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Summary 

A diffuse gas discharge switch must be capable 
of high speed, repetitive switching (i.e., switching 
times <10- 6 s; repetition rates up to 104 Hz; life­
times up to 107 shots} without significant degrada­
tion of its electron conduction and opening charac­
teristics if it is to be useful in pulsed power 
switching applications. Whenever the switch is 
fired, the gas temperature T within the switch is 
expected to rise several degrees centigrade, and 
operating temperatures of several hundred degrees are 
likely for repetitively operated switches. The 
electron transport and rate coefficients, such as the 
electron drift velocity and the electron attachment 
coefficient for the most promising gas mixtures under 
study are expected to be functions of T, and conse­
quently, knowledge of these parameters as a function 
of T is desirable for modeling the operation of the 
diffuse discharge switch in practical application. 
Measurements of these parameters in C2 F 6 /buffer gas 
(Ar, CH4 , N2 } mixtures have been made and are 
reported. The electron attachment rate constant has 
also been measured for C2 F6 and C3 F8 as a function of 
the mean electron energy <£> (0.7 < <£> < 5 eV} over 
the temperature range 300 ~ T ~ 7SO~K. For c2 F6 , the 
electron attachment rate constant has been found to 
increase by 30% over this temperature range, while 
for C3 F 8 , the attachment rate constant first 
decreases when the temperature is increased to ~450 K 
and then significantly increases with increasing T. 
An interpretation of these measurements and their 
significance in repetitively operated diffuse 
discharge switching gas mixtures is outlined. 

Introduction 

Externally controlled diffuse gas discharges 
show considerable promise for use as switches where 
one wishes to rapidly transfer electrical energy from 
an inductive energy storage device to a load on a 
repetitive basis. The gas discharge within the 
switch can be controlled either by volume ionization 
of the gas by a high energy pulsed electron beam 
(e-beam controlled} or by resonance ionization of the 
gaseous medium using a pulsed high power UV laser 
(optically controlled}. In both cases, the electric 
field across the switch during conduction must be 
sufficiently low, such that the discharge is 
completely controlled by the external electron 
source. 

Several operating parameters may be defined for 
diffuse discharge opening switches, most of which are 
common to both e-beam and optically controlled 
diffuse discharges. Knowledge of these parameters 
can then form a basis for tailoring specific gases 

and gas mixtures to optimize the switch operating 
conditions as nearly as possible. The relevant basic 
physical quantities include the electron attachment, 
recombination, ionization and diffusion coefficients, 
and the electron drift velocity as a function of E/N 
(the electric field strength E to gas number density 
N ratio}, Nand gas temperature T; the energy needed 
to produce an electron-positive ion pair W; and the 
high voltage breakdown field strengths of these gas 
mixtures. Studies of these transport and rate coef­
ficients at room temperature (~300 K} in several 
promising gas mixtures have recently been 
completed. l, 2 

Very little work has been performed to date on 
repetitively operated diffuse gas discharges for 
switching applications. 3 • 4 The few studies that have 
been made indicate that the current switching and 
high voltage breakdown characteristics of the gas 
mixtures are seriously affected by the frequency of 
operation of the switch. 4 • 5 Under these circum­
stances it is necessary to know how a given gas 
mixture will behave in a repetitively operated switch 
and what are the upper limits on the switch repeti­
tion rate and the maximum number of switching opera­
tions that can be performed before the transport, and 
hence switching, characteristics of the gas mixture 
in the switch are seriously altered. 

A preliminary study of the time dependence of 
the recovery process within the gas mixture after the 
operation of the switch has been made by DeWitt. 6 He 
identified several mechanisms which control the rate 
at which the gas mixture recovers its original 
behavior. For short time intervals (<10- 6 s} after 
the switch has opened, large positive and negative 
ion and, to a smaller extent, electron number 
densities exist in the discharge channel between the 
switch electrodes. In this situation, the electric 
field in the discharge channel is large and highly 
distorted due to the presence of the ionic species. 
The gas temperatures are very high (T "' 30,000 K6 } 

with large fractions of the neutral and ionic species 
in highly excited vibrational and electronic levels, 
and the gas number density in the discharge channel 
is correspondingly low. Considerable fragmentation 
of the gas constituents is also expected at early 
times (<10- 6 s}, and these radicals may subsequently 
recombine to form the original molecules or new 
species. 

The rapidity with which the gas mixture recovers 
to its initial properties is dependent upon a number 
of processes within the discharge. At early times 
(<10- 6 s}, recovery is dependent upon the recombi­
nation rates of the various ionic and neutral species 
in the discharge channel. The rates for collisional 
and radiative quenching of the vibrational and 

*Research sponsored in part by the Office of Naval Research under contract 43 01 24 60 2 and in part by the 
Office of Health and Environmental Research, U.S. Department of Energy, under contract DE-AC05-840R21400 with 
Martin Marietta Energy Systems, Inc. 

tAlso, Department of Physics, The University of Tennessee, Knoxville, Tennessee 37996. 

tPresent address: Theoretical and Physical Chemistry Institute, The National Hellenic Research Foundation, 
48, Vassileos Constantinou Avenue, Athens 501/1, Greece. 

402 



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information  Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number  

1. REPORT DATE 
JUN 1985 

2. REPORT TYPE 
N/A 

3. DATES COVERED 
  -   

4. TITLE AND SUBTITLE 
Temperature Dependent Electron Transport Studies For Diffuse
Discharge Switching Application 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Atomic, Molecular and High Voltage Physics Group Health and Safety
Research Division Oak Ridge National Laboratory Oak Ridge, Tennessee 
37831 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release, distribution unlimited 

13. SUPPLEMENTARY NOTES 
See also ADM002371. 2013 IEEE Pulsed Power Conference, Digest of Technical Papers 1976-2013, and
Abstracts of the 2013 IEEE International Conference on Plasma Science. Held in San Francisco, CA on
16-21 June 2013. U.S. Government or Federal Purpose Rights License 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

SAR 

18. NUMBER
OF PAGES 

8 

19a. NAME OF
RESPONSIBLE PERSON 

a  REPORT 
unclassified 

b  ABSTRACT 
unclassified 

c  THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



metastable exci ted states are important at early 
times. The return to true thermal equilibrium a t 
later times (t > 10-s s) is controlled by the drift 
and diffusion of the ionic speci es, and the transfe r 
of the gas ki neti c energy out of the discharge 
channel, and ultimately into the electrodes and walls 
of the switching devi ce. 

The time domain we are probing in our present 
experiments is the final fraction of the switch 
recovery t r ansient where the gas temperatures are 
within a few hundred degrees C of ambient ("'300 K) . 
This region of the gas recovery process is the most 
crucial for switching studies in that high repetition 
rate (<103 s 1 ) swi tchi ng will occur in this region, 
and it is vital to know how close to true thermal 
equil ibri um the gas mixture need recover in order to 
regain its full switching capabilities. 

An understanding of the factors that affect the 
operation of the switch under these conditions can be 
obtained by performing the electron transport and 
rate coefficient measurements at gas temperatures 
above room temperature. The higher the gas tempera­
ture at which the measurements can be performed, the 
earlier the fundamental processes controlling the gas 
recovery can be probed after a swi tchi ng impul se . In 
this paper, measurements are gi ven of the electron 
drift velocity w, attachment coefficient r)/N , and 
ionization coefficient a/N (where N is the a~tach­
ing gas number density) it C2F6 /Ar agas mixtures at 
300 and 500 K, and the electron attachment rate 
constant as a func t ion of <e>, k (<e >), for C2F6 and 
C3F8 at gas temperature up to 7!fu K. These results 
may be used to under stand the influence of elevated 
gas temperatures on the repetitive operation of the 
diffuse gas discharge. 

These experiments have been performed in con­
junction wi th two other studies which have been 
reported on earlier in these proceedings. 7 • 8 Studies 
have been performed to optimize the gas ionization 
efficiency (i.e . , to reduce the energy required to 
produce an electron-positive ion pair, W) of the high 
energy e-beam in practical switching gas mixtures . 7 

In another study, the effects of gas decomposition 
have been simulated using low current corona gas 
discharges.s This study has shown the impurities 
that are likely to occur in repetitively operated gas 
discharges and indicated ways in which the buildup of 
these impurities can be minimized. 

Operating Parameter s of a Diffuse Gas 
Discharge Opening Switch 

It is possible to establish several requirements 
of a gas mixture in the diffuse gas discharge which 
will optimize the performance of the switch. The 
conducti vit y of the discharge must be maximized while 
the switch is conducting [ i . e., t he voltage drop, and 
hence the E/N, across the dischar ge should be low 
(E/N < 3 x 10-1 7 V cm2 ) to minimize power l osses and, 
consequently, gas heating effects i n the switch] . 
The opening time of the switch must be as short as 
possible (i. e., largest rate of decrease in the 
discharge current) once the e-beam has been switched 
off in order to maximize the voltage developed across 
the inductive energy storage device. Consequently, 
t he electron conductivity in the discharge must be 
minimized during the opening stage_, and the gas 
mixture must be able to withstand high transient 
voltage levels (B/N > 10- 15 V cm2 ) while the switch 
is opening. 

These operating conditions all ow us to define 
several desirable characteristics of the gaseous 
medium in the conducting (low E/N) and opening (high 
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E/N) stages of t he switching action. 
conducting stage, the requi rements are : 1 

In the 

1. Maximum e·lectron dri ft velocity w (>107 em s - 1 ), 

2 . Minimum e-beam "ionization energy" w, 

3. Mi nimum electron loss due to attachment and 
electron-positi ve ion recombination, 

4 . Minimum ionization rate constant k. (the con­
ductivity of the gas di scharge is required to be 
completely controlled by the external ionization 
source, otherwise the openi ng time of the switch 
will be considerably increased due to additional 
gas ionization when thee-beam is switched off). 

In the opening stage, the requirements of the gas 
mixture are as follows: 

1. Minimum electron drift velocity w, 

2. Maximum electron attachment rate constant ka, 

3. High breakdown strength E/N.£im (>10- 15 v cm2), 

4. Self-healing gas mixtures for closed cycl e 
operation, 

5. In photoexcited and photoioni zed gas discharges 
(required for laser-controlled discharges) it is 
desirable to have an electron attaching gas in 
which electron attachment can be increased by 
photoexcitation of the molecules by the laser 
radiation. 9110 

The desirable characteristics for the E/N depen­
dence of w and k for the gas mixture in the diffuse 
discharge are sho~ in Fig. 1 . 1,1 1,12 
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Fig. 1. Schematic illustrati on of the electron 
attachment rate constant k (E/N) and the electron 
drift velocity w(E/N) chara~teristics required of a 
gas mixture for use in a diffuse discharge opening 
switch . Approximate values of E/N for the discharge 
in the conducting and opening s tages of the swit ch 
are shown in the figure (from Ref. 11). 



Room Temperature Measurements of w(E/N) and ~/Na(E/N) 14 
0 !1NL·OWG .85- t t 653 

for C2 F6 /Buffer Gas (Ar, CH4 , N2 , CF4 ) Mixtures ~ 

Electron drift velocity measurements have been 
performed by us i n a number of gas mixtures at room 
temperature and have been reported elsewhere. 1 All 
these gas mixtures have been found to exhibit maxima 
in w at low E/N values and a region of decreasing w 
with increasing E/N at higher electric fields [called 
a region of negative differential conductivity {NDC)] 
which; as shown in Fig . 1, is very desirable for 
diffuse discharge switching applications. In this 
paper, we report our present measurements i n c2F6 / 

buffer gas mixtures a t room temperature as these gas 
mixtures were used in our high temperature electron 
drift and attachment studies and were chosen as being 
representative of this class of gas mixtures as a 
whole. 

Electron drift vel oci ty measurements in C2 F6 /Ar 
and C2 F6/CH4 gas mixtures are given in Figs. 2 and 3, 
respectively, over the concentration range of 0 to 
100% of the attaching gas in the buffer gas. These 
gas mixtures , along with the other gas mixtures given 
in Ref 1, all possess pronounced regions of NDC over 
a range of E/N values. The NDC effects observed in 
several of these gas mixtures are among the largest 
that have been observed in any gas mixtur e and are 
the result of large vibrational inelastic energy loss 
processes in these electronegative gases at compara­
tively low electron energies [ 0 .1 < e < 1. 0 eV] 1 
combined with small a (e) values and pos';ibly even 
Ramsauer-Townsend-type m minima in a (e) for these 
gases at the low electr on energies m(such Ramsauer­
Townsend minima have been observed for the 
nonfluorinated analogues13). 
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Fig . 2 . Electron drift velocity w versus E/N 
for several CzFe/Ar gas mixtures. 

It is apparent from these figures that gas 
mixtures compri sed of ~15% of C2F6 in Ar possess peak 
w values of >107 em s-1 , while at all concentrations 
of CzF6 in cH4 , the peak value of w is 107 em s-1 or 
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Fig. 3. Electron drift velocity w versus E/N 
for several C2 F6/CH4 gas mixtures. 

greater. Further it is evident from these findings 
that by varying the concentration of C2 F6 in the 
buffer gas, the w(E/N) functions can be chosen to 
have maximum values in the E/N range of 1-10 x 10-17 

V cm2 , which is roughly the range characteristic of 
the conduction stage of the switch (Fig. 1). The 
peak values of w in the c2F6/CH4 gas mixtures are 
considerably less sensitive to the fractional com­
position of the gas mixtures compared with the c2F6 / 

Ar gas mixtures. 

Measurements of w in C2 F6 /N2 and C2 F6/CF4 gas 
mixtures have also been made and are given in Figs . 4 
and 5, respectively. Nit r ogen has been used as a 
buffer gas in several small-scale switching experi­
ments due primarily to the availability of a con­
siderable electron swarm and electron beam cross 
section data base for this gas, making it amenable to 
theoretical modeling studies which may then be com­
pared with expe rimental measurements. 3 • 14- 17 Switch­
ing experi ments have recently been reported by 
Bletzinger in c2F 6 /N2 and C3F 8/N2 gas mixtures. 14 

The w measurements given in Fig. 4 i ndi cate that 
these gas mixtures a r e not particularly suited for 
switching applications as they do not show the pro­
nounced electron drift velocity enhancement at low 
ele ctric fields that the mixtures given in Figs. 2 
and 3 possess . 

Gas mi xtures composed of varyi ng percentages of 
CzF 6 i n CF4 also do not show significant change in 
the drift velocity maximum (Fig . 5). Drift velocity 
measurements were made using this gas mixture to 
determine if the synergistic effects that we have 
observed on w in the c 2F6 /Ar, c 2F6 /CH4 , and other 
attaching gas/CH4 and attaching gas/Ar gas mi xtures 
(Figs. 2 and 3 and Ref . 1) would also be observed in 
this gas mixture. The measurements show that the 
electron drift velocity changes monotonically f rom 
that of pure CF4 to that of pure C2 F6 when the 
percentage of CzF6 is increased. 
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Fig. 5. Electron drift velocity w versus E/N 
for several C2 F6/CF4 gas mixtures . 

Measurements of the attachment coefficient ~/N 
normalized to the attaching gas number density N ana 
the effective ionization coefficient (a + ~'/pNT 
(where p is the fractional concentration of the 
attaching gas in the buffer gas and NT is the total 
gas number density) in CzF6/Ar and CzF6/CH4 gas 
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mixtures, obtained using the technique outlined in 
Ref . 18 are given in Figs . 6 and 7, respectively . 
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Fig. 6. The electron attachment coefficient 
f)/N for C2 F6 and the effective ionization coeffi­
cie~t (a + f))/pNT (where p is the fractional concen­
tration of C2F6 in the gas mixture) for the gas 
mixtures c2F6/Ar . The actual parameter measured in 
the electron attachment experiment is (a + ~) (in 
units of cm- 1 ). This measurement can be either 
normalized to the attaching gas number density N , 
when a = 0 to obtain the normali zed attachment coel­
ficient of the attaching gas constituent of the 
mixture (shown in the figure by the solid lines for 
various percentages of c2 F6 in Ar), or it can be 
normalized to pNT to find the effective ionization 
coefficient of tlie mixture as a whole (shown in the 
figure by the broken lines for various per centages of 
C2F 6 in Ar). 

When Ar is used as the buffer gas, the magnitude 
of the electron drift velocity and a t t achment coeffi­
cient and the positions of the ma.xima of these quan­
ti ties when plotted as a function of E/N are very 
sensitive functions of the percentage of the attach­
i ng gas in the buffer gas. The peak positions move 
to higher E/N values and the magnitude of the attach­
men t coefficient decreases by over one order of 
magnitude in going from 0.1 to 100% of the c2F 6 
(Fig. 6). Similar changes are observed for w in 
these mixtures , except that w increases with increas­
i ng concentration of the attaching gas {Fig . 2) . The 
reason for this is that the addition of even small 
amounts of a molecular gas to argon drastically 
shifts the electron energy distribution function of 
the mi xture to lower energies, lowering the mean 
electron energy<~> and, consequently , increasing the 
E/N value which corresponds to the <e> value for 
which w and ~/N maximize . In contrast to the 
measurements in ar~on, the attachment coefficient and 
electron drift velocity in the attaching gas/methane 
gas mixtures are not nearly as sensitive to the 
attaching gas concentration as are the a rgon 
mixtures, particularly at low attaching gas concen­
trations . The addition of small amounts of a molecu­
lar gas to CH4 has only a small influence on the 
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Fig. 7 . The electron attachment coefficient 
r)/N and effective ionization coefficient (a .,. r))/ 
pNT a for C2 F6 /CH4 gas mixtures. See Fig. 6 for an 
explanation of t he symbols . 

w(E/N) and r)/N (E/N) for the mixture as CH4 itself 
a l ready possesJles sizeable inelastic loss processes 
at low electron energies, and, consequently, the 
e l ectron energy distribution functi on in the methane 
mixtures is only slightly modified. 

These effects can be seen more clearly in 
Fi gs . 8 and 9, where r)/N (E/N) and w(E/N) for 
selected gas mixtures of C2 ff6 in Ar and CH4 buffer 
gases are plotted. These measurements indicate that 
the peak in r)/N and w can be positioned at appro­
priate E/N valugs by either varying the attaching 
gas/buffer gas combination or by varying the per­
centage of the attaching gas in the buffer gas, so as 
to maximize t he conductivity of the discharge when 
the switch is closed and also maKimize the rate of 
decrease i n the conductivity of the discharge and 
thus minimize the opening time of the switch when the 
switch is opened. The ability to tailor the gas 
mixture to position the maximum in w or r)/N at given 
E/N values allows considerable freedom in a designing 
the operating parameters of the diffuse discharge 
switch. 

Measurements of ka(<s>), r)/Na(E/N), and a/Na(E/N) 

at Elevated Gas Temperatures 

The electron attachment rate constant ka ( <&>) 
has been measured for C2F6 over the temperature range 
300 $ T $ 750 K in order to investigate the influence 
of gas heating on the electron attaching properties 
of this molecule (Fig. 10). 19 As the gas temperature 
increases, k ( <s>) increases, and this increase is 
progressivelf larger at lower energies such that the 
threshold and the peak i n the k ( <s>) shift to lower 
energies at higher gas temper:tures. The k ( <s>) 
increases by ""30% over this temperature rangea near 
its peak at <s> ""3 eV (Fig . 10). 
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Additionally, we have measured the electron 
attachment coefficient ~/N and the ionization coef­
ficient Ot/N in pure C2 F6a and i n gas mixtures con­
taining var~ing p ercentages of C2F6 in Ar at a gas 
temperature of 500 K in order to under stand the 
influence of elevated gas temper atures on the trans-
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Fig . 10 . Total electron attachment rate con­
stant k as a function of the mean electron energy 
<e> forCC 2F6 at temperatures 300 , 400, 500, 570, 650, 
and 750 K (from Ref. 19). 

port and rate coefficients of gas mixtures for prac­
tical switching devices. These measurements, along 
with those obtained at room temperature (300 K), are 
given in Figs . 11 and 12 . I t is apparent f rom the 
measurements given in Fig. 11 that over the tempera­
ture range 300 s T s 500 K the ionization coefficient 
is practically unchanged [to within the uncertainty 
of the present measurements ("":tlO%)) by increases in 
the gas temperature . The electron attachment coeffi­
cient in cont rast increases considerably (by ""25%) at 
higher E/N values with a much smaller increase in 
11/N occurring a t E/N values close to the threshold 
fora the attachment process (E/N"" 3 x 10- 16 v cm2 ). 

The percentage increase in the rate of electron 
attachment to C2 F6 in both the rate constant 
[k (<e>)) and the attachment coefficient [11/N (E/N)) 
stfldies (Figs . 10 and 11) near the peak i.n t he 
attachment process are similar (being ""10% increase 
at 500 K), but for the k ( <e>) measurements [where 
the percentage of c2F6 ~n the Ar buffer gas is 
negligibly small (<1 part in 106 }). the greatest 
increase in k occurs near the threshold, while for 
t he 11/N mea:urements in pure C2 F6 , the greatest 
change ~curs at the higher E/N values near the tail 
of the attachment coefficient. This behavior can be 
more clearly seen in Fig . 12 where the attachment 
coeffici ent obtained f r om the r ate constant measure­
ments for c2 F6 (11/N = k /w, where w is the electron 
drift velocity in ~r) 'is plotted along with the 
measurements. obtained for varying concentrations of 
C2 F6 in Ar. These measurements indicate that as the 
percentage of c2F6 in Ar is increased, t he change i n 
11/N a t t hreshold decreases, while the per centage 
inc¥ease in the electron attachment at the high 
energy tail increases with increasing C2F6 concentra­
tion. This observation is believed to be the result 
of changes in the electron energy distribution func­
tion in the swarm measurements with incr easing c2 F 6 
concentration , rather than actual changes i n the 
attachment pr ocesses to C2 F6 . 
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The influence of changes in the el ectron energy 
distribution function can also be seen in the drift 
veloci ty measurements for several C2F6/Ar gas mix­
tures given in Fig. 13 . The greatest change in w 
occurs at the low E/N peak in the w curves for the 
c2F6 /Ar mixtures, whi l e the measurements at lower and 
higher E/N values appear to be unaltered by changes 
in gas temperature [to within the uncertainty of the 
measurements (""± 5%)] . The drift velocity in pure 
C2F6 is considerabl y modified over t he whole E/N 
range, and this may be the result of changes in the 
electron energy dis t ribution function brought about 
by the increase in the electron attachment cross 
section at the higher gas temperatures. The influ­
ence that changes in the magni tude of the attachment 
coefficient have on the electron energy distribution 
functi on (and consequently upon the transport coeffi­
cients) has recently been di scussed . 20 The changes 
i n the electron drift velocity in the C2 F6/Ar gas 
mixtures at e l evated gas temperatures are expected to 
be considerably smaller than t hose in pure C2 F 6 , 
since the electron energy distributi on funct i ons in 
these mixtures are determined not only by the 
scatteri ng processes in C2F6 but also by these pro­
cesses in the more abundant Ar buffer gas, partic­
ularly at low C2F6 concentrations. 

Heasurements of k (<&>) have also been performed 
in c3F8 as a functionaof gas temperature up to 750 R 
in Ar buffer gas (over the mean electron energy range 
0.76 $ <&> ~ 4.8 eV) . 2 1 These measurements are given 
in Figs . 14 and 15 and show that at a given value of 
<e>, k decreases onl y slightly up toT~ 400 K, then 
rapid!~ decreases with increasing T up to T ~ 450 K, 
and finall y significantly i ncreases with increasing T 
above this temperature. The lower temperature 
measurements (T < 450 K) have been found to be 
strongly dependent on total gas pressure, i ndicating 
that parent negative ion forma t ion processes are 
s i gnificant electron at tachment processes at these 
temperatures. 21 At higher gas temperature (T ~ 
450 K) pressure dependent electron attachment pro­
cesses are negligible indicating that electron 
attachment to C3F8 at t hese t emperatures i s predomi­
nantly dissociati ve. 21 The rel ative contributions of 
parent anion format i on and dissoci ative attachment to 
the t otal electron attachment rate constant in c3 F8 
at a fixed value of <e> as a function of gas tempera­
ture are given in Fig . 15. These measurements indi­
cate that r elatively small changes in the gas kinetic 
energy (and hence in the vibrational populations of 
t he a ttaching gas) can have a large influence on the 
electron attaching proper ties of C3 F 8 which could, in 
t urn, s ignificantly affect the per formance of repeti­
tively operated switches operating at e l evated gas 
temperatures using C3 F8 . 

Conclusions 

The C2F6 /buffer gas mixtures discussed in this paper 
along with those ment ioned in Ref. 1 ar e consider ed 
to be good candidates for diffuse discharge switching 
applications . These gas mixtures possess the 
desirable electron attachment and drift velocit y 
charact e r istics displayed in Fig. 1 which are 
required to enhance the electron conduction when the 
switch is closed and t hen reduce the electron conduc­
t i on as rapidly a s possible when the switch is 
opened. These and othe r studies we have 
performed1• 2 • 7 ,8, 11 • 1 2 indicate that several of these 
gas mixtures have the fur t her desirable character­
istics of possessing rela tively high breakdown field 
strengths [(E/ N).£. > 10- 15 v cm2 ], good stability 
and low impurity p~duct formation characterist ics at 
room temperature which are desirable for diffuse 
discharge switches . 
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Fig. 13. Electron drift velocities as a f unc ­
tion of E/N for several concentrations of C2 F6 i n Ar 
at gas temperatures of 300 and 500 K. 

The increase in the rate of electron a ttachment 
that has been observed in c2 F 6 gas miKtures at . the 
hi gher gas temperatures (Fig . 12) is not expected to 
seriously alter the characterist ics of the diffuse 
discharge and may, in fact, be benefici al to the 
operation of the switch at t hese temperatures . On 
the other hand, the changes in the rate of el ectr on 
attachment and the type of electron attachment pro­
cesses (i.e., e i ther parent anion formation or dis­
sociative a ttachment) are signi ficantly affected by 
the gas temperature in C3F8 (Fig. 15) and may signif­
icantly modify the response characteristics of a 
repetitively operated di ffuse discharge · switch at 
elevated gas temperatures . Further studies are 
needed to explore the influence of gas temperature on 
the breakdown strength and switching characteristics 
of these and other gas mixtures for possible use in 
diffuse discharge s wi t ches . 

References 

1 . 5 . R. Hunter, J . G . Carter, and L. G . 
Chr istophorou , Journal o f Applied Physics (sub­
mitted); L. G. Christophorou and S. R. Hunter, 
in Electron-Molecule Interactions and Their 
Applications (Academic Pr ess, Orlando, Florida , 
1984), Vol. 2, Chapt. 5. 

2 . K. Nakanishi, L. G. Christophorou, J. G. Car ter, 
and 5. R. Hunte r, Journal of Applied Physics ( in 
press) . 

3 . H. Harjes, K. H. Schoenbach, G. Schil.efer, 
H. Krompholz, and M. Kristiansen, in Proce~ings 
of the 4th IEEE Pulsed Power Conference (The 
Texas Tech University Press, Lubbock, Texas, 
1983, p. 474. 

4. W. W. Byszewski, K. J. Enright, and J. M. Proud, 
presented at the 4th I EEE Pulsed Power Confer­
ence, Albuque rque , New Mexico, June 6-8 , 1983 . 



,-._ 
i 

en 

"' E 
so 
I 
0 c 
..:..! 

~ z 
~ 
{/) 

z 
0 u 
r.:l 

~ 
Cl:: 

E-o z 
r.:l 
~ 
:I:: u 

~ 
< 
,...J 

e:; 
0 
E-o 

10 

6 

6 

4 

2 

0 

12 

10 

6 

6 

4 

2 

0 
0.5 

(b) 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
MEAN ELECTRON ENERGY, (€) (eV} 

5.0 

Fig. 14 . Electron attachment rate constant k 1 
for NT ~ ~ (and N ~ O) for C3P8 as function of mean 
electron energy <e'> in a buffer gas of Ar at the gas 
temperatures gi ven in the figure . The curve at 300 K 
in Fig. 14b is the dissociative attachment component 
to the total r ate of electr on attachment at this 
temperature (from Ref . 21). 

5. L. C. Pitchfor d, private communication (1984). 

6. R. N. DeWitt, in Proceedings of the 4th IEEE 
Pulsed Power Conference (The Texas Tech 
University Press, Lubbock, Texas, 1983) , p. 223. 

7 . K. Nakanishi, L. G. Christophorou, J . G. Carter, 
and S. R. Hunter, this conference . 

8 . I. Sauers, W. D. Evans, and L. G. Christophorou, 
this conference . 

9. K. H. Schoenbach, G. Schaefer, M. Kristiansen, 
L. L. Hatfield, and A. H. Guenther , IEEE Trans. 
Plasma Sci. PS-10, 246 (1982) . 

10. G. Schaefer, K. H. Schoenbach, A. H. Guenther, 
and W. K. Pendleton, in Proceedings of the 4th 
IEEE Pulsed Power Conference (The Texas Tech 
University Press, Lubbock, Texas, 1983), p . 602. 

11 . L. G. Christophorou, S. R. Hunter, J . G. Car ter, 
and R. A. Mathis , Appl. Phgs. Lett. 41, 147 
(1982). 

12. L. G. Christ ophorou, S. R. Hunter , J . G. Carter, 
and V. K. Lakdawala, in Pr oceedings of the 4th 
IEEE Pulsed Power Confer ence (The Texas Tech 
University Press, Lubbock, Texas, 1983), p. 702. 

409 

ORNL-DWG 85-118~1 
109 ~~r--.---.--~---.--~ 

(€)=1.23 eV C3F8 IN Ar e-.· 
z 
~ 
(fJ 
z 
0 u 5 

w 
E-< ,....._ 
<C i Cl:: Vl 

E-o "' z a w (J 

:::?:: '--' 

2 

:r:: 
u ..:..! 
~ ... ·· 
~ 
z 
0 
o:; 
E-< u 
w 
,...J 
w 

5 L----.1...--.J----...._ _ _,__ _ _.__ _ _, 

200 400 600 BOO 

TEMPERATURE, T(K) 

Fig. 15. Electron a t tachment rate constant k1 
for C3F8 versus temperature at a mean electron energy 
<e> = 1. 23 eV . The shaded area under the curve 
indicates the contribution of parent anion formation 
t o the total rate of electron attachment (see 
Ref. 21). 

13. D. L. McCorkle, L. G. Christophorou, D. V. 
Maxey, and J. G. Carter, J. Phgs . B 11, 3067 
(1978) . 

14. P . Bletz.inger, in Proceedings of the 4th IEEE 
Pulsed Power Conference (The Texas Tech 
University Press, Lubbock, Texas, 1983), p . 37 . 

15. v . E. Scherrer, R. J. Commisso, R. P . Fernsler, 
L. Miles, and I . 11. Vitkovitsky, in Gaseous 
Dielectrics III (Pergamon Press, New York, 
1983) , p. 34. 

16 . v. E. Scherrer, R. J. Commisso, R. F. Fernsler, 
and I . M. Vitkovitsky, in Gaseous Dielectrics IV 
(Pergamon Press, Nw York, 1984), p . 238 . 

17. K. H. Schoenbach, G. Schaefer, t1. Kristiansen, 
H. Krompholz, H. Harjes, and D. Skaggs , in 
Gaseous Dielectrics IV (Pergamon Press, New 
York, 1984), p. 246. 

18. S . R. Hunter, J. G. Carter, and L. G. 
Christophorou, to be presented at the Joint 
Symposium on Swarm Studies and Inelastic 
Electron-Molecule Collisions, Tahoe City, 
California, July 19-23, 1985. 

19 . 5 . ~1. Spyrou and L. G. Christophorou, J. Chem. 
Phgs. 82, 2620 (1985). 

20 . H. A. Blevin, J. Fletcher, and S. R. Hunter, 
Phgs . Rev. A 31, 2215 (1985). 

21. S . H. Spyrou and L. G. Christophorou, Journal of 
Chemical Physics (submitted). 


