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Abstract. SiNy:H thin films were deposited by the electron cyclotron resonance
plasma method at low substrate temperature (200 °C) to fabricate
metal-insulator—-semiconductor devices. The effects of film properties on the
electrical characteristics of two different devices, SiN,:H/Si and SiN,:H/InP, were
analysed according to the C—V high—low frequency method. The results show
that, in the devices based on Si, the presence of N-H bonds in the SiN:H film
increases the density of trapping centres at the insulator/semiconductor interface.
This behaviour was analysed by the model recently proposed by Ying (1995 J. Vac.
Sci. Technol. B 13 1613) for nitrided SiO,/Si interfaces. For the SiN,:H/InP
capacitors, the electrical characteristics of the interface were strongly dependent on
the SiN,:H composition. When the nitrogen to silicon ratio of the film was

N/Si = 1.49, the minimum of the interface trap density was 2 x 10*2 cm=2 eV 1.
This value was similar to the same data reported by other authors on devices
where the InP surface was sulphur passivated. This suggests that nitrogen atoms
of the insulator play some passivation role at the InP surface. The plasma
exposure of the semiconductor surface during the deposition of the SiNy:H film
promotes the formation of phosphorus vacancies at the InP surface. Nitrogen
atoms may fill these vacancies and this gives rise to an insulator/semiconductor
interface with few defects.

1. Introduction Even though the use of these passivation procedures

seems to be mandatory to obtain devices of good quality,
Thin films of SiN,:H deposited by the electron cyclotron this does not allow us to determine the influence of the
resonance plasma method (ECR) at low temperaturesinsulator properties on the characteristics of the interface,
(200°C or below) have shown excellent insulator pro- since when passivation layers are present, the electrical
perties: high density [1], low hydrogen content [2], high characteristics of the interface become almost independent
resistivity and high breakdown field [3]. This means that of the insulator characteristics. As a consequence, in
the films can be used as gate insulators on metal-insulator-surface passivated devices the main influence on the
semiconductor devices (MIS). SjNH films deposited by  interface behaviour is related to the procedure followed
ECR have been successfully used on MIS structures withto passivate the semiconductor surface [3]. Hence, the
different semiconductors such as GaAs [3], InP [4] and Si characteristics of the insulator play a secondary role on
[5]. At present, for devices based on IlI-V semiconductors the electrical properties of the device. To know the role
it is necessary to use techniques of passivation of the Of the insulator properties on the electrical characteristics
semiconductor surface to obtain an insulator/semiconductorof the MIS devices, it is necessary to avoid the surface
interface with a low density of interface traps. Values as Passivation step, i.e. the insulator should be deposited
low as 8x 10'° cm=2 eV~ for devices with GaAs [3],  directly on top of the semiconductor surface.

and 3x 10%2 cm2 eV-! with InP [4], have been reported In this paper we present an analysis of the influence
recently. of the properties of SiNH thin films, deposited by the

ECR plasma method, on the electrical characteristics of
1 E-mail address: imartil@eucmax.sim.ucm.es MIS structures made with two different semiconductors:
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Si and InP. According to the previous paragraph, we
do not use any intentional procedure of passivation for
the semiconductor surface. Analysis of the electrical
characteristics of devices without surface passivation has
recently been reported as a means of knowing the damage
induced at the surface by different plasma techniques
on semiconductors like InP [6] and InGaAs [7]. Due
to the fact that the ECR plasma technique is a ‘soft’
process, the damage induced at the semiconductor surface
during the insulator deposition is expected to be minimal.
Consequently, the electrical characteristics of the two
different interfaces we have analysed, namely ,SiNSi

and SiN.:H/InP, are expected to be determined not only
by the semiconductor surface but mainly by the physical
properties of the insulator. We will show that through

careful control of the insulator deposition conditions, the 10" 04 02 00 02 04 06
ECR plasma method enables us to obtain devices with low ’ ‘ T : '
values of the interface trap density for the two different Energy from midgap (eV)

structures subject to analysis. Figure 1. Distribution of interface trap density versus

energy plotted relative to the midgap, for the SiN,:H/Si
2. Experimental device. Results are for optimum deposition conditions of
' the insulator.

SiN,:H thin films were deposited in a vacuum chamber
of our design attached to an Astex 4500 ECR reactor. Both substrates were introduced into the deposition
Microwave power (2.45 GHz, 100 W), gas discharge chamber immediately after the cleaning, and the insulator
pressure (0.6 mTorr) and deposition temperature ()0  was then deposited (508 thick). As a final step,
were kept constant in all the experiments. The gas flux in both structures an Al top electrode was thermally
ratio R = N,/SiH; was modified betweeR = 1.6 and evaporated through a mask to defingt 10~ cn? square
R = 9 to obtain SiN:H films of variable composition. This  electrodes. Post-metallization annealing was accomplished
composition was measured by Auger electron spectroscopyin an Ar atmosphere (30@€, 20 min). The electrical
to obtain the nitrogen to silicon ratio of the films. We shall characterization of the capacitors was done by measuring
refer to that asc from now onwards. In a previous study the C-V quasistatic and high frequency curves with a
[2], we have shown that using the range ®rindicated, Keithley model 82 system. The interface trap density was
we can obtain films with compositions between= 0.91 obtained using the high—low frequency method [9].
(at R = 1.6) andx = 1.49 (atR = 9). When using higher
values ofR, we obtained films where the parametewas 3. Results and discussion
always 15 + 0.05. Following the procedure described in
[8] we also determine the bonding characteristics of the In figure 1, we present the distribution of the interface
films and their hydrogen content using infrared absorption trap density ;) within the forbidden gap for an Si
measurements. based device. The distribution was obtained with the
The MIS capacitors were obtained as follows: the insulator deposited at a gas flux rat® = 5, which
devices based on Si were fabricated using n-type wafersgave the best interface characteristics. We obtained similar
(5 © cm, (100 orientation). Prior to the deposition of the characteristics to that shown in figure 1 when the values
SiN,:H, the Si substrate was degreased in organic solventsof R were between 1.5 and 5. In this range changes
and an Al back electrode (3008 thick) was thermally fromx = 091 (R = 15) tox = 1.38 (R = 5). The
evaporated and alloyed at 480 for 3 min in Ar. After minimum of the trap density appears in all the devices at
this step, a standard chemical procedure was carried out in0.15 eV above the midgap, and the range of energies where
order to clean the Si: etched in a HR®I (1:10) solution the trap distribution remains low was wide. This means
for 15 s, then rinsed in deionized water and blown dry that the interface is good, without Fermi level pinning.
in N2. Throughout the cleaning, the back electrode was Similar results have recently been reported for SiNfilms

protected with resist. deposited by distributed ECR [5].
In the devices based on InP, we used also n-type wafers, In figure 2 we present the minimum ab;; as a
nominally undoped (4x 10" cm™3, (100 orientation). function of the film compositionx, for the SiN:H/Si

As in the case of the Si based devices, after degreasingstructures. We also present the same results obtained for
the back electrode was thermally evaporated. This was athe SiN.:H/InP capacitors, which will be analysed later.
bilayer AuGe/Au, 1500/1008 thick, alloyed at 350C for It is worth noting that the plasma damage induced at
2 min in Ar. Then the InP wafers were etched in 10 wt% the semiconductor surface was similar in all the devices,
H»103:H,0 for 60 s, rinsed in deionized water, etched in since the microwave power and the total pressure used
HF:H,O (1:10) for 15 s, rinsed in deionized water once to deposit the insulator were kept constant. As a
more and blown dry in Bl consequence, differences between capacitors should be
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Figure 3. Minimum of the interface trap density (H) and
N-H bond concentration at SiNy:H (x) for the SiN,:H/Si
device, as a function of the composition of the film, x.

Nitrogen to Silicon ratio (x)

Figure 2. Minimum of the trap density, D;, as a function of
the N/Si ratio of the SiNy:H films, for SiN,:H/Si (H) and
SiN,:H/InP (V). Curves are drawn as a guide for the eye.

In relation to the devices based on InP, we show in
figure 4 the interface trap distribution within the forbidden
gap for a device where the insulator was depositetl at9.
This ratio was found to be the optimum for obtaining
devices with good electrical characteristics. At this value of
R, the film composition was = 1.49. In all the structures

mainly related to differences in SiNH film properties. The
results of figure 2 for the SiNH/Si structures showed
a range of film compositions @ < x < 1.4) where
the minimum of D;, is roughly constant, and is within
the range(3-5 x 10 cm2 eV~L. These are among the
better values reported for this device [5]. When the based on InP the minimum of the interface trap density
SiN,:H becomes N-rich X > 1.4), the minimum of appears at 0.42 eV above the midgap (0.25 eV below the
D;; increases sharply. We have found a close relation conduction band). This location within the forbidden gap
between the presence/absence of traps at the interface ans similar to the data previously reported by other authors
the presence/absence of N-H bonds in the,$iN In [14]. On these capacitors, the range of energies where the
fact in figure 3 we present the minimum @jf;, and the trap density is low was smaller than in Si based devices,
concentration of N-H bonds at the insulator as a function which is probably due to a more defective interface. The
of x. Notice that the dependence on the film composition devices in which the composition of the insulator was
of both the minimum ofD;, and the concentration of x < 1.49 exhibited a trap distribution similar to that of
N-H bonds is quite similar over the entire range of figure 4, though the minimum ab;; was dependent on film
compositions analysed. A possible explanation for these composition. This will be discussed in the next paragraph.
results may be related to the role that N-H bonds play at From the results of figure 2, it can be deduced that
the SiN,:H/Si interface. On interfaces of the type (oxide— the relation between the minimum dd;, and the film
nitride—oxide)/Si, it was recently reported that N-H bonds composition for the devices based on InP is completely
located near to Si—H surface terminated bonds, i.e. bondsdifferent from those based on Si. Now, the relation between
of the type H-SESis, act as a precursor site to defect the minimum of D;; and the film compositionx, can
generation [10, 11]. Actually, the N-H bond captures the be explained tentatively as follows: when an insulator is
H from the Si—H, via the trapping of a hole, and this gives plasma deposited on InP, the semiconductor surface loses
rise to the presence of an Nxtdvercoordinated bond and the group V element (phosphorus) [6]. As a consequence,
a surface dangling bond, i.e. €5i=Siz dangling bond. the surface becomes a zone with phosphorus vacancies,
These are the source @;;. Whenever the concentration Vp, and in general atomically disordered [14]. The results
of N-H rises, in N-rich films, the minimum obD;, also of figure 2 indicate that, as the film composition changes
rises, as figure 3 shows. A similar dependence between thefrom Si-rich x < 1) to N-rich (¢ > 1.33), the minimum
minimum of D;, and the concentration of N-H has already of D; changes as well. The lowest value @f; is
been found by Maet al [12] on (oxide—nitride—oxide)/Si  obtained on the device where the insulator has the highest
devices. The results of this paper indicate that the presencevalue of x (x = 1.49). This suggests that the excess
of N—H bonds in SiN:H films have a negative influence on nitrogen in plasma-deposited SiMl films may passivate
the electrical characteristics of SiM/Si devices. A more  the InP surface. When the SiM are plasma deposited,
detailed characterization of these structures using deep levethe nitrogen atoms get to the InP surface with sufficient
transient spectroscopy is now in progress and its results will energy to move through the first atomic layers of the
be published elsewhere [13]. surface and reach P vacanciesp.V Once at the V¥,

1652



1015.
A A
A
1014__
— 2 A
3 A
§
o 10"
12

00 01 02 03 04 05 06 0.7
Energy from midgap (eV)
Figure 4. Distribution of interface trap density versus
energy plotted relative to the midgap, for the SiN,:H/InP

device. Results are for optimum deposition conditions of
the insulator.

of substitutionals of the type \J. These N, act in a

similar way to sulphur in InP surfaces passivated with

this element [4, 15]. The minimum ab;, that we obtain
under the better conditions for the deposition of SH

is 2 x 102 cm2 eV~ (figure 4). This value is almost
the same as those reported on devices where the InP wasp4
passivated using different procedures [4, 15, 16]. This result

lose

SiNy:H thin films for MIS devices

the H and give rise to the appearance of an N-H

overcoordinated bond and a unpaire8i=Si; dangling
bond that acts as a precursor site to defect generation.

On the devices based on InP, the excess of nitrogen
in SiN,:H films that are N-rich seems to effectively
passivate the InP surface via the formation of substitutional

Nvp.
(2 x

The minimum of D;, obtained in these structures
102 cm=2 eV~1) indicates that these )\ effectively

passivate the surface. This result opens up the possibility of

attai

ning good quality interfaces with 11V semiconductors

by the deposition of SiNH films with excess nitrogen

and

without the use of specific passivation techniques.
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