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Introduction of SAMEER  

17 Feb. 2015 Indo Japan School, IUAC, New Delhi  2 

Å SAMEER stands for ôSociety for Applied Microwave 
Electronics Engineering and Researchõ and is an off shoot 
of TIFR.  

Å SAMEER is a R&D laboratory of Ministry of 
Communication and Information Technology (formerly 
Department of Electronics) of Govt  of India.  

Å We have 3 centers: Mumbai ( head office), Chennai and 
Kolkata and 2 upcoming centers at Vishakhapatnam and 
Guwahati . 

Å Successfully established Linac Development for 6 and 15 
MeV electron linac .  

Å We have made p/2 mode, Standing Wave Side Coupled 
Linac and developed a Radiation Oncology Unit using this 
Linac. 

 

 

 

 



Linac parts  
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Resonant Cavities 
Electron gun  

Target RF Window 



Linac cavity  
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6 MeV Linac  
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15 MeV Linac  
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SAMEER Linac  
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ωStanding Wave, side coupled structure  operating at p/2 
mode 
ωStable operation at various locations 
ωProven technology with most things done at SAMEER 

Parameter Measured 

Frequency, MHz 2997.65 

Coupling, % 0.0278 

{Ƙǳƴǘ LƳǇŜŘŀƴŎŜΣ aҠκƳ 87 

Q (unloaded) 15000 

VSWR 1.78 

Energy, MeV 15 

Input power, MW 6 

Pulse width, µs 6 



6 MeV Oncology system Dual mode dual photon energy Oncology system 

Gantry 

Patient couch 
Stand 

Energy, MeV 6 

Dose Rate, RMM 240 (flattened) 

Beam current 
average 

120 µA 

R F Power Magnetron 2.6 MW 

Flatness 2% 

Symmetry ±3% 

Field size, cm2 Medical 0x0  cm    to 
35x35 cm 

Modes Photon Electron 

Energy 6, 15 MV 6,9,12,15,18 MeV 

Dose rate  500 RMM 500 RMM 

RF Power Klystron 6 MW 

Flatness < 3% 

Symmetry ± 3% 

Field size Variable from 0x0 
cm to 35x35 cm  

Source to iso-
center distance 

100 ± 0.5 cm 



30 MeV, 8-10 kW Linac 
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SAMEER INMAS 

Å 30 MeV, 8-10 kW electrons hit the Convertor target to produce X -rays 

Å The X-rays hit an enriched Mo -100 target and by (g,n) reaction Mo -100 
converts to Mo -99 which has 66 hrs half life  

Å We elute Tc-99m from Mo -99. Tc-99m has 6.6 hrs half life  

 



Design of RF Gun  

Electron  

Source  

RF Gun 

Basics  

Details of 

RF Gun  

Cavity for 

RF Gun  

KEK RF 

Gun  

Results of 

KEK Gun  

Plan  for 

IUAC Gun  

17 Feb. 2015 Indo Japan School, IUAC, New Delhi  10 

ÅBasics of Electron Source 

ÅRF Gun basics 

ÅDetails of RF photo cathode gun  

ÅCavity design for RF gun  

ÅFabrication of RF gun at KEK  

ÅExperimental results of KEK gun  

ÅPlan for IUAC RF gun  

ÅApplications of RF Gun  

ÅBeam dynamics for RF gun  

 



Basics of Electron Source 
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ÅElectron source or electron gun is a device which  
provides  electrons for  accelerators 

Å It  essentially  needs an electron generation  
mechanism and an extraction  mechanism 

ÅThe generation  could  be thermionic,  field  
emission  or photo  emission  

ÅExtraction  mechanism could  be DC or RF 
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Electron Emission Mechanisms  
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ÅThermal  emission : When heated to high  
temperatures (1000 to 3000 oC), materials  may 
emit  electrons 

ÅField  emission : Electron emission  due to high  
fields  on surface 

ÅPhoto electric  emission : Electron emission  from  
photo  emitters  when  photons  hit  the surface 
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Thermionic Emission  
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Å An  emitter  like  Tungsten  is 
heated using  a dc / ac voltage 

Å At  T=0; electrons occupy states 
up to Fermi  Energy Ef  

Å For T>0, electron distributions  
extends to higher  energy 

Å If  the temperature  is increased 
to say 1000 oC or above, 
electron acquire  sufficient  
energy and escape outside . 
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Thermionic Emission  
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Å Richardson - Dushmann  Equation  governs the emission  
process 
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A is thermionic  emission  constant 

T is temperature  in  oK 

e is electronic  charge =1.6x10-19 C 

m is electron mass =9.11x10-31 kg 

kB is Boltzmann  constant = 1.38 x 10-23 (J/K)=8.6175x10-5 (eV/K)  

h is Planckõs constant = 6.63 x 10-34 (Js) 
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Thermionic Emission  
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Å Example: 
ï Pure Tungsten  cathode 

ï Dispenser  cathode: These are of  porous tungsten  impregnated  with  
Barium  Oxide . 
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Field Emission  
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Å If  large RF field  is applied,  
then the potential  barrier  
becomes thin  

Å Electrons may tunnel  out  and 
emit  from  the surface 

Å Since there is no external  
heating  is applied,  hence it  is 
many times referred  as Cold  
Emission  
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Photo electron emission  
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Å A photon  strikes  the 
surface of  an emitter  

Å The photon  excites the 
electrons to higher  energy 
states 

Å If  the excited energy is 
sufficiently  high,  the 
electrons can escape 
outside  

Å The resultant  current  is 
photo  emission  current  

Å Condition  for  emission  

hn > f 
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Extraction mechanism  
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Å Once the electrons are generated using  any of  above 
methods, these can be extracted by DC or RF mechanism. 

Å Accordingly,  we classify  as DC or RF  gun 

Å Next  slide  displays  details  of  functioning  of  Thermionic  
Gun  
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DC RF Diode Triode 

Sources  

Thermionic 
Photo 

emitter 

ÁHigh Current  
ÁNo Control  
ÁPoor emittance 

ÁHigh Current  
ÁGrid Control  
ÁPoor emittance 

ÁNeeds HV 
Generator  
ÁComplicated  
Á Very Low 
emittance 

ÁEasy setup 
ÁNeeds Klystron  
ÁLow emittance  



DC Thermionic Gun  
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Å Emission  is thermionic  and hence continuous  

Å Extraction  is by DC field  

Å A Grid  can be used to control  the emission  
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Configuration of thermionic gun  
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Å Since the emission  from  thermionic  gun is continous , we 
need to bunch  the electrons using  buncher  cavities 

Å A typical  configuration  for  thermionic  gun  looks  like : 
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SAMEER Triode Gun  
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As an exampleéSAMEER triode  gun is shown  below  
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Cathodes 
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Material  f (ev) Te (K)  

W  4.5 2860 

Ta  4.1 2680 

Mo  4.2 2230 

Cs 1.9 320 

Th-W 2.6 1800 

BaO 1.0 1400 

CeB6 2.5 1720 

LaB6 2.5 1400 

Dispenser  1.6 1100 

Should 
be low  

Higher 
is good 



Photo cathode gun 
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Å Uses the principle  of  Photo emission  

Å A laser of  suitable  wavelength  hits  a photo  cathode and 
generates electron bunch  

Å The electrons are extracted using   
ï DC potential : in  case of  DC photo  cathode gun 

ï High  gradient  RF field : in  case of  RF photo  cathode gun 
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RF Photo cathode gun 
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ÅA photo  cathode is placed at the entrance of  RF cavity . 

ÅThe laser hits  the photo  cathode and generates electron bunch,  which  is 
quickly  accelerated using  high  gradient  fields  near the cathode. 

ÅSuch a electron bunch  has very  high  space charge and the beam diverges 
quickly  

ÅIf  high  gradient,  of  say 120 MV/m  is made at cathode, then bunch  
accelerates very  fast and exits from  RF gun at around  6 MeV  energy with  
low  emittance of  around  2p-mm-mrad 
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Comparison between Thermionic and RF Gun  
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Thermionic Gun  RF Gun 

Type of emission DC Pulse 

Current High average current 
possible 

High peak current 
possible 

Post Buncher Mandatory Not needed 

Output energy few  tens of KeV MeV 

Emittance per nC ~ 10 -12 p-mm-mrad <2 p-mm-mrad 

Main usage High current 
industrial, medical 

Research accelerators 
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Operation of RF Photo cathode gun  
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ÅThe electron bunch  charge depends on the laser power  and the 
quantum  efficiency  of  the photo  cathode material . 

ÅThe bunch  length  depends on the temporal  laser profile . 
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RF Gun Details  
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ÅThe RF gun usually operates at p-mode. 

 

ÅAn incident laser pulse hits the photo cathode to produce an 
electron bunch.  

 

ÅIf  a 266 nm laser shines the surface of  say Cs2Te photo  cathode, 
electrons with  ~ 4.66 eV energy are produced . 

 

ÅLets say, we get 1 nC charge with  a bunch  length  of  5 ps and sx 
and sy is nearly  300 µm. 

 

ÅDue to space charge forces, the emittance of  bunch  degrades 
immediately  as it  enters inside  the first  cell . 

 

ÅThe emittance is controlled by maintaining a very high gradient 
at the cathode plate.  At KEK, we maintained 120 MV/m gradient 
at cathode. 
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RF Gun Details  
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LUCX RF gun operating at p-mode. 
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Brief summary of parameters of KEK RF Gun  
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Operating Frequency  2856 MHz  

Mode of Operation  p 

Mode Separation  8.6  MHz  

Field Balance 1.0 

Iris Diameter  28  mm 

Ref: Abhay  Deshpande, Junji  Urakawa  et al. NIM -A 600 (2009) 361-366 
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ÅFollowing  internal  structure  was developed  to maximize  the 
shunt  impedance 

ÅThe separation between p and 0 mode was increased up to 9 MHz  

ÅThe structure  was optimized  using  Super Fish code 

ÅCAD  drawings  were made based on the simulations  

 

Brief summary of parameters  
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