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JYFL 14 GHz ECRIS 



ECRIS magnets 

Solenoids Sextupole 

1. Forms region in the plasma chamber where ECR condition 
𝜔𝜔𝑟𝑟𝑟𝑟 = 𝜔𝜔𝑐𝑐 = 𝑒𝑒𝐵𝐵𝐸𝐸𝐸𝐸𝐸𝐸 𝛾𝛾𝑚𝑚𝑒𝑒⁄  is fulfilled 
2. Magnetic confinement for charged particles  



ECRIS injection and extraction 

Injection Extraction 

1. Gas injection to the plasma 
chamber 

2. Microwave injection to the plasma 
chamber 



Optical output 

Three ports to optically view the plasma: 
-Oven port 
-Extraction 
-Radial pumping holes 
→different line of sights 



Optical output 

Plasma chamber in 10−7 mbar order of magnitude vacuum 
– Optically transparent vacuum window needed  

Plasma chamber biased in HV 
– HV insulation needed 

 



Optics optimization 
Emitted photon flux by plasma is relatively small 
– Optical path from plasma to detector have to be 

optimized 
Optical system throughput is 𝜙𝜙out = 𝐺𝐺 ∙ 𝑡𝑡 ∙ 𝜙𝜙in 
𝜙𝜙 is radiance, 𝐺𝐺 is geometric extent and 𝑡𝑡 is transmittance 
 



Geometrical extent 
Geometric extent, G, characterizes the ability of an optical 
system to emit and accept light. 
It is a constant of the system and is determined by the LEAST 
optimized segment of the entire optical system.   
  

𝐺𝐺 = �𝑑𝑑𝑑𝑑𝑑𝑑Ω = 𝜋𝜋𝑑𝑑 sin𝜃𝜃 2 

Optical elements like lenses and fibers Spectrometer 

𝐺𝐺 =
ℎ ∙ 𝑛𝑛 ∙ 𝑘𝑘 ∙ 𝐴𝐴𝐺𝐺 ∙ 𝐵𝐵𝐵𝐵

𝐿𝐿𝐴𝐴 ∙ 106  

• ℎ = height of entrance slit (mm) 
• 𝑛𝑛 = groove density of grating (g/mm) 
• 𝑘𝑘 = diffraction order 
• 𝐴𝐴𝐺𝐺 =illuminated area of grating (mm2) 
• 𝐵𝐵𝐵𝐵 =bandpass (nm) 
• 𝐿𝐿𝐴𝐴 =input arm length (mm) 

 
 



Numerical aperture 
Numerical aperture characterizes range of angles of light optical 
system can accept or emit light 
No information on area of emitting surface like in geometrical 
extent 
In optical system it is important to match numerical apertures to 
get optimal throuput 

𝑁𝑁𝐴𝐴 = 𝑛𝑛1 sin𝜃𝜃1 = 𝑛𝑛2 sin𝜃𝜃2 



Optical output 

Connection to ECRIS 
plasma chamber 

Vacuum gate valve 

Focusing lens + vacuum seal 

Fiber connector + focal 
length adjustment 

Multi-mode optical fiber 



Optical output 

In our setup lens has two purposes: 
1. Act as vacuum window 
2. Focus light from plasma to optical fiber 

 

NA = sin arctan(𝐷𝐷/2𝑓𝑓) = 0.2 

𝐺𝐺 = 2.5 ∙ 10−4 



Optical fiber 

NA = 𝑛𝑛core2 − 𝑛𝑛clad
2 = 0.22 

Insulation between HV biased plasma chamber and grounded 
spectrometer 

𝐺𝐺 = 5 ∙ 10−8 



Spectrometer 
Photon intensity as a function of 
wavelength can be measured with 
spectrometers 

Our mini spectrometer has 25 µm 
input slit, 300 nm blazed 600 
lines/mm grating and Sony 
ILX511B silicon CCD detector 
→Bandwidth 187-875 nm 
→Resolution (FWHM) 2 nm 

Spectrometer resolution and bandwidth 
depends on used input slit, diffraction 
grating and detector 



Spectrometer 

Numerical aperture 𝑁𝑁𝐴𝐴 = 0.22 
Geometric extent 𝐺𝐺 ≈ 0.01 
Numerical apertures matched and geometric extent of fiber sets 
the extent to whole optical system  
 



Spectrometer 
To increase photon flux to spectrometer, fiber needs to be 
changed to round to linear fiber bundle 



Spectrometer 
Optical emission peak density increases when atomic number 
increases 
Distance between peaks decreases 
Spectrometer resolution might cause problems in wavelength 
separation 
Better resolution (smaller FWHM) needed 

  



Plasma Optical SpectroScopy Unit 



POSSU 



POSSU 



POSSU 



POSSU 

3p 

3s 



Thank you 

Contact information: 
Email: risto.j.kronholm@.jyu.fi  
Office Phone: +358408054068 

mailto:risto.j.kronholm@student.jyu.fi
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