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Touring students from Liverpool, 2014 EDIT Instrumentation School, 2011
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Silicon in Instrumentation
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BEBC - Phil’s first experiment 
1 image every second

How did Phil go from bubble chambers to fully electronic imagers? The use of 
silicon has been a central thread, driven by need for charm/beauty tagging

It was recognised early on that the technology in Si chip foundries was 
drawing investments of billions of dollars, massive daily production and 
turnover, sophisticated design packages - how to access this?

ATLAS - As designed by Phil 
40 million images every second

I wish to present to you today three specific and ground breaking 
innovations of Phil which made this possible 
1) Electronics that worked!  2) Sensors that worked!  3) Detectors that 

survived the most intense radiation environments imaginable!
Plus a bonus excursion into medical physics
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The Readout Challenge

How can we have imagined that a readout with discrete components on dual cards might be 
compatible with the compact lightweight detectors of the future comprising millions of channels? 
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Heijne-Jarron 1980

I contacted Mike Tyndel who kindly provided me with Phil’s “to do” list from this transformative period: 
1) Simulation software to estimate the physics requirements in terms of granularity, resolution and material
2) Developing and evaluating the first 'low power' CMOS readout chip (The MICROPLEX series)
3) Figuring out how to bias and AC couple silicon detectors. Phil worked closely with Micron on this, leading the work on FoxFET biasing
4) Developing pad layouts and wire-bonding techniques for connecting detectors and ASICs. This was extremely challenging with 
parameters such as wire type (Gold, Aluminium), wire size, wire bonder power not to mention human expertise all up in the air

This to-do list still left us with time for pub-lunches, visits to CERN, a spot of philosophy..  Phil made important contributions, starting with 
DELPHI, then OPAL, then eventually ATLAS
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1989: The RAL Microplex chip is born
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Single hit 
resolution: 11.8 µm

First Tracks seen!
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1989: CMOS VSLI adopted into DELPHI
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• First photograph of sensor 
• First schematic of realistic detector design 
• 10880 channels instrumented for beam test 

• Noise measurements from the new MX3 chip 
give S/N of 16 and 5 µm resolution 

• Stability monitoring with laser spots and 
capacitive probes
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1991 a working vertex detector
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• Detector installed in March 1990 
• Used 1990 data 
• Performed according to expectations!
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Jump one vertex detector to 1994
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LEP Synchrotron radiation “mapped” 
Add extra shields and reduced beam-pipe: 

• 1990: 1.2 mm Al diameter 160 mm 
• > 1990: 1.4 mm Be diameter 106 mm

Add z readout to two layers, but keep low X/X0  
Double Sided Sensors 
Innermost layer extended coverage (planning for future!)

→
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FOXFET biasing

• First sensors fabricated and equipped with MX3 
• Uniform pedestal and noise values obtained 
• Used for both micro and mini strips in the extended 

silicon tracker installed for LEP 2
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1996: DELPHI Silicon Tracker
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pixels ministripsmicrostrips

DELPHI Silicon Tracker
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pixels ministripsmicrostrips

DELPHI Silicon Tracker
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Impact of  Silicon

12

Singapore Conference, 1990 

‘The LEP experiments are beginning to reconstruct B mesons… It will be 
interesting to see whether they will be able to use these events’ 

    Gittleman, Heavy Flavour Review

10 fun packed years later, 
heavy flavour physics 
represented 40% of LEP 
publications
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Impact of  Silicon
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Forward-backward asymmetries 
(& at SLD L-R asymmetries)

Dramatic demonstration of the validity of 
the SM, e.g. in the vector & axial couplings. Impact on b hadron lifetimes

magnified by 
a factor 65
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Phil’s diverse interests
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Surely DELPHI’s most 

psychedelic analysis
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Vertex 1995 Ein Gedi - Moving on
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….with our much missed colleague Peter Weilhammer

Phil & Karole in Ein Gedi…
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Large Systems
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Large Systems
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Hiroshima Conference 1995
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Phil in the heart of it
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Hiroshima Conference 1995
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and the story of the lost luggage..
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Radiation Damage and Charge Spreading

In non-irradiated detectors charge shareing comes from diffusion
In irradiated detectors there is extra charge sharing if the charge stops drifting due to 
underdepletion or to trapping.  sometimes this is not desirable!
The charge spreading can have two bad effects 
- loss of resolution 
- loss of efficiency because the S/N of individual strips is smaller
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The n-in-p revolution
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in the 90s Phil pioneered the switch from traditional hole collecting semiconductor sensors to electron collecting, and from n-type bulk to 
p-type bulk for radiation resistant applications 
- potentially cheaper, single sided technology, good control of strip isolation available 
- faster drift times from electrons, less sensitive to noise

LHCb and ATLAS studied double sided sensors and showed in two independent, almost simultaneous publications the greater robustness 
of the electron collecting side after irradiation.  

This has affected the design of all modern Si-trackers and is one of Phil’s most tremendous contributions
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HEV/HPLV - The Ventilator Challenge
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HEV/HPLV is a novel ventilator designed in response to the COVID-19 crisis  
It is a high quality, low cost and suitable for use in ICUs, for invasive and non-invasive ventilatory support 
Modes include Pressure control, Volume control, Pressure Support, Delivery of oxygen enriched air, CPAP 

Globally, pneunomia is the most common 
infectious cause of death.  The COVID 
pandemic has drawn attention to the lack 
of ventilation equipment in LMICs (Low to 
Middle Income countries), and HEV/HPLV 
will remain relevant. 
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Some recent perspective
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While very helpful, the early government specifications were vague and conflicting. Neither  
the 18 March UK RMVS, nor the 7 April Australian TGA guide emphasised the requirement for 
supporting spontaneous breathing. It was not until 10 April that the UK revised the RMVS to 
stress the desirability of supporting spontaneous ventilation. By then many teams had locked in 
a design architecture and most would never change direction. 
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HEV/HPLV took a particle physics approach

Performance, compared to commercial devices

24

Trigger reaction time (ideally 
should be below 150 ms)

Pressure integral at 500 ms 
compared to ideal (should be 

as high as possible)

Design takes an old concept, but 
uses particle physics techniques of 
control and monitoring to deliver a 
modern performance, for an 
affordable, reliable device
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Current status
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After review by the respiratory expert panel, HEV and HPLV were selected to feature in the WHO compendium, as an “innovative technology that 
can have an immediate or future impact on the COVID-19 preparedness and response, have the potential to improve health outcomes and quality 
of life, and/or offer a solution to an unmet medical/health technology need”, and the academic description was published by Royal Society Open 
Science https://royalsocietypublishing.org/doi/10.1098/rsos.211519o
Licences have been signed in many countries internationally and prototypes are under development and are serving to support R&D in pressure 
sensors and algorithms for ventilator development in academic institutions

Phil’s support at the early stages, as an international reviewer of the project, and then his membership of the team, was CRUCIAL.  We 
are forever indebted to him for his encouragement and words of wisdom.
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Thank you Phil
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I hope I’ve been able to demonstrate to you that 
Phil’s choices of research path, his endless 
curiosity and enthusiasm, and his innovations have 
had a lasting and profound impact on the field

Certainly this is the case for the experiments and 
detectors I have worked on

Finally, a message from Jan Timmermans, DELPHI 
Spokesperson: 

“I hope you can transmit on behalf of DELPHI our 
thanks for his contributions to DELPHI.
And personally I hope he can still be very active in 
future detector technologies for a long time”

Thank you!  And special thanks to Jan 
Timmermans, Spyros Tzamarias, Hans 
Dijkstra and Mike Tyndel for sharing 
memories and providing material

This quote from Themis Bowcock sums up many of 
the talks today “Phil is one of the only people who 
could talk equally fluently about silicon and 
Nietzsche in the same sentence”


