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EFFECT OF COLD ELECTRON EMISSION ON DIFFUSIONPLASMA PARAMETERS AND THE SHEATH STRUCTUREIN A DOUBLE PLASMA DEVICEM. K. Mishra a*, A. Phukan b, M. Chakraborty 
aDepartment of Physi
s, Baosi Banikanta Kakati College, Nagaon, BarpetaAssam�781311, IndiabDepartment of Physi
s, Madhabdev College, Narayanpur, LakhimpurAssam�784164, India
Centre of Plasma Physi
s-Institute for Plasma Resear
h, Tepesia, SonapurAssam�782402, IndiaRe
eived De
ember 24, 2013It is observed experimentally that by inje
ting 
old ele
trons in the dis
harge region of a double plasma de-vi
e, the plasma parameters and sheath stru
ture 
an be 
ontrolled in the other region, whi
h is devoid of anyele
tri
al dis
harge. The main dis
harge region is separated from the region under investigation by a groundedmesh grid. Both 
old and hot ionizing ele
trons are emitted from separate sets of �laments in the dis
hargeregion. With an in
rease in the 
old ele
tron emission 
urrent, the plasma parameters in the dis
harge regionget 
hanged, whi
h in turn alter the plasma parameters in the other region. Two important e�e
ts 
aused by
old ele
trons in the di�usion region are the in
rease in the plasma density and de
rease in the plasma potential.The in
rease in the plasma density and de
rease in the sheath potential drop therefore 
ause the 
ontra
tion ofthe sheath.DOI: 10.7868/S00444510140801361. INTRODUCTIONThe plasma produ
ed by a d
 dis
harge has wideappli
ations in basi
 studies as well as in te
hnology.Normally, the plasma parameters su
h as the ele
trontemperature and the plasma potential determine thepro
essing performan
e. The plasma potential deter-mines the bombarding energy of plasma ions in �lmdeposition on a substrate. The de
rease in ele
trontemperature is very important in the plasma et
hingpro
ess.The study of sheath phenomena is very important inunderstanding the pro
ess between plasma and a solidsurfa
e be
ause of its pra
ti
al appli
ations in mate-rial pro
essing. The plasma sheath problem in a low-pressure dis
harge was �rst presented by Tonks andLangmuir [1℄. The expli
it formula and a 
lear inter-pretation of sheath formation is due to Bohm, who in-trodu
ed the idea of a pre-sheath, a weak ele
tri
 �eld*E-mail: mishra.mrinal�redi�mail.
om

that exists between plasma and the sheath edge [2℄.The pre-sheath a

elerates the ions to a su�
ient ve-lo
ity known as the Bohm velo
ity, su
h that the iondensity ex
eeds the ele
tron density everywhere withinthe sheath.A
tually, the thi
kness (width) of the sheath is a
on
ept that 
an be either determined experimentallyor de�ned theoreti
ally. The thi
kness of an ion sheathformed at a wall depends on the sheath potential dropand the amount of the ion �ux rea
hing it. The sheathpotential drop is the di�eren
e between the plasma po-tential and the applied wall potential. Therefore, any
hange in plasma parameters su
h as the plasma po-tential and density plays a 
ru
ial role in the formationof the sheath stru
ture.The double plasma (DP) devi
e, where weakly ion-ized plasma is produ
ed by the �lament dis
harge pro-
ess, has often been used to study the e�e
t of bothion and ele
tron beams on plasma parameters and thesheath stru
ture. An ion or an ele
tron beam inje
tedinto the plasma is supposed to alter the ele
tron energyprobability fun
tion (EEPF) [3; 4℄.368
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t of 
old ele
tron emission : : :In a DP devi
e, both ion and ele
tron beams 
anbe produ
ed by 
reating a suitable potential di�eren
ebetween the two plasma regions, a sour
e and a tar-get. The e�e
t of a low-energy ele
tron beam on theplasma parameters and the sheath stru
ture was ob-served in [3℄. The authors of [3℄ observed a 
ontra
tionof the ion sheath with an in
rease in the ele
tron beamenergy, and also observed that the ion sheath expandsin the presen
e of an ion beam [4℄.The 
hanges in plasma parameters and sheathstru
ture due to extra
tion of 
harged parti
les in aDP devi
e were experimentally observed in [5℄.In this paper, we inje
t 
old ele
trons into the dis-
harge region of a DP devi
e to 
ontrol the plasmaparameters and sheath stru
ture in the other region,whi
h is devoid of any ele
tri
al dis
harge. The tworegions are separated by a grounded mesh grid of hightransparen
y. The inje
tion voltage or bias voltage ap-plied to the 
old ele
trons is lower than the ionizationpotential of the gas used.Previously, many resear
hers have used 
old ele
-trons for many purposes. In [6℄, the ele
tron tempera-ture was su

essfully de
reased by repla
ing high-ener-gy ele
trons with 
old ele
trons emitted from an aux-iliary hot ele
trode. On the other hand, in [7℄, theele
tron temperature was in
reased by inje
ting 
oldele
trons in a multi-dipole plasma. Fast ions were 
on-�ned by a negative ele
trostati
 potential produ
ed by
old ele
tron inje
tion in a multi-dipole plasma [8℄. Re-
ently, Mishra and Phukan 
ontrolled dis
harge plasmaparameters by inje
ting 
old ele
trons in the di�usionplasma region of a DP devi
e [9℄.Here, we su

essfully 
ontrolled the plasma poten-tial and density in a region where no ele
tri
al dis
hargeo

urs. The 
old ele
trons inje
ted in the dis
harge re-gion alter the plasma parameters, whi
h in turn a�e
tsplasma parameters in the nearby region separated by agrounded mesh grid.The 
hange in the density and the plasma poten-tial a�e
ts the 
olle
tion 
urrent of the plate, and thesheath stru
ture 
hanges as a result. The te
hniqueadopted here is free from any geometri
al perturbationor any perturbation 
aused by the external biasing.2. EXPERIMENTAL SETUPThe experiment is 
arried out in a DP devi
e 
on-sisting of two identi
al 
ylindri
al multi-dipole 
agestru
tures 35 
m in length and 25 
m in diameter.These two 
ages, the sour
e and the target, are ele
tri-
ally isolated from ea
h other. A stainless steel mesh
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Fig. 1. a) A sket
h of the experimental setup. G isthe mesh grid between the sour
e and the target se
-tion: F is the �lament used for emission of ionizingele
trons in the sour
e se
tion and FC is the �lamentused for the 
old ele
tron inje
tion, VF and VD are theionizing ele
tron emitting �lament voltage and the dis-
harge voltage in the sour
e, VCF and VIN are the 
oldele
tron emitting �lament voltage and the 
old ele
troninje
tion voltage, L is the Langmuir probe, VB is theprobe biasing voltage, P is the stainless steel plate, andVP is the plate biasing voltage. b ) The s
hemati
 di-agram of the surfa
e magneti
 
usp �eld produ
ed bymulti-dipole magnets and the lo
ation of the �lamentsinside the magneti
 
agegrid 24 
m in diameter is pla
ed between the two 
ages.To pla
e the grid, magneti
 rows are removed from oneend of ea
h magneti
 
age. Charged parti
les 
an movefrom one plasma region to the other through this grid.The magneti
 
ages of both the sour
e and the tar-get are grounded. The separation grid of the devi
e isalso grounded be
ause the negative �oating potentialof the grid would provide a potential barrier to ele
-trons, whi
h may redu
e the �ow of ele
trons from thesour
e to the target region. The wires of the grid 
olle
tsome of the ele
trons, but due to the high transparen
y(20 lines per 
m) of the grid used in the experiment,most ele
trons are able to es
ape through the spa
ingbetween the grid wires.The s
hemati
 diagram of the experimental setup isshown in Fig. 1a.A multi-dipole 
age is a set of alternating rows11 ÆÝÒÔ, âûï. 2 (8) 369
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edaround the dis
harge surfa
e in a 
ylindri
al shape.The alternating rows of magnets generate a line 
uspmagneti
 
on�guration in whi
h the magneti
 �eldstrength is maximum near the magnets and de
ays withthe distan
e to the 
hamber. Hen
e, the bulk plasmavolume is virtually free of the magneti
 �eld, but astrong �eld of about 1 kG exists near the 
hamberwall, inhibiting plasma loss and leading to an in
reasein plasma density and uniformity. The s
hemati
 di-agram of the surfa
e magneti
 �eld produ
ed by themulti-dipole magnets and the lo
ation of the �lamentsinside the 
age are shown in Fig. 1b.The base pressure of the 
hamber is 4 � 10�6 mbar.Plasma is solely produ
ed in the sour
e region by ele
-tron bombardment of a neutral Ar gas at 5 �10�4 mbarby applying a d
 voltage between the hot �lament(
athode) and the magneti
 
age (anode). There arefour �laments (F ) that emit ionizing ele
trons andthree other �laments (FC) that emits 
old ele
trons inthe sour
e region of the devi
e. The ele
trons emittedfrom the hot �laments (
athode) ionize the ba
kgroundgas on their way to the anode (magneti
 
age).A negative voltage (VIN = �12 V) is applied to the�laments in order to inje
t 
old ele
trons to the plasma.The applied inje
tion voltage is less than the ionizationpotential of the gas used (15.8 eV for an argon atom).The emission of 
old ele
tron 
an be in
reased by in-
reasing the inje
tion 
urrent IC . The 
old ele
tronemission 
urrent IC is 
ontrolled by 
hanging the �la-ment heating voltage VCF .In the sour
e region, the dis
harge voltage (VD) andthe dis
harge 
urrent (ID) are respe
tively �xed at 50 Vand 60 mA.A plane Langmuir probe L of diameter 4 mm is usedto measure the plasma parameters in the target region.The plasma potential is determined as the probe volt-age at whi
h the �rst derivative of the probe 
hara
ter-isti
s has a maximum [10℄.In order to measure the thi
kness of the ion sheath,a stainless steel plate 5 
m in diameter is inserted inthe target region. The plate is pla
ed at the distan
eof 10 
m from the separation grid. The ba
kside of theplate is 
overed by an insulating material, su
h thatplate 
olle
ts 
harged parti
les only from the front side.The plate is biased at VP = �60 V to produ
e an ionsheath, su
h that even hot ele
trons having the maxi-mum energy (E � eVD) of 50 eV 
annot 
ontribute toplate 
urrent IP . The thi
kness of the sheath 
an beobtained from the Child's law,

IP = 49"0A� 2emi�1=2 V 3=2P d�2; (1)where e is the elementary 
harge,mi is the ion mass, "0is permittivity of free spa
e, A is the surfa
e area of theplate, VP is the plate bias voltage, IP is the plate 
ur-rent, and d is the sheath thi
kness. The plate 
urrentIP is monitored a
ross a resistan
e of 1 k
.For measuring the sheath thi
kness, we havein
orporated a 
hange in the plasma potential inEq. (1). Therefore, 
onsidering the sheath potentialdrop (VTP � VP ) in Eq. (1), we 
an writeIP = 49"0A� 2emi�1=2 (VTP � VP )3=2 d�2; (2)where VTP is the plasma potential in the target region.3. RESULTS AND DISCUSSIONCold ele
trons are �rst emitted into the sour
e re-gion and Langmuir probe 
hara
teri
ti
s are re
ordedin the target plasma region. The 
old ele
tron emis-sion 
urrent IC is in
reased up to 10 A by in
reasingthe �lament heating voltage VCF . The 
old ele
tronbias voltage is kept �xed at �12 V.It is observed that the target plasma potential(VTP ) be
omes less positive with the in
rease in IC .The plasma potential is obtained from the �rst deriva-tive of the probe 
hara
teristi
s. The plasma potentialin the target region (VTP ) is found to de
rease fromaround 4 V to 1 V with the in
rease in the 
old ele
-tron emission 
urrent IC .A de
rease in the plasma potential due to the inje
-tion of 
old ele
trons into the dis
harge region a multi-dipole plasma was previously observed [7; 8℄. This de-
rease in the plasma potential serves two purposes: itin
reases the loss rate of ele
trons and provides ele
tro-stati
 
on�nement to the ions. Be
ause of the de
reasein the plasma potential in the sour
e region, some ele
-trons 
an es
ape through the spa
ing of the groundedmesh grid to the target region. Due to the high trans-paren
y of the grid (20 lines/
m), most of them enterthe target region and some 
an be 
olle
ted by gridwires. On entering the target region, these ele
tronslower the target plasma potential VTP .It is observed that the plasma density in the targetregion in
reases with the in
rease in IC . The observedin
rease in plasma density in the target 
an be at-tributed to the in
rease in plasma density in the sour
eregion. The plasma di�uses from the higher-densityregion to the lower-density region.370
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Fig. 2. Variation of the plasma density ne and theplasma potential VTP in the target region with an in-
rease in ICIn the sour
e region, the plasma density in
reasesdue to the redu
tion in ion loss through the magneti

usp [7; 8℄ or, in other words, for better ion 
on�nementprovided by the negative potential well [8℄. Initially,the target region has a very low ele
tron density (be-ing devoid of any dis
harge). With the in
rease in thesour
e plasma density, the plasma easily leaks throughthe mesh grid and enhan
es the target plasma density.The in
rease in plasma density and de
rease inplasma potential in the target region with the in
reasein the 
old ele
tron inje
tion 
urrent are shown inFig. 2.In general, the plasma density is determined by abalan
e between plasma produ
tion and di�usion lossin a low-density plasma as in the target region [11℄.Sin
e the di�usion 
oe�
ient de
reases with the ele
-tron temperature, the density is enhan
ed by the de-
rease in the ele
tron temperature in the target region.The de
rease in the plasma ele
tron temperatureis indi
ated by the ele
tron energy probability fun
-tion obtained from the probe 
hara
teristi
s. The se
-ond derivative of the probe 
hara
teristi
s (d2I=dV 2),whi
h is proportional to the EEPFs [12; 13℄, is shownin Fig. 3 for three di�erent values of IC . Along the xaxis, the di�eren
e between the target plasma potentialVTP and the probe bias voltage VB is plotted, whi
h isagain proportional to the ele
tron energy (Te) in theretarding �eld region of the probe 
hara
teristi
s. Thedistributions shift toward the left (lower-energy side),indi
ating the de
rease in the plasma ele
tron temper-ature as the 
old ele
tron emission 
urrent is in
reased.The variation of the plasma ele
tron temperature ob-tained from the probe 
hara
teristi
s for three di�erent
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orded in the target region for diffe-rent IC
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Fig. 4. Variation of the plasma ele
tron temperatureTe for di�erent IC in the target plasma regionvalues of IC is shown in Fig. 4. It is seen that ex
eptfor the ele
tron temperature, other plasma parameterssu
h as density and plasma potential in the di�usionregion vary in a way similar to their variation in thedis
harge region, as reported in [7; 8℄.Figure 5 shows the variation of the plate 
urrent(IP ) with IC . The plate 
urrent in
reases with the in-
rease in IC . The observed in
rease in the plate 
urrentand the 
orresponding de
rease in the sheath thi
kness
an be attributed to the in
rease in the plasma density.But at the same time, the e�e
t of the plasma po-tential on the sheath stru
ture has to be taken into371 11*
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Fig. 5. Variation of the plate 
urrent IP and the sheathpotential drop VTP � VP for di�erent IC
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Fig. 6. Variation of the estimated sheath thi
kness dfor di�erent ICa

ount. Due to the de
rease in the plasma potential,the sheath potential drop, whi
h is the di�eren
e be-tween the plasma potential and the applied plate biasvoltage (VTP � VP ), also de
reases. This de
rease inthe sheath potential drop leads to the 
ontra
tion ofthe sheath. The variation of the sheath potential drop(VTP � VP ) is plotted with IC in Fig. 5.Therefore, both the in
rease in plasma densityand the de
rease in sheath potential drop lead to a
ontra
tion of the ion sheath. The variation of theestimated sheath thi
kness d using relation (2) isplotted for IC in Fig. 6.

4. CONCLUSIONSThe important plasma parameters su
h as the den-sity and plasma potential are su

essfully 
ontrolled ina region separated from the dis
harge region by 
oldele
tron emission. The 
old ele
trons �rst 
hange thedis
harge plasma parameters, whi
h in turn alters theplasma parameters in the di�usion region. The in
reasein plasma density and the de
rease in the sheath poten-tial drop lead to a de
rease in the sheath size. All theplasma parameters that have been 
ontrolled here areimportant from the standpoint of di�erent appli
ation.Control of the plasma potential and sheath thi
knessare very important for material pro
essing assisted byplasma su
h as thin �lm deposition. The bombard-ing energy of ions on a substrate depends on both theplasma potential and the positive spa
e 
harge layerformed in front of the substrate. Our present te
h-nique may be helpful in 
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