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Abstract The plasma parameters, electron number density and electron energy distribution 
function, in a miniature microwave discharge ion thruster were successfully measured by 
means of laser Thomson scattering without perturbations. A photon counting method and a 
double monochromator were used against small Thomson scattering signal and strong stray 
laser light. The result shows an electron energy distribution function is Maxwellian, since the 
scattered spectrum can be fitted by Gaussian at the temperature of 1.5 eV.  An electron 
density is 2.3 1018 m-3. The measured electron number density and electron temperature 
values were found to be reasonable compared with estimation deduced form extracted ion 
beam current. 
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1. Introduction 

JIEDI tool (JAXA Ion Engine Development Initiative)
JIEDI tool

  

1019 m-3 [1, 2]
1016 m-3 [3]

10 mm 1018 m-3
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3.  

3.1.  
21 mm

50 mm×50 mm×30 mm
(Sm-Co) Sm-Co

4 mm×4 mm×12 mm×
QuickField 3.4,[8] Tera Analysis Co.

2.45 GHz
[9]

9 mm 1 mm

[10]  

8 mm 0.7
0.15  

99.999
0.4 sccm 0.009 sccm 267 mm

400 mm 150 l/s
1.2× 10-2 Pa 0.018 mg/s, 8 
W 1500 V 0.91 610W/A 0.79 mN  
4.1×103 sec 0.57, [11] 16 W 0.036 mg/s 
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Fig.1 Cross section of a miniature microwave        Fig.2 Magnetic field profile of miniature   
discharge developed at Kyushu University               ion thruster developed at Kyushu University 

 
1,500 V 120 A/m2 NSTAR

[12]
 

 
3.2.  

ND:YAG
532 nm 180 mJ 10 Hz, 6 ns 0.6 mrad

2 mm 6 mm 

2 mm
90 3 mm

f=300 mm 2 mm 40 kPa
0.08 mm f = 350 mm 

 f = 250 mm
0.08×1 mm3

0.025 sr 1mm 0.08 
mm R943-02  

(Stanford Research Systems Inc., SR430) 5000

[13]
ECR ICP NLD

5×1015 m-3[14]

 (f = 575 mm) 532 nm 2 nm
10-7 

 

Central axis 
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Fig.3 Schematic of laser Thomson scattering system for miniature ion thruster 

 
ND:YAG

( 532 nm 2.3 eV) 12.1 eV
[15]
 

 
4.  

4 1.6 mg/s, 8 W
( )2 ( )2 ( )2 = 2.2 nm2

1 eV nm
2 - 4 eV 4

Te=1.5 eV
is kk

 
 2.3 0.2 1018 m-3
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1.2 mm 91 m i = 1.4×10-25 kg, Te 
=1.5 eV, ne=2.3×1018 m-3,S = 1.0×10-4 m2 30 mA

8 W 1.6 mg/s
25 mA[12]

 

“HAYABUSA” 10 Deep Space NSTAR [16]
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Fig.4 Thomson scattering spectrum, krypton mass flow rate of 1.6 mg/s, incident microwave power of 8 W,2 mm 

downstream from the antenna and 6 mm away from central axis. 
 
 

5. Summary 
JIEDI tool (JAXA Ion Engine Development Initiative) 

 

8W 0.16 mg/s
1.5 eV

 (2.3±0.2)×1018 m-3 

JIEDI
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Nomenclature 
c = velocity of light 
d  = differential scattering cross section 
e = electronic charge 
EL = laser energy 
G = observed scattering spectrum 
h  = photon energy 
Ib = ion beam current 
IT = intensity of Thomson scattering light 
IR = intensity of Rayleigh scattering light 
I0 = intensity of incident laser 
k = wave vector 
ki  = wave vectors of the incident light, 
ks  =  vectors of the scattered light 

 = scattering length 
me = electron mass 
mi = ion mass 
ne = electron density 
Ns = Thomson scattered photon number 
n0 = neutral density of Rayleigh scattering 
Pi = incident microwave power 
r0 = Classical electron radius 
S  = laser beam cross section, 
S’ l = scattering volume 
Te = electron temperature 
Vb = beam voltage 
VB = Bohm velocity 

V  = scattering volume 
 = scattering parameter 

c  = ion production cost 

 = infinite small wave length 
 = solid angle of observation 

  = the transmission coefficient 
 = angle between wave number vector of incident laser and wave number vector of scattering light 

i = wavelength of incident laser 

D = Debye length 
 = difference between scattering wave length and laser wave length 
21  = half width at half maximum of Thomson scattering spectrum 

 = angle between y axis and wave number vector of scattering light vector projected vector on x-z plane 

T = Thomson scattering cross section per unit solid angle 
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