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UNIT-V 

 

Clocks and timing circuits: Bistable, Monostable & Astable multivibrator, Schmitt trigger circuit, 

Introduction of Analog to Digital & Digital to Analog converters, Display devices, 7 and 16 

segment LED display, LCD. 

 

5.1 Clock and Timing circuits: 

Circuits characterized by the existence of some well-defined states, amongst which take place 

fast transitions, called switching processes. A switching process is a fast change in value of a 

current or a voltage, the fast process implying the existence of positive reaction loops, or 

negative resistances. The switching can be triggered from outside, by means of command 

signals, or from inside, by slow charge accumulation and the reaching of a critical state by 

certain electrical quantities in the circuit. Circuits have two, well defined states, which can be 

either stable or unstable. 

A stable state is a state, in which the circuit, in absence of a driving signal, can remain for an 

unlimited period of time The circuit can remain in an unstable state only for a limited period of 

time, after which, in the absence of any exterior command signals, it switches into the other 

state.  

The multivibrator circuits can be grouped, according to their number of stable (steady) states, 

into: - flip-flops (bistable circuits) with both states being stable - monostable circuits, having a 

stable and an unstable state - astable circuits, with both states being unstable 

5.2 Schmitt Trigger or Regenerative Comparator Circuit: 
 
A Schmitt trigger circuit is also called a regenerative comparator circuit. The circuit is designed 

with a positive feedback and hence will have a regenerative action which will make the output 

switch levels. Also, the use of positive voltage feedback instead of a negative feedback, aids the 

feedback voltage to the input voltage, instead of opposing it. The use of a regenerative circuit is 

to remove the difficulties in a  zero-crossing detector circuit due to low frequency signals and 

input noise voltages. Shown below is the circuit diagram of a Schmitt trigger. It is basically an 
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inverting comparator circuit with a positive feedback. The purpose of the Schmitt trigger is to 

convert any regular or irregular shaped input waveform into a square wave output voltage or 

pulse. Thus, it can also be called a squaring circuit. 

 

 

 

 

Fig 5.2.1 Schmitt Trigger Circuit Using Op-Amp uA741 IC 
 

 

As shown in the circuit diagram, a voltage divider with resistors Rdiv1 and Rdiv2 is set in the 

positive feedback of the 741 IC op-amp. The same values of Rdiv1 and Rdiv2 are used to get the 

resistance value Rpar = Rdiv1||Rdiv2 which is connected in series with the input voltage. Rpar is 

used to minimize the offset problems. The voltage across R1 is feedback to the non-inverting 

input. 
 
The input voltage Vi triggers or changes the state of output Vout every time it exceeds its voltage 

levels above a certain threshold value called Upper Threshold Voltage (Vupt) and Lower 

Threshold Voltage (Vlpt). 

Let us assume that the inverting input voltage has a slight positive value. This will cause a 

negative value in the output. This negative voltage is fedback to the non-inverting terminal (+) 

of the op-amp through the voltage divider. Thus, the value of the negative voltage that is 

fedback to the positive terminal becomes higher. The value of the negative voltage becomes 

again higher until the circuit is driven into negative saturation (-Vsat). Now, let us assume that 

the inverting input voltage has a slight negative value. This will cause a positive value in the 
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output. This positive voltage is feedback to the non-inverting terminal (+) of the op-amp 

through the voltage divider. Thus, the value of the positive voltage that is feedback to the 

positive terminal becomes higher. The value of the positive voltage becomes again higher until 

the circuit is driven into positive saturation (+Vsat). This is why the circuit is also named a 

regenerative comparator circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 5.2.2 Schmitt Trigger Input and Output Waveform 
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Working :  

When Vout = +Vsat, the voltage across Rdiv1 is called Upper Threshold Voltage (Vupt). The 

input voltage, Vin must be slightly more positive than Vupt inorder to cause the output Vo to 

switch from +Vsat to -Vsat. When the input voltage is less than Vupt, the output voltage Vout 

is at +Vsat. 
 
Upper Threshold Voltage, Vupt = +Vsat (Rdiv1/[Rdiv1+Rdiv2]) 
 
When Vout = -Vsat, the voltage across Rdiv1 is called Lower Threshold Voltage (Vlpt). The 

input voltage, Vin must be slightly more negative than Vlpt inorder to cause the output Vo to 

switch from -Vsat to +Vsat. When the input voltage is less than Vlpt, the output voltage Vout 

is at -Vsat. 
 
Lower Threshold Voltage, Vlpt = -Vsat (Rdiv1/[Rdiv1+Rdiv2]) 
 
If the value of Vupt and Vlpt are higher than the input noise voltage, the positive feedback will 

eliminate the false output transitions. With the help of positive feedback and its 

regenerative behaviour, the output voltage will switch fast between the positive and 

negative saturation voltages. 

Hysteresis Characteristics 
 
Since a comparator circuit with a positive feedback is used, a dead band condition hysteresis 

can occur in the output. When the input of the comparator has a value higher than Vupt, its 

output switches from +Vsat to -Vsat and reverts back to its original state, +Vsat, when the 

input value goes below Vlpt. This is shown in the figure below. The hysteresis voltage can be 

calculated as the difference between the upper and lower threshold voltages. 

Vhysteresis = Vupt– Vlpt  
Substituting the values of Vupt and Vlpt from the above equations: 

Vhysteresis= +Vsat (Rdiv1/Rdiv1+Rdiv2) – {-Vsat (Rdiv1/Rdiv1+Rdiv2)} 

Vhysteresis = (Rdiv1/Rdiv1+Rdiv2) {+Vsat – (-Vsat)} 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.2.3  Schmitt-Trigger-Hysteresis Characteristics 
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Applications of Schmitt Trigger 
 
Schmitt trigger is mostly used to convert a very slowly varying input voltage into an output 

having abruptly varying waveform occurring precisely at certain predetermined value of 

input voltage. Schmitt trigger may be used for all applications for which a general 

comparator is used. Any type of input voltage can be converted into its corresponding 

square signal wave. The only condition is that the input signal must have large enough 

excursion to carry the input voltage beyond the limits of the hysteresis range. The amplitude 

of the square wave is independent of the peak-to-peak value of the input waveform. 

5.3 Introduction of Analog to Digital & Digital to Analog converters 

In general, there are two types of electrical signals – the analog signal and the digital signal. 

The linear electronics circuit like linear amplifier, transducers; generate such signals, while 

the computers generate digital signals. In analog signal, voltage level changes smoothly or 

linearly with respect to time, while in digital signal voltage level changes abruptly or 

suddenly. Sometimes it is required to connect output of a transducer to input of a digital 

circuit, like a digital display. If they are connected directly then the results are quite 

u satisfa to y. Be ause the digital i uit a ot u de sta d  the li ea  sig als of 

transducer. Hence, we will NOT get satisfactory digital output from the circuit. a) Therefore, 

whenever we need to interface (connect) analog and digital circuits, we need to convert 

either analog signal into proportional digital signal or vice versa. In this way, we need the 

A/D and D/A conversion. Examples: A/D conversion is required is digital voltmeter, A/D and 

D/A conversions, both, are required in temperature controller, A/D conversion is required in 

digital recording system etc. 

Analog to Digital Converters (ADC) 

The process of converting analog signal into equivalent digital signal is called A/D 

conversion. The electronics circuit, which does this process, is called A/D converter. The 

i uit has o ly o e i put ith  u e  of digital outputs. The asi  idea of this 

process is given below – 

Simultaneous A/D converter –A comparator compares the unknown voltage with a known 

value of voltage and then produces proportional output (i.e. It will produce either a 1 or a 

0). This principle is basically used in the above circuit. Here three comparators are used. 

Each has two inputs. One input of each comparator is connected to analog input voltage. 
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The other input terminals are connected to fixed reference voltage like +3/4V, +V/2 and 

+V/4. Now the circuit can convert analog voltage into equivalent digital signal. Since the 

analog output voltage is connected in parallel to all the comparators, the circuit is also 

called as parallel A/D converter. 

 

 

 

 

Fig 5.3.1Simultaneous A/D Converter 

Working – Here each comparator is connected to a reference voltage of +3/4V, +V/2 and 

+V/4 with their outputs as C3C2C1 respectively. Now suppose the analog input voltage 

change from 0 – 4V, then the actual values of reference voltages will be +3/4V = 3V, +V/2 

=2V and +V/4 =1V. Now there will be following conditions of outputs of the circuit– 

1) When input voltage is between 0 and 1V, the output will be C3C2C1 =000. 

2) When input voltage>1V: upto2V,the output will be C3C2C1=001. 

3) When input voltage>2V: upto3V,the output will be C3C2C1=011. 

4) When input voltage>3V:upto 4V,the output will be C3C2C1=111. 

In this way, the circuit can convert the analog input voltage into its equivalent or 

proportional binary number in digital style. 

Counter type A/D converter–Here one input of comparator is connected to the analog 

signal (i.e.unknown voltage) and other is connected to the analog output of binary ladder 

(R–2‘ ladde , at poi t P ). The lo k–input block produces square waves. They are 

connected to the gate–control block. When output of comparator is HIGH (logic–1), it 

connects the clock pulses to the input of counter. However, when its output is LOW (logic–
0), it cuts off the clock pulses, so that counting stops. The number of clock pulses connected 

depends on the value of analog voltage. 
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Fig 5.3.2 Simultaneous A/D Converter 

 

The higher is the analog voltage the greater is the number of clock pulses counted by the 

counter. Then counter produces proportional binary output. Its output is fed to the level 

amplifier. It amplifies the output voltage of counter proportionally. This output is then fed 

to i a y ladde . The i a y ladde  p odu es p opo tio al a alog oltage at poi t P . 

Now when then circuit is switched on, initially the counter is RESET to 0000. Suppose we 

connect a known value of analog voltage = 9V. Therefore, there will be a difference in 

input voltages of comparator. Hence, output of comparator will be HIGH (logic–1). The 

counter will start counting the clock pulses and will produce equivalent binary number. Its 

output will sequentially change from 0001, 0010, 0011 and so on. When the output is 

1001, which is = 9V, both inputs of comparator will be at same voltage. Therefore, its 

output will be LOW (logic–0). So the gate will be cutoff and the counter will stop counting. 

The final digital output will be 1001 = 9V. In this way, any analog voltage can be converted 

into its equivalent digitaloutput. 

Successive Approximation Method – the basic drawback of counter method (given above) is 

that it has longer conversion time. Because it always starts from 0000 at every 

measurement, until the analog voltage is matched. This drawback is removed in successive 

approximation method. In the adjacent figure, the method of successive approximation 

technique is shown. When unknown voltage (Va)  is  applied,  the  circuit  starts up from 

0000, as shown above. The output of SAR advances with each MSB. 

 

 

 

 

 

 

 

  

Fig 5.3.3 SAR Approximation method 
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  The output of SAR does not increase step–by–step in BCD bus pattern, but individual bit 

becomes high–starting from MSB. Then by comparison, the bit is fixed or removed. Thus, it 

sets first MSB (1000), then the second MSB (0100) and so on. Every time, the output of SAR 

is converted to equivalent analog voltage by binary ladder.   It   is   then  compared  with  

applied unknown voltage (Va). The comparison process goes on, in binary search style, until 

the binary equivalent of analog voltage is obtained. In this way following steps are carried 

out during conversion 

 

Fig 5.3.4 SAR Type A/D Converter 

1) The unknown analog voltage (Va) is applied. 

2) Starts up from 0000 and sets up first MSB1000. 

3) If Va> 1000, the first MSB is fixed. 

4) If Va< 1000, the first MSB is removed and second MSB is set. 

5) The fixing and removing the MSBs continues upto last bit (LSB), until equivalent binary 

output is obtained. The block diagram of successive approximation A/D converter is given 

below– 

Digital to Analog Converters: 

Digital to Analog Converters (DAC) The process of converting digital signal into equivalent 

analog signal is called D/A conversion. The electronics circuit, which does this process, is 

alled D/A o e te . The i uit has  u e  of digital data i puts ith o ly o e output. 

Basically, there are two types of D/A converter circuits:  

Weighted resistors D/A converter circuit and Binary ladder or R–2R ladder D/A converter 

circuit. 
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Digital to Analog Converter using the Summing Amplifier 

The following diagram shows a 3 bit digital to analog converter implemented using a 

summing  opamp  amplifer. 

 

 

Fig 5.3.5 Weighted Position D/A Converter 

From the summing amplifier circuit, the output voltage is if V1 be input voltage at MSB 

(most significant bit), V2 be input voltage at next bit and so on then for four bit DAC we can 

write, 

(V1/R+V2/2R+V3/4R)=Vout/R ------(1) 

Note: Here V1, V2, V3, V4, will be Vref if digital input is 1 or otherwise it will be zero. 

Hence output voltage can be found as: 

However Binary weighted DAC doesn't work for multiple or higher bit systems as the value 

of resistance doubles in each case. 

From above we can conclude the following 

 The inputs can be thought of as a binary number, one that can run from 0 to 7. 

 V2 is the MSB (most significant bit) and V0 is the LSB (least significant bit). 

 The output is a voltage that is proportional to the binary number input. 

 The resolution of this DAC is 3 (the number of bits) or -0.25V (the step size). 
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 To have more bits, add an additional resistor for each additional bit. Note the 

relationship between adjacent resistor values. 

R-2R Binary Ladder Digital to Analog Converter 

The R-2R Digital to Analog Converter uses only two resistance values R and 2R regardless of 

the number of bits of the converter compared to the summing amplifier implementation 

where each bit resistor has a different value. The circuit shown is a 3 bit DAC. 

 

 

 

 

 

 

Fig 5.3.5 R-2R Ladder Type D/A Converter 

Depending on the state of bit B2, B1 or B0, the respective current I2, I1 or I0 is switched 

either to ground or to V- of the op amp. Thus 

Iout=B2*I2+B1*I1+B0*--------(1) 

Thus the R-2R network can be seen to be like a current source whose output depends on 

switch setting B2, B1, B0 that controls I2, I1, I0 respectively 

Iout=Vref/8R (4B2+2B1+B0)--------(2) 

 

 

5.4 Display devices: Display devices are the output devices for presentation of information in 

text or image form. An output device is a thing that provides a way to show information to the 

outside world. For displaying the information in an appropriate manner these devices must be 

controlled by some other external devices. Controlling can be done by interfacing these 

displays with the controlling devices. Some displays can show digits and alphanumeric 

characters only. Some displays can show images and all type of characters. Most commonly 

used displays are CRT, LEDs, 7-segment display, LCD, GLCD etc. 
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7 and 16 segment LED display: 

7-Segment LED Display: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.4.1  7-segment LED Display 

 

 

7-Segment LED display can be used for displaying digits and few characters. A seven 

seg e t display o sists of  LEDs a a ged i  the fo  of S ua e  a d a si gle LED as dot 
character. Different characters can be displayed by selecting the required LED segments. A 7 

seven segment display is an electronic display, which displays 0-9 digital information. They 

are available in common cathode mode and common anode mode. There are state lines in 

LED, anode is given to positive terminal and cathode is given to negative terminal then LED 

will glow. 

In common cathode, the negative terminals of all LEDs are connected to the common pins 

to ground and a particular LED glows when its corresponding pin is given high. The cathodes 

of all LEDs are connected together to a single terminal and the anodes of all LEDs are left 

alone. 

In common anode arrangement, the common pin is given a high logic and the LED pins are 

given low to display a number. In common anode, all the anodes are connected together 

and all the cathodes are left alone. Thus when we gives first signal is high or 1 then only 

there is a lean in display if not there is no lean in display.LED pattern for displaying digits 

using 7-segment display. 
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Table 5.4.1 Table LED pattern for displaying digits using 7-segment display 

 

16-Segment LED Display: 

Sixteen-segment displays were originally designed to display alphanumeric characters (Latin 

letters and Arabic digits). Later they were used to display Thai numerals and Persian 

characters.Non-electronic displays using this pattern existed as early as 1902.  

 

 

 

 

 

 

 

 

 

 

 

Fig 5.4.2 16-segment LED Display 

Liquid Crystal Display (LCD): 

 

 

 

 

Fig 5.4.3 LCD Display 

 

Liquid crystal display (LCD) has material which joins together the properties of both liquid 

and crystals. They have a temperature range within which the particles are essentially as 

mobile as they might be in a liquid, however are gathered together in an order form similar 

to a crystal. 
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The LCD is much more informative output device than a single LED. The LCD is a display that 

can easily show characters on its screen. They have a couple of lines to large displays. Some 

LCDs are specially designed for specific applications to display graphic images. 16×2 LCD 

(HD44780) module is commonly used. These modules are replacing 7-segments and other 

multi-segment LEDs. LCD can be easily interfaced with microcontroller to display a message 

or status of the device. It can be operated in two modes: 4-bit mode and 8-bit mode. This 

LCD has two registers namely command register and data register. It is having three 

selection lines and 8 data lines. By connecting the three selection lines and data lines with 

the microcontroller, the messages can be displayed on LCD. 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Table 5.4.2 Instruction/Commands for LCD operation 
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 Table 5.4.3 Pin Connections for LCD operation 

In the above Table selected lines EN, R/W, RS will be used for controlling the LCD display. EN 

pin will be used for enabling the LCD display for communicating with microcontroller. RS will 

be used for register selection. 

When RS is set microcontroller will send instructions as data and when RS is clear 

microcontroller will send the instructions as commands. For writing data RW should be 0 

and for reading RW should be 1. 

OTHER TYPES OF DISPLAYS: 

Plasma Displays 

 Plasma: Cloud of ionized particles 

These produce light when electrons change energy levels 

Electrodes in front and back of sealed chambers with neon gas and mercury 

vapors 

Not suitable in high altitude 

No backlight, produce deeper black 

600Hz is refresh rate 

 Organic Light Emitting Diode (OLED) 

Organic light emitting compound placed b/w anode-cathode emits light when 

excited by current 

No backlight, deeper black 

Thin, light weight, flexible 

Better contrast ratio 

Reflective thus filters required 

Active matrix (AMOLED) 

Passive matrix (PMOLED) 

Lesser power than lcds 

Super AMOLED use one cell TSP thus thinner touch layer over the display 

Super AMOLED plus has sub pixels for clearer display 

--------------------------END OF UNIT----------------------- 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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