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No one could have predicted that a technique developed during World War Two for military purposes 

would be used for sixty years to grow synthetic diamonds intended for mounting on jewelry. 

 

The evolution of technological developments is wondrous, but it requires us to wade through information 

intended for chemistry and physics buffs or diamond experts trying to understand the small details of 

changing market conditions. Here you have it: everything you wanted to know about Chemical Vapor 

Deposition (CVD) and much more. 

The development and advancement of technology led, at the beginning 

of the 1950s, to the ability to grow synthetic substances under laboratory 

conditions, including synthetic diamonds - at first using the HPHT 

technique, and since the 1970s, using the Chemical Vapor Deposition 

(CVD) method as well. 

 

The process began with the growth of substances for industrial use, and 

now it is used to grow synthetic diamonds for aesthetic value. 

 

The ability to grow diamonds with a chemical bath in low pressure, in a 

technique which allows control over the characteristics of the material 

opens up for us a new world of applications in various industries. Growing CVD diamonds with the 

desired characteristics grants us applications that take advantage of their mechanical, thermal, optic and 

conductive characteristics. 

 

Growing diamonds with this method allows for the creation of synthetic diamonds shaped like widened flat 

plates or windows. The ability to accentuate diamonds during the growth process allows for the creation 

of semi-conductors with a Type-P type of electrical charge, opening a door to new applications. 

 

Significance of CVD 

  

 

 

 HaYahalom 
Enlarge 

 
 

 Rough diamond 

 

  

http://www.israelidiamond.co.il/
http://www.israelidiamond.co.il/english/
http://www.israelidiamond.co.il/english/diamond-companies
http://www.israelidiamond.co.il/english/diamond-trading
http://www.israelidiamond.co.il/english/showPicEng.aspx?name=hayahalom208heb-32-8405816.jpg
http://www.israelidiamond.co.il/english/showPicEng.aspx?name=hayahalom208heb-32-8405816.jpg


Chemical Vapor Deposition is a chemical process for creating 

substances with a high level of purity. The process is used by the semi-

conductor industry to produce thin film layers of a material. The wafers 

are exposed to one or more volatile or unstable materials which cause a 

reaction, causing the precipitation of the desired substance. Other 

volatile side effects are created during the process, but these are ejected 

from the chamber by the injection or release of gases. Over the course of 

the process, there is another step called 'doping'. Semi-conductors allow 

'doping' to purposefully inject various impurities into a very pure 

substance, modifying its characteristics and changing its conductive, 

magnetic or optical properties. The sensitivity of the material created and 

its dependency on the "impure" material created new opportunities for 

applying them and integrating them in other processes and in opto-electronics devices. With semi-

conductors, there is a need to create a very thin "impure" layer in order to achieve the desired electronic 

characteristics. The desired conditions for the process are generally heat between 600 and 800 degrees 

Celsius for a period of between 6 and 12 hours. There is a relationship between the temperature level, 

the amount of time needed and the rate at which the material grows on the wafer. 

 

There are two kinds of semi-conductors: Positive (P-type) electron charge carriers, and Negative (N-type) 

electron charge carriers. 

 

The 'doping' process in semi-conductors was first invented during the Second World War when there was 

a need for metallic characteristics, like metal detection, in order to create the appropriate conditions for 

running a radar system. 

 

There are various methods and techniques in the CVD processes and every one of them is appropriate 

for the creation of different materials or properties. In micro-production, CVD technique is used to embed 

materials in different forms: to create a single crystal, to create polymers, a chain of crystals, to create 

amorphous materials, and more. And here we arrive at the phrase relevant to the diamond industry: the 

CVD process is also used to grow synthetic diamonds. 

 

Growing Method 

 

The method for growing materials by the chemical immersion technique is categorized according to the 

amount of pressure, the physical characteristics of the immersed material, the way it grows in plasma, or 

the way we cause the process to take place: 

 

- categorization according to pressure 

-- CVD grown in atmospheric pressure APCVD 

-- CVD grown in low pressure LPCVD, a process which minimizes the possible gaseous responses, 

thereby improving the unity of the film layer created 

-- CVD grown in an ultra-high vacuum UHVCVD 

 

- categorization according to the physical characteristics of the embedded material 

-- CVD aided by aerosol, a spray of liquid or gas AACVD 
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-- CVD aided by shooting of liquid directly into the growth chamber DLICVD allows the material to grow 

quickly 

 

- categorization according to plasmic process (growth in ionized gas, causes the accumulation of plasma. 

Done in laboratories as it is warmed to high temperatures, or by running an electrical current through the 

gas) 

-- plasma aided by microwaves MPCVD 

-- improved plasma PECVD which increases the embedded process 

--improved and distanced plasma RPECVD, in which the original material is not in direct contact with the 

ionized material 

 

- categorization according to the way we allow the process to take place 

-- CVD chemical embedding resulting from burning 

-- CVD chemical embedding while using a fuse to disintegrate the gases used in the process 

-- CVD atomic embedding of different materials to create a thin layer ALCVD 

-- CVD in quick heating technique RTCVD using bulbs to heat and not heating the gas or the walls of the 

chamber 

-- CVD in organic metals technique MOCVD 

-- CVD that combines chemical embedding process HPCVD including the chemical disintegration of gas 

and evaporation of the original 

- embedding at a steam state VPE in which the material is embedded in a crystal shape on a crystal 

surface by connecting between the upper layers to the surface material. 

 

From this, we can understand that growing materials in the CVD process does not aspire to be a way to 

grow synthetic diamonds in order to "screw over" diamond manufacturers, rather it is a product which can 

make some of our life systems improved and more efficient by allowing us control over the characteristics 

of a material - as I will soon explain. 

 

HPHT Versus CVD 

 

As you know, the method familiar to us until now to create synthetic diamonds was the high-pressure-

high-temperature (HPHT) method. Creating synthetic diamonds in this method produces separate 

crystals, generally yellow, blue, blue, or pink in color. 

 

Creating synthetic diamonds in the CVD method, in plasma (ionized gases at low pressure), allows for 

growth of the material on a large surface, for growing diamonds on the surface of another material and for 

controlling the characteristics of the material being grown. Most of the diamonds grown by CVD are 

colorless. We should remember that the color of synthetic diamonds can be altered, no matter what 

method they were created with. Using a seed crystal allows for expanding the dimensions of the diamond. 

 

It is possible to chemically immerse diamonds on various surfaces, such as diamond, silicon, tungsten 

(W), molybdenum (Mo), silicon carbide, silicon nitride, quartz glass, cemented carbide and others, as long 

as the wafer surface material can withstand high temperature, is chemically impervious to gases active in 

the process, and won't melt the carbon. 

 



One of the fundamental problems in the synthetic diamond growing process is the fact that carbon is an 

allotropic substance - a basic element that can exist in two or more forms. In normal circumstances, 

graphite is the stable thermodynamic state of carbon. Therefore, the first necessary condition in the CVD 

growth process is atomic immersion of the carbon while simultaneously repressing the creation of SP2 

electron bonds, which characterize graphite. The addition of another layer of hydrogen atoms to the 

process and its activation with heat or plasma achieve the objective. 

 

The ideal conditions for immersion are using 1% methane gas (also called swamp gas) mixed with 

hydrogen as a primary gas, at a temperature of between 700 to 1,000 degrees Celsius and at a pressure 

of between 30 to 300 torr (equivalent to approximately 0.4 times atmospheric pressure. 

 

The various methods for chemically immersing synthetic diamonds can be distinguished from one another 

for the most part by the way in which the gaseous state is activated by the plasma with the aid of 

microwaves or heat. All of the techniques have advantages and disadvantages. The main differences are 

the rate at which the material is immersed, the size of the immersion surface and the quality of the 

diamond that is immersed. The target rate of immersion allows for the growth of almost 1 millimeter in 

thickness in an hour, on average! However, this rate of immersion is limited to surface area smaller than 1 

square centimeter. As the rate of immersion is increased, the quality of the diamond being grown 

decreases. To achieve transparent diamonds with high heat conductivity, an immersion speed of 10 

micrometers per hour is used. 

 

Possible Uses 

 

Adding unique mechanic, optic, electric and thermic characteristics transforms the diamond into the ideal 

material for radical applications. 

 

Diamonds grown with the CVD method and run through a boron modification have electric conductivity. 

Add to this the fact that diamonds have excellent heat conductivity and as an electricity conductor does 

not heat up. Think of how the computer chips in our computers and mobile phones will one day be 

replaced by a small thin diamond surface, which will perform the tasks with speed and efficiency, and our 

phones won't heat up even if we use them for hours. Home computers and laptops will change in their 

size and shape. There will be no more need for air circulation and cooling systems, and the systems will 

dramatically increase in efficiency. The computer chip, like other electronic components, will become 

more efficient. Control over their electric characteristics will increase our ability to use them. 

 

Physics experiments at high levels of energy make use of synthetic diamond components, as do 

telecommunications, X-rays and the laser industry. CVD diamonds have the capability to pass light rays 

very well, starting with ultra-violet rays (230 nanometers) up to infra-red, with the exception of a small set 

of wavelengths in the range of 2.5 micrometers to 6 micrometers. This fact makes it an ideal material 

which can be used in many industries and for optical applications. 

 

The ability to grow surfaces like a lens that have the ability to pass light rays allows for the creation of 

camera lenses of extraordinary quality. Viewing devices and telescopes with collect information about the 

universe, outside the solar system, will provide us with information on a level incomparable to that which 

we receive today. Camera lenses will last longer because they are tougher. They won't scratch. Only a 



diamond could scratch them! 

 

Insulative electronic substances serve as an outer window in a high pressure system. Window lenses 

made out of CVD diamonds is the only substance which can be used as a lens in nuclear fusion, as it 

allows radiation to pass at the desired strength, without using cooling techniques due to the creation of 

high heat points. Scientists believe that this is next generation of clean renewable energy (although some 

of their faith has been damaged due to the catastrophe at Fukushima). 

 

The ability to immerse CVS diamonds on another surface allows us to take advantage of the diamond's 

toughness in the creation of mechanic tools. Engines won't be scratched or worn down at this rate. The 

creation of discs with the ability to polish at high level already serves us today in the oil and gas drilling 

industries, in the drilling of marble, and even up to the home drill used to burrow into concrete. Cutting 

tools made from CVD allow for a quality, exact cut. 

 

The growth of diamonds in controlled conditions allows us to get the desired characteristics consistently 

and much clearer than is the case with natural diamonds. 

 

And regarding aesthetic diamonds: an entire world of possibilities is open to jewelry designers - diamonds 

in a variety of colors and shades manufactured with an eye to the depth of color and matching up shades 

within reasonable prices and amounts of time. 

 

If one day the global supply of diamonds gets sparse or runs out (or if it becomes no longer financially 

feasible to mine them), it will be possible to supply the needs and wants of consumers. If it is said that 

diamonds are forever, now we have the ability to intervene and have that effect forever and evermore… 

 

Qualities of the Substance 

 

We must remember that synthetic diamonds grown by chemical immersion are diamonds in every way. In 

other words, its chemical composition is almost pure carbon and its toughness is 10 on the Moh’s scale. 

Therefore, concerning the manufacturing process, we must conduct sawing and polishing operations just 

as we do to natural diamonds. 

 

CVD diamonds have an atomic weight of 3.52, so formulas and weight calculations will not be any 

different. Its heat conductivity is good, to the point that all standard examinations and identifications give 

the same results as natural diamonds. Microscopic examinations of diamond crowns by immersion do not 

give conclusive answers. Most CVD diamonds are created at very high clarity - VS and up. All of this 

points to the fact that the only way to tell between natural diamonds and CVD diamonds is with advanced 

tools, which require specialized and expensive equipment and knowledge (which will be discussed in 

another article). 

 

Categorizing these diamonds as synthetic diamonds is mandatory and there is an obligation to report 

them as such at every stage of trading. 

 

Expectations for the Future 

 



A number of firms are already marketing CVD aesthetic diamonds, including Gemesis (which specialized 

in growing diamond crystals with the HPHT method and today also grows them with the CVD method), 

Scio (formerly Apollo), Life Gem, Chatam, D Nea Diamonds and others. 

 

It is worth paying attention to the firm Element Six - or as it was formerly called "De Beers Industrial 

Diamonds" - which specializes in the production of synthetic diamond, cubic boron nitride and other 

especially hard materials for industrial uses. The firm was established in 1946 by Sir Ernest Oppenheimer 

in order to provide synthetic diamonds and other by-product which are used to create ultra-tough material 

for industrial use. Today, Element Six is one of the world's leading companies in growing ultra-tough 

materials, including synthetic diamonds. De Beers is investing large sums of money in the research and 

development of technological products and abilities which will allow us to identify and separate between 

synthetic diamonds and natural diamonds. 

 

Chaim Even-Zohar spoke with Jonathan Oppenheimer, the son of Nicky Oppenheimer, who recently sold 

his share in De Beers to Anglo American. Jonathan, Even-Zohar says, will eventually sell synthetic 

diamonds for aesthetic purposes. "In a conversation we had in Italy earlier this year, he told me excitedly 

that De Beers' synthetic department, Element Six (E6 for short), which Jonathan heads [or headed until 

recently], has concrete marketing plans, 'but it won't compete with De Beers. We will never do that.'" He 

also hinted that the pricing of synthetic diamonds will be significantly different from the pricing of natural 

diamonds. 

 

The E6 company is a successful global diamond firm in the production of super-materials, supplying 

merchandise to tool manufacturers and application providers for a wide range of industries. The firm has 

large factories in Ireland, China, Germany, Sweden, South African and the United Kingdom. There are 

joint ventures controlled by De Beers, with the Belgian Umicore, although the synthetic diamond business 

for aesthetic purposes are owned solely by De Beers. It's a strange business for Anglo American, and I 

certainly expect that in two years' time it will sell its stake in that part of De Beers back to the 

Oppenheimer family." 

 

If we take into account the depletion of diamond resources underground, we will realize that here we 

certainly have material to consider.  

 

 


