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MANUFACTURING PROCESS FOR ZERO-CAPACITOR
RANDOM ACCESS MEMORY CIRCUITS

Inventor:

Pierre Fazan

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of the U.S Provisional Application,

Serial Number 60/921,151 entitled "Manufacturing Process for Zero-Capacitor

Random Access Memory Circuits" and filed on March 29, 2007, which is hereby

incorporated by reference in its entirety

FIELD

Embodiments of the invention relate generally to semiconductor

manufacturing, and more specifically to manufacturing processes for memory cell

circuits.

BACKGROUND

Many modern microprocessors incorporate significant amounts of on-chip

memory (such as cache memory), and the present trend toward ever-increasing

amounts of on-chip memory have led some industry analysts to forecast that up to

90% of the die area of future processors will be occupied by memory. Different types

of memory devices are presently used for the various cache and on-board memory

aπ ays. For example, Ll (Level 1) caches typically use SRAM (Static Random Access

Memory) devices, while other caches may use eDRAM (Embedded Dynamic

Random Access Memory). Still other memory arrays may use Flash memory, or

similar devices. Each type of memory has certain performance, storage, power

consumption, and cost characteristics that may be well-suited to one type of

application, but not others. These different types of memory devices also often have

different device geometries, and are fabricated by different manufacturing processes

For example, SRAM bit-cells require four to six transistors, and are thus relatively

costly, but they scale readily to smaller fabrication processes Flash memory has

fewer transistors, but is relatively slow, while DRAM has only one transistor per bit-



cell and is relatively fast. Because of size and performance characteristics, DRAM is

a popular choice for wide-scale use as stand alone memory, however, these devices

also require the use of a capacitor per bit-cell, and the deep trench or stacked structure

required for the capacitor produces an aspect ratio that does not scale well to smaller

fabrication processes (e.g., beyond 65 nm).

Figure IA illustrates an example of a standard DRAM cell with a trench

capacitor structure. In Figure IA, the DRAM cell 100 comprises a transistor which

has a gate 102 that is separated from the substrate 106 by a gate oxide layer 105

Source and drain junctions 104 are formed within silicon substrate 106. The DRAM

cell 100 also includes a trench capacitor 110, which extends downward through

substrate 106. The capacitor structure 110 can also be a stacked capacitor, which case

it would protrude upwards from substrate 106. Although trench technology may

provide favorable topographies above the silicon surface, it presents significant

challenges below the transistor, and can produce an aspect ratio as large as 90 to 1.

This limitation prevents current DRAM devices from exploiting production processes

that are much smaller than the current 65 nm or 45 nm technologies. The capacitor

structure also imposes significant cost and yield constraints on DRAM manufacturing

processes.

One important parameter associated with transistor circuits, such as DRAMs is

the feature size of the device. In general, the feature size of the transistor is denoted

F, where F corresponds to the minimum gate length that can be produced in the

manufacturing process for circuit 100. Thus, for the example circuit of Figure IA, the

width of gate 102 would define the feature size, F, for circuit 100. Under present

manufacturing systems, the bit-cell area for a one-transistor, one-capacitor DRAM

device is typically on the order of 2F by 4F, which equals 8F2.

To overcome the fabrication disadvantages of traditional DRAM devices, a

new DRAM technology for memory applications has been developed. This

technology, referred to as "Z-RAM" consists of a single transistor per bit-cell, with

zero capacitors, thus eliminating the deep trench or the complex stacked capacitor. Z-

RAM® was developed by, and is a trademark of Innovative Silicon, Inc. of

Switzerland. Z-RAM is built on Silicon-on-Insulator (SOI) wafers, and was initially

developed for embedded memory applications. In general, various different



manufacturing processes can be employed to produce Z-RAM devices. It is desirable

to implement a manufacturing process that reduces the size of the memory bit cell,

thereby increasing the density of memory cells beyond the current 8F2 DRAM

density, and also extends Z-RAM manufacturing processes to standalone memory

applications. It is further desirable to provide a manufacturing process that allows

DRAM device technology to scale below current manufacturing feature size

dimensions, such as 45 nm and below.

It is yet further desirable to utilize a manufacturing process flow for Z-RAM

devices that does not affect or alter drastically existing process flows for stand alone

memory production for applications in which Z-RAM is used as on-chip memory or

other stand alone memory applications.

Disadvantages with present memory cell fabrication processes also extend to

the layout of signal lines through an ays of memory cells. Figure IB illustrates the bit

and word line routing in present capacitor-based DRAM arrays 150 As shown in

Figure IB, in typical prior art semiconductor lithography systems, DRAM active

areas 152 are formed as long rectangular areas that are separated by gaps and

staggered from row to row. The active areas 152 comprise the source, drain and gates

of the memory transistors, and are parallel to the bit lines 153 of the memory cells.

The word lines 162 are polysilicon lines that intersect the active areas 152 to form the

transistor gates. The polysilicon gates for the word lines 162 are separated from the

active areas at the intersection by a gate oxide layer. The cell layout of Figure IB also

illustrates capacitor contacts 163 and bit line contact 165. The bit cell area is

illustrated by box 154. As shown in array 150, the routing word lines consist of

straight line segments and angled segments. Such a routing scheme facilitates the

staggered layout of the active areas, but imposes a complication on the lithography

process through the requirement of relatively complicated line layouts. Such

complications impose practical limits on the degree of scalability of present memory

array designs.



BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are illustrated by way of example and

not limitation in the figures of the accompanying drawings, in which like references

indicate similar elements and in which:

Figure IA illustrates an example of a standard DRAM cell with a trench

capacitor structure.

Figure IB illustrates the bit and word line routing in present capacitor-based

DRAM arrays.

Figure 2 is a flowchart that illustrates a process flow for manufacture of Z-

RAM memory arrays, under an embodiment.

Figure 3 is a top view illustration of straight line active area patterns formed

on a substrate, under an embodiment.

Figure 4 is a side view illustration of an active area pattern such as illustrated

in Figure 3, under an embodiment.

Figure 5 is a top view illustration of straight poly line patterns formed on a

substrate, under an embodiment.

Figure 6 is a side view illustration of a memory array produced by a

fabrication process, under an embodiment.

Figure 7 illustrates the top view of an array of formation of contact areas for

the gates of transistor devices, under an embodiment.

Figure 8 is a side view illustration of a memory array as viewed from a cross-

section line of Figure 7, under an embodiment.

Figure 9 is a side view illustration of a memory array after a trench etch

process, under an embodiment.

Figure 10 is a side view illustration of a memory array after deposition of

conductive material in the trench area formed by spacers, under an embodiment.

Figure 11 illustrates a side view of a memory array after planarization of

conductive material in the trench area, under an embodiment.

Figure 12 is a top view of metal 1 lines formed on a memory array, under an

embodiment.



Figure 13 is a side-view of a memory array with the metal 1 lines of Figure

12, under an embodiment

Figure 14 illustrates the formation of via patterns on a memory array, under an

embodiment.

Figure 15 is a side-view of a memory array with the vias of Figure 14 under

an embodiment

Figure 16 is a top view of metal 2 (M2) lines formed on a memory aπ ay,

under an embodiment

Figure 17 is a side-view of a memory aπ ay with the metal 2 lines of Figure

16, under an embodiment.

Figure 18 is a top view of a memory aπ ay comprising M l lines, M2 lines, and

vias, under an embodiment.



DETAILED DESCRIPTION

Embodiments of a manufacturing process flow for producing standalone Z-

RAM devices that can achieve bit cell sizes on the order of 4F2 or 5F2, and that can

be applied to common gate, common source, common drain, or separate source or

drain transistors, are described

Active area and poly line patterns are formed as perpendicularly-arranged

straight lines (for common source/drain transistors), or rectangular areas on a Silicon-

on-Insulator substrate. The intersections of the active area and word lines define

contact areas for the connection of vias and metal line layers Insulative spacers are

used to provide an etch mask pattern that allows the selective etching of contact areas

as a series of linear trenches, thus facilitating straight line lithography techniques.

Embodiments of the manufacturing process remove first layer metal (metal- 1) islands

and form elongated vias, in a succession of processing steps to build a dense stand

alone Z-RAM array or embedded DRAM arrays.

In the following description, numerous specific details are introduced to

provide a thorough understanding of, and enabling description for, embodiments of a

dense memory cell manufacturing process. One skilled in the relevant art, however,

will recognize that these embodiments can be practiced without one or more of the

specific details, or with other components, systems, and so on. In other instances,

well-known structures or operations are not shown, or are not described in detail, to

avoid obscuring aspects of the disclosed embodiments.

As shown in Figure IB, in typical prior art semiconductor lithography

systems, DRAM active areas are formed as small rectangular areas that are staggered

from row to row. Word lines running over the active areas require bends or turns in

the traces to maintain isolation of individual active area cells. Embodiments of

present manufacturing system and method employ straight line patterning of active

areas, thus facilitating the use of manufacturing process that can be scaled to smaller

feature sizes Figure 2 is a flowchart that illustrates a process flow for manufacture

of Z-RAM memory arrays, under an embodiment. In general, a number of memory

devices will be formed in an array that is produced by successive steps of patterning

conductive and insulative layers in a grid pattern, and selectively etching these layers

to produce the devices (bit cells). In general, each bit cell is built from an active layer



that is patterned in straight lines. With reference to Figure 2, the process starts in

block 202, in which the straight line active area patterns are formed by the shallow

trench isolation (STI) process known in the art. The active areas are formed as a

series of lines or rectangles in a first direction (e.g., horizontally) on the substrate

surface. The use of straight lines greatly facilitates these lithography processes and

allows scaling to smaller process dimensions defined by the feature size, F.

In one embodiment, Silicon-on-Insulator (SOI) technology is used to make a

simpler transistor structure that does not require a capacitor. In general, SOI was

developed as an alternative to conventional CMOS (Complementary Metal Oxide

Semiconductor) technology to provide improved processing performance and reduced

current leakage Unlike conventional CMOS chips, where a transistor is placed

directly on the surface of a silicon substrate, an SOI device has a thick layer of oxide

insulator (typically silicon dioxide) between the transistor and the silicon substrate to

more efficiently isolate transistors from adjacent devices and from the substrate. On

SOI wafers, there is a buried oxide layer that covers the complete surface of the wafer

Figure 3 is a top view illustration of straight line active area patterns formed

on an SOI substrate, under an embodiment. As shown in Figure 3, the active area

lines 302 are formed as straight lines or rectangles in a horizontal (first) direction with

a critical dimension of width F, and this defines the minimum size of the device

formed by the active area In one embodiment, the gap 304 or distance between the

active area patterns is also F, so that the pattern pitch is 2F. Alternatively, the width

302 and the distance between the active area lines 304 can vary from F to any

multiple of F depending on the constraints and requirements of the system.

Figure 4 is a side view illustration of an active area pattern on an SOI

substrate, such as illustrated in Figure 3, under an embodiment. As shown in Figure

4, an oxide layer 404 is formed on top of a substrate layer 402, which is typically a

silicon (Si) substrate. On top of oxide lies a doped silicon layer 406. This silicon

layer is doped to the proper level depending on critical parameters of the device, or

the requirements of any particular application. In one embodiment, the dopant

implanted dose is on the order of 10 n to 10 14 dopant atoms/cm2. Layer 406 of Figure

4 is a silicon layer that comprises the active layer in which the transistors will be

formed The gaps 304 of Figure 3 are made by an STI process that removes layer 406



and replaces it with an oxide film so that adjacent active area are insulated. The STI

process uses photolithography and etching techniques to define areas of active regions

and areas of insulated regions During this process, the silicon 406 in regions 304 is

etched away and then an oxide is deposited in the holes and planarized by a

planarization technique, such as CMP (Chemical Mechanical Planarization).

After the active area patterns are formed and the appropriate dopant atoms are

introduced, known semiconductor fabrication steps are performed, such as the growth

of gate oxide layers, and so on. In one embodiment, the gates of the circuit are

formed by the patterning of straight conductive lines (word lines), in a direction

perpendicular to the active area lines. Thus, with reference to Figure 2, in block 204,

a set of straight word lines is laid in a second direction (e.g., vertical) on the substrate.

For an embodiment in which stand alone memory devices are fabricated, the word

lines are made from a stack of three different materials: polysilicon, then a suicide

material, then an insulator. These layers are typically polysilicon, tungsten suicide,

and silicon nitride. In one embodiment, the word lines comprise poly/silicide/nitride

traces that define the areas for self-aligned contacts.

Figure 5 is a top view illustration of straight word line patterns formed on a

substrate, under an embodiment As shown in Figure 5, the word lines 502 are formed

as straight lines in a vertical (second) direction with a critical dimension of width

1.5F, and this defines a second dimension of the device formed by the active area 302

of Figure 3. In one embodiment, the gap 504 or distance between the word line

patterns is F, so that the pattern pitch for the word lines is 2.5F Alternatively, the

distance between the word lines 502 and 504 can be any multiple of F (e g., 1.5F, 2F

or 3F) depending on the constraints and requirements of the system

Figure 6 is a side view illustration of a memory array produced by a

fabrication process, under an embodiment. As shown in Figure 6, several layers 610,

612 and 614 forming the transistor device and the word lines are formed on the SOI

substrate. A poly layer 610 is formed on top of a silicon substrate layer 602. The

doped silicon layer 406 of Figure 4 is patterned into separate contact and gap areas

606 and 608. A poly gate structure is created above this layer. In one embodiment,

the poly gate comprises a polysilicon layer 610, a polycide layer 612, and an

insulation layer 614 The structure comprising layers 610, 612, and 614 is



alternatively referred to as a transistor or "poly gate." The polycide of layer 612 is

typically a suicide material (e.g., tungsten suicide, WSi), and the insulation layer 614

can be silicon nitride (Si N4), or any similar insulative compound The poly gate is

formed by depositing the three layers 610, 612, and 614 on the oxide layer through

deposition techniques, photolithography techniques, and then dry etching the areas

between the gates to form the appropriate gate pattern. After etching, Halo implants

and (Lightly Doped Drain) LDD implants are used to dope the source and drain

contact regions 606 The doping step forms a channel region 608 between the source

and drain of the transistor.

In one embodiment, a silicon nitride (or similar insulative) spacer 616 is

formed to define an area around the poly gate with respect to the source and drain

areas 606 After the spacer formation step, the source and drain regions are further

doped. The gap 618 between the polysilicon layer 610 and the 608 region is formed

by the gate oxide layer that was grown in a previous processing step The thickness of

gap 618 can be adjusted to optimize the operation of the memory cell, and can range

anywhere from 1-1 Onm, and is typically 5nm, and can be reduced down to 3nm or

2nm

Figure 6 illustrates the formation of three separate transistor devices

comprising the gates and source/drain regions 606. This is illustrated in Figure 2 as

block 206. One of the ultimate goals of the process according to embodiments, is the

formation of contact areas that contact the source/drain areas 606 to allow connection

of wires to the transistor devices. In general, present lithography systems are well

suited to producing lines, however, making square contacts is typically more difficult.

Embodiments of the fabrication method produce square contacts using line and space

patterning techniques. In this manner, regular contact and plug patterns are formed

using line lithography (lines intersection) methods. The lack of a capacitor in

memory cells, as shown in Figure IA, and produced in accordance with embodiments,

allows the formation of contact areas through line lithography, as opposed to forming

or drilling of individual holes, which is generally, a much more costly and

complicated process Figure 7 illustrates a top view of an array of contact areas for

the gates of transistor devices, under an embodiment. Alternating rows of active area

rows 706 separated by gaps 709, and word line columns 702 and the gaps 704



between these columns define the areas of the contacts 708. In one embodiment, the

contact areas are squares of dimension IF by IF that are formed at the intersection of

the active areas 706 and the gaps 704 between the word lines 702. The contacts

ultimately connect the metal lines and vias of the circuit to the active areas of the

memory cells.

In general terms, the contact areas 708 are formed by patterning the lines 706,

etching grooves in between the spacers, filling the grooves with polysilicon or metal

and polishing the layer down to the nitride cap. The grooves essentially comprise

trenches that are etched in straight lines through the poly layers, thus allowing for

creation of contacts through line lithography, rather than traditional drilling

techniques, thus making contact creation a more cost effective process. The trenches

are defined by nitride spacers placed on the sides of the poly gates, as shown in block

208 of Figure 2.

Figure 8 is a side view illustration of a memory array as viewed from cross-

section line 720 of Figure 7, prior to patterning and etching, under an embodiment.

As shown in Figure 8, area 804 defines the spacer area and, in one embodiment,

comprises silicon nitride (Si N4), as does the insulative layer 614 of the poly gate.

The area 802 between the spacers contacts the source/drain areas 606, and is filled

with a dielectric material, such as silicon dioxide (SiO2) . Thus, for the process of

Figure 2, after the nitride spacers have been formed, the silicon dioxide layer is

deposited and then polished to allow for straight line lithography on a planar surface,

block 210. As shown in block 212 of Figure 2, the elongated line defined by the

spacers is etched using a selective etch process that removes the insulative material

down to the silicon layer. The silicon nitride comprising the spacer region 804 and

the film 614 on top of the conductive gate, act as an etch stop.

In one embodiment, silicon nitride and silicon dioxide are used as the spacer

and insulative materials respectively, as shown in Figure 8 Alternatively, any suitable

materials that have high etch selectively may also be used, such as Tantalum Oxide

(Ta2O ), Titanium Oxide (TiO ), Zirconium Oxide (ZrO2), Hafnium Oxide (HfO ),

Aluminum Oxide (Al2O ), and other such insulators or combinations of insulators.

Any of these insulative materials can be used in regions 802, 804, or 614 of the poly

gate structure shown in Figure 8 In general, the spacer region 804 and the top layer



of the poly gate 614 are made of the same material, and the gap region 802 is filled

with a different insulative or dielectric material.

Figure 9 is a side view illustration of a memory array after a trench etch

process, under an embodiment. As shown in Figure 9, once the insulator/dielectric

material has been etched away in step 212 of Figure 2, the top surface 902 of the

insulation layer 614 of the poly gate is exposed, and the gap area down to the active

area 606 is left open This area is then filled with deposition of a plug or conductive

material, such as polysilicon, Tungsten (W), or other suitable conductive or semi-

conductive material. This is illustrated as block 214 of Figure 2. Figure 10 is a side

view illustration of a memory array after deposition of conductive material in the

trench area formed by spacers, under an embodiment. As shown in Figure 10, the

conductive material 1002 fills the trench material down to the source/drain areas 606

and is insulated from the poly gate area by spacer area 804 and by insulative layer

614.

Once the conductive material has been deposited, it is planarized down to the

nitride etch stop layer 614 by a CMP (Chemical Mechanical Planarization) or similar

process In general, CMP processes use a chemical slurry formulation and mechanical

polishing to remove unwanted material and polish wafer material to a near-perfect flat

and smooth surface for subsequent photolithography steps After this planarization

process, the contact (plug) material will reside only in the contact areas. Figure 11

illustrates a side view of a memory array after planarization of conductive material in

the trench area, under an embodiment. As shown in Figure 11, the remaining

conductive material 1102 forms a contact area path to the active area 606 that is flush

with the top surface 902 of the insulation layer of the poly gates.

Once the conductive material is deposited and planarized in the trench areas,

the array is ready for metal line formation. The conductive material forms contact

areas that connect the metal lines of the circuit to the active areas of the memory cells.

Any number, n, of metal lines can be used, for example, present stand alone memories

have up to 5 metal lines that are numbered Ml to Mn from bottom to top. Each of the

metal line layers is separated by insulative material, and the metal lines are connected

to one another through vias. In one embodiment, every other contact area is

connected to a metal line layer, and the remaining alternating contact areas are



connected to vias As shown as block 218 of Figure 2, straight metal 1 (Ml) line

patterns are formed on alternating contact areas. Figure 12 is a top view of metal 1

lines formed on a memory array, under an embodiment As shown in Figure 12, Ml

lines 1202 are formed as straight lines that are separated by a gap 1204. The line

pitch is defined by the width of the contact areas and the poly gates. As shown in

Figure 12, the pitch under an embodiment is 5F, as is the case when the contact area is

F and the poly gate width is 1.5F, as shown in Figure 7 . Though the typical pitch for

Ml lines in prior art processes is on the order of 2F, the use of 5F pitch for present

embodiments greatly eases constrains associated with the lithography process.

In one embodiment, the Ml lines are formed by a Damascene process. In a

Damascene process, a dielectric layer of "low-k" materials is deposited using

chemical vapor or physical vapor deposition A lithography step and etch step are

then performed to create grooves to lower levels as well as to trenches where the

copper or other conductive material will end up. A strong barrier layer is used to

prevent migration of the copper. The metal layer is deposited through vapor

deposition, and this layer serves as a seed layer for an electroplating step. This layer

is then polished through a CMP step to produce a top surface that is ready for the

deposition of the next layer of insulation. Other techniques, such as traditional

etching processes can be used to form the metal layers, under alternative

embodiments of the memory array fabrication process

Figure 13 is a side-view of a memory array with the metal 1 lines of Figure

12, under an embodiment. The side-view of Figure 13 represents the cross-section as

viewed along cross-section line 1220 of Figure 12. As shown in Figure 13, the Ml

lines 1302 are formed on the top surface of every other contact plug 1102 and are

separated by a gap 1304 that consists of the width of an intermediate contact plug and

two poly gates. In one embodiment, the Ml lines represent source lines (SL) that

contact active areas 606 that represent the source regions of respective transistors.

For purposes of illustration, the source lines run perpendicular to the plane of the

drawing shown in Figure 13.

In one embodiment, the remaining alternating contact areas in between the Ml

lines are dedicated to vias. Thus, as shown in block 220 of Figure 1, vias are formed

on alternating contact areas between the Ml lines Figure 14 illustrates the formation



of via patterns on a memory array, under an embodiment A number of vias 1402 of

dimension F by 1 5F are patterned in a rectangular array. The minimum pitch

between the vias is 2F as defined by the critical width of the via 1403 and the

minimum spacing 1404 between the vias 1402. As shown in Figure 14, the vias are

formed with elongated shapes, as opposed to square or round cross-sections, in order

to ease lithographic constraints, and in one embodiment, the vias are overetched down

to the contact surface.

Figure 15 is a side-view of a memory array with the vias of Figure 14 under

an embodiment The side-view of Figure 15 represents the cross-section as viewed

along cross-section line 1420 of Figure 14. As shown in Figure 15, the vias 1506 are

formed on the top surface of every other contact plug 1102 and are separated from

neighboring M l lines 1302 by gaps 1502 that consist of the poly gates. The vias

comprise connections between any two or more metal layers of the memory array, or

between a metal line and the drain areas of respective transistors.

Subsequent metal line layers (M2 and above), as well as vias can be produced

in subsequent process steps that employ straight line formation of conductive lines

Figure 16 is a top view of metal 2 (M2) lines formed on a memory array, under an

embodiment. As shown in Figure 16, M2 lines 1602, 1606, and 1608 are formed as

straight lines that are separated by gaps 1604. The line pitch between the M2 lines

can be defined by the critical width, F, of the poly gates, thus producing a line pitch of

2F, as shown in Figure 16.

Figure 17 is a side-view of a memory array with the metal 2 lines of Figure

16, under an embodiment The side-view of Figure 17 represents the cross-section as

viewed along cross-section line 1620 of Figure 16. As shown in Figure 17, the M2

line 1702 is formed on the top surface of one or more via contact areas 1506 and on

top of an insulative surface 1504 separating the M2 lines from the M l lines 1302.

This process is illustrated as block 222 of Figure 2 . In one embodiment, the M2 lines

represent bit lines (BL) that run perpendicular to the M l source lines, and the word

lines (WL) that can be formed from other metal line layers. For purposes of

illustration, the bit lines run parallel to the plane of the drawing shown in Figure 17.

Any additional metal line layers (M3 to Mn) can be formed by additional Damascene

line deposition processes, as illustrated in block 224 of Figure 2. Such additional



metal lines can be used to connect to othei peripheral devices or components, and can

be arranged such that alternate additional metal layers can be arranged perpendicular

to one another, such as shown for the M l and M2 layers in Figure 17.

Figure 18 is a top view of a memory array comprising M l lines, M2 lines, and

vias, under an embodiment As shown in Figure 18, the M l lines 1202 representing

source lines are patterned between vias 1402. The M2 lines 1804 are laid on top of

the active areas 302 of Figure 3 and represent bit lines that run perpendicular to the

source M l lines. The poly line areas 1806 represent ground or write lines. A bit cell

for a memory device generally comprises the intersection of an M l line and an M2

line and a portion of the area 1808 around the intersection. The contact areas 708

shown in Figure 7 reside underneath the vias 1402 and the M1/M2 intersections of

Figure 18.

For the memory array embodiment of Figure 18, the pitch of the M2 lines is

generally 2F, while the pitch of the M l lines is generally 5F. The metal lines are

advantageously laid in straight lines, thus optimizing the lithography process and

eliminating the need for curved or bent contact lines, as shown in Figure IB Various

other constraints associated with present manufacturing processes are also optimized,

such as the elimination of M l islands and the relaxation of dimensions associated

with at least the M l lines, contact areas, and vias The dimensions of the bit cells can

be 5F2 with an active area of 2F pitch and 2.5F poly pitch. The bit cell dimension can

be reduced to 4F2 if a poly gate of width IF is used.

Embodiments of the memory array manufacturing process can be applied to

various types of array arrangements. At least one embodiment described herein has

been directed to arrays in which the drain junction of a bit cell is shared with a

neighboring cell and the source junction of a bit cell is shared with a second

neighboring cell, and such an embodiment may be referred to as a common drain-

common source cell layout. However, embodiments of the described process can also

be applied to other array arrangements. In one alternative embodiment, neither the

source nor drain junction of a bit cell is shared with a neighboring cell (separated

drain-separated source cell layout). In a further alternative embodiment, only the

source junction is shared between two neighboring cells, and not the drain (common

source-separated drain cell layout) In yet a further alternative embodiment, only the



drain junction is shared between two neighboring cells, and not the source (common

drain-separated source cell layout)

Aspects of the manufacturing process and process flow described herein may

executed by a computer executing program instructions, or as functionality

programmed into any of a variety of circuitry for semiconductor processing programs

or equipment. Such programs and equipment can be embodied in various different

circuits, components, or systems, including programmable logic devices ("PLDs"),

such as field programmable gate arrays ("FPGAs"), programmable array logic

("PAL") devices, electrically programmable logic and memory devices and standard

cell-based devices, as well as application specific integrated circuits Some other

possibilities for implementing aspects of the semiconductor manufacturing system

include: microcontrollers with memory (such as EEPROM), embedded

microprocessors, firmware, software, etc. Furthermore, aspects of the described

method may be embodied in microprocessors having software-based circuit

emulation, discrete logic (sequential and combinatorial), custom devices, fuzzy

(neural) logic, quantum devices, and hybrids of any of the above device types. The

underlying device technologies may be provided in a variety of component types, e.g.,

metal-oxide semiconductor field-effect transistor ("MOSFET") technologies like

complementary metal-oxide semiconductor ("CMOS"), bipolar technologies like

emitter-coupled logic ("ECL"), polymer technologies (e.g., silicon-conjugated

polymer and metal-conjugated polymer-metal structures), mixed analog and digital,

and so on.

It should also be noted that the various functions disclosed herein may be

described using any number of combinations of hardware, firmware, and/or as data

and/or instructions embodied in various machine-readable or computer-readable

media, in terms of their behavioral, register transfer, logic component, and/or other

characteristics Computer-readable media in which such formatted data and/or

instructions may be embodied include, but are not limited to, non-volatile storage

media in various forms (e.g., optical, magnetic or semiconductor storage media) and

carrier waves that may be used to transfer such formatted data and/or instructions

through wireless, optical, or wired signaling media or any combination thereof.

Examples of transfers of such formatted data and/or instructions by carrier waves



include, but are not limited to, transfers (uploads, downloads, e-mail, etc.) over the

Internet and/or other computer networks via one or more data transfer protocols (e g ,

HTTP, FTP, SMTP, and so on).

Unless the context clearly requires otherwise, throughout the description and

any present claims, the words "comprise," "comprising," and the like are to be

construed in an inclusive sense as opposed to an exclusive or exhaustive sense; that is

to say, in a sense of "including, but not limited to." Words using the singular or plural

number also include the plural or singular number respectively. Additionally, the

words "herein," "hereunder," "above," "below," and words of similar import refer to

this application as a whole and not to any particular portions of this application.

When the word "or" is used in reference to a list of two or more items, that word

covers all of the following interpretations of the word: any of the items in the list, all

of the items in the list and any combination of the items in the list

The above description of illustrated embodiments of the semiconductor

manufacturing process and system is not intended to be exhaustive or to limit the

embodiments to the precise form or instructions disclosed. While specific

embodiments of, and examples are described herein for illustrative purposes, various

equivalent modifications are possible within the scope of the described embodiments,

as those skilled in the relevant art will recognize

The elements and acts of the various embodiments described above can be

combined to provide further embodiments These and other changes can be made to

the semiconductor manufacturing process in light of the above detailed description

In general, in the following, the terms used should not be construed to limit the

described system to the specific embodiments disclosed in the specification, but

should be construed to include all operations or processes that operate thereunder

While certain aspects of the disclosed method and system may be presented

below in certain forms, the inventor contemplates the various aspects of the

methodology in any number of forms. For example, while only one aspect of the

describe process may be recited as embodied in machine-readable medium, other

aspects may likewise be embodied in machine-readable medium.

Aspects of the embodiments described herein may include a method of

fabricating semiconductor memory cells comprising: forming a plurality of parallel



active area lines in a first direction on a substrate, each active area line of the plurality

having a first predefined width and separated from a neighboring active area line by a

first predefined gap; forming a plurality of parallel word lines in a second direction

perpendicular to the first direction on the substrate, each word line of the plurality

having a first predefined width and separated from a neighboring word line by a

second predefined gap; defining the intersections of the active area lines and word

lines to be active areas for gate, source and drain regions of each of a plurality of

transistors formed by the active area lines and word lines; and layering polycide and

insulative regions on the word lines. The substrate comprises a Silicon-on-

Insulator substrate consisting of an oxide layer formed on a silicon substrate, the

oxide layer covered by a doped silicon layer, and wherein the active area lines

comprise substantially elongated rectangular areas. The method further

comprises forming an insulative spacer region on either side of each gate region

defined by the intersection areas of the word lines, the insulative spacer region

defining a trench running parallel and in between the word lines, and proximate

an upper surface of the source and drain regions of the plurality of transistors.

The insulative spacer region consists of an insulative material that is identical to

the material layered on the conductive region of the gate regions of each of the

transistors. The insulative material is selected from the group consisting of

Si3N4, Ta2O5, TiO2, ZrO2, HfO2, and Al2O3.

The method further comprising depositing a dielectric material in the trench

defined by the spacer region; etching the trench to the source and drain areas, wherein

the insulative material of the spacer region acts as an etch stop; depositing a

conductive material in the etched region of the trench; and planarizing the conductive

material such that a top surface of the conductive material is flush with a top surface

of the insulative region of the gate regions. The dielectric material comprises SiO2,

and the conductive material comprises Tungsten. The method further comprises:

forming a pattern of parallel straight first layer metal lines on alternate contact areas

defined by the deposited conductive material; depositing a layer of insulative material

over the first layer metal lines; depositing the conductive material in alternate contact

areas not proximate the first layer metal lines, to form vias; and forming a pattern of

parallel straight second layer metal lines perpendicular to the first layer metal lines,



and in contact with at least one or more of the vias. The first layer metal lines

comprise source lines for the transistors, and wherein the second layer metal lines

comprise bit lines for the transistors, and the word lines comprise word lines for the

transistors. The first pre-defined width is equal to the second pre-defined width, and

corresponds to a feature size F of each transistor of the plurality of transistors. The

first pre-defined width corresponds to a feature size F of each transistor of the

plurality of transistors, and the second pre-defined width is larger than the first pre¬

defined width. The second pre-defined width may be in the range of 1 IF to 3F.

Embodiments may also include a method of manufacturing a plurality of

memory cells on a substrate, comprising forming a substantially rectangular

array of transistor gates through the deposition of parallel word lines on the

substrate, the word lines separated by a first distance; forming a substantially

rectangular array of contact areas on opposing sides of each transistor gate of the

transistor gates through the formation of active area lines on the substrate in a

direction perpendicular to the word lines, the active area lines separated by a

second distance, wherein a first contact area corresponding to a source region of

the transistor, and a second contact area corresponding to a drain region of the

transistor; forming a parallel array of first metal lines connecting a first set of

contact areas of the rectangular array of contact areas; and forming an array of

vias corresponding to a second set of contact areas of the rectangular array of

contact areas. The method further comprising: depositing an insulative layer

over the array of first metal lines; and forming a parallel array of second metal

lines connected to at least a portion of the vias, wherein the array of second

metal lines is perpendicular to the array of first metal lines. The first layer metal

lines comprise source lines for the transistors, and wherein the second layer

metal lines comprise bit lines for the transistors, and further wherein the word

lines comprise write lines for the transistors. The transistor gates are formed by

depositing a polycide layer on the word lines, and depositing an insulative layer

on the polycide layer.

The contact areas are formed by: defining an insulative spacer region on

opposing sides of the transistor gate, the insulative spacer region defining a

trench disposed between pairs of word lines; depositing a dielectric material in



the trench defined by the spacer region, etching the trench to the source and

drain areas, wherein the insulative material of the spacer region acts as an etch

stop; depositing a conductive material in the etched region of the trench, and

planarizing the conductive material such that a top surface of the conductive

material is flush with a top surface of the insulative region of the poly gates

The substrate of this method comprises a Silicon-on-Insulator substrate

consisting of an oxide layer formed on a silicon substrate, the oxide layer

covered by a doped silicon layer.

Embodiments may further be directed to a method of fabricating an array of

semiconductor memory cells by forming a plurality of parallel active area lines in a

first direction on a substrate, each active area line of the plurality having a first

predefined width and separated from a neighboring active area line by a first

predefined gap, forming a plurality of parallel circuit lines in a second direction

perpendicular to the first direction on the substrate, each circuit line of the plurality

having a first predefined width and separated from a neighboring circuit line by a

second predefined gap, defining the intersections of the active area lines and circuit

lines to be active areas for gate, source and drain junctions of each of a plurality of

transistors formed by the active area lines and circuit lines, defining shared junction

areas between pairs of memory cells in the array, and layering polycide and insulative

regions on the word lines. For this method, the shared junction areas may comprise

shared drain and source junctions between adjacent pairs of memory cells.

Alternatively, the shared junction areas may only comprise shared drain

junctions between adjacent pairs of memory cells, or only comprise shared

source junctions between adjacent pairs of memory cells.

Embodiments may also include a semiconductor processing system for

producing an array of memory cells, the system comprising: a first circuit forming a

plurality of parallel active area lines in a first direction on a substrate, each active area

line of the plurality having a first predefined width and separated from a neighboring

active area line by a first predefined gap; a second circuit forming a plurality of

parallel word lines in a second direction perpendicular to the first direction on the

substrate, each poly line of the plurality having a first predefined width and separated

from a neighboring poly area line by a second predefined gap, wherein the



intersections of the active area lines and word lines define active areas for gate, source

and drain regions of each of a plurality of transistors formed by the active area lines

and word lines; and a third circuit layering polycide and insulative regions on the

word lines. The substrate comprises a Silicon-on-Insulator substrate consisting of

an oxide layer formed on a silicon substrate, the oxide layer covered by a doped

silicon layer The system further comprises a circuit forming an insulative spacer

region on either side of each gate region defined by the non-intersection areas of

the word lines, the insulative spacer region defining a trench running parallel and

in between the word lines, and proximate an upper surface of the source and

drain regions of the plurality of transistors The insulative spacer region consists

of an insulative material that is identical to the material layered on the

conductive region of the poly gate regions of each of the transistors, and wherein

the insulative material is selected from the group consisting of: Si N4, Ta2O5,

TiO2, ZrO2, HfO2, and Al2O3.

The system further comprises a first lithography subsystem configured to

deposit a dielectric material in the trench defined by the spacer region; etch the

trench to the source and drain areas, wherein the insulative material of the spacer

region acts as an etch stop; deposit a conductive material in the etched region of

the trench, and planarize the conductive material such that a top surface of the

conductive material is flush with a top surface of the insulative region of the gate

region. The dielectric material comprises SiO2, and the conductive material

comprising Tungsten.

The system further comprises a second lithography subsystem configured

to: form a pattern of parallel straight first layer metal lines on alternate contact

areas defined by the deposited conductive material; deposit a layer of insulative

material over the first layer metal lines; deposit the conductive material in

alternate contact areas not proximate the first layer metal lines, to form vias; and

form a pattern of parallel straight second layer metal lines perpendicular to the

first layer metal lines, and in contact with at least one or more of the vias The

first layer metal lines and the second layer metal lines are formed through a

Damascene process. The second lithography subsystem is configured to deposit



additional insulative layers and subsequent layer metal lines in successive subsequent

Damascene process steps.

Embodiments may further include an array of memory cells, comprising a

substantially rectangular array of transistor gates formed through the deposition

of parallel word lines on the substrate, the word lines separated by a first

distance; a substantially rectangular array of contact areas on opposing sides of

each transistor gate of the transistor gates formed through the formation of active

area lines on the substrate in a direction perpendicular to the word lines, the

active area lines separated by a second distance, wherein a first contact area

corresponding to a source region of the transistor, and a second contact area

corresponding to a drain region of the transistor; a parallel array of first metal

lines connecting a first set of contact areas of the rectangular array of contact

areas; and an array of vias corresponding to a second set of contact areas of the

rectangular array of contact areas. The array comprises a parallel array of

second metal lines connected to at least a portion of the vias, wherein the array

of second metal lines is perpendicular to the array of first metal lines and formed

over an insulative layer deposited over the array of first metal lines. The first

layer metal lines comprise source lines for the transistors, and wherein the

second layer metal lines comprise bit lines for the transistors, and further

wherein the word lines comprise word lines for the transistors. The transistor

gates are formed by depositing a polycide layer on the word lines, and depositing

an insulative layer on the polycide layer.

The contact areas are formed by a computer-controlled fabrication process

executing instructions operable to: define an insulative spacer region on

opposing sides of the transistor gate, the insulative spacer region defining a

trench disposed between pairs of word lines; deposit a dielectric material in the

trench defined by the spacer region; etch the trench to the source and drain areas,

wherein the insulative material of the spacer region acts as an etch stop; deposit

a conductive material in the etched region of the trench; and planarize the

conductive material such that a top surface of the conductive material is flush

with a top surface of the insulative region of the poly gates. The substrate

comprises a Silicon-on-Insulator substrate consisting of an oxide layer formed on



a silicon substrate, the oxide layer covered by a doped silicon layer. The array

has a dimension of each bit cell of the array defined by the feature size, F, of the

active area, and corresponds to 4F . The array may further have a dimension of

each bit cell of the array defined by a first multiple of the feature size, F, of the

active area, and corresponds to a size of at least 5F2. The array comprises an

array of dynamic random access memory cells, and wherein the dynamic random

access memory cells may comprise Z-RAM cells, and wherein the memory cells

may comprise standalone memory cells.



CLAIMS-

What is claimed is:

1. A method of fabricating semiconductor memory cells comprising:

forming a plurality of parallel active area lines in a first direction on a

substrate, each active area line of the plurality having a first predefined width and

separated from a neighboring active area line by a first predefined gap;

forming a plurality of parallel word lines in a second direction perpendicular

to the first direction on the substrate, each word line of the plurality having a first

predefined width and separated from a neighboring word line by a second predefined

gap;

defining the intersections of the active area lines and word lines to be active

areas for gate, source and drain regions of each of a plurality of transistors formed by

the active area lines and word lines; and

layering polycide and insulative regions on the word lines.

2. The method of claim 1 wherein the substrate comprises a Silicon-on-

Insulator substrate consisting of an oxide layer formed on a silicon substrate, the

oxide layer covered by a doped silicon layer, and wherein the active area lines

comprise substantially elongated rectangular areas.

3. The method of claim 3 further comprising forming an insulative spacer

region on either side of each gate region defined by the intersection areas of the

word lines, the insulative spacer region defining a trench running parallel and in

between the word lines, and proximate an upper surface of the source and drain

regions of the plurality of transistors.

4. The method of claim 4 wherein the insulative spacer region consists of an

insulative material that is identical to the material layered on the conductive

region of the gate regions of each of the transistors.



5 . The method of claim 4 wherein the insulative material is selected from the

group consisting of: Si N4, Ta2O , TiO2, ZrO2, HfO2, and Al2O .

6 The method of claim 5 further comprising:

depositing a dielectric material in the trench defined by the spacer region;

etching the trench to the source and drain areas, wherein the insulative material of the

spacer region acts as an etch stop;

depositing a conductive material in the etched region of the trench; and

planarizing the conductive material such that a top surface of the conductive

material is flush with a top surface of the insulative region of the gate regions

7. The method of claim 6 wherein the dielectric material comprises SiO2, and the

conductive material comprises Tungsten.

8 The method of claim 7 further comprising:

forming a pattern of parallel straight first layer metal lines on alternate contact

areas defined by the deposited conductive material, depositing a layer of insulative

material over the first layer metal lines;

depositing the conductive material in alternate contact areas not proximate the

first layer metal lines, to form vias; and

forming a pattern of parallel straight second layer metal lines perpendicular to

the first layer metal lines, and in contact with at least one or more of the vias.

9 The method of claim 8 wherein the first layer metal lines comprise source

lines for the transistors, and wherein the second layer metal lines comprise bit lines

for the transistors, and the word lines comprise word lines for the transistors.

10. The method of claim 9 wherein the first pre-defined width is equal to the

second pre-defined width, and corresponds to a feature size F of each transistor of the

plurality of transistors.



11. The method of claim 10 wherein the first pre-defined width corresponds to a

feature size F of each transistor of the plurality of transistors, and the second pre¬

defined width is larger than the first pre-defined width.

12. The method of claim 11 wherein the second pre-defined width may be in the

range of 1.1 F to 3F.

13 A method of manufacturing a plurality of memory cells on a substrate, the

method comprising.

forming a substantially rectangular array of transistor gates through the

deposition of parallel word lines on the substrate, the word lines separated by a

first distance,

forming a substantially rectangular array of contact areas on opposing

sides of each transistor gate of the transistor gates through the formation of

active area lines on the substrate in a direction perpendicular to the word lines,

the active area lines separated by a second distance, wherein a first contact area

corresponding to a source region of the transistor, and a second contact area

corresponding to a drain region of the transistor; and

forming a parallel array of first metal lines connecting a first set of

contact areas of the rectangular array of contact areas; and forming an array of

vias corresponding to a second set of contact areas of the rectangular array of

contact areas

14. The method of claim 13 further comprising:

depositing an insulative layer over the array of first metal lines; and

forming a parallel array of second metal lines connected to at least a

portion of the vias, wherein the array of second metal lines is perpendicular to

the array of first metal lines.

15. The method of claim 14 wherein the first layer metal lines comprise

source lines for the transistors, and wherein the second layer metal lines



comprise bit lines for the transistors, and further wherein the word lines

comprise write lines for the transistors.

16. The method of claim 15 wherein the transistor gates are formed by

depositing a polycide layer on the word lines, and depositing an insulative layer

on the polycide layer.

17. The method of claim 16 wherein the contact areas are formed by:

defining an insulative spacer region on opposing sides of the transistor

gate, the insulative spacer region defining a trench disposed between pairs of

word lines;

depositing a dielectric material in the trench defined by the spacer region;

etching the trench to the source and drain areas, wherein the insulative

material of the spacer region acts as an etch stop;

depositing a conductive material in the etched region of the trench; and

planarizing the conductive material such that a top surface of the

conductive material is flush with a top surface of the insulative region of the

poly gates

18. The method of claim 17 wherein the substrate comprises a Silicon-on-

Insulator substrate consisting of an oxide layer formed on a silicon substrate, the

oxide layer covered by a doped silicon layer.

19. A semiconductor processing system for producing an array of memory cells,

the system comprising:

a first circuit forming a plurality of parallel active area lines in a first direction

on a substrate, each active area line of the plurality having a first predefined width and

separated from a neighboring active area line by a first predefined gap;

a second circuit forming a plurality of parallel word lines in a second direction

perpendicular to the first direction on the substrate, each poly line of the plurality

having a first predefined width and separated from a neighboring poly area line by a

second predefined gap, wherein the intersections of the active area lines and word



lines define active areas for gate, source and drain regions of each of a plurality of

transistors formed by the active area lines and word lines; and

a third circuit layering polycide and insulative regions on the word lines.

20. The system of claim 19 wherein the substrate comprises a Silicon-on-

Insulator substrate consisting of an oxide layer formed on a silicon substrate, the

oxide layer covered by a doped silicon layer.

21. The system of claim 20 further comprising a circuit forming an insulative

spacer region on either side of each gate region defined by the non-intersection

areas of the word lines, the insulative spacer region defining a trench running

parallel and in between the word lines, and proximate an upper surface of the

source and drain regions of the plurality of transistors.

22. The system of claim 2 1 wherein the insulative spacer region consists of an

insulative material that is identical to the material layered on the conductive

region of the poly gate regions of each of the transistors, and wherein the

insulative material is selected from the group consisting of: Si N4, Ta2O5, TiO2,

ZrO2, HfO2, and Al2O3

23. The system of claim 22 further comprising a first lithography subsystem

configured to:

deposit a dielectric material in the trench defined by the spacer region;

etch the trench to the source and drain areas, wherein the insulative

material of the spacer region acts as an etch stop;

deposit a conductive material in the etched region of the trench; and

planarize the conductive material such that a top surface of the conductive

material is flush with a top surface of the insulative region of the gate region.

24. The system of claim 23 wherein the dielectric material comprises SiO2,

and the conductive material comprising Tungsten.



25. The system of claim 24 further comprising a second lithography

subsystem configured to:

form a pattern of parallel straight first layer metal lines on alternate

contact areas defined by the deposited conductive material;

deposit a layer of insulative material over the first layer metal lines;

deposit the conductive material in alternate contact areas not proximate

the first layer metal lines, to form vias; and

form a pattern of parallel straight second layer metal lines perpendicular

to the first layer metal lines, and in contact with at least one or more of the vias.

26. The system of claim 25 wherein the first layer metal lines and the second

layer metal lines are formed through a Damascene process.

27 The system of claim 26 wherein the second lithography subsystem is

configured to deposit additional insulative layers and subsequent layer metal lines in

successive subsequent Damascene process steps.

28 A memory cell array comprising:

a substantially rectangular array of transistor gates formed through the

deposition of parallel word lines on the substrate, the word lines separated by a

first distance; a substantially rectangular array of contact areas on opposing sides

of each transistor gate of the transistor gates formed through the formation of

active area lines on the substrate in a direction perpendicular to the word lines,

the active area lines separated by a second distance, wherein a first contact area

corresponding to a source region of the transistor, and a second contact area

corresponding to a drain region of the transistor; a parallel array of first metal

lines connecting a first set of contact areas of the rectangular array of contact

areas; and

an array of vias corresponding to a second set of contact areas of the

rectangular array of contact areas.



29. The memory cell array of claim 28 further comprising a parallel array of

second metal lines connected to at least a portion of the vias, wherein the array

of second metal lines is perpendicular to the array of first metal lines and formed

over an insulative layer deposited over the array of first metal lines.

30 The memory cell array of claim 29 wherein the first layer metal lines

comprise source lines for the transistors, and wherein the second layer metal

lines comprise bit lines for the transistors, and further wherein the word lines

comprise word lines for the transistors.

31. The memory cell array of claim 30 wherein the transistor gates are formed

by depositing a polycide layer on the word lines, and depositing an insulative

layer on the polycide layer.

32. The memory cell array of claim 31 wherein the contact areas are formed

by a computer-controlled fabrication process executing instructions operable to:

define an insulative spacer region on opposing sides of the transistor gate,

the insulative spacer region defining a trench disposed between pairs of word

lines,

deposit a dielectric material in the trench defined by the spacer region;

etch the trench to the source and drain areas, wherein the insulative

material of the spacer region acts as an etch stop;

deposit a conductive material in the etched region of the trench; and

planarize the conductive material such that a top surface of the conductive

material is flush with a top surface of the insulative region of the poly gates.

33. The memory cell array of claim 32 wherein the substrate comprises a

Silicon-on-Insulator substrate consisting of an oxide layer formed on a silicon

substrate, the oxide layer covered by a doped silicon layer.



34. The memory cell array of claim 33 wherein the array has a dimension of

each bit cell of the array defined by the feature size, F, of the active area, and

corresponds to 4F2.

35. The memory cell array of claim 34 wherein each bit cell of the array has a

dimension defined by a first multiple of the feature size, F, of the active area, and

corresponds to a size of at least 5F2.

36. The memory cell array of claim 35, wherein the array comprises an array

of dynamic random access memory cells, and wherein the dynamic random

access memory cells may comprise Z-RAM cells, and wherein the memory cells

may comprise standalone memory cells

37. A method of fabricating an array of semiconductor memory cells comprising:

forming a plurality of parallel active area lines in a first direction on a

substrate, each active area line of the plurality having a first predefined width and

separated from a neighboring active area line by a first predefined gap;

forming a plurality of parallel circuit lines in a second direction perpendicular

to the first direction on the substrate, each circuit line of the plurality having a first

predefined width and separated from a neighboring circuit line by a second predefined

gap;

defining the intersections of the active area lines and circuit lines to be active

areas for gate, source and drain junctions of each of a plurality of transistors formed

by the active area lines and circuit lines;

defining shared junction areas between pairs of memory cells in the array; and

layering polycide and insulative regions on the word lines.

38. The method of claim 37 wherein the shared junction areas comprise shared

drain and source junctions between adjacent pairs of memory cells

39 The method of claim 38 wherein the shared junction areas comprise

shared drain junctions between adjacent pairs of memory cells.



40. The method of claim 39 wherein the shared junction areas comprise

shared source junctions between adjacent pairs of memory cells.
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