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Oxynitride (SiQ;N,) insulators have been obtained by low-energy nitric oxide o)
implantation in Si substrates prior to thermal oxidation. Characterization by Fourier transform
infrared(FTIR) and secondary ion mass spectromé8iMS) analyses reveal the presence of Si—0,
Si—N, and Si—N—-Obonds in the high quality 37 nm silicon oxynitride films. The dielectric
constant5.5, effective charge density7 x 10'° cm™2 and breakdowrE-fields of 3 MV/cm were
determined by capacitance—volta@&-V) and current—voltagé —V) measurements, respectively,
indicating that the Si¢N, films formed are suitable gate insulators for metal-oxide-semiconductor
(MOS) devices. ©1996 American Institute of Physid$S0003-695(96)02441-2

Ultrathin oxynitride films(SiO,N,) became a promising patterned with 50Qum diameter dot mask. The wafer back-
alternative for submicron MOS gate insulators due to theiside was etched in buffered HF and a 150 nm thick Al film
high radiation hardness, low defect density, high dielectriovas evaporatedC—V measurements at 1 MHz were per-
constant, low gate threshold shifts, and low impurityformed. The static dielectric constantgy; and eqy, Were
diffusion!~® The improved dielectric reliability is mainly calculated from the strong accumulation capacita@egg,.
due to the pileup of the incorporated nitrogen at theThe effective charge densiti€3,on:/0 and Quono/q Were
SiO,/Si. The Si—N bonds replace the strained Si—O bonds atalculated directly from the flatband voltage shiff, and
the SiG/Si interface, decreasing the interface stB8everal  Cpax. All measurements were carried out in the dark at room
nitridation techniques have been widely investigdféd. temperaturel-V characteristics were performed to deter-
Presently, much attention has been directed on nitridation bgnine the dielectric breakdowf fields.
nitrogen ion implantatiod=*? lon implantation provides a The FTIR spectrometry was performed on the control
low temperature and highly controllable process of nitrogeroxide, ON1 and ON2 film§Figs. Xa), 1(b), and Xc), respec-
implantation®***5This work reports the experimental results tively] in order to evaluate chemical bonds. Absorption
of the oxynitride formation by NOimplantation at low en- peaks occur at 1075 cm (stretching modg at 456 cm*
ergy (about 10 keV. Chemical bonding characteristics of the (rocking mod¢, and at 810 cm' (bending modg due to
SiQ)N, films were determined using Fourier transform infra- Si—O bonds.” Absorptions at 1255 cit indicate the for-
red spectrometry(FTIR). The nitrogen profiles at the mation of high quality films?’ Absorptions at 820 cit
SiO,N, /Si structures were measured by secondary ion magstretching modeand at 462 cm* (wagging modgare due
spectrometrySIMS). C-V andl-V measurements were per- 10 Si—-N bondg%8The shapes of absorption bands from 900
formed to evaluate the insulator-semiconductor interface antp 1000 cm* are attributed to the formation ofi-&N-O
bulk properties. bonds in silicon oxynitridé’ No absorptions at 610 cm

The silicon oxynitride layers were formed gmtype due to unsaturated Si-Si bondshonon-phonon interac-
single-crystal SiL00) wafers with resistivities ranging from tions) were observed which confirm the absence of these
4.9 to 9.1 Qcm. The substrates were cleaned by RCA
method, implanted with nitric oxide ions(d=2
X 10' jons/cnt andE=10 keV), annealed at 950 °C for 20 s 7
min in nitrogen and split in two batches of samples, namely:
ONL1 (oxynitride 1) and ON2 (oxynitride 2—without and
with postoxidation steps, respectively. The ON2 samples
were thermally oxidized at 950 °C in dry,@nd annealed at
950 °C for 20 min in nitrogen. For control, bare Si substrates
were thermally oxidized and annealed at the same conditions
(thicknesses 24 nm). The oxynitride formation at the ON1

1255

Absorbance (arb. units)

N b) ON1
and ON2 structures were investigated by FTIR and SIMS — \mml ot
analyses. Metal/oxynitride/silicon capacitors were formed by e
thermal 150 nm aluminum film deposition, sintered in N @0 1100 00 | W0 500
+H,0(v) at 440 °C for 40 min. The Al electrodes were Wavenumbers (cui)
3E|ectronic mail: peter@dsif.fee.unicamp.br FIG. 1. FTIR spectra fofa) control oxide,(b) ON1, and(c) ON2 samples.
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FIG. 2. SIMS profiles of?SiN, 28Si, and*/SiO for (a) ON1 and(b) ON2 FIG. 3. I-V characteristic§a) ON1 and(b) ON2 capacitors.

structures.

_ _ o - _ films. The SIMS results have shown the formation of oxyni-
structural |mperfgct|ons at.th.e oxynitride/silicon mterfgce.tride layers. Electrical properties indicated that, due to the
The presence ofiSN-O-Sibridges decreases the strained |, effective charge density and the dielectric constant of
bonds and the Si dangling bonds at the interface. These COQpout 5.5, these high quality films can be used as gate insu-
siderations indicate the formation of a smooth interfce. lator in metal-insulator-semiconducttviS) devices and ul-

Figures 2a) and 2b) show the @ (3 keV) SIMS depth . . L oo
prfle o "SI, "SI0, andS a ONA and Oz - 702 S TS st ppleatre

ively. Th Its indi [ i P . .
tures, respectively ese results indicate nitrogen mcorpora}(retly, Coordinator of Centro de Componentes Semicondu-

tion at the insulator-semiconductor structures, formation o :
the SIQN, layers on Si substrates and insulator film thick- tores (CCS-UNICAMB, for. the use of procgss equipment
nd the CCS staff for assistance. The work is supported by

nesses about 32 and 37 nm, for the ON1 and ON2 sampleg, , ) ,

respectively. Conselho Nacional de PesquigaNPqg of Brazil.
The C-V characteristics of AI/SiEN,/Si and Al/

SiO,/Si specimens were performed. The dielectric constants

€on1 andegy, of the SIQN, films were calculated from each

maximum capacitancéC,,,,) under strong accumulation
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