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Abstract - It is still an open problem to elucidate the scaling
merit of the embedded SRAM with the Low Operating
Power (LOP) MOSFET’s fabrication in 50, 70 and 100nm
CMOS technology node, Taking into account the realistic
SRAM cell layout, we evaluate the parasitic capacitance of
Bit Line (BL) as well as Word Line (WL) in each generation.
By means of 3-Dimensional (3D) interconnect simulator
(Raphael), we focus on the scaling merit through the
comparison of the simulated SRAM BIL delay in each CMOS
technology node. In this paper, we propose two kinds of
original interconnect structures which add some
modifications to ITRS, and clarify for the first time that the
original interconnect structures guarantee the scaling merit
of the SRAM cell fabricated with the LOP MOSFET’s in 50
70 and 100nm CMOS technology node.

L. INTRODUCTION

Scaling studies on embedded SRAM and its parasitic
capacitance due to interconnect are critical to CMOS
technology node below 100am. The problem of scaling
merit is still open if the drain saturation current of Low
Operating Power (LLOP) MOSFET’s keeps its value for
sub-100nm CMOS technology node. The aim of this paper
is to manifest the scaling merit of the embedded SRAM
with LOP MOSFET’s through the comparison of the
simulated SRAM BL delay in 50, 70 and 100nm CMOS
technology node. The SRAM BL delay is subjected to
interconnect delay rather than gate delay. Therefore, the
interconnect parasitic capacitance is a necessary ingredient
to simulate the SRAM BL delay. Taking into account the
realistic SRAM cell layout, we evaluate the parasitic
capacitance of Bit Line (BL) as well as Word Line (WL)
in the SRAM cell, using 3-Dimensional (3D) interconnect
simulator (Raphael)[1-2). In the interconnect capacitance
simulation, we assume the original interconnect structures
which add some modifications to ITRS (International
Technology Roadmap for Semiconductors){3].

The construction of this paper is as follows. In Sec. I,
we precisely investigate the capacitance of BL and WL in
the SRAM cell based on 100nm CMOS technology node.
Then we show that the BL capacitance is proportional to
the height of the plug connecting gate area (GA) to first
metal-layer (M1). This result indicates the necessity of
shrinking the vertical structure in the advanced technology
node. In Sec. II1, we introduce the scaled SRAM in 50 and
70nm CMOS technology nodes referring to the structure
used in Sec. 1, and evaluate the capacitance of BL and
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WL in each generation. Applying these simulated results
to the circuit simulation, we propose for the first time the
interconnect structure which guarantees the scaling merit
of the SRAM cell with the LOP MOSFET’s. Finally, in
Sec. TV, we offer some conclusions.

II. INTERCONNECT CAPACITANCE OF THE SRAM
CELL BASED ON 100NM CMOS TECHNOLOGY
NODE

In this section, we investigate the BL and WL
interconnect capacitance and show the importance of the
vertical structure through the analysis of the SRAM cell
based on 100nm technology node. Focusing on how the
contact plug height affects the total BL capacitance, we
make it clear that it is necessary to shrink the vertical
structure, as well as to introduce new low-k dielectrics in
the future technology node.

Fig.1. A bird’s-eye view of 3D-SRAM memory cell
structure based on 100nm CMOS technology node
(unit cell). This structure is used for 3D-interconnect
capacitance simulation [1-2].
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Fig.2. Simulated total capacitance per cell and the
contribution rate of each component for BL and WL
capacitance. The ordinate is capacitance in fF unit.

Figure 1 shows a bird’s-eye view of a realistic
3D-SRAM cell structure for 3D-interconnect capacitance
simulation. One of the most characteristic features of the
present SRAM cell layout is that the BL is fabricated in
second metal layer (M2) and the WL in third metal layer
(M3), reducing the BL capacitance [4}. Information about
the vertical structizre is summarized in Table L.

Contact plug
Access gate

Fig.3. 3D graphics focusing on the contact plugs
connecting GA (or AA) to M1. SN (Storage Node)
expresses the node where the data (“H” or “L”) is
stored.

By means of 3-D interconnect simulater (Raphael), we
calculate the capacitances of BL and WL. The simulated
BL and WL capacitance is 0.237{F/cell and 0.792fF/cell,
respectively. We also show the contribution rate of each
component to the total capacitance in Fig. 2. The most
dominant contribution in the total BL capacitance is from
WL (44%), and that in total WL capacitance from ground
interconnection (GND, 38%).

It is generally known that the higher cperation speed of
SRAM macro cell can be mainly achieved by the
reduction of the BL capacitance. Therefore, we especially
focus on the BL capacitance, taking into account the
scaling merit discussed later. Figure 3 shows an
enlargement of the SRAM cell around the BL structure.
The contact plugs connecting gate (GA) or AA to first
metal tayer (M1) are fabricated in very fine pitch, so that

the coupling capacitance between plugs connecting GA (or
AA) to M1 is considered to be a major contributor to total
BL capacitance. In order to examine the effect of the
contact plug to the total BL capacitance quantitatively, we
investigate the gate plug height (GA-M1 distance: shown
as x in Fig. 3) dependences of the total BL capacitance
(Figure 4). In Fig.4, solid line and dotted line indicate the
structure having TEOS (k=4.2) and rather low-k material
(k=3.4) for the interlayer dielectrics between GA and M1,
respectively. The total BL capacitance has the linear
dependence of the gate plug height of the SRAM cell. This
result gives us some consequential features; the coupling
capacitance between contact plugs is dominant over the
total BL capacitance compared to the effect of the
interconnection in the upper layer (M1), and the height of
the vertical structure is also an important design matter for
achieving high-speed SRAM cell. In other words, it is
necessary to shrink the height of the memory cell in the
future technology node.
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Fig.4. Plug height dependences of BL capacitance. Solid line
and dotted line indicate the structure having TEOS (k=4.2) and
“low-k” {k=3.4) material for interlayer diclectrics between GA
and M1.

Table 1. Interconnect structure and low operating power logic
technology for 50, 70 and 100nm CMOS technology node.

Tachnology Node 0.1pm 0.07um 0.05um
Physical lany m) 9.1 007 005
Ssturstion drive current:ly(] m) 600 600 500
Power sy 0Vl V) 1 0.9 a7
SRAM cell siz.ggmf) 125 [111] 0.3
T,, Equivalent (pm) 2 19 12
Gate heightum) 016 01z 008
GA-M! distance(um) 03 0.2 G156
Mi(M2-M5) L/S{um) 0.12/0.12(0.14/0-14)| 0.08/0.05(0.1/0.1) | 0.06/0.06(0.08/0.08)
M1{M2-M5) height{lum) 0.182(0.238} 0136(0.17) 0.108(0.144)
M1 (M2-M5) A/R [RE) L 1.8(1.8)
1T{Through hole) —4T height{um) 021 Q.15 2.128
1T-4T A/R 15 18 1.6
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Im. INVESTIGATION OF SCALING MERIT OF
EMBEDDED SRAM IN 50 AND 70NM CMOS
TECHNOLOGY NODE

In this section, we examine the BL delay of the
scaled SRAM in 50 and 70nm CMOS technology node
by employing the shrunk vertical structure as well as the
shrunk layout of the SRAM cell shown in Fig,. 1.
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Fig.5. Scaling trend of the SRAM cell size. Dots represent
cell sizes realized in the past, and circles those expected in
the future, which we used for each simulation,

Figure 5 shows the cell size in each generation [5]. The
logarithm of the cell size depends lincarly on the feature
size of the technology node. Therefore, in the present
study, the cell size in 50 and 70nm technology node is
determined in such a way as to extrapolating the present
scaling trend. Table I shows our original scaling scenario,
which adds some modifications to ITRS on interconnect
structures. As shown in Fig.6, we assume two types of
interconnect structures by referring to the results obtained
in the previous section. In Structure A (Fig.6(b)), low-k
dielectrics (low-k1)} is used only between intralayer
interconnect and TEOS is used for interlayer dielectrics. In
Structure B (Fig.6 (b)), second low-k dielectrics (fow-k2)
replaces TEOS layer in Structure A. Low-k2 is assumed to
be used for etch stopper for Cu damascene process. Based
on Table I and Fig.6, we precisely estimate the
capacitances of BL and WL in each generation. Figure 7
shows the total capacitance and its component in each
generation. By applying our original structures, it is
achieved that each capacitance reduces by approximately
30% compared to that of the previous technology node.

In order to estimate the scaling merit more precisely, we
calculate the “BL delay time” of the SRAM cell applying
the simulated BL and WL capacitance to the circuit
simulation in each generation. Here we define BL delay
time as shown in Figure 8, which is related to the SRAM
read time. In the simulation, we deal with 512-row and
256-column memory cell array. Moreover, we assume that
the transistor in each generation has the same saturation
drive current (see Table I). Figure 9 shows the BL delay
time at each CMOS technology node. This result indicates
that the SRAM cell having Structure A keeps the scaling
tendency except for 50nm CMOS technology node.
Moreover, the reduction of the BL delay is accelerated by
4.6% in 70nm and by 11.6% in 50nm CMOS technology
node for the SRAM cell having Structure B in comparison
to Structure A, The simulaticn results in the present study
suggest that the coupling capacitance between intralayer
interconnect is dominant over the total BL capacitance and
the low-k dielectrics having dielectric constant 1.2 is
indispensable to achieve the scaling merit of the SRAM
fabricated with the LOP MOSFETs.
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Fig.6. Schematic illustration of the interconnect structure
(a), and low-k dielectrics in each generation suggested in
this paper ((b) and (c}).
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Fig.7. BL and WL capacitance vs CMOS technology node; (a)
BL capacitance and (b} WL capacitance, Note that A and B
represent the structure A and B expiained in Fig.6, respectively.
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Before concluding this section, we briefly mention the
importance of the Gate Overlap Capacitance (GOC) in
50nm technology node. As shown in Fig.9, there is no
scaling merit on the BL delay time compared to 70nm
technology node with structure A. In order to estimate the
contribution of the GOC over the BL delay time, the BL
delay time is simulated by changing the transistor model
parameters of circuit simulation in such a way as to reduce
the GOC and keep the saturation current. Figure 10 shows
the BL delay dependence of the GOC reduction with
structure A, Reducing the GOC by 50% compared to that
used for simulation shown in Fig.9, the BL delay time is
almost the same as that of the structure B. Therefore, we
conclude that GOC is also an important transistor-design
matter to achieve high-speed SRAM in the 50nm
technology node. Even though the scaling merit on the BL
delay time is small in 50nm technology node, the scaling
merit on power consumption may be large because the
power supply voltage is reduced from 0.9 to 0.7V.
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Fig.8. Read operation diagram, The pre-decoded signal
activates WL signal. Then a memory cell discharges
one or other of bit line pair BL or /BL. The BL de¢lay
time indicates an interval from the pre-decoded signal
rising to a half Vdd to the BL voltage falling to 0.8 Vdd.
We calculate this BL delay time in each technology
node,
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Fig9. Simulated BL delay against each CMOS
technology node. For the purpose of comparison, the
simulated result in 130nm technology rode is also
plotted.
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Fig.10. Gate Overlap Capacitance (GOC) dependence of BL
delay in 50nm technology node with Structure A. Horizontal
axis expresses the GOC ratio: GOC of transistor with Structure
An over that employed in the simulation shown in Fig, 9. The
BL delay time in Siructure A is close to that in Structure B by
reducing the GOC by 50%.

IV. CONCLUSIONS

The in-depth study of the scaling merit of the embedded
SRAM cell has allowed us to unequivecally demonstrate
that both low-k material between intralayer interconnects
and the height of contact plugs cornecting AA (or GA) to
M1 play an important role to determine the BL delay of
the SRAM cell. Showing the fact that the structure
between GA and M1 affects the BL capacitance, it is
found that BL capacitance depends on the plug height
linearly. This result indicates that it is important to shrink
the height of the vertical structure in order to reduce the
BL capacitance. Moreover, by proposing two types of
interconnect structures referring to the ITRS, we have for
the first time investigated the SRAM cell based on 30, 70
and 100nm CMOS technology node, respectively. Precise
simulation concludes that our original scenario for the
interconnect structure as well as reduction of the gate
overlap capacitance is indispensable for keeping the
scaling trend of the SRAM celis fabricated with LOP
MOSFET’s.
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