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Recent research and development on plasma-enhauced growth of dielectric films are reviewed.
The technology is classified into two kinds of main methods; one is plasma-enhaced chemical vapor
deposition {plasma CVD) and the other is plasma-enhanced surface reaction. Most of plasma CVD
films of SiN., Si0: and doped SiC» have been studied for the purpose of use for the passivation
films and insulating films between interconnects in VLSI In this peper are discussed correlations
among growth conditions, atomic composition and bond structure in films, various film properties and
effects on characteristics of applied devices. The technology of surface reaction is theught to be
ugeful to the lowering of VLSI process temperature. The future trend of these methods is discussed
in a view of the application to VLSL
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Si-H/N-H ratio. Symbol designations are the
same as is Fig. 2.
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Table 1 Dependence of deposition rate, composition, M bonds and refraction index of
plasma SilNx films using Sil4/Np mixture on varions growth conditions.

Growth Deposition | o . . Total . _ Refraction
condition Rato Si/N ratio ! Si at.% | N at.% H 5i-H N-H Tndex n
Substrate - ~ N - P N i - N .
Temperature I
RF power T e N ™ Ve - N e ™
STH./N 1 e A s Y e 7 N, 7
Total :
Pressure 1 e Ve e N — e Ny 7
A —_— J(H_,:Nz wazﬁ
-= == B~ i -
A0 5
z
= . l
s 20p- =
= — Ny /itH 2 25 o
ul
>< ) °
o= " .
My L o -
0 1 | l ; ! o 251 )
100 200 300 400 500 =z
- a

TEMPERATURE (°C)

Fig. 8§ The H content vs deposition tempera-
ture for plasma-deposited silicon nitrides made
with mixtures of NI and silane and with
mixtures of Nz and silane. One sample was
prepared at 380°C with a mixture of NHs N,
and silane.
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T Fil P-PSG
Measmi P-SiN B-5i0 (4 1;101%)
Reactor Sysiem Plasma CVD Plasma CVD Plasma CVD
Reaction Gases SiH«~NH: SiH~N:O SiH~PH-N0
Temperature (°C} 200~300 300~400 300~400
Pressure {Torr) 0.2 1.0 1.0
Uniformity (%} =7 +=7 +=7
Depo-Rate (nmemin~1) 30 50~300 50~300

— 101 —



— 492 — TR 5%
Solution Temp. (°C)
o
10000 50 30 . SO
= 5000 b \q‘
£
E 2000f \‘& !
e AN
o (=4
« 1000F
< \
o
W 500}
u %
X
m Si0 ( o ECR Plasma
L i
200 21 X Thermal
100 I L 1 1 i J
30 3.2 34 36

1000/ T {KT)

Fig. 16 SiO; film etch rates with BHF solution,
BHF, 509% HE: 40% NH,F=15: 85

T B, Na HIFRER, BE CVDELEUTS b,

75 Z= BPSG OFEES A b Tna*™, BPSG
DOERENE, PSCG OREAERETSLEEHEZ T
ik, Hilo#ic PREORENZBERNEELST
<th, LSI EEMEELMCT B7cd, Al T OWHE
Bk mRcH 2%, UL, R » FEEIE
AT EDPETM~DRSEENELNLL LDRE
PSRBT, ChTH LT, BPSG OEABEELP R
BRI R T B C Ltk - T, WEFN OSE A
BLiAhmtoyFEEERHMBTE 5. LbL, BE
CVD &L T, Na O LENENC & EEAN
Thh, SHEOMENNSETEH S (Fig. 15)%,

24 & o BCR B 5 =<4 Bid S5i0: B,
L FRETAHIIBORBIBEEFACHEEE LT3
(Fig. 16)19.%, BEINER, e ¥ AZERELIZ S5 X<
ARMCEEL, HIREET SiHy AR ERESEEN
HTH B, VLSI ek OEER ST Z—20
Fh& LTHFE D,

2.3 HEHEFNARANOBHA

L3I & K oME&HRaHA T 4 2~ 75 X v CVD
BEomESRE I BCED SN T 3, £OREER
BB EREEDERICH 5, LSl g2 TH S
&, Al WHREBITEIRE S 450°C DT i A B B
HLC LD, EEEGREE X CERBEGEERESE LT
EORAmEEET 5, B, RFEMER L LTid
A—sLST i LTHERLTWAA, MOS-LSE o
LTRKESRERMLALNT D, COFEKEIT MOS &

4= (1984)

ANEILANARERRRRARARNARARY

EEE SB-@m-DH-D

| |

FOSITIVE SURFACE STATT CENERATION
CHARGE D RECATIVE CHARCE
BHLRUP BUILDUP

SOURCE

Fig. 17 Model of positive charge build-up and
surface state generation in MOS devieps
covered by plasma CVD-SiN. films.

25 I:/'P/’}ﬂge—l
2.0 cap 0%

cQap 10720

Ve (V)

I
5 10 15

L (um)

Fig. 18 Threshold voltages for channel length
of n-channel MOS devices uncovered and
covered by plasma SIN. films. (SiH4/NHs=
10/5 arid 10/20)

2 2 BOREER G B B, —TJ7, MOS-LSI
D& BEMEM ZESHTEEII L 8- T 5., hE
BRREET A 2T BT S, B RRETHLCE
B & O R EE ARG ACRE S R R A
N ek, 73 Xw CVD RORIARERE ST
b PITFIC, 7094 A IGHORMD CEIHFHES KO
ZEREREEER L LT ORAES S

2.3.1 EERHE~DISA

L3I EEAHEoEIEEE, (1) Na/iZoTrdh
VE&EBEOMLE 20 (2)RSGOEIETH 5, §IER
A4 & LTH - MR FERL, MOS P3P
A= REEEER S L, B Al EREEM, i
WEED, SIN. BUImFIC LTINS 5. —

— 102 —



#
awl £
fET AT FILMS
o[ w-{P-P5G STANDARD
2 o 4-[p-PSG ol CONTAMINATION
o | = |ap-PS6 Mo CONTAMINAT
— st
g
<
:9 0 -
x N
s b
e
. = -
Z o l—gmmmm e mn“,,,“.__@:—_———::'f:g:_
< o e == S S E
-5
i) 1 L L 1
o | 2 3 4 5 5

PHOSPHORUS {N FILMS (WT.% P)

Fig, 19 A Nrp as a function of phosphorus con-
centration at positive and negative biasstres-

sing.
Reflector
tow Pressure Hg Lamp
\ / vac, Pump |
st woter_ | re==t=n O
I - Suprasll
g‘ _/VV\/\I\I\A/\___ | Window
\ Vac. Pump |
Heater
Susceptor
NH, SIH,

Fig. 20 Direct photolysis photo-CVD system,

o5 PSG i Na o34 ML & 2H, R LT
T E L, ULithio T, SiNe EEEE F i h
HAM, 77 A= SiN. BERREE MOS 754 =
ORZEFEEOMBEEBE LTI %, R C San 573 MOS
M OEEEEE L, Fig. 17 ©FETs F 282
7oo FEF LY A AliC BT BN DBASB LUK
VA vllicB D 58BN OBALREHEL OERTH
B, BHLOT MOS o1 i 5 A4 3 iR
Mic#E L. Fig. 18 o775 2 = SiN. BEORE
L5 MOS P UVRA—D L& W EEFEOERER
3. BEPLREEAWET L gk » TEEMiCED
LTED, EENBEASNLCEERELTNSE, L
My, FOERE SINgNH: Gic ko THRBLT
B, NHy BORKENIEE LB RIS
by

77 A= PSG JEicdid 3 Ne QLI R PBED
ink & diikd 5508, Fofliil g E CVD-ESG

5y

3 — 493 —
m m W___ Ag 1st Level Mezalijzation
T80z
fed si
I ETIYN AT RN A —— SiN Depesiting 5i0z and SiN
et o ——5i0
777 W 7 N v/
{b]

1st Step Ecch Back
by RIE

{el

T W%7
m V A 2nd Stop Etch Back
{d) by RIE
__________________ o Si02  popositing 5102
ta) 72 7 e
T 5i02
Si

Fig. 21 Process sequence of leveling of dielec-
trie film for multi-level interconnection, using
plasma processes.

EER—-TH 2 EmEhic (Fig, 197,

73 A= CVD g, 75X -hOEHL i F—hF
i X ARSI ER XU A4V OB AR L -7, YA
Foid RS LS E A LEHE 5%, —F, MNOS
B B ZEIES S, 75 A= SiN. [Hh) EEASE
Bk L O R S AR BT DT S — S &
LT BT EREEHEINTNER, S, #|
HERO RS, Hg OFRAEN (& 185 nm) [
AR CVD s & T a™, [ SIN. J#
B35 A+ SiN: it _TEAD 5 v PHEINE
NWEEOEERE LTV A L ESEEE N T B, Y.
Numasawa 503 Fig. 20 R HEEIC L - TEES
SMFE R SiH-NH: ORIGE & BEEETE - 1,
COFEER, SRR E LTHIEE R I Hy EEEH
ALTREOORD, BEE~OHRE, AELBITRHEE
ORELEDETHREE Lo £ 1IT & » T 100 Ajmin
OEEHEENBOATED, TOfE - AR~
CVD b D EAETHEE LTS, Tk, HHREMN
EEBXU) s BRIcEN TS 2= CVD LD E
NTHBEEEELTH S,

2.8.2 EEEESOIA

VLSL o 2 RO SEmE O K, ot

— 103 —-



— 494 —
e .~w-or- before eich
~ N
ﬁ}{@j&»aﬂer etch
2
SiN
% D1 ~ium
[FN—
2.5p
1.009
0.81.
E
=N
~ 086} o
a
0.4F
Q
02t \\\o
\\O‘
! 1 !
8] 10 20 30 40

Hz Content (%)

Fig. 22 Eich rate characteristic of narrow deep
regions (D2} 2s a function of H: content in
CF4-+Hz etchant.

{h¥ LR b B S WARIER OISR, EERTES
SBOEFEME NI E R L T#H 5, LLis
b, EBEMIES>NTERORELH KL, Al =7
w A AR U W h R S REEAE AT B,
VISI OB BEDT 2, SEEREEEDHEI N
2 5EOER{EBEN TR 0R, TaEEko0s B
MRS L - i ThE L, FEEEEENT
Licwicii, ERbEEOENEHEAERNNEE NS,
75 A= CVD R, WETsogEkc@BnicgiEs
FLTEHL, fOEHAMEIMCEENTEL, BT

Furnace Heater

ERE H5% HdE (1984)

FZREEMA & UTERLEN T BEEOEE 2349
Ao

COFEME, X CVDIEERGEA &+ v x » 5
v RIE) ZHEL, TOBEZENM L EDTH
5%, Fig, 21 wxolEEREh 2, $T1IEED
Al B bz, CVD-Si0: B ki 5 X= SIN, [Ea
Pt 3, Ric CFRat+He HF2Rick - T RIE %372
3 &, Fig. 2 wb o3 BECERD . » 7 3
ASEEERIC TS i, BELO AT SN AR
Bo COERRE He REOEMICONTHEFICL L &
Mo, TeFviRHTEid3d (CF. £ = — 0 5Ee
DRIEIC LB EEL LI D, BB, TvFoy s BT
1o Fois SiO: EFEXES &, FHLBRGEEE
BB, AFERT v F v L HOAR T LE
TARF AT OEEEER LIt b OTAY, 53X
FERe— ofef 253 T g,

3. UeSXvEmRILE

75 AR CERERE L D EERECEER,
WA ERT S E BT 2EE v & LTK
HENT b, RS, VLSI fl#~ o &2 OER(L
BIUBCE LSRR O T A7 0 £ X DR
fL&EEREFEN S UTHREINTH S,

St Fm ok, SN OFEEERE N LB
L, MOS #9420 S0z i ¥ — MEglEs Lo
BN S TG, 3bh s, MOS F/94 2Dk
b E & bicd — MEBIEOER (s BRE{TEH
Tyidh A4, R () OHDIETRMNS D, FEE (&)
BRELTENEFY TS 3. ST OBE(LE MBI By
KIS BAR, BOTHOREIRBLTS 1004 2

SiC Rod
N—— /

=

Vaceum Outlet

Silicon Wafer

SiC Suscepter

r.f. power (13.56MHz)

Gas Inlet
DC Bias Voltage

Fig. 28 Schematic diagram of experimental apparatus for plasma anodic nitridation.

— 104 —



% H
TOEERBLR LT €80, NHe ¥R 7 5 22%
FTd 1050°C, 160 450T 100A BETH D™, N,
73R T OEEE 1145, 0BT A BETH
%%, M. Hirayama 533 Ne-He ¥ 2R k275
BRI eHE L, Fig. B st BB -
T, 900°C, 30043RH, BEH YA TR IOV OfRMT

o -

FiLM THICKNESS (A)

1 1 1 1
Q 20 40 80 80 100 120 140 160 IéO 200
SFy CONCENTRATION {(ppm)

Fig., 24 Variation of film thickness with SFs
concentration for films grown at 1100°C for
60 min.

ES — 455

630 A LLLOBED SisN, 287, BHESA TR
S TRESNZTEEHEL TV B F72, O P
MBI 6 MV/iem OREERBE SR,

R.V. Giridhar &¥ i w4 7 o N, 75 3=
KEBEMTEREL, LbbL RO SF ¥ AEHNd
BlEE-TEASEEI NI EEROEB LR
(Fig. 24),

TR LS S EEO LR, VLS R
{LF oA D—2 L LTREST GA, EOEE, B
B I 24 2 b D L ENHETH B, 75X
< BERELT, V.Q. Ho 6t TRSTFELNT
B, A K. Ray 5% Fig. 25 FdEELHNT
of B (0.6~3MHz) O 73 Xvick 3 51 OEMLE
Wit Lo O #2038 1072 Torr BLETY 5 X=B ks
mEM, COBETIATELTHEY Si FEHOF
PR LREASA S L &0 D RIS - fo. Bk
SEEREA, vy — L FEEBLUBERECELT
Fabhic, BdBEER 00C TR SN, 11000
DORERESBE U s ERNEE (BEEh, REt
fir, WEEREE) EEL7 (Table 8), Cchc sz

L1Q. NiITROGEN MASS FLOW
TRAP METER

\ / ULTRA HIGH
jooosc]

PURITY Op

L+

Ir" T
A} THERMOCOUPLE
|™ chuce

RESISTANCE

FURNACE TO VAC.
SILICON SYSTEM
SUBSTRATE

Fig. 25 Schematic diagram of the experimental
plasma oxidation system.

Table 8 Properties of plasma Si0: grown at 500°C compared -
to thermal Si0z grown at 1100°C

Plasma SiOs Thermal SiOs

Properties 500°C growth 1100°C growth
. temperature temperature
Etch rate in 1:{9 BHF (nm/min) 74-76 75
Refractive index 1. 461-1. 465 1.462
Stress (dynes/cm®) 1.5-1.6x10° 3.1-3. 4% 107
Fixed charge (No./cm?®) 2-5x10% 2% 101
Interface states (No./emZeV) 2-gx 10w 21010
Retention time (sec) ~100 =500
Breakdown strength (MV /om) 4-8 10
Boron depletion Absent Present
Bird's beak effect Ahsent Present
Oxidation-induced defects

Absent Present
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