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Abstract
An inexpensive, simple, and fast Langmuir probe sweeping
circuit is presented. This sweeper completes é probe trace
in 1.4 msec and has a maximum probe current capability of 5 A.
It is suitable for pulse mode plasma operation'with density

greater than 1012 ions/cm3.
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~Introduction

Langmuir probes have been ﬁsed for measuring plasma paramete;s
in gaé discharges for almost half a céntﬁry.l Today they still re-
main an important diagnostiértool in laboratory an&n;n'space plasma
studies. A Langﬁuir probe is simply a small electrode in the form of
a cylindrical wire, a plane &isc, or a éphere. In the presence of a
plasma, the probe collects current when avoltagé V is applied. A con-
tinuous variation of the voltage will produce a characteristic I-V
curve as shown in Fig. 1. From this.Langmuir trace, the density, po-

tential, and electron temperature of the plasma can be determined.

In some experiments, the plasma is operated in a pulsed mode with

‘density higher than lO12 ions/cm3. Under this condition, a fast probe

voltage sweep is required in order -to sample the plasma at the desir-
able time period and also to prevent the probe from being destroyed
by the high electron current. Some.sophisticatéd pulsed electrostatic
probe data acquistion systems have already been reported.z’3 In this
paper, the design of an inexpensiv¢,~simple and fast probe sweeping
circuit with maximum current capability of 5 A is Aescribed.

Plasma Parameter Computation.

Fig. 1 shows a .typical Langmuir probe characteristic. The space
or plasma potential Vp is detefmined from the "knee" of the trace. If
A is the probe area, n is the plasma density, and m, e, And <ve> are
the mass, charge, énd average velocity respectively, of the plasma
electroh, then_the electronxsaturation current I: measured at V = Vp

is given by
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Ie = A ne<v_> o 1/4 . (1)

If the plasma has a Maxwellian distribution function, then <ve> =
L
(8kTe/11m)2 where kTe is the electron temperature expressed in eV. The
plasma density is given by

0= (i:/eA)(Z'rrm/kTe)i/zv . 2)

Wheh the‘probe—applied voltage V is lésé than Vp’ the electron current
decreases exponentially according to | v '
I =1 exp [—e(vp l V)/(ue)] : M

and kTe is computed from the plot of 1n Ie versus (Vp -V).

If the mass of the ion and the electron temperature are khown,
the plasma density n can also be calculated from the ion.saturation
~current of the Langmuir probe tratce'."4 However, for a hydrogen or a
deuterium'plasma, the presence of three different ion species allows
one‘to obtain the plaéma density only from the electron saturation
current.

Langmﬁir Probe Circuit

A schematié diagram of the Langmuir probe sweeper circuit is
shown in Fig. 2. This circuit has the capability of generating a
linear voltage ramp of 40 V &ithin a tiﬁe period of 1.4 msec as illus-
trated by the oscilloscope signal in Fig. 3. In»addition, an adjust-
able offset DC voltage from 0 to % 70 V is added to the sweeping vol-
tage, so that either the anode or the cathode can be used as the re-
ference potential. The quiescent or idling voltage applied to the

probe is 20 V less than the offset'voltage and the maximum voltage of
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the sweep is 20 V greater than the offset‘voltage. Since the probe
éurrént decays exponeﬁtially for V < Vp, the.cdrrent collected at the
quiescent voltage is small and the probe will not be over-heated.
The sWeeper circuit contains five main components: a power ampli-
fier, a combaritdr, an optical isolator, and two DC power supplies.
The power amplifier is a'Torque System PA 223 ﬁower operational ampli-
fier, which consists of a 741 oferational amplifier and a bridge-type
powér aﬁplifier output. The 741 aﬁplifier operafes és a voltage'in-
tegrator with C

1

bridged across C

as the feedback capacitor. Diodes D2 and D3 are
1 to keep the output power amplifier operating within
its lineaf region. 'fhe diode and fesis;or network of Dé, Rl’ and RZ’
converts the output pulse of the sweepef from a triangular waveform»
to a sawtooth'wa§eform.

The second 741 operational amplifier, ICi, operates as a voltage
comparitor to establish the thresholds for the sweep limit. As soon
as a trigger from the pptical isolator is-received, the comparitor
output voltage changés from high to 1ow; This voltage is applied to
the input of the PA 223 voltage integrator which in turn will generate
a voltage ramp to the Langmuir probe at the "Probe-Out" terminal.

When the maximum swéep voitage is reached, the comparitor output
voltage chénges from low to high and‘the probe voltage sweeps back to
the quiescent voltégé. The diode and ;esistor network} D4 and R2"
connected across the ingegrator input, will make the return sweep much
faster than the initial upward sweep (Fig; 3). The maximum probe cur-

rent that can be drawn from the plasma is limited by the PA 223 power



amplifier. This current can be reduéed by decreasing the value of

the resistor R3 = 30(IL - 1)/(5.5 - IL) where I. is the maximum probe

L
current. However, higher current limits could be attained with the
availability of a larger power ampiifier. |

~ The Fairchild FCD 820 opticél isolator is uséd go iSolgte the
: bpefational amplifiers from ground potential.: There'are tw0'fl§ating
DC %ower supplies: .one for driving.the operational aﬁplifiers and the
othef for generating the offset vditagé. Since the voltage sweep
occurs in a very short period of timé (1.4 msec), the power for the
sWeeplcomes mainiy from the filter capacitors, which are reéharged in
© the interval between pulses. |

After the Ip' and V terminals of the sweeper are con-

robe probe

nected to the vertical and horizontal inputs, respectively, of an os-
" cilloscope, the voltage sweep can be started at any time by.applying
a +10 vV pulse at the "Trigger in'" of the_cifcuit. The ocsilloséope
trace may be'blanked off when a sweep is not beihg made by applying
a voltage bias to the Z—input df the oscilloscdpe. Al.4 mséc pulse
must then be applied to the Z-input to unblank the oscilloséépe trace
&uring the Langmuir probe sweep; The "DC offset" vditage is adjusted
until the sweep ends approximately 5 V above the plasmavpotentialL

Thé Langmuir probe trace shown in Fig. 1 was taken with this 4
sweeper circuit from a Berkeley 24’cm é 24 cm multiline-cusp idn
sourceslapproximately 400 msec after the discharge voltage was switched

on. This probe trace indicates that the deuterium plasma denSity was

about 3 x 1012 ions/bm35 and the electron temperature was 4 eV,



and VP'N 1.2 V. The absence of osciliations in the part of the trace
above Vp shows the guiescence feature of thevmultidipo;e plasma.
Acknowledgment
We would like to thank H. M;'OwrenAfor‘valuable discussions.
This work is suppor;ed_by'the'United States Department of Energy,

Office of Fusion Energy, under contract No. W-7405-Eng-48.



References

1. C. Guy Suits, ed., The Collected Works of Irving Langmuir, e
(Péréam&n,‘Néw Yofk;A1961), Vol. 5, pp. 1-10.

2. J. C. Holmes and E. P. Szuszczewicz, Rev. Sci. Instr. 46, 592
(1975). |

3. Kurt F. Schoenberg, Rev. Sci. Instr. 49, 1377 (1978).

4. M. A. Heald and C. B. Wharton, Plasma Diagnostics with Microwaves
(Wiley, New York 1965).

5. K. W. Ehlers and K. N. Leung, Bull. Am. Phys. Soc. 23, 805 (1978).

E Rl



&

Figure 1.

Figure 2

Figure 3

FIGURE CAPTIONS

‘The .characteristic I-V curve of a 0.3 cm diameter disc

Langﬁuir probe. The vertical line indicates the negative
cathode ﬁq;ential. |

Schematig;é;AQing of the probe sweeper‘éircuit.

The ﬁolt;éé vs'time ramp genérated By the probe sweeper

circuit.
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