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Abstract: In this paper, we compared and analyzed 3D silicon-oxide—nitride-oxide-silicon (SONOS) multi layer
flash memory devices fabricated on nitride or oxide layer, respectively. The device fabricated on nitride layer
has inferior electrical properties than that fabricated on oxide layer. However, the device on nitride layer has
faster program / erase speed (P/E speed) than that on the oxide layer, although having inferior electrical
performance. Afterwards, to find out the reason why the device on nitride has faster P/E speed, 1/f noise
analysis of both devices is investigated. From gate bias dependance, both devices follow the mobility
fluctuation model which results from the lattice scattering and defects in the channel layer. In addition, the
device on nitride with better memory characteristics has higher normalized drain current noise power spectral
density (SID/IDZ), which means that it has more traps and defects in the channel layer. The apparent hooge’'s
noise parameter (Q,,,) to represent the grain boundary trap density and the height of grain boundary potential
barrier is considered. The device on nitride has higher ., values, which can be explained due to more grain
boundary traps. Therefore, the reason why the devices on nitride and oxide have a different P/E speed can be
explained due to the trapping/de-trapping of free carriers into more grain boundary trap sites in channel layer.
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Fig. 1. Process flow of the SONOS multi layer flash
memory devices fabricated on nitride or oxide layer.
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Fig. 2. images of SONOS multi layer flash
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Fig. 3. Ip-V¢ and gn— Vg characteristics of SONOS multi
layer memory devices fabricated on nitride or oxide layer.

A AdAYE &g, AR HE J=s 7
Fol 9ol Eel A% ATk AR FHe
* 0.22 ym, Z°] 10 ym Z7]NA FAYsFA o,



A7 AAA 88 3] =74, A257 A25 pp. 85-90, 20121 24: ©]

Table 1. The DC parameters of the SONOS multi layer
flash memory devices fabricated on nitride or oxide layer.

Nitride Oxide
Vu (V) 1.34 -0.13
Tox/orr ratio 3.17x10° 7.23x10°
Subthreshold Slope (SS)
(mV/decade) 304 343
Ommax  (NA/V) 10.6 16.8
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Fig. 4.
flash memory device fabricated on nitride or oxide layer
at Vg= 8, 10 and 12 V.
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Fig. 5. Erase characteristics of SONOS multi layer flash
memory devices fabricated on nitride or oxide layer at
Ve = -4, -6 and -8 V.
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Fig. 6. The Sm/Ip’ according to the Vas—Vrn of SONOS
multi layer flash memory devices fabricated on nitride or
oxide layer.
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Fig. 7. Sw/Iy’ versus Vo-Vru at a fixed frequency of 10
Hz that measurement of SONOS multi
memory devices fabricated on nitride or oxide layer.
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Fig. 8. Variations of the parameter a.p, versus Ve—Vru
in SONOS multi layer flash memory devices fabricated
on nitride or oxide layer at the fixed frequency of 10 Hz.
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