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(57) ABSTRACT 

A Static Random Access Memory (SRAM) dual port 
memory With an improved core cell design having internally 
matched capacitances and decreased bit line capacitance is 
disclosed. The core cell is fabricated on a substrate divided 
into three approximately equal columns of different sub 
strate materials. In a preferred embodiment, the memory cell 
is fabricated on a central p-type column that in turn is 
sandwiched betWeen tWo n-type columns. The three-column 
substrate architecture permits reduced bit line height, With 
an accompanying reduction in bit line capacitance, Which 
increases the speed at Which the core cell can operate. The 
architecture also permits separating the core cell’s bitline 
and complement bitline, reducing capacitive coupling 
betWeen these lines and increasing the core cell’s operating 
speed. The architecture further permits better matching of 
internal node capacitances. 

V 

/23 
27 

K) 

27 

._,\J__. 

A?) VV KY) UV 



Patent Application Publication Jun. 9, 2005 Sheet 1 0f 7 US 2005/0121810 A1 

12 10 
12 

12 

(WW8 FI_G.1A (prlor art) 
(WL) 
18 

(BL)14 (/BL)16 
32 

Vdd _VJJ Vdd 
|—- — — — — — _ — — —--? 

| | 30 
I |° °| W 
|______________| 

V+AV 
y . \dclj it» 

18 
/ 

F|G.1B 
2 (prior art) 

C-i-AC :E 14"“. 5 ‘~16 __C 

BL /BL 



Patent Application Publication Jun. 9, 2005 Sheet 2 0f 7 US 2005/0121810 A1 

3 

M22. 

:6 6:8 or .OE 

é______...____ 

iElSzHO 

Si'lOA 



Patent Application Publication Jun. 9, 2005 Sheet 3 0f 7 US 2005/0121810 A1 

K\ K A 
K/ K) 

/23 > 23\ 

mm UK) 
/ 

mm VV 
FIG. 2 



Patent Application Publication Jun. 9, 2005 Sheet 4 0f 7 US 2005/0121810 A1 

(\A 
VK) 

29 

AN 31 Vk) 
275- —' 

mm W 
(- 5O 27 

A 

FIG 3 

P5 (YN VV \mm W 



Patent Application Publication Jun. 9, 2005 Sheet 5 0f 7 US 2005/0121810 A1 

SUBSTRATE H 
TAP 

v 

N-TYPE SgBSTRATE A 
FIG. 4 

P-TYPE 45 J 



Patent Application Publication Jun. 9, 2005 Sheet 6 0f 7 US 2005/0121810 A1 

V00 FIG. 5 

100 

\ 109 

5L0 



Patent Application Publication Jun. 9, 2005 Sheet 7 0f 7 US 2005/0121810 A1 

FIG. 6 



US 2005/0121810 A1 

DUAL PORT MEMORY CORE CELL 
ARCHITECTURE WITH MATCHED BIT LINE 

CAPACITANCES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present disclosure relates generally to the 
design and manufacture of Integrated Circuits (ICs). More 
speci?cally, the present invention relates to the design of 
Random Access Memory (RAM) ICs. 

[0003] 2. Description of the Related Art 

[0004] Semiconductor memory is typically laid out as an 
array of core cells, such that each individual core cell is 
coupled to a Wordline and a pair of differential bitlines, as 
Well as a poWer and ground connection. To read or Write data 
from or to a selected core cell requires addressing circuitry 
for selecting the core cell, Wordline drivers for driving the 
selected Wordline and sense ampli?ers for amplifying the 
signals that are read from the selected core cell and output 
buffers. 

[0005] FIG. 1a is a simpli?ed diagram of a memory 10 
consisting of an array of core cells 12. Each of the core cells 
12 is connected to a pair of bitlines, such as bitline (BL) 14 
and a complementary bitline (/BL) 16. Each core cell is also 
electrically coupled to other core cells 12 along horiZontal 
Wordlines (WL) 18. Sense amplifying circuitry is usually 
implemented to read data, and Write drivers to Write data into 
selected core cells 12. 

[0006] Although conventional sense amplifying circuitry 
has Worked Well in the past for sensing voltage differentials 
betWeen the bitlines 14 and 16, higher performance memory 
noW requires the ability to sense very small voltage differ 
entials betWeen the bitlines. Previously, sense ampli?ers 
Were required to sense voltage differentials of approximately 
500 millivolts (mV) betWeen the bitlines 14 and 16 to read 
data that Was stored in a particular core cell 12. Due to 
eXpected fabrication imperfections and circuit layout con 
straints, there is usually a voltage offset betWeen the bitlines 
14 and 16. Voltage offsets are typically betWeen 5 to 30 
millivolts. 

[0007] Although such offsets are typical, they Were insig 
ni?cant compared to the 500 millivolt voltage differential 
required for triggering ampli?cation by a sense ampli?er. 
HoWever, higher performance memory noW requires that 
ampli?cation by the sense ampli?er occur at much faster 
rates. Current sense ampli?ers must respond more quickly 
and are required to sense voltage differentials of betWeen 
about 15 and 60 millivolts across the bitlines. Unfortunately, 
typical voltage offsets in the range of 5 to 30 millivolts Will 
necessarily begin to hamper the speed at Which sense 
ampli?cation may occur. 

[0008] FIG. 1b shoWs a pair of eXemplary bitlines 14 and 
16 that are interconnecting successive core cells 12 in the 
vertical column direction. Also shoWn are representative 
Wordlines 18 that horiZontally interconnect each of the core 
cells 12. The core cells 12 are typically symmetric data 
latching circuits that have cross-coupled inverters and pass 
gate transistors that are coupled to respective Wordlines 18. 
Although the core cells 12 are symmetric in their schematic 
circuit representation, the resulting geometric shape and 
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layout orientation on a semiconductor substrate Will usually 
be less than perfectly symmetric. 

[0009] As a result, the capacitive loading experienced on 
each of the respective bitlines 14 and 16 Will not be equal. 
When the voltage at point 32 is driven to rail voltage (Vdd), 
capacitive coupling of C1 Will occur betWeen pre-charged 
transistors 30 and the bitlines 14 and 16. As pictorially 
shoWn in FIG. 1b, if the capacitive loading in the bitline 14 
is “C+AC” and the capacitive loading in the complementary 
bitline 16 is “C,” then there Will be a voltage offset of AV 
betWeen bitlines 14 and 16 due to miller coupling capaci 
tance. Other contributions to the offset are the result of 
process variation in the fabrication of the memory and 
different device siZe and strength. Bitline 14 may have a 
voltage of V and the complementary bitline 16 may have a 
voltage of V+AV. It is this voltage offset that becomes 
problematic When voltage sensing betWeen the bitlines is 
required at loWer voltage differentials. This problem occurs 
While reading a loW on complementary bitline 16, When the 
complementary bitline has a voltage of V+AV. 

[0010] FIG. 1c shoWs bitline 14 and the complementary 
bitline 16 graphed in terms of voltage and time, and illus 
trating that sense application Will occur When accessing data 
of a particular core cell 12. In this eXample, the voltage 
offset is shoWn to be 15 millivolts (mV) betWeen the bitline 
14 and the complementary bitline 16. When sensing the 
digital data that is stored in this particular core cell, the 
complementary bitline 16 Will begin to fall at time TO. The 
complementary bitline 16 must ?rst cross the bitline 14 at 
time T1. Therefore, a higher performance sense ampli?er 
that is required to detect about 30 mV difference betWeen the 
bitlines, and Which must also cope With voltage offsets of 15 
mV, Will not commence its ampli?cation until time T3. 

[0011] If there Were no voltage offset betWeen the bitlines 
as represented by a complimentary bitline 16‘, a sense 
ampli?er Would be able to sense a voltage differential of 30 
mV much more rapidly at a time T2. Thus, even very small 
voltage offsets have substantial performance deteriorating 
rami?cations. Unfortunately, conventional memory device 
performance is limited by the eXpected fabrication imper 
fections and layout constraints that produce imbalances in 
capacitive loading of the bitlines of each core cell 12. 

[0012] The design and fabrication of both static RAM 
(SRAM) With single and multiple ports and dynamic RAM 
(DRAM) is Well knoWn. A schematic of a knoWn SRAM 
single port core cell is illustrated in FIG. 2. Core cell 20 is 
comprised of tWo inverters 21 the output of each inverter 
being coupled to the input of the other inverter. Inverters 21 
store the binary “0” or “1” that forms the content of the core 
cell. Each core cell 20 is coupled to a pair of bit lines 23, 
Which bit lines carry the data into and out of the core cell, 
and a Word line 25, Which Word line indicates When it is 
asserted that either a neW value Will be Written to core cell 
20 or the contents of core cell 20 Will be read. Access 
transistors 27 sWitch on to permit data placed on bit lines 23 
to How into inverters 21 of core cell 20 or out of core cell 
20 onto the bit lines When core cell 20’s Word line 25 is 
asserted. This type of core cell is sometimes called a 6T cell, 
as it is fabricated from siX transistors (each inverter 21 
requires tWo transistors and the tWo access transistors 27). 
The design and fabrication of core cell 20 and similar core 
cells are knoWn to those of skill in the art. 
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[0013] Dual port SRAM core cells are also known. FIG. 
3 is a schematic of a dual port core cell 50 that is very similar 
to the single port core cell illustrated in FIG. 2. In all ?gures 
referenced by this speci?cation, similar parts have the same 
part number. The main differences betWeen a single port and 
a dual port core cell are the provision of a second Word line 
29 and a second set of bit lines 31. The addition of second 
Word line 29 requires an additional tWo access transistors 27 
coupled to second Word line 29, the bit lines 23 and 31 and 
the inverters. As With single port SRAM core cells, dual port 
core cells are knoWn and their design and fabrication require 
no extensive description here. 

[0014] A commonly used IC layout used to fabricate the 
dual port core cell shoWn in FIG. 3 is illustrated in FIG. 4. 
Approximately Z/fd of the cell’s area comprises an n-type 
substrate 43 for the fabrication of n-type transistors and the 
other l/fd of the cell’s surface area comprises a p-type 
substrate 45 for the fabrication of p-type transistors. These 
n-type and p-type transistors are then coupled together to 
form inverters 21. Trace 41 in FIG. 4 indicates the areas of 
the cell that are interconnected to form one of the inverters. 
Metal interconnections are run through and across the cell to 
various points, creating the bit lines, the Word lines and the 
poWer and ground lines. The metal interconnections are not 
illustrated in FIG. 4 

[0015] Although Well knoWn, dual port memory core cells 
laid out in the manner shoWn in FIG. 4 have certain 
performance limitations and problems. The height (indicated 
as “H” in FIG. 4) of these dual port memory core cells is 
great enough so that cumulatively the bit lines running to the 
transistors in a column of core cell have sufficient capaci 
tance to affect the speed of the core cell materially. The 
bitlines are also typically closer together than is optimal, 
resulting in charge coupling betWeen the bitlines, Which 
reduces the speed of the core cell. Given the layout of knoWn 
SRAM core cells, it is not possible to move the bitlines 
sufficiently far apart to eliminate this problem. Capacitance 
matching on the various bitlines is also dif?cult and limited 
space in the core cell prevents moving bitlines around to 
reduce this problem. 

[0016] A core cell for either a dual port or single port 
SRAM memory With reduced height bit lines and reduced 
charge coupling on the bitlines Would be a desirable 
improvement. 

SUMMARY OF THE INVENTION 

[0017] A core cell With an expanded layout is described 
herein as a preferred embodiment of the present invention. 
The cell is fabricated upon a three column substrate of 
N-type substrate, P-type substrate and N-type substrate. The 
core cell fabricated upon this three column substrate is 
reduced in height With respect to knoWn core cells and only 
slightly Wider than knoWn core cells. The completed core 
cell is no larger in total area than knoWn core cells and the 
Wider but reduced height architecture alloWs for numerous 
advantages in the completed core cell. 

[0018] Core cells fabricated using this preferred embodi 
ment are reduced in overall height from knoWn core cells, 
Which in turn reduces the length of the bitlines running doWn 
a column of core cells. The reduced bit line height in the 
preferred embodiment in turn reduces the bit line capaci 
tance, resulting in faster memory operation. The preferred 
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embodiment also improves the internal capacitance balance 
as a result of improved matching of internal node capaci 
tances permitted by the neW architecture. The improved 
capacitance balance also improves overall memory perfor 
mance. 

[0019] The expanded architecture also greatly simpli?es 
the placement and routing of the poWer lines and bitlines in 
the completed core cell. As Will be shoWn in the detailed 
description of the preferred embodiments, the bitlines and 
their complement bitlines are separated by either ground 
lines or poWer lines. The separation of the bitlines and bitline 
complements eliminates capacitive coupling betWeen these 
lines and also results in faster memory operation. 

[0020] Core cells fabricated on a substrate fabricated 
according to the present invention are symmetrical in layout 
and can be ?ipped about their X and Y axis as needed to 
offset bitline and Word line voltage mismatches. This neW 
layout also permits vertical poWer lines, both VDD and 
ground, Which improves the poWer grid structure and also 
separates the bitlines. The separate poWer lines also permit 
simpli?ed voltage biasing to reduce transistor leakage. 

[0021] These and other aspects and advantages of the 
invention Will become apparent from the folloWing detailed 
description in conjunction With the accompanying draWings, 
Wherein like reference numerals designate like structural 
elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1a is a diagram of a memory that has an array 
of core cells (Prior Art); 

[0023] FIG. 1b illustrates a pair of exemplary bitlines that 
connect successive core cells in a vertical column (Prior 

Art); 
[0024] FIG. 1c illustrates a bitline and a complementary 
bitline graphed in terms of voltage and time, illustrating 
transitions during sense ampli?cation operation (Prior Art); 

[0025] FIG. 2 is a block diagram of a knoWn single port 
SRAM core cell (Prior Art); 

[0026] FIG. 3 is a block diagram of a knoWn dual port 
SRAM core cell (Prior Art); 

[0027] FIG. 4 is a top doWn perspective of the silicon 
layout of the knoWn dual port memory cell of FIG. 3 (Prior 
Art); 
[0028] FIG. 5 is a top doWn perspective of the silicon 
layout of a ?rst embodiment of the present invention; and 

[0029] FIG. 6 is a top doWn perspective of the silicon 
layout of a ?rst embodiment of the present invention, With 
the metaliZation layers illustrated. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] FIGS. 1a, 1b, 1c, 2, 3 and 4 have already been 
described and discussed as the relevant background to the 
present invention. They require no further discussion here. 

[0031] In the folloWing description, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. It Will be understood, 
hoWever, to one skilled in the art, that the present invention 
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may be practiced Without some or all of these speci?c 
details. In other instances, Well known process operations 
have not been described in detail in order not to unneces 
sarily obscure the present invention. 

[0032] FIG. 5 illustrates the ?nal device layout of a core 
cell fabricated according to the ?rst embodiment of the 
present invention. Core cell 100 is fabricated upon a sub 
strate of ?rst n-type substrate 101, ?rst p-type substrate 103 
and second n-type substrate 105. TWo pnp transistors 107 are 
fabricated on substrate 103 and 6 npn transistors 109 are 
fabricated on substrates 101 and 105. The process steps 
required to fabricate these transistors are knoWn and require 
no further description here. Black areas in FIG. 5 indicate 
Where a via has been made from the various overlying metal 
layers (see FIG. 6), Which form the ground, VDD and 
bitlines, into the diffusion layer or polysilicon layer of the 
underlying transistors. The formation of these vias is con 
ventional and does not require discussion here. 

[0033] The schematic diagram of memory core cell 100 
(FIG. 5) Would be identical to that shoWn in FIG. 3. The 
processes used to fabricate memory core cell 100 are knoWn 
in the art and require no discussion here. 

[0034] As shoWn in FIG. 6, the tWo sets of bitlines are 
shoWn as bitline A, bitline/A, bitline B and bitline/B. Word 
line contacts 111 turn on the passgate transistors When core 
cell 100 is addressed for reading or Writing. Vdd contacts 113 
and ground contacts 115 indicate Where voltage and ground 
are provided to core cell 100. Like the bitlines, these lines 
run parallel to one another, as Well as parallel to the bitlines, 
doWn the columns of core cells (see FIG. 1a). This arrange 
ment of the bitlines, poWer lines and ground lines, Which is 
only alloWed by the unique layout of the present invention, 
effectively shields the bitlines from one another, Which 
greatly reduces charge coupling caused by the signals on the 
bit lines. This architecture alloWs both faster reading from 
and faster Writing to core cells constructed according to the 
present invention. The vertical poWer and ground lines also 
improves the poWer grid structure. 

[0035] Current IC design processes ?rst propose a layout 
for the IC design and then use modeling softWare to deter 
mine its performance. When a model appears to indicate that 
a design Will perform as required, test ICs are fabricated and 
their actual performance measured against the expected 
performance. The process repeats iteratively both at the 
modelling and at the fabricate and test stages until perfor 
mance speci?cations are met. The architecture of this ?rst 
embodiment of the present invention permits this iterative 
design process to produce an optimiZed design more easily 
than knoWn cell architectures, especially in terms of bal 
anced bit line capacitances as Well as balanced internal node 
capacitances. The increased Width and reduced height pro 
vide more effective space for varying the siZe and position 
ing of the core cell’s active devices to obtain the optimal 
results. 

[0036] The core cell of this embodiment of the present 
invention tiles Well, as its symmetrical layout permits core 
cells to be ?ipped and rotated to offset bitline and Word line 
voltage mismatches as necessary as the number of core cells 
in each column of the memory increases. 

[0037] Although the foregoing invention has been 
described in some detail for purposes of clarity of under 
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standing, it Will be apparent that certain changes and modi 
?cations may be practiced Within the scope of the appended 
claims. Accordingly, the present embodiments are to be 
considered as illustrative and not restrictive, and the inven 
tion not to be limited to the details given herein, but may be 
modi?ed Within the scope and equivalents of the appended 
claims. 

What is claimed is: 
1. Acore cell fabricated upon a substrate of three columns 

of substrate material, the three columns of substrate material 
comprising a ?rst n-type column, a ?rst p-type column and 
a second n-type column, the p-type column being positioned 
betWeen the ?rst and second n-type columns. 

2. The core cell of claim 1, Wherein the bitline and 
complementary bitline are separated by one of at least a 
ground line and a voltage supply line. 

3. A method for fabricating a core cell, the method 
comprising: 

fabricating a substrate With a ?rst column of p-type 
substrate material and tWo columns of n-type substrate 
material, the p-type substrate column being positioned 
betWeen the tWo n-type substrate columns, each col 
umn being approximately equal in height and Width; 

fabricating tWo p-channel transistors on the p-type sub 
strate; 

fabricating at least 4 n-channel transistors, an equal num 
ber of n-channel transistors being fabricated on each 
n-type substrate; 

coupling tWo n-channel and tWo p-channel transistors 
together to form tWo inverters; and 

coupling the inverters and remaining transistors to form 
the core cell. 

4. In a random access memory comprised of at least a 
plurality of core cells, a core cell, comprising: 

?rst n-type substrate; 

?rst p-type substrate; and 

second n-type substrate, the ?rst and second n-type sub 
strates being positioned on opposite sides of the ?rst 
p-type substrate. 

5. The core cell of claim 4, Wherein each substrate has a 
generally rectangular shape, the rectangles having substan 
tially the same area. 

6. The core cell of claim 4, Wherein at least tWo PMOS 
transistors are fabricated on the ?rst p-type substrate. 

7. The core cell of claim 6, Wherein at least 4 NMOS 
transistors are fabricated on the ?rst and second n-type 
substrate. 

8. The core cell of claim 7, Wherein the tWo PMOS 
transistors and tWo NMOS transistors are coupled together 
to form tWo inverters, the tWo inverters being coupled 
together to form the core cell’s storage element. 

9. The core cell of claim 8, Wherein at least a pair of 
bitlines are coupled to the core cell. 

10. The core cell of claim 9, Wherein the bitlines are 
separated by at least one of a voltage supply line and a 
ground voltage line, the bitlines not running in parallel 
immediately adjacent to one another. 

* * * * * 


