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SHARED LENGTH CELL FOR IMPROVED 
CAPACITANCE 

FIELD OF THE INVENTION 

[0001] This invention relates generally to semiconductor 
memory storage devices, and more particularly to the design 
of capacitor electrodes for use in integrated circuits. 

BACKGROUND OF THE INVENTION 

[0002] Capacitors are used in a Wide variety of semicon 
ductor circuits. Because capacitors are of special importance 
in dynamic random access memory (DRAM) circuits, the 
invention Will therefore be discussed in connection With 
DRAM circuits. HoWever, the invention has broader appli 
cability to any other memory circuits in Which capacitors are 
used. 

[0003] DRAM memory circuits are manufactured by rep 
licating millions of identical circuit elements, knoWn as 
DRAM cells, on a single semiconductor Wafer. Each DRAM 
cell is an addressable location that can store one bit (binary 
digit) of data. In its most common form, a DRAM cell 
consists of tWo circuit components: a ?eld effect transistor 
(FET) and a capacitor. 

[0004] FIG. 1 illustrates a portion of a DRAM memory 
circuit containing tWo neighboring DRAM cells 10. For 
each cell, the capacitor 14 has tWo connections, located on 
opposite sides of the capacitor 14. The ?rst connection is to 
a reference voltage, Which is typically one half of the 
internal operating voltage (the voltage corresponding to a 
logical “1” signal) of the circuit. The second connection is 
to the drain of the FET 12. The gate of the FET 12 is 
connected to the Word line 18, and the source of the FET is 
connected to the bit line 16. This connection enables the 
Word line 18 to control access to the capacitor 14 by 
alloWing or preventing a signal (a logic “0” or a logic “1”) 
on the bit line 16 to be Written to or read from the capacitor 
14. 

[0005] The manufacturing of a DRAM cell includes the 
fabrication of a transistor, a capacitor, and three contacts: 
one each to the bit line, the Word line, and the reference 
voltage. DRAM manufacturing is a highly competitive 
business. There is continuous pressure to decrease the siZe of 
individual cells and to increase memory cell density to alloW 
more memory to be squeeZed onto a single memory chip. 

[0006] Because the capacitor in a memory cell usually 
occupies a large portion of the cell area, many efforts at 
achieving higher cell packing density focus on reducing the 
semiconductor area occupied by the capacitor. Maintaining 
or increasing capacitance of a capacitor as its relative area is 
decreased is necessary not only to maintain charge at the 
refresh rates used, but also to facilitate information detection 
and decrease soft errors resulting from alpha particles. 

[0007] In order to minimiZe the area occupied by a capaci 
tor and maXimiZe capacitance, various storage cell designs 
have been developed, including planar capacitors, stacked 
capacitor (STC) cells, and trench capacitors. Planar capaci 
tors are located neXt to the transistor, stacked capacitors are 
stacked or placed over the access transistor, and trench 
capacitors are formed in the Wafer substrate beneath the 
transistor. Most large capacity DRAMs use stacked capaci 
tors because of their greater capacitance, reliability, and ease 
of formation. 
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[0008] One Widely used type of stacked capacitor is 
knoWn as a container capacitor. KnoWn container capacitors 
are in the shape of an upstanding tube having an oval or 
cylindrical shape When vieWed from the top doWn. The Wall 
of the tube consists of tWo plates of conductive material such 
as doped polycrystalline silicon (referred to herein as poly 
silicon) separated by a dielectric. The bottom end of the tube 
is closed. The outer Wall is in contact With either the drain 
of the access transistor or a plug Which itself is in contact 
With the drain. The other end of the tube is open (the tube is 
?lled With an insulative material later in the fabrication 
process). The sideWall and closed end of the tube form a 
container, hence the name “container capacitor.” 

[0009] In addition, methods of forming a rough surface on 
the storage electrode of a capacitor have been developed to 
increase the capacitance by increasing the surface area of the 
storage electrode. One of the most successful techniques for 
creating a rough surface is the formation of hemispherical 
grain (HSG) polysilicon nodules on the surface of the 
storage electrode. 

[0010] As memory cell density continues to increase, 
ef?cient use of space becomes ever more important. There 
fore, What is needed is a capacitor that maXimiZes surface 
area Without increasing the proportion of cell area occupied 
by the capacitor relative to the other cell components. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides an improved stor 
age electrode for a container capacitor formed to span more 
than one cell in length. The narroW, elongated capacitor has 
a larger perimeter, resulting in increased capacitor Wall area 
and therefore increased capacitance over the typical capaci 
tor, Without increasing the amount of cell area occupied by 
the capacitor. Methods for forming the improved storage 
electrode capacitor are also disclosed. 

[0012] Advantages and features of the present invention 
Will be apparent from the folloWing detailed description and 
draWings Which illustrate preferred embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a circuit diagram of a portion of a 
conventional DRAM memory circuit; 

[0014] FIG. 2A is a perspective vieW of one embodiment 
of a memory circuit according to the present invention 
shoWing a capacitor storage electrode; 

[0015] FIG. 2B is a top vieW of the perspective vieW of 
FIG. 2A; 

[0016] FIG. 3A is a top vieW of a knoWn memory circuit 
shoWing a conventional capacitor storage electrode; 

[0017] FIG. 3B is a side vieW of a cross section of the 
knoWn memory circuit of FIG. 3A; 

[0018] FIG. 4 is a perspective vieW of a portion of a 
semiconductor Wafer at an early processing step according 
to one embodiment of the present invention; 

[0019] FIG. 5 is a perspective vieW of a portion of a 
semiconductor Wafer at a processing step subsequent to that 
shoWn in FIG. 4; 
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[0020] FIG. 6 is a perspective vieW of a portion of a 
semiconductor Wafer at a processing step subsequent to that 
shoWn in FIG. 5; 

[0021] FIG. 7 is a perspective vieW of a portion of a 
semiconductor Wafer at a processing step subsequent to that 
shoWn in FIG. 6; 

[0022] FIG. 8 is a perspective vieW of a portion of a 
semiconductor Wafer at a processing step subsequent to that 
shoWn in FIG. 7; 

[0023] FIG. 9 is a perspective vieW of a second embodi 
ment of the present invention; 

[0024] FIG. 10 is a perspective vieW of a portion of a 
semiconductor Wafer at an early processing step according 
to the second embodiment of the present invention; 

[0025] FIG. 11 is a perspective vieW of a portion of a 
semiconductor Wafer at a processing step subsequent to that 
shoWn in FIG. 10; 

[0026] FIG. 12 is a perspective vieW of a portion of a 
semiconductor Wafer at a processing step subsequent to that 
shoWn in FIG. 11; 

[0027] FIG. 13 is a perspective vieW of a portion of a 
semiconductor Wafer at a processing step subsequent to that 
shoWn in FIG. 12; 

[0028] FIG. 14 is a perspective vieW of a portion of a 
semiconductor Wafer at a processing step subsequent to that 
shoWn in FIG. 13; and 

[0029] FIG. 15 is a perspective vieW of a portion of a 
semiconductor Wafer at a processing step subsequent to that 
shoWn in FIG. 14. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0030] In the following detailed description, reference is 
made to the accompanying draWings Which form a part 
hereof, and in Which is shoWn by Way of illustration speci?c 
embodiments in Which the invention may be practiced. 
These embodiments are described in suf?cient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that other embodiments may be utiliZed 
and that structural, logical and electrical changes may be 
made Without departing from the spirit and scope of the 
present invention. 

[0031] The terms Wafer or substrate used in the folloWing 
description include any semiconductor-based structure hav 
ing an exposed silicon surface in Which to form the structure 
of this invention. Wafer and substrate are to be understood 
as including silicon-on-insulator, doped and undoped semi 
conductors, epitaxial layers of silicon supported by a base 
semiconductor foundation, and other semiconductor struc 
tures. Furthermore, When reference is made to a Wafer or 
substrate in the folloWing description, previous process steps 
may have been utiliZed to form regions/junctions in the base 
semiconductor structure or foundation. 

[0032] Exemplary constructions of fabrication processes 
for container capacitors according to several embodiments 
of the present invention are described beloW. It is to be 
understood, hoWever, that these processes are only a feW 
examples of many possible processes. For example, the 
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capacitor is formed over the bit-line in the folloWing pro 
cess, but the bit-line could also be formed over the capacitor. 
Variants in the masking and etching processes are also 
contemplated, as are variations in the structure that retain the 
spirit of the invention. The folloWing detailed description is, 
therefore, not to be taken in a limiting sense. 

[0033] Referring noW to the draWings, Where like ele 
ments are designated by like reference numerals, an embodi 
ment of the capacitor storage electrode array 10 of the 
present invention is shoWn in FIG. 2. The capacitor storage 
electrode array 10 is comprised of a plurality of storage 
electrodes 20 associated With access ?eld effect transistors 
(FETS) 22 on a semiconductor Wafer 24. Each storage 
electrode 20 and its associated access FET 22 correspond to 
a memory cell 26 suitable for use in a DRAM or other 

memory array. 

[0034] The Wafer 24 comprises a bulk semiconductor 
substrate having electrically conductive diffusion regions 
28, Word lines 30, and bit lines (not shoWn) formed therein, 
as can be seen by referring to FIG. 2. The structure shoWn 
in FIGS. 2(a) and 2(b) is a buried bit line or capacitor-over 
bit line structure, in Which the capacitor storage electrode 
array 10 is formed over the bit lines. 

[0035] Each storage electrode 20 is connected to the 
diffusion region 28 via a polysilicon plug 34, and to the bit 
line via a polysilicon plug 42. The storage electrodes 20 
comprise insulative ?lm runners 36 coated With a layer of 
hemispherical-grain (HSG) polysilicon 38 or another con 
ductive layer. The storage electrodes 20 are arranged in 
complementary pairs 40 parallel to one another, as can best 
be seen in FIG. 2(b). Each complementary pair 40 of storage 
electrodes 20 relates to tWo cells 26, 26‘, With the storage 
electrode 20 of each cell extending over that cells access 
FET 22 to partially or completely cover the access FET 22‘ 
of the complementary cell 26‘ as Well. Each storage elec 
trode 20 comprises tWo runners 36 that are partially coated 
With HSG polysilicon 38, as shoWn in FIG. 2(a). The 
storage electrode 20 has a U-shaped cross section due to the 
shape of the HSG layer 38. Oxide layers 44, 46 serve to 
insulate active regions of the cell 26 from each other. 
Insulation layer 48 isolates the storage electrode 20 from the 
underlying active regions. 

[0036] FIG. 2(b) depicts a storage electrode array 10 in 
Which the storage electrodes 20 extend over the length of the 
related pair of cells. Each storage electrode 20 has a perim 
eter of Well over 12F, preferably at least about 15 up to 18F, 
Where F is the minimum feature siZe. The storage electrodes 
20 of FIG. 2(b) may be seen to cross over four Word lines. 
Avariant structure in Which the storage electrodes 20 of each 
cell 26 extend only partially over the complementary cell 
26‘, providing each storage electrode 20 With a perimeter in 
the range of about 12 to 15F, Where F is the minimum feature 
siZe is also contemplated, but not shoWn. In such a variant 
structure the storage electrodes 20 Would cross over at least 
three Word lines, but less than four Word lines. 

[0037] Referring noW to FIG. 3, depicting a knoWn con 
tainer capacitor storage electrode, the advantages of the 
present invention can be identi?ed. The storage electrode of 
FIG. 3 has a perimeter of Well under 12F, Where F is the 
minimum feature siZe. HoWever, referring noW to FIGS. 2 
and 3, it is evident that While both capacitor storage elec 
trodes have a similar area, the storage electrode of FIG. 2 
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has a much greater perimeter than that of FIG. 3. The novel 
structure of the storage electrode of the embodiment 
depicted in FIG. 2 enables the storage electrode to maintain 
the same area as the knoWn electrode While greatly increas 
ing the perimeter of the capacitor and thereby increasing its 
container Wall area and capacitance. This advantage is 
possible due to the shared length capacitors of the invention, 
Wherein each capacitor storage node has a length Which 
eXtends over its adjacent cell, and has a Width Which 
accommodates the eXtended length capacitor node of the 
adjacent cell. 

[0038] The capacitor storage electrode array 10 is manu 
factured through a process described as folloWs, and illus 
trated by FIGS. 4 through 8. The process begins at a point 
in the DRAM manufacturing sequence that folloWs forma 
tion of ?eld effect transistors, diffusion regions, Word lines 
and bit lines on a semiconductor Wafer 24. 

[0039] As seen in FIG. 4, formation of the storage elec 
trode array 10 begins With deposition and subsequent etch 
ing of a sacri?cial mold layer (not shoWn) on top of the 
Wafer 24. The sacri?cial mold layer may comprise boro 
phosphosilicate glass (BPSG), silicon dioXide, or another 
substance that is selectively etchable. A “sacri?cial” layer is 
one Which is used only during fabrication and Which Will not 
be present in the ?nal product. The mold layer may be 
deposited using Well-established deposition techniques such 
as chemical vapor deposition (CVD). A resist and mask are 
applied, and photolithographic techniques are used to de?ne 
areas to be etched-out. A directional etching process such as 
reactive ion etching (RIE) is used to etch through the mold 
layer to form parallel molding bars 50, resulting in the 
structure shoWn in FIG. 4. 

[0040] The neXt step is the formation of insulating runners 
36 on the sides of the molding bars 50, as seen in FIG. 4. 
The insulating runners 36 are formed by deposition of an 
insulating layer (not shoWn) of silicon nitride or silicon 
oXide on the sides of the molding bars 50, and by subsequent 
directional etching to shape the runners 36, and to leave the 
top surface of the molding bars 50 eXposed. The resultant 
parallel runners 36 are shoWn most clearly in FIG. 4. 

[0041] The sacri?cial molding bars 50 are then removed 
by an etching process, preferably With a Wet etch that is 
selective for BPSG over silicon. The resultant structure is 
shoWn in FIG. 5. Referring noW to FIG. 6, a conductive 
layer 38 is then deposited or formed on the inner and outer 
surfaces of the runners 36. The conductive layer 38 may be 
formed of polysilicon, hemispherical-grain (HSG) polysili 
con, titanium nitride, or the like, but is preferably HSG 
polysilicon. The HSG polysilicon layer 38 may be formed 
by loW pressure chemical vapor deposition (LPCVD) of 
polysilicon under carefully controlled pressure and tempera 
ture so that nucleation occurs. Deposition of HSG polysili 
con may be carried out in helium-diluted SiH4 gas at 1.0 torr 
pressure and 550°C. The thickness of the HSG polysilicon 
layer 38 is preferably less than one-half of the runner-to 
runner distance. 

[0042] Referring noW to FIGS. 7 and 8, the runners 36 are 
formed into individual storage electrodes 20. First, chemi 
cal-mechanical polishing (CMP) or other planariZation 
methods are used to remove HSG from the top surfaces of 
the runners 36, forming parallel storage electrode bars 58, as 
can be seen in FIG. 7. Then a resist and mask are applied, 
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and a directional etching process such as RIE is used to 
separate the storage electrode bars 58 into storage electrodes 
20, as shoWn in FIG. 8. Conventional processing is then 
performed to construct the remainder of the capacitor and to 
?nish the array 10. For eXample, a capacitor dielectric layer 
is provided over the storage electrodes 20. The dielectric 
layer is deposited With a thickness such that the capacitor 
openings are not completely ?lled. The dielectric layer 
preferably comprises an oXide-nitride-oXide (ONO) dielec 
tric, although other materials are of course possible. A 
second conductive layer is then deposited over the dielectric 
layer. The second conductive layer is preferably composed 
of polysilicon. In addition to serving as the second or upper 
electrode of the capacitor, the second conductive layer also 
forms the interconnection lines betWeen the second elec 
trodes of the capacitors. The second electrode is the elec 
trode of the capacitor that is connected to the reference 
voltage as discussed in connection With FIG. 1. In this 
manner, active areas 28 are also electrically isolated (With 
out the in?uence of the gate). A damascene or other inter 
metal backend process then completes the remaining circuit 
elements, thereby forming the DRAM of the preferred 
embodiments. 

[0043] Referring noW to FIGS. 9 through 15, a second 
embodiment of the capacitor storage electrode array 110 of 
the present invention is shoWn in FIG. 9. The capacitor 
storage electrode array 110 is comprised of a plurality of 
storage electrodes 120 associated With access ?eld effect 
transistors (FETS) 22 on a semiconductor Wafer 24. Each 
storage electrode 120 and its associated access FET 22 
corresponds to a memory cell 126 suitable for use in a 
DRAM or other memory array. 

[0044] The Wafer 24 comprises a bulk semiconductor 
substrate having an electrically conductive diffusion region 
28, With Word lines 30, and bit lines (not shoWn) formed 
therein, as can be seen by referring to FIG. 9. The structure 
shoWn in FIG. 9 is also a buried bit line structure, in Which 
the capacitor storage electrode array 110 is formed over the 
bit lines. 

[0045] Each storage electrode 120 is connected to diffu 
sion regions 28 via a polysilicon plug 34, and to the bit line 
via a polysilicon plug 42. The storage electrodes 120 com 
prise conductive polysilicon runners 136, optionally coated 
With a layer of hemispherical-grain (HSG) polysilicon 38 or 
other conductive material. Oxide layers 44, 46 serve to 
insulate active regions of the cell 126 from each other, and 
insulation layer 48 isolates the storage electrode 120 from 
the underlying active regions. The storage electrodes 120 are 
arranged in complementary pairs 140 arranged parallel to 
one another, as can best be seen in FIG. 9. Each comple 
mentary pair 140 of storage electrodes 120 relates to tWo 
cells 126, 126‘, With the storage electrode 120 of each cell 
extending over that cell’s access FET 22 to partially or 
completely cover the access FET 22‘ of the complementary 
cell as Well. Each storage electrode 120 comprises one 
runner 136, 136‘, optionally coated With HSG polysilicon 
38, as shoWn in FIG. 9, resulting in a storage electrode 120 
having a rectangular cross section. 

[0046] FIG. 9 depicts a storage electrode array 110 in 
Which the storage electrodes 120 eXtend over the length of 
the related pair of cells. Each storage electrode has a 
perimeter of at least about 17F, Where F is the minimum 






