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Photo-CYD Silicon Nitdde and Silicon Oxide Filns for VLSI Application

M. Hatanaka, H. Ito, H. Abe and H. Nakata

LSI R&D Laboratory, Mitsubishi Electric Corporation
4-1 Mizuhara Itami, 664, JAPAN

Silicon nitride and silicon oxide filins deposited by phoLo chemical vapor deposi-
tion(Photo-CVD) technique are characterized. Both films are grown at low temperature
from room temperature to 400oC. The basic physical, chemical and electrical properti-es
of these films are investigated. In parti-cular, the characLeristies of the breakdown
voltage, the current conductance, etch rate, stress, step coverage and so on are
i.nvesti-gated in details from view poi.nt of VLSI application.

$1 Introducti.on
A photo-CVD is a novel technique to deposit

thi.n films at a relatively 1ow temperature. In
photo-CvD process, W light ( 2537 i, and 1849 ;, )
emitted from a 1ow pressure mercury lamp is
currently used to activate or decompose the

reactant gases like SiHa by a direcL or indirect
absorption of the resonant light energy, and

enhance the .chemicail reaction at the surface of
the substrate to deposit the fi1ms. Therefore,
photo-CVD process is considered essentially to be

a radiation-damage free process compared wiLh a

current plasma-enhanced CVD. In this paper, the

basic depositj-on characteristics of silicon
nitride and sj-licon oxide films will be reported
in details, in which the depositions are carried
out by the indirect photo-induced decomposition
process with the aid of mercury vapour in a newly

designed reaction chamber. The characterizati.ons
of the deposiLed films wi-11 be diseussed on their
stoichiometric, chemical and electri.cal properties
in contrast with those of fihns deposited by the
conventional CVD method.

Further, some experimental results will be

discussed on its capability for application of the
f ilms to the devi-ces.

$2 Experimentals

Reactant gases such as SiH4 r NHs and N20 were

introduced through the temperature-controlled
mercury reservoir into the aluminum chamber. Ar

a radiation-damage free process compared wiLh a

A-4-2

gas was used as a carri-er gas. In the case of the
deposition of silicon nitride films, L\O% SiHa was

admitEed into the reaction chamber at the flow
rate of 2-LO SCCM and mixed with NII3at the flow
rate of 80-400 SCCM. Total gas pressure in the
reaction chamber was controlled to be 0.1-10 torr
by APC ( Automatic Pressure Controller ) followed
by mechanical booster pump and rotary pump. UV

light was emit,ted through the quartz window,

whi-ch is transparent to7,=2537i, and 1849i, lJ-nes,

to the subst,rate surface, at where the illumination
intensity was about 6 mW/cur2. The temperature of
the sustrate r^/as controlled in the range of room

temperatue to 400oC. The deposition rate, refractive
index and infrared spectra vrere i-nvestigated as

functions of W light intensi.ty, substrate tempera-

ture, gas flow rate, total pressure and mercury

reservoir temperature. Leakage current character-
istj-cs and breakdown voltage of silj-con nitride
films rdere measured wi-th the structure of 41-
Nitride-Al in the dark and evacuated ce1l. C-V

measurements were also carri.ed out. Thermal crack

resist,ance as well as step coverage from the view
point of application, was invegtigated with PSG-

A1-Silicon Nitri-de st,ructure under the thermal

stress at 450oC, N2, 60 minutes.

$f Results and Discussions

Fig.l shows the Lhickness of silicon nitride
film as a function of depositi-on time. As can be

seen from Fig.l, the film gror{s linearl-y with the



depositi-on time, which means the growth of silicon

nitride filin in photo-CVD process is limited by

surface reaetion process. Fig.2 shows the deposi-

tion rate of the film as a function of the illumi-

nation intensity of 2537 i, tirr". The deposition

raLe was found to increase almost linearly with
j-ncreasing light inEensity. Both deposition rate

and refractive index vs. substrate temperature

are shown in Fig,3. Deposition rate decreases

gradually with the increment of substrate temper-

ature, while the refractive index j-ncreases. These

results are very similar to those of plasma-CVD'

As is shown in Fig.S, there is a strong correla-
tion between the number of Si-H bond in phoLo-CVD

si.licon nitride film and its refractive index. The

deposition rate of silicon nitride film, as illus-
trated in Fig.4, was found to saturate around 3-4
torr of Eotal pressure. The high vapor pressure of

mercury plays a role to enhance the deposition.
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The deposited filrns are characterized as follows.
In Fig.5, FTIR spectra of the silicon nitride
filrns of about 1300 i. thick, which are deposited

on P-type silicon substrate.,-;The.films are deposi-t-

ed at the several substrate temperature at the

constant illuminance. As can be seen from Fig.5,
the large absorption peak at around 2170 cnil is
observed, which assi-gns to Si-H bond. Other ab-

sorption peaks around 1160 cm-l and 3160 cm-l are

due to the absorption by N-H bond. These absorp-

tions by Si-H and N-I{ bonds have been reported on

plasma-CVD silicon nitride film4i

The absorption peak height of Si-H bond as well

as that of N-H bond decreases rapidly with the

increasing deposition temperature. This means the

number of Si-H and N-H bonds depends on the depo:

sition temperature.

Fig. 5
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Fig. 6 shows FTIR spectra of silicon oxide

films as Ehe parameter of the deposition tempera-

ture. The absorption peaks around 2170 cnil by Si-H

b.ond are observed. BuEr. in comparj-son wich the

silicon nitride fi1m, there is less correlation

between the number of Si-H bond and the deposition
'temperature.

Thus, even in photo-assisted CVD process as

well as the case of plasma-assisted CVD, both Si-H

and N-H bonds are contained in the silicon nitride

and silicon oxide fihn during grovtth of the filn.

From the view point of application of these

insulators to the devices, thei.r electrical prop-

70

60

50

40

30

20

10

2000

.<

oot!zv
II
F

DEPO. TIME

Fig.

( mln. )

I

'7

.<

n
UJ
olu

'E
l

o
6

ul
z
i-

0z
c

2L6
tLLUMtNANCI ( mv/cm:)

Fig. 2

40

35

E

u
F

o,u

_--'(
y/.---\

------1

Prgssure i 2,5 ToIr -\---.

Silln : 10 sccnt

Nfls : 4oo sccnt

tlg reservolr : 7o'C

st,BsrnATE TEMPERATIJIIE ("c)

2.O

1,9

I.0

X
U

z
u
F

&.I
ut
tc

t 1 l'
N - H si-'tt N- H

5ub.Iemo.:310 'C

NHr/SiH+: 40

Fig. 3



200 ?000 1600 truo

WAVEN|.,MBER5 ( cm-l 
'

At- Niinde-Al

= s1.31195 v/cm

3t567
iC3/T ( K-' )

Fig.6

erties are essentially important. A leakage current
characteristics are measured. The thickness of the
measured film was 3500 i,, which was deposi-ted at
370oC to reduce the content of Si-H bond and its
refractive index was 1.98. The Poole-Frenkel
plots of the I-V characteristics of Al-Silicon
Nitride- A1 showed two stages of conduction at low

electric field and high electric,field. Further, a

sma1l injection type of hysteresis \iras observed

on I-V characteristics. This hysteresis is known

to arise from charge trapping. Thus, the above

results mean that the trap density of photo-CVD

si.licon niLride film may be rarher small.( Fig. 7 )
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In Fig. 8, a reciprocal temperature dependence

of the leakage current is shown. In this case,
applied elecrric field was fj.xed ro be l.3x 106

V/cm As illustrated in Fig. 8, two types of the
curve are obtained. At 1ow temperature region,
the current is independent of the temperature,
which means the current tunnels from metal to
silicon nitride, At high temperature, the measured
current depends exponentially on the temperature
and the activation energy associated wiLh the
trap depth of sili.con nitride was calcuiated to be

0.25 eY.

Fig. 8

The C-V measurement was made with the A1-.

Silicon Nitride-N type Silicon. The dielectric
constant of silicon nitride film was measured to
be 7.9 and the hysLeresis of C-V curve was smaller
compared wi.th SiHa -NH3 source plasma-CVD silicon
nitride. C-V characteristics of MOS diode at 1ow

and high frequency are compared with the filrns
deposited by photo-CVD , plasma-CVD and LPCVD

methods. These measurements revealed that the
photo-CVD oxi-de film shows sma1l Vp.gshift, small
hysteresis curve and no feature of the radiation-
i-nduced damages.

From the view point of device appliiation, for
example, in the case of the intermediate insulating
film between the first 41 and the second A1, the
insulating filins have to be investigated on their
breakdown voltage and crack resistance. The

breakdown voltage of silicon ni-tride fi1m, which

was deposited at 370"C and its refracti-ve index
was 1."98, was about 3.4 MV/cm, as is shown in
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This value i.s relatively high eompared with the
plasma-CVD silicon nitride. But the crack resist-
ance \^7aS not enough.
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$4 Conclusions

Mercury-sensitized photo-CVD process provides

silicon nitride films of good quality compared

with plasma-CVD sili-con niLride. Refractive index

of silicon nitride film is 1.8^,2.0, which depends

on depositi-on temperaLure and source gas ratio.
Hysteresis of I-V and C-V characterlstics is
relatively small, which iurplies the number of

traps in the f ih:n is sma11.

In the case of silicon oxide, stoichi.ometric
and radiation-damage free film can be obtained by

the photo-CVD process.

From Lhe view poj-nt of application to the

devices, silicon nitride and silicon oxi.de film
show good step coverage and the etched profile of

the films at the high step revealed to be isotropic
and no enhanced etching phenomena at the steps.
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