailto:jie.yi@cern.ch


Basic Functionality Verified
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FIFO memory coverage
All 16,384 write/read checks passed (4/4 patterns per address; 0 failures)

Patterns: 0x000000 | 0x555555 | 0xAAAAAA | 0xFFFFFF 

16384/16384 checks passed | 0 failures

Source: UiB FIFOTest run 2026-08-06 | chip0 | 32 regions x 128 offsets

REGISTER TEST 
GOLD 

37 / 37 
selected registers verified 
0 mismatches 

HIGH-SPEED LINK 
GOLD 

ALIGNED 
0 errors

Control access, link alignment and 
FIFO memory are operational.

1 2 3 40
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ALPIDE Pixel Signal and Test Paths
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Pixel-Level Scan Tests
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Scan mode
Full matrix

Sparse matrix (pulses every tenth row)

Analog Scan Digital Scan

noisy_fraction: 0.036% 

dead_fraction: 0.29%

Unpulsable: 0.13% 

Unmaskable: 0.0038% 

Noisy: 0.15% 

Spurmask: 0.0017%

SILVERSILVER

Both analog and digital scans are operational.

FoCal / ALPIDE PRODUCTION TESTS TEST 05 / 05

Digital pixel scan
One digital injection per selected row, then three diagnostics — test pixel logic, masking and readout

PYTHON TEST LOGIC / ordered steps, branches and loops HARDWARE CONTROL / timing is executed in FPGA

Board interface + PTB adapter
Chip configuration / pulse-trigger requests
DMA start/stop and status operations

ptb-server · ARM / Linux
AXI control + DMA-session requests

FPGA control + trigger
Clock / reset · ALPIDE register access
Hardware-timed PULSE → TRIGGER
Receiver / offload configuration

1 Plan & target
One direct IB chip
Default: 52 sparse rows
1024 columns per row

2 Prepare chip + PTB
Clock / reset / DAC / FROMU
Mask / select configuration
FPGA receiver in DATA mode

3 Start ptb-readout
Launch external receiver
Allow startup; check process
Ready before any scan trigger

4 Start live DMA
Start DMA before scanning
Sparse and all-row scans
Receiver already running

5 FOR EACH ROW / one digital pulse-trigger

Select next row
Unmask + select row
All 1024 columns

PULSE + TRIGGER
Digital injection (DPULSE)
Wait → deselect + remask

6 Three diagnostic frames
Masked + pulse → unmaskable

Unmasked, no pulse → noisy

Masked, no pulse → spurmask

One trigger for each condition

7 End scan + DMA
Request final flush

Wait configured settle time

Request DMA stop (finally)

No mid-scan offload reset

8 Wait → stop receiver → check ROOT → read counters → hardware cleanup

PIXEL DATA → ANALYSIS / scan-aware event selection before grading

ALPIDE pixels
DPULSE → digital logic
Analog front end bypassed

FPGA readout
HSDATA RX / 8b/10b
Frame buffer / offload

PTB Linux
DMA buffers → ptb-server
TCP data stream

ptb-readout
External frame parser
Writes ROOT events

Pixel analysis
unpulsable / unmaskable
noisy / spurmask

Grade + archive
GOLD / SILVER / … / NOK
JSON / ROOT / maps / logs

Software flow / calls / results Hardware commands / replies HSDATA / pixel data

Default sparse plan: 52 row triggers + 3 diagnostic frames = 55 intended frames; --all: 512 + 3 = 515. Digital injection bypasses the analog front end.

All I/O
calls

TCP 49153

AXI control

DCTRL → chip configuration and PULSE / TRIGGER commands

Repeat for the selected rows

Receiver and DMA active

HSDATA AXI DMA TCP 29070 ROOT metrics

FoCal / ALPIDE PRODUCTION TESTS TEST 04 / 05

Analog pixel scan
Two charge-injection settings per selected row — test the analog front end and complete pixel readout

PYTHON TEST LOGIC / ordered steps, branches and loops HARDWARE CONTROL / timing is executed in FPGA

Board interface + PTB adapter
Chip configuration / pulse-trigger requests
DMA start/stop and status operations

ptb-server · ARM / Linux
AXI control + DMA-session requests

FPGA control + trigger
Clock / reset · ALPIDE register access
Hardware-timed PULSE → TRIGGER
Receiver / offload configuration

1 Plan & target
One direct IB chip
Default: 52 sparse rows
1024 columns per row

2 Prepare chip + PTB
Clock / reset / DAC / FROMU
Mask / select configuration
FPGA receiver in DATA mode

3 Start ptb-readout
Launch external receiver
Allow startup; check process
Ready before any scan trigger

4 Start live DMA
Start DMA before scanning
Sparse and all-row scans
Receiver already running

5 FOR EACH ROW / two charge settings, then restore the row mask

Select row
Unmask + select
All 1024 columns

Low charge
VPULSEH = 110
One pulse + trigger

High charge
VPULSEH = 200
One pulse + trigger

Restore row
Deselect + mask
Advance row

6 End scan + DMA
Request final flush

Wait configured settle time

Request DMA stop (finally)

No mid-scan offload reset

7 Wait → stop receiver → check ROOT → read counters → hardware cleanup

PIXEL DATA → ANALYSIS / scan-aware event selection before grading

ALPIDE pixels
APULSE → analog front end
Discriminator → readout

FPGA readout
HSDATA RX / 8b/10b
Frame buffer / offload

PTB Linux
DMA buffers → ptb-server
TCP data stream

ptb-readout
External frame parser
Writes ROOT events

Pixel analysis
0 / 1 / >1 selected hits
dead / nominal / noise

Grade + archive
GOLD / SILVER / … / NOK
JSON / ROOT / maps / logs

Software flow / calls / results Hardware commands / replies HSDATA / pixel data

Default sparse plan: 52 rows × 2 injections = 104 intended frames; --all: 512 × 2 = 1024. Two-charge response test

All I/O
calls

TCP 49153

AXI control

DCTRL → chip configuration and PULSE / TRIGGER commands

Repeat for the selected rows

Receiver and DMA active

HSDATA AXI DMA TCP 29070 ROOT metrics
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Summary and Outlook
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The core FoCal ALPIDE test chain is operational in Bergen

Summary 

The FoCal PTB controls assembled ALPIDE strings and records traceable per-chip results. 

All basic tests passed, and the test system operated as expected. 

Analog and digital scans reproduce the expected pixel-response pattern. 

Next steps 

Complete threshold S-curve and noise extraction for pixel calibration. 

Extend test procedures to OB strings. 

Compare LTU and UiB results after transport.

Thank you for your attention

First pCT ALPIDE Beam Test at Haukeland Hospital, 2026
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Backup



Classification
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Classification
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Abbreviations and Explanation
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RMS: Root Mean Square
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Extended FIFO memory patterns
Each pass writes 128 offsets per RRU, then reads back and compares

Pattern Stored word at offset a Main check

Ramp word[a] = a
a = 0, 1, 2  →  000000, 000001, 000002

Address decoder: each offset has 
a distinct value.

Walking-one word[a] = 1 << (a mod 24)
a = 0, 1, 2, 24  →  000001, 000002, 000004, 000001

Exercises one data bit at a time. 
Repeats every 24 offsets.

Prime word[a] = 17 × a
a = 0, 1, 2  →  000000, 000011, 000022

Address decoder with more bit 
changes than Ramp.

Basic: all-zero and all-one words. Extended adds checkerboard and these three address-dependent passes.

“Prime” means multiply by 17. The written values are not a sequence of prime numbers.


