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An asymmetric binary search switching technique for a successive
approximation register (SAR) ADC is presented, and trade-off
between switching energy and conversion cycles is discussed.
Without using any additional switches, the proposed technique con-
sumes 46% less switching energy, for a small input swing (0.5 Vref

P-P), as compared to the last reported efficient switching technique in
literature for an 8-bit SAR ADC. For a full input swing (2 Vref P-P),
the proposed technique consumes 16.5% less switching energy.

Introduction: Owing to its low energy consumption, successive
approximation register (SAR) ADCs are preferred for wireless and bio-
medical applications [1]. Of the three major building blocks of a SAR,
the energy consumption of digital and comparator logic scales down
with technology, but it is not the case with the capacitive DAC (includ-
ing reference buffer). Energy consumption in the capacitive DAC
depends on the total capacitance, input signal swing, and the switching
technique used. For a given signal swing, noise and linearity require-
ments are the key factors which dictate the total capacitance.
Switching technique, however, can play an important role in deciding
energy consumption. By modifying the way capacitors are switched,
switching energy can be reduced. Some of the recently proposed effi-
cient switching schemes include Vcm-based switching [2] and mono-
tonic switching [3]. In this Letter, we propose an energy efficient
switching scheme based on an asymmetric binary search algorithm.
The proposed scheme achieves switching energy efficiency by exploit-
ing the switching energy and conversion cycle trade-off.

Asymmetric binary search switching technique: In a conventional
binary search, for a positive input signal, after the sign comparison,
the MSB capacitor is connected to Vref. If the input is less than 1/2Vref,
then either the complete or a part of the MSB capacitor is discharged
by connecting it to ground. This discharge operation (down transition
[4]) is the main cause of switching energy inefficiency in the conven-
tional binary algorithm. Among various switching algorithms, linear
search switching is the most switching-energy-efficient search algor-
ithm, as shown in Fig. 1b, where one unit capacitor is connected to
Vref at a time. Linear search achieves its switching energy efficiency
by ensuring that no capacitor is unnecessarily charged during the
search operation. However, additional comparison operations equate to
energy consumption in the comparator and digital logic. Moreover, for
an n-bit SAR, linearly switching a unit capacitor at a time requires 2n

switches, as compared to 2n switches in a conventional algorithm, and
their corresponding drivers, which add to layout and digital logic com-
plexity. Thus, the linear switching algorithm represents one extreme of
the trade-off between saving in switching energy and energy dissipated
during additional comparison cycles. Without using any additional
switches, the proposed asymmetric search algorithm exploits this trade-
off to save switching energy by slightly increasing the comparison cycles.
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Fig. 1 Comparison of asymmetric binary search algorithm with linear and
conventional binary search algorithm

a Conventional binary search (4-bit)
b Linear search (4-bit)
c Asymmetric binary search (4-bit)

In an asymmetric binary search, after sign determination of the input
signal, instead of comparing the input with +1/2Vref, input is first
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compared with +1/4Vref and the search progresses as shown in
Fig. 1c. Asymmetric switching scheme and switching energies for a
3-bit SAR are shown in Fig. 2. As the search operation progresses
from 0 to Vref, only one capacitor is switched at a time. With this
scheme, 3/4th of the input range is digitised by consuming less
energy, and for the remaining 1/4th input range, energy consumption
is nearly the same as that of the previously proposed scheme [2]. To
reduce the complexity of switching logic, only 3 MSBs are resolved
with the help of an asymmetric search. Vcm-based switching [2] is
used to resolve the rest of the bits. Though, in this Letter, we have
only discussed a particular type of asymmetric search, the switching
energy and comparison cycles trade-off can be explored in a variety
of ways to get various asymmetric binary search algorithms having
varying digital complexities and energy saving numbers.
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Fig. 2 Asymmetric binary search switching scheme and energy consumption
for 3-bit SAR ADC

Average energy consumption: Energy consumption of the proposed
scheme, with signal swing of 2 Vref P-P, is compared with a recently pub-
lished scheme in Fig. 3. For an 8-bit SAR ADC, the proposed switching
scheme consumes 16.5% less energy as compared to the Vcm-based
switching in [2]. However, for a small input signal swing (0.5 Vref

P-P), the proposed scheme consumes 46% less switching energy.
Average switching energies of the Vcm-based switching, linear switch-
ing and the proposed scheme are given below.
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Asymmetric binary search switching (n ≥ 4):

Eavg ≃
∑n−1
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Linear search switching:
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Vcm-based switching:

Eavg =
∑n−1

i=1
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ref J (3)

50

45

40

35

sw
itc

hi
ng

 e
ne

rg
y,

 C
V

2

30

25

–1 –0.5 0

input signal, V

46% 16.5%

average energy-asymmetric switching

average energy-Vcm switching

Vcm switching
asymmetric switching

0.5 1

Fig. 3 Energy saving comparison with existing scheme

Clock cycles: Owing to the asymmetric nature of switching, for an n-bit
SAR, 50% of the digital codes require n + 1 comparison cycles, 25%
require n comparison, and the remaining 25% require n 2 1 compari-
sons. Assuming uniform input signal, average comparison required is
given as

Navg cycle = n + 0.25 (4)
ELECTRONI
Owing to variable comparison cycles, asynchronous SAR logic [5] is
most suitable for the proposed scheme. Extra comparison cycles to
resolve the input equate to extra energy consumption in the comparator
and digital logic. However, it can be observed from (4) that for n . 8,
the overhead energy consumption is a very small fraction of the total
energy consumption in comparator and digital logic, and it will go
even further down as the technology continues to scale.

Conclusion: An asymmetric binary search switching scheme has been
proposed and compared with existing schemes. The proposed scheme,
without using any additional switches, consumes less energy than
recently published schemes. The saving is more pronounced with the
small input signal swing. Switching energy saving and comparison
cycle trade-off have been discussed also.
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