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Measurement of Avalanche Velocity in an Induced Electric
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(Received April 22, 1992)

Electrostatic probe has been developed and used for measurement of electron avalanche
velocity under an induced toroidal electric field in Nez. The velocity and growth rate of the
electron avalanche obtained by the electrostatic probe agreed with those by an optical measure-
ment using photomultipliers. To clarify an influence of the probe on electrodeless discharge,
the difference of the avalanche velocity was optically investigated between the cases of using
the probes and no probe. Under the condition of induced field 73 V/cm and 0. 5-1.0 Torr, the
difference is less than 17% and it likes to become smaller in the region of lower E/p. Then
the electrostatic probe method is considered to be effective for the study on behavior of space
charge in electrodeless discharge under low E/p. It is clarified that electron number of the
avalanche decreases discontinuously near a metal used for supplying primary electrons. From
this fact the metal is considered to disturb the development of the electron avalanche under

the induced electric field though it is on a floating potential under an initial condition.
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Fig. 1 Toroidal discharge tube.
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Fig. 2 Waveform of toroidal electric field induced
at #=6.5 cm.
Vertical : 22V cm™! + div-l.
Horizontal : 200 ns « div-1.
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Fig. 3 Waveform of trigger light for supplying
initial "electrons.
Vertical : arbitrary unit.
Horizontal : 200 ns - div-1.
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Fig. 4 Schematic of the electrostatic probe.
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Fig. 5 Schematic of mounting the probe on the
discharge tube.
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Fig. 6 A model employed for calculation of elec-
trostatic induction.
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Fig. 7 Induced electric charge and its differentia-
tion with to time by calculation.
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Fig. 8 Typical oscillograms of ip and VE.
Nz:1.0 Torr (a) at window 3, x=10.2cm
(b) at window 4, x=15.3 cm
Upper trace : #p (500 A +div~1, 200 ns-div-?).
Lower trace: VE (3V-div™l, 200ns-div1).

Figicho 7 v v b5 O MR E ERTECkin .
Zofcdh VEDHE U — 73— —27 X hH/pEnd
DETEH>»T 5.
ZOoOPESINC KT B C— 7 ORMZENDE
Tl NEELR DD Z ENTES. K(a) & (b) DK
1Y ip Ty 140ns TH Y, VB T3y 180ns TH
5. COBEGCOERE LT, —2orEESTFEETFD
ZeRA LA DI EIZE LD TN R T » T b & 3%
Fohn. BEERE 5.1lecm HGTEB LLEFRE
OIS 2.8X107~3.6X 107 cm-s~! TH B, T r—
TEE VEOH—C— 7 DBIENA~A FATHBHZ &b
by e — TRENE LT HEMIEROELE LT~A 7
ATHY, 2O ENBIIENBENCREFILIES 4 v
IDLELSHELELTND T EXbhb.

9k b VEROE— — 7 bE LI &
ETIENOBHENOMGRTh S, WIHETIIENE
RO R I Cirbh alcd, BTG & BRI
ORHINE SO E BB S EOFR &%,
ZOELDEREEONEN DT I, BRI




424 (68) HEIFESE

0.6

(us)

N
N

0.2 :/A

o

Distance (cm)

B9 &F=rBHOE—— 27 O X EEORG

Fig. 9 Relationship between distance and time
when ip has a peak value of the first peak.
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Fig. 10 Spatial variation of times when V& and
rise at the first peak and times when V&
and ip have the peak value of the first
peak.
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Fig. 11 Spatial variation of the peak value of 7p.
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Fig. 12 Spatial variation of the peak value of V&.
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Fig. 13 Avalanche velocities obtained from 7p.
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