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ABSTRACT

This paper presents a continuous-time (CT) third-order modulator for single-bit as well as
tri-level quantizer. Both topologies cascade of integrator of multiple feedforward (CIFF) as
well as cascade of integrator with multiple feedback (CIFB) investigated for better
performance. The signal-transfer-function (STF) shows low pass response due to low pass
delta-sigma modulator. The noise transfer function (NTF) of the modulator exploited for
better noise shaping with NTF zero optimization. The modulator can achieve signal-to-noise
ratio (SNR) of 87 dB for single-bit quantizer, while for 1.5-bit quantizer, modulator can
achieve SNR of 90 dB with NTF zero optimization with oversampling ratio (OSR) of 64 with
full-scale input signal of 400 mV. Due to higher order loop filter much lower out-of-band-
gain (OBG) required for higher stability. The operational amplifier is an important building
block and needs to be investigated for low power consideration. The proposed modulator is
investigated for 400 mV supply amplifier. The topology of the operational amplifier with
supply voltage of 400 mV is bulk-driven topology. The bulk-driven amplifier has open loop
DC gain of 58 dB and phase margin of 62 degree with power consumption of 3.64 nW. Finally,
the complete modulator implementation at the circuit level as RC active amplifier also
investigated with thermal noise and flicker noise.

Keywords: Bulk-driven amplifier, Analog-to-digital converter (ADC), Digital-to-analog
converters (DACs), NTF, STF.

1. INTRODUCTION clock rate. As the nanoscale CMOS
techniques are fast evolving, it is now
possible to design continuous-time Delta-
Sigma modulators with large bandwidth
and high dynamic range for high-
frequency applications. This  work

. presents a single-loop feedforward third-
pass Delta-Sigma modulator. The NTF of order 4-bit CTDSM. At a clock rate of 2.4
the modulator exploited for better noise

shaping with NTF zero optimization. The
modulator can achieve SNR of 87 dB for 1-
bit quantizer, while for 1.5-bit quantizer,
modulator can achieve SNR of 90 dB with
NTF zero optimization with OSR of 64 with
full-scale input signal of 400 mV. The
modulator circuit non-idealities like DC
gain, noise from each stage, modeled and
simulated. Because of the oversampling
ratio required, the bandwidth of a Delta-
Sigma modulator (DSM) is restricted by the

A CT third-order modulator for single-bit
as well as tri-level quantizer. Both
topologies CIFF as well as CIFB
investigated for better performance. The
STF shows low pass response due to low

GHz, this modulator is developed in a 40-
nm CMOS process and achieves an 80-dB
dynamic range and a 100-MHz bandwidth.
From a 1.2 V power source, the modulator
uses 69.7 mW [1]. Low oversampling ratios
must be used in wideband Delta-Sigma
A/D converters in order for the sampling
frequency to stay acceptable. For
obtaining high resolutions, increase the
bit-number or loop order. Cascaded
structures are commonly used because
high order single-loop modulators are
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prone to instability. In the first loop, we
utilize a third order modulator rather than
a second order modulator to reduce the
mismatch sensitivity inherent in cascaded
structures. With an OSR of just 8, the
suggested  3(5-bit),2(2-bit) cascaded
modulator  achieves an  effective
resolution of 14-bits across a bandwidth of
12.5MHz while accounting for all non-
idealities. The optimal fifth-order NTF,
which contains two pairs of complex

conjugate zeros and one dc-zero,
maximizes the Signal-to-Quantization-
Noise-Ratio (SQNR). Feed-forward

pathways, which add the signal directly at
the quantizer input, loosen the integrator
parameters, result in low distortion [2]. A
fourth-order, multi-stage noise shaped
(MASH) DSM for broad bandwidth
applications is presented in this work. A
second order DSM with multi-level
quantizer is used in each stage of the DSM.
The first stage of the DSM is a low-
distortion second-order single-loop DSM,
and the second stage is a low-distortion
DSM with Chebyshev type Il filtering. The
proposed design can increase circuit
performance by reducing signal distortion.
The TSMC 0.25 m process was used to
develop and construct a test DSM chip for
ADSL applications. The simulation results
show that with 65mW of power
dissipation, the dynamic range (DR) might
approach 87dB [3]. For 20-MHz signal
bandwidth (BW) a high degree of linearity
multi-stage noise Shaping (MASH) 2-2-2
DSM was described. Multi-bit quantizers
were used to give a low quantization
noise level in each stage. As a result, the
modulator's SNR will be improved. A multi-
layer  butterfly-type network-based
randomization strategy was created to
reduce spurious tones in the output
spectrum, and mismatch noise in internal
multi-bit DACs was explored in depth. At
a sample rate of 320MHz, the modulator
took up 0.45mm of chip area and
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dissipated 28.8mW from a 1.8-V power
supply, thanks to its fabrication in a 0.18-
m single-poly 4-metal Complementary
Metal Oxide Semiconductor (CMOS)
process. The measured spurious-free
dynamic range (SFDR) was 94dB, with the
randomizers for multi-bit DACs providing a
17-dB increase in the first two stages. The
figure-of-merit (FOM) was 126pJ/conv,
and peak signal-to-noise and distortion
ratio (SNDR) was 76.9dB at 1 dBFS @ 2.5-
MHz input [4].

This paper presents a continuous-time
third-order modulator for single-bit as
well as tri-level quantizer. Both topologies
CIFF as well as CIFB investigated for better
performance. The STF shows low pass
response due to low pass delta-sigma
modulator. The NTF of modulator
exploited for better noise shaping with
NTF zero optimization. The modulator can
reach SNR of 87 dB for single-bit
quantizer, while for 1.5-bit quantizer,
modulator can reach SNR of 90 dB with
NTF zero optimization with OSR of 64 with
full-scale input signal of 400 mV. Due to
higher order loop filter much lower OBG
required for higher stability. The
operational amplifier is an important
building block and needs to be
investigated for low power consideration.
The proposed modulator is investigated
for 400 mV supply amplifier. The topology
of the operational amplifier with supply
voltage of 400 mV is bulk-driven topology.
The bulk-driven amplifier has open loop
DC gain of 58 dB and phase margin of 62
degree with power consumption of 3.64
nW. Finally, the complete modulator
implementation at the circuit level as RC
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active amplifier also investigated with After the introduction, the second section
thermal noise and flicker noise. discuss the design of the modulator design
with CIFB topology, while the third section
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describes the modeling and simulation of
the modulator and explain the operational
amplifier for integrator for the third-order
single-bit & tri-level quantizer for CT
design implementation. Finally, the
section four concludes the paper.

2. MODULATOR DESIGN

A higher order with three integrators in
the loopfilter and five-bit quantizer
modulator modeled using Delta-Sigma
Toolbox [12]. The CIFB investigate for
higher OBG with low oversampling ratio of
64 without NTF zero optimization
technique. The modulator with CIFB
topology can achieve SNR of 90 dB with
OSR of 64. Due to the reason of low pass
modulator, the STF of the modulator have
low pass behavior. While the NTF have
high pass response to shape more
quantization noise at high frequency. The
coefficients of the proposed third order
with 5-bit quantizer CIFB obtained from
Delta-Sigma Toolbox. These coefficients
represent the ratio of capacitors at the
discrete-time implementation of the
modulator. While for the CT
implementation these coefficient needs to
be converted into the CT equivalent
coefficient [13]. Then these converted
coefficients will be used to choose the
resistor and capacitor ratio considering
the sampling frequency. Those
coefficients which are not mentioned,
have value zero. The STF and NTF of the
modulator is shown in Figure 1. As it is
shown from the Figure 1 clearly that the
OBG of the CIFB modulator is less than 2
for high stability of the modulator. While
STF of the modulator shows low-pass
response to allow those signals, which are
at low frequencies and attenuate high
frequency signal. The Figure 2 shows the
transient output of the modulator with
pulse coded modulation (PCM). The Figure
3 shows that STF and NTF plot, as the NTF
shows -60dB/decade for the quantization
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noise attenuation due to three integrators
inside the loop filter. The maximum
quantization attenuated as all the
integrators are ideal. The Figure 4 shows
the output power spectral density (PSD)
plot with SNR of 68, achieving effective
number of bit (ENOB) of 14-bit. The
modulator NTF shows a sharp noise
shaping response due to the reason that
all integrator inside the loopfilter is
assumed having infinite DC gain. The noise
floor is at the level of -130dB, the
quantization noise is suppressed maximum
with three integrators inside the loop
filter. Due to low OSR of 64, the signal
bandwidth is small. Due to CIFB topology
of the modulator the signal swing inside
the loopfilter is large as a results
operational amplifier with very high DC
gain will be demanded for the suppression
of the quantization noise. Due to CIFB
topology the stability of the loopfilter is
very high due to the advantage of multiple
feedbacks, while the overall modulator
becomes power hungry with many high DC
gain amplifier inside the loopfilter. The
Figure 5 shows the output states of the
modulator, due to CIFB topology the swing
inside the loopfilter is large.

3. RESULTS & DICUSSION

A third-order single-bit modulator for
wideband applications is proposed. The
topology of the modulator is CIFB to lower
the power of the loopfilter. The modulator
can achieve SNR of 90 dB with OSR of 64.
The simulation environment Delta-Sigma
Toolbox [14] which simulates the circuit
non-idealities are used. This section will
discuss about the circuit non-idealities
like thermal noise or KT/C, flicker noise,
finite operational amplifier gain, finite
slew-rate, finite gain-bandwidth (GBW).



4. CONCLUSION

A continuous-time third-order modulator
for single-bit as well as tri-level quantizer.
Both topologies CIFF as well as CIFB
investigated for better performance. The
STF shows low pass response due to low
pass DSM. The NTF of the modulator
exploited for better noise shaping with
NTF zero optimization. The modulator can
achieve SNR of 87 dB for single-bit
quantizer, while for 1.5-bit quantizer,
modulator can achieve SNR of 90 dB with
NTF zero optimization with OSR of 64 with
full-scale input signal of 400 mV. Due to
higher order loop filter much lower out-of-
band-gain OBG required for higher
stability. The operational amplifier is an
important building block and needs to be
investigated for low power consideration.
The proposed modulator is investigated
for 400 mV supply amplifier. The topology
of the operational amplifier with supply
voltage of 400 mV is bulk-driven topology.
The bulk-driven amplifier has open loop
DC gain of 58 dB and phase margin of 62
degree with power consumption of 3.64
nW. Finally, the complete modulator
implementation at the circuit level as RC
active amplifier also investigated with
thermal noise and flicker noise.
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