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Welcome

The lecture and webinar will start at 7:00pm

Introduction: Kevin Foster FIET, Chairman, Anglian Coastal Local 
Network

Presenter: Russell Davey CEng. FIET, Principal Network Architect, 
BT Fellow

Questions:  Live in the Atrium & via Q&A Messaging in Teams. In 
Teams, please type in your questions and these will be taken in a Q&A 
session at the end of the presentation.

Close: Approximately 8:15pm
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Optical fibre connects our cities
- and is vital to the internet we all use every day
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Key enabling technologies:
• Single mode optical fibre
• Semiconductor optical sources
• Semiconductor optical detectors
• Optical amplifiers
• Coherent WDM
• All-optical wavelength switching
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Optical fibre connects  countries 4

Map of subsea optical fibre cables

www.submarinecablemap.com



Increasingly Fibre goes to our homes

• Fibre FTTP passes over 20 million premises(1)

• Fibre passing 81,000 new premises per week
• Build to 25 million premises by end 2026
• £15 billion network investment
• Today ~38% of passed premises connected

(1) as of September 2025

Key enabling technologies:
• Single mode optical fibre
• Semiconductor optical sources
• Semiconductor optical detectors
• Passive Optical Networks
• Blown fibre



Fibre  connects 4G and 5G 
mobile basestations
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•>6,000 (~30%) of mobile basestations 
directly connected to fibre 

•Even where the basestation is connected to 
the telephone exchange with microwave 
radio rather than optical fibre, fibre is used 
for the onward journey from the telephone 
exchange
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For 10 Mbit/s the light source (laser) is turned 
on and off 10 million times a second to give 
the sequence of 1s and 0s (binary digits or 
bits)  carrying your Netflix along the fibre and 
across the country • 1 Mbit/s (Megabit per second) is 1 million bits per 

second
• Your broadband at home will probably be tens of 

Mbit/s
• A good quality video needs 2Mbit/s to 10 Mbit/s



Physics and early history of “light pipes”

This Photo by Unknown Author is licensed under CC BY

First practical application: Fibre 
optic gastroscope invented 
1950sTotal internal reflection

19th Century scientists (e.g. 
Tyndall) guided light within jets 
of water as a party piece

https://courses.lumenlearning.com/suny-microbiology/chapter/testing-the-effectiveness-of-antiseptics-and-disinfectants/
https://creativecommons.org/licenses/by/3.0/


91966 – the birth of optical fibre communication
Charles Kao

  STL, Harlow, UK

Receiving Nobel 
prize for physics 

2009



Post Office Research involved from the start
10

Kao in his Nobel lecture in 2009 said:

FF Roberts,
Post Office Research



1966 & 1967 FF Roberts mobilises UK 11

FF Roberts’ internal memo shows in March 1966 he 
visited the following UK companies to talk about fibre 
optics

• 1st March. Signals Research and Development 
Establishment (MOD).  Charles Kao present as well

• 4th March. Ministry of Aviation

• 7th March. Imperial College, London

• 10th March, Glass Developments Ltd, Battersea, 
London

• 11th March. Sheffield University

FF Roberts sets up contracts for Low Loss Optical Fibre 
Consortium:

• STL, Harlow (where Kao was working)

• Barr & Stroud, Glasgow

• British Titan Products

• Sheffield University

• In 1967 Post Office Research  makes its first 
optical fibre in a laboratory. 

• “Run Jacquie Run!”.   
• Loss 30dB/m !
• Continued to make (good!) fibres until 1990s



The preferred solution before fibre came along12

Post Office Telecommunications Journal. Autumn 1970.

• Field trial between Martlesham and Wickham Market ran until 1977



1970 – optical fibre breakthrough 13

• 9th November 1970 Corning took a sample 
to Post Office Laboratories, Dollis Hill

• Loss 15 dB/km!
• In 2001 IEEE dedicated a Milestone plaque 

in Corning, USA to recognise the 
achievement……

IEE Conference on Trunk Telecommunications London in October 1970

• Most papers about the hollow copper waveguides
• Handful of papers on optical fibre
• Corning announced they had made an optical  fibre 

with loss below 20 dB/km
• Dick Dyott of Post Office : “we can wait for the 

waveguide to be laid in the ground and then come 
along and fill it with optical fibres”

This Photo by Unknown Author is licensed under CC BY-NC

https://www.tecnozona.com/tag/security/
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/


IEEE Milestone Plaque for Corning
14

With 
due 
credit 
given to 
Post 
office



Light is a wave
15

1st Telecoms window 850 nm

2nd telecoms window 1300 nm

3rd telecoms window 1550 nm

1 nm = 1 nanometre = 0.000000001 metres



Multimode versus single mode

• Kao’s 1966  paper and the 1970 Corning breakthrough were 
single mode fibre

• Through the 1970s the world moved towards using multi 
mode fibre because easier to get light into the larger core and 
join fibres together

BT Group PowerPoint    | 16



20th November 1975
17

• Technical improvements made since 1970
• In the fibre itself and the semiconductor sources and detectors

• At the  opening of Martlesham laboratories there was a demonstration of 
8Mbit/s over 6km of multimode fibre



1977: First Post Office fibre trial
18

• In the same year STL 
deployed 140Mbit/s on a 
9km route between Hitchin 
and Stevenage telephone 
exchanges

• 3km repeater spacing which 
was deemed uneconomic

• Adastral Park- Kesgrave- Ipswich telephone exchange 

• Graded index multimode fibre

• 140 Mbit/s over 5.75km from Adastral to Kesgrave

• 8 Mbit/s over 13 km Adastral to Ipswich link – no repeaters 

• Corning made the fibre with loss ~5dB/km at the operating 
wavelength ~840nm

• BICC put the fibre into cables which local Post Office field 
engineers installed into ducts

• Carried Europe’s first public phone calls over optical fibre

• Post Office work on the Martlesham-Wickham Market copper 
waveguide trial now stopped

•  



1978: BT starts deployment of multimode fibre19

1978:   BT plans for operational optical network on 15 
routes. Proprietary Optical Line Systems (POLS) 
1979: contracts placed with 3 vendors
1980: 1st deployment between Brownshill and Walsall

Meanwhile in Martlesham……..



Martlesham led the world to single mode fibre
20

• Dave Payne of BT Labs showed a significant cost saving if could get a repeater spacing of 30km or more and bit rates of 
140Mb/s or more

Up to 30 km

6-10km

• Single mode was lower loss than multimode, was cheaper to produce and did not  suffer mode dispersion which limited 
the bit rate and regenerator spacing on multimode fibre systems.

• BUT more difficult to get light into the smaller core of single mode fibre
• Sydney O’Hara (Deputy Director Research) chaired an internal workshop at Martlesham which decided the future was 

single mode
• First Martlesham open week in 1980: lab  demo of 37km unrepeatered 140Mbit/s single mode fibre link



1982 BT labs  World first field trials of single mode fibre

• February 1982: BT Labs does world-leading  single mode fibre field trial between Martlesham and Woodbridge (7.5km)

•  splicing/joining fibres in real-world is key aspect

• 140Mbit/s and 650 Mbit/s over 37.5km unrepeatered (1300 nm  wavelength)

• 140Mbit/s over 62km unrepeatered (1300 nm wavelength)

• A second trial link deployed Martlesham - Ipswich

21
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Martlesham world experts on design of single mode fibre 23

• In 1982 Jim Ainslie & Clive Day have plenary paper at world-leading  Optical Fibre Communications 
conference: “Current world-wide status of single-mode fibers”

• Their results(1)below show low loss operation at both 1300nm and 1550nm wavelengths as is widely 
deployed today

• BT Labs licensed their fibre to GEC and Ericsson in 1982

(1) IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. MTT-30, NO. 4, APRIL 1982. Ainslie, Day, Beales & Rush

Queen’s Award 1985



Another Queen’s Award 1993

• Post Office Research was involved from 
the outset in research to make suitable 
light sources and receivers for the new 
field of optical fibres

• In 1970s & 1980s, Metal Organic Vapour 
Phase Epitaxy (MOVPE) was being 
developed across the world for various 
applications

• Post Office worked collaboratively on 
MOVPE with universities and companies 
like Plessey and STL

• Commercialised MOVPE through BT&D 
joint venture with Du Pont

• MOVPE used ubiquitously today to make 
the  semiconductor optical components 
that are connected to optical fibres today

24

MOVPE technique used to make 
semiconductor optical components 



Coherent transmission
Rank Prize 1984

25

• Coherent is a technique to increase reach and 
bandwidth carried in an optical fibre through

1. using the fact light is a wave and 

2. Electronic signal processing

• “..no group were able to translate this concept into 
practice.  Smith and his co-workers overcame the crucial 
problems and showed how such systems can be made.  The 
work is a significant step in the continuing improvement of 
world communications and is of real benefit to mankind



1988. BT first in world  to deploy coherent in the field 26

• Taking the optical reach to 176km

• 565 Mbit/s

• Today coherent widely used in inter-city fibre transmission to deliver hundreds of thousands of Mbit/s 
over  hundreds and thousands of kilometres

• In combination with optical fibre amplifiers……..



Optical fibre amplifiers 27

• Erbium fibre amplifiers first reported by Southampton University in 
1987

• Tim Whitley of BT reported 1st laser diode pumped operation in 
1988

• Commercial device by 1990 – see next slide
• Erbium fibre amplifiers now widely used in our inter-city fibre 

networks
• Total reach >1000 km
• Amplifiers every ~80km
• They work in 1530-1565 nm wavelength range where single 

mode fibres have lowest loss (~0.2dB/km)
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WDM one slide tutorial
Wavelength Division Multiplexing

These transponders detect the 
incoming signal and transmit at the 
correct optical wavelength (colour)

Optical receivers 
recover the signal 
for
onward 
transmission 

Passive demultiplexer 
splits the colours. 
Technology: optical 
grating

Passive multiplexer 
combines the wavelengths 
onto one fibre

Optical fibre carries multiple 
wavelengths over 100s km
2.5Gbit/s – 100 Gbit/s per wave

Optical amplifier 
amplifies wavelength 
signals

• Above is a fixed point-to-point line system carrying a number of wavelengths between two exchanges
• BT first deployed the above in late 1990s
• What we have today is a national network of managed wavelength switches – routing wavelengths all 

optically between any two cities….



Managed wavelength switching
30

• Goff Hill of BT Labs first proposed the idea of a  managed, wavelength switched network at a conference in 1988
• As part of the EU-funded RACE programme, BT Labs then led a ten partner collaborative project MWTN (Multi-

Wavelength Transport Network) from 1992-95
• to demonstrate a managed, transparent, multi-wavelength optical transport layer
• Successful field demonstration in Sweden in 1995 (world-first)
• In 1995, BT Laboratories received the RACE Award for Technological Progress in recognition of MWTN’s 

achievements—a significant milestone at the close of the decade-long RACE programme.

• This concept  is used today in the inter-city network of BT and other operators



TAT8 – 1st transatlantic subsea fibre cable 31

• In service 1988

• 280 Mbit/s carrying 8,000 voice channels

• Wavelength 1310nm 

• BT Labs developed an interconnection 
cable joint enabling a three-way split
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1982. First BT Fibre-to-the-Home 33



Fibre-to-the home
Passive Optical Networks (PONs)

34

• Concept of a Passive Optical Network (PON) for Fibre-to-the-Home was first published by BT 
Labs (Jeff Stern et al) in 1987

• BT then deployed a trial in Bishop’s Stortford in 1991 to delivery telephony initially (TPON)
• with the option to later add video on a separate wavelength

• BT deployed TPON to several tens of thousands of customers
• But when BT launched broadband in 2000 high speed copper (DSL)  access was used  not fibre



BT Labs at forefront of copper broadband (DSL) too
35
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Examples of BT labs’ impact on DSL globally:

• 2B1Q ISDN line code (Adams/Cox, 1986).
• Impulsive noise and RFI ingress characterisation of phone 

wires in UK (Cook, Foster & Humphrey).
• Novel DSL splitter design for ADSL and VDSL (Cook). 
• ADSL and VDSL Olympic line code testing using BT labs’ 

LNEL (Foster/MacDonald, 1993 & 2003).
• Press demo of ADSL for VoD in real home (Foster, 1993).
• Identified potential for VDSL which we use today for FTTC 

(Foster BT MSc thesis, 1995).
• Dynamic Line Management (DLM) for optimisation of DSL 

(Cook/Linney/Croot/Pickering/Everett, 2005).
• 30+ years of International DSL standards contributions & 

leadership from BT labs (NICC, ETSI, ATIS, BBF, ITU-T).

DSL evolved rapidly to provide
mass market broadband access over 
existing twisted pair telephone wires.

Key enabler was cheap and powerful 
digital signal processing (DSP). 

The Shannon (information) capacity of the 
twisted pair channel could start to be realised.

Many key DSL related innovations and patents 
filed by BT labs over 40+ years.



FTTP today

32 way 
splitter

BT exchange building

XGS-PON
10Gbit/s

GPON 
2.5Gbit/s

GPON and 10Gbit/s XGS-PON coexist on same fibre using different 
wavelengths/colours of light

• Openreach are deploying PON and have passed 20 million homes with FTTP
• Many other companies in UK and overseas also deploying PON.



Blown fibre

• In 1982 Steve Cassidy and Mick Reeve of BT Labs were investigating ways to install fibre in ducts without putting it under 
strain

• They  tried blowing fibre along a tube with air by attaching a parachute at the end

• It worked – but worked even better when the parachute came out of the end

• This prompted them to study the physics and work out the air was pushing the fibre along the tube (viscous drag)

• Patents followed plus a field trial in Leeds in 1984 and licensing to suppliers in 1986

• Used in Bishop’s Stortford deployment

• Now widely used by Openreach to install optical fibres

37



What about 2030+ ? 38

www.itu.int

• How many homes will have FTTP and how much bandwidth will they generate?
• What will widespread use of AI do to traffic in our core network?

Quantum networks?

• As we go faster we are using most of the spectrum supported by erbium fibre amplifiers (C-band)
• Shannon limit

• For faster than 800 Gbit/s  use  new amplifiers to support more spectrum?
• Use new fibre types like hollow core or multi-core fibre?

• Or do we just use lots of fibre in parallel?

Hollow core fibre

Multi- core fibre
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“Looking back, the period 1977 to 1984 
during which I was Head of the Optical 
Communications Division seems like a 
golden age.”
 Professor John Midwinter OBE FRS 

Key technologies that made the internet 
possible and changed the world:
• Single mode optical fibre
• Semiconductor optical sources
• Semiconductor optical detectors
• Optical amplifiers
• Coherent WDM
• All-optical wavelength switching
• Passive Optical Networks
• Blown fibre
All pioneered at Martlesham



Thank you for your attendance

Future Anglian Coastal Webinars & face-to-face meetings:

6 November (hybrid event), Point-to-point Microwave, Prof. Andy Sutton MBE, BT Fellow

For more details and how to register please visit:

https://engx.theiet.org/local-networks/ea1

Event CPD Certificate and Slides/Video (with permission) will be posted on this site.

https://engx.theiet.org/local-networks/ea1
https://engx.theiet.org/local-networks/ea1
https://engx.theiet.org/local-networks/ea1
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