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of hafnium oxynitride dielectrics
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The capacitance—voltage€C V) characteristics of hafnium oxynitride gate dielectrics for silicon
metal-oxide-semiconductdMOS) capacitors with different sweep voltage were investigated. It was
found that, for thep-type substrate MOS capacitor, thé—V hysterisis has a turnaround
characteristic as the applied voltage exceeds0 V. The phenomenon is explained by electron
trappings at the low electric field and hole trappings, which resulted from the impact ionization, at
the high electric field in the dielectrics. @004 American Institute of Physics.
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According to the International Technology Roadmap forrespectively. The electrical properties were measured by us-
Semiconductor§I TRS) projection? the 70 nm node technol- ing a HP4156B semiconductor parameter analyzer and a
ogy will require a gate dielectric with an effective oxide HP4284A precisior.CR meter.
thickness(EOT) of 7-12 A. Nevertheless, since scaling of Figure 1 shows theC—V hysteresis characteristics of
SiO, below 10 A is not acceptable due to tunneling leakageHfON gate dielectrics fop-type andn-type substrate MOS
and nonuniformity, the dielectrics of a high dielectric con- capacitors swept from 0 V to different voltagé (in the
stant (high k) are much requested. Highgate dielectrics accumulation regionand then swept back. The solid lines
with sufficient high dielectric constant, wide energy bandwere 0 V=V, and then the dashed lines wevg=0V. In
gap, good interface quality, excellent process compatibilitythe figure, asVs increases, the hysteresis continues to in-
and high stability with the Si surface are suitable for thecrease for ther-type substrate capacitors but decreases first
future gate dielectric applicatidhAmong highk gate dielec- and then increases gradually for theype substrate capaci-
trics, HfO, and its aluminates, silicates, and oxynitritiés ~ tors. The hysteresis is plotted in terms of the sweep voltage
are the most popular candidates being studied. Unfortunatel§or both n-type andp-type substrate capacitors in Fig. 2,
for these highk gate dielectrics, hysteresis was generally ob-respectively. It can be seen that, fetype substrate capaci-
served in its capacitance—voltagE<V) characteristicd®  tors, a significant turnaround point &=—3.0V exists,
The hysteresis might be due to chemical contaminations, th&hile for n-type substrate capacitors the hysterisis shows
stress-induced defect formation, mobile ion%, inner-  gradual increase witN's. These different hysteresis charac-
interface oxide trap¥ and border trap&t In this work, we teristics indicate that charge trappings during the measure-
investigate a turnaround phenomenon of @V hysteresis
for the hafnium oxynitride dielectrics on thpetype substrate 50
capacitors. The turnaround phenomenon is shown to be due
to electron trapping at the low voltage and hole trapping at

.......................................

. . . . "E'“|Vs| =2.0v
the high voltage in the gate dielectrics. 40 i --a--|Vs|=3.0V
Al/TaN/HfON/Si capacitors of an area of 6.36 --e--|Vs|=4.0V

X 10 ° cn? were fabricated on 4 inp-type andn-type Si

wafers. First, the 12-nm-thick HfQOfilm was deposited by
electron beam evaporation. After the gate dielectric had been:
formed, the samples were treated by Ntlasma at 20 W for e
5 min in a high density plasma system to form hafnium T [
oxynitride (HFON).'? A TaN film of 25 nm was then depos- © 20
ited by a sputter. Thereafter, a 500-nm-thick Al film was I
deposited on the TaN film by a thermal coater. The gate of [ ]
the capacitor was then defined lithographically and etched. 10 .
Finally, a 500-nm-thick Al film was also deposited on the i Y ]
backside of the wafer to form the ohmic contact. The EOTs

D\R--=--|Vs|=5.0V4 /] 1
30+ 3 ]

of the samples were estimated to be 4.65 and 4.72 nm from ol
the high frequency0.1 MH2) capacitance—voltageC(~V) 1.5 -1 -0 5 0 0. 5 1 1.5
curves without deducting the quantum confinement effect for Gate voltage(V)

the p-type (NMOS) andn-type (PMOS substrate capacitors,

FIG. 1. C-V characteristics of HfON gate dielectrics fpitype (NMOS)

and n-type(PMOS substrate capacitors with different sweep voltage. The

dAuthor to whom correspondence should be addressed; electronic maihysteresis was measured by sweeping the gate voltage from 0 V to different
cllee@cc.nctu.edu.tw voltageV; (solid line) and then sweeping badkashed ling
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sweep voltag e(V) FIG. 4. Normalized gate current density vs stress time of HfON gate dielec-

trics for n-type substratéPMOS capacitors under constant voltage stress
FIG. 2. Hysteresis vs sweep voltage characteristics of HON gate dielectricEnding from 2.6 to 4.0 V. The inset shows band diagrams of charge trans-
for ptype andn-type substrate MOS capacitors. Significant turnaround portation for HfON/Hf-silicate stacked structure under stress.
point atVs=—23.0 V is obtained for the-type substrate capacitor.
and were trapped in the dielectric film. However, as the gate
bias was increased, impact ionization might occii,,(
6.45 MV/cm) which generated electron hole pairs and the
les were back trapped in the HfON dielectrics and/or at the

ment of p-type andn-type substrate capacitors are different.

Figure 3 shows the charge trapping characteristics of th
p-type substrate capacitor under constant voltage stress fro s ; ) .
—2.0to—4.2 V. The figure shows that initially the capacitor _Hf—snlcate interface. This led to the hole trapping character-

exhibited electron trappings for the stress voltage less thal§cS N Fig. 3. Figure 4 shows the charge trapping charac-
—3.0 V but then presented hole trappings for the stress volferistics of then-type substrate capacitor under constant volt-
age greater thar-3.0 V. We can use the band diagrams of 29¢€ §tress over the range of 2.6-4.0 V. Only eleptrpn
the HFON/Hf-silicate stacked structure in the inset to explaint2PPINgs are observed for all the stress voltages. Similar

this phenomenon. When the gate was biased at the low voipand diag_ramg of the-type substrate _capacitor in_the ins_et
age, electrons went directly through the HfON dielectricsC €xplain this phenomenon. For this case, no impact ion-

ization could occur since electrons went to the gdiaN)
instead of the substrate and no holes were generated as in the

ET HT previous_ case. _
3 UL In this letter, a turnaround phenomenon of the hysteresis
. NMOS ‘| for the HfON gate dielectrics treated by the postdeposition
5 V . .
2| electron trapping (ET)| V¢ NH.3 plasma is rgpgrted. The turnarqund phenomenon is ex
PO plained by the initial electron trapping at the low electric
Rl _%“_‘ field and then the hole trapping resulted from the impact
£ 8 % e,\_@__é\;g_——_uv : ionization at the high electric field in the hafnium oxynitride
g 1 :"Q RN :ﬁ.--'9:::®==,9__,®¢__‘f§=_‘_3;2_‘f___ dielectrics.
A v 18 Rl e e —m— . . .
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