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IMPLEMENTATION OF NITRIDE OXIDATION IN THE 2D PROCESS SIMULATOR
IMPACT-4.
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A. Marmiroli: SGS-Thomson Microe]ectronics, Central R&D, Agrate B.za (MI), Ttaly.

To shrink the dimension of devices, new isolation technologices, with respect to classical LOCOS, have to
be cvaluated. This paper deals with the study of onc of these possible alternatives: the LOCOS/ Recessed-LOCOS
NCLAD structurc. In this process a thin nitride layer encapsulates the oxide-nitride stack to prevent the formation
of long bird’s beak [1}. The cfficiency of this technique is dependent on the nitride oxidation. In order to study this
process, via simulation, it is therefore necessary to model nitride oxidation: a “modified Deal and Grove” modecl has
been implemented and calibrated in the 2D Process simulator IMPACT-4 {2]. The implementation problems and
rclative solutions arc described.

The cquation governing wet oxidation of nitride is given by [3-4]:
SisNg + 6 HO — 3Si02 + 4 NH;. (1).
The Deal and Grove model {5] has been applied to describe the reaction (1). From cxperimental results published
by Enomoto [6] and Rebora [7], the values of the lincar (B/A) and parabolic (B) paramcters have been calibrated
for a range of temperature between [920°C - 1100°C): B = 1.96 x 101% x c;z:piﬁi (12 /min) (2)
A=37x10"1x c.z:piﬁ'h_v (1) (3). B and B/A dctermine respectively the diffusivity D and the reaction rate k.
The pressure dependence of B has been deduced from [7]. It appears that, for pressures lower than latm, the
parabolic cocfficicnt B is given by: B = 1.96 x 10+5 x ezp =T x P*8 (u?/min).
The model has been implemented in the 2D process simulator IMPACT-4 [2].

The main problem in the implementation is caused by the very different diffusion and reaction rate coctfi-
cients for nitride and silicon {3] respectively. For this reason, the implementation of nitride oxidation in IMPACT-4
required to differenciate the oxide growing on nitride (oxynitride) from the onc on silicon (silicon oxide), without
defining a new material, in order to attribute to the clements of cach kind of oxide its proper cocfficients. In 1D
simulations, as oxidation occures cither on silicon or on nitride, the paramecters of oxidation can be attributed casily.
In 2D simulations, silicon and nitride simultancously oxidize. The reaction rate cocflicient k is attributed according
to the surface on which oxidation is performed. Concerning diffusion cocfficient, a test has been introduced on mesh
clements. This test is made in order to permit nitride oxidation (D(nit) # 0) only on air contacted oxynitride and to
canccl nitride oxidation under nitride masks, becausc of stress cffects: (D(nit) = 0). In order to distingnish between
oxide and oxynitride, for cach oxide mesh clement (triangle) all its ncighbors arc cvaluated; if they contact both air
and nitride, this clement is oxynitride (D = D(nit)), otherwise it is silicon dioxide (D = D(s?)), as cxplained on
figurc 1. The limit of this mcthod in 2D is for oxynitride thickncss larger than two divisions of thc mesh (about
10004, for IMPACT meshes). The cases which have been studied are within this mesh limit.

The difference of diffusion cocfficient between oxynitride and silicon oxide can be chemically explained by

the gradient of oxygen concentration cxperimentally observed in oxynitride layer [8]. To reproduce this cffect, a
gradicent of diffusion is numerically introduced for oxynitride (figure 2).
Numerical simulation has been performed in casc of 1D cxamples to check-out the validity of our calibration. Figures
3 and 4 comparc the numerical results to experimental data for temperatures equal to 950°C and 1100°C. Furthe-
morc, the analytical results given by the model of Kamins [9] have been added to the figures. One can conclude that
our calibration shows an cxcellent accuracy for the range of temperature and pressure which has been studied.

NCLAD LOCOS and Recessed-LOCOS have been processed at 1050°C, latm, in wet ambient to grow
53004 0f ficld oxide. Their corresponding classical structures have also been processed for comparision. 2D simula-
tions of thesc isolation structures have been performed with IMPACT-4. The results arc reported on figures 5 to 8,
where it can be noticed that the simulations arc in good agreement with SEM photos. NCLAD present a reduced
bird’s beak. If nitride oxidation is not taken into account, onc can obsecrve that it has rather no influcnce on the
bird’s beak shape in case of classical LOCOS or Recessed-LOCOS, while it undcrestimates the bird’s beak thickness
for NCLAD versions.

A Decal and Grove model for silicon nitride oxidation has been implemented in the process simulator
IMPACT-4, using an appropriate test on mesh oxides clements to differenciate oxynitride from silicon oxide, and
defining a diffusion cocfficient gradient in oxynitride layer. This tool can be uscd to study NCLAD structures, and
other advanced isolation structurcs affected by nitride oxidation. -

We thank A. Rcbora and P.Colpani, from SGS-Thomson, Agratc, Italy, for 1D nitride oxidation data and
SEM photos.
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Figurce 1: Definition of diffusivity and rcaction rate,

of nitride (D(nit). k(nit)) and silicon oxide (D(si),
k(si)) according to position in growing oxidc.
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Figure 3: Nitride oxidation 1D at 9 50°C.

Figurc 3: Simulation and SEM photo of a LOCOS
structurc oxidized at 1050°C. Plain line: simulation
with nitride oxidation modecl; dashed line: without
nitride oxidation.

Figure 7: Simulation and SEM photo of Recessed
LOCOS oxidized at 1050°C. Plain linc: simulation with
nitride oxidation model; dashed line: without

nitride oxidation.
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Figurc 2: Gradient of diffusion cocfficicnt in oxynitride
growing on nitride: D(nit)=Diffusion cocfficicnt in

oxynitride; D(si)=Diffusion cocfficicnt in silicon oxide.

NITRIDE OXIDATION 1D AT 930degC
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Figurc 4: Nitride oxidation 1D at 1100°C.

Figurc 6: Simulation and SEM photo of NCLAD
structurc oxidized at 1030°C, with a sccond nitride
laycr of 300A. Plain line: simulation with nitride
oxidation modcl; dashed line: without nitride oxidation.

Figure 8: Simulatiyon and SEM photo of NCLAD
Recessed-LOCOS oxidized at 1050°C, with a
sccond nitride layer of 300A. Plain linc: simulation
with nitride oxidation modcl; dashed line: without
nitride oxidation.



