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1. Introduction

Strong demands for low voltage, low power and high speed have
risen in the next-generation code Flash products. The traditional
channel hot electron injection programming has low injection
efficiency and results in high power consumption. The
Fowler-Nordheim tunneling injection, though has high injection
efficiency, requires a relatively high voltage and has a slow
program speed. There are several Flash cells P! yging
Band-to-Band tunneling hot electron injection to realize low
voltage, low current and high speed programming. However, all of
these cells are based on the p-channel with read currents smaller
than the half of the n-channel cells.

This paper firstly describes a novel n-channel flash memory cell
with Source Induced Band-to-Band hot Electron injection (SIBE)
to perform programming. Then the program characteristics and its
reliability are discussed in detail.

2. Cell Structure and Technology

The proposed Flash memory cell is shown in Fig.1. A stacked gate
structure, which includes a confrol gate and a floating gate, is
firstly formed on a p-type substrate. An n-type implant is
afterwards used to form the source region and a 45°-angle-tilt
phosphor implant is used to form the n-halo region. A p+ region is
finally formed in the n-halo region to establish the drain of the cell.
The impurity concentrations of the n-halo region and the p+ region
are 2% 10”cm® and 8% 10”cm?, respectively. The tunneling
oxide is 1004 and the electric thickness of the Oxide/Nitride/Oxide
interpoly dielectric is 200A. The W/L of the tested sample is
1pm/0.65pm.

3. Cell Operation and Characteristics

Program and Read

During the proposed SIBE programming operation, the source,
drain and control gate voltages are set to 2.1V, -3.6V and 10V,
respectively. The memory cell is turned on by the high control gate
voltage and the source voltage can be transferred to the floating
n-halo region. The drain p+/n junction is negatively biased, and
hot electrons are induced by band-to-band tunneling in the deeply
depleted p+ surface region under the gate-to-drain overlap area. A
part of these hot electrons can overcome the barrier and be injected
into the floating gate with the aid of Vg, thereby realizing the
program operation.

Though the memory cell is tuned on by Vg, there is a very low
turn-on current due to the negative voltage drop across the series
pt/n-halo diode. Fig2 shows the leakage and programming
currents as a function of the floating gate potential. The drain and
floating gate currents are 2.6pA/um and 0.8nA/um, respectively,
and the programming efficiency can reach to 3x10™. In the
unselected cells contacted to the selected bit-line, because the
source voltage cannot be transferred to the n-halo region, the drain

leakage current and floating gate current are decreased to smaller
than 1nA/pm and 1pA/pm, respectively. Therefore, the program
bit-line disturbance is significantly alleviated and the bit-line
leakage current is greatly reduced by using the SIBE method.
Fig.3 shows the program characteristics of the fabricated cell.
Threshold voltage above 4.6V is obtained within 10us.

The negative gate source side F-N tunneling is used to perform the
erase operation, during which, the drain are floated, the substrate is
set to ground, and the control gate and the source are set to —10V,
and 5V, respectively. Threshold voltage lower than 1V is obtained
within 4ms, as shown in Fig4.

During the read operation, Vp and Vg are biased at 1.2V and
3.3V, respectively, and the other terminals are set to ground. Under
this bias condition, the drain p/n-halo junction of the memory cell
is positively biased and the voltage of the n-halo region is clamped
at about 0.6V. With the access voltage, the p-type channel region
may be inverted (in the “0” cell) so that the electrons can flow
from the source to the n-halo and an access current of 64pA/um is
read out from the drain, as shown in Fig.5.

Disturbance and Endurance

During the SIBE programming, owing to the zero bias on the
control gate for the disturbed cell, the source voltage cannot be
transferred to the drain p+/n junction and the band-to-band hot
electrons’ generation and injection are depressed. The gate and
drain disturb characteristics are shown in Fig.6 and Fig.7. No
significant threshold voltage increment is observed during 1000
programming cycles (0.01s), suggesting that there are enough
margins for both gate and drain disturbances. The endurance
characteristic of 10° program/erase cycles is also confirmed, as
shown in Fig.8.

4. Conclusion

In this paper, a novel Source Induced Band-to-Band hot Electron
injection programming method is proposed and an n-channel flash
memory cell is fabricated and evaluated. High program and erase
speed, low program current, sufficient margin for gate and drain
disturbances, large read cument and excellent endurance
characteristics are achieved.

Acknowledgement

The authors would like to express their thanks Miss Fu Yuxiang, Xia Shu,
and all other members in the process line of Institute of Microelectronics of
Tsinghua University (IMETU) for their great supports on the sample
manufacture,

Reference

[1] Lucero E M et al., IEEE Solid-State Circuits, SC-18(10), p.539 (1983).
[2] Y. Iwata et al,, JEEE J. Solid-State Circuits, SC-25 (4), p. 417 (1990).
[3] T. Ohnakado, K. Mitsunaga, et al., [EDM Tech. Dig., (1995) p.279.

[4] T. Ohnakado, et al., Symp. on VLSI Technology Dig., (1998) p.14.

[5] Frank R. L. Lin, Cheng H. P, et al., [EDM Tech. Dig., (1999) p.741.

158



Veg=10V

(uAv)

G

v T T . 50.00
80.00 ¢
40.00
Eecoonf
2 2000
g
2000}
= 20,00
1]
£
g
o 2000 10.00
0.0 L2 : so.o
Fig.l. Cell structure and insert schematic illustration of the SIBE ? A 2 Veg(V) *
programming method for the n-channel cell.
FigS. Read characteristics.
1x10* . . - -
9-0-8-0-0-0-0-0-0-0-0-{
_ 1x10* PO i ]
< ot ¥ . : — .
_, o 1x1
§ o 1 ¥ Disturb Condition
3 ety o i ; V=24V, V=V, =0
@ ./ 1x10
& 1x10” A-B-B-BBB-B BB
= AT -
£ 1x10™" A 2 1x10° 1
E H 1 g
A
° A E
i 1x10™" A ;
o ot 1 & o'}
P ™ —— Ifg(Vd=-3.6V, Vs=2.1V) -
a At —a— [d(Vd=-36V, Vs=2.1V) ]
-1 1x10°
1x10 : : : .
0 2 3 5
Vig(V) x10° : : : . :
0.100 0.096 0.092 0.088 0.084
5 i 5 AN (V]
Fig2. Program currents as a function of floating gate voltage. =)
Fig6. Word-line disturb characteristics.
. e e
sl / ] 1x10 T r T
8 i’} Disturb Condition
B T R s V=24V, V =V, =0 1
2 1)(10’,— 1
2 3k é 1 —
E 2 410" r 1
> @
2 ] E
E oaxit 1
—8— V/d=-3.6V, Veg=10V,Vs=1.5V £
1 —0— Vd=-3,6V, Veg=10V,Vs=1.8V 4 1o’ ;
—— Vd=-3.6V, Veg=10V,Vs=2.1V
0 N L xio* 1 1
0.0 20.00 40.00 60.00 80.00 100.00
Program Time (us) 1x10* i A L
026 .28 0.30
; ; g 1vd
Fig3. Program characteristics. M
Fig7. Bit-line disturb characteristics.
5 ~r T
b—a., —&— Vs=5V,Veg=-11V
4 !\ . —e— V5=5V,Veg=-10V | . T ~ " -
\.-.. ‘\ AL —&— V/s=5V,Vcg=-9V g Programmed State: V, =10V,V =-3.6V,V, =2.1V,10us
5 . gy TR — - B g — . 4
\_".ﬂ u-n "ﬁ_.__
S 4 4
&
8
g3
h-}
s
-g 13
o ?
E | Erased state: V=10V, Fioating V,=sV.4ms _co—-0"" 25
s ]
oo ]
. [—o-qdc‘dsaa_;—n.ornsﬁl’ M- . = ‘
10° 10’ 10' 10 10* 10°
Program/Erase Cycles
Fig4. Erase characteristics.
Fig8. Endurance characteristics

159



