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Outline 

ÅDiamond  

ÅDiamond growth 

ÅIntrinsic NCD layers 

ÅBoron-doped NCD 
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Diamond 

ÅCarbon atoms  
Ҧ п· ŀǘǘŀŎƘŜŘ ǘƻ ŜŀŎƘ ƻǘƘŜǊ 
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SP3 SP2 SP 

4 electrons per carbon atom 



Diamond 

Å /ŀǊōƻƴ Ҧ п ōƻƴŘǎ 
Å Crystal  
Å Cubic crystal lattice 
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Introduction to Solid State Physics (C. Kittel) 



Chemical 

ÅResistant to chemical corrosion  
(survives strong acidic treatments) 

ÅBiologically compatible  
(no rejection by human body) 

ÅRadiation hard  
(survives heavy radiation) 

ÅHigh electrochemical window 
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Diamond: properties 



Optical / Thermal 

ÅBroad optical transparency from UV to IR  
(Sun tanning behind a diamond window) 

ÅHigh thermal conductivity 
(Fast heat energy transport) 

ÅLow thermal expansion coefficient 
(Not shrinking much, when cooling down) 
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Diamond: properties 



Electronic / Mechanical 

ÅHigh electrical resistivity 
(Difficult to create charge carriers) 
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Diamond: properties 



High electrical resistivity 

- 

+ 
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Electronic / Mechanical 

ÅHigh electrical resistivity 
(Difficult create charge carriers) 

ÅHigh electrical mobility 
(Once charge carriers are created, they are easily 
transported) 
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Diamond: properties 



High electrical mobility 
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High electrical mobility 

- 

+ 
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Electronic / Mechanical 

ÅHigh electrical resistivity 
(Difficult create charge carriers) 

ÅHigh electrical mobility 
(Once charge carriers created, they are easily 
transported) 

ÅHardest material 
(It scratches everything) 

12 

Diamond: properties 



Boron:  3 e- 
Carbon: 4 e- 
Nitrogen: 5 e- 
Phosphorus: 5 e- 

13 

Diamond: doped 



Å Boron-doped diamond 
Å B binds 1 time less  
Å hƴŜ ōƻƴŘ Ҧ н ŜƭŜŎǘǊƻƴǎ 
Å T = 0 K    
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Diamond: doped (Boron) 



Å ¢ Ґ л Y Ҧ ¢ Ҕ л Y 
Å Hole floats around 
Å P-type semiconductor 
   (holes are Positive 
     and float around)  
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Diamond: doped (Boron) 



ÅHole conduction!!! 
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Diamond: doped (Boron) 



ÅWhat are the effects of boron incorporation? 

ÅImprovement of some properties  
 -(Higher conductivity) 
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Diamond: doped (Boron) 
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Higher conductivity 

Borst et al., Diamond Relat. Mater. 4, 948 (1995).  



ÅWhat are the effects of boron incorporation? 

ÅImprovement of some properties  
 -(Higher conductivity) 

but losses for other properties 
 -(Lower hole mobility) 
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Diamond: doped (Boron) 
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Lower hole mobility 

Borst et al., Diamond Relat. Mater. 4, 948 (1995).  



ÅWhat are the effects of boron incorporation? 

ÅImprovement of some properties  
 -(Higher conductivity) 

but losses for other properties 
 -(Lower hole mobility) 
 -(Lower optical transparency)  
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Diamond: doped (Boron) 
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Lower optical transparency 



Outline 

ÅDiamond  

ÅDiamond growth 

ÅIntrinsic NCD layers 

ÅBoron-doped NCD 
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Diamond growth 

ÅBundy et al. 
Phase diagram 
of carbon 
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Diamond growth: Energy diagram 

Å Easily over barrier 
   Ҧ 5ƛŀƳƻƴŘ ǳƴǎǘŀōƭŜ 
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Diamond growth: Energy diagram 

Å Easily over barrier 
   Ҧ 5ƛŀƳƻƴŘ ǳƴǎǘŀōƭŜ 

Å Very difficult over barrier 
   Ҧ 5ƛŀƳƻƴŘ metastable 
 

 
Last scenario at 
standard ambient 
conditions. 
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Diamond growth: HPHT (Nature) 

ÅBundy et al. 
Phase diagram 
of carbon 

ÅHPHT 
-bŀǘǳǊŜΩǎ ǿŀȅ  
(till 4 cm diameter) 
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Diamond growth: HPHT (Nature) 

Size:  
Approximately 12.4 x 10.5 x 8.4 mm 
Location:  
natural diamond rough mined in Congo 
Price:  
$547.20  
 
This natural diamond crystal weighs 6.84 
carats! It is translucent to semi-
transparent with a cubic shape. Its in very 
good condition overall, and it has greyish-
yellowish-green natural color. 

http://www.mineralminers.com/html/diamins.stm 
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Diamond growth: HPHT (Synthetic) 

ÅBundy et al. 
Phase diagram 
of carbon 

ÅHPHT 
-Natures way 
(till 4 cm diameter)  

-Synthetic (Catalytic) 
(Large diamonds (mm)) 

29 



Diamond growth: HPHT (Synthetic) 
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Diamond growth: Shock wave 

ÅBundy et al. 
Phase diagram 
of carbon 

ÅShock wave: 
TNT in vessel 
(5 to 10 nm diameter) 
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Diamond growth: Shock wave 
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Iakoubovskii et al., Nanotechnology 19, 155705 (2008) 



Diamond growth: CVD 

ÅBundy et al. 
Phase diagram  
of carbon 

ÅChemical vapor 
deposition (CVD) 
-Highly pure diamond 
-P,N,B-doping 
-Thin or thick layers 
-Polycrystalline diamond 
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Diamond growth: CVD 

ASTeX 6500 


