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·1 Introduction 

The gas mixing effect in ECR ion· sources ccmsists in ·a substantial 
_increase to the ion beam intensity with high charge states when a 
second lighter gas is mixed into· th~ plasma. · The gas mixing effect 
h_as been used ,widely in many ECR ion· sources over the world[l,2]. 
But its mechanism has not been very clear. In order to improve the 
highly c:haq~ed ion production on DECRIS-14~2 [3] ~nd study the gas 
mixing effect experimentally, a. set of experiments were performed on 
DECRIS-14-2 with the first stage, negatively biased_ electrode [3] (no· 
first stage), and the first .stc1.ge togethei- ~ith negatively biased paten~ 
tiaL Different support gases ( heliurri, oxygen, neor1) were tested to. 
the different main gases (oxygen, argon, xenon). 

2 · Experimental Procedures 
• I 

DECRIS-14-2 is a 14 GHz compact._ECR ion source particularly de
veloped for the·multiply charged ion .production ·wl;ich will be coupled . 
to FLNR U~400M cyclotron: The structure of this source is shown in 
Fig;l. The details of DECRIS-14-2 were described in Ref.[3].: 

. All expe~iments about the gas mixing effect ~ere do'ne on DE.CRIS~ 
14-2 ~ith 10 Kv extraction voltage a11d 8 mm extracti_on hole. The 
source was optimized at a constant RF power-level of 200 W for all 

_the highest available charge states. The main gas· (beam-gas) and 
support' gas (mixing-gas) are fed by two sepe;ated piczo valves. The 
main gas is mixed up with the support gas at the common exit ofthe 
piezq valves from where- the mixed gas· is fed into the source through 
the coaxial line. The gas consumption arid flow rate can_ be estimated 
by the two calibrated valves whichare controled, by the high voltage 
around 1 KV. The typica}gas pre~sure for the bottle of the main gas 
and support gas is approximately 200 N300.mbar. All t.he iondurents 
were measured by a Faraday-cup situated about 90 cm downstream 

. the ~xit of a90 d~gr~e analyzing magnet,' no any slits in. the beam 
line. · · · · 

The experimental procedures ~re ;lways s~me no ntatterwha_t kind 
of ions are optimized, and no matte~ witli t~e first stage and the 
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negatively bi~sed electrode. The source always begins to be tuned 
with pure gas. by optimizing certain high charge state, and _thenthe 
support gas is injected and the ion with the same- charge state 1s 
optimized. All the results compared between- the gas' mixing effect 
and no gas mixing were obtained at the best optimization regi~e of 
the source so that 'we could understand the real and· practical. effect 
of the gas mixing to the enhancement of highly charged_ ion currents. 
We usually do the experiments like the following procedure. , 

A little bit of main gas is fed i_nto the source firstly after the cur~ 
rents of the magnetic mirror coils and high voltage of the source are 
applied to, and then about 50 ~ 100 W RF power is coupled to the 
sour'ce. The plasma is ignited and the ions are ex~racted from the 
source which can be seen from the totaL load· current , the profile 
monitor and the current of the Fraday-cup. The currents of the lens 
and the-analyzing magnet have to be optimized so that the ions with _ 
the high charge state that we want to optimize can be transported and 
selected efficiently. After that we increase the rf power little by little 
up to 200 W and fix it at this level. What is the most important next 
is to optimize the gas flow rate and the currents of the two magnetic 
mirror coils in order to get the best optimization regime. The nega
tively biased potential also has to be optimized if with the negatively 
biased electrode.· We ha~e to pay attention that the axial magnetic 
field, the gas flow rate and the rf power don't always match very well. 
Several' good regime often occur, but we have to find the best one to 
make the current of the optimized ion max_imum and stable by the 
best compromise between all those tuned parameters of the source. 
All the parameters, ion currents and spectrum can be recorded when 
we are sure that we get the best regime. After completion of a set 
of charge state mectsurements we have to check the reproducibility of 
the beam current for the selected ion. At this moment, the second 
gas (support gas) can be fed into the source and we begin to tune and 
optimize the same ion charge state with the gas mixing. The opti
mization procedures are similar to that mentioned above. The mixing 
ratio between main gas and support gas plays a very important role 
and we have to tune it very carefully to get a optimum mixing ratio. 
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3 Experimental Results 

· The gas mixing -effect to highly charged ions of oxygen, argon and 
xenon was studied with support gases helium, oxygen and neon. O~t 
, Ar!~+ and Xe~~; were always as typically optimized ions respectively 
during all experiments. · . 

The comparison of the gas mixing effect with the first stage and_the 
negatively biased electrode for the typically optimized ions is presented 
in Table 1. The results of the gas mixing effect to highly charged iorts 
of Xenon mixing with oxygen are summarized in Fig.2 with the first 
stage and the negatively biased electrode. 

We can see from Tab!e 1 that the enhancement factors of the gas 
mixing effect with the negatively biased electrode are much less than -
those with the first .stage. In other words~ the gas mixing effect is 
restrained by the negatively biased electrode compared with the-first - \ 

~tage. 
_ Only argon mixed with oxygen was tested when the first stage 

· together with a negatively biased potential. No any gas mixing effect 
was.found when we optimized Ar11+ and Ar9+. 

-- The experiments indicate that helium and oxygen have almost 
saJ:!le gas mixing effect to Ar11+. There is no much effect to Arn+ 
·and Ar9+ when ne_o~_as a support gas. With neon as support gas, the 

· gas mixing effect to the high charge states of xenon is obvious, but 
the effct is less than oxygen ( at least Q ~ 20 ). The current of X e18+ 
increases from 21 µ A tb 28 µ A by the gas mixing .of neon with the 
negatively biased . electrode. 

· · The consumptions of the main gases oxygen, a~gon and ·xenon at 
. different conditions are shown in Fig.3 which were obtained when we 
optimized 0 6+ , Arn+ and X e18+ respectively. All of the gas con
sumptions in Fig.3 are estimated from the two calibrated piezo valves. 
The calibrated curves for the two valves are shown in Fig.4. 

The gas mixing effect was also studied theoretically on the base of 
a simple balance model [4]. The calculated charge state distributions 
for argon and xenon mixed with oxygen are fitted with the experi
mental results from DECRIS-14-2, as.shown in Fig.5 and Fig.6. In 

. order to fit with the experimental results, in our calculations the hot 
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electron temperature and density are relatively low because the mi
crowave power that we used in ,our experiments was' very low ( less· 
than 250 W ). Fig.5 and Fig.6 indicate that the calculations are in 
good agreement with the experimental results. 

4 Discussion and Conclusion 

By means of the gas mixing effect, the beam intensity of the typically 
·optimized ions ( Q6+ , Ar11+ and X e18+ ) are improved averagely by 
more than 1.3 times with the negatively biased electrode and more 
than 1.5 times with the first stage. The gas mixing _effect not only 
improves the currents of .the highly charged ions, but also decreases 
the main gas consumption by more than 60% on average which is very 
promising and interesting to the radioactive ion production. Oxygen 
is the best support gas and very effective to the high charge states of 
xenon and argon. The mixing ratio between main gas and support 
gas is different for different ions and different support gas with the 
first stage and the negatively biased electrode.· ·'For DECRIS-14-2 in 
optim_ization of Ar!6+, the mixing ratio changes from 20% argon , 80% 
support gas to 40% argon , 60% support gas with negatively biased 
potential and with first stage when oxygen and helium are used as 
support gas. 

The experiments indicate that the gas mixing effect is restrained 
by the negatively biased potential. The negatively biased elec;trode 
works as a plasma cathode to collect ions and repel the plasma elec
trons into the central plasm.a, meanwhile, it also provides electrons 
from secondary emission of impinging plasma particles. That means 
the additional electrons are injected into the ECR plasma with a neg
atively biased potential. When an ECR ion source works at the best 
optimum regime, the d~nsity of the electrons might reach the value 
near the cut-off density (a constant value) . when additional electrons 
are injected into the ECR plasma with a negatively biased potential, 
the gas mixing effect must be limitted if we think one of functions 
for the gas mixing effect is the increase of the electron density. If 
one of mechanisms for the gas mixing effect were not the increase of 
the electron density, then it would be very difficult to explain this ex-

9 
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perimental phenomina. It is obvious that this phenomina can not be 1 

explained by the previous interpretation to the gas mixing_effect (ion 
cooling). From this interpretation it seems that the increase of the 
electron density should be one of dominant reasons for ·the gas mixing 
effect.· 
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EcppeMOB A.A; H ,11p. 
3xcnepHMeHTa.lILHOe HCCJie,110BaHHe :,cpcpeKTa CMeWHBaHH~ ra30B B DECRIS-14-2 

E9-95-112 

3xcnepHMeHTaJILHO HCCJie,11onaH :,q>cpexT ::MewmiaHHSI ra3ou. Ilpoue,11eHa cepHsi sxcnepHMeHTOB 
Ha HCTO'IHHxe DECRIS-14-2 c nepuoii c-ryneHLIO, c oTpm~aTMLHO cMe~eHHLIM sJieKTpo,110M 
(6e3 nepBOH CTyneHH) 'H C nepBOH c-ryne.HLIO BMeCTe C OTPHl.(aTeJILHO CMe~eHHLIM SJieKTPO.l10M. 
Pa3JIH'IHLle 6aJIJiaCTHLle l'a3LI (reJIHH, KHCJIOpo,11; HeOH) 6LIJIH HCilLITaHLi BMeCTe C pa3JIH'IHLIMH 
pa60tIHMH ra3aM11 (KHCJiopo,11, aproH, KCeHOH). B COO'l'BeTCTBYIO~HX SKCnepHMeHTax 113MepSIJICSI 
pacxo,11 pa6otierci ra3a' 11 xoscpcpHl.(HeHT CMeWHBaHHii. 3xcnepHMeHTLI IlOKa3LIBalOT' 'ITO s<l><!>eKT 
CMeWHBaHHSI ra30B npOSIBJISieTCSI CHJILHee B CJiytiae HCilOJIL30BaHHSI OTpHl.(aTeJILHO CMe~eHHOI'O 
SJieKTpo,11a 6e3 nepBOH. cryneH11 no cpauHeHHIO C COBMeCTHLIM HCllOJIL30BaHHeM OTp111.(aTeJILHO 
CMe~eHHOI'O SJieKTpo,11a 11 nepBOH CTyneHLIO. IlpH HCilOJIL30BaHHH CMeW11BaHHSI ra30B paCX0,11 
OCHOBHoro ra3a yMeHiwaeTcsi 6oJiee tieM Ha 60%. 3<1><!>eKT cMewHBaHHsi ra3ou yueJI11tIHuaeT 11HTeH
CHBHOCTL nyqxa HOHOB, Ha KOTOpLIH 0IlTHMH3HpyeTCSI HCTO'IHHK, 6oJiee 'leM B 1,3 pa3a C OTpHl.(a
TeJILHO CMe~eHHLIM SJI~KTpo,110M 11 6oJiee ~eM B 1,5 pa3a np11 pa6oTe c nepuoii c-ryneHLIO. 

Pa6oTa BLIIlOJIHeHa B Jla6oparnpH11 SI,!1epHLIX peaKl.(HH HM.r.H.<l>Jiepoua OIBIIL 

Coo6~eHHe Om,e,11HHemmro HHCTHTYTa SI,!1epHLIX HCCJie,11osaHHH. ,D;y6Ha, 1995 

Efremov A.A. et al. E9-95-l l 2·. 
Experimental Studies on th~ Gas Mixing Effect on DECRIS-14-2 

The gas mixing effect has been studied experimentally. A set of experiments w~;e performed 
on DEC~IS-14-2 with the first stage, negatively biased electrode (no first stage) t'and the first stage 
together with negatively biased potential. Differe·nt support gases (helium, oxygen, neon) were tested. 
to the different main gases (oxygen, argon, xenon). The main gas consumption and the mixing ratios 
were measured for the corresponding experiments. The experiments indicate that the gas mixing effect 
is restrained by the negatively biased potential compared with the first stage. The main · gas 
consumption are decreased by more than 60 % due to the gas mixing effect: By means of the gas mixing 
effect, the beam inten~ity of the typically optimized ions (06+, Ar11 + and x,/8+) are improved 
averagely by more than 1.3 times with the negatively biased electrode' and more than .1.5 times 
with the first stage. · . . . . 

, ,. . ' ' 

'The investigation has been performed at the Flerov Laboratory of Nuclear Re11cti0Iis, JINR. 
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