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 國立交通大學  電子工程學系  電子研究所 

 

摘要 

 

  本篇論文是利用隨機電報雜訊(Random Telegraph Noise)來探討SONOS

快閃式記憶體的特性。我們利用了隨機電報雜訊對通道電位很敏感的特性萃

取出通道裡面的缺陷位置。利用通道裡面的缺陷位置，我們可以觀察出通道

熱電子(Channel Hot Electron)的寫入電子的水平分布情形。  

  除此之外，我們也觀察到在 SONOS裡寫入電子流失(Program Charge 

Retention Loss)的現象。這個現象在不同的研究裡有不同的模型來解釋。而

我們藉由量測在寫入電子流失時電流的變化，推論出寫入電子流失是一種垂

直的電子流失。根據其他研究顯示，隨機電報雜訊由於會受到通道路路徑影

響，因此電流的改變是呈一種自然指數的分布。而因為寫入電子流失也是一

種會受到通道路徑影響的現象，因此我們也統計了電流在寫入電子流失現象

下的電流曲線分布。 

    最後，我們建立了一個模組去了解在電子流失後臨界電壓(V t)的分布情

形，並且模擬出臨界電壓分佈尾端部分的變動。 
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Abstract 

 

    In this thesis, random telegraph noise (RTN) method is used to inspect some 

properties in SONOS flash memory. The interface trap position is extracted since RTN 

is sensitive to the surface potential along channel. With the position of the trap, the 

channel hot electron (CHE) program charge lateral distribution is observed.        

  Besides, the phenomenon of program charge retention loss is observed. Different 

models have been used to explain this phenomenon. Since we measure the current 

fluctuation during charge loss, program charge loss can be concluded to vertical loss.      

According to other researches, RTN is a kind of percolation effect, and ΔV t  
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distribution in RTN is exponential. Because program charge retention loss is also a kind 

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

phenomenon. 

  At last, a model is built to simulate the Vt distribution after program charge loss, 

and the tail bits of Vt distribution is also simulated. 
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Figure Captions 

Fig. 2.1 A two-level RTS waveform resulting from electron emission and 

capture at an interface trap. τc and τe are electron emission time 
and capture time. 
 

p.8 

Fig. 2.2 A multi-level RTS waveform. There are more than one trap in the 
bottom oxide. 
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Fig. 2.3 Transfer RTS from time domain to frequency domain in  
(a) 1/f2 (b)1/f   by Fourier transform. 
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Fig. 2.4 The band diagram showing the energy change of surface potential 

(△ϕs) and interface trap (△Et). 
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Fig. 2.5 RTS patterns as device programmed at three different △Vt.  

The applied voltages are fixed at Vgs=3.5V and Vds=0.05V. 
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Fig. 2.6 Illustration of the extraction of the trap position. Lts is the trap 
position from the source junction. Vts denotes the channel potential 
right below the trap. 
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Fig. 2.7 The gate voltage dependence of <τc> at two different drain 
voltages (Vds=0.05V and 0.3V). △Vts is equal to the lateral shift 
of these two curves 
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Fig. 2.8 Cumulative trap position distribution along the channel. 
Lds=0.1µm is the channel length and Lts is the distance of a trap 
from the source. 
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Fig. 2.9 Schematic diagrams of trap energy level (Et) change during CHE 
program. (a) The trap position is near the drain junction. (b)The 
trap position is away from the drain junction 
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Fig. 2.10 The <τc>/<τe> ratio versus program △Vt at four different trap 
positions xt =0.03Lds, 0.05Lds, 0.2Lds and 0.3Lds. 
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Fig. 2.11 The channel potential energy distribution extracted from RTS. The    
program window is △Vt=0.6V. The potential barrier width is about 
30nm. 
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Fig. 3.1 (a) A typical two-level RTN waveform. (b) Phenomenon of 
program charge loss, with staircase-like read current. 
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Fig. 3.2 Three types of model for program charge retention loss. (a) Chare 
vertical loss (b) Electron lateral redistribution (c) Hole migration 
in program-state 
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Fig. 3.3 <τc>/<τe> versus heating time for a cell with trap position is 
located at 0.03Lds from drain. 
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Fig. 3.4 <τc>/<τe> in program-state and in erase-state at different P/E 

cycles, with the trap position located at (a) 0.05Lds and (b) 0.12Lds 
from drain. 
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Fig. 3.5 <τc>/<τe> is plotted against gate stress time.ΔVt=1V and gate 

stress voltage is Vg=-5V. The trap position is at xt=0.05Lds.  
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Fig. 3.6 Prediction of Id versus time for two different charge loss modes. 
(a) Holes migration in program-state. Id should increase smoothly. 
(b) Charge vertical loss. Id should increase abruptly. 
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Fig. 3.7 (a) Measurement setup. 
(b) Experiment result for charge vertical loss. 
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Fig. 3.8 Measured RTN amplitude in program/erase state in 100 SONOS 
cells. 
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Fig. 3.9 Simulation of cumulative probability distribution of single-trap 
RTN induced Vt shift in 45nm node SONOS cells. 
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Fig. 3.10 Result of program charge loss in 5.5nm oxide SONOS. 
(a) Measured after 3 and 70 P/E cycles. 
(b) ) Program charge loss behavior at different gate stress voltages. 
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Fig. 3.11 Program charge loss in program window is (a) 2V (b) 4V 
More charges escape for ΔVt=4V. 
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Fig. 3.12 Statistic of ΔId/Id for 275 samples. A single program charge loss 

shows an exponential distribtion. 
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Table.1 A numerical model of program charge loss induced Vt distribution. 
A random program charge induced percolation effect is taken into 
account. λ is an average number of program charges lost during 
retention in a cell.The symbol * represents a convolution integral. 
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Fig. 4.1 Simulation of cumulative probability distribution of a single 
charge loss induced Vt shift in 45nm node. 
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Fig. 4.2 (a) Probability function f(ΔVt) for two σ, 0.022V and 0.04V. 

(b) Schematic diagram for Vt distribution after program. 
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Fig. 4.3 Simulation result of Vt distribution after retention. σ=0.022V and 
σ=0.04V are used in simulation with λ=0.1. 
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Fig. 4.4 Flow chart of Monte Carlo simulation for Vt retention tail bits. 
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Fig. 4.5 100 Monte Carlo simulations of Vt retention tail bits in a 512Mb 
SONOS memory for σ=0.022V and σ=0.04V are performed, 
respectively. PV denotes a “program verify” voltage. 

p.45 


