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Abstract:

It is commonly recognized that lower logic depth enables low voltage operation, which
lowers power dissipation. But these circuits are especially prone to fluctuations, which
could undermine the anticipated advantages. These short addresses the problem of
increased threshold voltage variance by providing a low-power addition method that
works under variability. In particular, by quantitatively comparing the effects of
variation on the performances of ripple-carry adders (RCA) and borrow-save adders
(BSA), the average power reduction that BSA achieves at low voltage values at the
expense of increased delay variation is measured. This leads to a suggestion of a
method that improves the performance of both adders. The calculated average power
dissipation and maximum critical path delay variation of BSA at various supply
voltages. It is demonstrated that a significant reduction in supply voltage is achievable,
resulting reduction in BSA's overall power dissipation when compared to a counterpart
operating at nominal voltage and maintaining a maximum delay lower than that of
RCA. Moreover, straightforward design modifications that exchange latency for
variability are incorporated in the BSA design, thereby lowering the maximum delay's
normalized standard deviation.

1. Introduction

"carry"—the BSA is comparable to a Carry Save
Adder (CSA).In some instances, quicker arithmetic

The basic component of all processors' arithmetic
units is the adder. In an RCA, the carry output of
the preceding full adder is used as the carry input
for the subsequent full adder. BSA carries out the
carry-free addition algorithm by use of four to two
compressors and two complete adders. Compared
to an RCA, the borrow save adder has lower
latency and power consumption. One kind of digital
adder used in computer arithmetic is called a
Borrow Save Adder (BSA). Its goals are to lower
power usage and boost performance. Now let's
review the key points about Borrow Save Adders,
especially when threshold voltage variability is
present: Though it concentrates on the subtraction
operation—where "borrow" is employed in place of

processes are possible because a BSA performs the
subtraction  operation  without immediately
propagating the borrow. The smallest gate-to-
source voltage differential required to establish a
conducting route between a MOSFET transistor's
source and drain is known as the threshold voltage.
Temperature variations and other external
conditions, as well as manufacturing flaws, can all
contribute to threshold voltage variability.
Transistor switching speeds might differ depending
on variations in the threshold voltage. The overall
performance of the adder may be impacted by
timing errors caused by this variability, which can
lead some transistors to flip quicker or slower than
anticipated. Similar to other digital circuits, BSAs
may exhibit sensitivity to changes in Vth due to its
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impact on the dynamic power consumption and
leakage current.

Lower threshold voltages typically result in a trade-
off between reduced switching power and increased
leakage power. When speed and power efficiency
are crucial in high-performance, low-power
computing applications, BSAs is the best choice.
Section2 describes the existing methods and
section3 discusses the proposed method. Section 4
gives results and discussion. Section5 concludes the
method.

2. Related works

Due to the significant increase in delay uncertainty
in deep sub-micron integrated circuit design,
statistical techniques for timing analysis have
become  essential,  rendering  conventional
approaches for electrical parameter modelling
ineffective [1]. The underlying atomic-level
unpredictability found in contemporary
semiconductor devices, along with the challenges
associated with exact process control, explains why
produced integrated circuits (ICs) exhibit properties
that significantly deviate from their original
designs. These challenges, together with the
seeming limitations of deterministic static timing
analysis tools, push researchers and industry
practitioners to search for practical solutions that
consider a range of corner cases that characterize
delay characteristics in extreme processes and
environments. Statistical Timing Analysis shows up
as a workable answer in this situation [2,3].
Because of the complexity and increased number of
steps in the production process, physical parameters
are prone to variation. The parameters are classified
into intra- and inter-die variations when statistical
modelling is applied. The former, also called die-to-
die, is generated by manufacturing process
mechanisms or environmental conditions that cause
global shifts that are the same across a die, wafer,
or lot. The latter, also known as within-die, models
device properties with different variations within a
die. Although intra-die fluctuations have little effect
on parameters in generations of long-channel
device manufacturing processes, these variations
are taken into account for contemporary digital
designs where low supply voltage values are
crucial[4]. According to the evaluation, at nominal
supply voltage, Less delay variation is achieved
using BSA than by RCA. Furthermore, one can
achieve the delay constraints imposed by the RCA's
delay characteristics by lowering the BSA's supply
voltage, which also significantly reduces PDP and
power dissipation[5]. The Wallace tree multiplier is
implemented by the design and use of several
symmetric stacked counters. The suggested
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multiplier has a PDP of 2.47 and uses 0.798 MW of
power. When compared to current techniques, the
developed multiplier uses less power while slightly
increasing latency[6]. RNS MAC has better delay
variation than binary MAC were discussed [7].
Various digital adders are discussed [8].
Performance loss can be caused by process
variation, Low energy consumption [9]. This
method greatly reduces the power feeding of
predicted adders by suggesting certain adjustments.
The removal of carry generation from LSB to MSB
is one of the conservative building's modifications.
This allows the adder to operate at a fast pace while
using little power [10,11].

Full-Adder timing margin research is crucial
because timing breaches have a detrimental
effect on the fundamental functions of all
processing systems. We concentrate on the
Borrow-Save Adder (BSA) and the Ripple-
Carry Adder (RCA), two adder structures with
straightforward architectures. The RCA is
made up of a bit-length worth of cascading Full
Adder (FA) cells. Assuming nominal process
and  environmental  circumstances, its
maximum critical route delay is defined by the
journey along its carry chain until the sum
output of the Most Significant Bit location. The
architecture of RCA is shown in figurel. On
the other hand, different sensitizable pathways
may express the maximum critical path delay
when process oscillations occur.

Unlike typical binary arithmetic, BSA uses the
radix-2 encoding over the digit set S = {1, 0,
1}, often known as borrow-save (BS)
encoding. We study the latency characteristics
of BSA. In BS encoding, each digit (xi) at the
ith bit position is represented by a pair of bits
(xn, xpi) with positive, negative, and positive
weights; so, xi = xp xnie S. Adding digits
while maintaining the radix-2 BS encoding is
made possible by the carry-free addition
technique. Three steps are involved in it:
Compute the position sums pi = xi + vi; ii) For
each pi, there is a transfer (ti+1) and an
intermediate sum (wi = pi —r ¢ ti+1), where r is
the radix of the representation; and iii. The
process involves summing up the incoming
transfers to find the total number of digits,
which is si wi + ti [8]. The carry-free
addition technique is applied by BSA using
two FAs to generate 4-to-2 compressors [12].
Operands already stated in BS encoding are
added similarly to operands declared in carry-
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Figure 1. Architecture of Ripple Carry Adder

Figure 2. Architecture of Borrow Save Adder

save encoding, with a few inversions at the
beginning and end of the processing. Figure 2
illustrates BSA architecture's benefit of
decreased ripple impact compared to RCA
architecture [13,14]. The implementation of
BSA, the slow sum-output of the top row FAs
drives the input-pin of a bottom row FA that is
optimized to receive the slow input. When
seven and one with zero carry-in are joined, for
example, a carry must be transmitted
successively from the first to the fourth bit
position along the carry chain in the RCA.
Conventional binary encoding for this would
be x = 0111 and y = 0001, respectively. The
corresponding operation in the BS domain
produces the sum s = {(0, 1), (1, 1), (1, 1), (0,
0)}BS, which is calculated with a ti's ripple
effect limited to a neighbor bit position. For
seven and one, respectively, the corresponding
representations are x = {(0, 0), (0, 1), (0, 1), (0,
1}BS andy = {(0, 0), (0, 0), (0, 0), (0, 1)}BS.

4. Results and Discussion

The Ripple carry adder and Borrow Save
Adder are designed using verilog and simulated
using Xilinx and cadence software. The
Schematic diagram of RCA is shown in figure3

Figure 3. Shematic design of RCA design

Figure 4. RCA simulation Output
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Figure 5. Simulation output of RCA
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Figure 6. Schematic design of BSA
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Figure 7. Simulation output of BSA

Figure 8. Simulation output of BSA

and simulation results are shown in figure 4
and 5. The Schematic diagram of BSA is
illustrated in figure 6 and simulation output are
given in figure 7 and 8.

The Performance Analysis of power and delay
of BSA and RCA for various voltage are given
in table 1.

Table 1. Performance Analysis of BSA and RCA for

various voltages

Voltage(v BSA RCA

Power(w) | Delay(s) | Power(w) | Delay(s)
5 459.0E-3 | 45.90E-9 | 4.131E-3 | 68.41E-9
3v 123.6E-3 | 20.63E-9 | 4.931E-3 | 36.76E-9
11lv 96.85E-6 | -23.7E-9 | 68.13E-3 | 44.26E-9
0.9v 68.56E-6 | -20.4E-9 | 56.98E-6 | 36.36E-9
08v 46.52E-6 | -2.71E-9 | 37.81E-6 | 9.772E-9

5. Conclusion

With varying supply voltages, the BSA and
RCA designs' average power dissipation and
maximum critical path delay variation are
computed. In comparison to RCA at the same
supply voltage, the recommended BSA
achieves a lower maximum delay standard
deviation. It also demonstrates that supply
voltage may be dropped greatly, which reduces
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the overall power consumption of BSA when
compared to a counterpart that maintains a
maximum delay below RCA's while operating
at  nominal voltage. Simple  design
modifications that substitute variability for
latency are also incorporated into the BSA
design, which lowers the maximum delay's
normalized standard deviation. Monte carlo
tools have been applied in different fields and
reported [15-18].
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