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Abstract. The paper presents results of the kinetics study of Si:iN• thin
films deposited in APCVD - industrial type reactor in SiH.-NH3-H2 gas
system. The concentration of the silane was in the range of 1-3 x 10-4
mol.% when the deposition temperature is in the range of 700-1150°C. A
correlation between the technological parameters and films characteristics
is drawn and the surface morphology of the films is studied.
Pe3IOMe.
B pa6ore npe.n;cTaBJiellbl pe3ym.TaTbl no HCCJie.n;oBa.HHIO
CBOiiCTB CJIOeB HHTpH.n;a KpeMHHH, ocalK){eHHbU B CHCTeMe SiH. -NH3 H 2 . CnoH ocalK.n;aJIHch B TeMnepaTypHoM HHTepeane 700-900 °C npH
KOHIJ;eHTpau;HJIX CHJiaHa 0,714.10-4, 1,506.10-4 H 3,010.10-• MOJib. ){0Jieii H paCXO){OB aMMHa.Ka H BO){Opo.n;a COOTBeTCTBeHHO 65,4 l/h H 2900
l/h. YlccJie){OBaJIOCb BJIHJIHHe KOHIJ;eHTpau;HH BO){Opo.n;a H aMMHaKa Ha
KHHeTHKY npou;ecca. Yl3MepHJIHCb TaKHe napaMeTpbl CJIOeB, Kai<: KO<Hjltj>Hu;HeHT npeJIOMJieHHJI ( 1/), ){HeJieKTpH'leCKaJI IlOCTOJlHHaJI ( e), npoBO){HMOCTb ( J) H IIJIOTHOCTb 3apH.n;a ( N •• ) . y CTaHOBJieHa CBJl3b OIITH'leCKHX
H aJieKTpOlj>H3H'leCKHX CBOiiCTB CJIOeB c YCJIOBHHMH ocalK){eHHJI.

1. Introduction

SiaN4 thin films deposited by chemical vapour deposition (CVD) are largely used
materials in the semiconductor industry as diffusion masks, for passivation and so
on. Authors [1-4] investigate the connection between the technological parameters
of the deposition process and its kinetics. Of special interest are the electrophysical
characteristics of the film as a function of the deposition temperature, the reagents
concentration, the gas flow rates etc. [5-6].
The purpose of the paper is to investigate the optical and electrophysical pa-
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rameters of SbN4 thin films, deposited in APCVD industrial type reactor in SiH 4NH3- H2 system in dependence of the technological process parameters.
2. Experiment and Materials
In this study the industrial type APCVD is used. The reactor chamber is quartz
tube with rectangular cross section. Silicon wafers are placed on a graphite susceptor covered with SiC layer and heated by halogen lamps. The source reagents
used are SiH4 - 5 % in N2 and NH 3 - the two being of purity for microelectronics purposes. Carrier gas of H 2 has oxygen contamination of 0.2 ppm and water
vapours content of 0.1 ppm. For further purifying 0.1 sized nuclear purifiers were
used. Silicon substrates of (100) orientation, p = 42- 60 O.cm and diameter <P = 50
mm were used.
The substrates were cleaned up before the deposition using the standard cleaning chemical procedure for microelectronics purposes. Films morphology was studied by TEM electron microscopy using HITACHI HV-11 microscope.

In Fig. l the growth rate versi
is shown. Curve 1 corresponds tc
- respectively to 1.5 x 10- 4 mo!.~
of NH3 and H2 were kept at 65.•
700- 950°C the growth rate chani
of this dependence changes over
conditions, limiting the heterogen
950°C the chemical process at ti
increasing in the temperature fr<
weakly, which shows that the cliff
possible explanation of this is th
before reaching the substrate.
Dependence of the deposition
of the amonia (5.4 l/h and 65.4 1
in increasing of silane concentrati;
deposition rate of Si3N4 grows f
because of the excessive amount

3. Results and Discussion

The results presented in this paper are obtained using optimal technological process
permitting to place simultaneously 21 substrates in the reaction chamber and to
grow up films with thickness in the range of 1000 A±5%.
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VD industrial type reactor in SiHc
gical process parameters.

sed. The reactor chamber is quartz
afers are placed on a graphite susalogen lamps. The source reagents
o being of purity for microelectronntamination of 0.2 ppm and water
ying 0.1 sized nuclear purifiers were
= 42-60 n.cm and diameter</>= 50
deposition using the standard cleanrposes. Films morphology was studHI HV-11 microscope.

In Fig.l the growth rate versus deposition temperature in Arenius coordinates
is shown. Curve 1 corresponds to SiH 4 concentration of 3 x 10- 4 mol.%. Curve 2
- respectively to 1.5 x 10- 4 mol.% and curve 3- 0. 7 x 10- 4 mol. %. The flow rates
of NH3 and H2 were kept at 65.4 l/h and 2900 l/h. In the temperature range of
700-950°C the growth rate changes linearly with the temperature. The character
of this dependence changes over 950°C. This change corresponds to changes in
conditions, limiting the heterogeneous reaction rate. In the temperature range 7009500C the chemical process at the substrate surface limits the reaction. Further
increasing in the temperature from 950 to 1050°C influences the deposition rate
weakly, which shows that the diffusion process is the reaction limiting factor. One
possible explanation of this is the vapour phase reaction, decomposition of SiH 4
before reaching the substrate.
Dependence of the deposition rate on the silane concentration at two flow rates
of the amonia (5.4 l/h and 65.4 l/h), is illustrated in Fig. 2. It is established that
in increasing ofsilane concentration from 0.5 x 10- 4 mol.% to 5.2x10- 4 mol.% the
deposition rate of Si 3N4 grows from 10 to 90 A/min without reaching saturation
because of the excessive amount of NH 3 .

using optimal technological process
tes in the reaction chamber and to
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Fig. 1. Temperature dependence of the deposition rate of Si3 N 4:
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Using the obtained experimental results and least squares method the energy
activation was determined for three different silane concentrations. Analytical expression for the deposition rate is also drawn and the results for the two are presented in Table 1.
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Fig. 3. Dependence of the deposition
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850°C
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Table 1. Analytical expression of the deposition rate and activation energy values for

different technological parameters
Technological cond.itiorui
Content of the
reagents ( mol. %)

SiH4
NH3
SiH4
NH3

Temperature
range (°C)

= 0.714 x 10-4
= 4.098 x 10- 2

from 700°

= 1.506 x 10- 4
= 4.09 x 10-2

from too 0

= 1.506 x 10-4
= 4.09 x 10-2

from 950°

= 3.010 x 10- 4
= 4.080 x 10-2

from 700°

= 3.01 x lo-4
= 4.08 x 10-2

from 950°

SiHt
NH3
SiH4
NH3
SiHt
NH3

Analytical expression and
temperature dependence of the
deposition rate SiH4 - NH3-H2

Activation
energy
(kcal/mo!)

3
(-23.106 x 10 )

+ 26 .49

51.66

Inv = !-23F)6 x 103> + ~4.38

45.88

ln v

-

-

T

to 950°

T

to 950°

3

ln v

= (-7.57T x 10 ) + 11.60

15.04

ln v

= (- 22 ·<12 x 103 ) + 24.28

44.13

= (-8.978 x ip3) + i:p3
.
T

17.82

to 1050°

T

to 950°

ln v

The films deposited at diffe
their conductivity at ratio SiH 4
in Fig.5 are given in Poole-Fre
type of the conductivity of Si3

where C1 is the coefficient, inclu
( eV); J - current density (A/
constant of Si3 N4 ; € 0 - di~lect
It can be seen from Fig. 5 t
conductivity grows and for a gi
to higher current densities.
Our explanation of this fact
atoms.

It is also established that with the jpcreijliin~ pf the pycj.ro~en cop.centration
1/160 and SiH4/Nlla
1/550 the growth rate
for the two ratios SiH4/Nlh
monotonically decreases - Fig. 3. It is con~idered that this may be due to, on
the one side, the effective time of contact between the reagents and the silicon
substrate (because of the increasing linear rate of the flow) and, on the other, to
the increasing in the heat transfer between Si substrate and the higher hydrogen
flow rate and consequently decreasing in the temperature of the surface layer of
the substrate. The fact that the deposition rate does not depend on th~ amonia
content presented in Fig. 4 confirms the fact that in this range the reaction degree
is zero with respect to its second reagent.
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2 - flow rate of 100% SiH 4 - 0.24
l/h; 3 - flow rate of 100% SiH4 0.12 l/h; H2 flow rate - 2900 l/h,
T = 850°C
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The films deposited at different temperatures are investigated with respect to
their conductivity at ratio SiH 4 /NH 3 = 1/275. The V-A characteristics presented
in Fig.5 are given in Poole-Frenkel coordinates having in mind the Poole-Frenkel
type of the conductivity of Si 3 N4 for high intensity fields [7] using the formula:
J = C1Eexp [ - _!]__(411

-J

qE )]
KT
n£o£N
where C1 is the coefficient, including the density of traps; <I> - depth of the traps
(eV); J - current density (A/cm); E - field intensity (V /cm); £N - dielectric
constant of Si3 N4 ; £ 0 - di~lectric constant in vacuum.
It can be seen from Fig. 5 that inereai>ing the deposition t~mperature th~ films
conductivity grows and for a given electrical field intensity the graphi> are replaced
to higher current densities.
Our explanation of this fact would be the existing of vacancies or excessive Si
atoms.

Fig. 5. Temperature dependence of
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Fig. 4. Dependence of the deposition rate of Si3 N4 films on the concentration of NH3 in gas phase; 1 flow rate of 100% SiHt - 0.4 l/h;
2- flow rate of 100% SiH4 - 0.24
l/h; 9 - flow rate of 100% SiHt 0.12 l/h; H2 flow rate - 2900 l/h,
T = 850°C
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Fig. 6.
Temperature dependence
of the refraction coefficient of SiH4
films: 1 - SiHt/NH3 = 1/275; 2 SiH4/NH3 = 1/55

Refraction coefficients of the films, deposited in the temperature range 85011000 C and at ratio of SiH 4 to NH 3 = 1/275 are in the range of 1.95-2.00 and
for SiH 4 /NH 3 = 1/550, the value of the refraction coefficient is in the range of
1.93- 1.95, as presented in Fig. 6.
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Fig. 7 presents the dependence off on the deposition temperature at ratio of
SiH 4 to NH 3 = 1/275 and it is seen that the value is in the range of 6.7-7 when
the ratio of SiH 4/NH 3 = 1/550 grows slightly from 5.75 to 7.00.
Breakdown voltage E of Si 3 N 4 films deposited at SiH4/NHa = 1/275 is a constant value equal to 9 x 10 6 V /cm. When SiH 4 to NH 3 equals 1/550 E is in the
interval of 2.5 x 10 7 to 6 x 10 6 v /cm. The temperature dependence of E presented
in Fig. 8 can be explained with existing of Si-Hand N-H bonds in SiaN4.
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It is konwn that when the deposition temperature increases the number of Si-H
and N-H bonds decreases [8-9], which leads to increasing in the Si-N bonds in Si3N4
and as a result E decreases.
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constant of SiJN4: 1 -

SiH4/NH3 =
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In Fig. 9 the temperature dependence of states at the interface Si/Si3N4 (N•• )
obtained from C - V measurements is presented. Decreasing N 88 with increasing the deposition temperature is a fact which shows higher quality of Si-Si 3N4
interface [10].
Surface morphology of Si3N4 thin films was studied by Transmission Electron
Microscopy (TEM) using carbon replica sample preparaton and Electron Microscope HITACHI HV-11 and magnification of 100 000. The observations show that
when the temperature increases up to 1000°C and the SiH 4 concentration decreases
to 0.7 x 10- 4 mo!.% at flow rates of NH 3 equal to 65.4 l/h and H 2 - 2.900 l/h
homogeneous films with grain size of 20-30 A are deposited. Results are shown in
Fig. 10.

deposition temperature at ratio of
alue is in the range of 6.7-7 when
om 5.75 to 7.00.
ed at SiH 4 /NHa = 1/275 is a con4 to
H3 equals 1/550 E is in the
erature dependence of E presented
and N-H bonds in SiaN4.

Fig. 10. Carbon replica surface morphology TEM study of APCVD SiJN4 thin
film (1000 A) deposited at 1000°C and
SiH4 concentration of 0. 7 x 10- 4 mo!. 3
and flow rate of NH 3 = 65.41 l/h; flow
rate of H2 = 2900 l/h. Magnification 100
000 x

Fig. 11. Carbon replica TEM surface
morphology study of APCVD SbN 4 thin
film (1000 A) deposited at 800°C and
SiH4 concentration of 3 x 10- 4 mo!. 3 and
flow rates of NH 4 - 65.4 l/h and H2 2400 l/h. Magnification 100 000 x

Films obtained at temperatures 850°C and flow rates H 2 2400 l/h and NHa 65.4 l/h and SiH 4 3 x 10- 4 mo!.% have rough surface with aglomeration areas of
300-800 A, as shown in Fig.11.
4. Conclusion
50

950

1050 T,°C

9. Density of states at Si/SiJN4 ine as a function of the temperature
iH4/NH3 = 1/551

ture increases the number of Si-H
reasing in the Si-N bonds in Si3N4

The influence of the temperature and the concentration of different reagents on the
growth rate, from one side, and on the optical and electrophysical characteristics of
the deposited SiaN4 films, from the other, is studied. The technological parameters
influence on the surface morphology of the grown Si 3N4 films is also studied.
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1. Introduction

The ions Sb 3 + belong to the s2of alkali halides. The incorpora
impeded because of the consider·
in the host lattice and Sb 3 + imp
dedicated to the investigation of
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2. Experimental Procedure
Single crystals of SrCl 2 (Supra
horizontal Bridgman method [4)
dimensions. They were heated a
18 hours and polished in order
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