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BBE,D,EHI1E 

B CBRa~ C nOCTORHH~M ~HTepeCOM K ~CnOnbaOBaHH~ ~OHH~X ~M­
nnaHTaTOpOB AnR MOA~~HKa~~H CBOHCTB nOBepXHOCT~ TBepAOrO Tena 
BOaH~KaeT He06xoAHMOCTb 	 COaAaH~R KOHCTPYK~~~ ~OHH~X HCT04H~­
KOB AnR nOnYLleHHR ~OHOB 	W~pOKoro Kpyra XHM~LI~CKHX aneMeHTOB. 
TaKHe ~OHH~e HCT04HHK~ AOn~H~ 06naAaTb HaAe~HOCTb~ B aKcnnya­
Ta~HH H ~MeTb AOCTaTOLlH~~ CPOK pa60T~. 

Ha HMnnaHTaTOpe B 11$ YMKC ICPBP 01.06, r.nD6n~HI H Ha Macc­
cenapcnope B mm 0111111 I-1Cno.nbayeTcR HeCKonbKO B(J:IpHaHTOB ~OHH~X 
~CTOLlHHKOB C flon~M KaToAoM 11,21 • 3nl HCTOLlHHKH xapaKTepH3y~T­
CR npOCTOH KOHCTpYK~~eH ~ OTHOC~Te.nbHO B~COKO~ a$$eKTHaHQCTb~ 

~OHHaa~HH neTYLlwx ~ TyronnaBKHx Be~eCTB. OnHcaHHe AaHH~X HC­
TOLlHHKOB, a Ta~e cnoc060B onTHMHaa~HH HX KOHCTPYK~HH npeA­
CTaBneHO B/8 ,41 • nOKaaaHa HX npHrOAHOCTb AnR npo~eCCOB HM­

10 12 1017nnaHTa~~H OAHoaapRAH~X HOHOB C AoaaMH OT AO HOHOB 
Ha CM2 161 • 

B HacToR~eH pa60Te npeAcTaBneH~ peaynbTaT~ HccneAoBaHHR xa­
paKTepHcTHK ~OHH~X HCT04HHKOB C non~M KaToAoM ~ onpeAeneH~ 

onTHManbH~e ycnoB~R nonYLleHHR MoneKynRpH~x H MHoroaapRAH~x HO­
HOB pRAa aneMeHTOB AnR HOHHoro nerHpOBaHHR. 

110HHbI~ I1CT04HI1K 

Ha pHC. 1 nOKaaaH~ cxeM~ KOHCTPYK~HH HcnonbayeM~x HaMH ~OH­
H~X ~CT04HHKOB C non~M KaTOAOM. B aaMKHYTOM 06DeMe ~Hn~HAP~­
4eCKoro KaTOAa IpaaPRAHaR KaMcpal npH AOCTaTOLlHOM AaBneH~~ na­
pOB raaOB HnH Be~eCTB, nocTyna~Hx Ha Hcnap~TenR, H Han~LlHH 
aHOAHoro HanpR~eHHR aa~HraeTCR paapRA, nnaaMa KOToporo aaH~­
MaeT BeCb 06DeM ~HnHHApa. PaapRAHaR KaMepa nOMe~eHa B OAHOPOA­
Hoe MarH~THoe none, CHnOB~e nHH~~ KOToporo napannenbH~ OC~ 
HCT04H~Ka. 3neKTP~4eCKoe none cocpeAOT04eHO B 6HnonRpHOM cnoe 
Me~y rpaHH~e~ nnaaM~ H BHYTpeHHeH nOBepXHOCTb~ ~HnHHApa. no­
TOK 3neKTpOHOB, 3M~THpyeM~H C rOPRLleH nOBepXHOCTH KaTOAa, yc­
KopReTCR B 3TOM cnoe ~ npH cOYAapeHHRX C aTOMaM~ raaa B~a~Ba­
eT ero HOH~aa~~~: 

z+ 
A +- e -+ A + (Z +- 1) e ; Z 2: 1, 	 III 

rAe Z - KpaTHocTb aapRAa. 

PHC. I. CxeMa HOHHoro HCTOqHHKa. 
a· BapHaHT I H 0 - BapHaHT II. 
1 - OTBep~THe AnH H3BneqeHHH 
HOHOB, 2 - nonbIH KaTO,q, 3 - 000­
rpeBaTenb, 4 - aHO,q, 5 HsonH­!.. ..§.J. 
TOp, 6 - HcnapHTenb, 7 - BBO,q 

o 1 2 eM rasa. 
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Cy~eCTBeHH~~ BKnaA B HOHHsa­
~H~ BHOCRT BTopH4H~e aneKTpoH~, 

nony4aeM~e B npo~ecce Ill.
5 

- 1./ .. npH KOMneHca~HH BHYTpeHHero Mar~ - HHTHoro nonR, 06pasy~~eroCR npHmTo Ow .Mo 
npoxO~AeHHH TOKa 4epes KaTOA, 

OFe ONe 	 HapY~H~M noneM B MO~HO cosAaTb 
ycnOBHR, np~ KOTOPblX npoHcxOA~T 
nOCTORHHoe YAep~HBaHHe aneKTPQ­

HOB BpaspRAe. 3TO YBenH4HBaeT BepORTHOCTb HOHHsa~~H H, cne­

AOBaTenbHO, nnOTHOCTb nonO~HTenbH~X HOHOB B paspRAe. 110HH~~ 


TOK I , B~TRrHBaeM~~ C nOBepXHOCTH nnaSM~ 4epes OTBepCTHe 1 

Ic Y4eTOM TonbKO OAHO- H AByxsapRAHblX HOHoB/, onpeAenReTCR B~­
pa~eHHeM 

'h 	 16 m 'h 11++I t += Aeo Q( __1!!_) ['n 1 +11: 2 +A(---) "eK O.lI1: • 2 , 
8 K2'IQ • 0 '.. KT8 

1 
/21 

a HX COOTHOweHHe npH6nHSHTenbHO paBHO 

1+ KO 1 a· m·Q-.:.---[ 1 + A-----l, 1311++ 2KO • 2 (K3 TeT;)'h 

rAe A - nOCTORHHaR, onpeAenReMaR reOMeTpHe~ HOHHoro HCT04HH­
Ka; e - sapRA aneKTpOHaj De - KOH~eHTpa~HR aneKTpOHOB B nnas­
Me; KO.l H 11:0 .2 - nOCTORHH~e npo~ecca HOHHsa~HH aTOMa B OAHO­
H AByxsapRAH~~ HOHj 11:1.2 - nOCTORHHaR npo~ecca HOHHsa~HH OAHO­
sapRAHoro HOHa B AByxsapRAH~~j m - Macca aTOMa; K - nOCTORH­
HaR 60nb~MaHaj Te - TeMnepaTypa aneKTpOHOBj To - TeMnepaTypa 
aTOMOBj a - Koa~~H~HeHT nepesapRAKH ABYKpaTHO sapR~eHHoro 

HOHa; Q - CKOPOCTb nOAa4H rasa B HOHH~~ HCT04HHK. 
I1s ypaBHeHH~/2/,/31 cneAyeT,4To OCHOBH~MH napaMeTpaMH AnR 

pa60T~ HCT04HHKa RBnR~TCR De - onpeAenR~aR TOK paspRAa 1& v 

, t ~ 

,1.;;~1\l j< 	 3 

-,_~~...:.:i _ 
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Te - SaBHCR~aR OT aHOAHOrO HanpR~eHHR Ua • reOMeTpH4eCKHe pas­
Mep~ pasPRAHO~ KaMep~ /nOCTORHHaR A/, To - B nepBOM npH6flH~e­
HHH paBHaR TeMnepaType CTeHOK paspRAHoH KaMep~. B onpeAefleH­
H~X reOMeTpH4eCKHX H TeMnepaTypH~x YCflOBHRX pa60T~ HOHHoro 
HCT04HHKa OTHoweHHe KOH~eHTpa~HH OAHOKpaTHO H ABYKpaTHO sapR­
~eHH~X HOHOB npe~Ae Bcero saBHCHT OT nOTOKa Be~eCTBa Q, TeM­
nepaTYp~ 3fleKTpOHOB Te H aTOMOB To. K03~$H~HeHTa nepesapRAKH 
a, onpeAem'leMOrO POAOM (:OYAapRIO~HXCR 4aCTH~ H HX OTHOCHT'eflb­
H~MH CKOPOCTAMH. 

nOflY4EHH~E PE3YflbTA~ 

Ha pHC. 2~4 nOKasaH~ OCHOBH~e Xap6KTepHCTHKH HOHH~X HCT04­
HHKOB. Ha pHC. 2 npeACTaBfleH~ saBHCHMOCTH HOHH~X TOKOB OT 
aHOAHoro HanpR~eHHR. TOKa paspRAa H TOKa KaTYWKH (I B ). c03Aa­
~ero BHeWHe~ MarHHTHoe nOfle. HOHH~e TOKH HSMepAflHCb 4HflHHA­
POM ~apaAeR /c T04HOCTbIO ,1W 2%/ B KOJlfleKTOpe 3fleKTpOMarHIHHO­
ro Macc-cenapaTopa. AaHHbie KpHB~e nOflY4eH~ AflR HOHOB OAHO-, 
ABY­ , Tpex- H 4eT~peXKpaTHO sapR~eHHoro KceHOHa, OAHO­ H 
ABYKpaTHO sapR~eHHoro M~WbRKa,cefleHa H HHAHR. a TaK~e MOfle­
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PHC. 2. 3aBHCHMOCTH HOHHhlX TOKOB OT aHOAHoro HanpRxeHHR, TOKa 

paspRAa H TOKa KaTymKH, c03Aa~eH BHemHee MarHHTHoe none. 
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PHC. 3. 3MHTTaHc HOHHhlX nyqKOB. 

+ + + 
KYflRPH~X HOHOB In2 ,Se2 H As 2 • 
XOA npeACTaBfleHH~X KPHB~X 
/PHC. 2a H 6/ corflacyeTcR C ~p­
MYflOH /2/. KpHB~e Ha pHC. 2B no­
SBOflRIOT B~6paTb Be~H4HHy TOKa 
KaTYWKH /1 B :: 4,5 A/ AftR KOMneH­
ca~HH MarHHTHoro nonR. 

KpOMe BeflH4HH~ HOHHoro TOKa, 
HSBfleKaeMoro HS HCT04HHKa npH 
npoBeAeHHH npo~eCca HMnflaHTaUHH, 
Ba~H~M ~aKTopOM Rl1!flReTcR ~opMa 
HOHHoro ny4Ka, TaK l<;aK OHa 0(1­
peAeflReT BOSMO~HOCTb ero 3~C!>(~K­

~HBHoro HcnOflbSOBaHHR. 
Ha pHC. 3 nOKa3aH~ KpHB~e 

3MHTTaHca HOHH~X nY4KOB, nOflY-
4eHH~X npH paSH~X YCflOBHRX pa­
60Tbl HOHHoro HCT04HHKa /KpHB~e 
B TpeTbeM KBaApaH~e RBflRIOTCR 
sepKaflbH~M Hs06pa~eHHeM nepBoro/. 

KaK BHAHO HS pHcyHKa, OCHOBH~M ~aKTopOM, BflHRIO~HM Ha 3MHTTaHC 
nY4Ka, RBflReTCR BeflH4HHa HOHHoro TOKa. B npo~ecce HMnflaHTa~HH 
HaMH HcnOflbSOBaflCR HOHH~H TOK AO 200 p.A, H npH 3TOM 80% ero Be­
flH4HH~ 6~flO cocpeAOT04eHO Ha 20% nfl~aAH 3MHTTaHca. 

npeAcTaBfleHH~e saBHCHMOCTH Ha pHC. 2 H 3 nOSBOflRIOT onpeAe­
flHTb onTHMaflbH~e YCflOBHR pa60T~ HOHHoro HCT04HHKa /HanpHMep, 
Ua. 600 B, 1a = 2 A; IB ;: 5 A/ AnR HMnflaHTa~HH MOfleKYflRpH~X H 
MHorosapRAH~X HOHOB. B TaKHX YCflOBHRX 6~flH B~4HCfleH~ saBHCH­
MOCTH OTHoweHHH HOHH~X TOKOB 1+/1++ H 1+/lt B ~YHK~HH TeMne­
paTYp~ HcnapHTeflR TH, KOTopaR onpeAeflReT nOTOK HeHTpaflbH~x 
aTOMOB Q • nOflY4eHH~e peSYflbTaTbi AflR In H Se nOKasaH~ Ha 
pHC. 4. B COOTBeTCTBHH C ~OPMYflOH /3/ Ha6fllOAaeTcR YBeflH4eHHe 
COOTHoweHHR 1+/1++ C POCTOM TeMnepaTYp~ HcnapHTeflR, T.e. C 
nOB~weHHeM AaBfleHHR napOB HOHHsHPyeMoro Be~eCTBa B paspRAHoH 
KaMepe. AHaflorH4HaR saBHCHMOCTb nOflY4eHa H AflR OTHoweHHR 
1+/12 . CfleAoBaTeflbHO, npH HMnflaHTa~HH HOHOB THna 1++ H 12 
TeMnepaTypa HcnapHTeflR AOfl~Ha 6~Tb MHHHMaflbHoH. 

B Ta6flH~e nOMe~eH~ nOflY4eHH~e HaMH 3KcnepHMeHTaflbH~e AaH­
Hble, nOKa3~Ba~He BOSMO~HOCTb nOflY4eHHR aTOMapHblX, MOfleKYflRp­
H~X, OAHO­ H MHorOKpaTHO sapR~eHHblX HOHOB paSflH4H~X 3fleMeHTOB, 
a TaK~e AaH~ HCXOAHble pa604He Be~eCTBa, TeMnepaTypa HcnapHTe­
flR, BeflH4HHa HOHHoro TOKa H BpeMR HMnflaHTa~HH B 06pase~ nflO­
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PHC. 4. 3aBHCHMOCTH OTHomeHHH HOHHWX TOKOB OT TeMnepaTYPW HC­
napHTenH. 

~aAb~ 20 CM2, A030~ 101• HOHOB Ha CM 2 iYCnOBH~ pa60Tw HMnnaH­

TaTopa H$ YHKC/. npH pac4eTe BpeMeHH y4TeHo, 4TO npH HMnnaH­

Ta4HH MHor03ap~AHwx HOHOB Ic 3ap~AoM ZI A03a YMeHbwaeTc~ B 

Z pa3, a KHHeTH4eCKa~ 3HeprH~ BHeApeHH~ BO CTOnbKO *e pa3 

YBenH4HBaeTc~. B np04ecce BHeApeHH~ MoneKyn~pHwx HOHOB B TBep­

Aoe Teno npoHcxoAHT HX pa3Ban, npH 3TOM A03a HMnnaHTa4HH YBe­

nH4HBaeTc~. a cYMMapHa~ 3HeprH~ pa3Aen~eTc~ Ha cocTaBn~~He. 


HanpHMep, Hcnonb3Y~ HMnnaHTaTop c onpeAeneHHo~. BWTeKa~eH H3 
ero KOHCTpYK4HH rpaHH4e~ YCKop~~ero Hanp~*eHH~ OT 20 AO 
300 KB. MO*HO YBenH4HTb 3HeprH~ HMnnaHTHPYeMWX HOHOB N++ 
AO 600 K3B. a HOHOB Nt nOHH3HTb AO 14 K3B. 

YMeHbweHHe HnH YBenH4eHHe 3HeprHH HMnnaHTMpyeMwx HOHOB no­
3Bon~eT c~eCTBeHHO paCWMpHTb B03MO*HOCTH Hcnonb30BaHH~ HM­
nnaHTaTopa B KOHKpeTHWX 3KcnepHMeHTax. BWCOKa~ 3HeprM~ HOHOB 
YAnMH~eT HX 3~eKTMBHw~ np06er B TBepAOM B~eCTBe. 4TO npH­
BOAHT K YBenH4eHH~ Ton~HHW MOAH$H4HpOBaHHoro MMnnaHTa4HeH 
cno~. npM 3TOM pacnpeAeneHHe no rny6HHe OAH03ap~AHWX HOHOB C 
3HeprHe~ E TaKoe *e, KaK ABYX3ap~AHWX C 3HeprHe~ E/2. 3TO 6~-
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TaoJlHI.~a 

THn PaOoqee TeMnepaTypa HOHHbIH BpeMH HMnJlaHTa~HH, c, 
HOHa BemeCTBO HcnapHTeJlH. TOK,IlA npH ~ose 10 1• CM 2 

°C 

2 3 4 


) H+ 
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Li+ 
Li2 
Li++ 
Be+ 
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B++ 
N+ 
N2+ 
N++ 
Ne+ 
Na+ 
Na~ 
N++' 
Af+ 
Mit 
Af++ 
Af+ 
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llpOAQ.J1)KeHHe Ta6nHIJ,bI 
152Tb .... Al a 	 6

Ti ...... GaAs 
2 3 4 5 

d, HM 
Oa+ 900 77 12 

Ga~ Ga 800 0,9 538 

08++ 800 6,7 	 287 60
Aa+ 300 104 9 

As! As 250 4 120 

As++ 250 3,5 	 549 
88+ 400 23 42 

Se~ Se 350 0,2 2400 

Se++ 350 8 240 

Se+ Se -I- (:C4 200 55 17 

Kr+ Kr 50 19 
 )( 

Ag+ )(850 13 74 

Ad Ag + CC~4 
 800 3 	 641
Ag++ 800 0,13 3700 	 10 20 30 40 E, K3B 50
Cd+ Cd 	

I 

200 50 	 12 
In+ 750 95 10 PHC. 5. 3aBHCHMOCTb rny6HH~ BHeApeHHH OT 3HeprHH HMnnaHTHpye­
Ini In 600 I I 44 MbIX HOHOB 1aI, pacnpeAeneHHe no rny6HHe TOHOB Ti+ H Tl + + B 
In ++ 600 0,25 7690 OaAs 16/. 
Te+ Te 300 30 32 

Xe+ 100 10 

Xe++ Xe 20 96 B03MO~HOCTb YBenH4eH~R 3HeprH~ HOHH~X nY4KOB cy~ecTBeHHa 

Xe++ 0,2 14400 npH ~3Y4eH~~ nOBepXHOCT~ TBePAoro Tena MeTOAaMH PIXE, SIMS 


AP. /81Hg+ Hg 18 53 ~ • A YMeHbweH~e 3Hepr~~ HMnnaHTHpoBaHH~x HOHOB He06xo­
Te+ 500 63 15 AHMO. HanpHMep, npH HMnnaHTa4~RX B Kp~cTannH4ecKHH repMaH~H

Tt
T~++ 6 320 AnR nonY4eHHR TOHKoro nepeXOAHoro cnOR /OKHa/ T~na P AnR 

Pb+ Pb 500 52 18 GeLi-AeTeKTopOB. TaKaR B03MO~HOCTb nOKa3aHa B pa60Tax /9.101 

Pb++ 28,3 68 	 np~ ~MnnaHTa4~RX B cynep4HCTblH repMaH~H ~OHOB Oa ~ Li. KpOMe 

Toro, npOBOAR nocneAOBaTenbHO np04ecc BHeApeH~R ~OHOB THna 
1++, 1+ H 12 , MO~HO nonY4aTb pa3nH4HY~ ~OPMY pacnpeAeneH~R 
HMnnaHTHpOBaHH~X HOHOB B TBepAOM Be~eCTBe, H3MeHRR ee OT rayc­

no nOKa3aHO B 3Kcnep~MeHTax, rAe ~3MepRn~cb OCTaT04HaR aKT~B­ COBCKOH /AnR ~OHOB OAHoro THna/ AO paBHOMepHOH no BceH rny6HHe. 

HOCTb ~30Tona152Tb , ~MnnaHT~poBaHHoro B a~M~HHH /MeTOAOM 

MHorOKpaTHoro CHRT~R cnoeB0 H pacnpeAeneHHe no rny6HHe /MeTO­

AOM SIMS/ HOHOB Ti+ H Ti++ B OaAs-MHweH~. Ha p~c. 5a npeAcTaB­ JUtTEPATYPA 

neH~ 3aB~C~MOCT~ Ton~~H~ cnoeB R, nocne CHRTHR KOTOp~X B MH­

weH~ OCTaBanOCb 50, 10,1 ~ 0,1% Ha4anbHoH aKT~BHOCTH OT 3Hep­ 1. Zuk W., Kiszczak, Maczka D. Prace Naukowe ITE, Pol it. Wroc­

rHH BHeApeH~R/71 . ~3 p~c. 56 BHAHO, 4TO pacnpeAeneH~R no rny- lawska 1978, No.221. 

6HHe ~OHOB Ti~ ~MnnaHTHpOBaHH~X C YCKOPR~HM HanpR~eH~eM 2. A~aHacbeB B.n.~ Ap. O~~~, 13-4763. ny6Ha, 1969. 

150 KB, ~ ~OHOB Ti++c HanpR~eH~eM 75 KB,coBnaAa~T ~ cornacy­ 3. Latuszynski A., Maczka D., Yushkevich Yu.V.-ln: Proc. 4th 

~TCR C paC4eTaMH /cnnowHaR nHH~R/151 • Int. Conf. on Ion Implatation, Berchtesgaden, FRG, 1981, 


p.106. 

,8 9 

10 
1 

1 
n+ • (150 KfI) 

Ti++ x(75 KS) 

10.1 
I..L 

100 150 d, HM 



4. 	 Latuszaynski A et al. - Vacuum, 1986, 30, p.263. 
5. 	Maczka D. et al. - NIM, 1987, 821, p.521. 
6. 	 Maczka D., Gromova 1.1., Zuk W. - Nucleonika, 1978,22, 

p. 921 . 
7. 	K~ceneB~4 M. ~ AP. OW~W, 14-8304, ~y6Ha, 1974. 
8. 	 Dearnaley G. et al. Ion Implantation. North-Holland Publ. 

Co., Amsterdam-London, 1973. 
9. 	Slapa M, et al. - In: Proc. 3th Ann. Denver X-Ray Conf., 

University of Denver, USA, 1981, p.l. 
10. ron~Koe 8,M. ~ AP. OWRW, 13-83-669, ~y6Ha, 1983. 

PYKon~cb nocTyn~na B ~3AaTenbcK~H OTAen 
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KOPH~HCKH K. H ~p. 	 13-88-621 
Hcnonb30BaHHe MoneKynflpHb~ H MHOr03apfl~H~ 
HOHOB B npo~ecce HOHHoro nerHpOBaHHfl 

rrpe~cTaBneHhl pe3ynbTaThl Hccne~OBaHHfl pa60qH~ xapaK­
TepHC'l'HK HOHHbPC HCTO'llHHKOB C nOnblM KaTO~OM, onpe~eneHhl 
onTHManbHhle ycnoBHfl nonyqeHHfl MoneKynHpH~ H MHor03apfl~­
HhlX HOHOB pH~a 3neMeHTOB ~fl HOHHO~O nerHpOBaHHfl. 

Pa60Ta BbIDonHeHa B na60paTopHH H~epH~ np06neM OHHH. 

npenplDfT 06t.e.ttHHeHHoro IDfCTHTYTa flAepHhlX HccneAOBaJudi. .lly6u 1988 

rrepeBo~ O.C.BHHorpa~oBo~ 

Kornarzynski K. et al. 	 13-88-621 

The Use of Molecular and Multicharged 
Ions During Ionic Implantation 

The experimental results on hollow-cathode ion sour­
ce investigation are presented, the optimal conditions 
for production of molecular and multicharged ions of a 
number of elements for ionic implantation are obtained. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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