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Abstract- We present a high speed and lower power
consumption 64-bit comparator based on parallel prefix
tree based structure that leverages the final result
outcome of the most significant bit, proceeding bitwise
toward the least significant bit only when the input bits
are equal. This method reduces complexity of design and
dynamic power dissipation by eliminating unnecessary
transitions. Simulation results show this proposed work is
much faster and less power consumption design compare
to previous comparator. The minimum measured time
delay of proposed 64-bit comparator is 231ps which is
62% and 49% less compare to implemented previous 64-
bit comparators[7], [12] respectively and the average
power consumption during operation of this 64-bit
comparator is 2.37uw which is 30% and 56% less
compare to implemented previous 64-bit comparators[7],
[12] respectively. All simulations are done on Tanner Eda
V13 using 65nm technology.

I. INTRODUCTION

The comparison of two bits is one of most widely used in
computer systems, device interfaces for equality, scientific
computation (graphics and image/signal processing), test
circuit applications (jitter measurements, signature analyzers,
and built-in self test circuits), and optimized equality-only
comparators for general-purpose processor components
(associative memories, load-store queue buffers, translation
look-aside buffers, branch target buffers, and many other CPU
argument comparison blocks. Also it is an important
arithmetic operation in DSP applications, digital filter. Digital
signal processing (DSP) is one of most important units in
electronic devices. Function of basic binary comparator is to
compare the two bits suppose and it gives result in terms of A
greater than B (A>B), A less than B (A<B) and A equal to B
(A=B).

In past decade several comparators architecture are
introduced. Mostly of these designs consume more power,
take more time to operation and these were large in size.
Recently tree-based comparator that utilizes dynamic
Manchester adders are introduced [7], [12]. These
comparators had showed high performance compared to
previous comparators. According to this structure comparator
is divided into several building blocks and the output of one’s
output is given as input to another building block until final
result output comes out. In this brief,
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a new tree structure based 64-bit comparator is modified from
existing architecture [12] to improve its operating speed and

power efficiency from existing comparators is introduced in
this work. Moreover, this work provides the highly
performance 64-bit comparator as comparison between
comparators is shown and performance parameter for
comparison taken are time delay, Average power consumption
and number of transistor. This work is performed using
Tanner Eda V13 as simulation tool software at 65nm
technology modal file.

The rest of this brief is organized as follows: Section Il
reviews previous comparator works. Section Il introduces
and -explains the proposed comparator implementation. IN
section IV schematic view of all sets is shown and described.
Section V describes the simulation setup and presents the
delay and power simulation results. Finally, Section VI
concludes with some final remarks and comments.

I1. EXISTING COMPARATOR DESIGNS

A brief description of the design principles of existing
comparator is provided here. Interested readers are referred to
[12] for a detailed overview. The comparison resolution
module (which depicts the high-level architecture of this
design) is a novel MSB-to-LSB parallel-prefix tree structure
that performs bitwise comparison of two N-bit operands A
and B, denoted as AN—1, AN-2, . . ., A0 and BN-1, BN-2, ..
., BO, where the subscripts range from N-1 for the MSB to 0
for the LSB. The comparison resolution module performs the
bitwise comparison asynchronously from left to right, such
that the comparison logic’s computation is triggered only if
all bits of greater significance are equal.

The parallel structure encodes the bitwise comparison results
into two N-bit buses, the left bus and the right bus, each of
which store the partial comparison result as each bit position
is evaluated, such that

if Ac> By, thenleft,=1 and right,=0

if A< By, thenleft,=0 and right,=1

if Ax =By, thenleft,=0 and right, =0.

In addition, to reduce switching activities, as soon as a
bitwise comparison is not equal, the bitwise comparison of
every bit of lower significance is terminated and all such
positions are set to zero on both buses, thus, there is never

2085



International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 3 Issue4, April - 2014

1JERTV31S041102

more than one high bit on either bus. The decision module
uses two OR-networks to output the final comparison
decision based on separate OR-scans of all of the bits on the
left bus (producing the L bit) and all of the bits on the right
bus (producing the R

Input:

A: 8'b0101 1101 Parallel Prefix

Structure

B: §'h0110 1001

Y

LEFT ny%m BUS

A>B A<B

NETWORK

Fig. 1. Example 8-b comparison.[12]

bit). If LR =00, then A =B, if LR =10 then A > B, if LR =
01 then A < B, and LR = 11 is not possible. An 8-b
comparison of input operands A = 01011101 and B =
01101001 is illustrated in Fig. 1. In the first step, a parallel
prefix tree structure generates the encoded data on the left bus
and right bus for each pair of corresponding bits from A and
B. In this example, A7 = 0 and B7 = 0 encodes as left7 =
right7 = 0, A6 = 1, and B6 = 1 encodes as lefté = right6 = 0,
and A5 = 0 and B5 = 1 encodes left5 = 0 and right5 = 1. At
this point, since the bits are unequal, the comparison
terminates and a final comparison decision can be made
based on the first three bits evaluated. The parallel prefix
structure forces all bits of lesser significance on each bus to 0,
regardless of the remaining bit values in the operands. In the
second step, the OR-networks perform the bus OR-scans,
resulting in 0 and 1, respectively, and the final comparison
decision is A > B.

The structure of this comparator is partitioned into five
hierarchical prefixing sets, as depicted in Fig. 2, with the
associated symbol presentations in Tables I, where each set

performs a specific function whose output serves as input to
the next set, until the fifth set produces the output on the left
bus and the right bus. All cells (components) within each set
operate in parallel, which is a key feature to increase
operating speed while minimizing the transitions to a minimal
set of leftmost bits needed for a correct decision. This
prefixing set structure bounds the components fan-in and fan-
out regardless of comparator bitwidth and eliminates heavily
loaded global signals with parasitic components, thus
improving the operating speed and reducing power
consumption. Additionally, the OR-network’s fan-in and fan-
out is limited by partitioning the buses into 4-b groupings of
the input operands, thus reducing the capacitive load of each
bus.

TABLE |
SYMBOL NOTATION AND DEFINITIONS [12]
Symbol (Cells) Definition
N Operand bitwidth
A First input operand
B Second input operand
R Right bus result bit
L Left bus result bit
)y Bitwise AND
I Bitwise OR
T{+} Logic function of cell typex
COMP{x} Complement function of set
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This is based on using a novel parallel prefix tree (Tables I
contain symbols). Each set or group of cells produces outputs
that serve as inputs to the next set in the hierarchy, with the
exception of set 1, whose outputs serve as inputs to several
sets. Set 1 compares the N-bit operands A and B bit-by-bit,
using a single level of ¥ type cells. The ¥ type cells provide
a termination flag Dk to cells in sets 2 and 4, indicating
whether the computation should terminate. These cells
compute (where 0 <K <N-—1)

¥: Dy = A © By 1)

Set 2 consists of X2-type cells, which combine the
termination flags for each of the four ¥ type cells from set 1
(each 22-type cell combines the termination flags of one 4-b
partition) using NOR-logic to limit the fan-in and fan-out to a
maximum of four. The 22-type cells either continue the
comparison for bits of lesser significance if all four inputs are
Os, or terminate the comparison if a final decision can be
made. For 0 <m < N/4-1, there is a total of N/4 22-type cells,
all functioning in parallel

£2:Com= COMP(E{Z 7 D)) @)
Set 3 consists of X3-type cells, which are similar to 22-type
cells, but can have more logic levels, different inputs, and
carry different triggering points. A 23-type cell provides no
comparison functionality; the cell’s sole purpose is to limit
the fan-in and fan-out regardless of operand bitwidth. To
limit the £3-type cell’s local interconnect to four, the number
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of levels in set 3 increases if the fan-in exceeds four. Set 3 activity. If the comparison is terminated, set 3 signals set 4 to
provides functionality similar to set 2 using the same NOR set the left bus and right bus bits to 0 for all bits of lower
logic to continue or terminate the bitwise comparison significance. For 0 <

SET2 SET 3

SET1

8N oW Loyn|0sal uos Ledwo?)
v
H

SETS SET4

SN -bits Leftbus
MN-bits Rightbus

£ g
k] - E
=] = l t : g
R P °
o f
Al15:0)] > B[15:0] \“-(—F/ Al1S5:0] = B[15:0]
Al15:20] = B[15:0] -
Fig. 2. Implementation details for the comparison resolution module (sets 1 through 5) and the decision module of existing comparator design [12].
m < N/4 — 1, there is a total of N/4 £3-type cells per level, From left to right, the first four X3-type cells in set 3
with cell function and number of levels as combine the 4-b partition comparison outcomes from the

one, two, three, and four 4-b partitions of set 2. Since the
fourth 23-type cell has a fan-in of four, the number of

23:C3m=COMP (27" C2.) (3) levels in set 3 increases and set 3’s fifth X3-type cell
combines the comparison outcomes of the first 16 MSBs
TABLE Il with a fan-in of only two and a fan-out of one.
LOGIC GATE REPRESENTATIONS FOR SYMBOLS
SED IN FIG. 2.[12] Q: Y= Cs a1 HS[E]_l D @)
4

Symbols Logic Gate Fan-?:fl::l::mt . - .
(Cells) And (Transistor Counts) The number of inputs in the Q type cells increases from left
A B, to right in each partition, ending with a fan-in of five. Thus,
’*"\V,_ g 2ia (2 the Q type cells in set 4 determine whether set 5 propagates
T, o the bitwise comparison codes. Set 5 consists of N @ type

wa cells (two-input, 2-b-wide multiplexers). One input is (Ay,
By) and the other is hardwired to “00.” The select control
E " ara e input is based on the Q type cell output from set 4. We
- define the 2-b as the left-bit code (Ay) and the right-bit
. code (By), where all left-bit codes and all right-bit codes
bzl
T

combine to form the left bus and the right bus, respectively.
The @ type cells compute (where 0 <k < N-1)

5/1 (20)

(OR Fklo =Y X Mk+Y_kX 00 (5)

3rz (2) The output Fkl'o denotes the “greater-than,” “less-than,” or
“equal to” final comparison decision

MUX-Logic TG: Transmission Gate If Fl,O
k

00, for Ak = Bk
01, for Ak < Bk
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= 10, for Ak > Bk .

Essentially, the 2-b code Fkl'0 can be realized by OR-ing all
left bits and all right bits separately, as shown in the
decision module (Figs. 2 and 3), using an OR-gate network
in the form of NOR-NAND gates yielding a more optimum
gate structure

L En R (6)
—zﬁ’tf, (7)

The superscripts “1” and “0” in (6) and (7) denote the
summation of the left and right bits, respectively, and the
subscript “1” denotes the first level of OR-logic in the
decision module that receives data directly from set 5. If
we limit the fan-in of each gate to four, the number LDM
of the OR-gate tree levels for the decision module is given

by
LDM = [log4 NJ. (8)
I1l. THE PROPOSED WORK

A novel scalable parallel prefix based structure that
assisted the comparison outcome of the most significant
bit, further propagate bitwise toward the least significant
bit only when the compared bits are equal. This comparator
is also divided in five sets similar to previous discussed
comparator. The basic design principle is to similar to
previous comparator [12]. The changes are done in sets and
function of comparator. Changes done in existing
architecture are given below:-

a) The previous comparator architecture is divided. into
group of 4 parallel input bits and it works in group of four
and in this proposed work the grouping of bits only 2. By
doing this change the number of the maximum FAN IN and
FAN OUT become three instead of five. This change helps
comparator to work faster and reduce its design
complexity.

b) Second change is done in set 1 of this comparator
architecture [12]. In set 1of previous comparator XOR gate
is used based on static logic and require 12 transistors to
complete circuit and in this proposed comparator another
type of XOR gate based on pass transistor gate is used.
This XOR gate is taken from previous comparator [7]. In
this work [7], XNOR gate is used and for proposed work
complementary circuit of XNOR gate i.e. XOR gate is
used. It takes only 6 transistors to complete circuit.

c) Due to change in grouping of bits, set 2 is also changed.
Now this set becomes two input NOR instead of four input
NOR gate.

d) In set 3 of proposed work, the pass transistor logic based
AND gate is used instead of NOR gate used. It makes
comparator faster, but this change does not change the
function of comparator as inverter is removed from next
stages.

e) In set 4 similarly due to change in grouping of bits also
limit the FAN IN to three and it also reduce the size of this
circuit. Now this set work for maximum of 3 inputs instead
of maximum 5 inputs used in reference architecture.
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f) Finally last modification is done in set 5, as this contains
2-bit wide 2 inputs multiplexer and in this previous circuit
shown for both MUX, one input is connected A, By and
other is hardwired with ground or 00 and for this input it
require only one NMOS to propagate 0 as NMOS transistor
is good conductor to pass 0.

This comparator is based on using a novel parallel prefix
tree. These sets or group of cells generate outputs that are
given as inputs to the next set in the hierarchy, except set 1,
its outputs given as inputs to more than one set. Detail
working or function done by these sets is given below.

Set 1 contains the XOR gate. This set compares the N-bit
A, B bit-by-bit, with a single level of N ¥ type cells. This
type cells basically have a function of termination flag Dy
to cells in sets 2 and 4, and these compute (where 0 <k <N

-1
Dy = A ® By )

Set 2 consists of NOR type cells, this set contains the
termination flags from each of the two set 1 (as two outputs
of 2-b partition of set 1 will be given as inputs to set 2 as a
termination flags of one 2-b partition) using NOR-logic to
limit the fan in and fan out to a maximum of two. These
type cells either continue the comparison for bits of lesser
significance if all two inputs are 0s, or terminate the
comparison if a final decision can be made. For 0 < m <
N/2-1, there is a total of N/2 this type of cell, all
functioning in parallel. N is supposed number of N bit.

Com= D2zn+ Da2n +1 (10)

Set 3 consists of AND type cells. This cell has two inputs
and one output as a termination flag for set 4. As this cell is
AND gate, it purely sensitive to ‘0’. If any one of input is 0
it gives termination flag to stop process for the set 4. This
set will differentiate for MSB from LSB. If in inputs bits
MSB shows inequality. The comparison is terminated, set 3
signals set 4 to set the left bus and right bus bits to 0 for all
bits of lower Significance. For 0 < m < N/2 — 1, there is a
total of N/2 this type of cells per level, with cell function
and number of levels as.

Csm=Com™ Camu (11)

Levels set 3 = ([log, (N)]).

Set 4 consists of final decision type cells according to
inputs from set 1, previous setl and previous set4 and
produces the select inputs of 2-input multiplexer in set 5,
which in turn drive both the left bus and the right bus. For
this type cell and the 2b partition to which the cell belongs,
bitwise comparison outcomes from set 1 provide
information about the more significant bits in the cell’s set
5, that compute (0 <k <N —1)

S = Cs 1Dk I 2” (12)

The number of inputs in this set increases from left to
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right in each partition, ending with a fan in of five. Thus,
set 5 in set 4 determine whether set 5 propagates the
bitwise comparison. Set 5 consists of N type MUX (two-
input, 2-b-wide multiplexers). One input is (A, By) and the
other is hardwired to “00.” The select control input is
output from

set 4, the 2-b as the left-bit code (Ay) and the right-bit code
(By), where all left-bit codes and all right-bit codes
combine to form the left bus and the right bus, respectively.
This cells compute (where 0 < k < N-1).

Yo01=Yi X My + Yk x 00 (13)
The output Yo, denotes the “greater-than,” “less-than,” or
equal to. Essentially, the 2-b code Y, can be realized by
OR-ing all left bits and all right bits separately, as shown in
the decision module, using an OR-gate network in the form
of NOR-NAND gates vyielding a more optimum gate
structure

IV. Schematic view of all sets and circuit of proposed
comparator

In this section the schematic view all sets and 4-bit
structure of comparator will be shown and discussed.

AE[ >

BE

Fig. 3. Schematic view of XOR gate set 1 of comparator

Figure 3 shows the schematic view of first set i.e. XOR gate.
This set contains 6 transistors instead of 12 used in previous
comparator [12]. It has two inputs A, By and one output and
provides inputs for set 2 and set 5. The relation between
inputs and outputs are shown below.

Dy=AXORB
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Fig. 4. Schematic view of NOR gate set 2 of comparator

Figure 4 shows the schematic view for set 2 i.e. NOR gate
using CMOS logic. This set contains 4 transistors. It has
two inputs they are name as DO, D1 and one output
provides inputs for set 4. Output of this circuit is

Com= DO+ D1

This output is activated when any of input is 1 from set 1.
It has maximum of 2 fan in and maximum 2 fan out.

Al | e

T
E '_l'ch:m

I

N
MOY 18, —
I

Fig. 5. Schematic view of AND gate set 3 of comparator
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Figure 5 shows the schematic view of set 3. It uses AND Csm = Csm+1. Com
gate logic using PASS transistor logic of comparator. This
set contains 5 transistors. It has two inputs first is C,, and It has 2 fan in and 3 maximum fan out.

second is Cgme. First input Cyp is from set 2 and ‘m’
consider the number of set 2 is using. This circuit produces
one output i.e. C3p, . The relation between inputs and
outputs are shown below

—

Set 3

el
z

Set 2

Set1

Set4

S

=

g |

- -

=

- e
- s AR TG L S BRIG
- 4.4"_‘_'“ -—L.* I
" Fig. 6. Schematic view of second proposed 4-bit comparator

Figure 6 shows the schematic view of second proposed 4-bit YO =SxA, +Sx 00 and

comparator. 4-bit comparator requires 130 transistors to

complete circuit. This circuit is shown for better Y1=SxBy+5x00
understanding of architecture of circuit. Further it can be

repeated again and again for more bit comparator. Figure 7

shows the schematic view of set 4 it uses NAND gate and

inverters to inverts the inputs using CMOS logic. This set

contains maximum 10 transistors. It has maximum three one

of them is inverted inputs named as DO, D1, C3,, and one

output S. Output of circuit is described below

S :D0+ ﬁ+ CS,m

The D1 input is taken from previous set 1, DO from current set
1 related to present input bits and Cs,, from previous set 4.
This set provides input to set 5 as select line for two 2:1
MUX. This circuit has maximum 3 fan in and 1 fan out.
Figure 8 shows the schematic view of set 5 i.e. two 2:1 MUX
using CMOS logic of comparator. This set contains 8
transistors. It has three inputs Ay, By one select line i.e. from
set four and one output which provide output for decision
blocks.
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TABLE 11
COMPARISON OF SIMULATION RESULTS OF IMPLEMENTED 64-BIT COMPARATOR DESIGNS.
SR. Comparator VDD |- Tech. Avg. power Delay Transistor
NO. type V) file Consumption (uw) (ps) count
1 P.chuang et al. [7] 0.7 65nm 3.39 632 1206
2 S.A Hafeez et al. [12] 0.7 65nm 5.43 461 2864
3 Proposed work 0.7 65nm 2.37 231 2204
www.ijert.org 2091
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Fig. 8. Schematic view of Set 5 MUX.

This circuit has three PMOS transistors and five NMOS
transistors at different channel width. The channel length of
all transistors are kept 65nm.

V. Simulation results and waveform

All simulations are done by keeping same channel length of
mosfet i.e. 65nm and different channel width which depend on
type of circuits as shown in previous schematic views. The
output waveform of comparator with respective to initial
inputs is shown in figure 9. The simulated results of proposed
64-bit comparator and two existed tree based 64-bit
comparators are shown in table Ill. The simulation of all
comparators is done on TANNER-EDA V13 software as a
tool. The simulation environment for all implemented
comparator is kept same as we use 65nm technology model
file based parameter, same VDD supply i.e. 0.7v, same input
bits pattern etc. Simulated results shows our comparators
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better compare to other simulated comparators. The changes
done on comparator makes comparator more efficient as due
to change of grouping of bits from 4-bit to 2-bit make
comparator more faster and reduce its complexity of
architecture design and changes done in various sets reduce
power consumption. The simulated results given in table IlI
showed the operating speed of proposed 64-bit comparator is
231ps which is 62% and 49% less compare to implemented
previous 64-bit comparators [7], [12] respectively and the
average power consumption during operation of this 64-bit
comparator is 2.37uw which is 30% and 56% less compare to
implemented previous 64-bit comparators [7], [12]
respectively.

Voltage (V)

Voltage (V)

P ———
=l —— i+

L) N
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S it ———-

G _

8 i

o nEl—_—— o)
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I R

it e———

= o

g Efp—— ==

I — I ———
rfr———+t———+
-t ———

Fig. 9. Waveform of proposed 64-bit comparator

VI. CONCLUSION

A new 65nm parallel prefix tree based 64-bit comparator has
been proposed. This design shows very good result and
accurate outputs. The simulated results given in table Il
showed the operating speed of proposed 64-bit comparator is
231ps which is 62% and 49% less compare to implemented
previous 64-bit comparators [7], [12] respectively and the
average power consumption during operation of this 64-bit
comparator is 2.37uw which is 30% and 56% less compare to
implemented previous 64-bit comparators [7], [12]
respectively. This comparator is very simple and easy to
design and can be used for electronic circuits for better overall
performance.
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