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The stoichiometry of a-SiN, : H films is determined by conventional elastic recoil detection analysis (ERDA) 
using 90 MeV 5*Ni ions. Hydrogen depth profiling indicated that the non-uniformity in H concentration across 
the film thickness is about 12%. The present experiment indicated the capability of conventional ERDA for 
simultaneous multi-element detection in a thin film sample (having well-separated masses) without the use 
of a sophisticated detection system. 

1. Introduction 

Plasma-deposited amorphous silicon nitride (a-SiN,Y : H) films 
have wide applications in device passivation in IC technology and 
as gate insulators in amorphous silicon based thin film transistors 
(TFTs). Amorphous silicon nitride films were deposited’ and 
characterised from the point of view of their use as gate insu- 
lators. The properties of these films, like refractive index, etch 
rate in buffered HF solution, electrical breakdown, etc. depend on 
the Si/N ratio and the nature, as well as quantity, of hydrogen2A. 
There have been several reports on the determination of H, N 
and Si in amorphous silicon nitride films but there have been no 
measurements, except that of Bik et als which could detect three 
elements in a single experiment. Normally the Si/N ratio is deter- 
mined by EPMA6 or Rutherford backscattering (RBS)3.7 and H 
content is determined either by infra-red absorption’ or by elastic 
recoil detection analysis (ERDA)9 ‘I. Nuclear reaction analysis’.” 
and secondary ion mass spectrometry” (SIMS) are also used for 
H determination. Bik rt nl’ used a particle (A&E) detector 
telescope in ERDA to detect Si, N and H. This particular method 
required a specialised experimental set-up with an expensive AE 
detector and elaborate data analysis. In the present work, the 
objective was to determine stoichiometric ratio of Si, N and H in 
the a-SiN, : H film’. This was achieved by a simpler, conventional 
ERDA using Ni ions with an appropriate choice of substrate, 
without using a sophisticated detection system. Data analysis 
required for determining the stoichiometry are described in Sec- 
tion 3.2. 

2. Experimental 

Thin films of a-SiN, : H were deposited by plasma-assisted chemi- 
cal vapour deposition (PACVD) on polished stainless steel (SS) 
substrate. The mixture of SiH, and NH, was used with the flow 
rate ratio of 1 : 8 respectively. The chamber pressure was - 100 
mtorr and the substrate temperature was kept at 300°C. The rf 
power for deposition was 50 W. These deposition parameters 
were optimised’ for the use of a-SiN, : H films as gate insulators 
in a-Si based TFTs. The choice of a SS substrate, instead of Si. 
was to avoid the interference of Si recoils from a Si substrate 
with that of an a-SiN, : H film, in ERDA. 

A collimated ion beam of 90 MeV 5XNi (from 15 UD Pelletron 
at NSC’*) was incident on the sample, which was tilted at an 
angle of 20‘ with respect to the incident ion beam direction. The 
sample was mounted on a ladder in a 1.5 m diameter scattering 
chamber’j, which was evacuated to a vacuum of N 10mh mbar. A 
schematic of the experimental set-up is shown in Figure 1. The 
incident ion current was about 1 particle nA and the size of the 
beam spot was about 2 mm in diameter. A silicon surface barrier 
detector having a depletion depth of 1000 pm was kept at an 
angle of 34” with respect to the ion beam direction, to record the 
recoils of H, N and Si. A polypropylene foil of 6 pm thickness 
was kept in front of the detector to stop unwanted elastically- 
scattered Ni ions and Fe recoils. A tantalum collimator of 4 x 8 
mm’ area was kept in front of the detector, which subtended a 
solid angle of 0.8 msr. Since it is known’“” that H loss occurs in 
hydrogenous materials under ion irradiation, this was taken into 
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Figure 1. Schematic of the experimental arrangement. 

account by recording the recoil spectra as a function of dose and 
extrapolating to a zero dose condition. 

3. Result 

The recoil spectrum observed is shown in Figure 2. The high 
energy edges of the H, N and Si recoils were identified by the 
kinematic calculations. The H recoil peak is the narrowest and 
Si recoils have a wide energy distribution (as seen in Figure 2). 
It is due to the fact that H, being the lightest, suffers small 
energy straggling in the foil and the sample, whereas Si, being the 
heaviest recoil, undergoes considerably large energy straggling in 
the foil and the sample. The width of N recoil energy distribution 
is more than that of H and less than that of Si as its mass is in 
between H and Si. 

3.1. Hydrogen depth profiling. Hydrogen recoils emerging from 
the surface have energy E, given by 

ES = KE, (1) 

H 

I I I Ill 
40 330 620 910 12 

CHANNELS 

Figure 2. Elastic recoil spectrum recorded at 34” with respect to the beam 
direction. The channels in the x-axis represent the energies of the recoils. 
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where E is the incident ion energy and K is the kinematic factor 
given by (refer to Figure 1 for nomenclature) 

K= 
4mpxm,xcos2~ 

(m,+mJ2 ’ 
(2) 

where mp and m, are the masses (in amu) of projectile and target 
nuclei respectively. The energy of H recoil originating from a 
depth d below the surface is given by 

where (dE/dx),, is the stopping power of incoming ion in the 
sample material. The H recoil energy after coming out of the 
surface originating at depth d is 

where (dE/dx),,, is the stopping power of the recoil in the sample 

material. The H recoil energy after passing through stopper foil, 

as measured by the detector, will be 

The formulation of equations (l)-(5) provides energy to depth 
scale conversion. A computer code” is developed based on these 
equations for depth profiling. The value of dE/dx required for 
this purpose is as per TRIMI estimates. Since dE/dx is dependent 
on energy, which changes as the incident ion or recoil traverses 
through the material, the film thickness was divided in layers of 

1000 8, each. The values of dE/dx for incident, as well as recoil, 
ions were calculated for each layer. Depth scale obtained by this 
procedure is shown in Figure 3. The dotted curve shown in the 
figure is by simulation assuming uniform H concentration across 
the film thickness. The increase in the counts at lower energies 
(i.e. at larger depths) is due to the fact that as the ions enter the 
sample, they lose energy. The reduction in energy results in larger 
count yields, as the recoil cross-section is inversely proportional 
to the square of energy (E’). By comparison with a simulated 
curve, it can be seen that the H concentration is lower towards 
the substrate and the maximum non-uniformity across the film 
thickness is within 12%. 

10241 

7 
.E 

3 

i 
768- 0.9 pm SURFACE 

. . 

z!!o - 

zw’ 

CHANNELS 

Figure 3. Expanded view of H recoil spectrum. The counts represent H 
concentration in arbitary units. The dotted curve is obtained by simu- 
lation assuming uniform H concentration. The y-axis represents counts 
in each channel of the spectrum. The calculated depth scale for the 
hydrogen recoils is also shown (see text for details). 
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The depth profile thus obtained shows that the H concentration 

is uniform within 88% across its thickness. The measured values 
of H concentration are in agreement with values reported recently 

by Niu et al”. The present measurement indicated that depth 

resolution is 100 nm for H near the surface. 

3.2, Stoichiometrg of film. The recoil yield Y, of an element x is 
given by the area under the recoil peak for element x. It is related 
to the concentration N, of element x by the expression given 
below : 

N,y = I’,/(do/dQ), x R x N, (6) 

where N, is the number of incident ions, (da/dR)R is the Ruther- 

ford recoil cross-section and R is the solid angle subtended by 
the detector. 

The concentration (NH/N,,) of H with respect to Si was evalu- 

ated using the following relation : 

(7) 

NH 1 YH -=_ 
Nsi 26.35xy,,’ 

In a similar way, the concentration (NN/Nsi,,) of N with respect to 
Si can be expressed as 

NN 1 YN -_= 
Nsl 1.40Xy,’ 
Y,, Y, and Ys, are the recoil yields which were determined from 
the recoil spectrum shown in Figure 2. The shaded region of 
Figure 2 was taken as the N recoil yield Y,. The value of NH in 
at.% will be given by 

NH 
NH+NN+Nsi 

x 100%. 

Similarly, the expressions for NN and Ns, in at.% can be written. 
The stoichiometric ratio of H, N and Si in the films was found 
to be 3.8, 20.4 and 75.7 at.% respectively. It shows that the 
films under investigation have Si in excess. The error in the 

measurements is within + 5%. 
It is generally believed” that conventional ERDA is suitable 

for the profiling of light elements with z < 9. In the present work, 

it has been shown that conventional ERDA is suitable even for 
elements up to Si, if the substrate is of a heavier element than Si. 

It also indicates that simultaneous multi-element detection in thin 
samples is possible, if the masses of the elements in the sample 

under investigation are well-separated. 

4. Conclusion 

The analysis of an a-SiN, : H film deposited on the SS substrate 
by ERDA with 90 MeV Ni ion provided a unique way of esti- 
mating the relative concentration of the constituents. The films 
under study were found to be Si rich. The H depth profiling 
indicated a non-uniformity (of H concentration) of 12% across 
the film thickness. It proved that conventional ERDA with heavy 
ions is beneficial for analysing masses up to Si in thin films. 
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