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BASIC STUDIES OF GASES FOR FAST SWITCHES

L. G. Christophorou and S. R. Hunter

Oak Ridge National Laboratory 1(6 (iI 7

Oak Ridge, Tennessee 37830

I. INTRODUCTION

SThere has been increasing interest in recent years in the possibility

of using inductive energy storage devices as a means of storing and

transferring energy in numerous repetitive, pulsed-power applications.

The major advantages to be realized using this technology are that the

intrinsic energy density of these devices are of the order of,40 2 to(103

times those for capacitive systems1Cand that this energy can be transferred

to the load on the very short-time scale of a few nanoseconds. The

major technological problem to be faced when using this type of energy-

storage system is in the design of a repetitive openinT switch. A

leading contender for this switching concept is an externally sustained

diffuse gas discharge operating at gas pressures of one to several

atmospheres. Two possible electron sources have been proposed for the

external control of the discharge current. They are by means of gas

ionization by pulsed electron beams (e-beams) or by resonant ionization

processes of the gaseous medium using a pulsed high power laser.l--A'

number of operating parameters may be defined for these types of switches,

which are common to both switching concepts. These parameters can then

form a basis for tailoring specific gases and gas mixtures to optimize

these operating conditions as nearly as possible. f ... -

The operating principle of the diffuse switch in the energy-storage

cycle is given in Fig. I (Ref. 1). In the conducting stage, the switch
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Fig. 1. Inductive energy discharge circuit (from Ref. 1).

S2 is open, and the switch S1 is conducting by means of a diffuse dis-

charge, which is sustained by ionization of the gas mixture using either

an e-beam or a laser. In the opening stage, the external ionization

source is removed, thus opening SI, and the switch S., is closed to

allow the energy stored in the inductor, L , to be transferred to thv

load, ZL' It is known, however, that in an inductive system where one

attempts to rapidly open the conducting switch, a very large voltage is

induced across the switch due to the term V. = -L di/dt (L is the inductance

of L in Fig. 1, and i is the current) This induced voltage tends to

Mla intain a c-o'ut.. 1cg are h~t'.cn the ,.lic t rede of the switch SI and to

... ......ler2 : .U., i ' the" co i.:.ion process again1st

a high driving voltago is th essence of an opening switch."

The circuit equation governing the electron density, n e in the

diifuse-dis;charge switch, S ,, which is driven by an external electron

beam flu% Jb at a given E/14, is

dni
e J k n N - k n n

dt b a e a (
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where <de/dx> is the mean energy loss in the direction of the beam, W is

the average energy required to produce an ion pair,4 ka is the electron

attachment rate constant, N a is the attaching gas number density, kRI is

the two-body recombination coefficient, and n+ is the positive ion

number density. A similar expression may be written when the current in

the switch is sustained by resonance (laser) photoionization of the gas

mixtures. The current density in the switch Js is given by Ohm's law,

i.e.,

J =en w , (2)

where w is the electron drift velocity.

In the conducting stage, the electron current density in the switch

must be as large as possible for a given e-beam current. In order for

the switch to be as effective as possible, the electron loss terms in

Eq. (1) must be minimized. Along with the minimization of the electron

attachment rate constant k , the electron ionization rate constant k.
a 1

resulting from the applied electric field must be small, 2 otherwise the

switch opening tine will be increased considerably. This source of

ionization can be ignored provided that k. '<< k during the conductinga a

and opening stages of the switch.

Conversely, the electron gain term <dE/dx> JbW- 1 is maximized so as

to enhance the current gain in the discharge by minimizing the nonionizing

inelastic processes in the gas constitutents, while attempting to maximize

their ionization cross sections. To maximize the efficiency of ion pair

production, and hence the current in the switch, W must be minimized for

a given gas mixture. A further criterion for enhancing the switch

current, J , from Eq. (2) is to maximize the electron drift velocity (or
5
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mobility) at the given electric field strength during the conduction

stage. The desirable characteristics of the gaseous medium during the

conduction stage may thus be summarized as follows: (1) maximum electron

drift velocity, w; (2) miminum e-beam ionization energy, W; (3) minimum

electron loss terms k and k ; and (4) k. << k
a RiI a

In the opening stage, the voltage across the switch increases

rapidly due to the induced voltage across the inductor, causing an

accompanying increase in E/N across the discharge gap. This basic

difference between the conducting stage, where the applied conduction

voltage is comparatively small (E/N - 3 x 10-17 V cm2),3 and the opening

stage, where the E/N across the gap may increase to values of -:l20 x

10- 17 V cm2, is the key to tailoring gas mixtures with the desired

operating characteristics.

In the opening stage, the external electron source is ceased, and

the largest rate of decrease in the curreht of switch S1 occurs when I"a

is as large as possible. Similatly, the response time of the switch is

improved from Eq. (2) by choosing a gas mixture ini which the electron

drift velocity dec .-cs when the E/N across the discharge gap incredses.

The gas mixture must also be able to withstand a high breakdown field

(Z120 X 10- 17 V cm2 ) for successful operation of the switch at very

short opening times.

A further desirable characteristic of the gas mixture which becomes

important when it is proposed to operate the switch at high repetition

frequencies and a closed gas system is that the gas mixture be "self-

healing." That is, the composition of the gas mixture is unaffected by

the repetitive operation of the switch. This characteristic is unob-

tainable when using a gas which attaches electrons dissociatively to
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form negative ion and neutral fragments. Repetitive operation of the

switch will eventually alter the composition of the gas and a possible

degradation in performance will result unless one employs a flowing

rather than a closed gas system. It is desirable in these circumstances

that electron attachment proceeds via stabilization of the parent negative

ion. This attachment mechanism does not lead to ion fragmentation and

thus increases the operating life of the gas mixture in the switch.

The desirable characteristics of the gaseous medium during the

opening stage may now be summarized:

1. Minimum electron mobility, p;

2. Maximum electron attachment rate, ka;

3. High breakdown strength (E/N Lim > 120 x 10-17 V cm2 );

4. Self-healing gas mixtures for static gas-filled switches.

The desirable characteristics of the gas mixture in terms of the electron

drift velocity w(E/N) and ka(E/N) are shown in Fig. 2. The drift velocity

must be a maximum at the E/N values (indicated by the shaded region

characteristic of the conduction stage), and k must be as small asa

possible in this E/N range. In the opening stage, w must be as small as

possible and k as high as possible at the E/N values (indicated by thea

shaded region in Fig. 2) characteristic of this stage.

II. TECHNIQUES

We have used experimental techniques that have been developed in

this laboratory during the past 10 years to identify gases and gas

mixturcs which have the desirable characteristics outlined in Section I

when used in diffuse discharge-opening switches. These measurements

have allowed us to tailor gas mixtures which can optimize the charac-

teristics required in a given switching configuration.
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F'ig. 2. Schcmatic illustration of the desirable characteristics
.-(17/::) ( aki ra~(E./N) functions of the gaseous medium in an extcrnal'v

(e-lbeam-suztaincd) diffuse-d_-chlarace switch. Indicated in th2e figure are
r-nu,0 (_-timates of ch-2 E/N1 valuc-s for the conducting and opening stages
of tile switch.

mt_,.iirenierits of w ini pure gases arid gas mixtures have been made inl

the apparatus described by Christophorou et al.~ ' This apparatus has

ben',' used to mk Asue W inl gas Mixture-s for- tin.e in hiqh speed proportional

counters anid to study thre density dependence of w in dense polar gases.

Electron attachimenit rate constant, k ameasurements are obtained as a

function ot' mean electrot energy, <r,>, in a high pressure electron

at Lac).mert appara t u, whti ch has beti des;cribed previously.' 8 This

apparat 'is has b-en use-d to scr(en h ighlv electron attaching gases for
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possible use as gaseous dielectrics in high voltage transmission equipment. 9

These measurements have enabled us to identify several gases with desirable

electron attaching properties i0' 1 (Appendix A) for use in diffuse-discharge

opening switches. Electric field breakdown strength measurements are

performed in a high pressure uniform field breakdown apparatus described

previously. 12 These measurements enable us to determine the breakdown

strengths of proposed gas mixtures as a function of attaching gas

concentration, thus defining the operating E/N limits of specific gas

mixtures. Negative ion and neutral decomposition fragments produced

under low energy electron impact have been studied using a single

collision time-of-flight mass spectrometer apparatus.13, 14 These studies

enable us to identify the fragments produced in the gas discharge and

thus estimate the possible deleterious or beneficial effects that these

fragments will have on the operation of the diffuse-discharge switch.

III. TECHNICAL PROGRESS

The measurements that have been performed during this reporting

period have allowed us to identify several attaching gas/buffer gas

mixtures which have very desirable electron attaching and drift velocity

characteristics for possible use in diffuse-discharge opening switches.

The decomposition products resulting from electron attaching collisions

have been identified, and the operating E/N limits of several gases and

gas mixtures have been determined.

A. Equipment Modifications and New Experimental Techniques

A new technique for measuring the electron attachment (n/N) and

ionization ((/N) coefficients has been developed using a modification of

the Grriberg 1 r5 method and the "state-of-the-art" data acquisition
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capabilities of the Biomation 8100 transient digitizer. Electron attachment

and ionization coefficient measurements in several gases and gas mixtures

have been obtained over a wide range of E/N and gas pressures using this

technique.

A new high-field-uniformity drift assembly has been constructed

with a drift gap approximately 3 times that of our present apparatus. A

new high-speed (2 ns/channel) Biomation 6500 transient digitizer has

been purchased and interfaced with our data acquisition and analysis

computer. With these two improvements, we can now accurately measure

electron drift velocities in fast gases and gas mixtures up to -5

10' cm/s (i.e., approximately 10 times faster than in the original

experiment).

B. Basic Data

We have obt.i:'ed electron att,_ic;.,',_t ild ionization coefficients in

01,, CF.,, C2F,;, and C:%Fs gases using the new method of analysis outlined

above. The pressure dependence of the electron attachment coefficient

in 02 and CjF has also been analyzed. A paper describing this technique

and the measurements in these gases is in preparation.

Measurements of u/N and q/N in C,,F 6/Ar and C2 F,;/CH 4 gas mixtures

have been obtained over the concentration range of from 0.1 to 30% which

can be used in modeling studies of diffuse-discharge switches. These

measurements and their significance will be discussed in a paper to be

presented at the Third International Swarm Seminar (see Part C of this

section).

High-pressure electron attachment rate constant measurements

(k a =Dw/N) have been obtained in N2 and Ar buffer gases for the per-a

fluoroalkane series CF. to n-C1F1 4 over the mean electron energy range

.. . . ...A - l i | d ..
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from thermal energy (-0.04 eV) to -4.8 eV. Knowledge of the electron

energy distribution functions for those buffer gases has enabled us to

obtain the electron attachment cross sections (a ) for these electro-

negative gases from such measurements. Single collision negative ion

production studies have been performed for these gases which have identified

the negative ion and neutral fragments which will be produced during the

operation of the switching gas discharge.

High-pressure electron attachment rate constant measurements,

electron attachment cross sections, and negative ion production as

function of electron energy have also been obtained for the ethers

(CF3 )20 and (CF3 )2S. Both (CF:1) 20 and (CF3)2 S have desirable elec'

attaching properties for use in diffuse-discharge switches.

High voltage breakdown strengths (E/N U.m ) have been obtained for

the gas mixtures C.,F,,/Ar, CF,;/CH,, C.,F&/A-, and C,;FA/CH 4 as a function

of the percentage of the elect-en att-ching gas in the buffer gas.

fhee measurements are useful in optimizing the attaching gas concen-

tration and total gas pressure in the operation of practical diffuse-

discharge switches.

High-pressure swarm studies are being pe-formed for CCUF3 in N2 and

Ar buffer gases as a function of gas temperature over the temperature

range 300 to 600 K. Considerable enhancement of the electron attachment

rate constant has been observed in this gas over this temperature range.

C. Publications

Preliminary results of the measurements outlined above have been

published in the Proceedings of the Workshop on Gaseous Breakdown Phenomena

sponsored by the Naval Surface Weapons Center in September 1982 (see

Appendix B) and in the Proceedings of the Tamarron (Colorado) Workshop

LA_!
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on Diffuse Discharge Opening Switches in January 1983. An abstract

(Appendix C) has been submitted for a presentation at the IEEE 4th

International Pulsed Power Conference in June 1983, and at the Third

International Swarm Seminar in August 1983, in which our latest measure-

ments will be reported and discussed. A paper is presently in preparation

for journal publication in which our electron attachment and icnization

coefficient measurement technique will be outlined, and the measurements

in the gases mentioned above will be analyzed.
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.Gases for possible use in diff use-discharge switches
L. G. Christophorou,a) S. R. Hunter, J. G. Carter, and R. A. Mathis
Atomic, MIolecular and 1High Voltage Physics Group, hfealih and Safety Research Division. Oak Ridge
National Laboratory, Oak Ridge, Tennessee 3 7830

(Received 29 M\arch 1982; accepted for publication 6 Maiy 1982)

Desirable electron attachment and electron drift characteristics of gases for possible use in
diffuse-discharge swvitches are indicated. Gus mixtures for possible use in externally sustained (e-
beam) diffuse-discharge switches are suggested onl the basis of electron attachment rate constants
and electron drift velocities measured as a funiction of the density-normalized electric field E/IN.
Of particular promise are mixtures of Ar and C3F8.

PACS numbers: 52.80.Dy, 51.50. + v, 34.70. + e, 34.So.Gs

It has been pointed out recently1 -2 that in pulsed-power considerably, a property desirable in the opening stage of the
a Ipplications, energy storage using inductive elements could switch' (see Fig. 1).
be advantageous because of the high intrinsic energy density: To become effective for thle opening stage of the switch,
about 102 to 10' times that for capacitiv e systems. It ap- such gases must, in addition, have a high dielectric strength.
pears 3 that the main techinolog-ical problem in inductive To achieve this, the mixture must effectively remove elec-
storage systems for pulsed-power applications is the need for trons by eleetron attachment forming negative ions."," Since
an opeting switch-capable of repetitive operation-to in the opening stagoftesicElisvrhgtega

tranisfer thle energy from the storage loop to the load. In this mnust be capable of removing electrons with energies in ex-
letter we wish to suggest candidate gaF mixtures for possible cess of thermal energy. It thus seems that a fast gas mixture
use in externally Sustained (e-beam) diffuse-discharge (i.e., one with high w) such as Ar +~ CF, must be mixed with
switches. a third gas which does not attach thermal and near-thermal

The requirements of a gaseous medium fur use in a dif- eniergy electrons but which attaches electrons at higher ener-
fuse-discharge swiitchi can be understood by realizing that a gies (say, from -0.5 to 2 eV). Candidates for such electron
basic difference between thle conducting (storing) atnd the attaching gases to mix with the fast mixtures of Ar + CF,
openig ki~icrring) stages ot tile swijtcj lat le~st il e e- are shown r inl ig. 3.

bemsutieddscag~ ste fecievau o h (e-Special attention Ic rawn to the gas (CF,)S which is
sitx'-redueei elcctric field, E/A INo PF, L oicucting" seen (1-ig. 3) to capture c11'eti 01S rathik: stronelv above ther-
stage the ElYis low (- 3 X 10- " V crn2). while inl thle opcn- nmaw cncrgies -"I iJ i :~f i-z u -. c:. itt gas dielectri'c
itigstage the KIN is high (- 1 0 '. iu o V cni-).'this is must iai,- w... :n ! hel reakdow sheVit 1.5 times T hat
signiticant and remnains a key variable inl efforts to tailor gas- of SI',, (Ref. 9). A mal~ss spctromeltric study of KC73)-S has
es for optimumn performance in both stages. 'The gas, wlhich shown ") that te doilinail anionl is CF3 S - whose yield
inl time coniducting" stage mlust optimize conduction (high o'x peaks at -0.65 eV, a finjding consistent with the k. vs (e)
no attachment, reduced recombinmation), in thme transferring
stage must serve usa hh-lm ci nal in tin older to sustain
the high driving voltage and prevent breakdowvn,

InI Fi.,. I wve show schemnatically thle desirable chait c- J 7 . __________

teristics of thle a~s mml ternms of thle drift velocity ic{E /NV ) and STAGE STAGE
tie1'lhmcl rl osln . ( N.Te dri ft velocity ui */

,.;idcd region i i Fig. 1) eli~mractei suet icf thle eumn uciing/
iiteand k. most be( as smnall ims insible in) this E/Vran''e

im tIle operilime st.1tc jLig. I), it' 11111" he as, snuall as possible 6' '

sliadc'l regmiuh ini I ' I ) Juh;ii;ictci ite of h is sial,./
Fas gsestivmo~ ~meecnerl haracteristics of utk /'

slmewi n i I Ila% e been I ic roicd by us' (egAr +r CF.,
mi\llir('s1 ss loch aire lree of electron attachmnent at low' /2 5, I

I'romisuing mixtuircs thait arc coumired of Ar and CF, are .

shii i Ii !,L: 2. 'lb5 (nustuze compositom .11d Ei.V canl b1,c* -' ______

Choswn Stuc is to1 h10 s l it' ill thle collductutig ,1. It is Z- - 3
also ',Cell 0h.11 atl i~ 1l E/.\ tile mm'of such1 1iuisiutCS l-AIs off' I , Sc lt-'rnti,l Iusi rt ionoftleLcir&c jIat o i uI .N~

an l/.\* f uimimw iof the ,-,,'u mm~~ in ixtn.ils beai~m-
SU1 il d' I C dilL'-s 1h1m cC %1 Itmj, Ind,cc iii the figureire rouch c~ft

Siitr,1 nm~i, t.c ,'ys;i at tiiii tofiih olii f c i:(s N %,,c t em c'>it i ni ihe opcning 'ijge oftihe

147 Arl~ P"N-, Li-t 41(2) IS ji,' 11W2 000? 'Th1.'
9
12 0?1.i7-0-ijolm or) (0l 1 D82 Amni.in f,ljuiC of PhyScrS 147
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dependence (i.e., it is very small at low (c) and large at high

lata in Fig. 3. The vapor pressure of (CF,),S at -20 'C is (e)). Mass spectrometric studies in a single collision experi-

-4.4 atm. ment have shown ' that the dominant anion is F - with a

It follows from the above discussion that ternary mix- peak at 2.9 eV. Swarm studies at atmosrhcric gas pressures

ures comprised of Ar + CF4 and (CF,),S for another dec- indicate' 2 that the predominant electron attachment process
ron attaching additive with the appropriate properties, in this gas proceeds via stabilization of the parent negative

-igs. 1 and 3) are good candidates for diffuse-discharge ion. This attaching gas is thus self-healing" in that it does

witches. It is, however, preferable to have a binary rather not fragment considerably in an electron attaching collision

han a ternary mixture and to identify, for example, a gas and may be useful in a closed-cycle switch as well.

rhich would serve the role of both CF. and (CF3)2S when In Fig. 4 arc presented it vs E / for Ar and Ar/C,F,

flixt.i " :X : .r. ; i !:L scat oh for such a gas we focuscd on ;cixtures. D , L -par:i,,s li] fitaticn:s. we were una"-> to

lF. The attachient rate constant k, ats a function of (c) obtain data for hiher perr 7tages ofC F4 in Ar (our appara-
or C,F, is showii in Fig. 3. Although the k, for C ,F, is ly. er tuis hdcing modified to i suci measurernents). Iow-

it macrntude t; .. 1: hat for (CF,).S, it halsa very ,tsirthe (e) e- ., bm~cd on n.. ., U, Ar -+ CF4 (Fig. 2) and similar

data on Ar + CF,, (not presented because of space limita-
tion) we cart infer that mixttres comprised of 10-20% C3Fs

and 90-S0% Ar will have maximum values ofiw in excess of

(CFI ""-.,, T 107 cm - and ni'(E/V 1 functions maximizing in theE/N
-range of2--4" 10- ' V cm, which is roughly the range

_-....... ----- * character istic of the conductive stage of the switch.

/ 7 .,.-cC', -e \e ha c conducted dc uniform tiebi breakdown

/ v / .C/ / 52. V. , ; _

C 1. 1 1. 1 :- 1 r n K C1 , .-- " :1 (h "/ ur r 10 S" 1' 'VI i pf:nig rq jnA w c " niom

,IL' 2 " . . F

I I, - -,-,-. 11

-, 4 2 3 5 13 1 I 2)1

• . : _I .. . .,.___ ( _ : _ .. . .:,,

F. I ,,'i¢I I 0 ) . i.1 'h ' /

2 i(j I :.v'~ , it cItt ,irneni ratect'r,..,iI. .. In' futctt.,tI. n, vl . 'tt .-. .. , ,;] & a 'D 9, c3

erf,' { , 1,. (F*,} 5..I++tt(.i. ,e*rr.-v-r ,.,Igkl.,i~ 1.2"( . '. .. I-l'ih... ' C,; S4&

C Q",,.a .t. : if, fion Rd cl - rI I CI.I,'IS+~ I, ,.1 'V ,te..-

47 ,+IC t:i Oe :,urO.c iu ch, t ;
7
e.v.rpm 5f,s. fOr (' 5 "2, at . If( i , S t - \'SI rvpircIrlar of CF, r \r;:vf .Jc untform fiiei

from Rf 9
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strength measurements on Ar/CF, mixtures and deter- pressl; see also relevant papers in IEEE Trans. Plasma Sci. PS-8 j980.ofE/N (i.e., the 'M. Kristiansen and K. |i. Schoenbach, Final Report on Workshop onmined (Fig. 5) the limiting ale, (E/N) , o e Repetitive Opening Switches, April 20, 198 1, Department of Electrical
E/. value at which breakdown occurs) as a function of the Engineering. Txas Technological University.

percentage ofC F, in Ar. It can be seen from the data in Fig. 4L. G. Christophorou, D. V. Maxey, D. L. McCurkle, and J. G. Carter,
5 that for Ar/CF, mixtures containing - 15-20% CFK, the Nucl. Instrum. Methods 163. 141 (19791; 171. 491 (19901.
(E/),,.in tis regard such measurements must be extended tohigher ENvalus.
w/Vith s the , voltage lev characistich o tres cn 'L. G. Christophorou. Proccedingsof the XlIlth International Conference
withstand the voltage levels characteristic of the opening on Phenomena in Ionized Gases. Berlin (VEB Export-Import Leip-
stage of the switch. zig,197S), pp. 51-72.

Although further work is necessary, on the basis of the 'L. G. Christophorou. in Electron and Ion Swarms, edited by L. G. Chris-
preliminary data presented. it can be suggested that mixtures tophorou lPergamon, New York, 1981). pp. 261-277.

'D. L. McCorkle, L. 0. Christophorou. and S. R. Hunter, in Electron and
comprised of - 15-20% CFa and 80-85% Ar may possess Ion Swarms, edited by L. G. Christophorou(Pergamon, New York, 1981),
both of the required characteristics (see Fig. 1) of a switching pp. 21-34.
gas and can thus be suggested as good candidates for diffuse- 'L. G. Christophorou. D. R. James, R. Y. Pai, R. A. Mathis, 1. Sauers, D.
discharge switches. "3 H. Smith, L. C. Frees, M. 0. Pace, D. W. Bouldin. C. C. Chan, A. Fathed-

din, and S. R. Hunter, Oak Ridge National Laboratuiy Report ORNL/This research was sponsored by the Office of Health TNI-7624 (1981].

and Environmental Research and the Division of Electric "S. M. Sp.rou private communication 1981].
Etncry Systems. U.S. Department of Energy, under con- "L. G. Christophorou. D. R. James, R. Y. Pai. R. A. Mathis, I. Sauers. D.
tract W-7405-eng-26 with the Union Carbide Curporatio.. H. Stnith. L. C. Frees, S. R. Hunter, M. 0. Pace, D. W. Bouldin. S. M.

Spyrou, aid A. Fatheddin, Oak Ridge National Laboratory Report
ORNL/I'M-7862, 1981, p. 14.
S. ..Hunter. L. G. Chrstophorou, D. R. James. and R. A. Mathis. in
Gaseous Dielectrics Ill. edited by L. G. Christophorou (Pergamon, to be

iJ. K. Burton, D. Conic, R. D. Ford. W. H. Lupton. V. E. Scherrer, and 1. published.

M. Vitkositsky. Proceedinss of the 2nd IEEE Intrnational Pulsed Power Tlhe vaopr pressure of C,F, at -20 "C is -7.8 atm; CF, is listed in
CosA-rence. Lubbock, Texas IEEE. New York, 1979:, p 284. [Pforh.'son Gas Data Book, 5th ed.. edited by W. Braker and A. L. Moss-2K 11. Schoenbach. G. Schaefer. E. E. Kunhardt. M. Kristiansen. L. L. man iNesv Jersey, 1971). p. 467] as nontoxic. nonflammable, unreactise,
tiattc'. .and A. If. Guenther. Proceedtnisof t:crdl EE E,::,,rn.ato oal and iheimally stable; its dc uniform field breakdown voltage is0.9 that cf
PulcJ tou ,r ConJ'erence. AlbuLuerque, New Mexico. June 1-3, 19S liin SI-n.
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Gases for possible use in diff use-discharge switches

L. G. Christophorou,al S. R. Hunter, J. G. Carter, and R. A. Mathis
Atomic. 3Ioh'ca Jar and JJ4gh Voltaiy. Physics Group, Hlth and Soaey Research Division. Oak Ridge
National LaboratorY. Oak Ridge. Tennessee 3 7830

(Received 29 Mlarch 1982; accepted for publication 6 M1ay 1982)

Desirable electron attachment arid electron drift characteristics of gases for possible use in
diffuse-discharge switches are indicated. Gas mix!tures for possible use in externally sustained (c-
beam) diffuse-diseharge switches are suggested onl the basis of electron attachment rate constants
arid electron drift kvelocities measured as a fainction of the density-normalized electric field E !N.
Of particular promise are mixtures of Ar and C3 F5.

PACS numbers: 52.SO.Dy, 51.50. + v, 34.70. + e, 34.80OGs

It has been pointed out recenitly' that in pulsed-power considerably. a property desirable in the opening stage of the
applic:ations, energy storage using inductive elements could switch, (se Fig. I).
be advantacaeous because of the lihitisc nrydnity To become effective for the opening stage of the switch,
about 102 to 10' times that for capacitive systems. It ap- suchl ::e must, inl addition, hias ca high dielectric strength.
pears'- that the main) technolog-ical probletn in indueti~e To achieve this, thle mixture must effectively remove elec-
storage systems for pulsed-power applications is the need for trons by electron attachment forming negative ions."" Since
an opening switch--capable of repetitive operation-to inl the opening stage of the swvitchi E /N is very high. the gas
transfer the energy from the storage loop to the load. lIt this must be capable of removing electrons wi energies in ex-
letter we wish to suggest candidate gas mixtures for possible cess of thctera) energy. It thus seems that a fast gas mixture
use in externally sustained (e-beam) diffuse-discharge (i.e., one with high w) such as Ar + CF, must be mixed with
swi.itches. a third gas which dlues not attach thsermal and near-thermal

I-le requirements of a gaseous medium for use in a dif- energy electronss butv.-sich attaches electrons at higher ener-
fuse-discharge switch call be unde:rstood hy realizitng that a gies (say, frons -0.5 to 2 eV). Candidates for such election
by-' hfo..c btwteen the conductin,!, (storing) and thle attachite c-c to mix with the fast mixtures of Ar -+ CF,
opening (transferrina) stages of the switch (at lealst its thle e- are 0hown lin Fig. ,3.

hen-es~n~cL!1~'l icaL:' !S thle ltfcettlVC V'aLl, of t: iiS-U ifeuas drawn it) tilc gas 'CF,),S %0iich is
sit%.-reduCed lc':tric- field, i/.V or Ii/I'. lIn thc cond. tin . seers iFig- 3) It)~p :~eetrlsral o l -'cttr
s ta ge thI cE L/is low) 3 X 10 -~ L: in), w 1; ocn- mal cneretecs and 11-11 itself is an1 eXCellenflt gasl J IejerC1: 1_
i 1)g sge e IC1:/X " SIis hig I - I 21 0 10 7 V 1.,;i7  I In iISIII t, st I ia %i nL, a d ci titifl)r i iic lc. kd it st r-,ntth 1. timenks thIia t
si:,nificatit andtt,l cnamis a key variable in efforts to t 1 .s of SFRef. 0I A inas speen; oinctric study of (CFILS hais
es fur optitmunm pedrtortanee in botht stages. Tl'' 1s which shiown it f~i the dotiittit anton is CF,S - lit-,: yield
inliecl ~ u tile C011lgetil us 111't (Lptiiie Conduction It:, pe:it.x :it -- 0 CVeX, a filudilug cotisist-2nt with :;,- \s (t)
no matt i tint, reduneed recoiniiiat ion), il i le trawnferrin g
sta:we must %erve is a high-voltage itisulaiit li order to sustain
thie highI tirivitil, \ohtaiec id I evenit breakdown T.

teris t ics of thle gasv I n ti-ruts (f the d II ft velocit I viL'/ :ili 5 Ti AL
the ;itZtlic t raite conmtarit k,!/\).lidif velit it I"

:utist be .1 us: s-,i::titlt it tle 1-,/X %;lues (itihicatd by' thle 'Z '

, ;iL:3~e reatio1 Ill Fit' 1) CelM.~,itctci s of tle COnuluctitte
s i 111 am k I Itit f e .s 1s M11,l1 .1% 1)ssib ii th11isA V/V% t:itt:'e

lit t1e e - petlm I I C In' ;1 , it-il tttt,( hie a"s sliul Is poisIiNt./
and~ P' I lus iI i~s ' It lie 1: "N % uhtl'itlics imieil b\. tIhe / I.

shoi,%ic in F. otIn ha( t..-roctc hvc t%' fAt-e.

mit ui cNI \% bich it efree ifdlct roll attachiilt at loss F'V \ /,

Protm isA!:Tn4 \ 11 shrk,I t.t itec cotilt iisei of' Ar aind cI' zr >-- -~ '

%slt%% i mu1 in1 LK 2. 11 I: li: sI t C coI Imposi to I it ItridL / ' cIt he--_________
chu'l e ,ei l t is t1 il:.l 1.ilr.'c :u itl thei cmntd 11 tt ti se ItI is z E " t( as ~ ~ 2
alsim seen thitt sit ltn:h E/N', thme it, of such ittistures, t~is oir t I SjL,-jy 1,11us rjrn,4f Ie,lr.bjc chjfriitistics iftihe u1E/.Vt

and .ii~tii )I the gi~cous miedium in an cxirrnaIt5 (et-ain-

iii illLL~U 4 IU,~ 1 c %i ,te l i di t aiedi i tiit h iizure i re ro'uc h esti.
* 5! .. It .,min~iim 1'f~ei. I *,~ Li~S~i~L5 ,*t i ~5C. kissil%.iuo for the con\'t ~ ~ ittr i inciincii i hi e openih ngpeningxi ofof th
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4e

dependence (i.e., it is very small at low (E) and large at high

lata in Fig. 3. The vapor pressure of (CFd:S at -20 C is ()). Mass spectronmetric studies in a single collision expert-
, 4.4 am. enit have shown 1  that the dominant anion is F- with a

It follows from the abovec discussion that ternary mix peak at 2.9 eV. Swarm stuidis at atmospheric eas pressures
- ures comprised of Ar +- CF. and ICF)2S (or another de- indicate'- that the predominant electron attachment process

ton ttahin addtiv wih th apropiateproerlcs, in this gas proceeds via stabilization of the parent negative

:igs. 1 and 3) are good candidates fr diffuse-dischargc on. This attaching gas is thus "'self-healing" in that it does
witches. It is, howev'er, preferable to have a binary rather not fragment considerably in an electron attaching collision

hnii a trnary mixture and to identifv, for example, a gas5  and may e useful in a closed-cycle switch as well.
hich would sre the role of oth CF4  anU C1: S iin hi ii:. - are presented w. vs El!N for Ar and Ar/C3F 8

ni:.d with ..\ r. In the search for such a gas we fcusd on mixtures. Due to app:rnus limi tations, we were unable to
,F.. "The attachmnent rate constat k. as a Function of (<) bta iin data fr higher ;-e' centages fC 1F~ in Ar (ur appara-
r CF, is shown in Fig. 3. ;\hhough the k, for CF 0is lowr t us is 'ema o;dilied to allowv such meaurementl,,. Ilow-
n mracn.tt'dcthan that fo~r (CF,S, it has a very desrable (c) ever, baed on toe d:n n Ar + CF.4 (Fig. 2) and similar

data on Ar -+ C.F0  )nnt presented because of space limita- .
tion) we can infer that mixtures comprised of" 10--20% C_3Fs
and oh-qy-:I..Ar w.,ill have maximum values of w iin excess of

:- , '" z - "---. :ratnge of 2.-x 1[)-17 V cm2, which is roughly the range
/ I  

._ .. characteristic of the conductive sage of the switch."

-:_. " ::;!? 21 ,-I . . "V hivc co nlducte.d de uif'orm ftld brealkdow n
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strength measurements on Ar/CF, mixtures and deter- press); see also relevant papers in IEEE Trans. Plasma Sci. PS-s (1980).
mine i~g. ) th liitig vaue,(E/V~iw, o El (i~., he 'M. Kristianscn and K. If. Schoenbach, Final Report on Workshop on
mine (Fg. ) th liitig vlue,(EI ),_ ofE IN(i~. 'the Repetitive Opening Switches, April 20, 198t, Department of Electrical

E/N value at which breakdown occurs) as a function of the Engineering. Texas Technological University.
percentage of C,F., in Ar. It can be seen from the data in Fig. 'L. G. Christophorou. D. V. Maxey. D. L. McCorkle, and J. G. Carter,

5 that for Ar/CF, mixtures containing - 15-20%7 C,F,the Nuct. Instrum. Methods 163. 141 (1979); 171, 491 11980).
101 V Ini~. sc this regard such measurements must be extended to higher E /Nvalues.

(E/I~n , is Z' 120 x 10- , ~.,sc mixtures can ~ L. G. Christophorou. 1'roceedingsof the X111th International Conference
withstand the voltage levels characteristic of the opening on Phenomena in Ionized Gases, Berlin JVEB Export-Import Leip-
stage of the switch. zig, 197 S. pp. 51-72.

Although furli--- work is necessary, on the basis of the 'L. G. Clistophorou, in Electron and Ion Swarms, edited by L. G. Chris-

preliminary data presented, it can be suggested that mixtures tophorou t'ergamon. New York, 1981), pp. 261-277.
'D. L. McCorkle. L. G. Christophorou, and S. R. Hunter, in Electron and

comprised of -15-20% C,F,, and 80--85% Ar may possess Ion Swarmnsedited by L. . Christophorous Pergamon, New York, 1981 l,
both of the required characteristics (see Fig. 1) of a switching pp. 21-34.

gas and can thus be suggested as good candidates for diffuse- 'L. G. Cliristophorou. D. R. James. R. Y, Pai, R. A. Mathis, 1. Sauers, D.
dicag ~[hS13 H. Smith, L. C. Frees. M. 0. Pace, D. WV. Bouldin. C. C. Chan, A. Fathed-

dint, and S. R. Hunter. Oak Ridge National Laboratuiy Report ORNL/
This research was sponsored by the Office of Health TM.7624 (19951).

and Environmental Research and the Division of Electric "S. M. Spyrou iprivate communication 1991).

Etnergy Systems, U.S. Department of Energy, under con- "L. G. Christophorou. D. R. James. R. Y. l'ai. R. A. Mathis. 1. Sauers, D.

trac ~V7405eng26 ith he nionCarideCorpraton. Spyrou, and A. Fatheddin, Oak Ridge National Laboratory Report

12S. R. Hunter. L.. G. Christophorou. D. R. James, and R. A. Mathis, in
Gaseous Dielectrics III, edited by L. G. Christophorou tPergamon. to be

'J. K. Burton. D. Conte, R. D. Ford, WV. H. Lupton. V. E. Scherrer, and I. published).
M. Vitko% itsky. Proceedings of the 2nd IEEE Internanonal Pulsed Power "The % aopr pressure of C,F, at - 20 C is - 7.8 a,m; C,F. is listed in

Conjrrence. Lubbock, Texas iIEEE, New York, 1979), p. 2S4. [fatheson Gas Data Book, 5th ed., edited by WV. Braker and A. L. Mkos.
2K. H. Scltoenbach. G. Schaefer. E. E. Kunhardt. M. Kristiansen. L. L. man INew Jersey. 19' )), p. 467] as noitoxic, nonflammable. unreactiv e.
Hlatfield. and A. It. Guenther. Proceedings of tie 3rd IEEE lnwtrrnarional and thermally stable; its dc uniform field breakdown voltage is 0.9 that of
Pulsed Power Confirenice. Albuquerque, New~ Mexico. Junie 1-3, l'48l int SF,.
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BASIC STUDIES OF GASES FOR DIFFUSE-DISCHARGE SWITCHING API'LICATIONS*

L. G. Christojhorou,' S. R. Hlunter,t J. G. Carter, and S. X.. Spvrout

Atom-ic:, 'loijcular ind High Voltage Physics Gro~un-
Ilealth- and1 Safety Research DiviZ30n

Oak idoeNational Labojratory
Oak RiaTuiines :cu 3>)

The basic proco!3ses wr.Ich unauitrlie_ the succes- sful tailuring of gases/

mix tures With hi,:h ii>. ir ~: .nOanrnra condu-.ction

charactoristics for 4ifs t' 2'~s 1-i , ig atliTcationswl be

discussed. Recent ressil!rs- on ul'2!ctrm-n tasse rate_ con;stan-ts and

cross sections as 'el a:- on > 3.'? in.'eltuctron imnr-.act of

CF 3 ,C. " C-C- 'dr" Of Yc' i1l interest in

C C:; ino

at .Q cirate, con''tant n CC._ Wit'r'h tr au"over a wi le mean

cunprg'; rnnj (-,).3 toc 4*.0 ,V') an,] its- irrolications, for di ffuse-d'ischargec

1 .a rh a ::rdin th_ oVi' £f.Lce of NHdva I Research aind in part
by iS( TDiv i:: ion of5c 5I Enurgy Sstms U.S. De'ps rtmnt of Energy,

~.s~r:stno. -70'; -5wit-S t:Sct_ Vi~sQsb'corsoraion.
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