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– World’s leading synthetic diamond super materials 

company 

– Global leader in design, development and production 

– Manufacture synthetic diamond from carbon 

– using high pressure high temperature (HPHT) synthesis 

– chemical vapour deposition (CVD) 

– Primary manufacturing facilities in Ireland, 

Germany, South Africa, UK, Sweden, Isle of Man, 

China and US  

– 2,400 employees worldwide and sales of ~$450 

million 

– Continually deliver proprietary innovation, 

protected with 600+ patents 

– Over 50 years’ experience of delivering innovative 

synthetic diamond solutions 

– ~5,000 global customers 
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ELEMENT SIX INDUSTRY PROFILE 
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WHAT WE DO TODAY: AN ENGINEERED 

SUPERMATERIALS COMPANY 

SUPERMATERIALS APPLICATION END-USER 

http://e6srvndarc.shn.e6.com/Images/Imagestore.nsf/all/D1BC585191DBF355802573A200489515?OpenDocument
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ELEMENT SIX BUSINESSES 
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Precision grinding and 

Precision machining 

application 

Global leader in synthesis of 

higher quality synthetic 

diamond exploiting the 

many other extreme 

properties   

HPHT synthesis of synthetic diamond and 

cubic boron nitride (CBN) grits, powders 

and polycrystalline discs 

Tungsten carbide sintering for 

hardmetal tooling applications 

 

HPHT synthesis of synthetic diamond 

grit and polycrystalline cutters 

CVD diamond for applications 

beyond hardness and HPHT 

synthesis of single crystal 

diamond for abrasive 

applications 

ABRASIVES 
TECHNOLOGIES 

PRECISION APPLICATIONS PERFORMANCE TOOLS 

Oil & Gas drilling 

Carbide and PCD tools for the 

Road Restoration, Mining and  

Wear Parts, Construction 
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– Focus on the non-abrasive applications 

of synthetic diamond 

– 30% annual growth rate 

– Largest microwave CVD diamond 

manufacturing capacity in the world 

– One Operation, 2 locations: 

– Ascot, United Kingdom location has been 

in operation for over 10 years, growing 

high purity single crystal and 

polycrystalline diamond 

– Santa Clara, California. Registered with 

the Department of State to help facilitate 

the support of US government funded 

programs and departments 

– Significant R&D investment circa 20% 

of turnover 
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ELEMENT SIX TECHNOLOGIES 

Santa Clara (est. 2012) 
CVD production and  
Business Development 
Close proximity to silicon  
valley 

 
 
 
 
 
 
 
 
 
Ascot (est. 1988) 
CVD production  
ISO9001 (since 1993) 
 

 

//ASCsrFAP00/Home/SWheeler/USTEC Santa Clara/SC-Burton.3901-3951-33.3K.pdf
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WE EXPLOIT THE EXTREME PROPERTIES OF DIAMOND 

BEYOND HARDNESS 

CURRENT EMERGING FUTURE 

Electronics Sensors Sensors 

Optical Transmission Waste & Water Treatment Quantum Computing 
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DIAMOND INNOVATION 

Enabling Extreme Performance and Productivity 
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– World’s largest and most sophisticated 

synthetic diamond super-materials R&D 

facility. 

– $33m investment purpose-built 16,000sq ft 

building 

– More than 140 top engineers, material 

scientists, physicists and technologists 

– Developing pipeline of innovative products 

for our customers 

– Diamond Science and Technology Centre 

Doctoral Training 

– A £7million investment in University based 

research 

– Unrivalled End-to End capability 
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NEW ELEMENT SIX GLOBAL INNOVATION CENTRE – 

DELIVERING UNRIVALLED INNOVATION  
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– Unrivalled End-to-End capability 

– HPHT synthesis & sintering 

– CVD  

– Material characterisation 

– Application testing 

– Focused on accelerating customer-centric 

innovation - the right innovations at the 

right time 

– Developing application-ready materials 

across relevant industry sectors 

– Through partnership delivering proven 

advantage for our customers 
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GIC CAPABILITIES 
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END TO END INNOVATION PROCESS - FROM 

SYNTHESIS… 

12 
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... TO TOOL ASSEMBLY, MATERIAL TESTING AND 

PROTOTYPING 
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STATUS OF DETECTOR MATERIAL 

PRODUCTION 
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MATERIAL PRODUCTION IMPROVEMENTS 

• New capacity coming on line 

 

• Repetition increases 
accuracy/quality 

Synthesis 

• More operators trained to 

undertake demanding 

surface finish and polish 

 

• Reduced damage polish 

Processing 

• Procedures improved in 
response to customer 
feedback 

• Poly 

• SC X-Polars 

Quality 
Control 

Improved 
processing 
and work 

instructions 

Learning 
points used to 

improve 
synthesis 

Polycrystalline 
and Single 

Crystal 
ROBUSTNESS 

REPEATABILTY 

SUSTAINABILITY 

15 
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–Foundations have been set to long term sustainable, 

scalable supply 

–New people, new processes 

–Supply Chain, Quality and Manufacturing 

 

–Significant improvements in operational efficiencies 

–New equipment 
– Synthesis process control 

– Processing, laser and polishing 

 

–Benefits reduced lead time of around 6weeks for ELSC 

–Currently number of EL parts on stock 
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OPERATIONAL IMPROVEMENT 
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SUPPLY IMPROVEMENTS 
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1. Supply of EL grades 

has increased 

significantly from 

2011 to 2014  

2. Current lead times for 

4.5x4.5mm plates ~ 

6-8weeks 

3. Increased capacity 

through 2014 and 

2015 
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AVAILABLE MATERIALS 
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–Standard material 

–Novel material 
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AVAILABLE MATERIALS 



Company Confidential 
20 

CVD POLYCRYSTALLINE DIAMOND GRADES 

Grade Key Properties Key defects

Boron Doped Mechanical B conc    Typ. 1021 cm-3
B conc.

Electrochemical    Typ ~1021 cm-3, 10-3 Ω.m Impurities (e.g. N)

Mechanical CDM, CDD Thermal Conductivity    Typ > 1000 W.m-1.K-1
Intrinsic defects

High wear resistance    Fn(grain size) Nitrogen

Fracture strength    500 - 1100 Mpa, Fn(grain size) Grain size/boundaries

Youngs Modulus    1050 Gpa

Thermal TM100 to TM200 Thermal Conductivity    1000 - 2200 W.m-1.K-1 
All point defects

CTE    1.0 ppm K-1 
Grain size (< 5 µm)

Dielectric RF grade Loss tangent (145 GHz)    <10-4 
Intrinsic defects

Relative permittivity    5.7 Surface contamination

Optical Standard Absorption   < 0.07 cm-1 at 10.6 µm Intrinsic defects

Integr. forward scatter   < 0.7%  at 10.6 µm Black spots

dn/dT    9.6×10-6 K-1 
Strain

Electronic Detector CCD    300 µm possible Intrinsic defects

Chemical purity    [N] < 50 ppb, [B] < 0.5 ppb Nitrogen/impurities

Radiation hardness    50% original CCE for 6×1015 p cm-2 
Grain size

Quantum T2 (NV- decoher. time)    > 0.5 ms All defects, via spin

or strain

Decreasing  
impurities/ 

defects 
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CVD SINGLE CRYSTAL DIAMOND GRADES 

Grade Status Key Properties

Boron Doped Mechanical R&D B conc:       Typ. 1017 - 1021 cm-3

Electrochemical       High concentration uniformity

Mechanical Commercial Thermal Conductivity:    > 2000 W-1.m-1.K-1

Youngs Modulus:      1050 Gpa

Wear:       High wear resistance

Reactivity:       Chemically inert

Optical Standard Commercial Absorption:   < 0.02 at 1.064 µm

Birefringence:   < 5 x 10-4

Integr. forward scatter:   < 0.6%  at 1.064 µm

Low birefringence Commercial Birefringence:   < 1 x 10-5  (to  < 1 x 10-7)

Raman gain:      15 cm.GW -1

Electronic Detector Commercial CCD:   >> 400 µm (limited by dim.)

Chemical purity:       [Ns
0] < 5 ppb, [B] < 0.3 ppb

X-ray sensitivity:    > 300 nC.Gy-1.mm3  (~ 6 x nat.)

Device structures R&D Electron mobility:       4500 cm2.V-1.s-1

Hole mobility:       3800 cm2.V-1.s-1

Quantum R&D Isotopic purity:    > 99.95% 12C

Chemical purity:       [Ns
0] < 1 ppb

      [NV] < 1010 cm-3

T2 (decoherence time):    > 15 ms

Decreasing  
impurities/ 

defects 



Company Confidential 

– Standard dimensions/thicknesses for detector applications: 

–Single Crystal (ELSC) 

– 2x2, 3x3, 4.5x4.5 mm @ 300/500microns 

–Polycrystalline (EL+) 

– 5x5, 10x10, 20x20 mm @ 300/500microns 

– Custom sizes on request 

 

– Other options: 

–Thin material 

–Large area 

–Carbon 12 

–Unprocessed EL Poly 
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ELECTRONIC GRADES 
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– Single Crystal 

–Low bi-refringence 

–Low absorption (NEW) 
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OPTICAL GRADES 
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– Availability of low absorption single crystal material 
– (R&D samples) 

– Nitrogen content between that of the Optical Grade 

and Electronic Grade, 
– ~20 ppb 

– Lateral dimensions, up to ~6x6mm 
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OPTICAL – LOW ABSORPTION SINGLE CRYSTAL 

Standard Low Absorption Electronic Grade 

Nitrogen Concentration <200ppb <20ppb <5ppb 



Company Confidential 

–  Single Crystal 

–Low bi-refringence 

–Low absorption (NEW) 

– Optical polycrystalline 

–Used to good effect comparing polycrystalline diamond with 

silicon detector 
– Large area 46mm diameter, 0.3mm tick 

– Rise time is lower than 5 ns, which is two times faster than that of a Si-PIN 

detector of the same size 

– Good dominance in fast pulsed and low density radiation detection 

 

Reference: 

Polycrystalline CVD diamond detector: Fast response and high sensitivity with large area 

Linyue Liu,1,a Xiaoping Ouyang,1,2,b Jianfu Zhang,1,2 Xianpeng Zhang,1 

and Yunhong Zhong1 

 Northwest Institute of Nuclear Technology, Xi’an 710024, China 

 Xi’an Jiaotong University, Xi’an 710049, China 
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OPTICAL GRADES 
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BORON DOPED DIAMOND – ELECTRICALLY 

CONDUCTIVE 

– Boron doped diamond 

– grown within laser ablated trenches 

of intrinsic diamond 

– Intricate patterns can be formed 

– May provide new ideas for detector 

fabrication 
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– Element Six continues its long term strategy to 

maintain its position as the world’s leading diamond 

material supplier 

– Innovation, collaboration and customer service are key 

– Demonstrated through on-going investment, 

commitment to our people, our customers and our 

capabilities 

– Continued support for the diamond detector 

community and actively developing new relationships, 

networks and markets 
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SUMMARY 
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END 


