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A Low Power SRAM/ SOI Memory Cdl Design

Yu Yang, Zhao Qian, and Shao Zhibiao'

(Department of Hectronic Science & Technology, Xi' anJiaotong University, Xi’' an 710049, China)

Abdtract : A modified four transistor (4T) self-body-bias structured SRAM/SOI memory cell is proposed. The
structure is designed and its parameters are obtained by perf ormance simulation and analysis with TSUPREM4 and
M EDICI. The structure saves area and its process is simplified by using the body resistor with buried p* channel
beneath the nM OS gate instead of the pMOS of 6T CMOS SRAM. Furthermore,this structure can operate safely
with a 0. 5V supply voltage, which may be prevalent in the near future. Finally,compared to conventional 6T
CMOS SRAM ,this structure’ s transient responses are normal and its power dissipation is 10 times smaller.
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1 Introduction

A SRAM cell’ s perf ormance can be enhanced
with SOI technology because compared to conven-
tional CMOS technology ,SOI has |low power dissi-
pation,low noise,high resistance to radiation,and
no latch-up effect!™ .

In an attempt to reduce power dissipation and
layout area, much research has been done to
change classic 6T SRAM cells into 4T cells. Some
such work is based on circuit level modifications,
but the resulting stability is always poor'® . Other
work is based on device modifications, but such
processes are too complicated® . In this paper, a
4T SRAM cell based on self-body-biased (SBB) '
and dynamic threshold MOS (DTMOS) ™ struc-
tures'® is modified. While the simulation and anal-
ysis of 6T SRAM are carried out with Cadence
tool kits,others are carried out with M EDICI and
TSUPREMA4.

2 Basic gructure and mechanism

Figure 1 (a) shows the plan view of the SBB
SOl MOSFET with a H-shaped gate electrode!® ;
Figure 1 (b) shows the cross-section view modi-
fied in the plane marked AA’' in Fig.1 (a). The
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body resistor with buried p* channel beneath the
gate from terminal Bodyl to terminal Body2 gen-
erally functions as a pMOS. When a high voltage
is applied to the gate,the p” area is quickly deple-
ted,thereby greatly enhancing the resistance and
shutting down the current between Bodyl and
Body2,as shown in Fig. 2.
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Fig.1 Plan (a) and crosssection (b) views of H-gate
SBB MOSFET

The whole SRAM cell circuit is shown in
Fig 3. Transistors M3 and M4 are D TMOS. Their
on-state threshold voltage is low and off-state
threshold voltage is high. Because we use a 0. 5V
supply voltage,the application of DTMOS is safe
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Fig.3 Proposed 4T SRAM cell circuit

3 Sability analysis

In the proposed H-gate nMOS,there might be
a disastrous current flow from substrate to source
even though the supply voltage is only 0.5V. To
make sure this will not be a problem,we simulate
the characteristics of the pn junction under an ap-
plied forward voltage of 0.5V using MEDICI. The
results are shown in Table 1. If the current flow-
ing between Body2 and Bodyl exceeds several
nA , the effects of the current flowing between
Body2 and the source can be ignored.

Table 1 pnjunction currents at various temperatures

T/ K /(A -Um-1)
300 9.46x10- 11
310 2.46 x10- 10
330 1.35x10-9
350 6.31x10-9

4 Design of the body resistor

Figure 4 shows the dependence of the current
through the resistor on Vg for various p area B
concentrations. Ly is the length of the p area,

which is assumed to be fixed at 0. 34 m. We con-
clude that if other parameters are fixed,the p~ ar-
ea impurity concentration can be chosen to make

the resistor perform as a pMOS.
-3

]g([muyl/(A'llm'l))

| O5x10"cm’? "
Alx10“cm™ ‘. """""
+5x10'"*cm* ~ =
-X 1x107em?

L,=0.25pm H,=10pm L,=0.30um

; OSXIO"cml‘ Tox=20m  Tyn=0.1pm Ty, =0.lum
-1 1 1 1
0 0.2 0.4 0.6 0.8 10

VN

&

Fig.4  lvoayzboys Versus Vg for different impurity con-
centrationsin the p” area

The simulation results of the p area length’s
influence on the performance of the resistor are
givenin Fig.5. With the variation of Lyu,the off
state current changes much faster than the on
state current.

The thickness of the p area is a third factor
for further improvement. L ocal oxidation is ap-
plied to the p area by wet oxidation for about
20min, and then the SiO: is removed leaving
shapes around the former p” area asin Fig.6. Fig-
ure 7 shows lnogyznoy1 VErsus Vg curves for 4 differ-
ent p area impurity concentrations,assuming that
the equivalent length of the p area (L) is
0. 3 m. Figure 8 shows the loogy2boay1 VErsus Vg curves
for various values of Lb,assuming that the impurity
concentration of the p” areais 107 c¢cm™®. The uptrian-
gle symbol line(L, =0.2Q m) in Fig. 8 is the best sit-
uation with an onrstate current close to 1 A and an
off-state current of several nA.

After the above steps, the impurity concen-
tration of the p  area is comparable to that of p
area,as shown in Fig. 9. Thus,ion implantation is
used to create a buried channel to decrease resist-
ance between Bodyl and Body2 and to avoid
nMOS threshold variation. Actually ,the threshold
voltage of nMOS is normally between 0. 1 and
0. 2V. Figure 10 is the channel impurity concen-
tration curve after ion implantation. Figure 11
shows that the body resistance is enhanced by ion
implantation.
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Fig.10 Buried p* channel impurity distribution af ter
ion implantation
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Fig.11 Current dependence on gate voltage with and
without ion implantation

cell

The SRAM cell is simulated according to the
schematic in Fig. 3. The transfer characteristics
described in Fig. 12 show that the 4T SRAM cell
functions normally. To compare writing state situ-

5 (dobal analysis of SRAM memory



2 Yu Yang et al. :

A Novel L ow Power SRAM/SOI Memory Cell Design 321

ations with a normal 6T SRAM cell ,a schematic
like Figure 13 is constructed using a composer
schematic in the Cadence | CFB environment.
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Fig.12 Transfer curve of the 4T SRAM cell
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Fig.13 Schematic of conventional 6T SRAM cell

As shown in Fig. 14 ,the writing delay of the
conventional 6T SRAM is about 250ps. The total
current is integrated in 1ns of simulation time
with a result of 25fA - s. Thus the power dissipa-
tionis 3 W at a 1.2V supply voltage.
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Fig.14 Transient response of 6T SRAM

Similar simulation results for the 4T SRAM
are shown in Fig. 15. The writing delay is 500ps,
and its power dissipation is 3.3 W.
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Fig.15 Transient voltage and current of 4T SRAM

A reading state simulation in 6T SRAM
shows that the transfer delay is 200ps, and the
power dissipation is 11. 9 W. In contrast,the pro-
posed 4T SRAM cell’ s transfer delay is 500ps,and
its power dissipationis 1. W.

Thus,whenever it isin the reading or writing
states,the proposed 4T SRAM cell has a power
dissipation 10 times smaller than a conventional
6T SRAM cell ,at the cost of only doubling the
transfer delay of the 6T cell.

6 Layout of the SRAM cdl

The layout of the 4T SRAM cell with the H-
gate SBB structure isshownin Fig.16. The p area
is not shown in the structure in order to reduce
the complexity. It islocated close to GND beneath
a terminal of the H-shaped gate.

V.| =l R

FRSS METALI
METAI
. POLY

I NDIFI

Fig.16 Layout of the proposed 4T SRAM cell

7 Conclusion

Stability analysis of a basic SBB structure is
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processed to ensure that the parasitic pn junction
will not affect the function of the SBB structure
under a 0.5V supply voltage.

The p area of the gate-controlled resistor is
the bottleneck of the device performance. Thus,
adjustments are made to the p area,including its
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