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  Introduction


CHAPTER I

1. INTRODUCTION

1.1   ELECTRONICS

Electronics-the renaissance of 20th century-the gateway, which opens a wide range of promises to make the art of living an easier one. The development in the field of electronics offers a formidable challenge to the beginners who may be almost paralyzed by the mass of details. It can be said that the world is in the midst of the electronics revolution at least as significant as the industrial revolution.

Electronics-a versatile tool, which is of greater importance in increasing production efficiency, control and technological development. It is a branch of science, in which new inventions and development of new devices is a continuous process, which has opened up many exciting possibilities for developing new services for the mankind.

Technological progress and scientific advances often proceed with a different period of time. While the former is often shorter than the latter, they nevertheless much forward in a coupled rhythm. This is perhaps nowhere better illustrated than in electronics technology. The progress and prosperity of a country is based on its capabilities in the field of electronics. 

1.2   SCIENCE OF ELECTRONICS

Electronics-The science based on the behavior of electrons.

“Electronics=electron+dynamics”

This means, the term “electronics” was originally applied to the study of the flow of electrons or charges through various materials and devices such as semiconductors, vaccum tubes, nano structures, through space etc.,. It came to be used in its broader sense with advance in knowledge about the fundamental nature of electrons and about the way in which the motion of particles could be utilized.


An electronic component is any physical entity in an electronic system whose intention is to affect the electrons or the electronics associated fields in a desired manner consistent with the intended function of the electronic system. Although electronics is considered to be a theoretical branch of physics, the design and construction of the electronic circuits to solve practical problems is an essential one in the field of electronics and computer engineering.

1.3   NEED FOR ELECTRONICS

Electronics universe is a quick, fun read, providing true perspective not only in the history of science but on very nature of scientific inquiry and progress. The human aspirant of exchanging feelings and ideas is the mother of inventions in this branch. Therefore it can be said that, “Electronics is an art as well as science”. The importance of electronics is well known to all. Perhaps no field is left untouched without the ever widening hands of electronics.

According to Einstein’s saying, “Make things as simple as possible but not simpler”, in order to make the way of living a simple one in all walks and to drive along a smooth track, the technological development in the field of electronics becomes an inevitable one for the upliftment of the progress of a country.

1.4   ADVANTAGES
One of the main advantage of the electronic medium is the huge storage capacity that it offers at a very low cost, extremely small physical size, very small weight, suitability for signal operation, low power consumption and easy replacement etc…The electronics gadgets are being used in almost all industries for quality control and automation. Research in the field of electronics had led to the development of new key devices such as IC’s, transistors, lasers, optical fibers etc., which have made possible to manufacture a wide array of electronic consumer, industrial and military products.

The electronics systems are mainly used in the following applications

· Communication and entertainment applications.

· Instrumentation and control applications.

· Defence applications.

· Medical applications.

As an overall, Electronics encompasses exceptionally a broad range of technology.

1.5   TODAYS ELECTRONICS

Electronics has become the most important and talked about since today.  In today’s world, it is found that the sphere of electronics has spread so vast, that it plays an important role in almost every activity of life. Electronics essentially deals with the devices and their utilization. Such electronic devices have valuable properties, which enable them to function and behave as the friend of man today. Electronics has gained much importance due to its numerous applications in instrumentation. It is believed that by the end of this century the growth of electronics will be an unpredictable one.
 
Today many scientific and technical disciplines deal with different aspects of electronics. The most important aspects that play a vital role in the electronic environment are;

· Technology involving the manipulation of voltages and electric currents through the use of various devices for Digital electronics (Digital signal processing)

· The process of amplification of very weak signals.

· Reduction of noise associated with signal processing.

1.5.1 Analog to Digital Conversion

During the last few decades, there is no doubt that many functions that were traditionally the domain of analog electronics are nowadays implemented in digital form. The digital signal processing has come into an important stay in the instrumentation field. One of the main reasons why it is desirable to perform as many functions as possibly digitally is the superior reliability and flexibility of the digital circuitry.
 
 In their natural state, the information carrying variables such as voltage, current, charge, temperature and pressure are in the analog form. Even though an analog signal may represent a physical parameter with accuracy, it is difficult to process an analog signal for later use without introducing a considerable error. One of the primary advantages of digital electronics is its robustness, because, if the noise is less than the noise margin, then the system performs as if there were no noise at all. Therefore it becomes necessary to represent the real world physical quantities, which are continuous, digitally and improve upon the basic performance of a circuit in many of the industrial as well as the technical applications. One of the unprecedented growths in digital electronics is the advent of IC’s which helps to display the data in a very convenient, accurate and elegant way. Also, the information storage in digital systems is easier than in analog ones. In the light of above, it is clear how important is the analog to digital conversion.

1.5.2 Amplification

Amplification is an increase in the magnitude of a current, voltage or wattage. Amplification makes it possible to transmit radio signals of high power and also recovers signal that are very weak.

Amplification refers to the operation of an amplifier, a natural or artificial device intended to make a weak signal, stronger. The amplifier is a two-port device that accepts a small varying input signal and output a larger amplitude signal that generally matches the waveform characteristics of the input. Amplifiers are available to boost electrical and optical signals.

Almost all the electronic equipments must include means of amplifying a weak electric signal. The invention of amplifying devices, first the vacuum tubes, later transistor were the crucial evolution of electronics. In general, an amplifier is any device that uses small amount of energy to control a larger amount of energy.

In popular use the term refers to the electronic amplifiers, which are a constant and important ingredient in electronic system, often used in many applications such as signal processing, noise reduction etc. Without amplification nothing would be possible i.e. there would be no radio receivers, no television, no computers.

1.5.3 Reduction in Noise

In electronics and information theory, noise refers to those random, unpredictable, unwanted and undesirable signals or changes in signals, which may be present in addition to the desired signal, that mask the information content. The characteristic of noise is that it has no periodicity and so creates no recognizable signal. The actual performance of measuring instruments is affected by numerous external factors of noise. In an amplifier, the transistors and IC’s invariably generate some kind of noise called amplification noise that ultimately limits the maximum useful signal amplification that can be provided as an output.

The digital techniques developed in the mid century substantially reduce the noise and increases the fidelity and durability of the signal processing. Also reduce the noise in amplifiers; negative feedback techniques can be used to reduce the noise in amplifiers. This increases the signal to noise ratio and helps in the achievable performance of an electronic device.

1.6 IMPORTANCE OF LOCK-IN AMPLIFIER

In the present trend, for the purpose of digital signal processing, amplification of weak signals and for the reduction in the noise, the availability of low cost, high performance digital configurable devices has extended the application of digital signal processing to a larger field of instrumentation e.g. a transistor based amplifier. One such amplifier is the LOCK-IN AMPLIFIER, which is capable of increasing the amplitude of a very weak signal obscured by noise, and also helps in the digital representation of an analog signal.

1.6.1 Lock-in Amplification

Lock-in amplification is a wide spread laboratory technique. This technique is used to isolate signals of interest that are embedded in surrounding noise or in technical terms: Improves the signal to noise ratio and performs the Phase Sensitive Detection.

In science as well as many engineering measurements, it is possible to extract the desired signal from noise by using a variety of filtering techniques. One of the most important of these filtering techniques is the use of synchronous modulation/demodulation process, which is a way of measuring the component of the signal of interest that is synchronized in frequency and phase with a reference signal. This technique is often termed as Phase Sensitive Detection and is accomplished by the use of Lock-in amplifier. The AD630 is such a chip, which is intended for the use in precision signal processing and instrumentation applications requiring wide dynamic range. When used as a modulator/demodulator in a Lock-in amplifier configuration, it can recover signal from a 100dB (decibel) of interfering noise.

1.6.2 Science of Lock-in Amplifier

A Lock–in amplifier is a type of amplifier that selectively amplifies, detects and extracts a weak signal at a reference frequency in the presence of other strong frequencies and noise. Lock-in amplifier achieve this by acting as a narrow band pass filter with the pass band center point selected by a given reference signal along with input signal to be measured. It is essentially a homodyne with an extremely low pass filter. Homodyne signifies that the reference signal is derived from the source as the signal before the modulating process.

 
In essence a Lock–in amplifier takes the input signal multiplies it by the reference signal through a frequency mixer and integrates over a specific time of the order of milliseconds to a few seconds to convert the signal phase and amplitude to a DC-actually a time varying low frequency voltage signal. To understand how the Lock-in amplifier accomplishes this, there is a need to examine the circuit that provides the core functionality. This circuit is called the Phase Sensitive Detector, which is made up of a signal multiplier followed by a low pass filter.

The design and realization of a digital Lock-in amplifier devoted to high performance applications are based on Phase Sensitive Detection. Lock-in amplifier is also called a phase sensitive rectifier because the special rectifier called the Phase Sensitive Detector, which performs the AC to DC conversion, is the heart of the instrument. It is special that it rectifies only the signal of interest while suppressing the effect of noise. The constituent elements of a Lock-in amplifier are the linear circuits. So, we can analyze the response of a Phase Sensitive Detector to a sinusoidal input and build up any other signal we need.

1.6.3  Basic Principle
All the Lock-in amplifiers share a basic principle. The basic principle behind a Lock- in amplifier is the Phase Locked Loops-one of the building block technique widely used in electronics technology.

A Phase Locked Loop (PLL) is an electronic control system that generates a signal that has fixed relation to the phase of a reference signal. It is an electronic circuit that uses feedback and phase comparator to control frequency. A Phase Locked Loop circuit corresponds to both the frequency and the phase of the input signals, automatically lowering or raising the frequency of a controlled oscillator until matches to the reference wave form both in frequency and phase. A Phase Locked Loop is an example of control system using negative feedback, which reduces the noise in amplifiers. This principle has been used in application such as tracking filter frequency and in receivers etc., Also generates stable frequencies, recovers signal from a noisy environment or distribute clock timing pulses in digital logic designs such as microprocessors.

1.6.4. Features of Lock-in Amplifier

    
Most commercial Lock-in amplifiers has several features, which greatly enhance their practicality. Foremost among these are

· The time constant for the Phase Sensitive Detectors low pass filter is adjustable.

· There is fine phase adjust which allows one to compensate for phase lag between the reference and the input signal.

· A DC amplifier amplifies the Phase Sensitive Detector output.

· Square waves can be used to trigger the reference signal.

· A variety of filters may  be used to condition the output

· Computer interfaces for automated control and data acquisition are available.

· Because of the automatic tracking Lock-in amplifier can give effective Q-values, which is a measure of filter selectively in excess of 100000.

1.6.5  Uses of Lock-in Amplifier

Lock-in amplifiers are used to measure the amplitude and phase of repetitive AC signals buried in noise. Lock-in amplifier achieve this by acting as a narrow band pass filter which removes the unwanted noise while allowing the signal to be measured. In its most basic form a Lock-in amplifier is an instrument with dual capability i.e. it can recover signals in overwhelming noise back ground or alternatively it can provide high resolution measurements of relatively clean signals over several orders of magnitude and frequency. However, modern instruments offer for more than these two basic functions.

 A modern Lock-in amplifier will function as

1. An AC signal recovery instrument.

2. A Vector voltmeter.

3. A Phase meter.

4. A spectrum analyzer and much more.

It is this versatility, available in a single compact unit, which makes the                Lock-in amplifier an invaluable one.

The Lock-in amplifier does not affect the changes in the signals phase but increases the output. This capability has led to the use of Lock-in amplifier supplied as fully working Printed Circuit Board (PCB) assembly designed to be incorporated into a larger system as a part of signal processing facility where Phase Sensitive Detection is a requirement.


Compared to the purpose built equipment, Lock-in amplifier has lower cost with reasonable resolution, yet gives increased functionality, excellent flexibility to inspect the signal at all stages of processing.

1.7  OBJECTIVES

In the dissertation work carried out, the aim is 

· To construct a simple, portable, low cost Lock-in amplifier to accomplish the process of detection and amplification of very weak signals from interfering noise.  

· To study the theoretical concept of Lock-in amplifier.  

· To internally calibrate the constructed Lock-in amplifier. 

· To study the frequency response of the Lock-in amplifier.

· To gain knowledge about Phase Locked Loops-one of the building blocks in electronics technology and some practical knowledge in electronics.


Review of Literature

CHAPTER II

REVIEW OF LITERATURE

2.1 INTRODUCTION

A Lock-in amplifier is a device that responds to small input signals embedded in a carrier wave of other frequency and delivers a large output signal with the same waveform features of that of the input signal or in technical terms improves the signal to noise ratio and does the phase sensitive detection. This chapter deals with the review of literature pertaining to the study of a Lock-in amplifier. This chapter also reviews the various applications of Lock-in amplifier under the following topics.

1. Construction and description of a Lock–in amplifier

2. Improvement in the signal to noise ratio.

3. Applications of Lock-in amplifier.

2.2 CONSTRUCTION AND DESCRIPTION OF LOCK-IN AMPLIFIER


Paul A. Temple (1975) provided a detailed description of Phase sensitive Lock-in amplifiers with an overall voltage gain of 1000 and discussed its application in the Laboratory.

P.A.Prost and B.Collet (1985) narrated a Digital Lock-in amplifier with high gain stability and drift free which is used to simultaneously measure the in-phase and in-quadrature components at the reference frequency operating with no limitations on the low frequency side.

Dixon et al., (1989) developed a single channel digital Lock-in amplifier for measuring any harmonic or sub harmonic at reference frequency operating over a wide range of frequency from few Hz to 400 KHz with lower phase noise and better flexibility, stability and orthogonality.

John H.Scofield (1994) gave an account of the basic principles behind a Lock-in amplifier and particularly emphasized at the frequency components of the signal present at the various stages during a typical measurement.

Javier Gaspar et al., (2004) designed, developed and studied a Digital lock-in amplifier and presented the theoretical introduction to the system.

Maximiliano Osvaldo Sonnaillon and Fabian Jose Bonetto (2005) deviced a high performance digital Lock-in amplifier implemented in a digital signal processor, which is capable of measuring simultaneously multiple frequencies in the presence of high-level noise.

Restelli.A et al., (2005) designed and explained a digital Lock-in amplifier devoted for high performance photon counting applications based on a phase sensitive detection method and implemented in a Field Programmable Gate Array devices (PPGA)
Sandip K. Sengupta et al., (2005) constructed a simple, low cost, stand alone digital lock in amplifier suitable for the physical and analytical chemistry instructional laboratories. They found that the instrument was useful for detecting and amplifying signals that are in phase with a reference signal and was particularly important for optical experiments, which employ a pulsed light source. They designed the instrument based on the analog devices AD630 modulator/demodulator integrated circuit that uses a minimum number of components to accomplish input amplification, phase sensitive detection, low pass filtering and amplification of the output signal.

Sonnaillon, M.O. et al., (2005) proposed a high-frequency digital                 Lock-in amplifier that uses non-uniform sampling and validated experimentally to process periodic signals of frequencies several times greater than the Nyquist frequency and showed the advantages of the proposed Lock-in.

Sonnaillon, Maximiliano Osvaldo and Bonetto, Fabian Jose (2007) proposed an analytical algorithm for predicting errors in Lock-in amplifiers (LIAs) working with time-varying reference frequency in which the reference frequency can be swept in order to measure the frequency response of a system within a given spectrum. They found that the continuous variation of the reference frequency produced a measurement error that depends on three factors: the sweep speed, the LIA low-pass filters, and the frequency response of the measured system based on the final value theorem of the Laplace transform.
2.3  IMPROVEMENT IN SIGNAL TO NOISE RATIO

D.C. Denning (1976) simulated a Digital Lock-in amplifier on an IBM 370 computer and obtained an improved signal to noise ratio while providing a nuclear magnetic resonance signal along with a 20dB noise as an input to the Lock-in amplifier in which the input signal underwent a narrow band amplification followed by a Phase sensitive detection and a low pass filtering processes.

Xiaoyi Wang (1990) elucidated a simple Digital Lock-in amplifier for detecting signal of many orders of magnitude and eliminated the 1/f amplifier noise based on Apple II –e personal computer.

Su Ying Su and Ronald F.Evilia (1996) contrived a Lock-in amplifier detection of the modulated output of an Inductively Coupled Plasma (ICP) atomic emission and found the signal to noise ratio improvement approaching a factor of 3.

G.Ferri et al., (2001) presented a first version of a low supply voltage fully integrated Lock-in amplifier designed in a Standard Complementary Metal Oxide Semiconductor (CMOS) technology. They considered two different signals embedded in noise for the Lock-in test and the signal to noise ratio was found to be less and tested the circuit with a Light Addressable Potentiometric Sensors (LAPS) waveform and recovered the signal completely.

Stephen E.Johnson et al., (2005) employed Lock-in amplifier in the development of a theoretical model of a contact less conductivity detector to provide a more sensitive method of signal isolation and predicted the 10 fold improvement in the signal to noise ratio and the linear response of the detector to the change in the excitation voltage and the analytic concentration.

In their presentation of a simple measurement system based on the active power detection method   N.Nanota et al., (2006) used a Lock-in amplifier for the elimination of the noise superimposed on the terminal voltage and measured the AC losses for super conducting wires and tapes.

In-Yong Eorn and Purnendu K.Dasgupta (2006) evaluated a digital signal processor based  Lock-in amplifier absorbance detector for a frequency selective absorptance detection approach, which showed lower noise levels.

In the designing process, Ayan ray et al., (2007) used a balanced modulator and demodulator Lock-in amplifier for phase sensitive detection purpose, which helped to obtain a signal to noise ratio ranging from 100-7 using a small path length 15nm. 

2.4 APPLICATIONS OF LOCK-IN AMPLIFIER

2.4.1 Lock-in amplifier for Impedance measurement

F.Redando et al., (1981) discussed a technique for very low Q-factor impedance measurement using a Lock-in amplifier instead of a vector voltmeter and studied its accuracy.

Boris Podobedov and Robert Siemann (1998) described a digital signal processing Lock-in amplifier for the precise synchronous phase shift measurement as a function of beam current done in accelerator physics to estimate the longitudinal impedance of a storage ring of a vacuum chamber which involves the down mixing from the Radio Frequency to a KHz range for actual phase detection.
H.G. Goovaerts et al ., (1999) described a wideband input amplifier with transformer coupling in which the Phase Locked Loop technique is used for the measurement of the electrical impedance, as the phase- locked loop principle will lock on  to the input signal with zero phase shift.

K.G.Libbrecht et al., (2003) demonstrated a Lock-in amplifier to measure the resistance of a small length of brass wire to high accuracy at different frequencies and different drive currents.


Khalil-El- Hami and Kazurni Matsushige (2005) found the use of Lock-in amplifier operating at the 2nd harmonic when combined with a conductive atomic force combined with a conductive force facilitated the determination of the experimental electrostriction coefficient of about 2 nm​2 V-2 in a semiconductor single walled carbon nano tubes.

2.4.2. Lock-in amplifier as a SQUID magnetometer


J.P.Wilson (1973) adopted a phase sensitive Lock-in amplifier designed in a capacitive probe for the measurement of vibration amplitude and phase on the structures of the middle ear and on the basilar membrane of the cochlea and found out the vibrations down to 1 at the sound input as low as 40 dB.

S.D.Anderson (1976) reported the application of a portable, frequency selective and relatively cheap Lock-in amplifier in designing a signal retrieval system to measure the cochlear potentials in the guinea pig in response to the maintained pure tones.

Elmar Schmalzlin et al., (2006) showed that the combination of a Lock-in amplifier with fluorescence microscope, resulted in a convenient set up based on the upgraded phase modulation technique for the measurement of the oxygen concentration which change within the individual gland tubules during the hormone induced activity when the salivary glands of the blow-fly was injected with luminescent oxygen sensitive micro beads.

2.4.3. Lock-in amplifier for mutual induction measurement

T.Tanabe and H.Kitamura (1998) used a Lock-in amplifier instead of a vector voltmeter in an unconventional system, which has a continuous rotating mechanism to measure the integrated magnetic flux.

2.4.4. Use of Lock-in amplifier in hysteresis

Kazuyashi Torri et al., (2001) found the use of Lock-in amplifier in a Scanning Force microscopy  to study the occurrence of switching-induced suppression of the remanant polarization in PbZrTiO3 (PZT) top electrodes.

Hyunjung Shin et al., (2001) incorporated a Lock-in amplifier, which used a a.c. modulation technique, in a atomic force microscopy to detect a local piezoelectric hysteresis of PbZrTiO3 (PZT) thin films.

The present Dissertation work is carried out based on the circuit provided by Indian Academy of Sciences. In the study, the device Lock-in amplifier intended for the detection and amplification of weak signals buried in noise is constructed by using   AD630 Lock-in chip.

Materials and Methods



CHAPTER III

MATERIALS AND METHODS

3.1 INTRODUCTION


The intelligent selection and use of the instrumentation or measurement set up broadly depends on a broad knowledge of what is available and how the performance of the equipment will be described in terms of the job to done, whatever may be the nature of application. This chapter presents the essential components and their device concepts used for the construction of a Lock-in amplifier. This chapter also addresses the basic principles and general techniques of the proposed instrument. This chapter is dealt in such a way that the theoretical conceptual analysis and mathematical justification for the concepts are provided. This also explains the practical implementation of a Lock-in amplifier, which proves their usefulness. In the experimental part, the study is carried out to internally calibrate the Lock-in amplifier. The frequency response of the constructed Lock-in amplifier is also studied.

 3.2 PRINCIPLE

The Lock-in amplifier is an instrument primarily intended for the detection, measurement and amplification of small periodic signals in the presence of high levels of noise. Lock-in amplifier also enables you to measure phase shifts and the harmonic content of signals. The basic principle behind a Lock-in amplifier is the Phase Locked Loops (PLL)-one of the building blocks and widely used techniques in electronics technology. The Phase detector, amplifier and voltage-controlled oscillator form a Phase Locked Loop, which is capable of synchronizing and locking a reference signal to the input signal and maintain the lock when the tracking varies. Phase Locked Loop is an electronic system that generates a signal that has fixed relation to the phase of the reference signal, which means, it is an electronic circuit that uses feedback and a phase comparator to control the frequency. A Phase Locked Loop circuit corresponds to both the frequency and phase of the input signals, automatically rising or lowering the frequency of a voltage-controlled oscillator until it matches the reference in both frequency and phase.  The overall gain is simply the product of all separate gains for each block in the system. Also Phase Locked Loop generates stable frequency signals and recovers them from the interfering noise.

3.3 THEORY


The operation of Lock-in amplifier relies on the orthogonality of sinusoidal functions. The two essential reasons for using a Lock-in amplifier is its ability to improve the signal to noise ratio of the signal to be measured and to do the Phase Sensitive Detection. Fundamentally the Lock-in amplifiers are sensitive to AC signals. It needs a reference i.e. a periodic AC voltage with the signal frequency fed into the reference input. In essence, a Lock-in amplifier takes the input signal, multiplies it by the reference signal and integrates it over a period of time, usually of the order of milliseconds to a few seconds, resulting a DC signal attenuating the contribution from any signal that is not at the same frequency as the reference signal as well as the out of phase component of the signal that has the same frequency as the reference signal and this is why the Lock-in amplifier is a Phase Sensitive Detector. A Lock-in amplifier measures both the in–phase and out–phase components of the given input signal.


If the input signal takes the form,

g (t) = b sin (ωt+Δ)


and the reference signal takes the form,

f (t) = a sin (ω0 t)

For a sine reference signal and an input waveform, the output of the Lock-in amplifier will be,

Uout = ab/2 cosΔ

This is a DC output.

Where,
b = amplitude of the input signal.



a = amplitude of the reference signal.   


ω = frequency of the input signal.


ω0 =frequency of the reference signal.



Δ = Phase difference between the input and the reference signals.

3.4 LOCK-IN AMPIFIER-INTERNAL WORKING


Lock-in amplifier is an extremely important and powerful measuring tool and is also quite simple. Lock-in amplifier uses an AD630 integrated circuit known as Lock-in chip for the extraction of low frequency signal at a reference frequency in the presence of other strong frequencies and interfering broadband noise community.


The Lock-in amplification process consists of five stages as follows:

1. Input Gain stage.

2. Reference Signal stage.

3. Demodulation and Phase Sensitive Detection stage.

4. DC amplification stage.

5. A low pass filter stage.

 The block diagram of Lock-in amplifier is given in fig.3.1
3.4.1 STAGE I: Input gain stage


In the input gain stage the input to the Lock-in chip (AD630) is provided using a signal generator and is amplified using an instrumentation amplifier. Therefore, this stage is internally split into two; 

1) Input stage

2) Amplification stage

1) INPUT STAGE


In this stage the input is a sinusoidal signal of amplitude ‘v’ over a range of frequencies generated using a signal generator. In order to draw power, impedances of the order of 105 ohms (100kΩ) are connected across the signal generator, which is a simple potential divider. To avoid loading a buffer amplifier is used between the signal generator and the resistance network .The Schematic of the input stage is given in fig.3.6.

The output of the signal generator is an AC signal as given below,

VR1=V.R1 / (R0+R1+Rref)

Where,

VR1                = Input voltage across the resistance R1.

 R0, R1        = resistances connected across the reference signal.

  Rref             = resistance across the reference signal.

2) AMPLIFICATION STAGE


In the amplification stage, the output from the signal generator is connected to the instrumentation amplifier (LM324) for amplifying the input signal before it is applied to the Lock-in chip. Therefore, in the signal channel the input signal including noise is amplified by an adjustable gain, AC coupled amplifier in order to match it more closely to the optimum input - output signal range of the Phase Sensitive Detector. Usually, an instrumentation amplifier, which is an input amplifier for an electronic device, used for increasing the sensitivity of the instrument with high impedance inputs for voltage measurement, is fitted. This instrumentation amplifier (LM324) acts as pre-amplifier and filters the DC components that may accompany the input AC signal, since only the AC part of the signal is to be connected to the Lock-in chip (AD630).

The input signal from the signal generator is applied to the inverting input (pin 13). The reference signal input from a signal generator is connected to pin2, which is one of the inverting inputs of LM324 Quad operational amplifier, and pin3-the non-inverting input is grounded through the resistance R΄ (4.7 KΩ.) and R΄΄ (47 KΩ.). The output is taken from the pins 14 and 1 and is given as the input to the pin 6 of the third operational amplifier of LM324 through a resistance R of the order of 10KΩ. The output of this amplifier is taken from pin7 and is applied to the output amplifier of LM324. This is again fed to the pin9 (inverting terminal) of the fourth operational amplifier of LM324 through a resistance R΄ (120 KΩ.) The non-inverting terminals (pins 5, 10, 12) are grounded through the resistances 10 KΩ. The filters used in the instrumentation amplifier pass all the AC signals with frequency greater than 1/2πR3C. The schematic of the instrumentation amplifier (LM324) is given in fig.3.7.


In the instrumentation amplifier, the operational amplifiers placed at the top and bottom amplifies the respective voltages (the cause signal voltage and the reference signal voltage) relative to the ground and the signals can be respectively written as,

VA=VCM + VDIFF
VB=VCM-VDIFF

Where,

VA          =  output voltage at the amplifier A

VB      =  output voltage at the amplifier B

VCM   =  common mode voltage

VDIFF  =  differential voltage

In the three stages of the instrumentation amplifier, the differential voltage is alone amplified but the common mode voltage is not amplified. The amplification factor for the first stage is given by,

AMP=R΄΄/R΄+1

Where,

R˝and R΄are the resistances used of the order of 47k Ωand 4.7kΩ respectively.

The amplification factor for the second stage is given by,

                                                           AMP = -1

 Since both resistances used are equal.

The difference voltage is given by,

   Vdiff  = R1 X AMP

The amplification factor for the third stage is given by,

AMP=R1/R2

Where,


R1 and R2   are the resistances used of the order of 47 kΩ and10 kΩ respectively.


The output of the instrumentation amplifier is given to the pin 1 of AD630 Lock-in chip. The output signal (V΄signal) is,
V΄signal = (-R΄΄/R΄+1) X (R2/R1) X Vsignal
Vsignal = input signal given to the instrumentation amplifier.
3.4.2  STAGE II: Reference signal stage


In order to function correctly the Lock-in chip (AD630) must be provided with a reference voltage of the same frequency and with a fixed phase relation to that of the signal of interest. The reference signal is applied externally to the Lock-in chip through a signal generator with frequency ωo. The circuit diagram of the reference signal stage is given in fig.3.8.

This stage internally consists of two stages namely,

1) Reference  signal amplification stage 

2) Phase shifting stage

1) Reference  signal amplification stage

It is always good practice to keep the reference signal applied to the Lock-in chip around a few millivolts to a few volts and needs to be amplified. This is done by using LM308 operational amplifier. For this amplification purpose, the reference signal is fed to the inverting (pin2) of LM308 through a resistance R (3.3kΩ). A variable feedback resistance R΄ (100 KΩ) is connected from pin2 to pin 6 for achieving gain stability. The non-inverting terminal is grounded.


The amplification factor is given by,

AMP=-R΄/R

 Where, 


R΄, the variable resistance is varied with the help of 10K potentiometer, so that the reference signal is amplified to a suitable value and is designated by V'REF.

2) Phase Shifting Stage

The input signal and the reference signal may have different phase. Therefore, the output from the reference signal amplifier is connected to the phase shifter operational amplifier in order to match the phase of the input signal to that of the reference, which is a must for the Phase Sensitive Detection. For this purpose, the output from the reference signal amplifier is fed to the inverting input (pin2) of the LM308, which acts as a phase shifter. The non-inverting channel has RC lag circuit and the inverting channel with two equal resistors R΄ (4.7KΩ). Therefore, the voltage gain is always unity. The amplification factor of this circuit is 1.

The phase shift of the reference signal can be calculated by 

( = -2 a tan (f/fc)

Where,

( =Phase of the reference signal

a =Amplitude of the reference signal.

F =frequency of the input signal.

fc  =frequency of the carrier signal.

fc=1/2πRC

With this circuit the phase of the reference signal can be varied from nearly 0 o to 180 o without changing its amplitude.

3.4.3 STAGE III: Phase Sensitive Detection and Demodulation

Modulation is the process of changing the characteristic of a carrier wave in accordance with the intensity of the input signal. The Lock-in chip (AD630) - a multiplier which multiplies the input signal and the reference signal when it acts as a synchronous modulator.

 Demodulation is the process of recovering the input signal from the modulated wave. Lock-in amplification (which is the process of recovering signal from a carrier frequency.) is accomplished when the Lock-in chip (AD630) acts as a synchronous demodulator, which is a Phase Sensitive Detector. AD630 mainly performs the following two actions:

1. It rectifies the modulated wave i.e. it converts the input AC signal to DC signal using full wave bridge rectification method.

2. It extracts the low frequency signals from the carrier waves and amplifies it through a DC amplifier.

1) RECTIFICATION OF THE MODULATED WAVE


The special rectifier called the Phase Sensitive Detector forms the heart of the instrument. It is special that it rectifies only the signal of interest, while suppressing the effect of noise. The Phase sensitive detector is also a mixer that combines the two signals (input signal and the reference signal) at different frequencies. This mixer requires some kind of non-linear circuit element to function properly and that can be a diode or combination of diodes. The AC phase and amplitude information is recovered as a DC signal at the output of the synchronous demodulator (AD630). The demodulator output takes the form of a sinusoid at twice the reference frequency but with a mean or average level, which is positive. AD630 uses full-wave bridge rectification method to rectify the modulated wave, output of which the wave with one polarity i.e. a DC.

2) EXTRACTION OF LOW FREQUENCY SIGNALS


The measurement of a physical quantity in the presence of noise is a common situation. The trick known as Phase Sensitive Detection with time modulating the input signal at a frequency ‘(’ to produce an output signal is adopted.  The constructed Lock-in amplifier with AD630 Lock-in chip is used to accomplish this.

2.1  Functioning of AD630


The Lock-in chip AD630 when used as synchronous demodulator in Lock-in amplifier configuration, it can recover a small signal from 100dB interfering noise. The basic mode of operation of the AD630 may be easier to recognize as two fixed gain stages, which may be inserted to into the signal path under the control of a sensitive voltage comparator. The AD630 works on the following basis.


It has two operational amplifiers to which the input signal can be connected by a switch. When the circuit is switched between the inverting and non-inverting gain, it provides the basic modulation/demodulation function. The functional block diagram of Lock-in amplifier is shown in fig.3.2.


To understand it’s functioning, Let us take the cause to be a simple sine function namely,

Q=Q1 sin ((t)

And the effect to be a again a simple sine function at the same frequency but with a different phase as given below

V=V1sin((t+()

The reference signal ’R’ is derived from the cause signal Q.

R=R0 sin ((t+(1)

Its phase (1 can be varied continuously.

The sign of R is positive if    -(<(t <π-(
The sign of R is negative if   π -(<(t <2π​-(

The input signal, which is amplified, is fed to the pin1 of the Lock-in chip (AD630) and the amplified reference voltage after the phase shifting stage is connected to the pin9 of AD630.


The output of AD630 is taken from the pin13 will be,

Soutput = Factor X Sinput
Where,

the factor is 1 if -(<(t <π-(
             the factor is -1 if π-(<(t <2π​-(
The output is positive most of the time with small negative excursions. This can be a DC component.

2.2 Lock-in amplifier connections

The Lock-in chip has twenty pins. Out of these pins the following used for the Lock-in amplification purpose and the connections are given in Fig.3.9

PIN 11: Vcc = +15V

PIN 8 :   Vee = -15V

PIN 1:  Amplified signal voltage to be connected to the output of the        instrumentation amplifier.

PIN 9:     Amplified reference signal voltage after phase shifting.

PIN 13:    Rectified output signal to be connected to the input of the output amplifier.

PINS 10, 14 and 17 are connected together and grounded.

PIN 16 is connected to PIN 1.

PINS 15, 19 and 20 are connected together.

3.4.4  STAGE IV: DC Amplification Stage


The output signal taken from the Pin13 of Lock-in chip will be in the range of a few micro volts to milli volts. So, an output amplifier is used to amplify the output DC signal so that it can be read on the multimeter. For this, the Pin13 0f AD630 Lock-in chip is connected to the inverting terminal (pin 2) of the LM308 operational amplifier through a resistance R (8.2KΩ). Its non-inverting terminal is grounded. The output is taken from the pin 6 of LM308.The pin 6 and pin 2 are connected to each other through a resistance R’ (82 KΩ) and capacitor of the order of 3.3 μF.

3.4.5  STAGE V: Low Pass Filter Stage

The output of the DC amplifier may contain some AC components super imposed on the output DC signal. Therefore, in order to pass the rectified DC signal alone, a low pass filter circuit, which is an RC circuit, is used. For the filtering process the pin6 of LM308 is connected to a resistance R΄ and a capacitor C (3.3 micro farad) in series. After this, the output is connected to a Digital Panel Meter (DPM), which reads the output signal amplitude.

The circuit diagram of the output amplifier and Low pass filter is given in fig.3.10.
3.5  INTERNAL CALIBRATION OF LOCK-IN AMPLIFIER


Accuracy is one of the important parameter that exists in the field of measurement and instrumentation for various purposes in different fields. Since the occurrence of errors is unavoidable during the instrumentation and the operation of a device, it becomes necessary to adopt a suitable method for its reduction. One of such available method is the calibration process, which paves a way for the reduction of errors. In the experimental part of the study, internal calibration is carried out to detect the errors of the constructed device and to confirm the proper operation of the device.

            Calibration is the process of establishing the relationship between a measuring device and the units of measurement. Calibration is often regarded as including the process of adjusting the output or indication on a measurement instrument to agree with value of the applied standard, within a specified accuracy. 

For many operations the quality of the calibration needs to be known and is quantified by an uncertainty estimate for the calibration. This is so important for the scientific community and manufacturing operations that it has been proposed that an evaluation of the measurements uncertainty was added as part of the calibration process.

First the two switches of the front panel of Lock-in amplifier are put to the left for the calibration purpose. The signal generator is connected to the terminal marked SG and the ground of the signal generator to the ground terminal marked GND on the front panel. The rms voltage of the signal generator Vsg is adjusted to be 0.02 volts. The Phase shifter potentiometer knob on the front panel is adjusted till the panel meter reads the maximum DC voltage. The output voltage VDC is noted The Vsg is increased in steps upto a maximum value and the change in VDC is noted. A graph is plotted between the input voltage and the output voltage and the slope is measured which gives the amplification factor ‘(.’.

The above process is repeated for different frequency values and the corresponding amplification factor values are calculated and plotted as a function of frequency.

3.6. AMPLIFIER FREQUENCY RESPONSE


Frequency response is the measure of any system’s spectrum response at the output to a signal of varying frequency (but constant amplitude) at its input. Frequency response measurements can be used directly to quantify system performance and design control systems. Frequency response curves are often used to indicate the accuracy of amplifiers.

 For each of the selected frequencies, the input is varied and the output is measured and marked on a graph. The graph is marked "frequency" along the horizontal axis and "voltage” along the vertical axis. When points have been plotted for all of the frequencies tested, the points are connected to form the frequency-response curve. The shape of the curve represents the frequency response of the amplifier.

 
For the study of the frequency response of the constructed Lock-in amplifier, the input voltage is provided to the Lock-in amplifier from the signal generator and the voltage is varied in steps of 0.25 volts and the corresponding output voltages are measured for the selected frequencies.

3.7. ELEMENTS OF THE DESIGNED INSTRUMENT

The major components of a constructed Lock-in amplifier are:

1) A Phase Sensitive Detector (PSD)-AD630

2) A Phase shifting Circuit. (LM308)
3.7.1. The Main Component AD630 (PHASE SENSITIVE DETECTOR)


AD630 is an integrated circuit (IC) in which the circuit is integrated with a network of resistors, operational amplifiers and transistors. The acronym for AD is Analog Device. The AD630 is a high precision balanced modulator which combines flexible commutating architecture with accuracy and temperature stability afforded by laser wafer trimmed thin film feed back resistors on the monolithic chip. 

AD630 may be thought as a precision operational amplifier with two independent differential input stages and a precision comparator, which is used to select the active front end. The rapid response time of the comparator with a high slew rate and fast settling of the linear amplifiers, minimize switching distortion and in addition AD630 has extremely a low cross talk between the channels –100dB at 10 KHz
FEATURES OF AD630

1. The configuration of AD630 makes it ideal for signal processing application such as balanced modulation and demodulation, Lock-in amplification, phase detection and signal wave multiplication.

2. The application flexibility of AD630 makes it best for the applications requiring precisely fixed gain, switched gain, multiplexing, integrated switching functions and high speed precision amplification.

3. The 100dB dynamic range of AD630 exceeds that of any IC balanced modulator/Demodulator and is comparable to that of costly signal processing instruments.

4. The operational amplifier format of AD630 ensures easy implementation of high gain or complex switched feedback functions.

5. AD630 can be used as a two channel multiplier with gains of +1,+2,+3 or+4.

6. AD630 has a pin strippable frequency compensation (no external capacitor required) for stable operation at unity gain.

7. Laser trimming of comparator and amplifying channel offset eliminates the need for external nulling.
 PIN CONFIGURATION OF AD630


AD630 is available in laser trimmed  passivated chip form. It has twenty pins. The pin configuration is shown in fig.3.4.
1 The pins indicated as CHA- (20), CHA+ (2), CHB- (19), CHB+ (18) are the two input stages.

2 The pins named as SELB (9), SELA (10) is the phase comparator operational amplifier stage.

3 The pins RA (16), RF (15) and RB (14) are the networks of resistors.

4 Pins 11 and 8 are supplied with the regulated power supply from the output of IC’s 7815 and 7915.

5 Pins 5 and 6 are the common mode offset adjustment used to zero the residual output voltage.

6 Pins 3 and 4 are the differential offset adjustment potentiometer used to null the amplitude of the reference wave.

7 RINA (pin 1) is supplied with Input signal.

8 Pin 13 is connected to the output.

9 Pins 12 and 13 are interconnected to form the self compensation capacitor.

 3.7.2  Power Supply Unit


All electronic circuits and systems require a stable source of DC power to operate correctly. The DC power establishes the DC operating points for the passive and active electronic devices incorporated in the system. In portable electronic equipments the DC power supply may be a simple battery. However, most electronic equipment relies on a line operated DC power supply. 


The power supply unit consists of a step-down transformer, a rectifier, a capacitive filter, and voltage regulators. The block diagram and the circuit diagrams are provided in fig.3.3 and fig.3.5 respectively.

TRANSFORMER


A device used to obtain a suitable AC voltage. The transformer consists of two coils called the primary and secondary wound on a laminated iron core which helps to minimize the energy losses. The transformer uses the principle of mutual inductance i.e. when magnetic flux linked with one coil changes, an induced e.m.f. (electromagnetic field) is produced in the other coil. The flux associated with each coil is proportional to the number of turns. For the Lock-in amplifier purpose, a step down transformer is used in which the number of coils in the secondary is less than the primary. This converts the high voltage low current to low voltage high current. The step down transformer steps down the 230V input to 70V required for the operation of AD630. It also provides 9V for the operation of the Digital Panel Meter.

RECTIFIERS


Rectifier is a device, which delivers a direct current when connected in a suitable fashion to a source of alternating voltage. The circuit consists of four p-n junction diode 1N4007 arranged in the form of Wheat stones bridge network. Diodes 1N4007 is a sub miniaturized, axial lead mounted rectifiers used for general-purpose low power applications.

The rectification method used is a full wave bridge rectification method. Of the four diodes used two of them are forward biased during the positive half cycle and the other two are reverse biased. During the negative half cycle the reverse process takes place and the rectification is obtained.
FILTERS


A filter is a circuit, which can select a desired type of current. In order to obtain a pure DC from the AC ripples, which is present at the output of the rectifier, a capacitor filter of the order of 1000μf and 63V is connected in series in the circuit, which acts as a short circuit for AC.

VOLTAGE REGULATORS


A device, which maintains the output voltage of an ordinary power supply constant irrespective of the load variations or changes in the input ac voltage, is known as the voltage regulator. In lock in amplifier circuit LM7815 and LM7915 are used for providing +15 and –15volts respectively. LM7815 are used as positive regulators and LM7915 series are used as negative voltage regulators. Also LM7809 is used for providing 9V. These regulators have a heat sink and provide a load current. The line regulation is between 3mV and 18mV. Ripple rejection is best at the lowest voltage.

3.7.3 Calibration Unit


 The calibration unit of the Lock-in amplifier consists of a signal generator, a buffer amplifier and various resistances through which the input signal and reference are given. The connection diagram of the unit is given in fig.3.6.

SIGNAL GENERATORS


The generation of signal is an important facet of electronic troubleshooting and development. The signal generator is used to provide known test conditions for the performance evaluation of various electronic systems. The input of the Lock-in amplifier is the sine wave. So a sine wave generator is used because this covers the frequency range from a few Hz to many GHz. The sine wave generator consists of the two basic blocks (i.e.) an oscillator and an attenuator. The frequency accuracy and stability and freedom from distortion depend on the design of the oscillator, while the amplitude accuracy depends on the design of the attenuator.

BUFFER AMPLIFIER


The buffer amplifier is essentially an impedance transformer, which converts a voltage at high impedance to the same voltage at low impedance. It is also called a voltage follower operational amplifier circuit. If the output impedance of a single source is large, the buffer amplifier inserted between the source and the load will prevent loading effect. The buffer amplifier is in the ratio of 1:1 i.e. the circuit is of unit gain. This circuit has a high impedance. The output voltage will be equal to the input voltage. This is an operational amplifier with feedback.

3.7.4 Input gain stage
Instrumentation Amplifier


In a number of industrial and computer applications, it is required for one to measure and control physical quantities. For these applications, Instrumentation amplifiers are used. It acts as a circuit for providing an output based on the difference between the two inputs.  It is an amplifier that accepts a voltage signal as an input and produces a linearly scaled version of this signal at the output; it is a closed-loop, fixed-gain amplifier, usually differential, and has high input impedance, low drift, and high common-mode rejection over a wide range of frequencies.


For the input gain stage LM324 is used. The LM124 series consists of four independent, high gain, internally frequency compensated operational amplifiers which were designed specifically to operate from a single power supply over a wide range of voltages. Operation from split power supplies is also possible and the low power supply current drain is independent of the magnitude of the power supply voltage. Application areas include transducer amplifiers, DC gain blocks and all the conventional operational amplifier circuits which now can be more easily implemented in single power supply systems. The LM124 series can be directly operated of the standard +5V power supply voltage which is used in digital systems and will easily provide the required interface electronics without requiring the additional ±15V power supplies.

Unique Characteristics


 In the linear mode the input common-mode voltage range includes ground and the output voltage can also swing to ground, even though operated from only a single power supply voltage. The unity gain cross frequency and the input bias current is also temperature compensated.
Advantages

· Eliminates need for dual supplies

· Four internally compensated op. amps. in a single package

· Allows directly sensing near GND and VOUT also goes to GND

· Compatible with all forms of logic

· Power drain suitable for battery operation
3.7.5 Phase Shifter Circuit (LM308)

The reference signal applied to the Lock-in chip is provided using a signal generator, which is again a sine wave generator. For the amplification and phase shifting of the reference signal an LM308 operational amplifier is used.


The LM108/LM108A series are precision operational amplifiers having specifications about a factor of ten better than FET (Field effect transistors) amplifiers over their operating temperature range. In addition to low input currents, these devices have extremely low offset voltage, making it possible to eliminate offset adjustments, in most cases, and obtain performance approaching chopper stabilized amplifiers. The devices operate with supply voltages from 2V to 18V and have sufficient supply rejection to use regulated supplies. Although the circuit is interchangeable with and uses the same compensation as the LM101A, an alternate compensation scheme can be used to make it particularly insensitive to power supply noise and to make supply bypass capacitors unnecessary.

The low current error of the LM308 makes possible many designs that are not practical with conventional amplifiers. In fact, it operates from 10 MΩ source resistances, introducing less error.

Features

· Offset voltage guaranteed less than 0.5 mV.

· Maximum input bias current of 3.0 nA.

· Offset current less than 400 pA.

· Supply current of only 300 mA, even in saturation.

3.7.6  Front Panel

DPDT SWITCHES

A switch is a mechanical device used to connect and disconnect a circuit at will. Switches cover a wide range of types, from subminiature up to industrial plant switching megawatts of power on high voltage distribution lines. A Double Pole Double Throw switch (DPDT) is a six-terminal switch or relay contact arrangement that simultaneously connects one pair of terminals to either of two other pairs of terminals is abbreviated as DPDT switch. The switches are used for the internal as well as the external calibration of the constructed Lock-in amplifier.

SOCKETS

It is a term used to refer to places that you plug things into your motherboard   It is an opening or a cavity into which an inserted part is designed to fit. Sockets are provided for plugging banana plugs and RCA plugs in the constructed Lock-in amplifier.

BANANA PLUGS


Banana plug is a single-wire (one conductor) electrical connector used for joining wires to equipment. The plugs are frequently used to terminate patch cords for electronic test equipment. They are also used as the plugs on the cables connecting the amplifier to the signal sources and arious other measurements. The plug consists of a cylindrical metal pin about 25 mm  long, with a  of 4mm which can be inserted into a matching 4 mm socket to make an electrical contact.

RCA PLUGS


An RCA jack, also referred to as a phononconnector is a type of electical connector (is a conductive device for joining electrical device together) that is commonly used in the audio/video market. The name "RCA" derives from the Radio Corporation of America, which introduced the design allow phonograph players to be connected to amplifiers. They are often color coded.

Digital Panel Meter (DPM)


Digital Panel Meter is an digital meter which reads the output signal in a digital format. It has a 200mV full scale input sensitivity. It requiers only 9V DC supply. It has an automatic polarity indication and a high input impedance greater than 100MΩ. It uses an LCD Display for indication and dual slope integration A-D converter system for measuring. Its dimension is 68mm X 44mm.

3.7.7 Assembly in a box


All the circuits are built on a printed circuit board (pcb) with power supply producing 15 volts. The sockets are provided for measuring the signal generator input, external reference signal before and after phase shifting and also for the input and output signals measurement. A digital panel meter (dpm) is set to measure the output voltage. Two double pole double throw (dpdt) switches are put on the front panel for the internal calibration and signal measure purposes. The constructed lock-in amplifier is shown in plate 1 and plate 2.
3.8 COST ANALYSIS


The cost economics of the constructed lock-in amplifier is computed. the cost of the main component ad630 lock-in chip and the other required components are taken into account. the rate of the constructed lock-in amplifier is analyzed and given below:
Components                                                cost (rs.)
      AD630 lock-in chip                                    
850
      Printed circuit board (pcb)
700
      Transformer                                                  
600
      Diodes, capacitors and resistors                  
100
      Outer box                                                      
100
      Digital panel meter (dpm)                          
850
      Sockets and wires                                          300
                                                 Total    =    Rs. 3,600
3.1 BLOCK DIAGRAM OF LOCK-IN AMPLIFIER



3.2 FUNCTIONAL BLOCK DIAGRAM OF LOCK-IN AMPLIFIER

[image: image2.png]



3.3 BLOCK DIAGRAM OF POWER SUPPLY UNIT


3.4 PIN OUT DIAGRAM OF AD630
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3.5 CIRCUIT DIAGRAM OF THE POWER SUPPLY UNIT
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3.6 CIRCUIT DIAGRAM OF INTERNAL CALIBRATION UNIT
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3.7 CIRCUIT DIAGRAM OF INPUT GAIN STAGE
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INSTRUMENTAL AMPLIFIER (LM324)

3.8 CIRCUIT DIAGRAM OF REFERENCE SIGNAL STAGE

1. PHASE SHIFTER CIRCUIT
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2. REFERENCE SIGNAL AMPLIFIER
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3.9 LOCK-IN AMPLIFIER CONNECTIONS
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3.10  OUTPUT AMPLIFIER AND LOW -PASS FILTER CIRCUIT
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PLATE - 1

CONSTRUCTED LOCK-IN AMPLIFIER
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1. Power Supply Unit

2. AD630 Lock-in Chip

3. Digital Panel Meter (DPM)

4. Power Supply Unit for Front Panel

PLATE - 2

LOCK-IN AMPLIFIER - FRONT PANEL
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S.G

–
 Signal Generator

E


–
 External Calibration

C


–
 Internal Calibration

GND

–
 Ground

EXT.SIG
– 
External Signal

REF

–
Reference Signal before Phase Shifting

REF’

–
Reference Signal after Phase Shifting

SIG

–
Signal Output

LIA OUT
–
Lock- in Amplifier Output

Results & Discussion




CHAPTER IV 

RESULTS AND DISCUSSION

4.1 INTRODUCTION

The constructed Lock-in amplifier is a device intended for the extraction and amplification of the very weak signals embedded in noise. The Lock-in amplifier is constructed and in the experimental part, it is internally calibrated. The frequency response of the amplifier is also studied. The results pertaining to the study entitled “Construction of a Lock-in amplifier and Study on its internal calibration” are discussed under the following topics

· Construction of Lock-in amplifier

· Internal calibration of Lock-in amplifier

· Frequency response of Lock-in amplifier

4.2 CONSTRUCTION OF LOCK-IN AMPLIFIER


The main components- PCB (Printed Circuit Board), IC-AD630, operational amplifiers-LM308, LM324 and other required components such as resistors, capacitors etc.,.for the construction of the Lock-in amplifier are purchased and the soldering process was carried out in the laboratory. The construction process was split into five stages as follows

1. Input gain stage

2. Reference signal stage

3. Phase Sensitive Detection stage

4. Output amplification stage

5. Low pass filter stage

1. Input gain stage

 
In the input gain stage, the signal to be measured and the reference signal from the signal generator is provided to the LM324 instrumentation Quad amplifier to amplify the input signals.

2. Reference signal stage
In the reference signal stage, the reference input from the signal generator is given to the input terminal of the LM308 chip in order to shift the phase of the reference signal to match the input signal phase.

3. Phase Sensitive Detection stage

In the Phase Sensitive Detection stage, the output from the instrumentation amplifier (LM324) and the phase shifter (LM308) are given to the Input terminals of AD630 Lock-in chip. The output pin is connected to the output amplifier.

4. Output amplification stage

In the output amplification stage, the output from the AD630 Lock-in chip is connected to the input terminal of LM308 to amplify the signal from a few micro volts to few milli volts.

5. Low pass filter stage


In the low pass filter stage, the output from the output amplifier circuit is given to the capacitors and resistance network, which acts as a low pass filter to remove the AC components accompanying the output DC signal is soldered.


All the five stages are constructed and assembled in an outer box with sockets and Digital Panel Meter (DPM) for the measurement purposes. The device was made ready for its signal processing.

4.3 INTERNAL CALIBRATION OF LOCK-IN AMPLIFIER


In the present study, the constructed Lock-in amplifier is internally calibrated to assure its proper working. For this purpose, the Lock-in amplifier is connected to the signal generator. For a particular frequency, the input voltage is varied in steps of 0.25 volts in the signal generator and the corresponding output voltage is noted from the Digital Panel Meter of the Lock-in amplifier. The same process is repeated for some fixed frequencies (100Hz, 1000 Hz, 5000 Hz, 10000 Hz and 20000 Hz) and the corresponding input and output voltages are noted and tabulated in table 4.1. A graph is plotted taking the input voltage in horizontal-axis and output voltage in vertical-axis for all the frequencies for which the output voltage is measured.


In fig.4.1, the variation of the output voltage with input voltage for frequency 100Hz is plotted. A straight line is obtained and the slope is calculated as follows:

 From the graph, the values,




dx = 0.75




dy = 0.15

are interpreted and the amplification factor was found by,




μ = dy /dx




   = 0.15 /0.75





μ = 0.2

Similarly,

 
In the fig.4.2, the variation of the output voltage with input voltage for frequency 1000Hz is plotted and the calculated amplification factor is found to be μ=0.8.

 
When the input voltage is plotted against the output voltage for frequency f=5000Hz, the obtained amplification factor is μ=1.14 and is given in fig.4.3.

The amplification factor μ=0.88 for the plot of input and output voltage for the frequency f=10000Hz is interpreted from fig.4.4.

For a frequency f=20000Hz, the output voltage is plotted against the input voltage and the value of the amplification factor is found to be μ= 0.76 and is given in fig.4.5.

The readings for the log of frequency and the calculated amplification factor are tabulated in table 4.2 and the variation of amplification factor with frequency is plotted and given in fig.4.6.
Inference from the graph

a. From the graphs (fig.4.1, fig.4.2, fig.4.3, fig.4.4, and fig.4.5), it has been inferred that there is a linear response for the different frequencies i.e. as the input voltage increases the output voltage also increases.

b. In the calibration study, log of frequency versus amplification factor is plotted in fig.4.6 and from the result obtained, it has been deduced that the amplification factor increases with increase in frequency, reaches a maximum and gets decreased with further increase in frequency. 

4.4 FREQUENCY RESPONSE OF LOCK-IN AMPLIFIER


In the study, the frequency response of the constructed Lock-in amplifier is found. The frequency response is the graph of its voltage gain versus frequency. For this purpose, the Lock-in amplifier is connected to the signal generator in the sine wave mode and for the frequencies varying from 1000Hz-10000Hz in regular intervals of 1000Hz, the input voltage is varied in steps of 0.25 volts and the corresponding output voltages are noted and set out in the table 4.3.


The voltage gain, which is the ratio of the output voltage to the input voltage, is calculated for the values taken. The obtained values are averaged for the various frequencies taken into account and is given in the table 4.4.


The log of frequency versus voltage gain is sketched in the graph and the variation of voltage gain with frequency is shown in fig.4.7 and the frequency response of the constructed Lock-in amplifier is studied. Bandwidth- the range of frequencies over which the voltage is equal to or greater than 70.7% of the maximum voltage gain is also determined from the graph by,

β =F1-F2

Where, F1 =Lower cut-off frequency


  F2 =Higher cut-off frequency

β = (2000-6000)Hz





           = 4000Hz

From the results that came into possession of, it has been concluded that, Lock-in amplifier acts as a narrow band pass filter establishing the narrow band amplification of the input signal.

Inference from the graph

         From the frequency response of the constructed Lock-in amplifier (fig.4.7), the following inferences has been made

1. At low frequencies (< 2000Hz), the voltage gain of Lock-in amplifier was found to be 0.84.

2. At higher frequencies (>6000Hz), the voltage gain of the Lock-in amplifier was found to be 0.72.
3. At mid frequencies (2000Hz – 6000Hz), it was found that the voltage gain of the Lock-in amplifier is maximum and is retained uniform for the specific range of frequencies. The obtained maximum voltage gain is 0.85.
4. The Bandwidth of the Lock-in amplifier is 4000Hz


From these points, it has been concluded that Lock-in amplifier behaves in the same way as a narrow pass band filter.

INTERNAL CALIBRATION OF LOCK-IN AMPLIFIER

TABLE-4.1

VARIATION OF OUTPUT VOLTAGE WITH INPUT VOLTAGE FOR SELECTED FREQUENCIES

	S.No.
	Frequency

Hz
	100
	1000
	5000
	10000
	20000

	
	Input voltage

(Volts)
	Output voltage (volts)

	1
	0.25
	0.04
	0.17
	0.19
	0.18
	0.16

	2
	0.5
	0.10
	0.41
	0.45
	0.42
	0.39

	3
	0.75
	0.16
	0.62
	0.68
	0.64
	0.60

	4
	1.0
	0.24
	0.89
	0.92
	0.88
	0.85

	5
	1.25
	0.29
	1.10
	1.15
	1.12
	1.03

	6
	1.5
	0.35
	1.31
	1.35
	1.31
	1.22

	7
	1.75
	0.40
	1.45
	1.56
	1.52
	1.44

	8
	2.0
	0.45
	1.67
	1.70
	1.70
	1.60

	9
	2.25
	0.50
	1.76
	1.88
	1.91
	1.78

	10
	2.5
	0.55
	1.88
	2.04
	2.04
	1.87


TABLE 4.2

 VARIATION OF AMPLIFICATION FACTOR WITH FREQUENCY

	S.No
	Frequency

Hz
	Log frequency
	Amplification factor

μ

	1
	100
	2.0
	0.20

	2
	1000
	3.0
	0.80

	3
	5000
	3.7
	1.14

	4
	10000
	4.0
	0.88

	5
	20000
	4.3
	0.76


FREQUENCY RESPONSE OF THE LOCK-IN AMPLIFIER:

TABLE – 4.3

 VARIATION OF OUTPUT VOLTAGE WITH INPUT VOLTAGE FOR REGULAR INTERVAL OF FREQUENCIES SELECTED

	S.No.
	Frequency

Hz
	1000
	2000
	3000
	4000
	5000
	6000
	7000
	8000
	9000
	10000

	
	Input voltage (Volts)
	Output voltage (volts)

	1
	0.25
	0.18
	0.14
	0.17
	0.18
	0.18
	0.18
	0.11
	0.12
	0.11
	0.12

	2
	0.5
	0.44
	0.41
	0.45
	0.45
	0.43
	0.42
	0.37
	0.38
	0.37
	0.35

	3
	0.75
	0.65
	0.66
	0.63
	0.66
	0.65
	0.64
	0.62
	0.66
	0.61
	0.60

	4
	1.0
	0.90
	0.92
	0.90
	0.91
	0.90
	0.90
	0.89
	0.91
	0.89
	0.91

	5
	1.25
	1.13
	1.15
	1.13
	1.14
	1.14
	1.13
	1.12
	1.13
	1.11
	1.09

	6
	1.50
	1.31
	1.35
	1.33
	1.34
	1.34
	1.30
	1.34
	1.35
	1.32
	1.32

	7
	1.75
	1.45
	1.54
	1.52
	1.54
	1.55
	1.57
	1.55
	1.56
	1.53
	1.54

	8
	2.0
	1.61
	1.77
	1.74
	1.74
	1.79
	1.79
	1.78
	1.76
	1.71
	1.76

	9
	2.25
	1.76
	1.94
	1.96
	1.86
	1.91
	1.97
	1.93
	1.92
	1.94
	1.97

	10
	2.5
	1.88
	2.09
	2.07
	2.11
	2.10
	2.09
	2.13
	2.11
	2.08
	2.10


TABLE 4.4

 VARIATION OF VOLTAGE GAIN WITH FREQUENCY

	S.No.
	Frequency

Hz
	Log frequency
	Averaged voltage gain

	1
	1000
	3.0
	0.83

	2
	2000
	3.3
	0.85

	3
	3000
	3.5
	0.85

	4
	4000
	3.6
	0.85

	5
	5000
	3.7
	0.85

	6
	6000
	3.8
	0.85

	7
	7000
	3.84
	0.81

	8
	8000
	3.92
	0.83

	9
	9000
	3.95
	0.80

	10
	10000
	4.0
	0.72


VARIATION OF OUTPUT VOLTAGE WITH INPUT 

VOLTAGE FOR F = 100Hz
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CHAPTER V

SUMMARY AND CONCLUSION

The constructed Lock-in amplifier is a device that selectively detects and amplifies a weak signal at a reference frequency in the presence of other strong signals at other frequencies and noise. The Lock-in amplification is a straight forward method for the analysis of small signals from interfering noise.

The Lock-in chip AD630 is a balanced modulator/demodulator intended for its application in precision signal processing and instrumentation applications.

The components such as IC-AD630 (Lock-in chip), operational amplifiers LM324 (instrumentation amplifier), LM308 (Reference signal amplifier and phase shifter amplifier) and other required components such as capacitors, resistors sockets, Digital Panel Meter (DPM) etc., are used in the construction of the Lock-in amplifier.

            The construction process consists of five stages as follows:

1. The input gain stage includes the amplification of the unknown input signal using the operational amplifierLM324 which is an instrumentation amplifier. 

2. The reference signal stage involves the phase shifiting and amplification process of the reference signal using LM308 operational amplifier.

3. The Phase Sensitive Detection stage uses AD630 Lock-in chip known as Phase Sensitive Detector to detect and amplify the weak signal based on the principle of Phase-Locked Loop and outputs a DC signal by full wave bridge rectification method.

4. The output amplification stage increases the amplitude of the output signal using the operational amplifier LM308.

5. The Low-pass filter stage filters out the AC signal that accompany the output signal using an RC network.
  
From the internal calibration of the constructed Lock-in amplifier, it has been revealed that the Lock-in amplifier has a linear response. The amplification factor increases with frequency, reaches a maximum and decreased with further increase in frequency. The amplification factor is dependent on frequency.

The maximum Voltage gain of the constructed Lock-in amplifier is 0.85. The Bandwidth of the Lock-in amplifier is 4000Hz.The behavior of the Lock-in amplifier is similar to that of a narrow pass band filter.

To conclude, the constructed Lock-in amplifier is a versatile tool using an amplification method to detect and amplify any small signal that may be periodically modulated in the presence of overwhelming noise background. The theoretical prediction of the Lock-in amplifier shows that it would be more or less superior to that of specifically accessible amplifiers, which are used to amplify the weak signals. It is quite simple and sensitive. Its sensitivity can be further improved by using a second Phase Sensitive Detector i.e. by employing another AD630 Lock-in chip, which do not affect the changes in the signals phase but increases the output. The other added benefits of are its portability, light weight, simple in construction, easy in handling, involves less initial cost with negligible maintenance, which is constructed using low cost materials. No doubt, the benefit obtained from the constructed instrument is the need of time and however a teaching tool is and can be used in laboratories for performing certain experiments in a simple process avoiding complications.
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Standard Miitary Drawing (DESC) numbers 5962-5950701RA
ind 5962-8980701 2
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FUNGTIONAL BLOCK DIAGRAM

PRODUCT HIGHLIGHTS

1. The configuration of the ADG30 makes it ideal for signal
processing applications, such as balanced modulation and
demodulation, lock-in ampliicaion, phse detection, and
square wave multiplication.

2. The application flexbity of the ADG30 miles i the best.
choice for applications that require precisely ixed gain,
switched gain, multiplexing, ilegrating-switching functions,
and high speed precision amplification.

3. The 100 dB dymamic range of the AD630 exceeds that of any
hybrid or 1C balanced modulatoridemodulaor and i compa-
rable o that of costly signal processing istruments.

4. The op amp format of the AD630 ensures easy implements-
tion of hgh i or complex swiched feedback functions.
“The application resistors faciltate the implementation of
‘most common applications with oo addiional part.

5. The AD630 can be used as a 2-channel multiplexer with
gains of +1, +2, +3, o +4. The channelseparation of
100 dB @ 10 ki1z approaches the it achievzble with an
empiy IC paciage.

6. The AD630 hus pin sirappable frequency compensation (o
extenal capactor required) for stable operation a unily gl
without sacrificing dynamic performance at higher gais.

7. Laser rimming of comparator and amplifing channel offsets
climinates the nsd for extemal nulling in most cases.

Ono Tochnology War. .0, BoxG105, Norwood 1A 02062.9105, U5 2.
Tl T2/ 4700 s analog com
Fax: T81/3263703 2004 Analog Davies, Ine. Al ights resonvd.
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ESD (clectrontatic dscharge) semsitive device. Hectrostatc charges o high ax 000 V readily
‘accumulate on the human body and test equipment and can discharge without detection. Although WARNING!

the AD630 eatures proprictary ESD protcction drcuiry, permanent damage may occur on devices [ 18
subjected 1o high energy clectrostatic discharges. Therefore, proper ESD. precautions are
secommended to avoid performance degadation or css of funcrionality.
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TWO WAYS TO LOOK AT THE AD&30
“The functional block diagram of the AD§30 (see page 1) shows.
the pin commections of the nternal unctons. An allematve archi-
tectural diagram is shown in Figure 1. I this diagram, the
individual A and B channel preamps, the switch, and the inte-
wator output amplifier are combined in a single op amp. This
amplifier has o difterential input channels, only cne of which
i active at a time.

o 1. Architectural Siock Diag:
HOW THE A0 WORKS

“The basic mide of operation ofthe AD§30 may be easier o recog-
nize s o ke i sages which can b nserted nto the signal
pth under the control of a sensitve Witage comparator. When
e circui s switched between inveting and noninverting gain, it
provides the basc modulation/demodulaton function. The AD630
5 unique in that i includes Laser waler trimmed thin-fim fesd-
buck resistors onthe monalithic chip. The configuraton shown i1
Figure 2 yieldsa gain of -2 and can be casly changed o2 by
shifting Ry from s ground connecton 1o the output

“The comparator selects one of the two inpu stages o complete
an operational feedback connection around the AD630. The
deselected nput s off and s a negligible effct cn the operation.

When Channel B s selected, the resistors Ry and Ry are
connected for inverting feedback as shown in the inverting
sain configuration diagramm in Figure 3. The amplife bas suff-
dent loop gain to minimize the loading effect of Ry at the
virtual ground produced by the feedback connection. When the
g of the Comparator input s reversed, Input B will be dese-
lected and A will be selected. The new equivalent cireui will be
the noninverting gin configuration shown n Figure 4. In this
ase, Ry will appear across the op amp input terminal, but since
the amplife drives tis diflrence voltage to zeo, the cosed-loop
min's unafected.

“The o closed-loop gain magnitudes will be squal when Re/Ry
1+ RefRo, which vill result from making R equal to RRy/
(R+ Ry) the parallel equivalnt resstance of Ry and Ry,
“The 5 ke and the tvn 10 1€ resistors on the AD630 chip can
be used to make a gain of 2 as shown below. By parallling
the 10 ke resistors o make Ry equal 10 5 k2 and omitting Ry,
the cireuit can be programmed for a gain of +1 (as shown in
Figure 01). These and other configurations using the on-chip
ressors present the inverting inputs with a 25 K2 source imped-
ance. The more complete ADA30 diagrams show 23 K resisors
available a the noninverting inputs which can be conveniently
‘s o miimiz erfors esultng from Tput bias currents.

CIRCUIT DESCRIPTION
“The simpliied schemaic of the ADS30 1 shown in Figure 5.

1 has been subdivided nto hree majo sectins, the comparalor,
the two input stages, and the output integrator. The compara-
o consists of a font end made up of Q52 and Q53,2 fip-lop
Load formed by Q3 and Q4, and two current seering swilching
cels Q28, Q20 and Q30; Q31 This sructure I designed o that
a difterential input volage greater than 1.5 m in magnitude
appled to the comparator imputs will completely slect one of
the switching cels. The sign of this input voltage determines.
‘which of the (o swiching cells is selcted.
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“The callectors of each switching cell connect to an input trans-
conductance stage. The selected cell conveys bias currents iz
and iy 10 the Input stage i contols, causing it 10 become actve.
“The deselected cel blacks the bis 1o s input stage which, 352
consequence, remains off.

“The structure of the transconductance stages is such that it
presents a high impedance at s input terminals and draws no
bias current when deselected. The deselected input does not
inerfere with the operation of he selectd Input ensuring maxi-
‘mum chanel separation.

Another feature of the input structure is that i enhances the
Slw rate of the ciruit. The current output of the active
stage follows a quasi-hyperbolic-sine relationship 1o the dif-
fetential nput voltage. This means tha the greatr the input
voltage, the harder this stage will drive the output intetor,
and the fster the output signal will move. This Eature

helps ensure fapid, symmelric setling when switching betvieen
inverting and noninvertin closed loop confgurations.

“The output section of the AD630 indudes a current mirror-
Ioad (Q24 and Q25), an integrator-voltage gain stage (Q32),
and a complementry output buffer (Q44 and Q74). The outpuis
ofboth transconductance stages ate connected in parallel to
the current mirrr. Since the deselected input tage produces
0 output current and presents a high impedance at its out.
puts, there i no conflct. The curtent mirrr translates the
diffrential output current fiom the ative nput transconductance.
amplifier nto sngle-ended form fr the output integrator. The
complementary output drier then bulfers the intagrator output
1o produce 1 low impedance outpu.

OTHER GAIN CONFIGURATIONS
‘Many applications require switched gains other thin the +1 and.
22 which the self-contained applications resistors provide. The
'AD630 can be readily programmed with three external resisors
ver  wide range of posii and negativ gain by selcting and
Ry and Ry to give the noninverting gain 1 + Ry/Ry and subsequent
Ryto give the desired inverting gain. Note that when the inveting
‘magnitude equal the noninvertng magnitude, the value of Ry i
ound o be RyRy/(Ry + Ry That I, Ry should equal the paralel
combination of Ry and Ry 10 match Posiiv and negative gain.
“The feedback synihesis o the ADG30 may alsn inducke reactive
impedance. The gain magnitudes ill match at all Frequences if
the A impadance is made to equal the paralel combination of
the B and F impedances. The same considerations apply o the
ADG30 a5 to conventional op amp fesdback circuit. Vinualy any
function that can b reaized with simple noninverting “L net-
work” feedback can be used with the AD830. A common
armangement i shown in Figure 6. The low frequency i of
ihiscireut is 10. The response will e poe (-3 dB) at
frequency £ = 1/2 = 100 1C) and 1 zero (3 dB from the high.
frequency asymptote) at about 10 times this fequency. The
212 rsilor i seies with each capacior miigaes the oading
effct on circuiry diving this circull liminatesstailty problems,
an has a minor effect on the pole-2eo locations.

As a result of the reacive feedback, the high frequency com-
ponents of the switched input signal will be transmitted at
unity gain while the low requency components wil be ampli-
fed. This amangernent is useful in demmodulators and lock-in
amplifiers. 1 ncreases the circult dynamic range when the
‘modulation or iterference is substantialy Rrger than the
desired signal amplituce. The output signal il contain the
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desired signal mulipled by the low frequency gain (which may
e several hundred for lrge foedback ratos) with the switching
signal and interference superimposed at unly gan.

“The noninverting mode of operation is a high input impedance
configuraton wile the inverting mode is a ko inpu impecnce
configuration. This means that the input impedance of the
circuil undergoes an abrupt change as the gain s swilched
‘under control of the comparator. If gain is swiched whe the
mput signal i not e, 0 i is in many practical cases,  ran-
sient will be delvered 10 the circuiry driving the ADG30. In
‘most applications,this wil require the AD630 circuit 10 be
riven by a ow impedance source which remains ‘S a high
frequencies. Generally,this will be 2 wideband buffer amplifr.
FREQUENCY COMPENSATION

“The AD#30 combines the convenience of internal frequency
‘ompensation with the Nexibiliy of external compensation by
‘means of an aptional self-contained compensation capacitor

In gain of 2 applicatons, the nose g that must be addressed
o stabilty putposes is actually 4. In this circumstance, the
‘phase margin of the loop will be an the order of 60" without the
optional compensation. This condition provides the maximum
bandwidih and sew rte for closed loop gains of | 2| and abo.
‘When the AD630 is used as a multplexer, of n other configuri-
tions where one or both inputs are connected [or unity gain
feedback, the phase margin will be reduced 1 less than 20
“This may be acceptable in applications where fast slewing is 2
st priority, but the transient response will ot be optimum.
For these applicatins, the sell-contained compensation capacilar
‘may be added by connecting Pin 12 1o Pin 13. This connection
reduces the dosectloop bandwidth somerhat and improves the
‘phase margin.

For intermediate conditions, such as gain of -  where loop.
attenuation is 2, use of the compensation should be determined
by whether bandwidih or setling response must be optimized.
“The optional compensation should also be usd when the AD630
15 driving capacitive Ioads or whenerer conservative Fequency
compensation is desired

OFFSET VOLTAGE NULLING

“The offset voltages of both input stages and the comparator
hare been pretrimmed so that external trimming wil only be
required in the mest demanding applications. The offet adjust-
‘ment of the two input channels s accomplished by means ofa
differential and common-made scheme, This failtates fine
adjustment of system ermors in switched gain applications, With
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the system input tied £0 0 V, and a switching or carrie wave-
form applied o the comparator,a low level square wase will
appear at the output. The differental offet acjustment potenti-
mmeters can be used to null the amplitude of this square wave
(Pins 3 and 4). The common-mode ofset adjustment can be
used 10 1o the residual d output voltage (Pins 5 and 6).
“These functions should be implemented using 10K trim poten-
tiometers with wipers conneeted direcly o Pin & as shown in
Figures 9 and ob,

CHANNEL STATUS OUTPUT

“The channel satus output, Pin 7, is an open collector output
referenced 10 Vs thalcan be used to ndlcate which of the two
nput channels i actve. The output will be active (pulled low)
when Channel & s selected. This output can also be used o
supply posiiv edback around the comparator. This prcuces
hysteress which serves o incretse noise imrunity. Figure 7
shows an example of how hysteresis may be implemented. Note
tha the feedback signal is applied o the inverting (-) lerminal
of the comparator o achieve posiive feadback. This is because
the open collctor channe satus output invets the oupL sense
of the internal comparator.

“The channel satus output may be interfaced with TTL inputs
as shown in Figure 8. This circuit provides appropriate level
shifing fom the open-collector ADG30 channel stats output 1o
TTL inpuis.

APPLICATIONS: BALANCED MODULATOR
Perhaps the most commnly used confguation of the ADG301s
the balanced modulator. The pplicaton resisors rovide precise
symmetric gins of +1 and 2. The * 1 arangement i shown in
Figure 0a and the - 2 arangement i shovin in Figure Ob. These
cases diferonly in the connection of the 10 12 feedback resstor
(P10 14) and the compensation capactor (Pin 12). Note the use
of the 2.5 ) bas curtent compensation resistors in these
examples. These resistors perform the dentical functin n the
1 gain case. Figure 10 demonsrates the performance of the

'AD630 when used to modulte 1 100 Kilz square wave carrier
Wil a 10 KHz sinusoid. The result s the double sideband sup-
pressed carier waveform.

“These balanced modulator topologies accept 10 iputs, 1 signal
(or modulation) input applied to the amplifying channels and a
reference (or carier) mput applied o the comparate.

-
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BALANGED DEMODULATOR
“The balanced modulator pology described abore willalo act as
4 blanced demodulator ia double sideband suppressed carrier
waveform s applied 0 the signal Iput and the carir signal i
appled 10 he efrence inpur. The cutput under these cieumstances
Wil be the baseband modulation signal. Higher order carrier
components that can be remaved with 4 low-pass lter will
2150 be present. Other names for this function are synchro-
‘nous demodulation and phise-sensitve detection.

PRECISION PHASE COMPARATOR
“The balanced modulator topologies of Figures 92 and ob can
50 be used as precsion phase comparators. In thiscase, an ac
waveform of a partiular frequency s applid to the signal nput
and a waveform of the sume frequency is applied (0 the refer-
ence input. The de level o the output (oblained by low-pass.
llering) will e proportional o the signal amplitude and phase
d@iflerence between the input signals. 1 the signal amplitude is

held constant, the output can be used a5 a direct indication of

the phase. When these input signls ate 90" out of phase, they

are st 1o b in quadrature and the ADG30 dc output will be zro

PRECISION RECTIFIER ABSOLUTE VALUE
Ifthe Input signal 1 used as It own reference in the balanced
‘modulater topologies, the ADG30 will act as @ precision recti-
fer. The high frequency performance will be superior to that
‘which can be achieved wih diode feedback and op amps. There
are no dicde drops that the op amp must leap over” with the
commutating ampiifr.

LYDT SIGNAL CONDITIONER
Many ransducers function by modulating n ac carier. A Inear
variable differentil ransformer (LVDT) i a ransducer of
his type. The amplitude of the output signal carresponds 1o
core displacement. Figure 11 shows an accurate synchronous
demodulation system which can be used to produce o dc volage
that coresponds to the LVDT core positon, The inherent
precision and temperature stability of the AD§30 reduce
demodulator drft 102 second-order elfc.

Ape2z1

REV.E

A5 gt e .

b

AC BRIDGE
Bridge circuits that use e exctation are often plagued by
errors caused by hermocouple effcts, 1/ naise, de drfs in 1
eectronics, and line noise pick-up. One way 1o get around the
roblems s o excite the bridge with an ac wareform, ampliy the
ridge output with an ac amplfier, and synchronously dernodul
the resulting sgnal. The ac phase and amplitude mfrmation.
o the bridge s recovered as 1 d signal at the output of the
synchronous demodulaor. The low frequency system noise,
e drifs, and demedulator noise all get mixed 10 the carrier
frequency and can be removed by means of  low-pass filer.
Dynamic response of the bridge must b traded off agant th
amount of attenuation required to adequately suppress these.
residual carier components i the selection of the fler.
Figure 128 an example of anac bridge system with the ADG?
s s 2 synehronous demodulator. The bridge s excited by,
1V 400 Hz exctation. Trace A n Figure 13  the amplified
ridge signal. Trace B i the output o the synchronous demmodt
Itor and Trace C i th fitered d ystem oufput,
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Lockein amplifiaton i3 technique used 10 separate  small,
Rarrow-band signal fom interfring noise. The lock in amplifer
acts s a detetor and narrow-band ler combined. Very small
signals can be detected in the presence of Large amouns of
uncorelaed ncise when the fequency and phase of the desired
signalare known.

“The lock-in amplifer is busically 1 synchronous demodulator
pllowed by  low-passfler. An Imporant measure of performance.
i a lockin amplifie is the dynamic range of s demodulatr.
“The schemalic diagram of a demonsiration crcuit which exhibits
the dynamic range of an AD630 as it might he used in  lockein
amplifer is shown in Figure 14. Figure 15 i an oscilloscope
photo demonstiating the large dynamic range of the ADG30.
“The photo shows the recorery of asignal modulated at 400 Hz
from a noise signal approximately 100,00 tmes larger

X

3 o T

B ovr

“The testsignal i produced by modulting 1 400 Hz carrier with
0.1 Ha sine wave. The signals produced, for example, by
chopped radiaton (L., I, optica) detectors may have silar
Iow fequency components. A sinusoldal modulation i used B
clarit of llustration. This ignal is produced by  circut similar
1o Figure 0b and s shown n the upper race of Figure 15. [Lis
attenuated 100,000 times normalizad to the output, B, of the
summming amplifr. A noise signal that might represent, or
example, backeround and detector nojse i the chopped radia-
tion case, i added to the modulted signal by the summing
amplifier, Thissignal i simply band imited clipped white noise.
Figure 13 shows the sum of aitenuated signal plus noise i the
centr trace. This combined signal s demodulated synchro-
‘nously using phase information derived from the modulator,
and the result is low-pass fltered using a 2-pole simple fiter
‘which also provides 2 gain of 100 1o the output. This recovered
signal i the lower trace of Figure 15,

“The combined modulated signal and intefering nojse used for
his llustraton is similar o the signals often requiring a lockn
amplifier for detection. The precision input performance of the
'AD630 provides more than 100 B of signal range and its
dynamic response permits i o be used wih carrer frequencies
‘more than two orders of magnitude bigher than in this example.
A more sophisticated low-pass output ier will id n rejcting
‘Wider bandwidth iterference.
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