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Overview

• I was invited to give a talk on 70 years of CERN electronics – but why?

– I am not an historian, or an electronics engineer, but just old (enough?)

• Nevertheless, the subject was tempting. 

– I have tried to select some relevant material BUT

– No claim to be a rigorous historical account with all contributors properly cited

• this is potentially a huge subject impossible to do full justice to

– I include some material I am familiar with and omit others

• especially e.g. power supplies, specialist accelerator systems, computing, …

• Declaration of interest

– Now, many years of involvement in this area, mainly for the CMS experiment

• But I am not an electronic designer or even, any longer, a hands-on user

– despite that I seem to have dipped my toes in a lot of (hot, sometimes) water

• Heavily involved in LEB, LERC, LECC, TWEPP for many years…
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Expect some opinions – 
which you may not share
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Some of my history

• I started school in 1954

– Sadly, no electronics courses offered

• Physics degrees 1968-1974

– Y2 UG bipolar electronics using partial differential equations – v. obscure!

• SLAC: triggered rapid-cycling bubble chamber 1975-1982

– the charm era, but only our final experiment observed charm ~1981

• p –> charm : < 100 events from ~2M triggered photos

• triggered on tracks using NOVA mini-computer, algorithm in assembler code (2ms)

• various hardware projects, including Cerenkov counters with PM readout 

• NA14’: first UK project to use silicon detectors, started ~1981: p –> charm

– I finally began to learn some electronics!  

– Our first silicon microstrips manufactured by Micron Semiconductor

• initially very primitive, based on MOS process devised by J Kemmer, read out by MSD2 (Jarron/Goyot)

– UK contribution to NA14’ cancelled before telescope operated! (but experiment continued)

• supposedly insufficient publications by previous members in one of regular UK funding crises

– I became involved with many silicon detector projects, leading to SSC & LHC preparations

• along the way drift photodiodes immersed in LXe, Laben amplifiers & GH shaping amps – actually worked!

• radiation damage studies, initially of silicon, then FE electronics – RD20 DRDC project (1991), then CMS APV
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Me, celebrating 
CERN inauguration
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Pre-CERN
• When did electronics developments begin, and for what purpose?

– Rossi (1930): coincidence circuit, triggering using Geiger counters and valves

• Quickly adopted, e.g. Blackett & Occhialini (1932) triggered cloud chamber in a magnetic field to 
observe the positron (but scooped by Anderson to publish)

• Rossi, B  “Method of Registering Multiple Simultaneous Impulses of Several Geiger Counters”, Nature 1930, 125: 636.

4

triode vacuum tubes

“The consequent 
variation of the 
anode current was 
detected acoustically 
by a telephone.”
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Rossi the pioneer – a couple of examples

• Invention of the electronic trigger

• Time to Amplitude Converter
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** Bothe and Geiger defined a coincidence using electrometers recorded on fast 
photographic film - when both counters showed a signal within a 1 ms interval

**

Rotblat (1940) measured resolving times of 6 s – 1 ms with Rossi’s circuit
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Other developments

Erik HEIJNE  IEAP/CTU & NIKHEF & CERN PH Department  12 November 2013

 Nuclear and particle physics experiments need  

        most advanced technologies for progress

In 1948 Wilkinson introduced signal 

digitization for nuclear spectrometry

Emilio Gatti improved it further (1949)

using 2 telephone registers

      99 channel digitizer

 ONE ADC !!          

E. Gatti  Nuovo Cimento 7(1950) 655-673

iPHONE 

>30 ADCs 

D.H. Wilkinson Proc.Cambridge Phil.Soc.46(1950) 508

F.Anghinolfi and E. Heijne IEEE-Sol.StCirc Mag.4-3(2012) 24

history of ADC
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from E. Heijne EPS Workshop 2013

Schmitt (1937) A thermionic trigger J. Sci. Instrum. 15 24
   Threshold crossing circuit using valves -> 1-bit A-D conversion

Wynn-Williams (1931)  A Thyratron “scale of two” automatic counter. Proc. Roy. Soc A 136, 312
 allows to record numbers of events with “mechanical counting meter” (octal)
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Early CERN

•  Fidecaro et al. Discovery of 𝜋 → 𝑒𝜈 decay 1958

–                                           need to distinguish from 𝜋 → 𝜇 → 𝑒
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events recorded on fast 
oscilloscope – few per hour – 
seemingly photographically

electronics?

“positron detection efficiency… 
Monte Carlo program … at CERN 
when the first electronic computer 
[my emphasis] (British-made 
Ferranti-Mercury…) was installed”

+ stopped in active target – plastic 
scintillator + PM – opened ~150 ns 
gate for oscilloscope
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𝜋 → 𝑒𝜈 experiment electronics
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Some scope for 
standardisation?
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BTW

• If you want to build your own circuits from circa 1959

– components are easily available, it seems…
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E88CC



NIM (Nuclear Instrumentation Module) era
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NIM and miniaturisation

Popular too…

11TWEPP October 2024 G Hall

“Though transistors are extremely small 
compared to vacuum tubes and consume far 
less power, transistorized instruments that 
emerged in the 1950 's were nonetheless 
constructed in a manner quite similar to that of 
their vacuum tube predecessors. Thus the 
instruments utilized 19-inch front panels and 
contained their own dc power supplies 
operated from the ac line. It rapidly became 
apparent that such construction was quite 
uneconomical and inefficient, that a number of 
transistorized instruments in modular form
could be accommodated in the space occupied 
by a single 19-inch panel, and that a single dc 
power supply…”



As seen in 1980

• Report dominated by gaseous detectors, but also Cerenkov, TR and hadronic and EM calorimetry. 
Electronics is discussed under detector systems.  

• What happened next?
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“Particle detectors” C W Fabjan and H G Fischer 1980 Rep. Prog. Phys. 43 1003
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In fact, it had already happened!

The driving force behind many electronics developments 
since the mid-1980s. Would it have happened anyway?
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1980s custom integrated circuits

• Hybrid thick film ceramic circuits

– from LABEN (1958-2004) LABoratori Elettronici e Nucleari

• merged into Alcatel Alenia Space
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Single channel 
JFET-bipolar 
preamplifier

Quad bipolar preamplifier

Quad bipolar-IC comparator
shaper discriminator



The ASIC era

• Application Specific Integrated Circuit

– customised electronic circuit for a well-defined requirement

– generally manufactured in CMOS

• a lot of people joined in from around 1990

• Pros of ASICs

– can be optimised for demanding requirements: size, power, functions, performance,… 

– miniature – large numbers of channels

– very dependable manufacturing quality with low unit cost on large scale

– radiation hardness now understood, and can be excellent in commercial processes

• Cons of ASICs

– Big development investment required in both time and cost 

– Unchangeable once complete, unless a lot of flexibility built-in (adds complexity)

– Substantial design and evaluation requiring specialist skills (industry pays well!)

• In short, well matched – and essential! - to the later LHC era

– once the technologies had been mastered

15TWEPP October 2024 G Hall



A very brief history

• 1984 - first HEP ASIC: Microplex at SLAC (California!) Mark-II silicon vertex detector

– NMOS only : 128 channel - amplifier, Sample-Hold, DCS processing, multiplexing. 

• 34 mm2 , 5μm university lab process, 14 mW/ch. Pioneers learned from first principles! 

• Late 1980s:  MX3, MX7, CAMEX64 - LEP silicon vertex detectors 

– Commercial CMOS, initially ~3μm and later 1.5μm => 1-2 mW/channel

• Amplifiers: integrators with switched capacitor filters. Switching noise injected during the amplifier reset 
subtracted due to its very reproducible behaviour. trise ≈ 400 ns, tint ≈ 1.8 µs

• 1988: SVX ASIC for CDF (& L3) – memory & sparsification

– amplifier, comparator, multiplexer, nearest neighbour logic, pedestal subtraction

• 128 channels in 3 µm CMOS   tint ≈ 200 ns, tsample ≈ 0.5 µs

• 1990: Amplex for UA2 Si pads - feedback resistors using FETs 

– 16 channel 3µm CMOS, precise control of non-linear R

• more conventional RC filters implemented: peak = 0.75 µs

• Early 1990s – LHC developments began

– originally 66 MHz beam crossing rate, later 40 MHz =>  ≈ 25 ns

• almost x 106! - from 120 Hz at Mark-II in a decade

• but 1-2 µm processes
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Part of the Microplex circuit
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MOSFETs – in principle and practice

• Transistor is simple device: layout and behaviour, especially digital 

– but also many good analogue properties, if needed
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well known to many present here…

1990s: many investigations of noise 
vs power, radiation tolerance in 
multiple processes
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MOSFET design
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It really was like this 
around 1985! Our 
engineers were learning 
this new technology.

Circuit properties mainly 
scale with feature size

L, W, tox, V => 
           L/S, W/S, tox/S, V/S
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The low noise era

• We owe a lot to the early nuclear physicists and engineers

– e.g. the design of the Wilkinson ADC, based on valve circuits, is far from simple

• Most of the literature on signal processing originates in the 1960s & 1970s.

– e.g. Radeka, Goulding, Gatti, Manfredi, Kandiah,…
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Perhaps driven by absence of gain in 
silicon sensors (at that time)?

In my case, also:
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ASIC technology progress

• In 1998 we were 
designing the APV25 
for CMS in 0.25 µm

– finalised 2000/2001

• We started designing 
the CBC chip in 2010, 
in 130 nm

– completed CBC3.1 in 
2018/2019

• Today HEP is 
designing in 65 nm

– Some are testing the 
water with 28 nm

• Note the lag to HEP
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Date is probably first use in the 

most advanced fabrication facilities 
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As seen in 2014
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H. Wenninger CERN Courier

All true – but only a part of the picture of making the experiments possible

ASIC design had come of age – 

and was very mature
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LHC era

• Developments initially driven mainly by trackers and ECALs

– Amplifiers, data conversion and FE storage, data transfer, ….

– Clock and control, Trigger 
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• Many possible design choices, e.g.:
• analogue/digital/binary

• performance

• commercial or custom

• radiation tolerance

• power, cost, risk …

a couple of possible variants

• ASICs came first but other things 
were essential too, especially

– optoelectronics

– trigger processors

– computer technology evolution

• which I won’t attempt to cover…
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How did we get to where we are today?

• Sponsored R&D (US SSC detector R&D 1988, CERN DRDC 1990) played a big role

– much credit to the wise people who devised those programmes

• but was there any choice? SSC/LHC detectors were unbuildable

– serendipity: mass commercial electronics era -> internet age

• 1980s-1990s: RISC processors, PCs, Apple desktops, WWW, modems, mobile phones, laptops,…

– historians can explain the sequence but all were driving greater miniaturisation

• many “invisible” components, like connectors, packaging, batteries, not just ICs

 

• Integrated circuit electronics

– emergence of accessible ASIC processes, and design tools

– significant investment in training of new generation of engineers as designers

• Optoelectronics

– practically non-existent before LHC, and fortuitous technology co-evolution

• Off-detector electronics

– programmable logic evolved dramatically from mid-1990s
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Several crucial areas - commercially driven - not by HEP
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Example: CMS silicon µstrip tracker ASICs

• Began in 1991 in RD20 DRDC project

– amplifier (several variants) + already proven pipeline concept

– several prototype chips in supposed rad-hard 1.2 µm technology, 32- then 128-channel

• plus a couple of non-rad hard ASICs, for detector prototyping (NB important!)

• By 1997: APV6 might have been a candidate for final system

• many irradiation studies of single transistors (noise) and chip performance

– Along the way, some important innovations

• programming chip parameters via serial command interface (I2C) using software control

–   hugely beneficial in accelerating chip configuration and  evaluation

– primitive (by today’s standard) signal processing on chip (e.g. deconvolution) to save power

• Bad luck – which turned out to be good luck – in September 1997

– Foundry move of 1.2 µm process reduced radiation tolerance (marginal anyway)

– Unexpected positive CERN results on “standard commercial” 0.25 µm radiation tolerance

• In 1998 switched process – which was a turning point – for APV25 (Sept 1999)
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Radiation behaviour of commercial CMOS

• Evidence of radiation tolerance in mid-1980s, improving with thinner oxides

– tunnelling of carriers reduces trapped oxide charge

– but confusing results from commercial chip evaluations

• negative effects attributed to leakage paths around NMOS transistors

– cured in CERN 1997 with enclosed gate geometry
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N. Saks et al. 

IEEE TNS (1984)

∆VFB/Mrad vs tox

This was a hugely important breakthrough
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Coda

• APV25 switch to IBM 0.25 µm was incredibly successful

– engineers from RAL, Imperial & CERN transferred design quickly 

• well characterised process: designs matched simulations

– big gains from scaling 1.2 µm to 0.25 µm

– radiation hardness was well in excess of requirements

• Others took note, for many detectors and sub-systems

• It wasn’t quite the end of the story

– unexpected yield variations were experienced at the early production stage

– weak points in the (not quite standard) manufacturing process were identified

• by IBM specialists - and fixed – we would not have been able to 

• production quality was subsequently excellent – very high yield of good chips
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Opto-electronics

• First(?) mention: B. Leskovar (1990) SSC workshop

– Optical data transmission at the SSC  IEEE Trans.Nucl.Sci. 37 (1990) 271-287

• extremely detailed discussion, including radiation hardness issues – did anything follow?

• Many DRDC projects started in 1991, including RD12 & RD23

– RD12 proposed optical distribution of TTC signals at the LHC

• commercial parts using 1300 nm lasers and SM fibres, but not radiation hard

– RD23 proposed optoelectronic modulators for data transmission inside the experiments

• technologies: LiNbO3 and Multi Quantum Well reflective modulators
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• LiNbO3 well established but several drawbacks

– bulky, polarisation maintenance, cost

• MQW attractive but more speculative

– very reliant on commercial device progress

• Other technologies became accessible

– Fabry-Perot edge emitters, VCSELs

– both successfully deployed in CMS & ATLAS
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Comments on optoelectronics

• Advantages of optical data transfer – partly informed by hindsight

– (much) reduced material in cables

– lower power (probably by a big factor)

– (much lower) risk of excess noise and (likely greatly) improved signal integrity

– higher (total) bandwidth

– standardisation – probably not perfect but a big step forward

• e.g. CMS used the same technology for tracker (40 MHz analogue) and ECAL (800 Gbps)

• In a revised version of history, LHC experiments might have failed 

– or at least been much less effective

• The R&D projects were quite risky, but evolved successfully

– Darwin was right again!
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Thanks again to 
some key individuals
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fortunately we did not have to make 
the comparisons in practice



Triggers
• One of the most popular subjects in these conferences

– many excellent comprehensive introductory lectures, especially in HEP schools

• no point in trying to replicate them, especially given the huge subject matter

• A few key facts: 

– aim is to reduce data rate to storage for offline analysis

– almost invariably requires multiple stages (trigger levels) 

– selection should be unbiased, and preserve the (often rare) physics

– so far, so conventional…
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• Now, for some provocation…

– there are many ways to skin a cat

– In HEP, you can guarantee that many of them 
will appeal, but not to everyone

– the biggest problem is to achieve the objective 
using available technologies

– hence: adapt the design to fit the technology, 
e.g. clever algorithm, fewer bits, favourite 
processor, ASIC,…   or move the goalposts…
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Digital processing & FPGAs
• 1980s: board based processors

– COTS: various processor technologies: RISC, transputers, microprocessors, ….

– custom: assemble arrays of digital chips to implement required design logic

• wire-wrap for correctable prototyping, then solder to PCB,  but…

• 1990s: technology evolution

– commercial switches, networks, fast links, traffic management, ever faster computers,.. 

• but not sufficient for first level triggers:

– gradually (useful) FPGAs materialised 

• first major talk at LEB99 
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• 2010+:

– huge progress with FPGAs

• speed, BW, connectivity, flexibility,…

– it seems feasible that most (all?) L1 
triggers could be FPGA-based

• but many practical issues of cooling, 
optical connectivity, board design, 
programming, complexity, …
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How to succeed in a changing world?

• What does history tell us?       (for later discussion?)

– many issues were overcome, so can be avoided in future

• it’s rare that the same problems (not usually mistakes) occur the same way

– effort is always in short supply

– many problems are “small” – but with big repercussions

– manufacturing is sometimes an issue – but natural quality variations occur

• Nevertheless, today designs are remarkably successful

– Quality of design tools

– Quality of manufacture

– Experienced designers

– Comprehensive simulations

• no guarantee though!

– Prototyping

– Careful evaluation (eventually in situ)
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Evolution of 
ASIC design 
rules

At a price, e.g.:

NB log scale

TWEPP October 2024 G Hall



ASIC Design skills and approaches changing
The Issue:

• Its not just us – the whole industry is facing 
the same challenge

• Must work with validated IP to manage risk
• Strict QA is demanded at all stages

Consequences:

• Increased stress on design teams
• The software is becoming more specialised 

requiring committed teams dedicated over 
longer periods

• More effort required for the un-sexy 
verification and other tasks

• Links with National Labs and CERN are now 
mandatory

We simply can’t work in the ‘old’ ways…

slide from Marcus French RAL 2022

Even if not using such advanced processes, the 
same challenges are present – note breakdown by 
task

Design cost vs technology node 

32 of 19

This probably applies everywhere in our electronics



The era of complexity

• Evolution happens naturally

– creeping changes, whose dramatic scale only becomes obvious in comparison with 
the past

– our systems are of increasingly high complexity

• no time for discussion of how to operate or program them but many years were needed, to 
construct and debug them, and provide tools to use them

• Which stage are we at and what will happen next?
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• Evolution also can have other effects

– corrections may be required…

– magnification needed to see small details

• as sometimes being observed in upgrade projects, e.g. …

Beware of some consequences…
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Some conclusions
• Our electronics has changed dramatically in CERN’s lifetime

– but the objectives (e.g. triggering, position, time and energy measurement) remain

• The LHC fortuitously coincided with the internet era

– explosion of relevant technology development – high volume, low unit cost

• much of it accessible to small users, such as HEP

– it is arguable that the biggest changes in detector technology were in electronics

• it has enabled implementation of increasingly complex functionality

• BUT greater complexity = longer development times and more resources

– higher risk and less flexibility for small projects

– How to manage this for the next generation?

• Not to be forgotten

– electronics is commercially driven 

– and cannot be assumed to align with science
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Backup
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