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FABRICATION OF METAL INSULATOR FIELD EFFECT TRANSISTORS
USING SILICON NITRIDE AND SILICON-OXYNITRIDE AS GATE
INSULATORS

K. B. Sundaram and S. S. Seshan
Department of Electrical and Computer Engineering
University of Central Florida
Orlando, FL 32816-2450

Silicon nitride and silicon-oxynitride films were used as the gate
dielectrics for the fabrication of metal insulator semiconductor field effect
transistors. The dielectric films were deposited by an r, f. magnetron
sputtering techniques using silicon nitride target. The fabrication process
of an enhancement type n-channel device is discussed in detail. The
electrical measurement done for the devices indicated low threshold
voltages

INTRODUCTION

There is significant interest in high dielectric constant gate insulators for ultra scale
integrated circuits. The gate dielectric materials used in MOSFET devices determine the
threshold voltage (V1) and the mode of operation of the device. Certain applications
require not only low value of Vi, but also a precisely controlled value to match other
devices in the circuit. New gate insulating materials for MOSFET devices are looked
into get low Vo, better transconductance (g,), and high break down voltages. Higher
dielectric constant of the gate insulator yields higher gate capacitance (C,,) which may
affect the speed of the device. Even though higher C,, affects the speed of the MOS
device, it is advantageous A higher dielectric constant yields high gate dielectric
capacitance (C,,) which affects the speed of the device. Even though higher C,, affects
the speed of the MOS device, it is advantageous for applications like storage capacitors
in the dynamic random access memory devices.! Potential hlgh dielectric constant
insulators for MOSFET devices are tantalum pentoxlde (Ta205) , silicon mtnde and
silicon-oxynitride 37 cerium dioxide (CeOz) , and zirconium oxide (ZrOz) Silicon
nitride films are used in non-volatile memory devices which utilizes the phenomenon of
charge storage in the trap centers in the nitride films. ' Threshold voltage control by the
variation of the dielectrics and thlckness of the dielectric, play an important role in the
write and read cycle of the memory cell.'?

In most cases, the stacked layers of silicon nitride and oxy-nitride were deposited by
chemical vapor deposition (CVD) and plasma enhanced chemical vapor deposition
(PECVD). The CVD deposited films have high hydrogen concentration coming from the
source gas SiH,. High hydrogen content (in the rage of 20-30 atomic per cent) has been
reported to be responsible for degrading MOSFET device lifetimes, particularly with
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shorter channel lengths.!' Hydrogen contamination also induces some problems, such as
the electrical passivation of the dopants of silicon and shifting V; of MOSFETS, due to
hot-electron trappings in the gate oxide.!? The electron heating effects i m silicon nitride
and silicon oxy-nitride films were studied by DiMaria and Abernathey.’ According to
them, the average electron energy as a function of electric field is very similar to that of
Si0,, and the total number of 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
Si0,, 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 makes silicon nitride and oxy-nitride very attractive
for gate dielectrics in the case of short and narrow channels that are adversely affected by
hot catrier generation due to high electric fields. Hence in order to eliminate the
hydrogen contamination in the films, in this present work, sputter deposited silicon
nittide 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

Two types of mask patterns, as shown in Fig. 1, were used for the fabrication of
metal insulator field effect transistors. The minimum feature size was Spm. The mask
contained patterns of gate lengths of 5, 10, and 20 um. The process steps involved in the
fabrication of the devices are shown in Fig. 2. The substrates were p-Si with resistivity 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,S0,: H,0, for
3 minutes. Subsequently the wafers were etched with buffered oxide etch (BOE) (13
NH,F: 2 HF) 9:1 diluted with water for 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. 2¢) 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,
powder pressed 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 and clear field
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. 2j) .

The device measurements were initially made on unannealed wafers and later
measurements were made on the annealed wafers. The post annealing was performed to
anneal out the interface charges and traps 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 perforimed 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 Vpg
and (ID)”2 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 was of the order of 2x10° V/em. The measured dielectric constant ranged from
4.0 - 5.94 for the films. Figures 3 and 4 show the typical I, versus Vg 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 hence the drain current was slightly smaller than the expected value. Figure 5 shows
Ip"? versus Vg of a 20 pm device. This device showed the lowest V. of nearly -0.57 V.
Some devices showed more negative V. A reduction in the Vi 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 I, versus Vpg and I versus Vg characteristics of 10 pm 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
MISFET characteristics.

Figure 8 shows the calculated Vy versus gate dielectric thickness for various
interface charge densities for silicon nitride. The doping concentration of the p-Si is
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 V;
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
reduce the threshold voltage of the devices.
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