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Pl3 - 11057 

IO.Byx, H,qepBettaK * 

ITJIEHKJ1 HJ1TPJ1/J;A KPEMHJ1H, . 

ITOJIYqEHHbIE ITJIA3MEHHbIM HAITbIJIEHJ1EM 

HanpaeAeHo e "Thin Solid Films" 

r.r,:,•· . •1f!'J'J 
~ .. \_,. 

6tt'ft:. ifr,<J i ·2,; \A 

* 3neKTpo·TeXHHtJecKH:ii HHCTHTYT CAH, lipaTHcnaBa, 
qccP. 



Eyx IO,, l.JepBeHaK .H. Pl3 - 11057 

nneHKll HllTpiraa KpeMHllll,nony,IeHHhle nna3MeHHhlM aan1,meHHeM 

OnllC8Hbl nneHKH Si ~r 4, nony'leHHble peaKTHBHb!M nnaaMeHHblM H8Ilbtne

HlleM np11 aaeneH1111 2•10 Top, ilaH aHanna napunaru,ubtx aaeneHHil raaoe 

B pa6o'leM peaKTope BO epeMSI H80bineHHSI nneH0K, OnpeaeneH XIIMl!'leCKHli 

COCT8B nonyqaeMblX nneHOK no HHcppaKpaCHblM cneKTpaM nponyCK8HIISI B 06-

naCTII an11H aonH 2,0-15,0 MKM II ynpyroMy paccel!Hl!IO 3 He. CaMhte Ka

'leCTBeHHbte nneHKII nonyqeHbl B 'll!CTOM 830Te np11 MIIHHM8llbHOM aaaneHHH 

0CTBT0'IHblX 1"830B, r,,8BHblli MIIHHMYM nornoweHHSI B cneKTpax, C00TBeTCT

BYIOlllHII o6pa30B8Hl!IO XHMl!'leCKIIX CBSl3ell. Si-N B M0neKyne Si 3 N4 , H8-

6n1011ancsi B o6naCTH 11 ,0 MKM. B 3T0M cnyqae C0CTBB nneHOK 6btn 6ml30K 

K CTexnoMeTpn'leCKOMY. np11 coaeplKaH1111 K11cnopoaa napnnanbHoe aaaneH11e 
K0T0poro 6oru,we. 2%, Ha6n10aanOCb o6pa30B8HHe O;CIIJl-HIITPHJlHblX nneH0K, 

B Tex cny'lal!X, Koraa napu11anbHOe .c:aaneH11e aoaopoaa npeahtwano 10%, 
B nneHK8X HIITPl!Jla· KpeMHIISI Ha6n10JJ8nOCb o6pa30B8HHe aononHnTeru,HblX 

casiael! Si-H n N-H 

Pa6oTa Bbin0nHeHa a Oraene H0BbIX MeTOJl0B ycKopeHIISI OH.HH, 

IlpeupaaT O&1.eJllllleRBoro ucTaTyTa •JlepBlolx accne.aoll&Bd. JlyC5sa 1977 

...., , 
Buch J ., Cervenak J • Pl3 - 11057 

Silicon Nitride Films Prepared by Reactive Plasmatic 
Sputtering 

The silicon nitride films are prepared by reactive plasmatic 
sputtering in nitrogen at pressure 2, 10 - 4 torr, The partial pressu
re of the gas components. during sputtering were studied, The 
films composition by infrared transmission spectra (2.0 - 15,0 µm) 
and elastic scattering of 3He (3,0 Mev) were provided, Good quality 
silicon nitride films can be prepared in clean nitrogen at minimum 
residual gas pressure, The main peak at 11,0 µm in the infrared 
spectra corresponding to chemical connection Si-N in the molecule 
Si 3N 4 and their element ratio was , near to stoichiometric in this 
case, When the residual oxygen pressure was above 2%, the 
mixture of oxide-nitride films have been obtained; .At residual hyd
rogen pressure above lOo/a the origin of new additional chemical 
connections between Si-H and N-H in the silicon nitride films were 
observed, 

The investigation has been performed at the Department 
of New Acceleration Methods, JINR, 

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 

@ 1977 06-.ei:luHeHHWil UHC■UIIY■ Ai:lepHWX ucc.11ei:loeaHuil,lb6Ha 

I~ 

\ ., 
B HaCTOHIUee npeMH B nonynpOBO,D;HHKOBOH TeXHOilOrHH 

,D;IlH C03,D;aHHH 3IleKTPOHHhlX cxeM Ha OCHOBe KpeMHHH 

UIHpOKO HCil0Ilb3YIOTCH nneHKH HHTpH,na KpeMHHH Si 3 N 4 . 

IlHponHTHqecKHH MeTO,D; nonyqeHHH O,D;Hopo.n;HbIX nneHOK 

C BblCOKHMH 3IleKTpHqecKHMH napaMeTpaMH Tpe6yeT Bbico

KHX TeMnepa Typ - .no 1100° C I 1- 3/_ 3TO o6CTOHTeilbCTBO 

qacTo 3aTpy,D;HHeT npHMeHeHHe nneHOK HHTpH,na KpeMHHH, 

TaK KaK HapymaeT .no cux nop xopomo oTpa6oTaHHYIO Tex -

HOilOrHIO nonyqeHHH nonynpOBO,D;HHKOBblX 3IleMeHTOB H HH

TerpanbHbIX cxeM. 

Hameu Ja,naqeu B 3TOH pa6oTe 6bmo nonyqeHHe nneHoK 

Si 3N 4 IlpH KOMHaTHbIX TeMnepaTypax. ,D,nH 3TOrO Mbl 

ucnonbJOnanu·pea!<THBHoe nnaJMeHHoe HanhmeHHe. B ycTa

HOBKe ,D;IlH Ka TO,D;Horo pacnblneHHH 6i.m C03,D;aH ,D;OilOilHH

TeilbHbIH H He3aBHCHMbIH HCTOqHHK HOHH3aUHH pafioqero 

ra3a c MarHHTHhlM noneM / puc. 1/, iaK onHcaHo H n ,npyrux 

pa6oTax / 4 • 5/.3TO Il03BOilHilO nonyqaTb nneHKH HHTpH,na 

KpeMHHH npu ,nanneHHH B pa6oqeM peaKTope 2· 10-4 Top. 
TaKoe cyiuecTBeHHOe ynyqmeHHe BaKyyMa Il03BOilHilO npu

MeHHTb BO BpeMH HanhlneHHH BblCOKoqacTOTHblH aHanuJaTop 

napuuanhHhlX ,nanneHHH INDITRON /r ,D,P /. Ilpu6op no

JBOilHeT aHanH3HpoBaTb cocTaB OCTaToqHblX raJOB npH 

o6IUeM .nanneHHH 2. 10-4 Top B npe,nenax aTOMHhlX Mace 
1-250. . . -

BaKYYMHhlii peaKTop BblnonHeH HJ K:eapua (,2l =100 MM, 

pacnbmHeMblH KaTo,n-MHllleHb - H3 MOHOKpHCTannHqecirnro 

KpeMHHH c y,nenhHblM conpOTHBileHHeM p =100 OM. CM. 

HanpH)KeHHe pacnblneHHH 6b1Il0 IlOCTOHHHblM H paBHbIM up= 
= 3000 B. HanhlnHeMbie IlOAilO)KKH MO)KHO 6hlno HarpeBaTb 

AO TeMnepa TYPhl T n =500° C. ,D,ep)Ka Tenh no.nno)KeK c:rna6)KeH 
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-3000 8 

·:.•:,·,,:::::. 
'IITPO. 
::.-::::::,•,· 

Puc. 1. BaKYYMHblU pea,cmop C He3a6UCUMblM ucmo'lHUK0M 
U0HU3QIJUU pa6b'lezo za3a. T - MUIUeHb U3 M0H0Kpucma11-
IIU'leCK0Z0 KpeMHUJI C 3KpaHUP06KOU, H - oepxamellb noo
ll0JICeK c nooozpeeoM u cucmeMou oono11Hume11bHblX 311e1<111-
poooe, TK • mepMOKamo0 UC1110'lHUKa U0HU3QIJUU, A • !JU· 
11uHopu'lec1<uu aHoo, PM - nepMaHeHmHble MazHumbi. 

CHCTeMOH 3aCJ_IOHOK H .D;ODOilHHTenLHLIX 3neKTpO.D;OB, no-

3B0IlJIIOI.QHX pa6oTaTL Ha DO.D;IlO)KKax co CMeI.QeHHeM Hanp.R.· 

)KeHH.R.. MHWeHL HaXO.D;HnacL Ha paCCTO.R.HHH 45 MM OT DO.IJ; • 

IlO)KKH. Y.D;enLHa.R. MOil.{HOCTL H TOK Ha MHWeHH COCTaBn.R.nH 

1,1 Bm- CM - 2 H 0,3 MA ·CM-2 COOTBeTCTBeHHO. 

BaKyyMHaJI CHCTeMa C a30THOH noayWKOH H OT)KHr 

peaKTOpa .D;O TeMnepa TYP 450' C Il03B0IlJIIlH nonyqHTL npe -

.D;enLHhlH aaKyyM nepe.D; HanLineHHeM a.1O-7 Top. OcHoa

HLIM KOMDOHeHTOM OCTaToqHLIX ra30B .R.BilJIIlCJI BO.D;OPOA, 

.D;aaneHHe KOToporo cocTaBnJino 86o/o OT o6mero ,IJ;aaneHH.R.. 

KoHCTPYKUH.R. ycTaHOBKH Il03BOn.R.na ToqHo perynupoBaTL 

,IJ;aaneHHe pa6oqux ra3oB aproHa H a30Ta a peaKTope. 

AHanH3 COCTaBa nonyqaeMLIX nneHOK npOBO.D;HilC.R. no 

HHq>paKpaCHLIM /HK/ cneKTpaM nponycKaHH.R. Ha aBTOMaTH· 

qecKoM .D;ByxnyqeaoM cneKTpoMeTpe PERKIN- ELMER- 221 
B 06]JaCTH .D;IlHH BOilH 2,0-15,0 MKM (v = 5000-667 cM-1 ). 
IlneHKH .D;IlJI 3THX .H3MepeHHH HaDLinJIIlHCL Ha . IlO.D;IlO)KKH 

H3 BLICOKOqHcToro KpeMHHJI HnH NaCl. 

rnaBHLiii MHHHMYM nponycKaHHJI a HK-cneKTpe B o6na

CTH 11,0-12,0 MKM OTBeqaeT qacTOTe OCl.{HilnJll.{HH aTOMOB 

Si-N '!3 MOileKyne Si 3N 4/6- 9/, C~rnmenHe :froro MHHHMyMa 

4 

~ 

·, 
I 
i 

. l 

B o6naCTL 6onee .D;IlHHHLIX BOilH H ero pacumpeHHe CBJ13LI· 

BaeTCJI C yMeHLWeHHeM nnoTHOCTH nneHOK H .D;eq>opMauueii 
, I 

XHMHqecKHX CBJ13eii Me)K.IJ;Y aTOMaMH I lO,lL·.B HeKOTOpLIX 

pa6oTax Ha6nIO,IJ;aeTCJI .D;ODOilHHTenLHLIH MHHHMYM a o6nacTH 

4,5 MKM, qTo o6'LJICHJleTCJI o6pa3oBaHHeM HeHaCLIIl.{eHHLIX 

XHMHqecKHX TpOHHLIX CBJl3eH Si- N npH BLICOKHX CKopo

CTJIX KOH.IJ;eHcauuu nneHoK ho,12/, 
HeKoTopLie pe3ynLTaTLI no nonyqeHHIO nneiloK Si 3 N 

4 
peaKTHBHLIM nna3MeHHLIM HanLmeHHeM npHBe,IJ;eHLI Ha 

puc_. 2-6. 

~'"' ,L· I 
~ 

~so1 I I I 
! 
<..i 

~" I I ~ "F I +o I r= 7£=.--- 2 

11 1 1 I 
I I I 20 t I I I S<-N ~ ~er~ ~ 

i ~ :i"~ ~~ 

Q) 
♦ 6 8 

# 

10 12 14 ).[HKM} /;) 
Puc. 2. a. -HH{Ppa,cpacHbte cne,cmpbl nponyc1<aHUJ1 Hanb111J1e· 
MblX nlleH0K /a, e, c/ U n00II0JICKU U3 KpeMHUJI /e/. e.-Coo111-
eemc111ey,0111uu cocmae za3oe e ea,cyyMH0M pea1<111ope eo 
epeMJI HanbllleHUJI. 

HK - cneKTpLI nponycKaHHJI nneH0K, nonyqeHHLIX IlpH 

,IJ;aaneHHH 2 -10-4 Top a cMewaHHoii cpe.D;e pa6oqux ra3oB 

/76o/o aproHa, lO°lo a30Ta H 14o/o OCTaToqnLJx ra3oa/, 

noKa3aHLI Ha puc. 2. Ha6n10,naeTcJ1 o6pa3oBaHHe Herny6oKoro 

MHHHMyMa nponycKaHHJI a o6nacTH 12,0 MKM, qT~ CBH,ne

TenLCTByeT IlHWL O qacTHqHOM o6pa30BaHHH HOBOH q>a3LI 

H3 Si 3 N 4 B nneHKax. 

IIneHKH Si 3N 4 , nonyqeHHLie B qucToii a30THoii cpe.D;e 

npH ,IJ;aaneHHH 0CTaToqHLIX ra30B .D;O 12o/o, HMenH OCTpLiii 
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10 

5 

2 
,f I I I I I 

+ 6 8 fO 12 f4.A.[l'IKH] /;) a) 
Puc. 3. a.-Hmppa1<pac11b1e cne1<mpb1 nponyc1<a11uJ1 11anblAJ1e
MblX nAeHOK Si3N 4 (a, 6, c/ U noOAOJICKU U3 KpeMHUJI /e/. 
6.-Coom6emcm6y10111uu cocma6 2a306 6 6aKyyMHOM pea1<mope 
60 6peMJ1 11anb1Ae11uJ1. 

"" ~ 
~ 

~~lW 
3! 
~ 
~ 
c::, 

2000 

50 

RBS-31./e ~ 0-135"- £-3,D M~B 

C II 0 -----t--, ----------+---
Si --,· 

f(X} 2{X} 300 

· Si flOM0XKA 
• S,J'4 HA Si flOMO'J,fK£ 

n N6 Au 

4CO 
HOH[P KAHAAA 

Puc. 4. 311ep2emut.tec1<ue cneKmpbl ynpyzo pacceJIHHblX t.ta-
cmu11 3 He om nAeHKU Si3N 4 11a 1<peM11ue6oi1 noOAOJICKe u 
om caMoii noOAOJICKU. 3awmpuxo6a1111b1e nA0111aou nponop-
11uo11aAbHb1 amoMHblM KOHije11mpaijUJIM a3oma U KpeMHUJI 6 
nAe11Ke. 
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I 

I 
/1 

t 

l 
!! 

I 
! 

l 
l] 

f 
I 
I 

50()() 2500 
....,100 
~ ... 
\u 
Iso 
~ .., 
~60 
(:::i 

~ 
-fO 

20 

lL 
4 

aJ 

1600 l(}O ~[ci17 

6 8 10 12 1+ .).[f1KH] 

~so 
~ 

2 

,,~~~i: I 1:1·~1 
~,~1~~1a ~ 

/;) 
Puc. 5. a.-H11(,pa1<pac11b1e cne1<mpb1 nponyc1<a11uJ1 11anblAJ1e
MblX nAeHOK Si3N4 /a,6,c/ U noOAOJICKU U3 KpeMHUJI /e/, 
noAyt.taeMble npu no6b1we11110M cooepJ1Ca11uu 600opooa. 6:-Co
om6emcm6y10111uii cocma6 2a3o6 6 6a1<yyMHOM pea1<mope 60 
6peMJ1 11anb1Ae11uJ1. · 

100 ~lr:11'1 * 100 ~~ 2.1fi Top ..... 
~ ..... Q ..... 

...,ao 
~ 20 

~ 10 
\J60 
~ 5 
<:) 
Cl.. 
c:::: -+a i I '--, ..c:1 \ - I 1::/2 I 2 

1 
;ti 20 I 'Si-OH 

1 

$i-H E 3~~ I I ~1~1i• ~ 
... ,, .. , '11.~'f> 

,~:c:,,~J~,\.. ~ .. 6 8 10 12 "ff A[H<H] 

Q) /;) 
Puc; 6. a.-H11(,pa1<pac11b1e cne1<mpb1 nponyc1<a11uJ1• 11anblAJ1e
MblX . . 01<cuo-11umpu011b1x nAe1101< /a, 6, c, d I u noOAOJICKU u3 
NaCl (e) , noAy'-laeMble · npu no6b1zue11110M cooepJ1Ca11uu 
KucAopooa. 6 • .;.C0Dm6emcm6y10111uii cocmae 2a3o6 e ea1<yyM-
110M peaKmope eo epeMJI 11anb1Ae11uJ1. 
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MHHHMYM nponycKaHHJl B o6nacTH 11,0-12,0 MKM /puc. 3/. 
YKa3aHHOe 3HaqeHHe ,z:i;aBJieHHH OCTaToqHblX ra30B COOTBeT

CTBOBaJio OilTHMaJILHblM YCJIOBHHM nonyqeHHJl HHTPH,IJ;HblX 
nneHoK. 

,l],nH 3THX nneHOK Mbl onpe,z:i;eJIHJIH COOTHOWeHHe BX 

aTOMHblX KOHUeHTpauuii no 3HepreTuqeCKHM cneKTpaM ynpy

roro pacceJIHHH 3 He / puc. 4/, r,z:i;e 3awTpuxoaaHHble nno
Ula.z:i;u A N H Asi nponopuuoHaJILHLI a TOMHblM KOHUeHTJ)aUHHM 
NN H N a3oTa 11 KpeMHHH a nneHKe Si N hs,14/. Si 3 4 . 

NSi = ASi ~.!'!.._ = 

NN AN aSi 

N N + N Si = 1' 

11964 

3841 

NN 

NSi 

0,575_ = 1,352 :0 4: 3. 
0,425 

3,253-10-25 
1,371• 10-24 = 0,739, /1/ 

/2/ 

/3/ 

IlonyqaeMble COOTHOWeHHJl aTOMHblX KOHUeHTpauuii a30Ta 

H KpeMHHJl 6LmH 6JIH3KH HX CTeXHOMeTpuqecKOMY COOTHO

weHHIO ,IJ;JIH MOJieKyJibl Si 3N 
4 

. 

11 B 3TOM cnyqae KaqecTBO nneuoK Si3 N 
4 

onpe,z:i;e-

mrnocL BaKyyMHblMH yCJIOBHHMH /npe,z:i;eJILHblM BaKYYMOM, 

OT)KHroM, qncToToii pa6oqux ra3oa/. OT 3THX ycnoauii 

3aauceno ,z:i;aanenne ocTaToqnhlx ra3oB B peaKTope, KOTopoe 

COCTaBJIHJIO 12-2210 OT 06Ulero ,z:i;aBJieHHJl. OcTaToquble 

ra3bl co,z:i;ep)KaJIH B OCHOBHOM BO,IJ;opo,z:i;, KHCJiopo,z:i;, BO,IJ;Y C pa -

,IJ;HKaJIOM OH, apron, ,IJ;BYOKHCL BO,D;Opo,z:i;a H HeKOTOpble 

nerKue yrnepo,z:i;hl / CH, CH
2
, CH /. Ha6JI10,nanocL TaK)Ke npu

cyTCTBHe TJI)KeJiblX yrnepo,D;OB JC a TOMHblMH MaccaMH 60JILWe 

120/ OT qiparMeHTOB Macna uacocoB. 

B pH.z:i;e cnyqaea, Kor,z:i;a napnuo11anL11oe ,z:i;aaneHue ao

,z:i;opo,z:i;a 6blJIO 6onLwe lOo/o OT o6Ulero, na 11K-cneKTpax 

Ha6JI10,z:i;aJICJl ,IJ;OilOJIHHTeJILHblH MHHHMYM a o6nacTH OT 4,5 
,IJ;O 6,0 MKM puc. 5/. Il03TOMY Mbl npe,z:i;nonaraeM, KaK 

H B pa6oTe / 6/ ; llTO OH COOTBeTCTByeT o6pa3oBaHHJO 

XHMHqecKHX CBH3eii aT0M0B Si-H > /o6naCTL 4,5 MKM/ H 
N-H /06.JiaCTL 6,0 MKM/. 

8 

) 

B ,z:i;pyrux cnyqaJix, Kor,z:i;a napuuanLH0e ,z:i;aanenue Kncno

po,z:i;a B peaKTope npeBblwano 2,010 OT o6Ulero, ua6mo,z:i;anacL 

K0H,IJ;encauHH 0KCH,IJ.~HHTPH.JJ.HLIX nneH0K / puc.6/. CneKTPLI 

HMeIOT ,IJ.BOHHOH MHHHMYM nornmueHHH, COOTBeTCTBYIOlllHH 

o6pa30BaHHIO XHMHqecKHX CBJI3eH aTOMOB Si-O , o6naCTL 

9,4 MKM /15,16~ H Si-N , o6nacTL 12,0 MKM, B MOJieKynax 

nneHKH. B HeKOT0pLIX cneKTpax 11a6n10,z:i;aIOTCJl MHHHMYMLI 

Ha o6naCTH 4,5 - 6,0 MKM, a.TaK)Ke 3,0 MKM, o6ycJIOBJieH

Hhle o6pa3oBaHHeM CBH3eii Si-H,, N-H H Si-OH cooTBeTcT

Beuno. 

IlpH pa6oTe B CMe)KHOH cpe,z:i;e apron- KHCJIOPO.D. c co

,D.ep)KaHHeM KHcnopo,D.a ,z:i;o 510 OT o6mero ,z:i;anneHHH /,z:i;anL

ueiiwee noBhlweuue co,D.ep)KaHHH KHCJiopo,z:i;a CBH3ano c 

6LICTPLIM BLIX0,IJ.0M TepMOKaTO,IJ.0B H3 CTPOH/ MO)KHO 6hlJIO 

nonyqaTL nneHKH .D.BY0KHCH KpeMHHJl SiO 2 . / puc. 7 /. 11TaK, 
B TeqenHe O,IJ;HOro BaKyyMnoro l{HKJia MO)KHO nonyqa TL 

MHOrOCJIOHHLie CTPYKTYPhl C HHTPH.AHLIMH, OKCH,IJ;HLIMH HJIH 

KpeMHHeBblMH nnenKa.MH. 

SOOD 
10f' 

:1500 

..... 
l{ 
..... 80 

~ :,: 
...: 
t6o :,, 
c::: 
c::, 

~40 

20 

I l Si:.._OH -2 + 6 

a) 

1000 800 100 ~[oi1 

~vJ 
~ 

,;-() 

8 ,o 12 ~ .).[,.,1Clf] 

10 

!i 

2 

11 I I I I I I 

~10-if lj' I;~,~ 
:¾: &1::£-""' .... ~ 

- I I . 

hJ 
Puc. 7. a.-HmppaKpac11&1e cneKmpbl nponycKa11u.11 Han&uue
MblX nAeHOK SiO 2 /a,a,c, d I u noOAOJICKU ua NaCI(e) • 
e.-Coomeemcmay10111uu cocmae zaaoa a aaKYYMHOM peaKmope 
eo apeM.11 11anb1Aenu.11. 

113 pe3yJILTaTOB 3TOH pa6oThl BH,IJ;HO, qTo BaKyyMHble 

YCJIOBHB, a TaK)Ke COOTHOWeHHe CO,D.ep)KaHHB pa6011ero 
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H 0CTaToqHoro ra30B, onpeAeilHIOT YCil0BHH o6pa3oBaHHH 

nneH0K. IloBLIWeHHe napuuailbHblX AaBileHHH BbIWe 1O'1/o 

MH B0A0P0Aa H 2°lo AilH KHcnopoAa Cnoco6cTBYeT 06pa30-

BaHHIO xHMHqecKHX CBH3e:ii aToM0B Si-H , Si-OH, Si-0 H 

N-H B nneHKax Si 
3 

N 4 , cyiuecTBeHH0 · H3MeHHIOIUHX HX 

3Il~KTpHqecKHe CBOHCTBa. 

He MeHee cepbe3HLIM YCil0BHeM, 0Ka3bIBaIOIUHM 60ilbWOe 

BilHHHHe Ha CK0p0CTb o6pa30BaHHH H COCTaB IlileH0K, HMeeT 

H C0CT0HHHe pa6oqero ra3a BO apeMH CHHTe3a. TaK, Ha~ 

npHMep, nocne o6pa3oBaHHH a30THOH nna3MLI AaBneHHe 

aToMapHoro a3oTa B03pacTano B TPH pa3a no cpaBHeHHIO 

C HaqanbHblMH YCil0BHHMH. KHCilOPOA BO BpeMH HailLIIleHHH 

HaX0AHilCH TaK)Ke T0ilbK0 B aToMapH0M C0CT0HHHH. 

B 3aKillOqeHHe M0)KH0 CKa3aTb, qTo 0CB0eHa MeT0AHKa 

nonyqeHHH nneH0K HHTPHA8. KpeMHHH peaKTHBHblM 11Ila3MeH· 

HblM HallblileHHeM. 

liCIIOilb30BaHHe caM0CT0HTeilbH0ro HCTQqHHKa H0HH3a· 

UHH pa6oqero ra3a Il03B0ilHil0 11onyqaTb IIIleHKH npH'AaB

neHHH 2 .10-4 Top. B '.HOM cnyqae Cyll\eCTByeT B03M0)K• 

H0CTb aHailH3HpoBaTb C0CTaB ra30B B BaKyyMH0M peaKT0pe 

BO BpeMH HallblileHHH IIIleH0K C II0M0ll\blO anailH3aTopa 11ap

UHailbHbIX AaBneHHH. 

CocTaB nonyqaeMLIX 11neH0K aHanH3HpoBancH 110 IIK -

ClleKTpaM 11po11ycKaHHH a o6nacTH AilHH B0illl 2,0-15,0 MKM. 

O6uapy)KeHa He11ocpeACTBeHHaH 3aBHCHM0CTh XHMHqecKoro 

C0CTaBa IIIleH0K OT 11poueHTH0r0 C0Aep)KaHHH 0TAeilbHLIX 

raJoB. 

CaMbie KaqecTBeHHbie nneHKH HHTPHAa KpeMHHH 11ony

qeHbl B qHCT0M a30Te IIPH MHHHMailbH0M AaBileHHH 0CTaToq

HblX ra30B /MeHLWe 12'1/o/. rnaBHbIH MHHHMYM 11ponycKaHHH 

B IIK-cneKTpax Ha6IlIOAailCH' B o6naCTH 11,0 MKM H COOT· 

BeTCTB0Bail o6pa3oBaHHIO XHMHqeCKOH CBH3H Si-N B MO· 

neKyne Si
3
N 

4 
. 

CooTHOWeHHe aT0MHbIX KOHUeHTpaUHH a30Ta H KpeMHHH 

110 3HepreTHqecKHM c11eKTpaM y11pyroro pacceHHHH 3He oT 

IIIleHoK· 6Lmo 6IlH3KO K HX CTeXH0MeTpHqecK0MY C0CTaBy 

B MoneKyne Si
3

N 
4

. · 

B cnyqaHx, K0rAa 11apuHailbH0e AaBileHHe KHCil0P0Aa 

11peBbIWano 2'1/o, Ha6IllOAailOCb o6pa30BaHHe 0KCHA • HHTPHA • 

HbIX IIIleH0K. EcnH 11apuHailbH0e AaBileHHe B0A0P0Aa 11pe-
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BbIWail0 1O'1/o, B nneHKax HHTPHAa KpeMHHH Ha6IllOAailOCb 

o6pa30BaHHe H XHMHqecKHX CBH3eH Si- B , N = I-f , K0T0pLie 

C00TBeTCTB0BallH nornoiueHHIO IlPH 4,5 H 6,0 MKM. 

IlpH pa6oTe B CMewaHHOH cpeAe aproH·KHCil0P0A M0)K• 

HO nonyqa Tb nneHKH ABY0KHCH KpeMHHH 
~ () . -,i . 2 • 

ABT0PLI 6naroAapHT r .M.OceTHHCKOro 3a Il0M0IUb llpH 

ocyiuecTBileHHH ·3KCnepHMeHT0B no y11pyr0My pacceHHHIO 

H0H0B 3He. 
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