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Quality of low-pressure chemical-vapor-depositddPCVD) oxide and NO-nitrided LPCVD
(LN2ON) oxide is investigated under high-field stress conditions as compared to thermal oxide. It
is found that LPCVD oxide has lower midgap interface-state denBity,, and smaller
stress-induce®;.,, increase than thermal oxide, but exhibits enhanced electron trapping rate and
degraded charge-to-breakdown characteristics, which, however, are significantly suppressed in
LN20ON oxide, suggesting effective elimination of hydrogen-related species. Moreover, LN2ON
oxide shows further improved Si/Sjinterface due to interfacial nitrogen incorporation. 1©97
American Institute of Physic§S0003-695(97)02808-9

Low-pressure chemical-vapor-depositildlPCVD) ox-  serve as control sample and then annealed at 1000 °C for 35
ide is finding increasingly widespread applications in themin, or 900 °C for 35 min in N ambient(denoted as OX1
field of microelectronics, such as gate dielectric for thin-filmand OX2, respectively to improve the quality of the
transistors in high-density static random-access mentoriesSi/SiO, interface and oxide bulk to a different extent. Con-
and stacked gate dielectric for metal—oxide—semiconductanection to gate electrode was formed by Al metallization and
field-effect transistofsS(MOSFETS. Two primary problems  sintering in forming gas at 430 °C for 30 min following"
encountered in using LPCVD oxide were significant bulk polysilicon-gate preparation. The area of the capacitors was
trappingS~° and high defect densifyTo reduce defect den- 10~ * cn?. Designed oxide thicknesses are 140 and 110 A
sity, a stacked thermal LPCVD gate oxide technology wador OX and LOX oxides, respectively, which is mainly based
developed:® however, bulk trapping still has no satisfactory on the consideration that LOX oxide would be thickened by
solution. In addition, improvement in the quality of Si/SiO ~25% after NO nitridation at 1000 °C for 35 mif.As a
interface is also an inevitable concern. For this reason, theesult, final oxide thicknesses measured by the capacitance—
N,O-nitridation technique was applied to LPCVD oxidend  Voltage(C—V) technique are 145, 145, 115, and 150 A for
some improvements were achieved in terms of midgafX1, OX2, LOX, and LN20ON oxides, respectively, with the
interface-state generatiaxD;, ,, and shift of flatband voltage thickness of LOX oxide increased by 30% afteyNnitrida-
AVy,. In this letter, besides further descriptions D, tion. All constant-current stresses were performed with elec-
andAVy,, improvements on charge-to-breakdo®gy, and tron i.njection from the gqte, i.e., a negative gate bias. Mid-
change in gate voltage during constant-current stteds, ~ 9ap interface-state densiy.,, flatband voltagevy, and
electron-trap generation and trapping rates are also reportdtf€d chargeQs were determined by high-frequency and qua-
and the involved mechanisms are analyzed. sistaticC—~V measurements. _

MOS capacitors used in this study were fabricated on '€ initial Q; and Dy, of the four MOS capacitors
p-type (100) silicon wafers with a resistivity of 6—8 cm by extriacted from Olg_v _Zdata hiave compar%?(l)e vz_alzues
a self-alignech* polysilicon-gate process. All oxidation and (le.Z—Z.Jxl ems Dit-mf3‘35_5'94<1 cm
anneal processes were performed in a conventional horizofg.Y ); however, different behaviors occur among the four

tal furnace. LPCVD oxiddLOX) was deposited at 450 °C, i|glectr|csd under ?'grt]'f'eld sttr_egs.t_PreZ?;tedA;nszlfg. Lis
33.8 Pa using silane and oxygen. The flow rate of ,SiH tm UNCEr constant-current injection maAJcnT for

and G were 0.75 and 100 sccm, respectively, which resultecigemfollér tﬂ'aergeg;(:;;u:gr;zlgﬂlgérijgn?;ﬁ?m‘ :ﬁri;or( that
in a low and controllable deposition rate of about 3 A/min P P ; g PY

) . . . smoother SiQ/Si interface for LOX oxide than OX oxide is
and good th|ckn§ss uniformity. Ao\fter depo.smon _SOMC¢ormed and the interfacial strain of LOX oxide is relieved to
samples were §ubjected to a 1000 °C an.neal gmmblent a larger extent than OX oxide during the high-temperature
for 35 min, which makes Fhe LPCVD oxide den5|f|ed andanneal in N.1° To show the advantages of the annealing step,
H,-related by products diffuse out of the oxide. Other

L AD;., of OX1 and OX2 samples are compared in Fig. 1. As
samples receiveth situ nitridation at the same temperature

R X can be seen, OX1 sample exhibits slightly improved inter-
and for the same time in pure,® ambientLN2ON). Ther- (300 hardness than OX2 sample, which obviously results

mal oxide(OX) was grown at 850 °C for 70 min in dry£20 .oy the formation of stronger SiO bonds at the interfa&k
and a larger reduction of interfacial str&sat a higher an-
dElectronic mail: laip@hkueee.hku.hk nealing temperature. For ,M-nitrided LPCVD oxide,
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FIG. 1. Midgap interface-state creatidiD,,.., of MOS capacitors with dif- FIG. 3 Normalized change in gate voltage vs time during constant-current
ferent gate dielectrics under constant-current injection stress—bf stressing(—10 mA/cn).
mA/cn?.

conditions. So, considering the results in Fig. 1, it can be
ADit-m is more greaﬂy reduced than LOX Oxide, demonstrat.deduced that LOX Sample should have a lower donorlike
ing the distinctive advantage of oxynitrides—an excellentinterface-state creation than OX samples in the entire charge-
interface hardness against hot-carrier bombardment as a réiéection range. However, it could not be concluded that bulk
sult of interfacial nitrogen incorporation. hole trapping in LOX oxide is less than OX oxide because
Shown in Fig. 2 is the correspondingVy, under the the influence of hole trapping might be partly canceled by
same stress conditions as those used in Fig. 1. The four dfignificant electron trapping in the bulk of LOX oxide as
electrics all display a negative-going shift\, after stress, analyzed in the next paragraph; but, undoubtedly, both are
indicating hole trapping. Lik& D ., in Fig. 1,AVy, for OX1 ~ considerably improved by the @ nitridation as shown in
is also slightly smaller than the one for OX2 because offig. 2. Lastly, theAVy, saturation of LN2ON sample with
slightly better interface qualities achieved at higher annealinjected charge in Fig. 2 depicts again its better interface
ing temperature. Moreover\Vy, for LOX sample is less resistance against stress-induced degeneration and less bulk
than for OX samples, which is similar to that reported in Ref.trapping than LOX and OX oxides.
13. It is well known thatAVy, is the combined effect of Figure 3 shows the change in gate voltak¢, during
charge trapping at the substrate interface and in the bulRonstant-current stressirig- 10 mA/cnt) for the oxides. Be-
oxide, and mainly reflects the charges near the SySiotween the two thermal-oxide samples, OX1 sample is chosen
interface** Hole trapping is likely due to generated donor- for comparison purpose because it has better qualities and,
like interface statéS and bulk trapping, which are positively more importantly, has about the same thermal budget as
charged when they are unoccupied un@erv measurement LOX and LN2ON samples. UnlikaVy,, AV, is very sen-
sitive to charges located near the cathode. So, to eliminate
the effect of oxide thicknesk,, AV, is normalized by re-
— T T spective oxide thickness. The increase of gate voltage during

00 i stressing implies electron trapping. Obviously, LPCVD ox-
| —m—0X1 ] ide suffers from the highest electron-trap generation and
ol --v-- 0X2 | trapping rates among the three oxidege Fig. 4 beloy

which is similar to that reported in Ref. 13, and probably due
to hydrogen-related species such-ad and —OH produced

S 08 . by the thermal decomposition of silane during deposition.
e However, LN2ON oxide shows only a smalV,, suggest-
2 12k ] ing greatly suppressed electron trapping. This indicates that
' N,O nitridation for LOX oxide is very effective in annealing
out the hydrogen species, hence reducing electron-trap gen-
16 r T eration and trapping rates.
Depicted in Fig. 4 are charge-to-breakdo@p, and cor-
2.0 T S responding electron-trap generation and trapping rates for the
0.0 0.2 0.4 0.6 038 1.0

three oxides under different injection current densities
Injected charge (C/cm?) —Jg. Qpg Of LOX sample is much lower than that of OX1
sample. This can be associated with two possible causes: a
FIG. 2. Flatband voltage shift of MOS capacitors with injected charge unded@rge defect de_n5|ty and e_nhanced electron trapping rate in
the same stress conditions as those in Fig. 1. the LPCVD oxide film® Since Q,4 of LOX dielectrics is
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r - . rates, excellent charge-to-breakdown characteristics and in-
27 L ::: S(),(,l( o terface immunity against interface-state generation due to in-
| A\-_A_LNZON 7 a terfacial nitrogen incorporation, and reduction of-té¢lated
sk a ey . byproducts resulting from silane decomposition. Therefore,
to obtain high-quality LPCVD gate dielectrics and enhanced
device reliability, NO nitridation of deposited oxide is a
very promising way. Even for stacked thermal/LPCVD gate
oxide, the same treatment would probably result in further
improvement of interface and bulk qualities of the composite
oxide.

This work was financially supported by the RGC and
CRCG Research Grants, the University of Hong Kong.

1 l l
B 8 3 3
(dV /dt)/t,, (107 Visicm)

1
—_
(=

!S. Ikeda, S. Hashiba, I. Kuramoto, H. Katoh, S. Ariga, T. Yamanaka, T.
Hashimoto, N. Hashimoto, and S. Meguro, in IEDM Technical Digest,
1990, p. 469.

2Y. Lee, L. D. Yao, E. Hansen, R. Chau, B. Sabi, S. Hossaini, and B.
Asakawa, IEEE Trans. Electron DevicE®-40, 163(1993.

3G. Kawamato, G. Magyer, and L. Yau, IEEE Trans. Electron Devices
ED-34, 2450(1987.

o X L. . . . 4H. H. Tseng, P. Tobin, J. Hayden, and K. M. Chang, in IEDM Technical
significantly improved after D nitridation in our experi- Digest, 1991, p. 75.

ments and the charge trapping rate at localized defect sites ifJ. Lee, I. C. Chen, and C. Hu, IEEE Electron Device LEMDL-7, 506
LPCVD oxide is lower than that in thermal oxidét can be (1988.

. . 8R. Moazzami and C. Hu, IEEE Electron Device L&DL-14, 72(1993.
suggested thaQpy degradation is likely due to enhanced 7; s, \y Ting T. Chu, S. Lin, and D. L. Kwong, Applied Phys. L &8,
electron-trap generation and trapping rates induced by 283(1992.

hydrogen-related species in our LOX oxide, which is propor-°Z. H. Liu, J. T. Krick, H. J. Wann, P. K. Ko, C. Hu, and Y. C. Cheng, in
tional to the slope of the gate-voltage shift versus time dur-,'EPM Technical Digest, 1992, p. 625.

. .. . . . S. Ang and S. Wilson, J. Electrochem. S&84, 1254 (1987).
ing constant-current injection, i.edV,/dt of the linear part 105 Ahr? W. Ting, and D.-L. Kwong, IEEE Electron D(evicz LEDL-13
of the curves in Fig. 3. It can clearly be seen that the higher 186 (1992,

thedV,/dt, the lower theQpg X8 The Qpg anddV,/dt values iN Bhat and K. C. Saraswat, in ECD Extended Abstract, 1994, p. 179.
are averaged over 20 capacitors, alr\g/dt is similarly nor- S. P. Tay, A. Kalnitsky, G. Kelly, J. P. Ellul, P. DeLalio, and E. A. Irene,

. . . . J. Electrochem. Sod.37, 3579(1990.
malized by respective oxide thickness. It can be eV"J‘“"ated;N. Bhat, P. P. Apte, and K. C. Saraswat, IEEE Trans. Electron Devices

FIG. 4. Charge-to-breakdow@,q and electron trap generation/trapping rate
dVy/dt as a function of injection current density.

that N,O nitridation makedQ,4 of our LOX dielectrics in- ED-43, 554 (1996.
crease by a factor of 1.6-1.8, and the correspondilig 14p. Fazan, M. Dutoit, C. Martin, and M. llegems, Solid State Electronics
dt decrease by approximately the same factor. 30, 829 (1987.

L ) - 15T, Hori and H. lwasaki, IEEE Electron Device LeEDL-9, 168(1988.
In summary, NO-nitrided LPCVD oxide exhibits con- 16c . Lin, J. Cable, and J. C. S. Woo, IEEE Trans. Electron Devices

siderably suppressed electron-trap creation and trappingeD-42, 1329(1995.

998 Appl. Phys. Lett., Vol. 70, No. 8, 24 February 1997 Lai et al.
Downloaded-10-Nov-2006-t0-147.8.21.97.-Redistribution-subject-to-AlP-license-or-copyright,~see-http://apl.aip.org/apl/copyright.jsp



