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Attomey Docket No. 017822-0001

BACKGROIJND 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.

The flash memory technology developed from the erasable programmable

read only memory (EPROM) technology. Similar to the EPROM cell, the flash

memory typically uses a single transistor memory cell which makes it relatively lower

cost. A flash memory cell, however, is electrically reprogrammable a limited number

of times in the system.

Figure 1 shows a schematic cross-section of an example of a single-

hansistor double poly stacked gate flash cell. The cell includes a floating gate 100

made of a first polysilicon layer (poly-l), a control gate 102 made of a second

polysilicon layer (poly-2), an Nt drain region 104 and an N+r source region 106 inside

a P-well region 108. A thin layer of silicon dioxide of approximately 70 to 120

Ansgtroms forms the tunnel oxide 110 between the floating gate poly-l and the

channel, and a 150 to 300 Angstroms thick film made of an oxide-nitoide-oxide (ONO)

sandwich 112 separates the two poly gates 100 and 102.

This cell is programmed by grounding the source terminal (Vs:gnd),

applying a 5 to l0 volt signal to the drain terminal or the bit line (Vu"=5v), and

applying a high programming voltage Vro of, for example, l8 to 20 volts to control gate

102 (V.r=Vr.), The high voltage on V", creates a high elechic filed across tunnel oxide

110 generating hot electrons in the channel with enough energy to cross the tunnel

oxide. These hot electrons are then trapped in the floating gate poly'l layer 100

resulting in a higher threshold voltage for the transistor. The cell is thus programmed

into an OFF (non-conducting) state.

SERIAL FLASH MEMORY

TOSHIBA CORP.
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Erasing of the cell is performed by grounding the control gate and the

drain terminal and applying Vro to the source ierminal. 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 cell shown in Figure l, however, suffers from a number of

drawbacks in terms of its overall performance. Because the source region 104 is

subject to very high erase voltages (Vpp), this cell requires a carefully engineered high-

voltage junction process. As shown in Figure l, the source region 104 is made deeper

than the drain region 106 and has a higher doping concenhation. The high'voltage

junction requirement results in a more complex and therefore more expensive plocess.

Further, the high-voltage junction requirement results in a cell that is not scalable. That

is, the high-voltage diffirsion to high-voltage dilfusion spacing requirements 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 ll0. 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 tlueshold voltage verification circuitry are

thus necessary for proper operation of the cell. Finally, because the tunnel oxide region

ll0 is the same size as the channel, its capacitance is relatively 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.

An improvement to the flash cell shown in Figure 1 splits the erase

voltage between the control gate 102 and the source terminal. That is, instead of

applying a high voltage to the source region 104, the control gate 102 is negatively

biased with resDect to the source terminal. Thus, in this embodiment, programming

TOSHIBA CORP.
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voltag€s remain the same, but during erase, a negative voltage is applied to the control

gate (V"r=-Vr*) while the source terminal coffIects to the positive power zupply 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 the 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 cell, 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 always room for improvement of the structure

and design of the cell in terms of endurance, speed, reliability and cost of manufacture.

SUMMARY OF THE INVENTION

The present invention provides a novel scalable flash memory cell

structue and method of manufacfure that improves data retention, increases capacitive

coupling and speed of operation, and improves reliability among other advantages.

Broadly, rhe 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 abufting field oxide. Thus, leakage due to defects caused by the field

edge is eliminated, resulting in higher data retention rates for the cell. The reduced

dimensions 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

l5
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higher speed (larger read current). The higher coupling ratio also reduces the level of

the maximum

required voltage resulting in higher endurance.

A better understanding of the nature and advantages of the flash memory

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

description below.

BRIEF DESCRIPTION OF THE DRAWINGS

l0 Figure I shows an exemplary prior art double poly stacked gate single

hansistor flash memory cell;

Figure 2 illustrates the cross section of two flash memory cells

perpendicular to word line and a high voltage transistor switch according to the present

15 invention;

Figure 3 shows the cross section of the flash memory cell parallel to

word line according to the present invention;

Figure 4 shows the top view (layout) of the flash cell of the present

invention; and

Figure 5 is a circuit schematic for an array made of flash cells according

to the oresent invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Cell Structural Design

The flash cell according to one embodiment of the present invention is

implemented in a double poly, single metal, twin well CMOS process. The tunnel

window is fieldless (high endurance) and is preferably of the minimum feature size.

The active area surrounding the tunnel window is covered by thick cell gate oxide 38

25
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of, for example, about 100-300 Angs. The tunnel window bottom plate is covered with,

for example, 70- 100 Angs thermal dielectric 20. The tunnel windoilactive area edge

has a gradual step of, for example, 30-200 Angs thick. Undemeath the cell active area

36 is a plate of charge 30 used to control the threshold voltage of the cell.

The non-self aligned tunnel window is located on the drain side of the

memory cell. The first polysilicon (polyl) 2l is preferably ma4e of, for example, 500

Angs thick multiple stack with typical grain size ai the tunnel oxide boundary of

approximately less than 100 Angs. Polyl 2l is used as a floating polysilicon (charge

storage layer) whereas the second polysilicon (polyZ) of approximately 1000-2000 Angs

thickness is silicided 26/27 and used as control gates (connected to word lines). The

first polysilicon 2l and second polysilicon 26127 arc separated by, for example' 150-200

Angs thick Oxide-Nitride-Oxide (ONO) 23n4n5 dielectric stack. The self aligned

segmented bit lines are strapped in first metal. The memory cell consists of a stack of

Poly2-polycide/ONOlPolyl/tunnel oxide/well/substrate and is preferably 0.28-.34 uM.

Cell Process Flow

The cell formation begins with a p type resistivity silicon substrate 33.

After the typical CMOS N- and P-well formation, the active areasi are defined by

masking and etching steps. This is followed by a field implant to increase the parasitic

field threshold voltage. A thin field oxide of, for example, 3000-5000 Angs. is grown

all over the wafer to isolate different active areas 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 ship and an oxide clean step a

high quality thermal oxide (e.g., 150-190 Angs thick) is gtown all over the wafer. This

is followed by a cell threshold 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 shipped.

TOSHIBA CORP.
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The wafers are then masked to form the tunnel windows in the memory

cell. This mask is a critical mask as this term is used 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. A high quality thermal oxide (e.g., 70-85 Angs) is then thermally grown to

cover the whole wafer, This is followed by deposition of the first of several layers of

polysilicon layers each engineered with varying grain sizes. This is followed by

implanting the top layer of poly with n* dopant to amorphize the poly and dope it to

achieve e.g., 200-500 ohms/square sheet resistivity.

The wafers are then oxidized (e.g.,900-1050 C) to grow thermal oxide of

for example 100 Angs. This is followed by deposition of about 75'90 Angs of

silicon-nitride 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 Angs of blocking

oxide (1000 C wet oxidation to grow 3500-4000 Angs on bare silicon)'

The wafers are then masked again to etch ONo/Polyl/gate-tunnel islands

in the memory array. The anisotropic etch is designed to endpoint on the tunnel oxide.

The polysilicor/ONo/gate oxide stack on the high voltage hansistors is also masked in

this step to protect the high voltage (lIV) transistor gates. After resist strip the wafers

are zubjected to a light oxidation at 800-900 c in a dry ambient. This oxidation is done

to seal off the exposed edges of the floating gate that is freshly exposed after the etch.

The memory alray core is then masked to clean the periphery with 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 implant 5El3-5E14

#hrr? ot a double diffirsed Phos./arsenic implant combination.

After the implant the resist is stripped and the wafers are subjected to a

low voltage threshold adjust masked or blanket and implant sequence followed by a

l5

20
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high quality wet gate oxidation to grow about 70-110 Angs oxide in the periphery

active areas. The wafers are then covered with 1.5 kA to 2.0 kA polysilicon layer that

forms tlie gate of the periphery transistors and the first layer of the word line for

memoryarray.A1000-2000AngsofWsixisthendepositedovertheentirewafer.

The wafers are then subjected to reoxidation at 900-950 c for 30-50 minutes.

Thewafersarethenmaskedtodefinethememorycellstackandprotect

the periphery. The stacked array mask etch is thep used to etch the

polycide/oNo/Polyl/tunnel sandwich, After the etch, wafers are cleaned to remove

organics, hydrocarbons and post etch residues. The high voltage tuansistors are covered

with resist during this etch.

Thewafersaremaskedagaintodefinethegatepolycideoftheperiphery

low voltage transistors. After the gate poly etch the resist is stripped' The high voltage

transistors are exposed during this etch. Both the polycide and the poly is etched away'

Aboutl00AngsoNoisetchedawayalsoleavinga50-100Angs.dielectricontheHV

gales.

The n-tip mask is then used to form the lightly doped drain (LDD) tips of

theNMostransistorfollowedbyp-tipmaskandimplant.Then.tipmaskisblocked

frommemoryarrayandHVttansistors.Thespacerdepositionisfollowedbyspacer

etchandN+andP+sourcedrainformation.Thefirstinterlayerdielectricisthen

formed by either BPSG, BPTEOS with 4/4 B/P, or the like. The inter layer dielectric

(ILD)isthenreflowedat850-g20CandSoGplanarizedandthecontactsaremasked

and opened.

This is followed by barrier metal deposition followed by tungsten plug

formationandfirstmetaldeposition'Themetallmaskisthenusedtodefinethe

interconnectandmemoryanaybitlines.ThemetallisthencoveredwiththicklLD

and passivation oxynitride is deposited and etched using the pad mask'

15
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Cell Electrical Design

The cell is designed to pro$am (high threshold cel Vt) and erase (low

cell Vt) by Fowler Nordhiem tunneling to and from the same tunnel window on the

drain side. The read operation is accomplished by grounding the selected word line and

applying 1.0 - 1.5 volts on the selected bit line (see Cell bias Table). High cell

coupling is accomplished because of reduction in tunnel area in the cell channel' This

improves the cell coupling from 0.55 to 0.65. As a result voltage needed on the word

line of the cell can be scaled down to 13.5-15.0 volts nominal. The choice of the Vcg

further depends on the programming speed. At 13,5 volts the field across tunnel oxide

is greater than 8 Mvicm and 100-200 uS programming can be achieved to get a target

Vndp of 3.0 V. Similarly the erase coupling is adequate to achieve Vtrde of -2.5 V.

The field across programmed cells on the unselected word line is

nominally 5.6 MV/cm and is designed to reduce the stress across tunnel oxide to

15 achieve higher endurance.

Table I

Cell Biasing Scheme

t0

20

Control Line

BSL

ssL

BLO

BLI

wL0

wLl

Prosram

Vcc

Vss

Vcc

Vss

10v
-12 to -15 V

Erase Read

Vcc Vcc

Vss Vcc

Vss 1,0-1.4 V

Vcc 0.5 V

l0 V Vcc

15-20 V Vss

Condition

Selected

Selected

Selected

Unselected

Unselected

Selected

25

Cell Programmine Constraints

The programming operation is done by applying high voltage on the

selected control gate and grounding the selected bit line while the unselected bit lines

are at vcc (program inhibit). The cells are programmed serially such that the pass

30 word lines are pulled up to pass the Vss to the selected cell. The cells that are

programmed are subject to limited soft write because the programming is self limiting'

The bit line and the select transistors are stressed fo|the duration of programming times

the number of word lines in each block. The.bit line select transistor gate oxide is

TOSHIBA CORP.
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stressed during program/erase operation and can be designed to avoid both grounded

gate and oxide lifetime breakdown. The programming threshold dishibution is a strong

function of the tunnel oxide thickness. The electrical field across tunnel oxide of a

programmed cell during the life of its operation is:

Vfg = Kg (Vcg - (Vtrdp - Vtrdu)

= 0.6(0 - (-2.5 - (l))

= 2.1 Y across 70 Angs is - 3 MVicm

At this field ttre tunnel oxide stress induced leakage cunent is not a problem and the

cell can last for greater than 25 years based on TDDB calculations following Berkeley

model on oxide breakdown. The typical programming cunent required is about 100

pA/cell and therefore allows for the pump circuits to be aggressively scaled.

Cell Erasabilitv

Cells can be erased by the action of applying negative gate voltage of

12 to 15 volts on the selected word lines and applying Vcc-2Vtn to Vcc on the bit

lines. This action forces electrons to leave the floating gate through the cell tunnel

oxide drain interface. The choice of the bit line voltage is primarily limited to suppress

band bending and hot hole injection from the cell drain into the tunnel oxide. The

erase speed is primarily a function of the field across tunnel oxide which is

approximately 8,5 to l0 MV/cm to achieve block erasure in less than I msec.

Overerasure of a memory cell in conventional approaches such as single

transistor ETOX cells ltappens when cells are driven into deep depletion. Such

overerasure leads to significant performance issues 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 for a number of reasons. First, 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 banier height seen by electrons. This

allows a tight threshold convergence without relying on algorithm circuits. secondly,

the essentially l.S-transistor nature of the memory cell limits the threshold variation.

The memory cell can be thought of as a tunnel oxide transistor plus a high voltage

l5

25
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thick oxide transistor in series. The threshold voltage of the thick oxide hansistor also

helps to improve the punchthrough margin of the cell. Typical erase cunent depends

on the block size and is of the order of a few mA.

Read Disturb

This cell has greater margin to counter read distub seen by memory cells

primarily because of the reduced lateral elechical fields in the channel thereby

suppressing hot electron generation, Furthermore the selected bit line during read

operation is biased such that the erased memory cell is biased close to the velocity

saturation point to maximize read cunent and minimize hot electron generation'

Data Retention

The cell data retention is a strong function of the two tunnel oxide

barriers and the tunnel oxide thickness. Both these baniers are engineered to offer

reduced variations by controlling the deposition and processing conditions.

Furthermore, the electric field across programmed cell is maintained below 4 MV/cm to

allow improved endurance and retention. This is in contrast to ETOX rype of cells

where the programming is done such that greater than 6 MV/cm are stored on the

programmed cell and therefore limit the retention capability.

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 operatiorl and improves reliability among

other advantages. While the above is a complete description of the prefened

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 description but should, instead, be

determined with reference to the appended claims, along with their full scope of

eouivalents.

15
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WHAT IS CLAIMED IS:

1. A memory cell comPrising:

a source region and a drain region forming a channel therebetween;

a channel oxide layer disposed on top of said channel;

a floating gate layer disposed on top of said channel oxide layer,' said

floating gate layer and channel oxide layer defining a window wherein a thickness of

said channel oxide is substantially smaller than a remaining portion of said channel

oxide; and

a control gate layer disposed on top of and separated from said floating

gate layer by a dielectric film,

wherein said window is located on a drain side of said channel and has

dimensions at minimum feature size'

TOSHIBA CORP.
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SERHL FLASH MEMORY

ABSTRACT OF THE DISCLOSURE

A scalable flash memory cell structure and method of manufacture 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 size located over the drain side df the transistor, The tunnel oxide

window is separated from the field oxide and has no edges abutting field oxide.

rlrzal.s\l\00l.pol
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I,JNITED SIATE$ DEPARTMENT OF COMMERCE
Pabnt and Tbademrrk Office
AddEsB: COMMISSIONER oF PATENTS AND TRADEMARKS

rlrhshiruloo, D.c. 4t231

APPIJCv{TI0|{I'IUMBEB I RECETPT()ATE nFST MI.IED APFUC NT ATTV DOCKFT iO./ffLE

6{1,/ rl?5|' c,?,9 r,ta / fi'l/9& FIURF:ERAIYIAT ] l7il;: " I

l'jl{.'',1/ 1fl I
T[tJhl$FNIi ANf,' IOb,NSENIT ANI:' f,RE!,J
TWtr EIYIBAFT":ADERI] CENTER *TH FLNTJR
$AN FRANTI$|::B rA 94111-3,$34

DATE ATLED: 'l 
o rl tl

NOTICE TO FIIJ MISSING PARTS OF PROVISIONAL APPLICAIION t rtj / Pr'
Frr,ED tiNDER3T CFR 1.53 O) (2)

An Application Number and Filing Date have been assigned to this ProvlslonelAppllcatlon. However, the items indicated below

are missing. The requircd items and fees identified below must be timely submitted ALONC Wml THE PAYMENT OF THE

A

SURCHARCE (37 Cm l'f6 (1)) for items 1 and 2 only of $ 

- 

for large ertities or $

have filed a verifred statement under 37 CFR 1.27 claiming such status.

for small entities who

If all required items on this form are filed witbin the pelod set below, the total smount owed by applicant as.a d lsrge entity,

O small entity (verified statement file d), is $ /l/!.
Applicant is given ONE MONTH FROM THE DAIE OF THIS LETE& OR TWO MOMIIS FROM THE
FILING DATE of this application, I{HICHEVER IS LAIE& within which to file all required items and pay any fees

required above to avoid abandonment, Extensions of time may be obtained by liling a petition accompanied by the

extension fee under the provisions of37 CTR 1.136 (a).

I'd 1. Th" rt"rutory provisional application filing fee is: O nissing d insufficient, Applicant as a / large entity

El small entity, must submit $'E n"-to 
conplete the liling fee.

O 2. The provisional application cover sheet identifying:
D either the sity and state or city and foreign country of thc residetrce of each inventor.

fl the titl€ of the invention is required in compliance with 37 CFR 1'51 (a) (Z) (i).

B 3. The application was filed in a tanguage other than English. Applicant must frle a verified English translation

of the applicalion and a fee of $ 

- 

under 37 CFR 1.17 ft), unless this fee has already been paid.

O 4. A $ 

- 

processing fee is required for retumed checks. (37 CFR 1.21 (m).

E 5. Your filing receipt was mailed in enor because your check was retumed without Payment.

[ 6. The drawings contained in the application cannot be microfilmed or properly stored because they

fl do rot comply with the size requirements ( 8 12 by 11 to 14 in. or 21.0 by 29'7 cm'or 2L,6 by 27.9 to
35.6 cm.).

El are not clesr enougb or in permanent ink. New drawings are required.

O 7. The specific{tion cannot bc microfilmed or proPerly stored. Page (s)

tr _ do not contain writing on only one sidc of the Pag€.

o _ do not comply with lhe size requirements (8 to 8 12 by L0lt2 to 13 in. (20.3 to 27.6 by 26-6 to

33.0 cm.).

O _ are nol clear eoough or in permanent ink,

Replac€ment pages, tog€ther with a statement that the replacement psges contain the same material as those on dePosit, are

required. This statement must be verilied if made by someone other than an attomey or agent regist€red to Practice before the PTO.

C) 8. Other.

Direct the response and any questions about this notice to "Box Provisional Patent Application"'
ATIN: Office of National Application Review (703)308-1202.

A copy of this notice MUST be retumed with the response.

FORM PTOtdlt (REV.4€5)

- tt{*+ifqrycE.-c9py
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I hereby certify that thi.s correBPondence i3 being
deoosit;d pith the United stateg Po8tat service aB

fi;st ctas6 r|ait in an envelope sddressed to3
.tant Cotrnissioner for Patents,

Box ProvisionE[ Patent Appln., gashington, D.c. 20231,

-28-
TOl.lttSEND and TOtltlSEilD and CREH LLF

,. 11 ,/

", W /b,QOn 1'*

PATENT

No, 17822-1Attorney Docket

PATENT AND TRADEMARK OFFICE

BOX PROVIS IONAIJ APPIJICATION

IN THE UNITED STATES

In re aPPlication of:

POT]RKERAMATI

Seri-a1 No. : 50/025,598

Filed:9/9/96

For: SERIAL FLASI{ MEMORY

October 10,
1-)
a\at

Attn: Box Missing Parts
Assistant Commissioner for Patenfs
Washington, D. C. 2023I

Sir:
Pursuant to Lhe Notice to File Missing

1995, enclosed are the following:
verified StaLement Claiming Sma1]
Copy of Notice of Missing Parts

Please charge Deposit Account No' 20-1430

(a) Filing Fee (SmaLl EntitY)
(b) Missing Parts Surcharge

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Centex, 8th Floor
San Francisco, California 94111- 3 834
(415) 575-0200 Fax (41s) 575-0300

Parts dated

Entity Status

TOTAI., FEES TO BE CIIARGED

for the following fees:
$75.00
$2s.00

$100.00

The Commiseioner is hereby authorized !o charge any

additional fees associated with this paper or during the pendency

of tshis application, or credit any overpayment to Deposit Account

No. 2o-1430. This Transmittal Letter is submitted in triplicate'
Respectf uIlY subml/tted,

BSS: db r. \azalea\1\rnsng. Pgo

TOSHIBA CORP.
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<3
A{y, Docket No. 17822-1

YERIFIED STATEMENT (DBCI,ARAIIOI9 CLAIMINC SMALL EMITY STATUS
(37 cIR 1,9(D & L27(c)) - SMALL BUSINESS CONCERN

Applicant or Patentee:
Application or Patert No..:
Filed or Issued: 91919LFiled or Issued: 9/9i96
TidC: SERIAL FLASH MEMORY

I hereby declare that I am:

Name of Small Business conc€rtr:
Address of Small Business Concem:

t I the owner of lhe small business concern identified below:

ixl an offrcial of the small business concem empowered to act on behalf of the concern identified below:

I hereby declarc that the above-identified smalt business concern qualifies as a small business concern as defined in 13 CFR 121 .12, and reproduced

in 37 iFR L9(d), for purposes of paying reduced fees to the United States Palent and Trademark Office, in that the number of employees of the

concern, including those oi its affrliites, does mt exceed 500 persons. For purposes of lhis statement, (l) lhe number ofemPloyees of the business

concern is the average over the previous fiscal year of the concem of the persons employed on a fitll-time, Pafiime or temporary basis dudng each

of the pay periods oi the fiscal year, and (2) coflcems are affiliates of each other when either, directly or indirecdy, one concern contols or has

the power to control the other, ot a third party or parties contols or has the power to control both.

I hereby declare that dghts undet cotrtract or law have been conveyed io and rcmain wilh the small business concern identified above with regard

o tlle invention, entitled by inveftor(s) Ali Pourkeramati described in:

I I the specification filed herewith.- [x] Application No. 60/025.698 , filet 919196

[ ] Patert No. 

-, 

issued 

-.
If the rights held by the above identifled small business concern arc not exclusive, each individual, concem or organization haYing rights in the

invendo; is listed belowt and no rights to rhc iryention arc hcld by any person, other than the inventor, who would not quafiry as ar indeqgnglt
inventor under 37 CFR 1,9(c) if thai persor made the invention, or by any concem that would not quatry as a small business concem under3T CFR

1.9(d), or a nonprofit organization under 37 CFR 1.9(e).

*NOTE: Separate yerified statemetrts arc rcquired from each named pe$on, concem or organization having rights ao the inventior
aveffing to their status as small entities. (37 CFR 1.27)

Name
Address

Name
Address

I acknowledge the duty to file, in this application or patent, notification of any change h status r€sulting in loss of entitlement to small entity status

prior to paytg, or at-the time of paying, the earliett of tlre issue fee or any maintenance fee due after the date on which slatus as a small enlity

is no longer appropriate. (37 CFR 1.28O)'

I hereby declare that all statements made hercin of my own knowledge are true and fut all statemelts made on information and belief are believed

to be true; and firrther that these stalements were made with the knowledge that willful false statemenb atrd fte like so made are punhhable by.fine

or imprisonment, or both, under section iOOt of Title 18 ofde United States Code, and 0rat such willful false statements mayjeopardize lhe validity

of the application, any patetrt issuing lhereon, or any pat€nt to which lhis verified stateme is directed.

Name of Person Signing:
Title of Person if O rer thatr Owner:
Address of Person Signing:

,,r*^," ilia,/. -f
r:\sakauktr .enr

Pn l0,14,f/
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61889 U.s...PTO

. li/$95. ffi
IJNITEDSTA ]EPARTMENTOFC
Patent and T!ar-. ;ark Ollce
Addrcss: COMMISSIONER OF PATENTS AND TRADEMARKS

Warhingloq D.c..?0231 rj
FIHgTMIIEDAPPUCAHT I ATTY OOCXET NO/N1IE

:-'

i::,ii,. ,t ;:.ri. i,,i:i:ri ijlr,r ti^J.r':J4:. , f r...ililf,i{irftf-rlilr:i-i 1 .l ..':: l :: 1.

i.r ;::,-.r.i: i 1'..i I i.r

I't..tl:.rl..llij:::.i'lli t;{!'\rl.: i {-iHi:li"j[.hl].:, #11i, i":ltt:Fl
l lrr"r li:l'iiiir':rfi;.,-.-'.rLt:i.:ii:' r.-:[.]!j 1 l,:.i;: .": 

'-i..1 |:l--lll-jfi
lr{:rl'.1 i::i;;i-iridi,: L il:t-:i l i.:n ::'"1 | l. 1. ":lli:|.i4.

' il|'::-!rl
DATE MAILED:

NOTICE TO FILE MISSING PARTS OF PROVISIONAL APPLICAIIONI .'' .J ' i'' ''i''

nLED TJNDER3T CFR 1.s3 (b) (2)

An Application Number and Filing Date have been assigned to this Pmvlslonal Appllcation. However, the items indicaied betow

are missing. The required items and fees identified below must be timely submitted ALONG WITH THE PAYMENT OF THE
SURCHARCE (37 CFR 1,16 (1)) for items 1 and 2 only of $ _ for large entities or $ for small entities who

have filed a verified statement under 37 CFR 1.27 claiming such status. 
I

It'all required items on this form are filed within,the p,e;iod set below, the total amoult owed by applicant as a $ large entity,

I small entity (verified statement filed), is $ /.. )

Applicant as a / large entity

Q 2. The provisional application cover sheet identifying:
O €ither the city and state or city and foreign_country of the residence of each inventor.

fl th€ title of the invention is required in compliance with 37 CFR 1.51 (a) (2) (i).

O 3. The application was filed in a language other thatr English, Applicant must file a verified Erglish translatiotl
of the application.and a fee of $ 

- 

under 37 CFR 1.17 (k)' unlcss this fee has already been Paid.

O 4, A$ 

- 

processing fee is required for retumed checks. (37CFR 1.21 (m)).

! 5. Your filing recript was mailed in enor because your check was retumed without payment.

Q 6. The drawings contained in the application cannot be microfilmed or properly stored because they

fl do not comply with the size requirements ( 8 1p by11 to 14 in.or 21.0 by 29.7 cm'or 21.6 by 27.9 ro
35.6 cm.),

O are not clear enough or in permanent ink. New drawings are required.

E 7, The specification cannot be microfilmed or properly stoted, Page (s)

O _ do not contain wdting on only one side of the page,

tr _ do not comply with rhe size requirements (8 to 8 ll2 by 10 712 to 13 in. (20.3 lo 21.6 by 26.6 lo
33.0 cm.).

O _ are not clear enough or in permaeent ink.

ReplacemeBt pages, together with a.statement that the replacement pages contain the same material as those on deposit' are

rquired:.fhis statement must be verifie.d if made by someonb other than an attorney or agent registered to practice before the PTO.

t1':,
O 8. Other.

Direct the response and any questions about this notice to "Box Provisional Patent Application,"
ATTN: Office of National Application Review (703) 308-1202.

3S$ fitt ?{-14IS
18006 !14
1fi007 ??/

20-t{30 180 214

Applicant is given ONE MONTH FROM TIIE DATE OF THIS LETTER' OR TWO MONTHS FROM TIIE
FILING DATE of this application, WHICIIEVER IS L/dlTE& within which to file all required items and pay any fees

required above to trvoid abandonment. Extensions of time may be obtained by filing a petition accompa[ied by the

extension fee under the provisions of 37 CFR 1.136 (a).

A copy of this notice MUST be returned with the response.

RFlilirl8 l?/12196 60025698

FORM PTO!6ltT (REV.4-95)

PART 3 - COPYTO BE RETURNED WITH RESPONSE

t"'rit.it WWrbTW
t3.00[H

.75.00cR r7822-L

{
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REQUEST.FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14

Pap€r

'ib 
riirdd 37 cFR l.14(axl )0v) to the apPllcadon flle Ecord of lhe abovoldendflgd ABANDONED

;ot withln the frle Fcket of a ponding confnued Prcsecudon Appllcatlon (cPA) (37 CFR 1.53(d)l
d In, orto which a benefit ls clalmed, tn the lollowlng document (as shown ln lhe attachment):

UniGd Stales Patent Application Publication No. 

- 

page, 

- 

linE 

-'
united states Pateri Number 5al5 3 L5 q,cotumn-, line,-or
WIPO Pub. No.--, Page.- line 

-

Signatu|€

FI E
Typed or pdnted name

Teleohone Number

'"ZE cl *

About Access to Applications Malntalned in the lmage File
Wrapper System (lFW) and Access to Pending Appllcations in General

A member oflhe public, acting without a power to inspeci, cannot order applications maintained in lhe IFW system

through the Flu. lf the m€mber of the public is enfitled b a copy of the application fil€, then lhe file is made

available hrough the Public Patent Applicadon lntomatjon Retrieval sy5tem (Public PAIR) on lhe USPTO intemet
web site (wwwJspto.gov). Terminals that atlow access to Publb PAIR ate available in the Publio Search Room.

The mem'ber of the p;blb may also b6 entitled to obtain a copy of all or part of lhe ePplication fle upon payment of
the appropdate fee. Such co,ies must be purchased through the Ofnce of Public Records upon payment ofthe
appropriaE Ee (37 CFR 1.19(b)).
F;l oibllshed aoplications thaia€ still pendino. a member ofth€ public may obtain a copy ot

the fle cDntents; the pending application as originally fled; or any document in the file of the pending

@nder35U.s.c.1r9(€)'120'121,or365inanother
apptication ttrat tras. (a) bsued as a U.S. patent, or (b) Publb]hed as a statutory inventlon registration, a U.S.

paient applicatlon pubfcation, or an Intemalioflal patent application publlcation in accordanc€ with PCT

Article 2t(2), a member ollhe public may obtain a copy of, the file conbntsi lhe pending apPlicaton as_
o,igi*iiy iJ&i or any documerit in the fli ofthe pending apptication. : t;l1al .; -
tr ric rnntiarrinn ir in.lo'borated bv rbturence or olhe ise idenlifisd in a U.S. oatent, a Statuloly inventlon(2) lf the application is incomorated bv reference or olhetwise idenlifisd in a U.S. patent, a

registration, a U.S. patent application publicaiion, or an intemational patent apPlicalionregistration, a U.S. patent application publicaiion, or an intemational patent apPlicalion
accordance with PCT Artide 21(2), a member of the Public may obtain a copy of the p

(initials)

PTCySB/68 (0+0O
Appro\,ld tor ur. fhrough 9r30/m07. OMB 065 1-003 1

U.S. Petrnt €nd Tladdnsrk Omcr; U.S. OEPARTMENT OF COMMERCE

Ityou Ned dssistdnce in completing lhe forn, call |-80GPTO-9 199 ard select option 2.
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'l

JUii s 0 2009 PTO/SB,6E (0409)

'#,JI"l!'3E[lRl,le'^].'-"?t%"ff 
'LIB'JU.S. Pat6nt and

und'.$erapswqtrnwvFiq,..-'' --- r .: ., 
ATION UNDER 3Z CFR 1.14

REO6T FORACCESS TO AN AB@
' /oor{cnn'.

',ruff i#"1'ff,il'f hoom 2Eo4

2900 Crystal Drive
Arlington, VA 22202'351 4

Telephone'J703) 308-2733 PaperNo. 'v ' -

liili"H,i{tii4iifiiqt1i.i'ff $"11-"-,""*,and which.is identifled in, orto whlc

United States Patent Application Publication No ' 
page' _- line 

--'
united staies Paient u,tnter f7{3 Zfl ' lJ)tumn 

--11 -'line' 
J!--ol

WIPO Pub No. page ,line

Date

F-egisttatiotrHumoer,if applicable

lT.t*jfflit""
i':::Jil?$11"Tffi ;';il;-ei!:.':^lr*$,*t3"13il;*:*""":1"",'",J

^,'"Hill,?f"'oiil""',""T,"l'#i:il:,"p.il:iii.irifil::::i:n::"ll;:x1,"*,lii$i'in"i;i:'["JY""'"'"''.
A member of the public, acting wmout a Dower t(, rrrsPsur' -.rn 

aiion nte, ttren ttre fite is made

ffift;iliiu iil"-s:*jiF"lii::':;: ii]:'5'"1""iffii;J#Xff,:'.liilirl"FilijdiliFproirh.ouohtheFru, rfthememberot*"3ii:li#fli:H""ffi:i;Jil'#6illFu-uriiiArnlonteusProjnternet

i:i:il",ffi :#H ;J,l;T;::ll'#fi{:ll';!i#i: i*iln'1*.tllf :";l*:'51?".; :;;;T"fi"#i "web site (wlvwJspto.gov). Tsrminals thal arpw a(Eess re rus""' ^"'-'- -;iiha 
;pptication file upon paymenl of

fi:;:il;;;;rG;ilild ry:F:3:,ilt'l:*1"":::"ll;""""fil";'3hlJj3[Jurri" ni"o,o" upon pavmenr ot the

ti5#ffi# il; 's,"i 
"o6i"t '"utt 

l" purchased throush

A3?""Xifi5'i"ij3i'Sil"'18i* 1$IP.:::^r,ll:.1'"?':SiL::11i,","T['"?lffiliiii,lirr'vhta; or;"i document in the fil€ orthe pendins

aoDlication

i$"J'11l;!'lJlil?ltliiiiii*1[::'.i;li'?['i"
i:|Jffiill"1lfi;[lL5iiil"L; ;i;niationar paieni app'cation putitatiori in accordance with Pcr

tf;?":il t',].i ff#i::"il*"rJ1lt#Ifi ll?..i[ i+ill$,il*n* :::::::]:" :;:ff :T",'
tzliii,ni|-"Jpii""]il.,-"i;ffill";;iil;;;;;i"utication,in..-.--

'""#i"ji"* i,|d?dftfllr',ip;1'(;;, ; fu"#Gi oiine puoric may obtain icopv of the pendins apprication as

originally filed

usiio to procoss) an eP4tcaion ffiSftim:r$illf "d,Uft *#"*T#,1**i;,isu::x
r;*ii"-"*m*Yi'$*$LEF*rflgtrffi'ffifli'*6l$$ 'il*+s*;':

ioit'ls ror{seooness' BRINS IU: rrr

Ifrou need ossistonce in completing the lorn' call \'800'PTO-9lgg and select option 2'
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PTO/S868 (0?-0s)
_\- 

- 
r 

Approved for usc lhrough o7l31/2o12 OMB 0551'0031
-;.S. 

Pated and Tr!d;na* Ofticei U.s DEPARTffEI'II-OF C.OYME1g!

lfyou need assistance in comPleting the form' catt !-800-PTO-9199 end select option 2
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REOUEST FOR ACCESS TO AN ABANDONED AppLtCATtON UNDER 3Z CFR 1:14

Ering conpleied fom to:
Fiie lnicflnation Unit, Suite 3420
2800 Souh Randolph Sfeet
Arlington, VA 22206

Telephone: O03) 756-1800

I hereby request access under 37 cFR 1.14(axl Xiv) to the app{ication file reco.d of the above-identified ABANDONEDapplica6on, which is not withln tfi€ file ja_cket of a pending Continued Prosecution Apptication (cpA) (3i cFR .1,s3(d)) andwhich is identified in, or to Y/hich a beneft b claimed, in the folloMng dc"ur"nt i"r'"io,"n in ii" 
"it"i,1n"nt),

Paper Ho.

United Siates Patent Appticetjon'Publication

United States PaFrt Number , column _-, line,

VVIPO Pub. No.

--, 
Iine

No.

o

Related Information About Access to Appricatiqns Maintained in the lmage Fire
.,. Wlgpner SVstem (lFW) and Access to pending Applications in Gener-al

A mefiloef Ol tl]e Oublic- adind without e oowEr ta ih<M.r e^^^, ^.a^. -^^ti^A member of the public' acting without a p.orr'er to inspect- cannot oroer appti-cationi mainteined in t]e trw iystem u.,rougnthe FIU li th€ member of th€ pubiic is_entiteo to a ccpy oi trre apptication-fie, aen ttre file is made availabfa'urrougn g,e
Public Patent Application Inicrmadon Refieval systemlPubtic iAJR) ; fi; uspro intemet web site (www.uspto.gov).
TerminaE that a ow access b pubric pArR are availabre in tle pubit'se;rctr R;;. " 

Th; ;;b.; ; il;'p;li[ ;"y ",*be eniided b obtern e copy of afl or part of the apprication fire upon p"ym"nt ot t" appropriate tee. sr"i, '-pio ,r"t oupurchased hrough he ofice of pubric Records upon payment ot ni appropriate r"e 1!z crn 1.19(bD. 
' ' --

ForJ-uhllslled F-qplicEgons hat are qtflr pendino a memhe( of f'e pubric may ooEtn a copy ct
Ere nE contenE; the peflding applicatiofl as originatly filed; or any document iR fre fib big1e pending application.

For gnoqblished aooticatjons het are s6ll oendino:
(1) lf the benifi.of fte oendino aoolicatjon isidaimed urder 35 U.S.c. i19(e). 120. 121. or 36s in another apptft=tjon

d.at has: (a) issued as a u.S. palant or (b) pubtished as a sEMory invinion registatlon, a U.S. paeni
application publicadon' or an intarnetional petent application publication in accordance with pCT nrtiOe zt1z), amember oi the public may obtain a copy ot the file contenb; the pendirE application as originalry nr"a: or 

"nydocrment in the file ot the peflding application.
(2) lf the applicaton is incomodqC qy retuFr.rcej. otherwi.se ijenh.fied in a U.S. paienq a statuirry jnventjon

tesisgitof' a u s. patent Epplicatjon publicaton, oi-nliiE6ll6li patent apprication juLre6'on in 
"Lru"n..with Pcr l,ticre 21(2), a member of he pubric may obtain a mpy oi irre pen<irne .ptiJf,- ;"rigi"iil n.d.

ft"s ol".ti rr oi .l"rtna-tio

ptorsiiea {o:-ror
Appraved to.usc t|rolgh 07rJ1nctZ dMB 065i{oli

lJ-S. Pa.nt al|d Tradaiaft Officli U S OEPART EMT OF COMMERCa

ninutls lo complet , ind'Jdi4
ot ha .rnouut oa lim.

Offcr, U.S.fii{HL,ry;Ei;ii::dri:[.:*tr#"]ir**t?:d;l.e*;t1!i-#*F,#ffi ffiu€ptKn. or cornm.rc!, P.0 6dr 1150, A.sandria, vA 22:111450. OO NOT SeND FeEs oe coMp{ FrFn lnoM < _. iutP4qn.nr q 
'?omm.rc!. P_o Eior 14so al.5ndrh, vA 22:111450. 0o NoT seNc FaES Oe COMPLETEO rOaus rb +itslflionn.fon uniq Sqite 3A2q. Z80o South Randotpn Sbr€t, A.tingron, vi.gini.-

li you need assi:dance in bompleting lhe form. cat! 1-AOO+TO| 1gg and select ooton 2.

TO; Fil.
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6,058,045United States Patent prt Irll Patent Number:

[51]

Is8]

[56]

[54] SERIAL FI.ASH MEMORY

[75] Inventor: All Pourkeramad, Redwood City'
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