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PATENT 

Attorney Docket No. 017822-00011 

--------~ 
..----- SERIAL FLASH MEMORY 

BACKGROUND OF THE INVENTION 

The present invention relates in general to semiconductor memories, 

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

manufacture. 

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-l and the channel, and a 150 to 300 Angstroms thick film 

made of an oxide-nitride-oxide (ONO) 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 threshold 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.· 

10 

III 

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

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

region 104 is subj ect to very high erase voltages (V pp), this cell requires a 

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

source region 104 is made deeper tha~ the drain region 106 and has a higher 

doping concentration. The high-voltage junction requirement results in a more 

complex and therefore more expensive process. Further, the high-voltage 

junction requirement results in a cell that is not scaleable. That is, the high­

voltage diffusion to high-voltage diffusion 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 pp voltage ~o 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 lower the endurance of the 

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

voltage between the control gate 102 and tne 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=-Vpp) while the source terminal connects to the positive power 

supply voltage (typically 3 to 5 volts). This allows the source junction to be the 

same size as the drain junction, and eliminates the high-voltage junction process 

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

10 and still suffers from the hot hole injeetion 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 variatiohs 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. 
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SUMMARY OF THE INVENTION 

The present invention provides a novel scaleable flash memory cell 

structure and method of manufacture that in:proves 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. 

10 

Broadly, the flash cell ac~ording to the present invention limits the 

tunnel oxide to a window having dimension~ 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 

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 oxide layer define 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. 

TOSHIBA CORP.
EXHIBIT 1003 - PAGE 0009



,.....---.,., 
, ' 

5 

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. 

ti.llq 
'-f 

00 
• .0 
nJ 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an exemplary prior art double poly stacked gate 

single transistor flash memory cell; 

-jjl 

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 formed; 

( 

1/) 
"i,.l. ,. 

In 
1-S 
0'1 

20 

Figure 3 jllustrates 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 formed, respectively. In a preferred 

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

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

10 region 23 such that it has a first region 23Aunder gate poly 25 (Le.,' over the 

channel) and a second region 23B over drain 21. The overlap region 23B of 

~ 

o 
\0 
o 
+ 
.~ 
\~,l 

20 

tv 

25 

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 

completion 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 increas~s the gate capacitive 

coupling ratio of the cell allowing faster operation. Furthermore, in the preferred 

embodiment shown, tunnel oxide window 23 as thus formed is separated from" 
~ olfA M"'1..!lS6 ' 

the field oxide./tffit shown). and has no edges abutting field oxide, eliminating 

potential leakage caused by defects at the field edge. Tunnel oxide window 23 
:nA ~~2e, 

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 

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 embodiment of the present 

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

TOSHIBA CORP.
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diffused into a p-well region 208, and the drain region for one cell acts as the 

source for the adjacent cell. That is, N+ region 211 forms the source terminal of 

cell 200-1, N+ region 209 forms the drain terminal of cell 200-1 as well as the 

source teoninal 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 (Le., does not abut field oxide) 

which helps increase endurance. The active area surrounding the tunnel window 

10 

, 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 chan?el region (26 in Figure 2B) is covered by 

both tunnel oxide window 210 (23A in Figute 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-1 201 and 

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

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, 

for example, 500 Angstroms, with typical grain size at th~ 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 201li02 and silicided poly-2 

25 layer 206/207 are separated by, for example, 150-200 Angstroms thick 

Oxide-Nitride-Oxide (ONO) 20312041205 dielectric stack. The memory as thus 

30 

constructed includes a structure having a substrate>well>tunnel oxide>poly-

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

approximately 0.28-.34 Ilm. 

Cell Process Flow 

TOSHIBA CORP.
EXHIBIT 1003 - PAGE 0012



, , 

, I 

8 

The cell formation according to one embodiment of the present 

invention begins with a p-type silicon substrate 214. After the typical CMOS 
~II 

steps forming N- and P-well regions, active, areas (~ 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 

10 

25 

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

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

doped p-well. 

After resist strip and an oxide clean step, gate oxide 212 is formed 

by growing a high quality thermal oxide (e.g., 150-190 Angstroms thick) all over 

the wafer. This is followed hy a cell threshold voltage -(Vt) adjust mask and an 

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

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

resist is stripped. 

The wafers are then masked to form tunnel windows 210 for the 

memory cells. This mask is a critical mask as this term is 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. 

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 examflle 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 

~o a wet oxidation to cover the nitride surface with 30-50 Angstroms of blocking , 

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

10 

20 

25 

30 

\' .. " :i 

series of steps forms ONO layers 2031204/205. 

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 polysilicon/ONO/gate 

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

the high voltage (RV) 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 2011202 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 

enhancement transistors. The high voltage implarit could be for example a 

Phosphorus 31 implant 5E13-5EI4 #/cm2 or a double-diffused 

Phosphorus/arsenic combination implant. 

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

to a low voltage threshold ,adjust mask or blanket, and implant sequence followed 

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

TOSHIBA CORP.
EXHIBIT 1003 - PAGE 0014



I 

, j 
I 

, , 

10 

the periphery active areas. The wafers are then covered with approximately 1.5 

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 WSix 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. 

10 

o 
\ll 
Cl 
,+= 
\D 
\,1 
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-lItunnel sandwich '200. After the etch, wafers are cleaned to , -

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

transistors are covered with resist 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 contacts 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-l mask is then 

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

etched using the pad mask. 

Cell Electrical Design 

In a preferred embodiment of the present invention cells are 

programmed (e.g., high cell Vt) and erased (e.g., low cell Vt) by Fowler 

N ordhiem tunneling to and from the same tunnel window on the drain side. The 

. various modes of operation, including programming, erase and read will be 

described in connection with the exemplary memory array circuit shown in 

Figure 4. Referring to 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-WL15) and 16 bit lines (BLO-BL15). Bit line select transistors 404 

respectively couple bit lines BLO-BL15 to memory cells 402. Source select 

transistors 406 couple ground (or V ss) 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 temiinals of source select transistors 406. 

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

operations for an individual cell according to the present invention. 

Table I 

Control Line Erase Program Read Condition 

BSL Vee Vee Vee Selected 

SSL Vss Vss Vcc Selected 

BLO Vee Vss 1.0-1.4V Selected 

BLI Vss Vee O.SV Unselected 

WLO Vee Vee Vee Unselected 

WLI -12 to -15V l5-20V Vss Selected 

,30 Erase Operation: 

, 
i 
\ (. 
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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 a 

voltage approximately equal to Vcc (e.g., Vcc-2Vtn tt) 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 

o 
0) 
bJj 

10 

ru 
en 
U1 
'..J15 
Ui 

o 
~D 
o 
"\= 
~ 
"'~ 

20 

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

This results in a reduced threshold voltage for the cell. 

The bit line voltage lever is sel~cted 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 ceIl of the present invention and 

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

be as low as 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 

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

Conventional memory cells, such as single transistor ETOX cells, however, doo 

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

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

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

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 tight 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. 

5 Typical erase current depends on the block size and is of the order 

10 

of a few mAo The erase speed is primarily a function of the field across tunnel 

oxide which can be, for example, approximately 8.5 to 10 MV/cm to achieve 

block erasure in less than for example 1 msec. 

Programming operation: 

The programming operation is done by applying a high voltage 

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

line (BLO), while the unselected bit lines (BLI-BL15) are at Vcc. Referring to 

Figure 4, to program memory cell 402-C, a high voltage of for example 15 to 20 

volts is applied to 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 line SSL remains at 

VSS and unselected word lines WL2-WL15 receive VCC, Thus, the cells are 

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

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

The typical programming current for the memory cell of the present 

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

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

around 1 mAo The lower programming current requirement of the present 

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

compact overall design. 

30 
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Another advantageous feature of the present invention is that it 

provides for the ability to erase and/or program on a byte by byte basis. Because 

neither erase nor programming operations require shifting the potential supplied 

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

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

10 

20 

Read Operation; 

The read operation is accomplished by grounding the selected word 

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

selected bit line BLO. Unselected bit lines (BLI-BLI5) 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 (Le, high Vt), then the 

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

not programmed (Le., low Vt), selected bit line BLO is pulled down to Vss. 

Finally, when changing from one mode (e.g., erase) toanother (e.g., 

program, the memory array first enters the progfam inhibit mode of operation, 

The program inhibit mode avoids accidental programming of the cell during the 

transition from one mode of operation to another. In program inhibit mode, 

according to the present invention, the entire array enters an unselected condition 

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

25 In conclusion, the present invention offers a single transistor, 

double-poly flash cell and a method of manufacture for the same that improves 

data retention, increases capacitive coupling and speed of operation, and 

improves reliability among other advantages. While the above is a complete 

description of the preferred embodiment of the present invention, it is possible to 

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 equivalents. 

TOSHIBA CORP.
EXHIBIT 1003 - PAGE 0020



· ' 

1 

2 

3 

4 

16 

WHAT IS CLAIMED IS:' 

~
memory cell comprising: 

a so ce region and a drain region forming a channel therebetween; 

a chann dielectric layer disposed on top of said channel; 

a floating p silicon layer disposed on top of said channel 

5 dielectric layer, said floating olysilicon layer and channel dielectric layer 

6 defining a window within an are of said channel wherein a thickness of said 

7 ' channel dielectric layer in said windo is smaller than that of a remaining 

portion of said channel dielectric layer; a 

a control gate layer disposed on 

floating gate layer by a dielectric film, 

of and separated from said 

wherein said window is located ort a drai ide of said channel. 

2. The memory cell of claim 1 wherein a dimension of said 

~2 window is of minimum process feature size. 

3. The memory cell of claim 1 further comprising field 

,~ dielectric layer substantially surrounding first arid second sides of said channel, 
~q 

3 and wherein, said window has no sides abutting said field dielectric layer. 

1 4. The memory cell .of claim 1 further comprising filed 

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

3 and wherein said sides of said window, abut said field dielectric layer. 

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

2 layer comprises silicon dioxide material, said control gate layer comprises 

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

4 sandwiched between first and second silicon dioxide layers. 

\\ \ 
I \ 

\ 
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6. The memory cell of claim 5 wherein said control gate layer 

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

7. An array of flash memory cells, comprising: 

a plurality of memory cells as defined in claim I arranged in a 

plurality of columns, each column of memory cells comprising: 

a bit line select transistor having a first current-carrying 

terminal coupled to a bit line, and a gate terminal coupled to a bit line 

select control line; 

a predefined number of memory cells coupled in series with a 

drain end coupling to a second ~urrent-carrying terminal of said bit line 
" 

select transistor, said predefined number of memory cells being serially 

coupled such that a drain node of a memory cell acts as a source node of 

an adjacent memory cell; and 

a source line select transistor having a first current-carrying 

terminal coupled to a source end of said predefined number of memory 
',""t-

cells, a gate terminal coupled to a source select Hen and a second current 

carrying terminal coupled to a low potential. 

8. An a ay of flash memory cells comprising: 

a plurality 0 columns of serially connected flash memory cells, 

3 each memory cell having 

4 a plurality 0 coupled to drain side of said 

5 plurality of columns of m mory lIs vi a respective plurality of bit line select 

6 transistors, said plurality f bit li e se ct transistors having gate terminals 

7 coupled to a bit line select contro ine; 

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

9 one memory cell in each 0 said plurality of columns to from rows of memory 

10 cells with common gate ter inals; and 
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~ 

a plurali y of source select transistors respectively coupling a source 

side of said plurality f columns of memory cells to a logic low voltage, and 

having gate terminal coupled to a source select control lirie, 

wherei , during programming: 

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

tum on bit line sele t transistors, 

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

a 10 ic low voltage is applied to a selected bit line while a logic 

high voltage is a plied to unselected bit lines, and 

a 1 gic high voltage is applied to unselected word lines, while a 

boosted positive voltage is applied to a seletted word line. 

9. An array of flash memory cells comprising: 

a lurality of col ns of serially connected flash memory cells, 

each memory c 11 having a g 

a lurality of bit resp ctively coupled.to drain side of said 

plurality of col s of metno a a respective plurality of bit line select 

transistors, said plurality of bit 11 e select transistors having gate terminals 

coupled to a bit line select control 

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

one memory eel in each of said plurality of columns to from roWs of memory 

cells with com on gate tenninals; and 

a p urality of source select transistors respectively c(')upling a source 

side of said plur lity of columns of memory cells to a logic low voltage, and 

having gate ter ·nals coupled to a source select control line, 

a 10 ic high voltage is applied to said bit line select control line to 

tum on bit line sleet transi,tors, 

a 10 ic low voltage is applied to source select control line to tum 

off source select t ansistors; 
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a logic high\oltage is applied to a selected bit line while a logic 

low voltage is applied to u selected bit lines, and 

a logic high v ltage is applied to unselected word lines, while a 

boosted negative voltage is pplied to a selected word line. 

10. An arra of flash memory cells comprising: 

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

3 each memory cell having a gate terminal; 

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

plurality of columns of me via a respective plurality of bit line select 

transistors, said plurality 0 bit I ne s ~ect transistors having gate terminals 

coupled to a bit line selec 

a plurality 0 one coupling to a gate terminal of 

one memory cell in each f said pI ality of columns to from row.s of memory 

cells with common gate t mlinals; an 

a plurality 0 source select transistors respectively coupling a source 

side of said plurality of c lumns of memory cells to a logic low voltage, and 

having gate terminals cou led to a source select control line, 

wherein, dur ng program inhibit a logic low voltage is applied to 

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

logic high voltage is appli d to word lines. 
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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 size located over the drain side of the 

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

10 edges abutting field oxide. 
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Attorney Docket No. 17822-1-1 

DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I declare that: 

My residence, post office address and citizenship are as stated below next to my name; I believe I am the original, first and sole 
inventor (if only one name is listed below) or an original, first and joint inventor (if plural inventors are named below) of the subject 
matter which is claimed and for which a patent is sought on the invention entitled: SERIAL FLASH MEMORY the specification 
of which J- is attached hereto or _ was filed on _ as Application No. _ and was amended on _ (if applicable). 

I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any amendment 
referred to above. I acknowledge the duty to disclose information which is material to the examination of this application in 
accordlqlce with Title 37, Code of Federal Regulations, Section 1.56. I claim foreign priority benefits under Title 35, United States 
Code, Section 119 of any foreign applications(s) for patent or inventor's certificate listed below and have also identifiect below any 
foreign application for patent or inventor's certificate having a filing date before that of the application on which priority is claimed. 

PrIor Foreign Appllcation(s) 

Priority Claimed 
Country Application No. Date of Filing Under 35 USC 119 

Yes No 

Yes No - -

IJI 
I h~by claim the benefit under Title 35, United States Code §119(e) of any United States provisional application(s) listed below: 

" en Application No. Filing Date 

Ci 601025,698 September 9, 1996 

clj 
(:) 
,.j:: 

I c~m the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and;, insofar as 
the~~bject matter of each of the claims of this application is not disclosed in the prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, Section 112, I acknowledge the duty to disclose material information 
as defmed in Title 37, Code of Federal Regulations, Section 1.56 which occurred between the filing date of the prior application and 
the national or PCT international filing date of this application: 

Application No. Date of Filing Status 

- Patented _ Pending - Abandoned 

- Patented _ Pending - Abandoned 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attomey(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark Office connected therewith.' 

Babak S. Sanl, Reg. No. 37,495 

Send Correspondence to: 
Babak S. Sanl 
TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, CA 94111-3834 

Full Name Last Name 
of Inventor 1 POURKERAMATI 

.. ' 
Residence & City 
Citizenship Palo Alto 

Post Office Post Office Address 
Address 580 Channing Ave. 

~~ 
Name Last Name 

nventor 2 

RWidence & City 
dillzenship 

~IOffice Post Office Address 
ress 

FUll Name Last Name 
oMnventor 3 
~ ~!.~ 

City ~,idence & 
¢iV~nship 

~t Office Post Office Address 
,A hress 

Direct Telephone Calls to: 
(Name, Reg. No., Telephone No.) 

Name: Babak S. Sanl 
Reg. No.: 37,495 
Telephone: 415/576-0200 

First Name 
ALI 

State/Foreign Country 
CA· 

City 
Palo Alto 

First Name 

State/Foreign Country 

City 

First Name 

State/Foreign Country 
'. 

City 

Middle Narne or Initial 

Country of Citizenship 
U.S. , 

State/Country Zip Code 
CA 94301 

Middle N arne or Initial 

Country of Citizenship 

State/Country Zip Code 

Middle Name or Initial 
, 

Country of Citizenship 

State/Country . Zip Code 

I further declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made With the knowledge that willful false statements and the like so 
made are punishable by fIne or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, ,and that such willful 
false statements may jeopardize the validity of the application or any patent issuing thereon. 

Signature of Inventor 1 Signature of Inventor 2 Signature of Inventor 3 

ALI POURKERAMATI 

Date Date Date 
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Serial No.: 08/926,576 
Page 2 

PATE1 

of this application, or credit any overpayment to Deposit Account 

No. 20-1430 for this paper and during the prosecution of this 

application. This Transmittal Letter is submitted in triplicate. 

Bal5ak S. 
Reg. No. 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, California 94111-3834 
(415) 576-0200 
Fax (415) 576-0300 
BSS:db 

i:\bss\share\azalea\l\-lmsng.pto 

submitted, 
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Attorney Docket No. 17822,1-1 

DECLARA'nON 

a below narned illvc:ntor, I declare that: 

residence, post office addn-:ss and citizenship are as ~tated bl;llow ne"t to my name; I believe I am tht'l original, fitst and ~ole 
[or (If only one name is ll$tedbelow) or an original, first and joint inventor (if plurallnvtmors are natned below) of the subject 

whlch is claimed and for which a piHent is sougtJt on [he invention entitled: SERIAL FLASH MEMORY the specification 
. which _ is attacbe4 hereto or ...1L was filed on 9111S1Z as Appllcahon 1\'0. 0.8L926.576. and Willi amended on _ (if 

applioable) , 

.r have revI~wed ,and undersland the contents of the abOve ide,ntlfied specifICation, including the claim." as amended by any amendment 
" ,"referred to 'above. I acknowledge the duty to di~cloge lllforrnation which i5 material to the examination ofthis application in . 

aceorJanc' ',vith T~tle 37, Code of Federal RegulatIOns, SectiOn 1,56. I clalm foreign priority benefits under Title 35, United States 
Code l,'ll.' .lOn 119 of My foreign applicarions(s) for piltenl or inVtn.tor l s certificate listed below iUld have also identified below any 
foreign apphcation for patent or inventor's certificate havm, a Wing date before that of the application on wblch priority is claimed 

Prim- Foreign A pplic(Jtion(~) 
~.--.-" 

I I CoulJIry 
('" ----

,.---------.--- ---.,---(----.--~--------. 

!\PPliCa[_iO_n_N_O_. __ ~1 ~_[_)~ZlI_~_()_f~F~~!_ng ___ . 

Pdonty Churned 
Undcr 35 USC 119 

y~~ No t--._-_. 
I ... _________ ---'--__ - _______ L __ ~ Yes No 

I .lercby claim the benefit under TItle 35, UOlted S[atc~ C(,de 9119(c) of a."~ United Stares provisional applic<ltion(~) 1i~led below: 

- Appl'''''''," ~" __ ~~i1'n_g-D-a-te-----l 
60/075 ,698 £9i 9/96 

"-------'1_- - ._---~ 

--.--- ~- .. -. 

iLiiiUl thr: benefit under Title 35, United States C()de. S~C:1JOll 120 of any United States application(s) listed below and, insofar as 
\ Ij!~ ,_,ubjec( ruart~r of each of th~ claim.s 01 this applkill1or. is not discl!)~ed in the pnor United Slates appllcmiol'l 111 lh(~ manner 
(i,:,':lded by the first paragraph of Title 35, United State3 Code, ~ecrioo 112, I acknowledge th~ duty to disclose material information 
'"I --'lined in Title 37. Code of .Federal Regulations. ~ecti,:ln 1- 56 wh.icb OC('Ulrea bet .. veen tbe fllini dale of Ihe prior appJ ication and 
II" II~rlonai or per international filing dll.tl: of thi~ Clppllt'ltior,: 

P:I;: I 
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. 0 ~ j (I 4 , ~;i'J WED 16: 11 FAXll 5 S·,,''', 

FuJI Name 
of Inventor 1 

, Residence & 
Citi:;enship 

POSt Office 
" 'Address 

Full Name 
of Inventor 2 

Residence & 
Citl7.enship 

Posr Office 
Addre.,s 

JPull Name 
of InvM!or 3 

, . 
'.,..:.,..! 

Last Name 
POURKERAMATI 

City 
Redwood City 

Post Office Address 
3979 Brookline Way 

Last Name 

City 

Post Office Address 

Last Name 

11': 

First Name 
ALl 

S!<lte/Foreign Country 
CA 

City 
Redwood City 

First Name 

State/Foreign Country 

First NiJl.le 

Middle Nrune or Initial 

Country of Ci[j:renship 
U.S. 

State/Country 
CA 

Zip Code 
94062 

Middle Name or Initial 

Country of Citizenship 

State/Country ZIP Code 

Middle Name or fllitlal 

----.............. ,.~-.--.. -----.-,-- . -.---~~- -'---". 
Re~ide:(Jl\': & 
Citizenship 

;"ost Ofl'I{~I; 

Address 

('i,l.y 
St.lte.'FOl;'t;'ign Country Cowttry of C'itit~nship 

CJly ,State/Country Zip Code 

,mher de.::larc l!hll iiJj ~(Q(ernem:; tllJde herem ;/ 1,1\' C'\~11 l.Jll",>;lt.G>:~ are Ir'J(~. ;:11(\ that all slatelTler.(s made on infonnatlOll and be.jje{ 
. btllievt;'d to t-,,~ trw:, and funher that rhese slJ.le'l,'~nrJ V/(:Ie Tllajl~ \\'ill\ thl' knowJedge !:hat willful false statements arId the hke so 
k an:. pUJ1i:"h;,L>k by tiD\,: or imprisonth(lnt, ur L',:>1h. uuj::, s(;'ct;on J001 of Titl\' 18 afille United States Code, and that such wlllful 

.', slalem!'!'l:" nl<l;1 ieop3l"di:v~ the validity f>t tlw ,WPilr"Il,'ll c,; aD~' pJteul issu;llg rhet~on. 

---'---------""-:'--.., 
Signature of luvemor 3 

Date 
-- .. ----'---~----< 
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I II 

I ~, \ ' , 
t) 1. 

~n08 

A tty , )Jocket No. 17822-\-\ 

•.• ---.-----~---, _______ ..L... __ _'" __ . ______ _ 

declare that I am; 

I J the owner of the sillall buslnesJ ;;UII~f [\l idenliril:d be!O\li: 
[Xl an oftlcial of the :lmall buSintss cOI':;el'l1 tmpo'}".ered to <lei un behalf of tht concern identified below: 

, me of Small Busin;:ss Concern: t\zllle~ \1kroel!jc~:,-ws..:U:~~_ _ ... _______ ._ 
s:; of Sm3ii HllsinegS Concern: 2!lli.Q Olcott Slre~!, <;;ui~~ ; 1f\.D ________ .. ___ . ___ .. ___ ,_, .. _'" ______ ... ,_, ______ _ 

S~ntl.~111Ia..£A, __ 9~Qi:L __________________ ~_, _____ " ________ . ___ ._ .. ___ _ 

: ) ,,:J ehy 'b_ \,,~-~ til,1i Iht: ,lbov¢-ldeotjt1ed ~m.1IlIJu>.ir\t oS ;:,l,II': r, 'II q'".i' Irr~~ )S J;mall t:~H1T1~,~ C')Il':~rn :15 defined in 13 eFR 12\ , ) , produced, 
"1711::-,, ;,')(<]'1, t;-,\, plJlpose,\otpllying l'~d\ICl'ld i~t" t-, 'j,~ ',fn':,:] ~[Jte~ P~t!f1( on;) Tr.ld~mJ~' Offi('(" in (hat the number 0' "~$otthl/! 

.. cc'n:, dl,J",jll'I" :11(mc of iu ilft\li~lr.~. duts !lot tX;~c~ :<'(, i"{'::''1< h-,r pofi"':'<;;) of this \liIll"ll(~IH. i J) the' number of ~mplo\':" "I" 'husines~ 
,,'lIcem Is Ihl: ~\'=:'JF:e (''')~[ the PI'/,vu)u; ilsul ytM l':' r.r,~ IN,:·~1. ,e ,J.~ 1';'1 ',\';1, ~,ljpl(lyd (,~ ~ tllli-tur,~. r~rt·time or hlmporilr)' b,lSl' c. :fI.'lg each 

-I 'h~. ~J" i1>r\,-;d~ <,)1 Ille' fiscal y~,lf, .I.[ll' (:' '.:1. i,,'I,'1' ~,,' .':·'·,k",:.; .. ':1" 1;':\ ',\ ;)'JI"\ 1":)C\1 (,'r,tl, dUccl!: ,ll lfJdir~C!ly. one (.Oli~l:rr, :'111' . I' has 
r.'j· .. · l. jr;~~i'~.I! +Jl<' ~)!hcr1 UI ~ Lh,(~: ~I.~r'y .)' :.J,dL\t·,. ;"}"!~I' ~.I.\r!' the" r(_r'f~t~ ;:1 ,>llIUl,j hr!~r. 

• I 

":lb,l .!",,:I;, '-,: .1:,: I I i,:..l~ LJ(:ij,,: (;1',., Ii"·; > c:\ • n' :';::;,,' ': n c, 01." c ~ ,,; (." ri';.:' L:r:-,J [,' '.J. ;:h Oil. .,rr, ~ II "" :~iJl"'" VJn[erll Idtl~tlfjf'll "h,\, ~ ,;' d.h r,:giHd 
.~' ii' ,-ntj".f1h ~11!~l;L~\"j by i,~~,t(irl.";r·, .~I'· f.J:(~.f.;~~·:~ .. lIl~. \j;-'"·,·'r~ ','I 

\h~' ;';. \., t:· 

.'. f!0 1i :'~,: :-,: 
1",1«;1.' ",> 

( 1 L.: ; :,' L ~ ! T~ I 

.:! .. ,\ -: /t'.: 

~: 'ri ;,. ;1·:1(",.~ ;. r. ,.; ::IJ r:~~jlll (·i tL1.! lfl\'~'~-,\ .. 

, ., 
L,:,J 

", .t:, :-, , ':;.' '\' ,".', "'",:.'" ."(j,'".Jll,li, CO()C<!1lI i,lr IH~~miauon h", ,J),; .1,:1.'1l> III tlle 
':'1 ~) 0' L". :':'rdh';1 IJ-:u, ~h,: mV,entOf. who wl)uJd root 'lUll!:l) J, Jil tnJc;Jenueli! 

,J:: .,;. ,"'_,':,': Il'~; ,")U!'; 11',1/ q\l~ilfy as a,m:tl! buw1(",s) lO[Jc<':rn ljr1Jer 17 CP.i< 1;, 1,II,Ll _i ': 1'1. , 'I.,::, J t Itlll r~ I :;,m 'n;,d~ th\~ 
J, ':.r :', ". -,-', :-,' '·'-,:1r.::"ll,)\1 tl'1;1l",\' ): CFR :'" 

, c:lll\,,j ,1.i\lerr.,;nr, ar~ ">id~ 
". '1,1 ~·"-:'rJ.~l ~Illiti,~~, I'~'I (·r.t:'. , " 

1 • " , • (". ~ 

LI ~\ , .. 1/,; r ,,1\ (,i "\ I' ~·,_:t·: (,' I .. : 

~..,~( lri~' ,d '-h~· r:~· t" ;'~,\'ti-;s Lt" t:lrllt··" \ ~ It'L~' .)'I:'L~: ~.~~. ,) J' r • 

. ' 1:1 " J ~;' j : i ; ,1: 1 l:n (' '~'7 i ~-, r.: 1 ~I ~ dl '; 

'-"til,!; ' . .1 :" {,f en!,;_ .:illill t'.11I1C) ~t.:lru,~ 
;~, ,i/I. I!,,\I~ l'ln 'J..flh II ~,j.i~~~I~' )1.:1 ;1 ;,:rn.a.11 entIty 

~'-1. ;ar..; Llfu{ u; ',I,~t-;;fTI('!lI,.~ nl~de h~T6~i O\ln'I' .1 fI ~jr: ,\ ,I:~_~L': ~,i..: I:l\~~ ,~f1,~ {tH~; Ll .i .... rr·',1Ihl'!S I n·lt. ,]"11 Intr1rma:lon rilld b~.;wf ar~" b~hty"d 
.. ,i 'lJrL~,': 1.1i:J\ rhe~.; :,(J;t!I'l1~ni:, """l~ n;~Cj:.: ,"If!-, ,: 1, <, .. "'.ll,;'~ "", "'Ii'fu: '1c,i,,,, ,',,' ~,". \." '.L,.' i:j,c "" :Ii,'l" .. i'( ':";;JI,',ll.,I:>~C hy fmc: .. " 

;J~I ,,',. " '.":: : '.I'~ l ,-,I J-Ilie .'" " r.l": 1".1 ''.~\., , I c',,:,f', ,,:,,) .... ,J, , ,!',j' 1,-,: ",' ;t..lltl:l< III', i,''': '. :, .!'~ ,-",;: '.';11iljil) .~ 
j ~ ; I ·dl(~I., 1'1,1'," ,..lil1. ,:r~.~'~~ .. , .. :.f~/1(',~1 ,:'(~ 

[1.,'<' 

I~ 
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I hereby certify that this correspondence la being 
deposited with the United States postel Service 85 

first class mail in an envelope oddresaed to: PATENT 
Assistant Co~i$sioner for Patents, 
~ashington, D.C. 20231, 

''-el/ ~. / 1/-- ~J ..(:: 
Attorney Docket No. 17822-1-1 

T~NSEND and TO~NSEND and CRE~ LLP 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

of: ) 
In re application 

) 

ALI POURKERMATI 
) Examiner: To be announced 
) 

Application No. : 08/926,576 ) 
) 

Art unit: 2511 

) 
Filed: 9/4/97 

For: SERIAL FLASH MEMORY 

) 
) 
) 

INFORMATION DISCLOSURE 
S:TATEMEN'I_.UNDER 
'J,7 CFR,. §,,~ • 9:- aEO §1, Q ~ 

RECE\V . 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

J\\)\i Z (: W~() 

C"e.l'"'' l~ft) ~~r'{!o ,,~i"C~ ,~* .~" Jv 
Sir: 

~ 
The references cited on attached form' PTO-1449 (copies 

enclosed) are being called to the attention of the Examiner. 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. 

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 charge such fee to Deposit Account 

No,. 20-1430. Please charge any additional fees or credit any 

overpayment to the 

TOWNSEND and TOWNSEND and CREW LLP 
T,wo Embarcadero Center, 8th Floor 
San Francisco, California 94111-3834 
(415) 576-0200 Fax (415) 576-0300 
BSS:db 
i;\bss\share\azalea\l\-l,IdS 
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FORM PTO-1449 (Modifie<4. t-.... 1 71998 ~) Attorney Docket No. Serial No.: 
~ (J 17822-1-1 08/926,576 

LIST OF PATENTS AND PUB ~~fJ r~:'~S , APPLICANT'S INFORMATION Applicant: ALI POURKERMATI 
STATEMENT -
(Uae ~everal aheets it necessary) Filing Date: 9/4/97 Group: ~ 2818 

Reference Designation u.s. PATl!jNT DOCUMBNTS 

" Examiner Document No. Date Name Class Sub- Filing Date 
Initial class (It 

Appro£!,iate) 

AA 

AB 

AC 

AD 

FOREIGN PATEN'!' DOCUMENTS 

Document No. Date Country ClalHI Sub- Translation 
class (yes/no) 

AE 
, 

, 
AF 

AG 

AlI 

OTHER ART (Including Author, Title, Data, Partinent Pagelil, Etc. ) 

..::rr.... AI "Semiconductor Memories," Betty Price, Texas Instruments USA, 2nd Ed., 1983, 
1991, John wiley & Sons, Chichester, New York, Brisbane, Toronto, Singapore, pp. 
586-604 

.::r:e.... AI "A 3.3 V 32 Mb NAND Flash Memory with Incremental Step pulse Programming 
Scheme," Suh et al. , I~E~ !IQurnal ot ~QliQ-State C;!;I,;:glJit!i!, vol. 30, No. II, 
11/95, ~. 1149-1156 

:I1!- AK "A 35 ns Cycle Time 3.3 V Only 32 Mb NAND Flash EEPROM," Iwata et al., ~ 
Journ~l ~f Solid-St~ Circuits, Vol. 30, No. 11, 11/95, pp. 1157-1162 

" 

~ AL "Advanced Salicided EECMOS Technology for Complex PLDS," Advanced Micro Devices, 
USA, Ih~ 14th'Annua;b IEEE Nonvob~t1l~ Semicondus;:tQI.: M~l!!Qry worksbQ};!, Moqterey, 
CA 8/13-16, 1995 

:Ie... AM "Process Technology and Device Built in Reliability in NOR Virtual Ground (NVG"') 
Flash Memories," National Semiconductor, U.S.A., The 14th Annual IE:§~ 
Nonvolatile Semiconductor Memorv WorkshQ12, Monterey, CA 8/13-16, 1995 

:IE.- AN "High Density 'AND' Cell Technology for 32Mbit Flash Memory," Hitachi, Japan / 
Mitsubishi, Japan, 1'1l~ 14th AnmH!.l l~~~ Nonvol~~~~~ ~~m!conductor M~mory 
WorkshoQ, Monterey, CA 8/13-16, 1995 

:I£.... AO "Effective In-Process Plasma Damage screening of Tunnel Oxide for Nonvolatile 
Memory Applications," Motorola, U.S.A., The 14th Ann1Jli1.l IEEE HQnvQl!:!tile 
SemiconQugj;;or M~mory WQrk@ho2r Monterey, CA 8/13-16, 1995 

..If.... AP "Sidevyall Sealing Effects on Flash EEPROM," SGS-Thomson, Italy, The 14th Annual 
IEEE NQnvolatile Semiconductor MemoI'Y worJ.;!;Ihop, Monterey, CA 8/13-16, 1995 

EXAMINER 7Fo~ p~ DATE CONSIDERED "J 30/96' 

EXAMINER, Initial if rftterence considerftd, whethftr or not citation is in contorm~nce with MPEP 609/ Draw linft through 
citation if not in conformance and not considftred. Include copy ot this form with next communication to applicant. 
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POWER OF ATTORNEY BY ASSIGNEE 

," i AZALEA IvflCROEUiCTRt)N1CS CORp lS the Assignee of the invention entitled: SERIAL FLASH. I 

MEMORY_, lhe ~peCJ[llallon of ",-,hili.! _. ,~ !.IllacUed h~rer() ()fZ_ '.\·a~ filed on ...2/4/97 as Application 5etialNo. ,i 

I 98/926.S7rJ_' _. 

~etld Corre:'po[Jdence to 

DA'.ld N. Slone, p,:( t-:;. 2b,">/2 
Babak S. SMl, Rep, ~.: .. i"'~\J) 

rOWt;SE:.l"D dud rOWN~FI\i[) J1ld CKlW i.d' 
Twl.! I:: rnbdfcadtl!ro Center. 81h Floor 
San FrdDCisc'), ('A 941 J 1 381.1 

13abak S. Sam 
; Pe~ No. 37,495 
; i41.'l', 576 ·0200 

RECEIVED 
MAY 0 4 1998 

A/A,LfA MICROELECtRONICS CORP. 

Date: _3-,. ~ff 

Name All POlJrk~rl\raali 
Title Presidc-nt 
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Application No.: 08/926,.57Q ___ ." . ___ " ____ Filed:5J/4.:.:..12"'-~L--7 _~ ______________ _ 

.... __ ._._-------..,....-------
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The aSSlgrnnent was fc<col."ded 
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GROUP 2'100 
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WED 16:12 FAX ~1~ 576 TOII'1\SE\D SF 

Attorney Docket No. 17822.1-1 

ASSIGNMENT OF PATENT APPLICATION 

SOLE 

WHEREAS, ALI POURKERAMATI of3979 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 MEMORY 

Date(s) of execution of Declaration: ~_d._,_-L-/_' _' ..... (~p_' ____________ _ 
Filmgda~: __ 9~/4~/~97~ _____ _ Application No.; 081926.!76; and 

WHEREAS, AZALEA MICROELECTRONICS CORP 0 a California corporation. located 
at 3080 Olcott Street, Suite 130.D, Santa Clara, CA 95054, hereinafter referred to as 
"Assignee," is desirous of acquiring an interest in the invention and application and in ahy 
Letters Patent and Registrations which may be granted on the same; 

For good and valuable consideration, receipt of which is hereby 
acknowledged by Assianor, Assignor has assigned., and by these presents does assign to 
Assi.inee all right, title and interest in and to the invention and application and to all 
foreign counterparts (includini patent, utility model and indu~trial 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 enjoyed by ASSignee and Assignee's SUCcessors and assigns as fully and eXclusively 
as it would have been held and enjoyed by Assignor had this assigrunent not been made, 
for the full term of any Letters Patent and Registrations which may be granted thereon, 
or of any division, renewal, continuation in whole or in part, substitution. conversion, 
reissue, proloniation 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, 
verity, acknowledge and deliver aU such further papers, including patent applications and 
instruments of transfer and (c) perform such other acts as Assignee lawfully may request 
to obtai.n or maintain Letters Patent and Registrations for rhe invention and improvements 
in any and all countries, and to vest title thereto in Assignee, Or Assignee's succ;cssors and 
assi~l1s. 

@oo~ 
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indicated. IN TESTIMONY WHEREOF, Assignor has signed his/her name On the date 

1 -;..J -C.;-R Dare: __ ~ __ -( ____ _ 

.~ . 

J~Lw-;L-;c 
j AU POURKERAMATI 

STATE OF 

COUNTY OF _______ _ 

On - , before me, ___ .........; ___ ~~ _____ ~ 
a Notary Public, personally appeared ALI POURKERAMATI, personally known to me 
(or proved to me On the basis of satisfactory evidence) to be the person whose name is 
subscribed to the'within instrument and acknowledged to me that he/she executed the same 
in his/her 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 instmment. 

WITNESS my hand and official seal. 

Signature _______ ~ ____ (Seal) 

1,\8SS\:>HARIi\AZALE.A\I\.JASGN 

2 

~005 
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l " ' " (' ' /" i' UNITED STATES DE ...;ITMENT DF COMMERCE 
• • Patent and Trademark Office 

\ _I Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
, Waahlngton. D.C. 20231 

~af 

APPLICATION NUMBER FlUNG DATE FIRST NAMED APPLIOANT ATTORNEY DOCKET NO. 

09/04/':.>'7 POUF\l<ERAIYJAT I 

BPIBP"K :3 SPIl\l I 
TOWNSEND AND TOWNSEND AND CREW 
TWO EMBARCADERO CENTER 8TH FLOOR 
SAN FRANCISCO CA 94111 

EXAMINER _ 

DATE MAILED: _ 

This Is In response to the Power of Attorney flied ______ ----,--------'-' _____________ _ 
0:3/1:3/91::1 

o 1. The Power of Attorney to you in this application has baen revoked by the applicant. Future correspondence will 
be mailed to the new address of record. 37 CFR 1.33. 

o 2. The Power of Attorney to you In this application hal been revoked by the assignee who has Intervened 
as provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record. (37 CFR 1.33). 

o 3. The withdrawal as attorney In this application has been accepted. Future correspondence will be mailed to the 
new address of record. 37 CFR 1.33. 

L Power of AHomey In this application 18 acceptod. Correspondence In this application will be mailed to the 
below-noted address as provided by 37 CFR 1.33. 

o 5. The Power of Attorney in this application Ie not accepted for the reason(s) checked below: 

o a. The Power of Attorney Is from an assignee and thaCertlflcate required by 37 CFR 3.73 (b) has not been 
received. 

o b. The person signing for the assignee has omitted their empowerment to sign on behalf of the assignee. 

o c. The Inventor(s} Is without authority to appoint attorneys since the assignee has intervened as provlde'd by 
37 CFR 3.71. 

CJ d. The signature of , a co-inventor In this 
application, has been omitted. The Power of Attorney will be entered upon receipt of confirmation I'igned 
by said co-inventor. ' 

o e. The person(s) appOinted In the Power of Attorney Is not registered to practice before the U.S. Patent & 
Trademark Office. 

o f. The revocation Is not signed by the applicant, the assignee of the entire Interest, or JmI particular principal 
attorney having the authority to revoke. 

r=lETAIN THIS GOPY IN THE APPLICATION FILE COpy A 
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UNITED STAll:1iII DEPARTMENT OF COMMERCE 
Patent and Trademark Office 
Addreu: COMMISSIONER OF PATENTS AND TRADEMARKS 

WashIngton, D.C. 20231 

I MMll/0702 
I BABAK S. SANI 

EXAMINER 

TOWNSEND AND TOWNSEND AND CREW 
TWO EMBARCADERO CENTER 8TH FLOOR 
SAN FRANCISCO CA 94111 

PHAN,T 

ART UNIT 

2818 

DATI!:MAlL.!D: 

PAPEA NUMBER (&F 

07/02/98 

. Pie ... find below and/or attached an Office communication ,concerning this application or 
proceeding. 

Commleelon.r of Patente and Tredemarke 

PTO-IIOC (Aev. 2/1111) 
1- FII. Copy 
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Appliceltion No. 

08/926,1576 

Applicant(s) 

ALI PQURKEAAMATI 

Office Action Summary Examin6r 

Trong Phlln I
Group Art Unit 

2818 I 
IZl Responsive to communication(s) filed on ..:::S..:::er::..p_4;.r..,_1:....:9::....:9::....:7'---_~ _______ ~~~~ _______ _ 

o This action is FINAl. 

o Since this application is in condition for allowance except for formal matters, prosecution 85 to the me~lts Is closed 
In accordance with the practice under Ex parte Quay/e, 1935 C.D. 11; 453 O.G. 213. 

A shortened statutory period for response to this action Is set to expire one (11 month(s), or thirty days, whichever 
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the 
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 
37 CFR 1.' 36(a). 

Disposition of Clelms 

IXl Clalm(s) 1-10 Is/are pending in the application. 
---------------------------

Of the above, claim(s) is/are withdrawn from consideration. ---------------------------------------
0 Claim(s) __ ......-'--.-___________________________________ ~_( ___________ Is/are allowed. 

( 

[] Clalm(s) 

0 Claim(s) 

____________________________ --- Is/are rejected. 

______________________________________________________ Is/are objected to. 

IX] Claims 1-10 __ ----'---____________________________________ are subject to restriction or election requirement. 

Application Papers 

o See the attached Notice of Draftsperson's Patent Drawing Review, PTO-948. 

o The drawlng(s) flied on ______________ Is/are objected to by the Examiner. 

o The proposed drawing correction, flied on ~ _____________ Is upproved Ollsapproved. 

o The specification is objected to by the Examiner. 

o The oath or declaration Is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 , 
o Acknowledgement Is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d). 

o AllOSome" 0 None of the CERTIFIED copies of the priority documents have been 

o received. 

o received In Application No. (Series Code/Serial Number) 
----------

o received In this national stage application from the International Bureau (PCT Rule 17.2(a)). 

"Certified copies not received: 
------------------------------------------------------~----

o Acknowledgement is made of a claim for domestic priority under 35 U.S,C. § 119(e). 

Attechment(s) 

o Notice of References Cited, PTO-892 

IXl Information Disclosure Statement(s), PTO-1449, Paper No(s). 8 

o Interview Summary, PTO-413 

o Notice of Draftsperson's Patent Drawing Review, PTO-948 

o Notice of Informal Patent Application, PTO-152 

--- SEE OFFICE ACTION ON THE FOLLOWING PAGES ---

U. s. Pltont ond Trodomark Orrico 

PTO-326 (Rev. 9-95) 
7;::._. Pi. _ 

Office Action Summery Part of Paper No. __ 8 __ 
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Serial Number: 08/926,576 Page 2 

Art Unit: 2818 

Election/RestrIctIon 

1 . Restriction to one of the following inventions is required 

under 35 U.S.C. 121: 

I. Claims 1-7, drawn to the array of flash memory cell having tunnel 

window, classified in class 36.5, subclass 185.26. 
( 

II. Claims 8-10, drawn to the array of flash memory cell operating in 

programming, erase and read modes, classified in class 365, subclass 185.33. 

2. The inventions are distinct, each from the other because of the following 

reasons: Inventions I and II are unrelated. Inventions are unrelated if it can be 

shown that they are not disclosed as capable of use together, or "they! have 

different modes of operation, or they have different functions, or they have 

different effects. (MPEP § 806.04, MPEP § 808.01). In -the )nstant case, the 

flash memory cell having tunnel window in the invention of Group I is not 

disclosed as capable of use together with the array of flash memory cell in the 

invention of Group II, therefore, they have different modes of operation, different 

functions, and different effects. 

3. Because these inventions are distinct for the reasons given above and have 

acquired a separate status in the art as shown by their different classification, 

restriction for examination purposes as indicated is proper. 

TOSHIBA CORP.
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Serial Number: 08/926,576 

Art Unit: 281 8 

Page 3 

4. Applicant is advised that the reply to this requirement to be complete must 

include an election of the invention to be examined even though the requirement 

be traversed (37 CFR 1.143). 

'5. Any inquiry concerning this communication or earlier communications 

from the examiner should be directed to Tr.ong Phan whose telephone number 

, is (703) 308-4870. 

June 30, 1998 
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J hereby certify that this correspondence Is beIng 
deposited wIth the United States postal Service as 
first class mell in an envelope addressed to: 
Assistant Commissioner for Patents, 
"'hjO't':;;'.C. 20231. 

on , -3d· L? Attorney Docket No. 17822-1-1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re applicat.ion of: ) 
) 

ALI POURKERMATI ) Examiner: pourkeramati 
) 

Application No. : 08/926,576 ) Art Unit: 2818 
), 

Filed: 9/4/97 ) RESPONSE TO RESTRICTION 
) 

For: SERIAL FLASH MEMORY ) 
) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

REQUIREMENT 

RECEIVED 
/lUG 0 6 '998 

In response to the r'estrGR.eUp=2BcYam~nt 
July 2, 1998, applicant elects for prosecution Group 1 

Sir: 
mailed 

claims 1-7. 
Respectfully submitted 

'k(---Babak S. Sani - _ -"-----~ 
Reg. No. 37 I 49"5 --.~ 

TOWNSEND and TOWNSEND ,and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, California 94111-3834 
(415) 576-0200 
Fax (415) 576-0300 
BSS:db 

i:\bss\share\azalea\l\-lrstrct.rsp 
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UNITED STATE~ OEPARTMENT ~OF COMMERCE 
Patent and Trademark Office 
Addre88: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

08/926,576 09/04/97 POURKERAMATI 

r MMll/0825 
BABAK S. SANI 
TOWNSEND AND TOWNSEND AND CREW 
TWO EMBARCADERO CENTER 8TH FLOOR 
SAN FRANCISCO CA 94111 

A 1782211 

EXAMINER 

PHAN,T 
.-----------r-------.----r-1j) 

ART UNIT PAPER NUMBER! ~/ 
2818 7 

DAte MAILED: 08/25/98 

Please find below and/or attached an Office communication concerning this application or 
proceeding. 

Commissioner of Patent. end Trademsrks 

, PTO·gOC (Rev. :1/96) 
,. !'lIe Copy 
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Office A ction Summary 

Application No. 

08/926,676 

EXllmlnllr 

Trong Ph an 

ALI POURKERAMATI 

Group Art Unit 

2818 

!Xl Responsive to communication(s) flied on Aug 3:..<,--'.-19::;..9::..8=----____________________ _ 

o This action Is FINAL. 

o Since this application is in condition for allowance except for formal matters, prosecution 8S to the merits Is closed 
in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 C.G. 213. 

A shortened statutory period for response to this action Is set to expire three (3) month(s), or thirty days, whichever 
Is longer, from the mailing date of this communication. Failure to respond within the period for responsa will cause the 
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provision:> of 
37 CFR 1.136(a). 

Disposition of Claims 

!Xl Clalm(s) 1-10 __________________________ is/are pending In the application. 

Of the above, claim(s) 8-10 -'----=-___________ ----'---______ Is/are withdrawn from consideration. 

0 Claim(s) _~----------________________ is/are allowed. 
,. 

IXl 

0 

0 

Clalm(s) 1-7 ____________________________ Is/ar'e .rejected. 

____________________________ Is/are objected to. 

_____________________ are subject to restriction or election requirement. 

Clalm(s) 

Claims 

ApplicatIon Pepers 

o See the attached Notice of Draftsperson's Patent Drawing Review, PTO-948. 

o The drawlng(s) filed on Is/are objected to by th6 Examiner. 

o The. proposed drawing correction, flied on Is LBpproved Ollsapproved. 

o The specification is objected to by the Examiner. 

o The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 

o Acknowledgement is mad6 of a claim for foreign priority under 36 U.S.C. § 119(a)'-(d). 

o All 0 Some" 0 None of the CERTIFIED caples 01 the priority documents have been 

o received. 

o received in Application No. (Series Code/Serial Number) --------
o received In this national stage application from the Internetlonal Bureau (PCT Rule 17.2(a)). 

"Certlfled copies not received: -------------------------------
o Acknowledgement Is made of e claim for domestic priority under 35 U.S.C. § 119(e). 

Attachment(s) 

IXl Notice of References Cited, PTO-892 

o Information Disclosure Statement(s). PTO~ 1449, Paper No(s). ----o Interview Summary, PT0-413 

o Notice of Draftsperson's Patent Drawing Review, PTO-948 

o Notice of Informal Patent Application, PTO-152 

~-- SEE OFFICE ACTION ON THE FOLLOWING PAGES ---

U, s. PlIItftllt And Tr.d.,m~rk aUla. 

PTO-326 (Rev. 9-95) 

7r-'OV\...-~ p~ 
Offlce Action Summary Part of Paper No. 10 
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Application/Control Number: 08/926,576 Page 2 

Art Unit: 281 8 

Drawings 

1. The drawings are objected to because Fig. 2 should be labeled as Fig. 3 in 

order to be consistent with the disclosure. Correction is required. 

2. The drawings are objected to under 37 CFR 1.83(a}. The drawings must 

show every feature of the invention specified in the claims. Therefore, the feature 

I 

"said window has no sides abutting said field diele~tric layer" as recited in claim 3·· 

must be shown or the feature(s} canceled from the claim(s). No new matter 

should be entered. 

3. This application has been filed with informal drawings which are acceptable 

for examination purposes only. Formal drawings will be required ·when the 

application is allowed. 

ClaIm Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis fbr, 

all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the Invention Is not Identically disclosed or described as 
set forth in section 102 of this title, If the differences between the subject matter sought to be 
patented and the prior art are such that the subject matter as a whole would have been obvious 
at the time the Invention was made to a person having ordinary skill In the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner In which the 
Invention was made. 

5. Claims 1-6 are rejected under 35 U.S.C. 103(a} as being unpatentable over 

Lee, 4,924,119, in view of Hong, 5,460,991. 

Lee, 4,924,119, discloses in Fig. 1 an EEPROM cell comprising: ' 
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ApplicationlControl Number: 08/926,576 Page 3 

Art Unit: 281 8 

source region 18 and drain region 19; 

floating gate of polysilicon 15; 

tunnel window 23 being located on the side of drain region 19 and abutting a thin 

il ayer of oxide (see lines 23-27, column 3); 

control gate 18 of polysilicon; 

, dielectric layer between floating gate of polysillcon 15 and control gate of 

polysilicon 18. 

What is not shown in Fig. 1 of Lee, 4,924,119, is the dielectric film 

comprising a layer of nitride sandwiched between the first and second silicon 

dioxide layers as recited in claim 5. 

Hong, 5,460,991, discloses in Fig. 7 an EEPROM cell havin-g an inter-

polysilicon dielectric layer 12 of ONO (oxide-nltride-oxide) (se,e lines 50-52, 

column 3). 

It would have been obvious under 35 U.S.C. 103(a) to one of ordinary 

skilled in the art at the time of the invention was made to utilize the inter-

polysilicon dielectric layer 12 of ONO (oxide-nitride-oxide)· in Fig. 7 of Hong, 

5,460,991, for the dielectric layer in Fig. 1 of Lee, 4,924,119, for the purpose 

of having a good insulating layer. 

What is not shown in Fig. 1 of Lee, 4,924,119, is the control gate 

. 
comprising a polycide layer on top of the polysilicon layer as recited in claim 6. 
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Hong, 5,460,991, discloses In Fig. 8 an EEPROM cell having control gate 

13 comprising a polycide layer disposed over polysilicon layer (see lines 6-8, 

column 4). 

It would have been obvious under 35 U.S.C. 103(a) to one of ordinary 

skilled in the art at the time of the inventio,n to utilize the control gate 13 in 

I 

, Fig. 8 of Hong, 5,460,991, for the control gate 18 in Fig. 1 of Lee, 4,924,119, 

for the purpose of having a good control gate. 

6. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Choi et aI., 5,734,609, in view of Lee, 4,924,119. 

Choi et aI., 5,734,609, discloses in Fig. 4 Prior Art a flash ~EEPROM device 

comprising: 

a plurality of series-connected EEPROM cells C1-Cn and C1 '-9n'; 

bit line select transistors S 1 and S1 '; 

source line transistors S2 and S2'. 

What is not shown in Fig. 4 Prior Art of Choi -et aI., 5,734,609, is the 

specific structure of the memory cell. 

Lee, 4,924,119, discloses In Fig. 1 an EEPROM cell comprising: 

source region 18 and drain region 19; 

floating gate of polysilicon 15; 
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tunnel window 23 being located on the side of drain region 19 and abutting a thin 

layer of oxide (see lines 23-27, column 3); 

control gate 18 of polysilicon; 

Idielectric layer between floating gate of polysilicon 15 and control gate of 

polysilicon 18. 

It would have been obvious under 35 U.S.C., 103(a) to one of ordinary 

skilled in the art at the time of the invention to utilize the EEPROM cell in Fig. 1 

of Lee, 4,924,119, for each of the EEPROM cells in Fig. 4 Prior Art of Choi et aI., 

5,734,609, for the purpose of providing EEPROM cells having the Vt of the 

transistor that can be shifted to a value of approximately 1 n volts (see lines 27-34, 

column 3 of Lee, 4,924,119). 

7. Claims 1-6 are rejected under 35 U.S.C. 103(a) as beir19 unpatentable over 

Hsia et aI., 4,894,802, in view of Hong, 5,460,991. 

Hsia et aI., 4,894,802, discloses in Fig. 3b an EEPROM cell comprising: 

source region 22 and drain region 21; 

floating polysilicon layer 17; 

field oxide 19 (see line 40, column 4); 

tunnel window 27 being located on the side of drain region 21 and abutting field 

oxide 19; 

control gate 18 of polycrystalline silicon (see lines 55-58, column 6); 
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dielectric layer 29 of interpoly oxide (see lines 9-10, column 5). 

What is not shown in Fig. 3b of Hsia et aL, 4,894,802, is the dielectric film 

comprising a layer of nitride sandwiched between the first and second silicon 

Idioxide layers as recited in claim 5. 

Hong, 5,460,991, discloses In Fig. 7, an EEPROM cell having an inter-
(' 

, polysilicon dielectric layer 12 of ONO (oxide-nitride-oxide) (see lines 50-52, 

column 3). 

It would have been obvious under 35 U.S.C. 103(a) to one of ordinary 

skilled in the art at the time of the invention was made to utilize the inter-

polysilicon dielectric layer 12 of ONO (oxide-nitride-oxide) In' Fig. 7 of Hong, 

5,460,991, for the dielectric layer 29 of interpoly OXide in Fig. 3b' of Hsia, 

4,894,802, for the purpose of having a good insulating layer" 

What is not shown in Fig. 3b of Hsia, 4,894,802, is the control gate 

comprising a polycide layer on top of the polysllicon layer as recited in claim 6. 

Hong, 5,460,991, discloses i'n Fig. 8 an EEPR'OM cell having control gate 

13 comprising a polycide layer disposed over polysilicon layer (see lines 6-8, 

column 4). 

It would have been obvious under 35 U.S.C. 103(a) to one of ordinary 

skilled in the art at the time of the invention to utilize the control gate 1'3 in Fig. 8 
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of Hong, 5,460,991, for the control gate 18 in Fig. 3b of Hsia et aI., 4,894,802, 

for the purpose of having a good control gate. 

8. ' Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Choi et aI., 5,734,609, in view of Hsia et aI., 4,894,802. 

Choi et aI., 5,734,609, discloses in Fig. 4 Prior Art a flash EEPROM device 

, comprising: 

a plurality of series-connected EEPROM cells C1-Cn and C1 '-Cn'; 

bit line select transistors S 1 and S 1'; 

source line transistors S2 and S2'. 

What is not shown in Fig. 4 Prior Art of Choi et aI., 5,734,609/ is the 

specific structure of the memory cell. 

Hsia et aI., 4,894,802, discloses in Fig. 3b an EEPROIVJ cell comprising: 

source region 22 and drain region 21; 

floating polysilicon layer 17; 

field oxide 19 (see line 40, column 4); 

tunnel window 27 being located on the side of drain region 21 and abutting field 

oxide 19; 

control gate 18 of polycrystalline silicon (see lines 55-58, column 6); 

dielectric layer 29 of interpoly oxide (see lines 9-10, column 5). 
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It would have been obvious under 35 U.S.C. 103(a) to one of ordinary 

skilled in the art at the time of the invention to utilize the EEPROM cell In Fig. 3b 

of Hsia et aI., 4,894,802, for each of the EEPROM cells in Fig. 4 Prior Art of Choi 

'et aI., 5,734,609, for the purpose of providing EEPROM cells having improved 

programming efficiency and improved prog.ram/erase endurance (see lines 9-11, 

I column 3 of Hsia et aI., 4,894,802). 

Conclusion 

9. The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. 

See Gill et aI., 5,008,721, Kaya et aI., 5,216,270, and Chang, 5,666,307, 

generally, for the Flash EEPROM cell. 

10. Any inquiry concerning this communication or earlier communications 

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

is (703) 308-4870. 

August 19, 1998 
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THE ASSISTANT COMMISSIONER F(nrPATENTS 
Washington, D.C. 20231 

Sir: 
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I hereby certify that this is being deposited with the United States 
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Assistant Commissioner for Patents 
Washington, D,C. 20231 

Date: . ___ ---=-cJ_" -:;:' ,-d..._;;l-;r--_"_I'_I ______ _ 
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Transmitted herewith is an amendment in the above-identified application.~J 
:.~.: 'I 

[ X ] Enclosed is a petition to extend time to respond, , ,:;.:) ) 
[X 1 Small entity status of this application under 37 CPR 1.9 and 1.27 has been established by a verified 'stateme.nt pj-~'(iously 

submitted. ' .- .1.,," • 

[ X ] Three sheets of proposed drawing amendments are enclosed. '.' .. '-. . ," 
~ . ,~ 
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... 

...... 

"''''''' 

TOTAL $0,00 OR TOTAL 
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FEE 

If the entry in Col. 1 is less than the entry in Col. 2, write "0" in Col. 3. 
If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, write "20" in this space . 
If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, then write "3" in this space. The. "Highest 
Number Previously Paid For" (Total or Independent) is the highest number found from the equivalent box in Col. 1 of a prior 
amendment or the number of claims originally filed. . 

[X] No fee is due. 

Please charge Deposit Account No. 20-1430 as follows: 

[ 1 Claims fee $ 
[X] Any additional fees associated with this paper or during the pendency oft-h-is-a-p-p-h-·c-at-io-l-l.----
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r hereby certify that this correspondence is being deposited with the United 

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

Assistunt CommissioneT fOT l'al~nts 

Washington, D.C. 20231 

TOWNSEND and TOWNSEND and CREW LLP 

By: 41 ~:<J.._.Q ,$2-flA1'---

IN THE UNITED STATES PATENT AND TRADEMARK OFFlCE 

In re application of: 

ALI POURKERMATI 

Application No.: 08/926,576/ 

Filed: September 4, 1997//" 

For: SERIAL'PLASH MEMORr 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Examiner: T. Phan 

Art Unit: 2818 
I 

AMENDMENT 

, 
In response to the Office Action mailed August 25, 1998, please amend the 

above-identified application as follows: 

l/1999 SSURLES (lO()()() .'. "' 
':!Oi! . .. 1 [FNi;l'.HIV~GS; 

7/j.1I~: :;,' To bring the labeling ofthe figures in confonnity with the specification, the 

legend "FIG. 2" has been changed to -- FIG. 3 --. Further, Figures 2B and 2C have been 

amended to replace the reference numeral "23" with -- 23B --, and add new reference numerals 

-- 28A -- and -- 28B -- to clearly identify field oxide edges ofthe memory cell. Figure 4 has 

been amended to replace the continuous line that connects the memory cells between WLI and 

WL15 with a dotted line to more accurately depict the invention. Submitted herewith are 

substitute drawings for Figures 3 , 2B, 2e, and 4 which show the proposed corrections in red 
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PATENT 

ink. Applicant respectfully requests deferral of submission of formal drawings until allowable 

subject matter is indicated. 

IN THE SPECIFICATION: 

Please amend the specification as follows: 

At page 6, line ~.,.repi~ce "the field oxide (not shown)" with -- field oxide 

edges 28A and 28B, --. 

At page 6 line ~lace "the field edges" with -- field edges 28A and 28B-,.. 

IN THE CLAIMS: 

Please amend claim 1, and add new claims 8-10 as follows: 

]. (Once Amended) A memory cell comprising: 

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

a channel dielectric layer disposed on top of said channel; 

a floating polysilicon layer disposed on top of, and substantially covering an 

area defined hy, said channel dielectric layer, said floating polysilicon layer and channel 

dielectric layer defining a tunnel window within an area of said channel wherein a thickness of 

said channel dielectric layer in said tunnel window is smaller than that of a remaining portion 

of said channel dielectric layer; and 

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

layer by a dielectric film, 

wherein an etch step that defines edges of said floating 

polysilicon layer is performed such that one edge of said tunnel window is [located on a drain 

side of said channel] defined by an edge of said flQating polysilicon layer located suhstantially 

at a channel-drain junction. 
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1~ , 
--/l. (New) The memory cell of claim 1 wherein a window mask used during 

manufacturing of the memory cell islarger than said tunnel'window, and includes a portion 

that overlaps .said drain region. 

ct # 1/ 
~ (New) The memory cell of claim . .2'wherein said etch step removes said 

2 portion of said window that overlaps said drain region. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

IO~ , 
M. (New) A flash memory cell co,mprising: 

( 

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

a channel oxide layer formed on top of said channel, said channel 'oxide layer 

having a first portion with a first thickness and a tunnel window portion On a side of said drain 

region, having a second thickness less than said first thickness; 

a floating polysilicon layer formed on top of said channel oxide layer; 

a dielectric oxide-nitride-oxidesandwich layer formed on top of said floating 

polysilicon layer; and 

a gate polysilicon layer formed on top of said dielectric oxide-nitride-oxide 

sandwich layer,. 

wherein, said tunnel window portion of said channel oxide layer. 

is initially formed inside a window overl~pping said drain region, and then etched back to an 

edge of said floating polysilicon layer. 

REMARKS 
Upon entry of this amendment which amends claim 1 and adds new claims 8~ 

10, claims 1-10 remain pending. Previously examined claims 1-6 were rejected under 35 

U.S.c. §103(a) as being unpatentable over Lee '119 in view of Hong '991, as well as over Hsia 

'802 in view of Hong '991, and claim 7 was rejected under 35 U.S.C. §103(a) as being 

'I unpatentable over Choi '609 in view of Lee' 119, as well as over Choi '609 in view of Hsia 
\ 
I 
1 
J 
I 

"f 
.......... ~- . 
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"802. Reconsideration ofthe claims in view of the above amendments and the comments 

below is respectfully requested. 

Qbjections 

The drawings were objected to for mislabeling FIG. 3 as FIG. 2, and for failing 

to show a claimed aspect of the present invention. Figure 3 has been amended replacing the 

legend "FIG. 2" with FIG. 3 to bring it in conformity with the specification. Further, reference 

numerals 28A and 28B have been added to .Figures 2A and 2B as well as to the relevant parts 

of the specification to clearly identify the edges of the filed oxide around the memory cell. It is 

respectfully submitted that no new matter has bee,n added by this amendment as should be 
( 

clear from the nature ofthe changes to the specification. Withdrawal of the objections in iights 

o these amendments is respectfully requested. 

Rejections 

- Section 103(a): Lee' 119 in view of Hong '991 

Claims 1-6 have been rej ected under 35 US. C. § 1 03 ( a) asbeing 

unpatentable over Lee' 119 in view of Hong '991. The rejection states that Lee' 119 in Figure 

1 .discloses a memory cell with all of the limitations set forth in claim -1, and that Hong '991 

suggest the limitations recited in the remaining dependent claims. 

It is respectfully submitted that the memory cell shown in Figure 1 of Lee' 119 

differs from the claimed memory cell of the present invention in at least one significant 

respect. As clearly shown in Figure 1 . of Lee' 119, the tunnel window (23) is formed "close to 

the drain 19" (col. 3, line 25), but is neither at the channel-drain junction, nor does it abut the 

edge of floating poly 15. That is, tunnel window 23 is formed wholly within the channel 

region such that the sidewalls ofthe tunnel must be defined by the tunnel window itself, 

In contrast to the Lee' 119 memory cell, the memory cell of the present 

invention as claimed has a tunnel window that has an edge defmed by the edge of the floating 

polysilicon layer located at the drain-channel junction. Claim 1 has been amended to highlight 
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this distinguishing feature of the present invention. As amended, claim 1 recites a memory cell 

"wherein an etch step that defines edges of [the] floating polysilicon layer is performed such 

that one edge of [the] tunnel window is defined by an edge of [the] floating polysiliconlayer 

located substantially at a channel-drain junction." This aspect of the invention is desoribed in 

the specification, for example, at page 6, lines 9-16, and at page 9, lines 12-14. Lee' 119 as 

well as the other cited references, or any combination thereof, fail to teach such a combination 

with the claimed stmcture for a tunnel window. This distinguishing feature is significant and 

non-obvious for a number of reasons. The performance of the memory cell (capacitive 

coupling ratio) is highly dependent on the size of the tunnel window, which is often required to 

be at minimum process feature size. The tunnel window mask is therefore often a critical 

mask. The memory cell of Lee' 119 requires the tunnel window to be defined entirely by the 

window mask and thus demands a high resolution process to accurately implement the tunnel 

window. This'places severe demands on the manufacturing process when, it is scaled down to 

lower dimensions. 

The boundaries of the tunnel window according to the memory cell of the 

present invention, in contrast, are not wholly defined by the window mask. Referring to Figure 

2A of the instant application, there is shown the initial window (23) that overlaps the channel 

region (26) as well as the drain region (21). After the tunnel oxide and the overlying floating 

polysilicon layer are formed, the floating poly layer is patterned and etched along with the 

overlapping portion (23B) of the tunnel oxide (e.g., see specification, page 9, lines 12-14). 

Since the area of the actual tunnel window of the memory cell of the present invention does not 

correspond to the tunnel window mask, the present invention provides a significant degree of 

flexibility in rnanufacturability ofthe cell. 

Lee' 119 therefore clearly fails to teach or suggest a tunnel window whQse one 

edge is defined by the etch step that etches the floating polysilicon layer. Claim 1 as amended 

is therefore clearly distinguished over the cited references. Claims 2-9 depend from claim 1 

and thus derive patentability therefrom. These claims, however, recite additional novel and 

non-obvious features that further distinguish over the cited prior art. Claims Sand 4, for 
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example, define altemative embodiments wherein the window either abuts field oxide or it 

does not. The rejection does not point to any part of the cited reference as suggesting these 

variations because Lee' 119 does not teach or suggest such a structure one way or the other. 

Furthermore, newly added claims 8 and 9 expressly recite a tunnel window mask that is larger 

than the actual tunnel window and that the floating poly etch step defines one edge of the 

tunnel window. No such structure is taught or suggested by any combination of the cited 

references. Claims 1-6 are therefore clearly distinguished over the combination of Lee '119 

and Hng '991. Withdrawal Ofth1S rejection is respectfully requested. 

- Section 103(a): Choi '609'oyerLee '119 
I 

Claim 7 has been rejected under 35 U.S.C. §103(a) as being 

unpatentable over Choi '609 in view of Lee '119. Claim 7 depends from claim 1 and therefore 

derives patentability therefrom. As explained above, amended claim 1 is patentably 

distinguished over the teachings of Lee '119. Claim 7 depending from claim 1, therefore is 

patentably distinguished for at least the same reasons as above. Withdrawal of this rejection is 

respectfully requested. 

- Section 103(a): Hsai '802 over Hong '991 

Claims 1-6 have been rejected under 35 u.S.C. §103(a) as being unpatentable 

over Hsia '802 in view of Hong '991. The rejection states that Hsai '802 in Figure 3b 

discloses a memory cell with al1 ofthe limitations set forth in claim 1, and that Hong '991 

suggest the limitations recited in the remaining dependent claims. 

It is respectfully submitted that Hsia '802 discloses in Figures 3a and 3b what is 

known by those skilled in this art as a "split-gate" memory cell. This renders the Hsia '802 

memory cell quite different from the claimed memory cell of the present invention in a number 

of respects. First, according to the split gate Hsia '802 memory cell there are portions of the 

channel oxide that are covered by the gate poly (18 in Figure 3a) and other portions that are 

covered by the floating poly (17 in Figure 3a). This is the definition of a split gate cell and is 

clearly demonstrated in Figures 3, and3a. 
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In contrast to the Hsia ' 802 memory cell, the memory cell of the present 

invention is not of split gate type. Claim'1 has been amended to highlight this aspect of the 

present invention. Amended claim 1 recites "a floating polysilicon layer disposed on top of, 

and substantially covering an area defined by, said channel dielectric layer, .... " This clearly 

distinguished claim I fTOm Hsia. which teaches a memory cell with a control gate (18) that 

"extends above source region 22 ... in order to achieve split gate operation." [Col. 4, lines 45-

53]. Furthern10re, similar to the tunnel window in the Lee '119 memory cell, the tunnel 

window in Hsia '802 is wholly defined by the tunnel window mask (26 in Fig. 3), and is not 

etched back to the channel-drain junction .. Amended claim 1 is thus further distinguished as it 
( 

recites an edge ofthe tunnel window being "located substantially at a channel-drain junction." 

Claim 1 as amended is thus patentably distinguished over Hsia '802 based at 

least on these two differentiating features. Claims 2-10 depend from claim 1 and thus derive 

patentability therefrom. These claims, however, recite additional non-obvious and novel 

features that further distinguish over the cited art. Claims 3 and 4, for example, define 

alternative embodiments wherein the window either abuts field oxide or it does not. Field 

oxide is defined as "substantially surrounding first and second sides of [the] channel.", The 

only thick oxide (19 in Fig. 3b) shown by Hsia '802 extends under the channel abutting the 

tunnel window. The memory cell of the present invention, in contrast, does not include any 

filed oxide under the channel (i.e., between the source-drain regions), and instead surrounds 

the channel as claimed. Furthermore, newly added claims 8 and 9 expressly recite a tunnel 

window mask that is larger than the actual tunnel window and that the floating poly etch step 

defines one edge of the tunnel window. No such structure is taught or suggested'by any 

combination of the cited references. Claims 1-6 are therefore clearly distinguished over the 

combination ofHsia '802 and Hng '991. Withdrawal of this rejection is respectfully r~quested. 

- Section 103(a): ChQi '609 over Hsia '802 

Claim 7 has been rejected under 35 U.S.c. §103(a) as being unpatentable over 

Choi '609 in view ofHsia '802. Claim 7 depends from claim I and therefore derives 

TOSHIBA CORP.
EXHIBIT 1003 - PAGE 0073



.. 
ALI POURKERMATI 
Application No.: 08/926,576 
Page 8 

PATENT 

patentability therefrom. As explained above, am,ended claim 1 is patentably distinguished over 

the teachings ofHsia '802. Claim 7 depending from claim 1, therefore is patentably 

distinguished for at least the same reasons as above. Withdfawal of this rejection is 

respectfully requested. 

CONCLUSION 
In view of the foregoing, Applicants believe all claims now pending in this 

Application are in condition for allowance. The issuance of a formal Notice of Allowance at 

an early date is respectfully requested.. 

lfthe Examiner believes a telephol1e conference would expedite prosecution of' 

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

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, California 94111-3834 
Tel: (415) 576-0200 
Fax: (415) 576-0300 
BSS:deb 
SF 196871 v1 

Respectfully submitt~d, 
.--;,-
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All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this/application, If not included 
herewith (or previously mailed). a Notice of Allowance and Issue Fee Due or other appropriate communication will be 
mailed In due course. 

IXl This communication Is responsive to ~2!~2~5/.~9~9~ ________________________ _ 

D The drawings filed on ________ are acceptable. 

D Acknowledg'ement Is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d). 

D All D Some* 0 None of the CERTIFIED copies of the priority documents have been 

o received . 

. 0 received In Application No. (Series Code/Serial Number) --------
o received In this national stage application from the International Bureau (PCT Rule 17.2(a)). 
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*Ce~fledcople*n~received: ______________________________ _ 

o Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e). 
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THREE MONTHS FROM THE" DATE MAILED" of this Office action. Failure to timely comply will result in 
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a). 

D Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which dlsoloses 
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED. 

IXl Applicant MUST submit NEW FORMAL DRAWINGS 

D because the originally flied drawings were declared by applicant to be Informal. 

D including changes required by the Notice of Draftsperson's Patent Drawing Review, PTO~948, attached hereto or 
to Paper No. 

IXl including changes required by the proposed drawing correction flied on . 2/25/99 , which has bean 
~pproved by the examiner. 

q including changes required by the attached Examiner's Amendment/Comment. 

, Identifying Indicia such as the application numbel (see 37 CFR 1.84(c)) should be written on the reverse side of the 
drawings. The drawings should be filed as a separate paper'wlth a trensmittallettter addressed to the Official 
Draftsperson. 

n Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL 

Any response to this letter should Include, in the upper right hand corner, the APPLICATION NUMBER (SERIES 
CODE/SERIAL NUMBER). If applicant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER 
and DATE of the NOTICE OF ALLOWANCE should also be included. 
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IX.i ~otice of References Cited, PTO-892 

o Information Disclosure Statement(s). PTO-1449, Paper No(s). 
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D Notice of Draftsperson's Patent Drawing Review, PTO-948 

o Notice of Informal Patent Application, PTO-152 

o Interview Summary, PTO-413 

~ Examiner's Amendment/Comment 

D Examiner's Comment Regarding Requirement for Deposit of Biological Material 

!Xl Examiner's Stetement of Reasons for Allowance 

U. 8_ P.t_nt t.nd Tr.dern.ark Otrl!::tl 
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Application/Control Number: 08/926,576 
Page 2 

Art Unit: 2818 

\ EXAMINER'S AMENDMENT 

1 . 
An examiner's amendment to the record appears below. Should the \ 

'i 
\ chang!=!s and/or additions be unacceptable to applicant, an amendment may be 
't 

.. 1. , 
I filed as provided by 37 CFR 1.312. To ensure consideration of such an 

I \ 
\ 

amendment, it MUST be submitted no later than the payment of the' issue fee. 

? The application has been amended as follows: 

In the specification, line 1 of page 1, the sentence --lThls application claims. 

the benefit of U.S. Provisional Application No. 60/025,698, filed Sept~mber 9, 

1996, the disclosure of which Is incorporated by r eren -- has been inserted. 

Claim 7, line 14, the w?rdlllenll has been changed to ---line---. 

Non-elected claims 8- { 0 h ve been canceled. 

Newly added claims 8-10 have been changed to clC!ims 11-13. 

All above changes have been made by the examiner in order to place the 

case in condition for allowance. 

3. The following is an examiner'.s statement of reasons for allowance: 

The memory cell having one edge of the tunnel window being defined by an 

edge of the floating polysllicon layer located substantially at a channel-drain 

junction as recited in claims 1-7 and 11-13 has not been found in the prior art 

references. 
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Art Unit: 2818 

Any comments considered necessary by applicant must be submitted no 

later than the payment of the issue fee and, to avoid processing delays, should 

preferably accompany the issue fee. Such submissions should be clearly labeled 

'''Comments on Statement of Reasons for Allowance." 

4. Any inquiry concerning this communication or earlier communications 

( 

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

is (703) 308-4870. 

March 14, 1999 

Trong Phan 
Patent Examiner 
Art Unit 281 8 
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I hereby certify that this correspondence is being deposited with the United 
States Postal Service as first class mail in an envelope 8ddressed to: 

PATENT 

Box Issue Fee Attorney Docket No.: 17822-000110 

Assistant Commissioner for Patents; 
Washington, D.C. 20231, onhr411. ,8

1 
I 999 

TOWNSEND and TOWNSEND and CREW LLP 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

ALI POURKERAMA TI 

Serial No.: 08/926,576 

Filed: September 4, 1997 

For: SERlAL FLASH MEMORY 

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

Sir: 

Examiner: Trong Phan 

Art Unit: 2818 

Batch No.: Q30 

LETTER TO QFFICIAL DRAFTSPERSON 

Pursuant to the Notice of Allowability dated March 15, 1999, applicant submits 

four sheets of fonnal drawings to be made of record in the above-identified case. 

Respectfully submitted, 

Babak S. Sani 
Reg. No. 37,495 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, California 94111-3834 
(415) 576-0200 
Fax (415) 576-0300 
BSS/sb 
SF 220191 vi 
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,8{)BPd< ~:3, !:i{,:;I.,! J 
TOWNSEND AND TOWNSEND hND CREW 
TIAJO 1:':!'iU(H~f:: I"i »1:: r~() (::[-!\!' I F]~ 
S(.~IN Ff~:(:lh!l: J '.:':1":/1 C(1 ·;i".'j:l:i. L 

APPLICATION NO. 

O;~:/'):;::-6: r;'}(· 
Ani' NsrTlld 
AppIIotiint 

TITl.EQP: 

FILING DATE 

INVENTlqt:t~~~< 1 t:L F.I J'I::::I,I I\II':-I'·IOF~'Y 

AnY.S DOCKET NO. CLASS·SUBCLASS 

:;:'1'11 F1J:II:.:rr( 

TOTAL CLAIMS 

utO 

APPLN.TYPE 

~"' .. '" 
, '" \ 

Note: T1la oertlfloate of mailing below 08n only be ul8d lor dOrrKIM~O 
mailings 01 the lasue Fee TlllIl6mlltal. This ce~flcate 08nnot be U88d 
for IIny othar accompanying papal'll. Each additional p8par, Buch 88 an 
a88lgnment or lormal d~wlng, mUllt hava lis own 08rttfloate 01 mailing. 

Cartlflcata of Mailing 
I hel1lby OQrtlfy that thlll 18800 Fee Tranllmlttalla being dllpolltBd with 
tha United States Poatal Service with aulflclent poatage lor IImt 01a88 
mall In an envalope addl"llS98d to th8 Box l89ua Fee address abova on 
the date Indloeted below. 

(DepoIitor'a name) 

(SlgnIdure) 

(Data) 

DATE MAlLED 

SMALL ENTITY FEE DUE DATe DUE 

.-: . 

..". 1. 7C::::,::::,:::l1 UTILITY YES $605.00 06/15/99 
1. C~ge of oormspoodenca address or Iodination of U FIIQ Addf1lBB' (37 CFR 1.363). 2. FQrprln"ngonlhBp8tentlron~pege,1I8I ownsen an owns-en 

UM 01 PTa fonn(s) and CUI/tamer Number are moommsndBd, but not required. (1) the nalTlBS of up to 3 mgllll8red patent 'and Crew LLP 
attorneys or agents OR, altematlvaly, (2) . 

o ChangB of correspondenoe address (or Change of Corraspondence Addm89lorm 
PTOISBl122) e1ttaohed. ' 

tha name 01 a elngla finn (having aa a 
member a registered atto!Tl8Y or agerit)" 2 
and the names of up to 2 registered patent ------.,------

o "Fee Addre89" Indloallon (or "Fee Address' Indlca~on fonn PTO/SBJ47) attaoh8d. attorneys or agents, "no name Is listed, no 
nama will be prlntsd. 3 __________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (prlntorlypo) 
p~ NOTE: Unle89 an assignee Is ldentllled below, no asslgnoo data will appear on the patent. 
IfIOIUIIlon 01 !lBlllgnee data Is only approplate when an assignment has baen previously submitted to 
the PTO or IS being submitted under sepamta cover. Completion or this form Is NOT ulubultltus for 
fliing an I188lgnment. 
(A) NAME OF ASSIGNEE Azalea Microelectronics Corp. 

(B) RESIDENCE: (CITY & STATE OR COUNTRY) Santa Clara" California 

411.. The followtng lees are encl098d (make ohook payable to ComrnlBBloner 
01 Patents and Trademarks): 

o l89ue Fae 
o AdvanOB Order - # of CopleB _____ _ 

4b; The loIlowlng leas or daflolElnoy In these lees should be charg6d to: 

DEPOSIT ACOOUNT NUMBER_-...:Z:,1.0J,.r.e::.,JJ .... 4 .... 3:uOJ--_____ _ 
(ENCLOSE AN EXTRA COpy OF THIS FORM) 

PleaM ol'l8ok tho epproprlato eeslgll6e category Indlnated bElk"lw (will not be printed on the patent) S Issue Fee 

o IndMduai 8 corporation or other prlvete group entity 0 goV8mment 8 Advllnce Order _ 1# 01 C 
.~----------~~~~~~~~~===-------

r~ed to apply the Issue Fee to the application identified abow. 

(Dllte) 

>"'/1-,1 
NOTE; The' Issue Fee will not be L'ICOapted lrom !:Inyone othar than thO opplloont; a reglsterad IIttomoy j 

or·lIgent; or the 1I!111lgllBB or other party In Interaat IilS shown by the rooords of the Plltant lind ' 
.. JTI"$! IX OnIoe. 

8urct-Il Hour SflIflIment: This fonn Is estimated 10 take 0.2 hours to complete. Time will vary 
Qepondlng on the neads of the Individual CBse, Any commentfl on the amount of tlma required 

,"to ,corl;plete thIs form should ba sant to tha Chlet Information Officer, Patent anq Trademark 
otI!oti"WalShlngton, D.C. 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
'ADD~E8S. SEND FEES AND TIiIS FORM TO: Box Issue Fee, Assistant CommIssioner for 
Patentll,. WBshlngton D.C. 20231 

Under the PaperwolX Reduotlon Act of 1995, no persons ere required to respond to B collection 
of Information unles8 It dlsplaya a valid OMB oontrol number. 

0SI!SItft9 A!Wb1fU 00000111 201430 

IAf~= 
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'2/o2 11t53 FAX 415 576 031

o/n,,r,
PTO FAX NO.: 7O3 -872-93C)6

ATTENTION: ExaminerT.PHAN

OFFICIAL COMMUMCATION

FOR TIIE PERSONAL ATTENTION OF

EXAMINERT. PHAN

CERTTFICATION OT' FACSIMILE TRANSMISSION

I hereby certiff that the following documats in re Application of Ali POURKERAMA'II,
Applicafion No. 0N926,576, filed ou Septeorber 4 1997 for SERIAL FLASH MEMORYTt being
facsimilo trarsmitted t'o the Patent and Tradsmark Office ot the date shown below.

Docunents Attached

I . Power of Attomey (1 page)
2, Statetncrlt Und€f 37 CFR 3.73ft) (l pagc)

Number of pages boing tansmitted,

Dated: Feb,ruary L , zOoS

PLEASE CONFIRM RECEIPT OF TTIIS PAPER BY
RETURN FACSIMUE AT 4] 5) 5760300

TOWNSEND and TOWNSEND and CREW LLP
Two Ernbarcsderc Ce,nter, Eigfotl Floor
Sen Francisco, CA 9411 1-3834
Telephone: 41 5 -57 6-0200
Fax; 415-576-0300

pAcE lfj. RCVD AT 2?/2005 2:11:31 pM lE n6fn Etrndard Ttm.l' sv*usPTo€FxRF.ln * D 18:872030G' CAD:4t5 576 0300' OURATIOI{ (mm.al):03.10

! r s-:-i !l LL,

OEt\ffRALF,'"'fEffiR @001/00r

FEB 0? ffi ffil r flflsvI rLL {.EUI" I

Atty Docket No. 022193-12011OUS

Grouo Art Unit 2818
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2005 o2/;2 fi:53 FAX 415 676 0r
r i:r,1Ji,

CtsNrHALF irrr r eh @ 002/003

FEBOINffi

PAGE 2l:l' RCVD AT ?nn005 2:51:31 PM lEa3tcrn lnanOant Tlmcl' SVR|uEPTo€FXRF-1l'i. OXIS:87203(F* CeD:415 578 0300' DUFIATIoN lmm-ssl:o3-ltt-

PtoaE4! (tror)

POWEROFATTORNEY
and

GORRESPONDENAE ADDRESS
INDICATOil FORM

or tfumbtr 08/826.6m
t S€Dts|nbor4,1ggi

Flnd trvgniot Al PO|J
nUt Se el Flrsh Monpty
Art Unlt 2818
B nlngr ilame T, PHAN
Aftomry Pocket Nunb.r Q4?lS$i20{'lous

20350

Pl6r8r rE ogohr er ohanss tts cotpGpondfica add"sE tsr thg aboredm!,led epptoeton b:
A TD adress aE3@lrtsd wth tts aoor,€flsnto0€d G]lsbrnBt llunD*

OE

tr The addrEE assoCsted $i$ Cwlcrrof Nmb€c .

OR

lambpl
' E rppm*.rvrr,"trto.,

E fofg*" ot 
'.arA 

otfrc cntta InbtllL Sce Et CFR B,7f .

ElO AfuRE otfpp|hu of &.lgllr€ otflocdd

dllF tnlfolrltttt l trhibrwrronlqtw(.) rrE r!ddl!4 Subhll mdlldo tanrF f BFe trn on.
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2006 02/02 11;55 FAX 416 5?6 o3' ' @oo3/ool

' -PAGE 3/3' Rcvo AT z2l2005 2:41:3l PM ]!.3tem stanrtard Tlmlt. svEusPTo.EFXRt-tz. DNt6:t72o30a. C8tO:4 t t 5Tc 03oo r oUFlATtor{ lmm€s):03-10. 
-- 

--..-.-- -...-.

Atbrney Docftsl No, 0U 193-1201 1ous

aTATE[lEl,lr UNpER 37 cFR 9,r3(!l
Applcsd,F!tsnt Ovvner Ftoltblgc VgnurEG, tLC

Appl€ton No/Pabnt No,|!BIE8,5ZB; F,SgStf Rtcd/knlr DFbl
$llf04

-hrbn6o VGnhrlt- LLC - a
(lh|Ie ofA{t'art

thbs $rl ll lrt .

l. E ho Elsh[Fc €f 0|o fiba ]ttrl, !to, Fnd hlarlrf or
Z E fl q.slgn6o of t .r th.n th. rnft! rtrht, lllF ind lnb.esj.

Th. €n{.nl (by, pcfo€ntrlFl of lo oirncrr p lnbr.rt b _99
ln 0D pr6nt {pllcatlor peH|t ldeouterl rbo/E by M Ie ol €tthor:

A E fi arslnmont lltn $. hrgt|b(r) of lhe pshnt rFpltcalo pqb[lt ldarrfi€d abgv€. Tha Bslgmreot wB
nEordrd In lh€ t nlbd Elahe Pstont rnd Trad ai* gfrco ai Rml r Frflna s ctof vribn a cqpy
hsrcofts atb6od.

OF

& E A .h8h d toa fiom ts ltllrnbr{sL ot hr pa!.fl rmha0ortpabrd k ?httld alorD, b thi .drrcnt srllpn€s ss
Shgr,D bclou,l

L F om; AI P(ruRkERArllAn To :AEba Mclo€locturlc! Coroo|albn
Tho docutngrtHr |lcfild hfio Lhhnt 51abs PEtcnt '|[ Trrd€ns Ofrtceat
R€d !9qlqE Fram€ mel. ar lbr whtoh r copyth€|r6fk atEdtod,

2, Fsn! Tp :Frpflqnrcvenqs. tlc _ .
Th6 doqmrnt lnr r&d!d lfl.tF Udtod ${F prtont rnd T'adormrt O[tee |l
Rlsl gl!|g4, Frsno !@. s t( lrt||ch I cqy thorfi h atbohed.

g. Frcnl To
nt6 do(rlmsnt rB t@.dgd h lhg Litlbd Ebbc F*bnt and TrEdamat Oncs at
n€d 

- 

Frim. 

- 

a[ frrvitrldl . cqy ftlrE9t b alt96od.

(IIDF ot^.rbrrq 1S, eoryordlon, pstt trtfi trlvl|lly, Fyffriil 4'Oqi laoJ .

E Copt!! oC rrrbrmatr c|'odr. qo('|t|rntih ha {tdh itdih qlr rth.fird,
INOTE A r+inb coty (l,ar [b orhhEl lssttnrnad docu|||rrtt or g trye cgpy of tht dlctlEt dor mflo
rruC bs .ryhtlled to AElgnn€nt DNvklm h Ei:codsrAa nlh g7 CFR ps t, it ths ElBEnr|H{ Ir fo bt
|3cafded ln hr.]!c.d! oftr€ UEFTQ, E!! MPEP BOZET

Tho uded$ed (wllo6o duo b sqpplled D6k rrl h ruhortsgd b dql D9hart of the a*[prc.

T.l.phong number

00r04fi9s7; Slpbmbrr t4 1980 
, ,

Deb
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5xs 3,zs? lage I of1

'OR 
PATN.ITS

APPLICATION NUMBER I Ftr-ING OR 37t (C) DATE I FIRST NAM-ED A}PLICAI,T I AITY, DOCK.ET NO./TNLE

08/926,576 09t04/1997

20350
TOWNSEND AND TOWNSEND AND CREW, LLP
TWO EMBARCADERO CENTER
EIGHTH FLOOR
sAN FRANC|SCO, CA 941 I 1-3834

ALIPOURKERAMATI 1782211

CONFIRMATION NO,7207

ilil||ililrilfi rililfl r][ililriltilil||uilililililIilililIfiilil|
.oc000000020342854'

]1[]

at6 Mailed: 0910712006

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attomey filed 0210212005.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1 .33.

308-9010 EXT 184
OFFICE COPY
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Page 1 of I

@
FJ$.f #$ ff

lilflrfl ilililtilltilffi ililutiltilt|[ffi illililil]||ilililflil[n
'oc000000020342828.

Date Mailed: 09/07/2006

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attomey filed O2!O212OOS.

' t9 igwel ol4tjorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future conespondence will be mailed to the new addr6ss of record(37 CFR 1.33).

OFFICE COPY

ALI POURKERAMATI 17822rl

CONFIRMATION NO.7207
BABAK S. SANI
TOWNSEND AND TOWNSEND AND CREW
TWO EMBARCADERO CENTER 8TH FLOOR
SAN FRANCISCO. CA 9411 1

308-9010 ExT 184
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2Or.O+(b)

35 U.S.C. ttl

Provisional Apptication tR - 31

APPLtcAnoN,

*+*

Id PFTOWSIONAL APPUCANON, -

(ll AUTHORIZATION,-A pRovlstoNAL appucaflaN FoR paTENr 
'HALL 

BE MADE oR auiHoRtzEp To BE
MAOE BY THE INVENTOR, EXCEPT AS OIHERWISE PRaVoEo IN THE nfLE, IN VRTTTNG To THE CoMMIssIoNER.
SucH APpucafloN 5HALL tNcLUoE-

C4) A spEctflcAnoN as pREScRtEED Dy THE nRsT paRAaRApH oF sEcrtoN | | e oF THts ftTLE: aND

(B) A oRAwtNG as pREscRtBEp ay sEcnoN I I 3 oF iHts T|TLE,

e) CLAIM,-A cLAlM, as REQU|RED By rHE sEcoND iHRouGH FtFfH paRrcRApHs oF sEcToN I l Z.
5T1/{/J NOf BE REQUIFIED IN A PRQYIS'OIIAL APPLJCATIAN.

(3) FEE,.(.4',NTE APPUCAT'ON MT]S| BE ACCOMP+,IIEO BY TI1E FEE REOUIRED Er IAW,

(Bt ThE FEE MAY aE suBMtrrED AFrER THE spEctncATtoN aND aNy REquTRED DtawtNG aRE suBMtrrEo,
W|THIN SUCH PERIOD AND UNOER SUCH CONDErc,NS, INCLUD|NO THE pAflrrENT OF A SURCHAFTGE, AS t'Ay AE
PRESCR|BED BY THE CoMMtsstoNER,

(c) uPoN FAILURE 79 suBtttr ilTE FEE wtrHtN sucH pRtascRtBED pERtoD, THE appLrcATtoN SHALL uE
REGARDED As AEANooNED, uN,tss tT E sHowN To rHE sansFAc|toN oF fHE CoMMtsstoNER rHAr rHE
OEIAY IN SUBMENNA THE FEE WAS UNA\O'DABLE OR IJNINTENTIONAL.

@) FILING DATE..T\E nuNc qATE oF A PRowsIoNAL r'PFucAnoN SHALL BE THE DATE oN wHIcH nHE
sPEctFTcATroN AND ANy REqU|RED oRAWNo aRE RECETVED tN THE paTENf aND TRADE|"'aRK OFFtcE.

(A ABANDONMENT,-TI1E pRawgoNAL appucanoN 9HALL BE REc,,a.FtDED as aEANDoNEo I A MoNrHs
AFTER 7I7E FIUNO DAiE OF SLrcH APPLICAflAN AND SHAL NOf BE SUAJECT 70 REVIVAL THEREA.rER.

(d O|HER BAsIS FOR PROWSTONAL APPLICATION.-SuDJE?T To au T|TE coNDtrtoNs tN THts
SUBSECTION ANO SEC|ION I IE(4 OF THIS NN.E, AND AS PRESCRI'ED EY THE COMMIS'IONER, AN
APPUCATIoN rcR PATENT FILED UNDER 6u',sEcTlaN h) I,AY aE /REATEo 49 A PRows'oNAL APPucAvoN FoR

(N NO RIGHT OF PRIORET OR BENEFTT OF EARLIBT nuNo DATE,.A PRov!''oTuL APPIJcAnoN
SHAL NoT BE ENnTLED To rHE RTGHT oF pRtoRtTy oF aNy orHER aFpLJCATfoN UNDER sEcnoN I 19 oR
365(N oF Tllts nTLE oR To rHE EENEF|T oF aN E 6tuER FtLtNG DA.E lN rHE UN|TED sTATEs !JNqER sEcnoN
| 20, | 21, oR 365(c) oF THE ITLE,

(& APPLICABLE PROWSIONS:THE FaovtstoNs oF THts rtrLE RELAnNo to applJcanoNs rcR parENT
stlALL APPLY fO PROWSTONAL AppLtCATtONS FOR pATENr, EXCEpT AS O|HERW|SE aROWAEO, AND EXCEpf
TttAT pRowstoNAL AppucaftoNs FoR parENr 5HALL NoT BE suaJECT To sEcrtoNs I I S, I S I , I 35, aND
I 57 oF THts ntLE.

37 CFR 1.9 Deflnitions.

.@(1) A.natlonal ?pplic?tloQ as useq h thls chapter means a U.S. applcailon forpatent whlcn was elther fltect In the offlce under 35 u.s.c. 111, or whtch'entered the
natlonal stage from an Internafional appllcailon after compilance wtth 35 u.s.c. 371.
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e) A provlgonal appilcatlon as usecl In thls chapter means a u.s. nailonal
appllcatlon for patent flled In the offlce uncler 35 u.s.c. 111h).

(a A nonprovlslonal appllcatlon as used In thls chapter means a u.s. nauonal
appficaaon for patent whlch was elther flled ln the offlce under 35 u.s.c. 111@, or
whlch entered the natlonal stage from an Internauonal appllcatlon after compllance
wlth 35 U.s.c. 371.

s7 cFR 1.sj seriat number, r,*ir rrrr, and comptetion or
application.

*****

h)Q) The flllns clate of a provlslonal appilcatlon Is the clate on whlch: a
speclflcatlon as prescrlbecl by 35 U.S.C. 112, flrst paragraph; ancl anY drawlng requlrecl
by S 1.81@, arc fllecl In the Patent ancl Traclemark Offlce In the name of the actual
inventor or lnventors as requlrecl by S 1.41. No amendment, other than to make the
provlgonal appllcatlon complv wlth all appilcable regulatlons, may be made to the
provlslonal appilcatlon after the fillng date of the provlslonal appllcatlon. lf all the
names of the actual Inventor or Inventors are not supplled when ffie speclflcatlon
and any requlred drawlng are flled, the provlslonal appllcauon will not be glven a
flllng date earller than the date upon whlch the names are supp ecl unless a petluon
with the fee set forth in $ 1.17Q) ls flled whlch sets forth the reasons the clelay h
supplylng the names shoulcl be excusecl.

one of the provisions 
" 

tn. ;;y Round Agreements Act which is
effective as of June 8, 1995, is the establishment of a domestic priority system.
The Act provides a mechanism to enable domestic applicans to quickly and
inexpensively file provisional applications. Under the provisions of 35 U.S.C.
1 | 9(e), applicants are entitled to claim the benefit of priority in a given application
in the United Sutes. The domestic priority period will not count in the
measurement of the 20 - year patent term. See 35 U.S.C. 154(a)(3). Thus,
domestic applicants are placed on equal footing with foreign applicants with respect
to the patent term.

The paru of a provisional application that are required are set forth in 37 CFR
1.51 (a)(2) and MPEP 5 601.01 and 5 601.01 (b). The filing date of a provisional
application is the date on which (l) a specification which complies with 15 U.S.C.
I 12, first paragraph, and (2) any drawing required by 37 CFR 1.81 (a) are filed in
the name of the actual Inventor or inventors as required by 37 CFR 1.41. A
provisional application must also include a cover sheet identifying the application as
a provisional application. Othenvise, the application will be treated as an
application flled under 37 CFR 1.53(b)(l). The filing fee is set fonh in 37 CFR
1 . 1 6(k).

Note:

No claim is required in a provisional application.

No oath or declaration is required in a provisional application.

Provisional applications will not be examined for patentability,

(t)
(2)

(3)
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placed In an int€rf€rence, or mad€ the subiect of a statutory invention
registration.

A provisional application will automatically be abandoned 12 months after is
filing date and wili not be subiect to revival to restore it to pending sutus
therlafter. Since a provisional adplication can be pen(ing for no more than 12
months, if the last day of pendency is on a Saturday, Sunday, or Federal holllay,
cooend-ency would require that the later filed nonprovisional application be filed
pribrto th6 Saturday, Sundan or Federalholiday. See 31CF!. 1.78(a)(3). >For-
bxamofe, if a orovisi6nal aodiication was filed on June 28,1996, the last day of
pend6ncy of the proMsionil-application under 35'U.S.C. I I l(bX5) is June 28,
1997. Since luntj 28, 1997 is a Saturday, a nonprovlslonal application clalmlng
the benefit of the pr6visional application must be ffled on the Fdday, )une 27,
1997, prlor to the Saturday (See 37 CFR 1.78(a)(3)). However, note that new
pateni ipplications filed in accordance with 37 CFR l.l0 will be suryped by the
Office riiih the date of deposit as "Express Mail" with the Unlted Sutes Posol
Service. For example, if a new patent application is deposited in "Express Mail" in
accordance with 37 CFR l.l0bn a Saiurday and the United States Postal Service
eives it a date of deposit of Saturday, the Office will accord and sump the
Eonespondence with the Saturday dite. 37 CFR 1.6(aX2).< A provisional
application is not entitled to claim priority benefis based on any other application
under 35 U.S.C. | 19, 12O, 121, or 365.

An application ffled under 37 CFR 1.53(bxl) may be converted to a
provisional'application provided a petition requesting the conversion is submitted
ilong with the fee as set forth in 37 CFR l.l7(q). The petition and fee must be
submitted prior to the earlier of the abandonment of the nonprovlsional
application, the payment of the issue fee, the expiration of 12 months after the
frling date of the nonprovisional application, or the filing of a request for statutory
invention registration. The grant of any such petition will not entitle applicant to_a
refund of th-e fees which wEre properli paid in the application filed under 37 CFR
r .53(b)( r ).

Design applications may not make a claim for priority of a provisional
applicadon under 37 CFR 1.78(a)(3).
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Application or Docket Number 

PATENT APPLICATION FEE DETERMINATION RECORD 
Effective October 1, 1996 1:;J-{£7 

CLAIMS AS FILED - PART I 

FOR 

BASIC FEE 

TOTAL CLAIMS 

INDEPENDENT CLAIMS 

MULTIPLE DEPENDENT CLAIM PRESENT 

.. If the difference In oolumn 1 Is leB6 than zero, enter "0" In column 2 

CLAIMS AS AMENDED - PART II 
(Column 1) 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

(Column 1) 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

Minus 

Minus 

Minus 

Minus 

(Column 2) 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

... 
* .. * 

HIGHEST 

(Column,3) 

PRESENT 
EXTRA 

(Column 3) 

NUMBER PRESENT 
PREVIOUSLY EXTRA 

PAID FOR 

= 
*** 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

AFTER PREVIOUSLY EXTRA 
AMENDMENT PAID FOR 

Minus * .. 
= 

Minus **~ 
'= 

. IRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

entry In column 1 Is less than the ent~ In column 2, write "0" In column 3. 
")-IlgMst Number Prevlousty Paid For' IN THIS SPACE Is less thafj20, enter "20'­

gheat Number Previously Paid For" IN THIS SPACE Is 11"8S ti')an 3, enter "3." 

OTHER THAN 
OR SMALL ENTITY 

FEE 

385,00 OR 

x$11= 

x40= 

+130;:::: 

TOTAL --_ .. 
SMALL ENTITY 

ADDI-
RATE TIONAL 

FEE 

x$11= 

x40= 

+130= 
TOTAL 
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