
(19) United States 
US 2006O131667A1 

(12) Patent Application Publication (10) Pub. No.: US 2006/0131667 A1 
BOrot et al. (43) Pub. Date: Jun. 22, 2006 

(54) SRAM CELL (30) Foreign Application Priority Data 

Dec. 16, 2004 (FR)....................................... FRO4/53O12 
(76) Inventors: Bertrand Borot, Cheylas (FR): 

Philippe Coronel, Barraux (FR) 

Correspondence Address: 
STMicroelectronics Inc. 
c/o WOLF, GREENFIELD & SACKS, PC 
Federal Reserve Plaza 
600 Atlantic Avenue 

BOSTON, MA 02210-2206 (US) 

(21) Appl. No.: 11/305,539 

(22) Filed: Dec. 16, 2005 

30 
. 28 

Publication Classification 

(51) Int. Cl. 
HOIL 29/76 (2006.01) 

(52) U.S. Cl. .............................................................. 257/.393 

(57) ABSTRACT 

An SRAM cell with four transistors and two resistors 
formed in a semiconductor Substrate, the transistors being 
formed in pairs in two active regions of the Substrate, the 
resistors being formed by leakage capacitors, a first elec 
trode of the capacitors being common and formed of a high 
Supply line of the cell buried in an area separating the active 
regions. 
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SRAM CELL 

BACKGROUND OF THE INVENTION 

0001) 
0002 The present invention generally relates to RAMs 
and to their monolithic forming in a semiconductor Sub 
strate. More specifically, the present invention relates to 
SRAMS. 

0003 2. Discussion of the Related Art 
0004. It has been provided to form SRAM networks 
based on the repetition of an elementary cell comprising four 
transistors and two resistors. 

0005 FIG. 1 is an electric diagram of such a cell 1. Cell 
1 comprises two series associations R3-N3 and R5-N5 of a 
resistor R3, R5 and of an N-channel MOS transistor N3, N5. 
Resistors R3 and R5 are identical. Transistors N3 and NS are 
identical. Each series association R3-N3 and R5-N5 is 
connected between a high supply rail Vdd, by the free end 
of resistor R3 or R5, and a low reference supply rail or 
ground GND, by the source of transistor N3 or N5. The 
junction point of a first association R3-N3, that is, drain D3 
of transistor N3, is interconnected to the gate of transistor 
N5 of the second association R5-N5. Interconnection node 
D3 is connected to a bit line BLT via an N-channel read/ 
write MOS transistor N8 having its gate connected to word 
line WL of cell 1. Point D3 then is the junction point of 
transistors N8 and N3 between bit line BLT and ground 
GND. Symmetrically, junction point D5 of the second series 
association R5-N5 is interconnected at a node P to the gate 
of transistor N3 of the other association R3-N3. Intercon 
nection node P is connected to an inverse bit line BLF via 
an N-channel MOS read/write transistor N9 having its gate 
connected to word line WL of cell 1. Node D5 then is the 
junction point of transistors N9 and N5 between inverse bit 
lines BLF and ground GND. 
0006 FIG. 2 illustrates, in partial simplified top view, a 
monolithic embodiment of cell 1. The two transistors N3 and 
N8 having a common drain D3 are formed in a same N-type 
active region 24. Similarly, the two transistors N5 and N9 
having a common drain D5 are formed in a same N-type 
active region 26. Active regions 24 and 26 are shown in the 
form of rectangles with their long sides extending along the 
vertical direction of FIG. 2. Active regions 24 and 26 are 
separated by an insulating area 28. The two insulated gates 
of transistors N8 and N3 divide region 24 into three portions. 
The high portion forms the source of transistor N8 con 
nected to bit line BLT. The low portion forms the source of 
transistor N3 connected to ground GND. The high insulated 
gate of transistor N8 forms a word line WL of cell 1. The 
central portion of region 24 forms the common drain of 
transistors N3 and N8 solid with a metallization D3. 

1. Field of the Invention 

0007 Symmetrically, in region 26 are formed, between a 
ground contact GND and an inverse bit line contact BLF, the 
source of transistor N5, common drain D5 of transistors N9 
and N5, and the source of transistor N9. The gate of 
transistor N9 is a word line WL. The gate of transistor N5 
is connected to drain D3 by resistor R3. Drain D5 is 
connected by a metallization to the gate of transistor N3. 
0008 Resistor R3 is formed between metallization D3 
and a high supply contact Vdd. Resistor R5 is formed 
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between metallization D5 and a high supply contact Vdd. 
Resistors R3 and R5 are conventionally formed in the 
substrate in the form of lightly-doped wells or in the 
interconnect metallization levels in the form of metal tracks. 

0009. To ensure a low power consumption of the memory 
formed by the repetition of cell 1, the total resistance 
connected to power supply Vdd, that is, the value of resis 
tances R3 and R5, must be very high, on the order of some 
hundred megaohms (MS2) or more. 

0010) Such values make resistors R3 and R5 very bulky, 
since the wells or the tracks which form them then have 
significant integration Surface areas. 

0011. It is thus currently preferred to use SRAM net 
works formed of elementary cells with six transistors, four 
of which with an N channel and two with a P channel. Each 
elementary cell is then formed in four active regions, two 
regions each comprising two N-channel transistors and the 
two other each comprising a P-channel transistor. 

0012. It would be desirable to further reduce the elemen 
tary cell dimensions to increase the density of SRAMs. 

SUMMARY OF THE INVENTION 

0013 The present invention aims at providing such an 
SRAM cell. 

0014. The present invention also aims at providing such 
a cell having a decreased power consumption. 
0015 To achieve these and other objects, the present 
invention provides an SRAM cell with four transistors and 
two resistors formed in a semiconductor Substrate, the 
transistors being formed in pairs in two active regions of the 
Substrate, the resistors being formed by leakage capacitors, 
a first electrode of the capacitors being common and formed 
of a high Supply line of the cell buried in an area separating 
the active regions. 

0016. The foregoing and other objects, features, and 
advantages of the present invention will be discussed in 
detail in the following non-limiting description of specific 
embodiments in connection with the accompanying draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is an electric diagram of a known SRAM 
cell with four transistors and two resistors; 

0018 FIG. 2 illustrates, in simplified partial top view, a 
known embodiment of the cell of FIG. 1; 

0019 FIG. 3 illustrates, in partial simplified top view, an 
embodiment of as SRAM cell with four transistors accord 
ing to the present invention; and 

0020 FIGS. 4A to 4D illustrate, in partial simplified 
cross-section view, steps of a method for forming a portion 
of the SRAM cell of FIG. 3. 

DETAILED DESCRIPTION 

0021 For clarity, the same elements have been desig 
nated with the same reference numerals in the different 
drawings and, further, as usual in the representation of 
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integrated circuits, the top views of FIGS. 2 and 3 as well 
as the cross-section views of FIGS. 4A to 4D are not to 
scale. 

0022. The present inventors provide decreasing the inte 
gration Surface area of the cell with four transistors and two 
resistors to a value smaller than that of a cell with six 
transistors. 

0023 For this purpose, the present inventors provide 
using a novel integration structure in which resistors R3 and 
R5 of FIG. 1 are no longer formed as wells in a substrate, 
nor as metal tracks, but by the leakages of a low-capacitance 
capacitor formed in the insulation area separating the two 
active regions in which the cell transistors are formed. 
0024 FIG. 3 illustrates, in a partial simplified top view, 
an SRAM cell 30 according to an embodiment of the present 
invention. 

0025 Transistors N3, N5, N8, and N9 are formed as in 
the structure of FIG.2 in pairs N3 and N8, N5 and N9 in two 
active regions 24 and 26. 
0026. A buried line 44, illustrated in dotted lines, runs 
through region 28 Separating the two active regions 24 and 
26. Buried line 44 is intended to form the high supply rail 
Vdd of FIG. 1. Line 44 crosses metallizations M3 and M5 
respectively connecting drain D3 to the gate of transistor N5 
and drain D5 to the gate of transistor N3. 
0027. Resistors R3 and R5 are formed by capacitors with 
high leakages located at the crossings, illustrated by hatch 
ings in FIG. 3. The capacitors-resistors are vertically formed 
in insulation area 28 so that line 44—Supply Vdd forms a 
first common electrode of the capacitors. The second elec 
trode of the capacitors-resistors contacts drain metallization 
D3 or D5 of the associated transistor N3 or N5, respectively. 
0028 FIGS. 4A to 4D illustrate, in a partial simplified 
cross-section view, various steps of the manufacturing of 
resistor R3 in cross-section view along axis A-A of FIG. 3 
according to an embodiment of the present invention. 
0029. As illustrated in FIG. 4A, the method starts with 
the Successive depositions on a single-crystal semiconductor 
Substrate 40, for example, silicon, of an insulating layer 42. 
of a conductive layer 44, for example, titanium nitride, of a 
dielectric layer 46, the structure of which will be described 
in detail Subsequently, and of an insulating layer 48. As will 
appear from the following description, the thickness of 
insulating layer 42 is selected to guarantee an insulation 
between underlying Substrate 40 and Superposed conductive 
layer 44, with no capacitive coupling between substrate 40 
and layer 44. 
0030. At the next steps, the stacking of four layers 48, 46. 
44, and 42 is selectively etched to only leave them in place 
along parallel lines. Between two such lines, substrate 40 is 
exposed. FIG. 4B illustrates such a line L. 
0031. As illustrated in FIG. 4C, the method carries on 
with the deposition of the vertical walls of line L of an 
insulating spacer 50. Then, a single-crystal layer 41 is grown 
by selective epitaxy on substrate 40, on either side of lines 
Li, until the upper Surface of layer 41 is coplanar with the top 
of line L, that is, the upper Surface of insulating layer 48. 
The nature and the thickness of spacer 50 are selected to 
avoid any capacitive coupling between conductive layer 44 
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and substrate 40-41. Epitaxial layer 41 may be of same 
nature and doping as Substrate 40 or it may be optimized for 
reasons which will occur to those skilled in the art. 

0032. At the next steps, illustrated in FIG. 4D, portions 
of insulating layer 48 are eliminated to locally expose 
dielectric layer 46 at determined locations (where resistors 
capacitors are desired to be formed). Then, an insulating 
layer is formed at the surface of substrate 40. A conductive 
layer, for example, polysilicon, which corresponds to met 
allization M3 of FIG. 3 is conformally deposited and etched. 
After its etching, layer 53 remains in place in the openings 
formed by the partial removal of insulating layer 48 and 
extends from each of these openings over substrate 40. 
0033. A capacitor having line 44 as its first electrode, 
layer 46 as its dielectric, and metallization M3 as its second 
electrode has thus been formed. The nature and the forming 
of dielectric layer 46 are selected so that the capacitor 
exhibits significant leakages, that is, a high parasitic resis 
tance on the order of some hundred megaohms (MS2) while 
its capacitance is negligible. The assembly of line 44, of 
dielectric 46, and of metallization M3 then forms a resistor. 

0034. It should be understood, referring to the top view of 
FIG. 3, that at the step described in relation with FIG. 4D, 
upper insulating layer 48 is removed and replaced with an 
electrode at the sole locations where resistors R3 and R5 of 
cell 1 are formed at the intersections between supply line 44 
Vdd and the metal interconnects forming points D3 and D5 
of FIG. 1. Outside of these locations, the structure remains 
such as described in relation with FIG. 4C, ensuring the 
continuity of buried line 44 connected to power supply Vdd. 

0035. The conventional steps of forming of active areas 
in the substrate have not been described hereabove. These 
steps will take place after forming of epitaxial layer 41. 

0036) An advantage of such a memory cell is the fact that, 
as compared with a conventional memory cell with four 
transistors and two resistors, it exhibits a much smaller 
integration Surface area. More specifically, the integration 
surface area of resistors R3 and R5 is considerably 
decreased. 

0037. Further, the surface area taken up by the memory 
cell with four transistors and two resistors according to the 
present invention is Smaller than the Surface area taken up by 
a conventional memory cell with six transistors. Indeed, as 
compared with the conventional structure of FIG. 2, the 
memory cell of FIG. 3 requires one less active area and 
insulation area. Given a technological process, in which the 
minimum dimensions of the lines and vias are set, the 
SRAM cell of FIG.3 exhibits a surface area by 25% smaller 
than that of the conventional cell of FIG. 2. 

0038 Another advantage of the structure according to the 
present invention lies in the burying of supply rail Vdd 44 
under resistors R3 and R5. Indeed, in conventional struc 
tures, especially the structure with six transistors, the Supply 
rail must be provided to be formed in a metallization level 
Superposed to the semiconductor Substrate. Forming Supply 
rail Vdd directly in the substrate enables decreasing the 
number of metallization levels, or benefiting from additional 
space in the metallization levels. This enables and/or advan 
tageously simplifies the forming in the metallization levels 
of elements associated with the SRAM. 
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0039. Of course, the present invention is likely to have 
various alterations, modifications, and improvements which 
will readily occur to those skilled in the art. Especially, the 
shapes in top view of lines L and/of the openings of removal 
of insulating layer 48 (FIG. 4D) may be selected to optimize 
the desired resistance values. 

0040. Further, it will be within the abilities of those 
skilled in the art to reproduce the described cell to form a 
memory network formed of hundreds of thousands of such 
cells. 

0041 Further, the following materials and thicknesses 
may be selected for the various mentioned layers: 
0.042 conductive layer 42: silicon oxide layer (SiO) with 
a thickness from 150 to 250 nm, 
0.043 conductive layer 44: titanium nitride layer from 50 
to 150 nm, 

0044 dielectric layer 46: layer with a thickness from 3 to 
30 nm, of any insulator Such as silicon oxide, silicon nitride 
(SiN), silicon oxynitride (SiON), or any other insulator 
selected from among the insulators used in the forming of 
integrated circuits, especially insulators with a high dielec 
tric permittivity; 
0045 insulating layer 48: silicon oxide layer, preferably 
of TEOS type, with a thickness from 100 to 200 nm: 
0046 spacer 50: silicon nitride (SiNa) or oxynitride 
(SiON) layer with a thickness from 30 to 100 nmi; and 
0047 insulating layer 52: silicon oxide layer, preferably 
of TEOS or HDP type, with a thickness from 500 to 800 nm. 
0.048. These indications are given as an example only and 

it will be within the abilities of those skilled in the art to 
select the materials and their necessary thicknesses in a 
given technological process. In particular, it will be within 
the abilities of those skilled in the art to select a dielectric 46 
exhibiting a leakage rate capable of transforming capacitor 
44-46-53 into a resistor exhibiting a very low, negligible, 
capacitive character. 
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0049 Further, it should be noted that “substrate” is used 
to designate a uniformly-doped silicon wafer as well as 
epitaxial areas and/or areas specifically doped by diffusion/ 
implantation formed on or in a solid Substrate. 
0050 Generally, although the present invention has been 
described in the context of a silicon manufacturing process, 
it applies to any integrated circuit manufacturing process. 
0051. Such alterations, modifications, and improvements 
are intended to be part of this disclosure, and are intended to 
be within the spirit and the scope of the present invention. 
Accordingly, the foregoing description is by way of example 
only and is not intended to be limiting. The present invention 
is limited only as defined in the following claims and the 
equivalents thereto. 

What is claimed is: 
1. An SRAM cell with four transistors and two resistors 

formed in a semiconductor Substrate, the transistors being 
formed in pairs in two active regions of the Substrate, 
wherein the resistors are formed by leakage capacitors, a 
first electrode of the capacitors being common and formed 
of a high Supply line of the cell buried in an area separating 
the active regions. 

2. An SRAM cell according to claim 1, wherein the 
transistors of both pairs are N-channel MOS transistors 
having a common drain region. 

3. An SRAM cell according to claim 2, wherein the 
second electrode of each capacitor is connected through a 
single metallization, on one hand, to a common drain region 
of a first active region and, on the other hand, to a gate of a 
transistor of a second active region whose source terminal is 
to be connected to a low supply line of the cell. 

4. An SRAM cell according to claim 2, wherein the first 
electrode of the capacitor is a titanium nitride layer having 
a thickness of 50 to 100 nm. 


