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MCCAEAOBAHUE BAUAHUSA ONMEPALIMOHHbBIX NMAPAMETPOB
NMPOLECCA PECVD HA XAPAKTEPUCTUKUN NMAEHOK AMOKCHUAA KPEMHUA

Ilocmynuna 6 pedaxyuro 06.02.2017

Hccnedosanvt karouegvie napamempst NAEHKU OKCUOA KPEMHUSL: CKOPOCMb POCMA, MEXAHUHECKUe HANPANCeHUs. U NOKA3amendb
npeaomaenus. Bausnue onepayuonnsix napamempoe Ha cKOpocmb pocma NAeHKU OUEeHUBAA0Ch N0 MOAUUHE NACHKU, KOMOpPas
onpedeasinacy ¢ NOMOwbIo Aaauncomempa. MexanuuecKue HanPINCeHUs paccHumuvléaly no paspabomanHol aemopamu panee
MemooukKe Ha 0CHO8aHUU useuba niacmutsl. OnpedeneHsvl ONMUMANbHbIE ONEPALUOHHbIe NAPAMempPbl 045 POPMUPOBAHUS NACHOK
NAA3MOXUMUHECK020 OKCUOQ KPEMHUS, NO360ASIOUUEe U30MABAUBAMb MANOHANDSNCEHHbIE CIPYKMYPbl MAMepuand.

Karoueevie caoea: mexanuueckue HANPAMNCEeHUA, NAASMOXUMUHUECKOe ocajcoenue U3 2a30801 d)a3bl, oKcud KpPeMHUA

BBenenune

Jnst aneKTpuYecKoil M30MsIUM YpOBHEN MeTal-
JIU3alMUA UCIIOJB3YeTCs CI0M OKCHUAA KpeMHHUs. DTa
TUIeHKa o0ecreuyrBaeT TakKMe CBOMCTBA, Kak Xopollas
anare3usi 1 KOH(OPMHOCTb, MO3TOMY €€ MOXHO MC-
MOJIb30BaTh KaK MEXXCJIOMHBINA nu31eKTpuK [1]. Mexa-
HUYecKue HanpsokeHus B SiO, BIMSIOT Ha IUIaHap-
HOCTb TOBEpXHOCTU. [IpoBeieHHE TEeXHOJOTMYECKUX
orepaluii peaKTUMBHO-MOHHOTO TPABJICHUS U TEPMO-
00paboOTKM MO3BOJISIET UBMEHUTDb NTOBEPXHOCTD ILJIac-
TUHBI, clejaB ee 0ojiee poBHOI [2]. OgHaKo, yrpaBisist
MEXaHWYECKMMM HAMPSIKEHUSIMU B TIporiecce popMu-
pPOBaHMSI TUIEHKHU, MOXXHO COKPATUTb YMCJIO OIepaiuii
JUISI TIOATOTOBKU MOBEPXHOCTU C TPeOYEeMbIM pesibe-
oM. JIns noctukeHus pe3yJbTUPYIOLIEro 3HAYEHUS
MEXaHWYECKUX HaMpsDKeHWM, CTpeMSIIIMXCSI K HYIIO,
MOXHO MPOBECTU OTEPALIUIO OCAXKICHUS TIJIEHKU C Ha-
MIPSDKeHUSIMA CKaTHS Ha 00pasell ¢ pacTITUBAIOIINMU
HaIpsKeHUsIMU (C JTULEBON CTOPOHBbI). B HEKOTOPBIX
cIyyasix orepaius rmaccuBaluy MOBEPXHOCTU Ha JIU-
LIEBOU CTOpPOHE IJIACTUHBI CBSI3aHA C TEXHOJIOTHYecC-
KUMU CJIOXHOCTSIMU JTMOO OTCYTCTBYET MaTepual C
HEoOXOAMMBIM 3HAKOM HaIpsKeHW. OIUH U3 CITOCOo-
00B pellieHUsT MPOOJIEeMbl — OCaXKAEHUE CJIoSI Ha 00-
paTHYI0 CTOPOHY oOpa3slia.

g nonyyenus mieHoK SiO, UCIOJIBb3YIOTCS pas-
HbI€ METOJIbI:

e TEPMUUYECKOE OKMCJIEHME KpeMHUsI B aTMocdepe
KHCIopoaa mpy aTMOC(hepHOM AaBJIEeHUH;

e TEPMUYECKOE OKMCIEHWE KPEMHMUS B Mapax I€MOHM-
30BaHHON BOJbI MPU aTMOC(HEPHOM U TOBbIILIEH-
HOM JIaBJICHUW;

e XUMHUYECKOE OCAXIEHUE U3 Ta30BOM (a3bl MpU MO-
HUxXeHHoM aasieHuu (LPCVD);

e IJJA3MOXMMMYECKOE OCaXIEeHWE U3 ra3oBoil (a3l
(PECVD).

i ocaxneHus TMOKCHUIA KPEMHUSI OOBIYHO HC-
MOJIb3yeTCs peakiivs CUlaHa C 3aKMChIO a30Ta B TJ1a3-
Mme [1, 3, 4]:

SIH4 + 2N20 e 8102 + 2N2 + 2H2

ITpu ocaxaeHUM HEOOXOAMMO OYEHb TIIATEIbHO
KOHTPOJMPOBAaTh MHOTME MapaMeTphl Ipoliecca: yac-
TOTY M MOIIIHOCTb pa3psija, o0liee AaBjieHue ra3oBoil
CMECH U MaplUMaIbHOE JABJIECHWE PEAr€HTOB, TEMIIEPA-
TYpY TTOMIOXKHN M CKOPOCTh OTKAYKM, a TAKKE ONTH-
MU3UPOBATh TEOMETPUIO PeakTopa W BHUMATEJbHO
noadupath Marepuall a1eKTpoaoB. CienyeT OTMETUTh,
YTO OT KOHCTPYKLMHU peakTopa CUJIbHO 3aBUCST Tapa-
MeTpHI ITpolecca, TaK YTO PEXKUM OCAKIACHUS TOJIKEH
MOAO0MPAaThCS ISl KaXKA0TO peakTopa MHAMBUIYAIbHO,
YTO 3aTPYAHSIET CPABHEHUE CBOMCTB TJIEHOK, MOJY-
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YEeHHBIX Ha pa3JIM4YHbIX peakTopax [3]. OgHaKo TeH-
JIEHLIMsI 3aBUCUMOCTE JOJKHA ObITh UIASHTUYHOM,
YTO 1 OyaeT MpeAcTaBlIeHO B JaHHOM paboTe.

Ilenpto paGoThl OBLIO ONTMMU3WPOBATL OMEpaly-
OHHbIE IMapaMeTpbl TEXHOJOIMYECKOro Ipolecca s
PECVD okcuga KkpeMHusI, IMOJIy4aeMOro Ha YyCTaHOB-
ke Novellus, mist ¢popMUpoBaHUS MaJTOHANIPSLKEHHOMN
IUIEHKW MaTepuana.

BDKcnepuMeHT

IreHKM TIAa3MOXMMMYECKOTO OKCHIA KPEMHUS
SiO, nosyyanu METOAOM CTUMYJIMPOBAHHOIO ILIA3MOIA
XUMUUYECKOTO ocaxaeHusi u3 razopoit ¢assl (PECVD),
13 ra3oBoii cmecu 3akucu a3ora N,O, azora N, u mo-
HocunaHa SiH, Ha ycranoBke Novellus. 3akuch asora
MPEISTCTBYET 3apOAblIeO0pa30BaHMIO B ra30BOi (hase,
YTO TOBBIIIAET YUCTOTY OcaxkmaeMoil TuieHKHu. Bo Bcex
SKCITEpPUMEHTAX TeMIIepaTypa OCaKIECHMS COCTaBJIsIa
350 °C. B pa6ore ucnonb3opancst BU reneparop yacro-
toii 13,57 MI'L ¢ MakCMMaJIbHOU MOILIHOCTbIO 5 KBT.

[Ipu mpoBeaeHrH POLIECCOB BapbUPOBAIMCH MOILII-
HocTh paspsaa B miasme (400...1450 Br), naBieHue B
peakIIMOHHOM KaMepe (1000 .3000 mTopp), pacxon
cwiana SiH, (100...400 cm /MI/IH) pacxopn 3aKucHu
azora N,O (3000 .12 000 cm /MI/IH) pacxon asora N,
(0...3000 cm3/mun), o6wmii pacxox rasoB (3650...
13 560 CM3/MI/IH) Bpems ocaxaeHus (50...300 c).

OcaxnaeHre TTPOBOAVIIN Ha JINIIEBYIO CTOPOHY KpeM-
HueBblx TactuH KJAB12(100), suamerpom 150 MM u
TomurHoM 670 MKM. TONIIMHBI OCAXKICHHBIX TUIEHOK
U TI0Ka3aTesb MPeJOMIIEHUS ONPEaeIsiIn ¢ TIOMOIIbBIO
synuncomeTpa Horiba Auto SE. Panee aBropamu 6bu11
pa3paboTaHbl METOIMKY U3MEPEHMST MEXaHUYECKUX Ha-
MPSKEHU ¢ ¢ MoMolllblo mpodusioMerpa [5] u ¢ uc-
MOJIb30BAHWEM PACTPOBOIO JIEKTPOHHOIO MUKPOCKOMA
[6]. B maHHOIi paboTe MCIIONB30BAICS METOI KOHTPOJISI
10 M3TUOY TIACTUHEI TIOCPESICTBOM ONTHYIECKOTO TPO-
dunomerpa Veeco Wyko NT9300. MeToauka BKIIOUaeT
B cebs1 TIporpaMMy, PeaM3yIolIyio aJfOPUTM aHaIu3a
penbeda IS BEIYMCICHUS paauyca KPUBU3HBI TTOBEPX-
HOCTH B JIOKAJIbHOW oOjactu [7]. 3HaYeHUs paguycoB
KPUBU3HBI MOBEPXHOCTU MOACTABISIOTCS B (PopmMyy
CToHM 1711 BBIUMCIIEHMSI BEJMYMHBI . B rpadukax
JUIST K&KIOTO clydyasl UCHOJIb30BaIOCh cpenHee apud-
METHYECKOe 3HaUCHHUE G MO BCEil TIacTUHE.

ABTOpamMU TIPOBOAUIOCH MCCIEMIOBAHNE CKOPOCTU
OocCaxkIeHus IJIEHKU, ToKa3aTeJIsl MpeJoMJICHUs, MeXa-
HUYECKUX HATPSIKEHUN ¢ OCAXKIAEMOU TUIEHKU MTYyTEM
M3MEHEHHMS OTlepallMOHHEBIX TTapaMeTpoB Mpoliecca.

HUccaenoBanue BJUSHUS MOLIIHOCTH pa3pdaaa B mjiasMe

Bnauane ObUIO MCCIIEIOBAaHO BIMSHUE MOIIHOCTHU
paspsia B Tuta3Me Ha TmapaMeTphl ocakaaeMol TIIeH-
k1. MomHocTh uaMeHstiu ot 400 mo 1450 Bt mpu
JIaBJICHMH B peaKIIMOHHOM KaMepe 2400 mTopp, pac-
X0lax CujIaHa SiH, 300 cm®/MuH, 3aKNCH a30Ta N,O
9500 cm /MI/IH azora N, 1500 cm /MI/IH BpeMeHU
ocaxnaenusa 100 ¢ u Temmeparype momitoxku 350 °C.
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Puc. 1. 3aBHCHMOCTb XapAKTEPUCTHK IVIEHKH OT MOIHOCTH IJIA3MbI:
a — CKOPOCTb POCTa IJICHKU (IMyHKTHpHAasi KpUBasi) U MokKasaTesb
TpeJIOMJIEHUST; b — MeXaHW4YeCKUe HaIPSKEHUS

Fig. 1. Dependence of characteristics of film from plasma power: a — film
growth rate (dotted curve) and index of refraction; b — mechanical stresses

W3 puc. 1, a BumHO, 4YTO U3MEHEHNE MOIIHOCTH Pa3-
psia B IUIa3Me HE OKa3bIBAET CYILLIECTBEHHOIO BJIMSHUS
Ha CKOPOCTb pOCTa IJIEHKM (ITyHKTUpHas KpuBasi). ITo-
KazareJsib MPeJIOMJIEHUS] YMEHbLLIAETCS MPU YBEIUYCHUU
MOILIHOCTH IUIa3Mbl W JOCTHraeT 3HayeHus 1,46 mpu
MomrHocTH Tuta3mel 1100 BT. D10 cBUAETEIBCTBYET O
TOM, YTO NPU 3HAYEHUSX MoOLIHOCTH MeHee 1100 Bt
TUIEHKA TMOJIyyaeTcsl HECTEXMOMETPUUYECKOM 13-3a He-
TIOJIHOTO OKMCIIeHHd cuaHa SiH, 1 ee HachIlEeHUs CBA-
3amu Si—H. W3 puc. 1, b MOXHO caenaTh BBIBOMI, UTO C
VBEJIMYEHUEM MOIIHOCTM IUIa3Mbl MeXaHWYeCKoe Ha-
MpsDKeHUE CXKaTusl TJIEHKW ¢ MO MOJAYJII0 BO3pacTaer.
OTa 3aBUCUMOCTb UMEET JIMHEMHBIN XapaKTep.

Hccnenosanne BIMSHUS AABJICHAS
B PEaKIMOHHOW Kamepe

Hanee ObUIO MPOBEAEHO MCCAEAOBaHUE BIUSHMUS
JIaBJIICHWSI B peakKIMOHHON KamMepe Ha IapamMeTphl
rieHku. Jlapnenue uameHstiu ot 1000 go 3000 mTopp,
MoliHOCTh Mi1azMbl — 1100 Bt. OcTanbHble apamer-
pBI Mpoliecca OCTATUCh MPEXHUMMU.

M3 puc. 2 BUAHO, YTO U3MEHEHUE JABJIECHUS OKa-
3bIBaeT OOJbIIOE BIMSIHUE Ha CKOPOCTh OCAXKIECHUS,
rokazaTeJib MPeJOMJICHUS] U MEXaHUYEeCKUe HarpsKe-
HUs ocaxnaemoil mieHKu. C pocToM JaBjieHUsT yBes -
YUBAETCsl CKOPOCTb POCTa IJIEHKHU (MyHKTUpPHAs Kpu-
Basl), n1ocTurasi Makcumyma ripu nasieHuu 2400 mTopp.
3aBUCHUMOCTb TTOKa3aress MpeoMIeHUs OT JaBJeHUS




aHAJIOTMYHA 3aBUCHMOCTH TIOKAa3aTeJssl TPeIOMIICHMS
OT MOIIHOCTH TIJIa3MBI: TIPHM TTOBBIIIEHUM IaBICHMUS
rokasarejib MpeJOMJICHMST TIJIAaBHO YMEHbBIIAETCS C
1,55 no 1,46. CiegoBaTesbHO, IIPY 3HAYEHUAX JaBIIE-
Hust MeHee 2400 MmTopp NPOMCXOOUT HEMOJTHOE OKUC-
JeHue cunana SiH, 1 HachILIEHUE OCAXIAEMOI TUIEH-
KU CBA3sIMU Si—H, 4TO aHaJOrMYHO MpU OCaXKIEHUU
MpY HU3KOM MOILIHOCTH pa3psiia B IIa3Me.

3HaueHue MEeXaHWYECKUX HaIpsLKeHU (Mo Momy-
JII0) BO3pacTaeT ¢ yBEeJIMYEHHEM HaBJICHHUS B KaMepe.
MOXXHO TIPeIIIOI0XNUTh, YTO TTOBBIIICHUE JABJICHUS B
KaMepe TPUBOIUT K YBEJIMUECHUIO BEPOSITHOCTU CTOJI-
KHOBEHUS peareHTOB B KaMepe C MOIIOKKON ¢ HEKO-
Topoil sHeprueit. I[Ipudyem BeIUMUMHA dHEPTUM OyIeT
MOCTAaTOYHA UIST TIPOBEACHMS XMMUUYECKON peakIlnM,
cJenoBaTebHO, Ha BbIXOJAE IJIeHKa GopMupyeTcs 3a
MEHbIIee BpeMsl (BO3pacTaeT CKOPOCTb OCAXKIEHMSI),
HO OoJiee HaIpsKeHHas.

Hccaenosanue BAMSAHAA CKOPOCTH Pacxoaa
cuiana SiH,

Bbruto mpoBeneHo McclienoBaHUE BIUSIHUS CKOPO-
¢ty pacxona cuiana SiHy (pI/IC 3). CxopocTb pacxona
MeHstachk ot 100 mo 400 cm /MI/IH JaBJeHUE B peak-
LUOHHOI Kamepe Oblio moctostHHBIM 2400 mTopp,
MolHoCcTh M1a3Mbl — 1100 BT. OcTanbHble mapamer-
PHI TIpoliecca OCTaIMCh TTPEXXHUMMU.
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Puc. 2. 3aBUCHMOCTb XaPAKTEPHCTHK IIEHKH OT JABJIEHUs B Kamepe:
a — CKOpOCTb pocTa (IyHKTUPHAst KpUBast) U MOKa3aTelb PesioM-
JIeHUs1; b — 3aBUCMMOCTb MEXaHUUYECKUX HAMpsDKeHUI

Fig. 2. Dependence of film characteristics from pressure in chamber: a —
film growth rate (dotted curve) and index of refraction; b — mechanical
stresses
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Puc. 3. 3aBucMMOCTb XapaKTePUCTHK IUIEHKH OT CKOPOCTH pacxoia
cnaana SiHy: a — 3aBUCMMOCTHM CKOpPOCTM POCTa TUIEHKM (ITYHK-
TUPHAs KpMBasi) ¥ NOKa3aTeJIsl IPeJIOMICHUST; b — 3aBUCUMOCTb Me-
XaHUYECKUX HATPSKEHU

Fig. 3. Dependence of characteristics of film from silane flow rate: a — film
growth rate (dotted curve) and index of refraction; b — mechanical stresses

M3 puc. 3, a MOXHO 3aKJIIOYUTh, YTO CKOPOCTh POC-
Ta TUIGHKM (ITyHKTUPHAS JIMHUS) TIPSIMO TIPOTIOPIIO-
HaJIbHa CKOPOCTH pacxoja CI/IJ'IaHa OmHako mpu pac-
xonax cuwiaHa 6osee 300 cm /MI/IH HAYMHAET YBEIUYU-
BaThCsl MOKa3aTesb MpeoMIeHUs (CIUTOLIHAS JIMHUS).
DTO CBUIETEIBCTBYET O HEIIOJTHOM OKUCJICHWH CHUIaHa
B ocaxnaemoii mieHke. Ha puc. 3, b 3ameTHO, 4TO Npu
YMEHBIIEHUH pacxola CuIaHa ocaxmaemas IUIeHKa
CTAaHOBUTCS OoJiee CXKaToi, IpruYeM 3HaYeHWEe HaTpsi-
SKeHU I pe31<o YBEJIMUMBAETCSI TIPU pacxojax CHJIaHa
meHee 200 cm /MI/IH

HccaenoBanue BJIUSHHUS COOTHOMIEHUS
pacxonos razos N,O/SiH,

CrnenyiouM 11aroM ObLIO MPOBEAEHO HUCCIEN0-
BaHME BIMSHUS COOTHOIIEHUS pacXoloB ra3oB R 3a-
kucu asora u cuinana (N,O/SiH,). CootHomienue R
MEHSJIOCH OT 10 1o 40, pacxon N,O mensica ot 3000
no 12 000 cm /MI/IH IpyY NOCTOSTHHOM pacxozne SiHy
300 CM3/MI/IH

Ha puc. 4, a npogeMOHCTpUPOBAHO, UTO Ha CKO-
POCTb OCaXkIEeHUsI W MoKa3aTesb MPeJOMJIEHUS COOT-
HOILIEHUE PacXOI0B Ta3oB R BIUsSIET HE3HAUMTEIBHO.
ITpu 3HaueHusIx R meHee 25 HabJ0gaeTCsl MOBbILIE-
HUE TIoKazaTess MPeJOMIIEHUS, YTO CBUACTEIbCTBYET
0 (hopMUpoBaHUM TIJICHKH, O0OTAIlIEHHON KPEeMHUEM.
B pa6orte [8] Hussein u ap. 3a¢puKCHUpOBaIN aHAJIOTUY-
HYIO 3aBUCMMOCTb MOKa3aTesisl MPEeJOMICHUSI OT CO-
OTHOILIIEHUsI pacxoja ra3oB. PesynbraThl, NpeacTas-
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JIEHHBbIe Ha puc. 4, b, XOpOIIIO COINACYIOTCS C JaHHBI-
MU B paborax [9, 10], rome BeamymHa MEXaHUYECKUX
HanpsKeHUi 110 MOMYJTIO BO3PAcTaeT C yBeJIuYeHueM R.
Ha puc. 4, ¢ 3aMeTHO, YTO COOTHOLIEHHUE PACXOJ0B
razoB R oka3bIBaeT BJUSIHME HA PaBHOMEPHOCTb pac-
MpeAesieHus TOJNIIWHBI TIIEHKM IT10 TutactuHe. [lpwm
3HaYeHMsIX R MeHee 25 cpeaHeKBaapaTUYHOE OTKJIO-
HEHUE TOJIMHBI IUIEHKU OKa3bIBaeTcs: Oosblie 3 % u
pe3ko yBenmmumBaetcs 10 11 % nipu 3Havenun R = 10.

Hccaenosanue BIMAHAA CKOPOCTH pacxoaa a3ora N,

beuto mposeneHo uccienoBaHue 3aBUCMMOCTH T1a-
PaMeTpOB OCaxIaeMOii TJIEHKM OT CKOPOCTU pacxoia
asora N,. Pacxon asora mensm ot 0 1o 3000 oM /MuH.
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Puc. 4. 3aBHCHMOCTb XapPaKTEPUCTHK ILIEHKH OT COOTHOIIEHHS! pac-
xo708 rasos N,0/SiH4: ¢ — 3aBUCUMOCTH CKOPOCTH POCTA MJIEHKH
(TMMyHKTUpHAsl JTUHUS) W TIoKaszaTelsisl MpejloMiIeHus; b — 3aBUCHU-
MOCTb MEXaHNYECKUX HANPSKEHUIA; ¢ — 3aBUCUMOCTD CPEHEKBAJI-
PaTUYHOTO OTKJIOHEHUS TOJNIIMHbI TJIEHKK

Fig. 4. Dependence of characteristics of film from ratio of gas flow rates
N,O/SiH s a — film growth rate (dotted curve) and index of refraction;
b — mechanical stresses; ¢ — standard deviation of film thickness
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Puc. 5. 3aBMCHMOCTb XapaKTEPUCTHK ILUIEHKH OT pacxoja a3ora: d —
3aBUCUMOCTH CKOPOCTH POCTA MJIEHKU (ITYHKTUPHAS IMHUST) U TTOKa-
3aTesst IPEJIOMIICHUSI; b — 3aBUCUMOCTh MEXaHMUECKUX HaMpsKEeHU I

Fig. 5. Dependence of characteristics of film from nitrogen gas flow rate:
a — film growth rate (dotted curve) and index of refraction; b —
mechanical stresses

Bce octanbHbIe TapaMeTphl IIpoliecca OCTaBaluCh 0e3
U3MEHEHU.

Ha puc. 5, a BuaHo, uro pacxoxn azora N, OKa3bl-
BAeT HE3HAUUTEJIbHOE BJIMSHME Ha TaKue MapameTpbl
OCaXaeMOM TUIEHKHU, KaK CKOPOCTb OCAXIEHUSI, TIO-
Kazatesb npejsoMieHus. M3 puc. 5, b MOXHO 3aKiio-
YUTh, YTO ONTUMAIBHOE 3HAYEHUE Pacxo/a a3oTa Co-
crasisier 1500 CM3/MI/IH.

3akmoueHue

B mpouecce hopMupoBaHusi MeMOpaH IO TPYIIIO-
BOM KPEMHHEBOU TEXHOJIOTHH MCITONB3YIOTCS HECKOb-
KO CJIOEB IUAJICKTPUIECKIX MaTepraioB. KoHTpommpyst
MeXaHNJeCKre HamnpsoKeHUsT B KaKIOM TUIEHKEe MeMO-
paHBI, MOXHO TTOBBICUTH BEPOSITHOCTD BBIXOIA TOTHBIX
KpucTaioB. B naHHO# paboTe 3KCnepuMEHTaIbHO I10-
Ka3aHO BIIMSHUE ONEPAllMOHHBIX IMapaMeTPOB OCaKie-
HUSI Ha CKOPOCTh pocTa IuieHKu Si0,, moKasaresb Ipe-
JIOMJICHUST M1 MEXaHNJecKue HanpsokeHust. OmpenesieHbl
ONTUMAaJIBHBIE TTapaMeTphl TS (DOPMUPOBAHUS TUIEHKH
PECVD SiO, na ycranoske Novellus, nossossionue
co3maTh MAaJIOHAIPSDKEHHYIO CTPYKTYpY MaTepuaa:
MOILHOCTh pa3psiga B riasMme 400 Br, naBneHune B Ka-
Mepe 1500 MTopp, cooTHOILIIEHNE pacxoa Ira30B 3aKMCHU
azota u cuiaHa 40, pacxon raza azora 1500 CMS/MI/IH.

Paboma evinonnena npu noodepicke Munucmepcmea
obpazosanus u nayku Poccutickoti Pedepayuu no doeo-
eopy No 02.G25.31.0200 om 27 anpens 2016 eoda, wiughp
doeosopa 2015-218-07-052.
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The authors investigated the key parameters of the silicon oxide films: growth rate, mechanical stresses and refraction index. The
influence of the operational parameters on the growth rate of a film was estimated by the thickness of the film, which was determined
with help of an ellipsometer. The mechanical stresses were calculated by the method developed earlier by the authors and based
on a plate bend. The optimal operational parameters were determined for formation of the films of plasma-chemical silicon oxide,

allowing one to manufacture the understressed material structures.
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Introduction

For electric insulation of the metallization levels a
layer of silicon oxide is used. It ensures good adhesion
and conformity, therefore, it can be used as an inter-
laminar dielectric [1]. Mechanical stresses in SiO, in-
fluence the planar character of a surface. Technological
operations of reactive-ionic etching and heat treatment
allow us to change a plate surface and make it more
even [2]. However, control of the mechanical stresses
during a film formation makes it possible to reduce the

number of operations for preparation of a surface with
the demanded relief. For achievement of the mechan-
ical stresses aspiring to zero, it is possible to implement
a deposition of a film with a compression stress on a
sample with the stretching stresses (on the face side). In
some cases a surface passivation on a plate’s face is con-
nected with technological difficulties or absence of a
material with the necessary sign of stresses. One of the
ways to solve the problem is to deposit a layer on the
reverse side of a sample.
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For obtaining of SiO, films different methods are used:
e thermal oxidation of the silicon in the oxygen at-

mosphere at the atmospheric pressure;

e thermal oxidation of the silicon in the vapors of
deionized water at the atmospheric or higher pressure;

e chemical deposition from a gas phase at a lower
pressure (LPCVD);

e plasma-chemical deposition from a gas phase

(PECVD).

Usually for deposition of the silicon dioxide a reac-
tion of silane with nitrogen monoxide in plasma [1, 3, 4]
is used:

SiH4 + 2N,0 — SiO, + 2N, + 2H,.

It is necessary to control carefully many parameters
of the process: frequency and power of a discharge, to-
tal pressure of a gas mix and partial pressure of the re-
agents, temperature of a substrate and speed of pump-
ing out, and also to optimize the geometry of a reactor
and select carefully a material for the electrodes. It is
necessary to point out that the process parameters de-
pend on a reactor design, so, the deposition mode
should be selected for each reactor individually, which
complicates comparison of the films received in various
reactors [3]. However, the trend of the dependences
should be identical, as it is presented in the given work.

The aim of the work was to optimize the operational
parameters of the technological process for PECVD of
silicon oxide received on Novellus installation, for for-
mation of an understressed film of a material.

Experiment

The films of the plasma-chemical silicon oxide were
received by the method of the plasma enhanced chem-
ical vapor deposition (PECVD), from a mix of nitrogen
monoxide N,O, nitrogen N, and monosilane SiH, on
Novellus installation. N,O prevents nucleation in the gas
phase, which improves cleanliness of a deposited film. In
the experiments the deposition temperature was 350 °C.
In the work a high frequency generator was used with fre-
quency of 13.57 MHz and maximal power of 5 kW.

The power of the discharge in plasma varied
(400...1450 W), just like the pressure in the reactionary
chamber (1000...3000 mTorr), the consumption of
SiH, (100...400 cm3/min), N,O (3000...12 000), N,
(0...3000 cm3/min), total consumption of gases (5650...
13 560 cm3/min), and deposition time (50...300 s).

The deposition was done on the face side of
SHB12(100) silicon plates with diameter of 150 mm and
thickness of 670 um. The thickness of the deposited films
and the refraction index were determined with the help
of Horiba Auto SE ellipsometer. Earlier the authors de-
veloped techniques for measurement of the mechanical
stresses o with the help of a profilometer [5] and use of
a scanning electron microscope [6]. In their work the au-
thors used a method of a plate bend control by means of
optical Veeco Wyko NT9300 profilometer. The method
included a program realizing an algorithm for analysis of
a relief and calculation of the radius of curvature of the
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surface in a local area [7]. The values of the surface cur-
vature radiuses were used in the Stoney formula for cal-
culation of . In the diagrams for each case the arithme-
tic mean value of ¢ was used for the whole of the plate.

The authors carried out a research of speed of a film
deposition (film growth rate), refraction index and me-
chanical stresses o of the deposited film by changing the
operational parameters of the process.

Research of the influence of the power
of a discharge in plasma

First, the influence of the power of discharge in
plasma on the parameters of a deposited film was in-
vestigated. The power was varied from 400 up to 1450 W
in a reactionary chamber: pressure — 2400 mTorr,
consumption of SiH; — 300 cm’/min, of N,0O —
9500 cm3/min, of N, — 1500 cm?/min, time of dep-
osition — 100 s and substrate temperature of 350 °C.

In fig. 1, a it is visible, that a change of power of dis-
charge in plasma does not render an essential influence
on the growth rate of a film (dotted curve). The refraction
index decreases with an increase of the power of plasma
and reaches 1.46 at the level of plasma power of 1100 W.

This testifies to the fact that at a power less than
1100 W a film turns out to be nonstoichiometric because
of an incomplete oxidation of the silane and its saturation
by Si—H bonds. From fig. 1, b it is possible to draw a
conclusion, that with an increase of the power of plasma
the mechanical stresses of a film compression ¢ by mod-
ulus increases. This dependence has a linear character.

Research of the influence of pressure
in the reactionary chamber

Then a research was done in the reactionary cham-
ber of the influence of pressure on the film parameters.
The pressure was varied from 1000 up to 3000 mTorr,
the power of plasma was 1100 W. The other parameters
of the process remained unchanged.

In fig. 2 it is visible, that a change of pressure has the
biggest impact on the speed of deposition, the refrac-
tion index and the mechanical stresses of the deposited
film. With increasing of pressure the film’s growth rate
also increases (dotted curve), reaching the maximal lev-
el at 2400 mTorr. Dependence of the refraction index
on pressure is similar to the dependence of the refrac-
tion index on the power of plasma: with an increase of
pressure the refraction index smoothly decreases from
1.55 down to 1.46. Hence, at the values of pressure less
than 2400 mTorr we have an incomplete oxidation of
SiH, and saturation of the deposited film by Si—H
bonds, similar to those of deposition at a low power of
discharge in plasma.

The values of the mechanical stresses (by modulus)
increases with a pressure increase in the chamber. It is
possible to assume, that a pressure increase leads to a
higher probability of collision of the reagents in the
chamber with a substrate with certain energy. At that,
the energy would be sufficient for a chemical reaction,




hence, as a result, a film is formed during a shorter pe-
riod of time (the speed of deposition increases), but it
comes out more intense.

Research of the influence of the speed of consumption
of the silane

A research of the influence of the speed of con-
sumption of silane (fig. 3) was carried out. The speed
of consumption varied from 100 up to 400 cm /mm
the pressure in the reactionary chamber was constant
(2400 mTorr), the power of plasma — 1100 W. The
other parameters of the process remained the same.

From fig. 3, a it is possible to conclude, that films’
speed of growth (dotted line) is directly proportional to
the speed of consumption of the silane. However when
consumption of the silane exceeds 300 cm /mm the
refraction index (continuous line) begins to increase.
This testifies to an incomplete oxidation of the silane in
the deposited film. In fig. 3, & it is visible, that, when
the consumption of the silane is smaller, the deposited
film becomes more compressed, at that, the value of the
stresses increases sharyly, when consumption of the si-
lane is below 200 cm”/min.

Research of the influence of correlation
of consumption of N,O/SiH, gases

The next step is the research of the influence of cor-
relation of consumption of gases R of nitrogen monox-
ide and silane (N,O/SiHy). The correlation R varied
from 10 up to 40, the consumptlon of N,O varied from
3000 up to 12 OOO cm /mm at the constant consump-
tion of SiH, of 300 cm?/min.

Fig. 4, a demonstrates that the influence of the con-
sumption of gases R on the speed of deposition and the
refraction index is negligible. At R less than 25 we wit-
ness higher refraction index, which testifies to forma-
tion of a film, enriched by silicon. In [8] a similar de-
pendence of the refraction index on the correlation of
the consumption of gases is recorded. Results of fig. 4, b
agree well with the data of [9, 10], where the value of
the mechanical stresses by modulus increase alongside
with the increase of R. In fig. 4, ¢ one can see, that the
correlation of the consumption of gases R influences
the uniformity of distribution of the film’s thickness on
a plate. At R less than 25 the standard deviation of the
film’s thickness is more than 3 % and it increases
sharply up to 11 % at R = 10.

Research of the influence of the speed of consumption
of nitrogen

A research of the dependence of the parameters of
a deposited film on the speed of the consumption of ni-
trogen was carried out. The consumptlon of nitrogen
was changed from 0 up to 3000 cm /mm All the other
parameters remained without changes.

In fig. 5, a it is visible, that the consumption of ni-
trogen has an insignificant impact on such parameters
of a deposited film, as the speed of deposition and the
refraction index. From fig. 5, b it is possible to con-

clude, that the optlmal value of the consumption of ni-
trogen is 1500 cm /mm

Conclusion

In the process of formation of the membranes by a
group silicon technology several layers of the dielectric
materials are used. By controlling the mechanical
stresses in each film of a membrane it is possible to im-
prove likelihood yield crystals. This work demonstrated
experimentally the influence of deposition parameters
on the growth rate of SiO, film, refraction index and
mechanical stresses. The optimal parameters were de-
termined for formation of PECVD of SiO, film on
Novellus installation, allowing us to create an under-
stressed structure of a material: the power of a discharge
in plasma — 400 W, the pressure in the chamber —
1500 mTorr, the correlation of the consumption of ni-
trogen monoxide and silane — 40, the consumption of
nitrogen — 1500 cm /mm

The work was done with support of the Ministry of Ed-
ucation and Science of the Russian Federation under the
contract Ne 02.G25.31.0200 of April, 27th, 2016, the
code number of the contract: 2015-218-07-052.

References

1. Rubcevich 1. 1., Solov’ev Ja. A., Vysockij V. B. i dr. Issle-
dovanie svojstv plenok nitrida i oksida kremnija, poluchennyh
metodom plazmohimicheskogo osazhdenija na kremnievuju pod-
lozhku, Tehnologija i konstruirovanie v jelektronnoj apparature,
2011, no. 4, pp. 29—32 (in Russian).

2. Djuzhev N. A., Makhiborda M. A., Gusev E. E., Ka-
teev M. V. Formation of Plates’ Planar Surfaces for Carring out
of the Technological Operations of Contact Lithography and
Bonding, Nano- i Mikrosistemnaya Tehnika, 2017, vol. 19, no. 1,
pp. 30—33, DOI: 10.17587/nmst.19.30-33 (in Russian).

3. Koroljov M. A., Krupkina T. Ju., Reveleva M. A. Tehnolog-
ija, konstrukcii i metody modelirovanija kremnievyh intergalnyh
mikroshem. Moscow, BINOM, 2007, chast; 1, 397 p. (in Russian).

4. Pi C.-H. and Turner K. T. Design, analysis and characteri-
zation stress-engineered 3D microstructures comprised of PECVD
silicon oxide and nitride, Journal of Micromechanics and Microengi-
neering, 2016, vol. 26, no. 6, DOI:10.1088/0960-1317/26/6/065010

5. Djuzhev N. A., Dedkova A. A., Gusev E. E., Novak A. V.
Metodika izmerenija mehanicheskih naprjazhenij v tonkih pljon-
kah na plastine s pomoshh'ju opticheskogo profilometra, Izvestija
Vuzov. Jelektronika, 2016, no. 4, pp. 367—372 (in Russian).

6. Djuzhev N. A., Gusev E. E., Dedkova A. A., Patiukov N.
Determination of mechanical stress in the silicon nitride films
with a scanning electron microscope, Proceedings SPIE 10224,
International Conference on Micro- and Nano-Electronics 2016,
DOI:10.1117/12.2250118.

7. Djuzhev N. A., Gusev E. E., Dedkova A. A., Chinen-
kov M. Ju. Svidetel’stvo o gosudarstvennoj registracii program-
my dlja JeVM Ne 2016611518. Programma analiza rel’efa s cel’ju
rascheta velichiny krivizny poverhnosti v vybrannom napravlenii
na kremnievoj plastine. Dejstvuet s 04.02.2016 (in Russian).

8. Hussein M. G., Worhoff K., Sengo G., Driessen A. Op-
timization of plasma-enhanced chemical vapor deposition silicon
oxynitride layers for integrated optics applications, Thin Solid
Films, 2007, vol. 515, pp. 3779—3786.

9. Mackenzie K. D., Johnson D. J., DeVre M. W. et. al.
Stress control of Si-based PECVD dielectrics, Proc. Symp. Silicon
Nitride and Silicon Dioxide Thin Insulating Films & Other Emerg-
ing Dielectrics VIII, 2005, pp. 148—159, Electrochemical Society,
Pennington, NJ (2005).

10. Anufriev L., Koval’chuk N., Lanin V. Sovershenstvovanie
tehnologii membrannyh MJeMS, Komponenty i tehnologii, 2013,
is. 6 (143) (in Russian).

HAHO- 1 MUKPOCUCTEMHAS TEXHUKA, Tom 19, Ne 6, 2017 337



	obl_NMST6_2017-1pl
	obl_NMST6_2017-2pl
	mc0617_web
	obl_NMST6_2017-3pl
	obl_NMST6_2017-4pl

