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DEPOSITION OF BOROPHOSPHOSILICATE GLASS
FILMS USING THE TEOS-DIMETHYLPHOSPHITE-
TRIMETHYLBORATE SYSTEM

Modernization of horizontal low pressure deposition system has been performed. The liquid source delivery
system using the bubblers has been developed. The PSG and BPSG film deposition processes and film
properties using TEOS-Dimethylphosphite-TEB system have been studied. It is shown that the use of
dimethylphosphite allows varying the phosphorus concentration in the wide range. It is found that the
optimal range of the total boron and phosphorus concentration ensuring the acceptable topology planarity
and resistance to defect formation during storage is 8.710.3 wt% when the phosphorus concentration is
3.0—-3.8 wty. It is found that at use of the TEOS-DMP-TEB system the depletion of the phosphorus
concentration along reaction zone does not occur, and the total dopant concentration is practically
constant. At the same time the deposition rate of BPSG films is 9.0—10.0 nm/min and the good film
thickness uniformity are ensured. The as-deposited films have “mirror-like surface” that is proof of
minimal surface roughness. The BPSG films with optimal composition ave characterized by the reduced

reaction capability against atmospheric moisture.

Keywords: borophosphatesilicate glass, deposition, topological relief planarity.

With shrinking device geometries the task of
planarizing surface topography becomes more
important [1]. Phosphosilicate glass (PSG) and
borophosphosilicate glass (BPSG) are widely used
for this purpose [2]. These binary and ternary glass
films have an intrinsic flow property due to the
temperature dependence of glass viscosity. BPSG
films are also more attractive for use than PSG in
contact reflow process (second thermal reflow),
which is used for rounding of sharp contact edges
to improve the step coverage by subsequent metal
film. PSG and BPSG films are mostly produced
by oxidation of silane [3] or pyrolytic decompo-
sition of tetraethylorthosilicate [4, 5] with the
addition of boron and phosphorus dopants during
deposition.

The main disadvantages of silane-based proc-
esses are using toxic reagents, difficulty of process
control, relatively high defect density of deposited
films because the oxidation of silane (and phos-
phine) proceeds by the free-radical chain mecha-
nism with intermediates being formed in the gas
phase [6, 7]. Furthermore, silane processes take
place at a relatively low temperature and cannot
provide good step coverage. Silane based BPSG
films need high doping to provide flowability, but
this also leads to poor film stability in storage.
Using organosilicon compounds (TEOS) allows to
obtain the high-quality films [8], to reduce nox-
ious emissions [9], and to improve step coverage

[10] and narrow gap filling [5, 11]. Nonetheless,
moisture absorption and defect formation in highly
doped glass films are still big challenges for these
solutions.

Table 1 summarizes physical and chemical
properties of common source materials for the
deposition of PSG and BPSG films. With the
TEOS —trimethylphosphate(TMPO)-0, and
TEOS —TMPO — trimethylborate(TMB)—0O, sys-
tems, films of over 3 wt% P are relatively difficult
to produce because TMPO has a low vapor pres-
sure [13, 14]. Furthermore, the P concentration of
BPSG films is known to be strongly dependent on
the temperature of deposition when this involves
TMPO [15].

Fig. 1 depicts the dependence of the B and P
concentrations in BPSG films on the deposi-
tion temperature in the case of the TEOS-
trimethylphosphite(TMPite)-TMB-0O, system.
Notice that the P concentration falls from 4.2 to 1
wt% at a rate of about 0.06 wt% /deg as the deposi-
tion temperature is raised from 675 to 725°C, while
the B concentration remains fairly constant at
6.2—6.4 wt%. The authors of [ 13] have shown that
a flow angle a less than 45° is achieved when the
sum of the B and P concentrations exceeds 8.7 wt%,
provided that they are greater than 5.65 and 1.4 wt?%,
respectively. On the other hand, boron-rich films
are very hygroscopic and unstable in storage
[16—19] and are not adequate in gettering alkali
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Fig. 1. Previously reported boron (Cg) and phosphorus (Cp)

concentrations in BPSG films vs. deposition temperature

in the case of the TEOS—TMPite—TMB— O, system

O — boron [13]; @ — boron [15]; O — phosphorus [13];
B — phosphorus [15]

metals (ions). Moreover, using the boron-rich
BPSG films can cause the contact-to-contact short
failure in ultra large-scsale integration by wiggling
contact profile [20].

Furthermore, with the TEOS—TMPO —-TMB
system, the considerable depletion of phosphorus

4

along the deposition zone makes it difficult to
strike a balance between the deposition rate, the
amount and the uniformity of P concentration,
and the thickness uniformity.

In view of the above, we find it worthwhile to
identify alternative systems of source materials for
the deposition of PSG and BPSG films that would
allow a higher degree of control over the B and P
concentrations and better thickness reproducibility
in deposition, and would provide films more stable
in storage. The TEOS—DMP, TEOS—DMP—
TEB, and TEOS—DMP—TMB systems are of
particular interest in these respects. This paper
presents an experimental investigation into the
deposition kinetics of PSG and BPSG films from
the TEOS—DMP —TEB(TMB) reactant system,
and into the properties of the films.

Experiment

The experiments were performed using 4 inch
B-doped, <100> oriented, 12 Q-cm resistivity
silicon wafers as substrates.

The deposition of PSG and BPSG films was
carried out in a horizontal hot wall LPCVD reactor
(Karat model) [18], using liquid reagents. Since
the liquid reagents have different saturated-vapor
pressure at the same temperature, the separate
bubbling evaporators were used for each liquid

—L]

High Purity N,

Fig. 2. Gas and vapor distribution system of the LPCVD reactor:
1 — SiC cantilever; 2 — quartz reactor; 3 — wafer boat; 4 — pressure gauge; 5 — shutter; 6 — vacuum gate; 7 — valves;

8 — nitrogen trap; 9 — mass flow controllers; 710 — valve with calibrated orifice for nitrogen backfill; 7/ — vacuum pumps;
12 — TEB (TMB), TEOS, DMP bubblers (the TEOS and DMP bubblers use the carrier gas)

TexHosornst 1 KOHCTPYHPOBaHNE B 3JIEKTPOHHOII anmapatype, 2015, Ne 1

ISSN 2225-5818

o1



MATERIALS OF ELECTRONICS

reagent. The gas and vapor distribution system is
presented in Fig. 2.

The special liquid vaporizing system was used
to provide the stable pressure and flow of TEOS
vapor. This system contains the bulk supply
container (10 liters), compartment with metallic
container (bubbler) for holding TEOS to be va-
porized, mass flow controller (MFC) for carrier
gas and a bubbling tube inserted into bubbler, an
outlet pipe for ejecting TEOS vapor with carrier
gas, liquid supply pipe for refilling the bubbler
from bulk container, temperature detection and
adjustment means for maintaining the TEOS
temperature and temperature inside the bubbler
compartment. This liquid vaporizing system can
be operated under temperatures above 50°C, which
are needed for TEOS evaporation in case of BPSG
deposition in horizontal LPCVD reactor. The
TEOS vapor pipes to reactor were electrically
heated 5— 10°C above the temperature of the bub-
bler, using insulated wire.

The liquid source materials were TEOS (dis-
tilled), dimethylphosphite, and trimethylborate
conforming to the Russian technical specifications
TV 2637-059-44493179-04, TY 2634-002-40475629-
99, and TY 2634-001-40475629-99, respectively.
They were evaporated in the respective temperature
ranges 55—57, 22—24, and 20—40°C, with each
temperature point maintained to within +0.5°C. The
wafers were placed in specially designed perforated
quartz boats. The wafer spacing was 7.5 mm.

The PSG films were deposited at 680 —715°C
and 45+3 Pa; the BPSG films — at 660 —690°C
and 45%=3 Pa. The chamber pressure was main-
tained by feeding nitrogen through MFC. The
carrier gas was oxygen or nitrogen; its flow rate
through each bubbler was 200 sccm or less.

The PSG and BPSG deposition process included
the following steps:

1. Loading wafers into the chamber and nitro-
gen purge through the chamber;

2. Chamber pumpdown;

3. Nitrogen purge of the chamber;

4. Chamber pumpdown, temperature stabiliza-
tion at given values;

5. Leak check;

6. Chamber pumpdown;

7. Deposition of BPSG films;

8. Nitrogen purge of the chamber and chamber
pumpdown;

9. Repeat step 8 an appropriate number of
times;

10. Chamber backfill using nitrogen until at-
mospheric pressure is reached;

11. Unloading wafers.

Film thickness was measured by spectrophotom-
etry (Leica’s MPV-SP), the phosphorus concentra-
tion by X-ray fluorescence (Rigaku’s M3613), the
boron concentration by infrared (IR) spectroscopy
(SPECORD-75) and Fourier-transform spectros-
copy (FSM-1201 FTIR analyzer), and refractive
index by laser ellipsometry (LEF-3M).

The test structure, having the polysilicon lines
1 um thick was used for evaluating topology
planarity. The films 0.75+0.05 um thick were
subjected to thermal reflow in dry oxygen at 850°C
during 45 min for BPSG or at 950°C during 30 min
for PSG. The topology planarity was evaluated
by measuring the slope angle a after reflow [4, 8]
as seen in cross-sectional scanning-electron-micro-
scope images.

Results and discussion

Fig. 3 and 4 depict the observed dependence of
P concentration in PSG films on deposition tem-
perature and DMP temperature, respectively, with
the carrier gas flow rate maintained at 200 sccm.
The P concentration decreases steadily from 10.0 to
6.0 wt% as the deposition temperature is elevated
from 680 to 715°C when DMP temperature is about
30°C (Fig. 3). It also increases steadily with DMP
temperature (Fig. 4).

When nitrogen is used as the carrier gas, in-
creasing its flow rate from 67 to 200 sccm reduces
the PSG deposition rate from 7.5 to 5.5 nm/min,
that can be explained by the TEOS partial pressure
reduction. The carrier-gas flow rate has a signifi-
cant influence on the wafer-to-wafer (w,/w) thick-
ness uniformity: raising the former to 200 sccm

Cp Wt%

4 1 1 1 ] ]
680 690 700 710 720
Deposition temperature, °C

Fig. 3. Phosphorus concentration vs. deposition
temperature for PSG films

12 ¢

105 //

Cp, Wt%
oo
T

15 20 25 30 35 40 45
DMP temperature, °C

Fig. 4. Phosphorus concentration vs. DMP temperature
for PSG films at a deposition temperature of 715 (@),
700 (W) and 680 °C (A)
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improves the w /w thickness uniformity from +12.6
to £4.6%. Using oxygen as the carrier gas increases
the deposition rate by a factor of 1.3 and provides
an increase in average P concentration by about
1.5 wt%. Those might be related to the increase
in the number of P— O bonds in the film being
deposited. The within wafer thickness uniformity
of PSG films was less than £5.0% for each of the
processes performed. The PSG films have a refrac-
tive index of 1.45+0.01.

The dependences of phosphorus concentration
on the deposition temperatures and DMP bubbler
temperature makes enable to control the concentra-
tion of phosphorus over wide ranges.

The process temperature is known to be a major
factor in BPSG deposition using the TEOS—
TMPO —TMB system [21, 22]. Tt has been found
experimentally that phosphorus plays the central

BPSG film stability

role because its excess or deficiency accelerates or
inhibits the deposition process, respectively. Note
also that it is very difficult to provide an adequate
thickness uniformity when the deposition process
is carried out at 590 —680°C, on the other hand,
lower temperatures result in a sharp decrease in
deposition rate. Therefore, the determination of
optimal BPSG deposition conditions should be
based on a compromise between individual proc-
ess parameters.

Using the TEOS-DMP-TEB(TMB) sys-
tem, we have obtained stable BPSG films with
CptCg = 8.5—9.3 wt% and Cg = 3.4—4.7 wt%
(see Table 2). Acceptable slope angles after reflow
have been achieved at Cp + Cg = 8.7—9.2 wt%
and Cp = 2.4—5.0 wt% (see Table 3). It was de-
fined that the formation of boric acid crystals in
8 hours after deposition when boron concentration
was more than 6.3 wt%. With phos-
phorus concentration over 5 wt%

Table 2 the defect formation after thermal

treatment was observed. The side

Process | Cp, | Cp, | Cpt+Cp, DefeCtafft’gngteiogsiﬁo}é hours wall step coverage by BPSG films
no. wt% | wt% | wt% P was 0.56 at 320°C, 0.73 at 430°C and
03h | 2h | 4h [24h | 72h o . -
7 18 73 23 " " - - " 0.87 at 650°C [9], which are in good
5 57 69 96 — n " " " agreement with experimental results
3 62 i 109 — n n n n of other authors [23, 24].
n 12 1 70 3.9 - s T " Table 4 lists major process char-
5 17 1 69 3.6 . — 1 ¥ " " acteristics and compares them with
6 65 | 3.7 10.2 - N n n those reported previously. Since
7 70 35 10.5 — — i i i the BPSG deposition rate is very
8 7.1 3.2 10.3 — — + + T sensitive to the DMP flow rate,
9 1.6 6.6 8.2 — — [ = + + it is advantageous to maintain Cp
10 2.4 6.4 8.8 — — | = + + between 3.0 and 3.8 wt% to provide
11 3.2 6.0 9.2 — — | = + + the stability and reproducibility
12 5.1 4.5 9.6 — - | - + + of film thickness uniformity. Such
13 5.6 4.2 9.8 - - | - + + BPSG films are deposited at 9.0 —
14 6.1 3.6 9.7 - - | - + + 10.0 nm/min and have a refractive
15 7.4 2.5 9.9 - - | = + + index of 1.45—1.46.
16 3.0 | 58 8.8 - -l =1 = + When DMP is used as a phospho-
17 3.9 | 5.0 8.9 = S e * | russource, the Cp profile is virtually
18 4.7 4.9 9.6 — S W + independent on the deposition tem-
19 5.0 4.1 9.1 — S — + perature profile. The TEOS, DMP,
3(1) ié g; Sg — — — — and TEB flow rates — and therefore
5 <1 34 85 — —— — — Cg and Cp — are mostly determined
53 =9 T 34 93 — — — by the bubbler temperatures. For

Note: The plus and minus signs indicate the presence
defects, respectively.

Slope angle o. after BPSG reflow as dependent on film properties and process parameters

and absence of

the first time, it was found that
there is no depletion in phosphorus

Table 3

ater [ P ek | it [ ot [ Conca it | des || Derostion [Tk wiforyi
1 0.75 2.4 6.4 8.8 39 7.0 4.2—6.0
2 0.73 5.0 4.1 9.1 31 11.9 5.0—6.8
3 0.76 2.8 5.9 8.7 35 7.9 3.4—4.2
4 0.60 1.2 7.0 8.2 61 4.8 21—-2.7
5 0.75 6.1 3.6 9.7 46 14.7 3.9-5.6
6 0.74 4.6 4.5 9.1 30 11.6 2.4—-5.3
7 0.39 3.2 6.0 9.2 39 8.9 2.8—4.6
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Table 4
Major characteristics of BPSG deposition process as compared with previous results
Through- . Thickness | Dopant
put, W afer Pressure, | Tempera- Depom— Cp | Cg wt| uniform- range,
Reagents diameter, o tion rate, S o . o
wafers,/ Pa ture, °C . wt % % ity within | w/w,

batch mm nm,/min wafer, +% | + wt %
TEOS, PHs,
0,, TMPO, 90 100 66.5 620 —680 15 10.8 5.6 4.0 1.5
TMPite [4]
TEOS, TMB,
TMPite, O,, 50 60 40—106 | 675—750 | 10—30 4.0 4.0 — —
N, [4]
DMDCS, phos-
phorus chlorides, | 5, 100 200 [750-850| 8—13 | 9.7 | 9.5 5.0 -
ethyl borates,
Oy, N, [4]
TEOS, TMB,
TMPite, O,, 30 100 40 5210—680 | 5—15 5.0 13 10.0 —
N, [4]
DADBS*, TMB,
TMPite [4] 50 60 66.5 470—550 | 2—-25 4.0 5 — —
TEOS, DMP, 3.0 50
TEB (TMB) 50 150 45 660—690 | 9.0—10.0 | "y 2| "2 2 4.8 0.4

3.5 5.5

[present work]

* DADBS — di-acetoxy-di-t-butoxy-silane.

concentration along the deposition zone when the
TEOS—DMP—TEB system is employed; and
Cgt+Cp is almost uniform.

As-deposited films have mirror-like surface
and roughness of 0.3—0.35 nm, which is three
times lower than that for BPSG films in [23] and
2.7—3.6 lower than for PSG films, obtained using
TEOS-DMP (0.97 —1.09 nm).

BPSG films have density of 2.22 g/cm3 at
320—430°C and 2.30 g/cm3 at 650°C, respectively
[10]. Note that BPSG flowability is more sensitive

to boron than to phosphorus; for example, reduc-
ing o from 30° to 20° requires 1 wt% increase in
Cg or 7 wt% increase in Cp [21].

Fig. 5 depicts a correlation between moisture
absorption and dopant concentrations for BPSG
films, which were defect-free in 24 hours after the
deposition (H — moisture penetration depth).
Previously, stable BPSG films were produced with
deposition followed up by in-situ thermal reflow.
This was necessary because the range of optimum
boron and phosphorus concentrations was above

the defect formation boundary, as

Cp/(Cp+Cp), rel. units

concentrations of BPSG films [13]:

formation boundary [25]

12 1 H,um seen in Fig. 5. In another study, 24-h

stability of BPSG films was achieved

10 within narrow ranges of Cg and Cp

. 0.75 [26]. Using the TEOS-DMP-TEB
e

L 8 system, we were able to expand do-

% ; pant concentration ranges because

g6 ; 0.50 DMP allows obtaining higher phos-

+ phorus concentration under higher

o Adr L deposition temperatures; furthermore,

T 10.25 the range of optimum boron and phos-

2r phorus concentrations is below the

. . . . 0 defect formation boundary (Fig. 5).

0 0.2 0.4 0.6 0.8 10 In situ thermal reflow [13] was also

Fig. 5. Correlation between the moisture absorption and dopant

4 — defect formation boundary [this work]; A —TEOS—-DMP [this
work]; ll — TEOS-TMPate [13]; x — APCVD BPSG [26]; % —
moisture penetration depth [28]; @ — optimum region [25]; + — defect

employed in the present study and it
as well allowed to obtain BPSG films
that were immune to defect formation
in the subsequent process steps and
during storage, and to considerably
reduce the defect density by eliminat-
ing exposure of as-deposited films to
the air.

o4
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Table 5

The comparison of deposition process parameters and properties of BPSG films, obtained on different types
of tool [27]

Tool model
Parameter Horizontal LPCVD system Concept-1 Precision-5000
“Karat” (Novellus) (Applied Materials)

Process type Low pressure CVD Plasma enhanced CVD | Plasma enhanced CVD
Reactor type Batch (Furnace) (I?liunl%:)}ovsvi?f(e);) Single wafer
Temperature 700°C 400°C 39°C
Silicon source TEOS SiH, TEOS
Phosphorus and boron source DMP, TMB PH;, ByHg TMPO, TMB
Deposition rate, nm,/min 9.4 700 760
Xlttyhl(% \i)vnacfﬁgytg}oickness unifor- <+5.0 <+1.5 <+2.0
Refractive index 1.46=0.01 1.46=0.01 1.46=0.01
Density, g/cm3 2.28—2.3 2.12—-2.18 2.12—-2.27
Range of optimal dopant con- P: 3.0—4.0 P: 4.0—4.5 P: 3.0—-3.5
centration, wt%, and time to B: 6.0—5.0 B:4.5—4.0 B: 5.5-5.0
defect formation, h >>24 >24 >24
;ct)g/?l dopant concentration, 85-90 8.0-_85 8.0-8.5
Throughput, w,/h 12—15 20 20 (2 chamber)

Note: Boron and phosphorus concentration uniformity are £0.5 u +0.2 wt%, respectively.

Fig. 6. IR absorption spectra
of BPSG films measured
immediately after deposition
(1, 4), 12 days (2, 5) and 30

5 Si—0
4 L
¢ 3t
]
8
g |
3
2 5
=
11
0 1000 2000 3000 4000

Wave number, cm~1

Table 5 lists the comparison of deposition
process parameters and properties of BPSG films,
obtained on different types of tool [27].

Fig. 6 presents the IR absorption spectra of
BPSG films some of which were subjected to in
situ thermal reflow, the spectra being measured
immediately, 12 days, and 30 days after deposition.
It is seen that the spectra of as-deposited films,
whether or not thermal reflow has been applied,
do not exhibit dips or oscillations in the wave-
number ranges 2900 — 3640 and 1500 — 1600 cm™t,

days (3, 6) after deposition,
and of films subjected to in-situ
thermal reflow (4—6)

indicating zero water content. During 12 days of
storage, BO—H bonds are formed in unreflowed
films, as evidenced by weak peaks near 2250 cm~1
and oscillations in the ranges 2900 —4000 and
1500 —1600 cm~t [28]. The spectra of reflowed
films do not have such peaks and show small
oscillations over the wave numbers 1500 to 1600
cm~!. Dips in the range 3500—3800 cm~! start
to appear after the 14t™h day of storage. Thus,
the TR spectroscopy data provide evidence that
the BPSG deposition method used in this study
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Diffusion front /
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H-0” 'o p ,0- P\O -H
. H
Fig. 7. Mechanism of glass—water interaction in
a BPSG film:

1 — water adsorption at B—O surface centers; 2 — bulk

and surface diffusion of water molecules toward P centers;

3 — reaction with P—O or the formation of a hydrogen
bond with P—O

81
6 +

3

=

z 4

S

2 L

0 A
2 4 6 8

CB? Wt%

Fig. 8. Ranges of optimum B and P concentrations in
BPSG films identified in this study and earlier from the
viewpoint of structural quality and planarity:
¢ — defect limit [29]; B — defect limit [this study];

A — optimum range [29]; x — optimum range [this study]

research allows to obtain films of low porosity
and sufficiently high density, which absorb less
moisture in storage.

In porous BPSG films, moisture absorption
is assumed to proceed through pores. For dense,
reasonably ordered films, the mechanism is more
complicated; it is illustrated in Fig. 7 [28]. Water
molecules are first adsorbed by B—O bonds. Then
adsorbed water molecules diffuse inward and re-
act with P—O groups, forming P=O and PO=H
bonds; the reaction with P=0O constitutes the
rate-determining step of adsorption. However, if
the porosity is high enough, diffusion proceeds
much faster than this reaction, resulting in a lin-
ear dependence of moisture penetration depth on
storage time; that is typical for boron-rich BPSG

films. Indeed, BPSG films deposited using the
TEOS—DMP—TEB system are characterized
by a smaller moisture penetration depth as com-
pared with films obtained by hydride oxidation.
The defect formation boundary for such BPSG
films moves to higher B concentrations (Fig. 5).
Thus, obtained BPSG films are less reactive with
moisture and have a high density. These are char-
acteristic features of type II films, which have a
dense structure and homogenous distribution of
boron and phosphorus oxides [29].

Fig. 8 compares the regions of optimal dopant
concentrations in BPSG films identified in this
study and earlier from the viewpoint of film sta-
bility and planarity after reflow. Note also that
TEB can be replaced with TMB, a less expensive
reagent, without compromising the structural
stability, moisture resistance, and other important
properties of films. Having a higher vapor pres-
sure, TMB requires no bubbling, provides a more
uniform boron concentration along the deposition
zone, and is consumed in smaller quantities.

The combined process of BPSG deposition
and in-situ thermal reflow is protected by patent
[30], as well as the PSG deposition process using
the TEOS-DMP system [31, 32] and the BPSG
deposition process using the TEOS—DMP —TEB
(TMB) system [33, 34].

Conclusions

The authors investigated the chemical vapor
deposition of PSG and BPSG films from the
TEOS-DMP-TEB(TMB) reactant system at
660 —715°C in horizontal LPCVD reactor equipped
with a specifically designed system for supplying
each liquid reagent to reactor. The special liquid
vaporizing system was used to provide the stable
pressure and flow of TEOS vapor.

The authors found that using the DMP allows
varying the concentration of phosphorus in PSG
films over wide ranges. We identified the optimal
range of the total boron and phosphorus concen-
tration ensuring the acceptable topology planarity
and resistance to defect formation during storage
that is 8.7—0.3 wt% when the phosphorus con-
centration is 3.0 —3.8 wt%. The defect formation
boundary for such BPSG films moves to higher
B concentrations. We found that at use of the
TEOS-DMP—TEB system the depletion of the
phosphorus concentration along reaction zone does
not occur, and the total dopant concentration is
practically constant. The developed process has
the deposition rate of 9.0—10.0 nm/min and en-
sures the good film thickness uniformity and the
reduced reaction capability of BPSG films against
atmospheric moisture. The side wall step coverage
by BPSG films was 0.56 at 320°C, 0.73 at 430°C
and 0.87 at 690°C. As-deposited films have mirror-
like surface and roughness of 0.3—0.35 nm, that is
2.7—3.6 times lower than for PSG films, obtained
using TEOS-DMP (0.97 —1.09 nm).

In situ thermal reflow was also employed in
the present study and it as well allowed to obtain
BPSG films that were immune to defect forma-
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tion in the subsequent process steps and during
storage, and to considerably reduce the defect
density by eliminating exposure of as-deposited
films to t%,e air.
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IIposedena modepnusayus 20pu30HMAILHOZO PEAKMOPd NOHUXKeHH020 dasaenus. Paspabomana cucmema nodauu
JKUOK020 pedzenma ¢ uchoavosanuem 6apbomepos. Hccaedosanvl npoyeccul 0caxo0enus nieHoK u ceoucmsd nie-
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OCAIVKEHHA IIVIIBOK BOPO®OCOOPOCIVIIKATHOTI'O CKJIA
3 BUKOPUCTAHHAM CUCTEMU TEOC-AIMETU/IOOCDIT-TPUMETIIBOPAT

IIposedeno modepnizayito 20pu30HMAILHOZO PeAKmopa 3uuxenozo mucky. Pospobaeno cucmemy nodaui piokozo
peazenmy 3 suxopucmannsm 6apbomepis. /Jocaioxeno npoyecu ocadxenus niisox i eaacmusocmi naieox @CC
i BOCC 3 suxopucmannsm cucmenu TEOC-0imemingpocim( IM D )-mpimemiréopam(TMD ).

Iokasano, wo euxopucmanus dimemingocima 0036oa5€ 6apiloeamu KOHUeHMpayilo Gochopy 6 wupoxomy
dianazoni. Bcmanosieno, wo onmumaroruil 0iana3on CyMapHux KoHueHmpauii 6opy ma gocgopy, wo 3abesneuye
NPULHAMHY NAAHAPHICNG MONOA0ZIUHO20 PeabeDY | cmitikicmy 00 deghekmoymeopenus npu 36epizanui, cKkaadae
8.7—0.3 saz. %, Ilpu uvomy wonuenmpauis ocgopy cmanosumv 3.0—3.8 eaz.%. Bcmanosaeno, wo npu
suxopucmanni cucmemu TEOC —/JM® —TME ne 6iobysacmuvcs 30ionenns xonuenmpayii ¢ocgopy y30oex
Peaxyitinoi 30nu, a cymMapua KOHUeHMpayis aezyouux 0OMIUOK 3ANUUAEMbCS NPAKMUYHO NOCMIlHO010. Y moi
camuil uac 3abesneuyromocs weudxicmo ocadxenus niieoxk BDCC 9.0—10.0 nm/xe ma xopowa oonopionicmo
moswunu naieox. C8IK00CAKOeHT NAIBKU MAOMb <«03ePKALbHY NOGEPXHIO>, WO NIOMEEPIXKYE iX MIHIMALLHY
wopcmxicmo. Ilniexu BDCC onmumanrviozo cKkaady xapaxmepusyromvcs 3HUKEHOI Peakuiiinolo 30amuicmio
no eidnowenno 0o ammocghepnoi gosozu.

Kniowogi crosa: 6opogocgpopocinikammnoe ckao, 0CA0KeHHs, NAAHAPHICNb MONOA0ZIUHOZ0 PeAbEPY.
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