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Abstract—in this letter, we report the effects of N;O annealing 140~ ——
of interpoly oxide on flash cell performance. It is demonstrated e, X
that by adding an N,O anneal after interpoly oxide formation, _ 120 .
improved cycling endurance is achieved. The program and erase iwo T e e - -
efficiencies are also improved significantly, compared to the = . s
control cell without N, O anneal. The cells with NO anneal show g 801~ et
higher cell current (i.e., drain current), which can be ascribed to a 2 T contol — j-‘
lower threshold voltage and higher transconductance, compared S 604 Gat'eiﬁ;ﬁng cate *
to the control cell. o " o
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[. INTRODUCTION 0 [ = l :
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EPROM write/erase cycling endurance of greater than 0 1 10° 10°
100 K is desirable for industrial applications. This places Cycling Number

a stringent requirement on the EEPROM'’s oxide quality, as the

id ¢ . latively f f t ind d elect Fig. 1. The write/erase cycling endurance of the split-gate flash cell for the
oxide must remain relatively free from streéss-inauced electrq ples with ) and without ) N>O anneal. Cell current in the “1” state

and/or hole trapping after being subjected to the program amehains higher than 4@A (i.e., minimum current required for the sense
erase cycling stress for over 100 K times. Recently, a fladmplifier to sense as “1") for the cell withJJO anneal, even after 100 K

. : i . fwrit l d .
cell with a horn-shaped floating-gate, as shown in the inset Of c e CYelng endurance

Fig. 1, has been proposed by Silicon Storage Technology, Inc.

(hereafter called SST cell) for enhancing the erase ef'ficiencgOr cycling endurance is normally observed. RecenthON
[1]. The SST cell utilizes the bird’'s beak created by a LOCOS: ycling y )

T o . nnealing has been applied to the thin tunneling oxide (i.e.,
type oxidation performed on the polysilicon to form the tip oﬂrst gate oxide grown on top of the single-crystal silicon)
the horn on the floating-gate. The high programming efficien?l){ the EEPROM for improving the cell performance, such
of the cell is achieved by source-side hot electron injectioanS better endurance, and programming efficiency [4]—i6] The
[2], [3]; while enhanced interpoly Fowler—Nordheim tunnelin f '

from the tip of the horn of the floating gate to the select ga %haracterlstlcs of polysilicon oxide grown in pure® have

(i.e., control gate) is used for sector erase also been reported [7]. In this letter, we show, for the first time,
. 9 ) that by adding an BhO-annealing step after interpoly oxide

) L ?ormanon, significant improvement in SST cell's write/erase
cycling endurance of over 60 K. This is because the erase . T
. . . ¢ycling endurance, as well as program and erase efficiencies
path is from the sharp tip of the horn of the floating gate f .
) . . X can be achieved.
the control gate (as shown in the inset of Fig. 1). During erasg,

the electrons escape the floating-gate by tunneling through the
interpoly oxide. Since the interpoly oxide quality, especially Il. EXPERIMENTS
that grown on the sharp tip of the horn, is in general worse

A standard 0.8§:m, double-level polysilicon CMOS process
than that grown directly on top of the single-crystal silicor‘.,j 8 » ve posti P

sing 6-in wafers was used to fabricate the SST cells used
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preserved during the polysilicon etch, as the LOCOS-type
polyoxide serves as a hard mask during the etch, thus leaving
the horn-shaped floating gate underneath the LOCOS-type
polyoxide. Wafers were then split to receive the polyoxide
oxidation. For the control split, the polyoxide was grown by a
conventional @ oxidation. While for the NO-annealed split,
polyoxide was first grown in @ oxidation, followed by an
N>O anneal for 15 min at 925C. Both splits have comparable
final polyoxide thickness. Afterwards, a second polysilicon
layer was deposited, saturation-doped, and patterned to form
the control gate of the cell.

For the write/erase cycling endurance test, a 14-V, 800-
1S pulse was applied to the control gate, while the source
and drain were grounded, so as to facilitate interpoly
Fowler—Nordheim tunneling for the erase operation. For
programming the cell with source-side hot-electron injection,
the drain was held at 12 V, the source at 0.6 V, the substrate
at ground, and a 2-V, 80fs pulse was applied at the control
gate. After each write/erase cycling, the cell current was read
by applying 4 V to the control gate, 2 V to the source, while
the substrate and drain were held at ground. For the program
efficiency test, the control gate was held at 2 V, the source
at 0.6 V, the substrate at ground, and the drain voltage was
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varied in magnitude and duration, and the cell current w&®. 2. The program efficiency for cells (a) without and (b) with O
read after each programming. FinaIIy for the erase eﬁicienggéneal. Significant improvement is achieved for thaONannealed cell. Note

test, all terminals were grounded, while the control gate was
varied in magnitude and duration, and the cell current was
read after each erase.

scale difference on the vertical axis for two plots.
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Ill. RESULTS AND DISCUSSION S0l S
The results on the write/erase cycling endurance of the SST 3 50 /—
. . . SSSSSSsss
split-gate flash cells are shown in Fig. 1. It can be seen that = 0 -
: win (i W » SRR
the cell read current in the “1” (i.e., “erase” or low threshold) o 30 @2}2’:’“
state is much higher for the cell with,/ anneal. Specifically, e x 10
Zim,

the initial cell current is about 140A for the N;O-annealed
cell, while the initial cell current is only about 110A for

the control cell. Furthermore, the cell current in the “1” state
remains higher than 4@A (i.e., minimum current required
for the sense amplifier to sense as “1”) for the cell with
N-O anneal, even after 100 K erase/write cycling endurance.
While for the control cells, it is very difficult to achieve a
cycling endurance of over 50 K. We believe the higher initial
cell current of the NO-annealed cell can be ascribed to a
better capacitve coupling between the control gate and the
floating-gate, due to the formation of an interfacial silicon
oxynitride layer [8], as the nitrogen is known to pile up around
the polysilicon floating-gate [9]; or a smaller acceptor-type
interface state on the polyoxide near the floating gate, which
will in turn result in a smaller threshold voltage of the cell. The.

. 3. The erase efficiency for cells (a) without and (b) withQNanneal.

. |
smaller threshold voltage accounts for the higher cell currentggniﬁcam improvement is achieved for the G-annealed cell.

the N;O-annealed cells. The “window closure” (i.e., decrease
in cell read current in the erased state) after write/erase cycling

in our cell is believed to be due to the build-up of electrogate during “erase” operation. A slower window closure rate
trapping and electron trap generation between the control gateserved on the MND-annealed cells could be explained by a

and the tip of the floating-gate as a result of the write/eraseduced electron traps by the,®-anneal [9].

cycling [9], causing a “shielding effect” thus reducing the The program and erase efficiencies are also studied. As
efficiency of the electrons being pulled out from the floatinghown in Fig. 2, significant improvement in programming
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