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[57] ABSTRACT 

After formation of the storage poly in a stacked capacitor 
DRAM, the oxide 1 layer is partially etched to leave a thick 
oxide deposition in the area of the future bit line contact, 
upon Which the cell poly is deposited, folloWed by oxide 2 
and then a poly or nitride layer. A mask and etch process 
forms the bit line contact region through the cell poly, then 
a thin oxide is deposited and etched along With the oxide 1 
to form cell poly spacers that don’t close off the active area. 
The poly or nitride on top of the oxide 2 forms a hard mask 
that alloWs the spacers to travel doWn the side Walls of the 
contact region creating a contact region that is Wider at the 
top than bottom, facilitating metaliZation. 

41 Claims, 14 Drawing Sheets 
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TAPERED VIA, STRUCTURES MADE 
THEREWITH, AND METHODS OF 

PRODUCING SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a continuation of copending application Ser. No. 
07/947,136 ?led on Sep. 18, 1992, noW abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention in general relates to the structure and 
fabrication of integrated circuits and more particularly to 
process for fabrication of contact that penetrates the cell 
plate of a capacitor in a DRAM. 

2. Statement of the Problem 

As is Well-known, integrated circuits, sometimes called 
semiconductor devices, are generally mass produced by 
fabricating hundreds of identical circuit patterns on a single 
semiconducting Wafer, Which Wafer is subsequently saWed 
into hundreds of identical dies or chips. While integrated 
circuits are commonly referred to as “semiconductor 
devices” they are in fact fabricated from various materials 
Which are either electrically conductive, electrically 
nonconductive, or electrically semiconductive. Silicon, the 
most commonly used semiconductor material, can be used 
in either the single crystal or polycrystalline form. In the 
integrated circuit fabrication art, polycrystalline silicon is 
usually called “polysilicon” or simply “poly”, and shall be 
referred to as such herein. Both forms of silicon may be 
made conductive by adding impurities to it, Which is com 
monly referred to as “doping”. If the doping is With an 
element such as boron Which has one less valence electron 
than silicon, electron “holes” become the dominant charge 
carrier and the doped silicon is referred to as P-type silicon. 
If the doping is With an element such as phosphorus Which 
has one more valence electron than silicon, additional elec 
trons become the dominant charge carriers and the doped 
silicon is referred to as N-type silicon. 

CMOS (Complimentary Metal Oxide Semiconductor) 
technology is currently the most commonly used integrated 
circuit technology, and thus the present invention Will be 
described in terms of silicon-based CMOS technology, 
although it is evident that it may ?nd uses in other integrated 
circuit technologies. The term CMOS is noW loosely applied 
to mean any integrated circuit in Which both N-channel and 
P-channel MOSFETs (Metal-Oxide Semiconductor Field 
Effect Transistors) are used in a complimentary fashion. It 
should be noted here that because the dominant carrier in a 
MOSFET occurs in an inversion layer, the channel of an 
N-channel MOSFET is actually doped P-type and the chan 
nel of a P-channel MOSFET is actually doped N-type. 
CMOS integrated circuit fabrication may begin With a 
lightly-doped P-type silicon substrate, a lightly-doped 
N-type silicon substrate, or lightly-doped epitaxial silicon 
(deposited crystalline silicon) on a heavily doped substrate. 
For the sake of simplicity, the invention Will be described 
using lightly-doped P-type silicon as the starting material, 
although it may be implemented With other materials as the 
stating point. If other materials are used as the starting point, 
there may be differences in materials and structure as is 
Well-known in the art, eg with N-type silicon as the starting 
point dopant types may be reversed, or P-type Wells may be 
introduced. 
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2 
One Well-know integrated fabrication process is the 

photo-mask and etch process Which comprises: creating a 
photolithographic mask containing the pattern of the parts to 
be fabricated, coating the integrated circuit Wafer With a 
light-sensitive material called photoresist or resist, exposing 
the resist-ted Wafer to ultraviolet light through the mask to 
soften or harden parts of the resist depending on Whether 
positive or negative resist is used, removing the softened 
parts of the resist, etching the Wafer to remove the part 
unprotected by the resist, and stripping the remaining resist 
Etching Which forms part of the photo-mask and etch 
process is itself a highly developed process Which is used in 
many instances besides in conjunction With the photomask. 
It is Well-know that etches can be made that etch one 
material relatively rapidly While etching another material 
hardly at all. When an etch does not etch a material it is said 
to be “selective” to that material. That is, it selectively leaves 
that material While etching aWay other materials. 
Most current-generation DRAM (Dynamic Random 

Access Memory) manufactures utilize CMOS technology. 
DRAM circuits comprise arrays of memory cells, each cell 
comprising tWo main components: a ?eld effect transistor 
and a capacitor. In the most common circuit designs, one 
side of the transistor is connected to one side of the 
capacitor, the other side of the transistor and the transistor 
gate are connected to external connection lines called the bit 
line and Word line, respectively, and the other side of the 
capacitor is connected to a reference voltage that is typically 
1/2 the internal circuit voltage. Thus the fabrication of the 
DRAM cell essentially comprises the fabrication of a 
transistor, a capacitor, and three contacts to external circuits. 
The advantages of building integrated circuits With 

smaller individual circuit elements so that more and more 

circuitry may be packed on a single chip are Well-known: 
electronic equipment becomes less bulky, reliability is 
improved by reducing the number of solder or plug 
connections, assembly and packaging costs are minimized, 
and improved circuit performance, in particular higher clock 
speeds. The requirements of holding a charge large enough 
to be sensed for a long enough time for practical memory 
applications result in the capacitor being the largest of the 
circuit parts. Thus, the drive to produce smaller DRAM 
circuits has give risen to much capacitor development, 
Which can be classi?ed into three basic capacitor types: 
planar capacitors, trench capacitors and stacked capacitors. 
For reasons of available capacitance, reliability, and ease of 
fabrication, most manufacturers of DRAMS of 4-Megabit 
and larger capacity utilize stacked capacitor designs in 
Which the capacitor covers nearly the entire area of a cell and 
in Which vertical portions of the capacitor contribute sig 
ni?cantly to the total charge storing capacity. In such designs 
the side of the capacitor connected to the transistor is 
generally called the “storage node” or “storage poly” since 
the material out of Which it is formed is doped polysilicon, 
While the polysilicon layer de?ning the side of the capacitor 
connected to the reference voltage mentioned above is called 
the “cell poly”. 
An area in a integrated circuit to Which electrical con 

nection is to be made is generally called an active area 
(A.A.). As capacitors have covered ever larger areas of 
individual cells and as the size of the cells has shrunk, the 
size of active areas as Well as the corridors available for 
contacts to reach the A.A.’s has also shrunk. With these 
smaller spaces, the chances for leakage betWeen the contacts 
and transistor and capacitor components and the chances of 
high resistance or open circuit contacts has increased. Thus 
a DRAM structure and fabrication process that provides 
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more effective isolation of the contacts from the other parts 
of the DRAM circuit, optimizes the area in Which contact 
may be made, and at the same time permits smaller contacts 
is highly desirable. 
The business of fabricating CMOS semiconductor 

devices is a very competitive, high-volume business. Thus 
manufacturing ef?ciency is highly important. Product qual 
ity and reliability are also highly important It is Well-knoWn 
in the art that reducing the number of mask steps in the 
integrated circuit manufacturing process not only reduces 
manufacturing costs and time but also generally increases 
the quality and reliability of the end product, since the 
opportunities for disabling defects to occur are reduced. This 
in turn feeds back into further reduced manufacturing costs 
since scrapped product is reduced. Thus, a circuit structure 
and process that not only permits more compact devices but 
also reduces the number of fabrication steps, particularly the 
number of mask steps, Would be a signi?cant advance in the 
art. 

One approach to solving the above problems in a state 
of-the-art DRAM fabrication process is described in “A 1.28 
pm2 Bit-line Shielded Memory Cell Technology for 64 Mb 
DRAMs”, by Y. KaWamoto et al, in IEEE 1990 Symposium 
on VLSI Technology, pp. 13—14. This fabrication uses a 
single photo step to de?ne the storage node contacts and 
storage poly. This results in a reduced number of mask steps. 
HoWever, this method also results in a buried bit-line Which 
requires that the bit line be subjected to the subsequent steps 
in forming the capacitor Which generally includes high 
temperature. Thus the bit line must be formed out of a 
temperature-resistant material, such as a silicide, Which has 
higher resistance than a metal such as aluminum or tungsten 
and thus reduces the speed of the DRAM. In addition, the 
use of a silicide bit line requires tWo additional photo steps, 
i.e. the AA. to silicide bit line contact photo and the silicide 
bit line photo. 

Another approach is disclosed in “TWo step Deposited 
Rugged Surface (TDRS) Storagenode and Self-Aligned 
Bitline-Contact Penetrating Cellplate (SABPEC) for 64 Mb 
DRAM STC Cell” by H. Itoh et al. in IEEE 1991 Sympo 
sium on VLSI Technology, pp. 9—10. See also “A Novel 
Zero-overlap/Enclosure Metal Interconnection Technology 
For High Density Logic VLSI’s” by H. Shibata et al. in 
IEEE June 12—13 1990 VMIC Conference, pp. 15—21. The 
process and structure disclosed in the H. Itoh reference 
solves some of the above problems by utiliZing a bit line 
contact that passes through the cell poly, since this technol 
ogy alloWs the bit line to be formed after the capacitor. 
HoWever, to insulate the bit line from the cell poly, tWo 
layers of insulation must be formed betWeen the Word lines, 
i.e. the Word line spacers and the cell poly spacers. This 
greatly narroWs the Well for the bit line, and as a result the 
process is forced to use a poly/silicide bit line since metal 
Would not properly ?ll such a narroW Well. This again 
requires tWo additional photo steps. Moreover, in 64 Mbit 
DRAM technology the gap betWeen the Word line spacers is 
only about 0.2 pm prior to the bit line contact de?nition. 
Thus the Well betWeen the spacers Would be completely 
closed off With any cell poly oxide spacer thickness greater 
than 0.1 pm. A spacer this thin is very dif?cult to form and 
Would likely result in an unacceptably large number of 
devices With cell-poly-to-bit-line current leakage. Further, 
the resulting contact Well is very narroW, Which makes it 
dif?cult to form contacts. The best contacts are made of 
metal, such as tungsten or aluminum. HoWever, metal gen 
erally is too viscous to ?ll such narroW Wells, thus one is 
forced to use poly plugs, Which do not conduct as Well, and 
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4 
Which present further opportunities for defective contact 
Where the metaliZation lines connect to the poly. The H. 
Shibata reference shoWs a contact plug that penetrates 
several fabrication layers to contact active areas. The refer 
ence discloses polysilicon spacers that do not close off the 
gaps betWeen transistor gates on either side of the active 
areas, but Would not apply to bit line contacts in DRAM 
technology as the poly spacers Would short the bit line to the 
cell poly. Also this approach by Shibata does not self-align 
the bit-line contact With respect to the transistor poly (Word 
lines) and Would require the Word lines to be spread further 
apart at the bit line contact to alloW for misalignment. 

A further approach is disclosed in US. Pat. No. 5,045,899 
issued to Arimoto. This shoWs a DRAM fabrication process 
(see FIG. 12 in Arimoto) in Which all the oXide is removed 
prior to deposition of the cell poly. This process does not 
utiliZe a self-aligned penetrating bit line contact. Thus it Will 
result in a larger cell siZe for a given photolithographic 
capability. Thus a need eXists for a DRAM structure and 
fabrication process Which utiliZes a self-aligned penetrating 
bit contact and a reduced number of photo-mask steps, and 
Which is scalable and can utiliZe metal bit line contacts 
because it does not close off the gap betWeen the Word line 
spacers in 64 Mbit DRAMs. 

3. Solution to the problem 

The present invention provides a method of contact 
through cell-poly fabrication technology Which provides cell 
poly insulative spacers Which does not close off the bit line 
contact Well and leaves a fullWidth active area for the bit line 
contact electrical connection. 

The invention provides a method of fabricating the bit line 
contact that provides a thick insulative layer betWeen the 
active area and the cell plate, so that the bit line contact can 
penetrate the cell plate in an area of the device Which is 
separated from the transistors and is less constricted. 
The invention further provides in combination With the 

above features a method that utiliZes cell poly spacers that 
are made of a material that etches similarly to the thick 
insulative layer, so that the insulative layer is penetrated With 
the same anisotropic etch that de?nes the insulative spacers. 

The invention also provides a hard mask on top of the 
BPSG insulator Which overlays the cell poly, so that the cell 
poly spacers travel doWn the side Wall of the bit line contact 
Well thereby providing a Wide area at the top of the Well that 
facilitates making an effective electrical connection betWeen 
the contact and the metaliZation lines. 

The invention further provides an ef?cient integrated 
circuit structure and process that, When the overall process 
is considered, requires feWer mask steps; in particular it 
provides a structure and process for making compact multi 
megabit DRAM With minimal masking steps Which exploit 
self alignment of multiple elements and provides large cell 
capacitance for a given cell area. 

The present invention is particularly applicable to DRAM 
in that it provides a process for ef?ciently forming multiple 
contacts in combination With a capacitor of large area. 
HoWever, once its use in DRAM is understood, it is evident 
that it can be applied in other circuits also. 

SUMMARY OF THE INVENTION 

The invention provides a method of fabricating a bit line 
contact that penetrates the capacitor cell plate in a stacked 
capacitor DRAM comprising the steps of providing a semi 
conductor Wafer comprising: a semiconducting substrate 
having an active area to be contacted by the bit line contact; 
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a plurality of transistor gate members, one on either side of 
the active area; a transistor insulating spacer member 
betWeen the transistor gate members and the active area; a 
loWer insulating layer covering the transistor gate members, 
the transistor insulating spacer member, and the active area, 
the loWer insulating layer being signi?cantly thicker than the 
transistor gate members above the active area; a capacitor 
cell plate layer covering the loWer insulating layer above the 
active area; and an upper insulating layer covering the 
capacitor cell plate layer; utiliZing a photo-mask process to 
de?ne a contact region penetrating the upper insulating 
layer, the capacitor cell plate layer, and the loWer insulating 
layer above the active area, the region being Wider than the 
distance betWeen opposite sides of the transistor spacer 
member across the active area; creating a third insulating 
layer on the Wafer; performing an anisotropic etch of the 
third insulating layer to expose the active area While forming 
a capacitor insulating spacer member covering the capacitor 
cell plate layer on the Walls of the contact region, the 
opening betWeen opposing sides of the capacitor spacer 
member being as great or greater than the Width of the active 
area betWeen opposing sides of the transistor spacer mem 
ber; and forming a bit line contact in the contact region. 
Preferably the method further includes the step of creating 
an upper insulating layer etch stop layer over the upper 
insulating layer, and Wherein the step of utiliZing further 
comprises utiliZing the photomask process to de?ne the 
contact region penetrating the upper insulating layer etch 
stop layer. Preferably the step of utiliZing a photo-mask 
process to de?ne a contact region and creating a third 
insulating layer on the Wafer comprises: utiliZing the photo 
mask process to de?ne the contact region penetrating the 
upper insulating layer etch stop layer, the upper insulating 
layer, and the capacitor cell plate layer above the active area; 
creating the third insulating layer on the Wafer, the third 
insulating layer made of a material that etches similarly to 
the loWer insulating layer, and performing an anisotropic 
etch of the third insulating layer and the loWer insulating 
layer to expose the active area While leaving the capacitor 
insulating spacer covering the capacitor conducting layer on 
the Walls of the contact region, the upper insulating area etch 
stop layer serving as an etch stop on either side of the contact 
region. 

In another aspect the invention provides a method of 
fabricating a capacitor insulating spacer for a contact that 
passes through a capacitor cell conducting layer in an 
integrated circuit DRAM, the method comprising: providing 
a semiconductor Wafer comprising: a semiconducting sub 
strate having an active area; a plurality of transistor gate 
members, one on either side of the active area; a transistor 
insulating spacer member betWeen the transistor gate mem 
bers and the active area; a loWer insulating layer covering 
the transistor gate members, the transistor insulating spacer 
member, and the active area; a capacitor conducting layer 
covering the loWer insulating layer above the active area; 
and an upper insulating layer covering the capacitor con 
ducting layer, creating an upper insulating layer etch stop 
layer over the upper insulating layer, utiliZing a photo mask 
process to de?ne a contact region penetrating the upper 
insulating layer etch stop layer, the upper insulating layer, 
and the capacitor conducting layer above the active area; 
creating a third insulating layer on the Wafer, the third 
insulating layer made of a material that etches similarly to 
the loWer insulating layer, and performing an anisotropic 
etch of the third insulating layer and the loWer insulating 
layer to expose the active area While leaving the capacitor 
insulating spacer covering the capacitor conducting layer on 
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6 
the Walls of the contact region, the upper insulating area etch 
stop layer serving as an etch stop on either side of the contact 
region. Preferably, the contact region is suf?ciently Wide so 
the opening betWeen opposing sides of the capacitor spacer 
member is as great or greater than the Width of the active 
area betWeen opposing sides of the transistor spacer mem 
ber. Preferably, the semiconductor Wafer includes an active 
area etch stop layer betWeen the loWer insulating layer and 
the transistor gate members, transistor spacer member, and 
active area and the step of performing an anisotropic etch 
comprises etching the third insulating layer and loWer insu 
lating layer With a ?rst etch and then etching the active area 
etch stop layer With a second etch. Preferably, the step of 
etching the active area etch stop layer self aligns the capaci 
tor spacer member With the transistor gate members. 
Preferably, the upper insulating area etch stop layer is made 
of poly silicon and the active area etch stop layer is made of 
aluminum oxide. Alternatively, the upper insulating area 
etch stop layer and the active area etch stop layer are made 
of silicon nitride. 

In a further aspect the invention provides a method of 
fabricating a capacitor insulating spacer for a contact that 
passes through a capacitor cell conducting layer in an 
integrated circuit DRAM, the method comprising: providing 
a semiconductor Wafer comprising: semiconducting sub 
strate having an active area; a plurality of transistor gate 
members, one on either side of the active area, a transistor 
insulating spacer member betWeen the transistor gate mem 
bers and the active are; a loWer insulating layer covering the 
transistor gate members, the transistor insulating spacer 
member, and the active area; a capacitor conducting layer 
covering the loWer insulating layer above the active area; 
and a hard mask layer over the capacitor conducting layer; 
utiliZing a photo-mask and etch process to de?ne a contact 
region penetrating at least the hard mask layer and the 
capacitor conducting layer above the active area; creating an 
cell insulating spacer layer on the Wafer, the cell insulating 
spacer layer made of a material that etches differently than 
the hard mask layer; and performing an anisotropic etch of 
the cell insulating spacer layer to create the capacitor insu 
lating spacer covering the capacitor conducting layer on the 
Walls of the contact region, the capacitor insulating spacer 
layer traveling doWn the side Walls of the contact region 
during the anisotropic etch so that the upper portion of the 
contact region is Wider than the distance betWeen opposite 
Walls of the spacer. Preferably, the step of performing an 
anisotropic etch further comprises etching through the loWer 
insulating layer. Preferably, the step-of providing further 
comprises providing and upper insulating layer betWeen the 
capacitor conducting layer and the hard mask layer, and the 
step of utiliZing further comprises utiliZing the photo-mask 
and etch process to penetrate the upper insulating layer. 
Preferably, the step of providing further comprises providing 
an etch stop layer betWeen the active area and the loWer 
insulating layer, the step of performing an anisotropic etch 
further comprises stopping the anisotropic etch on the etch 
stop layer, and the method further comprises the step of 
removing the etch stop layer after the step of performing an 
anisotropic etch. 
The invention not only provides a method of making 

contacts that penetrate the capacitor cell plate in 10 DRAMs 
Without narroWing the bit line contact region While at the 
same time producing a contact region that is Wider at the top 
and thus lends itself to improved metaliZation, but also 
provides a Way of doing so in a process that utiliZes less 
mask steps and a signi?cant amount of self alignment as 
compared With prior art DRAM processes Numerous other 
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features, objects and advantages of the invention Will 
become apparent from the following description When read 
in conjunction With the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a cross-sectional vieW of a portion of a 
partially fabricated DRAM integrated circuit according to 
the preferred embodiment of the invention comprising a 
silicon substrate that has been oxidiZed, and folloWing the 
formation of doped Wells, ?eld oxide region transistors, an 
insulating oxide layer over the transistor gates, insulating 
oxide spacers on either side of the transistors, and an etch 
stop layer; 

FIG. 2 is a cross sectional vieW of a portion of the DRAM 
Wafer of FIG. 1 folloWing the deposition of a thick insulating 
layer, planariZation of the insulating layer, a photo-mask 
step folloWed by a selective oxide etch to open holes for the 
storage poly container, the future metal to poly 1 contact 
regions, and the future metal to cell poly contact regions, a 
plasma etch of the etch stop layer, then a resist strip; 

FIG. 3 is a cross-sectional vieW of a portion of the DRAM 
Wafer of FIG. 2 folloWing storage poly deposition; 

FIG. 4 is a cross-sectional vieW of a portion of the DRAM 
Wafer of FIG. 3 folloWing a resist deposition and partial etch 
of the resist; 

FIG. 5 shoWs a cross-sectional vieW of a portion of the 
DRAM Wafer of FIG. 4 folloWing a partial etch of the 
storage poly, a controlled oxide etch, and a strip of the resist; 

FIG. 6A shoWs a cross-sectional vieW of a portion of the 
DRAM Wafer of FIG. 5 folloWing deposition of the cell 
dielectric and cell poly, and a photo-mask step to form a cell 
poly resist pattern; 

FIG. 6B shoWs a cross-sectional vieW of the DRAM Wafer 
of FIG. 6A folloWing selective etches of the cell poly, cell 
dielectric, storage poly, and, optionally, the insulator above 
the transistor poly in the regions of the future transistor poly 
contacts; 

FIG. 7 is a cross-sectional vieW of another portion of the 
DRAM Wafer of FIG. 6A shoWing the metal 1 to cell poly 
contact region at the same stage in the fabrication process; 

FIG. 8 is a cross-sectional vieW of an alternative embodi 
ment of the DRAM Wafer of FIG. 6A shoWing an alternative 
structure for the future metal to poly 1 contact region at the 
same stage of the fabrication process; 

FIG. 9 is a cross-sectional vieW of the DRAM Wafer of 
FIG. 6B folloWing a resist strip, a thick insulator deposition 
and planariZation, deposition of a silicon nitride or poly 
layer, a photo-mask step, a timed oxide etch to reach the cell 
poly in the future bit line contact region, a poly etch through 
the cell poly, and then a resist strip; 

FIG. 10 is a cross-sectional vieW of another portion of the 
DRAM Wafer of FIG. 9 shoWing the metal 1 to cell poly 
contact region at the same stage in the fabrication process; 

FIG. 11 is a cross-sectional vieW of the DRAM Wafer of 
FIG. 9 folloWing the deposition of a cell poly insulating 
spacer layer; 

FIG. 12 is a cross-sectional vieW of the DRAM Wafer of 
FIG. 11 folloWing etch of the cell poly insulating spacer 
layer to form the cell poly spacers; 

FIG. 13 is a cross-sectional vieW of the DRAM of Wafer 
FIG. 12 folloWing etch of the etch stop layer and deposition 
of a poly plug; 

FIG. 14 is a cross-sectional vieW of the DRAM Wafer of 
FIG. 13 folloWing etch of the poly plug and deposition of a 
diffusion barrier and tungsten metal plug; and 
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8 
FIG. 15 is a cross-sectional vieW of an alternative embodi 

ment of the invention at a stage of fabrication comparable to 
FIG. 5 in Which the layer of insulator over the transistor 
gates, the transistor spacer members, and the etch stop layer 
are made from nitride, and the storage poly and ?rst BPSG 
oxide layers have been planariZed by a CMP process rather 
than etched. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

1. OvervieW 

Turning noW to FIG. 12, an integrated circuit Wafer 10 
according to the invention is shoWn at a stage of fabrication 
just after the spacers 94, Which insulate the future bit line 
contact area 36 from the cell poly 82, have been formed. It 
should be understood that the ?gures are not meant to be 
actual cross sectional vieWs of any particular portion of an 
actual semiconducting device, but are merely idealiZed 
representations Which are employed to more clearly and 
fully depict the process of the invention than Would other 
Wise be possible. Wafer 10 includes an array region 11, 
Which includes many identical cells (one cell shoWn), and a 
periphery area 13 in Which the metal to poly 1 contacts Will 
be located. Wafer 10 comprises a conventional silicon sub 
strate 12 having a thin gate oxide layer 14, thick ?eld oxide 
areas 16, doped Wells, such as 18, transistor gate members 
20B, 20C transistor insulating spacer members, such as 19, 
on either side of each transistor gate member, such as 20B, 
a thick loWer insulating layer 32, a capacitor 140 comprising 
a storage poly layer 42, a dielectric layer 50, and a cell poly 
layer 52, and a thick upper insulating layer 58 covering the 
capacitor 140 and other circuit elements. As can be seen in 
FIG. 12, above the active area 29B, the thick insulating layer 
32 is signi?cantly thicker than the transistor gate member 
20B and thus separates the cell poly layer 52 from the 
croWded area of the transistor members 20B, 20C and raises 
poly layer 52 to a region of the device Which is relatively 
uncroWded, so that the spacers 94 don’t get in the Way of 
other elements of the Wafer 10. In later steps of the fabri 
cation process (FIGS. 13 and 14), the etch stop layer 30, is 
etched aWay and a bit line contact 100 that contacts the 
active area 29B is formed. The invention provides a fabri 
cation method, described in detail beloW, Which results in 
relatively thick insulating spacers 94 Which don’t close off 
the active area 29B betWeen spacers 19. Further, a Wide gap 
(?lled by tungsten plug 99 in FIG. 14) is left at the top of the 
bit line contact region 36 Which facilitates making effective 
electrical contact betWeen a conventional metaliZation line 
(not shoWn) and contact 100. 

2. Detailed Description of the Fabrication 
Turning noW to a more detailed description of the 

invention, FIG. 1 shoWs a cross-section of a preferred 
embodiment of an integrated circuit Wafer 10 in a stage just 
prior to the ?rst of the photo-mask steps Which Will de?ne 
the capacitor and contacts. The Wafer 10 preferably com 
prises a lightly doped P-type single crystal silicon substrate 
12 Which, in Well-knoWn processes, has been oxidiZed to 
form a thin gate insulating layer 14 and thick ?eld oxide 
regions 16, and exposed to implantation processes to form 
areas 18 of N+ doping. Transistor gate members 20B, 20C 
comprising gate insulating oxide layer 14, a gate conducting 
layer 22, sometimes referred to as the Word line in the 
DRAM structure, and an insulating protective layer 28. The 
gate conducting layer 22, or Word line, preferably comprises 
a polysilicon layer 24, referred to alternatively as the tran 
sistor poly or poly 1 herein, and a tungsten silicide (WSix) 
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layer 26. Gate insulating protective layer 28, preferably 
silicon oxide, has been formed on top of the silicide layer 26 
and transistor insulating spacer members 19, preferably 
silicon oxide, have been formed on either side of each of 
transistor gate members 20B, 20C. A thin ?rst etch stop 
layer, preferably aluminum oxide (A1203), has been depos 
ited over the Wafer, covering the transistor gate members 
20B, 20C, spacer members 19, and active areas 29A, 29B 
between the transistor gate members. The DRAM capacitors 
31 Will contact some of these active areas, Which We shall 
call the ?rst active areas 29A (FIG. 6A), and the bit line 
contacts Will contact other of these active areas, Which We 
shall refer to as the second active areas 29B. Then a thick 
loWer insulating layer 32, preferably borophospho-silicate 
glass (BPSG), has been deposited and planariZed, preferably 
With a CMP (Chemical Mechanical Polish) process. It 
should be understood that in the above discussion and in the 
discussion folloWing, some Well-known aspects have been 
simpli?ed in order to not unduly complicate the discussion. 
For example, the structure of the doped areas, such as 18, 
generally Will be more complex than shoWn. In addition, the 
particular materials, structures and process are intended only 
to illustrate the invention so that it can be fully and clearly 
understood. A Wide range of other material structures and 
process may be substituted for the particular ones presented 
and still be Within the contemplation of the invention. For 
example, in one preferred embodiment, silicon nitride 
(Si3N4) is used instead of silicon oxide for the protective 
insulating layer 28 and spacer members 19 and also may be 
used for the etch stop layer 30. Or SOG (Spin-On-Glass), PI 
(Polyamide Insulator), CVD (Chemical Vapor Deposited) 
oxide or other insulators may be used in place of the BPSG 
insulator 32. Any other satisfactory materials may be sub 
stituted for any of the above Or, additional materials, struc 
tures and processes may also be added to those disclosed. 
For example, a thin oxide insulator may be deposited over 
the active areas 29 to prevent the etch of the etch stop layer 
30 from stopping on the silicon of the active areas. 

Turning noW to FIG. 2, the Wafer 10 is subjected to the 
storage node poly photo-mask process, sometimes called the 
“container” photo process as it opens the holes 41 in the 
insulating ?lm 32 Which Will contain the storage capacitor. 
In the preferred embodiment of the invention it also opens 
holes Which de?ne the contact regions, such as 38. First a 
conventional resist layer (not shoWn) is deposited folloWed 
by a conventional photomask process to open holes or 
containers 41 in the resist Where the storage poly 42 Will go, 
to open holes 38 in the resist Where the future metal to 
transistor poly contacts Will go, and to open holes 40 in the 
resist Where the future metal to cell poly contacts Will be 
located (FIG. 7). Optionally, an isotropic O2 plasma etch 
may be performed to Widen the resist openings and increase 
the storage poly area beyond the limitations of the photo 
resolution. Then the Wafer is subjected to an anisotropic 
oxide etch, preferably an RIE (Reactive Ion Etch), referred 
to herein as a “?rst etch process” Which etches through the 
?lm 32 to stop completely on the etch stop layer 30. The etch 
stop is selectively etched using a “second etch process” to 
expose the silicon substrate 12 at the ?rst active areas 29A 
Which the storage poly 42 Will contact, to expose the ?rst 
transistor gate members 20A, Where the future transistor 
poly contacts Will be located, and to expose the active area 
29C (FIG. 7) Where the future cell poly contacts Will be 
located. These etches form the capacitor containers 41 in 
Which the future capacitors Will be located, the transistor 
poly regions 38 or, more broadly, the gate conducting layer 
contact regions 38, Where the future contacts to the transistor 
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gate conducting layers 22 Will be formed, and the cell poly 
contact regions 40 (FIG. 7), or, more broadly, the capacitor 
conducting layer contact regions 40, Where the contacts to 
the second capacitor conducting layer 52 Will go. After the 
containers and contact regions are formed, the resist is 
stripped. 

Turning to FIG. 3, the storage poly 42, sometimes referred 
to herein as the capacitor ?rst conducting layer 42, is 
deposited. Preferably it is insitu doped, rough textured poly 
Which yields increased capacitance. Then, as shoWn in FIG. 
4, resist 44 is spun on the Wafer 10 and then partially etched 
in a blanket O2 plasma etch to leave the resist 32 only in the 
containers 41 and contact regions 38 and 40 as shoWn in 
FIG. 4. 

FIG. 5 shoWs the next step, Which preferably is a blanket 
poly etch Which isolates the storage poly nodes 46. It is 
noted that the invention also contemplates that this etch step 
may be eliminated and replaced With a CMP isolation of the 
storage poly as Will be discussed in connection With FIG. 15 
beloW. The blanket poly etch may be folloWed With an 
optional partial blanket oxide etch Which is selective to poly 
so as not to etch the exposed storage poly 42. This optional 
oxide etch exposes much of the outer peripheries 48 of the 
storage poly 42 Which signi?cantly increases the capacitance 
area of the cell. This etch is preferably a timed etch to a 
precise depth, though other etch methods that result in an 
exact depth may be used. This etch is a key aspect of the 
invention. In the prior art, this etch Went all the Way through 
the oxide 32 to the etch stop layer 30 or silicon 12 if no etch 
stop layer Was used. It is critical to the invention that this 
etch be only a partial etch (or no etch at all), preferably, 
leaving 0.3 pm of oxide 32 above the etch stop layer 30 over 
the transistor poly 24. As We shall see beloW, this partial etch 
alloWs a single photomask step to de?ne the bit contacts, the 
poly 1 contacts and the cell poly contacts. After this etch the 
resist 44 is then stripped. 

FIG. 6A shoWs the structure resulting from the next stages 
of fabrication for the portion of the Wafer 10 shoWn in FIG. 
5, and FIG. 7 shoWs the structure resulting from these same 
stages at a future metal to cell poly contact, Which is located 
in the corners of the array. The capacitor dielectric 50, 
sometimes referred to herein as the cell dielectric 50, is 
deposited. The cell dielectric 50 is preferably silicon oxide, 
though it may also be silicon nitride or other insulating 
material. If silicon nitride is selected, an optional Wet 
oxidation may folloW for improved defect density. The cell 
poly, or capacitor second conducting layer 52, often referred 
to in the art as the “cell plate” is then deposited, Which is 
preferably insitu-doped poly. The cell poly resist 54 is 
deposited, and then the second photomask step de?nes the 
cell photo pattern. In the embodiment shoWn in FIGS. 6 and 
7, the array 11 is left fully covered including the location 36 
of the future bit line contact. 

FIG. 8 shoWs an alternative embodiment of the future 
metal to transistor poly (poly 1) contact region 38A. In this 
embodiment more of the area around the contact Was 
exposed in the ?rst photo-mask step With the result that more 
of the etch stop layer 30 Was removed and the storage poly 
42, cell dielectric 50 and cell poly 52 covers a Wider area 
This embodiment results in a larger metal to poly 1 contact 
area Which is less likely to be closed off by a subsequent 
oxide deposition Which isolates the cell poly and Which Will 
be discussed beloW. 

Referring noW to FIG. 6B, there folloWs an isotropic cell 
poly etch, an isotropic cell dielectric etch, an tropic storage 
poly etch, and an optional anisotropic etch of insulator 28 in 














