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It wasreportedthat the nanocrystalline Si (&)
embeddedhigh-k stack could replace the conventional
poly-Si floating-gate dielectric stackn the nonvolatile
memory (NVM) device to lower the operating power and
to improve the reliability{1]. Many of the high-k film's
inferior properties, such as the lowrystallization
temperatureand thethick and defectiventerfaces, could
be improved by the doping method, i.e., &iddi of a
third element2]. For examplewhenthe Zrdoped HfQ
(ZrHfO) was used as the gate dielectric layer in the MOS
capacitor its equivalent oxide thickness (EOT), effective
k value, charge trapping, anthterfacedensity of states,
etc. were better than those of the HffR]. Among many
available materialsCdSe isa possiblecharge trapping
mediumbecauset is an-type semiconductor wittalarge
work function, i.e., 4.8 eV to 5 e\3]. In this paper, the
charge trappingsites and reliability of the memory
functions of the ncCdSe embedded ZrHfO MOS
capacitor were studied using thdrequency dispersion
method andhe breakdown test.

The ZrHfO (tunnel oxide)CdSé ZrHfO (control
oxide)trilayer structurevassequentiallysputterdeposited
on thep-type Si (100) wafem a one pumpdown process
The ZrHfO and CdSelepositionconditiors were assame
asthatin Ref. 4. The control sample, i.e., only the ZrHfO
film without the embedded CdSe layer, was prepéoed
comparison. All samples were treated witta post
deposition annealin(PDA) stepat 80GC for 3 min under
N, atmosphereThe ITO gate electrode wasrepared by
sputtering andwet etched into the 100um diameter
pattern The backside of the wafer was deposited with
aluminumto form the ohmic contac The post metal
annealingwas done at00°C for 5 min underhie H/N,
(1/9) atmosphere.

The CdSe embedded ZrHfO MOS capacitor has
been proved effective irtrapping electrons with the
positive gatevoltage (+Vy) and holes with theegative
gate voltage (-Vy). The charge trapping capabilityvas
large and theretention time was long[4]. In order to
locate the chargetrapping sites, thecapacitor's C-V
curveswere measureftom -6 V to + 6 Vat 100kHz, 500
kHz, and1 MHz, separtely, at room temperaturé/NVhen
the frequency was decreasétke C-V curvewasstretched
ard shifted to the positivé/, direction,i.e., the flatband
voltageVyg moved from-0.29 V to 0.04V. However,for
the control samplethe C-V curve did not disperse with
the frequency. This means that the bulk ZrHfO and
Si/ZrHfO interface @ not respond with the frequency at
room temperaturel he C-V stretchin the CdSe embedded
samplewas due to the slow response of thbarges
trapped in the shallow sitetocated atthe CdSéZrHfO
interface[2].

Figure 1 shows th&-V curves as a function of
the measuring frequencjor the neCdSe embedded
ZrHfO MOS capacitor. At the flatband condition, both the
density of the majority carriers and their capture rate are
low, which causes the energy loss. Therefore, a
conductance peak arouls is observedThe peakn Fig.

1 shifts to the+V, direction with the decrease of the
measuring frequency, i.e., fror0.25V at 1 MHz to
0.15V at 100kHz. This indicates that some charges may

be trapped in the shallow siteg the neCdSe/ZrHfO
interfaces and are physically close to the ZrHfO/Si
interface. They respond to the low measurement
frequency slowly and are easy to tunnel back to the Si
substrate[2]. This phenomenon is consistent with the
results inC-V measurements under different frequencies.
For the control sample, the change of the peak location is
negligible compared to that in the -GdSe embedded
sample as shown in Figure 2. Tligscontributed by the
relatively small amount of the interface states in the bulk
ZrHfO film and the interface Itween ZrHfO film andhe

Si substrat¢2].

The breakdown mechanism of the CdSe
embedded memory deviegas investigated by the ramp
relax measurement5]. At the beginning, a negative
ramping voltage\(-amp) Was applied to the gate electrode,
and a correspoimy leakage currentm,,) was measured.
After recording theJay, the Viamp was removed and a
relax current Jq4a) Wwas immediately measured. This
procedure was repeated until Mg, reaches10 V. The
higher breakdown voltage was observed in the€Cd&e
embedded sample compared to that in the control sample
i.e.,-7.05 V for theformer and-6.8 V for the laterThis
can be contributed by thlarger film thicknessof the
formerdue to the extra 3 min CdSe depositine. After
the film was totally broken, the.y. for the control
sample jumped abruptly and changed the polarity since no
chargeswere retainedand the film became conductive
Oppositely, theJqx for the CdSe embedded sample
decreased slightly and the polarity remained the same
afterthebreakdown. This phenomenon can be contributed
to thatsome trappeahargesstill remaired atthe CdSe
siteeventhe bulk ZrHfO filmwasbroken.
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Figure 1.G-V curves ofthe CdSe embeddedZrHfO
samplemeasure at 100 kHz, 500 kHz, ahtMHz, 25°C
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Figure 2. G-V curves ofthe controlsamplemeasure at
100 kHz, 500 kHz, anil MHz, 25°C



