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1 

PATENT 

Attorney Docket No. 017822-00011 

The present invention relates in general to semiconductor memones, 

and in particular to an improved flash tpemory circuit and method of 

manufacture. 

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

transistor double poly stacked gate flash cell. The cell includes a floating gate 

100 made of a first polysilicon layer (poly-I), a control gate 102 made of a 

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

region 104 inside a P-well region 108. A thin layer of silicon dioxide of 

approximately 70 to 120 Angstroms forms the tunnel oxide 110 between the 

floating gate poly-1 and the channel, and a 150 to 300 Angstroms thick film 

made of an oxide-nitride-oxide (aNa) sandwich 112 separates the two poly 

gates 100 and 102. 

This cell is programmed by grounding the source terminal, applying 

a 5 to 10 volt signal to the drain terminal or the bit line (V BL =5v), and applying a 

high programming voltage V pp of, for example, 18 to 20 volts to control gate 102 

(V CG=V pp). The high VOltage on V CG creates a high electric filed across tunnel 

25 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 thre~hold voltage for the transistor. The cell is 

thus programmed into an OFF (non-conducting) state . 

. -'-,. 
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Erasing of the cell is performed by grounding the control gate and 

the drain terminal and applying V pp 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. 

5 The electrons are collected by the source region 104. 

The flash memory cell shown in Figure I, however, suffers from a 

number of drawbacks in tenus of its overall performance. Because the source 

region 104 is subject to Very high erase voltages (V pp), this cell requires a 
I· 

10 carefully engineered high-voltage junction process. As shown in Figure 1, the 

Ii:] 
I" source region 104 is made deeper than the drain region 106 and has a higher 
~~J 

;J,! doping concentration. The high-voltage junction requirement results in a more 
i·· 
!j):J complex and therefore more expensive process. Further, the high-voltage 
ij1,J 
li:J junction requirement results in a cell that is not scaleable. That is, the high-
il~J 

lilT' yolt~ge, diffusion to high-voltage diffusion spacing requirements increases the cell 

I::J i:Ji layout pitch. Lower endurance is another drawback of the high-voltage junction, 

[I}; since under high voltage conditions, the source region 104 cannot withstand a 

\j:l large number of erasures. 
,j:) 

20 Furthermore, applying the high Vpp 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 

25 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, its capacitance is relatively larger, and thus the cell coupling capacitance 

is lower. Lower cell coupling capacitance requires larger program and erase 

30 voltages. Larger program and erase voltages not only Im-yer the endurance of the 

cell, they also add to the circuitry as they require large pump circuits. 

TOSHIBA CORP.
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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 

5 voltages remain the same, but during erase, a negative voltage is applied to the 

control gate (V CG=-V pp) 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 eli!llinates the high-voltage junction process 

requirements. However, this cell requires an additional negative pump circuit 

10 
i!::l 

and still suffers from the hot hole injection and the resulting erratic erase 

tqreshold Voltage. 

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

been proposed each improving on some aspects of the cell perfonnance, but with· 

JraQ~-:9ffs 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 

20 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 

25 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. 

TOSHIBA CORP.
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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 and speed of operation, and improves reliability among other 

5 advantages. The flash cell of the present invention 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 invention 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, 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 higher speed (larger 

read current). The higher coupling ratio also reduces the level of the maximum 

20 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 disposed on top of the channel; a floating 

25 gate layer disposed on top of the channel oxide layer, where the floating gate 

layer and channel oxid'e layer de tine a window wherein a thickness of the 

channel oxide is substantially smaller than the remaining portion of the channel 
- -

oxide. The memory cell further includes a control gate layer disposed on top of 

and separated from the floating gate layer by a dielectric film, wherein the 

30 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. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS -
Figure 1 shows an exemplary prior art double poly stacked gate 

single transistor flash memory cell; 

Figure 2A shows a top view of a specific embodiment of a single 

flash cell as initially laid out, while Figures 2B and 2C show top views of two 

different embodiments of the cell after it has been fonned; 

Figure 3 illustrates the cross section of two flash memory cells 

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

present invention; 

Figure 4 is a circuit schematic for an exemplary memory 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 Structural Design 

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 fanned, respectively. In a preferred 

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

TOSHIBA CORP.
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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 

5 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, 

10 

20 

As shown lin Figure 2A, tunnel area 23 partially extends over drain 

region 23 such that it has a first region 23A under gate poly 25 (i.e., over the 

channel) and a second region 23B over dniin 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 

_~OIllpletion of the process. As depicted in Figure 2B, both tunnel window 23 

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. Furthennore, in the preferred ~­

embodiment shown, tunnel oxide window 23 as thus fonned 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 2e. The memory cell embodiment shown in Figure 2C still exhibits 

25 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 

30 a high voltage transistor switch 216 according to one eml;odiment of the present 

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

I 

I 
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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, N+ region 211 forms the source terrtlinal 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 increase endurance. The ~ctive area surrounding the tunnel window 

is covered by relatively',thicker cell gate oxide 212 of, for example, about 

100-300 Angs. Tunnel window 210 comprises a thin, for example, 70- 100 Angs 

thermal dielectric. Thus, the cell channel region (26 in Figure 2B) is covered by 

both tunnel oxide window 210 (23A in Figure 2B) and relatively thicker gate 

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

example, 30-200 Angstroms thick. 

A first preferably mUltiple stack polysilicon layer (poly-l 201 and 

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

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

thickness of the multiple stack floating polysilicon 2011202, 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 (connected 

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 2011202 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 structure having a substrate>well>tunnel oxide>poly-
- -

I>ONO>poly2-polycide stack. Exemplary value for the size of the stack may be 

approximately 0.28-.34 Ilffi. 

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 

5 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 

areas followed by nitride strip and kooi oxide growth. A p-well protect mask is 

then used to block p-well formation frqm areas where high voltage circuit blocks 

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

10 
;1:::1 

~ 1:1 
ijiJ 
ii·AI 

ij'~ 
11\) 

(j 

~:J 
1115 

11::l 
liji 
~lJ 
IIJ1 
"1:1 
"J:) 

dopedp-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 

.Jmplant (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 

20 memory cells. 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. 

25 

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 

30 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 

5 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 ~urface with,30-50 Angstroms of blocking 

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

10 

20 

, 

series of steps forms ONO layers 203/204/205. 

Next, the wafers are masked again to etch ONO/poly-llgate-tunnel 

islands in the memory array. This etch is preferably performed anisotropically 

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

",o,xi~e_ 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 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 

25 enhancement transistors. The high voltage implant could be for example a 

Phosphorus 31 implant 5E13-5E14 #/cm2 or a double-diffused 

Phosphorus/arsenic combination implant. 

After the implant, the resist is stripped and the wafers are subjected 

30 to a low voltage threshold adjust mask or blanket, and i~plant sequence followed 

by a high quality wet gate oxidation to grow about 70-110 Angstroms of oxide in 

\ j, 
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the periphery' active areas. The wafers are then covered with approximately 1.j 

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 x is deposited 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. 

20 

The memory cell stack is then defined by a masking step that _ also 

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

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

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

transistors are covered with resi"st during this etch. 

The wafers are masked again to define the gate polycide of the 

periphery 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 are etched away. About 100 Angstroms of ONO is etched away also 

leaving a 50-100 Angstroms of dielectric on the HV gates. 

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

tips of the NMOS transistor followed by p-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 BIP, or 

the like. The inter layer dielectric (ILD) is then reflowed at about 850-920 C 

and SOG planarized and the conta~ts are masked and opened. 

This is followed by barrier metal deposition followed by tungsten 

30 plug formation and first metal (metal-I) 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 lLD and passivation oxynitride is deposited and 

- etched using the pad mask. 

Cell Electrical Design 

In a preferred embodiment 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 ~rogramming, erase and read will be 

described in connection with the exemplary memory array circuit shown in 

Figure 4. Referring to Figure 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-WL 15) and 16 bit lines (BLO-BL 15). Bit line select transistors 404 

respectively couple bit lines BLO-BL 15 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 

20 operations for an individual cell according to the present invention. 

--~, 
,-(" 

. ~'''' 
I .t I 

,(,' 
25 

'.-...~ .... ----..".,"' .. 

\ 
I 

30 

Control Line ~ 

BSL Vcc 

SSL Vss 

BLO Vcc 

BLl Vss 

WLO Vcc 

WLl -12 to -lSV 

Erase OQeration: 

Table I 

Program Read Condition 

Vcc Vee Selected 

Vss Vee Selected 

Vss 1.0-1.4V :, Selected 

Vcc O.SV Unselected 

Vcc Vee Unselected 

IS-20V Vss Selected 
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In the exemplary 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 (WL 1), and applying ~ 

voltage approximately equal to Vee (~.g., Vcc-2Vtn to Vcc) on the selected bit 

5 lines or a single bit line (e.g., BLO). 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 thr0.ugh 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 the present invention and 

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

pe_ <!sJowas V cc. 

The erase coupling is adequate 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 Vtrde' 

20 of -2.5 V, the' cell of the present invention does not suffer from over-erasure. 

Copventional memory cells, such as single transistor ETOX cells, however, do 

suffer from over-erasure when negative threshold voltages are used (Le., cells are 

driven into deep depletion). Such over-erasure leads to significant perfonnance 

drawbacks such as program inhibit and/or wide erase threshold variations. The 

25 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 

30 the local barrier height seen by electrons. This allows a ~ight threshold 

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

. Programming operation: 

The programming operation is done by applying a high voltage 

(e.g., 15 to 20 V) on the selected word line (WL 1) and grounding the selected bit. 

line.{BLO),·while the unselected bit lines (BLI-BLIS) 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 WLl. 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 lince SSL remains at 

VSS and unselected word lines WL2-WL1S receive VCC. Thus, the cells are 

programmed serially in a NAND type structure by passing V ss to the selected 

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

The typical programming current for the memory cell of the present 

25 invention may be, for example, as low as about 100 pAicell. The typical 

programming current required by convention ETOX cells, on the other hand, is· 

around I rnA. The lower programming current requirement of the present 

30 

11_1 

invention allows for the pump circuits to be aggressively down sized, for a more 

compact overall design. 
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Another advantageous feature of the present invention is that it 

provides for the ability to erase andlor program on a byte by byte basis. Because 

neither erase nor programming operations require shifting the potential supplied 

to the entire bulk (substrate) for the array of cells, erase or programming of 

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

20 

Read Operation: 

The read operation is accgmplished by grounding the selected word 

line WLl=Vss and appl~ing a low voltage of, for example, 1.0-1.5 volts to the 

selected bit line BLO. Unselected bit lines (BL1-BLlS) receive a voltage in the 

range of Vss to 0.5 volts. Unselected word lines WLO and WL2-WL15 receive 

Vcc 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 

~oltage on selected bit line BLO remains unaffected. If memory cell 402-C is 
I 

not programmed (Le., low Vt), selected bit line BLOis 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 toBSLs, SSLs and BLs, and Vcc to WLs. 

25 In concl~sion, 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 

30 use various alternatives, modifications and equivalents. Therefore, the scope of 

the present invention should be determined not with reference to the above 
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description but should, instead, be determined with reference to the appended 

claims, along with their full scope of equivalent~. 
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WHAT IS CLALMED IS: 

1 1. A memory cell comprising: 

2 a source region and a-drain region fonning a channel therebetwe h; 

3 a channel dielectric layer disposed on top of said channel; 

4 a floating polysilicon layer disposed on top of said channe 

5 dielectric layer, said floating polysilicon layer and channel dielectric ayer 

6 defining a window within an area of s'!,id channel wherein a thic 

7 channel dielectric layer', in said window is s ller than that of 

8 portion of said channel dielectric layer; a d 

3 

1 

a control gate layer dis 

floating gate layer by a dielectric til 

wherein said window 

2. 

window is of minimum process 

3. 

dielectric layer substantially s 

and wherein, said window 

eparated from said 

erein a dimension of said-

laim I further comprising field 

first and second sides of said channel, 

butting said field dielectric layer. 

, 4. mem ry cell of claim 1 further comprising filed 

2 dielectric layer sub antially surrounding first and second sides of said channel, 

3 sides of said window abut said field dielectric layer. 

1 5. The memory cell of claim 1 wherein said channel dielectric 

2 ~prises silicon dioxide ma,terial, said control gate -layer, comprises 

3 po silicon material, and said dielectric film comprises a layer of nitride material 

4 andwiched between first and second silicon dioxide layers. 
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'" 1 6. The memory cell of claim 5 wherein said co rol gate layer 

2 further comprises a polycide layer on top of said polysilicon yer. 

1 

2 

7. An array of flash 

a plurality of memory s define In 'claim 1 arranged in a 

3 plurality of columns, each column 

4 

5 

6 

7 

1 

a bit line selec 

tenninal coupled to a bit Ii 

select control lin~; 

aving a first current-carrying 

nninal coupled to a bit line 

mbe of memory cells coupled in series with a 

ond c rrent~carrying tenninal of said bit line 

umber of memory cells being serially 

a memory cell acts as a source node of 

select transistor having a first current-carrying 

coupled to a source end of said predefined number of memory 

a gate terminal coupled to a source select lien and a second current 

rrying terminal coupled to a low potential. 

An array of flash memory cells comprising: 

2 a plurality of columns of serially connected flash memory cells, 

3 each memory cell having a gate terminal; 

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

5 plurality of columns of m.emory cells via a respective plurality of bit line select 

6 transistors, said plurality of bit line select transistors having gate terminals 

7 coupled to a bit line select control line; 

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

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

10 cells with common gate terminals; and 

'. I 
~ \ / 

J ~\ 
(I) 
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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 tenninals coupled to a source select control line, 

wherein, during programming: 

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

tum on bit line select transistors, 

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

off source select transistors; 

a logic low voltage is applied to a selected 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. 

j;/ An array of flash memory cells comprising: 

a plurality of columns of serially connected flash memory cells, 

each memory cell having a gate tenninal; 

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 havinKgate tenninals 

coupled to a bit line select control line; 

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

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

cells with common gate tenninals; 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 tenninals 'coupled to a source select control line, 

wherein, during erase: 

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

tum on bit line select transistors, 

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

off source select transistors; 
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19 a logic high voltage is applied to a selected bit line while a logic 

20 low voltage is applied to unselected bit lines, and 

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

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

\]\ 

1 

2 

3 

4 

5 

!J yf An array of flash memory 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 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 with90mmon gate terminals; and 

ti a plurality of source select transistors respectively coupling a source 
j'l' li1- side of said plurality of columns of memory cells to a logic low voltage, and 

.U'lj~ In having gate terminals coupled to a source select control line, 

1:4 wherein, during program inhibit a logic low vQltage is applied to 

15 said bit line select control line, source select control line, and bit lines, while a 

16 logic high voltage is applied to word lines. 

I 

"\ i( 
I " 
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SERIAL FLASH MEMORY 

ABSTRACT OF THE DISCLOSURE 

A scalable flash 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 siz~ located over the drain side of the 

transistor. The tunnel oxlde window is separated from the field oxide and has no 

10 edges abutting field oxide. 
f"~ 
,<~ 

'1[ 
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~~ the invention, entitled by ioveetor(,) Ali PQyrlceramatj de~cribed in: 

m ._[ J. . the ~cification filed het.with. 
~\l (J;) Appltcation No. 0819161576. filed 9/4/21 
I!::j ( ] Patent No. __ , i~sue,l _~._. 

r~ the rillhts held by the IIbove ld¢ntlfied 3maIJ business concern arc noc e~clu!ive, 'eaCh individual, conc¢~n or orillnization havini rillhlS in the 
;inveotion i3 /j,tedbelow'" ano no rigbts to the InventiOn life held by allY pcnon, other than the inventor. who would not qUi.lify as an Independent 
iwentor under37 CPR 1.9(c) if th .. t penon made the invention, or by IIny concern that would not qualify as a small bu~l"es:l concern under 37 CFR 
¥h9(d), or a nonprofit oqpnization under 37 CfR 1.9(e). '. , 

~1j 
• "j "J 

-NOTE: Separate ver!!iQd 3tatements an:: r~uired from each namlld person, concem ~r'orianization havin~ rights to the invention 
averring- to tholr 9taru~ a., small entities. (37 CPR 1.27) .'. . 

~::ss------------------------------------------------------~--------------------------------~--
----------~------------------------------~----~-----------------------------

[ 1 Individual [xl Small BUiinels Concern ( 1 Nonprofit Organization 

Name 

~ddrc33 ______________ ~ __ ~------------------------------------------------------------------------
( ] mdividual [ 1 Small BUSinCll COllcern ( 1 Nonprotit Orlanu:ltion 

I acknoWl¢dge the duty to file, in thiS appliCtition or patent. notIfication of any change in status' remldng In loS! of entitlament to 5m~1I entiey SUtus 
prior to paying. or at the time of paying, the tulles! of the Issue fee or any maintenanl:c fee due after th¢'date on which status a~ a 3m.1) entity 
i3 no lonKer .ppropriate. (37 CPR 1.28(b». . 

I hereby declare thlltall natemcmts made htlT!lin of my own k;nowkdie are true and that all sutemwnu made on Inl'onnllcion a.nd belief are belitYlld 
to be tr\le; and furth!!c that these statements were mAde with the knowledge that willful faise statements :llld the lllce w made arc puni:lhable by fine ... 
or !mpri30nrnent, or both, under seClion 1001 of Title 18 of the UnitCld Sll\tes Code, and that such wi1t:t\l1 folhe statements m.y jeopardize me validity 
of the application. any patent iS8Uini thereon. or any patent to which this verifhsd st;l~ment is dir~cted. 
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03/0~/98 WED 18:13 FAl J15 5 0.300 TOWNSEND SF 141007 

CERTIFICATE UNDER 37 C1F,R. § 3.73{b) 

Applicant: Ali Pourkenuuati 

Application No.: ->Q"""8.o..;:/9,"",2=6~,~..;....76,,,---______ Filed: 9/4/97 

For; SERIAL FLASH MEMQRY . 

ceI1ifies thaI it is the assignee of the entire right, title and interest in the patent application identified above by virtue 
of either: 

A. [x] An assignment from th~ inventor(s) of the patent application identified above. The assignment was recorded 
in tile Patent and Trademark Office at Reel ) Frame(s) , or for which a copy thereof i~ 
attached. 

OR 

B. (] A chain of title from the inventor(Il). of the patcnt apphcatlon identified above, [0 the current assignee as shown 
below: 

1. From: To: ________ ~ _______ _ 

The document was recorded in the Pateot and Trademark Oftice at 
.R.~el , Frame , or for which a copy thereof is attached. 

2. From: To: _____ -'- _____ --..-__ _ 
'tIle document was recorded in thcPatent and Trademark Office at 
Reel , Frame , or for which a copy thereof is attached. 

3. From: To:.,.........~_--'---______ ~~ ____ .--_ 
The document Was recorded in the Patent and Trademark Office at 
Reel ) Frame • or for which a copy thereof Is attached. 

[ ] Additional documents in the chain of tirIe are listed on a 1IUpplewentai sheet. 

( J Copies of a3signments or other documents in the chain of title are attached . 

. The undersigned 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 a.5signee identified above. 

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

I hereby decl,Lrc that all statements made herein of my own knowledge are true, and that all statements made OD 

information and belief are believed co be true; and further I that these statement3 are made with the knowledge that willful 
false statements, and the like so made, are punishable by flne or imprisonment, or both, under Section 1001, Title 18 
of the :United States Code, and that such willful false ~ta(ements may jeopardize the validity of the application or any 
patent l3suing thereon. 

Date 

Name :AU Pourkeramati 

Title 

Signature 
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MAY 14, 1998 
98 HAY 2 I AM 8;pt~s 

TOWNSEND AND TOmlSE~l)1{D CREW LLP 
BABAK S. SANI K t. L t I V EO 
TWO EMBARCADERO CENTER, 8TH FLOOR 
SAN FRANCISCO, CA 94111-3834 

o (,7 8'~ - ceo ((tJtrS.~ 
UNITED STATE~ OOPAJ:!TMENT OF COMMEJ;U:E 
Patent and Trademark Office 
ASSISTANT SErnETARY AND CDMMISSIONER 
OF PATENTS AND TRADEMARKS . ~ _ 
Washington. D.C, 20231 C:> " C fl.C) .. 

O<...L> '~-PI 
II~~II~~ III~ ~II nil U~ I~~ 1~IUljil~ 

* 100 666939 A* ...., 0'\ lil511l lilt::::! ~o 
,g • -

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.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS 
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER 
EEF:E:RENCED BELOH. 

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE 
INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATk 
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. 

RECORDATIO~ 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 

ASSIGNEE: 
AZALEA MICROELECTRONICS CORP. 
3080 OLCOTT ST. SUITE 130-0 
SANTA CLARA, CALIFORNIA 95054 

SERIAL NUMBER: 08~26576 
PATENT NUMBER: 

STEVEN POST, EXAMINER 
ASSIGNMENT DIVISION 
OFFICE OF PUBLIC RECORDS 

DOC DATE: 03/04/1998 

FILING DATE: 09/04/1997 
ISSUE DATE: 
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03-20-1998 Attorney Docket No. 17822,1-~ 

FORM 'PTO·1595 
(Rev. 6·93) i im~ ili!i iill! mi lil~ 11iUiillliil iii!i I~i Ilji 

100666939 
1. Name of conveying perty(iesl: 

ALI POURKERMATI 

Additional name!,) 01 oonvtlying party(les) etttlGhlld? 0 Y.s 

3. Nature of conveyance: 

o Asslgnl11ent 

D Security Agreement 

D Other: 

Execution' Date: 3/4/98 

.0 Mer~er 
D Change of Name 

Name: AZALEA MICROELECTRONICS CORP. 

Internal Address: SUITE 130-0 

Straet Address: 3080 OLeOn ST. 

City: SANTA CLARA State: CA ZIP: 95054 

Additional name(s) & 2Iddress{es) attached? 0 Yes 

4. Application number(a) or petent number(s). t11t1> "}. 10 .q i' 
If thlll docu~_~nt.~~ _~~'ng ~filed together with a new epPlicalion, the execution date of the application is: 

A. Petent Application No.ls) 08/928,576 B. Patent No.ls) 

Additlonsl numbers attached? DYes 0 NO 

5. Name and address of party to whom correspondence 
concerning document should be mailed: 

Name: Bab2lk S. Seni 

8. Total number of application!! and patents involved: 

7. Total fee {37 CFR 3.41): ................ $ 40.00 
TOWNSEND end TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
Sen Fnmci3co

b 
California 94111-3834 

(415) 578-02 0 
D 
o 

Enclosed 0 Charge Fees to Deposit Account 

Charge any additional fees associated with thls paper or 
during the pendency of this application, or credit any 
overpayment, to deposit account 

8. Deposit account number: 20~ 1430 
031 11m DCOATES ~ 1AI~201430 ! OM26576 
01 ezSA1 40.00 01 

DO NOT USE THIS SPACE 

9. St2ltement and signature. 

To the best of my know/edge and belief, th 
of the origInal document. 

true and correct end any attached copy is a truo copy 

Babak S. Sanl 
Name of Person Signing 

Atty. Reg. No.~~~7~,4~S~5~ ______ _ Totl'll number of pages including cover sheet, attllchments, and document: 

10. Change Correspondence Address to that of plJrt 5? 0 Yes D No 

00 ~ deuoch til!. portion 
Mall docu"",nl~ to be rMorded with required cover ''-I Informellon 10; 

,Aht. Commfulaner tor I'IIt..,UO 
Box Al-Ilgnmenu 

Wuh 0231 

3 
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TO 11":'\ SE:\D SF 

Attorney Docket No. 17822~1-1 

ASSIGNl\IIENT 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: SERIAL FLASH l\JIEMORY 

"J_/ J~q p-. 
Datl!(s) of execution of Dedaration: . __ ":::> __ {~_I ____________ _ 

Filing date: --o::;9.!....:/4~/2o:..:;7 ____ _ Application No.: 08/916,576; and 

WHEREAS, AZALEA MICROELECTRONICS CORP. a California corporation, located 
aC308001cott Street, Suite 13Q..D, Santa Clara, CA 95054, hereinafter referred to as 
"Assignee, II is 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 ~njoyed 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 .beeil made, 
for t.1.e full tenn of any Letters Patent and Registrations which may be granted thereon, 
or of any division, renewal, continuation in whole or in part, substitution, conversion, 
reissue, prolongation or extension thereof. 

Assignor further agrees that Assignor Will, without charge to Assignee, but 
at Assignee's expense, (a) cooperate with Assignee in the prosecution of U.S. Patent 
applications and foreign counterparts on the invention and any improvements, (b) execute, 
verify, acknowledge and deliver all such further papers, includine patent applications and 
instruments of transfer and (c) perfonn such other acts as Assignee lawfully may request 
to obtain or m"intain Letters 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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TOW\SE\D SF 

indicated. 
IN TESTIMONY W HERE O'F ) Assignor has signed his/her name on the d"ate 

Date:~_3_" _~_-_7_"£-__ _ 

STATE OF 

COUNTY OF _______ _ 

On , before me) • 
a Notary Public, "per$onally appeared AU 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 helshe executed tho same 
in hislher authorized capacity, and that by his/her signature on the instrument the perSon, 
"or the entity upon behalf of which the person acted, executes the instrument. 

WITNESS my hand and official seal. 

Signarure ___________ (Seal) 

1:\B1S\SHAllEI.AZA.LEA\ 1 \·1 ASQN 

2 
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I hereby certify that this cOlTespondence is being deposited with the United 

States Postal Service as l1rst class mail in an envelope addressed to: 

ae:r~7. :;.3>.5 
~/ y.~ T 178~ 
ALI POURKERAMATI 

Assistant Commissioner for Patents 

Washington, D.C. 20231 

TOWNSEND and TOWNSEND and CREW LLP 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

ALI POURKERAMATI 

Application No.: NEW 

Filed: May 25, 1999 

For: SERIAL FLASH MEMORY 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Examiner: Trong Phan 

Art Unit: 2818 

INFORMA nON DISCLOSURE 
STATEMENT UNDER 37 CFR §1.97 and 
§1.98 

The references cited on attached form PTO-1449 are being called to the 

attention of the Examiner. Copies ofihe 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 POURKERAMA'fI 
Application No.: NEW 
Page 2 

PATENT 

Applicant believes that no fee is 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 from, or credit any overpayment to, the above-

noted Deposit Account. 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th 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.: .~ 
~71318 ,':"00 LIST OF PATENTS AND PUBLICATIONS FOR Applicant: ALl POURKERAMA TI 

APPLICANT'S INFORMATION DISCLOSURE Filing Date: May 25, 1999 Group: 2818 
STATEMENT (Use several sheets ifnecessaryJ 

Reference Desi)!nation U.S. PATENT DOCUMENTS Page 1 

Examiner Initial Document No. Dale Name Class Sub-class Filing Dale 
(If ADDropriate) 

AA TP 4894402 Jan. 1990 Hsia et al. 257 321 

AB 7f 4924 119 May 1990 Lee 257 321 

AC 'TP 5008721 April 1991 Gill ot al. 365 185.33 

AD TP 5216270 June 1993 Kava et al. 257 321 

AE 7P 5460991 Oct 1995 Hong 438 261 

AF ..,-p 5666307 Sept. 1997 Chang 365 185.33 

AG 7P 5734609 March 1998 Choi et ai. 365 185.17 

AH If 5838616 Nov. 1998 Randazzo 365 185.26 

AI 

FOREIGN PATENT DOCUMENTS 
Document No. Dale Country Class Sub-class Translation 

(Yes/No) 

OTHER ART (Includinl! Author, Title, Date, Pertinent Pal!es Etc.) 

.ILAJ .-. "Semiconductor Memories," Betty Price, Texas Instnunents USA, 2nd Ed., 1983, 1991, John Wiley & Sons, 
Chichester New York, Brisbane Toronto Singapore, pp. 586-604 

~AK "A 3,3 V 32 Mb NAND Flash Memory with Incremental Step Pulse Programming Scheme," Suh et aI., IEEE 
Journal of Solid-State Circuits Vol. 30 No. 11, 11/95 pp. 1149-1156 

TE.-AL "A 35 ns Cycle Time 3.3 V Only 32 Mb NAND Flash EEPROM," Iwata ot aI., IEEE Journal ofSQ1id-State Circuits, 
Vol. 30 No.ll 11/95pp.1157-1162 

1L-AM "Advanced Salicided EECMOS Technology for Complex PLDS," Advanced Micro Devices, USA, The 14th Annual 
IEEE Nonvolatile Sem:i!;:Qnductor Memorv Workshou Monterey CA 8/13-16·1995 

IE.-AN "Process Technology and Device Built in Reliability in NOR Virtual Ground (NVGTM) Flash Memories," National 
Semiconductor, U.S.A., 111t:; 14th AI]ll).1Il11gEE tlQllvolatile ~l.:mi!<Qndu~!Q[ M!<mo!y WQrk~hQ~, Monterey, CA 
8113-16 1995 

_~AO "High Density 'AND' Cell Technology for 32Mbit Flash Memory," Hitachi, Japan 1 Mitsubishi, Japan, The 14th 
Annual IEEE Nonvolatile Semjcnnnndm Memorv Workshou. Monterey, CA 8/13-16 1995 

..lE.-AP "Effective In-Process Plasma Damage Screening of Tunnel Oxide for Nonvolatile Memory Applications," 
Motorola, U.S.A., Ihe Hth AlillugllEEE NQDYQl!!tile ~1.:!l1i!<Qndu~tQr Ml;mory WQrksbQ~, Monterey, CA 8/13-16, 
1995 

~AQ "Sidewall Sealing Effects on Flash EEPROM," SGS-Thomson, Italy, The 14th Annual IEEE NQllyo]atile 
Semiconductor Memorv Workshop. Monterey, CA 8/13-16 1995 

EXAMINER TRONGPHAN DA TE CONSIDERED 11/IS/99 
rnlM"n I I:;IV"\MII'Il:;n 

EXAMINER: Inilial if reference considered. whether or not citation is in confonnance with MPEP 609; Draw line through citation if not in conformance and not 
consid~red. Include copy of this form with next communication 10 applicant. 

Sf' 221973 vI 
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1:1 

I hereby certify that ti. respondence is being depogited with the United 

State~ Postal Service as first class mail in an envelope addressed to: 

Assistant Commission~r for Patents 

Washingwn, D.C. 20231 

TOWNSEND and TOWNSEND and CREW LLP 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

ALI POURKERMATI 

Application No.: NEW 

Filed: May 25, 1999 

For: SERIAL FLASH MEMORY 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Examiner: 

Art Unit: 

Unassigned 

Unassigned 

PRELIMINARY AMENDMENT 

Prior to examination ofthe above-referenced application, please enter the 

following amendments and remarks. 

IN THE CLAIMS: 

Please ca~ims 1-7, and add new claims 11-13. For convenient reference, 

all pending claims are reproduced below. 

, A1l'array offlash memory cells comprising: 

2 lurality of columns of serially connected flash memory cells, each 

3 memory cell having a gate 
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ALIPOURKL .AT! 
Application No.: NEW 
Page 2 .' 

PATENT 

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 

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 

10 a plurality of source select transistors respectively coupling a source side 

11 of said plura 'ty of columns of memory cells to a logic low voltage, and having gate terminals 

12 ce select control line, 

13 wherein, during programming: 

14 

15 

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

16 ic low voltage is applied to source select control line to tum off· 

17 -··source select transistors; 

18 w voltage is applied to a selected bit line while a logic high 

19 

20 

21 

1 

2 

voltage is applied to unselected 't lines, and 

a logic high oltage is applied to unselected word lines, while a boosted 

positive voltage is applied to a select d word line. 

9. An array of flash emory cells comprising: 

a plurality of colum of serially connected flash memory cells, each 

3 memory cell having a gate tenninal; 

4 ectively coupled to drain side of said plurality 

5 of columns of memory cells via a respective plura "ty of bit line select transistors, said plurality 

6 of bit line select transistors having gate terminals co led to a bit line select control line; 

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

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

9 gate terminals; and 
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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 tenninals 

upled 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 r select transistors, 

a logic low voltage is applied to source select control line to tum off 

source select t sistors; 
\ 

\ 

a logic high voltage is applied to a selected bit line while a logic low 

voltage is applied to nselected bit lines, and 

a ogic high voltage is applied to unselected word lines, while a boosted 

negative voltage is applie 0 a selected word line. 

10. An array f flash memory cells comprising: 

a plurality 0 olumns of serially connected flash memory cells, each 

memory cell having a gate terminal; 

s respectively coupled to drain side of said plurality 

of columns of memory cells via a respective lurality of bit line select transistors, said plurality 

of bit line select transistors having gate tennina coupled to a bit lfue select control line; 

a plurality of word lines, ea one coupling to a gate tenninal of one 

memory cell in each of said plurality of columns to m rows of memory cells with common 

gate tenninals; and 

a plurality of source select transistor especitively coupling a source 

side of said plurality of columns of memory cells to a logic 10 voltage, and having gate 

tenninals coupled to a source select control line, 

wherein, during program inhibit a logic low latage is applied to said 

bit line select control line, source select control1ine, and bit lines, whi \' logic high voltage is 

applied to word lines. 
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1 t- yr. (New) A method of operating a flash memory device wherein 

2 programming memory cells is accomplished by the steps of: 

3 applying a logic high voltage to a bit line select control line to tum on 

4 bit line select transistors, 

5 applying a logic low voltage to a source select control line to turn off 

6 source select transistors; 

7 applying a logic low voltage to a selected bit line while a logic high 

8 voltage is applied to unselected bit lines, and 

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

10 

1 

2 

4 

5 

6 

7 

8 

9 

10 

1 

2 

positive voltage is applied to a selected word line. 

~ -{lct."/" L} 
:.y:~ (New) The method of operating a falM\ memory device as in c1ain¥ 

wherein erasing memory cells is accomplished by the steps of: 

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 tum 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 bo'osted 

negative VO~g~; applied to a selected word line. -{1 .... " 6' 
. /j. (New) The method of operating a f&Wt memory device as in claimK-"'" 

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

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

4 to word lines. --

TOSHIBA CORP.
EXHIBIT 1002 - PAGE 0051



III 

ALI POlJRI<E. "ATI 
Application No.: NEW 
Page 5 

PATENT 

If the Examiner believes a telephone conference would expedite prosecution of 

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

TOWNSEND and TOWNS~ND and CREW LLP 
Two Embarcadero Center, 8t Floor 
San Francisco, California 94111-3834 
Tel: (415) 576-0200 
Fax: (415) 576-0300 
BSS:sb 

SF 222691 v1 
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the date Indicated below. 

(Slgna1ure) 

(Date) 

DATE MAILED 

09/3:l13·,200 006 F'HAI\I·, T 1 :1/16/")9 

Ars! Named 
Applicant 35 USC 154(b) term ext. I) 1>,::lVS. 

TITLE OF 
INVENTION SERIAL FLASH MEMORY 

AnY'S DOCKET NO. CLASS-SUBCLASS APPLN. TYPE SMALL ENTITY FEE DUE DATE DUE 

LIT IL.l TY :;j:;60"':i .. 00 0:;;:'/16/UO 

2, For printing on the patent front page,lIst _~ '''I _) \j 
(1 ~ the names of up to 3 registered palent A _- I \"1 ,_,' 

1, Change of correspondence eddres8 or Indication of" Fee Address" (37 CFR 1.383). 
Use of PTO form(s) and Customer Number ara raoommendOO, but not required. 

o Chanlle of correspondenoe address (or Change of Corre8pondence Address form 
PTO/SB/122) attached. 

at. 'meY8 or egents OR, alternatively, (2) \J :l r \ I ~ .' C 
th name of a single firm (having e8 e I "2. r\ Q H c iJ 
m, _iber a registered attomey or agent) 2 --f:f:cfC\~.,t-a!-\I,'--;!'M\'~4-::L:..::._-
and the names of up to 2 registered patent U U o "Fee Address" Indication (or "Fee Address" Indication form PTO/SB/47) attached, attorneys or agents. If no name Is IIsted,no -- ',. ") ri r-' I 

j' ", .' \ ," I' t.l ll. ,_ ~ .' name will be printed, 3 . r ::'!_ ',,1' ,. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 
PLEASE NOTE: Unlese an asslgnea Is Identified belOW, no assignee date will appear on the patent. 
Inoluslon of a8slgnee data Is only approplate when en assignment has been previously submltled to 
the PTO or Is being submltled undar sepereta cover. Completion of this form Is NOT a subsltltue for 
filing an aS8lgnment. 

(A) NAME OF ASSIGNEE Azalea Microelectronics 

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

Plellse check the appropriate assignee cetegory Indicated below (will not be printed on the palMI) 

o Individual :J9Ccorporetlon or other private group entity 0 government 

48. The following fees are enclosed (maka check payable to Commissioner 
of PalMts and Trademarks): 

o Issue Fee 

[J Advance Order - #I 01 Coples _____ _ 

4b, The following fees or deficiency In these lees should be charllsd to: 

DEPOSIT ACCOUNT NUMBER----2-0--l-4-JO---­
(ENCLOSE AN EXTRA COpy OF THIS FORM) 

ru Issue Fee 

kJ Advance Ord!lr -/I of Copl!lS~~ ____ _ 

The COMMISSIONER OF PATENTS AND TRAD~MARKS IS requa8tad to apply the Issue Fee to the, application Identilled above. 

(Date) 

--------,- / - 2.J$ - (.. U 

NOTE; The Isaull File will not be aooep tid fro anyone 0 filirthan the appllDi\nt; a registered attomey 
or agllnt; or the assignee or other party In Interest as shown by the records of the Patent and 
Trademark Office. 

Burden Hour Stafamenf: This form is estimated to take 0.2 hours to complete, Time will vary 
depending on the needs of the individual case. Any comments on the amount of time required 
to complete thle form should be Sllnt to the Chief Informetion OHicer, Patent end Trademark 
Office, Washington, D.C. 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND FEES AND THIS FORM TO: Box Issue Fee, Assistant Commissioner for 
Patents, Washington D.C. 20231 

Under the Papery,oork Reduction Act 01 199!'i, no persons are required to respond to a collection 
of Information unles!:I It displays a valid OMB control number. 

TRANSMIT THIS FORM WITH FEE 
PTOL-85B (REV~ 10-96) Approved for use through 06130/99. OMB D6!'i1-DD33 

(M:'j .. \'v L!i 
.iii.iil) \ rl 

Pat.nt .nd Trademark otflOIl; U.S. DEPARTMENT OF COMMERCE 
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OTT'ICIAL COMMTTFICATION

F'OR TIIE STATUS AND ENTITYBRANCTI

CERTIFTCATION OF FACSIMILE TRANSN{ISSION

lh:*f-91tilnar rhe foltowingdoguyaginreAnplioation of,09/318,200, filedMay25, 1999for SERIAL ELA'SH MEMoRYare being racsim e'timsrnittea to the parent and rrademark oIficeon the date shown below.

Documqnb Attached

Transmittal FoIm (l page)
Notifcation ofloss of Entitlement to Sms[ Entity Status (l page)

Number ofpages being Farrsrnitted, includiug this page; 3

Dated: Iune 21. 2005

PLEASE CONFIRM RECEIPT OF THIS PAPER BY
REnTRN FACSTMTLE AT (4 r 5) s 7603 00

TOWNSEND and TOWNSEND and CREWLI.P
Two Embalcsdero Center, Eighth Floor
San Francisco, CA 94lli,41a4
Telephone: 41 5-S?6V2OO
Fax: 415-576-0300

6@466t Yl

o--t)D45
hrorzoos

0300

PTO FAXNO.; 703-308-5072 {i{ 1O3 g}1 l}ob
ATiENION; TrongepIIAN

Atty Docket No. 022193-120I2OUS

Croup Art Unit: 2818

I.
2.

PAGE ra' RcvD at 6'291?005 3:09:5/t pm llastem Dayttg Tnn€l r avRrusFTsEFxRf.t/2. DMa:8?29s00.ca'{,s 5zr oa.o. DURArorr (rrn-ss):01.10

-
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r--J under 37 CFR t.52 or t.59

D|.anlng(r)

LlccFlng<Elstsd Pgpsrs

Patiltm
Potltil'l io cor,twrt lo .
P.wblonot Atpnc.don
Pou,lr ot Aeo|lrcy, Rstgcgdon
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(+P..r [orb., Brht, R.Fy Eito

PFpridtary hbarnetjon
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bolq'Y):

Nodncabn of l-oBs of Entifam6rt b gmall
Enlity Stair.|8

n
n
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tr
X

CERTIFICATE OF TRANSJIITS{IIONIHAILING

r. hereby c".ttrv rt.| tn6 con."rfilderE. b bcrno fscstrnle tra lmnbd to th€ t spro at ff03) 30&$77 0ntho dab 6ho,ntt belore- .^r q.D3) E? z-tloc
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I he€by cerdfy hat 0is cfi€spordenc€ is bdng fansmltted lo the iJSPTO

atl€otim SlEtus and Ent'ty &a|Eh via facsimlle b rr€ follo ing numbet:

IN TITE UMIED STATES PATENT AND

In re applicatioa of

Serial Number:
Filed:

Patent No.:
Igsued:

P.O, Box 1450
Alexandrig VA 223 1 3-1450

Sir:

FA.X 415 lzo Oroo

09/318,200
May25,7999

6,058,U5'/
lvlay2,2O00

Fon SBRIALFLASHMEMORY

Patents

@ 003/003

NECEIVED
CEMRAL FAX CENTER

JUN 2I2m5

Dockct No.: 022793-

OFFICE

: TmngQPHAN
2818

LOSS ENTITLEMENTTO

is hereby given rhat small endty

application. Please floto

OF

Pursuant to 37 C.F.R, t.2z(g)(2),

status is no longer appropriate in connoction with the

that the owner ofthe above rofere,nced patetrt now as LARGE entity.

Jewik
Rcg. No,40,

TOWNSEND andTOWNSEND and CREW I.LP
Two Embarcadero Centcr, 8th Floor
Sau Franoisco, Califomia 941 I 1-3834
(415) s76-0200
Fax (4r5) 576-0300
PRJ/KIf
60526644 v1

PAGE tf3 ' RCVD AT 612912005 3:09:51 PM Faltcm D6y'hht flme! . SVR: USPTo.!FXRF.||2 . D tS:g?29300 .

r/03) 308.5Or ?o3 8?" 13o(,

-
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~~: -------------------------- Application or Docket Number 

PATENT APPLICATION FEE DETERMINATION RECORD 
Effective November 10, 1998 

CLAIMS AS FILED - PART I SMALL ENTITY 
TYPE c:J 

FOR -----~ .. 
BASIC FEE 

TOTAL CLAIMS 

INDEPENDENT CLAIMS minus 3 = .... 

MULTIPLE DEPENDENT CLAIM PRESENT 

.... If the difference In column 1 Is less than zero, enter "0" In column 2 

CLAIMS AS AMENDED - PART II 

PRESENT 
EXTRA 

= 

PRESENT 
EXTRA 

PRESENT 
EXTRA 

= 

• If th~ entry In column 1 Is less than the entry In column 2, write '0' In column 3. 
- If the "Highest Number Previously Paid For" IN THIS SPACE Is le99 than 20, enter "20." 
-If the "Highest Number Previously Paid FOr" IN THIS SPACE III I98S than 3, enter "3." 

X$9= 

X39= 

+130= 

SMALL ENTITY 

ADDI-
RATE TIONAl 

FEE 

X$9= 

X39"" 

+130= 

TOTAL 
ADD IT. FEE 

ADDI-
RATE TIONAl 

FEE 

X$9= 

X39= 

+130. 

TOTAL 
ADDIT. FEE 

ADDI-
RATE· TIONAL 

FEE 

X$9= 

X39C1 

+130= 

TOTAL 
ADDIT. FEE 

OTHER THAN 
OR SMALL ENTITY 

FEE 

760.00 

X78= . ......-. 

+260 .. 

TOTAL 

OTHER THAN 
OR SMALL ENTITY 

ADDI-
RATE TIONAl 

OR ·X$18= 

OR X78c 

OR +260= 

OR ADDIT. 

ADDI-
RATE TIONAl 

OR X$18 .. 

OR X78= 

OR +260= 

ADDI-
RATE TIONAl 

OR X$18::t: 

OR X78= 

OR +260= 

The 'Hlghest Number Previously Paid For" (Total or Independent) Is the highest number found In the appropriate box In column 1 . 

(Rev. 11/98) 
Patent lind Trlldemark OtflC6, U.S. DEPARTMENT OF COMMERCE * u.s. OPO:1B90,~5~-013/90301 
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- r ISSUE SLIP STAPLE AIlliA (for additional crOSS$fe17,!).ces) 

-'---'~"'---

POSI110N INmALS ~DNO. DATE 
~ " - --- /' 

('.. ,,II! ?\I L ,.,('1 

FEE DETERMINATION ~- L_ (/({/( fj Lr_ IYJ 
OJ.P.E. CLASSIFIER 

~ 

( L1 -i; ~ 9!.- (.( q 

FORMALITY REVIEW i()«<)K (o-{5 -YLJ 

INDEX OF CLAIMS 
II' ................................. Relected N ................................. Non .. eloctttd 
:m ................................. Allowed I ................................. Intorf~r(li'/ce 
- (Through numeral) ... Canceled A ................................. Appeal 

................................. Restricted 0 ................................. Oblor.ted 

Claim Oatil Claim Datil Claim Date 

~: 
,I.~ 

~ i ~ 
, 

Ii: qq is -.- 51 101 
52 100 
~3 100 

54 104 
5 55 105 

56 106 

- 57 107 

t { -- 58 100 

1-.rn 59 100 

1(3 1 60 ~10 
14,(f 61 111 
if 12 62 112 

l<.i 1 3 :.,. 63 11:3 
14 64 114 
15 $ 115 
16 66 116 
17 67 117 
18 ,r" 68 118 
11J 69 119 
20 70 ~20 
21 71 121 
22 72 22 
23 '- 73 12:3 

J 24 74 124 

V 25 75 125 
26 76 26 
27 77 127 
28 78 128 
29 79 29 

\ 
30 80 ~30 
31 81 131 
32 82 ~32 
33 83 ~3~ 
34 84 1~ 

35 85 13~ 

36 86 ~3e 

37 87 ~31 
-+-- ,-

38 88 
" ..... _ .. " 

38 
39 89 ~3B 

1--

40 90 ~4a 
41 91 141 
42 . 92 14~ 

43 93 14 

( 44 94 14~ 

45 95 45 
( 46 ' 96 4(l 

47 97 41 
48 98 4e 
49 99 14~ 
50 ~OC ISC 

'\ If more than 150 claims or 10 actions 
staple additional sheet here 
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SEARCHED SEARCH NOTES 
(INCLUDING SEARCH STRATEGY) 

Class SUb. Date Exmr If""'" 
" 

Date Exmr. 

36S 185 117 11/ls/91 /If 
IS:;-,/g 

I'L~, 2...Cj 

/8,(. j3 

/ 

J 

INTERFERENCE SEARCHED/l 

Class Sub. Date 
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