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Abstract—This paper presents a complete design of a Sigma- A. Sigma-Delta Modulator

Delta modulator. The modulator system consists of 4% order
switched-capacitor integrator, a comparator with hysteresis, a
bandgap voltage source (Vref), a 1-bit DAC and a aetent source
circuit. This modulator is suitable for high-resolution and low-
frequency A/D converters. The whole circuit was simlated using
the CMOS AMS 0.35um IC process and the simulationeasults
demonstrates a good performance of the implementedigma-
delta modulator.

Keywords— Analog integrated circuit;
design; Analog-to-Digital converters.
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l. INTRODUCTION

Usually, the operation of A/D converters is based o
Nyquist principles, where the sampling frequencgiaimum
twice the desired signal bandwidth [3]. During te@mple
period some high frequency components from interfee or
noise could produce harmonics inside the signadtadth,
resulting in an effect called aliasing. In orderrémuce this
effect, is necessary to limit the bandwidth of thput signal,
i.e., an anti-aliasing low-pass filter must be iempkented at the
system input to remove all the undesired high fesqy
components.

Moreover, A/D converters present quantization noise
error), which is caused by uncertainty of the aigmalue

The Sigma-Delta modulators represent an imF’Orta”é)etween two consecutive levels of quantization [lmeans

function in several application nowadays in whismécessary

to treat a signal according with the kind to comtins signal
quantization. However, with the advent developnwn{LSI

technology, there are several kinds of modulatorsmake
some kind of digital communication. The Sigma-dettahe
most used to convert signal analog-to-digital. THusis

enables to design of complex and integrated systbi® to
provide high conversion fidelity in the order of 2030 bits of
resolution, overcoming traditional converters [1].

the quantization noise is higher when the A/D rasoh is
lower.

With goal to obtain an A/D converter with lower
guantization noise, and thus, with higher resohjti@n
oversampling frequency is required. It may redute t
guantization error through high speed switchingrolducing
an oversampling in the sigma-delta modulator passible to
obtain a higher Signal-to-Noise (SNR) ratio.

An A/D converter based in Sigma-Delta modulatorvehio

This paper provides a brief survey about Sigma#elt gptimal performance related to bit resolution. Ulyaising

Modulator using AMS 0.35um technology. At the detiwvill
be approached the behavior of such a circuit btocgxplain
better the parts of design. After will be showeeé tiesults
reached with the circuit simulations. In the sattib it
presented some points about the motivation for gughe
Sigma-Delta Modulator. A description about the gir@and its
blocks will be presents in the sectioh The simulations
results are given in the sectiti. In the sectiodV it shown
the conclusions about this paper.

Il.  CIRCUIT DESCRIPTION

A simplified block diagram of the implemented Sigma

Delta modulator is shown in Fig.1. The modulatorcuait

consists of a 1 order switched-capacitor integrator, a

hysteresis comparator, a bandgap voltage soured)(\ar 1-bit
DAC and a current source circuit, which will progidhe
reference current to all the blocks inside the nientdu.
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Fig. 1. Simplified block diagram of a first order Sigma-@2eModulator [2].

this topology, it is possible to obtain 12 to 3GsbA/D
converters. On the other hand, Sigma-Delta modidat
present low or medium conversion speed, with sargpli
frequency varying from kHz to few MHz

A Sigma Delta converters architecture in compodésvo
main blocks: Sigma-Delta modulator and decimatdterfi
This paper focuses on the Sigma Delta modulator.

Sigma-Delta modulators allow the implementation of
Analog-to-Digital converters, high-performance [3mong
several option available for integrated implantatiof this
modulator, the technique of switched capacitodscmate.

Conventional converters are implemented using
Nyquist sample rate.

the

SNR,, = 602N + 176=20log,, (L )+ 176 (2)
N-number of bits
L — number of levels (L=2)

Therefore, in the design of a analog-to-digital \enter
with resolution of 16-bits is necessary to havegn&-Noise-
Ratio (SNR) of about 98.08 dB. For a resolutio24bits it is
necessary a SNR of 146,24 dB.

Nevertheless, in order to reduce the quantizatioisen
very often oversampling rate is used, i.e., a sampte of
more than twice the highest input frequency. Is tivay the
SNR becomes.

SNR,, = 602N + 176+10L0g,,(OSR (2)
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The effect of oversampling tocrease of ratio Sigr-
Noise (SNR) for a factor equal i® Log(k). Therefore, to g
a resolution of one bit extra, in @hwords, to increase tl
SNR to 6dB itis necessary a oversampling rate of four tii
(k=4). The advantage of oversampling is a relaxation &
requirements of attenuation of tamalog filter

It can be said thatsing a higher oversampg ratio
(OSR) allows better resolution of analogdigital converters
for the same bits number.

In order to keep the oversampling ratith reason value
inside the threshold of technologyidt possible to frame tr
frequency spectrum of quantizationoise, called Nois
Shaping.

Therefore, lhe accuracy of an oversampling ADC can
further increased by filtering the quantizations®in such
way that most of its power lies outside the sidraaid.

The switches which generates the charge tranin the
switched capacitor can be madesieveral was, moreover,
according to other sourcesig recommended to design t
switches complementary CMO$ which the referenc
voltage input can be any point of tharcuit, this is in
advantage in relation if compared tlte MOS switched in
which the necessary reference voltage s¢ede the VDD of
system.
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Fig. 2. The SNR of a modulatjr A of order N if expressed
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B. Switched Capacitor

In application at lowfrequency filter is necessary resis
or capacitors with large values. Due to tfaist, is not possible
to design integrated circuifor this purpose is necessary
use the Switched-Capacitor circuit i.a@s, possibleto get
resistors large values witgmall values of clock frequency ¢
capacitors. Care has to be taken thabotherlapping clockdo
not occur with the MOS switches.
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Fig. 3. Principle of operation switchechpacitor circuit [7]

One way tobuild non overlapping clocks awith latchs
NAND circuts , i.e.the clocks have intervals defined for ei
time delaydue to the propagation time in each inverter
As shown in Fig. 4.

Fig. 4. Generate of nowverlaping cloc[4].

Moreover, the switchedapacitor circit can be used to
build a simple-andiold circuit, where the sampled sigi
frequency must be smaller twice time clock frequelooking
at the principle of Nyquist Criterion.The large function of
integrator is current into vage conve, moreover, it does
hold the sample defined by switcl-capacitor circuit
according Nyquist Criterion.
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Fig. 5. Circuit used for sample and hold data by swit-capacitor and the
discret integration.

In this work, the opamp topology chosen was thedd
Cascode because this topology can offers a good-rate,
bandwidth and the gairenessary. The opamp implemented is
shown in the Fig. 6.
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Fig. 6. Schenatic of opamp Folded Cascode impleme.

C. Hysteresis Comparator

A comparator works like an operational amplifient
specific for comparing two voltages, or currenestwieen thei
inputs [5] It is done by comparing an analog signal v
another, or with a voltage reference. In the ergtehis ¢
comparison binary based exit signal that is basi@bne bit
convertor (analog to digital).

It is the quality of the comparator in which the input sig
(threshold) vary depending on input (positive or negative tr
Simplifying, it's the difference between the levat signal,
where the comparator turns on or off. A little ambuwof
hysteresis can be efsll in a comparator circuit, since when
reduce the circuit noise sensibility and help récganultiple
exit transitions, when the state change occures&method
can be divided in internal or external hystereble externa
hysteresis uses pitige feedback.When an input signal is
affected by noise, the change can be slow. Sineeirthut



voltage is similar from the reference voltage,ttelinoise can
make the input voltage vary from the referenceagsdt This
very noise can cause some glitches that tend &asel the
circuit power away. Below its demonstrated the togp
implemented of a hysteresis comparator.
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Fig. 7. Schematic of the comparator circuit [5].

D. Bandgap and Current Source

The voltage value and current in an integratedudirc
depends on some parameters such as fabricaticcegso
variation, power supply and temperature. The puwrpos
circuit which can generate voltage reference oresurwhich
allow to keep a constant voltage or current inddpah of
some fluctuation. This circuit are called curresfierence and
BandGap.

Currente Reference

In a reference current source, wait to generatereeit
which has the minimum of dependence of fluctuatimin
circuit power supply [6]. Thus, the topology choden this
job introduces a high independence grade of poweplg
(Vdd). The topology is illustrated in the Fig. 8.
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Fig. 8. Topology chosen to generate a reference currgnt [6

In the circuit of Fig. 6. the device M3 works asremt
mirror to M4. As both devices are iquals, the cotse(Iref)
and (lout) have the same intensity. Observing thation
between M1 and M2 it can be noticed that ther& Bny
relation of current mirror between them, becausey thave
different Vgs voltages due the Rs presence. TheeBistor
allows for defining the current in the circuit andpplies the
difference between M1 and M2. For this circuit, thetput
current is illustrated in (5).
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For the adjustment of dimension of this circuitd di

consider which it was considered the lout currdntwA and
the voltage in the M2 terminal of 50mV. Thus, the \Rilue is

of 50kQ. It was also considered that the proportionality

constant K equal to 2. Therefore, the aspect reabM2 was
0.59 and the M1 was half the value. Lastly, for & M4,
the value was defined with the same value of Mérefore
The Important is which the dimensions shall be &qua

Circuito Bandgap

The bandgap is a circuit to keep the voltage refaavith
minimum fluctuation due to the influence of tempera. The
use of a bandgap circuit is justified to generateeference
voltage independent of temperature fluctuationtinedato the
reference voltage called bandgap [6]. This volthge to be
fixed in 1.25V. In this work, the bandgap circuitplemented
is shown in the Fig. 9.
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Fig. 9. Topology implemented for a bandgap circuit in thixk [6].

In this circuit, in the voltage between the emitted the
base of transistor Q1 occurs a negative fluctuatiith the
increase of temperature. But the voltage diffeeebetween
the emitters of Q1 e Q2 occurs a positive fluctuatvith the
increase of temperature. The opamp Al is used
generating a virtual short circuit in the nodes Kday.
Adjusting the values of R1,R2 and R3, a Vout vaitaaf
1,25V can be gotten. In (6) illustrates the outpaltie (Vout)
of the circuit.

for

v, + +sz
Vour =Veez +Vr Inn[ﬁl R,
In (6) Vge2 is the voltage between the base and the emitter
of Q2, Vt is the thermal voltage of transistor aménd the
number of time which Q2 is greater than Q1. Therditures
show which R2 and R3 shall be calculated so trattnstant
of gain not inverter of Al is close to 17.2 andd&fual the R2
[6]. In this paper, the value of R1 and R2 are @0&nhd R3
igual the 66@. The value calculated of (n) was 6, according
with the calculations were put iguals transistoedby side for
replace Q2.

(6)

. SIMULATIONS RESULTS

In this section some simulation results are preskriEach
of the blocks was simulated with the objective bécking if
its responses are within an acceptable range fas th
application. In this simulation the power supplyeich circuit
was of 3V and 1uA the bias current. The featureSigha-
Delta modulator are illustrated in Table 1.

TABLE I. TABLE STYLES SUMMARIZED PERFORMACE OF THE

MODULATOR

Technology CMOS AMS 0.35um

Bias current 1uA (Self-bias)

Supply voltage 3V

Power dissipation 645uW

Order 1°

Sample frequency 1MHz

Bandwidth 1kHz

The bandgap circuit was simulated to check if thikage
reference of 1.25V was achieved. According saidthe
section 2.4, this circuit shall generate a constattage and
independent of temperature. So, this circuit wasutated



considering which the temperature varies-40°C the 120°c
and which Vdd varies of 2.5V the 3.3V. Thus, thédeor of
bandgap voltage geneedtcan be see in the F 10. The value
of bandgap voltage is within 1.23V and 1.32V withraage
variation aceitable for this first application.
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Fig. 10.Result of simulation of bandgap circuitWere checkieel behavior
for 8 value of temperature within of fabricatiorake

The current source, also cited in sectior, shall generate
a reference current, with the greatedependence of Vc
possible. Its thisimulation considered a fluctuation of V
between 2.5V and 3.5V. The reference ent generated can
be view in Fig. 11in which within this fluctuation, th
reference current was of 0.98uA the 1.0, having a low
grade of dependence of vVdd.
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Fig. 11. Result of simulation of reference current so

For the simulatin of comparator with internal hysteis,
consider a triangutainput signal which fluctuat: between 0
and Vdd. For this circuit, it isxpected a positir and negative
hysteresis of 0.01Vni around of reference voltage irhich
was half of Vdd. The Fig. 1flustrates the behavior the
output circuit, thus the histese checked was lower W
0.01V considered acceptable.
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Fig. 12. Result of simulation of comparator.

The simulation of Switche@apacitor can be viein the
Fig. 13. The signal test had an aryse of 1V and a frequenc
of 10kHz The clock frequence of control switchs was 1}
and the delay of non-overlaping clock wad ns
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Fig. 13. Output Simulation o$wichec-capacitor.

In the Fig. 14, is showrhé output of modultator arthe
input signal In this simulation, the input signal frequencas
100kHz and 1V of amplitute. The sampling frequenzas
1Mhz. It can seen the modulation pattern varwith the
amplitute of input signal.
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Fig. 14. Output Simulation of analog-digital converter.

IV. CONCLUSION

This paper has presentadSigmi-Delta modulator of 12
stage using AMS 0.35um teablogy. In the circuit design was
taken into account the simulation of each circuldck. i.e.,
due to this fact was possible twdy the private behavior of
the switchedzapacitor, the bargap and hysteresis
comparator circuitAfter the review, each circuit block we
connected where the resulted was Si-Delta Modulator. In
the next work Wl be increased thea 2" order of circuit
switched-capacitor integratoand included an anti-aliasing
filter.
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