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Abstract

SONOS (Silicon Oxide Nitride Oxide Silicon) will become the main stream of nonvolatile
memory products because of its simplicity in-Structure and scalable by comparing with
conventional floating gate cells. For the scaling.of SONOS memory, the endurance and retention

are the two major reliability issues.

In this thesis, data retention for various top (blocking) and bottom oxide (tunnel oxide)
SONOS cells has been investigated. The direct tunneling through either tunnel or blocking oxide
can also be identified experimentally. Results show that the cell with thinner blocking oxide has
more charge loss under various baking temperatures, especially when the blocking oxide is
thinner than 40 A. A leakage current separation technique has been developed to distinguish the
two leakage components via thermionic and direct tunneling. The direct tunneling dominates the
short-term leakage while the long-term leakage is dominated by thermionic emission. After P/E
cycling, the trap assisted tunneling will be more important because of the degradation of oxide,

and it is more serious for thicker oxide.



Then, we will further study the influence of the cycling effect on the ONO layer of the
SONOS memory device. It was found that for thicker tunneling oxide, the degradation of the
endurance is originated from the degraded tunneling oxide and the degradation of the endurance
comes from the blocking oxide for thinner tunneling oxide device. In addition, we also know that
during the whole cycling process, the programming efficiency will be enhanced since the traps
generated in nitride increase initially, and then decrease after long term cycles as the blocking
oxide degraded. Thick blocking oxide cell has larger operation window and less charge loss, but
needs larger gate voltage during program and erase and has poorer endurance. Finally, this will
help us to understand the dominant leakage and degradation mechanism of endurance during the

scaling of SONOS cells.
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Table Caption

Table 2.1  The split conditions of samples used in this work, in which devices have three

different blocking oxide thickness and two different tunnel oxide thicknesses.
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Figure Captions

(@) The MNOS device with a relative thick nitride(>150A) and high program/erase
bias,

(b) MONOS device with metal gate and added blocking oxide, and
(c) SONOS device with poly-silicon gate and blocking oxide.

The process steps of SONOS memory to grow thermal tunnel oxide, LPCVD nitride,

and LPCVD blocking oxide.

The experimental setup of the current-voltage and the transient characteristics

measurement in flash cells. An automatic controlled characterization system is setup

based on the PC controlled instrument environment.

The timing diagrams of the triggered pattern mode method during (a) program, (b)

erase, and (c) PE cycling operations; respectively.

The scheme we used to program/erase SONOS,; with the drain, source, and substrate

connected to ground.

The schematic diagram of FN tunneling; direct tunneling, and modified FN tunneling.
The schematic diagram of FN program and FN erase for SONOS memory.

The charge loss path and the two dominant leakage components in a SONOS cell,

Component (1): thermionic emission , Components, (2) and (3) : direct tunneling,
Components, (4) and (5) : trap-assisted tunneling.

The direct tunneling through ONO exhibits different time constants. Top figure has one
time constant, while bottom figure, for a thin blocking oxide, shows two time
constants.

The cycling-induced leakage components in a SONOS cell,

(a) Trap-to-trap tunneling

(b) Trap-assisted tunneling



(c) Positive charge-assisted tunneling
Fig. 3.4  The calculated charge loss versus bake time for different blocking oxide thickness.
Thin blocking oxide sample exhibits larger charge loss.

Fig. 3.5  The data retention of O/N/O = 25/54/65 sample at various temperatures.

Fig. 3.6 The AV, vs temperature plot, calculated from Fig. 4.7, showing that A Vth has
maximum slope between 80°C and 150°C, for sample 3- O/N/O = 25/54/65.

Fig. 3.7  Two dominant leakage components in a SONOS cell. Note that short term leakage is
dominated by direct tunneling, while long term leakage is dominated by thermionic
emission.

Fig. 3.8  Further calculations can be done by differentiating the charge loss through tunnel
oxide (2) and blocking oxide (3).

Fig. 3.9  The comparison of GIDL current for fresh-and after 10k PE cycles. The increasing of
GIDL current indicates that there are oxide.traps be generated after cycling.

Fig. 3.10 The charge loss of the fresh cell'and.after the cycling. We can separate the trap
assisted tunneling component from the direct tunneling and thermionic emission
components.

Fig. 3.11 The calculated decay rate versus block oxide thickness for sample no.5 and no.6
measured at fresh and 1000 PE cycles at 80°C

Fig. 4.1  The endurance of three cells, samples 1 and 4, with different tunneling oxide thickness,
in which thin tunneling oxide cell shows better endurance characteristic.

Fig. 4.2  The charge pumping measurement of two cells, samples 1 and 4, with different
tunneling oxide thickness. It reveals that the thinner tunneling oxide cell shows much
lower charge pumping current.

Fig. 4.3  The subthreshlod characteristic of two cells with different tunneling oxide thickness.
There is no difference before and after cycling for thinner tunneling oxide.

Fig. 4.4  The subthreshlod characteristic of sample no.3. The subthreshold swing changes after
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The charge pumping measurement of sample no. 3. The charge pumping current shift
is consistent with the value calculated from the subthreshold swing in Fig. 4.4.

The endurance of three cells with different blocking oxide thickness. There is no
obvious distinction between these cells.

The programming transient of sample 6 before and after cycling. The programming
and erase efficiency is enhanced apparently.

Schematic representation of the location of oxide charge and interface states generated
by CHE injection under various voltage condition.

Cycling effect for the floating gate memory reduces the programming curve.

The recombined charge per cycle (Qcp) for the fresh and cycled conditions. The
charge increases for lower frequéncies confirming the cycling-induced nitride traps
behavior.

Endurance of cells with various blocking oxide thickness. This shows good operation
window for 10* PE-cycles and poorer endurance for thicker blocking oxide cell.

(a) Measured charge pumping current after 10° PE cycles for samples 4, 5, and 6.

(b) Gate-pulse representation in a CP measurement.

The band diagram of SONOS cell during negative gate bias when the electrons are
trapped in the blocking oxide.

(@) The programming characteristic of sample no. 4 for the different cycle numbers.
(b) The enhancement and degradation of the programming efficiency is shown in this

figure.
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The threshold voltage shift (V).

The electric field across the tunnel oxide (MV/cm).

The occupation ratio of traps in nitride

The trapped electron density (1/cm°)

The trap density (1/cm*eV)

Tunneling probability through the nitride
Tunneling probability through the oxide

The barrier height for electron between silicon and oxide (eV)
The barrier height for electron.between nitride and oxide (eV)
The surface potential:(\/)

The trap energy level(eV)

Magnitude of the electron charge (1:6x10°C)

The time (s)

The temperature (°K)

The effective thickness of the ONO structure (A).

The time constant (s)

The reciprocal of the “attempt-to-escape” frequency (~10™"%s)
The flat-band voltage (V).

The initial flat-band voltage (V).

The threshold voltage (V).

The initial threshold voltage (V).

Xii



