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Abstract
A low cost, highly resolution analog to digital converter is 
being designed and developed in our laboratory. Based on 
characteristics, a comparative study of different ADC is being 
made. Sigma delta modulator has been chosen for its better latency 
and throughput.
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I. Introduction
The emergence of powerful digital signal processors implemented 
in CMOS VLSI technology creates the need for high-resolution 
analog-to-digital converters that can be integrated in fabrication 
technologies optimized for digital circuits and systems. Depending 
on the ratio of sampling, the analog to digital converters can be 
divided into two categories. The first category is the Nyquist rate 
ADCs in which the input data is sampled at the Nyquist rate. 
Nyquist sampling states that the frequency of sampling must be at 
least twice the bandwidth of the signal in order for the signal to be 
recovered. The second type called oversampling ADCs, samples 
the signal at a rate much higher than the Nyquist rate.

Building Blocks of Oversampling ADC

Fig. 1: Block Diagram of Oversampling ADC

II. Oversampling ADC
ADC can be separated into categories depending on the rate of 
sampling. The first category samples the input at the Nyquist rate, 
or fN =2F, where F is the bandwidth of the signal and fN is the 
sampling rate. The second type samples the signal at a rate much 
higher than the signal bandwidth. This type of converter is called an 
oversampling converter. Traditionally, successive approximation 
or dual slope converters are used when high resolution is desired. 
However, trimming is required when attempting to achieve 
higher accuracy. Dual slope converters require high speed, high 
accuracy integrators. That is only available using a high fT bipolar 
process.
Having to design a high-precision sample and hold is another 
factor that limits the realization of a high resolution ADC using 
these architectures. The oversampling ADC is able to achieve 
much higher resolution than the Nyquist rate converters. This 
is because digital signal processing techniques are used in place 
of complex and precise analog components.The accuracy of the 
converter does not depend on the component matching, precise 
sample –and –hold circuitry, or trimming, and only a small amount 
of analog circuitry is required. Switched capacitor implementations 
are easily achieved, and as a result of the high sampling rate, 
only simplistic anti-aliasing circuitry needs to be used. However 
because of the amount of time required to sample the input signal, 
the throughput is considerably less than the Nuquist rate ADCs.

A. Comparative Study of Different ADC
Depending on the ratio of sampling, analog to digital converters 
can be divided into two categories.

Table 1:
Flash type ADC
or Simultaneous
type ADC

Successive 
approximation
type ADC

Counter type
ADC

Continuous
type ADC

Oversampling
ADC

1.The flash type ADC 
uses the distributed 
sampling to achieve a 
high conversion speed.

1.It performs a 
binary search
through all possible 
quantization levels 
before converging 
on the final digital 
data.

1.The counter type ADC is
constructed using only one
comparator with a variable 
reference voltage. The 
variable reference voltage 
can be obtained by a 
sequence or binary counter 
and a DAC.

1.In this type of ADC 
counting is done from the
previously counted value,
instead of reseting the 
counter for each conversion. 
This requires an UP/DOWN 
counter mechanism and 
additional control circuitry.

1.In oversampling ADC 
conversion is done on the 
basis of two key techniques. 
They are oversampling and 
noise shaping.

2.Flash converters 
are the fastest type of 
ADCs because A/D 
conversion is performed 
simultaneously through 
a set of comparators. Its
typical conversion time 
is 100ns.

2. The conversion
time is maintained
constant that is
proportional to
the number of bits
in the digital output.

2. In counter type ADC, 
the conversion time 
is very long, variable 
and proportional to the 
amplitude of analog input
voltage 

2.The continuous type ADC 
is faster than the counter type 
ADC as the conversion starts 
from the previous counted 
value instead of resetting the 
counter every
time. 

2.Conversion time of 
oversampling ADC is high.

3.Complexity
increases with
increase in the
number of bits as
more comparator
is required.

3. Complexity of
Successive
approximation
type ADC is low.

3. The counter type ADC is 
very simple and needs less 
hardware compound to the
simultaneous type ADC.

3. Additional logic is required
to control the circuit for
performing UP/DOWN
counting operations.

3.Oversampling type ADC 
is less complex as it does 
not require  sample and hold 
circuit, and it uses digital 
circuit so it also does not 
component matching.
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B. Characteristics Based Positional of Different Analog 
to Digital Converter
Characteristics Flash Pipeline SAR Sigma Delta
Throughput 1 2 3 4
Resolution 4 3 2 1
Latency 1 3 2 4
Suitability for converting
multiple signals per ADC 1 2 1 3

Capability to convert 
nonperiodic multiplexed
signals

1 2 1 3

Simplified antialiasing - - - Better
Canunder sample? Yes Yes Yes -
Can increase resolution 
through averaging? Yes Yes Yes -

III. Programs and Corresponding Simulaton Results

A. Program for Differential Amplifier Circuit

Fig. 2: Circuit Diagram for Differential Amplifier

Program:
**design of a differential amplifier circuit
v1 40 0 sin(0 7v 1.5khz)
v2 12 0 sin(0 14v 1.5khz)
r1 40 41 1k
r2 12 100 1k
rf 43 41 1k
r3 100 0 1k
eopamp1 43 100 0 41 10
.tran 0us 8ms
.probe
.end

Simulation Results
Input waveforms at node 40 and 12:

Fig. 2

Output waveform at 43:

Fig. 3:

B. Program for Switched Capacitor Integrator Circuit

Fig. 4: Switched Capacitor Integrator Circuit Diagram

Program:
**design of a switched capacitor integrator
vin 43 0 ac 12 sin(0 1 2khz)
s2b 43 2 21 0 sw1
s2a 2 0 20 0 sw1
c4 2 3 1pf
s3a 3 0 21 0 sw1
s3b 3 4 20 0 sw1
eopamp3 5 0 0 4 10
c5 4 5 2pf
v1a 20 0 pulse(0v 5v 0us 0.01us 0.01us 2.5us 10us)
v1b 21 0 pulse(0v 5v 5us 0.01us 0.01us 2.5us 10us)
.model sw1 vswitch(Voff=0 Von=5 Ron=10k Roff=100MEG)
.tran 0.1us 1500us
.probe
.end

Simulation Results
Input waveform at node43 and output waveform at 5:
*when gain of OPAMP is 100

Fig. 5:
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Input waveform at node43 and output waveform at 5:
*when gain of OPAMP is 1000

Fig. 6: 

C. Program for Comparator Circuit

Fig. 7: Circuit Diagram of Comparator Circuit

Program:
*DESIGN OF A COMPARATOR
.SUBCKT OpAmpSat non inv out com
Ri non inv 500k
Ro int out 50.0
Et int com TABLE {V(non,inv)}=(-0.0001v, -15v) (.0001v, 
15V)
.ENDS
vin 5 0 sin(0 7v 500hz)
vref 6 0 dc 0v
Rr 7 0 1k
Xp 5 6 7 0 OpAmpSat; must include above subckt def.
.tran 0us 8ms
.probe
.end

Simulation Results
Input waveform at node 5 and output waveform at 7:

Fig. 8:

D. Program For 1-bit DAC

Fig. 9: Circuit Diagram of 1 Bit DAC

Program:
**design of 1 bit dac
vdd 13 0 15v
vin 7 0 pulse(0 5v 0 1ns 1ns 1ms 2ms)
m1 9 7 13 13 pmod
m2 9 7 0 0 nmod
m3 12 7 10 13 pmod
m4 12 9 10 0 nmod
m5 12 9 11 13 pmod
m6 12 7 11 0 nmod
vref1 10 0 5v
vref2 11 0 0v
** design of an lpf
*vin 7 0 ac 12 sin(0 1 2khz)
rl1 7 13 2.5k
rl2 14 0 2.5k
cl1 13 0 1pf
eopamp 15 0 13 14 10
rlf 14 15 2.5k
.model pmod pmos
.model nmod nmos
.tran 0us 10ms
.probe
.end

Simulation Results
Input waveform at node 7 and output waveform at 12:

Fig. 10:
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7.5. PROGRAM FOR 1ST ORDER SIGMA-DELTA 
MODULATOR:
PROGRAM:
**sigma delta modulator
*design of a differentiator circuit
v1 40 0 sin(0 7v 1.5khz)
r1 40 41 1k
r2 12 100 1k
rf 43 41 1k;feedback resistance
eopamp1 43 100 0 41 100
*design of a switched capacitor integrator circuit
s2b 43 2 21 0 sw1
s2a 2 0 20 0 sw1
c4 2 3 1pf
s3a 3 0 21 0 sw1
s3b 3 4 20 0 sw1
eopamp3 5 0 0 4 100
c5 4 5 2pf
v1a 20 0 pulse(0v 5v 0us 0.01us 0.01us 2.5us 10us)
v1b 21 0 pulse(0v 5v 5us 0.01us 0.01us 2.5us 10us)
.model sw1 vswitch(Voff=0 Von=5 Ron=10k Roff=100MEG)
*design of a comparator
.SUBCKT OpAmpSat non inv out com; sub circuit of opamp
for comparator
Ri non inv 500k
Ro int out 50.0
Et int com TABLE {V(non,inv)}=(-0.0001v, -15v) (.0001v,
15V)
.ENDS;end of subcircuit
vref 6 0 dc 0v
Rr 7 0 1k
Xp 5 6 7 0 OpAmpSat
*design of dac
vdd 13 0 15v
m1 9 7 13 13 pmod
m2 9 7 0 0 nmod
m3 12 7 10 13 pmod
m4 12 9 10 0 nmod
m5 12 9 11 13 pmod
m6 12 7 11 0 nmod
vref1 10 0 5v
vref2 11 0 0v
.model pmod pmos
.model nmod nmos
.tran 0us 8ms
.probe
.end

Simulation Results
Input waveform at node 40:

Fig. 11:

Output of DAC as an input to differentiator circuit:

Fig. 12:

Output of differentiator:

Output of integrator when gain is 1000:

Output of Comparator:
V(7)=output waveform of comparator
V(5)=input waveform of comparator

Output of DAC:

IV. Conclusion
Sigma-delta ADCs and DACs have proliferated into many modern 
applications including measurement, voice band, audio, etc. The 
technique takes full advantage of low cost CMOS processes and 
therefore makes integration with highly digital functions such 
as DSPs practical. Modern techniques such as the multi-bit 
data scrambled architecture minimize problems with idle tones 
which plagued early Σ-Δ products. Resolutions up to 24-bits are 
currently available, and the requirements on analog anti-aliasing 
/anti-imaging filters are greatly relaxed due to oversampling. The 
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internal digital filter in audio Σ-Δ ADCs can be designed for linear 
phase, which is a major requirement in those applications. For high 
resolution Σ-Δ ADCs designed for measurement applications, the 
digital filter is generally designed so that zeros occur at the mains 
frequencies of 50 Hz and 60 Hz.
Many Σ-Δ converters offer a high level of user programmability 
with respect to output data rate, digital filter characteristics, and 
self-calibration modes. Multichannel Σ-Δ ADCs are now available 
for data acquisition systems, and most users are well-educated 
with respect to the settling time requirements of the internal digital 
filter in these applications.
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