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ABSTRACT

Transposition memory (TRAM) is one of the most important
matrix processing block. This paper presents the design of a
transposition memory implemented using 1V 45nm CMOS
technology in Cadence® Virtuoso® Design Environment. A
new double edge triggered flip-flop based on clock-gated
pulse suppression technique is developed. This new double
edge triggered flip-flop evolved from clock-gating pulse
suppression technique reduces the power dissipation in the
clocking system. This new clock-gated pulse suppressed
double edge triggered flip-flop (CGPSDFF) is used to design
the D flip-flop based architecture of a high speed TRAM and
power reduction of the CGPSDFF-based TRAM is 20%
better than conventional TRAM.
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1. INTRODUCTION

Image, speech, data and video compression requires high
speed matrix calculations. Transposition memory (TRAM) is
the major building block of the matrix processing unit.
TRAM is highly used in the signal processing algorithms
such as DCT, DWT. Consider 2D-DCT, where the first stage
computed DCT to be transposed before the second DCT is
applied. This implies that data is to be manipulated in the
memory itself without using the processing elements. So
transposition memory architecture becomes extremely
important. As a result, several architectures have been
proposed for transposition memory.

There are two typical architectures for TRAM. One is RAM
based architecture [1], and the other one is D flip-flop based
architecture [2]. Despite of less flexibility, the DFF-based
architecture of TRAM can fulfill the performance demand
which is widely used in very high speed or real-time
applications. The flip-flop and the multiplexer are the basic
building blocks of D flip-flop based architecture. Improve in
the performance of these components will have a definite
impact on the overall performance. Jinn-Shyan Wang et. al.
[3] proposed the architecture of TRAM based on a pulse-
clocked D flip-flop.Zhang Wenle et. al. [4], proposed a static
double edge-triggered flip-flop (SDETFF). The
design of SDETFF consists of a XNOR-based pulse
generator and a front-end sampling circuit. The pulse
generator and latch structure of SDETFF is shown in the Fig
1. In this, the inverted version of the clock signal CLK,
CLKb is generated by an inverter which generally reduces
the number of transistors required to generate the CLKb.
Whenever the clock pulse arrives at the input of transistor N4
and N3, the input data D and its inverted version DB is
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directly given to T and TB respectively, so the leakage power
consumption in SDETFF is quite low.

CLKb
s L=
—|P1 —‘ P2

DC Pulse
CLK —l >0— CLKb

N1

4N2

+

(a) Pulse Generator

2 2
P4 P3
10/5 10/5
Q 3 T
—o<} = { >So— QB
8

N4 Q N3
8 D «Dw DB
DB D
(b) Latch

Fig. 1: Static Double Edge-Triggered Flip-flop

P. Zhao et. at [8], proposed a Conditional discharge flip-flop
(CDFF) based on a conditional discharge technique. This
CDFF reduces the internal switching activities. In this
flip-flop the extra switching activity eliminated by
controlling the discharge path when the input is stable high.
Double edge-triggered pulse generator [5] utilized for CDFF
reduces the power on the clock tree and the clocked
transistors in pulsed generators. The SDETFF consists less
number of transistors when compared to CDFF. But the
redundant pulses in the clock signal exists in both CDFF and
SDETFF which leads to the increase in the dynamic power
consumption due to the unnecessary charging and
discharging of the redundant pulse loads at the internal
nodes.Most of the power in VLSI architectures is mainly
consumed by the clock. Reducing the power consumed by
the clocking system will have deep impact on the total
power. In a D flip-flop, whenever there is no
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change in the input data or no transition occurs in the data,
the redundant clock pulses exits at the internal nodes. Clock
gating technique [6] [7] is one of the most prominent low
power technique which eliminates the redundant pulses
present in the clock signal. Conditional discharge technique
is also another technique using which the unnecessary
transition at the internal node is eliminated but the redundant
pulses still exist.Clock gating technique incorporated with
single edge triggered flip-flop eliminates both edges of the
clock signal if they are redundant. In a double-edge triggered
flip-flop both rising and falling edge of the clock signal are
useful. So, clock gating technique alone is not valid for a
double-edge triggered flip-flop as one edge of the clock
signal is useful and the other is redundant.

In this work, the design of a transposition memory using a
new double-edge triggered flip-flop based on a Clock-gated
pulse suppression technique is presented. As the pulse
triggered flip-flops have negative setup time, soft edge,
simple structure and have better performance [9]-[15] than
the traditional master-slave flip-flops, a new low power
double edge triggered pulse suppression technique is
proposed. This proposed double-edge triggered flip-flop is
then applied to a DFF-based architecture of the TRAM.

The paper is organized as follows. In Section 2, we briefly
discuss the DFF-based overview and architecture of the
transposition memory. In Section 3, we describe the building
blocks of TRAM and Section 4 shows experimental results.
Finally, Section 5 concludes this work.

2. TRANSPOSE MEMORY

2.1 Overview

In many signal processing systems like DCT, transposing the
matrix coefficients plays an important role which increases
the signal processing speed and the architecture of D flip-
flop based TRAM [2] performs transposition on-the-fly and
eliminates and eliminates the need for double buffering,
which would have been necessary had a static dual-addressed
RAM been used.
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Fig. 2: Block diagram of DFF-based TRAM

The block diagram of the transposition memory has shown in
the Fig. 2. Array of cell consists of D flip-flop and this array
is configured to receive the inputs from the horizontal as well
as vertical direction as well as to shift the data both in
horizontal and vertical directions. Control unit consists of
selection lines to the multiplexer which control the direction
of the inputs to the cell arrays.
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2.2 Architecture

The architecture of the DFF-based TRAM consists of a 2-D
array of shift registers, as shown in the Fig. 3. This 8 X8
matrix-type TRAM realize a pipelined architecture, and the
latency is 8 clock cycles. So, the transposition of the input
data will be concluded after the eighth clock signal. This
TRAM shifts the input data from top to bottom and left to
right. The most important aspects of this design are the
ability to shift the data in either direction as well as to switch
the direction of data flow during the circuit operation.
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Fig. 3: The DFF-based 8 x 8 TRAM

3. BUILDING COMPONENTS

The basic components of DFF-based TRAM are the DFF and
the multiplexer. Improve the performance of these two
component will have a definite impact on the overall
performance of the TRAM.

3.1 MUX

The CMOS-style multiplexer shown in Fig. 4 is selected in
the design of new double edge triggered based TRAM. All
the designs are based on a 1-V 45nm CMOS technology. The
traditional CMOS-style multiplexer has been shown to have
high performance and lower-power characteristics than the
transmission-gate style multiplexer [16]. Meanwhile, the
layout of the CMOS-style multiplexer is straight forward and
efficient. It is then suitable for this high-speed and low-
power TRAM design.
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Fig. 4: CMOS-style two input multiplexer
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3.2 Proposed Flip-flop

An explicit-pulsed semi dynamic flip-flop (ep-DCO) does
not offer any performance advantage over implicit-pulsed
semi-dynamic flip-flop, and consumes large energy due to
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the explicit pulse generator [17]. But, the pulse generator
power consumption can be significantly reduced by haring a
single pulse generator among a group of flip-flops.The power
consumption in pulse triggered flip-flops can be reduced by
suppressing the redundant pulse in the clock signal. In this
work, a clock-gated pulse suppression technique is presented
to reduce the redundant pulses in the clock signal. This
technique can be applied for both single edge and double
edge-triggered flip-flops. In this, the unnecessary charging
and discharging of the clock pulse at the internal node will be
eliminated and leads to power reduction. The proposed
double edge-triggered flip-flop consists of pulse generator
and latch as shown in the Fig. 5(a) and Fig. 5(b) respectively.

The operation of the proposed pulse generator is as follows.
This pulse generator mainly uses three transistors to
eliminate the redundant pulses in the clock signal. Depending
upon the input D and the output Q of the flip-flop the pulses
were generated. When there is no change in the input data or
no transition occur the transistor paths created by N5 and N7
or N6 and N7 transistors turned OFF and the node Z stays at
high level irrespective of the status of the clock signal. Then
the output of the pulse generator CP is zero. When the
transition occur the path created by transistors N5 and N7 or
N6 and N7 turned ON and the node Z discharges for a short
period. So the required pulses are generated at the output port
CP.

The operation of proposed latch explained as follows. When
the clock pulse CP arrives and the data D changes from 0 to
1, i.e. the transition occur in the input data, the transistor N8
turns on and node X discharges, which pulls the Q high. If
data transition from 1 to O occurs, the transistor N8 turn off
and node X remains unchanged (pre-charge). So, the node Q
discharged through the pass transistor N11 [18]. From the
operation of the latch and pulse generator, the clock pulse is
generated when the input D and the output Q are different i.e.
the clock pulse is generated only when the data transition
occur in the input. Thus, the redundant pulses are suppressed
and the unnecessary transitions of the pulse load are
eliminated.
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Fig. 5: (a) Proposed clock-gated pulse suppressed
DETFF and (b) Pulse Generator.

4. EXPERIMENTAL RESULTS
4.1 Proposed Flip-flop

The performance of proposed clock-gated pulse suppressed
double edge-triggered flip-flop and the conventional flip-
flops are simulated and compared. Fig. 6 shows the setup
model for the simulation of the proposed flip-flop. And the
applied simulation patterns are shown in Fig. 7. In this set-up
model the data buffers power consumption, loading effect of
the flip flop and previous stage is also included. The flip-flop
has load capacitance of value 20fF capacitor and an extra
capacitance after the clock buffer is also placed with a value
of 3fF.
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Fig. 6: Simulation setup model
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Fig. 7: Simulation waveform of the proposed clock-gated
pulse suppressed double edge-triggered flip-flop

Simulation waveforms by Cadence® Virtuoso® Design
Environment in 45nM CMOS technology with 1V power
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supply are shown in Fig. 7. As seen from the figure, the pulse
signals are generated only when change in the input data
occurs and pulse signals are suppressed when there is no
change in the input data. From the performance metrics
comparison of various flip-flops is shown in Table 1, though
SDETFF has less D-to-Q delay than the proposed flip-flop,
average power and power-delay product of the proposed
flip-flop are low. In CGPSDFF, power consumed by the
clock signal is reduced by suppressing the redundant pulses
present in the clock signal.

Table 1 Performance metrics comparison of various flip-

flops
TypiﬁLFﬁp- COFF [g] SDiEFF gﬁ;ig;g
Transistors 28 18 24
Mgﬂﬁgyégf' 0.88 0.62 0.76
A"ers‘g\‘j\go""er 2.43 1.90 1.54
| e |
4.2 TRAM

The DFF-based TRAMs are designed by using the flip-flops
CDFF, SDETFF and the proposed clock-gated pulse
suppressed double edge-triggered flip-flop (CGPSDFF),
respectively. The simulation result of the transposition
memory designed using CGPSDFF as shown in the Fig. 8.
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Fig. 8: TRAM simulation waveforms

The design and simulation of this proposed transposition
memory is carried out in Cadence® Virtuoso® Design
Environment with 1V power supply voltage and running at
50-MHz frequency. From the simulations results, it is found
that the power dissipation of the various TRAMs designed is
different. Fig. 9 shows the power consumption of
transposition memory using CCDETFF, SDETFF and the
proposed flip-flop CGPSDFF respectively. From the
simulation results, the power dissipation of the transposition
memory designed using clock-gated pulse suppressed double
edge-triggered flip-flop is 20% less compared to SDETFF.
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Fig. 9: Power consumption of various transposition
memories

5. CONCLUSION AND FUTURE

SCOPE

A DFF-based transposition memory (TRAM) has been
designed in 45-nm CMOS technology. The power
consumption of the new TRAM is smaller than that of other
TRAMs. Power reduction of the new TRAM comes from the
utilization of new double edge-triggered flip-flop based on
clock-gated pulse suppression technique (CGPSDFF). The
redundant pulses in the clock signal are suppressed to
eliminate the charging and discharging of unnecessary pulse
loads. Thus, the power consumption of TRAM of this is
reduced by 20% when compared to TRAM based on
SDETFF.

The transposition memory (TRAM) of this work can be used
to implement higher order Discrete Cosine Transform (DCT)
and various matrix processing blocks. Further improving the
performance of new double edge-triggered flip-flop utilized
in this paper improves the performance of transposition
memory.
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