APPLIED PHYSICS LETTERS VOLUME 80, NUMBER 7 18 FEBRUARY 2002

Observation of latent reliability degradation in ultrathin oxides
after heavy-ion irradiation
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Constant voltage time-dependent-dielectric-breakdown distributions were obtained for both
unirradiated and irradiated 3.0 and 3.2 nm thick Siins subjected t6°Co gamma irradiation and
heavy ions of 823 Me\}?*¢e (linear energy transfer59 MeV-cnf/mg). The gamma irradiation

had no effect on oxide lifetime. The heavy ion irradiation substantially reduced oxide life even
though the devices were biased at 0.0 V during irradiation. The reduction of oxide lifetime under
constant-voltage stress conditions was a strong function of the heavy ion fluen2602©
American Institute of Physics[DOI: 10.1063/1.1448859

The effects of ionizing radiation on ultrathin oxides this work, constant voltage breakdown distributions were ob-
(tox<<4 nm) is becoming a concern, particularly due to thetained for both unirradiated and irradiated 3.0 nm thick .SiO
recent observations of radiation-induced leakage currerfims subjected to 823 MeV ?Xe (LET=59
(RILC) and radiation-induced soft breakdoWRSB) in ox-  MeV-cn?/mg) heavy ion irradiation. The results indicate
ides after gamma and heavy ion irradiatfoh RILC has  that the heavy ion irradiation substantially reduced intrinsic
been observed for heavy ions, x-rays, and electrons witloxide life. The reduction of lifetime under constant-voltage
relatively low linear energy transfefEETs) between 10 and stress conditions was a strong function of the heavy ion flu-
40 MeV-cnf-mg 1. RILC has been modeled as inelastic ence.
trap-assisted-tunneling due to neutral oxide defects and was Two different sets ofp-substrate test capacitors were
found to be very similar to stress-induced-leakage currentsed in this study. The first set was supplied by a commercial
(SILC) observed after constant voltage str&SsRSB, how-  facility and had a thermally grown oxide thickness of 3.2 nm
ever, has only been observed for higher LET ions and isind a device area o410 2 cn?. The second set was fab-
characterized by higher leakage currents and gate curreritated using conventional field oxide isolation grtype
noise?~*®11n this case, the leakage path is believed to besilicon substrates. The devices from the second set had an
due to a permanent conductive filament as a result of @xide thickness of 3.0 nm and areas of fOand 4
breakdown even? and has recently been modeled as a quanx 10~ cn?. Both sets were fabricated with polysilicon gate
tum point contact! electrodes and interconnected to probe pads with aluminum

Despite the large number of studies detailing the imme:metallization. The devices from each set had equivalent in-
diate effects of ionizing radiation on thin oxides, there aretrinsic reliability as exhibited by similar charge-to-
few results on any degradation of the long-term reliability of breakdown (Qg) versus gate voltage characteristics. The ox-
ultrathin oxides due to latent defects. Earlier work did notide thickness was determined by high frequency capacitance
show any latent reliability effects as a result of precursor iorvS Vvoltage curves with quantum simulation of substrate
damagé. Gamma irradiated samples also did not show ajuantization and poly depletion effects includéd.
decrease of time to breakdown, although a slight increase in  The 3.2 nm thick samples were subjected to gamma ir-
the breakdown time was noted after a low-temperaturéadiation using the National Institute of Standards Technol-
anneal® In one study, an increase in the number of extrinsicody (NIST) gamma cell source that provided a dose rate of
failures (early failures of the thin oxide lifetime distribution ~approximately 6.5 kGy/h. Gamma irradiation was concluded
was observed® however, the intrinsic lifetime was not after a total dose of 300 kGi5i). The 3.0 nm thick samples

changed after gamma, electron, and neutron irradiation. IMere subjected to heavy ion irradiation at the Texas A&M
University Cyclotron using 823 MeV?®Xe (LET=59

N o . MeV-cn?/mg) with a total fluence up to 10 ions/cnft.
Electronic mail: john.suehle@nist.gov L .

Bpresently with: Sharp Laboratories of America, 5700 NW Pacific Rim Exp.osures wer.e conducted at normal incidence with the ca-
Blvd., Camas, WA 98607. pacitor gates tied to ground (¥ 0.0 V). Constant voltage
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FIG. 1. (Top ploh Current versus voltage characteristics of 3.0 nm thick ] o o ] )

SiO, test capacitors measured before and after heavy ion irradiation. ThEIG. 2. (Top ploy Weibull lifetime distributions of test capacitors subjected
characteristics are shown for a fluence ofx 10 ions/cnf, 1 to constant voltage TDDB tests {Mss= —5.0 V) following gamma irradia-

x 10F ions/cn?, 1x 107 ions/cn?, and 1x 1CP ions/cn?. Characteristics ~ tion. Note that there is no statistical differences in the lifetime distributions
shown for the fluence of % 107 ions/cnt and 1x 10° ions/cr? indicate the  following a total dose of 300 kGYSi). (Bottom ploh Weibull lifetime dis-
device has experienced soft breakdoBottom ploy Current versus volt- tributions of test capacitors subjected to constant voltage TDDB tests fol-
age characteristics of 3.2 nm thick Si@st capacitors measured before and 10Wing heavy ion irradiation. The plot shows dist[ig)utions obtained for a
after%Co gamma irradiation. The oxide conduction increases as a functioftress condition of-4.9 vV and a device area 0fx10 cn?. Oxide life is

of total dose. significantly reduced as the heavy ion fluence is increased.

time-dependent dielectric breakdoWFDDB) tests were per- devices subjected to gamma irradiation. Only devices that
formed at a gate voltage of 4.9 and—5.0 V. The initial ~ did not experience soft breakdown were subjected to subse-
breakdown event, either hard or soft, was defined as the erfihent TDDB testing.
of oxide life. The failure distributions of devices subjected to ~ The top plot of Fig. 2 shows Weibull failure distributions
heavy ion exposure and gamma irradiation were then comas a function of total dose for the devices subjected to a
pared to un-irradiated devices. constant voltage stress ef5.0 V following gamma irradia-
Figure 1 shows typical postirradiation current—voltagetion. Note that there is no statistical shift in the failure time
(I4—Vg) characteristics for the devices subject to 823 Meveven after a total dose of 300 kGi). The bottom plot of
129 e jons (top ploy and gamma irradiatiotbottom ploy as ~ Fig- 2 shows Weibull failure distributions for devices sub-
a function of dose. There was a 0.0 V bias applied during théected to a—4.9V constant voltage stress following heavy
irradiation. The oxide conduction increased following the ir-ion irradiation doses of % 10° ions/cnf, 1x10° ions/cnt,
radiation as observed in previous studig$!%itin some and 1x 10 ions/cnf. Most of the devices that received a
cases, especially after higher heavy ion fluences, some of tfose of 2x10° ions/cnt experienced soft breakdown, and
devices experienced soft breakdow#t® An example of there were not enough devices to test for statistically signifi-
post soft breakdown conduction is shown in the top plot forcant results. Figure 2 shows that for a fluence of 1
the 1x 10" and 1x 10® ions/cn? fluence. Post soft break- X 10° ions/cnf, the intrinsic TDDB life decreased by over
down gate leakage current usually increased by over an ord@n order of magnitude. This fluence corresponds to about
of magnitude at gate voltages greater tha@.0 V and ex- approximately 10 ion “hits” for the 10% cn? test capacitors
hibited noisy or random fluctuations. Oxide conduction afterand an equivalent gamma total dose of only about 1 Gy. The
gamma irradiation also increased as a function of total dosentrinsic TDDB life dramatically decreases as the fluence is
Note that the change of the leakage current after a total dodecreased. The experiment was repedteat shown for dif-
of 300 kGy gamma irradiation was similar to that observedferent size capacitors (410 % cn?) and for a different
for the heavy ion irradiation at a fluence of 1 stressvoltage{4.7 V), and a similar reduction in oxide life
x 10° ions/cnt (approximately two orders of magnitude in- was observed.

crease at Y= —0.5 V). Soft breakdown was not observed in The level of RILC (\,= —0.5 V) induced after 300 kGy
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of gamma irradition and after a fluence ofx10° Part of the work described here was carried out under
129 e ions/cnt was observed to be similar. It is interesting contract with the National Aeronautics and Space Adminis-
that the intrinsic reliability degradation effect observed fortration (NASA). The authors would like to thank the NIST
heavy ion irradiation was not observed for devices subjectedffice of Microelectronics Programs for support of this
to 6°Co gamma irradiation, even after a total dose of 300work.
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