
Wireless Data Transmission 
For High Energy Physics Applications

S. Dittmeier for the WADAPT working group

Physikalisches Institut, Universtität Heidelberg

06 March 2017

Connecting the Dots / Workshop on Intelligent Trackers 2017

LAL - Orsay



Wireless Allowing Data And Power Transmission

o WADAPTgroup formed to identify specific needs of projects that might benefitfrom 
wirelesstechnologieswith the objective of providing a common platform for R&D
arXiv:1511.05807

o This talk covers data transmission only

Outline:
o Motivation

o Wireless data transmission and the 60 GHz band

o 60 GHz studies

o Future prospects

o Summary and outlook

https://arxiv.org/abs/1511.05807


Motivation



Motivation 1: Bandwidth

o High demands on bandwidth

in present and future HEP experiments

o Especially true for highly granular 

tracking detectors operated at 

high beam luminosities

o Readout electronics have to withstand high radiation doses

o Copper interconnects: increased impedance at higher frequencies

Example: ATLAS ITK Pixel Detector
o Over 10000 links at 5 Gb/s
o Distance between stave and 

opto-electrical converters:
5-7 m on copper cables
(twisted pair, TwinAx or Flex cables)

http://cds.cern.ch/record/2217152/files/ATL-ITK-SLIDE-2016-673.pdf



The ATLAS Collaboration2008 JINST3 S08003 
doi:10.1088/1748-0221/3/08/S08003

Motivation 2: Cables

o Significant costcontribution

o Installationis always a challenge

o Significant contribution to materialbudget

o Dead material: multiple scattering

http://atlasexperiment.org/photos/inner-detector-sct.html

http://dx.doi.org/10.1088/1748-0221/3/08/S08003


Motivation 3: Readout Topologies

o Facilitate fast track triggerdecision

o Application specific design considerations required

o Link density

o Signal reflection and transmission

o ...



o Multiple receivers for single/multiple transmitters

o Distribution of common signals

o Clock, reset, trigger, ...

o Share hit informations for on-detector tracking

Motivation 4: Broadcasts
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Wireless data transmission 
and the 60 GHz band



http://isscc.org/doc/2016/ISSCC2016_TechTrends.pdf

Data rate increases by a factor of 10 every 5 years

Progress in wireless technologies



ὅ ɇ́ὄ
ὅ: channel capacity in b/s

:́ spectral efficiency in b/s/Hz
ὄ: bandwidth in Hz

Shannon-Hartley Theorem
ὅ ὄɇÌÏÇρ ϳὛὔ
ὅ: upper bound on 

channel capacity in b/s
ὄ: bandwidth in Hz
ϳὛὔ: signal to noise ratio

Wireless channel capacity



Increase wireless channel capacity
ὅ ɇ́ὄ

ὅ: channel capacity in b/s
:́ spectral efficiency in b/s/Hz
ὄ: bandwidth in Hz

o Case: bandwidth limited
o 2.4 GHz and 5 GHz band
ὄὡȢ ρππ-(Ú
ὄὡȢ φππ-(Ú

ü Improve spectral efficiency
Modulation schemes
OOK 0.5 b/s/Hz
MSK 1 b/s/Hz
4QAM 2 b/s/Hz
1024QAM 10 b/s/Hz

o Improvement in 
silicon technologies

o Higher frequencies: mm-waves
ὄὡ ω'(Ú

üSpectral efficiency not critical

üTrade bandwidth 
for complexity

Increased complexity
and power consumption




