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Abstract

In this thesis, random telegraph noise (RTN}thoe is used to inspect some
properties in SONOS flash memory. The interfacp prasition is extracted since RTN
Is sensitive to the surface potential along chanwéth the position of the trap, the
channel hot electron (CHE) program charge latasttidution is observed.

Besides, the phenomenon of program charge retelussnis observed. Different
models have been used to explain this phenomenioge Sve measure the current
fluctuation during charge loss, program charge ks be concluded to vertical loss.

According to other researches, RTN is a kind ofcpt&tion effect, andA V;



distribution in RTN is exponential. Because progiEmarge retention loss is also a kind

of percolation effect, we measure the distributioh the current change in this

phenomenon.

At last, a model is built to simulate the 8istribution after program charge loss,

and the tail bits of Mdistribution is also simulated.
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Figure Captions

A two-level RTS waveform resulting from electron isgion and p.8
capture at an interface trap. andt. are electron emission time
and capture time.

A multi-level RTS waveform. There are more than trap in the p.9
bottom oxide.

Transfer RTS from time domain to frequency domain i P.10
(a) 1/f (b)1/f by Fourier transform.

The band diagram showing the energy change ofigatential p.11
(~9s) and interface trap/(E).

RTS patterns as device programmed at three differén. p.12
The applied voltages are fixed g§s¥3.5V and \4<=0.05V.

lllustration of the extraction of the trap positiols is the trap p.13
position from the source junction\Menotes the channel potential
right below the trap.

The gate voltage dependence of.< at two different drain p-14
voltages (Vds=0.05V and 0.3V)\ Vs is equal to the lateral shift
of these two curves

Cumulative trap position distribution along the whal. p.15
Lq<=0.1um is the channel length andsls the distance of a trap
from the source.

Schematic diagrams of trap energy leve) (thange during CHEp.16
program. (a) The trap position is near the dramcjwn. (b)The
trap position is away from the drain junction

The <1.>/<1.> ratio versus progrann\V; at four different trap p.17
positions x=0.03Lgs, 0.05Lgs, 0.2Lgs and 0.3lgs.

The channel potential energdystribution extracted from RTS. T P.18
program window isAV=0.6V. The potential barrier width is about

30nm.
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(@) A typical two-level RTN waveform. (b) Phenomenof p.24
program charge loss, with staircase-like read otirre

Three types of model for program charge retentims.| (a) Charep.25
vertical loss (b) Electron lateral redistributior) Hole migration
in program-state

<1>/<1> versus heating time for a cell with trap positian p.26
located at 0.03}s from drain.

<T>/<T.> in program-state and in erase-state at differei@ P/27
cycles, with the trap position located at (a) 0Q%Ind (b) 0.12}s
from drain.

<1.>/<T.> is plotted against gate stress tim&/t=1V and gate P-28
stress voltage is¢g#-5V. The trap position is at>0.05Lgs.

Prediction of § versus time for two different charge loss modes. p.29
(a) Holes migration in program-statg.dhould increase smoaothly.
(b) Charge vertical lossg Ehould increase abruptly.

(a) Measurement setup. p.30
(b) Experiment result for charge vertical loss.

Measured RTN amplitude in program/erase state th SONOS p.31
cells.

Simulation of cumulative probability distributionf gingle-trap p.32
RTN induced Vt shift in 45nm node SONOS cells.

Result of program charge loss in 5.5nm oxide SONOS. p.33
(a) Measured after 3 and 70 P/E cycles.

(b) ) Program charge loss behavior at different gasstvoltages.

Program charge loss in program window is (a) 2V4) p.34
More charges escape faok Vi=4V.

Statistic of Alg/lg for 275 samples. A single program charge logs85
shows an exponential distribtion.

Vil



Table.1

Fig. 4.1

Fig. 4.2

Fig. 4.3

Fig. 4.4

Fig. 4.5

A numerical model of program charge loss inducediStribution. P.40
A random program charge induced percolation effetaken into
account.A is an average number of program charges lost glurin
retention in a cell. The symbol * represents a cdumian integral.

Simulation of cumulative probability distributionf a single p.41
charge loss induced Vt shift in 45nm node.

(a) Probability functiori( A V) for two o, 0.022V and 0.04V. p.42
(b) Schematic diagram for;Wistribution after program.

Simulation result of Vt distribution after retemios=0.022V and p.43
0=0.04V are used in simulation witk0.1.

Flow chart of Monte Carlo simulation for Vt reteontitail bits. p.44
100 Monte Carlo simulations of Vt retention taitsbin a 512Mb p.45

SONOS memory for6=0.022V ando=0.04V are performed,
respectively. PV denotes a “program verify” voltage
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