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Energy Efficient Single-Ended 6-T SRAM for
Multimedia Applications
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Abstract—Image processing and other multimedia applications
require large embedded storage. In some of the earlier works
approximate memory has been shown as a potential energy-
efficient solution for such error-tolerant applications. In this
paper, we propose a single ended 6-T (SE6T) SRAM cell which
has about 50% less dynamic power compared to conventional
6-T SRAM cell with the same bit error rate(BER). Since image
processing applications are tolerant to errors, ultra low voltage
power-efficient embedded memories with BER can be used for
storage. We show that 1 KB (256x32) SE6T memory consumes
0.45× dynamic power, 0.83× leakage power and takes 0.60×
area as compared to conventional 6T SRAM memory for similar
peak signal to noise ratio (PSNR). We have also proposed
heterogeneous SE6T 1K SRAM memory and show that for
a given power budget, PSNR enhances by at least by 14 dB
compared to when homogeneous (identically sized bit-cells) SE6T
SRAM memory are used. When compared with heterogeneous
6T SRAM memory, the heterogeneous SE6T SRAM memory
consumes 0.44× dynamic power, 0.86× leakage power and takes
0.6× area for almost similar PSNR. For a given PSNR, the SE6T
memory is cumulatively better in terms of design complexity, area
and power when compared with other hybrid and heterogeneous
approximate memories.

Index Terms—Embedded Memory, voltage scaling in SRAM,
heterogeneous SRAM, image processing applications

I. INTRODUCTION

THe widespread use of cell-phones and hand-held devices,
coupled with the availability of high speed commu-

nication networks, has resulted in an exponential demand
for multimedia services on the network. Designing energy
efficient systems for longer battery life is one of the important
objectives in such devices. High resolution imaging in these
hand-held devices has further exacerbated the issue of power
consumption due to increased processing and storage require-
ments. In fact about 30% power consumption is reported to be
in embedded static random access memory (SRAM) alone [1].
The dynamic power consumption has a quadratic dependence
on voltage, and memories are designed to operate at ultra
low voltages to obtain significant power reductions in memory
operations. Reduction in supply voltage, however, slows down
the memory operations and increases the bit error rate (BER)
significantly [2]. While this is one of the major bottlenecks in
using such memories in mainline processors, it is acceptable
in processors built for multimedia applications as these are
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Fig. 1. Schematic of (a) conventional 6-T (b) proposed SE6T SRAM cell.
(Transistor sizes are in nm shown as W/L)

known to be tolerant to errors [3]. In image processing ap-
plications, some error during storage/computation are tolerant
if the image keeps resemblance with the original image and
does not change the human visual experience. However, high
error induced during storage/computation is not acceptable if
it distorts the image quality significantly. It is well-known that
errors in lower order bits do not affect the image quality
to a great extent [4] and the PSNR value remains within
permissible limits. This has motivated researchers to build
approximate or inexact memories for multimedia applications
where SRAM cells are differently sized or differently designed
for reducing memory power unlike homogeneous SRAM cells
used in conventional memories.

A. Related work

Conventional SRAM memories are homogeneously de-
signed. However, typically, approximate memories are clas-
sified into two broad categories: (a) Hybrid memories [5][6]
where different SRAM cell designs are used for different bits
depending on the bit positions (in a pixel). (b) Heterogeneous
memories [4] where different SRAM cell sizes are used for dif-
ferent bits depending on the bit position. Hybrid 8T/6T SRAM
architecture is proposed in [5] where the first four MSB bits
are stored in 8-T[7] SRAM cell and rest four are stored in 6-T
SRAM. However, the complexity of the memory architecture
increases due to different read and write peripheral circuits
required for 6-T and 8-T SRAM cells, since 8-T SRAM
cell has read-decoupled structure[7]. On the similar lines, the
10T/8T hybrid SRAM architecture has been proposed in [6]
for multimedia applications has substantial power benefits, but
requires a sizable area as compared to other proposed designs.
In [4] authors have used conventional 6-T SRAM but with
different bit cell area for various pixel bits. For each pixel,
the MSB bits are stored in relatively larger area 6-T SRAM
cell than LSB. Since large area bit cell reduces the BER, it
reduces the error in MSB. An embedded SRAM architecture
with triple VDD values has been proposed in [8] to obtain low
power embedded memory used for multimedia applications.
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Fig. 2. (a) Noise Margin comparison of of SE6T and Conventional 6T SRAM cell, (b) 10000 M-C waveform of SE6T SRAM cell during write-1 operation
and (c) during write-0 operation, (d) 10000 M-C waveform of conventional 6-T SRAM cell during read. Operating voltage = 600 mV

Although it provides a fine image quality even at low power
and area, it requires multiple level-shifters or charge-pump cir-
cuits to generate multiple voltages on chip, which increases the
complexity of the system. For multimedia applications, gain-
cell based approximate memory has also been explored [9] in
the recent past. While gain-cells occupy less area, they require
extra circuitry (level shifter and refresh contoller) and suffer
from memory unavailability due to refresh periods. Further,
in [9], the authors use homogeneous gain-cell memory for
storing the image where both LSB and MSB have same errors.
The image quality degrades due to errors in MSBs. In a
nutshell, the existing inexact memory architectures proposed
for multimedia applications either require larger area/power or
are complex to implement. Our proposed SE6T heterogeneous
SRAM architecture overcomes these issues as discussed later.

B. Our contributions
In this paper, we have, for the first time, designed ap-

proximate memory from the single-ended SRAM cell, called
single ended 6-T (SE6T) SRAM cell. In SRAM memory,
most of the power is consumed by charging and discharging
of the bit-lines[10]. Since, our proposed SE6T SRAM cell
uses only single bit-line for write and single bit-line for
read it consumes only 50% of power when compared to
conventional 6-T SRAM cell. In fact, when compared with
conventional 6-T SRAM 1KB memory, for the same area and
BER values, the SE6T cell consumes almost 50% less power.
For embedded memories using for multimedia applications,
we also propose to use heterogeneous SRAM array built using
different sizes for bit-cells as in [4]. The most striking feature
of the proposed SE6T SRAM cell is that BER reduction is
obtained by increasing the size of only one transistor unlike
that of the conventional 6-T SRAM cell where all the transistor
sizes have to be proportionally increased. Thus, the MSB bits
of a pixel incur much lower area penalty unlike in [4]. The rest
of the paper is arranged as follows. Section II discusses SE6T
memory design and shows its comparison with conventional
6-T SRAM cell. In Section III comparison of area and power
of the proposed SE6T and conventional 6T memories for
different BERs is presented. Section IV shows the utility of
the proposed SE6T SRAM cell for multimedia applications.
Section V concludes the paper.

II. SINGLE-ENDED 6-T (SE6T) SRAM MEMORY

In this section we discuss the proposed SE6T SRAM cell,
analyse its read and write failures and compare SE6T with

conventional 6T SRAM cell. Fig. 1(a) shows the conventional
6-T SRAM cell. Conventional 6-T SRAM cells have same
ports for read and write operations resulting in conflicting
read and write stability, and improvement in one parameter
degrades the other. Fig. 1(b) shows the proposed SE6T SRAM
cell. Our proposed SE6T SRAM cell shown in Fig. 1(b) is an
extension of the 7T SRAM cell [11], but has a single transistor
for read and occupies about 20% less area compared to 7T
SRAM cell.

As shown in Fig. 1(b), in the SE6T SRAM cell, PDL
is always in cut-off region (gate tied to ground) that helps
to improve write-margin by reducing the contention between
PGL and PDL. However this degrades the hold-0 margin of
the SRAM cell. To improve the hold-0 margin, PDL is taken
as LVT (low Vth transistor), PUL is designed with higher
channel length and WBL is kept at 0 V during hold condition.
The combination of these three ensures that there is no hold-
0 error. Since PDL is always in cut-off region, the trip point
(Vtrip) of the inverter becomes sufficiently high so that RBL
cannot cause read-disturb in Q node, which ensures there is
no read error.

A. BER Analysis

Fig.2(a) shows the noise margin comparison of SE6T and
conventional 6-T SRAM cell. As shown in Fig. 2(a), the
proposed SE6T SRAM has higher read margin and comparable
write margin to the conventional 6-T SRAM cell. The pro-
posed SE6T SRAM cell has lower hold-margin as compared
to conventional SRAM, but this is sufficient enough to hold
data during the hold operation. While SNM is calculated
based on DC analysis of SRAM cell, bit-error rate (BER) is
obtained from transient analysis which captures both static and
dynamic properties of the cell. Therefore, in further analysis
we have used BER. In multimedia applications SRAM access
frequency is typically of the order of 10 MHz. Hence, in our
work, BER analysis of the SRAM cells is done at 20 MHz
(twice of maximum operating frequency). We have designed a
1 KB (256x32 bits) embedded SRAM memories in UMC-65
nm technology and compared the results. For 1 KB memory,
20 MHz operating frequency is achievable at a voltage of 0.48
V (in slow NMOS and slow PMOS corner). Hence, all the
analyses are done for low supply voltage ranging from 0.55-
0.65 V keeping a minimum 70 mV margin. This margin is
added to avoid large errors obtained under process variations at
0.48V. The stability analysis of the SRAM cell is done in terms
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Fig. 3. BER versus area for (a) proposed SE6T SRAM cell (b) conventional
6T SRAM cell, operating at 20 MHz in 1 KB array

of bit error rate (BER) at a given voltage considering 6-sigma
inter-die local and global process variation and mismatch.

A maximum of 100000 Monte-Carlo (M-C) simulations are
performed under worst-case process corner in hold, read and
write operations of a cell in 1 KB designed memory at 20
MHz. Total BER is the sum of write BER, read BER and
hold BER. For our proposed SE6T SRAM cell there were
no read or hold failures found across any process corner,
but large write failures were found especially at slow NMOS
fast PMOS (SNFP) corner. Fig. 2(b) and Fig. 2(c) show
the 10000 M-C waveform of write-1 and write-0 operations,
respectively. QB node is shown as it updates later than Q.
As shown in Fig.2(b) and Fig.2(c), write-1 failures are due
to timing violations (write-time provided is less than write-
delay), whereas write-0 failures are the functional failures
when write condition ‘PGL> PUL’ is not fulfilled. Both write-
1 and write-0 errors can be reduced by increasing the width of
PGL. Since read and write are decoupled only PGL needs to
be sized. Fig. 2(d) shows the 10000 M-C simulated waveform
of QB node of conventional 6-T SRAM cell during read
operation under worst case process corner fast NMOS and
slow PMOS (FNSP). While we expect QB and Q nodes of
SRAM cell to remain unaffected during the read operation,
this does not happen because of read-disturb they get affected
in conventional 6-T SRAM cells and cause read failures as
shown in Fig. 2(d).

To summarize, at lower voltages large write failures occur at
SNFP corner in the proposed SE6T SRAM cell, whereas large
read failures happen at FNSP corner in the conventional 6-T
SRAM cell. To reduce the BER, one needs to size the SRAM
cells. Interestingly, in our proposed SE6T SRAM cell only
one transistor needs to be sized, whereas in the conventional
6T SRAM cell, all the transistors have to be proportionally
sized. Thus, for lower BER our design incurs very little area
and power penalty compared to 6T SRAM cell as discussed
in the next section.

III. COMPARISON OF SE6T AND 6T SRAM MEMORY FOR
DIFFERENT BIT ERROR RATES

To reduce BER in conventional 6T SRAM cell, we need
to increase all the transistor sizes which leads to an increase
in area. We observe that with minimum transistor sizes, the
area of 6T SRAM cell implemented in UMC 65nm is about

Fig. 4. Layout representation of (a) minimum size SE6T SRAM (b)
maximum size SE6T SRAM (c) minimum size conventional 6-T SRAM (d)
maximum size conventional 6-T SRAM in UMC-65 nm technology

Fig. 5. Dynamic and leakage power per bit versus cell area for (a) SE6T
SRAM Cell (b) conventional 6T SRAM Cell, both operating at 20 MHz in
1 KB array

1.01 µm2 and that of SE6T SRAM cell is about 1.03 µm2

which are comparable. However, for lower BER the area of
6T SRAM cell increases significantly as compared to SE6T
SRAM cell. For a total BER of 0.05% at operating voltage
of 0.55-0.65V, the 6T SRAM cell takes 2.34 µm2, whereas
SE6T SRAM cell takes 1.2 µm2 as only one transistor (PGL)
needs to be sized. Fig. 3(a) and Fig. 3(b) show BER with
respect to cell area for SE6T and 6T SRAM cells, respectively,
for different supply voltages. It is evident from the graph
that SE6T cell area increases by only 15% for minimum
BER of 0.05%, as compared to about 130% in 6T SRAM
cell. The layouts of SE6T and conventional 6-T SRAM cells
of minimum and maximum sizes are shown in Fig. 4. The
maximum sizes are those required to obtain BER=0.05.

Fig. 5(a) and Fig.5(b) shows the impact of area increase
on dynamic power (read + write) and leakage power of SE6T
SRAM cell and conventional 6-T SRAM cell respectively. For
minimum area, the dynamic power of SE6T SRAM cell is
0.16 µW/bit, whereas for 6T SRAM cell it is 0.35µW/bit.
The leakage power of SE6T SRAM cell is 30 pW/bit whereas
for 6T SRAM cell it is 18 pW/bit. This increased leakage
power in SE6T SRAM is because of use of LVT for PDL to
preserve hold-0 operation. For BER=0.05, both SE6T and 6T
SRAMs are resized (use increased sizes) and dynamic power
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Fig. 6. Dynamic power, leakage power and area required per pixel in a
embedded memory to obtain a given PSNR

for SE6T for the resized SRAM cell is 0.37 µW/bit, whereas
for 6T SRAM cell it is 0.90 µW/bit. Similarly, leakage for
resized SE6T cell is 41.25 pW/bit and that in 6T SRAM cell
is 60 pW/bit.

IV. SE6T MEMORY FOR MULTIMEDIA APPLICATIONS

In this section, we compare inexact SRAM architectures
designed using SE6T and other hybrid and heterogeneous
SRAM designs for multimedia applications. We consider an
embedded SRAM memory of 1KB (256x32) designed using
any of these techniques where images are stored. We then
insert random errors as per the BER values of the SRAM
cells. The stored images are then read and PSNR (peak signal
to noise ratio) is computed as per Eqn. 1. The test images
are taken from [12]. Generally, PSNR is used as a good
indicator of image quality, and higher the PSNR, better the
image quality.

PSNR = 20× log10
255√
MSE

, (1)

where, MSE is the mean square error calculated based on pixel
differences between images stored in approximate and exact
memories.

a) Homogeneous SE6T versus homogeneous 6T SRAM
memory: We have designed 1 KB (256x32) homogeneous
SE6T and homogeneous 6T SRAM memory, and used it for
image storage. Fig. 6 shows the comparison of dynamic power,
leakage power and area required per pixel for almost equal
PSNR values obtained of Lenna image stored in proposed
SE6T and conventional 6-T SRAM embedded memory. As
shown in Fig. 6(a) and Fig. 6(b), for PNSR of 15 dB, the
proposed SE6T memory consumes only 0.48× dynamic power
as compared to conventional 6-T SRAM cell with barely 2%
additional area. However, SE6T memory consumes about 47%
more leakage power compared to conventional 6-T SRAM
memory. From the images in Fig. 6(a) and Fig 6(b), it can be
seen that PSNR of 15 dB is not acceptable since image quality
has degraded. Fig. 6(c) and Fig. 6(d) are the images obtained
for PSNR of about 27 dB. To achieve a higher PSNR both
the SRAM memory cells have to be sized appropriately. The
proposed SE6T based memory is highly energy efficient and
consumes 0.45× dynamic power, 0.83× leakage power and
takes 0.6× area when compared to conventional 6-T SRAM
cell based embedded memory. This clearly shows that the

Fig. 7. (a) Dynamic power and area consumed per pixel versus obtained
PSNR (b) Leakage power consumed per pixel versus obtained PSNR

Fig. 8. Scatter plot of PSNR obtain from various set of heterogeneous size
SE6T SRAM memory for a given power budget

proposed SE6T SRAM is a better candidate for multimedia
applications as compared to conventional 6-T SRAM cell.
Fig. 7 shows the comparison of dynamic power, leakage power
and area required for wide range of PSNR values obtained
for Lenna image when stored in SE6T and conventional 6-T
SRAM cell embedded memory. As is clear from Fig. 7, except
for low PSNR value, SE6T embedded memory needs lesser
area, and has lower leakage and dynamic power compared to
conventional 6-T SRAM cell based memory.

b) Heterogeneous SE6T versus homogeneous SE6T
SRAM memory: The MSB bits are more critical in deciding the
PSNR of an image as compared to LSB bits. For a given power
budget, instead of equally dividing the power budget among
all bit-cells as in homogeneous SE6T memory, we give more
power budget (larger area) to the MSBs and less power budget
(smaller area) to LSBs, resulting into heterogeneous SE6T
memory. We compare the PSNRs obtained from using these
two memories and find that heterogeneous SE6T memories
have better PSNR than homogeneous SE6T memories. For
heterogeneous SE6T, we have considered all possible com-
binations for a given power budget and reported the set with
maximum PSNR in Table 1. Fig. 8 shows scatter-plot of PSNR
obtained from all the possible set of 8-SRAM cell in which
pixel data can be stored for a power budget of 2.2 µW/pixel
and 1.9 µW/pixel respectively. Table 1 shows the best power
budget allocation to bit-cells in a pixel. Fig. 9 shows the PSNR
comparison of pixel bits stored in homogeneous SE6T SRAM
memory and heterogeneous SE6T SRAM memory for power
budgets of 2.2 µW/pixel and 1.9 µW/pixel, respectively. As
shown in Fig. 9, heterogeneous SRAM memory has at least
14 dB higher PSNR compared to homogeneous SRAM array.
To further verify the results, we have conducted this study on
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Fig. 9. PSNR obtained for a given power budget

Fig. 10. PSNR obtained using heterogeneous and identical size SE6T SRAM
cell for various Test images for a given power budget

a variety of images and the results are reported in Fig. 10.

TABLE I
OPTIMIZED SRAM CELL POSITION WITH CORRESPONDING FAILURE

PROBABILITY AND DYNAMIC POWER

bit-position BER(1)% BER(0)% Power/bit(µW)
X1(MSB) 0.04 0.02 0.37
X2 0.04 0.02 0.37
X3 0.17 0.09 0.34
X4 0.7 0.3 0.30
X5 2.1 0.8 0.27
X6 10.1 2.1 0.18
X7 10.1 2.1 0.18
X8(LSB) 14.7 4.07 0.16

TABLE II
PERFORMANCE COMPARISON OF SE6T SRAM WITH EXISTING

APPROXIMATE SRAM DESIGNS FOR PSNR≈38 DB

Design [5] [6] [8] [4] Proposed
Dyn. Power/pix (µW) 3.85 3.07 4.07 4.95 2.2
Leakage. Power/pix (pW) 262 291 309 354 304
Area/pix(µm2) 11.02 14.32 8.14 14.9 9.04
Design Complexity High Low High Low Low

c) Heterogeneous SE6T versus other existing techniques:
Table II compares the proposed heterogeneous SE6T with
existing SRAM architecture for given PSNR of ∼38 dB. As
shown in Table II, proposed architecture consumes minimum
dynamic power when compared to other techniques because
of its single ended read and write operations. While he
proposed heterogeneous SE6T architecture consumes 13.8%
more leakage power compared to design [5] and takes 9.9%
more area compared to design [8], It should also be noted
that both cite4 and [10] are complex to implement. In [5]
hybrid 8T/6T SRAM cells are used to design an array where
8T and 6T have different read, write and precharge circuitry.
In [8] the SRAM cell uses triple supply which would require
extra periphery (charge pump or level shifter) to generate

multiple on-chip voltage. SE6T array is simpler to implement.
Table II clearly points out the SE6T based SRAM design
is cumulatively better in terms of circuit complexity, area
and power. In this paper, we have considered image storage
and retrieval as a general application, but this can be easily
applied to other multimedia processing applications such as
H-264 [13] video decoder and MPEG-2 video decoder [14]

V. CONCLUSIONS AND FUTURE EXTENSIONS

Embedded memory consumes large amount of energy for
image and video processing applications. We have proposed
an energy-efficient single ended 6-T (SE6T) SRAM cell suit-
able for multimedia applications. The proposed SRAM cell
outperforms the conventional 6-T SRAM cell in terms of
dynamic power, leakage power and area required to obtain
a given PSNR. Further, we show that heterogeneous SRAM
array (differently sized bit cells) when used for multimedia
applications enhances the PSNR of the image by 14 dB as
compared to identically sized SRAM for a given power budget.
In future, we would like to extend this work for applications
such as IOTs, bio-medical and energy harvesting applications.
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