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Motivation
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Motivation

• Larger telescopes increase 
SNR in HBT measurements
• For bright stars: hybrid 

single photon detectors 
saturate for telescopes > 1m
• For spatial correlations 

ordered timestream is 
necessary
• Manageable data rate
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Solutions:
1) Use new kind of

detector
2) Use White 

Rabbit
3) Use high 

throughput TDC

🤓



New kind of single photon 
detector: LINPix
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LINPix from Photonscore
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Photoelectron
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avalanche

Incident photon

MCP stack

Anode

Photocathode

Multi cannel plate:
ØAmplify signal
ØChevron stack → Gain > 106

ØChannel tilt = 5° – 10°

Constant fraction discriminator (CFD):
ØReduce timing walk for 
varying pulse amplitude
ØNIM out via SMA

t t t

time walk

Constant Threshold Discrimination Constant Fraction Discrimination



Possible Photocathodes for LINPix
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Photonscore.
PHOTON COUNTING MADE EASY

Photonscore. | www.photonscore.de | email@photonscore.de

LINPix is the solution for ultra-fast single photon 
counting. The heart of the detector is a microchan-
nel plate based photomultiplier tube, enabling a dead 
time below 2 ns and sustainable count rates above 
100 MHz and burst rates of up to 1 GHz. The combi-
nation of high throughput detection with a timing 
resolution below 35 ps makes LINPix an ideal photon 
detector for your application. Its large ⌀8 mm sensiti-
ve area can accommodate one of four highly sensitive 
photocathodes, matching the spectral range you are 
interested in.

Detector parameters
Max. recommended count rate, MHz 100

Shutdown count rate, MHz 110

Discrimination Integrated CFD

Dark count rate, Hz < 15 (Blue, Aqua), < 50 (Green), < 200 (Red)

Timing jitter, ps (FWHM) < 35 (@ 1 MHz), < 45 (@ 10 MHz), < 75ps (@ 100 MHz)

Active area, mm ⌀8

Dead time, ns < 2

Signal output
Output connector SMA Female

Output signal NIM, 50 Ohm

Polarity Negative

General
Power supply 12 V, 1 A

Optical connector C-Mount

Dimensions, (w × d × h), mm 145 ×78 ×50

Cooling Integrated water cooling

High-Throughput  
Single-Photon-Counting

Quantum efficiency Timing jitter

Get in touch & learn more 

www.photonscore.de
+49 391 6117 280

email@photonscore.de

LINPix



LINTag from Photonscore

• time-tagger system developed for 
ultra-fast data acquisition
• Temporal accuracy of 8.5ps (FWHM) / 

3.6ps (RMS)
• 8 high resolution channels
• 10G Ethernet SFB+ connection
• full-stack TCP/IP interface
• Transfer up to 

400 MEvents/s in 
compressed hirarchical
dataformat
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Photonscore.
PHOTON COUNTING MADE EASY

Photonscore. | www.photonscore.de | email@photonscore.de

LINTag is the time-tagger system for ultra-fast data 
acquisition. The time-to-digital converter boasts 8 
acquisition channels, each with an adjustable input 
threshold and impedance. The system can deliver 
over 400 MTags per second with an accuracy of less 
than 8.5 ps, transmitting data to your computer via a 
10G Ethernet SFP+ connection that uses a full-stack 
TCP/IP interface. If your application requires lower 
latency, you can utilize the embedded PC to directly 
access the time tags from the FPGA.

Timing & Processing
RMS jitter, ps 3.6

FWHM jitter, ps 8.5

Digital bin size, ps 1

Max. input frequency, MHz 550

Tag transfer rate, MTags/s 400

Burst memory, GTags 10

Internal computing capability Intel® 13th Gen. Core™ i7

Input
Signal level, V -2 to 2.5

Impedance, Ohm 50 / Hi-Z (1M)

Polarity Negative / Positive

Channel number 8

External clock input 10 MHz, IRIG-B

General
Power supply 24 V, 12.5 A

Dimensions, (w × d × h), mm 480 × 345 × 133 (3U)

Connectivity USB 3.0 / Thunderbolt 3 / SFP+ (10G TCP/IP)

Operating system Windows, macOS, Linux

High-Throughput  
Single-Photon-Streaming

Timing jitter

Get in touch & learn more 

www.photonscore.de
+49 391 6117 280

email@photonscore.de

LINTag



Timing resolution 
measurements
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Detector Testbench
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• Obtain timing 
resolution by 
correlating detector 
and diode signal
• Used Hi-QE Blue 

photocathode
• Tune  count rate 

from 180kHz to 
95MHz
• Vary opening 

diameter of iris 2

Femtosecond IR 
pulses @ 100 MHz

flat 
detector 

illumination

Bulk of photons for high rates



Timing resolution of the setup
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Varying the illuminated area:
Ø Tune iris to 2mm opening 

diameter
Ø Smaller active area →

similar timing resolution
Ø Full area increases jitter 

by < 5 ps

Iris closed and open



Timing resolution
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@95MHz@190kHz



Timing resolution of the setup
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Peak position walk off:
Ø Higher rates shifts peak to 

higher delay times
Ø Walk off < 20 ps

walk off



Synchronizing TDCs
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Synchronizing TDCs Setup
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WR-LEN

LINCam1

Tektronix
Signal Generator

LINCam2

1kHz NIM

IRIG-B, TTL

10 MHz, ± 1V

Clock in

GPIO
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LINTag1

LINTag2
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Synchronizing TDCs
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Procedure:
Ø Build an IRIG-Word Stack to each 

provided file
Ø Finding the range when all overlap. If 

outliers exist they won’t be 
processed

Ø Search for file with smallest TDC-
Counter and use it as a time 
reference for all other files

Ø Check each second the offset 
between matching IRIGs and 
compensate using a smooth-function

GPS 
Time

First common valid

First common valid

Last common valid

Valid range

TDC2TDC1

Irig Words



Synchronizing TDCs
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Sync jitter over 20min



Outlook
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Outlook
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To Do:
1) Higher count

rates?
2) Bursts?
3) Km baselines?

1) Try 100MHz bunching
2) Check burst capability 

of LINPix
3) Try WR with long fibers 

and test synchroniz-
ability of multiple TDCs 
in the field



Thank you 
for your attention



Image References

• LINPix: taken from Photonscore website
• CFD1: 

https://upload.wikimedia.org/wikipedia/commons/8/8f/Constant_fr
action_1.svg
• LINTag plot and image: taken from Photonscore manual and website
• MCP: copyright Stefan Richter
• MCP schematic: copyright Yury Prokazov
• Vacuum assembly: copyright Photonis
• Quantum efficiency: taken from LINPix Photonscore datasheet
• Optical Chopper: 

https://shop.scitec.uk.com/cdn/shop/products/300cd_2048x.jpg?v
=1649946375
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IRIG-B timecode
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Timeframe 1s
Index count 0.1 s

P0 P1 P2 P3 P4 P5 P6 P7 P8 P9 P0

• 100 Hz bit rate
• Encoding type: 

Binary-coded 
Decimal

• Years as number 00-99 (00=2000)
• Straight binary seconds: 17 bit binary 

counter from 0 to 86399 (recycles each 24-
hour period)



IRIG-B timecode
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UTC timestamp


