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Ab8tract- The floating channel type surrounding gate 
transistor (FC-SGT) Flash memory cell realizes high-speed 
bipolarity program and erase operations. In the current in- 
vestigation, the time dependence of the surface potential in 
the floating channel region, which strongly affects program 
and erase performance, is studied during program and erase 
operation. By analyzing the carrier generation processes in 
floating channel region, the program and erase operation for 
FC-SGT Flash memory cell is made clear. 

I. INTRODUCTION 

High-packing density, low-power operation, high-speed 
program and erase operations and high-reliability are nowa- 
days required in state-of-the-art Flash memory devices [l]. 
Three-dimensional structured cells offer high-packing den- 
sities, while bipolarity program and erase operation modes 
are compliant with low-power operation providing high 
speed and high reliability. In order to realize the above 
mentioned requirements, Floating Channel type Surround- 
ing Gate Transistor (FC-SGT) Flash memory cell has been 
proposed [2][3]. The FC-SGT structure is shown in Fig.1. 
Drain, source, and channel region are arranged vertically 
with respect to the substrate. Tunnel oxide, floating gate, 
interpoly insulator, and control gate surround the silicon 
pillar. The channel region in this structure is floating. The 
program and erase performance has been reported [2]. I t  
has been shown that the program speed is twice as high as 
compared to a planar type Flash memory cell. As expected, 
the surface potential in the floating channel region greatly 
influences the program and erase characteristics during op- 
eration. In this paper, the physical mechanisms contribut- 
ing to the time-dependence of the surface potential during 
program and erase operation are analyzed and discussed. 

11. PROGRAM AND ERASE CHARACTERISTICS 

Program operation is performed by applying a high pos- 
itive voltage Vp to the control gate, while source and drain 
are set to OV (Fig.2(a)). Under these conditions, electrons 
are injected by FN tunneling from drain, source and in- 
version layer to the floating gate, hereby causing a posi- 
tive shift of the threshold voltage (Fig.3(a)). Erase opera- 
tion is performed by applying OV to the control gate, and 
by setting source and drain to a high positive voltage VE 
(Fig.2(b)). Under these conditions, electrons are emitted 
by F N  tunneling from the floating gate to drain, source and 
floating channel region. In this case, the threshold voltage 
decreases as a function of the erase time (Fig.3(b)). While 
the surface potential during program is time-independent 
(Fig.3(a)), the opposite holds during erase (Fig.3(b)) show- 
ing a complex dependence of the surface potential on erase 

time. This transient behavior during erase is determined 
by the overall capacitance network of the device consist- 
ing of pn-junctions, tunnel oxide, interpoly insulator, and 
the total charge density in the channel region (Fig.4). The 
charge in the channel region originates from leakage cur- 
rents through the pn-junctions and from FN injection cur- 
rents through the tunnel oxide. The time-dependence of 
the surface potential in the floating channel region is sim- 
ulated by using a 2-D device simulator [4). Herein, special 
attention is paid to several carrier generation processes, 
which contribute to charge built-up in the channel region. 
Fig.5 shows a schematic view of the several carrier gener- 
ation processes, which have been taken into consideration 
for the erase operation. The leakage currents at the pn- 
junctions are assumed to consist of two carrier generation 
processes: (1) Impact ionization in the depletion region, 
(2) band-to-band tunneling in the corner-overlap region of 
tunnel oxide and n-type diffusion, and (3) the electron flow 
originating from the floating gate by Fowler-Nordheim tun- 
neling. 

111. RESULTS AND DISCUSSION 

In the device simulation, the above given contributions 
were separately taken into account and compared with the 
final, resulting transient surface channel potential during 
erase operation. Neglecting carrier generation processes, 
Fig.6 shows that the surface potential raises until O.lns 
up to lOV, and remains constant for longer erase times. 
Including carrier generation by impact ionization (11) leads 
to an additional increase of the surface potential of 2V to 
12V for erase times longer than 0.lns (compared to the 
preceding one). Including band-to-band tunneling (BBT) 
gives rise to an additional increase in the surface potential, 
which only slowly tends to saturate in the time domain 
considered herein. Finally, the surface potential achieves 
the same value as of source/drain for erase times greater 
than l o p ,  when the charge build-up by FN-tunneling (FN) 
is included. 

IV. CONCLUSIONS 

The surface potential of the floating channel region, 
which strongly affects the erase characteristics of FC-SGT 
Flash memory, exhibits a complex time-dependence dur- 
ing erase operation, while the surface potential during pro- 
gram operation is time-independent. The rapid, additional 
build-up of the surface potential of the floating channel 
region for short erase times (< O.lns) is caused by car- 
rier generation due to impact ionization (11) in the deple- 
tion region of source/drain and floating channel (Fig.6). 

0-7803-6279-9/00/$10.00 0 2000 IEEE 

116 



For longer erase times (> 0.lns) band-teband tunneling 
(BBT) contributes to a further increase in the surface PO- 
tential. Finally, charge generation by FN-tunneling (FN) 
is the slowest process considered herein and is negligible 
for erase times shorter than lops. From above all, pro- 
gram and erase operation for FC-SGT Flash memory cell 
has been clarified. 

ACKNOWLEDGEMENTS 
This research was partially supported by the Ministry of 

Education, Science, Sports and Culture, Grant-in-Aid for 
Scientific Research (B)(2), 09555107. 

REFERENCES 
[l] T. Endoh, R. Shirota, S. Aritome and F. Masuoka, “A Study 

of High-Performance NAND Structured EEPRMS,”IEICE Trans. 
Electron., E75-C, 1351 (1992). 

[2] T. Endoh, M. Hioki, H. Sakuraba and F. Masuoka, “Floating 
Channel type SGT Flash Memory,” IEICE. Tlans. Eng. C-I, 

[3] T. Endoh, M. Hioki, H. Sakuraba, M. Lenski and F. Masuoka, 
“Floating Channel type SGT Flash Memory,” ECS, international 
meeting, 1323 (1999). 

[4] SILVACO Int., Device Simulation Software, ATLAS ver. 1.5.0, 
(1997). 

J82C-I, 134, (1999). 

TABLE I 
DEVICE PARAMETERS. 

Floating Channel type SGT Flash memory 
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Fig. 1. The structure of FC-SGT Flash memory cell. 
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Fig. 2.  Bias conditions during (a) program operation and (b) erase 
operation. 
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Fig. 3. Surface potential of the channel region and threshold voltage 
during (a) program operation (b) erase operation. 
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Fig. 4. Equivalent circuit during erase operation. 
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Fig. 5.  Carrier generation processes during erase operation. 
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Fig. 6. The relation between surface potential and carrier generation 
processes (11: Impact ionization, BBT: Band-to-band tunneling, 
FN: FN tunneling, None: No carrier generation processes). 
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