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Introduction

Results of time-resolved double probe measurements:
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2 PP Our results are not in agreement with results
s a i T of single probe measurements of other
asp « authors (e.g. J.W. Bradley and co-workers)!
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S Verification by using a single probe desirable.

[. Swindells, P. Kelly, J.W. Bradley, NJP 8 (2006) 47.
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Probe Current [mA]

Langmuir Single Probe R OF TECHNOLOGY
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Time-Resolved Probe Setup
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Computer
PCL PCL GPIB
860 818
[ X ] { X JoXo

Oscilloscope

Probe

electrodes

e tungsten
e [O=05mm,|~10 mm

current measurement | (t)],,

« external 100 Q resistor

e potential drop measured vs. time
by digitising oscilloscope

» averaged over 20 cycles

measurement of “asymmetric”

Adapting Electronics

characteristics in pulsed discharges:

— enhanced requirements on power supply
- current range: -10 ... 200 mA

- voltage range: -100 ...100 V
(P, ~ 400 V (not accessible)

Th. Dunger
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Is the probe in equilibrium with the potential vari ations of a pulsed plasma?
e transit time of an average charge carrier through the sheath
 determined by the plasma frequency w, of each type of charge carriers

e ... elementary charge

ox = g, ... Vacuum permittivity

’ € [y n, ... charge carrier density
m, ... particle mass

X
X ... electron or ion

Example: argon plasma, n, = n, =101° cm-3

w,, =20 MHz,  wp,=5.6 GHz
T, = 300 ns, T.=1ns

electron region: yes
lon saturation: most of the pulse period
fast transients can not be followed
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— determined by: ¢ sheath resistance
 stray capacitance U, 1)

lon part:
+ typical values should be about 100 pA | e %_ ___________________
 high impedance of the probe sheath [ ] Casi- 2T 2|
- bad response time of the probe Pinnacle Plus S I el
e increase of probe area can improve it slightly - = =
_ RslZs
electron part: = (Re+2) [Coray = Rs Wqray

* high probe currents measured (40 — 100 mA)
« low impedance of the ,probe sheath*
e good response time to follow changes in the plasma

further improvements:
« decrease of the stray capacitance - careful wiring (difficult) Tested!
» decrease of the sheath resistance - increase of the probe area

but: limited by electron saturation currents and power of the power supply
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Experimental Setup
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Substrate depositon system:

Axial Position

yr Radial Pos-'rlion

spatial probe position:

| e target: Ti (O = 100 mm)
» unbalanced magnetic field configuration
« floating substrate
e d;s= 80 mm
Probe  gas: 50 sccm Ar + 10 sccm O,
==+ e pressure: 0.40 Pa

power supply: (Pinnacle Plus, AE)
<P>=200W, f=100 kHz, T

=4 us

rev

» centre of the discharge
» approx. 50 mm above the target
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Attempt: Time-resolved Measurements
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Ti, 200 W, 100 kHz, 4.0 pys, 0.4 Pa

* “on” and “off phase” can
be distinguished

Most of the pulse time:
positive electron current
and negative ion current
are observed

Electron current:
* shows rapid changes
* range: 30...110 mA

lon current:
* blurred and delayed
e range: -3...0 mA

Th. Dunger
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Typical Probe Characteristics

120 on phase: — 4.3 jis, — 5.8 s, — 9.9 s Discharge pulsed: @, ®; - (t)
- off phase: 1.0 us, — 1.:3 MS, — 3.9 us
electron saturation: - n,

differences between “on” and “off”

electron retardation: — T,
changes of T, can be guessed

40 -
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changes (4.3 us) 5
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o _cDﬂ of the probe t|p similar Ti, 200 W, 100 kHz, 4.0 ps, 0.4 Pa
temporal development as the
substrate plate o0 ® evaluation software | 200
40 substrate plate

« slightly higher absolute values S | e Lo o
 delayed transients S oMl T i =
» different positions I3 20 ] - 200 E
drp=45mm; dc=80mm & ] - 5
=-40 — - -400 &
= . ()
t<1pus: &,>80V? © -60 — I >
" = - L -600
 strong positive overshoot of the Y _gg | I =
target potential 100 1 . a 800
* .®, up to 400 V are observed by 0 > 4 6 8 10
emissive probe studies [2] Time t [ps]
4us <t<4.5ys: =) O, follows variations most of the pulse time
e determination not possible (mainly supported by electron mobility)

— probe current always positive
[2] Th. Welzel, ICPIG, 2007.
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Results: Floating and Plasma Potential
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Potential [V]

Time-resolved Single Probe

Time-resolved Emissive Probe

(C, 400 W, 100 kHz,

4.0 us 0.46 Pa Ar)
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« @, similar to @, but higher « confirm the observed ® (1)

obtained by a single probe
here, higher absolute values
geometry, target material ...

« gray regions: evaluation not possible .
—
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Results: Electron Temperature

Electron Temperature [eV]

“off” phase “on” phase « typical values of T for
9 - a magnetron discharge
* no evidence of high
energetic electrons
6 (ion current subtraction
1 necessary)

D DD D [13 7
e 07 oo PO H o on” phase:

* increase of T, from
3to7eVatb.5us
 decrease of T to the
end of the on phase

O
Target Voltage [V]

-3 ‘ ‘ ‘ ‘ -1000
0 2 4 6 8 10 “off” phase:

Time t [us]  almost constant 3 eV

gray marked region: evaluation not possible

Th. Dunger  XV. Erfahrungsaustausch “Oberflachentechnolgie mit Plasma- und lonenstrahlprozessen”



. . = CHEMNITZ UNIVERSITY
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First setup of a time-resolved single probe has been developed. Time-
resolved characteristics can be measured.

Response time of the probe looks good enough to follow the plasma
potential variation in of the period.

Variations are observed for T, and ®. n, is almost constant?

The results show the difficulties of the measuring technique and are
useful to understand the published results by other authors.

The review of the double probe results on the basis of these
iInvestigations could not be done yet.
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