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ROM-EMBEDDED-DRAM 

FIELD OF THE INVENTION 

0001. The invention relates generally to integrated cir 
cuits and more particularly to a structure and method for 
embedding read-only memory (ROM) in dynamic random 
access memory (DRAM). 

BACKGROUND OF THE INVENTION 

0002 Semiconductor memory systems are comprised of 
two basic elements: memory Storage areas and memory 
control areas. DRAM, for example, includes a memory cell 
array, which Stores information, and peripheral circuitry, 
which controls the operation of the memory cell array. 
0.003 DRAM arrays are manufactured by replicating 
millions of identical circuit elements, known as DRAM 
cells, on a single Semiconductor wafer. A 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 storage capacitor and an acceSS field 
effect transistor. 

0004 FIG. 1 illustrates a portion of a DRAM memory 
circuit containing two neighboring DRAM cells 10. For 
each cell, one side of the Storage capacitor 14 is connected 
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 other side of the 
Storage capacitor 14 is connected to the drain of the acceSS 
field effect transistor 12. The gate of the access field effect 
transistor 12 is connected to a signal referred to as the 
wordline 11. The Source of the field effect transistor 12 is 
connected to a signal referred to as the bit line 15. With the 
circuit connected in this manner, it is apparent that the 
Wordline controls access to the Storage capacitor 14 by 
allowing or preventing the signal (a logic “0” or a logic “1”) 
on the bit line 15 to be written to or read from the storage 
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 wordline, and the reference 
Voltage. DRAM manufacturing is a highly competitive 
business. There is continuous preSSure to decrease the Size of 
individual cells and increase memory cell density to allow 
more memory to be Squeezed onto a single memory chip. 
However, it is necessary to maintain a Sufficiently high 
Storage capacitance to maintain a charge at the refresh rates 
currently in use even as cell size continues to shrink. This 
requirement has led DRAM manufacturers to turn to three 
dimensional capacitor designs, including trench and Stacked 
capacitors. Stacked capacitors are capacitors which are 
Stacked, or placed, over the access transistor in a Semicon 
ductor device. In contrast, trench capacitors are formed in 
the wafer Substrate beneath the transistor. For reasons 
including ease of fabrication and increased capacitance, 
most manufacturers of DRAMs larger than 4 Megabits use 
Stacked capacitors. Therefore, the invention will be dis 
cussed in connection with Stacked capacitors but should not 
be understood to be limited thereto. For example, use of the 
invention in connection with trench or planar capacitorS is 
also possible. 
0006. One widely used type of stacked capacitor is 
known as a container capacitor. Known container capacitors 
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are in the shape of an upstanding tube (cylinder) having an 
oval or circular croSS Section. The wall of the tube consists 
of two plates of conductive material Such as doped poly 
crystalline Silicon (referred to herein as polysilicon or poly) 
separated by a dielectric. The bottom end of the tube is 
closed, with the outer wall 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 filled 
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.” Although the inven 
tion will be further discussed in connection with stacked 
container capacitors, the invention should not be understood 
to be limited thereto. 

0007. The peripheral circuitry communicates with and 
controls the Storage operations of the memory cell array 
through interconnection layers (or interconnects) usually 
formed from aluminum or other metal. FIG. 2 is a block 
diagram of a DRAM including peripherial circuitry. Refer 
ring to FIG. 2, DRAM 50 comprises: a memory cell array 
51 for Storing data Signals of memory information; a row and 
column address buffer 52 for receiving external address 
Signals for Selecting a memory cell; a row decoder 53 and a 
column decoder 54 for designating the memory cell by 
decoding the address Signals, a Sense refresh amplifier 55 for 
amplifying and reading a Signal Stored in the designated 
memory cell; a data-in buffer 56 and a data-out buffer 57 for 
inputting/outputting data, and a clock generator 58 for 
generating a clock Signal. 
0008 Frequently, as in the case of microprocessors, 
microcontrollers, and other application Specific integrated 
circuitry (ASICs), it is desired to incorporate ROM together 
with or in addition to RAM on a single semiconductor wafer. 
This typically requires the formation of Separate additional 
peripheral circuitry and interconnects for the ROM. The 
ROM cells and additional circuitry require additional semi 
conductor wafer space and fabrication proceSS Steps which 
increase the overall costs of device fabrication. 

0009. The goal of increasing or, at least, maintaining 
memory capacity as cell size shrinkS must be attained 
without resorting to processes that increase the number of 
masking, deposition, etch and other Steps in the production 
process. This has a great impact on manufacturing costs, 
particularly the costs of photolithographic StepS. High capi 
tal costs are associated with photolithographic equipment 
and more complex photo processing, in terms of more photo 
process Steps per level, more equipment, and the use of 
expensive ultra clean room floor space. Defect density is 
inevitably increased with each additional photomasking 
layer and compromises yield and reliability. All photo layers 
also require a Subsequent Step, either implant or etch. These 
additional Steps further add to manufacturing costs. 
0010 What is needed is a ROM-embedded-DRAM, for 
ASICs and the like, which can be fabricated with a minimum 
of proceSS Steps. 

SUMMARY OF THE INVENTION 

0011. The present invention provides ROM-embedded 
DRAM and a fabrication method in which a ROM is 
embedded within an array of DRAM cells. The ROM cells 
may be fabricated by changing a single mask in the DRAM 
fabrication process to selectively short circuit the DRAM 
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capacitor lower electrode to its own wordline to create a 
read-only “1” or to the wordline of an adjacent cell to create 
a read only “0”. The selective shorting may be achieved by 
shifting one mask opening, preferably the mask used for 
etching the opening for the capacitor Storage node or plug. 
Shifting the mask either toward the desired read-only bits 
Wordline or the read-only bit's adjacent wordline programs 
the ROM bits, while the same mask openings on the DRAM 
cells are not changed. The ROM cells can use the same 
peripheral circuitry and interconnects as the DRAM cells on 
the same chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a circuit diagram of a portion of a 
conventional DRAM memory circuit. 
0013 FIG. 2 is a block diagram showing a general 
structure of a DRAM. 

0.014 FIG. 3A is a circuit diagram of a portion of one 
embodiment of the ROM-embedded-DRAM of the inven 
tion. The ROM cell is programmed as a read-only “1”. 

0.015 FIG. 3B is a circuit diagram of a portion of another 
embodiment of the ROM-embedded-DRAM of the inven 
tion. The ROM cell is programmed as a read-only “0”. 

0016 FIG. 3C is a block diagram showing another 
embodiment of the ROM-embedded-DRAM of the inven 
tion. 

0017 FIGS. 4A and B are schematic top plan layouts of 
ROM-embedded-DRAM memory cells according to the 
invention. The Subsequent FigS., which depict Steps of the 
process of the invention, are cross-sectional views through 
location C-C of the ROM-embedded-DRAM of FIG. 4B. 

0.018 FIG. 5 is a diagrammatic cross-sectional view of a 
portion of a Semiconductor wafer at an early processing Step 
according to one embodiment of the present invention. 

0.019 FIG. 6 is a diagrammatic cross-sectional view of a 
portion of a Semiconductor wafer at a processing Step 
Subsequent to that shown in FIG. 5. 

0020 FIG. 7 is a diagrammatic cross-sectional view of a 
portion of a Semiconductor wafer at a processing Step 
Subsequent to that shown in FIG. 6. 

0021 FIG. 8 is a diagrammatic cross-sectional view of a 
portion of a Semiconductor wafer at a processing Step 
Subsequent to that shown in FIG. 7. 

0022 FIG. 9 is a diagrammatic cross-sectional view of a 
portion of a Semiconductor wafer at a processing Step 
Subsequent to that shown in FIG. 8. 

0023 FIG. 10 is a diagrammatic cross-sectional view of 
a portion of a Semiconductor wafer at a processing Step 
Subsequent to that shown in FIG. 9. 

0024 FIG. 11 is a diagrammatic cross-sectional view of 
a portion of a Semiconductor wafer at a processing Step 
Subsequent to that shown in FIG. 10. 

0.025 FIG. 12 is a diagrammatic cross-sectional view of 
a portion of a Semiconductor wafer at a processing Step 
Subsequent to that shown in FIG. 11. 
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0026 FIG. 13 is a diagrammatic cross-sectional view of 
a portion of a Semiconductor wafer at a processing Step 
Subsequent to that shown in FIG. 12. 
0027 FIG. 14 is a diagrammatic cross-sectional view of 
a portion of a Semiconductor wafer at a processing Step 
Subsequent to that shown in FIG. 13. 
0028 FIG. 15 is a diagrammatic cross-sectional view of 
a portion of a Semiconductor wafer at a processing Step 
Subsequent to that shown in FIG. 14. 
0029 FIG. 16 is a diagrammatic cross-sectional view of 
a portion of a Semiconductor wafer of another embodiment 
at the processing step shown in FIG. 15. 
0030 FIG. 17 is a diagrammatic cross-sectional view of 
a portion of a Semiconductor wafer of another embodiment 
at the processing step shown in FIG. 15. 
0031 FIG. 18 is a diagrammatic cross-sectional view of 
a portion of a Semiconductor wafer of another embodiment 
at the processing step shown in FIG. 15. 
0032 FIG. 19 is a block diagram of a computer system 
comprising a memory including a ROM-embedded-DRAM. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0033. The invention allows ROM to be included on a 
Volume production DRAM part by only changing one mask 
for each ROM-embedded-DRAM chip design. The capaci 
tor openings or the capacitor plug openings are shifted 
towards the desired read-only bit's wordline or towards the 
read-only bit's adjacent wordline to program the ROM bits, 
while the capacitor openings and capacitor plug openings on 
the DRAM cells are not changed. Since the density is higher 
than for normal DRAM and ROM mixed cell chips, the cost 
per bit is less, more information can be placed on the die, and 
System designs benefit from a reduced chip count. 
0034. By shifting the mask for the capacitor opening or 
the capacitor plug opening, the future capacitor is short 
circuited to the wordline. AS shown in the circuit diagram of 
FIG. 3A, when the capacitor is short circuited to the 
wordline of the memory cell, the resulting ROM cell is 
programmed as a read-only “1”. As shown in FIG. 3B, when 
the capacitor is short circuited to the Wordline of an adjacent 
cell, the resulting ROM cell is programmed as a read-only 
“0”. This is so because the row line will turn on, going to 
VCC P (VCC +), to read the cell, while all other row lines 
remain off (ground). The remaining cells that are not pro 
grammed as ROM cells have DRAM circuit configurations 
as shown in FIGS. 1 and 3. 

0035 FIG. 4 depicts the shifting of capacitor plug open 
ings to create the ROM-embedded-DRAM of the invention 
according to two different embodiments. With reference to 
FIG. 4A, corresponding to 4 DRAM cells, the completed 
DRAM array is fabricated on a silicon semiconductive 
Substrate 9, typically a Silicon Semiconductive material. The 
term “Substrate’ herein shall be understood to mean one or 
more Semiconductive layerS or structures which include 
active or operable portions of Semiconductor devices. A 
Series of Substantially parallel, Spaced apart, polysilicon 
word lines 11, Silicided with tungsten, titanium, or other 
refractory metal, traverses substrate 9, in which have been 
created a plurality of active areas 19 (the Square S-shaped 
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regions) which are insulated from one another by field oxide 
regions (not shown in this view). Each active area 19, which 
corresponds to the domain of a single memory cell, contains 
a Storage node contact region or capacitor plug 13 where that 
cell 's Storage node capacitor plate makes contact to the 
Substrate within the cell's domain. Each cell domain has a 
single bit line contact region 20. Each of the substantially 
parallel, Spaced-apart bit lines 15 makes contact with a 
plurality of bit line contact regions 20. Eventually, the bit 
lines and word lines will be connected to periphery contacts 
(not shown), which are located at the respective ends of the 
array and are capable of being in electrical communication 
with peripheral circuitry. 

0036). With reference to FIG. 4B, the capacitor plug 
openings 13' and 13" have been shifted to make contact with, 
respectively, the wordline 11' of the same cell and the 
Wordline 11" of an adjacent cell. The capacitors, in electrical 
contact with capacitor plugs within capacitor plug openings 
13' and 13", are thus short circuited to word lines 11" and 11", 
respectively. As can be best seen with reference to FIGS. 3A 
and 3B, the resulting cells are now programmed as a 
read-only “1” and a read-only “0”, respectively. Further 
more, a particularly advantageous feature of the invention is 
that the resulting ROM-embedded-DRAM can utilize the 
same peripheral circuitry as provided for the DRAM array 
(FIG. 3C), and can be fabricated by the same process steps 
with the exception of the shifted mask openings for those 
cells which are to be ROM. 

0037. An exemplary construction of a fabrication process 
for a ROM-embedded-DRAM according to one embodi 
ment of the present invention is described below. It is to be 
understood, however, that this proceSS is only one example 
of many possible processes. For example, the bit line is 
formed over the capacitor in the following process. Aburied 
bit-line process could also be used. AS another example, the 
plugs under the capacitors formed by the following proceSS 
could be eliminated. Also, dry or wet etching could be used 
rather than chemical mechanical polishing. In addition, 
rather than shifting the mask openings for the capacitor 
plugs, it also is possible to fabricate the ROM cell, or 
adjacent cell, with word lines shifted closer to the capacitor 
plugs or capacitor Storage nodes So as to Short circuit the 
desired capacitors without making any shifts in the mask 
openings. The invention is not intended to be limited by the 
particular process described below. 

0038) Referring now to FIG. 5, a semiconductor wafer 
croSS Section at an early processing Step is indicated gener 
ally by reference numeral 100. The semiconductor wafer 
100 is comprised of a bulk silicon substrate 112 with field 
isolation oxide regions 114 and active areas 116, 118, 120 
formed therein. Word lines 122, 124, 126, 128 have been 
constructed on the wafer 100 in a conventional manner. Each 
wordline consists of a lower gate oxide 130, a lower poly 
layer 132, a higher conductivity silicide layer 134 and an 
insulating Silicon nitride cap 136. Each wordline has also 
been provided with insulating spacers 138, which are also 
composed of Silicon nitride. 

0039. Two FETs are depicted in FIG. 5. One FET is 
comprised of two active areas (source/drain) 116, 118 and 
one wordline (gate) 124. The second FET is comprised of 
two active areas (source/drain) 118, 120 and a second 
wordline (gate) 126. The active area 118 common to both 
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FETs is the active area over which a bit line contact will be 
formed. AS discussed above, one bit line contact is shared by 
two DRAM cells to conserve space. 
0040. Referring now to FIG. 6, a thin layer 140 of nitride 
or TEOS (tetraethyl orthosilicate) is then provided atop the 
wafer 100. Next a layer of insulating material 142 is 
deposited. The insulating material preferably consists of 
borophosphosilicate glass (BPSG). The insulating layer 142 
is Subsequently planarized by chemical-mechanical polish 
ing (CMP). 
0041 Referring now to FIG. 7, plug openings have been 
formed through the insulating layer 142. The plug openings 
144 are formed through the insulating layer 142 by photo 
masking and dry chemical etching the BPSG, a portion of 
the thin nitride layer 140, and a nitride spacer 138 on one 
Side above one or more of the active areas. More specifically, 
as shown in FIG. 7, the plug opening 144 over active area 
120 is provided by Shifting the corresponding plug opening 
mask to the left in the Figure, So that the left-side insulating 
spacer 138 is removed above active area 120. Similarly, the 
plug opening 144 over active area 116 may also be provided 
by Shifting the corresponding mask to the left or to the right, 
So that the left-side, or right-side, respectively, insulating 
spacer 138 is removed over active area 116. The process of 
removing insulating layer 142, nitride layer 140, and Spacers 
138 can be performed by a selective or non-selective etch. 
0042 Preferably, the array geometry is such that the 
Wordlines are Sufficiently close together that a single mask 
and non-Selective etch can be used to remove the insulating 
layer 142, nitride layer 140 and spacer 138. In other 
instances, a first mask and a nitride Selective etch may be 
used to remove the insulating layer 142, and a Second mask 
and non-Selective etch may then be used to remove the 
nitride layer 140 and spacer 138. 
0043. As will be explained in more detail below, the cell 
containing active area 120 is now programmed as a read 
only “1”, whereas the cell with active area 116 is a DRAM 
cell. If the insulating Spacer was removed on the left Side of 
active area 116, this cell would be a read-only “0” as shown 
in FIG. 3B; if the right side insulating spacer above active 
area 116 was removed, this cell would also be a read-only 
“1” (as shown in FIG. 3A. By removing spacer material 
138, each Such cell contains a wordline that is short circuited 
to the future capacitor. 
0044) Referring now to FIG. 8, a layer 146 of conductive 
material is deposited to provide conductive material within 
the plug openings 144. The conductive plug layer 146 is in 
contact with the active areas 116, 118, 120. In addition, the 
conductive plug layer 146 above active area 120 is prefer 
ably also in contact with lower poly layer 132 and silicide 
layer 134 of the wordline. An example of the material used 
to form conductive plug layer 146 is in Situ arsenic or 
phosphorous doped poly. 
0045 Referring now to FIG. 9, the conductive plug layer 
146 is dry etched (or chemical-mechanical polished) to a 
point below the upper surface of the BPSG layer 142 such 
that the remaining material of the conductive plug layer 146 
forms plugs 146 over the active areas 116, 118, 120. Still 
with reference to FIG. 9, an additional layer 148 of BPSG 
is then deposited on the Structure. 
0046 Referring now to FIG. 10, capacitor openings 150 
are then formed in the BPSG layer 148 by photomasking and 
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dry chemical etching. The height of the plugs, as defined by 
the conductive plug layer 146 over the non-bit line active 
areas 116, 120 is also reduced by this step. 
0047 Referring now to FIG. 11, a layer 152 of conduc 
tive material that will eventually form the Storage node 
(lower electrode) of the capacitor is deposited at a thickness 
such that the capacitor openings 150 are not closed off. The 
layer 152 may be formed of hemispherical grained poly 
(HSG) to increase capacitance. If HSG poly is used, the 
layer 152 may be formed by first depositing a layer of in situ 
doped polysilicon followed by a deposition of undoped 
HSG. Subsequent heating inherent in wafer processing will 
effectively conductively dope the overlying HSG layer. 
Alternatively, the conductive layer 152 may be provided by 
in Situ arsenic doping of an entire HSG layer. The conductive 
layer 152 is in electrical contact with the previously formed 
plugs 146 over the non-bit line active areas 116, 120 and 
may, if desired, also be in electrical contact with the appro 
priate wordline in those cells designated ROM. Depending 
upon the height of the plug 146 over active area 120, the 
conductive layer 1 S 2 may also be in contact with lower 
poly layer 132 and silicide layer 134 of the non-spacered 
wordline. 

0048 Referring now to FIG. 12, the portion of the 
conductive layer 152 above the top of the second BPSG 
layer 148 is removed through a CMP or planarized etching 
proceSS. 

0049 Referring now to FIG. 13, a capacitor dielectric 
layer 154 is provided over the second BPSG layer 148 and 
over the conductive layer 152 within the capacitor openings 
150. The dielectric layer 154 is deposited with a thickness 
Such that the capacitor openings 150 are again not com 
pletely filled. The dielectric layer 154 may comprise a Ta-Os 
or oxide-nitride-oxide (ONO) dielectric, although other 
materials are of course possible. A Second conductive layer 
156 is deposited over the dielectric layer 154, again at a 
thickness which less than completely fills the bit line contact 
and capacitor openings 144, 146. The Second conductive 
layer 156 is preferably composed of poly. In addition to 
Serving as a Second plate of the capacitor, the Second 
conductive layer 156 also forms the interconnection lines 
between the Second plates of capacitors. The Second plate is 
the plate of the capacitor that is connected to the reference 
Voltage as discussed above. 
0050 Referring now to FIG. 14, the second conductive 
layer 156 and underlying capacitor dielectric layer 154 are 
patterned and etched. In this manner, active areas 116 and 
118 are electrically isolated (without the influence of the 
gate). 
0051 Referring now to FIG. 15, a bit line insulating 
layer 158 is provided over the second conductive layer 156 
and the second BPSG layer 148. The bit line insulating layer 
158 may be comprised of BPSG. A bit line contact opening 
160 is patterned through the bit line insulating layer 158 
Such that the conductive plug 146 is once again outwardly 
exposed. Then a bit line contact is provided in the bit line 
contact opening 160 Such that the bit line contact is in 
electrical contact with the outwardly exposed portion of the 
plug 146. Thus, the outwardly exposed portion of the plug 
146 over the active area 118 acts as a bit line contact to ROM 
cell 162 and DRAM cell 161. 

0052. Thus, a ROM-embedded-DRAM is provided with 
a Stacked capacitor having a short circuit to the ROM cell 
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wordline or to an adjacent cell's wordline. Various other 
capacitor Structures and fabrication Steps may be employed 
to form capacitors shorted to wordlines to form ROM cells. 
For example, whereas FIG. 15 shows a ROM-embedded 
DRAM wherein cell 161 is a DRAM cell and cell 162 is a 
read-only “1”, other ROM programming can also be con 
ducted by shifting one mask to one Side or the other as 
shown in FIGS. 16-18. In FIG. 16, cell 161 is a DRAM cell 
and cell 162 is programmed as a read-only “0”; in FIG. 17, 
cell 161 is a read-only “1” and cell 162 is a read-only “0”; 
in FIG. 18, both cells are programmed as read-only “0” 
cells. Any desired configuration of the ROM-embedded 
DRAM according to the invention can be achieved given the 
teachings herein. Although the proceSS was depicted with 
reference to a Stacked container capacitor process flow, it 
may be easily adapted to a process utilizing block, trench, 
double cylindrical, crown shaped, ring or vertical fin capaci 
tors, as shown for example in U.S. Pat. No. 5,270,241. Such 
ROM-embedded-DRAM memory cells and arrays can be 
constructed in accordance with known processing tech 
niques by one of ordinary skill in the art, given the ROM 
embedded-DRAM Structures and processing techniques 
taught herein. 

0053. The array may then be completed using processing 
techniques that are well known in the art, including opening 
holes in the overlaying insulator glass to the polysilicon 
periphery plugs, metalizing the holes via tungston plugs or 
aluminum force fill, and then patterning and etching con 
ductive lines on the Surface to form local interconnects. 
Although only preferred embodiments of the proceSS have 
been disclosed herein, it will be obvious to those having 
ordinary skill in the art that changes and modifications may 
be made to the process without departing from the Scope and 
Spirit of the invention as claimed. For example, the process 
of the invention may be performed to fabricate arrays having 
Straight-line, as opposed to the S-shaped, active areas shown 
in FIG. 4. Similarly, other dielectric materials such as 
Silicon dioxide, titanium oxide, yttrium oxide, barium Stron 
tium titanate, combinations of these, and others, may be used 
for dielectric 154, and other insulating materials, Such as the 
above and various other oxides, may be substituted for the 
BPSG of layer 142. Additionally, materials other than HSG 
or CHSG (e.g., cylindrical grain poly (CGP)) may be 
Substituted for rugged polysilicon layer. 

0054 FIG. 19 illustrates a computer system 300 accord 
ing to one embodiment of the present invention. The com 
puter system 300 comprises a CPU (central processing unit) 
302, a memory circuit 304, and an I/O (input/output) device 
306. The memory circuit 304 contains a DRAM memory 
circuit including the ROM-embedded-DRAM cells accord 
ing to the present invention. Memory other than DRAM may 
be used. Also, the CPU itself may be an integrated processor 
which utilizes ROM-embedded-DRAM cells, or all or a 
portion of the CPU 302 may be provided as ROM-embed 
ded-DRAM within the memory circuit 3.04. 

0055. The above description and accompanying drawings 
are only illustrative of preferred embodiments which can 
achieve and provide the objects, features and advantages of 
the present invention. 
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What is claimed as new and desired to be protected by letters 
patent of the United States is: 
1. A memory circuit comprising: 
at least one bit line; 

at least one wordline; and 
a plurality of memory cells including at least one ROM 

cell having a capacitor in electrical contact with Said at 
least one wordline. 

2. The memory circuit of claim 1 wherein Said capacitor 
is in electrical contact with the wordline of Said ROM cell 
such that said ROM cell is programmed as a read-only “1”. 

3. The memory circuit of claim 1 wherein Said capacitor 
is in electrical contact with a wordline of a memory cell 
other than said ROM cell Such that said ROM cell is 
programmed as a read-only “0”. 

4. The memory circuit of claim 1 further comprising at 
least one DRAM cell. 

5. The memory circuit of claim 4 wherein said capacitor 
is over said bit line. 

6. The memory circuit of claim 4 wherein Said capacitor 
is a Stacked capacitor. 

7. The memory circuit of claim 6 wherein said capacitor 
is a container capacitor. 

8. A ROM-embedded-DRAM memory circuit compris 
ing: 

at least one DRAM cell having a bit line, a wordline, and 
a capacitor, and 

at least one ROM cell having a bit line, a wordline, and 
a capacitor. 

9. The ROM-embedded-DRAM memory circuit of claim 
8, wherein the capacitor of said ROM cell is in electrical 
contact with the wordline of Said ROM cell. 

10. The ROM-embedded-DRAM memory circuit of claim 
9 wherein Said electrical contact is through a conductive 
plug disposed between Said capacitor and wordline. 

11. The ROM-embedded-DRAM memory circuit of claim 
9, wherein the capacitor of said ROM cell is in electrical 
contact with a wordline other than the wordline of said ROM 
cell. 

12. The memory circuit of claim 11 wherein said electrical 
contact is through a conductive plug disposed between said 
capacitor and wordline. 

13. The ROM-embedded-DRAM memory circuit of claim 
8 wherein Said at least one bit line is above Said capacitors. 

14. The ROM-embedded-DRAM memory circuit of claim 
13 wherein Said capacitors are above Said wordlines. 

15. The ROM-embedded-DRAM memory circuit of claim 
8 further comprising pheripheral circuitry, wherein Said 
ROM cells are controlled by the same peripheral circuitry 
which controls said DRAM cells. 

16. A ROM-embedded-DRAM memory array compris 
Ing: 

a Semiconductor Substrate having Wordlines with an insu 
lating material overlaying the Substrate and wordlines 
except at bit line contact and capacitor Storage node 
contact locations of the Substrate; 

a bit line contact and Storage node contact in electrical 
contact with respective active areas of the Substrate; 
and 
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wherein at least one of Said wordlines is in electrical 
contact with a capacitor Storage node contact. 

17. The memory array of claim 16 further comprising 

a capacitor above the wordlines and in electrical contact 
with Said Storage node contact. 

18. The memory array of claim 17 wherein said electrical 
contact is through a conductive plug disposed between Said 
Wordline and Storage node contact. 

19. The memory array of claim 17 wherein said capacitor 
is a container capacitor. 

20. The memory array of claim 16 wherein said contacted 
Wordline has a Single electrically insulating Spacer. 

21. A computer System comprising: 

a processor; and 

a memory circuit connected to the processor, the memory 
circuit containing a plurality of memory cells each 
having a wordline and a capacitor, at least one of Said 
capacitors being in electrical contact with a wordline. 

22. The computer System of claim 21, wherein one of Said 
memory cells is a ROM cell having a capacitor in electrical 
contact with the wordline of said memory cell. 

23. The computer system of claim 21, wherein one of said 
memory cells is a ROM cell having a capacitor in electrical 
contact with the wordline of another memory cell. 

24. The computer System of claim 21, wherein at least one 
of said memory cells is a DRAM cell, and at least one of said 
memory cells is a ROM cell. 

25. The computer System of claim 24, further comprising 
a peripheral circuit for controlling said DRAM cell, and 
wherein said same peripheral circuit also controls said ROM 
cell. 

26. A method of forming a ROM memory cell comprising 
the Steps of: 

providing a Silicon Semiconductor Substrate having a 
Wordline and an active area; 

providing a bit line in electrical contact with Said active 
area on one side of Said wordline; and 

providing a capacitor in electrical contact with the other 
side of said wordline. 

27. The method of claim 26 further comprising providing 
a capacitor contact plug in electrical contact with Said active 
area on the non-bit line Side of Said wordline. 

28. The method of claim 26 further comprising providing 
insulating Spacers on Said wordline and removing one of 
Said Spacers to permit electrical contact between Said capaci 
tor and wordline. 

29. The method of claim 28 wherein said step of removing 
one of Said Spacers comprises shifting the mask for the 
capacitor opening and then etching Said Spacer. 

30. A method of forming a ROM-embedded-DRAM 
memory circuit comprising the Steps of: 

providing a Silicon Semiconductor Substrate having a 
word line and an active area; 

providing a first insulating material layer over the word 
line and active area; 
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opening a first contact hole through the first insulating 
layer to a first contact location of the active area; 

opening a Second contact hole through the first insulating 
layer to a Second contact location on one side of the 
wordline; 

providing a first conductive material layer over the first 
insulating material and within the first and Second 
contact holes, 

removing a portion of the first conductive material layer 
to expose an outward Surface of the conductive material 
at an elevation below the elevation of the outward 
Surface of the first insulating material to form a bit line 
contact above the first contact location and a capacitor 
Storage node contact at the Second contact location 
wherein Said Storage node contact is in electrical con 
nection with said wordline. 

31. The method of claim 30 further comprising providing 
a capacitor in electrical communication with the capacitor 
Storage node contact. 

32. The method of claim 31 further comprising providing 
a conductive material plug between Said capacitor Storage 
node and Said wordline. 

33. The method of claim 31 wherein the step of providing 
a capacitor comprises providing a container capacitor. 

34. The method of claim 31 further comprising the step of 
providing a bit line above Said capacitor. 

35. A method of forming a ROM-embedded-DRAM 
memory circuit comprising the Steps of: 

providing an array of Substantially electrically isolated 
word lines atop a Semiconductor wafer; 

providing active areas about the word lines to define an 
array of memory cell field effect transistors, the active 
areas being defined by a first and Second active region 
for electrical connection with a memory cell capacitor 
and a third active region for electrical connection with 
a bit line; 
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providing a first layer of electrically insulating material 
Over the word lines and active regions, the layer of 
insulating material having an uppermost Surface which 
is above the word lines; 

providing first and Second respective contact openings 
through the first insulating material layer to the active 
regions, at least one of Said openings removing at least 
a portion of insulating material from at least one of Said 
Wordlines, 

providing a first layer of electrically conductive material 
Over the first insulating material and within the contact 
openings, wherein Said conductive material is in elec 
trical contact with at least one of Said wordlines. 

36. The method of claim 35 wherein the step of providing 
first and Second contact openings comprises applying a 
Single photomask to pattern contact openings for both 
DRAM and ROM cells. 

37. The method of claim 36 further comprising the step of 
etching Said insulating material with a non-Selective etch. 

38. The method of claim 35 wherein the step of removing 
a portion of the first electrically conductive material pro 
vides a patterned bit line contact in electrical communication 
with the Second active region, and providing a conductive 
capacitor plug in electrical communication with the first 
active region and Said wordline. 

39. The method of claim 35 wherein the step of removing 
a portion of insulating material comprises removing Spac 
ering material from one side of Said at least one wordline. 

40. The method of claim 35 wherein at least Some of Said 
first and Second contact openings are formed by two Separate 
masking Steps. 

41. The method of claim 35 wherein selection of Said at 
least one Side of Said wordline for removal of insulating 
material is determined by the programming requirements for 
said ROM. 


