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Optical and Electrical Properties of Amorphous Silicon Nitride Films
Prepared at High Deposition Rate

Y. Nishibayashi, T. Yamamoto, T. Imura, Y. Osaka, K. Shizuma
and F. Nishiyama

Departnent of Electrical Engineering, Hiroshi-ma University
Higashihiroshina 721,, Japan

lle deposited a-SiN*:H (x='1.2) fil-ms at high deposition rates using the
substrate impedance tunihg method in glow-discharge decomposition. opiical
absorption spectra in the near ultraviolet region shifted toward the higher
energy side as the films were deposited at the higher rate. fn electrical
propertiesr leakage current decreased and dielectric field strensth
i-ncreased with an increase of deposition rate.

91. fntroduction
Amorphous silicon nitride is an inportant

materiaL for surface passivation layer of LSI
because of the exeel_lent barrier effect for
a1ka1i-ion and the good el_ectrical insulation of
the nateri-al. The filn of hydrogenated anorphous

sili-con nitride (a-SiN":H) is prepared by the
pIa s m a -e nhan c e d-che mieal-vapor-deposition rn ethod

at low temperatures (Z5O^,350 oC), which is one of
necessary process conditions in LSI technology.

Another important demand is to fabricate
a-SiN*:H film at high deposition rate in order to
i.mprove the throughput of the proeess. We

fabrlcated a-SiN*:H films at a high deposition
rate (2.2 nn/ s) using the substrate impedance
tuning methodl ) ln glor-dlscharge deeomposition.2)
As the deposition rate of the film in this nethod

increased, the atomj-c density increased and BHF

etch rate decreased.2)

In this paper, we report the opti-cal absorp-
tion edge and electrical properties of the high
rate deposition fi.lms. We compared the electrical
properti-es of the high rate deposition filns with
those of the low rate deposition filns in this
work and the films i-n references 3) and d).

92. Experimental

As shown in Fig. 1, an apparatus for the sub-
strabe impedance tuning method is equipped with a

mesh surrounding two parallel electrode disks and

c-2-6

with an external_ inductance, which eonnects
substrate electrode and the ground. Effective
glow-discharge d.eeomposltion of SiH4 and NH3 gases
was carried out in the space surrounded by the
electrodes and the mesh. Flou rates of pure SiH4
and pure NH3 were 30 and 228 sccm, respectively.
Total pressure was 0.25 Torr, rf power 90W and
substrate temperature Z5O oC. Films deposited at
various deposition rates were obtained at the sane
flow rate, rf power, total pressure and substrate
temperature by varying substrate impedance. The

highest deposltion rate (=2.2 nm/s) was achieved.

Experimental system for plasma-enhanced
chemical vapor deposition with substrate
tuning network.
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when the resonance condition in the circuit
composed of the inductance between the substrate

a-qd the ground and the substrate sheath
capacitance was satisfied. The lowest deposition
rate (=0.23 nm/s) roas obtained at the condition
that no external i-nductance was connected.

The absorption coefficient of films were

determined by neasurement of transnittance of
fiLms in the thickness range 0.7 to 1.5 un on

quartz. The filn thickness was estimated fron the

interference of transnittance in the near infrared
region.

Electrical measurements were carried out in a
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Fig. 2 The Si and (Si+N) atomic density for
deposition rate.

dry-N2 box for the films i-n.the range 70 to 100

-+ cr /100). The firm thickness in thatrllll vll II -pt

range was measured with an ellipsoneter using a

mercury arc source (5tn6.1nn).

93. Results and Discussion

3.1 Elemental composition and chemical states
Film s prepared by glow-discharge

decompositi-on of pure SiH4 and pure NH3 gases

were composed of the elements of Si, N and H. The

atomic rati-o N/Si estinated by means of XPS

measurements was in the range of 1.0 to 1.2 and

nearly constant. 0n the other hand, the bond

concentration ratio (N-H)/(Si-H) considerably
increased. with an increase of deposition rate.
The hydrogen eoncentrati-on estimated from
absorption coefficient in infrared region was in
the range of 20 alZ. As the d.eposition rate of the

filn increased, the hydrogen concentration
decreased and the valence electron density
increased. This resul-t indicates an increase of Si

and N atomi-c density. Figure 2 shows that Si and

(Si-+N) atomlc density increase with an increase of
d.eposj-tion rate.

3.2 Optical properties
Absorpti.on curves for plasna-enhanced SIN*:H

films (Ar B, C and D) and pyrolytic Si3N4 (U) are

shown in Fig.3. Curve A, B and C are absorption
spectra for our sarnples, whose deposition rates
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Fig. 4 Distribution of diel-ectric strength
for various deposition rate fiLms, where
the,,electric f ield at which current of
1A-t flows is used as dielectric
strenqth.
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0ptical absorption for plasma-enhanced
SiN*:H and pyrolytic Si3N/.
Curve A, B and C are f o'r 2.2, 1.0 and
0.23 nn/ s 1n this work, respeetively.
Curve D and E are fo4rSiN,.:H (x=1.22)
(by Rand and Wqnsidler?/) aird pyrolytic
Sj-3N4 (by Tafto/), respeetively.

284

P 2.2 nm/s ot 0.1 gA
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a:re 2,2, 1.0 and 0.23 nn/s, respectively. Curve D

is for a plasma-enhanced SiN*:H (x=1.22) reported
by Rand and Wonsidler2/. Curve E is for pyrolytic/\
Si3N4 reported by Taftbi. Curve C for the 1ow

deposition rate (0.23 nm/s) film shows the
spectrum sj-rni-lar to curve D. As deposition rate of
the film in the present work increases, absorptlon
spectrun approaches to curve E.

Rand and Wonsidler had found a good

correlation between absorption edge energy and

film composition (Si/lt). Our high deposition rate
film is very different from their film in optical
absorption. We considered this difference as a

difference i-n the structure reLated with Si-H and

N-H bonds. As the bond coneentration ratio
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Fig. 6 Leakage current at 2x106 \l/cn for
deposition rate.

(N-H)/ (Si-tt) i-ncreases, absorption curve shifts
toward the higher energy side.

3.3 Electrical properties
Frequency distribution of dielectrie strength

is indicated in Fi-g. 4, where diel-ectrlc strength
is defined as the field at which current of 1O-7 A

flows. This figure shows that maxima of the
distribution are at about 7.8, 6.7 and.5.3 My/cn
for films deposited at, 2.3, 0.82 and 0.23 nm/s,
respectively. Dielectric strength increases as the
fiLm is deposited at the higher rate.

Figure 5 shows eurrent-voltage ( f-V)
characteristics of plasma SIN*:H and pyrolytic
Sj-3N4 with Poole-Frenkel- p1ot. Curve a, b and c

represent resul-ts for our fi-Lms deposited at 2.2,

0.82 and O.23 nn/sr respectively. The I-V
characteristics (curve c) of 1ow deposition rate
(0.23 nm/s) rirm is similar to eurve d (by
Yokoyama et a1.3)) and e (by Sinha and Snlth (lOO

W)4)). As deposition rate of the film increases
from c to a, I-V eurve shifts toward the side of
lower leakage current. Leakage eurrent at a l_ow

field of 2x106 V/cm is shown versus deposition
rate in Fig. 6. Curve c, d and e are I-V curves of
conventional plasma-enhanced SIN*:H filns. Curve b
(mlddle deposition rate film) 1s simil-ar to curve

f (by Sinha and Smith (aoo w14)1 in the higher
field range. Curve a (high deposition rate filrn)
represents I-V charateristics of low leakage
current like curve h of pyrolytie Si.3N4 (by Brown

et ul.7) ).
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Fig. 5 Current-voltage characteristics of
plasma SiN*:H (a, b, cr dr e and f) and
pyrolytic Si3N4 (h).
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Si3N4. Curves c, d, e and f for plasrna SiN*:H

films are almost superposed. 0n the other handt

the curve of high deposition rate fil-m (a) is
l-ocated nearly at those of pyrolytic Si3N4 (gr i
and j). This result may relate with the structure
and optical properties of this fi1m.

g /+. Conclusi-on

High deposition rate SiN*:H films can be

prepared by glow-discharge decomposition of SiH4

and NH3 using the substrate impedance tuni-ng

nethod. The high depositlon rate fiLms have

following properties: in the structure, the atomic

ratlo N/Si is nearly constant (=1.1)r the bond

concentration ratio (N-H)/(S1-H) is larger than 1

and the atomic density i-ncreases by the high

deposited conditi-on. fn the optical propertiest
the absorption edge is in higher energy side as

for pyrolytic Si3N4. In the electrieal propertiest

leakage current is less and dielectric strength is
largerr &s compared with that of conventional

SIN*:H f ilm s.
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between activatj-on energY and
field. Circles are neasured-

A slope of Arrheni-us plot of leakage current
at the field dourinated by a Poole-Frenkel enission
indicate activation energy (e.) for Poole-Frenkel

emission. Figure 7 shows the relations between an

applied field and the aeti-vation energy. In this
figure, the circles are measured points and the
lines are calcul-ated using dynamic dielectric
constant estimated from slope of Poole-Frenkel
plot of I-V characteristics. Energy extrapolated

to zero applied field show the barrier hight for
Poole-Frenkel emissi-on. As the barrier hight is
larger, Poole-Frenkel enission current will be

l-ess. In fi-g.7t a, cr dr e and f are for plasma-

enhanced SiN*:H and g, i and j are for pyrolytic


