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PSO’s Mapping 

CO’s PSO1 PSO2 

CO1 3 2 

CO2 3 2 

CO3 3 2 

CO4 3 2 

CO5 3 2 

 

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1 
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QUESTION BANK 

MODULE 1 

1. On the output characteristics of BJT, show the region of operation of (i) an 

amplifier (ii) a switch. 

2. Show that total gain is equal to the product of gains of individual stages in a 

multi-stage amplifier. 

3. Explain the voltage divider bias for BJT amplifier.  

4. Describe the working of class-B push pull amplifier.  

5. Sketch the frequency response plot of an RC coupled amplifier and explain the 

same. 

6. List the features of a transformer coupled amplifier.  

7. Define biasing of BJT and explain need for biasing.  

8. Explain the operation of transformer coupled class-A power amplifer 

9 Explain the concept of AC load line for large signal amplifiers. 

10 Describe the working of class-AB amplifier.  

11 Explain the working of common emitter RC coupled amplifier  

12 Tabulate the efficiencies and conduction angles of power 

amplifiers. 

13 Define amplification, gain, frequency response, bandwidth & input impedance 

as applicable to amplifier. 

14 Explain the principle of transistor as an amplifier.  

15 Define operating point & describe the role of DC load line to locate it. 

16 Explain the working of class-A series fed amplifier  

17 Explain the features of RC coupled amplifier.  

18 Define operating point. Describe the role of DC load line in locating it 

19 Classify Amplifiers  

20 (a) Compare power amplifiers with reference to conduction 

angle and efficiency 

(b) explain the principle of operation of transistor as an amplifier 

21 (a) Modify class B push-pull amplifer to overcome crossover distortion 

     (b) Establish the relation between gains of individual stages and overall gain in   

a multi stage amplifier 

 

 

 



MODULE 2 

 

 
 

 

 

 

  

 

 

 

 

 

 

 

 

 



MODULE 3 

 

 

 



MODULE 4 

1. Do as directed: 

      1. (516)7 = ( )10= ( )16 

      2. (250.5)10 = ( )8= ( )4 

      3. (2ED)16=( )8=( )2 

      4. (38)9=( )5=( )2 

      5. Obtain the 9’s and 10’s complement of (864)10. 

2.  Do as directed: 

       1. (198)12+(12121)3=( )8 

       2. Determine the value of base x if (50)x=(203)4 

       3. Given the two binary numbers X = 1010101 and Y = 1001011, perform the 

           subtraction X-Y using 1’s complements. 

 3. Do as directed: 

       1. (347)10 = ( )2= ( )8= ( )5 = ( )16 = ( )BCD 

       2. (11010111.110)2 = ( )10= ( )12= ( )16 

  4. Do as directed: 

       1. Multiply the (267)8 and (71)8 in the given base without converting to 

decimal. 

        2. (103)4 + (50)7 = ( )9 

        3. Determine the value of base b if (211)b=(152)8 

5. Demonstrate by means of truth tables the validity of the De Morgan’s theorems 

forthree variables. Find the complement of F = a(b’c’+bc) by applying De 

Morgan’s theorem as many times as necessary. 

6. (a) Demonstrate by means of truth table the validity of the distributive law of + 

over. Also show that the NOR and NAND operators are not associative. 

    (b) Prove that a positive-logic AND gate is a negative-logic OR gate and vice-

versa. 

7. (a) Express the Boolean function F(p, q, r, s)=s(p’+q)+q’s in a sum of minterms 

and a product of maxterms. 

    (b) Given the Boolean function: F=xy+x’y’+y’z 

       1. Implement it with only OR and NOT gates. 

       2. Implement it with only AND and NOT gates. 

8. (a) What is the difference between canonical form and standard form? Express 

the Boolean function F(p, q, r)=(pq+r)(q+pr) in a sum of minterms and a product of 

maxterms. 

    (b) Realize 2 input X-OR gate using NOR gates only. 

9. (a) Simplify the following Boolean expressions by manipulation of Boolean 

algebra using K- map 

      1. F(x,y,z)=xy+xyz+xyz’+x’yz 

      2. F(A,B,C,D)=A’C(A’BD)’+A’BC’D’+AB’C 



MODULE 5 

 

1.  Explain Binary Synchronous Counter. 

2.  Design a combination circuits for a full adder and explain it in detail. 

3.  Design a combination circuits for a half adder and explain it in detail. 

4.  Design a combination circuits for a full subtractor and explain it in detail. 

5.  Design a combination circuits for a half subtractor and explain it in detail. 

6.  Explain briefly : SOP & POS , minterm & maxterm , canonical form, 

propagation delay, fan out 

7.  What is meant by Multiplexer? Explain with diagram and truth table the 

Operation of 4-to-1 line multiplexer 

8. What is meant by Decoder? Explain 3-to-8 line decoder with diagram and truth 

table 

9.  Explain with figures how NAND gate and NOR gate can be used as Universal 

gate. 

10. What is the function of shift register? With the help of simple diagram explain 

its working. 

11. With logic diagram and truth table explain the working JK Flipflop.Also 

obtains its characteristic equation. How JK flip-flop is the refinement of RS 

flip-flop? 

12. Explain race-around condition in relation to the J-K flip-flops using timing 

relationships. Draw the clocked Master-Slave J-K flip-flop configuration and 

explain how it removes race-around condition in J-K flip-flops. 

13. Explain 4-bit synchronous up-down binary counter 

14. Explain Asynchronous up and down counter with logic diagrams. 
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CONTENT BEYOND THE SYLLABUS 

S:NO; TOPIC 

1 ANALOG TO DIGITAL CONVERTERS 

2 DIGITAL TO ANALOG CONVERTERS 

 



 

 

 

 

MODULE 1 

Amplifiers & Oscillators 

 



BJT AS AN AMPLIFIER 































































FET 

INTRODUCTION 

 The invention of the BJT has brought a great twist in the modern era of 
semiconductor technology. This device, along with its field-effect counterpart, 
known as the field-effect transistor (FET), has had a huge impact on virtually 
every area of modern life. 

 
 Practical field-effect transistors were first made in the form of JFET in 1953 
and MOSFET in 1963. 

 
 The field-effect transistor has taken various forms like that  

 The junction field-effect transistor (JFET), 
 The metal semiconductor field-effect transistor (MESFET), 
 The metal-insulator-semiconductor field-effect transistor (MISFET), 
 The metal-oxide-semiconductor field-effect transistor (MOSFET). 



THE FIELD-EFFECT TRANSISTOR 
 The FET is a single carrier device and is often called the unipolar transistor 
because the carriers involved in the operation are either electrons or holes. 
 The FET is also a semiconductor device in which the output quantity is controlled 
by an electric field, which is often the input quantity. 
 The phenomenon where the conductivity of the semiconductor is modulated by 
an electric field applied normally to the surface of the semiconductor is called field 
effect, and this principle is brought into operation by extending the depletion region 
deep into the bulk of the semiconductor. 
 Junction Field-effect Transistor (JFET):- In a junction FET, the control voltage 
modulates the depletion width of a reverse-biased p –n junction which, in turn, 
varies with the various parameters of the device. 
 Insulated Gate Field-effect Transistor (IGFET):- The IGFET is also called the metal-
oxide-semiconductor field-effect transistor (MOSFET). In this, the metal gate 
electrode is separated from the semiconductor by an insulator. 
 Metal-semiconductor Field-effect Transistor (MESFET):- If the MOS junction is 
replaced by a direct metal-semiconductor contact, i.e., a Schottky barrier, it is called 
metal-semiconductor FET (MESFET). A MESFET is similar to a JFET except for the 
following differences:(i) It has a single gate (ii) The gate is formed by a metal-
semiconductor junction 



THE FIELD-EFFECT TRANSISTOR 

Comparison between the BJT and the FET 



CONSTRUCTION OF THE JFET 

Construction of n-channel JFET 

 The JFET is a three-terminal device whose one terminal is capable of 
controlling the current between the other two. 
 In JFETs, the width of a junction is used to control the effective cross-
sectional area of the channel that conducts current. 
 JFETs are basically of two types: n-channel and p-channel. 



CONSTRUCTION OF THE JFET 

 The n-channel JFET consists of a uniformly doped n-type silicon semiconductor 
bar with ohmic contacts at both ends and semiconductor junctions made on 
either sides of the bar. 

 
 The top portion of the n-type channel is connected through the ohmic contact 
to a terminal called the drain (D) while the lower end is connected to the terminal 
referred to as the source (S ). 

 
 The two p-type materials, fabricated on the two sides, are connected together 
and then to the third terminal called gate (G). 

 
 The source terminal gets its name from the fact that the carriers contributing 
to the current flow move out from the external circuit into the semiconductor at 
this electrode. 

 
 The carriers travel through the bulk of the semiconductor and are 
subsequently collected at the drain electrode. 

 
 The gate is called so because it controls the flow of charges though the bulk. 







Working of JFET 









CONSTRUCTION OF THE JFET 

 With proper biasing of the device, current is allowed to flow from the source 
and gets collected at the drain terminal of the bar. 
 As the drain current (ID) flows through the channel, a reverse-bias between 
the two p-regions and the channel reduces the effective width of the channel. 
 As the effective width of the conducting channel has a striking effect on the 
resistance of the channel, the current flowing through it also varies 
correspondingly. 
 The electrons in the n-region move from the source to the drain region; they 
are carried by majority carriers that drift through the channel. 
 The majority carriers enter the channel region through the source terminal 
and leave the channel through the drain terminal, in agreement with the naming 
of the drain and the source terminals. 
 In the absence of any applied potentials at the two p –n junctions, the JFET is 
under no-bias condition. 
 The result is a depletion region at each junction that resembles the same 
region of a junction diode under no-bias conditions.  
 For normal operation, the current enters the channel through the drain and as 
it flows through the channel the voltage drop constantly decreases. 
 This can be a linear variation for low values of current. 



CHARACTERISTICS OF JFET 















MOSFET- METAL OXIDE 
SEMICONDUCTOR FET 



Classification of MOSFETs 

• Depending upon the type of materials used in the construction, and the type 

of operation, the MOSFETs are classified as in the following figure. 





Construction of a MOSFET 

• The construction of a MOSFET is a bit similar to 
the FET. An oxide layer is deposited on the 
substrate to which the gate terminal is connected.  

• This oxide layer acts as an insulator (sio2 insulates 
from the substrate), and hence the MOSFET has 
another name as IGFET. 

• In the construction of MOSFET, a lightly doped 
substrate, is diffused with a heavily doped region.  

• Depending upon the substrate used, they are 
called as P-type and N-type MOSFETs. 



Construction of N- Channel Depletion 

mode-MOSFET [D-MOSFET] 

 

 



• It consists of lightly doped p-type substrate in which 
two highly doped n-regions are diffused. 

• The source and drain  terminals are connected through 
metallic  contacts to       n-doped regions linked by an 
n-channel.  

• The gate is also connected to a metal contact surface 
but remains insulated from the n-channel by a very thin 
silicon dioxide (SiO2) layer. 

•  SiO2 is a particular type of insulator referred to as a 
dielectric that sets up opposing electric fields within the 
dielectric when exposed to an externally applied field. 

• Then the thin layer of metal aluminium is formed over 
the Sio2 layer. This metal overs the entire channel 
region and it forms the gate(G). 

 

 



Operation of N-channel D-MOSFET 

 



• When no voltage is applied between gate and source, 
some current flows due to the voltage between drain 
and source. 

•  Let some negative voltage is applied at VGG. 

•  Then the minority carriers i.e. holes, get attracted and 
settle near SiO2 layer.  

• But the majority carriers, i.e., electrons get repelled. 

• With some amount of negative potential at VGG a 
certain amount of drain current ID flows through source 
to drain.  

• When this negative potential is further increased, the 
electrons get depleted and the current ID decreases.  

• Hence the more negative the applied VGG, the lesser the 
value of drain current ID will be. 

 



Construction of N-channel E-

MOSFET 

 



• In the basic construction of the n-channel 
enhancement-type MOSFET, a slab of p-type 
material is formed from a silicon base and is 
again referred to as the substrate.   

• The SiO2 layer is still present to isolate the gate 
metallic platform from the region between the 
drain and source, but now it is simply separated 
from a section of the p-type material.  

• In summary, therefore, the construction of an 
enhancement-type MOSFET is quite similar to 
that of the depletion-type MOSFET, except for 
the absence of a channel between the drain and 
source terminals. 

 



Working of E-MOSFET 

 



• When no voltage is applied between gate and source, no 
current flows due to the lack of channel.  

• Let some positive voltage is applied at VGG.  

• Then the minority carriers i.e. holes, get repelled and the 
majority carriers i.e. electrons gets attracted towards 
the SiO2 layer. 

• With some amount of positive potential at VGG a certain 
amount of drain current ID flows through source to drain.  

• When this positive potential is further increased, the 
current ID increases due to the flow of electrons from source 
and these are pushed further due to the voltage applied 
at VGG.  

• Hence the more positive the applied VGG, the more the 
value of drain current ID will be.  

• The current flow gets enhanced due to the increase in 
electron flow better than in depletion mode.  

• Hence this mode is termed as Enhanced Mode MOSFET. 

 



DRAIN CHARACTERISTICS 



• Typical drain characteristics, for various levels of gate-source 

voltage, of an N-channel MOSFET are shown in figure.  

• The upper curves are for positive VGS and the lower curves are for 

negative VGS. 

•  The bottom drain curve is for VGS = V GS(OFF). For a specified 

drain-source voltage VDS,  

• VGS (OFF) is the gate-source voltage at which drain current reduces 

to a certain specified negligibly small value, as shown in figure.  

• This voltage corresponds to the pinch-off voltage Vp of JFET.  

• For VGS between VGS (0FF) and zero, the device operates in depletion-

mode while for VGS exceeding zero the device operates 

in enhancement mode. 

•  These drain curves again display an ohmic region, a constant-

current source region and a cut-off region. MOSFET has two major 

applications: a constant current source and a voltage variable 

resistor. 



TRANSFER CHARACTERISTICS 

 



• The transfer (or transconductance) characteristi

c for an N-channel DE-MOSFET is shown in 

figure. IDSS is the drain current with a shorted 

gate. Since the curve extends to the right of the 

origin, IDSS is no longer the maximum possible 

drain current 



POWER 
AMPLIFIERS 



• Not all amplifiers are the same and there is a clear 
distinction made between the way their output stages 
are configured and operate.  

• The main operating characteristics of an ideal amplifier 
are linearity, signal gain, efficiency and power output 
but in real world amplifiers there is always a trade off 
between these different characteristics. 

• Generally, large signal or power amplifiers are used in 
the output stages of audio amplifier systems to drive a 
loudspeaker load.  

• A typical loudspeaker has an impedance of between 4Ω 
and 8Ω, thus a power amplifier must be able to supply 
the high peak currents required to drive the low 
impedance speaker. 



• Amplifier classes are the identity of amplifier’s 
performance and characteristics. Different type of power 
amplifiers gives different responses when passing current 
through them.  

• According to their specifications, Amplifiers are assigned 
different letter or alphabets which represent their classes. 

 There are different classes of amplifiers starting from A, 
B, C, AB, D, E, F, T etc. 

•  Out of those classes most commonly used audio amplifiers 
classes are A, B, AB, C.  

• Other Classes are modern amplifiers which use switching 
topologies and PWM (Pulse Width Modulation) technique 
to drive the output load.  

• Sometimes, improved version of traditional classes are 
assigned a letter to classify them as a different class of 
amplifier, like class G amplifier is a modified Amplifier 
class of Class B or Class AB amplifier. 

https://circuitdigest.com/tutorial/what-is-pwm-pulse-width-modulation


• Classes of the amplifier represent the input cycle 
proportion when the current is passed through 
amplifier. 

•  The input cycle is the conduction angle derives from 
the sinusoidal wave conduction in the amplifier input.  

• This conducting angle is highly proportional with the 
Amplifiers on time during a full cycle.  

• If the amplifier is always ON during a cycle, the 
conduction angle will be 360 degrees.  

• So, if an amplifier provides 360-degree conduction 
angle, then the amplifier used complete input signal 
and the active element conducted through the 100% 
time period of a complete sinusoidal cycle 





CLASS A  
POWER AMPLIFIER 

DIRECTLY COUPLED OR SERIES FED 
CLASS A POWER AMPLIFER 





• To achieve high linearity and gain, the output stage of a class A amplifier is 

biased “ON” (conducting) all the time.  

• Then for an amplifier to be classified as “Class A” the zero signal idle 

current in the output stage must be equal to or greater than the maximum 

load current (usually a loudspeaker) required to produce the largest output 

signal. 

• As a class A amplifier operates in the linear portion of its characteristic 

curves, the single output device conducts through a full 360 degrees of the 

output waveform. 

•  Then the class A amplifier is equivalent to a current source. 

• Since a class A amplifier operates in the linear region, the transistors base 

(or gate) DC biasing voltage should by chosen properly to ensure correct 

operation and low distortion.  

• However, as the output device is “ON” at all times, it is constantly carrying 

current, which represents a continuous loss of power in the amplifier. 



• Due to this continuous loss of power class A 

amplifiers create tremendous amounts of heat 

adding to their very low efficiency at around 30%, 

making them impractical for high-power 

amplifications.  

• Also due to the high idling current of the 

amplifier, the power supply must be sized 

accordingly and be well filtered to avoid any 

amplifier hum and noise.  

• Therefore, due to the low efficiency and over 

heating problems of Class A amplifiers, more 

efficient amplifier classes have been developed. 

 









We have represented the whole power 
flow in the following diagram. 

 



Efficiency of Directly coupled  

Class A power amp 



 





Advantages of Class A Amplifiers 

The advantages of Class A power amplifier are as 
follows − 

• The current flows for complete input cycle 

• It can amplify small signals 

• The output is same as input 

• No distortion is present 

Disadvantages of Class A Amplifiers 

The disadvantages of Class A power amplifier are as 
follows  

• Low power output 

• Low collector efficiency 

 









Advantages 

The advantages of transformer coupled class A power 
amplifier are as follows. 

• No loss of signal power in the base or collector resistors. 

• Excellent impedance matching is achieved. 

• Gain is high. 

• DC isolation is provided. 

Disadvantages 

The disadvantages of transformer coupled class A power 
amplifier are as follows. 

• Low frequency signals are less amplified comparatively. 

• Hum noise is introduced by transformers. 

• Transformers are bulky and costly. 

• Poor frequency response. 
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MODULE 2 

OP-AMP & ITS APPLICATIONS 

 



https://www.google.co.in/url?url=https://electrosome.com/opamp/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjynp-Y0sjYAhVFMI8KHbOVAqQQwW4ILTAM&usg=AOvVaw1nPDUDB_PaLFg8onhp4vaa


Operational amplifier 

• Usually Called Op Amps 

• An amplifier is a device that accepts a varying input signal and 
produces a similar output signal with a larger amplitude. 

• Most Op Amps behave like voltage amplifiers.  They take an input 
voltage and output a scaled version. 

• They are the basic components used to build analog circuits. 

• The name “operational amplifier” comes from the fact that they 
were originally used to perform mathematical operations such as 
integration and differentiation. 

• Integrated circuit fabrication techniques have made high-
performance operational amplifiers very inexpensive in 
comparison to older discrete devices. 



Circuit Symbol 

 

 

 

• Two input terminals, one output terminals 

• (-) sign  inverting terminal 

• (+) sign  non inverting terminal 

 

inverting 

non-inverting 
output 



Opamp terminals 

• Op amp(IC 741) have five basic terminals 

 

 

 

 

 

• Power supply voltage may range from ±5 V to 
±22 V.   

 



 



Ideal op-amp 

Op amp is said to be ideal if it has the following characteristics 

• Open loop voltage gain AOL  ∞ 

• Input impedance Ri  ∞ 

• Output impedance Ro  0 

• Bandwidth BW ∞ 

1. An ideal op amp draws no current at both the input terminals. i.e. i1= 0, 
i2 =0. Because of infinite input impedance 

2. Since gain is ∞, the voltage between the inverting  & non inverting 
terminals, i.e., differential input voltage Vd =(v2 – v1 )  is essentially zero 
for finite output voltage. 

3. The output voltage  vo  is independent of the current drawn from the 
output as Ro = 0. The output thus can drive an infinite number of other 
devices. 

 



Differential amplifier 

• A circuit that amplifies the difference between two 
signals is called a difference or differential amplifier. 

• This type of the amplifier is useful in instrumentation 
circuits. 

• Nodes a & b are at the same potential , designated as 
v3 . 



The nodal equation at ‘a’ is 

 



• Therefore , v0 = R2/R1(v1-v2) 

• Such a circuit is very useful in detecting very small differences in signals. 

•  Since the gain R2/R1 can be chosen to be very large. For example , if R2 = 
100R1, then a small difference v1-v2 is amplified 100 times. 

Common Mode Rejection Ratio 

• if v1 = v2 then vo = 0  true for ideal op amp 

• In practical op amp, output voltage depends not only upon the difference 
signal vd at the input, but is also affected by the average voltage of the 
input signal called common mode signal vcm, 

                            vcm = (v1 +v2)/2 

• The relative sensitivity of an op amp to a difference signal as compared to 
a common mode signal is called common mode rejection ratio(CMRR)  and 
gives the figure of merit  ‘ρ’. 

                     

                                            ρ =     ADM/ACM                

                 



Block diagram of op amp 

• First two stages  cascaded differential 
amplifier(high gain & high input resistance) 
 
 
 

• The level shifter adjusts the dc voltages so 
that output voltage is zero for zero inputs. 

• Output stage designed to provide a low 
output impedance 

Differential 
  amplifier 

Differential  
amplifier 

Buffer and  
      level 
 translator 

Output 
driver 



DC CHARACTERISTICS 
• An ideal op amp draws no current and its response is also 

independent of temperature. 

• Real op amps take current from the source into the op amp 
input. 

• Also two inputs respond differently for current& voltage due 
to mismatch of transistors. 

• It shifts its operation with temperature. 

• These non ideal dc characteristics that add error components 
to the dc output voltage are  

 Input bias current 

 Input offset current 

 Input offset voltage 

 Thermal drift 



Input offset current 

• Op amp’s input is a differential amplifier 

• Since input transistors cannot made identical. 

• There will always be some small difference between IB
+ and IB

-. 
This difference is called offset current Ios   . 

•  Ios  = IB
+ - IB

-.  
 

 

 



Input offset voltage 

• It is found that output voltage may still not be zero with zero 
input voltage, inspite of the use of compensating techniques. 

• This is due to unavoidable imbalances inside the op amp. 

• We have to apply a small voltage at the input terminals to 
make output voltage zero. 

• This voltage is called input offset voltage, Vos 
 

 

 

 



AC CHARACTERISTICS 

FREQUENCY RESPONSE 

• Ideally an op amp should have an infinite 
bandwidth. 

• This means that, if its open loop gain is 90dB 
with dc signal its gain should remain the same 
90 dB through audio and on to high 
frequencies. 

• Practical op amp gain decreases at high 
frequencies. 



What causes the gain of the op amp to roll off 
after a certain frequency is reached? 

• Capacitive component in equivalent circuit 

• Due to physical characteristics of the device used (BJT or FET) 

• Figure represents high frequency model with single corner 
frequency 

 

 



• Corner frequency is the upper 3 dB frequency 



• Due to the effect of  RoC there cause a -20dB/decade roll off. 



 



 



 



 





















V to I converter 

• Voltage to current converter 

1. V-I Converter with floating load 

2.  V-I Converter with grounded load 

 



V-I converter with floating load 

• Load ZL is floating  

• Voltage at node ‘a’ is Vi, therefore 

          Vi = iL R1          (as IB = 0) 

Or      iL =Vi/R1 

• i.e. input voltage Vi is converted into an output current of Vi/R1  

• Same current is flowing through the signal source and load and therefore, 

signal source should be capable of providing this load current.    



V-I converter with grounded load 

• Let Vi be the voltage at node ‘a’, writing nodal 

equation, we get 

 



• Since the opamp is used in non inverting mode, the gain of the 

circuit is  

                             1+ R/R = 2 

• The output voltage is 

 

 

 

 

 
• As the input impedance of a non inverting amp is very high, 

this circuit has the advantage of drawing very little current 

from the source 

  



Current to Voltage converter 

• Photocell, photo diode and photovoltaic cell give an 

output current that is proportional to an incident 

radiant energy or light 

• The current through this devices can be converted to 

voltage by using a current to voltage converter 

• Thereby the amount of light or radiant energy 

incident on the photo device can be measured.   



 



• (+) terminal is at virtual ground 

• Current is flows through the feedback resistor Rf 

• Vo = - is Rf 

• Rf is sometimes shunted with a capacitor Cf to reduce 

high frequency noise and possibility of oscillations   

 



Differentiator  

• Op-amp circuit that contain capacitor is the 

differentiating amplifier or differentiator. 

• Output wave form is the derivative of input waveform 

• The node N is at virtual ground potential i.e. VN  = 0 



• Current ic through the capacitor is  

 

 

• If through feedback resistor is Vo/Rf & there is no 

current into the op amp 

• Nodal equation at node N is 

 

 

• From which we have 

 

 

 

 

 

 



Integrator  

• If we interchange the resistor and capacitor of the 

differentiator  integrator 

 

 

 

 

 

• The nodal equation at node N is 

 



• Integrating both sides 

 

 

 

 

 

 

 

• Where Vo(0) is the initial output voltage  

• The circuit thus provides an output voltage which is 

proportional to the time integral of the input and  

• R1Cf   time constant of the integrator 

• Negative sign in output, so integrator is also known as 

inverting integrator 

 

 

 



Comparator 

• It is a circuit which compares a signal voltage applied 

at one input with the known reference voltage at the 

other input 

• It is basically an open loop op amp with output ‘+’ or  

‘-’ Vsat. 

• Two types of comparators 

1. Non inverting comparator 

2. Inverting comparator 



Non inverting comparator 

• Vref  (-) input 

• Time varying signal Vi  (+) input 

• Vi < Vref  - Vsat 

• Vi > Vref  +Vsat 



Inverting comparator 

• Vref  (+) input 

• Time varying signal Vi  (-) input 

• Vi < Vref  +Vsat 

• Vi > Vref  -Vsat 

 



Regenerative comparator (Schmitt trigger) 

• If positive feedback is added to the comparator circuit, gain can be 

increased greatly. 

• Consequently, the transfer curve of comparator becomes more close 

to ideal curve. 

• Theoretically , if the loop gain is adjusted to unity, then the gain 

with feedback becomes infinite. 

• Results in an abrupt (zero rise time) transition between the extreme 

values of output voltage. 

• This circuit exhibits a phenomenon called hysteresis 



• Input voltage  (-) 

• Feed back voltage  (+) 

• Input voltage triggers the output every time it exceeds certain 

voltage levels. 

• These voltage levels are called upper threshold voltage(VUT) 

and lower threshold voltage(VLT) 

• Hysteresis width  VUT – VLT 

 



• Suppose output Vo = +Vsat, voltage at (+) will be 

     VUT = Vref + ( R2/(R1+R2 )) (Vsat – Vref) 

• As long as Vi is less than VUT, output remains constant at +Vsat 

• When Vi is just greater than VUT, the output regeneratively switches 

to –Vsat and remains at this level as long as Vi > VUT 

• For Vo = - Vsat , voltage at (+) will be 

     VLT = Vref – (R2/(R1+R2)) (Vsat + Vref) 

• A regenerative transition takes place. 

• Hysteresis width VH, 

   VH = VUT – VLT = 2R2 Vsat/(R1+R2) 

 

 

 



SAMPLE & HOLD CIRCUIT 

• Circuit samples an input signal and hold on to its last 

sampled value until the input is sampled again. 

• Used in digital interfacing and analog to digital 

conversion   



• Analog signal Vi to be sampled is applied to the drain of E-

MOSFET and the control voltage Vc is applied to its gate. 

• When Vc is positive  E-MOSFET turns on 

• Capacitor C charges to the instantanous value of input Vi. 

• Thus the input voltage Vi appears across the capacitor C and 

then at the output through the voltage follower A2. 

• During the time when Vc is zero, the E-MOSFET is off 

• The capacitor now facing the high input impedance of the 

voltage followerA2 and hence cannot discharge. 

• TS  time during which voltage across the capacitor is 

equal to input voltage 

• TH  time which the voltage across the capacitor is held 

constant  



 



 

 

 

MODULE 3 

FILTERS &TIMERS 

 



Active filters 

• Electric filters are used in circuits which require the 
separation of signals according to their frequencies 

RC ACTIVE FILTERS  

• A frequency selective electric circuit that passes electrical 
signals of specified band of frequencies and attenuates the 
signals of frequencies outside the band is called an electric 
filter. 

• In high frequencies passive filters work well  

• Some difficulties in audio frequencies for passive filters 

• Active filters overcome this problem 

• They use op amp as active element and resistors & 
capacitors as the passive elements  



Most commonly used filters 

• Low pass filters (LPF) 

• High pass filters (HPF) 

• Band pass filter (BPF) 

• Band stop filter (BSF), also called Band reject 

filter 

• All pass filter 

 



 



First order low pass filter 

• It consist of single RC network connected to 

the (+) input terminal of a non inverting op 

amp 

• Ri & Rf determine the gain of the filter in the 

pass band 

• A = 1+ Rf/Ri 



 



 



FIRST ORDER HIGH PASS FILTER 

• A first-order (single-pole) Active High Pass Filter as its 
name implies, attenuates low frequencies and passes 
high frequency signals. 

•  It consists simply of a passive filter section followed by 
a non-inverting operational amplifier.  

• The frequency response of the circuit is the same as 
that of the passive filter, except that the amplitude of 
the signal is increased by the gain of the amplifier and 
for a non-inverting amplifier the value of the pass band 
voltage gain is given as  

• 1 + R2/R1, the same as for the low pass filter circuit. 





 Analysis of High pass filter 

• High pass filter is the complement of the low pass 
filter and can be obtained simply by interchanging 
R and C in the low pass configuration 

• Putting Y1 = Y2 = sC and Y3 = Y4 = G = 1/R     

    in the general equation 

 

 

 

• The transfer function becomes 

 





 

 



Band pass filter 

• Two types of band pass filter which are classified as per 
the figure of merit or selectivity or quality factor (Q) 

1. Narrow band pass filter (Q>10) 

2. Wide band pass filter (Q<10) 

• The following relation ship are important 

                 Q= fc /BW = fc /(fh– fl) 

                        fc = √fhfl  

• fh = upper cut-off freq 

• fl  = lower cut-off freq 

• fc = central frequency 

 



Narrow band pass filter 

• Important parameters in a band pass filter are 

• fh  Upper cut-off freq 

• fl   Lower cut-off freq 

• fc  Central frequency 

• BW  Band width 

• Ao  Central frequency gain 

• Q  Selectivity 

• Op amp is used in inverting mode 



 



 

 

• For this circuit to be band pass filter, put Y1=G1, Y2 = 

sC2, Y3=sC3, Y4 =G4 and Y5= G5. 

• Then the transfer function becomes, 



 



Wide band pass filter 

• A wide band pass filter can be formed by cascading a 

HPF and LPF section. 

• If the HPF and LPF are of the first order, then the 

band pass filter (BPF) will have a roll-off rate of -20 

dB/decade   

• For high pass section the magnitude of gain is 

 



 



• Similarly the low pass section the magnitude of gain 

is 



Band Stop Filter 

• A band Stop Filter known also as a Notch 

Filter, blocks and rejects frequencies that lie 

between its two cut-off frequency points 

passes all those frequencies either side of this 

range 



• By combining a basic RC low-pass filter with 

a RC high-pass filter we can form a simple 

band-pass filter that will pass a range or band 

of frequencies either side of two cut-off 

frequency points.  

• But we can also combine these low and high 

pass filter sections to produce another kind of 

RC filter network called a band stop filter that 

can block or at least severely attenuate a band 

of frequencies within these two cut-off 

frequency points. 



• The Band Stop Filter, (BSF) is another type of frequency 
selective circuit that functions in exactly the opposite way 
to the Band Pass Filter we looked at before. The band stop 
filter, also known as a band reject filter, passes all 
frequencies with the exception of those within a specified 
stop band which are greatly attenuated. 

• If this stop band is very narrow and highly attenuated over a 
few hertz, then the band stop filter is more commonly 
referred to as a notch filter, 

• Then the function of a band stop filter is to pass all those 
frequencies from zero (DC) up to its first (lower) cut-off 
frequency point ƒL, and pass all those frequencies above its 
second (upper) cut-off frequency ƒH, but block or reject all 
those frequencies in-between.  

• Then the filters bandwidth, BW is defined as: (ƒH – ƒL). 
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MODULE 4 

DIGITAL CIRCUITS 

 



 

 



 



 



 



 

 



 



 

 



 

 

 

 

 

 

 



 

 





 







 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 



 

 

 

 





 

 

 

 

 

 



 

 

 

 



 

 

 



 

 

 



 



 



 



 

 

 

 



 

 



Chap 6 C-H 1 

Lecture 6  

Quine-McCluskey Method 

• A systematic simplification 
procedure to reduce a minterm 
expansion to a minimum sum of 
products. 

• Use XY + XY’ = X to eliminate 
as many as literals as possible.  

– The resulting terms = prime 
implicants. 

• Use a prime implicant chart to 
select a minimum set of prime 
implicants. 



Chap 6 C-H 2 

Determination of Prime 

Implicants 

 Eliminate literals  

 Two terms can be combined if they 

differ in exactly one variable. 

AB’CD’ + AB’CD = AB’C 

1 0  1 0   + 1 0 1 1  =  1 0 1 

   X    Y        X   Y’        X 

 

A’BC’D + A’BCD’ (won’t combine) 

0  1 0 1   + 0  1 1 0 (check # of 1’s) 

 

We need to compare and combine 

whenever possible.    



Chap 6 C-H 3 

Sorting to Reduce 

Comparisons 

 Sort into groups according to 

the number of 1’s. 

 F(a,b,c.d) = Σm(0,1,2,5,6,7,8,9,10,14) 

• No need for comparisons 

– (1) Terms in nonadjacent group  

– (2) Terms in the same group 

Group   0   0    0000 

 

Group   1   1    0001 

                  2    0010 

                  8    1000 

 

Group   2   5    0101 

                  6    0110 

                  9    1001 

                 10   1010 

 

Group   3   7    0111 

                 14   1110 



Chap 6 C-H 4 

Comparison of adjacent 

groups 

– Use X + X = X repeatedly between adjacent 

groups 

– Those combined are checked off. 

– Combine terms that have the same dashes and 

differ one in the number of 1’s. (for column II and 

column III) 



Chap 6 C-H 5 

Prime Implicants 

• The terms that have not been 

checked off are called prime 

implicants. 

 f = 0-01 + 01-1+011- + -00-  

       + -0-0 + --10 

    = a’c’d + a’bd + a’bc + b’c’ +  

       b’d’ + cd’  

• Each term has a minimum number of 

literals, but minimum SOP for f: 

 f = a’bd + b’c’ + cd’  
 (a’bd, cd’ => a’bc) 

 (a’bd, b’c’ => a’c’d) 

 (b’c’, cd’ => b’d’) 

 



Chap 6 C-H 6 

Definition of Implicant 

– Definition 

• Given a function of F of n variables, 

a product term P is an implicant of F 

iff for every combination of values 

of the n variables for which P = 1, F 

is also equal to 1. 

– Every minterm of F is an implicant of F. 

– Any term formed by combining two or 

more minterms is an implicant. 

– If F is written in SOP form, every 

product term is an implicant. 

– Example: f(a,b,c) = a’b’c’ + ab’c’ 

+ ab’c + abc = b’c’ + ac 
– If a’b’c’ = 1, then F = 1, if ac = 1, then 

F = 1. a’b’c’ and ac are implicants. 

– If bc = 1, (but a = 0), F = 0, so bc is not 

an implicant of F. 



Chap 6 C-H 7 

Definition of Prime Implicant 

– Definition 

• A prime implicant of a function F is 

a product term implicant which is no 

longer an implicant if any literal is 

deleted from it. 

• Example: f(a,b,c) = a’b’c’ + ab’c’ + 

ab’c + abc = b’c’ + ac 

– Implicant a’b’c’ is not a prime 

implicant. Why? If a’ is deleted, b’c’ is 

still an implicant of F. 

– b’c’ and ac are prime implicants. 

• Each prime implicant of a function 

has a minimum number of literals 

that no more literals can be 

eliminated from it or by combining 

it with other terms. 



Chap 6 C-H 8 

Quine McClusky 

Procedure 

• QM procedure: 

– Find all product term implicants 

of a function 

– Combine non-prime implicants. 

• Remaining terms are prime 

implicants. 

– A minimum SOP expression consists of 

a sum of some (not necessarily all) of 

the prime implicants of that function. 

• We need to select a minimum set of prime 

implicants. 

– If an SOP expression contains a term 

which is not a prime implicant, the SOP 

cannot be minimum. 



Chap 6 C-H 9 

Prime Implicant Chart 

• Chart layout 
– Top row lists minterms of the function 

– All prime implicants are listed on the left side. 

– Place x into the chart according to the minterms that 
form the corresponding prime implicant. 

• Essential prime implicant 
– If a minterm is covered only by one prime implicant, 

that prime implicant is called essential prime 
implicant. (9 & 14). 

» Essential prime implicant must be included in 
the minimum sum of the function. 

 



Chap 6 C-H 10 

Selection of Prime 

Implicants 

 Cross out the row of the selected essential 

prime implicants 

 The columns which correspond to the 

minterms covered by the selected prime 

implicants are also crossed out. 

 Select a prime implicant that covers the 

remaining columns. This prime implicant is 

not essential. 

 



Chap 6 C-H 11 

A Cyclic Prime Implicant 

Chart 

• Two or more X’s in every column. 

• F = m(0,1,2,5,6,7) 

– F = a’b’ + bc’ + ac. (by try and error). No 

guarantee for this to be minimum. 

 
0  000 

1  001 

2  010 

5  101 

6  110 

7  111 

0,1  00- 

0,2  0-0 

1,5  -01 

2,6  -10 

5,7  1-1 

6,7  11- 

All checked 

off 



Chap 6 C-H 12 

Another Solution 

• F = a’c’ + b’c + ab 

• Each minterm is covered by two 

different prime implicants. 



Chap 6 C-H 13 

Petrick’s Method 

• A more systematic way to find all minimum 
solutions from a prime implicant chart. 

• P is True when all the minterms in the chart 
have been covered. P = f (P1, P2, …) 

• Label  each row with Pi. 

– Pi is true when the prime implicant in row Pi is 
included in the solution.  

– For column 0, we must choose either P1 or P2 
in order to cover minterm 0. Thus (P1 + P2) 
must be true. 



Chap 6 C-H 14 

Petrick’s Method (cont.) 

• For column 0, we must choose either P1 or P2 

in order to cover minterm 0. Thus (P1 + P2) 

must be true. 

• To cover minterm 1, P1 + P3 must be true, and 

etc. 

•  P = (P1+P2)(P1+P3)(P2+P4)(P3+P5)(P4+P6)(P5+P6) = 

1 

• This means: We must choose row P1 or P2, and row 

P1 or P3, and row P2 or P4, etc. 



Chap 6 C-H 15 

Petrick’s Method (cont.) 

• Then we simplify  
 P = (P1+P2)(P1+P3)(P2+P4)(P3+P5)(P4+P6)(P5+P6)  

    =  (P1 + P2P3)(P4 + P2P6)( (P5 +P3P6);  
 (X+Y)(X+Z) = X +YZ)  

    = (P1P4+ P1P2P6 + P2P3P4 + P2P3P6)(P5 + P3P6) 

   =  P1P4P5 + P1P2P5P6 + P2P3P4P5 + P1P3P4P6 + P2P3P6 

 In other words, for P = 1 (to cover all minterms), we must 

choose row P1 and P4 and P5 or row P1and P2 and P5 and 

P6 or etc …. 

  

 There are five to choose. We choose P1P4P5  or P2P3P6. 

  



Chap 6 C-H 16 

Simplification of Incompletely 

Specified Functions 

• An incompletely specified function  



Chap 6 C-H 17 

Simplification Using Map-

Entered Variables 

– Extend  K-map for more variables. 

– When E appears in a square, if E = 1, then 

the corresponding minterm is present in the 

function G. 

– G (A,B,C,D,E,F) = m0 + m2 + m3 + Em5 + 

Em7+ Fm9 + m11 + m15 + (don’t care terms) 



Chap 6 C-H 18 

Map-Entered Variable 

• F(A,B,C,D) = A’B’C + A’BC + A’BC’D + 

ABCD + (AB’C), (don’t care) 

– Choose D as a map-entered variable. 

– When D = 0, F  = A’C (Fig. a) 

– When D = 1, F = C + A’B (Fig. b) 

» two 1’s are changed to x’s since they are 

covered in Fig. a. 

• F = A’C + D(C+A’B) = A’C + CD + A’BD 

 



Chap 6 C-H 19 

General View for Map-

Entered Variable Method 

• Given a map with variables P1, P2 

etc, entered into some of the squares, 

the minimum SOP form of F is as 

follows: 

• F = MS0 + P1 MS1 + P2MS2 + … 

where 

– MS0 is minimum sum obtained by 

setting P1 = P2 .. =0 

– MS1 is minimum sum obtained by 

setting P1 = 1, Pj = 0 (j  1), and 

replacing all 1’s on the map with don’t 

cares. 

 

– Previously,  G = A’B’ + ACD + 

EA’D + FAD. 



 

 

 

MODULE 5 

SEQUENTIAL CIRCUITS 

 



 



 



 



 

 



 



 



 



 



 



 



 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 



 



 



 



 



 



 



 

 

 

 

 

 

 



 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 



 

 



 

 



 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 



 

 

 



 

 



 

 



 

 



 

 



 

 

 

 

 

 

 

 

 



 

 



  

 



 



 

 

 

 

 



 



 

 



 

 



Unit 7 : A/D and D/A Converter  
 

Lesson 1 : Interfacing with the Analog World 
 

1.1. Learning Objectives 

 

On completion of this lesson you will be able to : 

 

♦ learn about various terms of A/D and D/A converters. 

 

1.2. Interfacing with the Analog World 

 

A digital quantity will have a value that is specified as one of two 

possibilities such as 0 or 1, LOW or HIGH, true or false, and so on. In 

practice, the voltage representation a digital quantity such as a may 

actually have a value that is anywhere within specified ranges. For 

example, for TTL logic : 

 

 0V to 0.8V = logic 0 

 2V to 5V = logic 1 

 

Any voltage falling in the range 0 to 0.8 V is given the digital value 0, 

and any voltage in the range 2 to 5 V is assigned the digital value 1. The 

digital circuits respond accordingly to all voltage values within a given 

range. 

 

Most physical variables are analog in nature and can take on any value 

within a continuous range of values. Examples include temperature, 

pressure, light intensity, audio signals, position, rotational speed, and 

flow rate. Digital systems perform all of their internal operations using 

digital circuitry and digital operations. Any information that has to be 

inputted to a digital system must first be put into digital form. Similarly, 

the outputs from a digital system are always in digital form.  

 

1.2.1. Transducer  

 

The physical variable is normally a nonelectrical quantity. A transducer 

is a device that converts the physical variable to an electrical variable. 

Some common transducers include thermistors, photocells, photodiodes, 

flow meters, pressure transducers, and tachometers. The electrical output 

of the transducer is an analog current or voltage that is proportional to 

the physical variable it is monitoring. For example, the physical variable 

could be the temperature of water. Let’s say that the water temperature 

varies from 80 to 150
0 
F and that a thermistor and its associated circuitry 

convert this water temperature to a voltage ranging from 800 to 

A digital quantity will have 

a value that is specified as 

one of two possibilities 

such as 0 or 1. 

Most physical variables 

are analog in nature and 

can take on any value 

within a continuous range 

of values.  

A transducer is a device 

that converts the physical 

variable to an electrical 

variable.  
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1500mV. Note that the transducer’s output is directly proportional to 

temperature; such that each 1
0 

F produces a 10mV output. Analog-to-

digital converter (ADC) and digital-to-converter (DAC) are used to 

interface a computer to the analog world so that the computer can 

monitor and control a physical variable Fig. 7.1.    

 

Transducer ADC
Digital

System
DAC Actuator

1

Physical

variable

2 3 4

5

To

control

physical

variable

Analog

input

Analog

output

Digital

outputs

Digital

inputs  
 

Fig. 7.1 : Interfacing with the analog world using Analog-to-Digital 

Converter (ADC) and Digital-to-Analog Converter (DAC).  

 

1.2.2. Analog-to-Digital Converter (ADC)  

 

The transducer’s electrical analog output serves as the analog input to 

the ADC. The ADC converts this analog input to a digital output. This 

digital output consists of a number of bits that represent the value of the 

analog input. For example, the ADC might convert the transducer’s 800-

to 1500-mV analog values to binary values ranging from 01010000 (80) 

to 10010110 (150). Note that the binary output from the ADC is 

proportional to the analog input voltages so that each unit of the digital 

output represents 10mV. 

 

The digital representation of the analog vales is transmitted from the 

ADC to the digital computer, which stores the digital value and 

processes it according to a program of instructions that it is executing.  

 

1.2.3. Digital-to-Analog Converter (DAC) 

 

This digital output from the computer is connected to a DAC, which 

converts it to a proportional analog voltage or current. For example, the 

computer might produce a digital output ranging from 0000000 to 

11111111, which the DAC converts to a voltage ranging from 0 to 10V. 

 

1.2.4. Actuator 

 

The analog signal from the DAC is often connected to some device or 

circuit that serves as an actuator to control the physical variable. For our 

water temperature example, the actuator might be an electrically 

controlled valve that regulates the flow of hot water into the tank in 

accordance with the analog voltage from the DAC. The flow rate would 

The transducer’s electrical 

analog output serves as 

the analog input to the 

ADC. The ADC converts 

this analog input to a 

digital output.  

This digital output from 

the computer is connected 

to a DAC, which converts 

it to a proportional analog 

voltage or current.  

The analog signal from the 

DAC is often connected to 

some device or circuit that 

serves as an actuator to 

control the physical 

variable.  
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vary in proportion to this analog voltage, with 0 V producing no flow 

and 10 V producing the maximum flow rate. 

  

Thus we see that ADCs and DACs function as interfaces between a 

completely digital system, like a computer, and the analog world. 

 

1.3. Digital-to-Analog Conversion 

 

Basically, D/A conversion is the process of taking a value represented in 

digital code (such as straight binary or BCD) and converting it to a 

voltage or current  which is proportional to the digital value. Fig. 7.2 

shows the symbol for a typical 4-bit D/A converter. Now, we will 

examine the various input/output relationships. 

 

 

D/A converter

(DAC)

V
out

Analog

output

Digital

inputs

MSB

LSB

 
 

 

Fig. 7.2 : Four bit DAC with voltage output. 

 
The digital inputs D,C,B, and A are usually derived from the output 

register of a digital system. The 2
4
 = 16 different binary numbers 

represented by these 4 bits for each input number, the D/A converter 

output voltage is a unique value. In fact, for this case, the analog output 

voltage Vout is equal  in volts to the binary number. 

 

In general, 

Analog output = K × digital input 

 

where K is the proportionality factor and it is constant value for a given 

DAC. The analog output can of course be a voltage or current. When it 

is a voltage, K will be in voltage units, and when the output is current, K 

will be in current units. For the DAC of K=1 V, so that   

 
VOUT = (1 V) × digital input 

 
We can use this to calculate VOUT for any value of digital input. For 

example, with a digital input of 11002 = 1210, we obtain 

  
VOUT = 1V × 12 = 12V  

D/A conversion is the 

process of taking a value 

represented in digital 

code. 
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Problem 1 

 
A 5-bit DAC has a current output. For a digital input of 101000, an 

output current of 10mA is produced. What will IOUT be for a digital 

input of 11101?  

 
Solution  

 
The digital input 101002 is equal to decimal 20. Since IOUT = 10 mA for 

this case, the proportionality factor as 0.5 mA. Thus, we can find  for a 

digital input such as 111012 = 2910 as follows : 

 
IOUT = (0.5mA) × 29 

        = 14.5 mA 

 
Remember, the proportionality factor, K, will vary from one DAC to 

another. 

 

Problem 2 

 

What is the largest value of output voltage from an 8-bit DAC that 

produces 1.0V for a digital input of 00110010? 

 

Solution  

 

001100102 = 5010 

1.0 V = K× 50 

 

Therefore, 

K = 20 mV 

 

The largest output will occur for an input of 111111112 = 25510. 

 

VOUT(max) = 20mV×255 

= 5.10 V 

   

Analog Output  

 

The output of a DAC is technically not an analog quantity because it can 

take on only specific values like the 16 possible voltage levels for Vout. 

Thus, in that sense, it is actually digital. However, the number of 

different possible output levels can be increased and the difference 

between successive values can be decreased by increasing the number of 

input bits. This will allow us to produce an output that is more and more 

like an analog quantity that varies continuously over a range of values. 

Problem 1 and Solution  

Analog Output  
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Input Weights  

 

For the DAC of it should be noted that each digital input contributes a 

different amount to the analog output. This is easily seen if we examine 

the cases where only one input is HIGH Table 7.1. The contributions of 

each digital input are weighted according to their position in the binary 

number.  

 

D C B A  VOUT (V) 

0 0 0 1 → 1 

0 0 1 0 → 2 

0 1 0 0 → 4 

1 0 0 0 → 8 

 

Table 7.1  

 

Thus, A, which is the LSB, has a weight of 1V, B has a weight of 2V, C 

has a weight of 4 V, and D, the MSB, has the largest weight 8V. The 

weights are successively doubled for each bit, beginning with the LSB. 

Thus, we can consider VOUT to be the weighted sum of the digital inputs. 

For instance, to find VOUT for the digital input 0111 we can add the 

weights of the C, B, and A bits to obtain 4 V + 2V + 1V=7V. 

 

Problem 3 

 

A 5-bit D/A converter produces VOUT = 0.2 V for a digital input of 0001. 

Find the value of Vout for an input of 11111. 

 

Solution 

 

Obviously, 0.2 V is the weight of the LSB. Thus, the weights of the 

other bits must be 0.4 V, 0.8 V, 1.6 V, and 3.2 V respectively. For a 

digital input of 11111, then, the value of VOUT will be 3.2 V + 1.6 V+ 

0.8V + 0.4V + 0.2 V = 6.2 V. 

 

1.4. Resolution 

 

Resolution of a D/A converter is defined as the smallest change that can 

occur in he analog output as a result of a change in the digital input. We 

can see that the resolution is 1V, since VOUT can change by no less than 

1 V when the digital input value is changed. The resolution is always 

equal to the weight of the LSB and is also referred to as the step size. As 

the counter is being continually cycled through its 16 states by the clock 

signal, the DAC output is a staircase waveform  that goes up 1 V per 

step. When the counter is at 1111, the DAC output is at its maximum 

value of 15 V; this is its full-scale output. When the counter recycles to 

Input Weights  

Problem 3 and Solution 
 

Resolution of a D/A 

converter is defined as the 

smallest change that can 

occur in he analog output 

as a result of a change in 

the digital input.  
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0000, the DAC output returns to 0V. The resolution or step size of the 

jumps in the staircase waveform; in this case, each step is 1 V. 

 

 

D/A

converter

Resolution

= 1 V

4-bit
counter

D

C

B

A

Clock
0 V

V
 OUT

1V
2V

3V
4V

5V

10V

Full-scale
(input = 1111)

Time

Input
recycled to

0000

Resolution = step size = 1 V

15 V

 
 

 

Fig. 7.3 : Output wave forms of a four bit DAC. 

 

Note that the staircase has 16 levels corresponding to the 16 input states, 

but there are only 15 steps or jumps between the 0-V level and full-scale, 

In general, for an N-bit DAC the number of different levels will be 2
N
, 

and the number of steps will be 2
N
 - 1. 

 

You may have already figured out the resolution (step size) is the same 

as the proportionality factor in the DAC input/output relationship : 

 

  analog output = K × digital input 

 

A new interpretation of this expression would be that the digital input is 

equal to the number of the step, K is the amount of voltage (or current) 

per step, and the analog output is the product of the two. 

 

Problem 4 

 

For the DAC of Example 3 determine VOUT for a digital input of 10001. 

 

Solution 

 

The step size is 0.2 V, which is the proportionality factor K. The digital 

input is 10001 = 1710. Thus we have : 

 

VOUT = (0.2 V) × 17 

= 3.4V 
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1.5. Percentage Resolution  

 
Although resolution can be expressed as the amount of voltage or current 

per step, it is also useful to express it as a percentage of the full-scale 

output. To illustrate, in Fig. 7.3 the DAC has a maximum full-scale 

output of 15 V (when the digital input is 1111). The step size is 1V, 

which gives a percentage resolution.  

 

%
( . . )

.

resolution
step size

full scale F S

V

V

= ×

= × =

100%

1

15
100% 6 67%

 

 

Problem 5  

 

A 10-bit DAC has a step size of 10 mV. Determine the full-scale output 

voltage and the percentage resolution. 

 

Solution 

 

With 10 bits, there will be 2
10

 - 1 = 1023 steps of 10mV each. The full-

scale output will therefore be 10mV × 1023 = 10.23 V and 

 

%
.

.resolution
mV

V
= × ≈

10

10 23
100% 01%  

 

Problem 4 helps to illustrate the fact that the percentage resolution 

becomes smaller as the number of input bits is increased. In fact, the 

percentage resolution can also be calculated from. 

 

 

% resolution
total number of steps

= ×

1
100%  

 

For an N-bit binary input code the total number of steps is 2
N
-1. Thus, 

for the previous example, 

 

%

.

resolution =
−

×

= ×

≈

1

2 1
100%

1

1023
100%

01%

10

 

Percentage Resolution 

Problem 5 and Solution 
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This means that it is only the number of bits which determines the 

percentage resolution. Increase of the number of bits increases the 

number of steps to reach full scale.  

  

1.6. Exercise 

 

1.6.1. Multiple choice questions 

 

a)  Each digital input of DAC are weighted according to their 

position in the  

 

i)  binary number 

ii)  decimal number 

iii)  hexa- decimal number 

iv)  octal number. 

 

b)  The ADC converts analog input to a digital  

 

i)  input 

ii)  output 

iii)  number 

iv)  all of the above.  

 

1.6.2. Questions for short answers 

 

a) What is the function of a transducer and actuator? 

b) What do you mean by input weights? 

c) Define resolution. What is the full scale output? 

d) What is the function of an ADC? 

e) What function does a DAC perform? 

 

1.6.3. Analytical question 

 

a)  “Five elements are involved when a computer is monitoring and 

controlling a physical variable that is assumed to be analog.” 

Illustrate the above situation. 
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Lesson 2 : D/A Converter 
 

2.1. Learning Objectives 

 

On completion of this lesson you will be able to : 

 

♦ design different types of D/A converter circuit and describe their 

operation. 

♦ understand the advantages, disadvantages, and limitation of several types 

of digital-to-analog converters (DAC). 

 

2.2. D/A Converter 

 

The purpose of a digital-to-analog converter is to convert a binary word 

to a proportional current or voltage. 

 

The binary  weighted resistors produce binary-weighted current which 

are summed up by the op-amp to produce proportional output voltage. 

The binary word applied to the switches produces a proportional output 

voltage.  

 

Several different binary codes such as straight binary, BCD and offset 

binary are commonly used as inputs to D/A converters. 

 

2.2.1. D/A-Converter Circuitry 

 

There are several methods and circuits for producing the D/A operation. We 

shall examine several of the basic schemes, to gain an insight into the ideas 

used. 

-  OP

   amp

+

-Vs

+Vs

VOUT

Rt = 1 K

LSB

Digital inputs :

0 V or 5 V

D

C

B

A

MSB

2 K

4 K

8K

1 K

 
Fig. 7.4 : DAC circuitry using op-amp with binary weighted resistors. 

 

Fig. 7.4 shows the basic circuit of 4-bit DAC. The inputs A,B,C, and D are 

binary inputs which are assumed to have values of either 0 V or 5 V. The 

operational amplifier is employed as a summing amplifier, which produces 

The purpose of a digital-

to-analog converter is to 

convert a binary word to a 

proportional current or 

voltage. 

D/A-Converter Circuitry  
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the weighted sum of these input voltages. the summing amplifier multiplies 

each input voltage by the ratio of the feedback resistor RF to the 

corresponding input resistor RIN. In this circuit RF RIN 1kΩ and the input 

resistors range from 1 to 8 kΩ . The D input has RIN = 1KΩ, so the summing 

amplifier passes the voltage at D with no attenuation. The C input has RIN = 

2 kΩ, so that it will be attenuated by. Similarly, the B input will be 

attenuated by ¼ and the A input by 
1
/8. The amplifier output can thus be 

expressed as  

 

VOUT = - (VD +
1
/2  VC + ¼ VB + 

1
/8 VA) 

 

The negative sign is present because the summing amplifier is a polarity-

inverting amplifier, but it will but concern us here. 

 

Clearly, the summing amplifier output is an analog voltage which represents 

a weighted sum of the digital inputs. The output is evaluated for any input 

condition by setting the appropriate inputs to either  0 V or 5 V. For 

example, if the digital input is 1010, then VD = VB = 5V and VC = VA = 0V. 

Thus, using equation  

 

VOUT = - (5V +OV + ¼ × 5V + OV) 

      = - 6.25V 

 

The resolution of this D/A converter is equal to the weighting of the lSB, 

which is 
1
/8 × 5V = 0.625 V. The analog output increases by 0.625 V as the 

binary input number advances one step. 

 

Problem 6 

 

Assume VREF = 10 V and R = R = 10 kΩ. Determine the resolution and full-

scale output for this DAC. Assume that RL is much smaller than R. 

 

Solution 

 
I0 = VREE/R = 1 mA. This is the weight of the MSB. The other three currents 

will be 0.5, 0.25, and 0.125 mA. The LSB is 0.125 mA, which is also the 

resolution.  

 
The full-scale output will occur when the binary inputs are all HIGH so that 

each current switch is closed and  

 
IOUT = 1 + 0.5 + 0.25 + 0.125  = 1.875 mA 

 
Note that the output current is proportional  to VREF. If VREF is increased or 

decreased, the resolution and full-scale output will change proportionally. 

Problem 6  

Solution 
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2.3. R/2R Ladder  

 

The DAC circuits we have looked at, has some practical limitations. The 

biggest problem is the large difference in resistor values between the LSB 

and MSB, especially in high-resolution DACs. One of the most widely used 

DAC circuits that uses resistance’s fairly close in value  is the R/2R ladder 

network. Here the resistance values span a range of only 2 to 1.  

 

Note, how the resistors are arranged, and only two different values are used, 

R and 2R. The current IOUT depends on the positions of the four switches, 

and the binary inputs B3B2B1B0 control the states of the switches. This 

current is allowed to flow through an op-amp current-to-voltage converter to 

develop VOUT. It can be shown that the value of VOUT is given by the 

expression.  

 

V
V

B
OUT

REF

=

−

×

8
. 

 

where B is the value of the binary input, which can range from 000 (0) to 

1111 (15). 

 

-

+

Bo

(LSB)

B1 B2 B3

(MSB)

2 R
2 R

        R

2 R

          R
2R

        R

2R

2R

lOUT

VOUT

+ VREF

 
 

Fig. 7.5 : R/2R ladder DAC. 

 

2.4. DAC Specifications 

 

2.4.1. Resolution  

 

As mentioned earlier, the percentage resolution of a DAC is dependent 

on the number of bits. A 10-bit DAC has a finer (smaller) resolution than 

an 8-bit DAC. 

R/2R Ladder 

Resolution  

Accuracy  
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2.4.2. Accuracy  

 

There are several ways of specifying accuracy. The two most common 

are called full-scale error and linearity error. which are normally 

expressed as a percentage of the converter’s full-scale output (%F.S.) 

 

Full-scale error is the maximum deviation of the DAC’s output from its 

expected (ideal) value, expressed as a percentage of full scale. For 

example, assume that the DCA has an accuracy of ± 0.01% F.S. Since 

this converter has a full-scale output of 9.375 V, this percentage converts 

to 

 

± 0.01% × 9.375  V = ± 0.9375 mV 

 

This means that the output of this DAC can, at any time, be off by as 

much as 0.9375mV from its expected value.  

 

Linearity error is the maximum deviation in step size from the ideal step 

size. For example, the DAC has an expected step size of 0.625 V. If this 

converter has a linearity error of ± 0.01F.S,, this would mean that the 

actual step size could be off by as much as 0.9375 mV. 

 

Problem 7  

 

A certain 8-bit DAC has a full-scale output of 2mA and a full-scale error 

of  ±  0.5% F.S. What is the range of possible outputs for an input of 

10000000? 

 

Solution 

 
The step size is 2mA/255 = 7.84 µA. Since 10000000 = 12810, the ideal 

output should be 128 × 7.84  µA. The error can be as much as  

 
± 0.5% × 2mA = ± 10µA 

 
Thus, the actual output can deviate by this amount from the ideal 

1004µA , so the actual output can be anywhere from 994 to 1014 µA.  

 
2.4.3. Offset Error 

 
Ideally, the output of a DAC will be zero volts when the binary input is 

all 0’s. In practice, however, there will be a very small output voltage for 

this situation; this is called offset error. This offset error, if not 

corrected, will be added to the expected DAC output for all input cases. 

Offset error can be negative as well as positive. 

Example 7 and 

Solution  

Offset Error  
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Many DACs will have an external  offset adjustment that allows you to 

zero the offset. This is usually accomplished by applying all 0s to the 

DAC input and monitoring the output while an offset adjustment 

potentiometer is adjusted until the output is as close to 0 V as required.  

 

2.4.4. Settling Time 

 

The operating speed of a DAC is usually specified by giving its settling 

time, which is the time required for the DAC output to go from zero to 

full scale as the binary input is changed from all 0’s to all 1’s. Typical 

values for settling time range from 50 ns to 10 µs. 

 

2.4.5. Monotonicity  

 

A DAC is monotonic if its output increases as the binary input is 

incremented from one value to the next. Another way to describe this is 

that the staircase output will have no downward steps as the binary input 

is incremented from zero to full scale. 

 

2.5. DAC Applications  

 

DACs are used whenever the output of a digital circuit has to provide an 

analog voltage or current to drive an analog device. Some of the most 

common applications are described in the following paragraphs. 

 

2.5.1. Control  

 

The digital output from a computer can be converted to an analog 

control signal to adjust the speed of a motor or the temperature of a 

furnace, to control almost any physical variable. 

 

2.5.2. Automatic Testing  

 

Computers can be programmed to generate the analog signals (through a 

DAC) needed to test analog circuitry. The test circuit’s analog output 

response will normally be converted to a digital value by an ADC and 

fed into the computer  to be stored, displayed, and sometimes analyzed. 

 

2.5.3. Signal Reconstruction 

 

In many applications, an analog signal is digitized, meaning that 

successive points on the signal are converted to their digital equivalent 

and stored in memory. This conversion is performed by an analog-to-

digital converter (ADC). A DAC can then be used to convert the stored 

digitized data back to analog-one point at a time-thereby reconstructing 

the original signal. This combination of digitizing and reconstruction is 

Settling Time  

Monotonicity  

DAC Applications  

Control 

Automatic Testing  

Signal Reconstruction  
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used in digital storage oscilloscopes, audio compact disk systems, and 

digital audio and video recording. 

 

2.6.  Exercise 

 

2.6.1. Multiple choice questions 

 

a) Resolution of DAC is equal to the weight of  

 

i)  LSB 

ii)  MSB 

iii)  full scale output 

iv)  1 volt. 

 

b)  When the binary input is all 0.s, ideally the output of a DAC will 

be? 

 

i)  Zero volt  

ii)  Full scale output voltage 

iii)  1 volt 

iv)  One step voltage. 

 

2.6.2. Questions for short  answers 

 

a) Define full scale error and offset error.  

b) What is the advantage of R/2R ladder DAC over the DAC that 

uses binary weighted resistors? 

c) An 8-bit DAC has an output of 3.92 mA for an input of 01100010. 

What are the DAC’s resolution and full-scale output? 

d) What is the percentage resolution of an 8-bit DAC? 

e) How many different output voltages can a 12-bit DAC produce? 

f) Define full-scale error. 

g) What is settling time? 

h) Describe offset error and its effect on a DAC output. 

  

2.6.3. Analytical questions 

 

a) Describe the operation of a DAC. 

b) What is the advantage of R/2R ladder DACs over those that use 

binary weighted resistors? 

c) Discuss some of the DAC applications. 
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Lesson 3 : A/D Converter  
 

3.1. Learning Objectives 

 

On completion of this lesson you will be able to : 
 

♦ understand the operation of various types of analog-to-digital 

converter circuitry such as the single ramp A/D, the digital ramp 

A/D circuit. 

♦ compare the advantages and disadvantages of different analog-to-

digital converter circuits 
 

3.2. Analog-to-Digital Conversion 
 

An analog-to-digital converter takes an analog input voltage and after a 

certain amount of time produces a digital output code which represents 

the analog input. The A/D conversion process is generally more complex 

and time-consuming than the D/A process. The techniques that are used 

provide and insight into what factors determine an ADCs performance. 
 

Several important types of ADC utilize a DAC as part of their circuitry. 

Fig. 7.6 is a general block diagram for this class of ADC. The timing for 

the operation is provided by the input clock signal. The control unit 

contains the logic circuitry for generating the proper sequence of 

operations. The START COMMAND, initiates the conversion process, 

The op-amp compactor has two analog inputs and a digital output that 

switches states, depending on which analog input is greater. 
 

The basic operation of ADCs of this type consists of the following steps: 
 

1.  The START COMMAND pulse initiates the operation. 

2.  At a rate determined by the clock, the control unit continually 

modifies the binary number that is stored in the register. 

3.  The binary number in the register is converted to an analog voltage, 

VAX, by the DAC. 

 

Countrol
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Fig. 7.6 : Basic diagram of ADC. 

An analog-to-digital 

converter takes an analog 

input voltage and after a 

certain amount of time 

produces a digital output 

code which represents the 

analog input.  

The basic operation of 

ADC. 
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4.  The comparator compares VAX with the analog input VA. As long as 

VAX < VA1 the comparator output stays HIGH. When VAX exceeds VA 

by at least an amount = VT ( threshold voltage), the comparator 

output goes LOW and stops the process of modifying the register 

number. At this point, VAX is a close approximation to VA. The digital 

number in the register, which is the digital equivalent of VAX, is also 

the approximate digital equivalent of VA1 within the resolution and 

accuracy of the system.  

5.  The control logic activates the end-of-conversion signal, EOC, when 

the conversion is complete. 

 
3.3. Digital-Ramp ADC 

 
One of the simplest versions of the general ADC of Fig. 7.7 uses a 

binary counter as the register and allows the clock to increment the 

counter one step at a time until VAX ≥ VA. It is called a digital-ramp 

ADC because the wave form at VAX is a step-by-step ramp (actually a 

staircase) like the one shown in Fig. 7.7. It is also referred to as a 

counter-type ADC. Fig. 7.7 is the diagram for a digital-ramp ADC. It 

contains a counter, a DAC, an analog comparator, and a control AND 

gate. The comparator output serves as the active-LOW end-of-

conversion signal, EOC . If we assume that VA, the analog voltage to be 

converted, is positive, the operation proceeds as follows : 

 

 

1.  A START pulse is applied to reset the counter to zero. The HIGH at 

START also inhibits  clock pulse form passing through the AND gate 

into the counter. 

2.  With all 0’s at its input, the DAC’s output will be VAX = 0V. 

3.  Since VA > VAX, the comparator output, EOC , will be HIGH. 

4.  When START returns LOW, the AND gate is enabled and clock 

pulses get through to the counter. 

5.  As the counter advances, the DAC output, VAX, increases one step at 

a time as shown in Fig. 7.7.  

6.  This continues unit VAX reaches a step that exceeds VA by an amount 

equal to or greater than VT (typically 10 to 100  µV). At this point, 

EOC  will go LOW and inhibit the flow of pulses into the counter 

and the counter will stop counting. 

7.  The conversion process is now complete as signaled by the HIGH-to-

LOW transition at EOC , and the contents of the counter are the 

digital representation of VA. 

8.  The counter will hold the digital value until the next START pulse 

initiates a new conversion. 

 

Operation procedure of a 

digital-ramp ADC. 
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Fig. 7.7 : Digital-ramp ADC. 

  

Problem 8 

 

Assume the following values for the ADC clock frequency = 1 MHz; VT 

= 0.1 mV; DAC has F.S. output = 10.23 V and a 10-bit input. Determine 

the following values. 

 

a.  The digital equivalent obtained for VA = 3.728 V. 

b.  The conversion time. 

c.  The resolution of this converter. 

 

Solution 

 

a.  The DAC has a 10-bit input and a 10.23-V F.S. output. Thus, the 

number of total possible steps is 2
10

 - 1 = 1023, and so the step size is 

 
10 23

1023
10

. V
mV=     

 

This means that VAX increases in steps of 10 mV as the counter counts 

up from zero. Since VA = 3.728 V and VT = 0.1 mV, VAX has to reach 

3.7281 V or more before the comparator switches LOW. This will 

require. 

 

3 7281

10
372 81 373

.
.

V

mV
steps= =  

 

At the end of the conversion, then, the counter will bold the binary 

equivalent of 373, which is 0101110101. This is the desired digital 

equivalent of VA = 3.728 V, as produced by this ADC. 

Problem 8 and Solution  
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b.  Three hundred seventy-three steps were required to complete the 

conversion. Thus, 373 clock pulses occurred at the rate of one per 

microsecond. This gives a total conversion time of 373 µs. 

c.  The resolution of this converter is equal to step size of the DAC, 

which is 10mV. In percent it is 1/1023 × 100% ≈ 0.1%. 
 

Problem 9  
 

For the same ADC of problem 8 determine the approximate range of 

analog input voltages that will produce the same digital result of 

01011101012 = 37310.  
 

Solution 
 

Table 7.2 shows the ideal DAC output voltage, VAX, for several of the 

steps on and around the 373
rd

. If VA is slightly smaller than 3.72 V (by 

an amount < VT),  

     

Step VAX (V) 

371 

372 

373 

374 

375 

3.71 

3.72 

3.73 

3.74 

3.75 

 Table 7.2 

 

Then EOC  won’t go LOW when VAX reaches the 3.72-V step, but will 

go LOW on the 3.73-V step. If VA is slightly smaller than 3.73 V (by an 

amount < VT), then EOCwon’t go LOW until VAX reaches the 3.74-V 

step. Thus, as long as VA is between approximately 3.72 V and 3.73-V, 

EOC  will go LOW when VAX reaches the 3.73-V step. The exact range 

of VA values is  

 

3.72 V - VT to 3.73 V - VT 

 

but since VT is so small, we can simply say that the range is 

approximately 3.72 V to 3.73 V - a range equal to 10 mV, the DAC’s 

resolution. 

 

3.4. A/D Resolution and Accuracy 

 

Resolution of the ADC is equal to the resolution of the DAC that it 

contains. The DAC output voltage VAX is a staircase waveform that goes 

up in discrete steps until it exceeds VA. Thus, VAX is an approximation to 

the value of VA, and the best we can expect is that VAX is within 10 mV 

of VA if the resolution (step size) is 10 mV. We can think of the 

resolution as being a built-in error that is often referred to as 

Problem 9  and Solution  

Resolution of the ADC is 

equal to the resolution of 

the DAC that it contains.  
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quantization error. This quantization error, can be reduced by increasing 

the number of bits in the counter and DAC. 

 

Problem 10  

 

Acertain 8-bit ADC hs a full-scale input of 2.55 V (i.e., VA = 2.55 V 

produces a digital output of 11111111). It has a specified error of 0.1% 

F.S. Determine the maximum amount by which the VAX output can differ 

from the analog input. 

  

Solution 

 

The step size is 2.55 V/ (2
8
 - 1), which is exactly 10 mV. This means that 

even if the DAC has no inaccuracies, the VAX output could be off by as 

much as 10 mV because VAX. can change only in 10-mV steps; this is the 

quantization error. The specified error of 0.1% F.S. is 0.1% × 2.55 V = 

2.55 mV. This means that the VAX value can be off by as much as 2.55 

mV because of component inaccuracies. Thus, the total possible error 

could be as much as 10 mV + 2.55 mV = 12.55 mV. 

 

3.5. Conversion Time, TC  

 

The conversion time is the time interval between the end of the START  

pulse and the activation of the EOC  output. The  counter starts 

counting from zero and counts up until VAX exceeds VA, at which point 

EOC  goes LOW to end the conversion process. It should be clear that 

the value of conversion time, to, depends on VA. A larger value will 

require more steps before the staircase voltage exceeds VA. 

 

The maximum conversion time will occur when VA is just below full 

scale so that VAX has to go to the last step to activate EOC . For an N-bit 

converter this will be  

 

tc (max) = 2
N
 - 1 clock cycles 

 

Sometimes, average conversion time is specified; it is half of the 

maximum conversion time.  

 

tc avg
tc

clock cylesN( )
(max)

= ≈
−

2
2 1

 

 

The major disadvantage of the digital-ramp method is that conversion 

time essentially doubles for each bit that is added to the counter, so that 

resolution can be improved only at the cost of a longer tc. Applications, 

Problem 10 and Solution  

Conversion Time, TC  
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however, the relative simplicity of the digital-ramp converter is an 

advantage over the more complex, higher-speed ADCs. 

 

3.6. Applications 

 

Almost any measurable quantity present as a voltage can be digitized by 

an A/D converter and displayed. A/D converters are the heart of digital 

voltmeters and digital MultiMate’s. Analog voice signals are converted 

to digital form for transmission over long distances. At their destination 

they are reconverted to analog. In digital audio record- the analog audio 

signal produced by a microphone is digitized (using an ADC), then 

stored on some medium such as magnetic tope, magnetic disk or optical 

disk. Later the stored data are played back by sending them to a DAC to 

reconstruct the analog signal, which is fed to the amplifier and speaker 

system to produce the recorded sound.    

 

3.7. Exercise 

 

3.7.1. Multiple choice question 

 

a) The number of total steps of a 9-bit ADC is, 

 

i)  255 

ii)  256 

iii)  511 

iv)  512. 

 

3.7.2. Questions for short answers 

 

a) What do you know about quantization error? 

b) Define conversion time. 

c) What is the major disadvantage of the digital ramp type ADC? 

d) What is the function of the comparator in the ADC? 

e) What is the function of the  comparator in the ADC? 

f) Where is the approximate digital equivalent of VA when the 

conversion is complete? 

g) What is the function of the EOC  signal? 

 

3.7.3. Analytical question 

  

a) Draw digital ramp ADC and write down its operation. 

Applications  


