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Oxford Particle Physics Cohort 1983
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e Muon scattering (EMC)
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e European Hybrid Spectrometer at CERN (EHS)
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History of Silicon Detectors

In the 1980s heavy flavour (charm and beauty) physic
very “hot” topic....
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History of Silicon Detectors

Early 1980’s: Silicon microstrip detectors with bette
3um spatial resolution had been developed and used in
charm and beauty search experiments at the CERN SPS and

the Tevatron at Fermilab.

Mid 1980’s: Silicon microvertex detectors were being
developed for LEP and the SLC.

DELPHI microvertex detector ALEPH minivertex detector Mark Il silicon strip
vertex detector




630 Nuclear Instruments and Methods in Physics Research A273 (1988) 630635
North-Holland, Amsterdam

A LOW POWER CMOS VLSI MULTIPLEXED AMPLIFIER FOR SILICON STRIP DETECTORS

P.P. ALLPORT, P. SELLER and M. TYNDEL
Rutherford Appleton Laboratory, Chilton, Oxon, UK

A low power CMOS VLSI circuit has been designed and built for the readout of 25 um pitch silicon strip detectors. Each detector
strip is connected directly to one of 128 electronic channels on the chip. A channel consists of a charge sensitive amplifier
incorporating correlated double sample and hold for noise reduction. There is a single differential multiplexed output for the 128
channels on each chip. Results are presented on the performance of a detector equipped with the VLSI circuits.

Planned vertex detectors requirements:
Readout in confined space, 10°-10° channels
low power, low noise, radiation hard

Each 6.4 mm X 6.4 mm VLSI circuit, fabricated with
5 pm CMOS technology, consists of 128 individual
amplifiers and a single multiplexed differential output.
The outputs from several devices can be daisy-chained
together to allow readout of multiples of 128 channels
along a single twisted pair lead.

First results:
Power 55 mW, noise 2000e- connected to 25um strip MX series

Crosstalk <1%, readout rate 3 MHz, works up to 3krad
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Cambridge 1989

The OPAL experiment at LEP started tak
study the Z0 (1989-1995) and W= (1996-2000

Cambridge responsibilities:
Vertex drift chamber
Track trigger

Endcap EM calorimeter
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Cambridge 1989

The OPAL experiment at LEP started taking data in 1
study the Z0 (1989-1995) and W= (1996-2000) bosons.

Cambridge responsibilities: OPAL

Vertex drift chamber
Track trigger

Endcap EM calorimeter
Software

Discussions were also ongoing
to insert a silicon microvertex
detector around a reduced
diameter (53mm) beam-pipe

A SCHEME FOR UPGRADING THE CENTRAL T!I
BY THE ADDITION OF AN INNER SILICON
. DETECTQR DETECTOR

SS

ER AND
LIGHT DETECTOR

Cambridge University, Queen
and Electronics Development Group Ruth
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Phil arrives in Cambridge to develop sili
for the proposed OPAL microvertex detecto

and

Sven Katva |
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Science and Engineering Research Council

Serc
Programmes Directorate

Polaris House, North Star Avenue, Swindon SN2 1ET

Telephone (0793)-411000 Fax (0793) 411400 GTN 1434 Telex 449466

Direct line Direct Fax line
411276 413348

Dr J Carter

BAT 28 S008

EP Division

CERN

CH-1211 NP/106/14
Geneva 23

SWITZERLAND 6 September 1989

Dear Dr Carter
FUNDING AND MONITORING OF HEP DETECTOR AND ACCELERATOR RESEARCH &

DEVELOPHENT

The Particle Physics Committee has decided to introduce a new mechanism for
monitoring and review of HEP detector and accelerator research

the support,
and development at the next round of grant applications.

Janet Carter

The attached documents describe the mechanism and give guidance for the
T would like to draw your attention to the

preparation of proposals.
closing date of 15 November for receipt of applications in Swindon Office.

Yours sincerely




Cambridge 1989

Phil arrives in Cambridge to develop sili
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Cambridge Silicon Detector Development.
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Nuclear Instruments and Methods in Physics Research A310 (1991) 155-159
North-Holland

FOXFET biassed microstrip detectors

P.P. Allport, J.R. Carter, V. Gibson, M.J. Goodrick, J.C. Hill and S.G. Katvars
Cavendish Laboratory, University of Cambridge, Cambridge, UK

M.A. Bullough, N.M. Greenwood, A.D. Lucas and C.D. Wilburn

Micron Semiconductors Limited, Lancing, Sussex, UK

A.A. Carter and T.W. Pritchard
OMW, London Unicersity, London, UK

L. Nardini, P. Seller and S.L.. Thomas

Rutherford Appleton Laboratory, Didcot, Chilton, Oxfordshire, UK

Previous approaches:

* Polysilicon resistors - reliable strip connection, but high
resistor values (>2MQ2) requires intricate frabrication

* Punch-through - leakage current dependent dynamic
resistance affects resolution
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FOXFET biassing

! " R..] MICRO-STRIPS
3 R rr am e Timmmm e e

. s

FoxFET biassing retains the
simplicity of fabrication of the
punch-through design whilst
allowing the dynamic
resistance to be tuned through
the gate voltage control

Built in collaboration with

Micron Semiconductor Ltd

/ \ SOURCE

High Resistivity Substrate

Fig. 1. FOXFET detector bias structure.




V. Gribgon S)icon t-@ devector

Bl3190 foxFET s ingad s {:\i e
Ca\:enc)\i La\o £ 7 H H mtxﬁ\‘c = Ll
Cambndae ¥, ' Mask contods = Ty

% i< \ vass\'v cion = Y

CEoxED’ e

Q | i . L P 3 R

(Covpeber Rided Design = Silicon Wasks)

® N nouvtes \ew !

@ Silwvar foisie Comv.\\er Asded bes\‘an &15&«1 — = = ;_5';;
PAWNCESS ~ Hos\ Wou\k = _

Ccn—\‘ovta&e,—- /u\h‘-\)( X000  colour workska\:\‘on
VHS 5-1/ WS &-@ cml.1

\esokee,. Aot Vi RAL.

® Ginge - st0ed  Adevectors (Foxeet biosed)
Genesd \ayode ol ol deveckors

23



First test-structures arriy




First test-structures arriy

“Everyone was very excited and Janet Cz
come down to the new cleanroom at the C
present for the momentous first measurement.




First test-structures arrive...

“Everyone was very excited and Janet Carter decide
come down to the new cleanroom at the Cavendish tc
present for the momentous first measurement.

As | was explaining to Janet how we would do the
measurement, in an expansive gesture | leant back onto a
nearby table and heard an ominous crunch. Janet looked

at the box, which now contained the smashed remains of
precious test-structure (I blame the packaging), and simply
said “You’re allowed to do something like that once”.




First test-structures arrive...

“Everyone was very excited and Janet Carter decide
come down to the new cleanroom at the Cavendish tc
present for the momentous first measurement.

As | was explaining to Janet how we would do the
measurement, in an expansive gesture | leant back onto a
nearby table and heard an ominous crunch. Janet looked

at the box, which now contained the smashed remains of
precious test-structure (I blame the packaging), and simply
said “You’re allowed to do something like that once”.

However, | since was informed that one definition of an
“expert” is someone who has made every possible
mistake. - On that definition | am proud to say | probably
do qualify!”

Phil Allport 2023
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Test beam

August 1990 started beam tests of prototype detecto
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3 detectors separated by ~1cm
in 5 GeV charged pion beam:
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OPAL Microvertex Detector

NUCLEAR

) ) INSTRUMENTS
Nuclear Instruments and Methods in Physics Research A324 (1993) 34-52 & METHODS
North-Holland IN PHYSICS
RESEARCH
SectionA

The OPAL silicon microvertex detector

P.P. Allport ®, J.R. Batley °, P. Capiluppi *, A.A. Carter ", J.R. Carter °, S.J. De Jong ©,
U.C. Dunwoody °, V. Gibson °, W. Glessing ¢, P.R. Goldey !, M.J. Goodrick ®, W. Gorn ',
R. Hammarstrom ¢, G.G. Hanson ¢, J.D. Hobbs ¢, J. Hill ¢, J.C. Hill ®, R. Humbert ¢,

F. Jacob ’, M. Jiminez ¢, P. Kyberd ", C. Leroy &, X.C. Lou ¢, A.J. Martin ", J-P. Martin &,
C. Moisan &, C.J. Oram ¥, T.W. Pritchard ", O. Runolfsson ¢, P. Seller ’, R. Shaw °, P. Singh ",
M.F. Turner ®, M. Uldry ¢, D. Voillat ¢, D.R. Ward ® and K.H. Wolf ¢

¢ Dupartimento di Fisica dell’Unwersita di Bologna and INFN, Bologna, 40126, Italy

b Cavendish Laboratory, University of Cambridge, CB3 OHE, UK

¢ CERN, European Organisation for Particle Physics, 1211, Geneva 23, Switzerland

4 Fakultit fiir Physik, Albert Ludwigs Unwersitat, D-7800 Freiburg, Germany

¢ Indiana University, Department of Physics, Swain Hall West 117, Bloomington, IN 47405, USA

! Department of Physics and Astronomy, University of Maryland, College Park, MD 20742, USA

¢ Laboratowre de Physique Nucleaire, Unwversite de Montreal, Montreal, Quebec, Canada H3C, 37
" Queen Mary and Westfield College, Uniwersity of London, London E1 4NS, UK

" Department of Physics, University of California, Rwerside, CA 92521, USA

/ Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire OX11 OQX, UK

* TRIUMF, Vancouver, Canada V6T 243

Received 23 July 1992

Installed and commissioned by May 1991
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OPAL Microvertex Detector

Two layers single-sided silicon
devices separated by 14mm

11 inner and 14 outer ladders

Dimensions: 33 x 60mm
Thickness: 300um

Strip pitch: 25um

Readout: 50um, 629 channels
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OPAL Microvertex Detector

Dilepton events
Ladder hit efficiencies Signal/Noise
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OPAL Microvertex Detector

Dilepton separation at Decay length 3-prong t'decays
interaction point
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NUCLEAR

: INSTRUMENTS
Nuclear Instruments and Methods in Physics Research A 348 (1994) 416-420 & METHODS
North-Holland IN PHYSICS

Double-sided FOXFET biased microstrip detectors

P.P. Allport **, J.R. Carter *, U.C. Dunwoody ?, V. Gibson *, M.J. Goodrick ?, G.A. Beck °,
A.A. Carter °, A.J. Martin °, T.W. Pritchard °, M.A. Bullough ¢, N.M. Greenwood °,
A.D. Lucas ¢, C.D. Wilburn ¢

* Cavendish Laboratory, University of Cambridge, Madingley Road, Cambridge CB3 OHE, UK
2 Queen Mary and Westfield College, University of London, Mile End Road, London, UK
“ Micron Semiconductors Ltd, Marlborough Road, Lancing, Sussex, UK
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What does it mean to be human? 7 famous
philosophers answer 1 |




Philosophy and Physics

Synthese 94 (2):245 - 290 (1993)
P. P. ALLPORT

ARE THE LAWS OF PHYSICS ‘ECONOMICAL
WITH THE TRUTH’?*



https://philpapers.org/asearch.pl?pub=1066

Philosophy and Physics

Synthese 94 (2):245 - 290 (1993)
P. P. ALLPORT

ARE THE LAWS OF PHYSICS ‘ECONOMICAL
WITH THE TRUTH’?*

“Happy memories of a warm-hearted man and very astute
about philosophy, not just philosophy of physics: a very

welcome participant in the 1990s philosophy of physics

seminars run in the Cambridge history and philosophy of
science department.

| recall he wrote a super paper on the nature of fundamental

physics (as a critique of views of Cartwright); with super

quotes eg Nietzsche and Camus. It is a most excellent essay!”
Jeremy Butterfield 2023



https://philpapers.org/asearch.pl?pub=1066

OPAL Microvertex Detector |l

NUCLEAR

; : INSTRUMENTS
Nuclear Instruments and Methods in Physics Research A 346 (1994) 476-495 & METHODS
North-Holland IN PHYSICS
RESEARCH

Section A

The OPAL silicon strip microvertex detector with two coordinate readout

P.P. Allport *!, J.R. Batley *, G.A. Beck ¢, A.A. Carter ¢, J.R. Carter *, S.J. de Jong °,

E. do Couto e Silva ¢, J.E. Duboscq ®, U.C. Dunwoody *, V. Gibson *, W. Glessing °,

P.R. Goldey f, M.J. Goodrick 2, R. Hammarstrém °, G.G. Hanson ¢, A.K. Honma “?,

R. Humbert €, F. Jacob ", M. Jimenez °, D.S. Koetke °, J.F. Kral ®3 P. Kyberd ¢, J.A. Lauber °,
C. Leroy &, AJ. Martin ¢, J.P. Martin 2, R. Mir 4, C. Moisan &, D. Petry ¢, T.W. Pritchard °,

O. Runolfsson °, D.R. Rust ¢, P. Seller ", T.G. Shears ?, D. Voillat °, M. Yurko &

? Cavendish Laboratory, Cambridge, CB3 OHE, UK

® CERN, European Orgamisation for Parucle Physics, 1211 Geneva 23, Switzerland
¢ Fakultit fiir Physik, Albert Ludwigs Universitit, D-79104 Freiburg, Germany

¢ Indiana Universuty, Dept. of Physics, Swain Hall West 117, Bloomington, Indiana 47405, USA

¢ Dept. of Physics, Queen Mary and Westfield College, Unwversity of London, London, E1 4NS, UK
! Department of Physics, University of Maryland, College Park, Maryland 20742, USA

& Laboratowre de Physique Nucléaire, Unwersité de Montréal, Montréal, Quebec, H3C 3J7, Canada
‘ Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, OX11 0QX, UK

' Unwersity of Victoria, Dept. of Physics, P.O. Box 3055, Victoria, BC, V8W 3P6, Canada

(Received 15 February 1994)

Installed and commissioned by March 1993
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OPAL Microvertex Detector |l

Thickness: 250um
Readout: r-¢: 50um
r-z: 100um
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3 readout :
i N
S\

bonds from z detector strips to z-pnnt 400001 pus ines

bonds from z detector strips to z-print readout chips

Z readout routed via gold printed
circuit on thin glass substrate




OPAL Microvertex Detector ||

Single hit resolutions
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I.)ilepton. separ.ation at Effect of z-hit information on
interaction point D* - K-m*r* invariant mass
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Phil led the development of silicon microvertex detec
their readout prior to, during and following the era of LE

Without Phil, the OPAL microvertex detectors and the ph
that came from them (t and b-hadron lifetimes and
identification of b-hadron decays etc) simply would not have
been possible.
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Final thoughts...

Phil led the development of silicon microvertex detec
their readout prior to, during and following the era of LE

Without Phil, the OPAL microvertex detectors and the ph
that came from them (tr and b-hadron lifetimes and ,‘
identification of b-hadron decays etc) simply would not have
been possible.

Thank you Phil for being a friend and colleague over the past
40 years.

Janet (and Tony) Carter would have liked to be here
today....

“We owe so much to Phil as an extremely talented and
likeable colleague.”




All truths are easy to understand
once they are discovered;
the point is to discover them.

— Galileo Galilei

...and to discover truths you need the best experimental
scientists like Phil!




Run:event11797: 59893 Ctrk(N= 32 Sump=161.5) Ecal(N= 45 Sumi= 56.3)| £ i
Ebeam 99.794 Vtx ( -.04, .07, .53) Heal(N=16 SumE= 36.7) Muon(N= 3) |U
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Characteristics of OPAL pVTX2 Ladders

Ladder parameter ¢ side
Silicon thickness [ m] 250

Implant strip pitch [wm] 25
Readout strip pitch [pum]

Intrinsic resolution [p.m]

Number of readout channels

Signal to noise ratio (peak)

Characteristics of the new OPAL microvertex detector

nVTX2 parameter Value

Number of ladders /layer 11 (inner), 14 (outer)

Effective radius of layer [mm] 61 (1nner), 75 (outer)

maximum |cos € | acceptance 0.83 (inner), 0.77 (outer)

¢ acceptance 88% (inner), 91% (outer)

Avg. material [rad. lengths] 1.5% at normal incidence

Strip biasing method FoxFET (gated reachthrough channel)

2 coord. detection back-to-back ¢ and z single-sided detectors
z readout scheme gold printed circuit on 200 pm thick glass
Number of active channels 30325

Readout chip, noise, power MX7, 350 e + 15 ¢ /pF, 2 mW /channel
Radiation hardness about 500 Gy (MX7 chip)

Cooling method water cooling

Number of good channels = 99%

56






