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Abstract—With the decrease of the transistors' feature sizehe
leakage power of the integrated circuits has becorme more and
more significant issue. Drowsy cache [1], one ohé modern
techniques used to limit the power consumption of emory
circuits, provides an easy way to achieve the gotirough some
modifications on the architecture level. The newlyintroduced
five-transistor (5T) port-less SRAM cell [2][3] sees to be
attractive since its small area occupation, low pogr consumption
and the same or even better performance comparingotthe
conventional 6T SRAM cell. It would be interestingto see the
application of this 5T cell to the modern memory aicuit
techniques. In this paper, we present a simple infgmentation of
drowsy cache using the 5T port-less SRAM cell wittBOnm
technology, including the organization of the celarray and the
peripheral circuits such as the voltage switcher,@wsy set circuit,
the decoders, the current sense amplifier and so on

. INTRODUCTION

T he most significant difference of the 5T cell comgubto

the conventional ones is that there is no portsistors to
access the cell. Therefore, the bit-line and pdimer of the

cell array are merged together. As a result, we #ze area for
every single cell as well as introduce much lessahimes.

The basic structure is shown in Fig.1 [2][3].
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Fig. 1 Basic structure of 5T SRAM cell

The main idea of the standard drowsy cache [1]ois t
periodically switch the whole cache into drowsy modhich
keeps the data safe under a much lower supplygefar the
purpose of reducing the leakage power of the inactells. It
works at the granularity of every single cache ;lisay the
smallest unit of switching between normal mode dralvsy
mode is a cache line. Every time a cell is acaksieis
necessary to identify whether it is in drowsy modkso, the
cell has to be waken up first, otherwise, it carabeessed the
same way as before.

The rest of the paper is organized as follows:elctisn 2,
the new architecture design of the drowsy cacheaisly for
the 5T cell structure is introduced. Section 3 enésthe basic
analysis of the 5T cell and the determination & tmowsy
mode voltage considering the stability and leakpgever
reduction. The wake-up penalty is also discusséisrsection.
In section 4, the drowsy control circuits and re#&duits are
introduced to meet the requirement of this drovexhe design.
We conclude and discuss the current and future wbértkhe
drowsy cache design based on 5T cell structure.

Il. ARCHITECTURELEVEL DESIGN

Since the bit-line and power-line are merged toget the
new 5T design, this property prevents us from immaeting
the drowsy cache in a fine-grain fashion such aghat
granularity of a cache line. One remedy for thi®ichange the
arrangement of the data from a horizontal wayvertical way
S0 as to adapt the fine-grain fashion; howevengltiis means
give up the potential ability to access severalibés at the
same time.

Therefore, the drowsy cache is implemented in a
coarse-grain way by dividing the cell array intoesal blocks
and the voltage switching works at the granulaftgne block.
The coarse-grain implementation at the same tirogige us
the opportunity to keep track of the cache behavadrevery
block respectively while it is not practical to aeathe cache
behavior of every cache line regarding the fingrgra
implementation.

Another advantage of 5T cell structure is to sotke
leakage problem on the bit-line without extra dfdvecause
the power line and bit-line are merged. The maghigecture
of the design is shown in Fig.2.
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Since the drowsy cache design is a trade off betviee
system performance and the leakage power reductien,
wake-up delay (or penalty) is a critical parameteconsider
the wake-up policy [1]. We do the simulation by tug a ‘1’
firstly, then drop the voltage of both bit-line doowsy mode
voltage and then wake the cell up to the activeanstown in
Fig. 4.
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Fig.2 Main Architecture of Drowsy Cache
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Fig. 4 Basic cell operation and wake-up penasy t

We take advantage of the existed multi-block cache

architecture and add one control circuit for eveaighe block
to trace the behaviors and switch between drowdynanmal
mode. Currently, we are simulating a 16x16 cethadivided
into four 4x16 blocks since we use a 4-bit wordhia design.

I1l.  ANALYSIS OF CELL AND DETERMINATION OF DROWSY
VOLTAGE

In the 5T cell design, the SNM of the cell is styhn
dependent on the length of AXS transistor [3]. ¥#signed
the AXS transistor to be 800nm long based on tlséing
results to ensure a safe SNM for the cell.

Speaking of the determination of drowsy voltage manly
take two factors into account, the data stabilitg deakage

power consumption. The SNM is measured by DC a@d A

analysis based on the loop gain model [4] for difife supply
voltage, and the SNM of over 10% of the Vdd is oted when
power supply voltage is 0.3V (1V for active modejich is
shown in Fig. 3.
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Fig. 3 SNM and leakage power as the functioruppéy voltage

Another observation is that leakage power reduzés 1%
of that in the active mode when the supply voltdiges below
0.35V (Fig. 3). Therefore, we decide to let thevebp voltage

IV. PERIPHERALCIRCUITS DESIGN

Most of the peripheral circuits are conventionale®n
including the NAND-based row decoder with divided
word-line decoding [7], tree-based column decoddy the
write control circuit and the address transitioted&on circuit
[8]. In this section, we mainly focus on the cutresense
amplifier and the drowsy control circuit.

A. Read Circuit

The drawback of the conventional voltage sense iéietb
large bit-line capacitance. This results in largkag, low speed,
large power consumption and small output signahgwiln
addition, due to the characteristic of 5T port-I8§AM cell,
the bit-line voltage differential is a function thfe SRAM cell
current, the bit-line capacitance and the pre-ahargnsistor
width. Therefore, a current sense amplifier rattigan a
conventional voltage-based sense amplifier are @yepl
which provides high performance and low power camgion.
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Fig. 5 Read circuit of current-mode 5T port-IS§&AM



We implemented a hybrid current sense amplifier, athe cell is in drowsy mode is not enough. Evethé power

combination of a current conveyor and current sengglifier,
shown in Fig. 5 [5]. The sensing delay is relaghvieksensitive
to the bit-line capacitance since no differentiakctiarging of
the large bit-line capacitance is needed to sdresedll data.
Therefore, this scheme increases the speed of @heses
amplifier further due to the fact that there isl@nf of bias
current before the sense-amplifier is actually éwhg].

B. Drowsy Control Circuit

One complicated part of the drowsy cache is itsmdyo
policy, namely when to put which cell into drowspde. This
policy can be either done in software or hardwaré @ither
simple or complex. The standard drowsy cachelptiteacells
into drowsy mode periodically according to the C8/dles by
setting the drowsy bit of the cache lines [1]. sTimethod may

need the assistance from the software part and som

modification to the MMU. In our design, we implentea
counter with the input from CPU cycle as CLK and tutput
of block decoder as RESET. In other words, whe@mRU
cycles passed and the corresponding block is res@rssed,
the counter can trigger one pulse signal to sebtbek into
drowsy mode, where N is exactly the upper limithef counter.
Implementing this in hardware makes the drowsy eadable
in the system without any modification to othertpar in the
software. The area overhead introduced, howevay,be an
issue. Itis not as flexible as to do this in wafte at the same
time.

Itis essential to keep the data safe when thascilldrowsy
mode, so the access to a drowsy cell should bgettlor a
while until it is waken up and safe to be accessEge circuit
for this protection is shown in Fig. 6 along witmetswitch
circuit to change the supply voltage between 1V@BY¥. The
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Fig. 6 Voltage switching and gating circuits

circuit is very similar to the published one [1] ilghwe made
some corrections and change the gating part frdgnaamAND

gate to a RC delay circuit. The main idea to de thange is
we doubt that just eliminating the part of the ascgignal when

supply is changed to 1V, the bit-line still neediset to
pre-charge and the cell needs even more time torecthe data.
Therefore, we consider a delay circuit here coelddfer.

V. CONCLUSIONS

A different way of drowsy cache implementation atuit
level has been presented. Comparing to the ofigina
implementation, this method adapts a coarse-geainiédn and
chooses to get most implementation done in thewse)
without modifications to other parts of the system.
Unfortunately, we are not able to provide much itkeda
performance data here as there are still some ssabhen
getting the whole circuitry to work properly altlghuwe have
%imulated the R/W and switching operations on ongles cell
as well as verified the correct function of evemripheral
circuit implemented. In addition to collecting sieedata, there
are a lot of things can be done in the continuoaskw Our
main targets here include reporting the performatata based
on the simulation of SPEC benchmarks and compavitigthe
standard design if possible; improving the peripheircuits
either for the sake of high performance or low pgwearching
a way to better use the electrons discharged wivinhing
from active mode to drowsy mode.
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