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Abstract—This paper proposes a power and area-efficient
SRAM using pulsed latches. The area and power consumption
are reduced by replacing flip-flops with pulsed latches. This
method solves the timing problem between pulsed latches
through the use of multiple non-overlap delayed pulsed clock
signal instead of conventional single pulsed clock signal. The
shift register uses a small number of pulsed clock signals by
grouping the latches to several sub-shift register and using
additional temporary storage latches. Now, we are extending this
work by designing an application SRAM using proposed shift
register which results in power and area efficient. A 256 bit
SRAM using pulsed latches is designed through Verilog HDL
using Xilinx tool. This design of SRAM with conventional
register and with proposed shift register will be compared and
analyzed and finally will be shown that SRAM with proposed
shift register is power and area efficient.

IndexTerms—area-efficient,flip-flop,pulsedclock,pulsedlatch,
shiftregister, ram.

LINTRODUCTION

Flip-flops (FFs) are the basic storage elements used
extensively in all kinds of digital designs. In particular,
digital designs nowadays often adopt intensive pipelining
techniques and employ many FF-rich modules such as
register file, shift register, and first in first out. It is also
estimated that the power consumption of the clock
system, which consists of clock distribution networks and
storage elements, is as high as 50% of the total system
power. FFs thus contribute a significant portion of the chip
area and power consumption to the overall system design.
Pulse-triggered FF (P-FF), because of its single-latch
structure, is more popular than the conventional
transmission gate (TG) and master—slave based FFs in
high-speed applications. Besides the speed advantage, its
circuit simplicity lowers the power consumption of the
clock tree system. A P-FF consists of a pulse generator
for strobe signals and a latch for data storage. If the
triggering pulses are sufficiently narrow, the latch acts
like an edge-triggered FF.

Since only one latch, as opposed to two in the
conventional master—slave configuration, is needed, a P-
FF is simpler in circuit complexity. This leads to a higher
toggle rate for high-speed operations. P-FFs also allow
time borrowing across clock cycle boundaries and
characteristic a zero or even negative setup time. Here we
present a low power pulse triggered flip-flop based on a
signal feed through scheme. The design manages to shorten
the longer delay by feeding the input signal directly to an
internal node of the latch design to speed up the data
transition. This mechanism is implemented by introducing a
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simple pass transistor for extra signal driving. When
combined with the pulse generation circuitry, it forms a
new P-FF design with enhancedspeedandpower-delay-
product(PDP) performances.

As we know, the clock system which consists of the clock
distribution network and timing elements (flip-flops and
latches) is one of the most power consuming components in a
VLSI system. This power consumption is approximately 30%
to 60% of the total power dissipation in a system. As a result
of reducing power consumed by flip -flops will have a deep
impact on the total power consumption. In common digital
VLSI circuits, the various sources of power dissipation are
switching power (Pswitching), short circuit power
(Pshortcircuit), static power (Pstatic) and leakage power
(Pleakage).

The following equation describes the total power
consumption (Ptot) related to these four power components.

Ptot = Pswitching + Pshortcircuit + Pstatic + Pleakage ...... (€))

The important ways to reduce this power consumption are
voltage scaling and double edge triggering .Voltage scaling
is the most effective way to decrease power consumption,
since power is proportional to the square of the voltage (the
golden equation for power consumption of VLSI circuits P
=CLVdd2fclk ; where CL — load capacitance, Vdd -
supply voltage and fclk — clock frequency. However,
voltage scaling is associated with threshold voltage scaling
which can cause the leakage to increase exponentially. On the
other hand, double-edge triggered clocking can be used to
save half of the power on the clock distribution network
results in total power consumption. Double edge triggering
means that, a flipflop responses for both positive (0 to 1
transition) and negative (1 to 0) edges results in cutting the
frequency of the clock by one half. In this paper the second
method-double edge triggering is proposed to implement
clock branch sharing-implicit pulse (CBS_ ip) scheme flip-
flop and make comparison analysis with the existing double
edge triggering flip-flops.

Testing of any chip is mandatory to guarantee its
functionality after the manufacturing Process. Based on type
of the circuit, different testing techniques were proposed.
Scan based testing is one of the popular testing technique for
digital circuits. During the logic synthesis phase of ASIC
design the classical D- flip-flop is replaced by the scan
flip-flop as a design for testability. The logic diagram of
scan flip-flop is as shown in figure.1 usually the scan flip-flop
is the combination of multiplexer and a D-flip-flop.
These scan flip-flops are connected as a shift register to
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pass the test vectors into the circuitcontagion.
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Figure 1: Block diagram of Scan flip flop

Testing cycle includes sequence of three different
cycles as shift-in, capture and shift-out. During shift-in
and shift-out cycles the circuit remains in test mode and
during capture cycle the circuit remains in normal mode.
The power consumption during shift cycle is directly
proportional to the switching activity of the number of
components in the circuit due to the serial shifting of test
vectors. Zorian showed that Power dissipation during test
mode of an IC is significantly higher than during normal
mode.

Different techniques are proposed to reduce the test
power during both shift cycle and capture cycle. Software
based method of reducing test power during shift cycle
proposed by Dobholkar where test vectors are reordered
such that to reduce the number of transition in the circuit by
10% - 14%. Kajihara proposed the software based method
to reduce the switching activity in the circuit by filling
the don“t care value with the value of adjacent on the
left. This method reduces the switching activity by 36% -
47%. Preferred fill is the software based power reduction
method proposed by Ramersaro to reduce the switching
activity of the circuit during capture cycle. There are few
hardware based methods of reducing test power.
Gerstendorfer proposed a method of adding NOR gate with
the scan cell to hold the constant output value in
combinational circuit during scanning. Swarup

Bhunia proposed a technique of inserting extra supply
gating transistor in the supply to ground path for the first-
level gates at the outputs of the scan flip-flop. This method
showed improvement of 62% in area overhead, 101% in
power overhead and 94% in delay overhead. Amit
Mishra proposed a modified scan flip-flop for low
power testing in which the flip-flop disables the slave
latch during scan and uses an alternate low cost dynamic
latch. There are different latches and flipflops with many
different techniques are proposed to reduce power and delay
during testing.

II. Existing System
The existing method comprises of the design of shift
register by using pulsed latches. Moreover the architecture of
shift register consists of pulsed clock generator which is used
for generating clock pulses to the latches. Then, it also consists
of sub-shift registers blocks and it also contains temporary
storage latches to produce some time delay.
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Fig. 2: Typical master slave flip-flop.
The above figure shows that schematic of the fig 2.
The maximum clock frequency in the conventional shift register
is limited to only the delay of flip-flops. Therefore, the area and
power consumption are more important than the speed for
selecting the flip-flops. The proposed shift register uses latches
instead of flip-flops to reduce the area and power consumption.
In the conventional delayed pulsed clock circuits, the
clock pulse width must be larger than the summation of the
rising and falling family times in all inverters in the pulsed
clock generator clock pulsed width can be shorter than the
summation of the rising and falling times because each sharp
pulsed clock signal is generated from an AND gate and two
delayed signals. Therefore, the delayed pulsed clock generator
is suitable for short pulsed clock signals,

I1. Proposed system

Proposed Shift Register:

A master-slave flip-flop using two latches in Fig.3(a)
can be replaced by a pulsed latch consisting of a latch and a
pulsed clock signal in Fig.3(b). All pulsed latches share the
pulse generation circuit for the pulsed clock signal. As a
result, the area and power consumption of the pulsed latch
become almost half of those of the master-slave flip-flop.

Latch
Latch  Lateh Data=wD QP Output
Data-»D  QFHD  QrFp Ouiput CkK
CK | | CLK J
A Clock =¥ [l
Clock Pulse generation circuit

(a) (b)

Fig. 3: (a) Master-slave flip-flop. (b) Pulsed latch.

The pulsed latch is an attractive solution for small area
and low power consumption. The pulsed latch cannot be used in
shift registers due to the timing problem, as shown in Fig.3.The
shift register in Fig. 4(a) consists of several latches and a pulsed
clock signal (CLK_ pulse). The operation waveforms in Fig.
4(b) show the timing problem in the shifter register. The output
signal of the first latch (Q1) changes correctly because the input
signal of the first latch (IN) is constant during the clock pulse
width. But the second latch has an uncertain output signal (Q2)
because its input signal (Q1) changes during the clock pulse
width.
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Fig 4: Shift register with latches and a pulsed clock signal.
(a) Schematic. (b)Waveforms
One solution for the timing problem is to add delay
circuits between latches, as shown in Fig. 5(a). The output
signal of the latch is delayed (T delay) and reaches the next
latch after the clock pulse. As shown in Fig. 5(b) the output
signals of the first and second latches (Q1 and Q2) change
during the clock pulse width( T pulse) , but the input signals of
the second and third latches (D2 and D3) become the same as
the output signals of the first and second latches (Q1 and Q2)
after the clock pulse. As a result, all latches have constant input
signals during the clock Pulse and no timing problem occurs
between the latches. However, the delay circuits cause large
area and power overheads.

N —»| La}fch Igl(delay}ﬂﬂ La‘ich }3’“’»@33» ese

D e e T T e T -
CLK_pulse
(a)
IN IN<0>| INs1> | IN<22
CLK_pulse [ |__|

ai IN<0> f IN<1> ("m:z:-

D2 IN<O>i-nf IN<T> IN<1> oo IN<2>

Qz T IN<05 e N2

D3 o, IN<0> fod IN<T>
- i
ToeLay Toevay

(b)
Fig 5: Shift register with latches, delay circuits, and a pulsed
clock signal.
(a) Schematic. (b) Waveforms.

Another solution is to use multiple non-overlaps
delayed pulsed clock signals, as shown in Fig.6(a). The delayed
pulsed clock signals are generated when a pulsed clock signal
goes through delay circuits. Each latch uses a pulsed clock
signal which is delayed from the pulsed clock signal used in its
next latch. Therefore, each latch updates the data after its next
latch updates the data. As a result, each latch has a constant
input during its clock pulse and no timing problem occurs
between latches.

Page | 34

www.junikhyat.com

ISSN: 2278-4632
Vol-10 Issue-7 No. 11 July 2020

Q2 | 1 Q3
¥ ot

IN —v-b|_La‘ch I| L ,lia‘ch I|
CLK_pulse<i>|CLK_pulse<2>|CLK_pulse<3>| ssss

oo

Delayed pulsed clocks
(a)

IN IN<U>i IN<1> | IN<2>

CLK_pulse<i> 1 m

[+]] IN<0> y IN<1=> IN<1= f IN<2=
CLK_pulse<2> ’;,_ M

Q2 { IN=0> iN<o> & TN=1E
CLK_pulse<3> M

Q3 /e ‘ IN<0>

—»i ToELAY
TDELﬂV

(ki

Fig 6: Shift register with latches and delayed pulsed clock
signals.
(a) Schematic. (b) Waveforms.

However, this solution also requires many delay
circuits. Fig.7(a) shows an example the proposed shift register.
The proposed shift register is divided into sub shifter registers to
reduce the number of delayed pulsed clock signals. A 4-bit sub
shifter register consists of five latches and it performs shift
operations with five non-overlap delayed pulsed clock signals.
In the 4-bit sub shift register #1, four latches store 4-bit data
(Q1-Q4) and the last latch stores 1-bit temporary data (T1)
which will be stored in the first latch (Q5) of the 4-bit sub shift
register #2. Fig.7(b) shows the operation waveforms in the
proposed shift register. Five non-overlap delayed pulsed clock
signals are generated by the delayed pulsed clock generator in
Fig.8. The sequence of the pulsed clock signals is in the
opposite order of the five latches. Initially, the pulsed clock
signal CLK_ pulse (T) updates the latch data T1 from Q4. And
then, the pulsed clock signals CLK_ pulse update the four latch
data from Q4 to QI sequentially. The latches Q2-Q4 receive
data from their previous latches Q1-Q3 but the first latch Ql
receives data from the input of the shift register (IN). The
operations of the other sub shift registers are the same as that of
the sub shift register #1 except that the first latch receives data
from the temporary storage latch in the previous sub shift
register.

4-bit sub shift register #M

CLK

E § CLK_pulse<1>
°m CLK_pulse<2>
g 2 CLK_pulse<3>
E o CLK_pulse<4>

CLK_pulse<T>

(a)
Fig 7: Proposed shift register. (a) Schematic.
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The proposed shift register reduces the number of delayed
pulsed clock signals significantly, but it increases the number of
latches because of the additional temporary storage latches. As
shown in Fig.8 each pulsed clock signal is generated in a clock-
pulse circuit consisting a delay circuit and an AND gate. When
an N _bitshift register is divided into K _bit sub shift
registers, the number of clock-pulse circuits is K+ and the

number of latches is N+Y/K. A K _pit sub shift register
consisting of K1 latches requires K41 pulsed clock signals.
The number of sub shift registers (A1) becomes V/K, each sub
shift register has a temporary storage latch. Therefore, V/K
latches are added for the temporary storage latches.

The conventional delayed pulsed clock circuits in Fig.7 can
be used to save the AND gates in the delayed pulsed clock
generator in Fig.8. In the conventional delayed pulsed clock
circuits, the clock pulse width must be larger than the
summation of the rising and falling times in all inverters in the
delay circuits to keep the shape of the pulsed clock. However, in
the delayed pulsed clock generator in Fig.8 the clock pulsed
width can be shorter than the summation of the rising and
falling times be-cause each sharp pulsed clock signal is
generated from an AND gate and two delayed signals.
Therefore, the delayed pulsed clock generator is suitable for
short pulsed clock signals.
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Clock buffer

' Clock-pulse
circuit

CLK_pulse<4> sess CLK_pulse<i>

Clock- | & & | Clock-

pulse | % ssss X | pulse

circuit | 5 o | cireuit
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Fig 8: Delayed pulsed clock generator

The numbers of latches and clock-pulse circuits change
ac-cording to the word length of the sub shift register (K ). K
is selected by considering the area, power consumption, speed.
The area optimization can be performed as follows. When the
circuit areas are normalized with a latch, the areas of a latch and
a clock-pulse circuit are 1 and ¢, respectively. The total area

becomes QA (K +1)+N (I+1/K). The optimal K (—

N/ CEA) for the minimum area is obtained from the first-order
differential equation of the total area (O—aA _N/K)..

IV. Extension-SRAM

SRAM (static Ram) is Random Access Memory
(RAM) that retains the data bits in its memory as long as power
is being supplied. SRAM is a type of volatile semiconductor
memory to store binary logic ‘1’ and ‘O’ bits. SRAM uses
Bistable latching circulatory made of transistors /MOSFETS.
SRAM keeps the data constant without the need of memory
module to be refreshed periodically consequently. SRAM
modules grant faster data access than DRAM ones. SRAM is an
on-chip memory. Whose access time is small and faster
execution than DRAM. The SRAM are widely used on the
processors between the main memory of the computer.
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SRAM (static RAM) consists of flipflops, a Bistable
latching circuit to store each bit and composed four (Or) six
transistors. The SRAM is an application and extension to our
project[power and area efficient using pulsed latches] the output
that gain from the project is taken as input to the SRAM.it is an
extension to our project. This is why SRAM is used for
applications that requires relatively fast access to data Like
video cards and cache memory.

The word static indicates that the memory retains the content as
long as power is being supplied. However, data is lost when the
power gets down due to the volatile nature.
SRAM chips use a matrix of 6.transisters and no capacitors.
Transistors do not require power to prevent leakage, so SRAM
need not to be refreshed on a regular basis.

SRAM is random access memory (RAM) that retains
data bits in its memory as long as power is being supplied.
SRAM for a computer cache memory and as part of the random
access memory digital-to-analog converter on a vedio card.
Hence SRAM uses more chips than DRAM for the same
amount of storage space, making the manufacturing costs
higher. SRAM thus used for the very fast access of cache
memory.

CHARACTERSTICS OF SRAM:
e Long life
e No need to refresh

Faster execution

Used as cache memory

Large size

Expensive

High power consumption.

dout(255:0)

Fig.9: RTL Schematic for extension system

The SRAM module is required to have both high
operating performance to deal with multimedia applications and
low power consumption to prolong battery life. Active power
consumption of CMOS logic circuits increases quadratically
with supply voltage is one of the most effective ways to reduce
energy usage but unfortunately this comes at the expense of
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lower speed. To get the best trade-off, supply voltage and
threshold voltage scaling along with process is needed.
However the increase of leakage current limits the threshold
voltage reduction as well as the supply voltage scaling.
Moreover, in 45nm technology and below, voltage scaling
becomes very complex due to the difficulty of the SRAM
operation. In fact, in order to achieve very high density, the
SRAM cell is implemented with the smallest size MOS
transistors, which in turn are more and more impact by the
increase of process fluctuations. It results in many obstacles to
overcome to achieve low-voltage operation.

V. RESULTS
L. DESIGN SUMMARY:
Device Utilization Summary
Logic N . O
Utilization Used Available Utilization
No. of slices 1850 4656 39%%
Existing No. of
Bonded 264 232 113%
I0Bs
No. of slices 0 4656 0%
Extension No. of
Bonded 256 232 110%
I0Bs

Table.1 : Device Utilization summary.

The entire project describes about designing of power
and area efficient SRAM. So the designing process consists of
code and its data. So this data is to be dumped on to a FPGA
block for that purpose we use a software called Xilinx.

So by using this Xilinx software we can measure the
area in terms of slices. But what does a slice means ? A slice is
nothing but group of configurable logic blocks which are
present in FPGA board. The no. of configurable logic blocks
will depend on which type of FPGA we will use.

So, the FPGA what we use has a total no. of 4656
slices. Now we will see the no. of used slices both in the
existing and the extension data.

A.Existing data:
e The no. of slices used in the existing data are approx.,

1850. So the utilization percentage becomes 39%.

e Here by, we come to know that consumption of the
area and power is more with respectively.
B. Extension data:
e The no. of slices used in the extension data are

absolutely ‘0’. So the utilization percentage is also 0%.

e Because here we used latches rather than the flip-flops.

e So hereby, we come to know that the area and power
consumption is decreased compared to the existing
system.

II. SIMULATION RESULTS:
their

The developed project is simulated and verified
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functionality. Once the functional verification is done, the RTL
model is taken to the synthesis process using the Xilinx ISE
tool. In synthesis process, the RTL model will be converted to
the gate level netlist mapped to a specific technology library.
Here in this Spartan 3E family, many different devices were
available in the Xilinx ISE tool. In order to synthesis this design
the device named as “XC3S500E” has been chosen and the
package as “FG320” with the device speed such as “-4”.

Fig. 10: simulation waveforms.

This design is synthesized and its results were analyzed as
shown above fig. 10.

VI.CONCLUSION

This paper proposes a power and area-efficient static-
RAM using spinner cells and a 256 bit SRAM is implemented
by using pulsed latches(spinner cells) through Verilog HDL and
Xilinx software. And it also solves the timing problem between
the pulsed latches by using multiple non-overlap delayed pulsed
clock signals.

And when compared to the existing system the power
and area-efficient can be reduced by using this SRAM in the
proposed system.
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