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PATENT
Attorney Docket No. 017822-00011

' SERIAL FLASH MEMORY

) PRSI SO - - A, 1F9g50 5953 254
T wppl 45 aDiVisiomal of Sor No+b5/9265T6 iked ST (F97375953,
ﬁ«c—‘“ > Ind A48 Aorsens Vv bame ot oF 45 Pm-..;;mi Mo b 60/oa5 (96 H ke Sepd 7194¢.

- BACKGROUND OF THE INVENTION
The present invention relates in general to semiconductor memories,
and in particular to an improved flash memory circuit and method of
manufacture.

10

ﬂﬁl Figure 1 shows a schematic cross-section of an example of a single-
H transistor double poly stacked gate flash cell. The cell includes a floating gate
fﬁ“‘; _ 100 made of a first polysilicon layer (poly-1), a control gate 102 made of a
5
lﬂ region 104 inside a P-well region 108. A thin layer of silicon dioxide of

i approximately 70 to 120 Angstroms forms the tunnel oxide 110 between the
i:H floating gate poly-1 and the channel, and a 150 to 300 Angstroms thick film
‘g made of an oxide-nitride-oxide (ONO) sandwich 112 separates the two poly

gates 100 and 102.

second polysilicon layer (poly-2), an N+ drain region 106 and an N++ source

20
This cell is programmed by grounding the source tenniﬁal, applying
a 5 to 10 volt signal to the drain terminal or the bit line (Vg =5v), and applying a
high programming voltage V,, of, for example, 18 to 20 volts to control gate 102
(Veg=Vpp). The high voltage on V4 creates a high electric filed across tunnel
25 oxide 110 generating hot electrons in the channel with‘enbugh energy to cross

the tunnel oxide. These hot electrons are then trapped in the floating gate poly-1
layer 100 resulting in a higher threshold voltage for the transistor. The cell is

thus programmed into an OFF (non-conducting) state.
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Erasing of Ehe cell is performed by grounding the control gate and
the drain terminal and applying V,p to the source terminal. The large gate to
source voltage causes the trapped electrons on the floating poly 100 to tunnel
through the thin oxide layer 110 by a mechanism known as Fowler-Nordhiem.

The electrons are collected by the source region 104,

The flash memory cell shown in Figure 1, however, suffers from a
number of drawbacks in terms of its oYerall performance. Because the source
region 104 is subject to 'very high erase voltages (Vyp), this cell requires a
carefully engineered higfi—voltage junction process. As shown in Figure 1, the
source region 104 is made deeper than the drain region 106 and has a higher
doping concentration. The high-voltage junction requirement results in a more
complex and therefore more expensive process. Further, the high-voltage
junction requirement results in a cell that is not scaleable. That is,"the high-
yoltage. diffusion to high-voltage diffusion spacing requirerﬁents increases the cell
layout pitch. Lower endurance is another drawback of the high-voltage junction,

since under high voltage conditions, the source region 104 cannot withstand a

large number of erasures.

Furthermore, applying the high V,, voltage to the source region 104

generates hot holes that are released into the P-well 108 and then collected and

trapped inside the tunnel oxide 110. This phenomenon, sometimes referred to as

band bending, not only deteriorates the endurance of the cell, it also results in
unpredictable erase threshold voltage over time. Additional erase threshold

voltage verification circuitry are thus necessary for proper operation of the cell.

Finally, because the tunnel oxide region 110 is the same size as the
channel, ;ts capacitance is relativel'y larger, and thus the cell coupling capacitance
is lower. Lower cell coupling capacitance requires larger program and erase
voltages. Larger program and erase voltages not only lower the endurance of the

cell, they also add to the circuitry as they require large pump circuits.
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An improvement to the flash cell shown in Figure 1 splits the erase

- voltage between the control gate 102 and the source 104. Instead of applying a

high voltage to the source region 104, the control gate 102 is negatively biased
with respect to the source terminal. Thus, in this embodiment, programming
voltages remain the same, but during erase, a negative voltage is applied Ito the
control gate (V=-Vyp) while the source terminal connects to the positive power
supply voltage (typically 3 to 5 volts). This allows the source junction to be the
same size as the drain junction, and eliminates the high-voltage junction process
requirements. However, this cell requires an additional negative pump circuit
and still suffers from thé hot hole injection and the resulting erratic erase

threshold voltage.

Various other implementations of a single-transistor- flash cell have

been proposed each improving on some aspects of the cell performance, but with-

trade-offs in other aspects. For example, one approach that eliminates

performance degradations caused by the hot hole injection, places the P-well 108

‘inside another N-well. This allows the P-well 108 to be biased to a positive

voltage along with the source and drain regions, while the control gate is biased
negatively for an erase operation, This type of flash ceil, however, requires a
triple well technology that is much more complex and costly to manufacture.

Further, the cell still requires a negative pump circuit to bias the control gate

during erase.

While there have been numerous variations on the double poly
stacked gate single-transistor flash cell, there is room for improvement of the
structure and design of the cell in terms of endurance, speed, reliability and cost

of manufacture.
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SUMMARY OF THE INVENTION

The present invention provides a novel scaleable flash memory cell
structure and method of manufacture that improves data retention, increases
capacitive coupling-ﬁnd speed of operation, and improves reliability among other
advantages. The flash cell of the present inveﬁtion permits implementation of
arrays of flash memory cells that allow the designer to program and/or erase
individual bytes of memory as well as blocks of memory. Therefore, the non-
volatile memory circuit of the present iflvention combines the advantages of

conventional EEPROM technology with that flash technology.

Broadly, the flash cell according to the present invention limits the
tunnel oxide to a window having dimensions at the minimum feature size located
over the drain side of the transistor. The tunnel oxide window is separated from
the field oxide and has no edges abutting field oxide. Thus, leakagé due to
defects caused by the field edge is eliminated, resulting in higher data retention
rates for the cell. The reduced dime‘nsions of the tunnel oxide region
significantly increase the gate capacitive coupling ratio of the cell. The higher
gate coupling allows the cell to be smaller yet operate at higher speed (larger
read current). The higher coupling ratio also reduces the level of the maximum

required voltage resulting in higher endurance.

Accordingly, in one embodiment, the present invention provides a
memory cell including a source region and a drain region forming a channel
therebetween; a channel- oxide layer dispoéed on top of the channel; a floating
gate layer disposed on top of the channel oxide layer, where the floating gate
layer and channel oxide layer define a window wherein a thickness of the
channel oxide is substanti’ally smaller than the remaining portion of the channel
oxide. Tﬁe memory cell further inhcludes a control gate layer disposed on top of
and separated from the floating gate layer by a dielectric film, wherein the
window is located on a drain side of the channel and has dimensions at minimum

feature size.
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In another embodiment, the present invention provides a method of

- manufacturing a memory cell including the steps of

A better understanding of the nature and advantages of the flash

5 memory of the present invention may be had with reference to the drawings and

detailed description below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an exemplary prior art double poly stacked gate

18 single transistor flash rﬁemory cell;

o

M Figure 2A shows a top view of a .spcciﬁc embodiment of a single
;';3“2 flash cell as initially laid out, while Figures 2B and 2C show top views of two
:1}3 different embodiments of the cell after it has been formed:

-

;“ Figure 3 illustrates the cross section of two flash memory cells

i}%‘ perpendicular to word line and a high voltage transistor switch according to the
W

present invention,

20 Figure 4 is a circuit schematic for an exemplary rhcmory array

made of flash cells according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Various aspects of the flash memory according to the present

25 invention will be described in detail hereinafter.

Cell S;ru_ctural.Desigg )
Referring to Figures 2A and 2B, there are shown top views of a
specific embodiment of a single flash cell of the present invention as initially laid
30 out, and a of the cell after it has been formed, respectively. In a preferred 7

embodiment, each flash cell is implemented in a double poly, single metal, twin

TOSHIBA CORP.
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2

well CMOS process. As shown in Figure 2A, active area 20 (e.g., N+) is
diffused into a well region (e.g., P-well). A control gate polysilicon layer 25 is
laid out perpendicular to active region 20 and defines drain and source regions
21 and 22, respectively. The overlap area between control gate polysilicon 25
and active area 20 forms the transistor channel region 26. A non-self aligned
tunnel window 23 is formed on the drain side (21) of each memory cell as
depicted. A floating polysilicon layer 24 overlaps active area 20.

As shown in Figure 2A, tunnel area 23 partially extends over drain
region 23 such that it hés a first region 23A under gate poly 25 (i.e., over the
channel) and a second re.gion 23B over drain 21. The overlap region 23B of

tunnel window 23 will be removed during subsequent steps in the process.
Figure 2B shows a top view of the flash cell as formed at the

and floating gate poly 24 are etched back to within the area of channel region 26.
Note that the area defining tunnel window 23 does not coincide with the area
defining channel region 26. This appreciably increases the gate capacitive
coupling ratio of the cell allowing faster operation. Furthermore, in the preferred =
embodiment shown, tunnel oxide window 23 as thus formed is\separated from

the field oxide (not shown) and has no edges abutting ‘field oxide, eliminating
potential leakage caused by defects at the field edge.- Tunnel oxide window 23
may alternatively extend all the way to the field edges of the channel as shown

in Figure 2C. The memory cell embodiment shown in Figure 2C still exhibits

the higher gate capacitive ratio because tunnel window 23 does not coincide with

the entire area defining channel region 26.

Referring to Figure 3, there is shown a cross section of two flash
memory ‘cells 200-1 and 200-2 in a direction perpendicular to the word line, and
a high voltage transistor switch 216 according to one embodiment of the present

invention. In this exemplary implementation, N+ source drain regions are

TOSHIBA CORP.
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diffused into a p-well region 208, and the drain region for one cell acts as the ,
source for the adjacent cell. That is, le- region 211 forms the source terminal of
cell 200-1, N+ region 209 forms the drain terminal of cell 200-1 as well as the
source terminal of cell 200-2, and N+ region 215 forms the drain terminal of cell

5 200-2. Tunnel window 210 is formed on the drain side of each cell and is
preferably of minimum feature size. As mentioned above, in a preferred
embodiment, tunnel window 210 is fieldless (i.e., does not abut field oxide)
which helps incréase ehduraﬁce. The active area surrounding the tunnel window
is covered by relatively thicker cell gate oxide 212 of, for example, about

10 100-300 Angs. Tunnel window 210 comprises a thin, for example, 70- 100 Angs
?;-JJ thermal dielectric. Thus, the cell channel region (26 in Figure 2B) is covered by

;Ji both tunnel oxide window 210 (23A in Figure 2B) and relatively thicker gate
53
iy
ﬁ% example, 30-200 Angstroms thick.

15 )

?;ﬁ A first preferably multiple stack polysilicon layer (poly-1 201 and
| :

g}% 202 as shown in Figure 3), forming the memory cell floating polysilicon (i.e.,

j’ﬁ charge storage layer), is formed on top of gate oxide (210 and 212). The total

oxide 212. The tunnel window/active area edge has a gradual step of, for

thickness of the multiple stack floating polysilicon 201/202- is preferably about,

20 for example, 500 Angstroms, with typical grain size at the tunnel oxide boundary
of approximately less than 100 Angstroms. The control gate terminal (connectéd
to the word line) is formed by a second polysilicon (poly-2) layer 206 preferably
combined with a polycide layer 207, that form a combined thickness of

, approximately 1000-2000. Angstroms. Poly-1 layer 201/202 and silicided poly-2

25 layer 206/207 are separated by, for example, 150-200 Angstroms thick
Oxide-Nitride-Oxide (ONO) 203/204/205 dielectric stack. The memory as thus
constructed includes a strﬁcture having a substrate>well>tunnel oxide>poly-
1>ONO>poly2-polycide stack. Exemplary value for the size of the stack may be
approximately 0.28-.34 pm.

30

Cell Process Flow
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The cell formation according to one embodiment of the present
invention begins with a p-type silicon substrate 214. After the typical CMOS
steps forming N- and P-well regions, active areas (36 in Figure 2B) are defined
by masking and etching steps. This is preferably followed by a field implant to
increase the parasitic field threshold voltage. A thick field oxide of, for example,
3000-5000 Angstroms is then grown all over the wafer to isolate different active
arcas followed by nitride strip and kooi oxide growth. A p-well protect mask is
then used to block p-well formation from areas where high voltage circuit blocks

will be built. This is to avoid high back-biased threshold voltages of highly
doped p-well.

After resist strip and an oxide clean step, gate oxide 212 is formed
by growing a high quality thermal oxide (e.g., 150-190 Angstroms thick) all over
the wafer. This is followed by a cell threshold voltage (Vt) adjust mask and an

-implant (using e.g., Boron) to adjust the cell threshold to appropriate value

between the programmed and the erased Vt distribution target. After implant the

resist is stripped.

The wafers are then masked to form tunnel windows 210 for the
memory cells. This mask is a critical mask as this term is use& in the art. The
wafers are then subjected to a short (e.g., 10-25 sec.) wet oxide cleaning step to
clean the tunnel windows with non roughening characteristics. " The resist is
removed from the wafers and the surface is cleaned again to remove organic,

metallic and hydrocarbons "from the surface.

The next. step involves forming the tunnel oxide by growing a high
quality thermal oxide, of for example 70-85 Angstroms to cover the whole wafer.
This is followed by deposition of the first of several layers of polysilicon layers
to form the floating polysilicon having layers that are each engineered with

varying grain sizes. The top layer of poly (layer 202) is preferably implanted
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with N+ dopants to amorphize the poly and dope it to achieve for example

- 200-500 ohms/square sheet resistivity.

The wafers are then oxidized (at e.g., 900-1050 C) to grow thermal
oxide-of for example 100 Angstroms. This step forms oxide layer 203 and is
followed by deposition of about 75-90 Angstroms of silicon-nitride (layer 204)
grown at exemplary temperatures of 650-700 C. The wafers are then subjected
to a wet oxidation to cover the nitride surface with.30-50 Angstroms of blocking
oxide (1000 C wet oxidation to grow 3500-4000 Angs on bare silicon). This
series of steps forms ONO layers 203/204/205.

Next, the wafers are masked again to etch ONO/poly-1/gate-tunnel
islands in the memory array. This etch is preferably performed anisotropically

and is designed to endpoint on the tunnel oxide. The polysilicon/ONQ/gate

_oxide stack on high voltage transistors 216 are also masked in this step to protect

the high voltage (HV) transistor gates 222. After resist strip the wafers are
subjected to a light oxidation at 800-900 C in a dry ambient. This oxidation is
done to seal off the exposed edges of floating gate 201/202 that is freshly

exposed after the etch.

The memory array core is then masked to clean the periphery wi;ch a
wet/dry etch. The memory array core mask is also used to protect the high
voltage circuit areas. After the etch, the resist is stripped and the wafers are
masked again to form self-aligned high voltage graded junctions for the HV
enhancement transistors. The high voltage implant could be for example a
Phosphorus 31 irnplan;t SE13-5E14 #/cm2 or a double-diffused

Phosphorus/arsenic combination implant.

After the implant, the resist is stripped and the wafers are subjected
to a low voltage threshold adjust mask or blanket, and implant sequence followed

by a high quality wet gate oxidation to grow abotuit 70-110 Angstroms of oxide in
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the periphery “active area’.-s. The wafers are then covered with approximately 1.3
- kA to 2.0 kA polysilicon layer that forms the gate of the periphery transistors

and the first poly layer (206) of the word line for memory cell array. To reduce
heat generation and resistivity of the word line poly, a 1000-2000 Angstrom

5 layer of WSi_ is depositéd over the entire wafer that forms the top layer 207 for
the control gate of the memory cell. Next, the wafers are subjected to re-
oxidation at about 900-950 C for approximately 30-50 minutes.

The memory cell stack is then defined by a masking step that also
10 protects the periphery. ‘The stacked array mask etch is used to etch the

m polycide/ONO/poly-1/tunnel sandwich 200. After the etch, wafers are cleaned to

fus remove organics, hydrocarbons and post etch residues. The high voltage

;!{j transistors are covered with resist during this etch.

]

il

1S ~we wn - The wafers are masked again to define the gate polycide of the

i1 periphery low voltage transistors. After the gate poly etch the resist is stripped.
}r;jii The high voltage transistors are exposed during this etch. Both the polycide and

qﬁ the poly are etched away. About 100 Angstroms of ONO is etched away also
leaving a 50-100 Angstroms of dielectric on the HV gates. --
20 _
The n-tip mask is then used to fbrm.the lightly doped drain (LDD)
tips of the NMOS transistor followed by i)-tip mask and implant. The n-tip mask
is blocked from memory array and HV transistors. The spacer deposition is
| followed by spacer etch and N+ and P+ source drain formation. The first
25 interlayer dielectric is then formed by either BPSG, BPTEOS with 4/4 B/P, or
the like. The inter 1a§;er dielectric (ILD) is then reflowed at about 850-920 C

and SOG planarized and the contacts are masked and opened.

This is followed by barrier metal deposition followed by tungsten
30 plug formation and first metal (metal-1) deposition. The metal-1 mask is then

used to define the interconnect and memory array bit lines. Finally, metal-1
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layer is covered with thick ILD and passivation oxynitride is deposited and

~etched using the pad mask.

Cell Electrical Design

In a preferred embddiment of the present invention cells are
programmed (e.g., high cell Vt) and erased (e.g., low cell Vt) by Fowler
Nordhiem tunneling to and from the same tunnel window on the drain side. The
various modes of operation, including Programming, erase and read will be
described in connection with the exemplary memory array circuit shown in
Figure 4. Referring to Fi‘gure 4 there is shown an exemplary circuit schematic
for an array 400 made of flash memory cells according to the present invention.
Array 400 includes memory cells 402 located at intersection of 16 word lines
(WLO-WLI15) and 16 bit lines (BLO-BL15). Bit line select transistors 404
respectively couple bit lines BLO-BL15 to memory cells 402. Source select
transistors 406 couple ground (or Vss) to memory cells 402. A bit line select
control line BSL controls gate terminals of bit select transistors 404, and a source

select control line SSL controls gate terminals of source select transistors 406.

Table I below sets forth a preferred biasing scheme for various cell

operations for an individual cell according to the present invention.

Table T

Control Line Erase ~ Program  Read - Condition
BSL Vee Vee Vee Selected
SSL Vss - Vss Vee Selected
BLO Vee Vss 1.0-1.4V ©  Selected
BL1 Vss- Vee 0.5V Unselected
WLO Vee Vee Vee Unselected
WIL1 W -12 to -15V 15-20\7 Vss Selected

Frase Operation:

TOSHIBA CORP.
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In the exerr:plary biasing convention described herein, cells are
erased by the action of applying negative gate voltage of, for example, -12 to -15
volts on the selected word lines or a single word line (WL1), and applying a
voltage approximately equal to Vee (e.g., Vee-2Vin to Vee) on the selected bit
lines or a single bit line (e.g., BL0). A voltage of about Vcc is applied to bit
line select control line BSL, while source select control line SSL is coupled to

ground or.Vss. This condition generates the necessary electrical field to force

electrons to leave the floating gate through the cell tunnel oxide drain interface.

This results in a reduced threshold voltage for the cell.

The bit line voltage level is selected to ensure suppression of band
bending and hot hole injection from the cell drain into the tunnel oxide.
However, due to the reduced tunnel area of the cell of 'thev present invention and

the resulting increase in cell coupling ratio, the voltage applied to the bit line can.

be as_low as Vce.

The erase coupling is ade,qﬁate to achieve read/erase threshold
voltage Vtrde of, for example, about -2.5 V. A Vtrde of -2.5 volts helps achieve
adequate read current with a lower word line voltage. Further, even with a Virde™
of -2.5 V, the cell of the present invention does not suffer from over-erasure. n
Conventional memory cells, such as single transistor ETOX cells, however, do
suffer from over-erasure when negative threshold voltages are used (i.e., cells are
driven into deep depletion). Such over-erasure leads to significant performance
drawbacks such as program inhibit and/or wide erase threshold variations. The

flash cell according to the present invention is less sensitive to both these

problems.

The engineering of the erase interface (floating poly/tunnel oxide) in
the flash cell of the present invention is controlled by limiting the fluctuation of
the local barrier height seen by electrons. This allows a tight threshold

convergence without relying on algorithm circuits. Secondly, the nature of the

TOSHIBA CORP.
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memory cell of the present invention limits the threshold variation. The

- threshold voltage of the thick gate oxide portion of the cell helps to improve the

punch-through margin of the cell.

Typical erase current depends on the block size and is of the order
of a few mA. The erase speed is primarily a function of the field across tunnel
oxide which can be, for example, approximately 8.5 to 10 MV/cm to achieve

block erasure in less than for example 1 msec.

-Programming operation:

The programming operation is done by applying a high voltage
(e.g., 15 to 20 V) on the selected word line (WL1) and grounding the selected bit .
line (BLO),-while the unselected bit lines (BL1-BL15) are at Vcc. Referring to
Figure 4, to program memory cell 402-C, a high voltage of for example 15 to 20
volts is applied to WL1. Vcc is applied to BSL control line and WLO to couple‘
BLO to the drain terminal of memory cell 402-C. With BLO grounded, the drain
terminal of cell 402-C receives ground potential. Control line SSL remains at
VSS and unselected word lines WL2-WL15 receive VCC. Thus, the cells are
programmed serially in a NAND type structure by passing Vss to the sclectedk

cells as the pass (unselected) word lines are pulled up to pass Vss.

The typical programming current for the memory cell of the present
invention may be, for example, as low as about 100 pA/cell. The typical
programming current I:quired by convention ETOX cells, on the other hand, is
around 1 mA. The lower programming current requirement of the present
invention allows for the pump circuits to be aggressively down sized, for a more

compact overall design.

TOSHIBA CORP.
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Another advantageous feature of the present invention is that it
provides for the ability to erase and/or program on a byte by byte basis. Because
neither erase nor programming operations require shifting the potential supplied
to the entire bulk (substraie) for the array of cells, erase or programming of

memory array 400 need not be limited to the entire block.

Read Operation:

The read operation is accomplished by grounding the selected word
line WL1=Vss and appi:ying a low voltage of, for example, 1.0-1.5 volts to the
selected bit line BLO. Unselected bit lines (BL1-BL15) receive a voltage in the
range of Vss to 0.5 volts. Unselected word lines WL0O and WL2-WL15 receive
Vee which allows their memory cells 402 to pass Vss to the selected cell, e.g.,
402-C, and couple the drain terminal of selected memory cell 402-C to selected
bit line BLO. If memory cell 402-C is programmed (i.e, high Vt), then the

voltage on selected bit line BLO remains unaffected. If memory cell 402-C is

not progr,ammed (i.e., low Vt), selected bit line BLO is pulled down to Vss.

Finally, when changing from one mode (e.g., erase) to another (e.g.,
program, the memory array first enters the program inhibit mode of operation.
The program inhibit mode avoids accidental programming of the cell during the
transition from one mode of operation to another. In program inhibit mode,
according to the present invention, the entire array enters an unselected condition

by applying Vss to BSLs, SSLs and BLs, and Vecc to WLs.

In conclusion, the present invention offers a single transistor,
double-poly flash cell and a method of manufacture for the same that improves
data retention, increases capacitive coupling and speed of operation, and
improves reliability among other advantages. While the above is a complete
description of the preferred embodiment of the present invention, it is possible to
use various alternatives, modifications and equivalents. Therefore, the scope of

the present invention should be determined not with reference to the above

TOSHIBA CORP.
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description but should, instead, be determined with reference to the appended

claims, along with their full scope of equivalents.
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WHAT IS CLAIMED IS:

e 2, The memory ¢ j herein a dimension of said’

1. A memory cell comprising:
a source region and a-drain-region fofming a channel therebetwegh;

a channel dielectric layer disposed on top éf said channel;

a floating polysilicon layer disposed on top of said channe
dielectric layer, said floating polysilicon layer and channel dielectric Aayer
defining a window within an area of said channel wherein a thickrdess of said
channel dielectric layer in said window is smaller than that of A
d

a control gate layer disposéd onftop of and deparated from said

remaining

portion of said channel dielectric layer; a

window is of minimum process §

dielectric layer substantially sypfounding first and second sides of said channel,

and wherein, said window Wbutting said field dielectric layer.

A4 no sides

4, Thé mempry cell of claim | further comprising filed
dielectric layer subgfantially surrounding first and second sides of said channel,

and wherein sajd sides of said window abut said field dielectric layer.

5. The memory cell of claim 1 wherein said channel dielectric
layer gbmprises silicon dioxide material, said control gate layer. comprises
fsilicon material, and said dielectric film comprises a layer of nitride material

fandwiched between first and second silicon dioxide layers.

TOSHIBA CORP.
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6. The memory cell of claim 5 wherein said confrol gate layer

7. An array of flash

a plurality of memory ¢tlls 4s definedAn-¢laim 1 arranged in a

plurality of columns, each column ¢ ¢lls comprising:

terminal coupled to a bit lige c-t€fminal coupled to a bit line

select control line;

drrying terminal coupled to a low potential.
I/ﬁ/ An array of flash rnémory cells comprising:

a plurality of columns of serially connected flash memory cells,
each memory cell having a gate terminal;- |

a plurality of bit lines respectively coupled to drain side of said

plurality of columns of memory cells via a respective plurality of bit line select
transistors, said plurality of bit line select transistors having gate terminals
coupled to a bit line seélect control line; |
a plurality of word lines, each one coupling to a gate terminal of

one memory cell in each of said plurahty of columns to from rows of memory

cells with common gate terminals; and

TOSHIBA CORP.
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a plurality of source select transistors respectively coupling a source
side of said plurality of columns of memory cells to a logic low voltage, and
having gate terminals coupled to a soufce select control line, |

wherein, during programming:

a logic high voltage is applied to said bit line select control line to

turn on bit line select transistors,

a logic low voltage is applicd‘ to source select control line to turn
off source select transistors; _

a logic low voltage is app'lied to a selécted bit line while ‘a logic
high voltage is applied to unselected bit lines, and

a logic high voltage is applied to unselected word lines, while a

boosted positive voltage is applied to a selected word line.

i’/ An array of flash memory cells comprising:
a plurality of columns of serially connected flash memory cells,
ea;:h memory cell having a gate terminal; |

- a plurality of bit lines respectively coupled to drain side of said
plurality of columns of memory cells via a respective plurality of bit line select |
transistors, said plurality of bit line select transistors having_gate terminals
coupled to a bit line select control line;

a plurality of word lines, each one coupling to a gate terminal of

one memory cell in each of said plurality of columns.to from rows of memory

* cells with common gate terminals; and

a plurality . of source select transistors respectively coupling a source
side of said plurality of columns of memory cells to a:logic low voltage, and
having gate terminals coupled to a source select control line, \

' wherein, during erase: ‘

a logic high voltage is applied to said bit line select control line to

turn on bit line select transistors,

a logic low voltage is applied to source select control line to turn

off source select transistors;
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a logic higﬂ voltage. is applied to a selected bit line while a logic
low vd-ltage is applied to unselected bit lines, and
a logic high voltage is applied to unselected word lines, while a

boosted negative. voltage is applied to a selected word line.

& ,I«(f An array of flash memory cells comprisiﬁg:

a plﬁrality of columns of seriélly connected flash memory cells,
each memory cell having a gate terminal,

a plurality of bit lines res{nectively coupled to drain side 6f said
plurality of columns of memory cells via a respective plurality of bit line select
transistors, said plurality of bit line select transistors having gate terminals
coupled to a bit line select control line;

| a plurality of word lines, each one coupling to a gate terminal of

one memory cell in each of said plurality of columns to from rows of memory

a plurality of source select transistors respectively coupling a source °
side of said piurality of columns of memory cells to a logic low voltage, and
having gate terminals coupled to a source select control line,

wherein, during program inhibit a logic low voltage is applied to
said bit line select control line, source select control line, apd bit lines, while a

logic high voltage is applied to word lines.
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SERIAL FLASH MEMORY

. /ABSTRACT OF THE DISCLOSURE
A scalable ﬂaéh memory cell structure and method of manufacture
5 is disclosed that improves data retention, increases capacitive coupling and speed
of operation, and improves reliability among. other advantages. The flash cell
~according to the present invention limits the tunnel oxide to a window having
dimensions at the minimum feature sizg¢ located over the drain side of the

transistor. The tunnel oxi\de window is separated from the field oxide and has no

10 edges abutting field oxide.
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Attorney Docket No, 17822-1.1
DECLARATION

As a below named inventor, I declare that:

My residence, post office address and citizenship are as stated below next to my name; [ believe | am the original, first and sole
inventor (if only one name is listed below) or an original, first and joint inventor (if plural inventors are named below) of the subject
matter which is claimed and for which a patent is sought on the invention entitled: SERIAL FLASH MEMORY the specification

of which __ is attached hercto or _X_ was flled on _9/4/97_ as Application No. _(08/926.576  and was amended on ____ (if
applicable).

I have reviewed and understand the contents of the above identified specification, Including the claima, a8 amended by any amendment
referred to above. I acknowledge the duty to disclose information which is marerial 10 the examination of this application in
accordance with Title 37, Code of Federal Regulations, Section 1.56, 1 claim foreign priority beneflts under Title 35, United States
Code, Section 119 of any forzign applications(s) for patent or inventor’s certificate listed below and have also identified below any
foreign application for patent or inventor’s certiflcate having a filing date before that of the application on which priority is claimed,

Prior Foreign Application(s)

\ 3 : Priority Claimed
Country Application No, Date of Filing Under 35 USC 119
[y Yes . No _
§ H b T
No

. . ) ‘ -] Yes __

2 ﬁ
| hereby clajm the benefit under Title 35, United States Code §119(e) of any United States provisional application(s) listéd bclow
1ed

”[:}& Application No. Filing Date
1,

i1 . 60/025,698 9/9/96

L} 4

afd

I claim the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and, insofar as
the subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner
provided by the first paragraph of Title 35, United States Code, section 112, I acknowledge the duty to disclose matertal information
as defined in Title 37, Code of Federal Regulations, section 1.56 which occurred between the filing date of the prior application and
the national or PCT mtcmatwna] filing date of this application:

Application No. " Date of Filing Status
_. Patented _ Pending" _ Abandoned
_ Parented _ Pending _ Abandoned
Page |
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03,014,958 WED 16:11 FAX 5101300 TOWNSEND SF
Full Name Last Name First Name Middle Narne or Injtial
of Inventor | POURKERAMATI ALI
Regidenc? & City State/Foreign Country Country of Citizenship
Citizenship Redwood City CA U.S.
Post Office Post Office Address City State/Country | Zip Code
LnAddresa 3979 Brookline Way Redwood City CA 94062
Full Name Last Name First Name Middle Name or Initial
of Inventor 2
Residence & City State/Foreign Country Country of Citizenship
Citizenship
Post Office Post Office Axddress City State/Country | Zip Code
Address
Full Name Last Name First Name Middle Name or Initial
of Inventor 3 }
ild :
,iﬁResidense & City State/Foreign Country Country of Citizenship
Citizenship '
Fipost Office Post Office Address City State/Country | Zip Code
& R
T:Addrcss o
im
[

LHurther declare that all statements made herein of my own knowledge are true and that all statements made on information and beliel
ure believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
taade are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that such willful

filse statements roay jeopardize the validity of the application or any patent issuing thereon...

HH

i
g
o

-

Signarure of Inventor 2

Signature of Inventor 3

Date

Date

W\bs\share\uraloa) 1\ Idea

Tha e ™
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AZALEA MICROBLECTRONICS CORP. is the Assignee of the invention entitled: SERTAL FLASH
MEMORY , the specification of which —. Is attached hereto or X was fi
-08{926.376 = .

926.576

- Assignee hereby appoints the following attorney
all business in the Patent and Trademark Office counected therewith.

570300 TOWNSEND SF i ' @oos

-

Artorney Docket No. 17822-1-1

POWER OF ATTORNEY BY ASSIGNEE

led on_9/4/97  as Application Serial No.

(s) and/or aéeut(s) to prosecute this application and trensact

David N. Slone, Reg. No. 28,572
Babak S. Sani, Reg. No. 37,495

1 Send Correspondence to: .

San Francisco, CA

o ————

TOWNSEND and TOWNSEND and CREW LLP |
Two Embarcaders Center, 8th Floor | Babak S. Sani

| Direct Telephone Calls to:
| (Narne, reg. no:, tele. no.)

94111-3834 | Reg. No. 37,495
| (415) 576-0200

AZALEA MICROELECT RONICS_CORP.

by harc\azalea (). lpwr

(Signaturc) L.

Name: Ali Pourkeramari
Title:  President
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Atty. Docket No._17822-1-1

YERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTIT¥STATUS
(37 CFR 1.9(0) & 1.27(c)) - SMALL BUSINESS CONCERN

Applicant or Patentee: Ali Poyrkeramati
Application or Patent No.: 08/926,576
Filed or Issucd: 9/4/97

Title: SERIAL FLASH MEMORY

I hereby declare that I am:-

[] the owner of the small business concern identificd below:
X1 arrofficial of the smal] business concern empowered to act on behalf of the concern identifled below:
Name of Small Business Concern: Azglea Microelgctronics Corp.

Address of Small Business Concern: 3080 Olgott Street, Suite 130-D
Sanwz Clara, CA 95054

1 hereby declare that the above-identitied small business concern qualifies as a small business concern as detined in 13 CFR 121,12, and reproduced.

in 37 CFR 1.9(d), for purposes of puying reduced fees to the United States Patent and Trademark Office, in that the number of employees of the ~
concern, including those of ity affiliawsy, dows not exceed 300 persons. For purposcs of this suatement, (1) the number of employses of the business
concern is the average over the previous fiscal year of the concern of the persons employed on a full-tine, part-time or temporary basis during each

of the pay periody of the fiscal year, and (2) concerns are affiliates of each other when either, directly or indirsctly, one concern controls ar has
{ile power to contrn! the other, or a third party or parties controls or has the power 1o control hoth.
ﬁi ercby declare thut rights under contract or law have been conveyed to and remain with the smail business concern identified above with regard
én' the invention, entitled by inventor(s) Ali Poyrkeramati described in:

i © e .=l 1e-- - the dpacification filed herawith.
i {x] Application No. 08/926.576 , filed __ 9/4/97
i) (1 Patent Wo. ______, issued _

5 the rig}m. held by the ubove idcmiﬁed small busingsg concern are not exclusive, each individual, concern or organization having rights in the
invention is listed below™ and no rights w0 the invention are held by any person, other than the inventor, who would not qualify as an independens
’th‘!ventor under 37 CFR 1.9(c) if that peryon made the invention, or by any concern that would not qualify as a small business concern under 37 CFR
319@) or a nonprofit organization under 37 CFR 1.9(c).

H»i *NOTE: Separate verified statements are required from each named person, concern or’ crgamzanon having rights to the invendon
th averrimg to thelr starus as small entities. (37 CFR 1.27) g

&{ﬂma
Atdress

Name
Address

{ 1 Individual [%] Smal!l Business Concern [ ] Nonpraofit Organization

( ] Individua! [ ] Small Business Concern [ ] Nonpratit Organization

1 acknowledge the duty to file, in this application or patent, notification of any change in statug. rcsﬁl:ing in loss of entitlement to small eatity status

prim- o paying, or at the time of paying, the earliest of the issus fee or any maintenance fee due after the date on which stws a3 a small entity
is no longer appropriate. (37 CFR 1.28(b)).

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on Information angd belief are belieyed

to be trug; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine »
or lmpri!onrncm or both, under section 1001 of Title 18 of the United States Cade, and that such willtul false statements may jeopardize the validity
of the application, any patent issuing thereon, or any patent 1o which this verified statement is directed.

Name of Person Signing: All Poyckeramati
Tide of Person if Other than Owner: President
Address of Person Signing: 3979 Brookling Way

Redwood City, CA 94062 .
Signaturs /V// Jece 1%.—\ z/f— Due _ 2, & 4;

iNazalen\ IN\-Tami. ent
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CERTIFICATE UN 37 C.F.R. §3.73 B, o
1)} .
Applicant:_Ali Pourkeramati - MRS
- o e
Application No.: 08/928,376 Filed: 9/4/97 _l,g‘:’ =§°

For: SERIAL FLASH MEMORY

Azalea Me'g;gaglcgggnjcs Corp , a _California corLratxon -
hine of Agligiies,

(Type of Assitnos, .., tnporallon, partniarshlly, univerdity, govarminant 8gendy, akc.)

certifies that it is the assignee of the entre right, title and interest in the patent application identified above by virtue
of either:

A. [x] An assignment from the mvcntor(s) of the patent application identified above, The assignment was recorded

in the Patent and Trademark Office at Reel , Frame(s) , or for which a copy thereof is
attached. L
OR
B. [ ] A chain of tite from the inventor(s), of the patent application identified above, to the current assignee as shown
below: :
1. From: ‘ To:
i The docurnent was recorded in the Patent and Trademark Office at
. Resl , Frame , or for which a copy thereof is attached.
2. From: _ To:
Ties document was recorded in the Parent and Trademark Office at
Reel , Frame , ot for which a copy thereof is attached.
3. From: ‘To:
The document was recorded in the Patent and Trademark Office at
Reel , Frame , ot for which a copy thereof is attached.

[ ] Additional documents in the chain of title are listed ou a supplemental sheet,
[ ] Copies of assignments or other documents in the chain of title are attached.

- The undc‘r-signcd has reviewed all the documents in the chain of title of the patent application identified above and, to
the best of undersigned’s knowledge and belief, title is in the assignee identified above.

The undersigned (whose title is supplied below) is empowered to act on behalf of the assignee,

I hereby declare that all statemenis tade herein of my own knowledge are tue, and that all statements made on
information and belief are believed to be true; and further, that these statements are made with the knowledge that willful
false statements, and the like so madg, are punishable by fine or imprisonment, or-both, under Section 1001, Title 18

of the United States Code, and that such willful false statements may jeopardize the validity of the application or any
patent issuing thereol.

Date _;2(/,,"3_

Name :Alj Pourkeramati

Title ‘President

Signature : W/Z—\’—LK
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UNITED STATES PATENT AND TRADEMARK OFFICE
- NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION |
OF THE U.$. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER

KEFERENCED BELOW.

PLEASE REVIEW ALI, INFORMATION CONTAINED ON THIS NOTICE. THE

INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA
PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD
FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY. !
CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 703-308-9723,
PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE,
ASSIGNMENT DIVISION, BOX ASSIGNMENTS, CG-4, 1213 JEFFERSON DAVIS HWY,
SUITE 320, WASHINGTON, D.C. 20231.

RECORDATION DATE: 03/10/1998 REEL/FRAME: 9039/0091
NUMBER OF PAGES: 3

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS) .

ASSIGNOR: ..
POURKERMATI, ALI DOC DATE: 03/04/1998

ASSIGNEE:.
AZALEA MICROELECTRONICS CORP.
3080 OLCOTT ST. SUITE 130-D
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It this document Is being filad together with a new application, the execution date of the application is:

A. Patent Appiication No.(s) 08/928,676 B. Patent No.(s)
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Attorney Docket No. 17822-1-1

ASSIGNMENT OF PATENT APPLICATION
| SOLE
WHEREAS, ALI POURKERAMATI of 3979 Brookline Way, Redwood City, CA 94062, .

hereinafter referred to as "Assignor,” is the inventor of the invention described and set
forth in the below identified application for United States Letters Patent:

Title of the Invention: SERYAL FLASH MEMORY

Dat=(s) of execution of Dec;l.aration: ‘ B-</-7 &

. Filing date: _ 9/4/97 __ Application No.: _08/926,576 ; and

WHEREAS, AZALEA MICROELECTRONICS CORP. a California corporation, located
at 3080 Olcott Street, Suite 130-D, Santa Clara, CA 95054, hercinafter referred to as
"Assignee," {s desirous of acquiring an interest in the invention and application and in any
Letters Patent and Registrations which may be granted on the same;

For good and valuable consideration, receipt of which is hereby
acknowledged by Assignor, Assignor has assigned, and by these presents does assign to
Assignee all right, title and interest in and to the invention and application and to all
foreign counterparts (including patent, utility model and industrial designs), and in and to
any Letters Patent and Registrations which may hereafter be granted on the same in the
United States and all countries throughout the world, and to claim the priority from the
application as provided by the Paris Convention. The right, title and interest is to be held
and 2njoyed by Assignee and Assignee’s successors and assigns as fully and exclusively
as it would have been held and enjoyed by Assignor had this assignment not beea made,
for the full term of any Letters Patent and Registrations which may be granted thereon,
or of any division, renewal, continuation in whole or in part, subsntuuon, conversion,
reissue, prolongation or extension thereof.

Assignor further agrees that Assignor will, without charge to Assignee, but
at Assignec’s expense, (a) cooperate with Assignee in the prosecution of U.S. Patent
applications and foreign counterparts on the invention and any improvements, (b) cxecute,
verify, acknawledge and deliver all such further papers, including patent applications and
instruments of transfer and (c) perform such other acts as Assignee lawfully may request
to obtain or maintain Ietters Patent and Registrations for the invention and improvements
in any and all countries, and to vest title thereto in Assignee, or Assignee’s successors and
assigns. .
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IN TESTIMONY WHEREOF, Assignor has signed his/her name on the date
indicated.

b ATE / /MO/L\__ZL\

7 ALI POURKERAMATI

STATE OF

COUNTY OF

On , before me, ,
a Notary Public, -personally appeared ALI POURKERAMATI, personally known to me
(or proved to me on the basis of satisfactory evidence) to be the person whose name is
subscribed to the within instrument and acknowledged to me that he/she executed the same
In hus/her authorized capacity, and that by his/her signaturc on the instrument the person,
or the entity upon behalf of which the person acted, executes the instrument.

WITNESS my hand and official seal.

Signature : (Seal)

IABIS\SHARE\AZALEA\\-1ASGN

2
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T hereby certify that this correspondence is being deposited with the United P‘M %%%T
States Postal Service as {irst class mail in an envelope addressed to: 17822-¢° S
ALI POURKERAMATI

Assistant Commissioner for Patents

o "
Washington, D.CC. 20231 E —=
= =,
RS )
on_May S, (779 usS B
7 ’ i
ZEE]
w{
TOWNSEND and TOWNSEND &nd CREW LLP e P Em
nesa =]
8]
‘™ ==

Byrﬂ%&@; |

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

. Examiner: Trong Phan

ALIPOURKERAMATI :

Art Unit: 2818
Application No.: NEW _
INFORMATION DISCLOSURE
Filed: May 25, 1999 STATEMENT UNDER 37 CFR §1.97 and
§1.98 :

For: SERTAL FLASH MEMORY

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

The references cited on attached form PTO-1449 are being called to the
attention of the Examiner. Copies of the references are enclosed. It is respectfully requested
that the cited information be expressly considered during the prosecution of this application,
and the references be made of record therein and appear among the “references cited” on any

patent to issue therefrom.
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ALI POURKERAMATT PA’ T
Application No.: NEW
Page 2

Applicant believes that no fee js required for submission of this statement, since

it is being submitted prior to the first Office Action. However, if a fee is required, the
Commissioner is authorized to deduct such fee from the undersigned’s Deposit Account No.
20-1430. Please deduct any additional fees froin, or credit any overpayment to, the above-

noted Deposit Account.

Respectfully submitted,

Babak S. Sani
Reg. No. 37,495

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8™ Floor

San Francisco, California 94111-3834

Tel: (415) 576-0200

Fax: (415) 576-0300

SF 221973 v1
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FORM PTO-1449 (Modified) Docket 17822-1-2 Application No.: DEW-
LIST OF PATENTS AND PUBLICATIONS FOR | Applicant: ALl POURKERAMATI ‘ - ©9/3/8, 100
APPLICANT'S INFORMATION DISCLOSURE | gjjin 0 Date: May 25, 1999 Group: 2818
STATEMENT (Use several sheets if nccessary)
Reference Desipnation U.S. PATENT DOCUMENTS Page 1
Examiner Initial Daocument No. Date Name Class Sub-class Filing Date
(If Appropriate)
AA TP | 4,894,402 Jan. 1990 Hsia et al. 257 321
AB TP | 4,924,119 May 1990 Lee 257 321
AC TP | 5,008,721 April 1991 Gill et al. 365 . 185.33
AD TP 5,216,270 June 1993 Kaya et al. 257 321
AE TP 5,460,991 Oct, 1995 Hong 438 261
AF TP 5,666,307 Sept. 1997 Chang 365 185.33
AG TP 5,734,609 March 1998 Choi et al. 365 185.17
AH TP 5,838,616 Nov. 1998 Randazzo 365 185.26
NG
FOREIGN PATENT DOCUMENTS
" Document No. Date Country Class Sub-class Translation
(Yes/No)
. OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
TP Al _| “Semiconductor Memories,” Betty Price, Texas Instruments USA, 2" Ed., 1983, 1991, John Wiley & Sons,
| Chichester, New York, Brisbane, Toronto, Singapore, pp. 586-604
7P AR “A 3.3V 32 Mb NAND Flash Memory with Incremental Step Pulse Programming Scheme,” Suh et al., [IEEE
Jgumnal of Solid-State Cjreuits, Vol. 30, No. 11, 11/95, pp. 1149-1156
7 AL “A 35 ns Cycle Time 3.3 V Only 32 Mb NAND Flash EEPROM,” Iwata et al., [EEE Joumnal of Solid-State Circuits,
Vol. 30, No. 11, 11/95, pp. 1157-1162
7P _AM “Advanced Salicided EECMOS Technology for Complex PLDS,” Advanced Micro Devices, USA, The 14™ Anqua
IEEE Nonvolatile Semigonductor Memory Workshop, Monterey, CA 8/13-16,-1995
77 AN “Process Technology and Device Built in Reliability in NOR Virtual Ground (NVGT™) Flash Memories,” National
Semiconductor, U.S.A., The 14" Annual IEEE Nogvolatile Semiconductor Memory Workshop, Monterey, CA
8/13-16, 1995
TP _AO “High Density ‘AND’ Cell Technology for 32Mbit Flash Memory,” Hitachi, Japan / Mitsubishi, Japan, The 14"
Anpual TEEE Nonvolatile Semiconductor Memory Workshop, Monterey, CA 8/13-16, 1995
7P_AP “Effective In-Process Plasma Damage Screening of Tunnel Oxide for Nonvolatile Memory Applications,”
Motorola, U.S.A., The 14™ Annual IEEE Nopvolatile Semiconductor Memory Workshop, Monterey, CA 8/13-16,
| 1995 .
72 AQ “Sidewall Sealing Effects on Flash EEPROM,” SGS-Thomson, Italy, The 1&“‘ Annual TEEE Nonvolatile
Semiconductor Memory Workshop, Monterey, CA 8/13-16, 1995
EXAMINER THONG PHAN DATE CONSIDERED UJrs)99
PRIMARY EXANMINER—

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

SF 221973 v1
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PATENT

1 hereby certify that tl. respondence is being deposited with the United ’ \
States Postal Service as first class mail in an envelope addressed to: Attorney Docket No.: 17822-1- us
Assistant Commissioner for Patents % %’
Washington, D.C. 20231 '

TOWNSEND and TOWNSEND and CREW LLP

By:WM?‘/

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Examiner: Unassigned
ALI POURKERMATI Art Unit: Unassigned
Application No.: NEW PRELIMINARY AMENDMENT

Filed: May 25, 1999

For: SERIAL FLLASH MEMORY

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:
Prior to examination of the above-referenced application, please enter the

following amendments and remarks.

IN THE CLAIMS:
Please Can(claims 1-7, and add new claims 11-13. For convenient reference,

all pending claims are reproduced below.

N An-array of flash memory cells comprising:
lurality of columns of serially connected flash memory cells, each

memory cell having a gate

TOSHIBA CORP.
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ALIPOURKE ATI PATENT
Application No.: NEW
Page 2
\\ a plurality of bit lines respectively coupled to drain side of said plurality
5|\ of columns of memory cells via a respective plurality of bit line select transistors, said plurality
6 bit line select transistors having gate terminals coupled to a bit line select control line;
7 a plurality of word lines, each one coupling to a gate terminal of one
8 cell in each of said plurality of columns to from rows of memory cells with common
9|\ gate tertyinals; and
10 a plurality of source select transistors respectively couplihg a source side

11| of said pluraNty of columns of memory cells to a logic low voltage, and having gate terminals

12 || coupled to a sodyce select control line,

13 wherein, during programming:
fé 14 a logic high voltage is applied to said bit line select control line to turn
fud 15| on bit line select transiktors,
Iﬁ; 16 a Mgic low voltage is applied to source select control line to turn off -
?j 17 ||~-source select transistors; ‘
i 18 a logic Yow voltage is applied to a selected bit line while a logic high
1::"3 191| voltage is applied to unselected bjt lines, and
i 20 a logic high\oltage is applied to unselected word lines, while a boosted

L)
41 21|| positive voltage is applied to a select
W3
l.!:]

word line.

9. An array of flash 1yemory cclls.compris'mg:

a plurality of columny of serially connected flash memory cells, each
memory cell having a gate terminal;

a plurality of bit lines reshgctively coupled to drain side of said plurality
of columns of memory cells via a respective plurahty of bit line select transistors, said plurality
of bit line select transistors having gate terminals coupled to a bit line select control line;
a plurality of word lines, each ong coupling to géte terminal of one

memory cell in each of said plurality of columns to from Yows of memory cells with common

e - N . T I

gate terminals; and
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ALI POURKE .ATI PATENT
Application No.: NEW

Page 3
i\k . aplurality of source select transistors respectively coupling a source side
11 [\ of said plurality of columns of memory cells to a logic low voltage, and having gate terminals
12 \leled to a source select control line,
13 wherein, during erase:
14 a logic high voltage is applied to said bit line select control line to turn
151] on bit line select transistors,
16 a logic low voltage is applied to source select control line to turn off
17|| source selectt \ sistors;
18 a logic high voltage is applied to a selected bit line while a logic low
19|l voltage is applied to\unselected bit lines, and | '
20 aNogic high voltage is applied to unselected word lines, while a boosted
21|| negative voltage is applie o a selected word line.
1 10. An array 8f flash memory cells comprising:
2| a plurality ofgolumns of serially connected flash memory cells, each
3 || memory cell having a gate terminal;
4 a plurality of bit lides respectively coupled to drain side of said plurality
51|l of columns of memory cells via a respectivelplurality of bit line select transistors, said plurality
6|| ofbit line select transistors having gate terminalg coupled to a bit line select control line; '
7 a plurality of word lines, eadl one coupling to a gatc terminal of one
8 || memory cell in each of said plurality of columns to frsm rows of memory cells with common
91| gate terminals; and
10 a plurality of source select transistors\respecitively coupling a source
11|| side of said plurality of columns of memory cells to a logic low voltage, and having gate
12 || terminals coupled to a source select control line,
13 wherein, during program inhibit a logic low wplatage is applied to said
14 || bit line select control line, source select control line, and bit lines, whi P\a logic high voltage is
15| applied to word lines. '
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Application No.: NEW
Page 4

= J¥7 (New) A method of operating a flash memory device wherein
programming memory cells is acComplished by the steps of:
applying a logic high voltage to a bit line select control line to turm on
bit line select transistors, '
applying a logic low voltage to a source select control line to turn off
source select transistors;
apf)lying a logic low voltage to a selected bit line while a logic high

voltage is applied to unselected bit lines, and

O 00 N A W R W

applying a logic high Qoltage to unselected word lines, while a boosted

—
o

positive voltage is applied to a selected word line.
fod
34
£ *
Ut
i

]

Llash 4’
./(N ew) The method of operating a fatsh memory device as in claimh

wherein erasing memory cells is accomplished by the steps of:

N =

e applying a logic high voltage to a bit line select control line to tum on ‘
bit line select transistors,
applying a logic low voltage to a source select control line to turn off
source select transistors;
applying a logic high voltage to a selected bit line while a logic low
voltage is applied to unselected bit lines, and

applying a logic high voltage to unselected word lines, while a boosted

Nash g.

0 /l/_{ (New) The method of operating a falsh memory device as in claim kZ’

wherein program inhibit is accomplished by a step of applying a logic low voltage to a bit line

—
O OV 0 Ny AW

negative voltage is applied to a selected word line.

=Y

P W RN

select control line, source select control line, and bit lines, while a logic high voltage is applied

to word lines. -~

TOSHIBA CORP.
EXHIBIT 1002 - PAGE 0051




ALTPOURKE. .ATI PATENT
Application No.: NEW
Page 5

If the Examiner believes a telephone conference would expedite prosecution of

this application, please telephone the undersigned at 415-576-0200.

Respectfully submitted,

abak S. Sani
Reg. No. 37,495

TOWNSEND and TOWNSEHND and CREW LLP
Two Embarcadero Center, 8" Floor
San Francisco, California 94111-3834

I || Tel: (415) 576-0200
] Fax: (415) 576-0300
fiad BSS:sb

ek

i

B SF 222891 v1
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Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS Wf-/

%\ UNITED STATES DEPARTMENT OF COMMERCE

Murus of Washington, D.C. 20231

APPLICATIONNO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |

WRARLE.RO0 OS/25/9Y POURKERAMATI A
- = | EXAMINER |

MM1Z/1116
SEME AND TOWNSEND AND CREW P F b
ETH FLOAOR | ARTUNIT | PAPER NUMBER |
TWIL EMBARCALERD CENTER
SAN FRANCTSOD A w4111 -] et
DATE MAILED:

Y1716/ 2%

Please find below and/or attached an Office communication concerning this application or
proceeding.
Commissloner of Pﬁtonu and Trademarks

PTO-90C (Rev. 2/05)
. 1- Flle Copy
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Application No. Applicant(s)

08/318,200 POURKERAMATI
Notica of Allowability Examiner Group AL UK
TRONG PHAN 2818

All claims being allowable, PROSECUTION ON THE MERITS IS ‘(OR REMAINS) CLOSED in this appllcattqn. It not_ included
herewith (or previously mailed), a Notice of Allowance and Issue Fee Due or other appropriate communication will be
mailed In due course. .

Xl This communlcation is responsive to- 5/25/99

X The allowed claim(s) Is/are 8-13

(X] The drawings filed on May 25, 1999 are acceptable.

[0 Acknowledgement is made of a claim for forelgn priority under 35 U.S.C. § 119(a)-(d).
(1 Al [0 Some* [ None of tha CERTIFIED coples of the prlority documents have been
] received. )
1 received in Application No. (Saries Code/Serlal Number)

[_] recelved in this natlonal stage application from the International Bureau (PCT Rule 17.2(a)).
*Certified copies not recelved:
[J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE
THREE MONTHS FROM THE "DATE MAILED" of this Office action. Fallure to timely comply will result in
ABANDONMENT of this application. Extenslons of time may be obtained under the provisions of 37 CFR 1,136(a).

[0 Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses
that the oath or daclaration is deficlent. A SUBSTITUTE OATH OR DECLARATION 1S REQUIRED.,

Xl Appiicant MUST submit NEW FORMAL DRAWINGS
Xl because the originally filed drawings were declared by applicant to be informal.

[(J including changes required by the Notice of Draftsperson's Patent Drawing Review, PT0Q-948, attached hersto or
to Paper No. R :

(7] including changes required by the proposed drawing correction filed on - , which has been
approved by the examiner.

[J including changes required by the attached Examiner's Amendment/Comment. - '

Identifying Indicla such as the application number (see 37 CFR 1.84(c)) should be wrltten on the raverse side of the

drawings. The drawings should be flled as a separate paper with a transmittal lettter addressed to the Offlclal
Draftsperson.

[J Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any response to this letter shouid include, in the upper right hand corner, the APPLICATION NUMBER (SERIES
CODE/SERIAL NUMBER). If applicant has raceived a Notice of Allowance and Issue Fee Dus, the ISSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should also be included. ‘

Attachment(s)
Xl Notice of References Cited, PTO-892
X Information Disclosure Statement(s), PTO-1449, Paper No(s). 4 :
Xl Notlce of Draftsperson's Patent Drawing Revlew, PT0O-948 M
(] Notlce of Informal Patent Application, PTO-152 H WY%_—
1 Interview Summary, PTO-413
[l Examiner's Amendment/Comment

- TRONG PHAN
[1] Examiner's Comment Regarding Requiremant for Deposit of Biologlcal Material - PRIMARY EXAMINER
X Examiner's Statament of Reasons for Allowance
U. 5. Patant and Trademark Offica
PTO-37 (Rev. 9-95) _Notice of Allowabillty Part of Paper No. __ 4
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Application/Control Number: 09/318,200 Page 2

Art Unit: 2818

REASONS FOR ALLOWANCE
1. The following is an examiner’s statemént of reasons for allowance:

The flash memory device having steps of operating as recited in claims 8-13
has not been found in the prior art references.

Any comments considered necessary by applicant must be sdbmitted no
later than the payment of the issue fee and, to avoid processing delays, should
preferably accompany the issue fee. Such submissions should be clearly labeled

"Comments on Statement of Reasons for Allowancse.”
2. Any inquiry concerning this communication or earlier communications

from the examiner should be directed to Trong Phan whose telephone number

W

TRONG PHAN
PRIMARY EXAMINER

is (703) 308-4870.

November 15, 1999
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Form PTO 948 (Rev. 8-98) U.8. DEPARTMENT OF COMMERCE - Patent and Trademark Office Application NO.MO

NOTICE OF DRAFTSPERSON'S
PATENT DRAWING REVIEW

P / Y
The drawing(s) filed (insert date)‘é’- ' _S 242
;Zn

A. [Z] approved by the Draftspergbn under 37 CFR 1,84 or 1.152.

B. 3 objeeted (0 by the Drafisperson under 37 CFR 1.84 or 1,152 for the reasons indicated below. The Examiner will require
submission of new, corrected drawings when necesspry. Corrected drawjng must be sumiited according to the instructlons on the back of this notice.

[

Cory

1. DRAWINGS. 37 CFR 1.84(a): Accepiable categories of drawlngs:’ 8. ARRANGEMENT OF VIEWS. 37 CFR 1.84(i) _
Black ink. Color. : . Words do not appear on'a horizontal, left-to-right faghton
_ ... Color drawings are not acceptable ungil petiton is granted, when page is either upright or turned so that the top
Fig) _ ) becomes the right slde, except for graphs. Fig(s) —
—__ Pencil and non black ink not pennitted. Fig(s) 9. SCALE. 37 CFR 1.84(k)
2. PHOTOGRAPHS. 37 CFR 1.84 (b) — Scale not large enough to show mochanism without
e ! full-tone set is required. Fig(s) crowding when drawing is reduced in size to two-thirds In
____ Photographs not properly mounted (must use brystol board or reproduction.
photographic double-weight paper). Fig(s) _ __ Fig(s) ) L
____ Poor quality (hulf-tone). Fig(s) 10. CHARACTER OF LINES, NUMBERS, & LETTERS.
3. TYVE OF PAPER, 37 CFR> 1.84(e) 37 CPR 1.84(i)
——_ Puper not flexible, strong, white, and duruble. 4/ Lines, numbers & lelters not uniformly thick and well
Fig(s) } defined, cleag, dprpble, and hlslcw
. Erasures, allerations, overwrltings, interlineations, Fig(s) A I !
folds, copy machine marks not accépted. Fig(s)._ - 11." SHADING. 37 CFR 1.84(m) . .
—____Mylar, velum paper is not acceplable (too thin). . Solid black areas pale. Fig(s) _
ig(s) _ . - Solid black shading not permitted. Fig(s)
4. SIZE OF PAPER. 37 CFR 1.84(1): Acceptable sizes: = Shade lines, pale, rough and blurred. Fig(s)- —
m_ 21.0 cm by 29.7 con (DIN stze Ad) 12. NUMBERS, LETTERS, & REFERENCE CHARACTERS.
e 216 em by 27.9 ¢m (8 1/2 x 11 inches) 37 CHft 1.84(p)
____All drawing sheets not the same size, Numbers ang refergnce characters not plain and legible.
Sheet(s) ig(s) t S l ‘
____ Drawings sheets not an acceptable size. Fig(s) \/ Figure legends are poor. Fig(s) ~(- _
5. MARGINS. 37 CFR 1.84(g): Acceptable margins: ___ Numbers and reference characlers not orienied in the
same dircction as the view. 37 CFR 1.84(p)(1)
Top 2.5 car Lell 2.5cm Righl 1.5 em Bottom 1.0 cin Fig(s)
SIZE: A4 Size . English alphabet not used. 37 CFR 1.84(p)(2)
Top 2.5 cm Loft 2.5 cm Right 1.5 cm Botiom 1.0 cm Figs : : .
SIZE: 81/2x 11 __ Nuymbers, letiers and reference characters musi be af least
Margins not acceptable. Fig(s) -32 cm (1/8 inch) in height. 37 CFR 1.84(p)(3)
e __Top(T) . Len(L) Fig(s) ‘
i ___Right(R) Bottom (B) 13. LEAD LINES. 37 CFR 1.84(q)
6. VIEWS. 37 CFR 1.84(h) Lead lines cross each other. Fig(s) _—
REMINDER: Specification may require revision to Lead lines missing. Fig(s)
correspond lo-drawing changcs. 14. NUMBERING OF SHEETS OF DRAWINGS. 37 CFR 1.84(1)
Partial views. 37 CFR 1.84(h)(2) .. Sheets not numbered consecutively, and in Arabic numerals
_____ Brackets needed o show figure as one entity. beginning with number 1. Sheet(s)
Fig(s) 15. NUMBERING OF VIEWS. 37 CFR 1.84(u)
—._ Views not labeled separalely or properly. _— . Views nol numbered consecutively, and in Arabic numerals,
Fig(s) - - beginning with number 1. Fig(s)
__ .. Enlarged view not labeled scparetely or properly. , 16, CORRECTIONS. 37 CFR 1.84(w)
Flg() —_ Corrections not made from prior PTO-948 ..
7. SECTIONAL VIEWS. 37 CIR 1.84 (h)(3) dated .
. Hatching not indieated for scctional portions of an objecl. 17. DESIGN DRAWINGS. 37 CFR 1.152
Fig(s) —_ Surface shading shown nol appropriate. Fig(s) _
____ Sectiona) designation should be noted with Arabic or — Solid black shading not used for color contrast.
Roman numbers. Fig(s) Fig(s)
COMMENTS

Remoyt border [ines

REVIEWER %Lé_/ DATE (22
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ATTACHMENT TO PAPER NO. 4_

TELEPHONE NO. _ /() 2 30 mﬂ/é/
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PAGE 1 OF 1

FORM PTO-882 U.S. DEPARTMENT OF COMMERCE SERIAL NO. SEI(%UP ART #BT;\:PHEBQESE
PATENT AND TRADEMARK OFFICE . 4
09/318,200 2818
NOTICE OF REFERENCES CITED APPLICANT(S)
POURKERAMAT!
U.8. PATENT DOCUMENTS
SUB- FILING
* DOCUMENT NO. DATE NAME CLASS CLASS DATE
* A 5,898,616 4/1999 Ono 385 185.17
B 5,978,267 11/1999 Chen et al. 365 185.17
c 5,909,392 6/1999 Chang et al 365 185.17
D
% E
F
G
H
|
J
K
FOREIGN PATENT DOCUMENTS
* DOGUMENT NO. DATE COUNTRY NAME | CLASS CLAgs
L
M
‘N
o)
P
Q
OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)
R
s
T
v
EXAMINER DATE
TRONG PHAN November 15, 1999

Form892ccs2106h

* A copy of this reference Is not being furnished with this office action.

(See Manual of Patent Examining Procedure, section 707.05(a).)
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

NOTICE OF ALLOWANCE AND ISSUE FEE DUE

I R
TR ARG TORPREE R AR TREW L

STH b
TR

el

APPLICATION NO. FILING DATE TOTAL CLAIMS EXAMINER AND GROUP ART UNIT DATE MAILED
AR | Uror T [ARNEA it R T L E e
f\mngm’d NN S SR DI TR I BT S A I L Y R TR MV [ SRR
TITLE OF T L PR S S AR T Y
INVENTION [ER DRI EY DR 2 WA 3 N ) S T T Tt
ATTY'S DOCKET NO. CLASS-SUBCLASS BATCH NO APPLN. TYPE SMALL. ENTITY FEE DUE DATE DUE
[ 3 1! VeI LR it | EN U S PO YO ER ¥ RS SR A B |

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PRQSECUTION ON THE MERITS IS CLOSED.

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS i
APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTQRY PERIQD CANNQT BE EXTENDED.,

HOW TO RESPOND TO THIS NOTICE:
|. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verlfy your If the SMALL ENTITY is showr{ as NO:
current SMALL ENTITY status: '

A. If the status is changed, pay twica the amount of the
FEE DUE shown above and notify the Patent and A. Pay FEE DUE shown above, or
Trademark Office of the change in status, or

B. If the status is the same, pay the FEE DUE shown . . ‘
above. . B. File verified statement of Small Entity Status before, or with,

payment of 1/2 the FEE DUE shown above.

Il. Part B-lssue Fee Transmittal should be completed and returned to the Patent and Trademark Office (PTO) with your
ISSUE FEE. Even if the ISSUE FEE has already been pald by charge to deposit account, Part B Issue Fee Transmittal
should be completed and returned. If you are charging the ISSUE FEE to your deposit account, section “4b” of Part
B-Issue Fee Transmittal should be completed and an extra copy of the form should be submitted.

Ill. All communications regarding this application must give application number and batch number.

Please direct all communications prior to issuance to Box {SSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents Issuing on applications flled on or after Dec. 12, 1980 may require payment of

maintenance fees. It Is patentea’s responsibliity to ensure timely payment of malntenance
fees when due.

PATENT AND TRADEMARK OFFIGE COPY
- . PTOL-85 (REV. 10-86) Approvad for use through 08/30/88. (0851-0033) “U1.8. GPO: 1989-484-457/24601
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{ hereby certify that this correspondence is being deposlted with the United PATENT . -
| States Postal Service as first class mall In an envelope addressed to: Box
- | 1ssue Fee, Agsistant Commissioner for Patents, Washington, D.C. 20231, on )
; d ’,é ,é 2000 Attorney Docket No.: 17822-1-2

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

POURKERAMATI ‘ Examiner: T.Phan

Serial No.: 09/318,200 Art Unit: 2818

Filed: 5/25/99 " Batch No.: E33

For: SERIAL FLASH MEMORY LETTER TO QOFFICIAL DRAFTSPERSON

Box Issue Fee
Assistant Commissioner for Patents
“1"Washington, D.C. 20231

Sir:

‘Pursuant to the Notice of Allowability dated November 16, 1999, applicant
submits four sheets of formal drawings to be made of record in the above-identified case.

Respectfully submitted,

S
Ve i . ~
,.f“f&'ﬁ%’/ﬁ-ffﬁ% )43
%" Babak S. Sam AN
Reg. No. 37,495

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor

San Francisco, California 94111-3834

(415) 576-0200 / Fax (415) 576-0300

BSS:db
SF 151764 v1
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PART B—ISSUE FEE TRANSMITTAL

'orm, together with ‘appllcume fees, to: Box ISSUE FEE

Assistant Commissioner for Patents
Washington, D.C. 20231

vance orders and notlﬂcatmn of maintenance feas will be malled to the current
cormapondence address as indicated unless correctad below or directed otherwise In Block 1, by (a)
specifying a new correspondence address; and/or (b) indicating a separate “FEE ADDHESS" for
maintenance tee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Laglbly mark-up with any corractions or use Block 1)

Mtz 1116

Nota: The certificate of maillng below can only be used for domestic
mallings of the Issue Fee Tranamittal. This certificate cannot be used
for any other accompanying papers. Each additional paper, such as an
asslgnment or formal drawing, must have Its own certificate of malling.

Certificate of Malling

| hereby certlfy that this tssue Fee Transmittal Is being deposited with
the United States Postal Servica with sufficlent postage for first class
mall In an envelope addressed to the Box Issue Fae address above on
the date Indlcated below.

YT TUNNSERD ARND CREWN LI
o 2“ ‘: !{ii‘ 0. Bullack (Dapositor's name)
Wl UL - =
/ A <‘G” Y+ (Signature)
" =
(Data)
) APPLICATION NO. l FILING DATE TOTAL CLAIMS EXAMINER AND GROUP ART UNIT L DATE MAILED
/31, 2an QE/ 25739 OV FHAM., T L1/ 16799
First Namad T — ., - - -
Applicant FOUREEZRAMAT T RIS e 0 Daves
.Irh'}\‘lll_;l?lI(:DN SERTAL FLASH MEMORY
ATTY'S DOCKET NO. CLASS-8UBCLASS l BATCH NO. APPLN. TYPE I SMALL ENTITY FEE DUE ' DATE DUE
= ol e W4 RES- 1 LITVILLTY \'d FEOE N0 bt L S
1. Change of corraspondenca address or Indication of “ Fee Address” (37 CFR 1.383). 2. For printing on the patant front page, llst Y
Use of PTO form(s) and Customer Number are racommendad, but not raquirad. (1} the names of up to 3 reglstered patent 4 - p AT o
al. \maeya or agents OR, alternatively, (2) A=
[ change of correspondence address (or Changs of Correspondence Address form | i name of a single fim (having as a . 7 myl}‘ (R
PTO/SB/22) attached. mc iber & registered attomey or agent) o PP\ BAY L
and the names of up to 2 reglstered patent puTerT
J“Fea Addrese" Indlcation (or “Fee Address” Indication form PTO/SB/47) attached. attorneys or agents. if no name Is listed, no ey ) )
nama will be printed. 3 UL e vy
' N |\‘ ! = : ’

(Al

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is Identified below, no assignee data will appear on the patent.
Incluglon of assignee data Is only approplate when an assignment has been previously submitted to
the PTO or Is baing submitted under separate covar. Complation of this form Is NOT a subsititue for
fliing an assignment.

(A) NAME OF ASSIGNEE  Azalea Microelectronices

4a. The following fees are enclosed (ri'laka ‘chack payable to Commissioner

of Patents and Trademarks):

[ ssue Fee
[J Advance Order - # of Coples_

(B) RESIDENCE: (CITY & STATE OR COUNTRY) Santa Clara, CA

Pleaas chack the appropriata asslgnee category Indicated below (wlil not be printed on the patant)

[ Individual EXcomoration or other private group entity [ government

4b. The tollowing fees or daficiancy In these fees should be charged to:

DEPOSIT ACCOUNT NUMBER _2()~1.430
(ENCLOSE AN EXTRA COPY OF THIS FORM)

K] Issue Fee
%] Advance Order-#of Coples__ 10

The COMMISSIONER OF PATENTS AND TRADEMARKS IS requested to apply the Issue Fee to the application Identifled above.

(Authorized §ighatdre) Babak S, san¥/ 37,495 (Date)

St Ze N ] /25—t

NOTE; The lsaue Fee wlil not ba uooapgd !ror-‘i anyone othef than tha appllioant; a raglatared attomey

or agent; or the aaslgnoa or other party In interest as shown by the records of the Patent and
Trademark Office.

T
—

Burden Hour Statement: Thia form ia estimated 10 take 0.2 hours to comblete. Time will vary
dapanding on the needs of the individual casa. Any commaents on the amount of time required
to complete this form should be sent to the Chief Information Officer, Patent and Trademark
Offica, Washington, D.C. 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND FEES AND THIS FORM TO: Box Isaue Fee, Asslstant Commlssioner for
Patents, Washington D.C. 20231

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection
of informatlon unless it displays a valld OMB control number.

h 01 BEGY

Did LS E0b i) t00ig s i

nu, u\. tn
a0 W i

TRANSMIT THIS FORM WITH FEE

PTOL-85B (REV.10-86) Approved tor use through 08/30/89. OMB 0851-0033

Patent and Trademark Offlca; U.8. DEPARTMENT OF COMMERCE
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067292005 12:09 FAX 415 .78 0300 ieo1s003

Atty Docket No. 022193-120120US

PTOFAXNO.: 703-308-5077 and 3903 BF1 1300

ATTENTION: Trong Q PHAN Group Art Unit: 2818

OFFICIAL COMMUNICATION
FOR THE STATUS AND ENTITY BRANCH

CERTIFICATION OF FACSIMILE TRANSMISSION

[ hereby certify that the following documents in re Application of , 09/318,200, filed May 25, 1999
for SERIAL FLASH MEMORY are being facsimile transmiited to the Patent and Trademark Office

on the date shown below.

Documents Attached

1. Transmittal Form (1 page) _ @MP lE F E

2. Notification of Loss of Entitlement to Small Entity Status (I page)

Number of pages being transmitted, including this page: 3

Dated: June 29, 2005 ’@&—\,

KatHérine Farkas

PLEASE CONFIRM RE CEIPT OF THIS PAPER BY
RETURN FACSIMILE AT (415) 576-0300

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, Eighth Floor

San Francisco, CA 94111-3834

Telephone: 415-576-0200

Fax: 415-576-0300

60326663 v1
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06/29/2005 12:09 FAX 415 76 0300 002/003
PTQISB/21 {00-04)
( ' Application Number 08/318,200 ™
TRANSMITTAL Fiiing Date May 25, 1999
FORM First Named lwventor Ali POURKERAMATI
' Artlng 2818

{10 be vsed for e comaspondance aftsr knfis! Miing) Exarminer Name Trong Q PHAN

\_ Tolal Number of Paoss In This Subrission | 3| ~1iommey Dockal Nurmbar 022193-120120US
ENCLQSURES  (Check ail that apply)

’_E] Fea Transmittal Form Drawing(s) After Allowanca Communication to TC

D Fes Attached
Amendmen/Reply

D ARter Final

D Aflidavits/daciaration(s)
Extansion of Tome Reguest
Express Abandonment Requast

Information Disclosure Statement

OO0000oag

Licensing-related Papers

Patition
Petition to Convert o a
Provisional Application

Power of Attomey, Revocation
Change-of Comespondanca Address
Terminal Disclaimer

Request for Refund

€0, Number of CD(s)

D Landscape Table on CD

Propristary information
Status Lelter

XOOOo0|

below):

Enity Status

Appeal Communication o Board
of Appaals and Interferences

Appeal Communication to TC
- (Appeal Notice, Brfed, Reply Brief)

Other Enclosure(s) (pleass identify

Notification of Loss Of Entitlement to Small

Certifiad Copry of Pricrity
Document(s)

Reply to Missing Parts/ Incomnplets
Apglication

E] Reply 1o Miseing Parts
under 37 CFR 1.52 or 1.53

Account 20-1430.

| Remarks [ Tha Commissioner is authorized to charge any additonal fees o Deposit

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Flrmn Namy
rm =l Townsend WP
Slgnature L““"_z I
Frinted name | b atrick R. Jewik
Data June 27, 2005 | Reg. No. | 40,458
CERTIFICATE OF TRANSMISSION/MAILING \
| hereby certify thal this correspondencs is being facsimile transmited to the USPTO at (703) 308-5077 on
the date shawn below. ans (303) 812-9306
Q/’—?
Signature
Typed or printad name Katherine Farkis—’ l Dats | JuneZ.], 2005
80526653 v1

PAGE 2r3* RCVD AT 6/29/2005 3:09:54 PM [Eastern Dayfight Time]

" SVR:USPTQ-EFXRF-1/2 * DNIS:8729306 * C8ID:415 576 0300 ~ DURATION (mm-ss):01-10
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06/29/2005 12:10 FAX 415 .76 0300 ' ‘ @003/003

RECEIVED
CENTRAL FAX CENTER
| heseby certify thal this comespondence is being transmitted to the USPTO '!UN 2 9 2005 PATENT,

atiention Status and Entity Branch via facsimlle to the following number:

03) 308-5077 i
o8 82T %0 Atlomey Docket No.: 022193-120120US

on Llypajen
TowNSE:g WNSEND and CREW LLP
By, .
Kalherine Farkad
IN THE UNITED STATES PATENT AND TRADEMARK. OFFICE
In re application of: Examiner: Trong Q@ PHAN
Art Unit: 2818
Serial Number:  09/318,200 NOTIFICATION OF
Filed: May 25, 1999 LOSS QF ENTITLEMENT TO
) e SMATLL ENTITY STATUS
Patent No.: 6,058,045
Issued: May 2, 2000
For: SERIAL FLASH MEMORY

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:-

Pursuant to 37 C.F.R. 1.27(g)(2), notification is hereby given that small entity
status is no longer appropriate in conncction with the abovd-identified application. Please note
that the owner of the above referenced patent now qualifies as LARGE entity.

itted,

Patrick Jewik
Reg. No, 40, 456

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor

San Francisco, California 94111-3834

(415) 576-0200

Fax (415) 576-0300

PRI/KIf
60526644 v1

PAGE /3" RCVD AT 6/29/2005 3:09:54 PV [Eastern Daylight Time}* SVR:USPTO-EFXRF-1/2 * DNI$:8729306 * CSID:415 576 0300 * DURATION {mm-ss):01-10
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Application or Docket Number
PATENT APPLICATION FEE DETERMINATION RECORD
Effective November 10, 1998
CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
{Column 1) (Column 2) TYPE [ OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE FEE RATE TEE
BASIC FEE 380.00 |pR 760.00
TOTAL CLAIMS £> minus 20= X$ 9= oRr| Xs18=
INDEPENDENT CLAIMS (/( minus 3 = |* . / X39= @ orl X78= «
MULTIPLE DEPENDENT CLAIM PRESENT
+130= ., |or] +280=
* |f the difference In column 1 is less than zero, enter “0” In column 2 TOTAL []f ' OR TOTAL
CLAIMS AS AMENDED - PART |l OTHER THAN -
nn_ (Column 3) SMALL ENTITY OR SMALL ENTITY
. ADDI- ADDI-
< REMAINING NUMBER
- . ATER ] PREVIOUSLY | | EroenT RATE |TIONAL RATE | TIONAL
il AMENDMENT PAID FOR FEE FEE
% Total 4 Minus o = X$ 9= or] xs18= |
5 Independent |« /f © IMinus ek = - onl x7e-
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM
+130= OR|] +260=
TOTAL OR TOTAL
ADDIT, FEE ADDIT. FEE
Column 1 Column 2)  (Column 3)
m REMAINING NUMBER PRESENT _ ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE ~ | TIONAL RATE | TIONAL
i} AMENDMENT PAID FOR FEE FEE
= .
g Total * Minus ok = X$ 0= OR| X$18=
Ind dent Mi -
g ndependen * nus i X39= OR X78=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM
+130= OR | +260=
OTAL TOTAL
ADDIT. FEE OR appir. FEE
Column 1 Column 2) __ (Column 3)
LAIMS HIGHEST
o} | REMAINING | NUMBER PRESENT ADDI- ADDI-
ut;] . g AFTER : PREVIOUSLY EXTRA RATE- JTIONAL RATE | TIONAL
L % AMENDMENT 8 PAID FOR ’ FEE FEE
=
% Total * Minus ok = x$9= | OR X$18=
w Independent |« Minus ik =
2 X39= or| x78=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM
+130= OR | +260=
* i tha entry in column 1 Is lass than the entry In column 2, write *0" in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE Is less than 20, enter "20." ADD;‘;O,IEA',; OR ADD;.OJEAE
*|f the “Highest Number Previously Paid For* IN THIS SPACE Is less than 3, enter “3." ' :
The “Highest Number Previously Pald For" (Total or Independent) s the highest number found in the appropriate box in column 1,

FORM PTO-878

Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE
(Rev. 11/88)

¥ru.5. GP0:1888-454-473/80301
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ISSUE SLIP STAPLE AREA (for additional cross rgferences)

POSIVION ] INITIALS D NO. DATE
o~ - W// <) )
FEE DETERMINATION NN (O ) HY
O.LP.E. CLASSIFIER - ( 2 W T
FORMALITY REVIEW R 008 1op~=5 -5
INDEX OF CLAIMS
[V Rejected [ Non-electad
TSR Allowed 1 reeernenenn INtarfgrance
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