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High Quality AlbO3 IPD With NHj
Surface Nitridation
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Abstract—in this letter, the effect of surface NH; nitridation 10— ™
on the electrical properties and reliability characteristics of alu- ses ST T T —
minum oxide (Al;Oz3) interpoly capacitors is studied. With NH3 1 Posmve.Voltage / 3
surface nitridation, the formation of an additional layer with lower 01l without NH3 - 4
dielectric constant during post-annealing process can be signifi- —&— with NH /
cantly suppressed, compared to that without nitridation treatment. g 0.01 } E
Furthermore, the presence of a thin Si-N layer can make post- 4 1E-3 1
deposition annealing more effective in eliminating traps existing -~
in the as-deposited films. As a result, a smoother interface and E’ 1E-4 1
smaller electron trapping rate can contribute to the drastically re- = E
duced leakage current, enhanced breakdown field and charge to & 1E-5 1
breakdown (Q,, 4) of Al> O3 interpoly capacitors with surface NH3 B 1E6 ]
nitridation. E':’ E

Index Terms—Al; O3, aluminum oxide, interpoly dielectric, IPD, 5 1E-7 E
surface NH; nitridation. 1E-8 ]
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CALING of nonvolatile flash memories requires contin- Electric Field (MV/cm )
ous thickness reduction of both the tunnel dielectric a'rll—(ljg. 1. J-E characteristics of AlO; interpoly capacitors with and without

interpoly dielectric (IPD) layers in order tc_) improve the progyrface NH nitridation under positive voltage applied to the top poly-Si.
gram/erase performance, reduce the applied voltage as well as

avoid the degradation of the coupling ratio [1]. However, thicke 506 petween the dielectric and the floating gate by surface
ness scall_ng of both d|el_ectr_|cs using c_urrent thermal anq/ﬂfridation and less electron traps in the bulk.

CVD oxynitride technologies is not sufficient to meet the strin-
gent data retention requirement due to the unavoidable leakage
current [2], [3]. Therefore, there is a strong demand to incorpo-
rate alternative highs dielectrics on nonvolatile memories for A 2000 A buffer oxide was thermally grown on the 6-inch
enhancing performance while suppressing charge loss. AmdhyPe (100)-oriented silicon substrate. The 2000 A bottom
the potential candidates, AD; is attractive for IPD appli- Poly-Si film was deposited on the buffer oxide in LPCVD
cations in nonvolatile flash memories because of its highahd implanted with phosphorous at 5E15 T 20 keV.
conduction band offset with respect to the underneath poly/jiior to Al,Os deposition, several samples were subjected to
electrode and higher dielectric constant thapNgi [4]. Pre- NHa nitridation in LPCVD furnace at 800C for 1 h. 100 A
viously, W. -H. Leeet al. had shown the benefits of usingAl20s dielectric was then deposited by reactive sputtering in
an ALOj; IPD for low voltage/high speed flash memories if\/O2 ambient, followed by rapid thermal annealing (RTA) at
simulations [5]. In this paper, the effect of surface Npitri- 800 °C in O, ambient for 30 s. Subsequently, a 2000 A top
dation on the electrical properties and reliability characteristi®®ly-Si layer was deposited in LPCVD and implanted with
of Al,O; interpoly capacitors is studied. It is found that th@hosphorous at 5E15 cm, 20 keV. Dopants were activated at
incorporation of nitrogen on the floating gate surface can n8p0°C RTA for 30 s. The cross-sectional view of the interpoly
only reduce leakage current by one order of magnitude HPacitor was similar to [3]. The equivalent oxide thickness
also enhance the breakdown field and the charge-to-breakddfT) was obtained from high frequency capacitance-voltage

(Q.q) as well. This is ascribed to the resultant smoother ifC—V) measurement using a Hewlett-Packard (HP) 4284. The
electrical properties and reliability characteristics of interpoly
Manuscript received March 24, 2003; revised May 9, 2003. This work WaCSapaCItOI’S were measured by a HP 41568 semiconductor
supported in part by the National Science Council of Taiwan, R.0.C., undégrameter analyzer.
Contract NSC-91-2721-2317-200. The review of this letter was arranged by Ed-
itor C.-P. Chang.
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I. INTRODUCTION

Il. EXPERIMENTAL

I1l. RESULTS AND DISCUSSIONS
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Fig. 2. Weibull plots of effective breakdown field (breakdown voltage/EOT)
of Al, O3 interpoly capacitors with and without surface MNHitridation in both

polarities. 3F il T
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surface NH nitridation under constant current stresses.

Fig. 3. AES depth profiles of AlO; interpoly capacitors with and without
surface NH nitridation. with and without surface nitridation are 2.76 nm and 3.32 nm,

respectively, after selective IPD removal. Smoother interface
surface NH nitridation at 800°C for 1 h. Surface NB is helpful in reducing the localized field and, hence, leads to
nitridation results in almost one order of magnitude reductidawer leakage current and higher breakdown field [3], [6], [7].
in leakage current density, compared to the sample witholite origin of the resultant smoother interface is hypothesized
surface nitridation. Fig. 2 compares the Weibull distribution® be closely related to the capability of Si-N layer in blocking
of effective breakdown field (breakdown voltage/EQT) of thexygen diffusion during post-deposition,@nnealing, as is
Al,O5 interpoly capacitors with and without surface NH evidenced by the high frequenay—V measurements and
nitridation for both polarities. More than 2 MV/cm breakdowrAuger electron spectra (AES). The EOTs of the®@4 IPD
field improvement has been clearly observed on the surfdegers with and without Nkinitridation are 4.6 nm and 5.6 nm,
nitrided samples for both positive and negative polaritieszspectively. In addition, Auger electron spectra of theGj|
The reasons might be two-fold. First, higher breakdowinterpoly capacitors, shown in Fig. 3, indicate that the presence
field in positive polarity may be attributed to the smootheof Si-N layer can effectively suppress the diffusion of oxygen
surface of the bottom poly-Si films with NHnitridation. species into the bottom poly-Si. Without surface passivation, Al
This hypothesis is supported by the results of atomic foremd O atoms are easier to react with Si and may form additional
spectrum (not shown). The roughness of the bottom interfasidicon dioxide and/or aluminum silicate with relatively lower
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x value [8]. Therefore, higher EOT value and rougher surfaseippression of interface silicate growth. Significant improve-
are obtained. ments on leakage current density, breakdown field and charge
Second, the improvement of electrical properties in negatite breakdown (Q,) are obtained in the AD3 interpoly ca-
polarity might not be fully interpreted in term of surface roughpacitors with surface N nitridation. The AbOs dielectric
ness. Thus, we suspect that surface nitridation may effectivelith surface NH nitridation thus appears to be very promising
reduce the concentration of oxygen vacancies during post-fie- future flash memory devices.
position high temperature annealing due to its capability to
block oxygen diffusion; In this case, oxygen molecules could
have higher probability to compensate the unsaturated bonds in
the as-deposited ADs. Fig_ 4(a) depicts the charge trapping [1] The International Technology Roadmap for Semiconducgfi8l ed.,
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