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(57) ABSTRACT 

An integrated circuit comprising Stacked capacitor memory 
cells having Sub-lithographic, edge-defined word lines and a 
method for forming Such an integrated circuit. The method 
forms conductors adjacent to Sub-lithographic word lines in 
order to couple a Stacked capacitor to the acceSS transistor of 
the memory cell. The conductors are bounded by the word 
lines. The bit line and capacitor are formed with a single 
mask image in Such a manner as to Self-align the bit line and 
the capacitor and to maximize the capacitance of the 
memory device. The method may be used to couple any 
Suitable circuit element to a Semiconductor device in an 
integrated circuit having edge-defined, Sub-lithographic 
word lines. 

  



Patent Application Publication Jul. 19, 2001 Sheet 1 of 21 US 2001/0008784A1 

KSY 
(S) N 

FIG. 1A 

SYS &\2 
(7 SYS) 

22 

Q 

SYNSYN/ N 

KS N 

F 
C 

4 K. N 
N S 

14 
N 
Y 

FIG. 1C 

    

  

  

  

      

  

  

  

  

  

  

  

  

  

  



Jul.19, 2001 Sheet 2 of 21 US 2001/0008784A1 Patent Application Publication 

K 

  



Patent Application Publication Jul. 19, 2001 Sheet 3 of 21 US 2001/0008784A1 

40 

/ 
52 45 52 

N 42 4s 
N NS 

50 

FIG. 2A 

40 

58O 56 58b 54 

FIG. 2B 

  

  

    

  

  

  



Sheet 4 of 21 US 2001/0008784A1 Jul. 19, 2001 

08 || || 9 || 

Patent Application Publication 

al 

  

  

  



Sheet 5 of 21 US 2001/0008784 A1 Jul.19, 2001 Patent Application Publication 

  



P o o tent Application Publication Jul.19, 2001 Sheet 6 of 21 US 2001/0008784 A1 

(, 

3. 

8 

S. al : 

s 

t 

  

  

  

  

    

    

  



Patent Application Publication Jul.19, 2001 Sheet 7 of 21 US 2001/0008784 A1 

  



||||)(||||||||E|| [[Ff][T 
No.??º?---- 9 9 || 

?||||||||E || … TEIT LI-T-T),?ITVI 007l.)007| }\\007\,\! 

Sheet 8 of 21 US 2001/0008784 A1 

CO 

C9 
L 

Jul.19, 2001 Patent Application Publication 

  



Sheet 9 of 21 US 2001/0008784A1 Jul.19, 2001 Patent Application Publication 

ºn Y |-|| 
-| 

08| 007007 08 || 0070O7 O8 || 007 

+N w 

  

  

  



Sheet 10 of 21 US 2001/0008784A1 Jul. 19, 2001 Patent Application Publication 

—— 
| |- 
|-||-||-||   



Patent Application Publication Jul.19, 2001 Sheet 11 of 21 US 2001/0008784A1 

: . 

  

  

  

  

    

  

  

  



Sheet 12 of 21 US 2001/0008784A1 Jul.19, 2001 Patent Application Publication 

| 

| || || || … 

  

  

  

  



Sheet 13 of 21 US 2001/0008784A1 

|-—— 
|-))) colº099009_/008 09990/099 

Jul. 19, 2001 Patent Application Publication 

  

  



Sheet 14 of 21 US 2001/0008784A1 Jul. 19, 2001 

_/009 00890/ 

Patent Application Publication 

  

  

  



Sheet 15 of 21 US 2001/0008784A1 Jul.19, 2001 Patent Application Publication 

? ?. I-II-| | | || || || … 
009 008 

  

  

  



Sheet 16 of 21 US 2001/0008784A1 Jul.19, 2001 Patent Application Publication 

| No. 
| || || 

Z00 ||| 00 || 
      

  

  



| || || || … 
01.4 l zóo)OOZ || 00|| 

Sheet 17 of 21 US 2001/0008784A1 Jul. 19, 2001 Patent Application Publication 

  

  

  



Sheet 18 of 21 US 2001/0008784 A1 Jul.19, 2001 Patent Application Publication 

  

  

  



Sheet 19 of 21 US 2001/0008784A1 Jul. 19, 2001 Patent Application Publication 

  

  



Sheet 20 of 21 US 2001/0008784A1 Jul. 19, 2001 Patent Application Publication 
  



BOIAEG Å HOWBW 

Sheet 21 of 21 US 2001/0008784A1 Jul.19, 2001 

N 
O || || Z. 

Patent Application Publication 

  



US 2001/0008784 A1 

METHOD FOR COUPLING TO SEMCONDUCTOR 
DEVICE IN AN INTEGRATED CIRCUIT HAVING 

EDGE-DEFINED, SUB-LITHOGRAPHIC 
CONDUCTORS 

CROSS REFERENCE TO RELATED CASES 

0001. This application is related to co-pending, com 
monly assigned patent application Ser. No. (Attor 
ney docket no. 303.257US1) and patent application Ser. No. 

(Attorney docket no. 660073.550). 

FIELD OF THE INVENTION 

0002 This invention pertains to the field of semiconduc 
tor devices, and in particular, pertains to a method for 
coupling to a Semiconductor device in an integrated circuit 
having edge-defined, Sub-lithographic conductors. 

BACKGROUND OF THE INVENTION 

0003. Manufacturers of semiconductor memory devices 
continually Strive to reduce the Size of individual memory 
cells. By reducing the Size of individual memory cells, faster 
and higher capacity memory devices can be constructed. 
Conventional memory cells typically comprise a Substrate, a 
transistor formed in the Substrate, a Storage capacitor 
coupled to the transistor, and a word line and a bit line for 
accessing the memory cell. One limiting factor in reducing 
the size of the memory cell is the size of the access lines of 
the memory device. In order to resolve this limitation, 
manufacturers have developed memory devices with word 
line conductors that extend normal to the Substrate. Further 
more, the word lines are narrower than the gate regions of 
the transistors to which they are coupled. This type of word 
line is known in the art as an edge-defined word line. 
0004. The typical fabrication process of semiconductor 
memory device comprises a Series of lithographic Steps 
where material is either deposited on the device or removed 
from the device. The minimum dimension of the material 
which can be deposited or removed is known in the art as the 
minimum lithographic dimension. In a further attempt to 
reduce the size of a memory cell, manufacturers have 
developed word lines which are narrower than the minimum 
lithographic dimension. The development of Sub-litho 
graphic word lines which extend normal to the Surface of the 
Substrate has eliminated the Size of a word line as a limiting 
factor in the reduction of the memory cell size. The devel 
opment, however, has introduced complexities in the other 
areas of the memory cell. 
0005 Traditionally, there are two ways of implementing 
the capacitor region of a memory cell. A memory cell may 
contain a trench capacitor or a Stacked capacitor. A trench 
capacitor is formed by etching a hole in the Substrate. The 
Storage electrode of the trench capacitor is inside the hole 
and the plate electrode is the Substrate. Because a trench 
capacitor is located in the Substrate of the Semiconductor 
device, it is formed before the word lines of the memory 
device are formed. Thus, with a trench capacitor, the Semi 
conductor manufacturer can easily form edge-defined word 
lines on top of the Substrate and the trench capacitor. 
0006 Trench capacitors have several disadvantages. One 
disadvantage is the difficulty of fabricating them without 
introducing Silicon crystal defects which result in leakage 
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currents from the Storage nodes. In contrast, Stacked capaci 
tor are formed on top of the cell transistor and therefore do 
not significantly affect leakage currents within the Silicon. 
Because of their location, however, Spacial interference with 
the cell wiring may limit the fraction of the cell area 
available for the capacitor. 

SUMMARY OF THE INVENTION 

0007 For the above reasons, it is advantageous to build 
the Storage capacitor of a memory cell on a plane above that 
of the wiring and to provide a method to connect the Stacked 
capacitor, located above the Sub-lithographic word lines, to 
the transistor, located, below the Sub-lithographic word 
lines. The present invention allows the active regions of the 
Substrate to be accessed through and above the complex, 
Sub-lithographic word lines So that the active regions can be 
connected to a Semiconductor device, Such as a Stacked 
capacitor, which is formed outwardly from the word lines. 
0008 One aspect of the invention is a method for forming 
an integrated circuit using a lithographic proceSS having a 
minimum lithographic dimension. The method comprises 
the Steps of forming a Semiconductor device in a Semicon 
ductor Substrate, forming a first conductor outwardly from 
the Semiconductor device, the first conductor having a width 
less than the minimum lithographic dimension, forming a 
Second conductor outwardly from the Semiconductor device, 
the Second conductor adjacent to the first conductor, and 
coupling a circuit component to the Semiconductor device 
by the Second conductor. 
0009. According to another feature of the invention, the 
Step of coupling a circuit component to the Semiconductor 
comprises the Step of coupling a storage capacitor to the 
Semiconductor and the Step of forming a Semiconductor 
device comprises the Step of forming a transistor for acceSS 
ing the Storage capacitor. 

0010. According to another feature of the invention, the 
Step of forming a first conductor comprises the Step of 
forming a word line for activating the transistor. 
0011. According to another feature of the invention, the 
Second conductor is aligned with the circuit component by 
using a single mask image. 

0012. According to another feature of the invention, the 
Second conductor is bounded by the first conductor. 
0013 Another aspect of the invention is a method for 
forming a Semiconductor memory device using a litho 
graphic process having a minimum lithographic dimension. 
The method comprising the Steps of forming a transistor in 
a Semiconductor Substrate, forming a word line outwardly 
from the transistor, the word line having a width less than the 
minimum lithographic dimension, the word line for activat 
ing the transistor, forming a bit line and a conductor out 
Wardly from the transistor that couple to the transistor, Said 
bit line and Said conductor adjacent to the word line, and 
forming a Storage capacitor outwardly from the bit line and 
the conductor, Said Storage capacitor coupled to the transis 
tor by the conductor. 
0014) Another aspect of the invention is a method for 
forming two memory cells having a shared bit line using a 
lithographic process having a minimum lithographic dimen 
Sion. The method comprising the Steps of forming two 
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transistors in a Semiconductor Substrate, the transistors hav 
ing a shared drain, each transistor having a gate and a Source, 
the gate extending outwardly from the Semiconductor Sub 
Strate, forming two word lines outwardly from the transis 
tors, each word line having a width less than the minimum 
lithographic dimension, each word line connected to a gate 
of a different transistor for activating the transistor, forming 
a bit line and two conductors outwardly from the transistors 
that couple to the transistor, the bit line coupled to the shared 
drain of the transistors, each conductor coupled to a Source 
of a different transistor, the bit line and the conductors 
adjacent to the word line, and forming two Storage capaci 
tors outwardly from the bit line and the conductors, each 
Storage capacitor coupled a Source of a different transistor by 
a different conductor. 

0.015. Another aspect of the invention is an integrated 
circuit formed using a lithographic process having a mini 
mum lithographic dimension. The integrated circuit com 
prising a Semiconductor device formed in a Semiconductor 
substrate, a first conductor formed outwardly from the first 
Semiconductor device, the first conductor having a width 
less than the minimum lithographic dimension, a Second 
conductor formed outwardly from the first semiconductor 
device, the Second conductor adjacent to the first conductor, 
and a circuit element coupled to the Semiconductor device 
by the Second conductor. 

0016. Another aspect of the present invention is a 
memory device formed by a lithographic proceSS having a 
minimum lithographic dimension. The memory device com 
prising a plurality of transistors formed in a Semiconductor 
Substrate, the transistors having a shared drain, each the 
transistors having a gate and a Source, the gate of each 
transistor extending outwardly from the Semiconductor Sub 
strate, a plurality of word lines formed outwardly from the 
transistors, each word line having a width less than the 
minimum lithographic dimension, each word line connected 
to the gate of a different transistor for activating the tran 
Sistor, a bit line and a plurality of conductors formed 
outwardly from the transistors, the bit line connected to the 
shared drain of the transistors, each conductor connected to 
the Source of a different transistor, the bit line and the 
conductors adjacent to the word lines, and a plurality of 
Storage capacitors formed outwardly from the bit line and 
the conductors, each Storage capacitor coupled a Source of a 
different transistor by a different conductor. 

0.017. Another aspect of the invention is a pair of memory 
cells for an integrated memory device formed using a 
lithographic process having a minimum lithographic dimen 
Sion. The pair of memory cells comprising two transistors 
formed in a Semiconductor Substrate, the transistors having 
a shared drain, each transistor having a gate and a Source, the 
gate of each transistor extending outwardly from the Semi 
conductor Substrate, two word lines formed outwardly from 
the transistors, each word line having a width less than the 
minimum lithographic dimension, each word line connected 
to a gate of a different transistor, the word lines for activating 
the transistors, a bit line and two conductors formed out 
wardly from the transistors, the bit line connected to the 
shared drain of the transistors, each conductor connected to 
the Source of a different transistor, the bit line and the two 
conductors adjacent to the word line, and two Storage 
capacitors formed outwardly from the bit line and the 
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conductors, each Storage capacitor coupled a Source of a 
different transistors by one of the conductors. 

BRIEF DESCRIPTION OF THE DRAWING 

0018 FIGS. 1A through 1F are perspective views of a 
portion of an integrated circuit that illustrate an embodiment 
of a method for forming the integrated circuit with Self 
aligned gate Segments. 

0019 FIGS. 2A and 2B are cross sectional views of an 
integrated circuit that illustrate an embodiment of a method 
for forming Sub-lithographic word lines. 
0020 FIGS. 3 through 17 are cross section and top 
Views of an integrated circuit that illustrate one embodiment 
of a method for coupling to a Semiconductor device in the 
integrated circuit having Sub-lithographic, edge-defined 
word lines. Specifically, FIGS. 3, 5, 6A, and 7A through 17 
are croSS-Sectional views of the integrated circuit throughout 
the illustrated embodiment. FIGS. 4A, 4B, and 6B are top 
Views of the integrated circuit throughout the illustrated 
embodiment. 

0021 FIG. 18 is a schematic diagram of one embodiment 
of a memory device according to the teachings of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0022. In the following detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
drawings which form a part hereof, and in which is shown 
by way of illustration specific illustrative embodiments in 
which the invention may be practiced. These embodiments 
are described in Sufficient 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 logical, 
mechanical and electrical changes may be made without 
departing from the Spirit and Scope of the present invention. 
The following detailed description is, therefore, not to be 
taken in a limiting Sense. 

FORMATION OF GATE SEGMENTS 

0023 FIGS. 1A through 1F are perspective views of a 
portion of an integrated circuit, indicated generally at 10, 
that illustrate an embodiment of a method for forming 
integrated circuit 10 according to the present invention. In 
the illustrated embodiment, integrated circuit 10 comprises 
a memory device with an array of Storage cells having 
Segmented gates that are Self-aligned to shallow trench 
isolation regions. Specifically, the array of Storage cells 
produced by this method can advantageously be used in a 
dynamic random access memory (DRAM) device with a 
shared, or folded, bit line Structure. However, the teachings 
of the present invention are not limited to DRAM applica 
tions. The Segmented, Self-aligned gates can be used in other 
appropriate applications that call for conductors with a pitch 
that is less than the minimum lithographic dimension. These 
conductors are referred to as "Sub-lithographic' conductors. 
0024. Referring to FIG. 1A, a number of active regions 
12 are established for layer of semiconductor material 14 by 
shallow trench isolation region 16. The method produces 
two cells for memory device 10 in each active region 12. 
Shallow trench isolation region 16 is formed by first etching 
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a trench through nitride layer (“pad”) 18, oxide layer 20 and 
into layer of semiconductor material 14. The trench is 
over-filled with, for example, an oxide in a chemical vapor 
deposition (CVD) process. Shallow trench isolation region 
16 is completed by polishing a working Surface of the oxide 
back to a Surface of nitride layer 18 using, for example, an 
appropriate planarization technique Such as chemical 
mechanical planarization. 
0025 Referring to FIG. 1B, nitride layer 18 and oxide 
layer 20 are removed from layer of semiconductor material 
14. This leaves a portion of Shallow trench isolation region 
16 extending outwardly from layer of Semiconductor mate 
rial 14 and Surrounding and isolating active regions 12. This 
portion of Shallow trench isolation region 16 is used to align 
the gate Segments and confine the gate Segments to active 
regions 12. Next, gate oxide layer 22 is formed in active 
regions 12 by, for example, growing a layer of Silicon 
dioxide outwardly from layer of semiconductor material 14. 
Conductive layer 24 is formed outwardly from gate oxide 
layer 22 and covers active regions 12 and shallow trench 
isolation region 16. Conductive layer 24 typically comprises 
poly-Silicon that is deposited using a chemical vapor depo 
Sition technique. A chemical/mechanical polish method is 
used to planarize the poly-Silicon of conductive layer 24 to 
the level of the shallow trench isolation region 16, leaving 
poly-silicon in active regions 12 as shown in FIG. 1C. 
0026 Referring to FIG. 1D, the method next defines the 
position of the gate Segments. Photoresist layer 26 is depos 
ited outwardly from shallow trench isolation region 16 and 
conductive layer 24. Photoresist layer 26 is exposed to 
produce, for example, a conventional word line pattern as 
shown. In a conventional application, the word line pattern 
is used to Simultaneously form the gates of the acceSS 
devices and the interconnections between gates of adjacent 
devices in the memory array. In this embodiment, a portion 
of the remaining photoresist layer 26 passes over shallow 
trench isolation region 16 as indicated at 28, for example. 
0.027 Referring to FIG. 1E, portions of conductive layer 
24 are selectively removed to form two gate segments 30 in 
each active region 12. Photoresist layer 26 and exposed 
portions of gate oxide layer 22 are removed as shown in 
FIG. 1F. Thus, the method produces gate segments 30 that 
are Self-aligned by shallow trench isolation region 16. Once 
gate Segments 30 are formed, Source/drain regions 32 are 
formed by, for example, ion implantation in layer of Semi 
conductor material 14. 

FORMATION OF SUB-LITHOGRAPHIC WORD 
LINES 

0028 FIGS. 2A and 2B are cross sectional views of an 
integrated circuit, indicated generally at 40, that illustrate an 
embodiment for forming sub-lithographic word lines. These 
word lines can be used, for example, to interconnect gate 
segments 30 of FIG. 1F to form an array for a memory 
device. Such sub-lithographic word lines have widths that 
are less than the minimum feature size of the process, and 
thus allow Such memory arrays to be constructed with 
folded-digit-line architecture without the word lines being 
electrically shorted together. Of course, Such reduced-area 
memory arrays can be constructed with a shared-digit-line 
architecture using conventional process technology to form 
conventional word lines. Thus, the techniques shown in 
FIGS. 2A and 2B are not required to form a shared-digit 
line architecture. 

Jul. 19, 2001 

0029) Referring to FIG. 2A, integrated circuit 40 
includes gate Segment 42 that is formed, for example, 
according to the technique described above with respect to 
FIGS. 1A through 1F. Gate segment 42 is capped with, for 
example, nitride pad layer 45. Insulative sidewalls 44 are 
formed adjacent to the exposed vertical Sidewalls of gate 
Segment 42 using conventional techniques. For example, a 
layer of Silicon dioxide is deposited using a chemical vapor 
deposition (CVD) process on exposed Surfaces. The layer is 
then anisotropically etched to form insulative sidewalls 44. 
Conductive material is deposited adjacent to the Sidewalls to 
form contacts 46 for Source/drain regions 48 and is conven 
tionally polished back to the exposed Surface of trench 
isolation regions 50 and pad layer 45. Contacts 46 are further 
etched back So as to become recessed with respect to the 
surface pad layer 45. Next, insulator layer 52, such as an 
oxide, is conventionally grown or deposited and then pol 
ished back to the surface of trench isolation region 50 and 
pad layer 45 to give the structure shown in FIG. 2A. 
0030) Referring to FIG.2B, mandrel 54 is conventionally 
formed on layer 52 and pad layer 45. In one embodiment, 
mandrel 54 is formed from intrinsic (undoped), poly-Silicon. 
Mandrel 54 is then polished to smooth its upper surface. 
Next, groove 56 is etched in mandrel 54 to expose sidewalls 
58a and 58b in mandrel 54. Sidewall 58a is over trench 
isolation region 50, and sidewall 58b is over gate segment 
42. An anisotropic etch removes the exposed portion of pad 
layer 45 and thus exposes a region of gate 42. A conductive 
material such as poly-silicon is formed in groove 56. The 
conductive material is anisotropically etched to leave con 
ductive Sidewalls that become Sub-lithographic word lines 
60 and 62. In one embodiment, mandrel 54 is then removed. 
In another embodiment, mandrel 54 and word lines 60 and 
62 are polished or etched to make the shape of word lines 60 
and 62 more rectangular, and to center word line 60 over 
gate 42. 

FORMATION OF STACKED CAPACTORS 

0031 FIGS. 3 through 17 are cross section and plan 
Views of an integrated circuit that show one embodiment of 
a method for forming Stacked capacitors in a reduced-area 
memory array wherein the memory array has Sub-litho 
graphic, edge-defined word lines formed, for example, as 
described above with respect to FIGS. 2A and 2B. FIG. 3 
illustrates one embodiment of an integrated circuit in which 
memory cells share a bit line. This embodiment is shown by 
way of example and is not a limitation of the present 
invention. Alternate embodiments exist, Such as a conven 
tional memory cell having its own bit line, and are within the 
Scope of the present invention. 
0032 Referring to FIG.3, silicon substrate 134 provides 
a Strong base for the Semiconductor layers of integrated 
circuit 133. The term Substrate refers to the base semicon 
ductor layer or layerS or Structures of an integrated circuit 
which includes active or operable portions of Semiconductor 
devices. In addition shallow trench isolation 120 provides 
Support and isolation between the devices in integrated 
circuit 133. 

0033 N+ diffusion regions 135,136, and 137 are formed 
in substrate 134 by introducing any suitable N-type dopant 
into Substrate 134. The N-type dopant, Such as phosphorus, 
is typically introduced by diffusion or ion implantation. 
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Device gates 138 and 139 typically comprise poly-silicon 
and are separated from substrate 134 by thin layers of oxide 
150 and 151 respectively in order to limit the gate current to 
a negligible amount. In this configuration, N+ diffusion 
region 135, device gate 138, Substrate 134, and N+ diffusion 
region 137 define a first transistor. Similarly, N+ diffusion 
region 136, device gate 139, silicon Substrate 134, and N-- 
diffusion region 137 define a second transistor. The transis 
tors are shown as exemplary only, in an alternate embodi 
ment, any Suitable Semiconductor device may be formed in 
substrate 134 without departing from the scope of the 
present invention. 
0034. The center N+ diffusion region 137 acts as a 
common source or drain while the N+ diffusion regions 135 
and 136 act as independent Sources or drains depending 
upon the Voltage applied to the regions. In one embodiment, 
the transistors are essentially enhanced n-channel MOS 
transistors. Alternatively, any transistor configuration Suit 
able for memory cell access may readily be used. 
0035) Integrated circuit 133 comprises contact regions 
which can be any appropriate conductive material Such as 
poly-Silicon. These contact regions are coupled to the N-- 
diffusion regions. Contact region 140 is coupled to N+ 
diffusion region 137 while contact regions 141 and 142 are 
coupled with the N+ diffusion regions 135 and 136 respec 
tively. The contact insulating layerS 145 comprise a conven 
tional thin film insulator Such as Silicon nitride, SiN. and 
insulate contact regions 140, 141, and 142. 
0036 Integrated circuit 133 comprises conductors 161 
and 162 which extend normal to the Substrate 134 and are 
formed outwardly from device gates 138 and 139. Conduc 
tors 161 and 162 are sub-lithographic, edge-defined word 
lines of a Suitable conductor Such as poly-Silicon. In another 
embodiment, the edge-defined word lines comprise any 
Suitable conductive material Such as a conventional metal. 

0037 Sub-lithographic, edge-defined word lines 161 and 
162 are formed outwardly from device gates 138 and 139 
using Semiconductor fabrication techniques as are known in 
the art. “Passing” conductors 170 form a second pair of 
conductors which provide a conductive path to adjacent 
memory cells in integrated circuit 133. 
0.038 FIG. 4A, which is a top view of integrated circuit 
133, illustrates the interconnection of the memory cells of 
integrated circuit 133. Specifically, FIG. 4A illustrates how 
conductors 161 and 162 are coupled with device gates 138 
and 139 respectively within memory cell 250. FIG. 4A also 
illustrates how passing conductorS 170 pass through 
memory cell 250 and are coupled to device gates 251 and 
252 of adjacent memory cells 256 and 257. Note that 
memory cells 256 and 257 are only partially shown. 
0039) Referring again to FIG.3, conductors 161 and 162 
are capped with insulator 180 and are lined with insulator 
190. Insulator 195 insulates device gates 138 and 139. Any 
Suitable Semiconductor insulator Such as SiO2 may be used 
for insulators 180, 190, or 195. 
0040. In order to form stacked capacitors outwardly from 
substrate 134 of integrated circuit 133, a material with a high 
degree of etch Selectivity is used. The Suitable material, Such 
as intrinsic poly-silicon 200, is deposited between the con 
ductors 161 and 162 and passing conductors 170 by a 
conventional proceSS Such as chemical-vapor deposition 
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(CVD). As is well-known in the art, CVD is the process by 
which gases or vapors are chemically reacted, leading to the 
formation of a Solid on a Substrate. The high degree of etch 
Selectivity of a material Such as intrinsic poly-Silicon is 
advantageous because it allows intricate etching without 
disturbing the Surrounding Semiconductor regions. 
0041) Next, a photoresist and a mask is used to reveal the 
plurality of semiconductor memory cells of Substrate 134. 
FIG. 4B illustrates the layout of the mask. First, a photo 
resist is applied to the entire integrated circuit 133. Masked 
areas 260 illustrate the areas of photoresist 270 which are 
covered by a mask and therefore are not hardened when 
exposed to ultraViolet light. 
0042. After exposing the resist and mask, the intrinsic 
poly-silicon 200 between conductors 161 and 162 and 
passing conductorS 170 is removed by Selectively etching 
the material. As illustrated in FIG. 5, three stud holes 300 
are created in integrated circuit 133. Stud holes 300 extend 
into integrated circuit 133 toward substrate 134 and ulti 
mately reveal contact insulating layerS 145. The portions of 
the intrinsic poly-silicon 200 which are covered by the mask 
are not etched. 

0043. With the mask still present on the surface of the 
wafer, the exposed contact insulating layerS 145 are etched. 
This step exposes contact regions 140. FIG. 6A illustrates 
how contact insulating layerS 145 are etched and how Small 
portions of contact insulating layerS 145 remain between 
insulator 190 and contact regions 141 and 142. At this point, 
photoresist 270 is removed. 
0044 As illustrated in FIG. 6B, which is a top view of 
integrated circuit 133, after exposing contact regions 141 
and 142, an insulator such as SiO is CVD deposited on the 
walls of the openings between conductors 161 and 162 and 
passing conductors 170. This step creates insulating sleeve 
400 which lines insulator 190 and intrinsic poly-silicon 200 
but covers the recently exposed Surfaces of contact regions 
140, 141, and 142. The additional layer of insulation is 
advantageous because it reduces the size of the three Stud 
holes 300 and reduces parasitic capacitances of conductive 
connections between the active regions of Substrate 134 and 
the stacked capacitors which will be formed. 
004.5 This deposition is followed by a directional (aniso 
tropic) etch such as a dry reactive ion etch (RIE) which 
removes the recently deposited oxide from all horizontal 
Surfaces but leaves it on the vertical Surfaces. This removes 
the insulator from the recently exposed contact regions 140, 
141, and 142. It is necessary to correctly time the etch so that 
it does not inadvertently etch the horizontal oxide layers 195 
which insulates the base of conductors 161 and 162 and 
device gates 138 and 139. As a result of the directional etch, 
the three stud holes 300 are lined with an insulating sleeve 
400. 

0046) As illustrated in FIG. 7A, the next step in the 
process is to fill stud holes 300 with a conductive material 
such as doped poly-silicon 500 by conventional chemical 
vapor deposition. Doped poly-silicon 500 is planarized so 
that it is flush with oxide caps 180 by chemical mechanical 
polishing (CMP). The doped poly-silicon 500 provides a 
conductive paths to contact regions 140,141 and 142. In this 
manner, the conductive paths formed by doped poly-Silicon 
500 are bounded by conductors 161 and 162 and passing 
conductors 170. 
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0047 Next, as illustrated in FIG. 7B, the remaining 
portions of intrinsic poly-silicon 200, which were hidden by 
mask 270, are selectively etched. Insulator 550, which may 
be any conventional insulator Such as SiO, is deposited on 
the entire wafer to fill the void regions in the wafer where 
intrinsic poly-silicon 200 was removed. Insulator 550 is then 
planarized by a conventional proceSS So that the insulator is 
planar with oxide caps 180 and doped poly-silicon 500. The 
resulting formation is shown in FIG. 7B and is virtually 
identical to FIG. 7A with the exception that intrinsic poly 
silicon 200 has been replaced with oxide filler 550. 

0.048. At this point in the fabrication of the stacked 
capacitors, the process has effectively provided conductive 
paths between the Sub-lithographic, edge-defined word lines 
to the active regions of the Substrate. The remaining Steps in 
the proceSS form the Stacked capacitors. 

0049. As illustrated in FIG. 8, a thick layer of intrinsic 
poly-silicon 600 is CVD deposited on the entire wafer. This 
layer should be at least 0.5 microns thick. Next, a thin mask 
650 is created by depositing a conventional thin film insu 
lator Such as SiN. on the thick layer of intrinsic poly-Silicon 
600. The thin mask 650 should be approximately 500 
angstroms thick. 

0050. Next, a resist is applied to the wafer and is used to 
define openings over the doped poly-silicon 500. As illus 
trated in FIG. 9, three holes are etched in thin mask layer 
650. The center hole 700 will ultimately be used for con 
tacting the center region of doped silicon poly 500 and the 
outer holes 705 will be used to form stacked capacitors. 
Therefore, the sizes and shapes of outer holes 705 should be 
designed to maximize capacitor Size and minimize contact 
SZC. 

0051 One advantageous feature of thin mask layer 650 is 
that it will function as a single mask image during the 
Subsequent forming of the Stacked capacitors and bit line 
contact. Specifically, thin mask layer 650 allows separate 
etching Steps for a bit line contact and for the Stacked 
capacitors, yet the formations will inherently be Self-aligned 
because of thin mask layer 650. This feature allows for 
different etching techniques to be used for Stacked capacitors 
and a bit line contact yet maintains their alignment. 
0.052 Referring to FIG. 10, after etching the thin mask 
layer 650, the resist is Stripped and a new resist and mask is 
applied which only exposes center hole 700. Once the new 
mask is applied, a bit line contact hole 810 is created by 
anisotropically etching the exposed area of thick layer of 
intrinsic poly-silicon 600 to reveal the doped poly-silicon 
500 between the two conductors 161 and 162. After etching 
the thick layer of intrinsic poly-silicon 600, an insulator Such 
as SiO is deposited and RIE etched to leave a bit line 
insulating liner 800 on the exposed wall of the intrinsic 
poly-silicon 600. 

0.053 Next, the resist is stripped to expose outer holes 
705 of thin film insulator 650. As illustrated in FIG. 11, 
intrinsic poly-silicon 600 is etched to create two node areas 
900. During this step, the thin film insulator 650 acts as a 
mask So a new mask and resist need not be applied. 

0054. It is preferable that the etch have an isotropic 
component Such that the etch is slightly nondirectional. The 
isotropic component effectively enlarges the size of node 
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areas 900 relative to Outer holes 705 in thin film insulator. 
After etching, the thin mask layer 650 is removed. 
0055 Referring to FIG. 12, a conductive material such as 
N+ poly-silicon is deposited on integrated circuit 133. Since 
bit line contact hole 810 is Smaller than node areas 900, 
partly due to bit line insulating liner 800 and partly due the 
isotropic component, the N-- poly-Silicon completely fills 
the first bit line contact hole 810 and forms a liner in the 
newly created node areas 900. Filling the first bit line contact 
hole 810 forms a bit line contact stud 1010. The layer of N+ 
poly-silicon which is deposited in the node areas 900 forms 
two storage plates 1001 and 1002; therefore, the thickness of 
the N-- poly-Silicon should be only enough to guarantee 
filling the first bit line contact hole 810. After creating 
storage plates 1001 and 1002 and bit line contact stud 1010, 
the N+ poly-silicon is CMP polished in order to guarantee 
that storage plates 1001 and 1002 are separated from bit line 
contact Stud 1010. 

0056. As illustrated in FIG. 13, the remaining intrinsic 
poly-silicon 600 is selectively etched after the N+ poly 
Silicon is planarized. This Step produces openings in the 
isolation regions of the Semiconductor wafer exposing the 
oxide filler 550. 

0057. From this point, the inventive method follows 
conventional Steps to form Stacked capacitors outwardly 
from the storage plates 1000. Referring to FIG. 14, dielec 
tric material 1200, which is any suitable dielectric material 
Such as tantalum pentoxide, is deposited. In an alternate 
embodiment, any Suitable dielectric material may be used. 
Next, the final plate conductor 1210 is deposited on the 
dielectric material 1200. In one embodiment, platinum is 
used as the final plate conductor 1210. In another embodi 
ment, any Suitable metallic conductor may be used. 
0.058 As illustrated in FIG. 15, planarizable insulator 
1300, which is any suitable insulator such as SiO, is 
deposited after the necessary capacitor materials are formed. 
The insulator 1300 is planarized such that the surface is 
sufficiently smooth. 
0059 FIG. 16 illustrates a second bit line contact hole 
1400 which is formed by applying a conventional contact 
mask and etching through planarizable insulator 1300, final 
plate conductor 1210, and through dielectric material 1200. 
In this manner, second bit line contact hole 1400 exposes bit 
line contact stud 1010. 

0060 FIG. 17 illustrates the final configuration of the 
memory device. After forming Second bit line contact hole 
1400, a conformal insulator such as SiO is deposited to 
create a bit line contact insulating liner 1500. This deposi 
tion is followed by an anisotropic etch which removes the 
recently deposited oxide from the exposed Surface of bit line 
contact stud 1010 but leaves the oxide on the other Surfaces. 
Finally, a metal is deposited and patterned to form bit line 
metal 1510. 

0061 AS depicted in FIG. 17, the memory device com 
prises Stacked capacitor C1 and Stacked capacitor C2. The 
Stacked capacitors C1 and C2 are accessed by transistorST1 
and T2 respectively Stacked capacitor C1 is coupled to 
transistor T1 by conductor 1521 which is adjacent to Sub 
lithographic, edge defined word line 161. Conductor 1521 
comprises contact region 141 and doped poly-Silicon 1531. 
Similarly, Stacked capacitor C2 is coupled to transistor T2 by 
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conductor 1522 which is adjacent to Sub-lithographic, edge 
defined word line 162. Conductor 1522 comprises contact 
region 142 and doped poly-silicon 1532. 
0062) Retrieving data stored in stacked capacitors C1 and 
C2 is accomplished by bit line 1520 which comprises doped 
poly-silicon 1530, contact region 140, bit line contact stud 
1010, and bit line metal 1510. 
0.063. In an alternate embodiment, T1 and T2 may be any 
Semiconductor device Suitable for being outwardly formed 
from substrate 134. For example, in another embodiment, T1 
and T2 may be diodes. Similarly, in another embodiment, 
Stacked capacitorS C1 and C2 may be any circuit element 
formed outwardly from word lines 161 and 162 and which 
is Suitable for coupling to the first Semiconductor device. For 
example, in an alternate embodiment, the circuit element 
may be a resistor, a diode, or a transistor. 

MEMORY DEVICE 

0.064 FIG. 18 is a schematic diagram of a memory 
device, indicated generally at 2110. Memory device 2110 
uses dual or folded digit lines to transfer data to and from 
memory cells via input/output (I/O) port 2112. Memory 
device 2110 includes word lines 2116, bit lines 2118, and bit 
complement lines 2120. A memory cell 2122 is coupled to 
each word line 2116 at the intersection with either a bit line 
2118 or a bit complement line 2120. Sense amplifiers 2114 
are coupled to a corresponding pair of bit line 2118 and bit 
complement line 2120. The operation of memory device 
2110 is not tied to the folded digit line configuration shown 
in FIG. 2. Memory device 2110 may, alternatively, use an 
open digit line or other appropriate configuration for the 
array of memory cells that can be accessed through Sense 
amplifiers 2114. 
0065 Memory device 2110 further includes circuitry that 
selects a memory cell 2122 from memory device 2110 to 
receive input or provide output to an external device Such as 
a microprocessor (not shown) at I/O port 2112. Address 
buffers 2124 receive an address at input port 2126 from the 
external device. Address buffers 2124 are coupled to row 
decoder 2128 and column decoder 2131. Column decoder 
2131 includes input-output circuitry that is coupled to an 
external device at I/O port 2112. Row decoder 2128 is 
coupled to word lines 2116. Column decoder 2131 is 
coupled to bit lines 2118 and bit complement lines 2120. 
0.066. In operation, memory device 2110 receives an 
address of a selected cell at address buffers 2124. Address 
buffers 2124 identify a word line 2116 of a selected cell 2122 
to row decoder 2128. Row decoder 2128 provides a voltage 
on word line 2116 to activate access transistors 2130 of each 
cell 2122 of the selected word line 2116. The charge on the 
capacitor 2132 is coupled to one of the bit lines 2118 or bit 
complement lines 2120. Sense amplifier 2114 senses a slight 
difference between the voltage on bit line 2118 and the 
voltage on bit complement line 2120 of the selected cell 
2122 and drives bit line 2118 and bit complement line 2120 
to the value of the power Supply rails. 

CONCLUSION 

0067. The present invention was described in terms of a 
integrated circuit having a plurality of memory cells com 
prising two storage capacitors and a shared bit line; however, 
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the method and apparatus are applicable to memory cells 
having one or more Storage capacitors and which have 
edge-defined word lines. Furthermore, one embodiment has 
two enhanced n-channel MOS transistors. One skilled in the 
art will recognize that other types of access transistors can 
readily be used without departing from the present inven 
tion. 

0068 The illustrated embodiment coupled a stacked 
capacitor to an access transistor in an integrated circuit 
having Sub-lithographic, edge-defined word lines. In alter 
nate embodiments, any Suitable circuit element may be 
coupled to any Suitable Semiconductor device without 
departing from the Scope of the present invention. This 
application is intended to cover any adaptations or variations 
of the present invention. Therefore, it is manifestly intended 
that this invention be limited only by the claims and equiva 
lents thereof. 

I claim: 
1. A method for forming an integrated circuit using a 

lithographic process having a minimum lithographic dimen 
Sion, comprising the Steps of: 

forming a Semiconductor device in a Semiconductor Sub 
Strate, 

forming a first conductor outwardly from the Semicon 
ductor device, the first conductor having a width less 
than the minimum lithographic dimension; 

forming a second conductor outwardly from the Semicon 
ductor device, the Second conductor adjacent to the first 
conductor; and 

coupling a circuit component to the Semiconductor device 
by the Second conductor. 

2. The method for forming an integrated circuit according 
to claim 1 wherein the Step of coupling a circuit component 
to the Semiconductor comprises the Step of coupling a 
Storage capacitor to the Semiconductor and wherein the Step 
of forming a Semiconductor device comprises the Step of 
forming a transistor for accessing the Storage capacitor. 

3. The method for forming an integrated circuit according 
to claim 2 wherein the Step of forming a first conductor 
comprises the Step of forming a word line for activating the 
transistor. 

4. The method for forming an integrated circuit according 
to claim 1 wherein the Second conductor is Self-aligned with 
the circuit component by using a single mask image. 

5. The method for forming an integrated circuit according 
to claim 1 wherein the second conductor is bounded by the 
first conductor. 

6. A method for forming a Semiconductor memory device 
using a lithographic proceSS having a minimum lithographic 
dimension, comprising the Steps of 

forming a transistor in a Semiconductor Substrate; 
forming a word line outwardly from the transistor, the 
word line having a width less than the minimum 
lithographic dimension, the word line for activating the 
transistor; 

forming a bit line and a conductor outwardly from the 
transistor that couple to the transistor, Said bit line and 
Said conductor adjacent to the word line; and 
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forming a storage capacitor outwardly from the bit line 
and the conductor, Said Storage capacitor coupled to the 
transistor by the conductor. 

7. The method for forming a semiconductor memory 
device according to claim 6 wherein the conductor and the 
bit line are bounded by the word line. 

8. The method for forming a semiconductor memory 
device according to claim 6 wherein the bit line is Self 
aligned with the Storage capacitor by using a single mask 
image. 

9. A method for forming two memory cells having a 
shared bit line using a lithographic process having a mini 
mum lithographic dimension, comprising the Steps of: 

forming two transistors in a Semiconductor Substrate, the 
transistors having a shared drain, each transistor having 
a gate and a Source, the gate extending outwardly from 
the Semiconductor Substrate; 

forming two word lines outwardly from the transistors, 
each word line having a width less than the minimum 
lithographic dimension, each word line connected to a 
gate of a different transistor for activating the transistor; 

forming a bit line and two conductors outwardly from the 
transistors that couple to the transistor, the bit line 
coupled to the shared drain of the transistors, each 
conductor coupled to a Source of a different transistor, 
the bit line and the conductors adjacent to the word line; 
and 

forming two Storage capacitors outwardly from the bit 
line and the conductors, each Storage capacitor coupled 
a source of a different transistor by a different conduc 
tor. 

10. The method for forming two memory cells having a 
shared bit line according to claim 9 wherein the conductors 
and the bit line are bounded by the word lines. 

11. The method for forming two memory cells having a 
shared bit line according to claim 9 wherein the bit line is 
Self-aligned with the Storage capacitor by using a single 
mask image. 

12. An integrated circuit formed using a lithographic 
proceSS having a minimum lithographic dimension, com 
prising: 

a Semiconductor device formed in a Semiconductor Sub 
Strate, 

a first conductor formed outwardly from the first semi 
conductor device, the first conductor having a width 
less than the minimum lithographic dimension; 

a second conductor formed outwardly from the first 
Semiconductor device, the Second conductor adjacent 
to the first conductor; and 

a circuit element coupled to the Semiconductor device by 
the Second conductor. 

13. The integrated circuit according to claim 12 further 
comprising a bit line formed outwardly from the Semicon 
ductor device and wherein the circuit element is a Storage 
capacitor, the Semiconductor device is a transistor for cou 
pling the bit line to the Storage capacitor through the Second 
conductor, and the first conductor is a word line for activat 
ing the transistor. 

14. The integrated circuit according to claim 13 wherein 
the second conductor and the bit line are bounded by the 
word line. 
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15. The integrated circuit device according to claim 13 
wherein the bit line and the Storage capacitor are formed 
using a single mask image. 

16. A memory device formed by a lithographic process 
having a minimum lithographic dimension, comprising: 

a plurality of transistors formed in a Semiconductor Sub 
Strate, the transistors having a shared drain, each the 
transistors having a gate and a Source, the gate of each 
transistor extending outwardly from the Semiconductor 
Substrate; 

a plurality of word lines formed outwardly from the 
transistors, each word line having a width less than the 
minimum lithographic dimension, each word line con 
nected to the gate of a different transistor for activating 
the transistor; 

a bit line and a plurality of conductors formed outwardly 
from the transistors, the bit line connected to the shared 
drain of the transistors, each conductor connected to the 
Source of a different transistor, the bit line and the 
conductors adjacent to the word lines, and 

a plurality of Storage capacitors formed outwardly from 
the bit line and the conductors, each Storage capacitor 
coupled a Source of a different transistor by a different 
conductor. 

17. The memory device according to claim 16 wherein the 
conductors and the bit line are bounded by the word lines. 

18. The memory device according to claim 16 wherein the 
bit line and the Storage capacitors are formed using a single 
mask image. 

19. A pair of memory cells for an integrated memory 
device formed using a lithographic process having a mini 
mum lithographic dimension, comprising: 

two transistors formed in a Semiconductor Substrate, the 
transistors having a shared drain, each transistor having 
a gate and a Source, the gate of each transistor extend 
ing outwardly from the Semiconductor Substrate; 

two word lines formed outwardly from the transistors, 
each word line having a width less than the minimum 
lithographic dimension, each word line connected to a 
gate of a different transistor, the word lines for activat 
ing the transistors, 

a bit line and two conductors formed outwardly from the 
transistors, the bit line connected to the shared drain of 
the transistors, each conductor connected to the Source 
of a different transistors, the bit line and the two 
conductors adjacent to the word line; and 

two storage capacitors formed outwardly from the bit line 
and the conductors, each Storage capacitor coupled a 
Source of a different transistors by one of the conduc 
torS. 

20. The pair of memory cells according to claim 19 
wherein the conductors and the bit line are bounded by the 
word lines. 

21. The pair of memory cells according to claim 19 
wherein the bit line and the Storage capacitors are formed by 
using a single mask image. 


