
Sha X. Chang 

University of North Carolina at Chapel Hill  



Disclosure: 
·Co-inventor of patents on field emission 

cathode and/or distributed source based x-ray 
technologies presented here. 



Leaning Objectives: 

·Understand the principle of carbon nanotube field 
emission x-ray technology  

·Understand the two major advantages of this new 
x-ray technology - ultra-high temporal resolution 
and flexibility in distributed source design 

·Understand that carbon nanotube field emission 
x-ray technology has opened up new horizons for 
novel imaging and therapy device development. 

 



Carbon Nanotubes (CNT) 
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Different forms of carbon 

Sp3 bond Sp2 bond Diamond Graphite 

·A hollow sphere with  60 carbon atoms 
·~1x10-9 m (1nm) in diameter 
·(discovered in 1985, Nobel Prize, 1996)  

C60 ñbucky-ballò 



UNIVERSITY OF NORTH CAROLINA 
AT CHAPEL HILL 

Unique properties 
 
·mechanically strong 

 
·chemically inert 

 
·high thermal conductivity 

 
·high electrical conductivity 

 
·Excellent electron field emitters 

(1-50nm in dia., ~1-10mm long graphene tube) 

History 
first observed in electron 
microscope study by Sumio Iijima 

(NEC) in 1991  
 
 

Carbon nanotube: newest form of carbon 
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3 mm 

10 mm 

Orientation 

Controlled and flexible formations of carbon 
nanotube patterns 

Pattern 



Field Emission - cold cathode 
 



Carbon Nanotube (CNT) field emission  
(cold cathode) 

e- e- e- e- e- e- e- e- e- 

Electron emission  

by E field not by heat. 
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Cold and hot cathode electron emission 
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Electron field emission: 

 I = aV2exp(-bF3/2/bV)  

Thermionic emission:  

J = 120T2 e-f/kT [A/cm2]  

T ~ 1000-2000oC 



Basic CNT cathode structure 

X-ray & b-ray on chip technology 

Carbon nanotube film 
Substrate 

Gate electrode 

Variable voltage 
power source 

Insulator 

e- e- e- e- e- e- e- 

Spontaneous control of x-ray production  



UNIVERSITY OF NORTH 
CAROLINA AT CHAPEL HILL 

 



Advantages of CNT cathodes 

Hot vs. cold cathode x-ray technology 

Cold Cathode Hot cathode 

High temporal resolution 

Distributed source design 

Mature technology 

Readily available 

Lower energy consumption 



CNT-Field Emission X-ray Technologies 
developed by our multidisciplinary group in 

collaboration with industry in the past decade 

·Imaging 

·X-rays 

·Micro-CT 

·Nanotube Stationary Tomosynthesis (IGRT) 

·Stationary Breast tomosynthesis 

·Therapy 

·Single cell and tissue irradiator 

·Small animal RT 

·Compact microbeam radiation therapy technology 

 



Media coverage of our work (Nature News, The Economist, Science 
and Technology, German Public Radio,..) 

ά wŜƛƴǾŜƴǘƛƴƎ ǘƘŜ ·-Ǌŀȅέ 
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 First CNT x-ray medical image (2002) 

 

40KV, 1mA, 20sec, 15ò 
source-object distance 

άhƴŜ of the highlights in physics ǊŜǎŜŀǊŎƘέ  
   - Physics News in 2002.   

G. Z. Yue et al, Appl. 
Phys. Lett. 81, 355, 
2002 
 



Important Point 1: 
 CNT cold cathode x-ray source has intrinsic high 

temporal resolution and can be gated by 
arbitrary signal (w/o dark current). 



(a) (b) 

(c) (d) 

Expiration Inspiration 

G. Cao et al. SPIE Medical Imaging 2008; G. Cao et al. 
Phys Med Biol 2009 

Vascular 
calcification 

Proximal 
aortic arch 

(e) 



(a) 5 mm (b)  

(c) (d)  
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CNT micro-CT: mouse cardiac-gated CT 

Yueh Lee (UNC) unpublished 
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Important Point 2: 

CNT cathode x-ray technology is 
ideal for distributed source design  

e- 
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Multi-pixel x-ray source technologies 

 
Stationary CT 
 

- Stationary  
Tomosynthesis 
(breast and IGRT) 
 

- Micro-RT 
 

- Single cell irradiator 
 

- Microbeam  


