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This intensive course gives fundamentals of probe measurement and its advanced applications. The first part
reviews the theory of the electrostatic probe used in the plasma and methods for determining plasma parameters
(space potential, electron temperature, plasma density, energy distribution, etc.). Several types of conventional
probes are presented. The second part presents new methods and techniques that have been developed to meas-
ure complicated cases: electronegative plasma, flowing plasma, strongly magnetized (fusion) plasma, space plasma

and (high pressure) microplasma by giving some examples.
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Fig. 1.1

Probe circuit.

Fig. 1.2 Probecharacteristics I - V), semi-log plot of I, and the
second derivative Ip".
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Fig. 2.1.1 Typical probe /-V characteristic and the second de-
rivative of probe current with respect to the bias volt-
age for a hydrogen plasma. The very sharp peak on
the second derivative trace nearthe plasma potential
corresponds to probe current due to negative ions.
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Fig. 2.1.2 An electrical circuit to detect photodetachment sig-
nal from an electrostatic probeimmersedin negative
ion containing plasma.
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Fig.2.2.1 (a) Schematic drawing of biased optical probe, and

(b) RF-biased optical probe.
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RF retarding voltage. (c) The emission intensity as
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Fig. 2.3.1 Environment of capacitively-coupled plasma source

used for actual processing.
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Fig.2.3.4 Time variation of electron density in pulse-
modulated chlorine plasmas.
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Fig.2.3.6 Variation of reflection coefficient with wave fre-
quency as a parameter of ICP discharge power.
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Fig. 2.3.7 Bias power dependence of radial profile of electron
density in narrow-gap parallel-plate plasmasources.
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Fig. 2.4.1

Schematic view of Mach probes. (a)up-down type,
(b)para-perp type.
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DT OB Y Lo 2 LAREhie.

M;=M:InR (5a)
HHWVIT,
R =exp(M./M.) (5Db)

ZIT, Me ZHBIEHTH Y, A LETIVICL > TR
NG 2 5N Tw5,

ZDOFNIFLLT D X 9 12 Hudis 5 ® FreeFall model 12
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Fig. 2.4.2 Schematic view of Harbour’'s Mach probe.
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Fig. 2.4.3 The ratio R=jup/jdgown as a function of ug=(Te/m;)"2
[Fig. 19 in Ref(9)]. 1:Stangeby[6], 2:Proudfoot et al.
[7], 3:Chung and Hutchinson [9], 4:Hutchinson[8], 5:
Mott-Smith and Langmuir[1].
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0=r Ok LA ZEmL 720 Jw (:]H), 0=n/2, 3n/2
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Fig.2.4.4 (a)Schematic view of DLP. (b)Definition of angle ¢
between probe face and plasma flow direction.
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Fig.2.4.5 Dependencies of Jis on cos ¢ in two different flow
conditions of subsonic (@: M; = 0.8, Up = 19km/s, T;
=11eV and T = 6.2 eV) and supersonic (O:M; = 1.3:
Up =28km/s, T =8.6 eV and Te =5.3 eV) flow.
5 ® Exp. A
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Fig. 2.4.6 Relations between In(jup / jdown) and jpara / jperp- Mi
calculated by eq.(5) using M; =0.4is also shown. Dot-
ted line is the simulation results of T; = 2T.
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Fig. 2.4.7 The ratio jup / jdown as a function of M. Dotted line is
the simulation results of Ti = 2Te.
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R =exp(Kv;) (9)
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Fig. 2.4.8 Relations between K and Ti/T.. @®: PIC simulation by
Hutchinson[10] in unmagnetized plasma, O: Kinetic
model calculation by Chung et al. [9] in magnetized
plasma.
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7o RIBZO—BICHRNEFENTH L.

F72, 77 A<HEITIE~ y O TR TR
DFAEFET S EIFFFEICEETH L. FIEHILT
T ARG T CTIET I A<D F RS 53
ELHD, EEFALOAGTZ T I Azt 572
WIZ, Te—T7xNiE3E20, ZHOMENERE L
Tu—=T e Hwb R EOFENE BNTE[13-15]. &
FHIMA OB TEHELC S D 2R 80> 7205, 4uwmT-H
SRINTUO—=T2HNWBHZETTIAIHDI v NBOKR
ExLimhime ZFRICEHIT A 2 LW EETH 5. &
DR R Fig. 24.1(b)® para-perp type D v N7 —T D
FEMEEHI DFB AT D W T B ORESITHAA 72\ [16].
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Fig. 2.5.1 Typical Langmuir probe characteristics obtained at

the divertor plasma in JFT-2M [10].
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Fig. 2.5.2 Example of the electron energy distribution function

obtained at the divertor plasma in JFT-2M, where Vs
=32V [10l].
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Fig. 2.5.3 Retarding field (enegy) analyzer (RF(E)A, Model de-
sign) [18].
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Fig. 2.5.4 lon sensitive probe (Model design).
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Fig. 2.5.5 Time behaviour example of the ion sensitive probe

(ISP) measurement. From upper to down, the probe
voltage Vp, the Langmuir probe characteristics as an
electrode using the electron guard and the ion cur-
rent using the ISP are given. The extent of rise time
is shown by arrows [27].
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(a) The configuration of the asymmetric double
probe against the magnetic field B. (b) The Vp-Ip
characteristics of the asymmetric double probe.
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Fig. 2.5.8 The ion temperature profile obtained in the JFT-2M ohmic heated (OH) plasma using the asymmetric double probe (a) [31],

and using the tooth brush probe (b) [32].
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Fig. 2.5.9 (a) The configuration of the rotating symmetric dou-
ble probe against the magnetic field B. (b) The time
(and/or angle) behaviour of the ion saturation cur-
rent.
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Fig.2.5.10 The ion saturation current on the rotating symmet-
ric double probe with a flow (the dependence of an-
gle) [36].
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Fig. 2.56.12 The time behaviour of the space potential Vs (=@ p)
and the pressure profile (neTe)observed by the RLP
atthe SOL plasmas in JFT-2M. The bottomtrace in-
dicates the position from the lastclosed flux surface
(LCFS) [50].
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Fig. 2.6.1 Height profile of electron density and ion composi-
tion of the earth ionosphere and inner plasma

sphere.
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Langmuir probe.
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Fig. 2.6.5 Behavior of electrontemperature atthe height of 600
km in the longitude zone of 185—280 degrees.
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