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shorter channellengths.!! Hydrogen contamination also induces some problems, such as
the electrical passivation of the dopants of silicon and shifting V7 of MOSFETs, due to
hot-electron trappings in the gate oxide.!? The electron heating effectsiin, silicon nitride
and silicon oxy-nitride films were studied by DiMaria and Abernathey.’ According to
them, the average electron energy as a function ofelectric field is very similar to that of
SiO,, and the total numberof electrons which can be heated to energies greater than 2 eV
is greatly reduced owing to the increased trap centers in the nitride films compared with
SiO), The reduction of hot electrons die to increased trapping is correlated to increasing
N, content through the oxy-nitride phase of SiO, The traps keep the carriers near the
bottom of the conduction band. This makessilicon nitride and oxy-nitride very attractive
for gate dielectrics in the case of short and narrow channels that are adversely affected by
hot carrier generation due to high electric fields. Hence in order to eliminate the
hydrogen contamination in the films, in this present work, sputter deposited silicon
nitride and oxy-nitride films were used as the gate insulators. The fabrication process of
n-channel metal-insulator field effect transistors is discussed and device characteristics
are studied.

EXPERIMENTAL

Twotypes of mask patterns, as shown in Fig. 1, were used for the fabrication of
metal insulator field effect transistors. The minimum feature size was 5m. The mask
contained patterns of gate lengths of 5, 10, and 20 4m. The process steps involved in the
fabrication of the devices are shownin Fig. 2. The substrates were p-Si withresistivity 8
Q-cm of (100) orientation. The wafers were cleaned with boiling in tricholroethane,
acetone, methanol, deionized water (DI) and then dipped in boiling 1:1 H,SO,: H,O, for
3 minutes. Subsequently the wafers were etched with buffered oxide etch (BOE) (13

NH,F: 2 HF) 9:1 diluted with waterfor 1 min. Finally, the wafers were washed with DI
water and blown dry with nitrogen.

Field oxide, of 450 nm was grown by a wet oxidation process. This thick oxide
served as a mask for subsequent phosphorus diffusion. Waycoat HNR 120 negative
photoresist (PR) was used for the first level clear field mask-1 to form the source and
drain windows (Fig. 2a and 2b). Phosphorus diffusion was completed by 5 min.
predeposition followed by 20 min. drive-in diffusions (Fig. 2c) The wafers were coated
with Shipley 1400 positive PR. Clear field mask-2 was used to define SiN gate regions
(Fig. 2d). Silicon nitride was sputter deposited in an r. f. sputtering system using a Si,N,
powderpressed target of 99.95% purity (Angstrom Sciences) (Fig. 2e). The sputtering
conditions are given in the Table I. Oxygen was added during sputtering to deposit
silicon oxynitride films. Using a negative photoresist and mask-3 the contact windows
for source and drain windows were opened(Fig. 2f). Diluted buffered oxide etch (BOE)
was used to etch silicon nitride and oxy-nitride films (Fig. 2g). Aluminum film was
evaporated in a vacuum system (Fig. 2h). Using Shipley 1400 positive PR andclearfield
mask-4, metal patterning was completed (Fig. 2i). Finally, Al was etched using diluted
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phosphoric acid at 60 °C and metal contacts were made to source, drain and gate regions
Fig. 2))

The device measurements were initially made on unannealed wafers and later
measurements were made on the annealed wafers. The post annealing was performed to
annealoutthe interface charges andtraps in the dielectric. It was carried out in an argon
ambient at 350 °C for one hour. The SiN film thickness was measured using an optical
interferometer. The C-V measurements of the MIS capacitors were performed using the
Hewlett Packard impedance analyzer (Model.HP 4192A LF). The MOS device
characteristics were measured using Hewlett Packard semiconductor parametric analyzer
(Model HP 4145B). The parameter analyzer was programmed to give the Ip versus Vpgs
and (Ip)'? versus Vgg curves

RESULTS

The thickness of the dielectric films ranged from 75-150 nm depending on the
deposition conditions as described in the Table-I. The dielectric breakdown strength was
the film wasof the order of 2x10° V/cm. The measured dielectric constant ranged from
4.0 - 5.94 for the films. Figures 3 and 4 show the typical Ip versus Vps characteristics of
10 and 20 pm gate length devices. Owing to a minor misalignment during the
fabrication process, the gate electrode overlapping the diffused region is slightly offset
and hencethe drain current was slightly smaller than the expected value. Figure 5 shows
Ip!” versus Vgs of a 20 um device. This device showed the lowest V; of nearly -0.57 V.
Some devices showed more negative V;. A reduction in the V; values was observed
when the devices were annealed. Further, an increase in drain current was also observed
for the annealed devices. A similar trend was observed by Hezel et al. for the post
annealed nitride films deposited by chemical vapor deposited films,” Figure 6 and 7
show the typical Ip versus Vps and. Ip'”versus Vos characteristics of 10 jm gate silicon-
oxynitride device respectively. The device showed a Vy of nearly 0.22 V. The smaller
devices had a smaller drain current compared with larger devices, as evident from the
MISFETcharacteristics.

Figure 8 shows the calculated V; versus gate dielectric thickness for various
interface charge densities for silicon nitride. The doping concentration of the p-Siis
assumed as in the experimental case. All the calculations were based on a dielectric
constant of 5.94 which was the maximum value in the studies. It can be seen that the Vy
variation is high for higher interface charge density compared with lower charges. If
speed is not the main criteria, then silicon nitride or silicon oxynitride may be used to
reducethe threshold voltage ofthe devices.
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