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Abstract: The analysis of area efficient
conventional  binary-weighted and  switched-
capacitor DAC with the split topology capacitor
for adaptive SARADC to improve the power
linearity of power optimization is presented in this
paper. Even thoogh the reduction of DACs area
will be the major cuuse for the usage of the spilt-
capacitor topelogies which :is presented in the
analysis that, [t is not aby the case since the
lincarity parameters of {ppologies of split
capacitors are more sensilive to the parasitic
effects, Depending on two methods of switching
mechanism, such as Vi g-based switching and
redistribution of the unnf_é_nn'nnnl charge, o
adaptive successive approxiniation registers (SAR)
analog-to-digital convertevs. (ADC) linearity
analysis using a split DAC structure is presented
in this paper. The integral nonlinearity and
differential nonlinearity ore called as static
linearity. The analysis of performance on the
static linearity and spl]t DAC with parasitie effects
are considered here. Some of the results of
measurement are speed power a8 well linearity
that clearly shows the advantages of using V., -
based switching.

Key words: Switched capucitor DAC, adaptive
SARADC, Linearity analysis and split DAC

. INTRODUCTION
Successive approximaton, register analog-
to-digital converters (SARADC) [1] are
widely used in low power and medium-
resolution applications “such as medical
implant  devices [2],  wireless  sensor
networks, [3] etc. One ud the key elements
of every adaptive SARADC is the digital-10-
analog converter (DAC),

The DAC in SARADC is usually based on
the switched resistors network, switched
currenl sources network or switched
capacitors network, The latter is convenient
for low power applications since it does not
consume static power like the former ones.

Also, the switched capacitor DAC network
can he used as the sample and hold circuit in

" the sample phase. Differential realizations of

SARADC, compared to single-ended
realizations, is more resistant to noise and
other effects which reduce the ADC's
performance such as charge injection, These
realizations require two switched capacitor
arrays: one for positive, and another for
negative comparator input which can
increase the chip area.

This paper analyzes the conversion non-
linearity, induced by supply noise, switching
methods, and parasitic effects in adaptive
SARADCs. The static nonlinearities based
on the conventional and V,-based [4]
switching methods are  theoretically
analyzed, and the mathematical models are
devcloped to verify the effectiveness of the
V.n-based approach, SARADC with V-
hased switching  demonstrates the
performance profits in terms of speed,
power, 4nd linearity by using V,-based
switching [5]. There are multiple studies on
capacitor array topologies, and switching
algorithms [6], [7] that discuss converter’s
linearity, energy efficiency, area problems

and  performance. The  SARADC's
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performance  depends . on  multiple
parameters like technology parameters,
supply voltage, unit capacitors size ete. The
detailed analysis of asea efficiency of
different topologics is presented.

The binary-weighted capacitive DAC is
widely used in SAR ADCs, However, the
capacitance of the DAC array increases
exponentially with the resolution, which
imposes larger consumption of switching
energy, area, and seftling time. A valuable
substitute is the split capacitive DAC, which
has been recently reconsidered for medium
resolution. Its key limitation lies in the
parasitic capacitors thal destroy the desired
binary ratio of the capacitive DAC array,
thus degrading the conveision linearity,

However, by using the metal-insulator-metal
(MIM) capacitor orfand DAC mismatch
calibrations the split siryeture can become
suitable for a medlum—r;};yntutmn larget. On
the other hand, the conversion linearity is
also directly correlated with the switching
sequences of the DAC array where the
conventional charge-redigtribution switching
results in worse conversion linearity and
more energy losses.

II. LITERATURE SURVEY
Xing [6] proposed a 7-bit MS/s four-way
time interleaved adaptive SARADC, In this
paper, a partial V., based switching
technique was implemented that requires a
digital overhead from the adaptive SAR
centroller and achieved better conversion
accuracy. This methodalggy has reduced the
common mode variation by 50%. Reduction
of noise, comparator offset and input
parasitic was analyzed and wverified by
simulation. But, the usage of the external
common mode voltage 7t,ur:lng DAC reser
could be a problem Mifh this h.chmquf:
Large switching power ind more area is
required to run the entire architecture.
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Zhang [8] presented a 14-bit kS/s SAR-ADC
used for biomedical application. In order to
achieve enhanced linearity, a uniform
geometry non-binary weighted capacitive
DAC was implemented. Furthermore, in this
method, a secondary bit method was used in
dynamically shift decision levels for error
correction. This method was implemented in
65nm CMOS technology. The ADC has
consumed 1.98 uW Power and 0.28mm’” of
active area. This Architecture requires
number of stages to implement that
increases complexity of the ADC.

Shakibaee [5] proposed a power-efficient
adaptive SARADC system. In this design a
new |low energy capacitor switch approach is
used that consumed no switching energy in
first three comparison steps. Furthermore, an
energy efficient split monotonic method was
used for the rest of the operation. In this
design switching energy consumption is
reduced by 99.23% and total capacitor size
is reduced by 75%. The proposed scheme
reduced the power consumption of the
control  logic  circuit. The proposed
architecture 18 not suitable for high-
resolution ADC circuits.

Some of the properties of adaptive
SARADC are:
e Power and area-efficient architecture
— the same circuitry is used N-times
(for N-bit ADC) to approximate the
input voltage
s Only one comparator, two DACs and
adaptive SAR logic needed — fits
well to modern digital CMOS

The design of  adaptive sarade
implementation issues are:

11l. PROPOSED SYSTEM
In this paper, adaptive SARDAC-ADC

circuit is designed which is shown in Figure
(1). This architecture contains a DAC,
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Analog input, Amplifier, SAR, Sample and
hold, Timing circuitry, Adaptive SAR,
Comparator and an Encoder. For high
sampling linearity, bootstrapped switches
are used, In this work, different values of the
capacitor are used to design the DAC.

Analog
npul

Amplifier Sampie

and hald

Timing

clrcultry

Adaptive

Comparatar SAR

Digital o'p

] DAC B

Fig. 1: OVERALL ARCHITECTURE FOR
ADAPTIVE SARDAC- ADC CIRCUIT

An amplifier is an electronic circuit used to
boost up the strength of the weak signal
This signal can be a current, voltage or
power signal. It is a 2 portcircut that
increases the amplitude of the mput signal
and provides an amplified signal at the
output end.

Low noise, low power with high speed
comparator is an important factor to design
the entire architecture.

Figure (2) shows a chain of registers that are
cascaded to implement the SAR. The
dynamic register is needed to store the
comparator outputs and to control the
capacitive DAC, D-flip-flops are utilized to
accomplish this objective, brnging the
critical path delay to 2idg. tdq is the delay
from the rising edge of the clock to the

Volume XI1I, Issue IV, April /2020

VIKAS LU

vijay awada Rura

substantial output of a D Flip Flop. In this
Architecture, dynamic repisters are used,
which is activated by the comparator output.

After Ci and Cg goes to low, Ci' is activated
to empower the following bit register. Note
that Low-Threshold Voltage (LVT) gadgets
are processed to further increase the speed.

Fig. 2: ADAPTIVE SARLOGIC DIAGRAM

In electronics, asample and hold (also
known as sample and follow) circuit is
an analog device that samples (captures,
takes) the voltageof a  continuously
varving analog signaland holds (locks,
freezes) its value at a constant level for a
specified minimum period of time. Sample
and hold  circuits and related peak
detectors are the elementary
analog memory devices. They are typically
used  in analog-to-digital  converters to
eliminate variations in input signal that can
corrupt the conversion process.

In electronics, a digital-to-analog converter
(DAC, D/A, D2A, or D-to-A) is a system
that converts a digital signal into an analog
signal. Ananalog —to —digital converter
(ADC) performs the reverse function.

A successive-approximation ADC is a type
of analog-to-digital converter that converts a
continuous analog waveform into a discrete
digital representation using a binary search
through all possible gquantization levels
betore finally converging upon a digital
output for each conversion.
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In timing circuits you are controlling the rate
of response of the capaciter or controlling
the rate of the voltage across the capacitor.
The simplest timing circuit is a series
combination of a resistor and capacitor, The
lime constant is the amount of time to
charge the capacitor to 63% of the input
voltage and is equal to the resistance times
the capacitance (T = RC).

IV. RESULTS

This proposed architecture was implemented
initially, each and every sub blocks are
designed which helps to create the entire
architecture cell view. For making cell view,
initially the circuit design needs to be
designed. Once it is finished, we have to
choose “create —p cell view —» from cell
view™,

This above step is used to convert schematic
into the cell view block. Then, all the cell
view is connected to make a main module
block design. After the top module design,
[ollowing performance has been evaluated.

A Area

The entire arca of the architecture is
calculated with the help of the transistor.
Based on the number of rransistors for every
block, the area has been zalculaled.

B. Power and Current

After, running the simulation the power and
current  consumption of the entire
architecture has been calculated. In Analog
Design Environment (ADE) window, we
have to calculate the power for the top
module. For that have to select

“Results —= Print — transient operating
point™,

Volume XII,; Issue IV, April /2020
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Fig. 3: ADAPTIVE SAR- ADC Split Capacitor

Architecture

Figure 3 shows the overall architecture it
consists of DAC, comparator, adaptive SAR
logic, and encoder. To design 12 bit DAC 48
MUZX is required and each MUX needs 2
transistors, one PMOS and one NMOS is
enough to design the MUX. The selection
line signal is given to the gate terminal.

B OAISArE  puens §

Fig. 4: OUTPUT WAVEFORM

The comparator operation and schematic is
described in the previous section. The
adaptive SAR logic explanation and internal
block of CU also explained in the previous
section.

V.CONCLUSION
The presentation of detailed analysis with
the parasitic effects in different switched
capacitor DAC topologies as well as their
analyzed influence on the minimum value of
the unit capacitance and on the total area of
the total capacitive array that is shown in
this paper. It is shown that even though the
spilt capacitor topologies have the main
contribution in decreasing the capacitive
array ared, with the performance as well as
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linearity preservation will not be always
followed by the area savings. It is shown
that the results of 12-bit resolution while
using the minimum capacitor available in
cur 180 nm CMOS technology is almost the
limiting resolution for SAR ADCs along
with the switched capacitor DAC without
the compensation or calibration circuits in
this technology.
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