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PLASMA DIAGNOSTICS

C.8.Wong

—

. Rogowski Coil
2. Magnetic Prbbe

3. High Voltage Probe
resistive divider-
capacitive divider

4. Electric Probe
single and double probes
computer controlled system
pulsed system
triple probe

Emphases given to : basic principles
application examples

PRINCIPLE OF ROGOWSKI COIL b

I(t)
V() .
B= 452
Voltage induced :
4, NA dI
V) = (o) g

2n r’ dt

where N is no. of turns;

A is the minor cross-sectional

area; and

r is the major radius of the torus.
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2 MODES OF OPERATION :

(1) With RC-integrator

N
Le R l
Vet

c_,_ V,(t)
M, NA
v = (=2 _) Kt
) = (=) 1y
with RC >> ; and
R > oL,

(2) Self-integrating(current transformer)
L
oo~ -

Vit) R Vi

Rl
vo (t) - (-N_") I(t)
with R << oL,
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RESPONSE OF ROGOWSKI COIL

For self-integrating coil :
2r <t < L /R, |
T is trensit time of signal along colil.
For a coil with electrostatic shielding,
T = \J(LC) . 2nr
where L, C are inductance and capacitance
per unit length of the coil. = '
Factaors affecting response :
1. R, > (L/C).
= Y, (t) becomes oscillatory.
2. Imperfect R,
= V, (t) becomes oscillatory.
3. Skin effect (high frequency I).
L increases => T increases.

For RC-integrator mode :
L./R <t < RC

If long connecting cable with impedence

Z is used, then R = Z (usually 600 );

and t. > L, /50.

Le~puH => treps

L8s12/10
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CALIBRATION OF ROGOWSKI COIL :

- best done in situ using an idesl
LCR discharge

For a LCR discharge,
I(t) = Igexp(—at)sinwt
where I, = V, Jc/L)
a = R/{(2L)

w = ‘l['JT_'{

From current waveform obtained,
n (Valv N

Vi< ly= 1,0xp(~ aT/4)

Coil constant :

2ncV, Vs
Kj = ~=o-~ (5--)1/4
! vy 1

C., b are known; end ¥y, Vp , T
are measured from waveform
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THE MAGNETIC PROBE

1. Principle — same as Rogowski coil
Voltage induced : B(t)

N $nent
ovan. B

V() = NA(SZ-)

2. Small in size
- measure localised field
hence field distribution

3. L . smell
R, << w L ,only true at large w

=> Self integrating mode not possible
With RC integrator, '

Y () = (52-) B

4. Response : L. /Z < t, < RC

5. Electrostatic shielding
— against capacitive pick-up
of high frequency plasma potential

R Ly e -

L9/82/710

Jald 11vad

"Lt 0SSt

HIGH VOLTAGE PROBE

1. Resistive divider

Vo w___R2 _
v, R, + R,
2. Capacitive dlvidér <
' |
| -
v; c!‘]- '
Yo oS 1.
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THE RESISTIVE PROBE

An example :
W f=i=—i—xc -
E—— ! High
Vcl-h’l
Jngwlnder H'.‘h&"“"“} Coblis
' vegister "

Probe response affected by :

K,
(1) Stray inductance. . -
te > /% . R,
R‘ = 600 .

o

For Ly~ pH =» t, > 100 ns L

For L,~ 10 nH = t. > n»

(ii) Stray capacitance. R~ koL
b PR R
For C,~pF = 4. > ns :
FOI‘ c._N nF = tr )“.

(iif) Transit time.
t, > (o) .t
Shielding may increase L and C

1

l

L8/18710
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THE CAPACITIVE PROBE

Factors affecting response :

1. Stray inductance. i |

Natural frequency : w, = 1/ (L,C)

Upper frequency limit : w < W,

2. Terminating impedance.
Lower frequency limit : v > 1/2C,
-Connect direct to scope output,
Z=1M0
Teke Cy = 100 pF
| =>w > 10 kHz

When long cable connection required,
need to couple to a resistive stage
—=2> capacitive-resistive probe

3. Transit time.
t, >J () . ¢
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Circuit equation:

wherse

Take

Let

Then

Solution:

Output voltage:

where

L3 o ngg * 8 -V

Sde

Vl -V, sinlot)

q=0Q/Q,; 4, = R AL /C);
Wy, = tALC); Q) = CV

T - tlJ(LsC);
¥ - wlug;

d’q , 55(-:}%) + q = sin(¥TT
dy?

q(T) = ST"éLyr)[Sin(rt) - sinT]

({, ~v)

vo(T) = fq(T)

CAPRLITIVE DIVIDGR

V2

Rew 32 Tttens, 26 W) (e Tis. ftayn

FRom COAXIAL CABLE

I
®)
.
Tyl IRI Wniradie tj]
5 Perapen _ 1RV ole
o t.Lkv F“‘k r_’—
: i - Polythene outer {(c)
3 Inaulation conductor L] o"l’-/ -~
; nﬁ:@ -t
— V y BNC
inner ¥
conductor Cy froselug

(b)

Rag iamensy ey ei/7g. 1/ £: 55 A
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CAPACITIVE-RESISTIVE PROBE

2 possible modes :

(i) (R‘ + R,)Cz > T
where 7 is characteristic time of interest
==> voltage divider mode
Voc: Vl
(i) (R, + RJ)C, < T Ci g,
==> differentiator mode
Vo= RL, (dv, /dt) :
For (R, + R )G >~ 7
w=> mixture of 2 modes

Vivdtr e T ___,Dnﬁ-cunhnhl'.

(R HT e fgn*‘t)ct< T

Requirement of long connecting cable,
==> R, = 60 0
Then with R, = 5000 @
and C, = 100 pF,
the probe acts as voltage divider only for
voltage pulses with r < 500 ns

KR

202 1180g R
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CAPACITIVE//RESISTIVE PROBE

1. Required to fix 3 . c‘-
R
1 Vv,

Take Ry = 50 D(cable impedance),
C, = 10 pF,
Cs = 100 pr,
==> R, = 500 0

 § For ”> l/llcl.
==> sepacitive

3- '0? ”< l/.‘C‘o
==> resietive

¢ FPor wait/R ,.

Response of the prode may be nealinear(?)

. 8. Upper frequency limit

Set by either transit time,or stray inductance
(Reter to capacitive probe)




liouu -

JUJ

PLASMA AS ACTIVE CIRCUIT ELEMENT

L, : circuit inductance
R, : circuit resistance
Ly(t) : plasma inductance
R,(t) : plasma resistance

Circuit equation :

Vo - 21N = S 4 L)+ IR, 4 R)

Re is usually negligible

Voltage across plasma :

d
V’(t) - ;t— (Lpl) + IR’

| .

G

(G

‘01°8S° K1 (8710720
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DEDUCTION FROM I(t)

1. 1deal LCR discharge (calibration)

At ARy

L L.
T |

L

Measure T and a from I(t)
T=2rJ(lC), L= L, + L,

C and L, are known

==> [ . the circuit inductance

a = R,/(2L), the damping factor
==> R,. the circuit resistance

2. Plesma discharge

Voltage across plasma :
V(t) = v, - S e L,--
- == dependent on fIdt and dl/dt

From I(t) measured, obtain fIdt and di/dt
==> V,(t). the plasma voltage waveform

. e e e e e am s
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DEDUCTION FROM I(t) AND v (t)

With I(t) measured; and Vp(t) measured
or deduced from I(t)

1. Assume plasma to be INDUCTIVE

Plasma inductance :
Ly(t) =

L, is related to geometry of plasma.

e.g. the linear Z-pinch

L) = 220 i (22)

for coaxial geometry

==> r(t) = r, exp(- E’—‘.1‘2"—)
T

—= the plasma trajectory
2. It plasma Is RESISTIVE
ie. R, >> wl,, or L, is fixed
Bulk plasma resistance :
Ry(t) = [V,(t) - L (d1/d1)}1/1(t)
Plasma conductivity ¢ = { /(R A)
0 o< 'l‘.s/ 2
==> T,, the electron temperature
e.g. Coaxial flashlamp

L8/10/20
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ENERGY CONSIDERATION

Rate of electrical energy input :

W, = v, ()
dl_.’ dl
- L Do A -
B+ L, I( dt) + PR,
Magnetic energy : E = L;l /2
d

Rate of change : W = -!z—(—al;’-) + l.,l(-:-!t)

Hence rate of energy input to the plasma :

1t 4
Y o) ¢ PR,
(dynamic) (Joule)

Dynamic — compression or expansion(cenfiguration)
Joule heating - due to resistivity

At any instant t, from I(t) and V’(t).
E,. En and E can be calculated
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In an ideal plasma,

CONCEPT OF PLASMA POTENTIAL

charge neutrality =w> zero electrostatic field

But, the system of particles possesses
potential energy

Plasma at potentjal $, with respect to ground

2 consequences :

(i) I an external charge is placed into the
plasma, the plasma particles re-distribute to
shield off the effect of the allign particle to
within a distance A , from the particle.
(Debye shielding)

* = °-°\/[rmi;4

(it) Imagine the allien particle suddenly

disappears, then the system of Particles iry
to restore equilibrium.

w=> oscillation about equilibrium with frequency
]

» e

ASSUMPTIONS OF PROBE THEORY

1. Plasma is infinite, homogeneous and neutral
2. Particles have Maxwellian velocity distn.

3. No collision between particles within the
viscinity of the probe

4. Particles hitting the probe are absorbed
(no deflection, no. emission of particle)

5. The bulk of the plasma is not disturbed
by the presence of the probe

6. No strong magnetic field in the plasma
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FLOATING CONDUCTOR IN PLASMA

At equilibrium,
—= the conductor becomes negatively charged
due to electron attachment.
== at floating potential ¢, (negative)
—— shielded by positive plasma sheath
from the bulk of the plasma.
(no. ions > no. electrons in the sheath)
—= thickness of the sheath = Ap

|
LI
f"‘?—w~9;
V—\,_—?L
| |
VAN S
| |
v
e

platme theatl,

‘TS'ME'60 LB/80/20
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MEASUREMENT OF FLOATING POTENTIAL
For d.c. plasma (e.g. glow discharge)

aff .',f"/' k _
—-—-ﬂ ,//ﬁ//l// o ﬂ-_—-

When 8, is closed,
capeacitor C charged to potential ¢,
Then open 3,, and close S,;
C discharged through galvanometer G
Deflection = k(C#¥,)
k can be obtained by calibration
using a known voltage source
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BIASED CONDUCTOR (PROBE) IN PLASMA

I. 8 < & (ion saturation region)
l, = {,. constant

3. ’p -> .'
ne. of ¢ reaching probe increases
I, decreases (1, = ly - i,)

38, = o,

leg =1y ==>1 =

4 & < ¥, < #,(e retardation region)
more e are reaching the probe
but they are retarded by the fleld

5. ¢, > o(e acceleration region)

I,=1,

6. ¢ >> 4, (secondary emission region)

¢ acoelerated to high energy

secondary particle emission from probe surface
==> probe starts to glow
| p becomes very large

Larams2n

Ja3J 11v0C
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THE SINGLE PROBE

(The e retardation region)

For this region, electron current given by:
| ot _Zf.r.)..]
kT,
Probe current I = |, - i,
From probe characteristic : (Op,lp),
Plot Ini, vs L

l. - I" O!P[_"'

Gradient = ¢/kT,
==> T, the electron temperature

At 0= @, obtain  Jp

kT,
logr ™ An..\l(-é;m.)
¥-> n,. the electron density
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POSSIBLE COMPLICATIONS

1. iy is not constant.

Tp
I/ i

e A &

= M¢‘1'C

Then Iy = mo, - e
which s a linear function of bp

2. The point $,= &, not clearly observed
—~ determined from change of gradient

3. Absence of exponential ¢ retardation region
==> plasme not Maxwellian

It is required to determine the EEDF before
application of classical probe theory
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EXPERIMENTAL DIFFICULTIES

1. Unsteady plasma condition.
Impossible to complete a set of probe
characteristic by the point-by-point method

—— use pulsed probe

2. Probe contamination
(gas molecules attachment: metallic coating)
—-- can be cleaned by sputtering

3. For plasma of temperature > 10 eV,
ion bombardment of probe may occur
—=> secondary particles emission
——> glow or arc between probe and plasma

4. Plasma perturbation
condition of plasma obtained may differ trom

the actual condition

5. Electrons not completely absorbed
—— e.g. reflection

8. Photoemission ~ due to uv

THE DOUBLE PROBE 1)

ldeally, assume

(1) 2 exactly identical probes

(1) same space potential
Then,

Iz = 1,y exp [~ ---1_.._!)_]

[ ]
lgg + 15 = in(1) +i,(2) = 2 "
1 + -!,-’— - —.sjﬂ_
2 Iz

L=

e o0 -
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THE DOUBLE PROBE (%)
Experimentally,

from the double probe characteristic,
—— measure i,

—— obtain a set of points (V, , Ip)

2
—- plot m[~—=f-c _ 1] vs V¥
1, + 1,

Ln[ 21',:{ "'I]

1' + ~f".

P

1

Tlope T T o

[] ".I.i‘

Slope = — e/kT,

==> Tq. the electron temperature

T

oMo ST RPN PP IF TR O

COMPLICATIONS IN DOUBLE PROBE CHARACTERISTICS (1)

b s

| =l R

-

FON-

1. Non-uniform space potential

e(V_-¢) 211‘1

C -
dhil e el s
| et @
¢ - == caem— --41-?9 "
[ 3 8 /;"
_________ - ¢,
4 |

2. Non-fdentical probe aress : Ay ¢ A,

A, aV 24
2 i
- (— ) - 1
> lrl)cxp RTP'e | I——l—P O o




IMPLICATIONS IN PROBE CHARACTERISTICS (2) B

. 11’11 ‘ 11'12

eV i + 1
- exp(- —P) . ¥il ‘riZz _
kTe Ip * ifiz

In general, the experimental double probe characteristic

can be given by :

A elv. - ¢ i + 1
(_E) expl - p c ] - ril riz _ 1
"I.v.
T
| ) ’ﬁﬂ -
BLCRRAR O

L) +4,()

I}:

L+ (R )erpsk)

sttunately, T‘ can still be determined from:

+ 1

i
lot 1n[-Eil __¥i2 _ 4, oy
I+ 4 P
p ri2
slope = - o ==> T_

T T NN T W N TN —

—p—— —— ey

T Y T T e e -

ALTERNATIVE METHOD OF DOUBLE PROBE CHARACTERISTIC INTERPRETA]

L, 1..,+1 A eV -¢)
e2  “ri2 p _ "2 expl - p €
lar 1pg1 -1, A kTq

T e ——— PR U, Y

Upon differentiation with respect to VP

L : (I, ¢ )y - 1) |
vy kT, Lrgr t Lo
|
At 1) - 0,
dI _  § i 5
(—R) I ™ e | ri2"ri1 ]
& P kTe  1r41 * 1449 '

From the probe characteristic,

. dI
measure iril’ 1r12 and (—E)

av = T g

I =0
p p

LD

As—luno 'r,.«'l'e and n.:--_'n1

™

then 1rg & 2Ange /(KT /n,) ; where t = §[1 ., Ak P

>
- |'|e

Ty
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PROBE TECHNIQUES - IMPLEMENTATION

out F———}
1. Manual, point-by-point D/A == In r;
. trAnTA
- slow, tedeous, inaccurate . A
H
2. nmicrocomputer-controlled data acquisition | HE240A I
- require fast ADC and DAC '
AD

- preferably 16-bits for better resolution

Fig. 1. Experimental set-up of the microcomputer-based

3. Pulsed system Langmuir probe measurcment of the glow discharge.
- for dc plasma, use ms sweep
==> probe characteristic captured in ms
~ can be extended to obtain (dlp/dvp) directly
by using a simple RC differentiator

- can also be coupled to a computer via a digitiser
CHT display
or an oscilloscope with digiter storage
- sweeping rate limited to
i
g% < Cri 5" APPLE-LT Printer
s disk-drive Microcomputer
where Cg, 1s the stray capacitance between the probe
and the reference electrode (cathode or anode) Mountain Carporat jon

A/ + YA e

16 channcls D/A .—l L' 16 channels A/D

Fipe 30 Biedk diarreoof Gne iy acquisition SyStem.

A e ——— =
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Simple method of pulsed plasma discharge current analysis o o Regime IL. 7 = 1.54-1.628 fcurrent-dip, negative gradient)
[N
C.5. Wongand S. Lee ' JPPT bt drl= — 16188 + 144.6287 4 603891 —. 249387
Playma Research Laboratory, PAysics Department, University of Malaye, Kuala Lumpyr 22.11. Maiaysia o Lot * 110167 — 41.0925° 4 15,7138 + 4 649+
. S TY — 41 . X
Received 13§ ber 1984; d fc blication 9 N ber 1984 o*
[ 'fm o pleciore ovembet ' ) ol Lot ' + 4.3637" — 2.825¢°. 1%
A s!mple method is proposed (0 analyze the current wnvel'oryl of a pulsed piasl_m discharge from ot 1t should be noted from these two palynomials that (i) at
which the valtage waveform and henuc the temporal evolution gflhe plasma inductance can be . 7 = 0, 10 which is expected experimentally; (i) it can be
deduced. As an example, the application of the method to a typical plasma focus discharge is deduced from Eq. (4] that de/dr = 0.9309 at r = 0 which is
flusteated. PN T close to unity: i the value of  at 7 = 1.54 i calculated 10 be
J AL LLL LYY TT taa 0.5935 from Eq. |4) and 0.60t3 from Eq. (5] which are in
The measurements of the discharge current and the  dischargodthroughthe circuit, theinstantancouscarrent /¢ . 8000 sereeme ‘:l::: (o similact. :3’ ":'“e of “"i" b
ansient voltage induced across the plasma are essential in that Rows through the circuit is described by the circuit a T ot 1 calonuted - 43X rom Eq. (4} s
e experi 1 studies of pylsed pl discharges. The equation as follows . 0.064 I‘rom_Eq. {5} which can both be approximated to zero.
scharge current can be measured conveniently by using a flede . These considerations. together with point by point compari-
ogowski coil operated as a current transformer.’ Such a Vom == = — (LU )] + 11008, i1), n . .sou'oflbeoompuled and "Pm".""“' values of : at various. 1
easurement is considered as the most basic diagnostic in ¢ at indicates that the two polynomials i4) and (5) are accurate
© invesrigation of a pulscd plasma device. On the other ~ Where Lt} = £+ L {r}is the total inductance of the cir- b representation of the current waveform in the two respective
ind, the measurement of the transient voitage scross the cuit. Rearranging Eq. L 1) gives the voliage across the plasma ) ) [} 7] time regimes.
asrna is ofien found to be more difficult than the current at any instant as . The results obirined from the analysis of the carrent
rasurement. Recently, several designs of high-perfor- it de dr waveform in Fig. 2 are presenied in Fig. 3. The curve-fitted
nce capacitive voltage dividers for measuring this tran- V=V, - - ch- 1] 1 {b) * currs;m mvel‘tx_rm. together with the corresponding ds/d;
nt voltage have been reported.? In these designs, the vol. i . . . , a3 N are shown in Fig. Jla); whereas the voliage waveforms, bot
te probes are made an integral part of the plasma device. I‘:.;::mx :r::rmm::md by introducing the follow- uy e s cowmTrs wari L computed and experimental, are shown in Fig. bl The
iis may be difficult 1o imp in some situati pat- ) - s fym HE e_ompgted voltage Ymreform shows three dislir_»f:liveregions:
ularly in some existing experiments in small laboratories. r=tAaen) = HiWia vir= ViV, . (il the initial slow rise from r = Oto r = 0.25, lu}lhetpqghty
order to obtain sufficient information to enabic the study where 1, = v/IL,Cis the capacitor characteristic time and a g T At Pl'w."" ngion from 7= 0.25 10 7 = 1.54, and fiii) the
the discharge dynamics even without direct measurement 7 = ¥,VAC /L) is the short-circuited peak current. The . sharp spike which accurs from r = 1.5410 7 = [.628. In the
the transient voltage, we prapose here s simple method to normalized fo,-,;, of Eq. (2}is 0y .t B T measured voltage waveform, however, the vollng_c is seen to
alyze the experimental discharge current waveform from MO rise more slowly than the computed one, especially in the
lich the voltage waveform can be deduced. Even in the viri=1 - fidr ~ @ i3) ol Lt ' 4++  Tegion of the sharp voltage spike. At the tip of 1he voltage
ie where the voltage waveform is being measured enperi- dr et * spike, the measured value is only 0.53 whereas the compuled
'nially, this method of current analysis can be useful as & Hence the instantaneous transient voltage induced across ol Lanstt L. valucis as high as 3.4. This is believed to be due to the inade-
hod to check the result of the voltage messurement. the plasma of & puised plasma discharge can be deduced if a * quate resporse of the probe used. The features of ihe volage
Pulsed plasma devices are frequently powered by ca- the eaplicit form of its current waveform is known. I prac- waveform computed from the current analysis in fact resem.
sitor discharge, and a typical equivalent circuit of the dis- tice, the form of «(r) in Eq. (3} can be obtained by digitizing bie those observed by others.™” alihough their observed vol-
¥rge circuit is a3 shown in Fig. 1. In this circuit, Cis the  2nd then curve-filting the measured current waveform. This tage spikes are still low compared (o our computation.
acitance of the storage cupacitor; L, and K, are, respec- will be illustrated in the following by analyzing the current With the measured current waveform (curve-firted into
tly, the inductance and resistance of the circuit externakto waveform of a typical plasma focus discharge wsing the polynomaals) and the voltage waveform computed as de-

plasma. The effect of &, is usually negligible as com-
ed tothe effect of L, . The plasma is represented by a time-
ying resistance R, ( Jand a time-varying inductance L,ir)
he cirguit.

When the capacitor is charged to a voliage ¥, and then

", Le

1}
[

:

i 1. Equivalent circwit of a pulsed plasms discharge.

2 J Appl. Phys §7(11), 1 June 1905
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tnethod outlined above.

A typical set of current and voltage waveforms obtained
for the University of Malays Dense Plasma Focus |
IUMDPFI)* is shown in Fig. 2. The curtent waveform has

19 0

FIG.LE | current and volisge i i lived Forms)
of a typical plasma focus discharge.

© 1985 Amencan institute of Physics 5102

FIG. 3. Results oMawed from 1he analysis of the plasma focus dischurge
current waveformin Fig. 2. (2) The curve-fitied r{#) and the coresponding.
da/dr. ) Comp of the eap Iand the d vollage wase-
Forms and (he temporal evolution of the focus (ube inductance by avuming
AN inchective madd for the Focus discharge.

been carefully traced onto a graph paper and digitized 1o
produce a set of points (r, t] 1o be curve-fitted into polyno-
mial of i(r). We shall confine ourselves to the interval
between # =0, to r = |.628, where the current has reached
the minimum of the dip.

Using the least-square curve-fitting technigue, we ob-
tain the following \wo polynomials of :(r} for iwo time re-
pimes:

Regime [ r = 3-1.54 (positive gradient),
fr)= —3.8169% L0~* 4+ 0.9303r — 16039512

- 1.76037 - 1.5817% — 0.64851°
+ L. 42997% + 0.4689" — 0.0966r"
~ C.2278¢" + 0.08320"; 14

5100 ). Appl Prwa,, Vol 57, No. 11, 1 June 1085

scribed above, the temporal evolution of the focus tube in-
ductance can be deduced if an inductive discharge model is
assumed. In terms of vir| and 1(), the normalized form of the
fube indwctance is given by

S, |rdr
Lirf=2——
vt thrl

This has beeri computed for the example considered here and
the result obtained is shown in Fig. J|b). The sharp nse in i,
corresponding to the current dip is a feature commonly ob-
served for a typical plasma focus discharge. The rise in the
focus tube inductance a1 the start of the discharge is unex-
pected from s considerstion of 1he focus dynamics. This is
probably due 10 the fact that at the start of the discharge, the
tube resistance is not negligible and hence the inductive
model is not valid. This tube resistance, however, will soon
drop to & negligibly low level as the plasma is heated up. This
is most likely to occur during the lift-off phase of 1he focus
discharge dynamics.

Wethank T. Y, Tou for providing the set of current and
voliage waveforms of the UMDPFI for the above snalysis.

16}
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Effect of stray inductance on capacitive-voltage divider

C.§. Wong

Plasma Research Laboratory, Physics Departmeni, University of Malaya, Kvala Lumpur 22-11, Maleysia
{Received 29 May 1985; accepted for publication 8 July 1985)
The effect of stray circuit inductance on the response of & capacitive-voltage divider to fast-rising

d from the

lysis of the capacitive divider's

voltage pulaes is investigated. Results cbtai

equivalent circuit indicate sn upper-frequency limit of only 1% of the natural frequency of the

circuit.

The capacitive-voliage divider is now being widely used
in rmny laboratories for measuring high-transicnt voltage
pulses such as those encountered in pulsed plasms experi-
men:s.** It is a common practice to design the capacitive-
voltage divider s an integral part of the device studied 10 as
to minimize the stray inductance. However, it has been
poinied out by Fawkes and Rowe* that even a stray induc-
tance of a few hundredtbs of a microhenry was sufficient to
cause nonlinearity in the high-frequency response of this
type-of voliage divider. Hence the effect of the steay induc-
tance must be taken into account in any realistic design con-
sidemtion of the capacitive divider. This is particularly im-
portant in the m nts of the ely sharp voltage
spikes of possibly less than 10-ns rise times in the plasma

" focus® and in the vacuum spark.*

{deally, the capacitive-voltage divider consists of only
two components: capacitors C, sad Cy. The attenustion fac-
tor of the divider is given by

Vo/ ¥, = C/IC, + G i
where C, < C;. For such an ideal situation, the rise time of
the voltage divider is only limited by the transit time of the
voltage signal between the output and input terminats. The
prescnoe of leakage resistances across the capaciton only
affecas the low-frequency reaponse of the capacitive divider.
Sincz €, and C, are usually in the picofarad range, the pres-
ence of & stray resistance of milliohm magnitude in series
with the capacitors will have practically no effect oa the

73 J. Appl, Phys. 58 (T}, t8 January 1008
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divider’s tesponse. This is duc 10 the fact that the RC time
constant of such a circuit is only of the order of 10~" 3,
which is much shorter than the time scale of any possible
transient phenomenon that may be studied in the Iaboratory.

On the other hand, the presence of a stray inductance in
the divider’s circuit may result in the output voltage wave-
form being superimposed with high-frequency ringing due
10 the natural LC oucillation; and the response of the divider
thus becomes nonuniform,

The equivalent circuit of an imperfect capacitive-vol-
tage divider consisting of a sty inductance L, snd & stray
resistance R, is represented aa shown in Fig. 1. Its circuit
equation can be written a1

diQ . d0. @
fx X oy,
v gt @
where Q it Ihe instantancous chasge low in the circuit and €
is the effective capacitance given by

C=C,CAC, +Cy).

For simplicity, & sinusoidal input voltage [V, = V., sinfwr)
where F_, is the peak voltage and @ is the frequency] has
been chosen 30 that a simpie analytical solution can be ob-
tained for Eq. {2). For & more general analysis of the circuit,
the method of Laplace transform may be used.

Equation [2) can be normatized using the following di-
mensionkess parameters:

r=tVILCY g=Q/Qs 6 =RJ/VIL/CH

© 10006 American institute of Physics ol

4L



Y=alug sy=I/VILCE QymCY..
The normalized circuit squation thus obtained is

s DA SPEP, )

rhhdeﬁeeﬁcﬁlwhﬂeﬁ,hm
damping factor. The solution of Eq. (3) above gives g}, the
mdhdhmmahp!hnkﬂoviaghthchﬁ
mmwmﬂnumc,mmmbemmud-

wlrl = Bain, ]
where f = CAC, + C;) in the ideal atteaunstion factor of the
undﬁndividw.llmhpoinudunthnhlhhu&,
fepresents the total inductance of the circuit considered. If
mdthhindmhncmﬂumnpmmhinnﬁa
with C,, then the output voltage becomes

tolr} = Aglr) + & (d g/dr), [4a)
whukhnluﬂchnlhnuﬁy.l‘hmehm-
iﬁuofﬂndividuin!hemﬂnnﬁmﬁ,hoﬂm.idmti—
caltotlmwtdbyl’i'. I

huﬁm(!}mhmthmmﬁﬂﬁmw
h;uﬂnnheof&,.mmmdc, are

{8) 8, == 2 (critically dasyped);

M) 5, <2 (underdamped); and

k) 4, > 2 foverdamped}.
1 the case of the iti divider considered here,
C~pﬁk,-mﬂ;ndlixl.,~nll,6,—lﬂ"vhichhuh
hm—zn-:hmmmmummw
the case of 2610 damping, Taking &, = 0, the solution of Eq,
{3) can be written ae

oitr) =4 [sinly v} — y sinir]}, (5
where A = 1/7) — ). It can be soen from Eq. (3) that for
small y, we have for O < r < w/y,

girjmsinly r).

mmuumammyww
mh«uwhethmdlhdvuumbem-
sidered 15 be instantancous.
Ontl.euhuhnd.lorhmr.thmmdhﬂl
mmmhmﬂyhger.itmym
dominate over the first term. Under such s condition, the
mwﬂmummm«m
bm.murhdhlhﬁ;h-ﬁwymvdngm
m.mumumnm-mumm
ment of the input voltage.
ﬁummmnhumw

G FIG. 1. The squivelent cir
v L. uil of an mperfect capaci-
\ a-l— % . " i-‘l >y
P — i

. Ry

/( ) ,z)

determine the wpper-frequency limit of & particular dividig
mup.ﬂhmbedaubyninulﬁphdthw
fespomae for various values of y.
mwlwlwammdlhwmmhbﬂ
computed lmEm.mand(S}fnrmbunhudrudnn
shown in Figs. 2aj{d). §t can be seen from Fig. 2ja) that the
output waveform for ¥ = 0.3 has been severely distorted,
meﬂur,thmlmwmhnbmummdnw
dal but it is superimposed with a high-frequency ringing =
can be seen from Fig. 2(b). For y = 0.01, the output wave-

taty = 0,3

iy« 0,1

vy

fehy = 0.01

vi

ter y » 0,001

m1mi¢ul-.|-domumn*--r--d-
voltage divi ﬁlmﬁu-vﬂmdrl’wl-o.s.hlr-o_};“

capacitive
¥=0kic)y =000 and id) y = 0.001.

C. 8. Wong 4

al y 0.3
Y volvy '
. /\\ !
N n
[ L1 B B
LLIER RS |
1
volvi .’!
N '
o LL] T
1
ted y = 0.01
F R
valvy
L L
L) [ § s |
4l y = 0,001
a
volvy
" &
L1 1

m.lrhndvqmuh_hhinm!._

form can be considered 10 be o reasonably sccurste repro-
duction of the input waveforms, despite the fact that small-
amplitude but high-frequency oscillation is still present [Fig.
el

o J. Ape. Phe., Vol. 58, No. 2, 15 Jaraary 1908

mmmmmmmmumpmu
capacitive-voltage divider can be further clarified by looking
&t the time evolution of the ratio u,/v, &3 shown in Fig. 3(a}-
{d}. Ideally, one expects v,/v, to be constant sndequalto 8.
This is almost true in the case of ¥ = 0.001 {Fig. 3d)]. In the
case of y = 0.01, the nonuniform response of the divider
gives rise to oacillation of the vajue of vo/, sbout the level of
0.5 and this oscillation is most severe near r = 0 and + = |
wheteu,—+0. For the main portion of the plot of v,/v, against
7, the value of 0,/v, oscillates about 0.5 with an amplitude of
approximately 0.01.

From the sbove discussion, it seems ressonable to fix the
upper limit of y st 0.0 for a practical capacitive divider
setup. Hence the condition for optimum response of the ca-
pacitive divider can be expressed as

@ < 0.0l w,

For a divider with C~pF and L, ~nH, we have

@ < 10" rad/s.

Equivalently, the fastest input pulse rise time that the capaci-
tive divider can respond to with sufficient accuracy is
£ >10 na

The condition for opti p derived above pro-
vides » useful guideline for the design of a capacitive-voltage
divider for the messurement of fast voltage pulses. It is clear
that in order o relax the constraint on the minimum stray
inductance that may be i duced, it is Y to make
€, the overall capacitance, small. In practice, the overall ca-
pacitance of the divider is limited to a value governed by the
stray capacitance of the setup, which is usually of the order
of pF. On the other hand, in order to increase the attenuation
factoc of the divides, it is required to keep C, large compared
0 C,. This is usually limited by geometrical constraint. In
many applications of the capacitive-voliage divides, water,
which has s dielectric constant of o 80, is used as dielectric
for the capacitor C,. This may, however, make the capacitor
more leaky than those using material such as Mylar as the
diclectric, thus affecting the low-frequency fimit of the di-
vider.

The authoe is grateful to Professor S. Lee and Dr. S. P.
Chia for their enthusiasm and useful discussions. This work
is supported by an F-grant of the Univensity of Malaya {(F11/
)
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Simple nanosecond capacitive voitage divider

C.S. Wong

ity of Maloya, Kuala Lumpur 22.11, Malaysia

Plasma Research Laboratory, Physics Dep Umi

(Received 2 January 1985; accepted for publication 17 January 198%)

The construction of a simple and inexp T
described. The probe has been tesied to s frequency

itive voltage probe by using coaxial cable is
response of better than ¥} MHz for sinusoidal

i jse i j i . is ideal for applications in
voltage input and a rise timve of < Iﬂmforun;_lc-pulse input Th.eprol?els :
small experiments involving low-energy and high-voltage capacitor discharge of nanosecond rise

The capacitive valiage divider is now being widely used in
many laboratories to monitor the transient voltage pulses
encauntered in vanous plasma and laser experiments. Sever-
al successful designs of the capacitive voliage probe have
been reported.* This note describes an extremely simple
version of the capacitive voltage divider which can be made

TS7  Rav. Scl instrum. 56 (5), May 1905
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out of coaxial cable. Such a voltage probe can be incorporat-
ed into smatl plasma and lascr devices or some fast pulsed
b ic circuits 1o provide an inexpensive method of mea-
suring nanosecond voltage pulses in these devices with suffi-
cient sccuracy.
Ideally, a capacitive voltage divider consists of two ca-

® 1965 American insiiuute of Physics L

Ceea gt e -

. aw ——— = o —

paciton connecied in serics as shown in Fig. 1 (a). In the
present design, these capacitors are made from a single conx-
ial cable as shown in Fig. | (b). The capacitor C, is formed by
embedding a short length {/,) of the inner conductor of the
cable, together with the insulating polythene tube, into the
body of the high-voltage component of the discharge system;
while the rest of the length of the coaxial cable I} acts as the

itor Cy. The atw ion ratio (output:input} of this di-
vider is

F=CAC +Cy).

In this case, C; is connected directly across the input of the
oscilloscope which has a typical input resistance of | M. If
required, the attenuation can be increased tenfokd by con-
necting a 10 M1 resistor in serics to the oscilloscope's input.

The response characteristics of the above capacitive
voltage divider is determined primarily by C,. At the low-
freq Y end, the resp ol‘lhepmbeislimiledhylbe
docay lime constant of C,, R.C,, where R, is the input resis-
tance of the oscilloscope used; while the high-frequency end
it limited by the transit time for signal 1o travel along the
length of C,. For a single-voltage pulse of rise time 7,, the
probe will be able to respond accurately if

1,2l /,
where v is the velocity of propagation of electrical signal
slong the coaxial cable, which is approximately 2 x 10" m/s.

The probe constructed for illusiration here uses s RS
Uniradio 43 coaxial cabe. This cable is ratedat 21 kV de, 2.6
kV pesk sflcw), and has a capacitance of 100 pF/m in its
manufactured form. With /, fxed at | m, C; = 100 pF, and
the witimate limit of the probe’s response lime is

L>5m.
The attenuation ratio of the probe can be caiculated if C, is

<,

High veitege sendusier

P3G, L. in) The oquivak

circuit of e capacitive vollage divider
which in ssade froms & single comsial cable.

™ nn.au.lmn-,mu.u&mml

FIG. 2. |8} The vesponse of 1he capacinive voltage divider to & 20-m fis-lime
e vollage functios. Upper irace o the outpul waveform ¥, wiiie the low-
€7 irhie is Lhe input waveform V.. (Vertical scale: 0.2 Viem for V. 20¥/cm
for ¥,. Horizontal scale: 100 na/cm, (b} the response of the capacilive vol-
lage divider 10 30-MH: unusoisl waveform. Upper trace is Lhe oviput

form while lower e inps form. |V, be: 0.3 Viem
fot ¥y; 30 ¥./om for V,. Horizontal scale. 10 #1/cm )

known. In practice, this ratio is obtained by calibrating the
probe with & voltage of known amplitede.

Figure 2 (a) shows the response of the present capacitive
voliage probe Lo & square pulse of 20-ns rise ume. li can be
seen that the probe is able to respond accurately 10 the vol-
tage pulse. The ringing a1 the plateau region of the voltage
pulse is probably due 10 the presence of a siray inductance
which is coniributed by the cable jtsell’ Similarly, Fig. 2 b}
shows the accurate response of the probe to 2 30-MHz sinu-
soidal waveform with peak-10-peak amplitude of 130 V. The
altenuation ratio of the probe calculated from these mes-
surements is 1/110,

The pulse hold-off voltage of the probe is determined

" mainly by the insulation of C,. In this design, the insulation

©of C, is enhanced by adding a smal} Perspex cap to cover the
part of the coaxial cable which is embedded in the high-
voltage conductor as shown in Fig. 1 (b). In this manner the
probe’s hold-off voltage can be considerably higher than the
rated values. However, since it is desirable to keep the length
of C; short in order to minimize the stray inductance as well
s the signal transit time, the measuring oscilloscope must be
stationed close (o the high-voltage point of the device being
studied. It is therefore recommendod that the probe be used
for experiments invalving low-energy capacitor discharge
(<20 kV}. Despite this limitation, the probe can be consid-
ered a uscful tool for & number of plasma and laser experi-
ments as well a3 some pulsed control ebectronic circuits

Notes ™8
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where nanosecond voltage pulses of kilovolls Amplithdes  'G.E Leavitt, ). D. Shipman, ir.. snd | M. Vitkovitsky, Rev. Sci. Instrum. /
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MICROCOMPUTER-BASED LANGMUIR PROBE SYSTEM

C.5. WONG, L.1. SAW AND O.H. CHIN RS
Plasma Research Laborstory i
Physics Department b
University of Melays :
' Kuple Lumpur 22.11
. Maisysia

Abetract

A simple microcompuier-based ﬁnmmh-twummwm
of the Langmult probe. The rystemn nmmummﬁumnmmﬂm-
statm plamias, ) .

!

; The Langmult probe 15 a simpls but sffective tool for s disgaowtic of fakrly baye volums,

4 MMQHMMM,MFMIllul-Vph.uhniﬁicofthphmm .
! wch as the slec pocature, oh denglty, space p | and ale. energy dlstributh ,
| muoeum.mnmmmmmwuuw-tm"mnuuu-e.lnmm
v of u steady-mase plasms, it & wwaslly rulTident 1o we the point-by-point techalque, although the
pubid method cam aleo bo smployed. However, the procms of obtining the Langmuk probe chano

teristlc by the poiat-by-point method and fta amalysls is tedious amd time-conmuming If 1 ls dome -
manualty. This i particularly true in cases wheee the L . probe is employed an 3 basic disgnosti I
and exterwive duta are required 1o be collected thy with other din ics of the plasma, .

In this sote, & simple Mmicrocomputer-based dats soquisition system for the Langnuly probe is
dosctibed. The systzm employs an Apple-1l microcomputss to control the varktion of the probe’s
bias putential as well as to monlor the probe cusreat antomatically.

mamm-wnno-mu-utlmnwl . puter which i supported
by & high-resclution CRT display unit; two mini floppy disk-dtives and x dot matrix printer with high-
resolution graphic capability (Fig. 1). Data acquitition i done via & multi-chansel A/D + D/A interface
<ard (Mountain Computer Inc.) which cyn be plugged direcily into the expansion siot of the Appke -1,
This interface card provides 16 conmels esch of anslog-to-digital and digital-to-analog converters, The
range of its analog imput/output level b — 5V 10 +3V, with a digital equivalence of 0 to 253.

 A—— e a2 ——— e .

i The experimental set-up of the mi P based double Lang probe of g’ Con
4 platma is as shown in Fig. 2. A 1 k{2 resietor ts comnectad in place of the uual microammeter for : i+

] massuring the probe cument, Ip. The potestial diop scrom the | &1 resister is expected 1o be of the } b
onluol'm\lonlylndmhmwhlnpmwmhhldhhmmdnuldthm :

3 puter. This la dowe by using s HP2470A data somplificr, T

The probe potentist Vp i supplied by viing the HMGTA power amplifier wcting as a variable
power supply. The owiput of the power amplifier can be varied within the range of — 30V 1o + 30V
by applying & voltage of -3V loﬂ\'wlllnpnt'l\uwlluuudhm-nbldunl-lo -
5 mlqcnnutht.mﬂMTAmamﬂhmlﬂhmnlMWduuhmwM ., “5
wpply. This arrangement i good enough for the present purposs, If highes voltages are required,
the dighally controlied powes supply described by Fanelll and Meracgel! may be esployed.

F llbﬁ-mlhhnﬂonnmmm ! P ed L probe
system to study |h-plum-oradcllwdh:lnm.llm.hmhmgnﬂnnﬂ-bltyonlu
system, & sinvuk oxp # fast p t by eplacing the plawma with & 10 M52 resietor

P

S

——
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(210%). For such a simulstion gystem, the currest flow b the cirowlt varies linessly with voltags
(Ohm's Law) This has been obisined as shown in Fig. 3. The slope of the straight line sbtaleed i
10.5 MET which e consistent with the resistance of ihe losd umd,

As an exampls 10 Elustrain the operation of the mi P lled Langmuls probe
syriems, the double peoba ch istic of a hot-cathods dc glow discharge s obtaised s shows In
Fl;lTMlumnoflhilpmhmmhllwﬂﬂlloMl blained with o ! and
won-sy menéirical double probe. It s well knows® Ihllludm ination of the Langinuic probs
bay the effect of mmoothing out the "“knee™ of the ch & vh the i pt of the ourve
oam\f,uhu:poht(_‘hnu-dbylhdlmtuuhmnh-upuw-thlanmbnm;orm
two probes. The slectron semperature of the plasine can be datermined from the dope of the charso-
teristic st point C where L=0. This has been obtained 10 be Ty=(2.0 % 0.2) aV in the sbove cas,
which s typical for the glow discharge plasma considersd heve.

We bave {Hustrated above tha operstion of & micracomputet-besd Langmukr prabe systsm
for the of the ek P of a glow disch plasma. As can be seea from Fig.
4, moce points at small vollage jscrements of 0.4V have been obiined for & single characteristic,
which Is mot poswible if the mme procedures are performed manually. Thus the utllistion of mico-

h' it peobe hae preatly enh d n y and sffocti M
hkmhmmdynflhdymhm
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A double probe charscteristic of the hot-cathods de glow discharge plasms
obtained by the computer,

't

SECOHND TROPICAL COLLEGE OH APFLIED FHYLICS

EAPERIMENT

GLOW CISCHARGE NERSUREMENT USING A

MICPOCOMPUTER -CONMTROLLED LANGHUIR FROGE
C.5.Wong

1. Fim 2f the e-periment,

In the 3lcw discharge enperimene of the First Tropical
Ccllwge cn Applied Prgsics, the neasurement of the Langmuir probe
chorecteristic had bLesn ottained by the point-by-point manual
nctk=d, In the prosent‘ esparimant, this will be cbtained by a

nicrrzonputer-controllesd Jata acquisition s,3t&m,

Z. T-+x glow discharge aystem.

The glew d:s:hnr;e tube wused In this experiment is of the
cold cathode type cansi;ting nf ring electrodeas as shawn in Fig,
1. The tube (s punped tc & base pressure bf ~ 10" mtar betfare
helimn gaz is .fi1lled {n, With this discharge tube, steady
discharge car ba naintaired at an interslectrode voltage drop of
490 ta 800 volis In halium at filling pressurs in the range of 2
ta 20 mbar. In this e.periment, the discharge it maintained at
12 rbar heliun. Fer a discharge curréent of Iz = SO mA, the
valtige drap acrses the ¢lectrodes is 675 v,

The gicw discharge circuitary used in this experiment jw

L-A-4914 in Fig. 2. Thz dischar3e current can be controlled by

S



*djusting either the limitlng resistor Ry or the power supply
autput Ygr The wvoltese drop across thé elwctrodes and the
discharje curren® ore moritcred by anklog wcltxatel and ammeter.
3. The Langruir probe.

The Langmuir probe 18 wade +4ram mal sbdenum wire of 1 mm
diamater. The Mo niré I3 incerted into a swall thin-wall glass
tube of inrer bore diareter slightly nore than the wire until the
tip of the wire become flush with one &nd af Lhe Jlass tube, The
Mc  wire togather with the glass tube i% tnen heated in gas flame
until the Mo wire bezZones red-hat and the 3lass tube becomes
softer and begins te  shrink. This procedurs will ensure that
theré is no spaces lgft batwesn the Mo wire and the innar wall of
the 3lass tube. The Lip of the wire-glass asseubly now forms a
plane probz g3ecnetry. This FErobe is supported by inserting it
tnto  another glazs tube of bigger bhore diameter and is introduced
into the plasma througt a Fersupe. halder from the entrance on tha

anade(Fig. 1},

4. The microzomputer -cortrolled data acquisition aystes,

The Zata aEquislt:nn s,etewm cansiste of & 59k RAM Apple-11
microcormputer which s suppcrted By a hish-resolution CRT display
uniti twe mini floppy disti-drives and a dot matris printer with
high-resalution 3sraphic Cagablltt, (rFig. 3. Data acquisitlan is
done via a multi-channel A/D + D/A  intertace cardiMountain
Computer Tnt.! whize e b oplip,cd i.riztl, inta the expanwion
slot of “he Afpplse-I11. This in%srface cart provides l& Channels

sachk cf anxla3y-to-dizivnl g ey tél=tG-enalog convertars, The

L

range of 1ts 154009 input output  ievils 18 -SY ta +5V, with a
digitsl sauivalenta o1 O to 373, This 3.ves a resolutiaon of not
Eotter than 37 nY fcr Lthe s /sten,

The e fpz-irsntal sct-up of the BIG ACONPUter-DALE®d Langmwuir

prate weasurenment of 3 plasma 18 aa shown in F1g, 3, A 1 k¥

resistcr is connected in plaze ©f the usuldl micro-awwmetsr for

messur ingy the praote current, I The potential drcp across the |

P’
{3 resistor is e pected Lo be of the order af Ly onl, and hente
i+ mnust be anplifisd Sefore it iz fed inta an A/D cihannel af the
computer, This s dore By using a HPRA?0A data aspliifiar.

The probe poteantial vp is supplisd by using a =attary pack
conrected irn secias wWith & HFISTA powir awplifier acting as &
variahle Qpower supply. Tre output of the battetr, pack can be
sellected betwser O tc 900 V in Btep Of 22.% V., The output of
the pover sPplifisr car be varied wathin the range of -30 vV to
+30 V by applying & valtage of -3 V to +3 V to its input. Thus
when wused in conjunctich wWith a digital-to-analog converter, the
HPAA7A rower avplitfier jurnctions as a low voltage digitally
controlled power supply. This arrangengnt is good enough far the
Fresent purpose.

. Experimental proccedures.

Z.1. Getting the glow,

Bafore the start of the expir.uent, the glow discharge tube
should hava Leer punpded to & pressure of ~ 10'6 woar. The pump
tz then cut-off and helium g9as  is let in to a pressure of 23
nber end of scale af the preisure Faugzgels, With only the rotary

nsnn, the gas !5 evacuated for ab3ut § minuten to a pressure of ™

5S¢
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-2 mbar. Helium Bll-ll filled in again and the procedure may

12
ts repaated two Lo three timas so that & reasonably pure volums
of helium is obtained. The precsure of the chamber is tinally
miintained at 10 wmbar of heliun,

The power supply, vs IS now turn on and  jis cutput is
inzreased slowly. Intcially, batore ;hc 948 Creaks down, the
viltmeter Va indicates ths output voltage ot power supply Vg
However, at Ve ™ 1.2 &V, gas breakdown will! occur and current
starts to +low through tﬁo discharge tube as indicated by the
reading con the williaumeter, Vg naw shows the voltage drop
across the electroles and [t is less than V.. A glaw should now
te visible. Note the shage and the colour of the glowi and also
{dentity the positive column. Isa the probe immersed in the
positive column of ths discharge 7 Now adjust RL ar V. SC as to
o=tain ths appropriate current and note down the values of the
fallewing gquantities :

V_ = volts}

s ]
V. - volts]

Iy = mAl and

P = whar,

3.2, Determining the suitable starting voltage 4or the data
acquisition,

Depending an 1ts lecation along the axis o+ the discharge
tube, the +{loating potantial of the prohctofi may vary between
the range o+t (V=300 to Vi while the electron retardation
region af the probe :hlrl:tcr;ntic lies betwaen A and the space

sotential ¢, @&t the location of the probe. At a probe potential

Sy

ot V’ > L W) olcctrcnl. will bo' attracted ctowards the prabe
surface, bombarding It to praduce & faint 9iom at the tip of the
probe. This 3lcw is used as an (rndicator to :houso-tho suitable
starting prott potential VB' It is learnt irom e.perience that
the suitakle atarting potential can be ti.ed at 2 step below the

patential above which a 9law beging to be visible at the tip of

the probe.

9.3. Sweeping the prote Fotential - determination of the probe

Characteristic, ‘

We are now ready; to obtain a set of the probe characteristic
far the helium discharge. The sweeping of the probe potentjal
and the reasurement of the corresponding probe current are
contrallaed by ' using a BASIC progranwe [FILENAME ! DATA
ACQUISITION(S! ], The segquence ot operations of this programme is
as follows @

1} A( the . start of .8 RUN, the programme will request the
user to lnpui variaus paramsters such as Var Ige Vpy P etc and a
user crezted dato sertal number, .

(SRS The programme then proceeds to perform the data
scquisition. AL each step, the programme sends an analog output,
via a D/A chanrel, to ths inpul terminal of the HP44TA power
amplifier which then prnﬁu:ol an amplified output valtage Vo in
serien to vn. Thus the sffsctive prote potential is Vp Yy *
V'. I+ the amplitication factor sellectad is xl0, than the
minimum vol%a3e step-size is 0,39 V. The choice ot the most

sSujtarlz swesp vOl-&3%# range and the step-size will be obtained

aftyr gome Lrisl-e.d-#rror  processes so as the best result is

et oA oS WHhﬂmh,._ﬁ.hhumMJ..d.a. .



arhieval, -

{§11) A#ter tne cowpletion of thae data acqQuisition, the
programne  4ill rejuast for the input of I.. Va and P again, This
allows the user o choeck it thase parsnetesrs have changed during
the dota acguicitien.,

tiv? Upan receiving the requested parameters, the computer
begins to print cut a listing of the probe data collected tlp -

Vil

P

tvi Finally, the programme asitc the user to decide if the
prescnt set of data collected should be stored Into disk memary
for further analysis. This allows the user to discard data which
are not correct. If a pasitive reply is given, the programme
will store the data under the filename of the data serial number
fnput at the start of the RUN. The progranme then resets to the
start and (it s now ready +éor the next sequence of data
acquisition.

The above sequence of events is  illustrated in the flow

chart in Fig, 4, -

Y%.4. Flotting the probe characteristic.

Using - the " data listing obtained ‘n steap (ivl pé the
operatinon of the data acquisition programws above, the probe
characteristic abtained fer the heltum glow discharge cam now be
plotted. You may also use the pragramme PLOT I-V(E)} to plot the
characteristic. Al e &mple 0f the 1-V characteristic platied by

this programme will be shown in Appendix B.

Sl

)

&. Aralyela.
From the 2rzb: chasacteristic outained above, deduce the
#lactron temperature Ter the slsctron density N &nd the space

pctertial ¢y ©Of the helium positive column., (Reier tu Rut.l for

the interpretation pf the Probé characteristic).

Reterance,
1. C.5.Wong, Expariment VY: The Glow Disciargs Experiment, 1n
"Laser and Plasma Technology® ed, Z.Lsw, L.C.Tan, C.5.Wong and

A.C.Chew. Uorld Scientitic Publishing C3., Zingapareiloss).
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Appendix A : Programme listing of DATA ACQUISITION(S).

1 TENT { HOME

START -

10 PEM
20 REM EHE MAME: - BATA ACGUISITION(E)
30 REM
<: I% REM  #¥¥ DATA ACOUISITION OF THE SINGLE LANISMUIR PROBE

3& REM ¥ GLOW BIZCHARGE
, 32 REM
REQUEST INPUT : 40 REM ¥¥¥FOP \p, UZE D/A OUTFUT AMPLIFIEZ 37 HP4aTA POWER AHP
Ve o Yy, I 4% REN
Vg . Pete =7 M1 = S00; REM Ip 135 AVERAGED OVER M1 DATA

&0 DIM IP(258) ,VF {296}

70 REM
80 REM A/D+D/A CARD IN SLOT 3
90 REM
100 A = 49370: REM D/A CH 10 TO OUTPUT vp
b/A OUTPUT 140 33 = A9T50: PEM CHANNEL MNUMBER FOR Ip I3 O
to P 260 PEM
HP4LGTA -~ 374 PRINT "EHESF SRR ERERE R S S
375 PRINT "% SIMSLE LANGMUIR PROEE MEASUREMENT OF %-
*' 3?7 PRINT ~% GLOW DISCHARGE *"
373 PRINT “SERRERRSEIEER00M RIS R N RN
READ Vg to A/D 380 PRIMT @ PRINT
N =N e 390 INPUT "DATA ZERIAL HUMBER(Bd3mmyy-nnnl ! *}FS$: PRINT
I.(N) = VR"°3 392 INFUT "DISCHARZE VOLTAGE (VI = =jVZ: PRINT
L 410 TIHNPUT *TYPE CF GAZ USED IS5 *jN3: PRINT
415  INPUT "AMFLIFICATION FACTOR DF FOWER AMP = *“jPF: PRINT

N N 42% INPUT "2ESISTANCE FOR MONITORING lplohms) = *§RI: PRINT
4 INPUT *BASE FROIBE PONTETIAL (V) = *JVBE: PRINT

427 IMPUT “AMFLIFICATION FACTOR OF OP-AMP = "JAF: FRINT

430 IMPUT *INITIAL VETSEL FRESSURE tmbar) = *“{Pl: PRINT

433 IMNPUT “DISCHAPGE CURRENT(mA} = "jMI: PRINT

- 440 INFUT "MEASURED ANODE FOTENTIAL(IN VI = "{MV: PRINT

430 FREM N

ITC PRINT PRINT "Data acquisition in progress.....”

A 4

B03 PRINT : PRINT

803 REM

804 REM #%¥ DATA ACQUISITION ERE
807 REM

808 Il = O

810 FOR I = S0 TO 140 STEP 2

811 II = II~+ |

B12 POKE A,T

1% FOR PAUSE = | TO 1000: NEXT PAUSE
820 5Y = 0O

940 FOR J3 = 1 TO Ml

P70 Y = PEEK (S3):Y = PEEK (S3)

980 SY » Y + GY

%0 NEXT J3

> 12640 PEM
1270 REM #%¥% CALGCULATIONS
1280 PEM

1310 VI = ((SY / M1} # 1O /7 2385 - %)

1320 YP{IT} = (I # [0 / 235 - 5) % PF + VB
WRITE DATA 1330 IP(II) = V3 / (AF #* R}

TO DISK 1425 NEXT I

' 4

Fig. 4. Flow chart showing the sequence of data acquisition.



1azs
1420
1493
13500
1302
1504
1510
171z
1513
1529
170
t%30
1550
1584
1355
1=r0
157s
1339
1390
1592
159%
1595
1597
1601
1602
1505
1610
1820
1430
1540
1650
1460
1690
1802
1320
1323
1330
1340
1330
1340

g70
1890
ts00
1210
1920
1930
teap
teen
170
ts7a
1930
1770
2000
zZ010

HoME
FLASH
FFINT
INFUT
INRYT
{1LITA
F = (F?
MI = M
MY = im
PEM

¢ FRINT "DATA ACOUISITION COMFLETED": MORMAL
:FEINT .

"FINAL VESTEL PRE33UPEtmbar) = *{PE; PRINT
"FINAL DISCHASGE CUFREMT(MA} = ~|FI: FRINT
"FINAL AMODE FOTEUTIALIV) = “jFV: PRINT

O -

I+ F1) 7 2
Vo FuY o2

FEM #¥F PRINT DATA

FEM
PR
FRINT
PRINT
PRINT
PRINT
PRIMT
PRINT
PRINT
PRINT
PRIMT .
PRINT
PRINT
PRINT
FRINT
PFINT
PRINT
FOR 1
PRINT
NEST T
FRINT
FRR 0
PRIMT
IMFUT
PRIMT
IF Cs
GOTO 2
REM
FEM *
FEM
DS =
FRINT
FRINT
PRINT

FRIMT

FEINT

FRIMT

F=INT

FOR 1

FRINT

HE"T T
FEINT

RLUIM

'i**l!l}*l*l*I*il!i*i}!Il*i*iilil*iilii*ii*l{iii'

-y -
“¥ SIMGLE LAMGMUIR FROBE MEAZUREMENT OF UMGD-B #*
et SER.ND.: “jFs;" L

L .

'¥¥¥*ii*i!*i*l**ili!li{l#***iill**lli*li*l**ll*i'
P PRINT

. Discharge vOltage = “[yop+ y-
- Discharge current = YIMI{* mA"
- Annde potential = iMooy

- Tyre of gas used iz “jN®

- Fresgure = "{P|{" mbar"

: FRINT

"UpiIVItE TAB( 2003 "IptuAl"
'x:ssz'; TAE{ Z0) [ *amnrrux*
=1 To0 11

VPIIl3 TABL 20151IP(1) % LE&

: FRINT

DO YOU WISH TO 3TORE THE DATA?IY/N) “jCs

= °Y* THEN GOTO 13%0
oic

## TD STORE DATA

CHPS (4y: REM CHR${3)=CTRL~D

DB TOPEN *;Fs
DY[URITE "3F3

11

[ -]

My

MI

ME

= | TQ 11

IPLI1: PRIMT VP(])

D#3 "TLE7E™

by

Appendix B : An example of the I-V characteristic of the Langmuir probe

plotted by the computer.
Ir(mA)
_ .- Up (U)
BTV 520 550
B208386-984






