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ABSTRACT

An Investigation of the 3D effect of trapped Charge in

gate oxide on Random Telegraph Signal Noise

IL-O YOON
DEPARTMENT OF ELECTRICAL ENGINEERING AND
COMPUTERSCIENCE
COLLEGE OF ENGINEERING

SEOUL NATIONAL UNIVERSITY

As the device size is scaled down, a low-frequency noise of devices
becomes one of the significant reliability issues. It is originated from the random
process due to the carrier trapping and de-trapping by an oxide defect, this process
shows two levels of drain current. The ratio of capture/emission time, which is a
valuable source for studying interaction between a single electron in channel and the
single oxide trap, gives information about the energy and position of the trap. This
behavior was well explained by conventional Shockley-Read-Hall (SRH) model.
However, in Nano scale device, the coulomb effect is not (no more) negligible

anymore, so it should be included in capture process by applying the point charge




instead of the sheet charge. But, the problem is that they approximated trapped
single charge as a sheet charge. In this paper, we study different charge effect
between point and sheet charge with 3D simulation, and then check the error
induced by sheet charge approximation

We solve density gradient (DG) by using the 3D simulator for various size
of L and W, from 8 to 100nm, and Tox=1.7nm NMOS device. The point charge is

implemented as a volume charge, and the volume of this single charge is

approximately (3A)° from DFT study. First of all, to check the validity of our

simulation method, we plot a normalized gate image charge with respect to the gate
voltage for both two models, for the case of a charge located in Si-SiO2 interface.
They show similar value between DG solver and Poisson-Schrodinger solver.
Moreover, we check simulation artifact like mesh dependence on the result. The
results show that this method is not affected by this external factor.

To show the different effect on the coulomb blockade energy between point
and sheet charge, we calculate the energy with various position of trap. From the
result, sheet charge model expects more CG, because it is higher than point charge
result. This discrepancy makes coulomb blockade energy difference in electron
capture. Finally, through point charge result, we calculate the position and energy of
the traps and compare with sheet charge case. We fit the line with the experimental
data to extract trap position and energy. The energy and position are changed from
sheet charge approximation. In addition, study of the electron distribution effect on
the energy is conducted, we compare with Gaussian distribution and uniform
distribution of charges. Gaussian with sigma 1A shows similar value to uniform 3A
and other two are similar. So, we can think that the spreading length of charge is

important factor. The size of device is also an influential factor under 10nm device,




because the results show large derivation in the regime even a small change in the
size.

To sum up, we have studied oxide trapped charge effect on a random
telegraph noise through 3D simulation. From the results we can see that, if we use a

sheet charge approximation, errors in trap position and energy will be introduced.

Keywords: random telegraph noise, time constant, coulomb blockade, 3D

simulation, position and energy of trap, trapped charge modeling, plate charge

approximation.

Student Number : 2010-23276
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