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1. Motivation
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From detector… … to back end

Silicon Photonics Components
(previous talk by C. Scarcella)

VL+ Components
(this talk)

?

Two optical solutions for data readout

SystemPIC 

Chip

VTRx+ 

Module



2. Demonstrator PCB
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Timepix4

PCB

Optical 
Receiver

Oscilloscope

Four channels

striplines
Four channels

• Idea for this PCB: demonstrator of silicon photonics (SystemPIC, previous talk by C. Scarcella) 
and transceiver (VTRx+, this talk) all in one.

• It also tests power by Through Silicon Via (TSV) + signal through TSV for VTRx+ or wirebond to 
SystemPIC.

VTRx+ 2

(not placed for this picture)

Two channels
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2. Demonstrator PCB

VTRx+ 1
SiPho
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VTRx+1 VTRx+2

Timepix4

PCB striplines

Connected to Channel 0,1,2,3

Routing length around 50mm each

Connected to:

Channel 4: 110mm track

Channel 5: 85mm track

Channel 6: 85mm track

Channel 7: 169mm track

Long routing to test how 

distance from Timepix4 to 

VTRx+ affects the signal

2. Demonstrator PCB
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3. Assembly of Timepix4
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PCB BGA pad 

before glue

After glue (30um 

particles)

Thermo-

compression

Assembly done at UniGe (University of Geneva)

3. Assembly of Timepix4

A tested Timepix4 processed with TSVs is bonded to PCB 

with Anisotropic Conducting Paste (ACP).



4. Eye Diagrams with VTRx+ 
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Keysight optical receiver attached to oscilloscope
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Ch 0 (50mm track)

4. Optical Eye Diagrams with VTRx+ (5.12Gbps)
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Ch 6 (85mm track)Ch 5 (85m track)Ch 4 (110mm) track Ch 7 (169mm track)

Ch 1 (50mm track) Ch 2 (50mm track) Ch 3 (50mm track)

σ=8.02 ps σ=7.55 ps σ=8.25 ps σ=7.55 ps

σ= 7.85 ps σ= 9.34 ps σ= 8.14 ps σ= 9.92 ps
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Ch 6 (85mm track)Ch 5 (85m track)Ch 4 (110mm track) Ch 7 (169mm track)

Better eye for Channel 4 (110mm) than Channel 5 (85mm) 

4. Optical Eye Diagrams with VTRx+ (10.24Gbps)

13th June 2025 francisco.piernas.diaz@cern.ch | VELO U2 Workshop 2025

σ=10.43 ps σ= 8.94 ps σ= 9.23 ps σ= 9.42 ps

σ= 10.95 ps σ= 10.82 ps σ= 10.26 ps σ= 28.86 ps

Ch 0 (50mm track) Ch 1 (50mm track) Ch 2 (50mm track) Ch 3 (50mm track)
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4. Eye Diagrams with VTRx+
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What we can extract from the eye diagrams

• Important contributions to jitter coming from the chip serializer. We can see this for example in 

channel 4 (longer track than channel 5 and still better eye).

• Important to note that this demonstrator used high performance FR4 (Isola Tera), but there are 

losses by weave effect. This is not the case for Kapton or ceramics substrates.

• The eyes at 10.24Gbps are almost or totally closed partially due to the high jitter coming from the 

serializer of the Timepix4 (known problem).

• We can expect much better performance at 10.24Gbps using Kapton or ceramics substrates and 

with Picopix, integrating optimized drivers.



5. Bit Error Rate (BER) Test 
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5. Bit Error Rate (BER) Test 
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• Timepix4 generates PRBS31 streams, which are converted to optical by a VTRx+ and back to electrical by a 

FireFly receiver. 

• The bit error rate tester (BER) recovers the clock from the PRBS31 data and counts the error bits.

• A variable optical attenuator reduces the optical modulation amplitude (OMA) to the optical receiver until errors 

begin to appear. This emulates losses by breakpoints, fiber attenuation, radiation effects, etc. 

• The test determines the minimum input (OMA) that guarantees error-free transmission, defined as BER ≤ 10-12

OMA

Timepix4

(PRBS31 data)

Optical 

transmitter

(VTRx+)

Variable optical 

attenuator

(VIAVI mVOA)

Optical receiver

(Samtec FireFly)

Bit error rate 

tester

(Keysight J-BERT)

Electrical output

5.12 Gb/s

5.12 Gb/s5.12 Gb/s
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PCB
Fiber Fiber

SMA

Cable
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5. Bit Error Rate (BER) Test 
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BER Tester

FireFly Module

Measurement of eye diagramOptical Attenuator



• A similar BER test using an FPGA as receiver is planned soon. 

The use of the equalization capabilities could deliver different 

results compared to the BER tester. 

• Note: Picopix will have a different and optimized output driver 

compared to Timepix4, it must be considered that  performance 

will be different.

5. Bit Error Rate (BER) Test 
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• Reference BER curves acquired at 5.12 Gb/s and 10.24 Gb/s using a benchtop pattern generator as transmitter.

• BER measurements were performed on five Timepix4 channels at 5.12 Gb/s, showing minor penalty compared to 

the reference, achieving BER<10E-12 if the OMA amplitude is greater than -13 dBm in all cases.

• At 10.24 Gb/s, not possible to lock the BER tester due to limitations 

in the Timepix4 serializer output (high jitter).
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What next:



Conclusions

• Two alternatives for optical readout of data from detector to back-end (SystemPIC, VTRx+).

• Demonstrator PCB using a TSV-processed Timepix4 chip, using both alternatives for transmission.

• TSVs successfully deliver signal and power.

• Eye diagrams show good transmission at 5.12Gbps. Limitation in the chip at 10.24Gbps due to high jitter.

• BER test successfully conducted at 5.12Gbps, showing small penalty compared to reference depending on 
attenuation. 
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Backup Slides
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x1020 BGA Pad

Diameter: 300 um

Redistribution

Layer (RDL)

Through Silicon Via (TSV)

TSV cross section under SEM (Fraunhofer IZM)

The bondpads are diced out: 4 side buttability

Internal Landing Pad

0.8mm

pitch
TIMEPIX4 TSV-Processed Back side

Chip thinned to ~120um

Through Silicon Via


