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Abstract—This paper a new structure of superset adder is
introduced. The proposed design comes with three major
contributions. First, the design preserves the best points of
performance while it reduces the others with the gain of total
area reduction. Second, the MUX-block is removed and ROM
control logic is introduced for topology selection schemas. Third,
the building blocks of the main core including DOT and SemiDOT are designed with Source Coupled Logic (SCL). In our
design, the higher operating frequency than the cross-over
frequency of CMOS speeds up the design without increasing the
power consumption. Therefore, the proposed design operates in
low-power mode at all of its designated frequency range.
Simulations are performed with spice @180nm. The nonoptimized CML mode design consumes 64uw against 1400uw of
CMOS at 1GHz. The final optimized design performs156fJ PDP
in 1.3v-1.8v swing @1.8v supply versus 169 and 186fJ in
previously reported results. The proposed design outperforms
CMOS in the frequency range from 25MHz to 1GHz with
constant power.
Keywords-Parallel Prefix Adders; Fault-Tolerant; Superset
Adders; Power Delay Product; Current Mode Logic(CML)

I.

INTRODUCTION

In the modern embedded processors, the digital addition
plays a vital rule. The performance of ALU in CPU, GPU and
DSP are heavily adopted on the adder’s performance [1].
Typically, the maximum speed of a binary adder unit is limited
by the propagation time of carry through the adder. The
conventional Ripple Carry Adder (RCA) is area efficient at the
cost of speed. The parallel Carry Look-ahead Adders (CLA) is
a high speed alternative at the cost of area, and fan-in, fan-out
[2]. Parallel-prefix adders (PPA) are best choice when the high
performance specs are required. They are excellent basis for
achieving design tradeoffs in terms of delay, area and
power[2]. The speed demand is already satisfied by PPA, but
the portable power hungry devices are prohibiting high-power
systems. Therefore, energy-efficient and high performance
designs have been the goal of research [3].
Kogge-Stone (KS) adder is the fastest PPA with minimum
logic depth at the cost of area and relatively more power
consumption [4]. The Brent-Kung (BK) comes with less area
and circuit complexity at the cost of longer logic depth and
degraded speed [5]. The Han-Carlson (HC) adder is a
combination of BK and KS. In HC the first and last rows are
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adopted from BK while the inner stages are in KS. This utilizes
to have tradeoff between area (power) and delay (speed) [6].
Although parallel prefix adder structures have been
investigated [7], there is a need a wider design-space
exploration with reconfigurable PPA to utilize tolerating faults.
Interestingly, if there is sufficient redundancy in the design, a
sample fault occurring at an specific node within the design can
be resolved by simply reconfiguring the actual structure [8]. In
an alternative approach, to have the cost-effective fault tolerant
adders, the PPA adders are superimposed in a so-called
superset adder [8]. Superset adder is the ensemble of adders
from one common plane (two axis’s) of Harris taxonomy [9].
A family of superset adders is addressed in [8]. This adder
suffers from overhead versus its individual adders. The
overhead is due to area, wiring and reconfiguration complexity.
Also, larger area is proportional to more blocks and relatively
more power. This implies our first question. Is there any way to
lower or fix the power consumption at the presence of area
overhead even if the operating frequency needs to meet the
higher performance? If the logic style be migrated into analoginspired logics like CML and SCL, then the frequency
dependent problem will be issued. In this case, the power is
constant at a wide range of operating conditions. This gain is
achieved without any architecture or topological modification
by re-implementation of superset adder in current mode logics.
The next interesting question is on actual performance. The
superset adder comes with four and two variants of BK and HC
respectively. So, if the performances of these adders are close
together why we not chose the best of each family only? This
means it needs to think on tradeoff among complexity,
performance and reliability at whole. A clear inspection on the
PDP performance in each sub-family shows at most 10%
diversity in HC adders. This is even less between BK and HC.
So, a proper choice of one good adder from each group seems
reasonable. This action significantly reduces the area and
control overhead but not reliability. In this paper we answered
this question by reducing the adders from seven to only three.
On the other hand, the extra wiring overhead of reconfiguring
multiplexers is prohibiting the scalability. In this state, another
question is implied. Is there any alternative to reduce the area
penalty of MUX master block? We answered this question in
this research by following the ROM-based configuration as an
alternative approach. Moreover, since the circuit complexity is
reduced in main core of the design, the resulted ROM
implementation is also significantly reduced. Finally an overall
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question is invoked. What about the superimposing of results
from improvements due to previous questions? This means is
there any solution to have frequency independent, low-power,
area optimized superset adder while preserving its reliability?
The next of the paper answers this question too.
The paper is organized as follows. In section II, parallel
prefix adders, Superset adder are introduced. Section III
proposed superset adder and evaluation results are presented
and finally conclusions are offered in section IV.
II.

(a)

PARALLEL PREFIX AND SUPERSET ADDER

The parallel prefix adders and their superimposed faulttolerant superset adders are discussed in the following sections.
A. Parallel Prefix Adders
The parallel prefix adders are utilized in different aspects.
The Kogge-Stone (KS) adder (Figure 1(a)) is a fast design due
to its lower logical levels and fan-out. The Brent-Kung (BK)
adder (Figure 1(b)) is an adder with minimum number of
nodes, maximum logic depth and is a good candidate for tradeoff between speed and area. The area is always a restriction
factor in all of parallel prefix adders. Interestingly, the HanCarlson adder (Figure 1(c)) is performed by hybrid
combination of KS and BK stages. This leads to have speed
and area efficiency. The Harris taxonomy [9] is a clever
attempt to formulate known parallel prefix adders with three
integers (l,f,t) where l is logic level; f is the fanout and t is the
wire tracking. According to it, all of the known PPAs lie on the
plane of l+f+t=L-1 where L=log2N (N is the number of inputs)
[7]. The taxonomy is illustrated in Figure 1(d) (@N=16). As
seen Figure 1(d) logic levels (l), fan-out (f), and wiring tracks
(t) are marked along each corresponding axis.
The regularity is defined as the alternative occurrence of
individual blocks (i.e. DOT and Semi-DOT) of each row in
PPA structure. Only the three above mentioned adders solely
satisfy the regularity. The DOT units are in all rows of PPA but
the last row, where it is prepared with Semi-DOT units only
[10]. In each individual row, just upon designation of first
column as reference, the next instantiation place of the block at
distance Gamma Ȗ is according to the pattern depicted in Ȗ1,
Ȗ2,…, Ȗm= min (2L, 2r+1). This number is also called the
periodicity number that r is the current row number, and L is
the logic depth varies from 0 to log2 (N)-1 ( N is the input bits
number) [7]. Obviously seen, the periodicity number may be
different for each row (i.e. Ȗ1  Ȗ2 Ȗ3). This concept is
discussed in details on regular PPA in superset later. The
common regular feature from one side and the different
performances of these three adders via their variants from the
other side provoke to investigate on a superimposed adder with
additional fault-tolerant benefit. Superset adder [8] is a key
answer to this investigation. It is required to have clear insight
of parallel prefix adders as general view just before starting on
superset adders. In next section the Harris taxonomy as the
PPA classification schema is explained.

(b)

(c)

(d)
Figure 1. (a) 8-bit Kogge-Stone adder. (b) 8-bit Brent-Kung adder. (c) 8bit Han-Carlson adder. (d) Taxonomy of parallel prefix adders for N=16
with commentate info on each axis [7].

B. Superset adder
The regular and iterative structure of parallel prefix adders
from one side and the topological alike views of them from the
other side arises a question. Is there any generic top view of all
or at least some of them in a single schema? This answer is
superset adder. The first valuable question in this regard is
about the usefulness of a design as the superimposed of some
different parallel prefix adders. The redundancy of different
structures with some common points is a good characteristic
of it. Therefore the superset adder is utilizes a fault-tolerant
design. To have a solidified viewpoint, the similarity of
potential PPA structure with a generalized graph called full
graph must be investigated. A full graph is defined as graph
with all nodes, fanout=2 and edges turned on as depicted in
Figure 2.
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III.

PROPOSED CIRCUIT

In this section the Current Mode approach for the proposed
circuit is discussed.

Figure 2. A full tree graph of N=8 [8].

The regular structure of full graph implies that some but not
all of known parallel prefix adders may be reconstructed in a
multi-step algorithm from full graph. These adders are called
regular adders (RA). Therefore a regular adder is defined as
adder in which each row has a no wrap-around[8]. Interestingly
for a given number of input bits N, the total sets of possible
regular adders are always less than N. For example with N=8,
we have seven regular structures adders at all including one
KS, two variants of a HC and four variants of BK. The step-bystep algorithm on reproducing 8-bit BK4 adder from full graph
is discussed in [11]. A unique parameter S is defined for each
regular adder which varies from 0 to 2L-1. Interestingly S is an
indicating parameter on the number of versions or variants of a
target regular adder. For example in KS with L=0, there is only
one KS instantiation. The variants of BK with L=2 are four.
Therefore we expect to have four different versions of BK in
superset adder. The connection of nodes, start, span, end points
and examples to create regular adders all are clearly discussed
in [8, 11]. The merged views of these seven adders are shown
in Figure 3. As shown in the figure, size and annotated colours
of each adder sub-units are different. The control unit and SEL
lines lead to have one of these seven designs at a time. The
shown blocks are slightly differing from conventional DOT
and Semi-DOT units due to extra mux-enabled circuits and
called DOTOPS as shown Figure 4(b). The DOTOPS blocks
are enabled to include or disabled to exclude in the circuit.
Conventional units of “Propagate/Generate” as precomputation with their gate-level equivalents are illustrated in
Figure 4(a). The XOR gates are used in “Final Sum” unit. The
Pre-Computation (PC) block is consisted of XOR, AND gates
as shown in Figure 4(a). It generates signals according to [12].
This block consumes less power than the DOTOPS block.
DOTOPS block is the most important inner block in superset
adder. It is performed by two AND/MUX and one OR gates.
By feeding the 30-bit output of the MUX units to the
DOTOPS, it implies 30 select lines; and the reconfiguration is
performed in the Superset Adder. This unit allows switch
between the adders shown in Figure 4(c). Due to the relatively
extra wiring in the configuration unit, it is under the subject of
hot carrier migration and degrading the reliability. Each adder
has the Adjacency matrix. Matrix entries are represented by 0
or 1. The elements are 1 if corresponding nodes of row-column
are connected together, and 0 if not. There are 48 nodes in fulltree. The regularity of blocks in each row implies to write
regular formula.

A. CML Operation
Figure 5 (a) shows the schematic of conceptual CML gate.
The CML gate consists of three parts: A constant current
source, the NMOS differential pair transistors and load section.
According to Figure 5 (a) the first, second, third and n-th level
have one, two three, and 2n-1 pairs of, NMOS transistors
respectively. Particularly, as an example, Figure 5 (b) shows
two gates that serially-connected AND-OR gate which is called
Semi-DOT. Conventional SCL realization of Semi-DOT has
two current sources in which consume more standby power. To
resolve this issue, these two gates are combined (Figure 5(c)) to
operate with one current source with less power consumption.
The constant current tail ISS be steered between two loads by
NMOS transistor inputs. This current is then converted to
output voltage performed by RL and determines the output
logic levels. The load resistance RL can be implemented by a
polysilicon resistor or a PMOS transistor operating in the triode
region. For other logics, the general methodologies to map a
given logic function into a n-level series gate are discussed in
[13].

Figure 3. Conceptual superimpose of possible PPA in one structure of
8-bit superset adder.
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(a)

(b)

(c)

Figure 4. (a) PC block (b) DOTOPS block. (c) An 8-bit MUX with 30-bit inputs for reconfiguration.

(a)

(a)

(b)
Figure 6. SCL (Blue) and CMOS (Red) power consumptions of (a) SemiDOT (b) Superset adder.

(b)

(c)

Figure 5. (a) CML conceptual (b) Semi-DOT gate. (c) Semi-DOT circuit
with one current source.

B. Advantages of CML to CMOS
SCL is an analog-inspired digital logic and inherits basic
properties including constant power due to the constant bias.
So, in the SCL the power is independent of frequency against
the conventional CMOS where it varies directly with
frequency. The power versus frequency for basic CMOS and
CML gates and superset adder are shown in Figure 6. For
Semi-Dot and superset adder, current source is taking about
1uA utilizing dissipation power about 64uW. The crossover
frequency in which SCL outperforms CMOS is about
25MHz and from 25MHz to 1GHz, the power consumed by
CML is less than CMOS.

C. Improvement MUX
One of the important blocks in the superset adder is
multiplexer. In this section we describe the approach to
eliminate the MUX as MUX-less design approach. The idea
is based on ROM-based implementation (Figure 7).
Moreover, the total number of adders is finally reduced from
seven to three. This effectively reduces the MUX and in
turns its corresponding ROM implementation as shown in
Figure 7(b). It also results in lower-area less power
consumption too. Buffers are inserted on the top of
multiplexer for timing-delay improvement too. The overall
comparison among different implementation of MUX and
MUX-less are summarized in Table 1.
TABLE 1. OVERALL COMPARISON AMONG DIFFERENT TYPES OF MUX AND
MUX-LESS IMPLEMENTATIONS IN SUPERSET ADDERS
Fan-in MINMAX

MUX implemented
by

NMOS/PMOS
transistors count

Decoder
size

CMOS

71/71

-

-

ROM technique

124/30

3:7

13-19

Improvement ROM
technique

26/22

2:3

5-11

¦ w.l
(um2 )
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D. Power performance tradeoff with area-optimization
model of superset adder
Speed (delay), Power and power delay product are
performance measures in our target approach. The
conventional superset adder is performed with four and two
variants of BK and HC respectively. On the other hand the
performances of theses adders are very near to each other.
Therefore, if the performances of these adders are close
together why we not chose the best of each family for
implementation only? This means it needs to investigate
more on the tradeoff among complexity, performance and
reliability at whole. A clear inspection on the Power-DelayProduct (PDP) in each sub-family shows at most 10%
diversity in HC adders for example. This is even less at cross
difference among BK and HC adders. So, a proper choice of
one effective adder from each class seems reasonable. This
significantly reduces the area and control overhead but less
reliability. In Figure 8 the superset adder is implemented in
two methods. Blue line is conventional CML implemented
and red line is proposed superset. The Adders family mean
of (000) and (001) and (010) have approximately the same
PDP. It means we can select only one of these in costperformance tradeoff. In Figure 8 the sorted order of
selectors for all seven types of adders are depicted. From the
design perspectives, Figure 8 implies to choose the circlemarked points as the best points of a group for inclusion in
the final optimized design.

(a)

(b)

Figure 7. (a) Proposed superset multiplexer replacement circuit. (b)
Optimized circuit of proposed multiplexer-less block.

E. Final circuit
In this section the overall improvement is explained. The
superimposed improvements due to frequency independent,
low-power, area optimized superset adder while preserving
its reliability are included in the design. The MUX-less
approach and ROM-oriented design procedure also applied
furthermore. Figure 9 summarizes traditional and proposed
circuits. Some of the DOTOPS blocks in traditional superset
circuit have been eliminated (red DOTOPS in Figure 9 (a)).
Figure 9(b) illustrates the structure of proposed superset
adder. The comparison of the power dissipation, delay,
power delay product, area, PSRR and swing of different
superset adders are summarized in Table 2 . Our work
performs the minimum PDP against the conventional CMOS
SCL.

Figure 8. Traditional (blue line) and proposed superset adder (red line)
versus selector code.

TABLE 2. COMPARISON OF TRADITIONAL AND PROPOSED SUPERSET ADDERS

Implement by
Conventional
CMOS
Conventional
Superset
(SCL)
This Work

Tech
(um)

VDD(v)

Power
(uW)

Delay
(ns)

PDP (fJ)

#
DOTOPS

#
transistors
in MUX

PSRR

Swing (v)

.090

1.8

498

.34

169

30

142

weak

1.8

.18

1.8

670

.27

186

30

154

Good

.5

.18

1.8

484

.32

156

22

48

Good

.5
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(a)

(b)

Figure 9. (a) Conventional superset adder. (b) Proposed superset adder.
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